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FROMTHEWORLD LEADER
IN DIGITAL MULTIMETERS,

VoIlS, roms, amps,diode test, audiblecoolinuity, frequency and dutycycle ,
capacitance. TouchHold~. Relative. protectiveholster withFlexStand·~ .

SI99 ' $239' -:=$28:::;-9',.-,-.,---_
0.3% basic deaccuracy O.t% basicdeaccuracy 0.1%basicdeaccuracy
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1msPEAK MINMAX
4''''digit mode
Back lit dis~ay

c:---,~--, Threeyearwarranty
' Suggesfed U.S .I~f price

The new 80 Series
is adigital meter,
an analog meter,
afrequency counter,
arecorder,

•acapacitance tester,
and alot more.

FLUKE 87FLUKE 85FLUKE 83

It'sthe first multimeter that can truly be
called " multi" ... not only standard
features, but special functions usually
limited to dedicated instruments.

Plus, innovations only Fluke can bring
you. Like duty cycle measurements. Or
recording the minimum, maximum and
average value ofasignal. Or the audible
MIN MAX Alert'· that beeps for new highs
orlows.

There 's even Fluke's exclusive Input
Alert'· , that warns you ofincorrect input
connections. And aunique Flex-Stand"
and protective holster, so you can use the
80 Series almost anywhere.

Make sure your next multimeter istruly
multi . Call today at1-800·44·FLUKE,
ext 33,

The newFluke80Series
shown actual size

JohnFlukeMfg. cc., Inc.•P.O. Box 9090MIS 25OC. Everett. WA98206
U.S.: 206,356·5400 CANADA: 416·890-7600 OTHER COUNTRIES: 206-356·5500
© Copynoht 1990JohnFluke Mfa. Co.. Inc. All rlahts reserved . Ac1 Nn 1 HH-H~n
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If your're not a radio amateur,

Morse code is probably Greek to
you . If you find itfrust rat ing to be shut
out of the Morse code communica
tions coming across your shortwave
rad io, our PMX-200 CW/RTIY de
tector can open the door. Simply
hook it up to yourcomputerto display
all the morse (CW) and rad i
oteletype (RTIY> transm issions that
you've been missing . For the low
down on the high-performance,
easy-to-tune Morse code detector,
turn to page 33.
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WAVEFORM PROCESSING USING A PC
Math and computers combine to help you examine electronic wave theory,
physics, stock-market cycles, and more.
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techni ques and scientific and techn ologic al developme nts. Because of poss ib le varianc es in the quality and condit ion of
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No Better Probe Ever
at This Price!

CIRCLE 250 ON FREE INFORMATION CARD

COAX ADAPTER KIT
• Create any adapter in seconds
• Make all combinations of BNC, TNC, SMA,

N, UHF, Mini-UHF, F and RCA

The TPI 3000A kit contains male and female
connectors of all 8 types, and 6 universal inter
faces. Simply screw any combination of 24 con
nectors to one of the interfaces to create the
desired adapter. $150.
TEST PROBES INC. 9178 Brown Deer, San
Diego, California 92121. Call toll-free for cata
log: 1-800-368-5719.

CIRCLE 186 ON FREE INFORMATION CARD

Shown here
Model SP150 $49
Switchable lx-lOx ....

DELUXE TEST LEAD KIT
Users callTPI test leads T he Absolute Best. The
TLS2000 features the highest quality cable in the
industry - with spring-loaded safety-sleeved
plugs. U.L. listed (file E7958 1). Kit: $29. Leads
& probes only: $ 19. Satisfaction guaranteed.
TEST PROBES INC . Call toll-free for catalog:
1-800-368-5719 .
CIRCLE 251 ON FREE INFORMATION CARD

BNC ATTENUATOR KIT
Contains 4 altenuators - 3dB, 6dB, IOdB,
2OdB; I feedthrough and I termination, Thick
film circuitry for low reactances. Rugged de
sign resists shock and lasts longer. Rectangular
shape stays put on the bench. Impeda nce: 50n
Frequency : 1GHz. Maximum Power: IkW
peak, IW avg. VSWR 1.2:I. Attenuator
Accuracy:±0.2dB. Termi nations Resistance
To lerance: ±1%. $150.
TEST PROBES INC. Call toll-free for catalog:
1-800-368-57 19.
CIRCLE 252 ON FREE INFORMATION CARD

TE~~T

PROBES, INC.

• 10 day return policy 
performance and satisfaction
guaranteed

• Universal - works with all
oscilloscopes

• Removable Ground Lead
• Excludes External

Interference - even on
scope's most sensitive range

• Rugged - withstands harsh
environments including high
temperature and humidity

• Advanced Strain Relief- 9178 Brown Deer Road
cables last longer San Diego, CA 92121

• Available in lOx, lx and Toll Free 1-800-368-5719
switchable lx-lOx 1-800-643-8382 in CA

Call for free catalog and Distributor in your area

Risetime less than 1.5 nsec.

ECONOMICAL SILICON
RUBBER TEST LEADS
Best value in moderately priced leads. High
quality, soft, silicon rubber cable. Banana plug
on measuring tip accepts push-on accessories.
Plugs have spring-loaded safety sleeves. Model
TLlOOO $ 14. Satisfaction guaranteed.
TEST PROBES INC. Call toll-free for catalog:
1-800-368-5719.
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WHAT'S NEWS
Laser radar provides four images per second
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MARION SCOTT (LEFT) AND MARK
GROHAM INSPECT the optics of the
Sandia laser radar.

A laser radar that shows not only
the di stance to a sighted object,
but also an im age of it- and up
dates th at image four ti mes a sec
o nd- has b een dev el op ed and
tested at Sand ia Nati on al Labor a
t or ies (A lb uq ue rq ue, NM). Th e
new laser co mbines some of th e
advantages of conventional radar
w ith th ose of video im aging, and
has capabilities about mi dway be
tween th e two . Its frame rate is fast
eno ug h for possibl e short-range
military applications.

The Sand ia range-imagi ng laser
uses a small gall ium-arsenide sem
iconductor laser diode that emits
cont inuo us near-in frared light th at
is ju st beyo nd t he range of th e
human eye. The signal is ampli
tud e modul ated at 4 M Hz. The
ph ase of th e return signal is mea-

Controlled reproduction of
superconducting materials.

Research er s at Bellcore (M id
dl etown Town ship, NJ) have fab
ri cat ed mul t i-l ayer ed supe rco n
du cti ng mater ia ls that can be
reproduced in a co ntro llab le man
ner, possibly ove rco ming a critical
obstacle to developing high- tem
perature supe rco nducting devices
fo r comme rcial use. Bellcore's ex
perim ent al th in film s, wh en
coo led to near liquid-ni trogen

LASER-RADAR RANGE IMAGE OF A
POSSIBLE INTRUDER. Different ranges
are represented by varying shades of gray
or in pseudocolor. A bush, at longer
range, can be seen at right. The sky is
shown with random shades because it
gives no radar return.

sured to obtain the range of th e
vi ewed object, and its image is di s
pl ayed o n th e video screen as a 64
x 64-pixe l pseudocolor map. The
present maximum range is abo ut
50 meters.

Fut ure plans include efforts to
integrate the electronics, repl ace
the present low-power laser w ith a
hi gher-p owered one, and exte nd
t he range to th e hun dred s of
meters necessary for a mil itary ver
sio n of th e system.

te m pe rat u res , di spl ay th e
Joseph son effec ts th at are neces
sary fo r viabl e supercon d ucti ve
electronics. A Joseph son juncti on
is an electrical co nnectio n that al
lo w s t he f low of l ow- vol t age
"s uper currents" between supe r
co nd uctors. Because the connec
t io n is weak , th e supe r current can
be easily cont ro lled.

Josephson juncti on s are pr esent
. in low- t emp er ature su pe rco n

du ctin g m at eri al s, but in h igh-

t emperature supe rc o nd uc to rs
th ey appe ar o nly at t he natural
boundarie s between crystal grains
o r in speci ally designed structures
th at are not suitab le fo r device ap
pl icati ons. Bellcor e's process fo r
fabri catin g hi gh-temperature su
perconductor research prototypes
offer s a mean s to enginee r and
cont ro l the Joseph son properti es
so that they recur in a highl y pre
di ctabl e fashion .

The high-temperature prototype
fi lms are compose d of three dis
tin ct but similar layers, each made
of a ceramic materi al that consists
of co pper, barium , and oxygen ,
alo ng with a fourth substance: Yt
trium is used in th e superconduct
in g fi rst and third layers, whil e a
mi x of yttrium and praseodimium
resul ts in a non-superconduct in g
middle layer that serves as the crit
ical "weak" elec t rica l link between
th e ot he rs. By substitut ing some of
th e ytt r i um in t he layer s w it h
pr aseod im ium , t he el ectrical
properti es of th e layers can be sig
ni f icantly vari ed and co nt ro lled .
The effe ct of layer ing of supe rcon
du cting and non-superconductin g
materials wa s achieved usin g a
process known as pul sed excime r
laser deposit ion.

Because modifi ed semico nduc
tor-p rocessin g tech niq ues we re
emp loyed to make th e th in-f ilm
protot ypes, Bellco re pr edicts th at
thi s app roach co uld be adapted
fo r manufacturin g in large qu an
titi es with no sig ni f icant loss in
qu ality. Alth ou gh this is only th e
first step toward commercial feasi
bility, possibl e applicat io ns fo r the
high -t emper ature supe rco nd uc
to rs are b ein g co ns ide red- in 
cl udi ng usin g these mater ials as
ext reme ly sensitive magneti c f ield
detectors fo r te leco mmunications
systems, and also as integral com
ponents in mi crow ave syste ms .
Potential lon g-range appli cati on s
in clud e h i gh- sp eed t el ecom 
munications syste ms and comput
er logic gates. R-E



AT $299.95,
NO OTHER DESIGN

WORKSTATION
GIVES YOU SO MUCH

FOR SO LITTLE.
Large Breadboarding area

holds 241CS
... 2,500 tie points

Function Generator
,..sine/square /triangle

... plus TTL

Two BNC Connectors
for oscilloscopes

and counters

Triple Power Supply
.. , +5V fixed, plus
two variable 5-15V

8 TTL Logic
----Probe Indicators

OVER $600 WORTH
OF WORLD CLASS
TEST EQUIPMENT
FOR UNDER $300!

~
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potentiometers , audio experimenta
tion speaker... plus a lifetime guar
antee on all breadboarding sockets!
You have everything you need right
there in front of you! PB-503-one
super test station for under $300!
Order yours today!!

•GLOBAL®
SPECIALTIES

• . an
A016 ' nte rp/ex

Global Specialti es. fndustries
70 Fulton Terrace. New Haven , CT 06512. company
Telephone: (203) 624 -3103. '.CJ Interplex Electronics, 1990.
All Globa l Special ties breadboarding products made in USA .
ProtoBoa rd is a registe red trademark of Global Specialties.

CIRCLE 192 ON FREE INFORMATION CARD

And a Triple Power Supply with
fixed 5VDC , plus two variable
outputs (+5 to 15VDC and - 5 to
15VDC). Throw-in 8 TTL compatible
LED indicators , switches, pulsers,

Call toll-free for details

1-800-572-1028

Here's PB-503, the total design
workstation. It has every thing!
Instrumentation, including a func
tion generator with continuously
variable sine/square/triangle wave
forms-plus TTL pulses. Bread
boards with 8 logic probe circuits .



VIDEO
NEWS
• Big screens. The search for a giant, thin

replacement for the cathode-r8(f tube-almost as
old as the cathode-ray tube itself-is intensifying.
For the first time, color TV sets are being made
without picture tubes-the tiny "per son al" sets
use liquid-crystal displays, or LCD's . That has
encouraged manufacturers to search for w8(fs to
build giant LCD's. Although LCD color-TV displays
as large as 14 inches have been built and
demonstrated, their cost would be astronomical
using present technology.

Japanese manufacturers, joined by their
government, have mounted a crash program to
develop giant color LCD's measuring 40 inches or
more diagonally. In the United States, several
companies have undertaken major pr oj ects also
intended to lead to giant, thin, wall-mountable
color-LCD TV dis plays. An official of David Sarnoff
Research Center in Princeton, NJ (form er ly RCA
Laboratories) described such a project to a recent
conference on flat information displays in Santa
Clara, CA The goal is a wall-hanging HDTV
screen measuring 75 inches diagonally and not
more than four inches thick, with more than 200
foot-Iamber-ts brightness, and a contrast ratio
better than 50 -to -1- at a cost ofless than $500.
Sarnoff Labs expects to reach this goal in 10
years-i-but it expects Japan to be ther e in seven.

• Another n ew display. A completely new
type of display for h igh-resolution television has
been proposed by Foresight, Inc., a 'subsidiary of
Summa Medical Corporation of Phoenix, AZ.
Although details of the product are still obscure
because the company's patent applications
haven't been granted yet, Japan's giant trading
company Mitsui is planning to form a group of
J apanese licensees to manufacture the system.

The heart of the Foresight system is a
~ "material"-unrevealed as yet--which "beh aves
z effectively like an optical semiconductor in that
~ its reaction to light can be modified electronically
b at very high speeds and with great resolution,"
~ according to the developer. The material, which is
6 used to coat the face of a direct-view or
15 projection-TV tube, is altered by an electrical
«a: signal. One of its properties is the ability to

6

DAVID LACHENBRUCH,
CONTRIBUTING EDITOR

retain its altered state until a new signal changes
it. Thus only the changes in a picture need be
sent to the tube. Foresight said the result can be
an extremely high-definition signal using a
standard NTSC signal and computerized line
interpolation. Th e addition of microprocessor
picture enhancement could result in a picture
with. a resolution of more than 4,000,000 pixels.

• l O-Foot rear proj ection. The largest rear
projection TV set was demonstrated by
Mitsubishi at the Consumer Electronics Show in
Las Vegas in a rather large living-room setting. It
has a 120-inch diagonal picture and is designed
for "home theaters" built into large homes. As
displayed in subdued light, the entire wall became
an almost theater-sized screen. Th e cost of this
latest step in home-theater television is about
$20,000, not counting installation.

• TV-VCR combos . VCR's with built-in TV's
and TV's with built-in VCR's are the latest trend,
on the basis of exhibits at the Consumer
Electr onics Show: Ever since the introduction of
the VCR there have been combinations ( th e first
Betamax was built into a television set), but that
approach has more adherents than ever tod8(f
from tiny 3-inch LCD personal-video
combinations with VCR's to giant-screen
televisions with slots for videocassettes.

One of the major exponents of that approach is
Panasonic, which introduced six new
combinations at the show, each one designed for a
different purpose. The smallest is a personal
video combination ofVHS recorder and 4-inch
LCD monitor. Next is a portable VHS with a 7
inch color TV set, operable on AD or DC. A 20
inch combination is designed to pl8(f back
videocassettes recorded in European PALand
SECAMcolor systems as well as NTSC. It can
record in NTSC only, however. A second 20-inch
combo has two tuners, so it can record one
program while displaytng another. Panasonic
also introduced two 27-inch combinations, one
that plays standard VHS cassettes and the other
with a built-in Super-VHS recorder and a high-
resolution TV set. R-E



.99
1.99
1.49

OnlyCat. No.
276-1537
276-1538
276-1513

(2)

Solderless IDC- Type Connectors

Descript ion
D-Sub 9 Male
D-Sub 9 Female
Shielded Hood

(1)

1
2
3

Fig.

Solder-Type D-Subs. Metal shield plus gold-plated pins and term inals
for highest reliability.

Fig. Descripti on Cat. No. Each
4 D-Sub 25 Male 276-1559 3.99.. D-Sub 25 Female 276-1565 3.99
5 36- Pos. Male Printer 276-1533 4.99
6 34- Pos. Card- Edge 276-1564 1.99
7 34- Pos. Header 276-1525 2.49

Prewired! Heart of a
Traffic/Event Counter

• No Minimum Order
• No Postage Charge

Your Radio Shack store manager
can specia l-order a wide variety of
par ts and accessories fro m our
warehouse- vacuum tube s, ICs,
microprocessors, phono cartr idges
and styli, crys ta ls, even SAMS
Photofact s"' . No minimums , no
postage charge . Just fast, direct
delivery to the Radio Shack store
near you.

rc CI'-'-,I
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Electronic Counting Module
*1

Counts up to 99,999. Advanced (or reset) by externa l switch closure or
digit al circuit. Count rate up to 7 Hz. Features '/2" LC display, panel- mount
escutcheo n and holder on back for require d " AA" battery. Long battery
life-draws only 4~A. 2" h 6 x 1'lax1'la': With data. #277-302
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_
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START SPRINC PROJECTS TODAY AT RADIO SHACK
special-Order "Hotline" computer/peripheral Connectors

Super Adhesive

349

Works When
Others Fail

Form s a secu re
bond to most plas
tic s, metals, ce
ramics and wood.
Twin-plunger dis
penser eliminates
measuri ng and waste. #64-2305

Shunt Box

Top -qu ality, shiel ded male-to
female RS-232 adapter. Wire in
cluded jumpers and board to suit
your need. #276-1403 . . . 9.95

Chime & Buzzers

(1) (2) (3)

(1) " Ding-Dong." #273-071 8.99
(2) Two-Tone. #273-070 9.95
(3) Miniature Electronic Buzzers

DC Voltage Cat. No. Each

1'12 to 3 273-053 2.19
6 273- 054 2.19
12 273 -055 2.19

StrobeTube

Super Bright! Long Life!

Perfect for photo replacement or
hobby projects and experiments.
Trigger: 4 kV. Anode: 200V min .
With circuit data.
#272-1145 3.29

Shielded Cables

(1) Oxyg en -F ree Copper AlV Cabl e.
6 feet , 6 mm dia . #278-1271 5.95
8 mm Diameter. #278-1272 7.59
(2) Dual Mike Cab le , For balanced
hookups . 30 ft. #278-1281 . .. . . 19.95
(3) Super-Fl ex Mike Cable . Extra
supple . 30 ft. #278-1282 ., .... 14.95

Service Chems
I 0

(1)

(1) Color-TV TunerlControl
Cleaner. #64-2320 , 3.19
(2) Precisio n Lubricator.
Need le -t ip ap plicator redu ces
spills and waste . #64-2301, 1.69

Tantalum caps
Low59Cl: .,
As Each

High capacity in a tiny package.

~F WVDC Cat. No. Each

0.1 35 272- 1432 .59
0.47 35 272- 1433 .59
1.0 35 272-1434 .59

2.2 35 272 -1435 .69
10.0 16 272 -1436 .79
12.0 16 272-1437 1.19

Resistor Buys

~
(2) Pr eci s ion Th ermistor. Resi st
ance changes in propor tion to temper
ature . -50 to +1100 C.
#271-110 . . . . 1.99
(2) 15-Turn Trimmer Pots. 3/4 watt .
1k, #271-342. 10k , #271-343. 20k ,
#271-340 . . . .. .. Each 1.49

Our
Best!

(2)

(3)

(1)

Solder Better, Faster!

Selectable 15/ 25-watt
power, grounded tip to
protect sensitive com
ponen ts. Tip-cleaner
pad. Ironclad replace
ment and surface
mount tips available .
UL listed AC, #64-2057

"Pro" Soldering station

3995

Measures to 400 volts ACIDC and resistance.
It's really handy for tight spaces . Data hold
freezes display and lets you remove tester for
easy reading . Has continuity sounder, low
battery indica tor. Overload protected. Ready to
use with batte ries, manual, case, #22-165

AutorangingProbe DVM

Extra Etchant and
Pens Available

Eve ryth ing You Need
For Two PC Boards

Etch Your Own Boards

995

Archer'" PC Board Kit
includes two 4'/2 X 3"
copper -clad boards ,
resist - in k pen , sol

vent, etchant, layout st ripslcircles , tank, spec ial
'116': dri ll bit and instructions , #276-1576

Over 1000 it ems in stock! Binding Posts, Books , Bre adboards, Buzzers, Capac itors, Cho kes ,
Clips, Coax, Connectors, Fuses , Hardware, ICs, Jac ks , Knobs, Lamps, Mul titesters, PC Boards,
Plugs, Rectifiers, Res istors, Swi tches, Tools, Transformers, Tran sistors, Wire , Zeners , More!

Prices apply at part icip ating Radio Shack stores and dealers

ltadl8/haeR
A DIVISION OF TANDY CORPORATION

~
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AT-COMPATIBLE
COMPUTER
80286 CPU (12 MHz
clock, 0 wait states), I
meg RAM(exp andable
to 4 meg) , 1.2 meg
high -den sity flopp y
disk drive .

SOFTWARE
Including MS-DOS,
GW-BASIC, w o rd
processin g,
database, and
sp rea ds heet
p rog rams .

HARD DISK DRIVE
20 megab yte hard
disk dr ive you
install internally for
greater disk storage
cap acity and data
access speed .

Voice synthesis
training adds an

exciting newdimension
toyour computer skills

Now NRI even includes innovative
hands-on training in voice syn
thesis, one of today's most exciting
and w idely applied new develop
ments in computer technology .

You now train with and keep
a full-featured 8-bit D/A converter
that att aches in-line with your
computer's parallel printer port.

money-making career as an industry
technician, even start a computer
service business of your own.

DIG ITAL
MULTIMETER
Profession al test
instru me nt fo r
qu ick and easy
circuit
me asurem ent s .

LESSONS
Clearc ut, illustrated
texts build your
und er standing of
computers step by
step .

Only NRI gives you
a top-rated micro
with complete

training built into
the assembly

process

Your NRI hands-on
training continues as
you install the powerful
20 megabyte hard disk
drive-today's most-
wanted computer
peripheral-included
in your course to
dramatically increase your
computer's data storage capacity
while giving you lightning-quick
data access .

Having fully assembled your
West Coast 1010ES, you take it
through a complete series of diag
nostic tests , mastering professional
computer servicing techniques as
you take command of the full
power ofyour computer's high
speed 80286 microprocessor.

In no time at all, you have the
confidence and the know-how to
work with, troubleshoot, and
service every computer on the
market today. Indeed, you have
what it takes to step into a full-time ,

then interface your high
resolution monitor. But
that' s not all.

Only NRI walks you through the
step-by-step assembly of a powerful
AT-compatible computer system
you keep- giving you thehands-on
experienceyou need to work with,
troubleshoot, andservice allof teday's
mostwidely used computer systems,
WithNRIat-home training, you geteverythingyouneed
to starta money-making career, even a computerservice
business of your own.

You getin-demand
computer skills asyou

train with your own
AT-compatible computer

system-now with 20meg
hard drive and 1meg RAM

With NRI's exclusive hands-on
training, you actually build and
keep the powerful new AT
compatible West Coast 1010ES
computer, complete with 1 meg
RAMand 20 meg hard disk drive.

You start by assembling and
testing the "intelligent" keyboard,
move on to test the circuitry on the
main logic board, install the power
supply and 5- 1,4 /I floppy disk drive,

No other training
anywhere shows ou

service compu ers

No doubt about it . The best way to
learn to service computers is to
actually build a state-of-the-art
computer from the keyboard on
up. Asyou put the machine
together, performing key tests and
demonstrations at each stage of
assembly, you see for yourself how
each part of it works, what can go
wrong, and how you can fix it.

Only NRI, the leader in career
building electronics training for
more than 75 years, gives you such
practical, real-world computer
servicing experience. Indeed, no
other training-in school, on the
job, anywhere-shows you how
to troubleshoot and service
computers like NRI.



in school, ont job,
how to troubleshoot and
like NRI

r-------------.,
I ..~. Schoolo! ' Forcareer courses approved I

IWI'r. ElectrOniCS under GI Bill

I
McGraw-Hill Continuing Education Center 0 check fordetails I

.J'j~
4401 Connecticut Avenue, NW toy' jIII
Washington, DC 20008 I. n

I ~ CHECK ONE FREE CATALOG ONLY I
I

0 Computersand Microprocessors 0 Security Electronics I
o Robotics 0 Electronic Music Technology
o TV/Video/Audio Servicing 0 Basic ElectronicsI 0 Computer Programming 0 Telecommunications I

I Name (please Print) Age I
I ~~ I
L

City/State/Zip •___;i~e~N;;';;e;;r_'__.._

Using your D/A converter along
with the exclusive text-to-speech
software also included, you explore
the fascinating technology behind
both digitized and synthesized
computer speech.

You discover how you can
use your computer to access and
play back a variety ofprerecorded
sounds .. .you see how to add
speech and sound effects to
programs written in BASIC, C,
Pascal, and others . . .you even
learn how to produce high-quality
speech directly from your own
original printed text.

NRI's exclusive new hands-on
training in voice synthesis is just

MONITOR
High-resolution,
nonglare, 12" TTL
monochrome
monitor with tilt and
swivel base.

TECHNICAL
MANUALS
You get "inside"
your Packard Bell
computer system
with exclusive NRi
Training Kit Manuals
plus technical specs
direct from the
manufacturer.

DISCOVERY LAB
Complete
breadboarding
system to let you
design and modify
circuits, diagnose and
repair faults .

DIGITAL
LOGIC PROBE
Gives you first-hand
experience analyzing
digital circuit
operation.

one more way NRIgives
you the confidence
building experience you
need to feel at home with
the latest advances in
computer technology.

No experience
needed, NRI
builds it in

You need no previous
experience in computers
or electronics to succeed
with NRI. You start with
the basics, following
easy-to-read instructions
and diagrams, moving
step by step from the
fundamentals of elec
tronics to sophisticated
computer servicing
techniques.

With NRI's unique
Discovery Learning
Method, you're sure to
get the kind ofpractical
hands-on experience
that willmake you fully
prepared to take

advantage of every opportunity
in today's top-growth field of
computer service.

With NRI, you learn at your
own pace in your own home.
No classroom pressures, no night
school, no need to quit your
present job until you're ready
to make your move. And all
'thro ughout your training, you
have the full support of your
personal NRI instructor and the
NRI technical staff.

Your FREE
NRI catalog tells more

Send today for your free full-color
catalog describing every aspect of
NRI's innovative computer training,
as well as hands-on training in
robotics, video/audio servicing,
telecommunications, electronic
music technology, and other
growing high-tech career fields.

If the coupon is missing,
write to NRI School of Electronics,
McGraw-Hill Continuing Education
Center, 4401 Connecticut Avenue,
NW, Washington, DC 20008.
AT isa registered trademark ofInternational Business
Machines Corporation



WRITE TO:

ASK R-E
Radio-Electronics
500-B Bi-County Blvd.
Farmingdale, NY 11735

POWER SUPPLY IMPROVEMENTS
I have had a 12-volt DC bench

type power supply fo r severa l FIG. 1

ul ators, since yo u can't te ll how
mu ch current yo u' ll need , o r fo r
how lon g. In gene ral, bench sup
pli es have to work hard er than
those built fo r specific circui ts .
Both regulato rs are read ily avail
able, and have all the neat fea
tures yo u n eed , li ke stab le
output s and the rmal shutdown.

HARD DISK WOES
I recently bought an 5T-238 hard

di sk for my computer but can't
make it work; the controller card is
a Western Di gital 27X. My com
puter is a 10-MHz AT clone and
works perfectly. I've followed all
the steps in the computer manual,
but I keep on getting an error every
time I try to access the hard disk.
Any ideas?-M.M., Chicago, IL.

Severa l id eas and one rea ll y
good susp icion . Your letter was
rat her sk im py o n det ail s as to
w hat yo u've tri ed , but since yo u
have an AT and a manual (lu cky
yo u), I th in k I know wh at yo ur
prob lem is.

A lt ho ug h an 5T-238 can be
used w ith any IBM clo ne , th e
co ntroller yo u have is an 8-bit de
vic e intended for an XT-c1ass ma
chine . If yo u've fo llowed all the
in str u cti on s i n t he m anu al ,
yo u've undou btedl y bee n to ld to
ru n the AT setu p program, and
te ll the machine th at yo u have a
hard d isk as d rive one . That is
no rmal procedu re fo r a 16-bit AT
co nt ro ll er card . Since yo u' re
usin g an 8-b it co nt ro l ler , yo u
have to te ll the computer d uring
set up that you're not usin g a
ha rd di sk . Th at m ay seem
st range, but if yo u did n't do it ,
it's the most li kely cause of yo ur
prob lem.

The reason has to do w it h de
cid i ng w ho co ntro ls t he hard

2 7 0.n..

S VDC

. /

/. 2 -/2
VDC

GND

years. I've never had any trouble
with it, but since I'm start ing to
ex per ime nt with digital elec 
tronics, I need a 5-volt supply also.
I hate to buy anot her supply be
cause this one works well, and I
don't have much bench space. Is
there any way to get 5 volts from
my present supply? Or, better still,
can I make it into a variable sup
ply?-D.P., Los Angeles, CA.

Th er e's good new s and bad
new s. Th e ba d new s is t hat
the re's no easy way to co nvert
yo ur current supply. You d idn 't
mention th is in yo ur letter, but
I'll bet the case uses pop rivets o r
some ot her meth od that 's diffi 
cu lt to open. A nd , si nce yo u
d id n't send the schemat ic , I'm
assuming yo u've never opened
it. The good new s is th at yo u can
build a separate circuit to give
yo u both f ixed and var iab le out 
puts, and power it w it h yo ur 12
vol t supply.

Since yo u already have a regu 
lated DC so urce, yo u on ly have
to add th e circuit shown in Fig. 1
to ge ne rate two separate out
puts. It 's very simple and, if you
bui ld it carefu lly, should be just
as reliable 'as yo ur present sup 
ply. Use a plastic case to avoid
sho rt s, and heatsink both reg -

£ M3/7
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INFO ON LEADING-EDGE
PC COMPATIBLE

I have a PC-compatible comput
e r, a Le adin g Ed ge mod el
# MP-1676 L. I bought it used and,
unfo rtunate ly, didn 't get any man
uals with it. It hasa hard disk and a
memory expansion card that has
384K in 64K RAM chips. The prob
lem is th at the sw itc hes on the
motherboard and the ones on the
memory-expansion ca r d got
scrambled, and I don't have any
idea how to set them. I've written
to Leading Edgebut haven't gotten
any answer from th em.-W.D.,
Brooklyn, NY.

I'm surprise d yo u d idn 't get
any respon se from Leading Edge
since I'v e never had any trou ble
w ith th em. Maybe yo ur lett er got
lost. You can write again bu t call 
ing w ould be f aste r, at (800)
343-6833. You mi gh t have t ro uble
gett ing in formati on since yo u
bought yo ur co m pute r used ,
and Leading Edge hasn't made
th em in ove r six yea rs. A lso ,
Leading Edge mad e them o n an
OEM bas is fo r Mitsub ishi, and
neve r rea l ly so ld t hem u nder
the ir own name. The "M P" in the
seria l number stands fo r "Mit
subishi Product. "

If yo u can' t get any help from
Leading Edge, try Mitsubishi at
(800) 227 -3378 . Wh o ev er yo u
spea k to, try to get an owner's
manu al. If yo u don ' t have any
lu ck, t here are two authorized
NY area service centers that can

~ hel p yo u, Computer Repair Cen 
z ter at (212) 696-1296, and Auto
~ tec h Co mputer System s at (212)o 247-2099. Good luck.
w
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1938P 529 .95 3037 524 .95 Y825 549 .95
3059 534 .95

Counts as 2 9808 534 .95 8225 P 519 .95
3094 542.95

Counts as 2

80386 -
IIlM COMPATIBLE
AND SAVE AWNDl.E

9821 538 .95 9788 549 .50 9244P 518.95 2672 549.50 3131 524.95
3212 534 .95

Counts as 2 2809 527 .95
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How the Club Works

I
Valid fornewmembers only. Foreign applicantswill receive special ordering instructions. Canadamust remit in U.S. II funds. This order subject to acceptance by the Electronics Engineers &: Designers Book Club. DRE490

----------------- 1

YOUR BENEFITS: You get 3 books for $4.95plus shipping and handling when you join .
You keep on saving with discounts up to 50 % off as a member.

YOUR PROFESSIONAL BOOKSTORE BY MAIL: Every 34 weeks, you will
receive the EE&D Book Club News describing the Main Selection and Alternates, as well
as bonus offers and special sales , with scores of titles to choose from .

AUTOMATIC ORDER: If you want the Main Selection, do nothing and it will be sent
to you automatically. If you prefer another selection, or no selection at all , simply indicate
your choice on the reply form provided . As a member, you agree to purchase at least 3 books
within the next 2 years and may resign at any time thereafte r.

BONUS BOOKS: Starting immediately, you will be eligible for our Bonus Book Plan,
with savings of up to 80 % off publishers' prices .

IRONCLAD NO-RISK GUARANTEE: If not satisfied with your books , return them
within 10 days without obligation!

EXCEPTIONAL QUALITY: Allbooks are quality publishers' editions especially select
ed by our Editorial Board. (Publishers' Prices Shown)

Your source for quality, affordable
and timely authoritative engineering books.

------------------------_I~ ELECTRONICS ENGINEERS •
I~ & DESIGNERS BOOK CLUBsM
I Blue Ridge Sununit, PA 17294-0860

I YES! Please accept my membership in the Electronics Engineers & Designers Book
I ClubSM and send my 3 volumes listed below, billi?g .me $4.95 plus shippi?g and
I handling . Ifnot satisfied, I may return the books within 10 days Without obligation

and have my membership cancelled . I agree to purchase 3 or more books at regu
liar Club prices during the next 2 years, and may resign at any time thereafter.

I
I
I
I
I Name _

I A ddress _

I City

I State Zip Phone _

I Signature

I9243P 512.95

2818 544.95
Counts as 2

978 1 568 .95

2985 524 .95

101
SOLDERLESS

BREADBOARDING
PROJECTS

3199 552 .00
Counts as 2

9773 544.95

3241 524 .95

2962P 517 .95

CIRCLE 190 ON FREE INFORMATION CARD

3098 544 .50
Counts as 2

3205 524 .95

3002 549 .50

3429 529 .95

lH<

DIGITAL Ie
HANDBOOK

All books are hardcover un less number Is fol lowed by a "P" fOf paperb ack .

© 1990 EEDBC, Blue Ridge Sum mit, PA 17294.()860



disk, the computer or the con
troller. Without getting into nit
ty-gritty detai l , there are two
basic steps your computer has to
do to talk to the hard disk. It has
to know the disk's logical struc
ture (the number of heads and
tracks), and seco nd, and how to
co ntrol the mechan ics to move
the heads to a specific track and
read a sector.

In an XT-c1ass machine, all the
hard-disk operations are left to
the contro l ler. You te ll it what
yo u want, and it tra nslates your
request to tracks (cylinders, to
be precise), gives the disk the
necessary co m mands to move
the heads, and either writes data
to the disk or gets the data you' re
aski ng for.

By contrast, AT-class machines
have the hard-disk t ranslation ta
b les in ROM, and rely on the
contro ller only to operate the
drive mechanics-not to do any
t ranslations . If yo u used the set
up program and to ld the com
p uter it h ad a h a r d d isk
connected to it, you ' ll get an er
ror because t he controller is sit-

ting between the ROM-based
translation tables and the hard
di sk itse lf.

Rerun the setup program, and
tell the machine you don 't have a
hard disk attach ed . Then, format
the drive usin g the controller
firmware , ju st like you would if
you were working on an XT. Run
DEBUG, and once you're at the
dash prompt, type G = C800:5
(no spaces). Follow th e scree n in 
structions and , until you get
more familiar with the ques
tions, accept all defaults .

The f irmware will do a low
leve l drive formatting, and th en
you' ll have to reboot. Next, run
FDISK, and keep press ing RE
TURN to accept the defau Its; that
will put a DOS partition on the
disk. Both FDISK and DEBUG are
on the DOS di stribution d isks.
You can then use the FORMAT
program to prepare the hard di sk
(think of it as a big floppy). If
you 're not sure about any of this
and wor ried about doing it
wrong, get help from someone
local w ho is mo re fami liar with
IBM clones. R-E

CIRCLE 108 ON FREE INFORMATION CARD

Ca.ble TV
We stock the exact parts , PC Boar d and AC Adap t or

for two erttctes published in Radto-Etectr-oru cs m aqaz tn e
on building your own CABLE TV OESCRAMBLER.

February 1984 issue February 1987 ' issue
#701 Parts 19.00 #301 Parts 29.00

Includes lIll orlglnol perts. Include s 011 originol ports .

THIS YEAR,
THE IRS WOULD

LIKE TO GIVE
YOU SOMETHING
FOR ACHANGE.

#704 AC Adaptor 7.95 #304 AC Adaptor. 7.95
Driginol 16 Volt DC~ 200mo. Driginol 18 Volt DC ~ 200 mo .

1#701,702 & 704 29.00 I 1#30',302 & 304 39.00 I
Free article reprint with p urchase.

Snooper Stopper.......39.00 Macrovision Kit.. .......... 29.00
Cobl0 TV doscromblers con be Mocrovision..now you see it. now
detected. protect your prlvllcy you nont with our mecruscrun trer
with the Snooper Stopper. kit . Article wos published in
Free art t cl e on Coble SnoopIng. Rodi 0 EIectroni cs 1987 issue.

CALL TOLL FREE 1-800-332-3557
Out side USA 1-508-699-6935
Visa. Master Card and C.O.D. IVisa I I Me I
Add 13.50 S & H. 16.00 outside USA.
o & 0 EIectroni cs Inc o PO Box 3310 N. AitIeboro Ma.02761

CIRCLE 200 ON FREE INFORMATION CARD
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#702 PC Board 7.95
Original 31<4 etched. drilled
lind silk-screened pc noeru .

#302 PC Board 7.95
Originol 5)(8 etched. dri lled
enn si Ik-scroonod pc nneru.

Free help . If you're having a
problem doing your taxes, you
don't have to do them alone.

There are IRS-trained volunteers
to help yOU. So the only number

you need to know is on the
coupon above. Cut it out and cut

down on your tax worries .
Call us and we' ll direct you to the
volunteer site nearest you. The
IRS-trained volunteers . They'll

make your taxes less taxing.

MAKE YOUR TAXES LESS TAXING.
APubhcServiceOf m ~l\\ Internal

ThiSPubbcanon& ~~ ~drilJI ~~:



Discover Your Career Potential In
High-Tech Electronics~ ..Call 1-800-776-2900!

CI EGives You The Training You Need to Succeed...
At Your Own Pace...& In Your Own Home!

so
r.o
o

>
iJ
JJ
r

15

Apt H _

Practical Training...
At Your Own Pace.

Through CIE, you can train for your
new career while you keep your pres
ent job. Each course allows a gener
ous completion time, and there are
no limitations on how fast you can
study. Should you already have some
electronics experience, CI Eoffers
several courses which start at the

- intermediate level.
"State-Of-The-Art"

Facilities & Equipment.
In1969, CIE pioneered the first elec

tronics laboratory course, and in1984,
thefirst Microprocessor Laboratory.
Today, no other home study school can
match CI E'sstate-of-the-art equipment.
And all your laboratory equipment is
included in your tuition cost. There is
no extra charge-it's yours touse while
you study athomeand on the job after
you complete your course!

Earn Your Degree To
Become A Professional

In Electronics!
Every CIE course you take earns you

credit towards the completion ofyour
Associate inApplied Science Degree, so
you can work towards your degree in

stages. And CI Eisthe only school that awards you
for fast study, which can save you thousands of
dollars inobtaining the same electronics education
found in four-year Bachelor's Degree programs!
Call orwrite for details today!

Call TOLL-FREE
1-800-776-2900!

Area Code/Phone No. _

Mi/tlary Electronics

Print Name _

I City/State/Zip - --- - - - - - - ---- - - - -

I Age _

I Check box for G.I. Bill bulletinon educational benefits: 0 Veteran 0 Active Duty

I Mail This Coupon Today!L ~

r------------------
I tiE World Headquarters .....-.."""'-~~_

I Cleveland Instituteof Electronics, Inc.
I 1776 East 17thSt., Cleveland, Ohio44114 ARE-1 65

o YES! Please send me your independent study catalog (For your convenience,
CIEwill have a representative contact you-there is no obligation.)

Personal Training From A
Renowned FaCUlty.

Unlike the impersonal approach of large class
room study, CI Eoffers you one-on-one instructional
help 6 days aweek, toll-free. Each CIE lesson is
authored by an independent specialist, backed by
CIE instructors who work directlywith you to
answer your questions and provide technical assis

tance when you need it.

Consumer Electronics

I f you're anxious toget ahead ...and
build a real career...you owe it to

yourself to find out about theCleveland
Institute of Electronics!

CI Ecan help you discover your
career potential in the fast growing
field ofhigh-tech electronics. A career
that will challenge and excite you
every day...reward you with a powerful
feeling ofpersonal accomplishment. ..
and deliver a level of financial security
you may have only dreamed of before!

As the leading school inhome-study
electronics, CI Ehas helped over
150,000 students in the U.S.A. and
over 70 foreign countries get started in
this exciting field. To find out how CIE
could be helping you...read on...then
send for aCIE catalog TODAY!

AGrowing Need For
Trained Professionals!

The career opportunities shown here
are only a few of the challenging, high
paying careers you could enjoy as an
electronics technician.

You could be the "brains" behind the
scenes of an exciting TV broadcast...
trouble-shoot life-saving medical equip
ment. ..design exotic new aeronautics
systems...CI E's job-oriented programs
offer you the quickest possible path to
the career ofyour dreams! And CI Ealso features
military and union re-training, tobuild on what
you already know.

Dozens Of Fascinating
Careers To Choose From!

Even if you aren't sure which career isbest for
you, CI Ecan get you started with core lessons
applicable to allareas ofelectronics. As you
advance, CI Emakes job opportunities available
to you through the bimonthly school paper,
The Electron.
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SUPER SURROUND SOUND
I must tell you that I've been a

subscriber for quite a few years
and I will never stop the subscrip
tion. I wanted to let you know that
I've build the surround-sound de
coder from the April 1988 issue of
Radio-Electronics, and the sub
woofer simulator from the May
1988 issue. I also built the width
circuit and the center-channel sec
tion of the acoustic field generator
from the January 1990 issue.

I am so impressed with those
designs that I can't stop bragging
about my system. It sounds exactly
like a theater-or maybe even bet
ter. Now I automatically look for a
rental tape with the Dolby logo on
it, particularly Dolby-Surround.
We get popcorn, tu rn off the
lights, and the whole family flips
out. It's fantastic!

Thanks for sharing your exper
tise. You're doing a beautiful job!
RICH CIAFARDINI
Queensbury, NY

NOT-SO-COLD FUSION
Don Lancaster's columns on

cold fusion (Radio-Electronics, Au
gust and September 1989) were
most welcome-I 've been some
what out of touch and I'm still try
ing to come up to date on the
subject.

In the early 1950's I met a Dr.
Johnson from MIT who claimed to
have melted the cathode in a
Crookes-tube-type apparatus w ith
very low input energy. He at
tributed that to fusion of the hy-

~ drogen or deuterium in the
z platinum or palladium cathode (I
~ can't remember precisely which
o materials he used).
~ Although I've never been in a
6 position to test Dr. Johnson's
o claims, it occurs to me that many a
Cf hacker might be, and that the idea

16

should be spread. It would be far
better for that principle to be
made available in the public do
main than to be patented, because
the world so urgently needs a
good power source.

The prevalent idea now seems to
be that Pons made some mistake
in his heat measurements, but
how about the reported meltings
and explosions? Such phenomena
would be hard to think of as mere
imaginings, and if there is any
thing a good chemist knows, it is
how to make measurements of
such phenomena as heat genera
tion .

If there is any question as to why
cathodes should explode, I would
like to advance the thought that
helium formed within the metal
would almost surely be slow to es
cape as compared to the rate at
which hyd rogen could be ab
sorbed . The resultant pressure
could be immense .

For a possible future power ap
plication, I would suggest a tube of
suitable metal (PO or PT) with a
wire anode with ends made of in
sulating material drawn through its
axis. O2 or H2 , the gases, would be
present at low pressure , charac
teristic of Crooke's tubes. The tu 
bular cathode could be expected
to become very hot, and should be
immersed in water, form ing a
structure similar to a fire-tube
boiler. Of course , the entire appa
ratus should be placed in an un
derground, or otherwise shielded
vault, for protection against possi
ble radiation or explosion.

In the ultimate development the
fusion might not be so cold after
all. Perhaps the cathode must be
allowed to melt, and to form a pool
from which the helium could es
cape readily, eliminating the ex
plosion hazard. A problem of

containment for the high-melting
noble metals would then arise;
that is the sort of problem any
hacker would love.

I have tried to make my own lit
tle wet setup, using titanium for
the cathode, but have had trouble
finding a proper cheap anode. No
common metal works, because of
oxidation. Silicon should work
better, but is not readily available
to me.
THOMAS ROSS
Freeland, WA

CUSTOMER SATISFACTION
When I decided to build the

386SX PC from the articles that ap
peared in the June, July, and Au
gust 1989 issues of Radio-Elec
tronics, the first thing I did was to
contact Peripheral Techology for
the parts. The people there are
first rate: Whenever I had a ques
tion they were helpful and
courteous in their responses. I
had a few problems along the way
(a defective power supply zapped
the chips), and the people at Pe
ripheral Technology replaced or
repaired the parts and shipped the
system back to me at no charge. It
works just fine now, and I'm writ
ing commend Peripheral 's respon
sible and honest manner of doing
business. I will continue to do
business with them as I upgrade
the system , and would recom
mend them to anyone involved
with PC's.
CHARLES F. FLAHERTY
Waukegan , IL

TERRIFIC TRANSMITTER
I just wanted to comment on

how impressed I was with the "TV
Transmitter" article by Rudolf F.
Graf and William Sheets that ap
peared in the June and July 1989
issues. I ordered the kit and re-



ceived it promptly. W hen I hit a
few snags, I calle d the suppliers
and received clear and accurate
advise. Afte r th e k it was co m
pl eted , I fo llowed t he tuni ng in
structions, and Voila! it wo rked!

The transmi tt er 's des ign is qu ite
rem ar kabl e , usin g so me pretty
ordinary electronic compo nents.

Hats off to t he authors fo r
provid in g a reli abl e, " do-able, "
mail -order kit , and to Radio-Elec
tronics fo r making it availabl e to
folks like me.
LES MALZMAN
Portland, OR

ETCHANT TANK DESIGN
I am writing about a very small,

but potent ially disastrous, design
oversig ht in th e " EtchantTa nk" de
scribed in th e December 1989 is
sue of Radio-Electronics .

As a tropical-f ish ow ner, I can
assu re yo u th at if yo u locate the air
pump b el ow th e leve l of t he
etchant or water in any tank yo u
are inviting t roubl e. There is a very
good chance that if th e power
fai ls, or one of th e reed or f lap
valves fai ls, yo u w ill get a sipho n

effect-causing a great big mess.
As for th e letter from Mich ael

Cat uda l, w hic h ap peared in th e
same issue, I suggest that he vi sit a
hamfest to get an idea abo ut th e
real h obbyi st wo r ld . Th e 2716
EPROM is far f rom obso lete. I sup
pose he has an 80486-based co m
pu t er th at r uns at b reak neck
speed . C' mo n, Michael , join the
real wo rld !
PHIL CLINE
Indianapolis, IN

CORRECTION

In our "Universa l Laboratory Power
Supply" construction article (Rad io-Elec
tronics, March 1990) a couple of errors
need correcting:
• In the schematic (Fig. 1), pin 7 of IC2 is
shown connected to R14. It should be
connected to the output of IC1. The bot
tom of R14 should instead be connected
to pin 2 of IC2.
• The Parts Placement diagram (Fig. 3)
shows the incorrect connection for meter
M2. Follow the schematic for the proper
way to hook up M2 and it's corresponding
current switch, S2.
• The parts list and ordering information
incorrectly identify 01 and 0 2, which are
MJ15023 transistors.

A NewAOR
Scanner

100Channels Low, Air,
High, UHF& 800MHz

Total Price. Frei ght Prepaid
(Expr ess Shipping Op tional)

COMMUNI CATIONS
10707 E.I06th St. Indpl•. , IN 46256

- Toll Free 800-445-7717 63
~! Visa and MasterCard ~
- (COD slightly higher)
In Ind iana 317·849·2570 Coll ec t FAX (317) 849-8794
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Var~ble ;,.,Ialed 0-1SO VAC2
amp continuous output . Vohoge

f:o~~f~~~e~j~~i~~:~~~~~k
hazard.l -yearworronty.

Continuouslyvariablevoltage &
current- (oMlanl-voltage&(on
stanl-current modes· Volloge &
currenlonolog meten- 2Aand
lOAcurrent range limits. l·year·
warranty.

For the Best Values On All
Your Test Equipment Needs

Look to
JOSEPH ELECTRONICS

BONUS VALUEI
EXTRA UNIVERSAL SWiTCHABLE

!~,~~J!9!,~,p~J"
. 3-posilion -- lx, rei, lOx . $39 Value

Risetime lessthan I.Snsec-~
Excludes interference evenon
most sensitive ranges • Ru~- ""~
~ed; withstands heat, humId- ~ ......
Ity • Universal for all scopes. _ '"

Lawripple · Regulaled canslanl
voltorcurrenfoulpuls· 2currenl
ranges · lsalaledaulpul 
ncal

l
graund either palarily.

Overoad, reverse polarity
pretedion - Parallel,series
capabilily. I-year wa rranly.

f2t9 •

I mV/divsensitivity . Sweepsla
2ns/div•23calibrated ranges; 20
andeloyedlime base· Calibraled
delay lime multiplier. Signal delay
line - 19kV acceleraling valtage•V
mode Iriggering • Channel l aulpul.
Prabes, 2-yr.warrantyincluded.

R Madel2190

$1~5 $J325OO
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20 MHz anala~ bandwidth·
10Mlls sampling rale•2k
memaryper ,hannel . 20MHz

HAND·HELD 3 Y2 D'G'T LCD "":RfTi~tt1!f.
'TEST BENCH' MULT'METER ~~~'T:H:j

20 MHz DUAL·TRACE OSCIllOSCOPE
1mV/divsensitivity- 20MHzresponseatatrue -3dB. AUTO/~WRM trig- Ren $549
gered sweep operotion witnAC lVH, lVV and line coupling . Colibrated-18 'Z9r;/.O
steptimebosewitnxl0mognifier•X-Voperotion •Built-in calibration source
•Brignt, sharpCRT witn P31 phosphor -Tilt stondond softhondle.lndedes
Probes; 2·yearworranty. Model 2120

20 MHz DUAL·TRACE DELAYED SWEEP SCOPE
1mV/divsensitivity· Deloyedsweepin18ronges· Built-in component $ 46
testerforcapadtorsl inductors, diodes, transistors, zener diodes· 20MHzreo ,!!e0 6
sponse ata true·3aB· AUTO/ tWRM triggered sweepoperationwitnAC, !2SGOTVH, lVVand linecoupling. Calibrated-20step timebase witnxl0magnifier
•X-Voperation. Built-incalibrationsource-8rignt, shcrp CRT witn P31
phosphor- nitstand; soft nandle. Probes, 2-yr. warranty incl. Model2125

60 MHz DUAL-TRACE DUAL nME BASE SCOPE
1mV/divsensitivity · sweep to5ns/ div•22 calibrated ranges--maintime ~iir$,099
base. 19calibrated ranges --delayed time base . 12kV accelerating volt- 0

age · Signal delay line - Beam finder · Vmode -Component tester •Chan-
nell output, Zaxisinput . X-V operation . Singlesweep. Probesincluded.2
year warranty. Model 2160



LEARN TV/VCR
REPAIR

No Previous
Experience

Necessary

NOW you can train at home in you r ~ar-: time for a
money-making career as a 1V / VCR Repair Spedalist

No need to quit your job or school. We show you how to
troubleshoot and repairvideocassette recorders and 1V sets,
how to handl e house calls and shop repairs for almost any
mak e of television or VCR You learn about TV receivers,
tuners and an tennas , X-ray emission, the characteristics of
sound, how electrical imp ulses are converted in to a TV
pictu re, and mu ch, mu ch more. Tools are included wi th
your course so you can get "hands-on" practice as you
follow the lessons step by step. Send for free facts about
opportuni ties in 1V /VCR Repairand find out how you can
start making money in this greal career. '"

Expert s show you what to do, how to i1
do It...guide you every step of the way!

Everything is explained in easy-to-understand language
with plenty of drawings, photos and diaW-ams. But If there
is ever anything in your lessons you don t understand, you
can wri te or pho ne your instructor and you QU\ coun t on
getting an authoritative answer. Send for freefactsand color
rochure.Nocos~Log~m,O:~O~~r' will visit

ICS ScHOOLOFtYJVcRREPAi'R, D.'ptD'EOii --
SOHe' " " 925 Oak Street, Scranton, PA 1B515

Please send me free facts on how I can learn TV/ VCR Repair I
at home in my spare time. No salesman will visit. I

Name Age I
Address Apt. . _ :

I City/ State Zip I
L~~~_~ ~

J::.: A Subsidiaryof National Education Corporation
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1965

waves. Accu racy d ecreases fo r
h ig he r-f req ue ncy sinewaves; bu t
even at 20 kHz , th e spec if ied ac
curacy is ± 4% ± 4 counts fo r th e
hi gh est specif ie d rang e of 400
vo lts.

The Fluke 85 also off ers five DC
vo ltage ranges, from 400 millivolts
th rou gh 1000 vol ts. The specified
accuracy is sim ilar ly impressive :
± 0.1% ±1 di git. Six resi stan ce
ranges, from 400 ohms through 40
megohm s full scale , boa st ac
curacy better than ±0.2% ±1 co u
nt on all but th e hi ghest range, A
40-n an o si em en c o n d uc ta nce
range effecti vely extends the resis
tance measurement capabili ty to
100,000 megohms fo r testin g leak
age in in sulators, diodes, circuit
b o ard s, an d t he like. A n im
pressive accu racy w ithi n ± 1% ±
10 co u nts is offe re d fo r co n
du ctance measurem ents.

For measuri ng current , 6 AC and
6 DC ranges, from 400 microamp s
to 10 amps, provide a wo rst-case
accu racy of ± 0.6% ± 2 co unts .
Capacita nce measurem ents, i n
four ranges fro m 5 nanofarads to 5
mi crofarads, provide an accuracy
of ± 1% ± 2 co u nts . Frequ en cy
measurem ents in fo ur ranges from
200 to 200 kHz provide an accuracy
of .005% ± 1 di git.

(Continued on page 20)

High accuracy with a
human touch.
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Fluke 85 Digital
Multimeter

W HEN EN G INEERS A N D TEC H N IC IA N S

think about high-tech test equip
ment , multimeters don ' t usuall y
come to mind. But many of today's
di gital mult im eters are choc k-f ull
of h igh-tech feat u res. A case in
point is th e Fluk e 85 DMM from
th e John Fluk e Mfg, Co. , Inc. (P.O .
Box C9090, Everett , WA 98206).

As is becom in g co mmo n, th e
mete r can measure more than volt
age, current, and resistance: Fre
quency, capacitan ce, and con
ductanc e-me asur em ent ca
pabilities are incl uded in th e Fluke
85's features, A host of alte rnate
modes th at add "s ma rts" to the
m et er, a l o ng w it h num erou s
human-en gin eerin g feat u res ,
mak e th e Fluk e 85 stand out f rom a
crowded fi eld . Befo re we get into
some of th e special features , let 's
look at the basic specificat io ns.

The Flu ke 85 measures abo ut
7% x l Y4-3% inch es and weighs12Y2
o u nces . Fun cti on s are selecte d
using a sing le rotary switch in th e
cente r of th e meter 's f ront panel . A
3% (4000-co unt) di git LCD, fo ur
test-l ead input jacks, and 7 push
button s for feature select io n com
pl ete th e fro nt panel.

Five AC vo ltage ranges, fro m 400
millivolts through 1000 volts, offe r
a wor st- ca s e a cc u r acy of
± 0.5% ± 4 counts for 60-Hz sine

A
WORLD
OF EXPERIENCE

GOES INTO
EVERY CRYSTAL

WE MAKE FOR YOU
Since 1965, we've made crystals for
industry, marine, amateur, CB, 2-way,

sca nners, microprocessors, and
radio control.

HIGH QUALITY • LOW PRICE
QUICK TURNAROUND

FOR FREE CATALOG,
CALL OR WRITE:

JAN CRYSTALS
p.o. BOX 060 17

FORT MYERS, FL 33906

(813) 936·2397

[ VISA] [_

TOLL-FREE: 1-800-JAN-XTAL
(526-9825)

FAX ORDERS: 1·813·936·3750

II(/)
a
Z
o
a:
Ia
UJ
...J
UJ

6o
<t:
a:

18 CIRCLE 104 ON FREE INFORMATIONCARD



DIGITAL VIDEO STABILIZER
ELIMINATES ALL VIDEO COpy
PROTECTIONS
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( Dealers Weicome )

WARNING:
SCO
Electronics and
RXII dealers do
not encourage
people to use
the Digital
Video Stabilizer
to durlicate
renta movies
or copyrighted
video tapes.
RXII is in
tended to stab i
lize and restore
crystal clear
picture quality
for private
home use only.
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ToOrder: $49.95 ea + $4 for FAST UPS SHIPPING

1-800-445-9285 or 516-694-1240
Visa, MlC, CCD M-F: 9-6 (battery not included)

sec ELECTRONICS INC.
Depl.CBM581W. MerrickRd. ValleyStream NY 11580

U~Rlonal 30 days Money Back Guarant...

1-800-445~9285

Wh ile watch ln9 rental
movies, you will notice an
noying period ic color
darkening, color shift, un
wanted lines, flashing or
jagged edges. This is
caused by the copy protec
tion jamming si~naJs em
bedded In the VIdeo tape,
such as Macrovision copy
prctect lon , Digital Video
Stabilizer: RXiI completely
eliminates all copy protec 
tions and jamming signals
and brings you crystal clear
pictures.

FEATURES:
• Easy to use and a snap

to install
• State-of-the-art In

tegrated circui t technol-

•~ automatic· no
need for any
troublesome adjust
ments

• Compatible to all types
of VCRs and TVs

• The best and most exelt
Ing Video Stabilizer in
the market

• Ught weight (8 ounces)
and Compact (1x3.5x51

: ~:~~~~:;~~~~ 3iC~X
battery which will last 1·
2 years.

1 Unit 10+
Jerrold S.B. $74 $55
Jerrold SB w/Irimode $90 $70
Oak N-12 (wNS) $89 $65
Scientific Atlanta $109 $75
Pioneer $109 $75
Panasonic converter $98 $79
73 channel converter $79 $59

We Beat Anyone's Price!
30 Days Money Back Quaranty

Free Catalog
Visa, MIC, COD or send money order to :

US Cable TV Inc. Dept. KAW

4100 N.Poweriine Rd., Suite F-4
Pompano Beach, Fl 33073

Please have make and model number of the
equipment used in your area ready.

No Florida Sales!
It's not the intent of US Cable TV Inc. to
defraud any pay TV operator and we will not
assist any company or individual in doing so.
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place, the soldering iron weighs
just over 2 ounces. It's certainly
light enough to feel at home in a
shirt pocket-wh ich is probably
why a shirt-pocket clip is included
on the cap.

In continuous use, a single fi ll
ing of butane provides about 90
minutes of use. When that runs
out, standard butane cigarette
lighterfuel can be used to ref ill the
Portasol. A catalytic converter in
the soldering tip provides heat
from a flameless combustion (ex
cept, of course , when the blow
torch tip is in place). An adjustable
temperature contro l on the bot
tom of the tool provides the equiv
alent of a 10-60-watt soldering
iron .

The cap contains a f lint lighter
which uses standard, rep laceab le
fl ints . After lighting, it takes the
Portasol soldering tool slightly
over one half minute to come up
to operating temperature . When
you 're finished , the cap can be re
placed immed iatel y. As a safety
featu re, rep lacing the cap auto
matically shuts off the gas on /off
control.

While convenience and
portability are certainly good rea
sons to choose the Portasol
butane gas-powered soldering
tool, there 's yet another good rea
son : There is virtually no risk of
leakage current that could damage
sensitive circu its.

The Portasol P-1K took kit sells
for $54.95. The soldering iron itself
(t he model P-1) is available for
$29.99, including a 3f32-inch tip. It 's
a bargain for anyone who is look
ing for cordless convenience . If
you find yo urself in remote or lim
ited-space situation s, then you
know that this portable soldering
tool will pay fo r itself virtually the
first time you need it. R-E

REFILL
PORT

FUEL
TANK

FIG.l

FLINT
LIGHTER

PORTABLE SOLDERING IRONS ARE MERE

ly a convenience for most of us.
But they're a must for field-service
technicians, who can't count on
having a source of power available
where they need it . A rechargea
ble battery-operated iron can fill
the need nicely-but only if you
can get it back to its charging
holster between jobs.

If you need a portab le soldering
iron that you can leave in your tool
box indefinitely without it losing
i t s charge , then a butane-gas
powered tool is your on ly sensible
cho ice. While they've been
around for a few years, we were
reminded of their convenience
and versatility when we recently
examined the Model P-1K butane
gas -powered soldering tool k it
fro m Portaso l, Inc. (7422 Carmel
Executive Park, Charlotte, NC
28226).

The kit, wh ich comes packaged
in a rugged plastic storage case,
incl udes the soldering too l, a 2.4
mm (3132 inch) soldering t ip, and
three other t ips that convert the
too l into a blow torch , a hot-air
blower, and a hot knife. A tip
clean ing sponge, a safety stand,
and a cap (that doubles as a flint
lighter) complete the kit.

The soldering tool measures
about 6)12 inches with a tip in place ,
and less than 7 inches with the cap
on. Full of fuel and with a tip in

A field-service tech's dream
come true!

Portasol Butane Gas
Powered Soldering

Tool Kit



Accredited by
the Accrediting Co mmission of the

National Home Study Cou ncil

Put Professional Knowledge and a

COLLEGE DEGREE
in your Technical Career through

HOME e, IfFI
STUDY ~lr ~

-'+'rlH'I-t.~1

A dd prest ige a nd ea rning power to
yo ur technica l ca ree r by ea rning
yo ur Associate or Bach elor degree
th rough directed home study.

Grantham College of Engin eering
awards accred ited degrees in

electronics a nd computers.

A n im portant part of being pre
pared to move up is holding the
right college degree , a nd th e a bso
lutely necessary part is know ing
your field . G rantham can help you
both ways-to learn more a nd to
ea rn yo ur degree in th e process.

Grantham offers two degree p ro
grams-one with maj or em phasis
in electronics, t he othe r with maj or
em phasis in co m puters . Associa te
and bachelor degrees are awarde d
in ea ch program, a nd both p ro
grams are ava ilable co mpletely
by co rrespo ndence.

No commuting to class. S tudy at
your own pace, while co nt inu ing
on your present job. Learn fro m
easy-to-u nde rs tand lessons, with
help from yo ur Grant ha m instruc
tors whe n yo u need it.

Write for our free catalog (see address
bel ow) , or ph on e us a t toll- fr ee
1-800-955-2527 (for catalog requests
only) and ask for our " degree catalog."

UJozo
~ GRANTHAM
~ College ofEngineering
~ 10570 Humbolt Street
~ Los Alamitos, CA 90720
20

EQUIPMENT REPORT

continued fro m page 18

Features
Alt ho ug h the ba si c spec ifica 

tions of th e Fluke 85 are, indeed ,
impressive , they tell onl y half the
sto ry. For example, o ne of o ur fa
vorit e feat u res is a M INIM A X

re cord in g m od e in w h ic h t he
mete r stores the lowest and high
est rea d ings wh ile also ca lculating
the tr ue ave rage of all th e read ings
taken ove r a peri od as long as 24
hou rs. It's ideal fo r catc hing inte r
mittents, o r jut to ' take readings
whil e yo u are o pe rat ing t he eq uip
ment un der test and can't watch
the meter. We used th e met e r to
measu re th e AC line vo ltage ove r a
12-hou r pe riod , and fo und th at it
ran ged fro m 104.0 vo lts to 124.4
vo lts, w it h a n ave rage of 120.6
vo lts .

Two record ing modes, o ne with
a 100-ms resp onse tim e , the ot he r,
a "high-accu racy" mode with a 1
seco nd resp onse time are offe red.
Every tim e a new minimum or
maximum read ing re gisters , t he
mete r's beepe r will so u nd . M INI

M AX readings a re availab le for vo lt
age , cu rre nt , resistan ce , and fre
qu en cy measu rements.

A relative-m easureme nt mode is
a lso availab le . For rel ative mea
surements , a reading is sto red in
mem ory. The d ispl ay s hows th e
difference between th e sto red val
ue and subsequ ent readings.

In th e rel ative-m e a su rem en t
mod e , t he a na log b ar gr aph
w hic h ac ts just lik e a n a na log
meter needle in most modes-be
co mes a ze ro-cente r mete r. In the
other mode s , t he bar gr aph ca n
make ce rta in measu rem ents mu ch
e asie r th an is no rm al ly possibl e
w ith di gital meters. Pe akin g or
nullin g a signa l, fo r example, ca n
be seen eas ily with th e bargraph ,
whil e c ha ng ing di gi t al di s pl ays
usually ca use co nfus ion .

An alte rnate freq ue ncy-co unte r
mode makes it possib le to mea
sure the duty cycle of input sig
na ls. Posit ive- o r ne gative- ed ge
t rigge ring is selectable .

The little things count
The techn ical specificat ions and

the measu rem ent feat ures of t he
Fluke 85 a re e no ug h to reco m-

me nd the mete r to anyo ne who
ne ed s to ma ke a wide ran ge of
acc u rate me asu rements. But it 's
the " litt le things" that the meter
offe rs that rea lly show off Fluke 's
test-eq u ipme nt experience .

The fro nt-pa ne l knob and pus h
bu tt on s are clearl y marked and
easy to use . However, as with just
abo ut every other DMM, it's nec
essary to switc h t he test lead s if
yo u sw itch fro m vo ltage to current
measuremen ts . We all know how
easy it is to fo rge t to switc h the
lead s . That's why Fluke incorpo
rates a be eper th at let s yo u know
th at the leads a re not inse rte d co r
re ctl y for th e me asurem en t yo u
wan t to make. It 's su re to greatly
reduce th e numbe r of blown safe 
ty fuses ca used by neglecting to
sw itch lead s.

A to uc h-ho ld feat u re , w hic h
freezes t he display, a lso makes the
Fluke 85 easier to use.

A hol ster with Fluke's Flex-Stand
is incl uded w ith t he mete r. The
br igh t ye llow hol st er not o n ly
make s the meter easy to find , it
offe rs an added degree of prot ec 
tion . The Fl ex-Stand t ilt bale ca n be
used to sta nd the meter up. But
because th e ba le is flexible, it ca n
be used to han g the met er ove r a
co nve nie nt protu be ran ce , includ
ing yo ur belt . Two test-probe clip s
hold the probes fo r sto rage. The
pro b e s ca n b e c lip ped in th e
hol s t er in o perat ing p o si t ion ,
which allows yo u to use th e met er
mu ch as yo u would a logic probe .

The Fluke 85 se lls fo r $239. Two:
othe r meters ro und o ut Fluke 's 80
Series . The $199 Fluke 83 offe rs the
same features of the Fluke 85, but
wit h lower acc u racy and freq ue ncy
respo nse. The $289 Fluke 87 offers
not o nly greate r acc uracy, but ex
tra feat u res as we ll. For exa mple,
t he Fl uke 87 offe rs a 4Y2- di git
(20,000 co unt) displ ay, and back
lightin g , t o o. Lik e th e ot he r
meters in th e se ries, the Fluke 87
feat u res a M INIMAX mod e. But it
goes o ne better by add ing a PEAK

MINIMAX mod e th at ca n capt ure
t ransients to 1 millisecond o r sine
wave peaks to 400 Hz.

If yo u are in the marke t for a new
multi meter, don ' t make a decision
un t il yo u give at le ast a serio us
look to Fluke 's 80 Series . They rep
rese nt the state of the art of dig ita l
multim et ers. R-E
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THE MODEL WTT·20 IS ONLYTHE SIZE OF
A DIME, yet transmits both sides of a tele
phone conversation to any FM radio with
crystal clarity. Telephone line powered - never
needs a battery! Up to V. mile range. Adjusta
ble from 70-130 MHZ. Complete kit $29.95
+ $1.50 S + H. Free Shipping on 2 or more!
COD add $4. Call or send VISA, MC, MO.
DECO INDUSTRIES, Box 607, Bedford
Hills, NY 10507. (914) 232-3878.
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SIMPLY SNAP THE WAT-50 MINIATURE FM
TRANSMITTER on top of a 9v battery and
hear every sound in an entire house up to 1
mile away! Adjustable from 70-130 MHZ. Use
with any FM radio. Complete kit $29.95 +
$1.50 S +H. Free shipping on 2 or more! COD
add $4. Call or send VISA, MC, MO. DECO
INDUSTRIES, Box 607, Bedford Hills, NY
10507. (914) 232-3878.
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mID I.f:y
CABLE TV CONVERTERS AND DE
SCRAMBLERS SB-3 $79.00 TRI-BI $95.00
MLD-$85.00 M35B $89.00 JRX-DIC $129.00
Spec ial combos available. We ship COD.
Quantity discounts. Call for pricing on other
products. Dealers wanted. FREE CATALOG.
We stand behind our products where others
fail. One year warranty. ACE PRODUCTS.
P.O. Box 582, Saco, ME 04072 1 (800)
234-0726.
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Call 516-293-3000 to reserve space. Ask
for Arline Fishman. Limited number of
pages available. Mail materials to:
mini-ADS, RADIO-ELECTRONICS, 500
B Bi-County Blvd ., Farmingdale , NY
11735.

CALL NOW
AND

RESERVE
YOUR SPACE

• 6 x rate $940.00 per each insertion.
• Fast reader service cycle.
• Short lead time for the placement of

ads.
• We typeset and layout the ad at no

additional charge.

ELEVEN-PIECE RACHET TOOL KIT
Includes reversible ratchet handle, extension
bar,six bits, two precision screwdrivers, and a
cutter. Comes in fitted case. Get one for your
shop, another for your car, another for your
tool kit. To order send $11.75 USA shipping
only. ELECTRONIC TECHNOLOGY TODAY
INC., PO Box 240, Massapequa Park, NY
11762·0240.
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• PAUL WHITEMAN has turned
to us in desperation. He needs a
copy of the schematic or, better
yet, the service manual for an AB
Systems' power amplifier, model
1201a. He'd gladly pay fair costs
and the postage to send it to 404
Dawes Road, Toronto, Ontario,
M4B 2E4, Canada.
• When G.H .M. requested the
service manual for a Fisher 400 in
a previous issue of Radio-Elec
tronics, a few readers were kind
enough to respond-and one of
them now has a request of his
own. MICHAEL WOLIN needs
factory-service information on a
KLH model 40 tape recorder (the
latest, " imp roved" model). His
address is 440 Pratt Streett Long
mont/ CO 80501.
• A long-time Radio-Electronics
reader from across the Atlantic,
SAM HOSENBOCUS, would like
to correspond with American
electronics hobbyists.Tie is par
ticularly interested in the sur
veillance field, and would like to
exchange information and di
agrams. Write to him at 13 Vic
toria Terrace, Leeds LS3 1BX, W ,
Yorkshire, England.
• DENNIS BETZ is in the dark
without the parts list for his
Tigersuarus 210/A power amp,
made by Southwest Technical
Products of Texas, in the
mid-1970's. If you have a copy of
the parts list, or can point him in
the right direction, write to 125
N. Railroad St. , Annville, PA
17003.
• WALDO ARNHOLZ never ex
pected to be writing to Radio
Electronics for help. However, all
his efforts to find a complete
schematic of the chassis of his
Audiophonic stereo receiver,
model SR-2150, have left him
empty-handed . He'd like to hear
from anyone with either the
manufacturer's address or the
schematic , and he's willing to
pay for the schematic copy. Send
the information to 1925 Hollow
View Drive, Bettendorf, fA 52722.

L...- ----.JL- --I 21



NEW PRODUCTS
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IEEE-488 BUS ANALYZER.
Fo r detecting and analyzi ng
bu s diffi cu lti es such as pro
gram errors, inco mplete de
vi ce respon ses, t im ing er
ro rs, in compatibl e in stru 
m en t s o r so f t ware , and
cab le problem s, ICS Elec
tronics has introduced th e
I CS 48 11 A na lyzer. Th e
sma ll , se lf-co nta ined ana
l y z er ca n be u s ed to
monitor bu s tr affi c o r as a .
ded icated data-acqu isiti on
system . Wh en set to th e
HANDSHAKE mod e, th e 4811
can act li k e any o t he r
IEEE-488 devi ce. W it h t he
HANDSHAKE di sabl ed , it can
be transparent to th e con
t rol ler and o t her in stru
ments on the bu s. It can be
prog ramme d to emulate a
device respond in g t o ad
dressed requ ests fo r syste m
debu ggin g and, w hen con
figured as a patt ern gener
ato r, the 4811 can provid e
high- speed data and co m
mand o utput . The versat i le
devi ce tan funct io n as th e
syste m co nt ro lle r or as a
co ntro lle r emulator for full
system tests.

Weighing less th an eig ht
pou nds and req ui rin g no
exte rna l pow er supp ly o r
compute r, the bus analyzer
can be carried to any test ing
si t e. Its non vol at il e 128K

12-BIT AID CONVERTER.
Alp ha Products ' FA-154 is a
high-speed , 12-b it analog
to -di gita l .conve rte r d e
signed fo r high-spee d data
acqui sition and signal pro
ce ss i ng . I t s co nve rsion
speed is o nly luus. and each

(J) of it s eight inp ut channe ls
~ wi ll accept G-5-vo lt signals.
o A va riab le-gai n amp lif ie r
g: permi ts th e read ing of sig
frl nals less than 1 LSB (1 .2 mY).
u:J The FA-154 run s o n all IBM
6 PC bus machines, Apple II's,
~ Co m modores, Tandy, and
ex: ot her co mpute rs.

22

memory lets the un it store
data and analyze it at an
ot he r location , o r send it to
a co mputer. Fo r uploading
and downloadin g to a PC,
th e 4811 also co mes with a
standard RS-232 port.

The included softwa re al
low s o pt io na l inter act ive
cont ro l and data di splay of
all analyzer functio ns fro m
any DO S-based instrument ,
with out impactin g syste m
o pe ratio n . Th e C ON FIG

functio n, lo cat ed o n th e
fron t-p anel mem brane key
pad, is use d to select the
funct ion, number base, se
rial parameters , and ot he r
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The FA-154analog-to -digi
t a l co nve rte r cos ts
$179.00.- Alpha Product s,
242 West Avenue, Darien ,
CT 96820.

f u nct iona l pa ra met ers.
Those setup parameters can
be sto red and recalled fo r
subseq uent use. The ana
lyzer's 8-line x 40-character
LCD shows bus data in ei
the r ASCII, octal, hex, bi n
ary, d ecim al , o r i n di s
assembled bus mn emon ics.

Th e ICS 4811 A na lyzer
cost s $1995.00; an optional
M S-DO S software package,
w h ic h provid es exte ns ive
post-processing and analy
s is of bu s d at a , c os t s
$500 .00 .- ICS Electroni cs
Corporation , 2185 O ld
Oak land Road, San Jose, CA
95131.

DU AL DATA A NA LYZER.
Containing two BERT's, two
data- lin e monitors , and tw o
terminal emulato rs in on e
co m pac t pa cka g e , th e
Gem in i 1022 fro m Telecom
Analysis Systems (TAS) sim
plifies bench-top testing of
data- c omm u ni cat ion s
eq u ipme nt suc h as mod 
ems, ISDN te rmi nal adapt
e rs , and DDS se ts . I t
p e rform s bit e r ro r- rat e ,
th rou ghput , an d po l l ing
perf ormance tests at rates
up to 72 kilo bytes pe r sec
o nd . The tests can be run

simultaneo usly at both ends
of t he co m m u n icat i o n s
pat h , cutti ng in hal f t he
amo u nt of e q u i p m ent
needed for an end-to-end
test.

A built-i n call -set up fea
tu re eli minates th e need fo r
separate data terminals, lin e
monitors, and N B switches
when test ing auto-di al mod
ems, w h ic h redu ces t he
cos t and co m p lex i ty of
mod em-test in g ar ra nge 
ments. Gemini uses a vari
ety of protocols to commu
nicate w it h modem s, and
also monitors and displays
mo d em ca l l-set u p co m 
mand s, as we ll as command
respo nses.
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The analyze r can be co n
t ro lled ei the r throu gh it s
fron t-panel keypad and di s
play or through it s built-in
RS-232 and C PIB inter faces.
The sim p le co nt ro l- i nt e r
fac e co m ma nds m ake i t
easy to inco rporate the un it
into automatic mod em-test
syste ms. A built- in RS-232
to-CP IB protocol co nverter
allows co ntro l of seve ra l
pi eces of C PIB equipmen t
from a single RS-232 po rt. Its
p lu g-in softw are cartrid ge
makes it easy to add mo re
features later, and Gemini
can be combined with ot he r
products fro m TAS to make
a compact, complete ly au
tomati c, modem-test sys
tem.

The Gemini 1022 du al data
analyze r costs $5950.00.
Tel ecom Analysis System s,
lnc., 34 Indu stri al Way East,
Eatontown, NJ 07724.



WRI ST-STRAP TESTER. De
sig ned to detect malf unc
t ions or breakage in w rist
strap assemb l ies , Plastic
Systems ' WT-6600 also en
hances ESD protection. The
de vice also detects inade
qu at e co ntact bet wee n
band and operato r.
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The teste r is acc u rate,
por table, and easy to use in
electro nics and othe r fi eld s
w here ESD is a co nce rn . The
tester indicates HAZARD at
readings of less than 470
ki lohms, OK at less than 10
megohms and higher than
470 kil ohms, and CAUTIO N at
rea d i ngs hi gh er t ha n 10
megohms.

Th e W T-6600 w ris t -st rap
tester costs $100.00.- Plas
tic Systems, Inc. , 261 Cedar
Hi ll Street, Ma rlboro, MA
01752.

MOUNTING KIT. The MS10
mounting kit is designed to
make th e CA LEX XW-series
"U " -case -size DC-to -DC
conve rters ready to use.The
CALEX XW DC-to- DC co n
ver t er series includes six
sing le- and six du al-ou tput
uni ts wi th up to 30 watts of
iso lated and hi ghly reg u
l at ed l ow-n o i se o utp ut
power. Sing le-output units
have input-vo ltage ranges of
9-36 or 20-72 vo lts; t he
du al- ou tput u n its hav e
9-18- , 18-36-, o r 36-72-vo lt
input ranges.
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The M S-10 co nverter con 
sists of a PC boa rd, eig ht
single-pi n go ld-plated sock 
ets, and inp ut/output barri
er str ips for easy sc rew
dri ver co nnectio ns. The kit
is co nstructed of Y16-inch
glass epoxy and measures
3.25 by 6.3 inches. There are
fo ur hol es in the board , on
2.75 x 5.5-inch centers, for
chassis mountin g.

The MS-10 DC-to-DC co n
verte r kit costs $36.00; the
XW conve rters ran ge i n
p rice for m $160 .00 to
$165.00.- CAl EX Mfg. Co.,
Inc. , 3355 Vin cen t Road,
Pleasant Hill , CA 94523.

DIGITAL PANEl MET ERS.
Measur ing less than 1 x 2
in c h e S ', t he A C C U L EX
DP-352} and D P-352K t he r
mo cou pl e- input Di gi t al
Pane l M eters (DPM 's) have
large 3.5-d igit LED displays
th at can be read in direct
sunlight as we ll as in low
light sit uations. The hi gh
perform ance DP-352} and
DP-352K suppo rt J- and K
ty pe t he rmoco up les , re 
spect ive ly . Th ey provid e
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co ld ju nct io n co mpensa
tion and di splay d irectly in
degrees Cent igra de . A full 
sca le di spl ay ra nge of
0--200°C is standard. Screw 
te rm i na l co n necto rs fo r
bot h prima ry ope rati ng
power and direct signal in
pu t al low q uick and easy
f ield install ati on .

Th e DP-352}1K's f u ll di f 
fere nt ia l inp ut and d ua l
slope in tegratin g N O co n
ve rte rs , co mb ined wi th
com mo n-mode rejecti o n
capabi lity of greater tha n 86
dn s, al low preci se tem
pe rat u re measu rem ents
even und er poor- env iron
mental and electrica l co ndi 
tions . Th eir accu racy i s
rate d to 1% fu ll scale (±1
di gi t ) with an o pera t ing
te m pe rat u re r an g e of
0--50°C.
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Cut Your Video Servicing Time By 54%
With the Market Proven VA62 Universal Video Analyzing System.

100% American Made 23

You can join thesuccessful service centersthat have cut their
video servicing timeand increasedtheir profitswith the VA62
Universal Video Analyzing System. Call for a brochure on the VA62 .
Call1·800·SENCORE and increase your profits. ~
In Canada also call 1-800-SENCORE. ~

3200Sencore Drive , Sioux Falls, SO 57107
CIRCLE 177 ON FREE INFORMATION CARD

A survey of over 1500Video Analyzer owners has shown that
theVA62's unique signal substitution method has reducedtheir
video servicing time by an average of 54%, and increased their
servicing profits.

Today's VCRs, TVs, and MTS Stereo TVs requ irea proven
method to quickly isolate the defectivecomponent. New technology
has made simpleproblem solving a time-consumingandexpensive
procedure.



With a low +5 volts DC at
250 mA primary ope rat ing
po we r, t he DPM's can be
used fo r fie ld/mobi le use or
as sta ndard temperature
monitors for au tomotive/
m arin e/avi oni cs ap p l ica 
ti on s. Other appl icat ions in 
clude en ergy management ;
electronic test and burn-in
cha m be rs; marin e , au to 
moti ve, and medi cal instru
mentati on ; petroch emi cal
pr o c e ssin g ; a n d bi o 
che mica l and b iom edi cal
R&D.

The OP-352j and OP-352K
th ermocouple-input di gi tal
pan el m eters eac h cos t
$119. 00. - ACC U l EX, A
M etraByte Co m pa ny, 440
Myl es Standi sh Blvd ., Taun
to n, MA 02780.

PIN-FIN HEAT SINK. A cast
aluminum, pin -fin heat sink
fo r coo l i ng 14 x1 4- and
15 x 15-pin array (PCA) pack
ages is now co m me rcially
avail abl e from Aavid Engi
neering. M od el 5679 00 is
made in a high-conducti vit y
aluminum al loy cast in a
stagge re d -p i n co nf ig u ra-
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tio n, providi ng high ly effi
cie n t coo li ng for th o se
popular PCA packages.

The advanced aluminum
cast ing techn ol ogy used in
th eir manu facture produ ces
a de nser, more the rma lly
efficient heat sink th an is
possibl e to attain using co n
vention al di e cast ing . En
hanced con ductivity, co m
bined w it h the efficient p in
fin coo li ng surface, ensures
low sem ico nd ucto r t em 
peratures at h igh pow er
output levels.

Th e heat si nk provid es
rapid heat di ssipati on for

any hi gh- sp e ed , hi gh 
power (greate r th an 3 watts)
PCA package-including bi
po lar, BICOS , and h igh 
de ns ity CMOS. Mode l
567900 has a thermal resis
tance of 8°CIW with a load of
5-watts un der natural co n
vection. The mountin g sur
face is smooth and flat , with
an edge stop for simp lif ied
se lf -f ix ing and ad hes ive
bo nd ing. The heat sink is
available in black-anod ized
a n d go ld-c h ro ma te
fi nishes.

The mod el 567900 p in-f in
heat sink costs $1.63 in lots
of 1000.-Aavid Engineering,
Inc. , O ne Kool Path , P.O .
Box 400, l acon ia, NH 03247.

S-VHS TESTING OPTION .
An optional add-on fo r sev
eral co lor-TV pattern gener
ato rs from j ohn Fluke Mfg .
Co . provides the capabi lity
to test Super-VHS VC R's.
The PM 9553 YICopt io n pro
vi des the sepa rate lumi
nance (Y) and chrominance
(C) signals used in S-VHS re
co rd ing and playback to re
duce cross -co nta mi nat io n
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between the signals. Its ver
satility is furt he r enhanced
by its standa rd RCB-ou tpu t
signals.

The PM 9553 YIC opt io n
fi ts in t he PM 5514V, PM
5515, and PM 5518 (pictu red
here) co lor patt ern gene r
ators . It can be installed at
th e tim e of purch ase o r
ret rofitted to ex ist ing pat
te rn generato rs.

Factory insta lled , the PM
9553 YIC opt io n carries a list
pr i c e of $6 00 .00.-Jo hn
Fluke Mfg. Co., Inc. , P.O. Box
9090, Everett, WA 98206; Tel.
800-443-5853.

SOLDERING SYSTEM. With
its p at en t ed " t h e r m a l
thru st " tip d esi gn , th e
Ungar 9910HC delivers 40%
hi gh e r th erm al capac ity
than mi cro iro ns th at use

C644 1 $5.95

C6443 $16.95

SimIlar 10 the Imp ~bt)"o;un ly ,hi,oo<' pu"
vUllO wau . RJ,\S to <"uh channel. Futvre"
OO C I('~I cuo trol thlt !IoCIS Irve l in bOlh
o;h ln n('l ~ In d reJ u,n " 0 0·' inJiellor . U'OC
Ih is amp with your \p" lk<"T'o 10 hoo" pur '
ubi," tar<: plly," " . r. di.... o r CD player,
to futt nch roo m fllhnl: ,,"olum<". O p<"ratC"
fro m 12Vn <:. With all parh I nJ p" ho . rJ

20 WATT RMS MONO AMP KIT~.&.&"",,~~.........,~ I
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MINI GE ICER COUNTER KIT
T his VK ful kil k" yov ,tt'l n OJ the ra, liatio n tha i
you an : h('in l': exposed to ! Us(' il 10 dcl(' t'l rad
ium dials on 01..1 wa(eh(' s, ( am pinlt lanl ern
manl k s. u, lioaCli"e min erals. hackr;rou nd nI,l i'
~Iion , ('10;. Kil .1('1('0;11 alr ha . b('l a ,l': amma and
X·ray radill ion and fnlurn ll' nsiIW(' alpha·
window roM luh(' wit h Ie Cir..,.it . F.mits clicks
in r ropo rtio n 10 ;nt('nsity o f ..J i:u ion' Si,o;
on ly 1.9 " x J" , 0 r enlf n fro m one 9 V ball er y
(not ind vtkd). Wilh I II r aru an.II 'C hoard .

FREE CATALOG ! w<" Indv J..· ou r <:aul"" con UOlnr ~r 130 k,, \ .n d
hundr<"J\ of uniqu<" eo mpun.·nu "RH·; ....il h n eh o r....r. Wc . r(' cnn ll nv. lty . ,IJtn ,
n,·.... lIem . 10 our ut.lo, I n,1 o nce you or,[er w<" .. Ill place yovr n.mt' un ou r
I'r<"f<"rreJeu' tomcrm.itingli,t tu re',t' iv(,lI !

20W + 20W STEREO AMP KIT

l OW+ lOWSTEREO AMP KIT
r""""'-.....,,~~.............,

U,..,.. u nsilive ~n.or ilnd c:lo:o:u o nic cit
cuiuy to . n pond 10 all types o f infn' N
T V, VCR . Cle . •e mot e: con nolk n and
LEOS by prOtlucinll: 50und . nd lishti ltJ
• brip, 1 rn! LE O. C:reot for tnt inJ;:and
YCT ir IC&lio n of infn .•ed o utp ut - :len
...hal you can nOI Y.... Sma ll si/_.... 2.': "
:0: 1.4 " , Op crall:' on 9V bauny (n Ol: L--">-----l------'I
ino:ludnl ). Kit co mev wilh all rarn and
l'C boaN .

1299 . 9 5

REGULAR SALE

5 19 .00 399 .95
895 .00 719.95
995 .00 81 9.95

1095.00 899. 9 5
2395 .00 149 5. 9 5

10 9 5 .00 899.9 5

139 5.00 9 99 . 9 5
1 69 5.00 1399 .95
199 5.00 169 9 .9 5
239 5.00 199 9 .95

Comp le te Kenwood Li ne Ava i l able
"Ca l l Fo r You r Price Quotations·

Kenwood Test Equipment.
From V1ecompanyyou've been

listening to foryears.

40MHz 2CH , 4-Trace, Dela ye d S ~e e p

Ana log 40MH z/ I0 0KHz (E q ui v alen t
Sa mplin g) 2CH, Re adou t Cursor
10 0MHz, 2CH, 4 - Tr a ce , Dela y ed Swe e p
100M Hz, 4 CH, 10 - Tr a c e, Del ay ed Swe e p
150 MHz, 4CH, 10 - Tr a c e , Dela yed Sweep

20MHz , Dual Cha nnel
40MHz 2CH, 4 - Tra c e , De layed Swe ep
50 MHz 3CH, 6-Trace, Delayed Sweep
6 0MHz 3CH , 6-Trace, De layed Sweep
15 0MHz4 CH, 8 -Tra ce , De layed Sweep

CS-8 0 10 Di gi ta l St ora ge Osc illos c o pe 2CH,
Reado u t/Cur so r 10 M Samples/Sec. 20MHz
Rea l Time 149 5.00

CS-517 0
CS-60 10
CS-60 20

CS-5130
CS-5140
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DIG ITAL STORAGE OSCI LLOSCOPE

ANA LOG OSCILLOSCOPES W/READOU T/C UR SORS

KENWOOD OSCILLOSCOPES
Ifyou want bettermeasurements,

checkthese figures out
ANALOG OSCILLOSCOPES W/O READOUT

CS-I0 21
CS-513 5
CS- 51 55
CS-51 6 5
CS-2 150

800-638-2020

8 9 3 1 Br ook v i l l e Rd.
S i lve r Sp ring , Md. 20910
( BOO) 6 38 -2020 ( 30 1) 58 7 - 782 4
Fa x (301 ) 585 -54 02
Eas y Order Fax Li n e (80 0 ) 54 5-00 58
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sta nda rd t ips . Th erm al ca
pacity-the iron 's abi lity to
m in imi ze and quick ly re
co ve r fro m heat loss-de
termines th e syste m's ab ility
to make rep etit ive and relia
b le so lde r jo ints. A hi gh er
capac i ty i s ge nera l ly re
q uired fo r solde ring larger
part s. Th e Ungar system
co mbines the co mfort and
sim p licit y of a sma l l ir on
with the high capacity of a
much larger one , so it can
b e u sed fo r h igh - m ass,
heavy heat- sin k ap p l ica
tion s as well as for ligh ter
wo rk .

Th e ESD- pr o t e c t e d

9910HC has a closed-loop
circui t for te mperature sta
bili ty at id le. It also featu res
ze ro swit ch i ng , re l iab le
gro undi ng fo rm tip to p lug,
a d ura b le ceram ic heater,
and a coo l gr ip. The 24-vo lt
m i cro i r on ca n b e
custo mized wi th a choice of
th ree addi t iona l, easy-to 
co nnec t iron s wi th a varie ty
of tips. The system meets or
exceeds gove rn me nt so l
dering specificat io ns DOD
ST D-2000-1B, WS -6536E ,
M I L-S-4754 3E, and M I L
STD-2000. If yo u are looking
fo r an ESD- pro tect ed so l
der in g sys te m th at 's ve r
sati le enoug h to cover all of
yo ur so lde ring needs, th an
the 9910HC may be exact ly
w hat yo u need .

The 9910HCsolde ring sys
tem has. a suggested retaiI
pr ice of $236.00.- Ungar,
D iv is ion of Eldon Ind us
tries, Inc. , 5620 Kno tt Ave
nue, Buena Park , cA 90621 .

16-81T D/A CON VERTER. A
new f amily of ex te nded
temperature-r ange, 16-b it
d igita l-to -analog co nverters
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(DAC's) is targe ted fo r de
m andin g milit ar y, ae ro 
space, and ind ustr ial ap
p lications. Micro Networks'
M N3290 se r ies is exact ly
pin- and funct io n-co mpat i
b le wit h o lde r, in du stry
standard DAC71/72 devices,
and is expec ted to repl ace
many of those o lde r devices
in new and exist ing military
programs.

Th er e are 37 d i fferent
mod els in the series, incl ud 
in g six di ff erent vo ltage- and
current-o utput devices th at
eac h offe r four di fferent
elect rical grades to address
both co m me rc ia l (O°C t o
70°C) and mil itary ( - 55°C to
+ 125°C) appl icat io ns. The
ex te nde d t e mp erat u re -

range devices are avai labl e
sc ree ned i n acco rd ance
wi th mili tary spec if icatio ns.

The M N3290 series DAC's
are m ad e using a b ipo lar
process. They are TIL com
patib le and co ntain an on
ch ip , l ow-n o ise, bu ri ed 
Zener ref er en ce. Th e de
vices are packaged in stan
dard , 24-p in, ceramic DIP's.
A ll of t h e m g u ar a n tee
14-bit mon oton icity at room
te m pe ra t u re; t he h igh er
grade devices guarantee 14
b it m on o t oni ci t y a n d
± 0.006% FSR in t egral l in
ear ity ove r the ent i re ex
te nded temperature range.

The M N3290 comme rc ial
and m ilitary-stand ard cur
rent- ou tpu t d ev ic es are
pri ced from $31.00 and from
$7 5 .00 , resp e c t ive l y, i n
quant it ies of 100. The com
merci al and mili tary-stan
dard vo ltage-output devices
are p riced fro m $33.00 and
from $75. 00, respect ive ly,
also in q uant it ies of 100.
Micro Networks/Unitrode
Corporation , 32 4 C la r k
St ree t , W o r c e st e r, MA
01606. R-E
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Take anyone of these HANDBOOKS
ELEClRONICS and CONlROL

• your one source for engineering books from
over 100 different publishers

• the latest and best information in your field

• discounts ofup to 40% offpublishers' list prices

047/790

Publishers Price $99.95
TELEVISION ENGINEERING
HANDBOOK
Edited byK. B. Benson
• 1,478 pages, 1,091 illustrations
• packedwith all the technical information

todays engineer needs to design, operate,
and maintain everytype oftelevision
equipment

• extensive coverage of receivers, broadcast
equipment, video tape recording, video
disc recording, and the latest
technological advances

• provides television systemand industry
standardsfor the U.S. and other countries

• the most comprehensive book on the
subject of television engineering

287/35X

Publishers Price $119.50
ANTENNA ENGINEERING
HANDBOOK, Second Edition
Edited by R. C. Johnson andH.jasik
• 1,408 pages, 946 illustrations
• covers alltypes ofantennas currently in

use with a separatechapter devoted
to each

• provides detailed dataonphysical
fundamentals, operating principles, design
techniques, and performance data

• up-to-the-minute information onantenna
applications

• a must for those involved inanyphaseof
antenna engineering

322/910

Publishers Price $78.00

SfANDARD HANDBOOK OF
ENGINEERING CALCUlATIONS,
Second Edition
By T. G. Hicks
• 1,468 pages, 793 illustrations, 499 tables
• puts more than 1,100 specific calculation

procedures at your fingertips
• everycalculation procedure gives the

exact, numbered steps tofollow for a
quick, accurate solution

• virtually all procedures canbe easily
programmed onyour PC or calculator

• usesUSCSand SI units inall calculation
procedures
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Publishers Price $94.95
MODERN ELECIRONIC CIRCUITS
REFERENCE MANUAL
ByJ. T. Markus
• 1,264 pages, 3,666 circuit diagrams
• a handy, desktop reference with 103

chapters organized by"family" grouping.
• filled with predesigned and use-tested

circuits to save you production time and
money

• includesconcise summaries ofall the
recent applications notes, journal articles,
and reports on each circuit, efficiently
organized and indexed for the practicing
engineer

Publishers Price $92.00

STANDARD HANDBOOK FOR
ELECIRICAL ENGINEERS,
Twelfth Edition
Edited bv D.G. Fink and H.WBeatv
• 2,416pages, 1,388 illustrations, 430 tables
• the essential referencefor all electrical

engineers
• ranges from basic circuits andmeasure

ments to advanced topics, such as power
distribution and telecommunications

• fully updated to cover all recentadvances
anddevelopments

• written and compiled by US contributors
- all experts in their fields

209/758

4 reasons
to join today!
1. Best and newest books} rom ALL pub
lishers! Books are selected froma wide range of
publishers byexperteditorsandconsultants togive
you continuing access to the best and latest books
in your field.
2. Big savings! Build your library and save
money, too! Savings range up to 40% off pub
lishers' list prices.
3. Bonus books! You will automatically be eligi
ble to participate in our Bonus Book Plan that
allows you savings up to 70% offthe publishers'
prices of many professional and general interest
books!
4. Convenience! 14-16 times a year (about once
every 3-4 weeks) you receive the Club Bulletin
FREE. It fully describes the Main Selection and
alternate selections. A dated Reply Card is in
cluded. If you want the Main Selection, you simply
donothing- itwillbe shippedautomatically. If you
wantanalternateselection- or nobookatall- you
simplyindicateitontheReplyCardandreturnitby
thedate specified. You will have at least 10daysto
decide. If, because of late delivery of the Bulletin
you receive a Main Selection you do notwant, you
may return it forcredit at the Club's expense.
Asa Club member you agree onlyto the purchase
of two additional books during your first year of
membership. Membership maybe discontinuedby
either you or theClub at any time after you have
purchased the two additional books.

FORFASTER SERVICE IN ENROLLING CALL TOLL FREE 1-800-2-MCGRAW

r--- -- - - -------------------------------- - - -- - - ---~
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Kame _

Signature _

I wish to order the followingbook:

D ANTENNA ENGINEERING HANDBOOK (3221910)

D MODERN ELECTRONICCIRCUITS REFERENCE MANUAL (404/461)

D STANDARD HANDBOOK FOR ELECTRICAL ElIGINEERS, 12/e (2091758)

D TELE\1SIONENGINEERING HANDBOOK (0471790)

D STAl'mARD HANDBOOK OF El',GINEERINGCALCUlATIONS (287/35X)

McGraw-HillBook Clubs
Electronics and Control Engineers' BookClub®
P.O. Box 582
Hightstown, NJ 08520-9959

Please enroll me as a member of the Electronics and
Control Engineers' Book Club$ and send me the book I
have chosen for only $14.95 plus local tax, postage and
handling. I agree to purchase a minimum of two addi
tional books during my first year as outlined under the
Club plandescribed in this ad. Membershipintheclubis Address/Apt. #- - - - - - - - - - - - - - - - - - - - - - - - -
cancellable by me or McGraw-Hill any time after the two City/StatelZip- - - -;-"CC"":---:::::-:c:----:-;-- - -;---:--,-- -;-- - ---:-,--- ....,.-;----::-:--
bookpurchase requirement has beenfulfilled.Ashipping This order subject to acceptancebyMcGnw-lIill. Offer goodonlvto newmembers. Foreign memberacceptancesubjectto specialconditions

and handling charge is added to allshipments. ECGA.031
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NEW LIT
INSTRUMENT CATALOG.
W ide selection s of instru
men ts fo r test and measure
ment, pl ant main ten ance,

. wate r-q ua lity checks , and
monito r/ control ap p l i ca 
t io ns are featured in this 44
page brochure from Extech.

~".
CIRCLE 45 ON FREE

INFORMATION CARD

Photograph s acco m pa ny
every ite m li sted , and th e
text includes helpfu l in for
mation on how to choose
the right instrumen t for spe-

cif ic applicat io ns, as well as
exp lanations of the instru 
ments' features. There is no
charge for th e catalog.- Ex
tech Instruments, 150 Bear
Hill Road , Wa lt ham , MA
02154; Tel. 617-890-7440.

INTERCONNECTION
PARTS. The 1990 ed ition of L
co m 's c at a lo g i nc ludes
more th an 3,500 item s. A fu ll
lin e of co mponents and ac
cessories fo r the electroni c,
co mp uter, and communica
tions markets is featu red
including an extensive li ne
of mo re than 1,200 ready
made coaxial and data ca
bles, balu ns, IEEE-488 cables
and accesso ries, patch pan
els, and lin e testers. To hel p
th e user evaluate the prod
ucts li sted , the catalog has
full pr oduct descripti o ns,

CIRClE 46 O N FREE
INFORM ATION CARD

usage in fo rm ati on , and
p r ic i ng up t o mo d er at e
quant it ies. Some of the new
product s in this ed it io n are
mo dular and IBM token 
ring wiring aids , an auto 
mati c and manua l mat ri x
switch, Wa ng -typ e su rge
protectors, Macintosh net
working kits, and a new se
ries of coaxial swi tches that
are sp ec if ica lly mad e for
panel mou ntin g. The cata
log is free up on requ est.-L-

co m, In c. , 1755 O sgood
Street , North Andover, MA
01845; Tel. 508-682-6936.

VCR-PARTS CROSS-REFER
ENCE. Provid ing the service r
with a q u ick refe ren ce
source of key wea r items
be lt s, m ot ors, p ressure
roll er s, and headwh eels

_Thomson Co ns umer Elec-

CIRClE 47 ON FREE
INFORM ATION CARD
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\ ,,'V
B.S.E.E. \ "S
DEGREE

THROUGH HOME STUDY
Our New and Highly Effective Advanced-Place
ment Program for experienced Electronic Tech
nicians grants credit for previous Schooling and
Professional Experie nce , and can greatly re
duce the time required to complete Program and
reach graduation. No residence sc hooling re
quired for qualif ied Electr onic Technicians.
Through this Special Program you can pull all of
the loose ends of your electronics background
together and earn your B.S.E.E. Degree . Up
grade your status and pay to the Engineering
Level. Advance Rapidly! .Many finish in 12
months or less. Students and graduates in all 50
States and throughout the World . Established
Over 40 Years! Write for free Descriptive Lit
erature .

• ATTENUATION · 45 dB TYPICAL
• BANDWIDTH - 4 MHz AT 5 dB POINTS
• INSERTION LOSS - 2 dB

TU NING FOR
SHI PPINGMODEL RAN GE CHA NNELS PASSBAND PRICE

23H 50-66MHz 2.310' 6meter haml 50-300MHz $30
NO

46FM 66-108MHz 4.5.610'anv FMI 50·300MHz ~'" SHIPPING
1417 120-144MHz 141AI151BI16 1CI171D1 50-400MHz $30 0'

C.O.D.
1822 144·174MHz 181E) 19(F) 201G) 21IH) 22(1) 50-400MHz $30 CHARGES

713 174-216MHz 7.8.9.10.11.1 2.13 50·400MHz $30

3 for $75 - 10 for $200 - mix or match
CALL TOLL FREEFORC.O.D.ORSENDCHECKTOORDER

FAST DELIVERY
30 DAYMONEYBACKGUARANTEE(3 FILTERLIMIT)

Star Circuits
P . O. Box 94917

L a s Vegas, NV 89193- 4 91 7

1-8 00-433 - 63 1 9

One tree ca n make
3,000,000 match es.

One match can b urn
3,000,000 trees.

~ .!~\
\~/
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/ - I • . -\ J, ~"' '''' t 1 ., ....,'



CD
CD
o

JN161-01-o490

T HAN

• Measures Frequency, Period
and Rate per Minute (RPM)

• 10mVSensitivity (Typical)

Send to: Heath Company, Dept. 020-884
Benton Harbor, Michigan 49022 I

>

I ~
___ZiP =-J

An At i itis te 0 1 Emerson Etectr ic Co.

State

R E
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M a

FC130A Frequency Counter
• .00Hz to1.3GHz Frequency

Range
• 8-Digit LED Display

For moreinformation and the location ofyour nearest authorized
Beckman Industrial dealer call 1-800-854-2708 (in California1-800-227-9781).
instrumentation Products Division, 3883 Ruffin Road, San Diego, CA 92123-1898
© 1989 Beckman IndustrialCorporation. Specificationsaresubject to change without notice.

Extend Your Frequency
Counter Range To 1.3GHz

Without Extending Your Budget.

Most Accurate Clock by
Heathkit®
Discover the world's most accurate
timepieceplusalarge assortmentof
other electronic pro ducts in your
FREE Heathkit Catalog . It'sfilledwith
both kit and ready-to -use home
theater components, weather sta-

tionsand amateu r radioproducts,along withkit
laptopcomputersandawide variety of self-studycoursesforthe noviceorseasoned
electronics enthusiast. Order your FREE Heathkit Catalog today. Time's awasting !

1-800-44-HEATH
(1-800-444-3284)

Address

Name

CIRCLE 48 O N FREE
INFORMATION CARD

t ro n i cs' VCR Key I t em s
Cross Reference lists more
than 900 models. The guide
co ntains referen ces to 90%
of a serv ice r's parts need s
fo r n ine popu lar br and s:
RCA, CE, Hi tachi , M agno 
vox, Panasonic, Philco , Phi
l ips, Q uasar, and Sylvania.
The Tho mso n stock num
ber, as well as a reference
number that co rresponds to
the number show n on th e
service -data pa rt s li st and
o n the exp lode d view d i
ag ram of t he VCR mod el
l ist ed , is in clu d ed . W hen
co mb ined w ith the Tho m
son cross-reference mi cro
fi ch e, the quick-r eferen ce
guide provides access the
en t i re V CR re pl acem en t
par ts line.-Thomson Con
sumer Electronics, Service
Dealer Parts and Co mpo
nents M erchand ising, 2000
Cleme nts Bridge Road , De
ptford , NJ 08096-2088.

APPLICATION NOTE.
Motorola's Sp ice M odel for
TM O S Power M O SFETs
(A N 1043/0) in clud es a li
bra ry of parameters on se
lected devices th at can be
used in co n junc t io n with
ex ist i ng sim u la t io n pro
grams. The library is avail
ab le free of charge on 3Y!- or
5%-inch d isks fo r IBM -com 
patib le computers (OK301/0
and OK103/0 , resp ectively),
o r on a 3Y2-inch disk fo r
use wi th M acintosh PC's
(OK202/0) . Th e not e also

di scu sses the p hysi cs of
power MO SFETs, im p le 
men tat io n of a model for
sim u lat io n pro gr ams, pa
ram et er ext ract io n m eth
ods , and a compa rison of a
sim ulat io n wi th measured
resul t s. The app li cation
not e and the TMOS Library
d isk are free.-Motorola lit
erat ure Distribution , P.O .
Bo x 20912 , Ph o en i x , AZ
85036; Tel. 1-800-521 -6274.
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Digital Storage Scopes
VC-6025 20M$/S

50MHz Bandwldifl
2KWord Memory

Capacity

$2349.00
Advanced storage functions create new dimensions in
scopes such as one shot observation, flicker free display,
bright display for even high speed event, trace observation
for low speed event, hard copy by plotter and data output to
computer.

VC-6045100MHz 40MSIS 4K word Memory cap (call)

All Hitachi scopes include probes, schematics,and Hitachi's
3 year worldwide warranty on parts and labor. Many acces
sories available for all scopes.

V-422
V-423
V-425
V-660
V-l065
V-ll00A
V-1150

40MHz
40MHz (
40MHz
60MHz
100MHz
100MHz
150MHz

D.T., 1mV sans, DC Offset Vert Mode Trigger, Alt Mag
D.T., 1mV sens, Delayed Sweep, DC Offset, Alt Mag
D.T., 1mV sans, DC Offset, CRT Readout, Cursor Meas
D.T., 2mV sens, Delayed Sweep, CRT Readout
D.T., 2mV sens, Delayed Sweep, CRT Readout,Cursor Meas
a.T., 1mV sens, Delayed Sweep, CRT Readout, DVM, Counter
a.T., 1mV sens, Delayed Sweep, Cursor Meas, DVM, Counter

LIST
$940
$1,025
$1,070
$1,295
$1,895
$2,450
$3,100

• DC to 100MHz
• Dual Channel
• Delayed Sweep
• CRT Readout
• Sweep Time
• Autoranging
• Trigger Lock
• 2mV Sensitivity

PRICE SAVE
$740 $200
$825 $200
$849 $221
$1,145 $150
$1,670 $225
$2,095 $355
$2,675 $425

ELENCO PRODUCTS AT DISCOUNT PRICES

$19.95
$23.95

P-l 65MHz, lx, lOx
P·2 lOOMHz, tx, lOx

.6" CRT
• Built in

component tester

• TV Sync

35M Hz Dual Trace Oscilloscope
$495

MO·1252
• High luminance 6" CRT
• 1mV Sensitivity
• 6KV Acceleration Voltage
• 10ns Rise Time
• X-V Operation· Z Axis
• Delayed Triggering Sweep

Top quality scopes at a very reasonable price. Contains all desired features. Two 1x, 10x probes, diagrams and manual. Two year guarantee.

20M Hz Dual Trace Oscilloscope

$375
MO·1251

Measures
Coiis luH·2ooH
Caps .1pf-2oouf
Res .01·20M

ACClamp·On
Current Adapter

8T-265
$25.00
0-1000AAC

Works with
mostDMM

Decade Blox
#9610 or

#9620
$18.95

'l!#9~6:'l1~0 ":R'""es":"is":"to"r·810x
47 ohm to 1M '" 100Kpot
#9620 Capacitor Blox
47pf to 10MFO

9430
1,100 pins $15
9434
2,170 pins $25
9436
2,860 pins $35
Ail have color
coded posts

Provides sine,trl,squ wave
from1Hzto lMHz
AMor FM capability

Digital Capacitance Meter
CM·1550

$58.95
9 Ranges
.1pf ·20,000ufd
.5% basic accy
Zero control
with case

2 to 15Vat lA .
-2 to ·15V at lA
(or 4 to 30Vat lA)

and5Vat 3A

Muillmeter with
Capacitance and
Transistor Tester

AC Current Meter
8T-1010

$69.95
1000Amps
Data&P.eak Hold
8 Functions
Deluxe Case

$55 CM·1500

Reads Volts, Ohms,
Current, Capacitors,
Transistors and
Diodes with case

TRIPLE POWER SUPPLY Xp·620
Assembled $ 65

Kit $45

Contains all the desired features for
doing experiments . Features short
circuit protection all supplies

M·7000

True RMS 4lh
Digit Muillmeter

$135

Bench DMMS

.05% DC Accuracy

.1% Resistance
• with Freq . counter

and deluxe case

M·3500 M·4500
3V:zdigit $12541hdigit $175
.1% accy .05% accy

Wide Band Signal Generators
SO·9000 $129

RF Freq 100K·450MHz
AM Modulation of 1KHz
Variable RF output

SG·9500 with Digital Display
and 150MHz bullt·ln Freq Ctr $249

PRICE BREAKTHRU
on Auto Ranging DMMs

3to
choose
from:
MDM-1180
$24.95
MDM-1181 t----=----:---=-=~-=--_t_.,.._------_+_=_~.,.._~-~~_+------ __
$27.95
MDM-1182
$29.95

• 3 1/2 LCD Display "
• 27 Functions
• Auto /Manual Ranges
• Audible Continuity
• Data Hold (MDM-1182)
• .1% Accuracy (MDM-1181)

MODEL
MM-8000

$129.00

Starting from scratch you build a complete system. Our Micro-Master
trainer teaches you to write into RAMs, ROMS and run a 8085
microprocessor, whichusessimilarmachinelanguageasIBM PC. You
willwrite theinitial instructions totellthe8085 processorto~t started
and store these instructions inpermanent memory ina2816 EPROM.
Teaches you allabout input and ou!pot ports, computer timers. Build
your own keyboard and learn how toscan keyboard and display. No
previous computer knOY<iedge requied. Simple easy to understand in
structionteaches you towrite inmachine language.

LEARN TO BUILD AND PROGRAM
COMPUTERS WITH THIS KIT!

INCLUDES: All Parts, Assembly and Lesson Manual

2·20V at 2A
12Vat 1A
5V at 3A
·5VaL5A

XP-580

$59.95

Quad Power Supply

FUlly regulated and
short circuit protected

XP·575 without meters $39.95

GF-8016 Function Generator
with Freq. Counter

$249
Sine, Square, Triangle______1 Pulse, Ramp, .2 to 2MHz

Freq Counter .1 ·10MHz

OF·8015 without Freq. Meter $179

XP-765

$249

Four·Functlon Frequency Counters
F·100 120MH

$179
F·1000 1.2GH

Frequency, Period, Totalize, $259
Self Check with High Stabilized Crystal Oven
Oscillator, 8 digit LED display

Digital Triple Power Supply

WE WI~L ,NOT BE UN~ERSOLD! C & S SALES INC. 15 Day Money Back Guarantee
UPS Shipping: 48 States 5'o~. 1245 Rosewood. Deerfield. IL 60015 2 Year Warranty ;:> "0"'" s ubject 10 Ch,1"9"

($10 Max) IL Res., 7% Tax~~ (800) 292-7711 (708) 541-0710 WRITE FOR FREE CATALOG

0·20V at 1A
0-20V at 1A
5V at 5A

Fully Regulated , Short circuit protected with
2 Limit Cont. , 3 Separate supplies

XP·660 with Analog Meters $175
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IF YOU ARE EVEN A CASUAL LISTENER OF

shortwave radio, you've undoubtedly
heard lots of Morse code (CW) and
radiotelet ype (RTTY) communica 
tions. Unless you're a radio amateur,
you've prob ably been frustrated be
cause you can 't decipher those sig
nals-that is , until now. Now you can
build our PMX-200 CW /RTTY de
tector, connect it to your computer 's
se rial port , and display all of those
messages that have previously been
hidden from you .

The impetus for the project's de
sign was the author's frustration with
the performance of other Morse and
RTTY detectors on the market , spe
cifically their inabi lity to copy weak
and noisy signals . Despite the fact
that there has been a great deal of
effort to improve the software side of
communications (like packet), the ac
tu al detecti on schemes have changed
little if at all.

The detector's performance plays a
critica l role in a trul y high -qu ali ty
CW or RTTY sys tem, since any infor
mation lost cannot be recovered . The
detector presented here circumvents
many of the traditi onal difficulties. Its
digita l detection scheme takes CW
and RTT Y performance very nearly
to the theore tica l limi t.

Display system
While most RTTY syste ms are dif

ficult to tune , the PM X-200 uses a
digital detector that makes the proper
tun ing procedure intui tive even to the
in exp eri en ced use r. Two rows of
LED 's allow you to see which way
you need to tune even before mistun
ing causes mispr int. In CW mode ,
o nly one row is lit , which helps to
reduce distraction . In RTTY mode ,
both rows arc used . As a tuning aid,
the front-panel shift-se lect swi tches
are decoded . The di spl ay will be
properly lighted only when the proper
RTTY shift has been selected for the
incoming sig nal. Eve n inexperienced
users should have no problem with
proper tuning .
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CW modulation
Whenever intelligence is added to a

carrier, whether by FM, AM, FSK,
SSB, or any other method , there are
limitat ions imposed. The limitations
are weighed agai nst their strengths to
determine the suitability of a given
system for communications . ASC II,
as opposed to Baudot, in RTTY is a
good example of tradeoffs like that.

ASC II has a larger charac ter set
available but , since each character
takes nearly twice as long to transmi t,
it is nearly twice as error prone . For
transferring computer programs and
lower-case text ASCII is the best , but

All resistors are 1,t4-watt film except
where otherwise indicated.

R1 , RS, R6, R12, R4S, R45, R49,
R55 , R81, R82 , R89-S9 ,OOO
ohms .

R2, R9, R52, R53-27,OOO ohms
R4 , R7 , R8 , R19, R22 , R24 ,

R59-R62 , R85-47,OOO ohms .
R5, R1S, R86, R87-68,OOO ohms
R10, R11 , R14, R2B-15,OOO ohms
R15-R18, R69, R7o-SS,OOO ohms
R21 , R51 , R76-220,OOO ohms
R23, R90-20,OOO ohms, 3fa-inch

single-turn potentiometer
R25, R26, RS4, R74, R77-3S0

ohms
R27, RSO, R31, R78, R79-2200

ohms
R2o-270 ohms
R29,R32,RS3,RS5-RS9 ,R41,R50,

R56-R58, R6S-R65, R71-R7S,
R75-1000 ohms

R40-470 ohms
R42, R44, R4B-48,OOO ohms
R46, R47, R92-10,OOO ohms
R54, R8B-30,OOO ohms
R66, R91 , R9S, R94-20,OOO ohms
R67, R68, R95, R96-20,OOO ohms,

10-turn potentiometer
R80-4700 ohms
R83, R84-22,OOO ohms
R10D-RlO5-2000 ohms
Capacitors
C1 , C2-1000 fJ.. F, electrolytic
C3, C29, C30, C40, C46, C63-10

fJ..F, electrolytic
C4-C28, C41, C47, C77 , C78,

C8D-C82 , C85-0.1 fJ.. F, mylar
CS1, CS4-CS6 , C49, C51-Q.0047

fJ..F, mylar
CS2, CS3-0.0027 fJ..F, mylar
CS7, C38, C43, C44, C59-1 fJ..F, tan-

talum
CS9, C45-2 fJ.. F, tantalum
C42, C6o-S0 pF, ceramic
C48, C76, C79-0.22 fJ..F, mylar
C50, C52-Q.002 fJ..F, mylar
C5S, C55-0.00S fJ..F, mylar
C54, C56-0.0005 fJ..F, mylar

for co mmu nicating messages and
news, Baudot is bette r. That's why
some co mmercial carriers still use
Baudot.

CW takes less bandw idth than any
other modul ation sys tem but, when
conditions are poor, it's less capable
than FSK for a give n data rate . Some
of the advantages of CW are that it is
narrow, s low, an d has a li mited
charac ter set. That might not sound
like anything positive, but for getti ng
a message through in the worst of
conditions, there is noth ing better.

Morse code is a series of ton e
bursts whose relat ive duration , and

PARTS LIST

C57, C58-0.0068 fJ..F, mylar
C61 , C62, C64, C65-0.047 fJ..F, my-

lar
C66-C69, C86-C89-0.01 fJ.. F, mylar
C70, C71-Q.15 fJ..F, mylar
C72, C73-0.068 fJ..F, mylar
C74, C75-0.0S fJ.. F, mylar
C8S, C84-0.001 fJ..F, mylar
Semiconductors
lC1, lC2-LM7805 5-volt regulator
lC3-LM7912 - 12-volt regUlator
lC4-NE570 compander
IC5 , IC26 , IC36-LM311 voltage

comparator
IC6, IC25-LM324 low-power quad

op-amp
IC7, IC8, IC27, IC28-4066 quad bi

lateral switch
IC9-74LS1 4 hex low-power Schot

tky Schmitt-trigger inverter
IC10, IC11 , IC14, IC15-74LS161

synchronous binary counter
IC12, IC16-74LSSO 8-input NAND

gate
IC13, IC17-74LS244 octal tri-state

buffer
IC18-74LS10 triple 3-input NAND

gate
IC19-2.4576-MHz crystal oscillator
IC2o-74LS90 decade counter
IC21 , IC24-not used
IC22-2732 EPROM
IC23-74154 4-to-16 line decoder
IC29-7416 hex inverter buffer with

high -voltage open-collector out
puts

IC3O-74LS147 10-line decimal to 4
line BCD encoder

ICS1, IC32 -LMS58N low-p ower
dual op-amp

ICS3-1488 quad MDTL line driver
ICS4-1489 quad MDTL line receiver
ICS5-7414 hex Schmitt-trigger in-

verter
IC37, IC42-74LSOO quad 2-input

NAND gate
IC38, ICS9-LM555 timer
IC4o-74LS05 opencollector hex in

verter

re lat ive absence , carries meaning.
That puts a great burden on our re
ce iving system to extract all the infor
mation available . Noise immunity is
extre me ly imp ortant , and the only
thing we know for sure about the tone
we are demodul ating is the frequency.

Noise by its very nature can appear
for an instant to be the frequency we
are trying to detect, but will not have a
duration long enough to be valid . The
faster the detector can detect the cor
rect frequency of the incoming tone,
the higher the resolut ion . That means
we can extract greater detail about the
signal we are listen ing to . If we can

IC41-4018 presettable divide-by-N
counter

D1-D6-1N4003 rectifier diode
D7-4.3-volt Zener diode
D8-4.7-volt Zener diode
01, 02- TIP42C PNP transistor
LED1, LED16-green light emitting

diode
LED5, LED12-red light emitting di

ode
LED2-LED4 , LED6-LED11 ,

LED13-LED16
Other components
T1-FP24-500 ..
HDR1, HDR2-18-pin right angle

header
HDR3-2-pin jumper header
S1 , S4-DPDT PC-mount switch
S2-DPDT PC-mount switch with

center off
SS-12-pos ition rotary PC-mount

switch
J1-J4-RCA-type jack, chass is

mount
J5-DB25 connector
RY1 , RY2-16-pin PC-mount relay
PL1-grounded AC line cord
Miscellaneous: case, hardware,

wire, solder, etc.

Note: The following items for the
PMX-200 Morse Detector are
available from Power Mountain
Systems, P.O. Box 161, Cora, Wy
oming 82925. Double-sided silk
screened PC boards, $79 .95;
discrete parts kit (no boards or
case), $159.95; pre-programmed
EPROM, $15.95; detector soft
ware package for IBM/compati
ble , $19 .95 ; black brushed
aluminum case ready for you to
drill, $79.95; complete kit (con
tains everything), $269 .95; an
assembled, aligned, and tested
unit, $389.95. All prices include
UPS Ground, or mailing charges
in the USA.
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low-pass frequencies for CW and four for RTTY to further enhance performance.

detect th e pr op er freq ue ncy fas t
enough, and reject noise fast enough ,
the detector stops contributing its lim
itation s to the task of detecting the
tone and we 're left with the con
strictions of the modulation sys tem
itself.

Devices like the venerable 567 tone
decoder have severe limitations for
Morse . They can lock to an incoming
tone in 10 cycles onl y 90% of the
time . That mean s that 10% of the time
it takes longer. The variation in lock
up time is complete ly random . If lock
is lost for even a half cycle the prob
lem start s all over again . A 567 in this
application adds random incon sisten
cy to the problem of decodin g Morse
cod e, and that we can do without !

The 567 was never designed for
many of the applicatio ns for which it
is being used-some talented people
have managed to do amazing things
with it. Unfortunately, it' s just not the
best way to go .

Phase-lock detectors work well for
FSK since they're always locked to a
con stant carrier, as lon g as the carrier
isn 't lost due to noise. They don ' t do
all that well for Mor se because the
carrier is missing half the time .

Using digital filter techniques , it's
possible to measure each half cycle of
incoming tone to determine its fre
quency. That is the reason why the

PMX -200 has such high resolution.
In 60 milli second s we can verify 255
times that the frequenc y is still pres
ent. If there 's a signal in there , the
detector can see it , rapidly and COIl 

siste ntly ,
RTTY data is transmitted at a 22

ms bit rate (45 .45 baud or 60 wpm ),
so there 's very little time to detect the
proper frequency. At 110 baud , the
timing is 9 ms per bit, which makes
the problem even more difficult. If the
frequency we are detecting is 1500
Hz, there is only an average of 13.5
cycles of tone per bit of information at
110 baud . There are, on average , 33
cycles of tone at 45.45 baud . As the
baud rate increases there is less time
to make an acc ura te deci sion , and
fewer cycles to work with. Since we
are detecting each half cycle, we can
detect the signal 27 times per bit at 110
baud , and 66 times per bit at 45.45
baud .

Morse detector
In the front end of the PMX-200 we

are using high- and low-pass , 24-dB
per-oc tave filters (see Fig. I) . The low
pass filter is fixed at 1650 Hz, and the
high -pass filt er is sw itch-se lec table
(170 Hz, 425 Hz, and 850 Hz) for
proper CW and RTT Y oper ation .
Sw itc h ing is gr eatl y s implif ied
throu gh the use of 4066 digitally con-

trolled analog sw itches .
The filter frequencies were selected

so as to be in the upper middle of the
audio passband of a typical amateur
radi o transce iver. High frequencies
roll off quickly in this type of equip
ment above 2200 Hz or so. While it is
true that higher frequencies give us
more half cycles to detect , that has to
be weighed against noise , audio pass
band , and other considerations.

The input -filter section consists of
two separate filter systems. A low
pass filter section with a frequency
cutoff set for 1650 Hz sets the upper
bandpass frequency limit. The high
pass filt er s , which se t the low-fre
quency limit , have three different cut
offs dependin g on the setting of the
shift-se lec t sw itch . The cutoffs are
1200 Hz, 925 Hz, and 500 Hz for 170,
425 , and 850 shifts respect ively.

The higher the Q of a bandpass
filter-Q is equal to the operating fre
quency divided by the bandwidth-
the narrower is its response . As with
nearly everything else , you can go too
far trying to get a little better signal
to-noise ratio by using a very high-Q
filter. The difficulty of narrow band
width is that the pulse respon se of a
bandp ass filter is equal to l/(band
width in Hz). That means a I-Hz wide »
filter would take I second to reach -0

JJ
90% of maximum amplitude . A 10- r=
ms respon se requires at least 100-Hz cD
bandwidth . gs
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In the case of PMX -200, the initial
bandpass filter is calculated for
250-300 Hz bandwidth. That was
done to allow for minor component
variations so that 1% parts weren't
required, and also to take advantage
of the quick response of the digital
detector. As a general rule, it's better
to use more filter sections set for a
lower Q, than to try using a single
filter section at high Q.

After filtering the incoming audio,
an NE570 compandor (IC4) is used as
a very fast AGC circuit. Both halves
of the NE570 are used, and the dy
namic range is very large. That means
that audio input levels can vary by a
wide margin without affecting perfor
mance.

An LM311 (IC5) is used as a hys
teresis limiter, and converts the in
coming sine wave to a square wave
that can be used by the TTL-detector
system. Hysteresis adds noise immu
nity to the detector. The voltage adjust
(VADJ) provides a voltage to use as a
precision crossover point, to guaran
tee that both halves of the square wave
produced are equal .

There are two separate detectors
that make up the PMX-200, and they
each independently measure opposite
half cycles . The TTL-level output
from IC5, a LM311 (Fig . I) is used to
gate an internal oscillator to a pair of

~ counters, each counter being made
z from a pair of 74LS161's. (One coun
~ ter is formed by ICW and ICl l , and a
o second is formed by ICI4 and ICI5
~ see Fig . 2.) Each pair is wired to act as
6 one 8-bit counter.
Ci The clock input to the counters is
r!? disabled-and thus the counting
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stops-when the TTL level corre
sponding to the current half-cycle
ends, or when the counter output
reaches FE (The counter output will
reach FF only with low-frequency sig
nals that are strong enough to override
the high-pass filtering) . Since we
know the clock frequency, we can de
termine the frequency of the tone by
reading the 8-bit value latched by the
counters and the 74LS244 buffers.
That 8-bit value is then compared to
the values stored in the EPROM,
lC22, to determine what tuning
LED's should be lit.

The tuning indicator, which is part
of Fig . I, consists of a 4-16 line de
coder, lC23, that is under the control
of the 2732 EPROM (lC22). There are
16 LED's on the front panel that can
be selectively programmed to light,
depending on the frequency detected
and the switch settings. Three of the
four lower output data lines are pro
grammed to provide output for mark,
space, and CWO

Here are the formulas for determin
ing the frequency for a given 8-bit
detected value, and you can also see
how the clock frequency was chosen,
where:

256 = maximum count
Count = decimal equivalent of the

desired frequency
At maximum count, frequency is

minimum
K = (L'(min . freq .) x 2)
Clock frequency = I/(K/256)
Freq . cutoff= l/(2 x (l /clock)

x count)
As an example, let's use a clock

frequency of 491.52 kHz , and a target
frequency of 2125 Hz . The calcula-

Center
Freq.

Freq. & Count (10)

2276 Hz "" 108
2255 Hz "" 109
2234 Hz "" 110
2214 Hz "" 111
2194 Hz "" 112
2175 Hz "" 113
2156 Hz "" 114
2137 Hz "" 115
2125 Hz
2119 Hz "" 116
2101 Hz "" 117
2083 Hz "" 118
2065 Hz = 119
2048 Hz "" 120
2031 Hz "" 121
2014 Hz ee 122
1998 Hz "" 123

Count (Hex)

6C
60
6E
6F
70
71
72
73

74
75
76
77
78
79
80
81

detection
width
92 Hz

tions therefore yield the results shown
in Table I. In the EPROM we have
programmed a complex lookup table
that compares the latched 8-bit value
and switch settings to determine what
LED should be lit on the display, and
whether the corresponding detected
frequency is valid .

Table I gives a detection bandwidth
of 92 Hz, and the center frequency is
within 4 Hz of being in the center of
the passband . Since the detectors' per
formance is virtually unrelated to
width of detection, you can go as nar
row as 18 Hz. Get too narrow though,
and you might be retuning your re
ceiver more often and performance
could decrease. Noise causes an ap
parent frequency shift due to slightly
shifted zero crossing , making very
narrow filter widths impractical.

The minimum width should be
more than I count, due to aliasing.
Aliasing is a counting error at the very
edge of detection that causes a mis
count. The error is easily worked
around by adding one count of extra
width to the desired detection band
width. You shouldn't try to get super
narrow-width detection, since noise
presents a real problem. In fact, you
should program for as much width as
you can reasonably accept.

Due to the design of the system we
can use a push-pull detector system
for RTTY. That way we can actually
measure the frequency rather than just
saying that it is higher or lower than a
specific threshold as in a typical dis
criminator-type detector. That en
hances the noise immunity of the
system, improving performance.
Every little bit can make a difference
(no pun intended).

After actual detection we use ana
log switches to allow us to have four
separate low-pass frequencies for CW
and four for RTTY to further enhance
performance (see Fig . 3). The analog
switches also allow us to use a less
expensive single-pole rotary switch,
S3, which saves money and eases as
sembly.

When we continue next month,
we'll discuss the circuitry that allows
you to interface the detector to your
computer. We ' 11 also look at the
AFSK generator that allows you to
use the detector to transmit RTTY
signals. And, of course, we'll show
you how to build the detector (will
include PC Foil Patterns) and how to
tune it so you can put it to work in
your radio shack . R-E
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Power quality is
becoming an issue for

just about everyone!

IN THE
POWER
LINE

THERE'S A GLITCH IN YOUR POWER LINE

and it' s go ing to find you. Imagine
that you' re right in the middle of sav
ing a file on your PC , or recording a
program on your microprocessor-con
trolled stereo or VCR , and a power
line glitch causes the system to reset.
Why? You may never even attempt to
find out if it happens only once every
month or two, but you should .

In business and indu stry, the prob
lem becomes more than an inconve
nience . Computers , communication
devices , se ns itive medical in stru
ments, chemical processes , and the
like, can succumb to power-line dis
turbances. A power probl em can spell
disaster for a small busin ess who
can' t find a solution.

-Power problems can be espec ially
frustrating for the elec tro nics hob 
byist . Eve n you , the so lita ry elec 
tronics buff, can be glitched at home .
Your PC boards may bum out for no
obvio us reason , your PC data may be
scrambled, your lO-meter transceiver
may run hot , your VCR or stereo may
drop dead , and the light s may dim
when your refrigerator's compressor
turn s on . Knowing the cau ses and
cures of power-line di sturbances is
valuable, technically and financi ally.

You don 't have to be a resea rch scie n
tist or utility engineer to discover glit
ches and take action against them .

The most common way to clean up
the power lines is to rely on surge
suppressors. But clean power means
more than no impul ses. It also means
eliminating any volt age sags, out
ages , impulse s , surges, frequency er
rors, ha rmonics , gro und ing prob 
lem s , high-frequency noise , wave
shape faults, or RF interference.

AC DC
INPUT OUTPUT
~ "B"r--I'---,

T1

II
C1

FIG. 1-TYPICAL BRIDGE RECTIFIER,
with voltage waveform shaped by an LC
filter network. If only a pure resist ive net
work were connected across points A, the
waveform shown in Fig. 2-awould be seen
with the aid of an oscilloscope.

Causes
Contrary to popular opinion, the

vast majority of power problem s

aren' t caused by power utilities , but
by their customers . Occas ionally, al
beit rarely, utilities are at fault, like
when distribution loads are switched,
or when large power-factor-correct ion
capacitors kick in. Sometimes light
ning or a car can hit a power pole ,
wreaking havoc with power lines .
Such an interruption , if miles away,
may not make your lights blink , but
the result ing power line hash can blow
your Pc. Most often , however, tran
sients can travel along a power line
from other customers , especially if
you' re near an industrial area. Major
offenders are arc welders or electric
train yards.

However, the above are excep tions ,
and maybe 95% of disturbances are
caused by either home equ ipment, or
fau lty or inadequate hom e wiring .
Most utilities bend over backwards to
locate problems on their end like low
voltages , d istribu tion or swi tchi ng
faults , or line harmonics . Sometimes
they'll even attach a monitor or strip
chart recorder to your meter to help
find a problem .

Harmonics
On e of the most co mmo n AC

power problems is harmonic distor-
<0
<0
o
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FIG. 6-THE DRANETZ SERIES 626G Uni
versal Distu rbance Analyzer, similar to a
8MI 4800. This device has several add-on
modules that inc reased the scope of the
unit with event monitors.

FIG. 5-THE DRANETZ SERIES 901
POWER HARMONIC ANALYZER, similar
to a 8MI 2400. In one printout for a instant
in time, the device records line voltage,
the current used, total power, power fac
tor, harmo nic power, fundamental power,
and a breakdown of the power in the indi
vidual harmonic frequencies above the
fundamental (in othe r words, its spectral
content).

FIG. 7-THE DRANETZ SERIES 656 Dis
tu rbance Wavefo rm Analyzer. Note the
built-in CRT, full keyboa rd, dual f loppies,
and thermal printer.

Edison, NJ 08818 , 201-287-3680 or
800-DRAN-TEC).

BMI has three major instruments,
the 2400 and 4800 PoweiScopes,
shown in Figs. 3 and 4, respect ively,
and the 3030 Power Demand Ana
lyzer (not covered here). They com
bine oscilloscopes , strip-chart record
ers , and RF interference meters in a
single portable cabinet to cap ture
trans ients varying from a few millise
conds to several hours in duration .
Note the calculator keyboard, single
line display, and thermal strip-chart
graphic printers on each.

Both versions of the PowerScope
monitor sags, surges, impul ses ,
waveshape faults, line-frequency vari
ations , and high-frequency noise for
single-phase or 3-phase AC or DC

- power-lines-;-and have-a-bui It- in
RS-232 bus . They can be com bined

Latest instrumentat ion
Power-line monitors range from

simple beepers or lights that tell you
when line voltages and/or currents are
out of range , to printing versions that
record values numerically and graph
ically. Two major manufacturers of
such gear are Basic Measuring Ins tru
ments or BMI (335 Lakeside Drive,
Fos ter C ity, CA 94404,
415-570-5355), and Dranetz Tech
nologies (1000 New Durham Road,

~\J'.~!'~""'
~

FIG. 4- THE 8MI 4800 POWERSCOPE.
While similar to the 8Ml 2400 in physical
appearance, it has considerably more
processing power, with up to fou r main
and eight probe channels.

sinusoid with its harmonics. This is
because the mag netic domains re
verse polarity more rapidly than for
the pure sinusoid, owing to the har
monics, heating the transformer core.

The bridge rectifier shown in Fig. I
is waning in popularity, although har
monic generation is identical for more
recent versions . Most computers and
hi-tech gear now use switched-mode
power supplies; those varie ties are
highly nonl inear and a major source
of harmonics. If several loads are on
one circuit, expect hot motors and
transformers. In short, if you're serv
ing up hash, everyone at the table
tastes it !

FIG. 3-THE 8MI 2400 POWER SCOPE
power-transient measuremen t and re
cording system for sing le-phase DC, or
single- or 3-phase AC. The instrument
monitors sags, surges, impulses, wave
shape faults, line-frequency variations,
and high-frequency noise for single
phase AC or DC, has a built-in RS-232 bus
to be used with an external processor to
analyze total harmonic distortion and fre
quency spectral content, and has a full
range of available accessories, including
temperature and humidity sensors.

VOLTAGE
AT 'S"

c

FIG. 2-VOLTAGE AND CURRENT WAVE
FORMS at different points in the power
supply. At (a) is the voltage exiting the
bridge rectifier, presuming either a re
sistive load or no load at all, instead of the
LC filter ; at (b) is the vol tage exiting the LC
f i lter, and at (c) is the cur ren t dra wn
through the transformer.

CURRENT
THROUGH T

tion, or the unwanted generation of
power-line voltage components at fre
quencies that are multiples of 60 Hz.
Linear loads that draw power in pro
portion to the square of voltage ex
hibit far fewer proble ms. With rec
tifiers, however, strange things start
happeni ng to current waveforms. Fig
ure I shows a full-wave bridge rec
tifier, while Fig. 2 shows the relevant
voltages and currents .

The voltage across points A and C
in Fig. 2-a is a full-wave, rectified
sinusoid provided that only a purely
resistive load were connected. Across
points Band C, the LC filter produces
the waveform shown in Fig. 2-b . The
current fro m ' the bridge rectif ie r
charges capacitor C I for a sma ll
port ion of each half cycle as shown in

- Fin -c , and-itsupplies po\.veynnife:-i i iiiiiijiiiiiiiii i
load during that brief period. Capaci-
tor CI provides the power that drives
the DC load for the remainder of the
half cycle . Inductor L1 smooths the
sharp points in the rectified voltage
curve at b, but its effect on the follow
ing discussion is nil.

As the recti fier voltage drops to
zero , the charge in CI drives the DC
load. Thu s, curre nt flows through
tra nsformer TI fo r only a sma ll
portion of the sinusoid, as shown in
Fig. 2-c, driving the DC load and
recharging CI, so the energy is con
centrated in short pulses . This pulsed
current generates harmonics, making
a transformer run hotter than it would
for a pure 6000Hz sinusoid with RMS
power identical to that of the corrupt
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FIG. 9-VOLTAGE WAVEFORM IN A CIRCUIT with harmonics. The voltage sinusoid is
distorted at positive and negative peaks , where current flow is maximum.

-l

FIG. 8-BMI-GENERATED INITIAL WAVESHAPE REPORT for current for a circuit. Note
that the current is drawn in pulses that could seriously compromise the operation of
delicate instruments operating on the same or a nearby power line.
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with the A-600 Parallel Processor to
analyze total harmon ic distortion and
freq uency spectra l content (such as in
the 8MI 2460), and have a full range
of accessories, including temp erature
and hum idity sensors.

The 8MI 4800 does everything the
BMI 2400 does, but has more pro
cess ing power. Wh erea s the BMI
2400 has two main and four environ
mental or probe channels, the 8 MI
4800 has up to four main channels and
eight probe channels. Both mode ls
ca n be configured to take measure
me nts every I, 3, 6 , 12, or 24 hours,
and ca n do both high-resolution
graphics , strip-charts, and text sum
maries, the sole exception being that
the 8MI 2400 can 't do high-resolu
tion graphics using the probe chan
nels--only the main ones.

The Dran etz Technologies gear is
comparable in scope and complexity
to that from BM!. Their Series 901
Power Harmonic Analyzer , shown in
Fig. 5 , is co mpara ble to the BMI
2400, and the Series 626 Universal
Disturbance Analyzer shown in Fig. 6
and DRAN-SCAN Multipoint Power
Monitoring and Analysis System (not
shown) are comparable to the BMI
4800 .

The Dranetz Series 656 Distur
bance Waveform Analyzer shown in
Fig. 7 has a built-in CRT and full
keyboard, two floppy disk drives, and
internal therm al printer. Their Series
800 Elec tric Power/Demand Ana
lyzers (not shown) are also available ,
and are simil ar to the BMI 3030. Both
BMI and Dranetz also have extensive
power anal ysis software for any exter
n al co n tro l lers used w it h th eir
monitoring instruments .
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FIG. 10-TYPICAL MOTOR-STARTSIGNATURE. As the motor stab ilizes, voltage returns (0

to normal. ~
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Typical power-line disturbances
The graphs shown in Figs . 8-12

were made using 8MI gear, and those
shown in Figs . 13-16 were made using
Dranetz gear; they're of similar for
mat. The user selects thresholds and
monitors power. Whenever an im
pulse , voltage sag, or other distur
bance occ urs, it's gra phed as shown in
Figs. 8 and 9. Note thatthe sinusoidal
peaks are somewhat flattened where
c urren t or voltage reaches a local
maximum. If switc hing loads change
a waveshape, that too is recorded .
Fortunately, most disturbances have
characteristic "signatures ." Figure 10
shows a typical motor starting-voltage
sag; the in-rush current drops the volt
age to 84 .5 volts RMS .
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FIG. 15---A POWER GLITCH. Jus t imagine
what the added pulse would due to a
counter circuit.
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FIG. 11-IMPULSES DUE TO LOpSE WIRING. Sharp- edged dropouts on the sinusoid
indicate that the problem is nearby.
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FIG. 16-A BRIEF POWER OUTAGE. Just
imagine what this woul d do to your PC's
memo ry!

over a couple of cyc les .
No te the sharp transitions , indicat

ing loose wiring nearby. Had the dis
turb ance occ urred farther away, the
tr an si t ion s wo uld 've been slower,
smoo ther, and less well-defined, as a
result of impedance encountered as
th e impul se propagated . Power
monitor graphs somet imes need inter
pretat ion , but are fairly interesting,
and expand your knowledg e of power
line problem s.

Figure 12 shows bursts of line-to
neutral high-frequ ency noise , in this
case RF interference , while transmit
ting the letter "K" in Morse code
(dah-di-dah) from an amate ur radio
shack. High-frequ ency noise is com
mon in such settings, but can also be
caused by a CB radio , walkie-talkie,
or taxi transmitter. You should check
your own transmitter, if you have one,
for both neut ralization and shielding.
The disturbance shown here is only 10
volts , but digital logic circuits work
on 5 volts DC. If RF interference can
induce 10 volts on a power line , such a
level can wreak havoc with even other
wise well-shielded computers or in
struments .

So me other wave forms , acqu ired
from Dranetz gea r, are shown in Figs.

Continued on page 52

move the motor to anot her circuit. A
common problem in amateur radio
shacks and ut il ity commu nication
gea r are impulses due to loose wiri ng;
a typica l signature is shown in Fig . II .
The top part shows four impu lses . The
lower part shows how the voltage
dropped out and returned a few times
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FIG. 13-A NORMAL POWER SINUSOID.
The time was 11:33 P.M., when most heavy
industrial machinery isn 't powered.

Whe n the motor stabilize s , the
voltage return s to near-normal; the
low threshold was 105 volts . The po
tenti al was below 105 volts for 1.2
seco nds , enough to make a computer
lose data , shut down , and reboot. If
you found that disturbance on a line
with sensi tive eq uipme nt, yo u ' d

FIG. 12-VOLTAGE SURGES CAUSED BY HIGH-FREQUENCY NOISE. Note the 10-volt
peaks that may ride through a power supply to damage memo ry and program chips in a
computer.
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CAPACITANCE
A APTER

Use your digital voltmeter
to measure capacitance with

this handy adapter.

DOUGLAS A. KOHL

»
-0
JJ
j=

TC,

r J2

f--_Q J1

!----__-{) J3
DIGITAL

VOLTMETER
{} - 2V

....--U J4

RESIDUAL
C

NULL

PULSE WIDTH
MODULATOR

diagram of Fig. I. The modul ator out
put switches high upon receipt of the
trigger pulse and switches low when
the voltage on Cx reaches an internal
reference voltage . See the timing di
agra ms in Fig. 2 .

The average value of the pul se
waveform in Fig . 2-a is a DC value
such that the area A l exactly equals
the area A2 . The duty cycle of the
outp ut pul se from the pul se-width
modul ator is the ratio of the time it is
positive to the period , '1', or the total
time between trigger pulses (Pw/T).
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TRIGGER

1.01lF

PULSE
GEN ERATOR

~

FIG.1-BLOCK DIAGRAM of the capac itance adapter. It can turn any digital voltmeter into ~

a preci sion capacitance meter. 0

Operation
The outstanding accuracy and sta

bility of the circuit is due to the use of
a CMOS version of the 555 timer IC .
One is used as an astab le pulse gener
ator, that triggers another that is used
as a pulse -width mod ulator. That ini
tiates an R-C exponential rising 'volt
age at JI and J2 across the capacitor
under test , Cx, as shown in the block

from the line or two 9-volt batteries,
which will provide about 50 hours of
use .

MULTIMETERS OF TODAY CONTAIN A LOT

more features than they used to , and
perh aps the most usefu l feature is ca
pacitor checking . It's true that less
expensive meters will have only the
usual voltage, res istance , and current
ca pabil it ies but, for a li ttl e extra
money, you can buy a meter that has
capac itance-, frequency-, logic -, and
tr an sist or-chec king functio ns . Of
course, if you need to measure capaci
tance, the solutio n isn't to buy a new
muiti meter--especially if you already
have a meter that you ' re particularly
fond of. But converting your meter
with our capacitance ada pter may be
just what you need .

The adapter converts the value of a
capac itor to be tested into a precision
ana log voltage app lied to the input
termin als of the digita l voltmeter. The
adapter covers 5 decades ranging
from 100 pF to I f.LF, fu ll scale.

The accuracy and stability of a typ
ica1 3-1/2 digit voltmeter is commonly
± 0.25% + I dig it over a one year
period . The accuracy of the adapter in
co mbinatio n with a digital voltmeter
has been tested to be ± 0.4% over a
1400-hour period . Warm -up is I digit
(0 .1%) or less within 30 seconds of
turn-on . The therma l stab ility was
found to be - 0 .04 %;oF.

Including a meter movement in the
adapter case permits the device to be
used as a stand-alone capacitance
me ter, but with reduced precision.
Power for the adapter may be either
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o DUTY CYCLE: 20%
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IC2 OUTPUT-LARGE CAPACITOR ex

;:~~ffff/ff/ffM/ff~Y
9.6V Pw=4.8J.lS-- ~

o DUTY CYCLE: 80% -
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IC10UTPUT

+12~] [

O - ~· 
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FIG. 2-THE AVERAGE DC VALUE of the
pulse waveform in a is such that the area
A1 exactly equals the area A2, or 2.4 volts.
The average voltage equals the duty cyc le
times the maximum pulse voltage. The
average value in b is 9.6 volts, which is
four t imes larger than a because Pw is
four times wider. For larger capacitors, Pw
becomes wider than 6 f.l.s (e), so it is nec
essary to increase T in order to generate a
new duty cycle.

In the example shown in Fig . 2-a , the
duty cycle is 1.2 J-L s/6 J-Ls = 0.2 or
20% . The averag e voltage equals the
duty cycle time s the maximum pulse
voltage (0. 2 x l2V = 2.4 VDC). The
average value is extracted in the cir
cuit by a low-pass filter. The larger the
value of Cx, the wider the pulse (see
Fig . 2-b). The avera ge value in Fig .
2-b is 9 .6 volts , which is four times
larger than in 2-a because the puls e
width (Pw) is four time s wider. For
larger capacitors , Pw becomes wider
than 6 J-LS (Fig . 2-c) , so it is necessary
to increase T in order to generate a
new duty cycle .

As shown in the block diagram
(Fig . I), the range is switched by fac
tor s of 10 by connecting the trigger
input of the pul se-width modulator to
the output of a decade counter. That
has the effect of lengthening the time

~ between trigger pulses by a factor of
Z 10. Even larger capacito rs can be
~ measured by switching the trigger to
b other decade-counter outputs . As an
~ example, on the I-J-LF range, the time
6 betw een trig g er pul s e s i s
is 6J-Ls x (10 x 10 x 10 x 10) = 60,OOOJ-Ls
~ or 60ms.
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On a low range like 100 pF, the
capacitance of the wires used to con
nect the adapter to CX, will be mea
sured and must be compensated for. A
pair of 6-inch long leads an inch apart
have a capac itance of about 6 pF
whi ch , if not compensated for, would
cause a lO-pF capacitor to read 16
pF-a 60 % error!

Circuit detai ls
In the schematic of Fig. 3 , all inte

grated circuits are low-power CMOS
types . The TLC555 timer, ICI , is con
nected as an astable that generates
narrow negative-going pulses . That's
because CI 's discharge resistor, R2 , is
much smaller than RI, which sets the
period (T) of the waveform.

The outputpulse of IC I is further
narrowed by the differentiator coup
ling , C3 and R4 . It is fed to the trigger
input of the pulse-width modulator,
IC2 , when the 100-pF range (full
scale) is se lected. The pulse-width
output of IC2 varies with the actual
capacitance of the unknown capaci
tor, Cx .

A low-pass filter for the puls e out
put of IC2 is formed by R6 and C6 .
That extracts the average of the pul se
waveform which is a DC level that 's
proportional to the duty cycle of the
waveform . Op -amp IC8 is connected
as a voltage follower which gives no
gain but transforms the high input re
sistance of the filter to a low value
needed to drive the output circuits .

The DC output from IC8 is reduced
and fed to the voltmeter terminals, 13
and J4, by a calibration voltage divid 
er consisting of RIO and lO-turn po
tent iometer Rl l . The optional I-rnA
meter (MI) is included as an analog
display, and it can be calibrated via R8
and R9 to set the COITect full- scale
deflection .

The ne gative voltmeter terminal
(14) and the neg ative connection to
MI is floatin g with a voltage produced
by a residual-C-null circuit. Resistor
RI 2 and potentiometer RI3 form a
variable voltage divider from the +
supply and provides an input to IC9
which, as a voltage followe r, passes it
to J4 . When that voltage is increased ,
it reduces the voltag e acros s 13 and J4
and also reduces Mls deflection .

The range is set by a dual-ganged
5-position swi tch, Sl. Four 4017 di
vide-by-ten counters (IC3-IC6) are
connected in series ; IC3 outputs onl y
once for every 10 input pulses from
IC1. That length ens the period be-

tween trigger pul ses for IC2 when the
SI is in the 1000-pF posit ion . The
output pulse of IC4 occ urs only once
for every 10 input pul ses from IC3, or
after 100 pul ses from IC I , and so on,
for all of the co unters . The counter
outputs are differenti ated (narrowed)
by C4 and R7 and inverted by IC7 to
form the requ ired negative-going trig
ger pul ses for IC2 .

Anothe r key to sta bility of th e
ada pter's calibra t ion is the voltage
regulator, IClO , which must keep the
supply voltage constant. Two 9-volt
batteries in se ries can be used to
power the circuit until their voltages
decrease to 7 volts (see Fig . 4-a ). The
power sw itch , S2 , is part of the re-

PARTS L1ST -

All resistors are 1f4-watt , 5%, un-
less otherwise indicated.

Rl , R8, Rl 0-4700 ohms
R2-220 ohms
R3-10,000 ohms, 10-turn potenti-

ometer
R4, R7-3300 ohms
R5-33,000 ohms
R6--10 megohms
R9-10,000 ohms, potentiometer
R11-1000 ohms, to -turn potentiom-

eter
R12-39,000 ohms
R13-10,000 ohms, potent iometer

with on/off switch (S2)
Capacitors
Cl--470 pF, ceramic
C2-0.001 IJ.F, ceramic
C3-220 pF, ceramic
C4-100 pF, ceramic
C5, C7-0.1 IJ.F, ceramic
C6-0.05 IJ.F, ceramic
C8, C9-100 p.F, 12 volts, electrolytic
Semiconductors
IC1 , IC2-TLC555 timer
IC3-IC6-4017 divide-by-ten coun-

ter
IC7-4011 quad 2-input NAND gate
ICB, IC9-3140 op-amp
IC1Q-LM7812 12-volt requlator
01, 02-1N4148 diode
BR1-bridge rectifier, 50 rnAor high-

er
Other components
Ml-1-mA meter, optional
Sl-double pole, 5-position switch
S2-SPST switch (part of R13)
J1-J4-banana jack
B1 , B2-9-Yolt battery, optional
Pl1 - AC plug and linecord
Tl-12-volt, 50 mA (or higher) trans-

former
F1-1f4-amp fuse
Miscellaneous: two 9-volt-battery

clips (optional), hardware, case,
solder, etc.
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FIG. 3-SCHEMATIC of the capacitance adapter. All IC's are of the CMOS type.
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FIG . 4 -T H E A DA P T ER CAN BE
POWERED from two 9-volt batteries (a) or
an AC supply (b).

sidual-C-null potent iometer, R13. If
the AC power supply is used in the
design (Fig . 4-b), the transformer can

a

r--f1----1rr-/0---0
..l..+ Bl + 82
T 9V
1 B2
: 9V

1

+18V

be a small one since the circuit re
quires only 20 rnA- therefore , prac
tically any bridge rectifier can be used
for BR I.

Construction
It is recommended that you assem

ble the circuit on an etched experi 
menter 's board desig ned for mounting
IC's . Co mponent placement is not
critica l with the exception of IC2; it
should be located at the edge of the
board and close to the front-panel ter
minals for Cx . Gro up the decade
counters (lC3-IC6) in a line or cluster
and locate the bypass capacitor, C5,
in their midst.

Calibration
Before the adapter can make useful

measurements , it must first be cali
brated. All you have to do is calibrate
the un it with one know n-va lue or
"standard" capacitor, and all other
ranges will automatically be correctly
adjusted . Of course, the calibration

will be only as accurate as the capaci 
tor you use . If you must use a low
tolerance capaci tor, measure it on a
meter that you know to be accurate .

Potentiometer R3 should be ad
justed so that a scope connected to pin
3 of ICI shows 6f-ls between pulses .
The goa l is to set T so that if a capaci 
tor marked with a full-scale value for
any range (100 pF, for example) is
connected as Cx , the duty cycle ob
served at pin 3 of IC2 will be about
80%.

Assuming that you have an accu
rately known capacitor to use for cal
ibration (0 .982 u.F, for example) ,
connect it to 11 and 12 and , with a
digital voltmeter set on the 2-volt
scale connected to 13 and J4 , adjust
Rll until the voltmeter reads 0.982
volts . If an analo g meter is used, ad
just R9 to give as close to 0 .98 as
possible. If you use smaller-value ca
pacitors as your " standard," be sure
to set the meters to zero with the re-

continued on page 48
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Build this solid state windshield wiper delay
and minimize potentially dangerous driving conditions.
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HAVE YOU EVE R DRIVEN TH ROUGH FOG.

mist , or light rain and been tempted to
turn on your wip ers-but didn 't be
cause of all the screeching and streak
ing th ey make when ther e 's not
enough water? One of the more useful
features available on today's cars is
delayed action and/or manual wind
shield wip er control. The delay is nor
mally set usin g either a slide or rotary
potentiometer, whil e the manual con
trol is generall y a momentary sw itch
attached to one of the column levers ,
and flicked with the left hand while
holding the steering wheel.

Many dri ver s w i th two -speed
wiper motors- whi ch are design ed
for heavy rain-simply don' t use their
wipers in a light drizzle to avoid the
af o re m e n t io ne d sc ree c h ing and
streaking . If you are one of those dr iv
ers , yo u' ll surely benefit from the
wiper-d elay de scribed here. It mou nts
under the dash , doesn 't hind er norm al
wiper operation , and featur es a varia
ble 2-1 8 seco nd delay.

Circuit description
The wiper-de lay sc hematic is

shown in Fig . I. With the ignition on ,
0 1 maint ain s reg ulated + 12 volts
DC When SI closes , C I bypasses
transients and passes this + 12 volts
DC to divider R2 -R3, produc ing a
TTL high at pin 3 of IC I, a 4013
CMOS dua l leading-edge triggered
D-type flip-flop. Filter R4-C3 keeps
ICI from triggering erro neo usly when
the ignition is on . Whe n S 1is presse d ,
outpu t QI (pin I) of IC I latches high ,
turn ing on Q I, which conducts via
R5, turn ing on IC2; LED I ind icates
power, and R6 sets the current. Since
IC2 depends on Q I for power, IC2
stays off until Q I turns on.

The left ha lf of IC2 is an astable ,
with its de lay set by R7 , R8, RII , and
C4 . The righ t ha lf of IC2 is a mono
stab le , with its pu lse duration set by
R9 and C5 . With the values used , you
might expect Rll to vary the de lay
fro m about 15-84 seconds, with a
2.42-second monostable pulse ope r-

ating the wiper blade s on each cycle.
However, the actual delay will range
between 2-18 seconds, with a I-sec 
ond mon ostable pulse on each cycle.
Tha t d iscrepancy stems from the fact
that IC2 is being fed from the emitter
of Q I, rather than directly from the
regul ated + 12-volt supply. Tran sistor
Q I acts as an active current source,
making C4 charge and discharge fast
er than it ordinar ily would .

The asta ble output (OUT! , or pin 5)
is tied to TRIG2 (pin 8). When OUT2 (pin
9) goes high , Q2 is biased via RIO and
curre nt flows through RYI , with 02
diss ipa t ing back- EM F whe n RYI
shuts off. If RYI is an SP OT, then it's
connec ted as in Fig . I, whereas a
DPDT relay is co nnec ted as in Fig. 2.

Construction
The foil pattern for the wiper-de lay

is show n in PC Se rvice , and a source
for the PC boa rd is given in the Parts
List. Whet her yo u ha rd wire th e
wiper-de lay or use the PC board , use a
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FIG. 1-SCHEMATIC OF THE SOLID-STATE WIPER-DELAY. This is the configuration for
older cars without manual pulse delay, using an SPDT wiper switch, where both wires
from RY1 are in parallel with the wiper-switch terminals for the low wiper speed .

Installation »
Before install ing the wiper-de lay, jJ

get a schematic of your car's wiring r

harness from a serv ice manual . Be- cD
sides having wiring schematics, it' s a ~

PC board at both ends between LED I
and QI at upper right , while Fig . 4
shows R6 ju st to the right of C7 in the
upper middle , with one end going to
the PC board and the other end to the
cathode of LED!. The PC board cor
respo nding to Fig. 3, and which ap
pears in PC Service , is correct.

PARTS LIST

All resistors are %-watt , 5%, un- Q1-2N2222 NPN transistor
less otherwise indicated. Q2-TIP31 NPN transistor

R1-47 ohms, Y2-watt IC1-4013 dual D-type flip-flop
R2, R8-1000 ohms IC2-LM556 dual timer
R3-100,000 ohms Other components
R4-10,000 ohms S1-SPST N.O. momentary push-
R5, R10-4700 ohms button switch
R6-2200 ohms RY1-SPDT relay, 12 volts DC, 180
R7, R9-220,000 ohms ohm, 65 mA (see text)
R11-1 megohm , 1-turn, chassis Miscellaneous:

mount potentiometer 3.25- x 2.125- x 1.125-inch plastic
Capacitors case, 1.25- x 1.5-inch 4-40 hard-
C1-Q.1 f.lF, ceramic disc ware (see text), wire (red, white,
C2-Q.001 f.lF, ceramic dlscuf and black), plastic wire tie, solder,
C3-2.2 f.lF, 25 volts, electrolytic etc.
C4-100 f.lF, 25 volts, electrolytic NOTE: An etched and drilled PC
C5-10 f.lF, 35 volts, electrolytic board is available for $7.50 and
Semiconductors any return postage from R.A.H.
D1-1N474212-volt Zener diode Projects, P.O. Box 4715, Irvine,
D2-1N914 germanium diode CA 92716-4715. California resi-
LED1--green light-emitting diode dents must add sales tax.

two for power. To install the case un
der the dash as in Fig. 5 , use Velcro or
double-sided tape . You can also drill
completely through all four holes and
mount it w ith four 1.5-inch 4-40
screws . If you use either Velcro or
tape , use the lid for the case, whereas
for screws, you can discard the lid.
Most newer cars have a noncondu c
tive dash, preventing a short.

The prototype in Fig. 4 differs in
une minor regard fro m th e pa rt s
placement diagram shown in Fig. 3.
Figure 3 shows R6 connected to the

LOW

I S2
I

.J
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~--
I I

:~
l'"'--i-o-~
I
I
I
I
I
IL J HOT INPUT

ACCESSORY
L_~~r--.{) +12V FROM

BATIERY

FIG. 2-FOR CARS WITH MANUAL WIPER
CONTROL, use either an SPDT or DPDT
switch for the wiper motor. For the SPDT
switch, connect RY1 in parallel with the
manual wiper control switch. For the
DPOT switch, a DPDT relay is needed to
operate the wiper-delay properly. Pole 1
goes between pole 1 of the switch and the
pulse position.

suitable case that fits under the dash .
Th e part s-pl acement di agr am is
shown in Fig. 3; S l is a PC-board
mounted , low-profile , SPST push
button ON/OFF keypad switch. The
prototype is shown in Fig. 4. With the
top of the case facing upwards, dr ill a
hole on the left for S I, on the right for
RII , and in the center for LED\. Use
super glue to attach LEDI to a washer,
then anchor the washe r to the case .

After finishing the PC board , use
.doubl e-sided tape to attach it and RYI
(upside down ) behind RI\. Drill a
hole in the back panel for the four
co nnec ting wires, two for RYI and
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FIG. 5-THE UNIT IS ASSEMBLED on an etched experimenter's board designed for
mounting IC's. IC2 should be located at the edge of the board and close to the front-panel
terminals for Cx.
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hel pful refe rence for rep ai rs . For
older cars with neither wiper delay or
man ual control, attach both wires
from RYI in para lle l with the wiper
switch terminals for the low wiper
speed , as in Fig. I.

If your car has both manual and
del ayed-action wiper co ntrol, then
you obviously don 't need to install the
project described here , excep t either
as a spare , or to experiment with how
it work s. Mo st cars that have manu al
wiper contro l wi ll also have delay ca
pab ility, bu t not necessar ily all. If

CAPACITANCE ADAPTER

continued fro m page 45

sidua l-C-nu ll co ntro l be fore co n
necting the capacitor. That completes
the ca libration .

There are severa l ways to obtain a
" standard" capacitor for ca librat ion.
One way is to have a paper, polyester
film, or dipped mica capacitor mea
sured on some other accurate capaci 
tance-meter and use that value for the
calibra tion. It is possibl e to buy poly
styrene capaci to rs wit h ± 2% ac 
curacy. Purchase at least 10 of the
same kind and measure each one on
the adapter, even though it hasn ' t been
calibra ted . Take a num erical average
of all the readings and pick the capaci 
tor which comes closest to the average
and assume th at it has the va lue
marked on the bod y. Ca libra te to that
value. The more capacitors used, the
more accurate the result will be.

Operation
Using the adapter requires choos

ing the correc t range . A range too low

FIG. 4-PROTOTYPE OF THE SOLlD
STATE WIPER CONTROL. Note that only
one end of R6 goes into the PC board,
while its other end goes to the cathode of
LED1.

your car falls into that category, it'll
generally have eithe r an SP OT or
DPDT switch for the wiper motor.

If it has an SPOT switch, connect
RYI in parallel with the manual pulse
cont rol switch. For the DPDT switch,
a DPDT relay is needed to operate the
wi per-delay prop erl y, as in Fig. 2 .
Pole I goe s between pole I of the
switch and the pulse position . If the
DPDT relay doesn 't fit in the case
you ' re usin g for yo ur wipe r-de lay,

for the value of Cx will result in a
reading greater than I volt, or 1.000 on
the voltme ter. A range too high will
give readings less than 0 .1 volt , or
100 , which reduces the accuracy of
the readout. For values of Cx less tha n
.01 f-LF, first adju st the meter to zero
with the residual-C-null contro l with
the con necti ng wires in place but not
attached to Cx- the n co nnect Cx .
Use the digit al voltmeter's digit s, not
as volts, but as a mult iplier times the

FIG. 5-THE INSTALLED SOLID-STATE
WIPER CONTROL under the dash. Here,
the holes for the lid were drilled out, and
4-40 screws were used to mount the case
under the dash. You can also use the lid ,
and attach the case with Velcro or double
sided tape.

mount it under the dash in a remote
. location .

To operate , turn the ignition on and
push S I; LEDI should light , ana you

. should adju st R II for the desired delay
time.

In rain, use the wipe rs normally.
Since most wipers operate at 2 Hz or
faster, the pulse delay shouldn' t affect
normal operation . If you forget to turn
the wiper de lay off before shutting off
the car, don 't worry because it shuts
off whe n you turn off the ignition, and
won 't turn on aga in until you start the
car and press S I. R-E

range-switch fu ll-scale capacitance to
arrive at the value of CX.

A leaky capacitor will give an er
roneous high read ing . The effect of
leakage prod uces greater errors in the
measurement of small capacitors than
for larger values . A 470 kilohm leak
age in a 0.047-f-LF capacitor produ ces
a 6% error and a 12% error in a 220-pF
size . It is therefore good practice to
use an ohmmeter to test Cx before
measuri ng its capacitance. R-E



Introducing a general-purpose
single-chip frequency converter

which should greatly simplify
your RF designs.

SINGLE-CHIP
FREQUENCY
CONVERTER

MICHAEL A. COVINGTON

FREQUENCY CONVERTERS ARE BAS IC

build ing blocks of RF equipment.
You' ll find them wherever there 's a
need to shift the RF carrier of a signal
from one frequency to another, such
as in any modern radio receiver.

Frequency conversion, or hetero
dyning, is the process of mixi ng an
incom ing signa l with that of a Loca l
Osci llator (La), as shown in Fig. I.
Two signals result from mixing , their
frequenc ies being the sum and dif
fere nce of those of the origi nals .
Thus, a 9-MHz input and a 2-MHz
La yie ld outputs of 7 and II MHz.

Building a frequency converter is
eas ier now than it's ever been because
of a new IC , the Signetics NE602.
The NE602 contains an La and dou 
ble-balanced mixer in an 8-pin DIP, as
shown in Fig. 2, a block diagram of
the IC . The NE602 was originally de
signed for VHF receiver front ends,
since the La works up to 200 MHz ,
and the mixer to 500 MHz. However,
it has plenty of uses at lower frequen
cies as well, and this article will ex
plore them .

Circuit description
The NE602 uses a double-balanced

mixer, producing only the sum and
di fference frequencies, not that of the
RF input or La . You ca n thus connect

the output of an NE602 directly to a
receiver without overloadi ng it. With
a conventional mixer, you' d have to
add a tuned LC circ uit to eliminate the
La outp ut. The NE602 La is also
well isolated from its RF input; you
can thus connect a receiving antenna
directly to the RF input termin als of
the IC without worrying about radiat
ing the La signal back out through the
antenna. This is important in direct
co nvers ion receivers , where the La
frequency is so close to that of the
input, that the two can' t be isolated by
a tuned LC circ uit. .

MIXER

® OUTPUT
INPUT~ ~ 7MHz
9MHz ~ "'- AND

l 1MHz

LQCAL
OSCILLATOR

(LO)
2MHz

FIG. 1.-FREQUENCY CONVERSION
PRODUCES outputs at the sum and dif
ference of input and LOfrequencies. In the
case of the NE602, since it's double-bal
anced, both the input and LO signals are
absent from the output.

The combination of the differenti al
amplifier and mixer in the NE602 is
known as a Gilbert cell. The mixer has
on-board voltage reg ula tio n, and
draws 2.5-3 rnA at 4.5-8 volts. For
best performance , bypass the power
supp ly with a 0.04- fLF capacitor as
close to the IC as possible. The abso
lute maximum supply voltage is 9.0
volts, but a 9-volt battery often ex
ceeds that , and 9-volt wall transfor
mers often deliver as much as II volts .
For safety, use 1000-ohm dropp ing re
sistor RI as shown in Fig . 3; using a
Zener diode, you can use automotive
power supplies up to 18 volts.

The RF input and mixer output can
be either single-ended or balanced as
shown in Figs. 4 and 5. Using a bal
anced input reduces harmonics , while
a balanced output gives better sup
pression of the input RF and La sig
nals . However, even in the simples t
s ing le -e nded co nfig ura tion, th e
NE602 gives much be tter perfor
mance than the one-tra nsistor mixer
commonly found in receive rs .

The input and output impedances
of the NE602 are about 1.5K at low
freque ncies, and dec rease wi th in-

~
creas ing frequency. The input signal "'0

::D
should be weak to prevent harmonics; r=
the third-order intercept poin t is for a (0

-15 dBm input , but the recommend ed ~
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FIG. 2.-NES02 EOUIVALENT CIRCUIT WITH PINOUTS. The combination of differential
amplifier OS-07 and mixers 02-03 and 04-05 is called a Gilbert cell.

FIG. 3.-NES02 POWER SUPPLY OPTIONS. Here, (aHe) show an RC-filter used as both
current limiter (R1)and integrator (C1), as well as for isolation. In (a), +4.5--8.0volts DC is
the normal operating range of the NES02.In (b), R1 drops voltage, and is used since a +9
volt battery can go higher, and a +9-volt wall supply can produce up to 11volts. In (e), an
+8-18-volt DC supply is regulated using 8.2-volt Zener D1.
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Basic crystal oscillator
Man y freq uency con verter s are

crys ta l-contro lled ; Fig . 8 shows the
most basic version. The low side of
XTALI and C2 can be returned either
to ground or to Vcc- the latter is more
compact , because pins 6 and 7 are
adjacent to Ve e (pin 8). The values of
C l and C2 are important. If C l is too
large , or C2 is too small, there 's too
mu ch fee dback and the osc i lla to r
waveform is distorted , with a strong
third harmonic . If Cl is too small or
C2 is too large , osc illation doesn 't
occ ur.

Some suggested values for C l and
C2 are shown in Fig. 6 alon g with
formulae for calculating them. At
high frequ encies , Cl can be some
what than the value shown because
stray capacitance does some of the
work . The values shown are for the
best sinuso id . If you want to be sure
that a relativel y inactive crystal will
oscill ate and don 't mind harmonic s,
make C l three times larger. The third
harmonic from such a circuit could be
used for VHF. There 's also a lower
frequency limit; the unm odified cir
cuit will osc illate with a 455-kHz ce
ram ic reson ator, but not a 100-kHz
crys ta l. Adding 22K from pin 7 to
gro und w ill increase th e osci lla to r
gai n, and impro ve your chances with
low-frequency crys tals.

died on the chip. That makes it easy to
build many diffe rent osci llator types
with few externa l compo nents . .

Figure 6 shows some of the main
vers ions; there are many othe rs . The
NE6 02 can be used as an osci llator
without the mixer. One way is to sam
ple the LO output at pin 7; a better way
is to unbal anc e the mixer and use it to
amplify the LO signal, as shown in
Fig. 7 . The unb alance is created by a
10K resistor from one input pin to
ground , which changes the bias volt
age slightly. The output level of such
an oscill ator is about 0 .5 VAC P-P.

c

The input sig nal is amplified prior
to mixin g; the voltage gai n is about
10. Thu s , a receiving co nver ter built
with the NE602 can increase a re
ce iver's sensitiv ity. The NE602 LO is
a transistor with co nnec tions to its
base and emitter, with biasing han-

ba

R1
1500

(OPTIONAL)

C1
O.041!F L...-.-........ -----I

+4.5-8.0V

level is -25 dBm or below. That corre
sponds to 68 .87 millivolts into l.5 K if
you use direc t co upling, or 12 .82 mi l
livolts into 52 ohms if you use imped
ance matc hing . Th e NE602 works
well with microvolt-level signals from
antennas .

(J)
a
Zo
a:
fa
lJ.J
...J
lJ.J

o
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-<a:

01 1 LOW-Z 01

'91iQ:,\; 0-;

~~Nm~<70mV RMS NE602< 200mV p-p 2

02;1; ~ C3

a b c d

FIG. 4.-MIXER RF INPUT CONFIGURATIONS. Here, (aHe) are for single-ended coupling,
(a) being for no impedance matching, (b) for inductive matching, (e) for capacitive
matching. By con trast, (ei) is for a balanced input with reduced second harmonic.

Precise frequency control
A crys ta l won' t necessarily osc il

late at its exact rated freq uency. There
are two kinds, series- and parallel
resonant. They ' re electrically ident i
ca l, the onl y difference being that se
ries-resonant crystals are cut to an
exact frequ ency, whereas parallel-res
onant crystals are cut slightly longer,
so as to re sonat e independentl y
slightly below their rated frequency.
For th at reason , parall el -reson ant
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FIG. 5.-0UTPUT CONFIGURATIONS. Here, (a) is the simplest single-ended approach
without impedance matching, (b) is a single-ended approach for a tuned LC circuit load,
and (c) is for a balanced approach for better suppression of input and LO signals.

data sheet recommends a modified
Colpi tts osci llator for overtone crys 
tals , but the Butler osci llator in Fig.
10 gives much better results. Its crys 
tal is ser ies-reso nant, and L, and C I
are tuned to the crystal frequency.

This circuit is reliable to at least 60
MHz. Just adjust L, and CI until os
cill ation oc curs . By adjusting thi s
tuned LC circuit, you can trim the
frequency by about 50 ppm ; for great
er variation, use a parallel-resonant
crystal in series with a variable capac
itor for adjustments .

c

c

b

b

I
I
I
I
I
IL _

a

a

3 }(OR
NE602 C1 VICE

5 (--0 VERSA)

XTALl

FIG. 6.-BASIC NE602 OSCILLATOR CIRCUITS; (a) is Colpitts crystal-controlled, (b) is
Colpitts LC-tank-controlled, (c) is Hartley LC-tank-controlled, and (d) is controlled by an
external oscillator. Many other configurations are possible.
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Frequency doubler
Figure II shows a crystal-con

trolled frequency doubler with no
tuned -LC circu its. That circuit is
useful in the 20-40 MHz range , but
the same method could be used with
overtone crystal osc illators for even
higher output frequencies . .

The doubling is achieved by feed
ing the LO from pin 7 into the mixer.
The output is 2 X f (where f is the
oscillator fundam ent al frequ ency) ,
while the difference frequency is zero
(or DC) , disappearing due to capaci
tive coupling.

The output still contains some ener
gy at the LO frequency and isn 't pure ,
but is good enough for hobb yist pur
poses . A tuned LC circuit can easi ly
provide pure output. Of the oscillators
shown here , this is the only one that
can 't be used with the mixer, because
one mixer input is occupied (although
you could feed a signal to the other
mixer input ).

Figure 12 shows a Colpitts LC os
cilla to r usin g coi ls and capac ito rs.
Here , L, form s a resonant circuit with
C I and C2 in series, plus C4 in paral
lel. Also , C3 blocks DC from pin 6 to
Vcc or ground; it has little effec t on
the resonant frequency. Figure 12 also
gives formulas for component values.
At very high frequencies, a 22K re
sistor from pin 7 to ground (not Vcd
will change the bias point and in
crease gain.

"*
f MHz Cl=1OOpFtJI' C2=1OOOpFIf

1 100 1000

2 70 500

4 50 250

10 32 100
20 22 50

FIG. a.-FUNDAMENTAL COLPITTS
CRYSTAL OSCILLATOR. Note that the
juncture of XTAL1 and C2 can go to either
ground or Vee.

C3
15-60pF

C1
PARALLEL
RESONANTD XTAU+----'--j--.........
32pFLOADT C2~

VIX--~

"* ORVee

FIG.9.-A VARIATION ON FIG. a, including
C3 to adjust the frequency of XTAL1 (par
allel-resonant), bringing it up to its rated
value.

needs a tuned LC circuit to select the
desired harmonic . For example, a 27
MHz third-harmonic crystal can reso
nate at 9 MHz (fundamental ) or 45
MH z (fifth harmonic). The NE602

~ANY OSCILLATOR
.jCONFIGURATION.)

1 INA Vee 8
NE602

OSC 7
.01!lF EMITTER

"-..u-.,,.; IN B OSC 6
2 BASE

"---;:-\3 GNO

4 OUT A OUT B 5

Overtone crystal oscillator
Above 20 MH z, crystals oscillate

in overtone mode , and the osc illator

crys ta ls 'need ex te rn a l cap acitor s
(usually 32 pF) to increase their actual
frequency of osc illation to their rated
value. In Fig . 8, CI is this capacitor,
but it' s usually larger than 32 pF and
has less effect than the one depicted
here.

Thus, at 10 MH z, parall el-resonant
crystals oscill ate about 100 parts per
million (ppm) below their rated fre
quency, while series cry stals resonate
about 300 ppm above . A parallel- res
onant crystal can be pulled up to its
rated frequency using a small variable
capacitor in series with it, as in Fig. 9 ,
lettin g you adjust the osci llato r as de
sired . However, even without this ca
pacitor, the frequency error won' t be
more than 300 ppm (0. 03%).

(OSCILLATOR

}

SIGNAL OUT,
ANY

l--- - - - - -e CONFIGURATION.)

FIG. 7.-THIS IS A GENERAL CONFIG
URATION for an NE602. To make an LO
signal appear at OUT A (pin 4) and OUT B (pin
5), IN A (pin 1) is grounded through R1.
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FIG. 12.-COLPITTS LC OSCILLATOR.
Here: L1=7 ILH/f, C1=C2=C3 =2400 pF/f,
where f is in MHz.

POWER LINE GLITCHES

13-16. Figure 13 shows a normal
power sinusoid, Fig. 14 shows har
monic distortion, Fig. 15 shows a
brief glitch, and Fig. 16 shows a brief
power outage.

continued from page 42

NE602 can be the heart of an ultra
sonic listener (by down -converting
high-frequency audio) or a speech
scrambler to add security to telephone
conversatins .

You can get NE602's at $2 .00 each,
plus $2.50 per order postage and han
dling per order, from the Small Parts
Center, 6818 Meese Drive, Lansing,
MI 48911, (517) 882-6447; there'sno
minimum order. They're are also
available from Arrow Electronics,
Schweber Electronics, and many
other Signetics distributors, with
$25.00 typical minimum orders . Be
sure to specify whether you want the
NE602N (8-pin DIP) or NE602D
(surface mount package).

You also may prefer to order the
NE602A, which will be replacing the
NE602 imminently; it has somewhat
improved intercept characteristics, re
sulting in less harmonic generation
and intermodulation distortion. To
specify the desired package type,
you'd refer to the NE602AN or
NE602AD. We would like to thank
Phil Anzalone, Ali Fotowat, and
Craig Hirtz of Signetics for their in
valuable assistance in preparing this
article. R-E

Conclusion
Those graphs shown in Figs. 8-16

show only a few of many possible
disturbances. Power glitches are com
mon and readily identified. Most are
easily fixed, the culprit often being
poor wiring, bad grounding, or load
switching-all can be corrected
cheaply. The most common, practical
countermeasure is to install a separate
power line from the circuit-breaker
box involved to the device being inter
fered with, like a Pc.

Power monitors make identifica
tion easy, but they're generally too
expensive, and would be needed too
infrequently, to warrant purchase by
the average hobbyist. They can, how
ever, be rented for short periods, on an
as-needed basis , letting you derive the
benefits of their technology without
making a major investment. R·E

4 OUT A

Conclusion
There are basically three RF circuit

types-amplifiers, oscillators, and
frequency converters. The NE602
makes frequency conversion easier
than ever. Both it and related IC's will
eventually become basic building
blocks of RF design . This article has
only scratched the surface of the pos
sibilities for the NE602 . In an IF sec
tion, it makes a good product
detector. By mixing audio with RF, it
can act as an AM or DSB modulator.
By mixing audio with audio, the

~fTt;:~;fWl~f.
..----~ 5..... +Vr------...,

1 IN A NE602 Vccr:8'-~0'-4"""''''''-'''

330pF
2 IN B OSC EMITTER 7 C5

3 GND 330pF

OSC BASEI-'6'--~I-"""'''''
5 C6

OUT B 330pF'-----_......

(02 ~R6eR
.04IlF .....

FIG. 14.-DIRECT-CONVERSION RE
CEIVER for the 40-meter (7-MHz) amateur
radio band, where CW is directly down
converted to audio.

Direct-conversion receiver
A frequency converter can shift fre

quencies up or down . However, if you
shift an RF signal down to audio , you
get an audio signal. This is called
direct-conversion reception, and can
demodulate Single-Sideband (SSB)
and Morse code Continuous-Wave
(CW) transmissions. It demodulates
AM, but there's a whine if the tuning
isn't perfect.

Figure .Iq shows such a direct -con
version receiver for the 40 meter band
(7.5 MHz), that was able to receive
several amateur radio stations using a
3-foot whip antenna . The design
could be refined; tuning would be
easier with a variable capacitor in
stead of an adjustable coil.

LC circuit at the input selects one and
rejects the other. This circuit was at
tached to a shortwave receiver, and
immediately received several long
wave navigational beacons in nearby
states . A long wire antenna works,
but loops pick up less noise because
they are directional .

+5V

2 IN B

3 GND

Longwave receiver converter
Figure 13 shows a frequency con

verter front end for a shortwave re
ceiver to receive longwave signals
(350-500 kHz), It mixes the incom
ing signal with the 4-MHz signal from
the LO. For example, 400 kHz incom
ing produces 4.4 and 3.6 MHz . The
shortwave receiver will receive the
signal if tuned to either frequency .
The input has a tuned LC circuit to
prevent spurious response . .

If the receiver is set to 4.4 MHz,
then without the tuned LC circuit
you'd listen to 400 kHz and 8.4 MHz,
because each gives a 4.4-MHz output
when mixed with the LO. The tuned

1 8
IN A VccI-"-C:O-:2"'-<~-+5V

C1 NE602 .04IlF~
.04Il

F
2 OSC ..... !l

IN B EMITTER 7 C3 C4
33pF 100pF

3 OSC 6
GND BASE C5 0

XTAll .....
.04IlF10MHz

4 OUT A OUT B 5 8 20MHz
OUT

FIG. 11 .-THIS FREQUENCY DOUBLER
PRODUCES a sine wave at twice the fre
quency OF XTAL1. Note that output is
taken only from OUT B (pin 5), while OUT A

(pin 4) is left open.,

OSC BASE 6

4 OUT A' oun 5

( :t J1
C2 TO

1000pF ..... RCVR

FIG. 13.-THIS CONVERTER DOWN-CON
VERTS LONGWAVE signals from 350-500
kHz up to 4.35-4.5 MHz, enabling them to
be received via a shortwave receiver
plugged into J1.
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R2
2.70.

C2
470~F

C3
.047

R3
10K

VOLUME

15K

+ 6V

}>
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JJ
FIG.3-AN LM390 USED AS A 1-WATTAM- j=

PLiFIER with Av = 20 and speaker re- <0

turned to the +6-volt power supply. gs

C1
.1

ohm speaker from a +6-volt power
supply. Also, R6 balances the LM390
quiescent outputs, minimizi ng quies
cent current .

Figure 5 shows a single LM390
used in an intercom . Here , R4-C5
provi des a ga in of: Ay = 15 K/5l
ohms= 300. The LM390 has poor rip
ple-rejection, which can be overcome
by addin g a 10 ILF or larger capacitor
from pin I to ground . Each of the
amplifier configurati ons shown in
Figs. 2-5 have a resistor and capac itor
in se ries from th e out put of the
LM930 to ground , forming a Zobel
network which enhances circuit sta-

15K

GAIN
- IN BYPASS ~ +IN BOOTSTRAP
1 1 1 1 1 1

" " " " """r ...., 7,,~ - ~, 1} - - ...., 2 ,"'" - -i, 6}- - - - -l,8 }- - -i, 9 ,1- - - - - - - - -

+ 6V

FIG. 2-AN LM390 USED AS A 1-WATTAM
PLIFIER. The overall internal voltage gain
is 200 with C5, and 20 without.

and R2 in series between Ve e and pin
9 . The Rl-R2junction is bootstrapped
from the output via C2, so that the AC
impedance of the R2-C2 combination
is far greater than the DC resistance of
R2 alone.

Figure 3 shows an alternative con
figuration for the LM390 . Here , DC
is fed to pin 9 via the speaker and RI,
but here , RI is bootstrapped via C2,
achieving perform ance similar to that
of the versio n shown in Fig . 2 , but
with a savings of two parts . Figure 4
shows two LM 390 's in a bridge am
plifier, delivering 2.5 watts into a 4-
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FIG. 1-INTERNAL CIRCUIT AND PIN CONNECTIONS of the LM390 1-watt battery oper
ated audio-power amplifier.

AUDIO
AMPLIFIERS

Ie's
A look at practical Ie audio

power amplifiers in
automotive applications.

RAY MARSTON

LAST MONT H W E DISC USSED SEVERA L

practical audio-power amplifier l' C 's.
Thi s month, we continue with our sur
vey, focusing on automotive audio ap
plications. Among the devices we'll
exami ne are the LM390 , LM383 ,
T DA2002 , and the LM377/8/9 series.

The LM390 is a I-watt audio-power
amplifier IC that' s optimized for a
power supply (Vee) of + 6-9-volts
(+ 10 volts maximum). Using a +6
volt power supply, the LM390 can
de liver I watt into a 4-oh m speak er.
It's housed in a 14-pin Du al-Jnline
P ackage (DIP) , and features an inter
nal heat sink that's connected on one
side to pins 3, 4 , and 5 , and on the
other side to pins 10, 11 , and 12.

Figure I shows the interna l circ uit
a nd pin out co n nectio ns of the
LM 390 . You may notice that it' s sim
il ar to th e LM 388 d iscu ssed last
month , but the output stage has bee n
o pt im ized for maxi mu m o utput
swing. The inputs are ground-refer
enced, and the output automatically
se lf-biases to a quiescent value of
Vcc/2 when the output stage is DC
biased via externa l resistors between
pins 9 and 14.

The overall voltage gai n of the
LM390 is internally set at 20 , but can
be increased to 200 using a shunt ca
pacitor be tween pins 2 and 6 . Figures
2-5 show some applica tions using the
LM3 90 . Figure 2 shows the LM390 as
a I-watt amplifier driv ing a 4-ohm
speaker from a +6-volt power supply.
The output stage is DC biased by RI

53



R2 SPKR
2.20 4~2

OV

C3
470~F

FIG. 6-AN LM383 USED IN A 5.5-WATT
AUDIO AMPLIFIER for use in automotive
audio applications.
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TABLE 1-APPROXIMATE PERFORMANCE CHARACTERISTICS
OF THE LM377/8/9 AMPLIFIERS
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bility ; they ca n be e liminated in some
appli cation s .

LM383 circuits
The LM3 83 is described as an 8

watt audio -power amplifier Ie. It' s
specifically designed for use in auto
motive audio app lications , in wh ich
the " running" power supply has a
nom ina l value of 14 .4 volts. At that
level , the LM3 83 can typically de liver
5 .5 watt s into a 4-ohm speaker, or 8 .6
watts into a 2-ohm spea ker. In reality,
the IC can operate using +5-20-volts
DC , can deli ver peak output currents
of3 .5 amps, and has a current-l imited
and thermally-protected output stage.

The LM 383 is housed in a s -pin
TO -220 pack age , and is very easy to
use . Figure 6 shows an applica tion in
a 5.5-watt automotive-audio ampli
fier. Here , the closed-loop gain is 100
via the RI-R2-C 3 feedback network ,
and the LM 383 is made non-inverti ng
by feeding the input signal to pin I via
CI. Also , C2 and C4 ensure high
frequen cy stability, but C4 must be
physically close to pins 3 and 4 . It is
also possible to use LM383 's in a
bridge configuration for higher power.

FIG. 7-AN LM2002 USED IN A 5.2-WATT
automotive-audio amplifier.
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LISTEN Sl·a

MASTER
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4n

Vee (volts) Power Limit per Maximum Output Power
Channel (watts) per Channel (watts)

LM377 LM378 LM379 8-ohm load 16-ohm load

12 2.5 5.0 6.0 1.6 1.0

16 2.5 5.0 6.0 2.2 1.5

18 2.5 5.0 6.0 3.0 1.8

20 2.5 5.0 6.0 3.8 2.4

22 2.5 5.0 6.0 4.6 2.8

24 - 5.0 6.0 5.4 3.6

26 - - 6.0 6.0 4.2

28 - - 6.0 7.0 5.0

30 - - 6.0 - 5.5

FIG. 5-AN LM390 USED IN AN INTERCOM. Note how S1-a and S1-b inte rchange speaker
and microphone.

FIG. 4-TWO LM390'S USED AS A BRIDGE AMPLIFIER deliver ing 2.5 watts into a 4-ohm
speaker. --
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LM377
LM378
LM379

l 8V
24V
aev

+~Cl0
47011F SPKR

80

ICl

I LM377 LM378 LM379

IV . (MAX) rev 24V 24V
I P~T CH 2W 3W 4W
Iv"' (MAX) 180 mV 100 mV 115 mV
A, (APPROX) I 50 50 50

IZ'N 22K I 22K 22K

Typical Perfor mance 01the
Invertin g Stereo Amplllier

SPKR
an

NOTE: -l M379 PIN NUMBERS ARESHOWN
IN PARENTHESES.

R4
lOOK

C9
470llF

+ E-ff1 SPKR14 sn

At high power, Q I and Q2 form a
compl ementary e m itte r follower,
providin g most of the power to the
speaker. Also, R2 and QI-Q2 are
wired into the negative feedback loop,
gen erat ing negligible cross-over dis
torti on . Figure 12 shows an appl ica
tion of both halves of an LM37718/9
in a mono bridge amplifier feeding
high power into a DC-coupled speak
er.
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OUTl 5 10 OUT2
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lM377 DUAL 2-WATT AMPLIFIER lM379DUAL 6-WAfTAMPLIFIER
lM378DUAL 4-WATT AMPLIFIER

a b

input of eac h amp lifier is DC-co upled
to the ground half-supply point via R6
and R7 .

Figure II illustrates how to boost
the availab le power of one half of an
LM378 to 15 watts, wh ile generating
only 0 .05 % Tota l Harmon ic Distor
tion (THO) at 10 watts. At very low
power, Q I and Q2 are inoperative , and
power is fed directly to the speaker via
R2.

R6
lOOK'-- .....J

NOTE: -l M379 PIN NUMBERS ARE SHOWN
IN PARANTHESES.

FIG. lO-NON-INVERTING STEREO AMPLIFIER USING a sin gle-ended power supply.

FIG. 8-0UTLINES AND PIN NOTATIONS OF THE popular LM377/8/9 dual amplif iers.

FIG. 9-SIMPLE INVERTING STEREO AMPLIFI ER using the LM377/8/9 dual amplifiers.

LM377/8/9 circuits
Na tiona l Sem iconductor has a

range of dual power-amplifi er IC 's for
mono , stereo , and brid ge ampli fier
app lications . The best known are the
LM377 2-watt , the LM378 4-watt,
and the LM379 6-watt versions . Fig
ure 8 shows the outlines of their DIP 's
with pinouts , and Table I their ap
p rox im at e p er form an c e c ha rac 
teri sti c s . T h ey a l l h ave hig h 
imped ance di fferent ial inp ut stages
and fully-protec ted output stages , but
differ in voltage, powe r, and pack 
ages . The input stages are DC-bi ased
to Vcc/2, and a bias ge nerator is built
into the Ie.

Figure 9 shows a ge neral inverting
stereo amplifier using a single-ended
power supply. The IC depicted can be
any of those in the accompanying ta
ble , which lists typ ical performance .
The amplifiers in the Ie are biased by
co nnec ting eac h non- inverting input
to the bias termi nal (pin I on the
LM377 or LM378 , or pin 14 on the
LM379) , and the closed-loop ga in of
each is about 50 (R2/R I or R4/R3).
Figure 10shows how the above ci rcuit
ca n be used in non-inverting mode
using a single-ended power supply,
with the gain of each half set at 50
(R4/R3 or R6/R5), and the non-inver
ting input term inals of the amp lifiers
biased internall y.

It is possible to power the circuit of
Fig. IO by using a split power supply.
In that case, the internal bias gener
ato r is ignored , and the non-in verting

LM2002 (TDA2002) circuits
The LM2002 is an 8-wa tt auto

motive-audio amplifier IC , equivalent
to the TDA200 2 , and housed in a s
pin TO-220 package . It can deliver
5 .2 watts into a 4-ohm speaker, or 8
watts into a 2-o hm speaker. It uses a
+ 5-20-volt power supply, can de liv
er peak output currents of 3 .5 am ps,
and has a current- limited and ther
mally-protected outp ut. It' s similar to
the LM383 , but has a slightly less
e ff ic ient o utput , with co nseq uen t
lower output power into a given load .

Figure 7 shows an applicat ion of an
LM 2002 used in as .2-watt auto
m oti ve- audi o am p lif ier, w i th a
closed-loop gain of 100 set by R I, R2,
and C3. Here , R3 and C4 ensure high 
frequ en cy sta bi lity, and have to be
close to pins 3 and 4 . Two LM2002 's
or TDA2002's can be used to form a
16-watt automotive-audio bridge am
plifier.
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Assorted amps
The remainder of this discussion

will give br ief descriptions of a few
popular audio-power amp lifier IC's ,
wit h app licatio ns for eac h . Th e
T BA810S can de liver severa l watts for
automotive audio app lications . It fea
tures protection aga inst power supp ly
po larity inve rsion and high-vo ltage
transien ts .

Figure 13 shows an applica tio n that
uses a T BA8105 as a 7-watt auto
mot ive- audi o amplifie r; the ga in is
de term ined by R2, while RI performs
output biasing and is bootstrapp ed via
C8, and R3-C7 functions as a Zobel
network.

The TB A820M is a low-power am
plifier IC capable of deli verin g a few
hundred milli watts into a 4-1 6-ohm
speaker, and is housed in an 8-pin
DIP. It ca n run on as litt le as + 3 volts,
and has low quiescent current, goo d
ripple rejection, and low cross-over
dis tort ion .

Figure 14 shows an applica tio n of a
TBA820M as a low-power audio am
plifier, where the ga in is determined
by R2 , and R3-C6 is a Zobel network.
It can run on a + 16-volt sing le-e nded
power supply using a lo- ohm speaker,
a + 12-volt power supply using an 8
ohm speaker, or a +9-volt power sup
ply using a 4-ohm speaker.

The TDS2005M is a 20- watt auto
moti ve audio-power boo st er IC
housed in an II-pin package , fully
output short -protec ted. It houses two
intern al bridge-conn ected power am
plifier s , providing high power into a
2-o hm speaker from a + 14.4-vo lt
power supply. Figure 15 shows an ap
plicat ion as a 20-watt autom oti ve au
di o-power booster; all elec tro lyt ic
capac itors shoul d be rated at a mini 
mum of + 25 volts .

The T DA2006 and TDA2030 are
high -qu al ity amplifiers ca pa ble of
being used using either split or sing le
ended power supplies , and ge nerating
less than 0. 1% distortion when de liv
eri ng 8 watt s into a 4-ohm speaker.
They ' re housed in a s -pin TO-220
package with an insulated heatsink
boIted directly to an externa l heat sink
with no insulat ing washer.

Figure 16 shows the package and
p i n co nnec tio ns fo r b o th t he
TDA2006 and TDA2030, and Figure
I7 show s an applica tion that uses a
TDA2006 in a n 8-watt am plifie r
powered by a sp lit power supply, with
the non-inverting input tied to ground
via RI . Here , high-frequency roll -off
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~1001lF
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T1P4ZA
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TIP41 A

R2
4.70

per forman ce in terms of very low
cross-over distortion , very high input
impeda nce , and high slew rate, but
has slightly worse rippl e reject ion and
hi gher quiescent c urre nt than the
LM377 .
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The LM1877IC
Th e LM1 877 dual 2-watt power

amplifier IC is an improved pin- for
pin repl acem ent for the LM 377 , to be
used in place of the LMI 877 whe n
ever possible . It provides imp roved

FIG. 13-A TBA810S USED AS A 7-WATT AUTOMOTIVE-AUDIO amplifier.

FIG. 12-BRIDGE AMPLI FIER CIRCUIT USING dual-amp lif ier IC's.
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ended power supp ly.
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use up to + 36 volts in the case of a
single-ended power supply, and ± 18
volts in the case of a split power sup
ply. Using a +28-vo lt sing le-end ed
power supply, it delivers 12 watts into
a 4-ohm speaker or 8 watts into an 8
ohm speaker, with a THD of 0 .05 % at
I kHz and 7 watts out.

Figure 18 shows an application of
the TDA2030 as a 15-watt amplifier
using a + 30-volt single-ended power
supp ly and 4-ohm speaker, with 30
dB ga in.

The performance that you can ob
tain from the circuits presented can be
qui te impressive . While they form an
exce llent starting point for an original
amplifier design , they ca n also be
used in other projects . For example,
with a hand-full of part s and a little bit

- - -

Vet;

Cl Rl + C2
.1 56n 1100llF

-: C7 +
VI/l
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FIG. 14-A TBA820M USED AS A LOW-POWER audio amp lifier.
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of work, you can transform the outp ut
of your personal portable stereo into
car-filling sound.

If you have an older car stereo (and
who does n't") with blown final output
amp lifiers, you might find that many
of the circuits we presented will fill
the bill nicely. R-E
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FIG.18-A TDA2030 USED AS A 15-WATTAMPLIFIER using a single-ended power supply.

is achieved via R4-C5 , and the gain is
set by R3/R2 , or 22. Diode DI and D2
protect the ou tput against damage
from back-EMF from the speaker, and
R5 and C6 form a Zobel network .

The TDA2030 is an upgr aded
TDA2006 housed in a 5-pin TO-220
package with insulated heat tab . It can

FIG. 17-A TDA2006 USED AS AN 8-WATT AMPLIFIER us ing a split power supply.
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TDA2006 ANDTDA2030
TO-220PACKAGE
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FIG. 16-THE TO-220 OUTLINE AND PIN
CONNECTIONS of the TDA2006 and
TDA2030.

NOTE: -ALL CAPACITORS RATED
AT 25VWK, MINIMUM----,-

FIG. 15-A TDA2005M USED AS A 20
WATT AUTOMO TIVE audio -power
booster.
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HARDWARE
HACKER

Alternate-energy resou rees

O rganic Vapo r Detect ors

Low Melting Point A lloys

A lternate Energy Resources

Ul t r avi ol et Fla me D et ect or

Five Ban d Equa li ze r C ircu it

DON LANCASTER

WE SEEM TO HAVE A REALLY M IXED BAG

_ of. outstanding goodi es t h is
month, so let 's just jump righ t in .
As usual, p lease note that all of ou r
referenced sources appear in ei
ther the alternate-energy resource
sidebar or in the names and num
bers box.

Harardous materials
I've gotten severa l calls asking

how to d ispose of any spent
printed-circuit etchant. Since I'm
part of the Haz-Mat team at our
local f i re department , I thought
we'd loo k at the big picture fi rst .
Back to square one.

We can defi ne a hazardous ma
terial as any substance that is out
to do you in. It m ight burn, ex
plode, be chemically reactive, be
bio logically active, poisonous, ra
dioact ive, or might interact vio
lently w ith water or ai r.

As a hardware hacker, you prob
ab ly expose yourself to hu nd reds
of hazardous materials . Knowing
ahead of t ime what th ese nasties
are and what they an do to you is
common sense.

Most industr ia l chemica ls and
by-products have to prov ide a
Materia ls Safety Data Sheet. Ob
vious ly, you' ll want to read and col
lect them . If you have any
employees, you are req u i red by
law to make any relevant sheets
availab le to t hem on request.

Unfortunately, most MSDS list
ings do a tota l whitewash job and
dwell on stupid tr iv ia. For in
stance, the sheet on Kapton f ilms
goes out of it s way to tel l you that
these film s are slippery and you
can trip on them if you leave them

on the floor. But they make no ob -
_ vious mention tha t .Kapton turns, __

from an insulato r into a conducto r
above a certai n temperature, total-
ly thrashing any computer or elec
tronic system it is invo lved with.
Always watch fo r un derstatement ,
wease l words , and any misdi rec
t ion when you are read ing t he
sheets .

One of the best Haz-Mat refer
ences is the "yel low" book from
DOT, otherwise known as the
Emergency Response Guidebook.
It lists most indu st rial che micals
and te lls co mpetent professionals
how to deal with the m un d er
emergency co nd itions. Si ng le
copies are obtainab le at no charge
on request.

LMA-117

Melts at 117 Degrees F.
Contracts slightly on cooling.
About $7.50 per ounce.

LMA-158

Melts at 158 Degrees F.
Expands slightly on cooling,
About $1.35 per ounce .

LMA-255

Melts at 255 Degrees F.
Expands slightly on cooling.
About $1.00 per ounce.

LMA-281

Melts at 281 Degrees F.
Expands slightly on cooling.
About $2.20 per ounce.

FIG. 1-S0ME LOW·TEMPERATURE AL
LOYS you can get through Small Parts .
Two of these can be melted and cast with
bo iling water. What hacker uses can you
th ink of?

A seco nd reso ur ce is t he 24
h.our emerge n cy .te l e p h 0 n e
num ber fro m Che mtrec at (800)
424-9300 . It 's a f ree che mica l- in
dustry serv ice t hat can in stantl y
place you in co ntact w it h experts
on any hazardous material. But
note t hat it 's an emergency re
spo nse numbe r, sort of a nati on
w ide 911. Do not use it for id le
chat .

An int erest in g free t rade journal
t hat dea ls w it h hazard ou s mate
rials is Pollution Equipmen t News.
That one also exposes yo u to some
rea l pn eum ati c and elect ro nic
gems t hat you mi ght not otherw ise
see.

Natu rally, any genui ne Haz-M at
incident sho uld be handl ed by the
professio na ls, usuall y co ntacted
by you r local 911 number. O ne of
the hardest th in gs fo r the pros to
learn is that the ir preco nd it io ned
"Save my Baby!" super-aggressive
initial fire-attack strategy is most
of te n dead w rong in a Haz-M at in
cident. Doi ng noth in g at all is usu
ally far better then becom ing part
of the prob lem.

The qu antity of the material and
the way yo u sto re it w ill also make
a big d ifference. Co mmo n sense is
an obvious factor here.

In t he case of ammo ni um-per
su lfate p ri nted-c i rc u it etchant,
sto rage of the dry etchant in small
and sealed p last ic contai ners is
recommended . Tupperwareworks
quite we ll. Some ammonium-per
su lfate etchants also incl ude a
hi ghl y po iso no us m ercu ry ac
tivator. So never work in your
kitchen, always be in a we ll -vent i- <0

lated area, and always wea r safety gs
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FIG. 2-AN ULTRA-VIOLET FLAME SENSOR. The circuit is basically a neon lamp relaxa
tion oscillator. Its frequency is a few counts per minute in the absence of a flame, and a
mid to high audio frequency with a flame present.

Figure 1 sums up the ir p ropert ies.
The melt in g poi nts fo r th ose al

loys are set to 117 degrees Fahren
he it , 158degrees, 255 degrees, and
281 deg rees. They are availab le in
qu arter- and one-po und sizes, and
range in price fro m $28 to $78 per
pound . Unfortunate ly, the 117 de
gree one is by far th e most expen
sive , since it is aro und one-fifth
irridium, a preciou s metal.

Those two al loys w it h the lowest
melti ng point can easi ly be cast
fr om a "cruc ib le" pla ced in sid e
boiling water on your stove . Pias
ter o r si licon- rubbe r molds sho uld
work ju st f ine.

Whil e yo u co uld, in th eory, mix

All capacitors are 500 volts.WARNING : Extreme shock
and "hot chassis " danger in this
circuit as shown!

R2868 UVTRON
1 IlF lN4005 10 Meg 4.7 K OUTPUT

----1 cathode
PULSES

115 VAC
POWER 1 IlF 220 pI 10K

LINE
lN4005 .001

FIG. 3-A 5-BAND GRAPHIC EQUALIZER that uses a single Samsung integrated circu it.
A pair of chips can be used for ten bands.

lOOK x 5

(3430 Hz) (10.8 kHz)(1080 Hz)

+1= OUTPUT
3.3 IlF

4.7 K
1000

(343 Hz)

INPUT

o-Wv\-----jr+---+---+------....---~-----+--'

4.7 K 3.3 IlF

(108 Hz)
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.0391lHANDS-ON BOOKS
Hardware Hacker Reprints II 24.50
Ask The Guru Reprints I or II 24.50
CMOS Cookbook 18.50
TTL Cookbook 16.50
Active Filter Cookbook 15.50
Micro Cookbook vol I or II 16.50
Enhancing your Apple I or II 17.50
AppleWriter Cookbook 19.50
Apple Assembly Cookbook 21.50
Incredible Secret Money Machine 10.50
LaserWriter Reference (Apple) 19.50
PostSc ript Cookbook (Adobe) 16.50
PostScript Ref. Man. (Adobe) 22.50
PostScript Prog. Design (Adobe) 22.50
Real World Postscript (Roth) 22.50

glasses and pla stic gloves. .
Note th at ammonium persulfate

is an ox id ize r. If you use a wood en
spoon to st ir it , and com e back a
wee k or two later, th e chan ces are
t ha t yo u' l l have nothin g but a
burned-off spoon handle left. Do
avo id all co ntacts between am
monium per sul fat e and o rganic
mate rials.

To di spose of th e etchant , con
tact yo ur local environme ntal con-
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UNLOCKED SOFTWARE

LaserWriter Secrets (lie/Mac/PC) 29.50
PostScript Show & Tell 39.50
Intro to PostSc ript VHS Video 39.50
PostScript Beginner Stuff 39.50
PostScript Perspective Draw 39.50
PostScript Technical Illus trations 39.50
PostScript Work in Progress 39.50
PostScript BBS stuff 19.50
Absolute Reset lie & lie 19.50
AppleWriter/Laserwriter Utilit ies 49.50
Enhance I or II Compan ion Disk 19.50
AppleWriter CB or Assy CB Disk 24.50

FREE VOICE HELPLINE VISA/MC

servat io n agency and ask them fo r
the requirements in yo ur area.

low-temperature alloys
I ju st got a new copy of Catalog

# 12 f rom Sma ll Par ts. As we've
seen a time o r two in the past ,
t hose fo lks are a great source fo r
eve ry t h ing yo ur hardware store
never heard of, besid es cus to m
cutt ing small qu antities of metal
and plasti cs for yo u.

Several of th eir more inte rest ing
product s incl ude a series of four
low-temper ature meltin g al loys .

the alloys together to get di ff erent
melt in g points, it pays to know
w hat yo u are doing. Otherwise, in
stead of a free flowing eutetic liq
uid, you m igh t en d up w it h so
mu ch dross. Metall urgy and all.

I can th in k of all sorts of un usual
and off-t he-wal l uses fo r them, but
w hy don ' t yo u tell me instead? As
our contest this mon th , just d ream
up a unique applicat io n fo r a low
melt in g point alloy. There'll be all
the usual Incredible Secret M on ey
M achine boo k prizes, alo ng w ith
an all-expense paid (FO BThatcher,
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TGS·822

For DWI breath alcohol testers.
5 volt, 830 milliwatt heater.
24 volt supply.

TGS·109

For natural gas and gasoline.
1 volt, 440 milliwatt heater.
100 volt supply.

CMS-302

Oxygen combustion sensor.
Externally heated to 700-900 C.
12 volt supply.

TGS·100

For fumes and odors in air.
1 volt, 440 milliwatt heater.
100 volt supply.

TGS· 813

For propane and methane.
5 volt, 830 milliwatt heater.
24 volt supply.

TGS·880

For automatic microwave cooking.
5 volt, 830 milliwatt heater.
24 volt supply.

TGS·203

For carbon monoxide.
0.8 volt, 700 milliwatt heater.
12 volt supply.

Sad ly, t he good o ld te n ce nt
neon lamp isn 't eve n o n m o st
hacker charts any more, don e in
by its need fo r h igh voltage, and its
l im i t ed b r ig ht ness an d co lor
range. Sigh.

But the Hamamatsu fo lks have
come up with an interesting varia 
ti on on the traditio nal neon lamp.
It is known as an UVTRON R2868
f lame sensor.

Figu re 2 shows yo u a ty pical ci r
cuit. Any open f lame has lots of
ultraviol et ene rgy associated w it h
it. The ci rcui t is a simple relaxation
osci llator. In t he absence of any
ul t ravi ol et ene rgy, the osci l lator
fi res on ly every few secon ds or so.
When sensing, the oscillator fires
as much as 5000 times a seco nd .
Thus, you get an aud io tone out in
th e presence of the ult ravio let en-

l>ergy f rom a flame, and only a few "U

random clicks othe rw ise. ~
It 's sensit ive eno ug h to easi ly ~

detect a match at 10feet. Whi le the ~

FIG. 4-A FEW VAPOR DETECTORS from
Figaro Engineering. Each gets optimized
for specific sensing tasks.

US DOT; ATTN: OHM-50
400 7th St SW, RM 84-20
Washington, DC 20590
(202) 366-0656
CI RCLE216 ON FREEIN FORMATION CARD

Texas Instruments
PO Box 1443
Houston, TX 77001
(800) 232-3200
CIRCLE 215 O N FREEINFORMATION CARD

lamp. It was in cred ibl e wh at yo u
co uld do with th em . Panel lamps,
n ight li ghts, pol ar ity detectors ,
sp i k e prot ect o r s, w in k ing os
ci llato rs, ti ny disco stars, ton e gen 
e rato rs fo r e lect ro n ic o rga ns,
vacuum-tube f ilame nt checke rs,
hot chassis testers, t riggers, vo lt
age regu lators, and great heaping
bunches more.

Tektronix
PO Box 500
Beaverton, OR 97077
(800) 835-9433
CIRCLE 214 ON FREE IN FORMATION CARD

Synergetics
Box 809
Thatcher, AZ 85552
(602) 428-4073
CIRCLE 213 O N FREE INFORMATION CARD

Stock Drive Products
2101 Jericho Turnpike
New Hyde Park, NY 11040
(516) 328-0200
CIRCLE 212 ON FREE INFORMATION CARD

Small Parts
PO Box 381966
Miami, FL 33238
(305) 751-0856
CIRCLE 211 ON FREE INFORMATION CARD

Silicon Systems
14351 Myford Road
Tustin, CA 92680
(714) 731-7110
CIRCLE210 ON FREE INFORMATION CARD

SGS-Thomson
1000 East Bell Road
Phoenix, AZ 85022
(602) 867-6259
CIRClE 209 ON FREE INFORMATION CARD

NAMES AND NUMBERS
Samsung
3725 North First Street
San Jose, CA 95134
(408) 434-5400
CIRCLE208 ON FREEIN FORMATIO N CARD

Pollution Equipment News
8650 Babcock Blvd
Pittsburgh, PA 15237
(412) 364-5366
CIRCLE 207 ON FREEINFORM ATION CARD

Hamamatsu
PO Box 6910
Bridgewater, NJ 08807
(201) 231-0960
CIRCLE241 ON FREE INFORM ATION CARD

Midnight Engineering
PO Box 7041
Fort Collins, CO 80525
(303) 491-9092
CIRCLE205 ON FREE INFORMATION CARD

Klockit
PO Box 636
Lake Geneva, WI 53147
(800) 556-2548
CIRClE 242 ON FREE INFORMATION CARD

NEe
401 Ellis Street
Mountain View, CA 94043
(800) 632-3531 /(415) 960-6000
CIRClE 206 O N FREEINFORMATION CARD

Figaro Engineering
Box 357
Wilmette, IL 60091
(708) 256-3546
CIRClE 240 ON FREE INFORMATION CARD

Logical Devices
6600 NW 12th Ave., Ste 203
Ft. Lauderdale, FL 33309
(800) 331-7766
CIRClE 204 ON FREE INFORMATION CARD

Chemtrec
Usethis number ONLY fora Haz-Mat
emergency.
(800) 424-9300
DonJer
Ilene Court Building 8
Belle Mead, NJ 08502
(800) 336-6537
CIRCLE 239 O N FREE INFORMATIO N CARD

A flame detector
At one t ime way back w hen, far

and away th e numero uno hack er
co mpo ne nt was t he NE-2 neon

AZ) tinaja quest for two fo r the
best ent ry of all. Please be sure to
send yo ur written entries directly
to me and not over to Radio-Elec
tronics ed itorial.
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THE MONEY MAKING OPPORTUNITY
OF THE 1990'S

IF you are able to work with common small hand
tools , and arefamiliarwithbasicelectronics(i.e.able
to use voltmeter, understand DC electronics).. . .
IFyou possessaveragemechanicalability, andhavea
VCR onwhichto practiceand learn. . . .thenwe can
teach YOU VCR maintenance and repair!
FACT: upto90%ofALL VCR malfunctionsare dueto
simple MECHANICAL or ELECTRO-MECHANICAL
breakdowns!
FACT: over 77million VCRs inusetodaynationwidel
Average VCR needs serviceor repairevery12 to 18
months!
Viejo's400 PAGE TRAINING MANUAL (over500 pho
tos and illustrations) and AWARD-WINNING VIDEO
TRAINING TAPE revealstheSECRETS ofVCR mainte
nanceand repair-"real world" information that is
NOT availableelsewhere!
Also includes all the infoyou'll need regarding the
BUSINESS-SIDE of running asuccessful service op-
eration ! FREE INFORMATION

CALL TOLL-FREE 1-800-537-0589
Orwrite to: Viejo Publications Inc.

3540 WilshireBL. STE. 310
Los Angeles, CA90010 Dept. RE

CIRCLE 184 ON FREE INFORMATION CARD

Get A Complete Course In

ELECTRONIC
ENGINEERING

8 volumes, over 2000 pages,
including all necessary math and
physics. 29 examinat ions to help
you gauge your personal pro
gress. A truly great learning

. experience.

Prepare now to ta ke advan
tage of the growing demand for
people able to work atthe engin
eering level.

Ask for our brochure giving
complete detailsof content. Use
your free information card num
ber, or write us directly. $99.95,
Postage Included. Satisfact ion
guaranteed or mon ey refunded.

Banner
Technical
Books, Inc.
1203 Grant Ave.
Rockford, IL 61103

CIRCLE 67 ON FREE INFORMATION CARD

ALTERNATE ENERGY RESOURCES
Areo Solar
PO Box 6032
Carmarillo, CA 93010
(805) 482-6800
CIRCLE 217 ON FREEIN FO RMATIO N CARD

Assoc of Energy Engineers
4025 Pleasantdale S420
Atlanta, GA 30340
(404) 447-5083
CIRCLE 218 ON FREE INFORMATION CARD

Bergey Windpower
2001 Priestley Avenue
Norman, OK 73069
(405) 364-4212
CIRCLE 219 ON FREE IN FO RM ATIO N CARD

Energy depot
61 Paul Drive- 
San Rafael, CA 94903
(415) 499-1 333
CIRCLE 220 ON FREE INFORMATION CARD

Home Power
PO Box 130
Hornbrook, CA 96044
(916) 475-3179
CIRCLE 221 ON FREE INFORMATION CARD

HVAC Product News
400 N. Michigan Avenue
Chicago, IL 60611
(312) 222-2000
CIRCLE 222 ON FREE IN FO RM ATIO N CARD

Mother Earth News
PO Box 70
Hendersonville, NC 28793
(704) 693-0211
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Photocomm Inc
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(800) 544-6466
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Popular Science
2 Park Avenue
New York, NY 10016
(212) 779-5000
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Real Goods
966 Mazzoni Street, #4B
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(800) 762-7325
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Sandia National Labs
PO Box 5800
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(505) 844-5678
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Snow Belt Solar
286 Wilson Street
Amherst, WI 54406
(715) 824-3982
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Solar Energy
Maxwell House , Fairview Park
Elmsford, NY 10523
(914) 592-7700
CIRCLE 229 ON FREE INFO RMATION CARD

Solar Energy Research Inst
1617 Cole Blvd
Golden, CO 80401
(303) 231-1000
CIRCLE 230 O N FREE INFORMATION CARD

Solar Jack
325 East Main
Safford, AZ 85546
(602) 428-1092
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Solarex
1335 Piccard Drive
Rockville, MD 20850
(301) 948-0202
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Solec International
12533 Chadron Avenue
Hawthorne, CA 90250
(213) 970-0065
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Solvonics Solar Systems
1100 West Maple Road
Troy, MI 48084
(313) 362-4170
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Southwest Windpower
PO Box 22178
Flagstaff, AZ 86002
(602) 526-0997
CIRCLE 235 O N FREE INFORMATIO N CARD

Whole Earth Review
27 Gate Five Road
Sausalito, CA 94965
(415) 332-1716
CIRCLE 236 ON FREE INFORMATION CARD

Yellow Jacket Solar
Box 253
Yellow Jacket , CO 81335
(303) 562-4884
CIRCLE 237 ON FREE INFORMATION CARD

Zomeworks
PO Box 25805
Albuquerque, NM 87125
(505) 242-5354
CIRCLE 238 O N FREE INFORMATION CARD



FIG. 5-A OWl BREATH-ALCOHOL TESTER that uses the Figaro TGS-822. The presence
of 500 parts per million of gra in alcohol lowers the cell resistance by a factor of 10, raising
the output voltage.

Fume and vapor detectors
There's lots of reason s wh y yo u

mi ght li ke to detect any organic or
chemica l vapors in the ai r. In home
uses, we have gas-leak detecti on ,
f ue l vapo rs, ca rbo n mon oxide,
"s tuffy" air ve nt i lat io n cont rol s,
auto mi crowave oven " the roast is
don e" sensing, OWl breath-alco
hol t e st er s, th e co m b us t io n
monitoring, odo r detecti on , and
oxygen sensing.

Simi larly, industri al senso rs are
sometimes required fo r amm onia,
hyd rogen sulf ide, o rganic vapo rs,
fo r f reo n, and othe r or ganic va
pors.

The people at Figaro Engineer
ing have dozen s of low-cost and
easy-to-use senso rs, optimized for
vari ou s substances . Figure 4 sum
marizes many of th ei r key mod els.
Q uanti ty costs are in the $5 range.

In gene ral, each sensor consists
of a sintered block of tin ox ide ,
with variat io ns th at w ill opt imize
fo r any parti cul ar sensed vapo r. An
intern al heater is used to raise th e
surface tempe rature to th e 200- to
400-degree Centi grade range.

Through surface absorpt io n, th e
resistance of t he ti n oxide will
drop in the presence of an organic
vapor. The amo unt th at the resis
tance drop s depends on th e vapor
and its co nce ntrat io n.

Fo r instance , Fig. 5 shows you
how t he TGS822 gets used as a
breath- alcoh ol detector. You apply
a 5-vo lt AC or DC heater voltage at
a cu rrent of 120milli amp eres o r so.
You apply a main supply voltage of
24 vo lts AC o r DC, and sense an
output voltage across a 3.9K load

OUTPUT
VOLTAGE

resistor.
In th e presence of 300 part s per

mill ion alco ho l, th e senso r resis
ta nce w i l l d rop by 10:1. At 3000
parts per million alco ho l, the sen
sor resistance will d rop by 50:1.
Thus , both th e presence and th e
st rength of th e or ganic vapor can
be measured. The response time is
typi call y a few seco nds.

Th ese se nso rs are relativel y
broad- sp ectrum d evi ces. Th ey
may we ll respond more strong ly to
certa in other vapo rs than th e o ne
yo u are really looking fo r. Thu s,
th ey wi l l work best in those situa
ti ons w he re on e and o n ly o ne
vapo r o r co ntaminant is expec ted .

Ads for similar senso rs app ear in
Pollution Equipment News. Let me
kn ow if you want more detail s on
senso rs of that typ e.

Alternate-energy resources
Bowserett a and I we re recently

d ay hikin g o ve r at Ant el op e
Springs, a lon g-aband on ed hippie
commune. Besid es the obligato ry
ru stin g VW microbu s shells, the
ruin s of doz ens of alte rnate-ene r
gy expe r ime nts seeme d st rew n
about. There were octagon earth
she lte red hou ses, a sauna and hot
tub combo loving ly crafted f rom
th e n ati ve sto ne, t he bro ken
Savonio us wi ndmill rotor s, cou nt 
less cracked batteries, and vario us
solar sti lls.

At least one of th ose sti l ls mu st
have been a monumental di saster,
since the evaporator and th e con
den ser were bo th designed to op
erate at th e same temperature and

con tinued on page 72

FIGARO TGS·822

+5 VDC

+24 VDC

A great new data book
I've see n so me exc it i ng dat a

books before, bu t th is one is way
off the scale. It reads li ke a pulp
novel that you li terally cannot put
down. Each and eve ry p age is
cramme d full of o uts tand ing new
low- co st hacker integrat ed circu its
t hat cry to be used .

I am refe rring to th e new Linear
l C Vo l u me I d at a book by
Samsung. That beauty is crammed
to the gills with aud io, video, and
remote -co ntro l toy radi o chips. A ll
sanely priced , and all w it h detail ed
application examp les .

As a rand om example, let 's drop
in on page 178 wh ere we see a sin
gle-chip 5-band graphic equalize r.
Full detail s appear in Fig. 3.

Whil e it is a five-band equalizer,
yo u can easily use a pair of chi ps
fo r a te n-bande r, again pe r th eir
data book. O nly a vo lume co ntro l
and a pai r of capac itors are needed
per band.

Othe r goodies in th e book in
clud e aud io-power amplifie rs and
preamps, the complete toy RIC ve
hicle rem ote drivers, infra-red en
co ders and pre-amps and bunch es
more .

reco m me nde d su p p ly vo ltage
sho uld be withi n ten percent of
325 vo lts , yo u can usual ly work
wi th th e simple lin e-op erated vol t
age doubler show n.

Note that it is a "hot chassis"
ty pe of circuit with a severe shock
hazard pot ential. You 'll prob ably
want to use an optocoupler o n the
output in your f inal circuit, and an
input isol ati on t ransformer would
also be a good id ea. The outp ut
pulses are normally around eight
vo lts hi gh and abo ut five microse
co nds w ide .

Two use tips: Be sure the ano de
resistor is physically quite close to
your flam e senso r. And avoid hav
in g two senso rs near each ot he r,
since th ey produ ce ult ravi ol et in
use and co uld badl y inter act o r
even latch.

Hamama tsu also makes sma ll
and complete flame -senso r ci rcuit
cards ready fo r use that run off th e
usual 24-vo lt AC the rmostat t rans
fo rmer. Whil e inte nded fo r f lame
det ection in gas heaters and air
co ndit io ne rs, the re should be lots
of othe r interesting hacker uses.
What can you come up w ith here?
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AUDIO
UPDATE
Is sound quality a matter of taste?

LARRY KLEIN,

AUDIO EDITOR

IN M Y LA ST CO LU MN I D ISCUSSED

some of the st range beli efs thatin
the past linked sound preferences
to th e nationality of th e li sten ers.
Philosophically, such a po sition is
part of a larger view that holds th at
any preferen ce for a part icular
sound balance is simply a matter of
taste. Some home listeners like a
"rich, mellow so und" w ith lots of
upper-bass emphasis, othe rs pre
fer a "clear, di stinct sound" with
th e balance tilted towa rd the up
per fr equenci es, and st i l l other s
prefer a so und w ith lots of " pres
ence"- meaning upper-midrange
emphasis. And , of course, th ere
are those st range individual s (such
as my self) who tend to prefer th e
sound of systems that du rin g ob
jective tests show a w ide and fl at
frequency response.

You may have noti ced that all my
co m me nts have rel ated so u nd
quali ty to f req ue ncy respo nse . I
don 't mean to imply that frequ en
cy response is th e on ly facto r that
de termines a co mpo nent's sound
quality, but w he n an amplif ie r o r
speake r is not being ove r-d riven
(or suffe ring f rom some inte rna l
fa ult) fre q u e ncy resp on se dif
feren ces are respon sibl e for per
hap s 95% of the " q ua l ity" dif
feren ces heard betw een audi o
products.

Don 't ju st take my word fo r it . If
~ yo u have a 10-band eq ualizer as
z part of yo ur system yo u can dem 
~ onst rate fo r yo urself how easy it is
t3 to add (or subt ract) such subjec 
~ tive aud io qu ali t ies as openness,
UJa air, so lid ity, detail , warmth, bod y,
o and so forth. Depending on th e
-ca: fre q ue ncy b and s in volved , a
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change of on ly 2 o r 3 dB in slide r
po siti on can hav e a-n en o rmo us
effec t o n the "q ua l ity" of th e
sound yo u' re hearing.

Does everyone hear differently?
It's true that no two pairs of ears

respond ide nt icall y. But it's also
t rue that everyone is li stening to
th e same ob ject ive so n ic reality,
and that t he re is a more-or-l ess
direct co rrespo ndence be tween
the object ive world of sound and
the impression it makes on ou r au
di tory apparatus. For example, if
you were to sh red this issue 's
Reader Service card in an op erat
in g electric fan it would create a
specif ic sound . If you were able to
mak e a perfect reco rdin g of that
sound and play it back throu gh a
perfect so u nd syste m, eve ryo ne
would agree that th e original and
recorded so unds w ere id en ti cal.
That agreem ent should hold de
spite possibl e differences in son ic
taste-or in th e acuity of th ei r ears.
In othe r words, whatever aberr a
t io ns exist in a per son 's hearing,
with in hi s limitation he sho uld be
able to tell w hen the sonic proper
ti es of two aud io systems are alike.
And ultimately-by defin ition
reproduced sound sho uld be ref 
erenced to some o rig inal.

So w hy do man y speaker sys
tem s in t he same ge neral pri ce
range sound different from each
ot her? (Incid entall y, the sit uat io n
has vast ly imp roved during th e 35
years or so t hat I've been eva luat
in g spea kers. The differences in
ton al qual it y heard among to day 's
best spea ke r syste ms are quite
small; sim ilar in natu re and amp li-

tude to w hat yo u might hear in
di fferent seats in a gaoa co nce rt
hall.) As I di scussed last month, fo r
many years most of th e major Japa
nese d esi gn ers ap pea red co n
vince d t hat speakers should be
d esi gned to ta ste . I t ho ugh t a
breakthrou gh had occ urred in the
early 1970'a w hen I was invited to
Japan to see, amo ng ot her things,
a new co mputer-assisted speaker
evaluat io n setu p.

Computerized Evaluation
Visua lize , if yo u w i ll , a large,

ac ou st i call y n e u tr al l iste n ing
room. O n a slightly raised da is at
t he fron t is a stage with several
speaker syste ms positi on ed on the
per iph er y of a large , elec trica lly
driven " lazy Susan." One speaker
is always at stage -center pos it io n .
A pu sh of a button rotates the as
sembly un til the next speake r in
line is centered. O n the arm rest of
each of forty aud ience chairs is a
sma ll box with a p i lot l igh t and
seve n pu sh bu tton s label ed , re
spective ly, -3, -2, -1, 0, + 1, +2, and
+3.

Dur in g t he eva l uat ions, an
aco ust ica lly tran sparent curtai n
co nceals t he spea kers, and t he
spea ker-pos it io ning b utton is
pr essed to br ing one of the now
hidden speakers into p laying posi 
t ion . After a few mo me nts of light
class ica l program material, the
button is p ressed again, a d ifferent
speake r moves into playing posi
t ion, and t he program material is
repeated. The pilot lig ht on our
in di vidu al respo nse boxes t hen
li ghts up, and th e aud ience is in
st ructed to push one of the nurn-



tim e I was usin g a pair of the
Yamaha NS-1000's at home. I had
chose n th em becau se of t hei r
compact size and clean, flat , un
co lo red response.

Keep in mind that any speaker
that has a sonic characteri st ic of it s
own wi ll add that qu ality to what
ever mater ial is bein g reprodu ced .
There are undoubtedly spec ial ci r
cumstances wh en the sonic bal
ance of a given recording mi ght be
enhanced by the frequ enc y aber
ration s of a part icular speake r. But
most of th e time such colo rat ions
would serve only to degrad e the
co mplex process of hi gh -f id elity
rep roduct io n. R-E

laboratory w it h more and bett er
in strumentati on t han I had ever
seen in any U.S. lab.

The bottom line
Today, it is ev ide nt th at most

U .S., and so me Japanese, audi o
companie s reject th e notion that
speake r des ign is a matter of taste .
M any years ago I was to ld by th e
head of th e Swe dis h Broadcast ing
System th at w hen they set out to
reequ ip all th eir studios with new
moni t o rs, th e Yam aha NS-1000's
won out ove r dozens of European
and U. S. competitors duri ng blind
l is te n ing t est s. Th at d idn't par
t icularly surprise me, since at t he

.......Ii:.
LARRY KLEIN IN THE SPEAKER ROOM in the Sato Musen showroom in Akihabara,
Tokyo.

ber ed bu tton s to indi cate th e
degree of our preference between
th e fir st and th e second speakers.
Pushing the ze ro indicates no pref
erence, pu shin g a plu s num ber in 
dica tes how mu ch more yo u like
th e seco nd spea ker than the f irst,
and pu sh in g a minu s nu mber
wo uld show how mu ch less yo u
li ke it.

I mu st co nfess that I didn 't care
fo r the sound p rodu ced by any of
t he spea ke rs , so I w as hard
pr essed in each case to pick t he
lesser of t he two evils. W here did
th e co mpute r co me in ? It simply
tabu late d t he resu lt s. Th e pu sh
bu tton data f ro m th e aud ience re
spo nse b o xes was f ed t o t he
compute r, w hich provided an in
stantaneous readout on how many
li sten er s pref erred w hich spea k
ers, to wh at degree, and-in th e
full -scale tests-wit h what kind of
mu sic. (In cid en tally, my hosts also
beli eved that d ifferen t spe ake r
sound qual iti es we re desirable de
pending up on wh ether. one p re
fe rre d c lassica l , p o p, o r ro ck
mu sic.)

I asked wh o normally fill ed t he
chai rs d uri ng an eval uatio n ses
sion, and it was carefully exp lained
to me that since th e goal was to
design speaker syste ms th at would
appeal to a large cross-sect ion of
th e publ ic, th e audience was care
ful ly chose n to be representative
of th at cross-section . Wom en from
th e assembly l in e, maintenan ce
men , c le r ica l wor kers, and so
fort h all had th eir chance to p ush
button s. Du rin g rep eated tests t he
design s wer e mod ifi ed until th e
sound quality satisf ied most of th e
li sten er s. I fo u nd it parad oxi cal
that thi s vox populi approach to
speake r design was backed up by a

Ed has yet to find II salesman who knows as
much as he does .

Sure it looks greiJt. Now l ' ve got to build the
inside.

(0
(0
o
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Let's plunge deeper into video .

ROBERT GROSSBLATT,
CIRCUITS EDITOR
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to paint each field (half a frame) of
video . In the black-and-white
days, the vertical rate was set to 
match the 60-Hz power-line fre
quency to minimize interference
on the screen. Since each field
took '%ath of a second, a full frame
took twice that-or Y3ath of a sec
ond. Knowing that, and remem
bering that each frame of video is
made up of 525 ho rizontal lines,
we can begin to understand where
the TV-signal frequencies come
from.

Since it takes hath of a second to
paint 525 lines, the horizontal
scanning frequency is
525+x30Hz =15.75 kHz and each
line is painted in 1/15.75 kHz = 63.5
+ mu sec. Those numbers were
slightly modified when the NTSC

r5V

ter what else you have to say about
it, it works.

The hallmark of the NTSC stan
dard is that all of the individual
signals that make up the complete
waveform can bederived from one
master clock-everything is lock
ed to everything else . Before we
get to the arithmetic, however,
let 's review some vid eo basics and
define some terms.

Fields, frames, and interlace
The NTSC standard picture we

all watch and love is produced by
having the electron beam paint a
series of successive lines of video
on t he face of the TV tube. The
electron beam in the tube has to
make two passes in order to paint
a complete picture, called a
" f rame, " on the screen. The first
pass puts out the odd-numbered
lines of video and the second pass
puts out the even ones. Each of
thos e half images is called a
" f ield ." The reason for the system ,
called "interlace," is to reduce th e
amount of flicker on the screen. If
all the lines were sequentially
painted, the top would begin to
fade before the screen was com
pletely " painted."

The ve rt ical scan rate is the
amount of time it takes the beam
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THE MOR E YOU START M ESSING

around with video, the more jokes
you hear about the NTSC stan
dard . . .Never Twice the Same
Color, and so on ad nauseum.
Now, I'm the first to admit that it's
far from being ideal, but let's also
remember that the Nat ional Televi
sion Systems Committee designed
the color standard more than thir
ty years ago and, when they did it,
they had to make sure it was com
patible with the black-and-white
standard that came before it.

If you're old enou-gh to re
member the introduction of color
TV, you might also remember
some of the schemes that were
proposed . If you do, you should
also realize that the guys who
came up with NTSC did a pretty
good job. One alternative I re
member had somethi ng to do with
a wheel of colored gels that re
volved in front of the came ra. It
was a mechanical nightmare and,
fortunately, I've forgotten the rest
of it. If any of you know more
about that, or any of the other ear
ly color proposals, drop me a note
and I'll pass them on to ' everyone.

In any event, however crazy the
NTSC system seems , it's a lot bet
te r than any of the others that were
proposed at the time, and no mat-
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color standard was developed , but
the simple exercise we just went
through should help you under
stand where the numbers came
from in the first place.

The master clock for the NTSC
color standard wa s set to be
3.579545 MHz, and all the other
signals are derived from it. While
the older standard u sed the
power-line frequency and number
of scan lines as the basis for the TV
picture, the 1953 color standard is
built around the burst frequency
and a strict arithmat ical rela
tionship defined all the other fre
quencies .

The horizontal scan rate was de
fined to be the colorburstfrequen
cy multiplied by 2/455 (not exactly
obvious), and when you do the
arithmetic you 'll wind up with
15,734.26 Hz-i-not as neat as the
old 15,750-Hz standard, but close
enough to lock the hor izontal cir
cuitry in old black-and-white TV
sets.

The same sort of " close enough "
results show up when you calcu
late the vertical frequency. Given a
horizontal scan rate of 15,734.26
Hz, it follows that each line takes

63.56 microseconds, or just
slightly longer than the older stan
dard of 63.50 microseconds. Since
the new color standard still con
tained 525 lines in each frame , the
vertical frequency works out to
59.94 Hz. That's close enough to
the original 60-Hz to avoid inter
ference and still accommodate
black-and-white TV sets.

A lot of you might be wondering
what I have in mind when I talk
about "older black-and-white TV
sets." If you pay a vis it to your local
TV store, you'll f ind that it 's almost
impossible to buy a black-and
white TV set anymore, just as, back
in 1953, when the NTSC defined
the color standard, it was almost
impossible to buy a color TV. Since
the majority of exi sting TV sets
were black-and-whi te, com 
patibility was the overriding issue.
It 's not such a big deal now but,
back th en, w hen the NBC peacock
opened its tail , a lot of view ers
were happy to hear the magic
words "compatible color."

Generating sync triggers
Now that we've put the histor

i ca l matters behind u s (t h e

important numbers and the rela
tionships between them are sum
marized in Fig. 1), our job is to
develop some hardware. The only
circuitry we have working so far is
the 8284clock circuit shown in Fig.
2, and I've indicated the frequen
cies that it produces.

Getting colorburst from the cir
cuit is easy since the osc output is a
buffered version of the crystal. A
bit of simple arithmetic tells us that
14.318 MHz divided by four equals
the burst frequency of 3.579 MHz.
You can see from Fig. 1 that getting
horizontal sync from the burst is
going to take some multiplication
as well as division . Since that's a
real pain in the neck, we 'll start our
searc h for horizontal sync with
one half osc, rather than the burst.
That w ay we can stick with fre
quency divis ion and make things
somew hat easier.

We all have our ow n preferences
but, if yo u' re a regular reader, you
know I li ke to use CMOS wh en
ever I can. In thi s case, however, »
we're goi ng to use some TTL to do iJ

~th e f irst part of t he divi sion since r

the circuit is ope rating at 5 volts ~

(because of th e 8284). CM O S parts ~
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can certainly operate at 5 volts, but
the lower the supply voltage, the
lower the maximum frequency the
parts can handle. You can solve
that by using 74HC or 74HCT parts
but, in this case, it really doesn't
matter very much. Just remember
that the circuit in Fig. 3 is only one
of the numerous ways to get the
job done.

The frequency available at the
output of the first 7474 is half the
crystal frequency, or 7.159 MHz.
We have to divide that by 455to get
horizontal sync and , at first
glance, 455 is a screwy number to
deal with-it's much nicer when
numbers are read i ly divisible
rather than apparently prime.
Well, 455 can be factored into 13 x
5 x 7, so the first thing we 'll do is
divide the frequency by 7 using
what should be an old TTL friend, a
7490 counter. That will produce a
frequency of1.022 MHz, and that is
low enough to be handled by reg
ular CMOS parts operating at 5
volts. So we can still use ordinary
CMOS parts.

All we need to get horizontal
sync is a way to divide the resulting
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frequency by 13 x 5, or 65. Now,
seeing the number 65 should set
off an alarm in your head, because
it's very close to 64, which is one of
the magic numbers of the digital
world. And , that being the case,
we can handle the rest of the divi
sion with a 4040 CMOS binary rip
ple counter, and a simple two
legged gate . When the count
reaches 65 in the 4040, only two
pins will be high; the QO and the
Q6 outputs. The AND gate will de
code the two 4040 outputs and go
high at exactly the rate we 've been
looking for; 15,734.26 Hz. The
horizontal sync trigger at the out
put of the AND gate is positive-go
ing so therefore we can also use it
to reset the 4040 CMOS binary rip
ple counter.

We haven't talked much about
vertical sync other than to say that
it's close to the 60-Hz power-line
frequency. Well, as they say,
"c1ose" only has meaning with
horseshoes and hand grenades . If
the vertical rate had been .exactly
60 Hz as it was in the pre-color
days, it would have been a snap to
generate. Just feed a 5369AA with
the burst frequency and you'll get
60 Hz out at the other end. As we
saw earlier in the column, how
ever, things aren't that simple
since vertical sync has to be de
rived from the signals we 've gener
ated so far and the number of lines
on the screen.

The NTSC standard calls for a
525-line image, but don't forget
that each image is made of two
interlaced fields. That means that
we are going to need a vertical
sync si~nal after each field of vid
eo-or after every 262.5 lines of
video . That's the relationship
shown in Fig. 1, and that's also the
design job that we have laid out in
front of us.

We don't have any handy fre 
quency available to avoid multi
plication this time, so we'll have
come up with a way to do it elec
tronically, and that's exactly what
we're doing with the NAND gate in
Fig. 3. The first two gates , A and B,
are set up as simple edge detec
to rs. Gate A responds to the nega
t ive-going edge and gate B to the
positive-going edge. If you work
out the truth table on a sheet of
paper, you 'll see that the frequen
cy at the output of Gate D is twice

the input frequency at Gates A and
B.

We 're feeding the NAND gates
with horizontal sync so that we'll
wind up with 31,468.52 Hz at the
output. The next (and last) part of
the circuit has to divide the fre 
quency by 525, which , as you
should know, is the number of
lines in a frame. Since we're work
ing with twice the horizontal sync
rate, we'll really be generating ver
tical sync every 262.5 lines-or
after each field .

It's possible to factor 525as5 x 5
x 7 x 3 and do the division with
simple counters but, just as we
saw with producing horizontal
sync, you have to keep your mind
open when you're trying to figure
an easy way to do division by a
larger than usual number. In this
case, 525 is pretty close to the mag
ic number of 512,so we can use the
same ordinary CMOS part that we
used earlier in our design-the
4040.

When the number you're trying
to divide by is close to one of the
powers of 2, a long binary divider
becomes a good choice . In our
case for example, we're only thir
teen away from 512, and that
means we only have to decode
four of the 4040 outputs (525 deci
mal is 100001101 in binary). The job
becomes even simpler since we
still have three spare AND gates in
the circuit. As with horizontal
sync, the vertical-sync trigger is
positive-going, so we're also using
it to reset the 4040 binary ripple
counter lC.

When you put the circuit to
gether and power it up, you
should see colorburst (3.579545
MHz), a horizontal-sync trigger at
15,734.26 Hz , and a vertical-sync
trigger at 59.94 Hz . Keep in mind
that the last two aren 't the final
signals. They're only the frequen 
cies we need to trigger the one
shots that will output pulses of the
proper width to work as horizontal
and vertical sync for the video that
we'll be generating very shortly.

When we get together next
time, we 'll design the one-shots
and put together a circuit that will
actually produce video images.
We won 't be seeing an image of
the Mona Lisa on the screen, but
what we see w iII be recogn izable. I
promise. R-E
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Com pu ter secu r ity may seem
like a problem only for large

corporations or the government.
However, small businesses and
home computers often contain
sensi tive information that
should be protected. For exam
ple, if you have a small business,
your payroll records may not
seem to be the most sensitive in
formation in the world, but a
competitor would certainly love
to see them! And you wouldn't
want your babysitter to boot your
PC and get into your checking
account data!

There are many approaches to
PC security, but the one offered
here is a combined hardware/
software solution. PC Access pro
vides one master password,
which enables access to the pass
word list and to other functions,
and fifteen user passwords . An
EPROM on a small expansion
card contains a BIOS extens ion
that hooks PC Access into your
PC's boot procedure . The circuit
is simple and inexpensive to
build; a kit is available for les s
than $35.

PC Access provides several ex
tras, including a hold function

that allows the user to suspend
computer access by pressing a
hotkey. The 'compu ter then idles
until the correct password is en
tered. The hotkey combination
can be configured for com
patibility with various memory
resident programs. In addition,
you can maintain an audit trail of
who logs onto the system. The
audit file is encoded, hence
meaningless when viewed with a
DOS TYPE command. A program
provided with the kit decodes the
file into ASCII format .

How it works
PC Access works by altering

DOS's normal boot procedure in
several ways. First, PC Access
forces the system to boot from
the hard drive by disabling ac
cess to floppy drive A during the
boot process. Thus, you can't dis
able PC Access simply by booting
from a floppy.

In addition, a software driver
must be loaded via CONFIG.SYS
and processed by DOS in the
usual manner, otherwise the sys
tem will not boot. That means
that you can't boot the PC by de-

continued on page 73

Personal Computers and the
Future

I tend to spend most of my time
here poking around under the

hood. For a change, let's take a
step back and look at things from
a wider perspective. The occa
sion? The beginning of a new
year and of a new decade. For me
it's just past the first of the year,
and though you won't read this
for a good three months, I hope
you'll find it interesting. .

It's hard to believe sometimes
how much this industry has
grown the past decade . In the
murky beginnings ten or twelve
years ago, hobbyists and tech
nically oriented people were the
only ones who used personal
computers. Now estimates range
as high as 40 million PC users in
this country alone, and ob
viously, the vast majori ty of them
don't know a bit from a byte. That
makes us members of a pretty
elite group.

Personal computers have
caught on faster than just about
any other modern invention, and
they have altered the way we work
(and play) so drastically that,
short of catastrophe, it's incon
ceivable that we might ever re
turn to the way things used to be
done.

However, industry growth is
slowing, partially because of mar
ket saturation, and partially be- l>

cause those 40 million people are j5
having trouble adjusting to j=

what's happened so far. Many in- (0
CD

dustry analysts believe that the 0
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fastest growth during t he next
few years is not going to be in new
systems or n ew technologies , but
in pu tting what we 've already got
to b etter u s e. In s hort, service
an d support in dustries a re the
growing segmen ts of the comput
er bus iness .

To be su re , top-notch program
me rs and engineers will still be
needed in droves . But the strata
beneath t hose ve ry top level s
have to be filled out as well. So if
you 're trying to plan ou t you r ca 
reer, th in k about activiti es lik e
the following:
• System Integration: With the
proliferation of various hardware
and software "s tan dards," people
who understand the PC arch itec 
ture a n d know how to resolve
co n flicts b etween co m pet ing
h ardware adapters h a ve b een
and will con tin ue to be valuable.
• Network Su ppo rt: So me ana
lys ts believe that if the 1980's was
the d ecade in which p ers on al
com puters brought quali ty an d
quanti ty increases to individual
users , the 1990's will be the de
cade in which th ose u s ers a re
linked together. From the s u p 
port point of view, n etworks rep
res en t an area with much growth
poten ti al , both for ins tall a ti on
an d for maintenance. I've never
seen a n etwork wit h a level of re
liability approach ing even YlOoth
that of the PCs on which it is
based. From the d evelopment
point of view, n etworks offer vir
tuall y unlimited growth oppo r
tu n ities . At this point in time
many companies are connecting
thei r PC's togeth er phys ically.
Bu t a lot of work still n eeds to be
done to give some in telligence to
the way they in teract.
• Applications Su pport: Becom
ing an expert in a core group of
a p p lications (i ncl u di ng jus t
about any major word processor,
spreadsheet, and datab ase man
ger) will just about guarantee you
gainfu l employment as well as a
growth path in any decent corn-

~ pany. People like to b lame soft
Z ware for being h ard to use ; I
~ be lieve that in many categories ,o the so ftware is sufficien tly easy to
~ use (or close to it) ; it's the u sers
llJ
6 who need to b e better educated .
o Mod er n software h as powerful
-c
a: n ew ways of doing things ; along

70

with tha t power co mes the re
sponsibility for learning how to
u se it. Un til the ti me when ch il
dren start stu dying word pro
cessing an d the like on a wide
scale at the grade school level, ap
plications su ppo rt personnel will
contin ue to be necessa ry.
• Hardware S ervice: This is a
n egative ca tegory; jobs h ere will
s h r ink. Com po nent-level se rvic
ing h as always been di fficult and
t ime consu mi ng; as the se micon
ductor indus try ac h ieves greater
and greate r com po nent density,
a n d as labor cos ts co n ti n ue to
s kyrocket, upper-level m anage
m ent will dictate tha t labor-in
te n s ive pro cedures b e eli m i
nated. This is n ot a new trend,
but one that will certain ly con 
t in ue. If you want hands-on con
tact at the com po nen t level, fig
ure on working in an engineer ing
lab , either as an engineer or as a
research technician . You'll n eed
almos t as much education to be
the latter as the former; you 'lljust
ge t paid less . So stay in school as
long as you ca n.
• Education: There is now an d
will contin ue to be a cry ing need
for technically competen t people
to join the ranks of educators .
So cie ty as a who le, howev er,
n eeds to rethink the process of
education , take it out of the re
a lm of rote m emoriza ti on, an d
bring it into the realm of interac
t ive , s elf-paced, wide-area-net
w orkabl e in t e r a c ti on t ha t
focuses on mas tering processes,
n ot just memorizing fact s. Both
what we teach an d h ow we teach
i t a re tw o of soc ie ty's biggest
ques t ions . Educa tion and en te r
tain ment mus t merge to a great
extent.
• Entertainment : The ri se of the
vide o indus t ry (VCR, cab le TV,
satellite TV, MTV), va rio us tec h 
nical advancements in the PC in
dus try (the compact di sk , hi gh
resolu t ion video, in teractive ad
ventu re games, graph ical ope rat
ing e nv i ro n me nts ), a n d t he
em erg in g multimedia indu s try
a ll lead one to realize that people
wan t con trol over their en te rtain 
ment, as well as lots of var iety.
The television n etwor ks will n ev
er again enjoy the power they
once had. Emerg ing technologie s
will allow people to buy off-the-

s helf pa cka ges co m b ini ng t he
forms of entertain me n t they lik e.
Kind of like buying videotapes,
but these n ew forms will have full
m o ti on video , st ill grap h ics,
high-fidelity so u nd, an d will be
full y in t era c ti ve. T he tec h 
nologies to do th is are just now
becoming available; there a re no
standards abou t how to fit it all
together. All the largest compu ter
compan ies (IBM, Apple, Hl: and
more) a re inves ting h eavily in
t h is a rea; getting in on the
grou nd floor h ere is gu aranteed
to be challenging and exciting.

If you thought the 80 's were ex
cit ing, just wait. The 90 's a re go
ing to be even better.,ill.

Ison- I
WARE:

IMathEdit

Wo r d processing h a s im 
proved en ormously the past

decade; it's still the most popular
PC applicatio n. Users have bene
fited greatly from the feature wars
brought on by vendors compet
ing for the huge word processing
market. However, support for ed
iting mathematical equ ations is
lacking from all major word pro
cessors. In fact, the only package
I know of that do es have an equa
tion editor is Lotus Manuscript ,
wh ic h a lthough powerful, is
geared toward producing long
tech n ical documents , and is un
su ited for s im pler tasks .

K-Talk Com mu nications has a
solution : MathEdit. It is a text
m ode prog r am t h a t le ts yo u
create equations interacti vely,
and then expo r t them in resolu
tion -independe nt Pos tScr ipt for
mat, HP PCL (LaserJet) , or one of
several bit-mapped formats (PIX,
TIFF). You can then import the
file th us created into a word pro
cessor or d esktop publishing
program just like any other
graph ic . PageMaker and Ventura
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Rates: Ads are 2%" x 27,/8". Oneinsertion $950. Six insertions S925.each .Twelve
insertions S895. each . Closing date same as regular rate card. Send order with
remittance to Computer Admart, Radio Electronics Magazine, 500-B Bi-County
Blvd., Farmingdale, NY 11735. Direct telephone inquiries to ArlineFishman, area
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BP181-lt is probable that 80%of dot-ma
trix printer users only ever use 20% ofthe
features offered by their printers. This book
willhelp you unlock the special featuresand
capabilities that you probably don 't even
know exist. To order your copy send $6.95
plus $1.50 forshipping inthe U.S. to Elec
tronic Technology Today Inc., P.O. Box
240, Massapequa Park, NY 11762-0240.

DYNAMIC RAM
SIMM AST Prem38633Mhz 8240.00
SIMM 1' 1256Kx36 80 ns 240.00
S'MM I 1Mx9 80 ns 100.00
SIMM 1'1 256Kx9 100 ns 35.00
1Mbil 1Mx' 80 ns 9.75
41256 256Kx' 60 ns 4.50
41256 256Kx' 80 ns 2.95
41256 256Kx' 100 ns 2.25
41256 256Kx' 120 ns 2.05
4464 64Kx4 120 ns 2.95
41264 1'1 6~Kx4 100 ns 7.50

EPROM
27Cl000 128Kx8 200 ns 818.00
27512 64Kx8 200 ns 7.80
27256 32Kx8 150 ns 6.50
27128 16Kx8 250 ns 3.75

STATIC RAM
62256p-10 32Kx8 100 ns 810.40
6264 p-1 2 8Kx8 120 ns 4.50
6116AP-12 2Kx8 120 ns 4.25

SAT DELIVERY MasterCard VISA or UPS CASH COO
'NCLUDED ON MICROPROCESSORS UNLIMITED. INC.

FED-EX ORDERS 24 .000 S PeoM Ave (918) 267 4961
RECEIVED BY: BEG GS. OK, 74421 . •

n.:102 SoUS.' No minimum order. P U N "01. prCltS I;>.\M;.IIOC""' ..... '
1f:"'1 S14.251 ' S~ ' ~I>"9 .......,."ICe .~l·. ~ ~ 10$1 let j:aC • .-.q 1.r ""'5

Ie PROMPT DELIVERY!!!
SAME DAY SHIPPING (USUALLY)S QuANTITY ONE PRICES SI-IOWN lor JAN. 21. 1990SECRETS OF THE

COMMODORE 64
Secr et . of the
COMMODORE. 6 4

BP135--A beginnersguide
to the Commodore 64 pre
sentsmassesof usefuldata
and programming tips, as ,
well as describ ing how to
get the best f rom the
powerful sound andgraph- '-- --'
ics facilities. We lookat howthe memoryis
organized , random numbers and ways of
generating them , graphics-color-and sim
ple animation, and even a chapter on ma
chine code . Get your copy today. Send
$5.00 plus$1.25 for shipping inthe U.S.
to Electronic Techology Today Inc., P. O.
Box 240, Massapequa Park, NY
11762-0240.

Getting The
Most From Your
Printe r

GETTING
THE MOST
FROM YOUR
PRINTER

CIRCLE 61 ON FREE INFORMATiON CARD

FIG . 1
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log functio ns, vectors , "not"
bars, braces, brackets, vertical
bars , etc.).

You can move around the edit-
ing window us ing the cursor
keys, Home, and End; delete
characters with Del and Back
Space; and delete to end of lin e
with Ctrl-End. As you type, the
m iddle window provides a rough
approximation of your equation .
Math Edit also contains a graph ic
preview m ode that provides a c:o
more accurate rep resentation of ~

you r equat ion looks like, or if you
press F2 (Help) , a lis t of what the
function keys do.

E nte r ing a n eq uation into
MathEdit is like typing a formu la
in to a po cket calcu lator that uses
algebraic (not RPN) notation. You
type numbers and s imple fu nc
tio ns (+, -, = , etc.) in di rectly;
yo u m ust go through several
fu nct ion -key m enus to ente r
more com plicated fu nctions (in
tegrals , sum mations, roots , frac
tions , matrix notation, tr ig an d

of cou rse can handle that typ e of
file ; in addit ion , modern vers ions
of Word, WordPerfect, an d Word
Star a ll h ave the ability to import
such files an d d isplay th em in a
b it-mapped preview mode.

MathEdit comes on four 360K
d iskettes. You ins tall th e pro
gram s imply by creat ing a direc
to ry on yo u r h ard disk a n d
copying all files to it; you'll n eed
about 1.5MB of space. Th en you
run th e p rogram, which takes
you to a se tu p u tili ty in which
you specify the ou tp u t file typ e
a n d th e p rogra m into whi ch
you 'll be im porting equations .
(Curre n tly, Wo r dPer fect 5.0 ,
Word 5 .0, WordStar 5 .5 , TEX,
and Manuscr ipt a re su ppor ted. )
The vers ion of the program th at I
exami n ed (1.22B) had a lo t of
confusing information about set
tin g th e program up to work wi th
HP LaserJ et soft fon ts, but if you
ch oose either PostScr ipt or a bi t
mapped ou tpu t format, you can
ignore a ll that. (Also, the compa
ny will be dropping suppo rt for
PCL outpu t in vers ion 2.0 , due
out abou t the t ime you read th is. )

As s hown in Fig. 1. MathEdit "s
scree n is div id ed in to three win
dows . System messages are dis
played in th e b ottom window; the
cu rsor an d w hat you typ e ap
pears in the top win dow. In the
m iddle window you see a very
ro u gh a p p roximat ion of what
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Leave your comments on R-E with
the SYSOP.

Communicate with other R-E
readers .

RE-BBS
516-293-2283

The more you use it the more
useful it becomes.

(RE-BBS)
516-293-2283

Iii i -
Elealrlnias

bulletin board
system

Try the

We support 300 and 1200 baud
operation.

Parameters: 8N1 (8 data bits, no
parity, 1 stop bit) or 7E1 (7 data
bits, even parity, 1 stop bit).

Add yourself to ouruser files to
increase your access.

ITEMS DISCUSSED
• MathEdi t ($1 99 .95), K-Talk
Commu n icatio ns, 30 West Firs t
Aven ue, Sui te 100, Colu mbus
OH 4320 1. (614) 29 4-353 5.
CIRCLE 30 ON FREE INFORMATION CARD

display limita ti ons , you'll n eed
an EGA, VGA, or Hercu les Graph
ics Card Plus (with RAMfont) to
view the symbols in the text
mo de screen . You can re-map the
special characters to di fferen t
key combinations, bu t you can't
define you r own special symbo ls.
However, version 2.0 is su pposed
to correct that deficiency.

All in all, MathEdit is darned
h a n dy for anyone in school or:
anyone who has to publis h doc u 
ments with equations. Th e cu r
ren t ve rsion is good; I expect
version 2.0 to be greatl . rn.

lim =-----------''-'--'--'----
x_a

FIG. 2

the equation. I fou nd that the
graph ic preview mode d idn't al
ways work correctly; the compa
ny stated that the bugs won 't be
fixed in the current version, be 
cause 2.0 will operate entirely in a
WYSIWYG (what you see is what
you get) graph ics mod e.

After you've got your equation
the way you want it, you save it .
Th e program actually saves two
versions of the fil~;_ one, which
contains the master data, has the
extension EQU ; the other, which
contains the des ire d output for
mat, h as the approp riate exten
sion (PIX, TIF, EPS, etc.) . If you 're
set up for PIX output an d decide
at a later ti me t hat yo u n eed
PostScr ipt (EPS) files-no prob
lem. Just run the setu p routine
an d select the n ew output for
mat. Then reload and resave the
desired equation .

At that poin t you can fire u p
you r word processor and follow
its normal procedure for import
ing a graphic file. I tested MathE
d it wi th WordS t a r 5 .5 , wh ic h
actually us es Ins et for graph ics
di splay and printing , an d had n o
problem. If yo u wan te d to ge t
really fancy, you cou ld use Inset
to touch u p the PIX file created by
MathEdit. However, as shown in
Fig. 2 (an actual s ize, un re
to uched equat ion pri nted b y
WordStar and In s et on an HP
LaserJet Series II), you probably
won't n eed to .

To really polish the appearance
of your equation, you can enter
th in an d wide spaces. You ca n
a lso align a group of equations on
a character (the equal s ign, for
example), ' and you can number
equations. In addition , a number
of special characters and sym
bols are mapped to various Alt
and Ctrl-key combinations. For
example , most co mmon Greek
characters are mapped to Alt 
A-Alt-Z , a nd many commo n
mathematical symbo ls are map
pe d to Ctrl-A-Ctrl-Z. Because of

pressure. O h we ll. I guess an awf ul
lot of dream s di ed here .. .some 
w here alo ng the way. '

On th e ot he r hand , th e solar
pump facto ry down the st reet is
bursting at th e seams with new ac
ti vit y. It seems a dose of reali ty has
at lon g last caught up w it h alte r
nate ene rgy. The ol d o rde r fadeth.

So, w here does that leave us?
What are the key hardware-hacker
alte rnate-energy resou rces fo r th e
nineti es? Thi s month 's resource
side bar gives us a clu e or two .

The very co re of tod ay'salte rn ate
ene rgy appea rs to be a funky little
magazine known as Home Power.
Besid es i ts no -n on sen se shirt 
sleeves tec h articles, that gem is
full of ads f rom all of the leaders in
th e fie ld. Cost is aro und $6 per
year.

Sti ll at the same old stall is th e
good o ld Wh ole Earth Review, the
ongo ing co nt inuat io n of the origi
nal Wh ole Earth Catalog and it s
progeny. Of th e 497 magazines I
person ally subsc ri be to , th at one
is number two, right up th ere be
hind MAO. Nothin g else eve n
comes rem otely close. Tod ay th e
WER folks are heavy into CD RO M
di stribution and thei r major alte r
nate-li festyl e BBS syste m w id el y
know n as The Wel/.

While both Mother Earth News
and Popular Science have lots of
useful alte rna te -e ne rgy st uff in
them, th ere is a key di ff erence. PS
w il l adm it that th ey have contacted
a term in all y in curabl e case of
Yupp us d emen tu s, w hi le MEN
does not.

I've fo und t hat H VAC News, a
f ree air-condi ti on in g t rade jou r
nal, also has a su rprisi ng amo unt
of the alte rnate-ene rgy stuff in it.

Althou gh most of th e ot her so lar
and wind magazines have folded,
So la r Ene rgy rem ain s as one
useful , but hi ghl y tech nica l re
source .

The feds have bunches of alter
nate-energy info available, spread
ove r a dozen agencies . The De
partment of Energy often spo nso rs
seminars and tec hnical-paper pre
sentat io ns. So does the Nat io nal
Bureau of Standa rds. Try any large

continued on page 76
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Circuit details
The PC Access EPROM is map

ped into an 8K slot in the PC's
address space somewhere be
tween COOOH and EFFFH. As
shown in Fig. 1, decoding the de
sired address is accomplished
with a 74LS30 eight-input NAND
gate (lCI) and a 74LS04 inverter
(lC2). When all eight NAND-gate
inputs are high, then the output
will be low; otherwise, the output
will be high. A low output enables
the EPROM's chip select (es) in
put (pin 20).

The address that is actually de-

PC Access EPROM sets up a new
interrupt handler for floppy- and
hard-disk access. The new rou
tine allows DOS to boot from the
hard drive, but not from drive A.
A second interrupt is established
that intercepts scan codes from
the keyboard and disables the
Ctrl and Alt keys .

+5V

GLRl B1 A1
GLR2

13 Q1

14

A12 A19 4

A13 A18 5

~
6 B A"\ 11

A14 A17 5 JU5
IC2-c

'/~ 74LS04

~
B A" 12

A15 A16 3 JU4
IG2-b

t/~ 74LS04

~
2 B A"""" 1

A16 A15· 13 JU3 ,..---......
IC2·!

'/~ 74LS04

illA14~~23
~

'/~74LS04

B <, 2
10 A JU1

»
"'0
~

Fig. 1. PC ACCESS SCHEMATIC : ICI and IC2 decode the SK b lock where EPROM IC3 r
resides. The one-shot (IC4) and associated components extend the memory access ~

cycle. thereby allowing slow EPROM's to be used. 0

sion is recognized, the computer
executes a far call to the fourth
location in the ROM. That call is
provided so that the ROM can
perform any required initializa
tion . The initialization routine
should exit with a far return. The
BIOS then continues searching
for other extensions. Once all of
the legal addresses have been
searched, DOS is booted.

Part of DOS's boot procedure is
to load the CONFIG.SYS file that
is stored in the root directory, and
perform any setup and config
uration functions specified in
the file. One advantage of using a
device driver to request user
passwords is that the passwords
and user ID's can be stored inside
the device driver rather than in
the EPROM . Circuit cost and
complexity would increase if that
information were stored in
EEPROM.

The software included in the

PC ACCESS

DOS's boot sequence
When an IBM (or compatible)

PC executes its power-up rou
tines, one chore is to search for
BIOS extensions. The extensions
are located in memory segments
COOOh through EFFFh. The
BIOS searches that area in 2K
steps, looking for the two-byte se
quence, 55h AAh . If the BIOS
finds that "signature," it then as
sumes that the next byte con
tains the len gt h (in 512-byte
chunks) of the routines con
tained in the ROM. Next the BIOS
computes a checksum on the
area described. The checksum
must be zero for the extension to
be recognized. Once the exten-

continuedJrom page 69

leting the software driver or by
changing the contents of CON
FIG.SYS. Thus it is impossible to
gain access to a secured PC with
out removing the PC Access card.

Further, PC Access locks out
the use of the Ctrl andAlt keys on
the PC keyboard, so pressing
Ctrl-C or Ctrl-BREAK will not
halt the boot process.

Additionally, some computers
have monitor or setup functions
that can be accessed before DOS
has booted. Those setup routines
are typically entered by pressing
some combination of Ctrl, Alt
and some other key. Locking out
Ctrl and Alt provides a means to
prevent unauthorized access to
those functions during boot.

At boot time, PC Access's device
driver (SECURITYB IN) prompts
the user for a password and op
tionally for a user 10 as well. The
passwords and user ID's are
stored in an encoded form inside
the device driver. If no valid pass
word is entered in three at
tempts, access to the computer is
denied until it is rebooted. A new
password prompt appears each
time the computer is rebooted.

After a valid password has been
entered, the device driver re
stores access to drive A, re -en
ables use of the Ctrl andAlt keys,
and returns control to DOS so
that it can execute the remaining
CONFIG.SYS commands and
give user access to the PC.
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TABLE 1-JUMPER SETTINGS

Note: A refers to an inverted address line and B refers to a non -inverted address
line.

JU1 JU2 JU3 JU4 JU5

COOO A A A A A
C200 B A A A A
C400 A B A A A
C600 B B A A A
C800 A A B A A
CAOO B A B A A
GGOO A B B A A
CEOO B B B A A
0000 A A A B A
0200 B A A B A
0400 A B A B A
0600 B B A B A
0800 A A B B A
DAOO B A B B A
DGOO A B B B A
DEOO B B B B A
EOOO A A A A B
E200 B A A A B
E400 A B A A B
E600 B B A A B
E800 A A B A B
EAOO B A B A B
EGOO A B B A B
EEOO B B B A B
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coded is determined by the posi
tions of five address-select jum
pers. whi ch are con nected to
address lines A13-A17. The jum
pers determine whether the true
or the inverted address lines from
the expans ion bus are routed to
ICI. When a line goes directly to
ICI. that line must be a hi gh for
the chip-select signal to occur.
When the inverted address line is
used. it must be a low.

Address lines A18 and A19
drive ICI directly. because both
will be high whenever an address
greater than or equal to CODOn is
accessed. The A13-A17 lines fur
ther decode the address ; any
available 8K slot from
COOOO-EEOOO may b e used .
Jumper settings and corre
sponding addresses are shown in
Table 1.

The AEN signal from the expan
sion bus shows whether the ad
dress and data busses a re
currently being controlled by the
microprocessor or by the 823 7 di
rect m emory access (DMA) con
troller. The PC Access EPROM
should be en ab led only when the
microprocessor is controlling the
bus. so an inverted version of AEN

is routed to ICI.

Data and address lines to the
EPROM are connected to the cor
responding d a t a a n d a dd ress
lines from the expansion bus.
The EPROM 's output enable (OE)

is provided by the me mory read
(MEMRO) s ignal from the bus.

The 74LS123 is a one-sh ot that
provides a 150-ns pulse at its g l
output (pin 13) each time the
EPROM is s elec ted (Le.. ea ch
time cs goes low). The output of
the one-shot drives Q1. a 2N2222
NPN transistor. which pulls low
the expansion-bu s signal
IOCHKROY . That s ignal is used to
insert a wait state into the memo
ry access cycle . and is used to al
low slow EPROM's to be used on a
fast bus. Slow EPROM's (250 ns)
are easier to buy an d less expen 
sive than fast (150 ns) ones .

Power for the ca rd is obtained
directly from the expans ion bus.

Construction
The hard es t p ar t of c o n 

struction is fabri cating the PC
board. If you want to build you r
own PC board. foil patterns are
s h own in PC Service. You can
also purchase a prefabricated PC
board from the source shown in
the Parts List. The com merc ial

PC board has plated-through
holes and gold-plated edge con
nections .

If you make you r own board.
remember that it 's double-sided.
so the wires mus t be soldered on
both s ides of the board.

After buying or building a
board. install the components as
shown in Fig. 2. The order of in
s tallation is not cr i ti ca l. Just
ke ep polari ties s tratgh t . and
check your work carefully for
shorts and opens before install
ing the board in your PC.

A socket mayor may not be
necessary for the EPROM . If you

Parts List
Resistors _

A ll resistors are 'I. -watt. 5%. unless
otherw ise noted.
Rl 4 700 oh ms

R2 220 oh ms

R3 10.000 oh ms

Capacitors _

CI-C3 0.1 IJF disc or
monol y thic

C4 30 pF d isc

Semiconductors _

ICI 74LS30 8 -inp ut
NAND gate

IC2 74LS04 hex
in verter

IC3 2764 EPROM

IC4 74LS123 dual re-
/ri gg erable monos/able multivibrator

91 2N2222 NPN
transistor

Other components _
JUl-JU5 3-p in header

w i th sh u ntju mper

Ordering Information
The following are available from

Renton Products
P.O. BOX 16271

Seattle, WA 98116
(206) 682 7341

Etched and drilled PC Board with
gold-plated fingers $14.

Complete kit of parts (including
programmed EPROM and software
on 5 % inch diskette) $34.

Assembled and tested units .. $59.

Please add $ 3 S/H to each order.
WA residents add 8.1% sales tax.



just want to us e the bo ard for se
cu rity, you may want to solde r the
EPROM to the b oard. But you
could us e the board to pro totype
yo u r own ROM BIOS extensions,
in which case you'd want to us e a
socke t.

Installation
All of the software for PC Ac

cess, including a burned EPROM
a n d a copy of the binary file for
burning yo u r own E PRO M,
co mes with the kit of parts. (A
h ex dump of the EPROM is
s hown in Listing 1.) The so ftwa re
is also avail able on the RE- BBS
(300/1200 8Nl, 516-293-2283) in
a self-extra cting ZIP file called
PCACCESS.EXE . You'll n eed
a bou t 160K of di sk space to de
co mpress the file .

The general procedure for in
stalling PC Access is to copy all
files to the roo t directory of the
boot drive , add a line to CON
FIG.SYS, set the ca rd's address ,
a n d then install it.

The easiest way to install the
s oftware is to log onto your boot
drive (C in most cases), place the
distribution di skette in drive A,
type A:INSTALL, and then press
Enter. Doing s o runs a batch file
that cop ies a ll files into the root
directory of drive C, a n d a ls o
m akes the n eeded ch a nge to
CONFIG.SYS . If you wish to in
s tall the software yourself man
u ally, copy SECURITYBIN a n d
the *.COM files into the roo t di
rectory. Then add the following
line to your CONFIG.SYS file:

DEVICE =SECURITYBIN
That must be the firs t lin e in
C ONFIG.SYS ; d o n ot put a ny
spaces in the line. In addition ,
don 't rename SECURITYBIN.

The card h as five jumpers th a t
d etermine the add ress at which
the EPROM resides . The default
(factory) se t t in g is D8000h ,
which should be fine for most
systems. If there is a con flic t, the
comp u ter system may not boot. If
there are a ny problems, remove
the card and select a n ew address
u sing Table 1.

After con figu r ing the jumpers,
park your h ard drive a n d tu rn
the compu te r off. Th en in s tall the
card in a ny emp ty slot.

With the ca rd an d the software
installed , turn the computer on.

000000
000010
000020
000030
000040
000050
000060
000070
000080
000090
OOOOAO
OOOOBO
OOOOCO
OOOODO
OOOOEO
OOOOFO
000100
000110
000120
000130
000140
000150
000160
000170
000180
000190
0001AO
0001BO
0001CO
000100
0001EO
0001FO
000200
000210
000220
000230
000240
000250
000260
000270
000280
000290
0002AO
0002BO
0002CO
0002DO
0002EO
0002FO
000300
000310
000320
000330
000340
000350
000360
000370
000380
000390
0003AO
0003BO
0003CO
0003DO
0003EO
0003FO
000400
000410
000420
000430
000440
000450
000460
000470
000480
000490
0004AO
0004BO
0004CO
000400
0004EO
0004FO
000500

OOlFFO

Listing I--PC ACCESS EPROM CONTENTS

55 AA 03 FA 8C CA 8E DA BA 00 00 8E C2 BF FF 01
BO EA 26 88 05 BF 4C 00 BE 00 02 26 8B 05 26 89
04 47 47 46 46 26 8B 05 26 89 04 BF 04 02 BO 01
26 88 05 BF 4C 00 B8 08 04 26 89 05 47 47 8C C8
26 89 05 BF 24 00 BE 10 02 26 8B 05 26 89 04 47
47 46 46 26 8B 05 26 89 04 BE OF 02 BO EA 26 88
04 BF 24 00 B8 A6 04 26 89 05 47 47 8C C8 26 89
05 FB B8 01 02 BB 00 00 B9 00 30 8E Cl B9 01 00
BA 80 00 CD 13 BA 00 30 8E OA C7 06 27 10 00 00
C7 06 29 10 00 00 C7 06 2B 10 00 00 C7 06 39 10
00 00 BF BE 01 8A 05 3C 80 74 09 8B C7 05 10 00
8B F8 EB Fl 47 8A 05 8A FO B4 00 A3 00 10 47 8A
05 8A C8 B4 00 A3 02 10 47 8A 05 8A E8 B4 00 A3
04 10 B8 01 02 BB 00 30 8E C3 BB 00 00 82 80 CO
13 BA 00 30 8E OA BF OB 00 BE 06 10 B9 13 00 8A
05 88 04 47 46 E2 F8 8B OE 04 10 8B C1 F7 26 15
10 8B 08 8B OE 00 10 8B C1 F7 26 13 10 03 C3 8B
08 8B OE 02 10 8B C1 03 C3 A3 19 10 8A IE OB 10
8A C3 B4 00 F7 26 11 10 8B IE 19 10 03 C3 A3 IB
10 8B 1E OC 10 88 C3 01 E8 01 E8 D1 E8 01 E8 25
FF OF 8B 1E 1B 10 03 C3 A3 33 10 48 A3 10 10 8B
1E 15 10 8B C3 F7 26 13 10 A3 IF 10 8B IE 1B 10
8B C3 48 A3 31 10 FF 06 31 10 8B IE 31 10 8B C3
3B 06 10 10 76 03 E9 BC 00 8B C3 BA 00 00 F7 36
1F 10 A3 21 10 8B C2 BA 00 00 F7 36 13 10 A3 23
10 8B C2 05 01 00 A3 25 10 8B IE 25 10 8A CB 8B
1E 21 10 8A EB 8B C3 01 E8 01 E8 24 CO OA C8 8B
1E 23 10 8A F3 B2 80 BB 00 30 8E C3 BB 00 00 B8
01 02 CD 13 BE 00 00 8B C6 30 00 02 75 03 EB 62
90 56 BF 05 03 8C CB 8E C3 B9 OB 00 8A 04 26 3A
05 75 1B 46 47 E2 F5 C7 06 27 10 FF FF 5E 56 8B
C6 05 lA 00 8B FO 8B 04 20 02 00 A3 20 10 5E 56
BF EO 03 B9 OB 00 8A 04 26 3A 05 75 1B 46 47 E2
F5 C7 06 29 10 FF FF 5E 56 8B C6 05 1A 00 8B FO
8B 04 20 02 00 A3 35 10 5E 8B C6 05 20 00 8B FO
EB 95 E9 31 FF 90 8A IE 08 10 8B C3 B4 00 F7 26
20 10 8B IE 33 10 03 C3 A3 2F 10 8B 08 BA 00 00
F7 36 IF 10 A3 21 10 8B C2 BA 00 00 F7 36 13 10
A3 23 10 8B C2 05 01 00 A3 25 10 8B IE 25 10 8A
CB 8B IE 21 10 8A EB 8B C3 D1 E8 01 E8 24 CO OA
C8 8B 1E 23 10 8A F3 B2 80 BB 00 30 8E C3 BB 00
00 B8 01 02 CO 13 BE 00 00 BF EB 03 8C CB 8E C3
BB 00 30 8E DB B9 15 00 8A 04 3C 61 72 06 3C 7A
77 02 2C 20 2 6 3A 0 5 75 OA 46 47 E2 EB C7 06 2B
10 FF FF 8A IE 08 10 8B C3 B4 00 F7 26 35 10 8B
1E 33 10 03 C3 A3 37 10 8B 08 BA 00 00 F7 36 1F
10 A3 21 10 8B C2 BA 00 00 F7 36 13 10 A3 23 10
8B C2 05 01 00 A3 25 10 8B 1E 25 10 8A CB 8B 1E
21 10 8A EB 8B C3 01 E8 01 E8 24 CO OA C8 8B IE
23 10 8A F3 B2 80 BB 00 30 8E C3 BB 00 00 B8 01
02 CD 13 B8 00 30 8E 08 8C C8 8E CO BE OA 00 BF
00 04 B9 08 00 8A 04 26 3A 05 75 OA 47 46 E2 F5
C7 06 39 10 FF FF 90 8B 1E 27 10 OB DB 75 03 EB
23 90 8B 1E 29 10 OB DB 75 03 EB 18 90 8B 1E 2B
10 OB DB 75 03 EB OD 90 8B 1E 39 10 OB DB 75 03
E8 02 90 CB B4 OF CD 10 24 7F B4 00 CO 10 B4 02
B7 00 BA 00 02 CD 10 8C CA 8E OA 8F A5 03 8A 05
OA CO 74 OF 57 IE B4 OE B7 00 B3 07 CD 10 IF 5F
47 EB EB EB FE 41 43 43 45 53 53 20 44 45 4E 49
45 44 20 20 20 20 20 49 40 50 52 4F 50 45 52 20
53 59 53 54 45 4D 20 43 4F 4E 46 49 47 55 52 41
54 49 4F 4E 00 43 4F 4E 46 49 47 20 20 53 59 53
53 45 43 55 52 49 54 59 42 49 4E 44 45 56 49 43
45 30 53 45 43 55 52 49 54 59 2E 42 49 4E 00 OA
50 38 32 58 5A 5A 43 56 80 FC 00 75 25 80 FA 00
75 20 50 52 1E 57 SA 00 00 8E OA BF 04 02 8A 05
3C 01 74 03 EB 08 90 5F IF 5A 58 EB OA 90 5F 1F
5A 58 EA FF 01 00 00 50 53 51 52 IE 06 57 56 55
F8 84 OF CO 10 24 7F B4 00 CD 10 B4 02 87 00 BA
00 02 CD 10 BF 8C 04 8C CA 8E OA 8A 05 OA CO 74
OC 57 B4 OE BB 00 01 CD 10 SF 47 E8 EA 5D 5E SF
07 1F 5A 59 58 58 57 83 C4 06 8B FC 36 88 05 00
01 00 36 89 05 83 Ee 06 5F 84 80 CF 44 72 69 76
65 20 41 20 41 63 63 65 73 73 20 44 65 6E 69 65
64 20 00 OA OA 00 1E 52 57 50 8A 00 00 8E DA 8F
04 02 8A 05 OA CO 74 09 BF 17 04 8A 05 24 F3 88
05 58 5F 5A 1F EA OF 02 00 00 FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
9B FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF

The rest of the EPROM consists of FF's

FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
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Fig. 2 . PARTS AND J UMPER W CATIONS . Mount all components as shown here. Tabl e
I s hows how to config u re th e jumpers f or va rious addresses .

<.

If- all has gone well , any floppy '
disk in drive Awill be ignored and
you will be prompted for a pass
word. The default master pass
word is SECURITY. You can
change the master password and
the user passwords with
LOCK. COM, and ind ividual
passwords with CHANGE. COM.

To uninstall the security sys
t e m , delete the DEV ICE =
SECURITY.BIN line from CON
FIG.SYS , park the h a rd drive,
turn the computer off, and re
move the card.

Software
What follows are brief descr ip

tions of the PC Access utility pro
grams . LOCK.COM and
CHANGE.COM are provided to
establish the passwords and user
ID's . A user can alter h is or h er
own password using CHANGE ;
the system administrator can
use LOCK to change the master
password, any user 10 , and any
u s er password. You can op
tionally require users to type in
both the u ser ID and the pass
word each time the system boots.
But even if you don't require the
user 10 to be typed in , the audit
trail will log it.

HOLD. COM allows a user to
suspend computer access until

(/) the correct password is entered .oz HOTKEY establishes what key
~ combination triggers the holdo function. HOLDOFF.COM re 
~ moves HOLD.COM from memory.
6 The FINDROMS program helps
o loca te a free segment in high
C? memory. It searches for the 55AA
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-pa ttern that s ign ifies -a BIOS
extens ion , and reports on any
that it fin ds.

TRAIL.COM can be executed by
AUTOEXEC.BAT to record user
10 , access date, and access time.
TRAIL shou ld be one of the first
programs in AUTOEXEC .BAT
(after running any programs
needed to u pdate time and date
from a real-ti me clock).

The audit file (a hidden system
file) can be decod ed by u se of AU
DIT.COM, as follows:

AUDIT Filename
After you hit the RETURN key,
AUDIT will prompt the user for
the master password. After the
password is entered correctly,
AUDIT will decod e audit trial en-

. tries from the encoded file and
append them to the specified file.
If no file exists wit h the given fil
ename, a n ew file will be created.
The audit trail w ill then be
cleared of entries. This function
works even if user ID's are not
requ ired for system access.

Conclusion
PC Access is inexpensive, easy

to build and install, yet nonethe
less provides a significant deter
rent to unauthorized access to
your hard drive.

Additionally, the PC Access cir
cui t board can be used to develop
other ROM extensions. Not only
does the PC Access give you an
inexpensive way to protect your
computer, it also provides an ex-'
cellent flat form that allows you to
learn more about how your com
puter works.trn.

HARDWARE HACKER

continued from page 72

tech nica l l ibrary that has a govern
ment documents sect io n.

One fed document I've found
most usefu l is the Stand-Alone
Photovoltaic Systems-The Hand
book of Recommended Design
Pract ices. It 's available th ro ug h
Sandia National Laboratories .

There are lots of d istributors of
alternate-energy products . O ne of
t he largest is Real Goods, who also
offer a 320-page alternate-energy
sourcebook for $6.50. Their com
petitors incl ude Photocomm Inc,
the Energy depot, Yellowjacket So
lar, and Snow Belt Solar. Get their
catalogs.

Two estab lishme nt associat ions
that have usefu l reso urce avai l
abi l ity in cl ude t he Solar Energy
Researc h In s t i t u t e and t he
Associatio n of Energy Engineers.
Write for the ir Iiteratu re and ser
vice lists.

The leadin g manu facturers of
so lar pane ls inclu de Arco Solar,
Solarex, Solec, and Solvonics . Two
w i ndpower so urces i n clu d e
Bergey Windpower and Southwest
Windpower.

Finally, two of the alternate-en
ergy "good guys" definite ly in
cl ude Steve Baer of Zomeworks,
who is heavy into solar tracke rs
and energy manage me nt ; p lus Jim
Allen of Solarjack, who specia lizes
in higher efficiency sola r pumps
and contro llers .

New tech literature
Texas Instrumen ts has released

the ir three vo lumes of Linear Cir
cu its data books .

TI also has free samples of all
their new OTP (one time program-.
mab ie) EPROM's. They work li ke.a
"real" EPROM, exceptthatthey are
in a cheaper plastic case and can
only get programmed one ti me .
You use them fo r repeat copies of
known-good code.

Fro m NEe, the D ig ital Signal
Processor and Speech Processor
data book. And from Silico n Sys
tems, a M icroperipheral Products
Data Book that covers chips used
in floppy disks, hard disks, and
cassette tapes .

Free software t his month in 
continued on page 83



MARI{ET CENTER
FOR SALE

PHOTOFACT folders, under # 1400 $4.00. Others
$6.00. Postpaid. LOEB , 414 Chestnut Lane, East
Meadow, NY 11554.

RENTAL movie stabilizer. Connect between VCRs
or to monitor. Satisfact ion guaranteed. $69.95,
$4.00 handling. 1 (800) 367·7909.

MEMORY chips, Simms and Sipps: 4164-100
$2.00,41256-100 $2.55, 41464-100 $3.25. Call EDI
DATAFIX, (201) 322-7666.

To run your own classified ad, put one word on each of th e lines below and send th is fo rm along with your check 10:

CLASSIFIED AD ORDER FORM

Expiration DateCard Number

2 3 4 5

6 7 8 9 10

11 12 13 14 15 ($46 .50)

16 ($49.60) 17 ($52 .70 ) 18 ($55 .80) 19 ($58.90) 20 ($6 2.00)

21 ($65 .10) 22 ($68.20 ) 23 ($71 .30) 24 ($74.40) 25 ($77.50)

26 ($80.60) 27 ($83 .70) 28 ($86 .80) 29 ($89 .90) 30 ($93 .00)

31 ($96.10) 32 ($9 9 .20) 33 ($102.30) 34 ($105.40) 35 ($108.50)

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.):

Special Category : $25 .00

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.
(No refunds or credits for typesett ing errors can be 11'!,!-~ e u_nles~ you clearly I? r i nt9~ type your
copy.) Rates . indicat ed are for standard style classified ads only. Se e below for additional
c ha rge s for special ads. Minimum : 15 words.

Radio-Electronics Classified Ads, 500-B Bi -County Boul evard , Farmingdale, NY 11735

PLEASE INDICATE in whi ch category of c lassified advertising you wish your ad to appear. For
sp ecia l headings, there is a surcharge of $25.00 .
( ) Plans/Kits () Business Opportunities ( ) For Sa le
( ) Education/Instruction () Wanted () Sat e llite Television
( ) - --------- - ------- - --

DESCRAMBLERS. All brands. Special: Combo
Jerrold 400 and SB3 $165. Complete cable de
scrambler kit $39. Complete satellite descrambler
kit $45. Free catalog. MJM INDUSTRY, Box 531,
Bronx, NY 10461-0531.

T.V. notch filters, survei llance equipment, brochure
$1.00. O.K . VIDEO , Box 63 /6025, Margate, FL
33063. (305) 752-9202 .

GREATbuys! Surplus prices, ICs, linears, transfor
mers, PS, stepping motors, vacuum pump, pho
totransistor, meters, LSASE, FERTIK'S , 5400 Ella,
Phila., PA 19120.

TUBES: "oldest," "latest. " Parts and schematics.
SASE for lists. STEINMETZ, 7519Maplewood Ave.,
RE, Hammond, IN 46324.

• JERROlD • TOCOM • HAMUN
• SCIENTIFIC ATLANTA • ZENITH

Oak M358 ONLY $60
6 month warranty I We ahip C.O.D.I

Lo_at retaillWholeaale priceal
FREE CATALOG :

Global Cable Network
1032 Irving St . Suite 109

S.F., CA ~122... ... : "

ENGINEERING software, PC/MSDOS. Hob
byists - students- engineers. Circuit de
sign $59.00, FFT analysis $69.00, Mathe
matics $49.00, Log ic Simulation $49.00,
Circuit Analysis $29.00. Free catalog , (614)
491-0832 , 8S0FT SOFTWARE, 444 Colton
Rd. , Co lumbus, OH 43207.

LASER Listener II, other projects. Surveillance,
d escramb ling , fa lse identif icat ion, information.
Plans, kits, other strange stuff. Informational pack
age $3.00 refundable . DIRIJOIBOND ELEC 
TRONICS, Box 212, Lowell, NC 28098.

RESTRICTED technical information: Electronic sur
veillance , schemat ics, locksmithing, covert sc i
ences, hacking , etc . Huge selection. Free
brochures. MENTOR-Z, Drawer 1549, Asbury
Park, NJ 07712.

Please Print Name

»
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IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBER FOR OUR FILES. ADS SUBMITIED WITHOUTTHIS INFORMATIONWILL NOT BE ACCEPTED.
CLASSIFIED COMMERCIAL RATE: (for firms or individuals offering commercial products or services)
$3.10 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) $2.50 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) 55¢
per word additional. Entire ad in boldface, $3.70 per word.TINT SCREEN BEHIND ENTIRE AD: $3.85 per
word . TINT SCREEN BEHIND ENTIRE AD PLUS ALL BOLD FACE AD: $4.50 per word. EXPANDED
TYPE AD: $4.70 per word prepa id . Entire ad in boldface,$5.60 per word.TINT SCREEN BEHIND ENTIRE
EXPANDED TYPE AD: $5.90 per word. TINT SCREEN BEHIND ENTIRE EXPANDED TYPE AD PLUS
ALL BOLD FACE AD: $6.80 per word. DISPLAY ADS: 1" x 2W'-$410.00; 2" x 2W'- $820.00; 3" x
2W'-$1230.00. General Information : Frequency rates and prepayment discounts are available. ALL
COpy SUBJECT TO PUBLISHERS APPROVAL. ADVERTISEMENTS USING P.O. BOXADDRESS WILL
NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER WITH PERMANENT ADDRESS
AND PHONE NUMBER. Copy to be in our hands on the 10th of the third month preceding the date of the
issue. (i.e., Aug. issue copy must be received by May 10th). When normal closing date falls on Saturday,
Sunday or Holiday, issue closes on preceding working day. Send for the classified brochure. Circle Number
49 on the Free Information Card.

~
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2 CH CompactDishSystem -877.95
5 CHDish System - S93.95

12CH Vagi (Rod)System- S123.95
3D CH Dish System-S163.90 Yagi-S183.90
SUN MICROWAVEINn . INC. SendSI" for
P.O. 8OX34522 catalog on these
PHOENIX. AZ 85067 and other line
(602)230-0640 videoproducts.
QUANTITY DISCDUNTS UFETIME WARRANTY

DESIGN and bui ld your own computerized prod
uct! New manual makes it easy! Includes introduc
ti on to design, cho os in g th e proper CPU,
compari son between many CPUs and micro
controllers, component suppliers, sample sche
matics, programming, debugg ing, hints, tips, and
more! Simpl e step-by-st ep details from idea to
f inished produ ct. $8.00 complete, satisfact ion
quaranteed, details free, TRAVCO, 107 E. Vallette,
Suite 1301A, Elmhurst, IL 60126.
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C General T e c h nic s

_ _~a li~ (S16r98,s;9473
~e hundreds of dollors assembling yourI own';~~ XT, AT, or 386 compotible computer

Complete AT Computer System $675
Amber t.lonitof, 512k I.I lmory, 101 fnhanctd Keyboard, Urn Floppy Orin
12 mhz 80236 lJothu Board, Hard/fl oppy Clllliroll. r Cord, Instruellon Irtlanuol

FREE CATALOG
P.o. Box 2.676, Loke Ronkonkomo . NY 11779

SA MS closeout sa le . # 2 to #2600 $6 .00 each
postpaid . MCNisa . Ca ll 1 (800) 274-2081. 9-5 CST.

CABLE TV converters: Jerrold , Oak, Sc ienti fic At
lantic, Zeni th & ma ny others . "New MTS " stereo
add -o n: mute & vo lume . Ideal for 400 and 45 0
ow ners! 1 (800) 826-7623, Amex, Visa , MIC accept
ed . B & B INC ., 4030 Beau-D-Rue Drive, Eagan ,
MN 55122.

CABL E co nverters , d e scramble rs , Tocom -w/r
$199 .00, Oak R.T.C.- 56-w/r $150.00, Jerrold-400
wlr $125 .00. Haml in-6600-w/r $145.00, Ze nith-w/r
$225 .00 . SA-3 $99 .00, Tri-B i $89 .00, Pioneer
$135 .00 , MLD-1200 $45.00 , all in stock wi th full
warran ty, CO D orde rs we lcome, nob ody can bea t
our quantity prices, fu ll tech suppo rt. SAC., info
(702) 647-3799 orde rs 1 (800) 622-3799.

DESCRAMBLERS, top brands, lowest prices. fast
service , best war ranty, tec hnical support, CO D ok,
exampi e , Tocom with remote $199.00, R.T.C.-56
wit h rem ote $150 .00 , ca ll now, we have SA -3, Tri-Bi ,
Hamli n, Pioneer in stock. MO UNT HOOD ELEC
TRONICS, (206) 896-6837.

CABLE TV eonverters and descramblers.
We sell only the best. Low ptiees. $8-3
$79.00. We ship C.O.D. Free catalog. ACE
PRODUCTS, POBox 582, Dept. E, Saco, ME
04072.1 (800) 234-0726. .

TUB ES, new, up to 90 % off, SASE. K IRBY, 298
.Wes t Ca rme i Dr ive, Ca rmel , IN 46032.

CABLE TV. best SSAVl's , Tocom 's and fil ters in the
busi ness. We build all our ow n equipme nt, no mid
dle ma n. Upgrade your SSAVI to a supe r SSAVI wit h
ou r PAL kit. Quantity and dealer pricing . We ship
CO D - ca li to get on our m ailing list. 1 (800 )
426-9063. COPA ELECTRONICS .

COMMUNICATIONSlelectro nic e q uipment
sales, service, FCC li censed , f ree cata log,
RAYS, PO Box 14862, Fort Worth, TX 76117-08 62 .

CABLE TV converters and descramb'ers
discount center! Jerrold, Tocom, HamliJl,
Oak, Scientific Atlanta, Zenith. Quantity
discount, order yours today! 1 (800)
962-6836.

SAM'S p hot of acts set 1091 - 2660 m ini m um
price $1500. HENNEPIN T ECHNICAL CO L LE GE,
9000 Brooklyn Blvd., Brooklyn Park, MN 55445.
(612) 425-3800. Ade Olson .

ASSEMBLE YOUR OWN
COMPUTER FOR LE$$

JINCO.COMPUTERS INC.
5122WALNUT GROVE AVE.

SAN GABRIEL, CA91776
Tel: (818) 309-1108
Fax: (818) 309-1107

CIRCLE 179 ON FREE INFORMATION CARD

10 MHz 8088 Compatible Kit $379
• cnn« "1Hz 8088 Motherboard _ -==,.........,....._.
.2581<8 RAM (&401<8 max)
.1~~rSUpply

• Floppy DI.k Controller
• One e 1

/4' 380KB0fl0.M
.MonoGraphlcl Card wI P
• 101 Key Keyboard
.Cue (3lED,2 Button,Key)
.12' Amber Mono Monitor
• Inllallatlon Guide & MarlJal

12 MHz 80286 Compat ib le Kit $669
• 12 "1Hz 80288 Motherboard
.e12 1<8RAM (4 "18 max)
.2«1N~ Supply
• Floppy DIIk Controller
• One e 1/4'l.2 "18 0fl0.M
• MonoGraphlcl Card wIP
. 101 Key Keyboan:I
• 0- (3lED,2Sutton,Key)
.12' Amber Mono Monitor
.lllIlaHatlon Guide&. Manual

20 MHz 80386 Compatible Kit $1399
All Componanll Fully Telled Before Ship
One YNl warranty on All P_
InIIallailon A...wlable at No ExtraCharge III
VISA & weedd 3% Amex edd 4%
Price&. Quantity IUbIect to chang41 without prior notice
1e% AMtocld"ll F.. on All Non-DefectiveItems

TB-3 (Tri-Bi) or SA-3
Quantity Prices
10 20

CABLE TV

$48.
Each

$43.
Each

FINALLY a digi tal tec hno logy course for eve ryone !
Technicians, supe rvisors and managersI Free de
tail s . T EK NOW L EDGY SOURCES, RE0 04 , Box
1284, League City, TX 775 73.

TJ SERVICES is here to serve you ! Our quality
prod ucts , quick courteous service , know ledgeable
sales people and rock botto m prices prove it! Not
su re what you need? Call (313) 979-8356 we' ll help!
We specialize in Je rro ld, Hamlin, Interferance f i l
ters and most SA equ ipmen t.

CABLE TV desc ra m b lers M35 B. Top quaiit y. Test 
ed . guaranteed , van-sync available. Dealers wan t
ed . $39.00. 1 (800) 648-4600.

ELECTRO NIC test equipment and pa rts . Free illu s
trated catalog . EF ELECTRONICS, PO Box 326,
Aurora, IL 60507.

DE SCR A MB LE RS. - For free catalog contact CA·
B LE CO NNECTION, 130 4 E. Chicago Street, Suite
301, A lgonq uin, IL 60102. (708) 658 -2365.

DESCRAMBLERS

$39. $35.
Each Each

Hours open 10:00 am to 4:00 pm Eastern t ime
Minimum order 5 units 55.00 ea.
Dealers wanted. We ship COD.

King Wholesale

1-800-729-0036
Fax number 6173400053

"No one beats the King's prices!"

PROGRAMMABLE st ep pe r motor drive & control
fo r un de r $100, IBM PC/XT co mpatib le, Com
m odore 64, o r other wit h 25 pin paralle l po rt. PCB,
interface, & software. Sen d for detailed literature to:
MASE, R.D . #2 Box 166 , Mo hrsville , PA 19541.

TOC OM co nverte rs wl r from $199 .00 . Tocom supe r
chips turn on eve ryt hing $69 .00 eac h Phone (219)
935-4128.

FEBRUARY1984 completepartswlthpower
supply.S38.00. Postpaid. JIM RHODES,'
INC., Box 3421, Bristol, TN 37625.

INTEGRATED circuits data books, bus iness SAS E
for list. FRAZIER, Box 972, Windermere . FL 34786.

SECRET new hair growing for mula you can make.
Rea lly works. Free info rmation NAT URAL HAIR,
PO Box 0963, Paragould, AR 72451 -0963.

COMPUTER inte rconn ecti on products. Fre e 100
page catalog qual if ied bu yers. L-COM , 1755 Os
good , North Andover, MA 01845.

SURVE ILLANCE - Privacy control - deb ugg ing
- protection. (kits - assembled) large new catalog
$5 .00. TR I· TRON, 2209F Lapa lco , Harvey, LA
70058.

One match can burn
3,o00,ooo trees.
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Build Your Own Diagnostic Scan Tooll
TheKey To Understanding the Modern
Electronically Controlled AutomobileEngine.
Access Stored ECM Data, Read-Out Fault Codes.
Challenging~ Electronic Assembly KIT
PLAN&-PARTS-ASSEMBLEOITESTEO UNITS.

Call 14100-535-3091 or write forcomplete Infonnatlon
S & MElectro-Tech P.O. Box 34334 Blaine, MN55434

SEC URE-54 program mable security system using
your Commodore 64 . Write B. A.V., 14732 Currency,
Baton Rouge, LA 70817. (504) 296-5227 .

C WORKS HOP tuto rial software teaches you C lan
guage. Feedback on 100 + programming exercises .
Editor, compiler and our coordinated 384 -page book
included. MS/DOS . $69 .95 + $5.00 S/H. V/MC/AE/
check . 1 (800) 762-8003 9-5 PDT. WORDCRAFT,
3827 Penniman Ave ., Oak land, CA 94619.

SURPLUS ELECTRON ICS. New giant who lesa le
catalog. Hund reds of amazing bargains. $2 . Box
84 0, Cha mplai n, NY 12919 .

BEST BY MAIL
Rates: Write Nationa l, Box 5, Sarasota, FL 34230

OF INTEREST TO ALL
ADVERTISE YOUR IDEA! Inventor's Newsletter. Box 477,
Mangum, OK 73554.

HAMLIN Me G 300036 CO RDED REMO TE CO NVERTER IGtl :SllI lly l

PANASONI C WIRELE SS CON VERTER IOu' best bUYI

STAR GATE2000
.JERROLD 400 COM BO

JERRO LD 400 HAND REMOTE CONTROL
.JERROLD 450 GO MBO
'JERROLD 450 HAND REMOT E CO NTROL

JERROLD SB· ADD·ON
'JERROLD SB-A DD· ON WITH TRIMODE

1
UNIT
2900
9800

8800
169 00

2900
·199 00

2900
9900

109 00

100R
MORE

18 00
7900

6900

" 9 00
18 00

-139 00
1800

6300
7500

HOMEWORKERS NEEDED. Make money. 900 directories,
addresses. $10.00. Nationals, RT. #3-M, Waseca, MN
56093.
NASHVILLE RECORD COMPANY interviewing Country
Singers to record. Call 61~·5349.

FINANCIAL
NEED CREDIT? $2,500 + Gold Card. No deposit. No turn
downs. Also MasterCard. 1(602)420-1486.
FREE DETAILS. LOANS. Visa/MasterCard. Guaranteed.
No credit checks. Jameson, Box 4016O(RE), Bakersfield,
eA 93384.

"M-35 B COMBO UNIT ICh 3 ou tp ut only )
·M·3 5 B COMBO UN IT WITH VARISYNC
' MINICODE IN- 121
'MINICODE IN· 121 WITH VARISVNC
'MINICOD E VARISVNC WITH AUTO ON-OF F

ECONOCODE tmuucooc s ubst uutei
ECONOCODE WITH VARISVNC

"Ml D· 120Q-3 ICh 3 o utp ull

"MLD- 1200-2 (Ch 2 o utp ull

' ZENITH SSAVI CABLE READ V

9900

10900
9900

10900
145 00

6900
7900
9900
9900

'7500

70 00

7500
6200

6500
10500
42 00
4600

6200
6200

125 00

INTERF ERENCE FILTERS ICh 3 on ly' 2400 1400

"EAGLE PO-3 OESCRAMBLER IGh 30ulpli t cmlyJ 119 00 6500

PLANS AND KITS
'SCIENTIFIC ATLAN TA ADD-ON REPLACEMEN T OESCRAM BLER

·CALL FOR AVAILABfL.lTY
119 00 8500

BUILD this five-dig it panel meter and square-wave
generator includi ng an ohms, capaci tance and fre
quency meter. Detai led instructions $2.50. BAG
NALL E LECTRONI CS, 179 May, Fa irfield , CT
06430.

Qua ntity Item Output
Cha nnel

Price
Each

TOTAL
PRICE

~
i
~•

o Mastercard ~

~
is
f...
lD
ell..

o Visa

TOTAL

SUBTOTAL
Shipping Add
$3.00 per unit

COD & Credit
Cards - Add 5%

______ Zip, _

o Money Order

California Penal Code #593-0 forbids us
from shipping any cab le descrambling unit
to anyone res iding in the state of California.

Prices subject to change wit hout notice.

FOR OUR RECORDS:
DECLARATION OF AUTHORIZED USE- I, the undersigned. do hereby declare under penalty 01 pe~ury

that all produ~ 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 ell
state laws. FEDERAL AND VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL AND CML i
PENALnESFOR UNAUTHORIZED USE. ~

PLEASE PRINT

DESCRAMBLlNG, new secret manual. Build your
own descramblers for cable and SUbscription TV.
Instruct ions, sc hematics for SSAVI , gat ed sync,
sinewave, (HBO, Cinemax, Showt ime, UHF, adult)
$8 .95 , $2 .00 postage . CABLETRONICS, Bo x
30502 R, Bethesda, MD 20824.

MINIATURE FM transm itters! Tracking transmi tters!
Voice diSguisers! Bug detectors! Phone Devices!
More! Available in kits or assembled ! Cata log $1.00:
XANDI ELECTRONICS, Box 25647, Dept. 60C,
Tempe, AI. 85285-5647.

INVEST IGATORS, experime nters - Qua lity new
plans. Hard to find micro and restricted devices.
Free catalog. Self addressed stamped envelope to
KELLEY SECUR ITY INC. , Su ite 90, 2531 Sawte lle
Blvd., Los Ange les , CA 90064.

CB Tricks Ii book . Power amplifier design and theo 
ry, UHF CB tune ups . Send $19.95 MEDICINE MAN
CB, PO Box 37 , Clarksville, AR 72830 .

RAD IO Astronomy! Mo nth ly magazi ne, books,
components. $3 .00 brings sa mple package. BOB'S
ELE CTRONIC SERV ICE, 7605 Deland, Ft. Pierce ,
FL 34951.

DETECTION - Su rveiliance , debugging, plans,
kits, assembled devices. Latest high-tech cata log
$5 . DETECTION SYSTEMS, 2515 E. Thomas,
# 16·864 F, Phoeni x, AI. 850 16.
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$44 ea. (Min. 5)
$40 ea . (M in . 5)

$60 ea. (Min. 5)

• Major Makes & Models!
• Will match or beat anyone's prices!
• Dealer discounts at 5 units!
• Examples:

H A MLIN COMBOS .

OAK A DD/ON .... .

OAK M35B

VIDEO·L1NK ENTERPRISES
520GLENBROOK RO .. SUITE 202. STAMFORO CT06906

SATEL.:L1TE TV

PAY TV and satelli te descrambling 1990 edition .
Our best yet. More desc rambling circuits , turn -ons,
sche matics, counte rmeas ures, cou nte r-co unte r
measures. on ly $14.95 . Scrambling News monthly
$19.95/yr. Sample $3 .00. New indexed catalog
$1.00 . CO D's are ok (716) 874 -2088. SCRAM
BLING NEWS, 1552 W. Hertel Ave., Buffa lo, NY
14216.

SATELLITE printout fo r yo ur location $7.95.
DATABANK RESEARCH, PO Box 261, Westmont,
IL 60559 .

••
• CRYSTAL CONTROLLED MI RONAVE ANTENNAS

FOR OVERTHE AIR CABLE SYSTEMS(WIRELESS
CABLE)

• CAPABLE OF RECEIVING30 CHANNELS
• CONVERTERSAVAILABLE FORZENITH SYSTEMS

CATALOG & INFO : (203) 975-7543

VIDEOCYPHER II de scrambling manual. Sche
matics, video and audio . Explains DES, EPROM,
CloneMaster, 3M usketee r, pay-per-v iew (HBO, Cin
emax, Showtime , adult, etc .)$13.95, $2.00 postage .
Co llection of Softwa re to copy and alter EPROM
codes , $25 . CABLETRONICS, Box 30502R, Beth
esda , MD 20824.

DESCRAMBLERS for movies. networks, $175, vid 
eo only, $450 complete . Visa, MC accepted . Cata
log $4.00. SKYWATCH, 238 Daven port Roa d,
Toronto , Canada, M5 R 1J6.

DESCRAMB LER: Build our low cost video onl y,
satellite TV descrambler for most satellite channels.
Uses easy to get, everyday parts . Board & plans
$35 .00 US funds . Board , pians & parts $99.00 US
fund s. Wired & tested unit $189.00 US funds. Send
check, money order or Visa to : VALLEY MICRO
WAVE ELECTRONICS, Bear River, Nova Scotia,
Canada BOS.1BOor phone (902) 467-35 77. 8am to
4pm easte rn time. Note: educatio nal project only.
Not to be used illegally.

WEST COAST ELECTRONICS
For Information : 818-709-1758

Catalogs & Orders : 800-628-9656

TAL KING vo ltmeter! Mic roprocessor controlled!
Build yours under $20 .00. No expe rience necessary
with microprocessors . Send self addressed/stamp
ed envelope to : DIGITAL DREAMS, Box #4192,
Huntington Beach , CA 92605.

CIRC UIT des ig n software: filters , amp lif iers ,
crossove rs, osci llators, timers and more! Disk and
doc umentation $19.95. PC/MSD OS. Info $1.00 .
BR UTECH, Box 596, Weiland, Ontario, Canada
L3B 5R3.

FREE catalog - Do-it-your self save 40-60%. Lowest
prices worldw ide, systems, upgrades, parts, all ma
jor brands facto ry fresh and warra ntied . SKYVI
SION, INC., 2009 Collegeway, Fergus Falls, MN
56537 . 1 (800) 334-6455.

CABLE TV
DESCRAMBLER LIQUIDATION!

RECHA RGE toner cartr idges used in laser printers
and personal copiers . Earn $50 .00 per hour. 1 (800)
221-3516. 62 N. Co leman Road, Centereac h, NY
11720.

UNIVERSAL IC, component tester! Plans $5 .00
US. Cata log $1.00 QUANT UM RESEAR CH ,
17919-77 Avenue, Edmonton, Alberta T5T 2S1.

NEW HE NE
~ LASER TUBES $35
~ Dealer Inquiries Invited.

Free Catalog!
MEREDITH INSTRUMENTS : 6403 N. 59th Ave.

Glendale, AZ 85301 • (602) 934-9387
"The Source for Laser Surplus"

ROBOTS. 44 kits and plans to bui ld. Cata log $1.00.
MUSEUM OF ROBOTICS STORE, 4026 MLK JR.
Way, Oakland , CA 94609.

PROJ ECT supp lies - tools - motors - casting 
etc .. Catalog $1.00 INVENTORS HARDWARE, Box
8460-R, Anaheim, CA 92812.

SURVEILLANCE schematics. Easy to build. Bug
detector $5 .00, FM transmitter $5.00, phone snoop
$ 5. 0 0, a l l thre e $ 12. 9 5 , $1 .0 0 postage .
CABLETRONICS, Box 30502R, Bet hesda, MD
20824 .

STRESSED out? Re laxation tec hn iq ue eas ily
learned with the aid of a simp le electronic dev ice .
Not hypnosis I Plans $9.9 5. BLUE CHIP ENG I
NEERING, Dept. 33, PO Box 1100, Waln ut , CA
91789.

KITS Preamp lifie rs, amplifiers, antenna ampl ifier,
alarm , dice , power meter, VU meter, motion detec
tor, siren, chime , doo r bell, timers and tra iners. Cata 
log: ARLI ELECTRONICS, 2155 Verdugo Blvd .
# 22, Montrose, CA 91020.

SURVEILLANCE transmitter k its are available to
professional City, State and Gove rnment law en
forcement age ncies that ope rate on freq ue ncies
they prefer. Our transmitters have proven genera lly
to outperform theirs. Four models of each; te le
phone, room, combination telephone/room trans
mitters tune from 65 ' to 305 MHz. Send $1.00
(overs eas airmai l $2.00) for catalog . Includ ed is
Popular Communications book -review of " Now
Hea r This! Electronics Eavesdropping Eq u ip 
ment Design" by Winsto n Arrington . Book conta ins
58 transmitter schematics . SHEFFIELD ELEC
TRONICS, 7223 Stony Isla nd Ave., Chicago, IL
60649-2806.

SINGERS. At last, build your own vocal filte r. Re
move lead voca ls from standard stereo reco rds,
CDs, tapes, FM broadcasts, so you can be the lead
singer of you r favorite ba nd . Sc hematic/t heo ry
$6. 9 5 . WEEDER TECHNOLOGIES, 14773
Lindsey, Mt. Orab , OH 45154:

CATALOG : hobby/broadcasting/HAM/CB: Cable
TV, transmitters, amp lifiers , survei llance devices,
computers , more! PANAXIS, Box 130- F4, Para
dise , CA 95967.

BUILD remote controlled robot, plans, electronic
kits , free deta ils, ROBOT WORKS, Box 1979, Co lo
rado Springs , CO 8090 1.

399 379 3.41
3.59 341 307
679 645 581
579 550 495
4.79 455 4.10

3D9 294 2 65
579 550 495
4.19 398 358
399 379 3.41
359 341 307

6.29 598 538
3.59 341 3.07
379 360 3.24
379 360 3.24
3.69 351 3.16

1·24 25·99 100.

399 379 3.41
579 550 4.95
399 379 341
3 19 303 273
339 322 2.!XJ

949 9.02 812
999 9.49 854

2799 26.59 23.93
18.99 18.04 1624
1599 15.19 13.67

539 5.12 4.61
5.99 569 5.12
499· 474 427
599 5.69 512

10.49 9.97 8.97

28 16.384x 8251Jns (21v)
28 32,768 x 8200ns (72.5v)
Z8 32,768x 8250ns (72.5v)
Z8 32.768 x 8250ns (72.5v·CMOS)
Z8 65,536x 8200ns (72.5v)

28 65.536x 8251Jns (12.5v)
28 65.536 x 8251Jns (12.5v·CMOS)
32 131.072x 8200ns (12.5v·CMOS)
24 8192x845iJns
24 8192 x 8450ns

Z8 8192 x 8200ns (72.5v)
Z8 8192x 8250ns (72.5v)
Z8 8192x 8251Jns (25v)
Z8 76.384x 8200ns (21v)
Z8 16.384x 8250ns (21v)

Z4 4IJ96x8451Jns(21v)
Z4 4IJ96 x 8451Jns (25v)
Z4 4IJ96 x 8451Jns (25v·CMOS)
Z8 8192x 8200ns (21v)
Z8 8192x 8251Jns (21v)

PINS OESCRIP710N
24 256x41n s
24 1024 x 8 450ns
24 1024x 8 451Jns
24 2048 x 8450ns (25v)
24 2048 x 8351Jns (25v)

24 2048 x 8450ns
24 2048 x 8451Jns (25v·CMOS)
24 4IJ96 x 8451Jns (25v)
Z4 4096x 8200ns (21v)
Z4 4IJ96 x 8251Jns (21v)

UNICORN ELECTRONICS
/I!!!!!II 100 10 Canoga Ave. , U n it B-8 aiiIil
L.:::.J C hatsworth, CA 91311 ~

O RDER BY PH O NE (TOLL FREE)

(800) 824-3432 (OUTSIDECALIFORNIA)
IN C ALIFO RN IA (818) 341 -8833
O RD ER BY FAX (818) 998-7975

27512
27C512
27CID24
68764
68766

CIRCLE 198 ON FREE INFORMATION CARD

Z7CI28
Z7Z56-ZO
Z7256
Z7C256
27512·20

Z764A·ZO
Z764A
7MS2564
Z71Z8-ZO
Z71Z8

Z732A-4
TMSZ532
Z7C3Z
Z764·ZO
Z764

7MS271 6
27C16
2732
2732A·2
2732A

STOCK N

1702
2708
2758
2716
2716-1

I I

COLLIMATOR PEN
A low power coll ima

tor pen containing a
MOVPE grown gain
guided GaAIAs laser.
This collima tor pen de
livers a maximum GW
output power of 2.5 mW
at 25 -c

These collimated laser
sources are designed for
industri al applica t ions
such as data retrieval,

telemetry, alignment etc.
The non-hermeti c sta inless steel encapsulation

of the pen is specifica lly designed for easy
alignment in an optical read or wr ite system, and
consists of a lens and a laser device. The lens
system coll imates the diverging laser light. The
wavefront qualit y is diffraction limited.

The housing is circular and precision manufac
tured w ith a diameter of 11.0 mm and an accuracy
between + and - l l /l m.

L.I ST PRIGE $180.00 PRICE $39.99
Quality Components - Low Prices Since 1983

1- - - b A S E R - D I O D E.- - - I I- - - - - - - - - - -

@
Designed for general

industri ai low power ap
. plicat ions such as read

ing optical discs, opt ical
memori es, ba r code
scanners, security sys
tems, alig nment etc.

The gain guided lasernnn is constructed on a n-
UUU ty pe galli um arsen ide

substrate with a Metal
Organic Vapor Phase Epitaxial process (MOVPE).

The device is mounted in an hermetic SOT148D
(diameter 9.0 mm) encapsulation.

The SB1053 is standard equipped with a monitor
diode, isolated fr om the case and optica lly coupled
to the rear emitt ing facet of the laser. This fast
respondin g monit or diode can be used as a sensor
to control the laser optic al output level.

I 1ST PRIGI' $38.00- PRICE $9.99
We CarryAFull Lineof Components

CALLFOR FREE CATALOG
EPROMS
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M.e.
VISA

*NEW STARGATE 2000
CABLE CONVERTER

10 Lol
JERROLD'" Tri-Bi Mode. $105.00 $85.00
JERROLD'" 58-3 OR 2 $89.00 $65.00
Hamlin MLD- I200 ......_ $99.95 $62.00
Oak N-12 WN .5.......... $99.95 $62.00
Oak-M-35-B WN.5...... $99.00 $78.00
OAK E-13................. $99.95 $58.00
Zenilh SSAVI............. $185.00 $145.00
Bogle!'D-L............. $120.00 $85.00
Scientific Atlanta.......... $129.95 $105.00
SA-Combo'...... ......... CALL SCslI
Tocom..................... S350.00 S295.00
Oak N-12 W/ Auto....... SI40.00 $105.00
Jerrold Starcom CSV.... S139.95 Call

1-$89.00 10-$69.00 100-Call
Last channel recall-Favo rite channel select
75 channel-Channel scan-Manual fine tune-
One year warranty-surge protection-HRC & Stand
ard switchable- and much more. ,

CABLE TV
DESCRAMBLERS

INFORMATION(402)554-0417
Orders Call Toll Free

1-800-624-1150
M.D. ELECTRONICS
115 NEW YORK MALL
SUITE 133E
OMAHA NE. 68114

LEARN IBM PC asse mbly lang uage . 80 sample
prO!;Jrams. Disk $5. Book $18. ZIPFAST, Box 12238,
l.exinqtcn, KY 40581-2238 .

INSTANTANEOUSLY reduce stereo volume. De
vice mutes stereo while phone in use. PC board,
complete instructions only $14.95. TRIAD TECH
NOLOGIES, 7184 Manches ter , St. Lou is, MO
63143-2408 .

EDUCATION & INSTRUCTION

FREE CATALOG!
1-800-648-7938

For all information 1-702-362 -9026

JERROLD HAMLIN OAK ETC.

CABLE TV
DESCRAMBLERS
• Compare our low Low Retail Prices!

• Guaranteed Prices & Warranties!
• Orders Shipped Immediately!

REPUBLIC CABLE PRODUCTS INC.
4080 Paradise Rd. #15 Dept. RE-90

:E Las Vegas , NV 89109 .

MAGIC! Four illustrated lessons plus inside infor
mation shows you how. We provide almost 50 tricks
including equipment for four professional effects.
You get a binder to keep the materials in, and a one
year membership in the International Performing
Magicians with a plastic membership card that has
your name gold-embossed . You get a one-year sub
scription to our quarterly newsletter "IT's MAGIC!"
Order now! $29.95 for each course + $3.50 postage
and handling. (New York residents add applicable
state and local sales tax). THE MAGIC COURSE,
500-B BiCo unty Bo ulevard , Farmi ngda le, NY
11735.

ATLANTIC GROUP ENTERPRISES INC. Buy sat
ell ite equipment. Dealing directly with the seller.We
can show you how. Toil i ree 1 (800) 446-4039.

FREE software for IBM and compatib les! ' Info
$1.00. BLUE CHIP ENGINEERING, Dept. 33, PO
Box 1100, Walnut, CA 91789 .

'it' it' it' it' it' PRESENTING it' it' it' it' it'

CABLE TV
DESCRAMBLERS
it' it' it' it' it' STARRING it' it' it' it' it'

JERROLD, HAMUN, OAK
A ND O THER FAMOUS MANUFACTURERS

• FINESTWARRANTYPROGRAM AVAlI..ABLE
• LOWEST RETAlL/WHOLESALE PRICES IN U.S.
• ORDERSSHIPPED FROM STOCKWfTHIN24 HO URS

FOR FREECATA LOG O NLY 1-800-S45-89Z7
FOR Al l IN FO RMATION 1-8 18-716 -59 14

SOFTWARE

VIDEOCIPHER II manuals. Volume 1 - hardware,
Volume 2 - software. Either $32.45. Volu me 3
projects/software - $42.45. Volume 4 - repair 
$97.45. Volume 5 documentation - $42.45 . Cab le
Hacker's Bible-$32.45. Clone Hacker's Blb le
$32.95 COOs: (602) 782-2316. 220 + Megabytes
IBM -PC/ XT software - ca ta log-$3 .00 . TELE
CODE, Box 6426-RE, Yuma , AZ 85366-6426.

CABLE TV secrets - the outlaw publication the
cab lecompan ies tried to ban . HBO, Movie Channel,
Show time , descramblers , co nverters, etc . Sup
pl iers list included. $8.95 . CABLE FACTS, Box 711
R, Pataskala, OH 43062 .

CIRCLE 53 ON FREE INFORMATION CARD
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$24.80
(lO-up)

Titarilmt is depa;itod on a polymoc
dane to combrto the advaltages of
both haro. and sdt dome
tedm~s. 8 ohm. Ferro lluid
coo led voice coil. !s =1200 Hz,
SPL = 90 dB l W/ IM. SOwatts RMS,
10 wa tts max . 4" round. Poly dax
pan # DTW100TIZS.

#270-047 $fl~~O

$98.90 $89.50
#290·200 (1-3) (4-up)

TITANIUM COMPOSITE
TWEETER

$36.80
(4-up)

$8.50
(1-9)#260-333

@PIONEER'

With this kit you
can make speaker
qrill frame s up to
30" x 40". Kit
includes 4: comer
pieces, 2 'T'
brackets, and 7
frame bars . Grill
mounting kit
included.

@ MOTOROLA PoIydax

#290-180

12" SUB WOOFER
Dual voice coil sub woofe r.
30 oz. magnet, 2" voice
coils. 100 watts RMS, 145
watts max . fs ~ 25 Hz. 6 olun
(4 and 8 olun compatible).
SPL ~89 dB lW/I M.
Response: 25-700 Hz.
QT$= .31, VAS= 10.3 cu. ft..
Pionee r #A3OGU30-SSD.
Net weight: 6 Ibs.

#290-145 ~1~~)80

GRILL FRAME KIT

$5.90
(lO-up)

$19.95
(4-up)

$6.50
(l-9)

#260.350 $22.50
(l-3)

Supe r quality,
qenuine walnut
veneer cabinet. Kit
inclu des: routed and
mitred top , sides,
and botto m in
unfinished 314"
waln ut veneer. Cut
your own custom
holes in the front
and rear to match
your drivers. 15" x
24" x 11". Volwne:
1.9 cubic feet.

#270-050

PIONEER HORN
TWEETER
Mylar dome. 2.93 oz.
bariwn ferrite maqnet. 8
olun. Response: lBOO
aoooo Hz. 35W RMS,
SOWmax. fs = 2000 Hz,
SPL=106 dB. Pioneer
# AHESO-51F

.. 15 day money bade guaramee "$15.00 minimum order' "We accept
Mastercard,Vtsa, DiscoYer, ¥'d C.OD. oIders *24hoor shi~

"Shipping char ge = UPS ch&rt rate +$1.00 ($3.00 minimwn charge)
*H~ 8:30 am- 6:00 pm FST. Monday · Friday "Mail orde r
customers, please call for shipping es timate on orders exceeding
5 lbs .

$12.90
(6-up)

$34.50
(4-up)

$9.95
(1-9) (lO-up)

$36.80
(l-3)

$12.50

,£parts EMINENCE
XP(lf!.!! '

1-800-338-0531

rrParts
l:XP'!!.!J!!

340E.First St. Dayton, Ohio 45400
Local, 1-5l3- 222-ll173
FAX:513-222-4644

#260·235

#290·125

CIRCLE 56 ON FREE INFORMATION CARD

12 dBloctave rolloff.
BOOHz, 5000Hz
crossover points . 8
ohm. 100 watts RMS.

3-WAY 100W CROSSOVER WALNUT SPEAKER
CABINET KIT

SPEAKER CONTROL
PANEL

Super duty, 40 oz. magnet.
100 watts RMS, 145 watts
max . 4 and 8 ohm compat
ibl e (6 olun). 2"voice co il.
fs =25Hz. QTS= .l 66,
VAS = 10.8 cu ft.
Re sponse: 25-1500 Hz. Net
weight: 9 lbs . Pioneer
# A3OGU40-51D

Panel with SOwatt L-pa ds
for tweeter and midrange
and built-in LED power
meter. 5'x 2 112" 100
watt version available

$14.50
(l-6)

12" POLY WOOFER

#260-210
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5114 Balcones Wood Dr.#307 Dept.298
Austin TX.7 8759

DISCOUNT computer books. All titles available,
including recent releases. Please call or write for our
latest catalog. BOOKWARE, 147 Campville Road,
Northf ield, CT 06778. 1 (800) 288-5662 .

COMPUTER BOOKS

WANTED

BUY BONDS

ANTIQUE RADIO CLASSIFIED
Free Sample!~o ~

Antique Radio 's
Largest Circulation Month ly. ~e 0

Articl es, Ads & Classifieds . 0

6-Month Trial: $11 . 1-Yr: $20 ($30-1st Class).
A.R.C., P.O. Box 802-L4, Carlisle, MA 01741

JERROLD-OAK-SCIENTIFIC ATLANTA-HAMLIN
ZENITH MANY MORE CALL TODAY!

--I Only quality products sol d --I Easy to use

--ISalisfacrion guaranteed" Koowledgeable salesstaff
--IM ost orde rs shipped w i th in 24 hou rs

CALL FOR YOUR FREE CATALOG

R 1-800-228-7404~
MAKE THE CONNECTION

WITH

TELEPHONE CALL SCREENING
REAL telephone ca ll screen ing! Prot ect tele
phones, Fax, computer, hearin g ImpaIred, day
sleepers. Eliminate w rong number s, prank and
sales calls. PlugIn unit prov ides variable rin g
cadence si gn aling. True unlis ted number on any
touchlone p rivate line. Au lomatlc call routing.
Send $13.95 for complete theory and c on
s l rucllon manual . EL ECTRONIC CONTROL
SYST EMS, R.D. 2 Box 3308, Wernersvllle, PA
19565.

INVENTIONS/new products /ideas wanted : Call
TLCI for free information 1 (800) 468-7200 24 hours/
day - USN Canada.

SEISMOMETER wanted to measure earthquakes .
Pay cash . D. HUTCHISON, 4000 Little Timber, Ed
mond . OK 73034. (405) 341-9615.

INVENTORS! Confused? Need help? Call IMPAC
for free information package. In US and Canada: 1
(800) 225-5800.

A ll Jerrol d , Oak, Hamlin, Zenith. Sc ient ific
Atlanta, Magnavox and all specialized cable
equ ip me nt availab le fo r shipment within 24
hours. For fast service MC / VISA or C .O.D.
telephone orders accepted (800) 648-3030
60 Day Guarantee (Q uantity Discounts)
8 A.M. to 5 P.M . C .S.T. CLOSED WEEK
ENDS. Send se lf-addressed Stamped enve
lope (60 ¢ postage) fo r Catalog .

MECHANICALLY incl in ed indi vidual s desir ing
ownership of small electron ics manufacturing busi
ness-without investment. Write: BUS INESS-R, 826
Merrick Road, Baldwin , NY 11510.

INVENTORS

BUSINESS OPPORTUNITIES -

LET the government finance your small business.
Grants/loans to $500,000. Free recorded message:
(707) 449-8600 . (KS1).

INVENTORS! Can you patent and profit from your
idea? Call AMERICAN INVENTORS CORPORA
TION for free information. Over a decade of service
1 (800) 338 -5656. In Massachusetts or Canada call
(413) 568-3753.

INVENTIONS, ideas, techno logy wanted for pre
sentation to industry/exhibition at national innova
tion exposition. Call 1 (800) 288-IDEA.

BE a recording eng ineer; Train at home for high
paying - exciting careers. Free information . AU
DIO INSTITUTE, 2174 Union St., Suite 22K, San
Francisco, CA 94123.

MAKE $50/hr working evenings or weekends in
your own electroni cs business. Send for free facts.
INDUSTRY, Box 531, Bronx, NY 10461.

YOUR own radio station ! AM, FM, TV, cable. li 
censed/unlice nse d. BROADCASTING, Box 130
F4, Paradise, CA 95967 .

EASY work! Excellent pay! Assemble products at
home . Ca ll for information. (504) 641-8003 Ext.
5192.

TOTAL
PRICE

TOTAL

SUBTOT.
Shipping
$3/Unit
COD:

Add5%

Signed:

OUTPUT PRICE
CHANNEL EACHITEM

CABLE TV CONVERTERS
& EQUIPMENT

OTY

NO CONNECTICUT SAlES. lt
is not the intent of VIDEO-LINK1-.:;~~+----1
to defraud any pay television
operator and we will not assist >-=.:..:..c:'::::-+'__...J
any company or individual in
doing so. ~.:::.::...::..:..:c-+'__...J

Dated:

PANASONIC WIRELESS
CONVERTER. . 85.00 .. 69.00

JERROLD400 COMBOWIREMOTE
(DRX3DIC) .. ... . . . 134.00 . . 95.00

JERROLD400 OR 450 REMOTE HAND
UNIT . . . . . . . . . . . . . . . . . . . 24.00. . 15.00

JERROLD JRX 3DIC 84.00.. 65.00
JERROLD SB ADD ON 74.00. . 55.00
JERROLDSB ADD ON WITHTRI-BI 95.00. . 70.00
OAK M-35COMBO .. 79.00.. , 60.00
OAKMINICODE (N-12) 84.00 59.00
HAMLIN MLD 1200 . . . 64.00.. 45.00
SCIENTIFIC ATLANTA SA-3

ADD ON 109.00. . 75.00
INTERFERENCE FILTER

(CHANNEL 3 OR6) 24.00.. 14.00
NEW SCIENTIFIC ATLANTA

COMBO . . . . . . . . . . . 275.00.. 215.00
PIONEER DESCRAMBLER . 250.00 200.00
TOCOM VIP . 200.00. . 175.00
ZENITH FLASHING 175.00.. 150.00
ZENITH SSAVI 125.00. . 90.00
EAGLE PD-3 . . 95.00. .. 75.00

PLEAS E PRINT:

o CASHIER'S CHECK 0 M.a. 0 C.O.D.
NAME _
ADDRESS _
CITY/STATEIZIP _
PHONE _
SIGNATURE _

WAIVER . Since I, the undersigned, fully
understand that the ownership of a cable decoder
does not give the owner of the decoder the right to
decode or view premium cable channels without
proper authorization from their local cable company,
hereby declare under penalty of perjury that all
products purchased, at any time, will only be used
on cable TV systems with proper authorization from
local officials or cable company officers in
accordance with all applicable federal and state
laws. Federal and various state laws provide for
substantial criminal and civil penallies for
unauthorized use.

VIDEO-LINK
Enterprises, Inc.

520 GLENBROOK RD ., SUITE 202
STAMFORD, CT 06906

ORDERS: 1-800-622-9022
CATALOG s INFO: 203-975-7543

MONDAY - FRIDAY 10 AM - 5:30PM, E.S.T.
IMPORTANT: Have make and model
# of the equipment used in your area.
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25 .20

25.00
35.00

38 .00
4 8 .14
27.24

150.00
83 .00
34 .00

43 .00
48 .00
52.00
44.50
90 .00

179.00

SM-3 28

TA-2500

KIT ASSEM BLE D
58. 04 $74 .50
12 .65 18 .88

9.2 2
18 .00
12 .00
15.00
20 .00
24 .1 5
29 .00
38 .45
19 .4 8

82 .00
26.00

State Zip _

$20 .16
24.64
30 .00
33.00
26.50

-~ ..... '

'-.;--.-. - iii
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THE ULTIMATE·
ELECrrRONICS

CATALOG .

Name' _

Addrell. _

City

Order your 260 PSg8 catalog and price li l t with over
14,000 money laving electronic parts and equipment l
Send $3.00 in a check or money order, or call
1-800-54S-8568 today and useyour Maltercard or Vila.
Censolidated Electronic . , Incorporated
706Watervliet Ave.. Dayton, Ohio 46420-2599

INSTRUMENTS

DES CRIPTION
3 Channel Color Light Controller * $

~~r~~r;~~~s~r~r~~h~~~~.~~:.~: : :::: : : : :: : : : ::: : : : : :
AC/DC Quartz Digital Clock • .. . .. .. ... .. .... .... •. .. ...
So und/ To uch Control Sw itch • ... .. ... . . .... . .. ... .. ..
Infrared Remote Control Unit .
I nf rared Remote Control Unit .A .
Bar/Dot Level Meter ••.••.. .. ... . ...• . .•.. .. .. ..•.. . ...
3

'
12 Digital Panel Meter • . .... . ., .... . ..•.. .•. .. .. ... .. .

20 Step. Bar/Dot Audio i.evet DI.play •• .. .. . .. ..
Superior Electron ic Roul ette •• ... . .. .. .. ... .. .. .. ..
4 Channel Professional Co lo r Light Controller .
Audio/Video Surround Sound Processor *
Dynamic Noise Reduction A .

3'12Mu lt l'Functinal Led D.P.M . .• ••••••••••. ..••. .•.. . 34 .5 0
4,/, Hl-P reclston D.p .M. 38 .00
4'12 Hi·Precl slon D.P.M .w/ .tndrd ca. . .. . .. .. . .. . .. .. 41 .20
3'1> Multl·Functlonal LCD D.P.Mlw/hold function) 38 .00

~ 58~CF~~~~:~~~e2~~~~:r~~.~.~~~~..:.:: ..:: :.•: :.::.•.. ... ."'.~:~.

3" x12" x 7" . , , , , , ..
4" x1 6.. xS , ..
4" x 19 " x 111/2" ..
5"x1 9"x11 'h , ..
2:V.." x 19 " x 8" , .

METAL CABINETS WIT H ALUMINUM PANEL:
LG·1273
LG-1684
LG-1924
LG·1925
LG·1963

SM·43
SM·48
SM-48A
SM·49
SM -l00
FC1COOA

MODEL
TY-23B
TY-25
TY-35
TY·38
TY-38
TY-41MKlll
TY-41MKV
TY-42
TY-43
TY-45

.TY·4 7
SM·328
SM -333
SM-866

69 .50
20.76
20 .7 6
2 2 .65

41 .38
103.00

49 .37
80.58
a5 .81
58. 24

1 16 .80
90.80

$ 18 .58
17 .71
38 .81
29 .00
70 .00
4 6 .15
36.35
75 .00
34 .93

59.50
t4.55
14 .5 5
15.75

Yet another reminder here that
the Midnight Engineering isa great
new hacker magazine aimed at all
of yo ur small -scale hardware and
softwa re production s. Free sam
ples are avai lab le by special ar
range ment.

Turning to my own stuff, for the
fundamental s of microprocessors
and microcomputers , check into
my Micro Cookbooks, vo lumes I
and II. I also have a new and free
mailer for you that includes doz
ens of insider and top hardware
hacking secret sou rces. Write or
call for a copy. R-E

POWER SUPPLIES

&1 ~~ ~t ::::~~t~: J'cc:a~::~s~~~r:~.:: :: :::: : :
0030V 3A Regul.ted DC Power Supply •. .. .••. ..
0050V 3A Regul.ted DC Pow er Supply •. .•.. ... ..

AMPLIF IERS
MOPEL DESCRIPTION KIT ASSEMBLED
TA-2BMK2 Digital Voice Recorder 6 6 ... .. .. .. ... ... . .. .. .. .. .. . 30.00
TA-SONB Multl·Purpos. Melody Generator •. . ... .. . ... ... .. 11 .84
TA-50 C Multl-Purpo• • M.lodY Ge n.rator • ••. . .. .. ..•. .. .. 12 .85
TA-120MK2 35W Clu . " A" Main Power Mono Amp,.· ' 27 .16
TA·300 30W Muill-Purpo•• Single Ch annel Amp "".. .. .. 20 .00
TA-302 60W Stereo Power Boo.ter 50.00
TA·322 i 50W+5OW IC St.re o Amp. w/led leYe l d i.play,," 3 5 .50
TA-323A 3OWx2 Ster e o Pre -maln Amp.. 29.50
TA-377A HI·QUALITY FET Storoo Pre·Amp... . . . ... . ... .. ... 59.95
TA-400 4DW Solid Sl.te Mono Amp,," .... . .•... .... •.••. . .. . 28. 00
TA-477 120W Mostet Power Mono Amp..... .. .. ... .... . 88.00
TA-BOO 8OW+80W DC Pre-M.in & Power Amp... .. •.. . 60.92

i~:~~A :g~+~~~~t'DC"~r~~~rno~:~::'i;,,~• .\.: :g:~;
TA-1000A 100W Dynami c Cla....A" Main Power Mono Amp. 59.69
TA-l500 l00W.2 Cl as . "A" DC St er eo Pra- M. lnAmp 73.7D
TA-2200 FETSuper cl a A·· DC Pre·Amo 47 .70
TA-2400A Electronic EchO& ReYel.tlonAmp6..... .. .. . 9 3 .3 0
TA-2500 HQ Pre-Amp. w/l 0 b.nd araphlc eauallzer• .. ..
TA-2800 BI·FET Ie Pr.Amp. w/3 way ton e control.'" . .. .. 48 .9 0

+~:= ~~W ~~~~~r~~:e~~~;:;::~a;.y:~.o. ~.~~.~~.)~g :~

TR-l00A
TR-355A
TR·355B
TR-S03

HARDWARE HACKER

• indicates the level of dltliculty In the assembling of our Products.
SM-333

TA·3600

continued from page 76

c l ude s a Generic Array Logic
Demo through SGS-Thomso n and
a CUPL demo di sk fro m Logical
Devices. Included here is a M y
First PAL Design booklet.

Tektronix has a new and free
Scope Evaluation Ki t availabl e th at
includes a test circuit boa rd which
pu rpo sely generates overshoots
and hard-to-see glitches. Th ey
also have several fr ee oscill oscope
videotapes available . Surpri singly
cheap ($3.95) analog hygrometer
humidity in struments are availabl e
from Klockit.

Turning to other m echanical
stuff, Stock Drive Products has a
new data book and master catalo g
available on such things as gears,
belts, couplings, robotics, bread 
boards, and such.

To improve the appearance of
your prototypes, the Donjerfolks
have low-cost " instant suede" ap
plied via liquid glop and a cabbage
duster. 28 colors are avai labl e, as is
a $52 professional starter kit.

- liE AcLE PI MAJOR C R ~UI I CA RIJS MU Nl' URUERS ANlJ CHEC KS - BU SIN ESS & SHOWROOM HUURS ,PAU I IC 11M' I '-IUN FRI 9 30 A M SOD P M SAT 10 OO A M . •~
"DU P M TU1M S SI UOU MIN ORDl R S20 MIN CH.\ RGE CARDO RIJER WE SHIP UPSG ROUN IJ ADU I If'< 0 1 TOI ALURDl H, ~lI N 53 00, f OR SHIPPING OUTSIDE USA ADD l~
20 ", M IN 5S 00, TRANSIT IN SURAN U M Jll S' oOf TOT.\L,O UTSIDE USA ON LY, cA RESIUFNIS AlJD SAI FS lA X .\LL M' r« H.\NDISE SUBJECT TOPRIORSALE PRICES ARE ~
SUHJECT TO CHANGf WITHOUT r~O TI(' W' .\ R, NOT RESPON SIBL E FOR TYPOGR.W HICAI l RRORS c::.d
MARK V ELECTRONICS. INC. - 80 19 E. Sla uso n Ave.. Monteb ello. CA 90640 l'f;;~~m l

<D
<D
o

CIRCLE 93 ON FREE INFORMATION CARD 83



CIRCLE 203 ON FREE INFORMATION CARD

JERROL[)TM
TB-3

SCIENTIFIC
ATIANTA
SA-3

HAMUN
MLD1200

OAK
M35B
WI VARI-5YNC

INTELESTAR
CONVERTERS

DF-3/2
RLTERS

DESCRAMBLERS
"The Empire Strikes Back"

"We Cut Prices To The Bare Essentials"
There Is _NO Com et ition ANYWHERE!

10%UNDER ANYONE
Quoted or Advertised Prices...Even The Wh019s;'19

For ~r~:~~~~I~~~~: (402)331-3228 ~
SALESREGULATED BY FEDERAL& STATELAW ANYONE IMPLYINGTI-lEFT OF

SERVICES WILL BE DENIEDPURCHASE.
Clble Network Co. 5078 s. loa th St. 5tl . 121 Omaha NE 68137

GRA1- ANTI GRAVITY GENERATOR • . .. . .$10.00
w LC7 - 40WATT BURNINGCUTIING LASER .. $20.00
!1i~RUB4 - HI POWER PULSED DRILLING LASER . .. $20.00
!!?I" BTC5- 1MILLION VOLTTESLACOIL . . . . . . .. . $20.00
cc In MCPl- HIVELOCITY COILGUN . .. $15.00
:::!!! LLSl - LASERLIGHTSHOW 3METHODS . .. $2000
Cf.) EHl- ELECTRONICHYPNOTISM TECHNIQUES $8.00
Z EMLl- l1JWERPOWEREDCOILGUNLAUNCHER $800
< JL3- JACOB LADOER3MODELS .. $10.00
..J SD5 - SEE INTHE DARK . . $10.00
Cl. LEVl- LEVITATIONOEVICE . . $10.00

~ FMV1K- 3MILEFM VOICETRANSMITTER . . . $34.50:s PFS1K- HANOCONTROLLEOPLASMA FIRE SABER $49.50
:c NIG7K - HI FWXNEGATIVEIONGENERATOR . . $34.50

~ il: PG5K - PLASMA LIGHTNINGGLOBE .. $49.50
z ~ LHC2K - VISIBLESIMULATED3COLORLASER . . . . . . $44.50
t'j'" HDD1K - HOMINGfTRACKINGBEEPER TRANSMITTER. .$44.50
C;;g LGU6K - 2.5MW HANO·HELDVISIBLELASER GUN S249.50
~ g: BTC3K - 250.000 VOLTTABLE TOP TESLACOIL $249.50
Cf.) IOG2K- ION RAY GUN.projectenergy withoutwires $129.95
to- TKE1K- TELEKINETICENHANCER/ELECTRICMAN $79.50
52VWPM7K- 3MILEAUTO TELEPHONE TRANSMITTER. .$49.50

CI ASSEMBLED INOUR LABS
LLI L1sno - INFINITYXMTRListen inviaphone lines• . .• .$199.50 _
.... IPG70- INVISIBLEPAINFIELD BLASTWAVEGENERATOR$74.50
ICICII ITM10- 100.000 VOLTINTIMIDATORUPTO 20' $99.50
:::E TA130 - AUTOMATICTELEPHONE RECORDINGDEVICE .$24.50
LLI PSP40 - PHASORSONICBLAST WAVEPISTOL $89.50
Cf.) DNE10 - ALLNEW 26"VIVIOCOLORED NEON STICK •.. $74.50
Cf.) LGU20 - .5TO 1MW VISIBLE REO HeNeLASERGUN . .$199.50
c:e BLS10 - 100.00WATTBLASTERDEFENSEWAND . .... $89.50

EASY ORDERING ?RDCEDURE· TOLLFREE1·800·221·1705
or24HRSON 1-603.{l734 730 or FAX ITTO 1-603-li72-5406

VISA. MC.CHECK.MOINUSFUNDS.INCWDE 10%SHIPPING.ORDERS
$100.00& UP ONLY ADO $10.00. OOAlOG $1.00 OR FREEWITH ORDER.

When You Need Resistors, We Sell You Resistors
(And Gravy), But Not Printed Matter!

Resistorsare one of the mo st common of electronic co mponent parts and having a good reliable source for them isa necessity.
For years we have been the lowest price leader in this (and many other) areas, an d the following price comparison table proves
that although we ask for a yearly Membersh ip Fee of $35.00, you can recover your investment q uickly after purchasing just a few
thousand resistors, and what yo u will save on more than 10,000 additional items that we stock, is the so-called 'gravy' part of the
whole deal.

Resistor
Quantity Electron ic Dig i-Key® Digi-Key® Jameco JDR Sintec®

Type Buyers Club (No Disco unt) (Max Discount) Electronics® Microdevices®
1/4 Watt, 10 -- S 0.50 S 0.375 S 0.50 S 0.50 -
5% Carbon- 100 $ 0.77 1.70 1.275 2.50 2.00 S4.00
Film (Bulk) 1,(XX) 4.76 8.10 8.10 11.95 15.00 12.00

ioooo 43.20 72.00 72.00 99.50 -- --
1/4 Watt, 10 0.32 1.00 0.75 - - --
1%, Metal- 100 1.16 3.90 2.925 3.29 -- 8.00
Film (Bulk) 1,(XX) 8.25 20.00 20.00 17.95 - 30.00

30 Days Money Back Guarantee
We will refund the full Membership
Fee of any new member of Electronic
Buyers Club who within 30 Days
after receiving the Membership

.Binder, returns the Binder to EBC
and asks for the cancellation of
Membership.
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12 Months Saving Guarantee
We will refund the first year Membership
Fee of any member who has purchased
$300 or more worth of products from
Electronic Buyers Club and has not
saved an amount greater than the first
year MembershipFee, if buying the same
items elsewhere,

~Iectronic
[muyers

(Club
A Division of International Canponents Corporation

It is not that these other firms are trying to rip
you off. the fact is that advertising in several
Trade Magazineseac h month and printing and
mailing hundreds of thousands of virtually the
same catalog every few months cost a lot of
money and they have to charge more. Call us
today and start receiving components for your
money instead of printed matter.

1803 N.W. Lincoln Way • Toledo, OR 97391

PHONE (All 50 Sta tes & Canada): 1-800-325-0101

FAX: (503) 336-4400 • Hours: 6:00 AM - 6:00 PM PST

•==
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..... $325
. S375

. . $ 80

. . $ 12

Also Available from Optoelectronics, 8 Digit LED Hand
Held Frequency Counters:
Model 221010 Hz - 2.2GHzGeneral Purpose Audio to
Microwave... S219
Model 1300H/A 1MHz- 1.3 GHz RF Counter. . . S169
Model CCB Relative RF Signal Strength Bar Graph Meter
With 10 Segment LED Display . . . S99

Model 2600H .
Model UTC3000 .
Model TCXO-30
Model TA100S Telescop ing Whip Antenna

Introducing two advanced hand held
frequency counters incorporating many
unique features usually found only on
laboratory bench counters.

These counters ore designed for virtu rally
every measurement application from DC
through Microwave including measuring
RF transmission frequencies at the maxi
mum possible distance.

The UTC 3000 does all of this and is also the world 's first
Hand Held universal counter timer with Period, Time Interval,
and Ratio measurement capability.

• 10 Digit LCD Display with Gate, Function, and InputAnnunciators.
• Directcount (1 Hz resolution in 1Sec) to over 150 MHz.
• 16Segment Bargraph displays Input Signal Level. Ensures reliable

counting, proven effective in locating concealed transmitters.
• High Accuracy, 1 ppm 10 MHz Crystal Time Base is standard with

optional 0.2 ppm TCXO available.
• More usabie Sensitivity than in any other counter for efficient

antenna pick up measurements.
• Four push button selectable Gate times.
• Ni-Cad battery pack and AC adapter-charger included.

In addition, The Model UTC3000 features:
• in addition to Frequency, additional Functions Include: Period,

Ratio, and Time Interval and Average.
• Single Shot Time Interval 100 ns. .1ns averaged.
• Two input channels with High Impedance and 50 ohm input
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SIP & SIMM MODULES MICROPROCESSOR COMPONENTS MISC. COMPONENTS
part No Fun cllon pri ce ZOO, ZOOA, ZOOB,S ERIES 8000 SERIES C ontinued 8000 SERIESConHnued TANTALUM CAPACITORS
512Krr IBMPs.~ 1DOns 256Kx9 SIMM (2 each) ........99.95 pa n Na pdce Part No Pdce Pa n No price TM.l .1~f@ 35V .... .. . , 9 1 TM4.7 4 .7~f@ 35V... .45
2MEGKIT' IBMP~ lOOns 1MEG x9 SIMM(2each).•..369.95 Z80 .... .•...... ...•... ...... .... 1.25 81552 ......... ....... ....... ... 3 .75 8286 •..•.... .... ................ 2.29 TMl

~~;u'f~53~V: : ::
.19 TM6.8 6 .8~f @ 35V... .59

41256A9A·l0 262.144x9 1COns256Kx9 SIP(Has Leads}•...,44.95 Z80A. ...•..... ....... ......... 1.29 81C55 .... .•...... ........• .... .. 4 .25 8741 ............ ......... .... ... 9.49 TM2.2 .25 TM10 10 f@35V .... .69
41256A9B·80 262.144...9 80ns 256Kx9 SIMM...•....•M . .. . . . . . . . . . . 49.95 Z80A·CTC .................. 1.65 820 5........•.•........ ... .... ... .. 9 .95 8742 ............ ............ .. 14.95 POTENTIOMETERS421000A8B·l 0 1.048.576x8 100ns1MEGx8 SIMM ..................109.95 Z80A·DART............ .•.. 4.95 82Cl1 ....... .. ........ ...... ... 6.95 8748 (25V)......... .....•... . 7.95
421000A9A·80 1,048.576x9 SOns1MEGx9 SIP(HasLeads)••. 124.95 Z80A-PIO ......... .. ........ 1.89 82 12 ................. .... ....... 1.99 8748H (HMOSII21V) ... 9.95 Values available (insert ohms into space marked "XX"):
421000A9B·80 1.048.576' 9 80ns lMEG, 9 SIMM ......_ _ ........119.95 Z80A·S IOiO....... ......... 3.95 82 16............ .. .. .... ...... .... 1.39 8749 .................. .... ...... 9.95 500n . 1K. 2K. 5K. 10K. 10K. 5OK. lOOK. 200K. 1MEG

'UpgradeforModels30. SOland60 Z80B ...... ...... .... .. .... .... 2.75 8224 ...... ...................... .. 1.49 875 1H (3.5· 12MHz).... 34.95 43PXX 3:4 wan.tsrcro .99 163PXX 112Watt. Hurn .8 9

7400 Z80B·CTC ........ .. .... .... 3 .95 8228 ........... .... .... .. ........ . 1.49 8755 .......... ................ 13.95
Z80B·PIO ................... 3 .95 8237-5 ........•• ...... ........ 4.25 80286-10 (10MHz)LCC 29.95 TRA NSISTO RS AND D IODES

part No 1·9 10+ part No 1·9 10· Z840QHBl CPu·8I"lH.l: .•~ 3 .95 8243 ......................... ..... 1.95 802 87-3 (SMHz) ....... 109.95 PN2222..... . , 3 -

1
PN2907... ' l i l- , N4004 ..... .10

7400.. .29 .19 7474..... .39 29 IlOOO SERIE5 8250A ......... .... .... ... ...... . 4.95 80287·8 (BMHzl ..... .. 209 .95 2N222 2A... 29 2N440 1 15 lN 4148 ..... .07.................
.29 .19 7475 .

..............
.49 .39 8031 ......... .. ... ..... ...... 3.95 8250B (ForIBM)................5.95 80287 -10 (10MHz) ... 239.95 2N3055 ..... 69 lN270 . 25 lN4 735 ..... .257402. .......... ........

8OC31 ....... ........ ...... ... 8.95 825 1A ...... ..... ............. . 1.95 80386·16 PGA ...... .. . 259 .95 2N3904... 12 l N75 1 .. 15 Cl06Bl .497404 ............. .29 .19 7476....... ............ .45 .35
8035 ......... ..... ..1.25 8253 ........ ....... ........... . 1.89 803 87· 16 (16MHz) ... 349 .95 .....

7405.... .35 .25 7483 .... ............... .59 .49 ,........
8253·5 ...... .. ...... 1.95 80387 ·20 (20MHz). .. 399 .95 SWITCHES

7406...... .39 .29 7485 ..... ..... ...... .65 .55 8039 .... .... . .......... ...... 1.59
82C53·5 ... ...... .. 3.95 803 87·25 (25MHz) ... 499.958052A HBASIC.......... 24.95 .. ........ JMT123 SPOT, Q'l.Qn 1.25 1 206 ·8 sPST , 16'P1n DIP 1.19

7407 ... .39 .29 7486 ..... ............. .45 .35 808OA....... .. ........ ........ 1.95 8254 ...... .. .. .. 4 .95 82284 (8MHzl ...... .. .... .. 5.49 MPCl21 SPDT.Q-I.OlO'1 1.25 MS 102 SPST. Momentary .397408 ........ .35 .25 7489 ............. ... 2.25 2.15 808SA..... ...... ...... .... .... 1.95 8255A ·5 ............ ............ 2 .95 82288 (BMHz) ........ .... .. 6.95
7410 ... .29 .19 7490 ........ .49 .39 808SA·2.......... .... ...... .. 3.59 82C55A ·5 .............. .. .... .. 4.49 DATA ACQUISITION D-SUB CONNECTORS
7411.. .35 .25 7493 .................. .45 .35 8086 ........ ..... ....... 3.95 8256 .... .... ...... ........ ... 11.95 ADC0804 lCN ...... .... .... 3.25 DB25P Male. 25·pin .69 I DB25S Female . 25·pin .75
7414 ... .49 .39 7495 .... ............. .59 .49 .....

8259 ·5 ........ .. .. .... .... .. .. .. 2 .25 ADC0808CC N ......... .... 5.498087 (5MHz).... ...... ... 89.957416 .......... .35 .25 741 07..... ......... .29 .19 8087 ·1 (10MHz) ...... 169 .95 8272 .. ................ .......... 3. 49 ADC0809CCN ...... .... .. . 3.75 LEOS
7417... .35 .25 74121 ........ ....... .39 .29 8087 ·2 (BMHz) ........ 129.95 8274 . ..................... 4.75 ADCl20SCCJ·l .... .... . 19.95 XC209R rt . Red ...... ...... .. . 1 ~ 1 XC556GT1 ) 4,Green...... .177420 ................ .29 .19 74123. ....... .49 .39 8088 (5MHz) ...... .... ..... 4.95 8279·5 .................. ........ 2.95 DAC0808lCN...... .. .... .. 1.49 XC556 R T1" 4. Red............ .13 XC556Y T1)'4. Yellow....... 177427... .29 .19 74125... .... ......... .49 .39 8088-2 (BMHz).... .... .... 6.95 8282...... ...... .... .... .... .. .... 2.95 AY-3· 1015D ............... .. 4.95
7430 ... .29 .19 74 147... ......... 1.99 1.89 8155 ..... .... .... ...... ..... 2.49 8284A ...... .. .... .. .... .. .... ... 1.95 AY·5- 1013A ...... .... ....... 2.95 IC SOCKETS7432 ...... .39 .29 74 150 ................. 1.35 1.25
7438 ... .39 .29 74151.. .39 .29 STATIC RAMS 6500/6800 Low Profile Wire Wrap (Gold) Le vel t2
7442 .. .49 .39 74154... 1.35 1.25 8lP.. .11 8WW... .49.............. -- 68000 Series - 14l P .12 14WW... .657445 .. ............ .75 .65 74161... .69 .59 part No Fynctlon Pr ice .............................
7446 ... .89 .79 74174... .59 .49 2016·12 2048:.:8 120ns. .. .... ........ . ....... 2.95 part No Pdce

16lP.... .. ... .13 16WW ....... ... .69
7447....... .89 .79 74175............ .. .59 .49

.... ......... 24 l P... .21 24WW ..... .............. ..... 1.19
7473 .... .39 .29 74 193.... . .79 .69

2102 1024:.:1 350ns........... ......... ........ ................. 89 6402 .................... .. 3.75 28 l P .. ............. .. .23 28WW ..... .. .... ........ .... 1.39
2112 256x4 450ns MOS.. ................... ...............249 6502 ............ ......... .. 2.19 40 lP..... .. .... .... ... .... ..... ... .29 40WW ....... .. ..... .... .... .. .. 1.89

74LS 2114N 1024x4 450ns.................. ............ .. ...............99 6502A... .......... .... ...... 2.59 SOId, rta ll Stand ard (Gold & Tin ) & H, .o.r Plug SOckat. AI.e) Av. lI.bla
2114N·2L 1024,;4 2{)Qns LowPower ......................... ..149 65C02 (CMOS) .......... 6.95

741.S00 .... .26 .16 74lS139. ..... .49 .39 21C14 1024x4 200ns (CMOSI .... .................. 49 6520 ... ........ 1.59 74HC HI-SPEED CMOS
741.S02 ...... .28 .18 74 lS151.. .49 .39 5101 256x4 450ns(CMOS). . ............................. 1.95 6522 . ................ .... .... 2.95
741.S03 ... .28 .18 74l S153 .. ........... .49 .39 6116p·1 2048,;8 lOOns (16K)CMOS.... .......... ....3.19 65C22 ......... .......... 4.25 part No price pan No Pr1CO
741.S04 ... .28 .18 74lS154... 1.291.19 6116p·3 2048x8 150ns (16KICMOS ..........................2.79 6532 ...... ...... .. ...... ...... 4.95 74HCOO. ... ........... .19 74HC175 .59
74lS05...... .28 .18 74 lS157...... .45 .35 6116LP·l 2048x8 lOOns (16Kll P CMOS. ...................359 6551 .. .................. 2.69 74HC02 ................... ..... .19 74 HC221 ........ ...... .... ...... .89
741.S06... .59 .49 74 lS161......... .49 .39 6116LP·3 2048x8 150ns (16K)LP CMOS... . ... ... ....... 3.09 65C802 (CMOS) ...... 15.95 74HC04 ................... ..... .19 74HC240 . ...................... .69
741.S07...... .. .59 .49 74 lS163...... .49 .39 6264P·l0 8192x8 lOOns (64K) CMOS ... ....... .... .......6.75 6800...... .. ..... 1.75 74HC08 ........ ........... ... .19 74HC244 ........... ........ ... .79
741.S08 .... .28 .18 741.S164 ...... .59 .49 6264P·15 8192x8 150ns(64K)CMoo .... .....................4.95 6802 ........ ........ .... 2.95 74HC10 ........ .......... ...... .. 19 74HC24 5 .. ... .... .... .... .... . .79
741.S09 ...... .28 .18 741.S165 ... .75 .65 6264LP·l0 8192x8 lOOns (64K)LPCMOS .....................6.95 6808 .............. ........... . 2.49 74HC14 .. ...... .. .29 74HC253 .. .........49
741.S10... .26 .16 74 lS166...... .89 .79 6264lP ·12 8192x8 120ns (64K)LPCMOS.... ................ 6.49 6810 ................ .... .... . 1.25 74HC30 ............., .. ......25 74HC2 59 .............. ........ .49
741.S1L. .29 .19 741.S173... .45 .35 6264LP·15 8192x8 150ns (64K)LPCMDS.... ...............4.95 6820 ........ .. .... .... ...... .. 2.75 74HC32 ............... .25 74HC273 .. .... .... .... ...... .. .49
741.S14......... .49 .39 74 lS174.... .39 .29 6514 1024x4 350nsCMOS. ..................................3.25 6821 ...... ........ ............ 1.75 74HC74 ........................ .29 74HC373 .. ...... .. ...... .. .....69
741.S20..... .28 .18 74 lS175......... .39 .29 43256·10L 32,768, 8 l OOns(2561() LowPower ...............10.95 68B21. ....... ...... .... .... . 2.25 74HC75 .................... .....35 74HC3 74 .69
741.S21 ...... .29 .19 74lS191.. ... .59 .49 43256·15L 32.768x8 150ns (256Kl LowPower ............ ....9.95 6840 .................. ...... 3 .49 74HC76 ...... ................ .... 35 74 HC595 ...... .. .... ...... 1.29
741.S27... .35 .25 74lS192. .......... .69 .59 62256LP·l0 32,768x8 lOOns (256K)LPCMOS .................11.95 6845 .... ... .............. 2.75 74HC85 ............. ........... ... 55 74 HC688 ...... ............1.49
74lS30........ ... .28 .18 74lS193... .69 .59 62256LP·12 32.768'8 120ns (256K)LPCMOS ................. 11.25 6850 ..... ... . ...... 1.75 74HC86 .......... .... .. .... ... .. .29 74HC943 .. ...... ....... ... ....6.95
74l S32... . .28 .18 74lS194........ .69 .59 62256LP·15 32,768x8 150ns (256K)LPCMOS . ..............10.95 6852 ...... .. .... . .75 74HCl 23 .. .................... .59 74HC4040 . ........ .. .... .. ..... .79
74lS38.. .35 .25 74lS221..... .69 .59 MC68000l8 . :::::::::::::'995 74HC125 ....................... .49 74HC4049 ................. .29
741.S42 .. .......... ... .49 .39 74lS240.... .59 .49 DYNAMIC RAMS MC680001l0 ........ ... 11.95 74HC132 ................ ...... .49 74HC4050 ...... .... .......... ...29
741.S47 ..... .85 .75 74lS241...... ..... . .59 .49 MC68008 P8 .... ...... 8.49 74HC138. ...................... .45 74HC4060 . .. .... ...... .. .......69
741.S73 ...... .39 .29 74lS244....... .59 .49 TMS4416·12 16.384.1.4 120ns................ ...............................5.95 MC6801Oll 0....... .... 19.95 74HC139 .39 74HC4511 .... .... .... ....... ...99
74 1.S74... .35 .25 74 lS245...... .79 .69 TMS441 6·15 16.384x4 150r'lS .. .............................................5.49 MC68020 RC12B . .... 59.95 74HCl54 ..................... 1.49 74HC4514 ........ .. .... ...... 1.79
74 1.S75......... .39 .29 74 lS257 ... .49 .39 4116·15 16.384x1 150ns (MM5290N·2) .... ......... .. . 1.09 MC68450 l10 ...... .... . 29.95 74HCl63 ...................... .39 74HC4538 ... ............... 1.19
741.S76...... .39 .29 74lS259 ............. .99 .89 4128·15 131,072xl 150ns (Piggyback} ................ ............4.49 MC68701. ...... . ...... . 19.95 74HC174 ...................... .59 74HC4543 .. . .... . .... .. 1.19
741.S83......... .55 .45 741.S273 .......... .89 .79 4164·100 65.536, 1 100ns ............ ..................................2.75 MC68705P3S ... ...... 15.95
74l5 85...... .55 .45 74 lS279.... .49 .39 4164·120 65.536x1 120ns... . .... ... . .. ........... ..... ...2.39 MC68705U3S ..... .... . 17.95 74HCT-CMOS TTL
74l5 86...... .. . .29 .19 74 lS367...... .49 .39 4164·150 65,536xl 150ns.... .. .... ..................2.15 MC68881RC16A ... 129.95
741.S90.... .49 .39 74 lS373... .79 .69 41256·60 262,144x1 60ns ............. ...... .............................5.25 MC68881RC20A ...1 59.95 74HCTOO .................. .... ..17 74 HCT139 .................... .39
741.S93 ..... .49 .39 74lS374 ...... .79 .69 41256·80 262.144X1 SOns.. ................... .... ..... ....... ........3.75 Commodore 74HCT02 . .......................17 74HC T157 .. ............... .29
741.S123 ...... .49 .39 74 lS393... .89 .79 41256·100 262,144x1 l OOns...... ................................3.15 74HCT04 . ...... ........ .. ...... .19 74 HCT174 ..... ..... .......... .29
74lS125 ... .49 .39 74lS54L. . 1.29 1.19 41256·120 252.144x1 120ns .............. ................................2.95 WDlno .. .... ...... .. .... ... 8.95 74HCT08. .......... ...... .... . .17 74 HCT175 ... .29
741.S132...... .49 .39 74lS590......... 5.955.85 41256-150 262.144xl 1500$... ......................... 259 SJ3052P.. .... ........ .... .... .99 74HCT14 . ................ ...... .29 74 HCT240 .....................69
74 l S 138 ... .49 .39 74lS688...... 2 .39229 412&4·12 64Kx4 120nsVideoRAM.... .. 10.95 6504A. . ...... .. .. 1.19 74HCT32 ........ .......... ...... 19 74HC T244 ..................... .49

41464-80 65.536.1.4 80ns... ....595
...... 74HCT74 ...... .... .... ...... ....29 74HC T245 ..................... .4974S/PROMS' .......... ............ 6510 ........ 14.95

41464·12 65.536' 4 120n5 ................. ..................... ......3.95 6526 ............ .... .. ...... . 13.95 74HCT86 .......... .......... . .25 74 HCT373 .. .. .. .49
41464·15 65,536x4 150ns....................... ... ..... .. .. 3.59 6526A. .... .. .... .... ...... . 14.95

74HCTl38 .... .... ...... .... .. . .39 74HCT374 ............... ...... .39
74500...... .25 74S188'. .................. ... 1.49 51258·10 262,144x1 100ns Static Column ........................8 95 LINEAR74504...... .25 7451 89 ... ...... . ... .. ... 1.49 511000p·80 1,048,576xl 80ns(1 t.~eg l . 12.95

6545 ·1.. ... ......... 3 .95
74532... .25 74S240 1.39 ...................... ........ 6560 ..• . . .• .. . . .• •. • ........ 6 .95......................... 511000P·l 0 1.048.576xl l OOns (1 Megl .. .. 12.35
74574..... .25 745244.... .99 ............. 6567 ...... .... .... .... ...... . 24.95 part No 1·9 10+ p art No 1· 9 lOt.. .......... 514255p·10 262.144x4 lOOns(1 Meg) ......... ...................... 12 95745 112........ .25 745287' ...... 1.49 6572 .... .... . .. ...... .. ...... .. 6.95

514258·10 262,144.1.4 lOOns Stauc Column ... ......... .....26.95 Tl 071C P .. .69 .59 DS14C88N ........ 1.19 1.09
74S 124 . . 1.25 74S288· ... 1.49 6581 (12V) .... ........ ... 12 .95 TlO72CP ........... .79 .69 l M1489N.. .49 .45
74S 138 . ....................... .49 74S373 ..... .99 EPROMS 8502 ........................ ... 7.95 Tl074CN ............ .99 .89 DS14C89N .::::::::1.19 1.09
74S 153 ....... .29 74S374. .99 8564 .. .... .... ............... .. 2.95 Tl 081CP .. .59 .49 l M1496N .69 .59
745163.... .75 745387' ....................... 1.29 T ~S25 16 2048x8 450ns(25V} ............................. 4 95 8566 .... .. .. .... ........... .... 6.95 Tl082CP .59 .49

.......
......... ........... lM 1871N ...... ..... 1.95 1.75

7451 74...... . .29 745472· ... ............. ....... 2.95 TMS2532 4096x8 450ns (25V) ........................................ 5.95 870 1 ...... .. .... ........ ....... 9.95 Tl 084CN ............ .99 .89 lMI 872N ........ ... 1.95 1.75
745175.... .39 745571·... . ........ . 2.49 TMS2532A 4096x8 450ns (12.5VI... . . .......... 525 8722 .... .... .. ....... ..... .... . 8.95 l M307N .. .45 .39 UlN 2003A.... .79 .69

TMS2564 8192x8 450ns(25V)... ......................695 '82S100PLA" 15.95 lM308N .65 .59 Ul N2004A. .79 .69CD-CMOS TMS2716 2048x8 450ns('5V,+5V.+12V) ...................... 649 3106 54·05 .......... ........ 9.95 lM309K ::::::::::::: 1.49 1.25 26 lS29 . ........ .... 2.95 2 .75
1702A 256x8 2K (1~) ..... .. ... ...........4 25 325572-01 ........ .... ..... 17.95 l M310 N ...... ....... 1.49 1.25 26 lS31 .......... .... . 1.19 .99

CD400L. .19 CD4051.. .59 2708 1024x8 450ns .......................................... ......6 ; 5 901225 -01 ...... ...... .... . 15.95 l M311 N.. .49 .39 26lS32 ........ .... .. 1.19 .99
CD4002...... ... .19 CD4052... .59 2716 2048x8 450ns (25Vj ...................... ........ ........3.49 901226 -01 ...... .... .... .. 15.95 lM317T .69 .59 26 lS33 ..... .... ..... 1.75 1.49
CD4007... .19 CD4053... .59 2716·1 2048x8 350ns (25VI.................. ........ 3.95 901227 ·02 ... ...... .... .. ... 4.95 lM318N ::::::::::::: 1.09 .99 UlN2803A ...... ... 1.19 .99..... 901227 -03 .......... .... .. 15.95C D401L. .19 CD4060... .65 27C16 2048x8 450ns (25V)CMOS... ..................... 4.25 l M3 19N ............. 1.29 1.19 lM2901N .39 .29
CD4012 .... .. . .25 C D4066 ... .29 2732 4096.1.8 450ns l25VI ..................... 3 95 90 1229-05 ...... .... .... .. 15.95 l M323 K ...... ....... 3 .49 3.25 lM2907N .... .. .... . 1.29 1.19........ ........ 90 1460-03. ...... ........ ... 1.95 l M3 24N .39 .35CD40 13 ... .29 CD4069...... .25 2732A·20 4096x8 200ns(21V)............... .................. ..... 3.95 LM2917N (8 pin) .1.75 1.49.. . ........... 901486·06 .... .. .. .... .. .... 2.95 LM335Z ::::::::::::: 1.49 1.25CD40 15 ...... .29 CD4070... .29 27C32 4096x8 450ns 125V)CMOS 4.25 MC3470P . ...... .. 1.29 1.19l M336Z ...... .... ... 1.09 .99CD40 16 ... .29 CD407l.. .19 2764·25 8192x8 250ns (21V) ........................................ 3.95 'N o specs available

lM337T.. ...... ... 1.29 1.09
MC3479 P. .......3.95 3.75

CD4017 ............. .49 CD4072... .19 2764k 20 8192x8 200ns (12.5VI . ..... .. . ... 4.19 " Nole:82S100PLA . U17(C641
lM3 38K .... .. .... .. 4 .49 4.25 MC3485 P . ......... 1.29 1.19

CD4018... .49 CD40 73 .... .19 2764A25 8192x8 250ns (12.5VI............ ........ ................. 3 49 l M339 N. .49 .39 MC3487P . ...... ... 1.29 1.19
CD40 20 ...... .59 74CjCMOS l M3900N.. .49 .45
CD402 l.. .49 CD4081 ................ .19 27C64·15 8192x8 150ns (12.5VICMOS ......................... 4 95 l F347N .............. 1.49 1.25 ' :':::',.29CD4093... .35 27128·20 16.384:.:8 200ns(2lYl.. ...... ....................... ...5 95 l M348N.... . .69 .59 l M3905N.... 1.19
CD4024 .................. .45 CD4094... .89 27128·25 16.384x8 250ns(21VI......... . ....................... 5.25 74COO ........... 25 74C174............39 .. l F351N .. .49 .39 lM3909N .. .89 .79
C D4027 .... .35

....
lM3914N .... .. .. ... 1.95 1.75............

CD4503 ... .39 27128A·15 16.384x8 150ns (12.5VI... ....................6 95 74C02.. ........ .25 74C175............39 l F353N...... .59 .49CD4028...... .49 ......... NE5532 .. .89 .79
CD4029.. .69 CD4511 ........ .59 27128A·20 16.384x8 200ns(12.5V)......... ........... ................4.75 74C04..... .. .25 74CI92 .. .. .....99 l F356N. .89 .79

NE5534 .89 .79
CD4030 . .35 CD4518... .75 27C12825 16.384x8 250ns12lYi CMOS ............................ 5 95 74C08.. ........ 25 74CI94............49 l F357N .... ......... .99 .89

780 5K.. .. 1.29 1.19.....................
CD4520........ ... .69 2725615 32,768x8 150ns(125VI ..· .......................... 8.49 lM358N .. .59 .49

CD40 40 ...... .65 74Cl0 ............ 19 74C221.........1.79 7812K ............ .. .. 1.29 1.19
CD4042... .49 CD45 22 ....... .75 27256·20 32.768x8 200ns(12.5V)... ......................... .......54 9 74G1 4. . ........ .49 74C240.........99

l M380N..... ........ .89 .79
7815K ................ 1.29 1.19

CD4043.... . .59 CD4528 ... .69 2725625 32.768x8 250ns (12.5VI............. ..-........... ........49 5 lM385Z1.2 1.75 1.49
7805T .... .49 .4574C32........... .45 74C244.........1.49 lM 386N·3 .89 .79

CD4046... .65 CD4538........ . . .79 27C256·15 32.768x8 150ns (12.5V)CMOS. ................. ..7.25 ....... ..
78 12T...... .49 .45

27C25625 32.768,8 250ns(12 5V)CMOS ......... ....5.49 74C74...... .... .49 74C373.........1.49 l M393 N. .45 .39
CD4047...... .. 65 CD4543 ... .. .79 .........

l F398 N... ::::::::::: 1.95 1.75 7815T.. .49 .45
CD4 049 ... .29 CD4584 ... .49 27512·25 65.536x8 250ns(12.5V).. ...................... ...........7.25 74C85... ..... 129 74C374.........1.49

l F411CN .79 .69 78l 08 ...... .35 .29
C D4050 ..... .29 CD4585 ...................... .69 27C512·15 65.536x8 150ns(12.5V)CMOS....._.... ....... . 995 74C86..... ..... 29 74C911........ 5 95 lF41 2CN ........ . ..1.29 1.19 790 5K .... . .. 1.49 1.25

27C512·25 65.536'8 250ns (12 5V)CMOS........................... 7.49 74C89......... 295 74C912.........795 NE555V .... . .35 .29 790 5T . .55 .49
NEC V20 & V30 CHIPS 27C010 15 131.072x8 150ns (12 5V)CMOS (1 Megl .... . . . 19 95 74C90... ........99 74C915.........1.19 XRL555 ..... ......... .75 .65 75113 .. .............. 1.39 1.19

68764 8192x8 641( 450ns(25Vl (Ch'p Enable}.... .. 14.95 lM 556N .. .49 .39 751 50 .. .... .. 1.29 1.19
6876635 8192x8 64K350ns(25V) (OJlput Enable) .. 15.95 74C151 ... .. 1.75 74C917.........395

Replace th e 808 6 or 80 88 In You r IB M PC and lM565N .... .99 .89 75154 .. ...... ........ 1.29 1.19
part No Increase It s Sp e ed by up to 30% pr ic e 74C154 .... .. 2.95 74C920..... ...395 l M566CN . .......... 1.29 1.19 75174 . ....2.95 2.75EEPROMS 74C1 57 ....... 1.49 74C921.........395 lM567V... .......... .75 .65 75175 ........ .. .... ..2.95 2.75
UPD70108 -5 (5 MHz ) V20 Ch ip .... .. .. .. .. .. .. .. .. .. .. . 5 .25

2816A·25 2048x8 250ns (9V-15V) 5V Read!Write • .... 5.49 74C160......... .49 74C922.........3.95 lM723CN ........... .49 .39 75176 ....... .... ..... 2.25 1.95
UPD70108·8 (8MHz) V20 Chip .... .... .. ...... .. .. .... . 6 .95 74C161....... . 49 74C923.........395 lM741CN ... ........ .35 .29 7545 1 ...... .45 .39
UPD70108·10 (1 OMHz) V20 Chip ...... .. .... .. .. .. .. . 10 .95 2817A 2048x8 350ns 5V Read !Wrlt e ...... ............. 6.95

74C162 ... ..... 49 74C925.........495 l M747CN ... .. ... .. . .59 .49 75452 ..... .45 .39
UPD7011 6-8 (8MH z ) V3 0 Chip ..... .. .. .. .... .. .... .. .. 7 .95 2864A 8192x8 250ns 5V Read!W rl te (P." 1. No R1i'l10.95

74C173 ........ 49 74C926.........5 95 l M1458N ............ .39 .35 75492 ....... :. .89 .79
UPD70 116·10 (1 OMHz ) V3 0 Chip .... .. .. .... ... .... .. 13 .49 2865A &'92x8 250ns 5V ReadlWrile ...... .. .... .. .. .... 10.95 LM1488N ............ .49 .45 MC145406P ....... 2.95 2.75

PARTIAL LISTING .OVER 4000COMPONENTS AND ACCESSORIES IN STOCK! .CALL FOR QUANTITY DISCOUNTS I

RAMs ARE SUBJ EC T TO FREQUENT PRICE CH ANGES
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l006VSR2J$189.95

l003VSR2J$169,95

iLLH.ardJF1oppy

PartNO. 1 Price

XY999

tOO6VMM2I$169.95

JE1 0441$109.95

l003VMM2I$t.995

MfMH.ardIFloppy

Part No. I Price

UVP EPROM Eraser.-.---/ :"- lI t

• All wi OK RAM

JE3520 Pictu red

MOTHERBOARDS
2OI1Hx386

Only $629.95!

• Erases a ll EPROM 's • Erases 1
chi p in 15 M in . and 8 chips in 2 1
min . • UV in tens ity : 68 00 UW/CM2

DE4 $69.95

JE1001 Jameco ' .n8MH, 8088 (Pc?<T) $89.95
JE3005 Jameco Baby &'12MH, 80286(AT) $199.95
JE3010 Jameco Baby 816MH, 80286 (AT) S299.95
JE3011 Jameco Baby 810MH, 80286 (AT) S389.95
JE3025 AMIBaby 20 MH, 80386 $1199.95
JE3026 AMIFuII·S" e25MH, 80386 $1899.95
JE3028 AMIFull·S". 33MH, 80386 $2299.95
JE3520 Jameco Baby 20MH, 80386 $629.95
JE3525 Jameco Baby 25MH, 80386 $1199.95
JE3533 Jam.co Baby 33MH, 80386 .. $1699.95

tOD<A27X1$89.95

RLL H.ud

l003VSR11$149.95
l006VSRtI$169,95

Part No. 1Price

XTGEti$79.95

MFMHud

l003VMM11$1 29.95
l006VMM11$149.95

Part No. 1 Price

Hard & Hard/Floppy Disk Controller Cards

Computer Type

802M (AT)/386 @2:1Interle.v.

802M (AT)I386 @t:l lnterle.v.

8088(PCiXT) @3:11nter1elve

A.R. T. EPROM Programmer

• Programs all current EPROMs in the
2716 to 27512 range plus the X2864
EEP ROM· RS232 port· Software incl.

EPP $179.95
j

Soldering and Desoldering Stations
60 Watt Analog Display Soldering Station ' Electronic temperature
control from 200" to 878'F • Cartridge heating element for a
longer life of the soldering tip

XY1683 $59.95

60 Watt Analog Display Soldering Station ' Electronic temperature
control from 200' to 878' F • Ceramic heating element for a
steady temperature and long life

XY2660 $89.95

60 Watt Oigital Display Soldering Station' Electronic temperature
control from 200' to 878'F • Temperature displayed on easy
to read .560·H 3-digit LED readout • Nichrome heating
element

XY960 $99.95
30 Watt Electronic Temperature Controlled Desoldering Station
• Electronic temperature control from 212" to 842"F • Self
contained high rotary vacuum pump

XY999 $279.95

EGA & Multiscan Monitor Packages
Caspe r 14" EG A monitor and EG A card package

(720 x 350 m ax. resolu t ion ) •

JE1059 EGA Monitor & EGA Card $459.95

Reli sys 14" Multiscan monito r and EGA card

p ac kage (800 x 600 m ax . resolution)

JE2057 Multiscan Monitor s EGA Card $559.95

WM2
Prototype

Design Stati ons

MPF11 Pictur ed

Sony
MPF11 3.5' 720Kb InternalDrove.... $49. 95
S M K 5.25- Installation Kit w/Faceplate •• $14.95

WM1 & WM2 Features: • Removable solderless bread
board • Variable and fixed DC power supply • Multi·
frequency signal generator ' Analog multimeter • 8 bicol
or LEOs (red & green) • 8 logic switches • Logic probe
• Lighted power switch • Fuse overload protected
• Sturd y rugg edized cas e

WM1 Special Features: • 4 potentiometers • Built-in
speaker
WM2 Special Features: • Pulse Generator • Binary
coded decimal (BCO) to 7-segment decoderldriver • DB25
connector ' Frequency ccunter (1Hzto 1MHz)

WM1 An alog Prototype Sta tio n .... $199.95
WM2 Digital Prot otype Station ••••• $249.95

IBM PC/XT/AT
Compatible Keyboards,....

JE2017
JE2015 B4~ Key Standard ATStyle

Layout $59.95
FKB4700 101-Key EnhancedLayout

with 12 Function Keys ..... $69 .95
JE2016 I ll ·Key Enhanced withSolar

Powered Calculator.. ......$7 9 .95
JE2017 104·Key Enhanced withTrackball

(Mlcrosoft Compatible) .... $99 .95

TEAC
FD55B 5.25' 360KbHaltHt, $89 .95

'FD55G 5.25' 1.2MbHalt HI. $99.95

Mitsubishi
MF353B 3.5' 720KbHalf Height ... $99.95
MF355 8 3.5' 1.44Mb Halt Height $ 119 .95

3.5" and 5.25"
Floppy
Disk Drives

JE1010 F1l>TOllStar<1a<dPC1ITC $39.95
JE10l l SIdeStal'''''''PC1IT Case $39.95
JE1030 150 watt PC1IT Power SlWY $59.95
JE1032 2OO wattBaby ATPowerSu~ $89.95
JE1035 3OOw" ATPowerSUWy $l39.95
JE2011 V.ilGllCasew'3OON PwrSUWy $249.95
JE2012 Mn·V"","Case w,1OOW Pwr SuI'PY $149.95
JE2014 F1l>TOllBaby XTTL.'txlC $69.95
JE2019 Ap-TOll BabyATC $69.95

IBM
Compatible JE201 2
Cases and
Power Supplies

400 $4.95
830 $6.95

1,360 $12.95
1,660 $17.95
2.390 $22.95
3,220 $32.95

Cont act Binding
point ' posts price

Dim.
L" x W"

3.25 X2.125
6,5x2 .125
6,5 x 3.125
6,5 x4.25

6.875X5.75
7.25 X7.5

DB
OB

cilloscope P robes
enuation: xl I xl 0
.pacitance
180): 180pF
of : (LF210):
F I 17pF

TES T EQ U IP M E N T
IdS tar 20MHz Oscilloscope
d 1GHz Frequency Counter

JCJ.t" n

\ '.,.': _. -, .." '\

180 40MHz Oscilloscope
Probe ••••..••••••.• $19.95

!10 1OOMHz Oscilloscope
Probe $29 .95

»metneus 9600 Baud
Id e m \

10E

lIetex D ig i t a l Multimeters
lex General Specs:
mdneld, hig h accuracy
>DC Voltage,ACIDC
rent. Resistance. Diodes,
ltinuity, Transistor hFE
anual ran gin g w/overload
tection M4650\

650, 3650B & M4650 on ly:
so measur e frequency and capacitance
650 only : • Data Hold Switch ' 4,5 Digit

610 3.5D,glt Multlmeler $49.95
650 3,5D~lt MulbmeterwiFrequency &

Capaotance $69.95
650B Same asM3650wIBargraph $74.95
650 4,5D~l t wFrequency . Capaotance and

DataHodSWitch $99.95

.--GS7020
Ifge 6' rectangular display ' High
sitivity:-1 mVidiv -

7020 OscIIJoscope.......$399,95

ide measuring range ' Measured
ie hold function

7101 FrequencyCounter $299.95

It
l

PROTOTYPING PRODUCTS
ameco Solderless Breadboards

'21
'23
,24
,25
,26
,27

55Shoreway Road $50.00 Minimum Order - U.S. Funds Only
ilmont, CA 94002 J ® ~ CA Residents Add 6%. 6.5% or 7% Sales Tax
I Hour Order Hotline (415) 592,8097 ~ Shipping - Add 5% plus $1.50 Insurance

~I~; m6~5~2A~;O~~~J~J;~~;~-~r~i a~me..CO =:_- (May var~:r;:;~r~~~~os~~~~~oa~~a~~~~\~~o~~~~)
Ita Sheets · 50c each ~' ~._. Wearenot responsible for typographical errors,
'nd $2.00 Postage fo r a FREE 80-Page Catal og I VIS4· j We reserve the nght to substitute manufacturers
1990 Jameco Electronics 4/90 "" C~ tl C ..... u T l ~ Items SUbject to availability and pnor sale
\.1 is ~ registeredtrademark of I' ,:,,~ ':: !:..:......~c:.e.Y.::.C:~ Products pictured may only'be representative
ernational BUSiness Machines Complete list of terrnswa rranties IS available upon request

24-Hour Order Hotline (415) 592-8097 • The Following Services Are Also Available Through (415) 592·8097 From 7AM, 5PM P.S .T.:
• Customer Service· Technical Assistance· Credit Department. All Other Inquiries
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P(5156 0021150 I ,OS
P. 551 OO33ISO LOS
P. 558 .00J915O U16
P. SS9 .ClO.f7/SO 105
P..500 .00000i SO 10&
P4561 .0000' SO 1 0&
~--LQS

""",.,."
PillZ
P-4713
P.. l1 ..
P·O t 5

PM1 C. p./Y oh . Price
No . I"fl/ YAC lD
P.561 00l /SO lOS
P..f552 .0012/ 50 lOS
P-45053 .0015/ 00 LOS
P-4564 .001&.'SO 1.05
P-456/) .0022!5O 1 05

~::' tfil:rJ' '"1i.
~~l~ o~gll£5£ t~ l~~-;;';;'~,---H! I
P-4515 0.015 '50 1.28
~5l.i-.ilJl la:.w...........I.J
P4517 0.022/50 1.35
P-4518 0027150 1.38
P4519 0.033/00 1.-41
P4520 0.039150 1,44
P4521 °0<11150 147
P-4522 O.066ISO 1.5-4
P-4523 O0f,8tSO 1.63
P"52-4 0 082/ SO 1.13
f'-45.25 01150 169
P452fi Q12I5O 188
P-4S21 0 . 1~ISO 1.95
p..m 0.18 /SO 2,01
P"529 O,22/ SO 2.10
P..5JO 0,27 /50 2-45e...S31 Q3.1I5Q 2 79
P" 532 039 'SO 3,10
P"533 0.41100 3-45
P..S34 056100 4.1-4 1"""-Il.!1J"",-_

PA NASONIC" V SERIES
St~"'d MIt.JU:~ FIlm c.padto,.

PANASONIe- B SERIES
Pol y..t., C.plc:l1on

PM1 C, p ./V olt . PTk:. P2Q.1S 2,2125 .34
No . I..FII DC 1 P2046 33125 ...2
P20---'-'-4"3l6~ P2Q.17 4 1/2~ 5-4
P2012 6 8!6 3 .J.4 P2048 6 8125 65
P2013 10' &3 ."2 P2Q.19 10/25 106
P201. 15!6J .SO py,o 15/25 1.19
P2015 2216.3 60 P2051 22/25 168
l"201e " ,e., .n " P2q¥ n 'n 2 30
P2011 ..716 3 85 P2053 0.1I3S 27
P2018 6816.3 1.18 P2Q5.t 0.15/35 .21
P2019 100/6 .3 1.82 P2CEl5 0.221)5 27
P2020 lSO'6 .3 360 P2056 0.33/35 .27
P2O!M 22016.3 785 P2057 0 .71 35 .21
~~ P2058 0 68 ' 35 2S
P2aXl 2.2110 28 P2CS 1.0 '35 31
P2Cl23 33/10 .31 P2OfO 1.5 '35 .J.4
f'2lX2.4 "'Jl0 34 P2061 2.2/35 ."2
P2025 &,8110 -42 P2062 3.3 '35 51
P2026 10110 .50 P2Ol53 " .1/35 f6
P2027 15/10 150 P2Q6.4 58/35 90
P2Cl28 22/ 10 .12 P2065 10/35 1.19
P2029 33110 .85 P2066 15135 1 88
P2COO .'/10 1.18 P209'J 041rJ5 .o
P2031 68110 182 P2100 .068 ..3& -4J
P2032 l00flO 3.150 P2101 22/35 25(j
P2C83 150/10 6.98 P2102 )3 135 " ,..f6
P:zqH 220110 !I6J f"21Q:J-lli~
P2033 1.S116 23 P2fX>7 0.1/00 28
P203-4 2.2116 ,31 P2068 0.15/SO 30
P2035 3 3 '16 .33 P2069 0,22/50 ,30
P2OJ6 " .7/ 16 .2 p 2Q1(l 0,33100 30
P2031 6 8 ' 16 50 P2071 0,-47/SO 33
P2038 10116 ,150 P2012 0 58150 31
P2039 15/16 .1" P2073 1.0.'SO 50
P2040 22116 88 P201.. 1.5 /SO 84
P2041 33/15 1.18 P2015 2.2150 90
P2Q.12 0 116 1.82 P2076 3.3 /SO 1-48
P2043 58!16 3.60 P2017 "7150 1.89
P2086 150116 9.08 P2018 15.8/SO 3 90
~1i-.§Jl6 P21004 10150 5.40
P204.f 15 125 31 Pxm !5If>Q '37

PM1 CIop./Vell. Prk . P-4158 loooo:SO 1,2"
No . Ipf ll lVI 10 Nl 59 15000150 1 35
p4OOO16T5fu:- -.l1~~
P..(Q02 15/ 500 64 P" loo l00 ISOD 68
P..(QOJ 18' SOD 64 P..l 02 150/ 500 68
P-4004 W5DO 64P..l03 1801500 58
P4/X6 271500 &4 P41004 22(11500 68
P4OCl6 33.-500 64 P..1OS 2701500 68
P4OO1 Ji:5OO 64 P..l06 3301500 68
p40QJ -471500 64 P"107 390,500 68
P4QCS 5(j15OO 6.f P.. l08 "701500 79
P4010 681500 .11 P4109 5501500 .19
~~11 8215!X) 71 P.. IIO 6fKl,SOO .19
P-41. 1 10c0/25 98 P.. ll1 8201500 .19
P..f142 1500125 .98 P4112 IOCO'5DO 9-4
P41-4J 2200'25 98 e!ll4~fll'lll-~
P-4144 3300/25 .98 P.1 16 100/ 11( 128
P.l45 -4700'25 1 00 P-4117 12011K 128
'""146 6lIOO t25 U 18 P4118 150/111; 1.21
,",,1.7 lClCOOI25 1.13 p..n9 1801111; 128
P..l-48 1SOOO '25 120 P..l 20 22O' lK 128
P..l 49 22lXlO125 I20P"121 210111( 1 28
~25.-lJ.§ P.. l22 330111( 1 99
P4152 llXXII50 109 ,",,123 J90 11K 1 99
P-4153 15OO ISO 1 09P-4124 470111( 199
P-41!i4 22OOISO 1.09 P.. I25 560111( 1.99
P-4156 3300:50 l 09 P.. l2fi 680111( 199
P-415(j .700100 120 P"l27 820 /1K 2 25
,",,157 68OO!SO 124 '""128 l0c0 / ll( 225

"''' ."
10/ 100 "'13 .""''' .16
10/22(1 "'ID 22
101330 "'16 24
10/.70 "'" 33

10/1.0c0 "'" "10/2.200 "'19 .75
1013.300 P6220 17
101. ,700 P622' 119
1016.800 PW2 ' 62

10110.0c0 P6223 231
10.'15.0c0

16.'22 P0329 P622' ."16133 P62JO P6225 .ID
16'''1 ""'. P6226 .16

115 1100 """ P6221 21
1&.'220 P62JJ ""'" 24
1151330 "'" P6223 3'
115/.10 ""'" P62JO 39

1611.000 PIJJ6 P623, 50
16/2.200 ""'7 P6232 .55
16/3.300 ...", P6223 124
16/-4.700 ...", P623< 1.62
16115.800 ""'" P6225 231
16/ 10.0c0 '03<'J§J ]

25/10 P6343 21
25/22 ".... 26 """ .ID
25'33 1'634' 29 P6237 .16
251-47 ' 0346 ." P6238 20
251100 1'6347 " """ .22
25'220 P63<ll .. "'<0 .33
25"30 1'634' 57 "''' "25/"10 P6350 " "''' .50

2511.000 '635' es "''' 82
2512.200 P6352 U. "''' 1-24
2513,300 P635J 1.71 P62"5 1.1-4
25/".700 "'5< 255 "'.. 2."
25115.800 P6J55 3.78

.25/10.0011- _P>.156-.U>
P6:i41--:l435/41 P6357 21

- 35..,0 """" 26 ""'.. ."35'22 P6350 29 "'.. 20
35'33 P6350 .35 P6250 21
35/.7 "'51 ." """ 23
351100 P6J62 .. """ 26
35.'220 P6363 .50 P6253 .c
35'''' ....... .ee """ 53
351.70 "'" .n P6250 .55

3511.0:0 "'" 1.03 P6250 .")5 12.200 P6J67 1.71 P6257 1.7"
3513.300 P6J08 224 ...". 2 ..
35:-4.700 P6369 3."1

~/0."1 ~-------------:n
SOil 0 P6250' . ' 3
50/2 .2 sezet - . ' 3
SO/3 3 "'71 .21 ...,.". ."SO/-4.1 ",n .26 '6263' ."50/10 "'73 .29 """. .16
SO.'22 "'24 .3' ...,... 22
SO'33 "'75 ." ...,... 23
50/ ..1 "'76 .<5 ...,.7' .24
SOl loo "'77 .. """'. .38
50'220 "'78 .7lJ """'. 53
50'''' '6375 .75 P6270 ' .77
00/.70 P6380 " P6271' 90

50/1.000 P638' . 38 P6272' 1."
5012.200 P6382 2.52 "'73' 2 38
00?,3OO P6383 3.63

53/0 .• 7 P6385 21 P627. ."63/ 10 P6386 .21 P6275 ."63/22 P6387 .21 P6276 .15
63/3 .3 P6388 .26 P6277 .16
531.. 7 P6388 29 P6276 .16
63110 P6390 " """ ."63"1 ....., ." P6280 24
63i33 ""'" " P62ll1 27
631.1 P6383 ." P62Ill <0
63/100 ...... 59 P6283 .53
63:22(1 ...... .78 ""'" .77
63'''' P63Il6 .12 ...". "63/.70 .....7 1.12 ...". 1.1"

6311.0:0 "'" 1.75 P62ll7 t .7"
63;2.200 P5399 353

101]/0 .47 ....., .21 P62lI8 21
10011.0 ,.." .21 "'" 22
100/22 1'6<03 .26 P6290 23
100/3.3 ""'" .29 ...", .24
100/•. 7 """" ." P62I2 26
100/ 10 """" " P6293 3'
lOOln ....., .. ...,.. <0
100/33 P6<Ql 5< P6295 ..
100/-47 P6<O!I 57 "'" .52
1001100 ".... .62 ""'7 81
100 '220 ".." 1.22 P6298 1.09
100/330 ".." '5< P62!l!I 1,32
100/-470 ""'3 2 02 P6300 ,,,
1150: 0.-47 '6'" i3
1150/ 10 "..16 24
100:22 """ 27
1150/3 .3 """ 36
160/• .1 ""19 37
160/10 1'6118 ..
160.'22 PO,75 55
160.'33 PO'80 85
lfQ I.' P6181 1.13

1(10/100 PO'82 1.25
"''''---2.1>250/ 10 PO,.. <0

250122 PO'85 "250 '33 P018. 43
2501. 7 POll7 43
250/10 PO". 51
250'" PO", 17
250'33 PO'90 ..
2501..1 P6191 ,,.

'''---2J'4S0110 POl93 "-450i22 PO'" 56
..SO'33 PO'55 .73
45(1147 PO... .78
4SO'10 P6197 ..
:SO;22 POI" 157

2IS ",5131
21 P'ti5138
26 ""5139 3S
3~ f~l.W: .__....2l

D;'~~YL"'Pric... .rI D~~eP~ Ho. 1 Part Ho . 1"", ,, - -- - - -
PDJ2 2fi P5201 .16
PeJ03 J5 P&'Q221
P6304 ,.(2 P6203 .22
P6305 .46 P6204 .23
PeJ06 6..f P62tli .38
Pe301 81 P6206 .62
P6308 95 P6207 81
PeJ09 1.13 Pe:208 1 01
P$310 1.-48 P62'09 1.22

2 ..c.hol'nl0 .....'ttst'na.rcsresistor Ml.15
Ifalun listld in 1M 0"ll,·K..,. cltllog

5% CARBON FILM RESISTOR S
AVlIIiJ.able In UI. 1I4.1n w.-tt

> •
PANASONIC' SU SERIES

MirUlIItuN Alum inum D.c:troIytic Capldtors

" .
5% METAL OXIDE FILM RESISTORS

Alfl ll~e ln 1 '2 W.-tt

RS102 5 ..chofv.luesO.• 7<Jlo56Q . . 21.15

~::ch~~v~I::,~:.n-:1O=-'7"'''''OO;--.'I2II.''
R-S302-~2:th90~lv:f~!c2~'0"'~0~1O"'''''-.-. - = .. .

!155lotal fCMJ.

1/ . WItt R. ...tDr At Mlrtments
RS125 Set of 5 each of lhe 73 Sl" ...dard 5' • ..-:-10

1/ 4 'hltl u'ba... f,im resl$lo~ '... lhe
HrlU 10, 1 2, 1.5. 1 8, 2.2 , etc ..
through 10 megohm (365 10t.1
PlKesl

WW Cap .
IYDCl / c,.fl
- 631 -47

6 3 ' 100
6 3 '220
63:330
63 '.70

63/1,000
5.3.'2.200
5313.300
631-4.700
63 16 .800

1/ 2 Watt R. ...tDr A. -'menu
RS150 Selof5 ..choflh.73s1....d.rd5"' . ".10

112 W.t! c. rba n fdm res,slors ., Ih.H"" 1.0, 12. 15. 1.8. 2.2. etc.
th rough 1 0 fTIe9Ohm$ 13f55 lota l

~~:i'i" C:';;";:-h0""."::-'"'n " ":::" "''':::' d...'''..,...........
1/ 2 _ It u rbc ... I'lmrftlstors in Ih.
Kroes 1.1 , 13, 16 .2,0.2-4. etc ..
Ihrou h 910k ,lohml36QIOlal r.

How To Orchr. T.~• . ...'1st d.rd r_ tor v,!l.I, U•
321.'>CI.dd ... " ENfor 1I8 ,1n or. '. Q" fOt 1/-4_1t
or ... " H" lOt 1/ 2 w,tt 11• . 3 .12 for J 12 1/. w.ttl,
thosrsth.OlQd::: I'yP;llt1"'umber .
P..rk ":ttl. 5 ZOO 1 DlIO
~ 25_6~~9J_

1l!..'t!'ttt 25-1~~J12_
1{2W,1I ~

__ __ .!l!~~tt ~."'t~ A~ments__
RS112 S.toI5 ..chofth.73sland.rd5,. .'.10

1/ 8 w.tl Ufban f,lm rHJ$lors on the
Monl0. 1.2, 15. 18 .2,2. ' IC.,
th rough 1,0 ml'gohm 1365 tot.1

RS212 r:';;::;~~;:;..;;' h:;;O''"'';;:.''n'''''''"'''d.:::'d''' ' '..- ."i·:....
1/8 watt carbo ... fIlm ' ClSl$tO~ '... the
HflOS 1.1, 1,3. 16.20.2.-4. erc.,
through 910 kIlohm 1360tOla! p,.ce:U.

RS405 • Nch 01vil ues l00Q 1020KQ , " 1.30
!288 19'1' p'msl

RS1. 5 .."ch of 1f,1ues 0.3OQto 0.910 . , • • t20 .1o

RS205 ~~chQ01'1f:''''c::~J''oo'''::-OO;-,.''',oC--''',''',,;O;...
_ __..1384 10lfl D!tCu l
RS3OI5 •••ch ofvllu~sl()Q 10912 . . 0 1.30

!384 19,,,1!?!!CKI

1 W i lt
lUZ.:W0! 21 ,98 lL60~UO

lW,u
lLQ.:1.2M~-2~OO--..lU9
2 Walt
lQ..'H.:Q~2~~..!Q_1.QM9
2 W,lt
~l 1885 10.5O-4150~

1 W.ttM. t. IR••ittor .... .cwtm.,-ou

RS101 5 ..choflf,h.lesO.72 10560 • . . . . • 2&.t5

morl~t~QO~lv~=~=1O=-'7"'''''0---''''''''iOi...

.morl~t~ot=..s';cj2"" "'0'::-0"1.0"'''''---.. ' ' ''.''
1251519111m.""', _

2WIlttR.li n CKAt tortrnanu

,."
No . Dn c:rlp tlon I"t!.g. 1 10 1000 1,000
IN<<lOl SOPlV --OO..,-~705604900
lN040Q2 l 00 PIV 00-41 - 75 600 5250
l N4003 200PIV 00.1 - 80 640 5600
l NoI(.I(M 4QOPIV 0041 - es 680 5950
lN4005 600 PI\' 00 -41 - 88 HlO 6125
l N4OCl6 800PIV 00-41 - sa 780 682S
IN<<1011000 PIV 00.1 - 108 860 752S

Ho w To Onhr. Tik, Iny Sll~rd r....lor Vllul li.l .
15K l,nd . dd l "W l " f(lf 1win. er'dd , " W2" lor2
w,lt h I , 1.51(Wl fOt 1,51(2 1 w.ml . Ihll lS the O.gl·
I('Vplrtnumbel'.
Prie N 1__' ~~-1.000

~~1_10__1t19 500 1 ~

5 Wall 36 325 2S9Q 100.80 1~.w

10 Wi ll ... , 31L...}L.9Q 118.00 212.00
Ii W. tt M. t '" R. li n CKAsaortmen ts

How To OnM r: T.k . I ny .lIndard res.if,lor v.lu.li " .
1.5l and Idd " WS·· for 5 walt . or l dd, ' W 10'· for l0
Witt (I e . 1.5W5 for 7,50 5WlltlJ, lh is is the 0 "ll, K..,.
pan number .

.l.1I 7911l05 63

...lj7911l 11 6 1S 3

.IJIllMOl 63
"'N79W08 1S 3

....iiff".09-63 1'-.El:mt!llll!mm::mmD.~...1179 11II 10 6]
""OSMI2 63
"'1I19M15 63
"'II19MI8 63
ooliiiil- -63
AH19 I1l14 63

M;;;;y
~
Mli2ffii l T s o
,;1.. 525711 H O
ioid oo.-..-f l
74C"OJi"""li11
7" Sl l1 11 1,70
7"Sllilf 1,10
lU l . 7_ 1 00
7.fS21111 110
f" $115"- '-."
74S3Illf 1115
7"S.f12.1J1 "'11
7"S.f73.1J1 "'0
l ..!'(1 ....J. "'0
i4s41f,iji• •0
' ''S510'1l 315
74S5711f 375
74!512N 4SO
~$m_ .. 50

MPS]]93 27
MPS351S5 23
"" $363.... 23
Ml'$3"1 30
~641S 52
~3101..-..2.1
"'SSl12 23
.. PS5551 ISS
IIlPS6~ 1" 24
"'56515 21."Iill.-.-Il"'SI51S0 ..1
"'S6511 45
11I"5'1. ..5
MPS...IO .21
IIl'SA12 52
"PSA1~
MPSAI4 30
MPSA42 ..5
IIlPSA43 45
MPSAU 45
h1rs~5
IIll"$lO l J 6
PH2222 2"
11II'$1.51 36
PH2222'" 23
PlflJ69 25
003l~
PIlHI4 30
PIl2907 23
'111901'" 23
' NJ251 n
t~
PN3S6IS 31
PIl3561 2.
PIl3569 2"
".3639 30
~"JllL----Jg
"3"'1 311
""3643 23
""3"'4 32
",3545 32
!ll!IlL--.J'
"'4122 32
'H4241 34
'114249 34
Hl4250 3""",,"---""'425' 30
PIl421.. 29
PIl4215 2lI
PIlU55 36

2"5416 200
2H5..S1 60
2/115550 30
2"5119 2.55
2115610 250
Z.~lll~
2MS6I2 2 ISO
21f5169 32
2/115711 1 25
2..5112 31
1"""--"
2115131 70
2115133 15
2H591S 1 51
2friS715 35
2118725 49
2/i6121 35
21f697 1.30
l!I11lA..-lli
211 1131'" 20"
211 1613 92
2NU9] 11..
2H1211 95
lllilli--"
2H1219 16
2H2219A 76
211 2221 80
21i122"" 80
lmll-.<D
21f1222A 60
21f2369 60
2N2369A ISO.
2111405 l otS
2..112.111-.1.4
21f2904 95
211290U 95
2/112905 .16
2112905'" 76
l!mOl..----IlI
2H29G6'" .11
2/111907 10
211210lA 60
21131113 9a
ZrmlL-lJO
21f3019 104
2H3020 104
2N31J53 10"
211310J 1311
lftlI<L.-LlD
~
MP52924 31
MPS3392 24

Oiti b y
" rt lll. ' riu
2j1j~7
21f3055 1 ..7
2H3"n 1.15
lHJUO 1" 0
21f3100 100
Z1l111i-----llf
2ff3903 23
2H390" 23
21m05 .14
211:3901S 13
2HJ91S2 nl
2"'''030 1,12
'"""---.-lJ2
2114033 1 24
2....036 1"0
21f403J 140
2H4123 23
2H31H 23
21f4125 23
ll'«12.&-....2.3
2U208 125
2 1f~ 209 21 0
211 4234 210
211' 4235 2 30
llH2.J6.-..UO
2H4231 2.30
2H4231 2.30
2'14239 23 0
2HUOO 23
2lfUOI 23
Z.1l~1Q2--lJ
2lfU0 3 23
2HUIO 31S
2114116 2 10
2115016 21
2N50'1 2.
2N5011 21
2,.50U 2.
2N5210 19
Z"'U .lJ
2115225 23
211I5221 23
2"5 221 2J
211I5320 230
,,~

21f5312 230
21f5323 I'"
2"5400 31
21f5401 31
lllHl1.... J .IO

"5In~1I ... lllll .. lCII 11
"520SCII 73 l "7"'~1II 12
.fmic-'~90llll'i451"~"
"52saCII 103 l .. I"96Jl 150
" 5271Q1 II l .. 1I00N 19S
45211CN I l lW18011l 13S

~m:~-~~ f~lH~:li- ~~
45U .CIl ae l ....1.10 111 300
41hilcH -95l..~·.l.!~~O
4114BCIl 13 1WI.12,. 15S

~t:m~~ ~~~
"-"~-P-;;; l~9ij.~50

l~Th l""29 0 I N 60

~m~: 1~~ !~tm:: U~ -tl9
fFf57.- -15o 1.0
lf3911l 331 • 2.10
usue.. 105 • n:
~:~~~ I ~~ .1__"
U..UCN- -UO ° II
UlJ7.fll11 1. 0 95
llll lOClJIl 210 I ISS
llll11CLH 255 1]5
l W34C2 100 126

t:}IH~~ 2 ',,','
l Wl 07.. 75 _
lIll30'" 90 99

t~-H-~-4-~: ~~~ ~
t~m~:~ I :~~
t~m~ l :~ g~ ~~1~~~ :H
~~n~2 5,0 1 ~ ~ ; ' : ~ CO;imrSJB
lllll3201.2 12 EO 2&5 nP82UH 3 31
lllll32012 15 12 ... llP8216H 27 5

~i~=~2 ~;~ l=l:m:g ~: ~~!Hi: -!-H
~:fl~r 15 i*llll7l05CT :: ~:m: ~:~
(liJ2~54 1.10 ~:m:: U~
l lllJ25,. 51 2 I .... 0'1307A/II 325
lMJ26lt 100 420 0'1]011l 21..
11Il327" 331 15 OPI]10H 58.
UlJ2SOl 11 A,.71111S .75 ll'UllH 511
Lwii»I -S25 A,.7101 75 IIfSIOJ5LH 1 350
LlIln"l 1.&5 AHI I0' 75 1Jj5.03S1f113J1

t:~m 2.5 n~ ::~:~~ .~ ~ ~~:%}:-: ~ I ~ ~~
tlll131150 120 ...111112 .75 IJIS.15..11 1750
llll3371( 1&5 AJI1,U 15 1$,,1i3522500

t:mr lH~ ::~:~g4H =~:m:=l~ ~~
t1ll33!1f 51 "'N7Il05 43 IISCIOOlt 1.25
lIll340·K"C52:IO "''' 1' 106 43 IfSC.OOI ! 25
l M340I(C 12 2 10 "'!ilIl07 "3 0~~13.!II_li5
llllJ40I(C·15 21 11 ...lfl l l01 43
lMJ40T5 17 rnILOs~-.43

t MJ40tl2 17 A,. l,U O "3
(jij.COT1S--yg AH11l12 43
lWJ4 IP 5 90 AH18l15 " 3
l lll341P I2 1,00 AH71l ll 43
llll341P 15 911 008[20- -.43
l tol3.f6N . 165 AlI71l24 ~ 3

lM~O "IfJUl0 5 63
lM3491f 1.35 ...111111II0& 63
lM3S01( 1 50 AIO,MOl .63
111l350T "95;,ii}i~3
l MJ5t."1 51 ...1I1.MOJ 63
l1lll359M 2.40 "'NltMIO U
l MJlOH 150 .1J171MI2 63
lMJlOJi-,-'150 ~63 •••
llllllllt 261 A,.7,1Il1l 13 II.
L" 3U H 1.16 ...117. ....20 63 O"'COI_00l~1 ..! 5
1llll13AT "05 Alfl1M24 U 0"'CO.01lCIf lS.
L"314H 2 55 AU905 .15 OACO'O'lCIi 165
liiJliH-'- -1l ~5 O"'C0I30l~ 6911
lM3I711 1 &5 AN790J i~ OAC0132lCIf 3 11
llll3UH 13' A1II790' 15 llAC1020l~7511
llU!OIl 132 AIIno! 150"'Cl021lCIiI575

f:~:1: ~O ~ ~~ ::~~1~~ :;um:l I:J
UU9211 15 AIll19 15 15
lM39J1II 51 .1J11911 75 Int, rface
l1llU5' HO "'!i1920 .75 --~.
~300 AIiI 792" 15 ~!!-_~
l1ll3!51( 1050 A,.19H14 "3 051....H .5
111II3961( 1100 OOflD~ OSIUUH 1 20
LIIII555CII 15 AII19106 -43 0}~U,,!-'_5
lM556CJrI 90 ANl91.01 ~ 3 1545011 17
l M5E5C"N --rrS AH19l01 43 154511f 111
lM~UCH 156 ""1}9!.Q!--.!3 IS~S2N 10
l M567CH 1.11 Jrl 19110 ," 3 1545311 70
U1709CN 75 H19112 -4315!5~
Ll,I123CN 15 ,.19115 " 3 15~9 11f 100
lllll1"25Crr-DO 1f19111 4l 15~9 2 1f 1 12
lM]J3CH '4 N19l20 "3 154i3 11 131
l Wl .. ICH 51A~3~~!

INTEGRATED CI

'~~~c:.::~I:::.~~:;.~;~=:;=::~~~.:: ::'.':..<~:.;.~,:c=~~'~I~="'~~o;-'lt*~"::~I:';:':"":::':.; HANDLING CHARGES VOLUME DISCOUNTl""'''''' W' c:.o, "~ ..>d .u.ulo.-idt~ "'I~U S A e..-u.-.t M. ., ,. '-'<, 7iI ""'""""..lo-r..c, ,,__ of"'" Ooqol(,..,f"""'~ <Jtor' I ltw f 'I ~ ll S A ~ Jl . ODO-t24 S9 . , •• , ddtJ oo.. 0 00 $ 9999 • • • .• • , . N ET
',-""" c.......,. IlOdMr. ",n .25 oo . nd Up •• •• •••••• ••••• No Cha rge .. 100 00 $2 49 99 •• , • . l e u 10 Y,

WHEN OROERING BY PHONE. CAU 1 1011]44 4S39 IAK uIl 211 61 16614l BY "' All SElI O YOURORDER TO OIGI KEY, PO Bill 611 Tbll t RI. " Fall, Mil SU 01 Can H ..ndM.lllco . , Add.S OO $ 25(1 00 $4 99 99 • • • . Le u 15·/.

:0:: ::::.:;: ~7lt~~ 'I.::':';7;:::=~::::72;:::>1 ~:~A:,,:'? '!P::g::;~~~::~~ri':~A :;;;t;~~';;;~;";;;;;~/-:--' ....'"~ 1( 0') '''-'I p'''''' ,,,I... ,10-1,",-1,." ..0;1 1... ","- ...,'" '.....'..1 __- - - - ~ -~ - - :1=:OU·p~ ~ . ~ ::: ~~

7400 TTL
~~
14COlf- -"
'40111 35
1401" 35
HOJIl 35
].t04H 35
j~OSJr(--"

7406H 41
1401N 41
7401H 43
]409 N 43
ii1c"H- -"
14Wt 50
]"'E1i 3514Ti,.- -"
1420/11I 33
14261i11 35ffii,.- -"
10011 30
1432/11 35
lUl. 40
143111 40
1«Oii - - ..
1442" 55
1445" n
144'...... II
mij.,.- -uo
1450H 42
745111I "I
1.(5311 34m-"--,,
146011I 34
141311 41im-, - - ..
14HN 50
1476N ••
1485'1 .10
f'(lisN"- - ..
lU9 Jr( UO
1490H 55
7i93~5
1415H 63
',(101 11 53
1410911 53
~
1412311 51
14U511 60
1413211 .75
fii45~3
141481i1' 110
1.(ISO't lSI
141SlA IiII n
~
741$.(11 151
1415511 60
14151". 60
mli~5
1416411I 75msi-,- -"
1411JJl 100
1417411 6J
mf5N- -"
74110N 90
}4I1HI 2~

7411211 1 15
~
74'15"" 331
1419111 90
~O
H1 94N 90
74197N 1 05
14251N- - '-"
74365N 65
~
743SI" 10
7545(lN .70
75451N 50
15451,. 50
~
1545411 50
i5~
l!J4t2N 1.12
15.(93.11 13.
~

74LSOOTTL
~..;;c;
~
14lS021l 32
14LSOJH J1
14lSD4H 31
ffiSD5,,- -,j
74l$DtlN 32
14lS09N 32
74lSION 32
14l$11N 32
i4[s~
14l$14 N 4~

1 4lS1 ~N 36
14lS20N 32
ffiSffrr-32
14lS26N 32
14lS27H .32
14l$JOH~-12
74lSJ2N .32
74lS]7H 33
74lS3BN 33
f.iiS:'2~-I"
74lS51/11 4~

14lS55N 31
74LS1Jifr-42
74lS7UJI 41
74lS75/il 41
74LS7. N 52
74l SIl.IJI .6
7"lS. ~/il 61
7"LS.6H 39
7"lS90N .51
7..LS93p;--fl
7.fLS107...11: ...
74lS109AN "S
74LSl12"''i ." 5
74lS122N sa
7,flS123N 63
7.flS125...N ...
i,cis126Ai"----r0
1"lS132N 63
7"lS13Etj 5"
7.flS13.H S"
7.flS139N 60
14l51s1i1-----S,
7.flS1 53~ 57
7.flS15..N 1 ....
7..lS1551i 60
~51
7.flS157N 54
74lS15111 5"
1.flS161.1J1 69
mSf6~69
l.flSl&411 69
1" lS16911 123
mmiN- -"
7.flSI1SI1 51
1"lS19011 .1
iilsli ·I~'i
l " lSIU ' ' I
l4!.S !9~_1·
1..l$221III 53
7"152"0/( 66
1..lS2.UI II
7"lS2" 311: ISIS
7..LS2..../i 56
ffi$2i5-sa
7"IS2"9'i 12.(
74L$25111: 60
7..lS253'i 60
1.fLS257!'i__ SO

en
()

Z
o
a:
o
UJ
...J
UJ

6o«
a:

CIRCLE 82 ON FREE INFORMATION CARD

88



50 ASSORTED ()

DISC CAPACITORS n
Mol t are cut (p.c. " ada ). Some to 500 volta.
CATt GRABDC 81.00 par _Omon!

15 VALUES OF

ELECTROLYTlCS
Contall'll bo th axial and

radial Ity," from 1 mfd. ~
CATt GRABCP $1.00 par U&Or1ITlOn!

TwoL.E.O:. lIaohIn ,\I 1/ II I
unllon when a OYQlt ~, ..-
boltOlYII_.
Thla kllrlc:lIdM• p.e, board .
AIthe PIJtI and InllI'UClIonI
IO rnoI<i a.~_drail.Aq uld< and ...,
ptojocller anyone wtlh belle IClderIng11<I11.
CAT' LEDKlT 81.7Sper Idl

~o;:~~~~c:m~~:~tt:oosf
4.8vo~ pack. Batteries are in B '.

2 X 2 configuration witha 2 pin :.
connector attached. Thefour
batteriescan be separated into .
single AA size solder tab nickel •
cadmium batteriesor resolclered :
intootherconfigurations. :

SPECIALSALEPRICENOW
$3.00 per pack • 10 packs for $25.00

CATI NCB-41AAU

El.ECTROU ~
S2171
CONTROL:
RatodS.5 1010 Vde .
(wIIopor... on~ Vde).
LOAD:l0_@240V",
2 114" X 1 :W... x7m' .

CAT' SSRLY-10B " .50 ...
QUANTITY DISCOUNT

10 ler $65.00 ' 25 10< 8175.00
sotar8300.00' 100tar8l5OO.00

.26Jgt~§~~9ijj;Jf~
u .~ package

wtth mountingNI'I.

118"-.1ng.
314' rnourtlng .....
CArt OSU..
soc-.
10 ler 84.SO' 100 lor $40.00

15 AMP SNAP-ACTION SWITCH

5~ of .1 5arf1) ~.
125.250 V", _Iy ~

-. .wtldl. BodyII
1314' XS'Il"X W .

1'!!....~!'!!'....IIII",'!!"~....'!!1 Button"-3/18"__ .w4ldl body .
CAT' GRABIIS 12.00 par pac:bge

Airpax# A82743-M4
Brand new 12 VO~

dc stepper motor.
35 ohm coil.
7.5 degreesper
step. 2.25" diameter,
0.93" long excluding shalt. 0.22"dia.
shaft is 0.75" long. 2 hole mounting
flange, 2.675" mountingcenters.
6 wire leads.

CATI SMT-5 $10.00 each

.156" pin spacing , 0.200" between doub le
rows, goldcontacts, P.C. mounting.

SPECIAL Same as AMP' 2-530655-6.
CAli EOe-1G $1.00 each " 10 for$8.00

STANDARD JUMBO
DIFFUseD T I-314_

ft
RED CAT' LED-l

10 1or81.SO , 100ler81S.00
GREEN CAT' LED-2

10 ler 12.00 ' 10010<817.00
YELLOW CAT' LED-S

10 ler 12.00 ' 100tar$17.00

FLASHING LED 1Ii!!'!!IIII~I!II-.IIi!!!!!!!!I!!!!!IIII"
wlh bu. lI1lla1hlng d rou. ,~

E::;1':=~ 1= = = = = =
F.:~=:=.::::~=========~ GREEN 81.00-'

CAT' LED-4G 10 10< 8Q.SO ~:: ~:~R;:~ISTORS ~ I"'tb..
OI·POLAR LED ~ . -,

Lightl REDone direction. Bent leads. carbon~. and carbon fHm.
GREENIho_ . TwoIoado. CArt GRES 81.00 par _ rtmo'"
CAT' LED.. 2 tar81.70

LED HOLDER a
~~~LE~O lor 65C . e

AM SIZE 81.SO-'
l .2 volt1180mAh
CAT' NCB·AI.A

MSIZE 12.00-'
1.25vcb SOO mAh

CAT' NCB""A
MSIZE I2.20Ndl
WITl-lsa.DER TABS

CAli HCBooSAA
C SIZE 84.25-.
l.2vcbl200mAh

CAT' NCB-e
oSIZE 84.SO-'
l.2vcb l200mAh

CAT' NCB·D

l ' long1laI__ S 112" rodand

black Ioado. _lor
_~llaIho< "_protoclI.

CArt FLT-S 2 lor 81.00

m'*xE~Qijlru~EI;~:i,

ga:=:::3t

ITT PUSH BUTTON
rrr MOPLseries.314' X ~
112"grey rect angular ~

keycap. S.P.S.T. N.O.
Push 10close. RATED: 0.1 lOT1p switd1ing,
0.25 amp <:any aJrrent P.C. mount

CAn PB-8 65¢ each, 10 for$6.00
100 for $50.00

TO-ll cae wllh_.
InhatodorriIUlgpholod_.
CAT' nL-318 11.00 .... 10 for SO.50

SPOT PUSHBUTTON
Marquard.. 18!l3 ~
Rated6 amps @ 12S125O VI>C.
Blackplasticpushbytton. '
_ body: !1Z'X 9(' X J!S'. •

CAn PB-l. $1.65 ea.' 10 for$15.00 ea.

PUSHBUTTON SWITCH
GClThomaenl 35-420 i
S.P.S.T. normallyopenmomentary
pushbutDn l wilch. Redplastic
1CtUa1Or 0.5T diameter.Ctvome
bezel0.68" diameter. llveaded
bushingmounts in .50"diameler hole . Rated
3 amp @ 2SOV"". Solder loopterminals.
CAT. PB-20 $ 1.00 each

il.ffitJ L';1} 9~· PHOTOtTRANSISTOR:@

TO-llcuewlhw~. Fo< lO===
_anglo vIowIng oppIlcationo.Spoc1roJlyand
rnochanlcally_ 1bIo wlh TIL-SIB.
CAT,TIl-tt 81.00-' ' 1010<".00

CIRCLE 107 ON FREE INFORMATION CARD

SERVO .MOTOR~i
SVde ...... •

IdNI torrClbollcl 0( rwnottl

"""lOlmodol_lon.
Rota!.. lPPfox . 140 degrMI.

Potconnoctod10""""'_
lrom011""' l500103000ohmI . 1.53"X0.115" X1.65'.
o.er diameterrutbw whee( attached to motor, haft
c:.-. be UHd ••CIIpIlan orcan be ..Iy removed.
Propped withcapacIorI, _ and winlioado.

CATt SVQ.2 2 for$1 .00

12 VOLT D.C . COIL S .P .D.T.
0 """"" G2E·I84P
4_ "",,",,""
335 ohmcoH.
SugarCIbo olze.
.11' X A2" X,44' higl.P.c .""",,
whhpi", onDIPopacIng.
CAT' RLY-717 81.SOeadI

t.lu.l Products krterna1lonall
A1SlN-HO-1011
Primary: 600 ol1m
Seccndory: 600160Oohm
0.77' X 0.61' X 0.83"high.
Sp.c. pinson 0.18'7' centM•
Primary 1ndu<:Ionce: 300 rril m .,at 1!<Hz. 1 _

CATI TCTX-1 $ 1.25 each " 10 for$11.00

NOH POLARIZED PLUG
CAT' LCAC 2 10<81.00

10010<$45.00

POLARIZED PLUG
CArt Lcp·, SOC oadl

100 lor ISO.OO

SWITCHES ~,~
10 . lIorted Illd., {a
toggle, rctary, J - " ..

puohbuttonand
rockertwttc:hel. Our c:hcMc».
CArt GRABSW12.00 per OIlO11rnor<

»
"'tl
JJ
r=
(0
(0
o
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IDC'S
IOE2O .55
IOE34 .89
IOS2O .65
10S34 .75
10B09P 1.39
10B09S 1.45
IOB25P 2.25
IOB25S 2.36

• 62 BUS LINES
• USE UP TO 24 14-PIN ICS
• 1940 TIE POINTS
• DB25 D-SUB CONNECT_
PD5-604 $49.95

SOLDER STATION
• UL APPROVED
• ADJUSTABLE HEAT SETIING
• TIP TEMPERATURE READOUT
• REPLACEMENT TIPS @ $2.95
168-3C $59.95

6 FT. PC PRINTER CABLE 9.95
25 FT. PC PRINTER CABLE .... 15.95
RIGHT ANGLE PRINTER CABLE 15.95
DB25 MALE·DB25 MALE 6 FT 9.95
DB25 MALE·DB25 FEMALE 6 FT 9.95
DB9 FEMAlE-DB25 MALE 6 FT 6.95
5 FT. KEYBOARD EXTENSION 7.95
36-PIN CENTRONICS ·MiM 14.95
37-PIN EXT. FLOPPY CABLE .... 9.95
9-PIN MONITOR EXTENSION 6.95
15-PIN MONITOR EXTENSION CABLE 9.95
MODEM -DB25-DB25 FEMALE .........._.. 6.95
DB9-DB15 ADAPTOR .......... 4.95
DB9-DB25 SERIAL ADAPTOR ...4.95

FORXT
WITH . 5V AND GROUND PLANE 27.95
ABOVE WITH 1/0 DECODING LAYOUT .. 29.95
PARTS KIT FOR JDR-PR2 ABOVE 8.95

FOR AT
BIT WITH 1/0 DECODING l AYOUT 34.95
PARTS KIT FOR JDR-PRl 0 ABOVE 12.95

FORPS/2 - -
32 BIT PROTOTYPE CARD 69.95
16 BiT WITH I/O DECODING LAYOUT 49.95
PARTS KIT FOR JDR·PR16 ABOVE 15.95
16 BIT FOR VIDEO APPLICATIONS ........ 39.95

EXTENDER CARDS
SIMPL IF Y PROTOTY PING AND TESTING

8-BIT FOR 8088 MOTHERBOARDS .... .... 29.95
16-BIT FOR 2861386MDTHERBOARDS . 39.95
MICROCHANNEL 16-BIT 69.95
MICROCHANNEl32-BIT 99.95

PC BREADBOARD-ON·A-cARD

SOLDER-cuP D-SUBS
FEMALE

.45 OB09S .49

.59 OB15S .69
1.49 HOB15S 1.59

.69 OB19S .75

.69 OB25S .75
1.35 OB37S 1.39
1.85 OB50S 2.29

IC SOCKETS/DIP CONNECTORS
SOLDERTA/L WIREWRAP Z/F SOCKETS
8 PIN ST .11 8 PIN WW .59 ZIF·14 5.95

14 PIN ST .11 14 PIN WW .69 ZIF·16 5.95
16 PIN ST .12 18 PIN WW .69 ZIF·2O 6.95
18 PIN ST .15 18 PIN WW.99 ZIF·24 7.95
20 PIN ST .18 20 PIN WW 1.09 ZIF·28 7.95
~ ~ST ~ ~~WW 1M ~_ 1~

28 PIN ST .22 28 PIN WW 1.69
40 PIN ST .30 40 PIN WW 1.99

CBl-PRNTER
CBl -PRNTR-25
CBl-PRNTR·RA
CBl·OB25-MM
CBl·OB25-MF
CBl·9-SERIAl
CBl·KBD-EXT
CBl -CNT-MM
CBl-FOG-EXT
CBl-MNT-9
CBl-MNT-15
CBl-MOOEM
GENOER-VGA
GENOER-9-25

. --lj~T;

, I
, ,
~ _.:

• " Ih.lt!

CABLES AND GENDER CHANGERS
MOLDED; GOLD-P LA TED CONTACTS; f OCI"SHIELDED

FR-4 EPO X Y GLASS LAMINA TE WITH GOLD PLATED
EDGECARD FINGERS AND SIL K SCREE NED LEGENDS

EXT-8Q88
EXT-80288
EXT-16
EXT-32

JOR-PR32
JOR·PR18
JOR·PRl6-PK
JOR-PR16V

JOR·PR10
JOR-PRlO-PK

JOR-PRl
JOR-PR2
JOR-PR2·PK

200 WATT
• AT-COMPATIBLE ' Ul

APPROVED · 110-220V SWITCH
• • 5V@20A,.12V@7A,

·5V @ .5A,·1 2V @ .5A

P5-200 $89.95
P5-250 250W SUPPLY $129.95

OSl'td's
HIGH-TECH
SPOTLIGHT

EPROMS
PART. SIZE SPEED Vpp PINS

2716-1 2048, 8 350ns 25V 24
2732A 4096xB 250ns 21V 24
2764 8192,8 450ns 12.5V 28
2764-250 8192,8 250ns 12.5V 28
2764-200 8192,8 200ns 12.5V 28
27C64 8192, 8 250ns 12.5V 28
27128 16384, 8 250ns 12.5V 28
27128A· 2OO 16364, 8 200ns 12.5V 28
27256 32768,8 250ns 12.5V 28
27256-200 32768'8 200ns 12.5V 28
27C256 32768'8 250ns 12.5V 28
27512 65536'8 250ns 12.5V 28
27C512 65536'8 250ns 12.5V 28
27Cl 0l ·2O 131072'8 200m; 12.5V 32

SPECTRONICS Model Timer • ot
CORPORAnON Chi •

9
9
12
30

DATARASE" $39.95
• SHIRT POCKET SIZE!
• ALL SIZES UP TO 4 AT A TIME
• ERASES MOST EPROMS IN 3 MINUTE
DATARASEII

wa~~~~~n~u~. ft~S~o~O~~~~~~~~~r~6~i~~a;g~ci~~
:;~:;~e~O~h';,~~~C~':~~~':1~;gNo~~~<;1f~t~z~ny
AT-type ' boar dswhich requ ire a case capabl e at
holding a ' standard 286/386' board.

How should you selec t? Begin by decid in~how

6s~~iI ~:S~~f~h~iJhtU~~~s,Uj~~~2' ~~~s~r;:'UsTot~~ri~db'eS
.<illll..,OII'z.1. don't target a tape back-up it it's in your plans.

Next consider your power requiremen ts. A loa ded
up 8088-based computer outt to have at least 150

~:~~ffaj,%% ;n"cJns~~a:o~~~o=t~~~8'6/f~ate",
system. There is no th ing more an noying than a
computer that ove rloadson a hot summe r afte rnoo n
because you decided to save S20on a SlOOl systeml

Now look at reliab lity. A towel system will a lmost
a lwaysbe mo re reliable because it sitson the floor out of
the way and is lesslikely to be bumped or jostled . It
norma lly runs cooler too, because of bett er cooling
characteristic sdue to convection . For these reasons it's

~~~~~. an especially good c hoice tor busy networks .
~ If you tinker w ith the inner workings at your equ ip-

ment , a flip-fop case may be an importa nt considera
tion. Extension cables to r the keyboard & display monitar
let you move your computer out of sight or harm's way.

Dertck Moore, Director of Englneertng

SPEED
120ns
150ns
120ns
120ns
100ns

SPEED
150ns
120ns
l OOns
150ns
120ns
100ns
150ns
120ns
100ns
BOns
sons

100ns
BOns

120ns
100ns

BOns

"In+_I' 5 YEAR
I 1"eI WARRANTY

~ ~
\\~•.~~ ,

INCLUDES MANUAL
& SOFTWARE GUIDE

SIZE
2048,8
8192, 8
8192,8
32768,8
32768'8

SIZE
65536,1
65536,1
65536'1
65536'4
65536'4
65536'4
262 144xl
262144,1
262 144xl
262144'1
262144, 1
262144x4
262144,4
1048576'1
1048576'1
1048576' 1

STATIC RAMS

74 SERIES LOGIC
7400 .19 74l S32 .18 74lS245
74l SOO .16 74lS73 .29 74l S273
74lS02 .17 7474 .33 74S288
7404 .19 74lS74 .24 74lS322
74lS04 .18 74S74 .49 74l S367
74S04 .29 74lS138 .39 74lS373
7408 .29 74lS1 55 •59 74lS374
7_ .24 74l S163 .39 74lS393
74 l S08 .18 74lS24O .69 74lS682
7432 .29 74lS244 .69 74lS688

C.P.U.'s MISe PALS
8000 OAC08OO 3.29 18L8 2.95

8052AH 1793 9.95 16R4 2.95
BASIC 34.95 COMe118 8.95 16R6 2.95

8088 5.99 MCl 46818 5.95 16R8 2.95
8250 6.95 MM58167 9.95 2Ol8 4.95
8251A 1.69 INS8250 6.95 2OR4A 4.95
8253-5 1.95 NSl6450 10.95 2OR6 4.95
8254 9.95 lM317T .69 2OR8 4.95
8255-5 2.49 NE555 .29 2OX8 4.95
8741 9.95 l M741 .29
8748 7.95 7805T .49 PALKrr8749 9.95 7812T .49
8755 14.95 75150 1.95 AN ENTRY-LEVEL

75154 1.95 COMPLETE PAL

81SOO 14411 9.95 DEVELOPMENT

85C02' 7.95 KIT FROM CUPL.

6522 2.95 CRYSTAL FULL SUPPORT

V·20 OSCILLATORS FOR 18L8, 18R4,

1.0MHz 5.95
16R6, 16R8, 20L8,
20R4, 20R6, 20R8,

1.8432 5.95 AND20X8.
20.0 4.95 MOD-MPl-SOFT
24.0 4.95 $99.95

B-B" COPROCESSORS
8087 5 MHz 89.95
8087·2 8 MHz 129.95
8087·1 10 MHz 169.95

1B-B" COPROCESSORS
80287 6 MHz 139.95
80287-8 8 MHz 209.95
80287·10 10 MHz 239.95
8OC287 12 MHz 299.95

32-11" COPROCESSORS
80387·16 16 MHz 369.95
80367·SX 16 MHz 319.95
80387·20 20 MHz 399.95
80387-25 25 MHz 499.95
80387·33 33MHz 649.95

PARTI
41256A9B·12
41256A9B-80
421OOOABB·l0
421OOOA9B·l0
421000A9B-80
256KX9S1P-80
256KX9S1P-6Q
1MBX9SIP-80

MATH COPROCESSORS

PART'
HM6116lP·2
HM6264lp·15
HM6264lP·12
HM43256lP·12
HM43256lP·l0

PART'
4164-150
4164-120
4164-100
TMS4464-15
TMS4464-12
TMS4464-10
41256-150
41256-120
41256-100
41256-80
41256-60
414256-100
414 256-80
1 MB-12O
1 MB-loo
1 MB-80

(J)

o
Z
o
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8112MHZ MINI-286 $199 .95
8116MHZ 286 $289.95
10120MHZ 286 $389.95
STANDARD 4.77MHZ 8088 , $87.95
4.77I8MHZ 8088 $89.95
4.77/1OMHZSINGLE CHIP 8088 $99.95

25MHZ MINI 386 W/CACHE .. $1199.00
8MB RAM CARD (OK) '$99 .95
10120MHZ 386 $799.00
10125MHZ 386 .. $999.00

~ LOGITECH MICE
,,~, • THREE-BUTION SERIES 9 ,( .

IOGiTIGH:~~~~:~ ~~~L~~~IBLE .
LOGC9 SERIAL MOUSE _ .
LOGC9-C SERIAL (NOT PS/2 COMPATIBLE) ".
LOGC9-P SERIAL MOUSEWITH PAINTSHOW $1 09 .95
LOGC9-PC SERIAL MOUSE WITH PAINT/CAD $154.95
LOGB9 BUS MOUSE ........ . ....... ....$89.95
LOGB9-P BUS MOUSEWITH PAINTSHOW $104.95
LOGB9-PC BUS MOUSEWITH PAINT/CAD .._ $149.95

HARD DISKS KITS
21.4 MB $199 21.4 MB $249
32.7 MB $21932.1 MB $279

42.8MB $339
65.5MB $389
80.2MB $5

MOTHERBOARDS
20MHZ386 $629
• 16/20MHZ
• 16 MB RAM CAPACITY- 8MB

ON BOARD(OK), 8 MB RAM CARD
• USES 256K OR 1MB SIP RAMS
" 8 SLOTS: l X32-BIT RAM

2X 8-BIT & 5X 16-BIT
" MEMORY INTERLEAVING
• AMI BIOS , XT-SIZE BOARD
MCT·M386-20
MCT-C386-25
MCT-M386-M4
MCT·386MB20
MCT-386MB25

10MHZ MINI-286
• AT COMPATIBLE " KEYBOARD SELECTABLE 6110MHZ
• EXPANDABLE TO 4MB ON-BOARD WITH 1MB DRAMS(OK)
" SIX 16·BIT. TWO 8-BIT SLOTS , AMI BIOS " LED SUPPORT

MCT·M286-1 0
MCT-M286-12
MCT-M286-16N
MCT-M286-20N
MCT-XMB
MCT-TURBO
MCT-TURBO-10

• ULTRA HIGH DENSITY
• READIWRITE 720K DISKS, TOO
FDD-1.44X BLACK FACEPLATE
FDD-l .44A BEIGE FACEPLATE
FDD-l .44 SOFT SOFTWAREDRIVER $19 .95

1/2 HEIGHT FLOPPY DISK ORIVES:
FD-55B 5-1/4' TEAC DS/DD360K . """""". $99 .95
FD-55G 5-114"TEAC DStHD 1.2M " "." ". $129 .95
FDD-360 5-114" DS/DD360K """ ..,,_$69.95
FDD-1 .2 5-114" DStHD 1.2M . ,, $95 .95

SIZE MODEl.
AVa. FORtI DRIVE xr ATF/H

gEED FACTOR ONLY KIT KIT

21.4MB 5T·225 5-114" $249 $309
32.7MB RLL 5T·238 5-114' $279 $379
42.8MB 5T·251-1 5-1/4' $389 $449
65.5MB RLL ST·277·1 5-1 /4~ $449 $549
80.2MB ST-4096 5-114" $li79
122.7MBRLL 5T-4144R 5-1/4' sass
21.4MB 5T·125 3-112' $373
32.1MB RLL 5T·138 3-112' $429

$49.95
$99.95

$129.95

$79.95
$59.95

$139.95
$59.95

$49.95
$44.95

$149.95
$169.95
$199.95
$119.75

$99.95

$29.95
$49.95
$79.95
$89.95

$139.95
$149.95
$199.95

• UP TO 400 DPI • 32 LEVELS
OF GRAY SCALE ' SPEED
OVERRUN WARNING LIGHT
• INCLUDES SCANEDIT I
AND DR. GENIUS SOFTWARE
G5-4500

MODULAR CIRCUIT TECHNOLOGY
DRIVE CONTROLLERS:
MCT-FDC FLOPPYDISK CONTROLLER
MCT-FDC-HD 1.44MB FLOPPY CONTROLLER
MCT-HDC HARD DISK CONTROLLER
MCT-RLL RLL CONTROLLER
MCT-FH FLOPPYIHARDCONTROLLER
MCT-AFH 286/386 FLOPPY/HARD
MCT·AFH-RLL 2861386 RLL CONTROLLER

DISPLAY ADAPTOR CARDS:
MCT-MGP MONOCHROME GRAPHICS
MCT-CG COLOR GRAPHICS ADAPTOR
MCT-EGA ENHANCED GRAPHICS ADAPTOR
MCT-VGA-8 8-BIT VGA, ANALOG OUTPUT
MCT-VGA-16 16-BIT VGA, ANALOG OUTPUT
MCT-MGMIO MONOGRAPHICS MULTI VO
MCT-MGAIO 286/386 MONOGRAPHICS I/O

MULTIFUNCTION CARDS:
MCT-MIO MULTI 110FLOPPYCONTROLLER
MCT-10 MULTI I/O CARD
MCT-AMF 286/386 MULTIFUNCTION
MCT-AIO 286/386 MULTI I/O CARD

MEMORY CARDS:
MCT-RAM 576K RAM CARD
MCT-EMS EXPANDED MEMORY CARD
MCT-AEMS 286/386 EMS CARD

STANDARD KEYBOARDS:
BTC-5060 AUTOSENSEFOR XT/AT
MAX-S060 WITH TACTILEFEEDBACK _"

ENHANCED KEYBOARDS:
BTC-5339 AUTOSENSE FOR XT/ AT, AUTOREPEAT
K 103-A AUDIBLE ' CLlCK' STYLE ",_.__ ,_""
MAX-5339 MAXI-SWITCH wrrACTILE FEEDBACK

EGA SPECIAL I CARD" IIONfTOR-JUST $479

EGA-MONITOR 14' RGB MONITOR .." ,_", _" ", _" _." " .,, $339.95
NEC-MULTI- 3D DIGITAL1024X768 RESOLUTION". $649.95
JDR-MONO 12' TIL MONOCHROME- GREEN """ $69.95
JDR-AMBER 12' TIL MONOCHROME-AMBER " ",_, $69.95

• 720 X 540 MAX RESOLUTION,
640 X 480 IN 16 COLORS, 528 X 480
RESOLUTIONIN 256 COLORS • IBM STYLE MONITOR
• VGA, EGA, CGA, AND MGA COMPATIBLE
VGA-PKG (INCUJDES VGA CARDAND MONITOR)

VGA MONITOR $359.95
• 14' ANALOGVGA • GLARE RESISTANT SCREEN · 720 X 480
• TILTISWIVEL BASE · FRONT MOUNTED POWER SWITCH
VGA-MONITOR

C"'R E U SYS MULTISYNCH $429.95
• FULL FEATURED MULTISCAN MONITOR WITH UNLIMITED
COLORS , 1024 X 768 RESOLUTION, 14" NON-GLARE DISPLAY
• AUTO SWITCHING • TIUANALOG VIDEO INPUT
JDR-MULTI

CIRCLE 113 ON FREE INFORMATION CARD
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• PROGRAMS27XX AND 27XXX EPROMS UP TO 27512
• SUPPORTSVARIOUS PROGRAMMINGFORMATS& VOLTAGES
• SPLIT OR
COMBINE CONTENTSOF
SEVERAL EPROMS OF
DIFFERENT SIZES
• READ, WRITE, COPY,
BLANK CHECK & VERIFY
• SOFTWARE FOR HEX
AND INTEL HEX FORMATS
MOD-EP ROM

VGA COMPATIBLE
PACKAGE

$49995

MODULAR PROGRAMMING SYSTEM
MODULES USE A COMMON HOST ADAPTOR CARD
I SLOT PROGRAMS EPROMS, PROMS, PALS, MOREl

HOST ADAPTOR CARD $29.95
• UNIVERSAL INTERFACE FOR ALL
PROGRAMMINGMODULES!
• SELECTABLEADDRESSES
PREVENTS CONFLICTS
• MOLDED CABLE
MOD-MAC

UPRIGHT CASE
SPACE SAVING DESIGN HOLDS
ALL SIZES OF MOTHERBOARDS
AND INCLUDES: " 250W POWER SUPPLY
" MOUNTS FOR 3 FLOPPY & 4 HARD DRIVES
• TURBO & RESETSWITCH · LED SPEED
DISPLAY · POWER & DISK LED'S
• ALL HARDWARE, FACEPLATES& SPEAKER
CASE-1oo

CASE-FLIP FOR 8088 MB'S " .". _." $39.95
CASE-SLIDE FOR8088 MB'S """"'" $3 9.95
CASE-70 FOR 286 MB'S " " " " "'" $8 9.95
CASE-SO FOR MINI 286 MB'S ,,__, $59.95
CASE-JR MINI-286W/l50W PS $149.95

2400 BAUD MODEM

$8995

MINI UPRIGHT CASE

OTHER MODULES
MOD-MPL PAL MODULE "."..".""""." ."" $249.95
MOD-MIC DIGITAL TESTER MODULE ".""."." "".". " " , $129 .95
MOD-MBP BI-POLAR PROGRAMMING MODULE .""", $259 .95
MOD-MMP MICROPROCESSOR PROG. MODULE ,," $17 9.95
MOD-MPL-SOFT CUPL SOFTWARE." ._.""" " " " _" _,,,,••, $99 .95

• FAX TRANSMISSION ONLY
• 4800 BAUDFAX CAPABILITY

TO ANY GROUP III FAX
• 2400 BAUD V.22BIX DATA MODEM
• Xl/AT COMPATIBLE HALF CARD
• MENU-DRIVENSOFTWARE
• MULTIPLE FAX TRANSMISSIONS

TO GROUPEDADDRESSES
MCT-FAXM

UNIVERSAL
MODULE $499.95
• PROGRAMSEPROMS. EEPROMS, PALS. BI-POLAR PROMS,
8748 & 8751 SERIES DEVICES; 16V8 AND 20V8 GALS (GENERIC
ARRAYLOGIC)FROMLATII CE, NS, SGS "TE STS TTL, CMOS,
DYNAMIC & STATIC RAMS , LOAD DISK, SAVE DISK. EDIT,
BLANK CHECK. PROGRAM, AUTO, READ MASTER. VERIFY AND
COMPARE · TEXTOOL SOCKET FOR .3- -6OW. IC'S ( 8-40 PINS)
MOD-MUP

EPROM MODULE $119.95
• PROGRAMS24-32 PIN EPROMS, CMOS EPROMS & EEPROMS
FROM 16KTO 1024K • HEX TO OBJ CONVERTER • AUTO,
BLANK CHECKIPROGRAMNERIFY • VPP 5, 12,5, 12,75, 13, 21
& 25 VOLTS' NORMAL, INTELLIGENT,INTERACTIVE & QUICK
PULSE PROGRAMMINGALGORITHMS
MOD-MEP

MOD-MEP-4 4-EPROM PROGRAMMER " ." """ ." " -,,H 69.95
MOD-MEP-8 8-EPROM PROGRAMMER """"" " "_,_,, 259.95
M O D- MEP-1 6 16-EPROM PROGRAMMER " " " """",_. 99 .95

4800/2400 BAUD
FAX/DATA MODEM

$11995

• 2400/12001300 BAUD
• FULL HAYESCOMPATIBILITY
• CONFIGURE AS COM1. COM2, COM3
OR COM 4 • BUILT-IN SPEAKER· AUTO
WAIT-FOR-DIAL TONE AND AUTO-REDIAL· PROCOMM
COMMUNICATIONS SOFTWARE · MADE IN THE USA
MC T-24I
MCT-121 1200 BAUDINTERNAL MODEM " ." " ." " ." ." . $59 .95

SMALL FOOTPRINT MINI-UPRIGHT FOR
8088 OR MINI 286/386 MOTHERBOARDS
• 'ROOM FOR6 EXPANSION CARDS
" HOLDS 3 5-114& 1 3-112DRIVES (112HT)
" 200 WATI POWER SUPPLY
• 2-DIGIT LED SPEEDDISPLAY
• 12- HX1 6'LX8' W
CASE-120
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JIM'S BARGAIN
HUNTERS CORNER

35 ",HZ DUAL TRACE
OSCILLOSCOPE
• WIDE BAND WIDTH • VARIABLE HOLDOFF
MODEL-3500 (SHOWN)

20 ",HZ DUAL TRACE OSCILLOSCOPE '389.95
• TV SYN C FILTER • COMPONENTS TESTER
MODEL 2000

THEULTIMATE
3.5 OIOIT 0",,,,
• BASIC DC ACCURACY ±0.250/0
• 34 RAN GES
• TEMP. TRANSISTO R & RESISTANCE

FEATURES

DMM-300 (SHOWN)

3.5 DIGIT
FULL FUNCTION OM", '49.95
• BAS IC DC ACCURACY ±0.250/0
• 22 RAN GES
DMM-200 $49.95

3.5 DIGIT POCKET SIZE OMM ' 2 9.95
• BAS IC DC ACCURACY ±0.50/0 • 14 RANG ES
DMM-l00

3.5 DIGIT PROBE TYPE OMM
• AUTO RANGING
• ACID C 2V • 5OOV,
• RESISTANCE : 2K-2M
DPM-l000 (SHOWN)

HIGH/LOW LOOICPROBE '17.95
• DETECTS TIUCMOS LOG IC STATES
• MEMORY FUNCTION FREEZES DATA FOR LATER USE
LP-2800

PULSER PROBE FOR QUICK OEBUOOING '19.95
• INJECT S PULSE INTO TEST CIRCUIT ·VARIABLE WIDTH
• TIL, DTL, TRL . HTL, HINIL . MOS. & CMOS COMPATIBLE
LP-540

Jim Wharton
JDR's VP S./es

VALUE-PRICED TEST
EQUIPMENT ALL WITH A

2 YEAR WARRANTY!

FACTORY
REFURBISHED
VGAPACKAGE
IF NEW $499.95
SAVE $150 ON THE MONITOR AND 8-BIT CARD!

• HIGH RESOLUTION COLOR ANALOG MONITOR HAS
AUTO SWITCHING FOR VGA , EGA, CGA, MDA , HGC

• VGA STANDARD 640 X 480 IN 16 OUT OF 256 COLO RS
• 320 X 200 RESOLUTION IN 256 COLORS FROM

A PALETIE OF 262,000
• SOFTWARE DRIVERS FOR MICROSOFT WINDOW S.

AUTO CAD, LOTUS 1·2·3 & SYMPHONY, DIGITAL
RESEAR CH GEM AND VENTURA PUBLISHER

• JUMPER AND SWITCH·FREE 8-81T VGA CARD FOR
EASY INSTALLATION

• FULL REGISTER BIOS AND INTERFACE COMPATI·
BILlTY : 256 VIDEO RAM

RlVGA-PKG EXPIRES 4I30I9O

LOCAL(408) 559·1200 CUSTOMER SERVICE 800·538·5001
TECHSUPPORT 800·538·5002 FAX(408)559·0250

ORDER TOLL-FREE
800-538·5000

..u.JDR Microdevices '
--::-- 2233 BRANHAM LANE. SAN JOSE. CA 95124
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LIVEACTION

f\

STOP ACTION,
INSTANT REPLAY

Catch all the action with the new IU·PRECISION
2522 Digital/Analog oscilloscope.

Atouchofa button switches the 2522 from analog to
digital operation. It's an easy-to-operatescope with the
performance you need, at a price you'll like.

Don't let the action pass you by. The2522 will put
you on the fast track for performance and results.
for immediate deliveryorcompletespecifications,
contact your local B&K-PRECISION distributor.

~BK
~r~~••, r~cs~.

MAXTEC INTERNATIONAL CORP.
Domestic and Internat ional Sales
6470 W. Cortland St .• Chicago, IL 60635
312-889-1448 • FAX: 312-794-9740

CIRCLE 77 ON FREE INFORMATION CARD Canadian Sales. Atlas Electronics. Ontar io

The new B&K-PRECISION Model 2522 is a
full-feature analog scope for live action and a DSO
for stop action.

• full analog and digitaloperation.
• 20MHzanalog operation.
• 10 MS/secondsampling rateon 1or 2 channels.
• Equivalent time sampling to 20MHz.
• 2k memory per channel.
• Pre-trisger capture.

'1495


