
BUILD AN AUDIONIDEO SWITCHER

PUT YOUR AJV SIGNALS
ON THE RIGHT TRACK

MAKE YOUR OWN PC BOARDS

NEW STEP BY STEP GUIDE
EXPLAINS HOW IT'S DONE

THE FUTURE OF SHORTWAVE RADIO
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BROADCAST CONFERENCE

PROGRAMMABLE LOGIC DEVICES

AN ATTRACTIVE ALTERNATIVE
TO STANDARD TTL PARTS
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DESKTOP PUBLISHING SYSTEMS
FROM SIMPLE TO SUPER

BUILD THE
ULTIMATE CONTROL

SYSTEM
THE REACTS 7000 ADVANCED
MODULAR CONTROL SYSTEM



No

No
Yes ($500)

$2995

8 bits

4K

100 ns
One, 4K

20 MS/s

2220
60 MHz

With each scope you can capture
events as narrowas 100ns at anysweep
speed thanks to Tek'sproprietarypeak
detect mode. Viewevents prior to or follow­
ing a trigger event with pre/post trigger.
Store waveforms into 4K records. Auto­
mate measurements with optional GPIB
and RS-232-C interfaces. And output
direct to a printer or plotter.

Tek software is available to help you
make the most of the 2230, 2221and 2220
in system configurations.

Call Tek for a free video
brochure or to place an
order.

Ask about free digital
storage application notes
and educational materials.
Orders include complete
documentation, manuals
and 3-yearwarranty on
labor, parts and CRT.

Call Tek direct:
1-800-426-2200
for free video brochu re
for orders/assistance.

No
Yes ($500)

$3995

Yes

8 bits
10 bits
(AVG mode)

4K

100 ns
One, 4K

20 MS/s
60 MHz

e NEWl 2221

Yes (inc with
GPIB/
RS-232-C)
$4995

Yes
Yes ($750)

20 MS/s

100 ns
One, 4K
Three, 1K
8 bits
10 bits
(AVG mode)
12 bits
(AVG mode
over the bus)

4K11 K
(selec table)

100 MHz
2230

Price

GPIB/RS-232-C Options
Battery-Backed Memory
(save 26 waveform sets)

CRT Readout/Cursors

Record Length

Analog/Digital Storage BW
Maximum Sampling Speed

Features

THE ANSWER IS IN
TEK DIGITAL STORAGE:

$2995
$3995
$4995

:::di:li;OOO-~---------------------

Now! The new 60 MHz Tek 2221 joins the
world's best-selling family of digital
storage oscilloscopes. All featuring 20
MS/s digitizing along with familiar, full­
bandwidth analog operation. It's the best
of both worlds in an easy-to-use portable.

Discover the potential. With digital stor­
age you can freeze waveforms. Capture
events invisible to nonstorage scopes.
Find signals buried in noise. And build a
library of reference waveforms.

Digital storage display accuracy
enhances your confidence in
measurements. And all you
have to do is push a button
for real-timedisplay analysis.

Compare the 2230, 2221
and 2220 to each other-
and all others. The new Peak Detect
2221 offers such advanced ------ - - - - - --- - - - - - - - - -
features as CRT readoutand Save Reference Memory

measurement cursors. For -Ve-rt-ic-a-I-Re-s-o-Iu-tio-n------'-'-"-="--'-'-'---- - - - - - - - -
even more performance and
flexibility, there'sthe 100
MHz, dual time base 2230
with optional battery-backed
memoryfor saving up to 26
waveform sets. And if it's
economy you want, choose
the 60 MHz 2220 with many
of the samefeatures at an
even lower cost.
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BUILD -rH18 .
46 IN-CIRCUIT DIGITAL IC TESTER

Part 3. Three programs, some notes, and more .
Bill Green

47 R-E ADVANCED CONTROL SYSTEM
A sophisticated control/robotics computer.
H. Edward Robert~s-,-,_M_._D_. _

65 AUDIO/VIDEO SWITCH
Untangle that rat's nest of cables.
Tod T. Templin

71 PC SERVICE
Direct-etch foil patterns for the AudioNideo Switcher.
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43 SUPERCONDUCTIVITY BREAKTHROUGHS

New discoveries that may change our lives forever.
Brian C. Fenton SUPERCONDUCTIVITY
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Inside the last high-frequency broadcasting conference.
Stanley Leinwoll
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32 New Prod uct s

4 What's News

73 HARDWARE HACKER
Superconductors for the
hacker.
Don Lancaster

80 AUDIO UPDATE
Documentation difficulties.
Larry Klein

98 NEW IDEA
Parasitic signaller.

6 VIDEO NEWS
- What's new in video.

David Lachenbruch

59 PROGRAMMABLE LOGIC DEVICES
These new IC's may revolutionize the way we design logic systems.
Ernest Meyer

51 MAKING YOUR OWN PC BOARDS
It's easier than you think!
Carl Laron

26 EQUIPMENT REPORTS
Arkon Wire-Free Wireless
Headphones.
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Pinning the blame.
Herb Friedman
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ONIfHE COVER
In a typ ical home or office, there

are li terally dozens of instances
where efficiency, conven ience, or
comfort wou ld be greatly increased
with the addition of computer con­
trol. However, although we live in an
age of computationa l plenty, w ith
computers literally all aro und us, the
problem of getting computers to
effectively and efficiently communi­
cate w ith and control other dev ices
for the most part remains . Th is
month, we introduce a project that
goes a long way toward solving that

- problem:-Called the REACTS 7000,
it is a sophisticated, modular com­
puter designed specifically for con­
trol applications. For more informa-
tion on the system, turn to page 47 .

THE MARCH ISSUE
IS ON SALE

FEBRUARY 4

BUILD A PLASMA DISPLAY
Build our vers ion of this attractive attention grabber.

lii-1....1 ADVANCED CONTROL SYSTEM
Build the first of the modules-the CPU.

tDMilUiEil"'GESi
BUILD A PRINTER MULTIPLEXER
Share your printer with 4 computers-automatically!

As a serv ice to readers, RADIO-E LECTRON ICS publishes available plans or informati on re lating to newsworthy products,
techniques and scientific and technological developments. Because of poss ible variances in the quality and condit ion of
materia ls and workmanship used by readers. RADIO-ELECTRON ICS disclaims any responsibili ty for the safe and proper
functioning of reader- built projects based upon or fro m plans or info rmatio n publ ished in this magazine .

Since some of the equipme nt and circu itry descr ibed in RADIO-E LECTRONICS may relate to or be covered by U.S. patents .
RADIO~ELECTRONICS discla ims any liabi lity for the infr ingement of such patents by the making. using. or selli ng of any such
equ ipment or circuitry. and suggests that anyone int erested in such projects consult a patent attorney.

RADIO-ELECTRON ICS, IISSN 0033-7862) February 1988. Published monthly by Gemsback Publications , Inc.. 500 -B Bi-County
Boulevard, Farmingdale. NY 11735Second-C lass Postage paid at Farmingdale, NY and additional mail ing offices. Second-Class
mail registration No. 9242 autho rized at Toronto, Canada. One-year subscription rate U.S.A. and possessions $16.97, Canada
$22 .97. all other countries $25 .97. All subscription orders payable in U.S.A. funds only . via international posta l money order or
check drawn on a U.S.A. bank. Sing le copies $2.25 . © 1987 by Gernsback Publications, Inf-AII rights reserved . Printed in U.S.A.

POSTMASTER: Please send address changes to RADIO-ELECTRONICS, Subscription Dept.. Box 55115, Boulder, CO
80321-5115.
A stamped self -addressed envelope must accompany all submitted manuscripts and/or artwork or photographs if their retu rn is
desired should they be rejected. We discla im any respons ibi lity for the loss or damage of manuscripts and/or artwork or
photographs while in our possession or otherwise.
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for Real Life
Adventure

. _ ----:-
~ - _.-u.t. •

Hear Your Hometoum Like
You"ve Never Heard it Before.

Just tum it on . As easy to use
as your AM/FM radio . Instantly,
you're tuned into real life adven­
tures. One touch control lets you

emergency frequencies, select and hold police, fire and
as well as NOAA weather in- emergency broadcasts so you don't

formation channels in all 50 miss a single minute of the action .
states. All pre-programmed. This Hear the amazing Information
new Information Radio utilizes a Radio today. Takeit home and be
principle similar to the seek~a part of the action tonight!!
and scan feature found on
expensive AM/FM radios.
Your information radio T :::::::::t-
scans the public service .I:'<..I.V'J.A.
channels in the area, locates BY REGENCY

the active signals, locks in and
broadcasts all the information
right to you. With revolutionary
TURBO-SCAN speed!

Breakthrough Technology.
Instant Information.

Informant Information Radio
uses a revolutionary new technol­
ogy that allows you to constantly
monitor your police, fire and

B
efore you hear about
it on your old
radio, hear it
live on your

new Inform­
ant Information Radio.
Whether its an all-points­
bulletin from the State Police,
the dispatcher for the city's Fire
Department, an ambulance racing
to the hospital or a National Weath­
er Service report, the new Inform­
ant from Regency makes you a
part of all the action... instantly.



Hi gh-technology display doubles image resolution

WORLD's LARGEST LIQUID CRYSTAL DISPLAYpan el fo r aircraft cockpits is pro grammable for
display of engine pe rformance, logistic and ballistic dat a, and altitude refer en ces, as well as rad ar
images and video. The display's high resolut ion of 28, 000 dots-per-square-inch give it twic e the
sha rpness of a home-TV sc ree n.

WHAT'S NEWS

The world's largest high-resolu- because of GE's abil ity to po sition
ti on l iq uid c rys ta l di spl ay for thin-f i lm tran sistors at th e corner
ai rc raf t coc kp its has bee n de- of each pi xel. That provid es a
signed and fabricated by scient ists sw itc h th at turns the liquid crystal
of the Gen eral Electri c Research material on or off at th e point, en-
Center, in a join t effort wi th th e hancin g cont rast and improving
compan y 's Aircraft In strum ents t he viewin g angl e . Sharpness is

- - - Qepartment-;-. ...,.----------tw ice-t hat-of-a-home-TV screen.
The new panel, measuring 6.25 The liquid crystals are sand-

x 6.25 in che s, is a high- resolu- w ic he d between two plates of
ti on , full- col o r liquid-crystal di s- glass. The inner sides of the plates
play d esi gn ed to m eet military are pattern ed with sil ico n stru c-
specs. It can be programmed to tures that co nt ro l th e el ectrical
display eng ine perfo rm ance , 10- charges that " paint" th e images or
gis t ic and ba ll istic data, and at- alphanum eri c characte rs on the
t it ude referenc es, as well as radar LCD's screen . The unit includes a
images and video. dimmable fluorescent backli ght,

Th e new d isplays p roduce a whi ch provides a high-contrast im-
mu ch higher resoluti on image not age ove r an ambi ent bri gh tness
only because of t he high number range from full sunlight to com-
of pixels on -the screen .(more than plete dar kness .
28,000 pixels-per- square-inch. or GE di splayed a prototype pan el
more than a million in to tal), bu t at the Paris Air Show last year.
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Expert systems used in
semiconductor fabrication
In semiconducto r manufacture,

a typical diagnosis incl udes testing
of " test st ruct u res" with probes
smaller than the diameter of a
human hair. Tho se test st ructures
are fabricated on the wafer and
form t est chips that replace the
regul ar ones that would be in
th o se spots. Test results from
those structures are recorded in
computer memory for evaluation .

The difficulty is that the numer­
ical diagnostic data has to be ana­
lyzed by specialists with expert
knowledge. But su ch experts
often aren 't available to tran slate
pages and pages of numbers into
usable solutions to problems.

The use of a computer expert
system being developed jo intly by
the National Bureau of Standards
and the Westinghouse Research
and Development Cente r may
greatly simplify the test ing pro­
cedure . An expert system is a soft­
ware program built up from the
knowl edg e and experience on not
one, but a number, of experts in a
given fi eld . .

Using an expert system , data ob­
tain ed from diagnostic test st ruc­
tures can be interpreted much
easier than by older approaches.
Process personnel armed with test
data on a computer disk will be
able to diagnose fabrication prob­
lems in a readily understood , En­
gli sh-lan guage fo rmat on a com­
puter screen .

Development of th e expe rt sys­
tem is sti ll in th e fo rmative stage,
and the National Bureau of Stan­
dards welcomes companies inter­
este d in wo rk in g collaboratively
w ith th e Bureau to research expert
systems further. For information ,
co nt act Lor en W. Linholm , 8360
Technology Bld g. , National Bu­
reau of Standards, Gaithersburg,
MD 2 0899 or Dr. Micha el
Cre sswell , Westin ghou se R&D
Center, Pitt sburgh, PA 15235. R-E



EIAICEG AUGMENTS DIGITAL
AND MICROPROCES OR COURSE

HIGH TECH PARTS KITS NOW AVAILABLE
capacitors, and integrated circuits
to perform all digital exercises 1
through 25 of the Digital/Micro­
processor course book listed in the
table of contents. Some parts have
been included for the microproces­
sor section but other components ­
will have to be acquired (as listed
in the Introduction to Exercises
26-31).

Individual and classroom size
quantities are available at the fol­
lowing cost: quantities 1-9, $69.95
each, quantities 10-19, $67.95
each, and for quantities 20 or more,
$64.95 each (cost includes shipping
and handling). The kits will also
include the Digital and Micropro­
cessor Course book. Additional
books are available at the cost of
$2.00 per copy.

8

Digital/
Microprocessor

COurse
The members of the Electronic

Industries Association Con-
sumer Electronics Group (ElA/

CEG) through the Product Services
Committee, has marketed the
illustrated parts kit for vocational
scnoo!s, educators ana tecllliician-s.- -. -
This is the same material used in ...
the Digital and Microprocessor ..
Course during ErA's summer work­
shop programs. These workshops
are organized by the Consumer
Electronics Group and co-spon­
sored by national service organiza­
tions and state departments of
vocational education.

Parts and components are con­
tained in a lightweight tool box
with individual compartments. It
includes a breadboard, power sup­
ply, pre-dressed jumpers, resistors,

PLEASE COMPLETE ORDER FORM FOR PARTS KITS AND BOOKS
Send to: EIA/CEG, Department PS, P.O. Box 19100, Washington, D.C. 20036

------------------------------------------------------ -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~

State Zip

'!btatAmount

$69.95 each

$67.95 each

$64.95 each

$2.00 per copy

'Iotal Amount Enclosed

Quantity

Name

Title

Firm

Address

City

Parts Kit
1-9 _

10-19 _

20or more _

Additional Digital!Microprocessor
Course Books _

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



VIDEO
NEWS

DAVID LACHENBRUCH,
CONTRIBUTING EDITOR

• SUpercable. The influence of Super-VHS
continues to spread in ever-widening circles,
vastly increasing the efforts devoted to
developing High-DefinItion TeleVision (HDTV)
and various improved TV systems. The mere idea
that a home device can be capable of reproducing
pictures superior to those coming in over the air
(or by cable ) has spurred the TV establishment
to act immediately.

Now, there is a proposal to use the specs of
Super-VHS (more than 400 lines of horizontal
resolution, separate chrominance and luminance
signals ) as a form of deluxe cable.

The National Cable TV Association has named a
subcommittee to look into the idea of
"supercable." Since an increasing number of
color-TV sets are capable of showing high­
resolution pictures, and more and more will have
Y/C connectors (for direct input of chrominance
and luminance signals), why shouldn't cable feed
its subscribers a picture of the same quality,
either for viewing directly or taping on Super­
VHS recorders? Under one scenario, a cable
subscriber would P8iY extra for a super channel
providing him or her with a Super-VHS picture.
There is some question whether supercable
would require more than the standard 6-MHz
bandwidth. Some cable engineers suggest that the
same channel could be used to provide a standard
NTSC and a super picture. Subscribers with one
type of set-top converter would receive a regular
330-line NTSC signal, while those with another
type would receive the 400-plus line super
channel-at extra charge, of course.

• ACTV. That acronym stands for Advanced
Compatible TeleVision, and it's probably the last
major project carried out by the old RCA using its
in-house TV network ( NBC) and research

~ facilities (David Sarnoff Research Center). The
z results of six years' work, ACTV is a widescreen,
~ 1,050-line TV system that can be transmitted
G within the same 6-MHz bandwidth as standard
::J NTSC and is totally compatible with existing
6 NTSC TV sets.
15 The ingenious system uses a series of
<l:
a: subcarriers to multiplex the various elements of

6

the picture. The "ears" (the additional width at
each side of the screen) are compressed for
transmission, and expanded in ACTV receivers. In
standard NTSC receivers, which will continue to
provide a traditional 4- x -3 picture, they are in
the overscanned portion of the picture hidden by
the frame of the picture tube. The 1,050 scanning
lines are double the number provided by a
standard NTSC transmission, but an NTSC set
would only "see" 525 of them.

ACTV was announced jointly by NBC,the David
Sarnoff Research Center (now part of Stanford
Research Institute), and GEIRCA Consumer
Electronics, whose sale to Thomson of France
was pending at the time of the announcement. A
computer simulation of ACTVhas been presented
on tape, but no equipment has yet been built. Its
developers hope to build and field test the
equipment this year.

ACTVis not true hign-deftnitton TV, but its
sponsors believe it is at least an interim step,
ideally suited for standard terrestrial
broadcasting because of its compatibility with the
existing system and its use of a standard 6-MHz
channel. All other systems demonstrated to date
either require a wider bandwidth or are not
compatible with NTSC. For example, two NTSC­
compatible HDTV systems (by Philips and
Charles Glenn) use one standard channel and a
part of another. The Japanese 1,125-line system is
incompatible with NTSC and is designed for direct
satellite transmission. A system sponsored by Del
Rey Group is aimed at a compatible 6-MHz
picture but isn't yet HDTV and is still in an early
development stage.

• Sony joins the giants. Sony celebrated the
20th anniversary of the Trinitron color-TV tube
by introducing two giant sizes-34 and 45 inches
in overall diagonal measurement-joining other
manufacturers that are fielding giant versions of
conventional color tubes. The 34-inch tube is
built into a "Family Stereo TV" that will retail in
Japan at about $2,345. The 45-inch tube will be in
a set selling for just under $14,000, and that's
designed for TV viewing in public places. R-E



• YOU CAN HAVE THE NEXT TWELVE IS­
SUES of Hands-on Electronics delivered to
your home for only $18.95 - saving $11.05 off
the single copy price.

• EVERY ISSUE OF Hands-on Electronics
will continue to contain a variety of construction
articles to suit every taste. In addition, feature
articles on electronics fundamentals , test equip­
ment and tools will round out each issue. Of
course, Hands-on Electronics will continue to
provide new product and literature listings to
keep you up to date on the latest developments
in electronic technology.

• GET IN ON THE ACTION! Order your next
issue of Hands-on Electronics today. Use the
convenient order coupon below. Be sure to send
check or money order-no cash!

S INC1.UOING

GADGr:r

PLUS-
The\'OXeo._._,

How1My made the 4-mog.t>l RAId.hlpl

RetnlrO<loelng the .._ field S110ngth mow
Unu....l _ for the projoet bul_'
Plusmucn. muchmore!

• IF YOU'RE THE KIND OF READER that
doesn't want to wait, you can order your next
copy of Hands-on Electronics now. Hands-on
Electronics is crammed full of electronic proj­
ects that you won't be able to wait to build for
yourself. You can expect top-notch digital proj­
ects, fun-to-play electronic games, valuable
add-on computer projects, BCB and shortwave
receivers, photographic/darkroom gadgets, de­
vices to improve your car's performance, test
equipment ideas, and more in every issue of
Hands-on Electronics.

COMPUTERS
ANDHAMRADIOOld... _

to~ newtalCiWnWnl: 10.,. OfdhObby

1VRECEPTION
IN MOUNTAINOUS
REGIONS
HowI4tM~ dtthttiOn
and~U)pUIllnaslgnw

TROOPER-PROOF
HIDE·AWAY RADAR
DETECTOR SYSTEM---by­wllhtt*~~!

BUILD THE
GEE·WHIZ BADGE-----_........-

tHE MAGAZINEFOR111E £LECTRONICS ACTMSn

.... _---------------------------_._ ........ -..

Hands-on Electronics SUBSCRIPTION

o I want to be sure I don't miss any issues. Send me ONE FULL YEAR - twelve issues - of
Hands-on Electronics for $18.95 (Canada $23.95 U.S. Funds).

Exp. Date' _

o Payment Enclosed

o Bill Me Later

Please charge my
o Visa 0 Mastercard Signature: ~---_

Acct.# _

Allow 6-8 weeks for the first issue to arrive. Offer valid in U.S. Funds Only.

------------_-._-----------_ .... _--- -- - ..

Please print

(Name)

(Street Address)

(City) (State) (Zip)

Detach and mail today
to:
HANDS-ON
ELECTRONICS
SUBSCRIPTION DEPT.
P.O. BOX 338
MOUNT MORRIS, IL
61054
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"If you're going to learn
-------electronics, you might

as well learn it right!"
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"Don 't settle for Jess.
Especially when it comes
to career training...because
everything else in your life
may depend on it.
That's why you ought to

pick CIE!"

Stephen J. Simcic .
lIfa~ Vice President, Academic Affairs

8



~u've probably seen adver­.I.~sements from other
electronic schools. Maybe you think
they're all the same. They're not!

CIE is the largest independent
home study school in the world that
specializes exclusively in electronics.

Meet the Electronics
Specialists.

When you pick an electro nics school,
you' re getting ready to invest some time
and money. And yo ur who le future
depends on the educat ion you get in
return .

Th at's why it makes so mu ch sense
to go with num ber one . . . with the
specialists .. . with CIE !

Pick the pace that's
right for you.

C IE understands peop le need to learn
at their own pace. Th ere's no pressure
to keep up . . . no slow learners hold
you back. If you' re a beginner, you
start with the basics. If you already
know some electro nics, you move ahead
to your own level.

Enjoy the promptness of CIE's
"same day" grading cycle.

When we receive your lesson before
noon Monday thro ugh Saturday , we
grade it an d mail it back the same day.
You find out quick ly how well you're
doing!

crn offers you an
Associate Degree.

One of the best credentials you can
have in electro nics - or any other
career field - is a college degree.
Th at' s why CIE gives you the oppor­
tu nity to earn an Assoc iate in Ap plied
Science in Electro nics Engineer ing
Technology. Any C IE career course can
offer you credit toward the degree ­
more than half of the numb er needed
in some cases.

•'Cleveland Institute of Electronics is
the only accredited institution of higher
learning offering an A ssociate Degree
program with tuition based on actual
studv time used. The faster vou com­
pleu: your degree assignments, the less
your overall tuition. " Steve Simcic

Vice-President Acade mic Affa irs

Microprocessor Trainer

There's no such thing as
bargain education.

_ If. you.t alk with ome. of our ~

grad uate s, chances are you' d find a
lot o f them shopped aro und for their
train ing. Not for the lowest priced
but for the best. Th ey prett y much
knew what was ava ilable when
they picked C IE as number one.

We do n' t promise you the
moon. We do pro mise you a
proven way to build valuable
career skills. Th e C IE faculty
and sta ff are dedicated to that.
When you graduate, your diplom a
shows employers you know what yo u' re
about. Today, it' s prett y hard to put a
price on that.

Which CIE Training fits you?
Beginner? Intermediate?

Adva nced? C IE hom e study
courses are designed for
ambitious people at all entry
levels. People who may have:
I. No prev ious electro nics

know ledge, but do have an
interest in it;

2. Some basic knowledge or
experience in electronics;

3. In-depth work ing experience or
prior training in electronics.

You can start where you fit and fit
where you start , then go on from there
to your Diploma, Associate Degree,
and career.

YES...! want to learn from the specialists in electronics - CIE. Send me my FREE
CIE school catalog.. .including details about the Associate Degree program.. .
plus my FREE package of home study information.
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Today is the day.
Send now.

Fill in and return the postage-free
card attac hed . If some ambitious person
has removed it, cut out and mail the
coupon. You' ll get a FREE school
cat alog plus comp lete infor mat ion on
independent hom e study . For your
convenience, we' ll try to have a C IE
representative contact you to answer
any questions you may have.

Mail in the coupon below or, if you
prefer, call toll-free 1-800-321-2155
(in Ohio, l-800-523-9 I09).

State-of-the-art
Laboratory Equipment

Some courses feature the C IE
Microprocessor Training Laboratory.
An integral part of computer s,
microprocessor technology is used in
man y phases of business, including ser­
vice and manufacturing industries.

Th e MTL gives you the oppo rtunity
to program it and inter face it with LED
displays, memory devices, and switches.
You' ll gain all the practica l experience
needed to work with state-of-the-art
equipment o f today and tom or row.

r----------·----~~I• C IE Cleveland Institute of Electronics, Inc.
1776 East 17th Stree t , Cleveland. Ohio 4 4 114

I Accredit ed Member National Home Study Council

•I
• Print Name

I Address--- - - - - - - - - --- - - - - - - Apt. _

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

• Age Area Code/ Phone No. I

Check box for G.!. Bill bulletin on Educational Benefits: 0 Veteran 0 Active Duty

• MAIL TODAY!
CIRCLE 60 ON FREE INFORMATION CARD

Experienced specialists
work closely with you.

Even though you study at hom e, you
are not alone! Eac h time you return a
completed lesson, you can be sure it
will be reviewed , graded, a nd returned
with appropriate instru ctio nal help.
When you need additiona l individua l
help, you get it fast and in writing from
the faculty technical specialist best
qualified to answer your question in
terms you can understand .

Programmed Learning
Th at 's exactly what happens with

CIE's A uto-P rogram med Lessons. Each
lesson uses famo us " programmed learn­
ing" methods to teach you important
principles. You explore them, master
them completely, before you start to
apply them . You thoroughly und erstand
each step before you go on to the next.
You learn at your own pace.

And , beyond theory, some courses
come fully equipped with electro nics
gear (the things you see in technical
magazines) to actua lly let you perform
hundreds of "hands-on " experiments.

Because we're specialists
we have to stay ahead.

At C IE, we'v e got a posit ion of
leadership to maint ain. Here are some
of the ways we han g onto it . . .



WRITE TO:

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

for use in an automobile. I built a 12­
volt, 6-amp power supply, following
the diagram on page 44 of the May
1987 issue of Radio-Electronics. The
setup works nicely, but I'm bothered
by the small size of the hookup wire
that came with the speakers. It's only
26 or 24 gauge. Isn't that wire too
small to carry the 100 watts that the
booster can deliver? For example a
100-watt flood lamp usually requires
No. 18 or larger wire.-J.M.B., Bal­
lston Lake, NY

There is a considerable dif­
ference between delivering 100
watts of power to a floodlamp and
the audio power that is fed to the
speakers . Ordinary audio program
material is very random in nature
and a power amplifier operating at
or near the 100-watt level will actu­
ally reach that level only on the
random peaks of the program ma­
terial. On the other hand, the sine­
wave power fed to a lamp is
constant, as are the losses in the
power cord or transmission line.

One consideration in selecting
speaker wires is their resistance.
In general, the smaller the diarne­
ter (or the higher the gauge), the
higher the resistance. Speakers
are relatively inefficient devices,
so you don't want to waste power
in the connecting wires. In order
to minimize power losses, be sure
that the DC resistance of the
speaker leads is much lower than
the impedance of the speaker's
voice coil.

No.-26 wire has a resistance of 4
ohms per 100 feet. .If you have a 4­
ohm speaker fed through 50-feet
of two-conductor speaker wire,
about half of the power will be dis­
sipated in the leads.

The booster manufacturer prob­
ably used No .-24 or No. -26 wire
because it is less expensive than

SPEAKER LEADS TOO SMALL?
I recently purchased a 100-watt­

per-channel power booster intended

AND STI LL MORE
Here is a possible solution to J.T.'s

problem with an intermittent chan­
nel in a Fisher AM-FM stereo re ­
ceiver. Awhile back, I gutted and
discarded a Fisher 400 because it
had an intermittent right channel
caused by a defective output trans­
former. It is a heavy monster with
about ten separate windings. Re­
winding the transformer wasn't
practical. I kept the good left-chan­
nel output transformer along with
all of the information on how it was
hooked up.

I don't recall whether or not the
set had a printed-circuit board, but
I've seen many sets of that vintage
that had dual-heater circuits where
the center was grounded by solder­
ing a certain point on the circuit
board to the metal chassis . Intermit­
tent heating and flexing of the circuit
board over the years can crack the
soldered connection. The soldered
joint makes intermittent contact,
effectively turning a tube's heater off
and on, or simply not passing
enough current to keep the tube hot.
As the tube heats and cools, its out­
put voltage or power varies.

If J.T. is interested in the trans­
former I'll sell it for $5.00 and
postage or will swap it for a standard
center-tapped output transformer of
the same or an earlier vintage. He
can contact me through "Ask RE"­
D.A.Y., Key West, FL.

AC POWERLINEDC LEVEL
+V-­
GND-~--\v--1""--------\<;r

- V--V~'I.

SOLAR
BATTERY
OR WIND

GENERATOR
OUTPUT

FIG. 1

The synchronous inverter takes
the DC power from a bank of solar
cells or a wind- or water-driven
generator and switches it­
through SCR's-at the zero-cross­
ing point of the AC powerline volt­
age. Current flows into the power
lines until the instantaneous AC
voltage exceeds the DC voltage; at
which time the SCR's turn off.

SYNCHRONOUS INVERTER Is there a reader who can supply a
My thanks to Mr. J. Dale E. Holt photocopy of the service manual or

of Manchester, TN for pointing out the schematic? Iwill greatly appreci-
that my reply to D.B. (December ate it, and I'm sure that the reader in
1986) was inadequate. He points Florida will too.-G.H.M., King-

- 0 ut-t.h at-al-I- e Ie ctr.o ni c-syn-- -sport,-TN.- - ­
chronous inverters have been
available for many years. He owns
a 2-kW unit by Acheval Wind Elec­
tronics that he purchased for ap­
proximately $1,000.00. He sent a
diagram (Fig. 1) that the maker of
the Gimini synchronous inverters
uses to explain the theory of oper­
ation.

MORE ON THE FISHER 400
I too, need a schematic for a Fisher

model 400 FMstereo receiver. Since
seeing your reply to J.T., of
Thonotossa, FL (February 198-7),

~ here's what I've found out: 1) The
Z model 400-C is a preamplifier, not a
~ receiver. 2) The 400 is listed as a newo item in the 1964 Allied Radio cata­
~ log. 3) The 400- T is a later tran­
w6 sistorized version. 4) Sams pho-
o tofacts does not have any informa­
~ tion on the model 400.
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lar ger sizes . A nd, since powe r
boosters for car ste reos are usually
in stalled within a few feet from t he
spea ke rs, t he power loss in t he
small-gauge wi re is negli gible.

Yo u-p u r chas e d - a-100-w at t­
boos ter amp and 120-watt speak­
ers so yo u mu st want a hi gh vo l­
um e lev e l. For t he maxim um
availab le aud io power while put ­
t ing yo u r mind at ease, use 18­
gauge speaker w ire. Its resistance
is only 0.64 ohm per 100 feet . You
can also use zip-typ e lamp co rd,
w hi ch uses 18-gauge wire .

You Can Be

One Of The

The Internat ional Soc iety Of Certif ied
Electronics Technicians offers per manent
certi ficatio n by admi nister ing th e CET
exa m with the FCC recogn ized communi­
cat ions option for $20. A second exam
on FCC regulations f or a $10 fee is re­
quired for a Radiotelephone U cense.
Upon passing, techni cians receive bot h a
permane nt Radiote lepho ne Operat or Cer­
tificate and a CET Certi ficate issued by
ISCET.

ISCET Offers License Renewal

ISCET has devel oped a prog ram for regis­
tration of those who currently hold a
valid Radiot elep hon e Operator License.
By sending a COmpleted ap plicat ion, a
photocopy of your FCC License, and $10
you r license wi ll be renewed wit h the
assurance of a recognized nationa l tech­
nicians association beh ind it .

For More Info rmat ion Contact :

ISCET 2708 W. Berry , Ft . Worth , TX
76109. (817) 921 • 9101

OLD CAPACITO RS AND PCB's
I co llect and restore old TV sets

and very often I have to rep lace the
capacitors in the sweep circuits. I've
heard that some old capacitors like
the ones in Fig.2 contain PCB's(Poly
Chlorinated Biphenyl ). What is the
best method of disposing of them?­
B.T., Atlanta, GA

I can't confi rrn nor deny that th e
oil is a PCB materia l. My local en­
vironmental. agency office seems
to on ly think in terms of tens of

gallo ns of PCB material in tra nsfor­
mers and capacito rs used in power
tran smi ssion. They can ' t under­
stand th at such materia l mi ght be
used in anyt hing smaller and can­
not offe r any suggest io ns.

If th e p robl em were m in e, to
avoid contaminating the environ­
ment I'd pack th e leaky capacito rs
in a coffee can and , w hen I had a
half can or so, wou ld fi ll th e can
with cement or mortar mix, bury
it, and for get it. R-E
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COMPUTER GRAPHICS ON VCR
The lat est copy of Radio-Elec­

t ronics arrived today and I've been
enjoying it. I've been reading the
Ge rns back "Rad io -" pub lications
all my life-I 'm 82 now.

I have a simp le project that ot her
readers might enjoy. If you use a
te lev ision set asa monitor, you can
save t he pictu res on your co lor
compute r on a VCR. Co nnect the
output of the compute r to the in- ·
put (ante nna) connection of the
VCR. Connect the output of the
VCR to the TV mon itor. Now
you're ready to record .

I use cha nne l 3, as it is not used
here for TV, and a Tandy Color
Comp ute r to do t hat. An o ld
Timex/Sinclair computer w ill do,
but it won't give you co lor. I w rite
notes abou t the program I rec­
o rd-the date , t ime, etc. The sys­
tem also co mes in h an dy for
business presentations. Instead of
drawi ng graphs on paper, pho ­
t o grap h in g t hem, and havin g

You 're absolute ly correct, and
we apologize for some over-zeal­
ous editing regarding resistivi ty
specifications.-Editor

ElECTRONIG COMBINATION
LOCK

It has come to our attentio n that
the two IC'sused in the "Electronic
Combinatio n Lock, " wh ic h ap ­
pea red in the November 1987issue
of Radio-Electronics, are difficult to
obtain in sing le -unit q uantities .
However, they are availab le from
Circuit Specia lists, p.G. Box 3047,
Scottsdale, AZ 85257. Th e
MC145026 se lls for $3.60; the
MC145028sells for $4.80. Add $2.00
shipping and handling, and AZ re­
side nts must add appropriate sales
tax.-Editor

CORRECTIONS
In the art icl e "SMT Project: A

Bus in ess-Card To ne Generator"
(Radio-Elect ron ics, N ovem b er
1987) Fo rrest M. Mims III inco r­
rect ly states that sheet resist iv ity is

(J)

Q
zo
a:
I­o
ill
--l
ill

6
o
-c
a:

VIDEO PALETTE specified i n uni t s of o hms p er
In b ui ldi ng t he Video Pa lette sq uare ce nt imete r. Th e unit of

video-effects generator (Septem- sheet resist iv ity i s o h ms p er
ber-October 1987), I noticed sev- square ; all squares of t he same
eral erro rs and discrepancies : No mater ial and t h ic kness w il l have

--P-G-board- mount ing- Iocat ions-are--the-same.resistance. For example,
given fo r C11 or C14 . In Fig. 12, the if a material has a resistance for a
centers of )1, J2, and J3 are shown given th ickn ess of one ohm per
all t ied togeth er. You don't show square, a Y4-inch square w ill mea-
w here on th e main boa rd to con- sure one ohm and a Y2-inch w ill
nect t he + 5- and - 5-vo lt leads also measure one ohm.
from th e effects board . The A lead Loo kin g at Fig. 1 in the art icle ,
fro m the effects boa rd does not the Y2-inch square can be seen to
appear to co nnect to anything on b e eq ui vale nt to fo u r %- inc h
t he main boa rd . Finally, t he o rien- squares. Lookin g at only th e top
tat ion of IC7 appears to be incor- two, yo u have one ohm in series
rect on t he PC board . wi t h o ne o h m, eq ua l l i ng two
RICHARD E. RICE ohms. That is par al lel ed by t he
Picker ing ton , OH identical bo ttom two. Two ohms in

The gre m lins seemed to have paral lel wi t h two oh ms is o ne
done a thoro ug h job th is. time: oh m. Foll owing that lin e of reason -
jacks j1-j3 are incorrectly wired in in g, a square measuring one cen-
Fig . 12; they should be wired as t imeter on a side w ill measure one
shown in Fig . 10, and o n ly j 3 o hm . However, a rectan gl e with
should connect to 52-b . The +5- t he dimen sion s %-ce nt imete r by
volt-connection on the main board fo ur cent imeters, w hich is equiv-
should be made at the j unctio n of alent to 16 quarte r ce nt imete r
R14/R18; the - 5-volt co nnection squares in series, w ill measure 16
should be made at the j unction of ohms. Both cover an area of one
R19/C13. On the main boa rd, in - square cent imete r, but th ey have
stall R33, a 10K unit, between the widely di fferin g resistances.
pad next to the A-lead pad and the Thu s, it is obvio us th at sheet re-
hole adjacent to R34; that wi ll tie sist iv ity mu st be indicated in ohms
the A lead to the rest of the circuit. pe r square, not ohms pe r area. Ta-
And IC7 is indeed insta lled back - ble 1 in the art icle also proves th at ,
wards . As to the missing capaci - since th e resistances of the 1/1 x
tors, although they are shown in 0.02/1 l ines (equal to fi ft y squares of
the schematic, Ctt and C14 are not .02/1 on a side) is exact ly fi fty t imes
needed for proper operation and the resistivi t ies.
have been eliminated from the de- M r. Mims also states t hat si lver
sign.-Editor has several t imes the resistance of

go ld . That may or may not be t rue
of gol d and si lve r co nd uct ive
paints, but it is definitely not tr ue
of the eleme nts-short of super­
conductors, silver is the most co n­
duct ive metal.
ALAN RAUCHWERGER
Rochelle Park, Nj
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slides made, I can have them ready
to show on large-screen TV in a
matt er of minutes.
EDWIN WADSWORTH
North Miami, FL

ACCURACY IN TEST EQUIPMENT
Grego ry D. Carey, in his art icle

ent it led "How to Analyze Wave­
fo rm s" (Radio-Electronics, D e­
cembe r1987), did a di sservi ce to all
tec hnici ans by not stat ing th at th e
accuracy of a di gital scope is 2%
only if it is calib rated at regular
intervals. Bein g di git al does not
necessaril y make it more accu­
rate-especi ally if it isn't properl y
calib rated.

Hi s coverage of th e benefi ts of
usin g newer, d igital equipm ent
wh en more precise measurements
are re q u i re d w as very good .
However, th e tec hnician mu st be
aware th at calibration is essential
to ensure the cont inued accuracy
of di gi tal equipment.
RAYMOND E. TOW NSEND
U.S. Army Calibratio n Technician
Fort Carson, CO

ELECTRON FLOW
I was interested and pleased to

see th e two early examples of th e
use of positiv e current convent io n
("co nve nt io na l cu r re nt") reo
p ro d uced in Figures 3 and 6 of
Ma rti n Clifford's "The Early Days of
Rad io " (Radio-Elect ronics, D e­
cember1987). However, I was more
th an a littl e di sapp o in ted in hi s
mi sin form ed co m me nts abo ut
th at cur rent reference in his sec­
ti on entit led Elect ron Flow.

I realize th at his comme nts rep-

KEEP US INFORMED!
Let 's continu e to see art ic les

showing detailed plans fo r vario us
descrambl ers, decod ers, t ransmit­
ters,' and listening devices. Warn
the readers of the conseq uences
of ill egal usage and in cl ude t he
p roper d iscl aim er s, bu t pl ease
don 't feel it 's necessary to protect
society from itsel f.

Forrest Mims (Lette rs, Janu ary
1988) would have Radio-Electronics
play th e wi se old grandfather wh o,
in hi s infinite wi sdom , withholds
in format ion that he deems un fit
fo r th e irrespon sibl e yo ungste rs'
consumption.
WI LLiAM RITZ
Cleveland, OH

$259

$179

F·1000
1.2GH

F·100
120MH

Auto Rangin g
plus

Manual Rangi ng
3Yl Digit Mete r

28 Funct ions
Full y protected

M·1180 .7"10 Acy $36.95
M·1182 .25"10 Acy $39.95
M·1181 .1"10 Acy $42.95

BREADBOARD

MOdeIU..···
9436 •• .•.• --

Shown : . :: :: ::

9430 1,100 pins $15
9434 2,170 pins $25
9436 2,860 pins $35

50MHz LOGIC PROBE
20 nsec wi th memory
Lp·700

~'$23
~~~~:ulser $23

Model
S·3000

Model V1060 $1,375

15·25%
OFF LIST

PRICE

$138

Model
LC·1800

Measures:
Inductors,
Capacit ors,
Resistor s

35MHz DUAL TRACE OSCILLOSCOPE

$498 MO·1252

.. .. .

$135

• 10MHz DC or AC
• Tr iggered Sweep
• Cali brated Vert & Hor
• Reads Volts & Freq

MULTI·FUNCTION COUNTERS

Frequency, Period, Totali ze, Self Check with High·
Stabilized Crystal Oven Oscill ator , 8 Digit LED Displ ay

DIGITAL LCR METER

10MHz OSCILLOSCOPE

$239

.05"10 DC Accuracy

.1"10 Resistance
wit h Freq. Counte r
& Deluxe Case

100MHZ

TRUE RMS 4Yl
DIGIT MULT1METER

Model
M·7000

MO·1253
,__4~0~MHz _ ..~=::-:~~~

Dual Trace
12KV HV

Delayed Sweep
$550

Model
XP·580

2·20V @ 2A
12V @ 1A

$59.95

L .. J
Model V212 $475

MULTIMETER wit h
CAPACITANCE AN D
TRANSISTOR
TESTER

Model $58
CM·1500A

Reads Volts , Ohms,
Current , Capac itors,
Transistors &
Diodes W/Case

$349 MO·1251

QUAD POWER SUPPLY

• Sine, Square, Triang le
• Pulse, Ramp, .2 to 2MHz
• Frequency .1 thru 10MHz

GF·8015 wit hout Freq. Meter $179

GF·8016 FUNCTION GENERATOR
with Freq. Counter

$239

20MHZ

HITACHI SCOPES AT DISCOUNT PRICES!

ELENCO PRODUCTS AT DISCOUNT PRICES!

Tup qualit y scopes at a very reasonable price. Cont ains all the desired featur es. Elenco' s 2 year guarant ee
assures you of cont inuous servi ce. Two 1 x , 10x probes, diagrams and manual included. Writ e for specs.

100MHz test probes, swltchable 1x, 10x, Ref. (Complete WI 5 eccessorles) Fits most scopes $22

C&S SALES INC.. 1245 Rosewood Dr. Deerfield, II 60015 reel 15 DAY MONEY
800·292·7711 312-541-0710 ASK FOR CATALOG~' ~ BACK GUARANTEE

2 Year limited Guarantee! Add 5% for Postage ($10 max), IL Res., 7% Tax
CIRCLE 109 ON FREE INFORMATION CARD

Model Y·212 20MHZ Dual Chan nel (1mY Sens .) $475
Model Y·422 40MHZ Dual Channel (1mY Sens .) $699
Model Y·425 40MHZ Dual Channel (with cursor) $795
Model Y·660 60MHZ Dual Channel (Delayed Sweep) $990
Model Y·1060 100M HZ Dual Channel (Delayed Sweep) $1,375
All above scopes have a 3 year guaranty on parts and labor

DIGITAL TRIPLE POWER SUPPLY
Model
XP·765

$239
0·20V @ 1A
0·20V @ 1A

5V @ 5A

Full y Regulated, Short Cir cuit Protec ted with 2
Lim it Cont. 3 Separate Suppl ies

XP·660 with An alog Meters $169.50

I
20MHz DUAL TRACE OSCILLOSCOPE
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This full funct ion 3.5 digit DMM off ers highl y acc urate performance and a host
of added features to help you do the job-fast. Capacitance, transistor, tem­
perature, conductance and audible continuity in addit ion to the ranges you'd
expect from a DMM of this quality. Temperatur e probe, test leads and battery
inc luded. Input impedance : 10M ohm. Basic DC accuracy: plus/minus 0.25%
Approx. 7" x 3';2" x 1¥4"Wt. 131;2 ozs.

FULLY OVERLOAO
PROTECTED

TRANSISTOR __---....
TESTER

9 FUNCTIONS__.........
34 RANGES

CONDUCTANCE ~

TESTERADDS
VERSATILITY

TEMPERATURE _
TESTER TO
2000° F

*~YEARREPLACEMENT WARRANTY
* 30DAYMONEYBACKliUARANTEE
* TOLL FREE TECHNICAL SUPPORT
* NEXTDAYAIRSHIPAVAllABLE

MODEL 2000 $349.95
20 MHz DUAL TRACE OSCILLO SCOPE
Mode l 2000 makes frequency calcu lation and phase
measurement quick and easy. The compon ent teste r
aids in fast troubleshooting . Service technicians appre­
ciatethe TV Sync circuits fo rviewing TV-V and TV-H and
accurate sync hroniz at ion of the video signal, Blanking ,
VITS, and VIH sync pulses.

* Excepllonally bright5" CRT
* Built-incomponenttester
* TV Syncfilter
* X-Y operation * 110!220 volts

MODEL 3500 $499.95
35 MHz DUAL TRACE OSC ILLOSCOPE
Wide bandwid th and exceptional 1mV/DI V sensitivity
make the Model 3500 a powerf ul diagnostic too l for
engineers or techn icians at a remarkabi e pric e. Delayed
triggering allow s any portion of a waveform to be
isola ted and expanded fo r closer Inspec tion. Variabl e
Holdoff allows stable viewing of comptex waveforms.
• Exceptionally bright5"CRT
.. Delayed andsingle sweep modes
.. Z axisintensi ty modulation
.. X-Y operation .. TV syncIilter
.. Fast 10ns rise lime

DC VOLTAGE TO
1000 VOLTS

AC/DC CURRENT
200f.lA 10 10A

CAPACITANCE
TESTER
2000pF 10 20f.lF

DPM·1000 $54.95
3.5 DIGIT PROBE TYPE DMM
Custom 80 pin LSI chip provides accuracy and reliability
in such a comp act size. Autora nging, audible continuity
and data hoid feature help you pinpoint the probiem
quickly. Case and batter ies included.

* Basic DC accuracy:plus/minus 1%
* DC voltage:2v-500v, autoranging
* AC voltage:2v-500v, autoranging
* Resistance:2kohms-2M ohms, autoranging
* Fullyover-loadprotected
* Inputimpedance: 11 M ohm
* Approx.6'/2"x 1"x 3/4"Under 3 ozs .

DMM·200 $49.95
3.5 DIGIT FULL FUNCTION DMM
Get highly accurate performance at a very affordable
price . Rugged construction, 20 amp current capa bility
and 22 ranges make it a perfec t choice for serious fieid
or bench work.Lo batte ry indicator andtilt-stand.Probes
and 2000 hour battery included.

• Basic DC accuracy:plusorminus0.25%
* DC voltage: 200mv- 1000V, 5 ranges
* ACvoltage:200mv-750V, 5 ranges
* Resistance:200 ohms-20M ohms. 6 ranges
* ACIDCcurrent: 200",A-20A, 6 ranges
* Input impedance: 10M ohm
* Fully overloadprotected
* Approx. 7" x 3';2" x 1',..," WI. 11 ozs.

DMM·100 $29.95
3.5 DIGIT POCKET SIZE DMM
Perfect for the field service technicia n. Shirt pocket size
without compromisi ng feat ures or acc uracy.Large, easy
to read 1;2" LCD display. Fully overload protected for
safety. 2000 hour battery life with standard 9v cell. Probes
and battery included .

.. Basic DC accuracy:plus/minus0.5%
* DCvoltage: 2v- l000v, 4 ranges
• AC voltage: 20Ov-750v , 2 ranges
.. Resistance:2kohms-2 Mohms. 4 ranges
.. DC current: 2mA-2A. 4 ranges
.. Inputimpedance: 10M ohm
* Fullyoverloadprotected
.. Approx.S"x3"x 1". Under70lS.



NRI Trains You AtHome-As You Build
Your Own IBMPCCompatible Computer

IBM is a RegisteredTrademark of IBM Corporation.
Epsonis a RegisteredTrademarkof EpsonAmerica,Inc.

Appleand the Applelogoare RegisteredTrademarksof Apple
Computer, Inc.

Compaqis a RegisteredTrademarkof COMPAQComputerCorporation.
© 1985 AT&TTechnologies, Inc.

Total Computer Systems Training,
Only From NRI
No computer stands alone . .. it's part of a total
system. To really service computers, you have to
understand computer systems. And only NRI includes
a powerful computer system as part of your training,
centered around the new, fully IBM PC compatible
Sanyo 880 Series computer.

Learn the Basics the NRI Way-
.and Earn Good Money Troubleshooting
Any Brand ofComputer
The biggest growth in jobs between now and 1995,
according to Department of Labor estimates, will
occur in the computer service and repair business,
where demand for trained technicians will actually
double.

You can cash in on this opportunity-either as a
full-time corporate technician or an independent
service-person-once you've learned all the basics of
computers the NRI way. NRl's practical combination
of "reason-why" theory and "hands-on" building skills
starts you with the fundamentals of electronics, then
guides you through advanced electronic circuitry
and on into computer electronics. You also learn to
program in BASIC and machine language, the
essential languages for troubleshooting and repair.

GET THE KNOW-HOW
TO SERVICE EVERY

-C-O-MrUIER-ONTHIS
PAGE...
AND MORE!
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supply- to ensure that you have
all the essential skillsyou need
to succeed as a professional
computer service technician.

Your NRI tot al systems train ing includes:
o NRI Discovery Lab' to design and modify
circuits · Yourfour·function,digit~1
multi meter with walk·you·thro~h

instructionsonaudiotape· Digital logic
probe for visual examination of keyboard
circuits· ThenewestSanyo880Series
Comput er with " intelligent" keyboard and

No Exper."ence Needed, 360K double-density , double-sided disk
drive 0 High resolution monochrome

NRI Bu".ldsIt In monitoroSK ROM, 256K RAM 0 Bundled
softw are includ ing GW BASIC,MS-DOS,
WordStar, CaleStar 0 Reference manuals,

This is the kind of practical, sehematies, and bite-size lessons.

hands-on experience that makes you uniquely prepared, with
the skills and confidence you need for success . You learn at your
own convenience 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. Your training is bac ked by your
personal NRIinstructor and the NRItechnical staff, ready to
answe r your questions and help you when you need it. Youget
it all with NRIat-home training.

IOO·Page Free Catalog Tells More
Send the postage-paid reply card today for NRl's big,
100-page, color catalog on NRl's electronics training, which
gives you all the facts about NRIcourses in Microcomputers,
Robotics, Data Communications, TV/ Audio/ Video Servicing,
and other growing, high-tech career fields. If the rep ly card is
missing, write to the address below.

You start with
the step-by-step
assembly of the new , highly-rated, Sanyo
computer. You install and troubl e­
shoot the "intelligent" key-
board. Then you assemble the
power supply, install the disk
drive, and add extra memory to
give you a powerful 256K RAMsystem.
The new 880 computer has two operating speeds:
standard IBM speed of 4.77 MHz and a remarkable
turbo speeaof 8 MHz, maKing inHmosnWic"""'e;:-as~-----------

fast as the IBM Pc. Next, you'll interface the high­
resolution monitor and begin to use the valuable software
also included with your complete computer system.

It all adds up to confidence-building, real-world
experience that includes training in programming, circuit
design, and peripheral maintenanc e. You'llbe learning
about, working with, servicing, and troubleshooting an
entire computer system- mo nitor, keyboard, computer,

disk drive, power
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Age

o Basic Electronics
D·Electricians
o Small Engine Repair
o Air Conditioning, Heating,& Ref.
o Locksmithing & Electronic Security
o Photography
o Bookkeeping & Accounting

Name (Please print)

Street

~i!!!S~d:~~~~ Center ~~~~
3939 Wisco nsin Avenue, NW, Washington, DC 20016 I. nIII
We'll give you tomorrow.

[E' CHECK ONE FREE CATALOG ONLY
o Computer Electronics
o TV/AudiolVideo Servicing
o Satellite Electronics
o Robotics & Industrial Control
o Industrial Electronics
o Telephone Servicing
o Digital Electronics Servicing

I
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o BP125---25 SIMPLE AMATEUR BAND ANTENNAS.....S5.00. All are inexpensive
to build. yet perform well. Diodes , beams, triangle and even a mini rhombic.

o BP126-20 PROGRAMS FOR THE ZX SPECTRUM AND 16K ZX8~ .... .S5.75.
Included with each progr am is a flow cha rt and a description of what happens.
Notes for converting programs for use on otner comp uters are also included.

o BP235---POWER SELECTOR GUIDE .....S10.00. Comp lete guide to semico nduc­
tor powe r devices. More than 1000 power hand ling devices are included. They are
tabulated in alpha-numeric sequency, by technical specs. Includes power diodes,
Thyristors, Ir iacs. Power Transistors and FEr s.

o BP234- TRANSISTOR SELECTOR GU IDE ..... S10.00. Co mpanion volume to
BP235. Book covers more than 1400 JEDEC, JIS, and brand-spec ific devices. Also
contains listing by case type, and elect ronic parameters. Includes Darlington

__transistors. high-voltage..devices.lligh:current device s. high power devices.

o BP9~MINI-MATRIX BOARD PROJECTS.... .55.00. Here are 20 useful circuits
that can be bui lt on a mini-m atnx boar d that is just 24 holes by ten copper-foil strips .

o BP157-HOW TO WRITE ZX SPECTRUM AND SPECTRUM + GAMES PRO·
GRAMS.....S5.95. A crys tal-clear step -by-step guide to writ ing your own grap hics
games programs.

o BPl17-PRACTICAL ELECT RONIC B UILDING BLOCKS-Book 1.. .. .55 .75 _
Oscilla tors .Timers . Noise Generators. Rectifiers, Comparators .Triggers and more.

o BP184- INTRO TO 68000 AS SEMBLY LANGUAGE.....56.50. The 68000 is a
great new breed of microprocessor. Programming in assemb ly language increases
the runn ing speed of your programs. Here 's wha t you need to know.

o BP179-ELECTRONIC CIRCUITS FOR THE COMPUTER CON TROL OF
ROBOTS .... . 55.00 . Data and circuits for interfcing the computer to the robots
motors and sensors.

o BP12&-BASIC & PASCAL IN PARALLEL.....S4.95. Takes these two program­
ming lang uages and .develops programs in both languages simultaneously.

o BP33-ELECTRONIC CALCULATOR USERS HANDBOOK.....S5.75. Invaluab le
book for all calcu lator owners. Tells how to get the most out of your calculator.

o BP36-50 CIRCU ITS USING GERMANIUM , SILICON & ZENER 01­
ODES .....S5.00. A collection of useful circuits you'll want in your library.

o BP37-50 PROJECTS USIIolG RELAYS , SCR 'S & TRIACS.....55.00. Build pri­
ority indicators, light modu lators. warning devices, light dimmers and more.

o BP3~50 FET TRANSISTOR PROJECTS.....S5.50. RF amplifiers, test equip­
ment, tuners, receivers. tone cont rols, etc .

o BP42-SIMPLE LED CIRCUITS.....S5.00. A large selection of simple applications
for this simple electronic component.

o BP127-HOW TO DESIGN ELECTRONIC PROJECTS.....55.75. Helps the reader
to put projec ts together from standard circuit blocks with a minimum of trial and
error.

o BP122-AUDIO AMPLIFIER CONSTRUCTION .....55.75. Construction detai ls for
preamps and power amplif iers up through a 100-watt DC-coupled FED ampl ifier.

[] BP92-CRYSTAL SET CONSTRUCTION.....55.00. Everything you need to know
abou t building crystal radio receivers .

[] BP4~PROJECTSIN OPTOELECTRONICS.....55.00. Includes infra-red detec­
tors, transmitters. modu lated light transmission and photographic applic ations .

o BP46-ELECTRONIC PROJECTS FOR BEGINNERS.....55.00: A wide range of
easily completed projects for the beginner. Includes some no-solder ing projects .

o BP4~POPULAR ELECTRONIC PROJECTS.....55.50. Radio, audio , household
and test equ ipment projects are all included .

I

[1 BP198-AN INTRODUCTION TO ANTENNA THEORY...S6.95
I Basic concep ts relevant to receiv ing and transmitting anten nas.

o 225---A PRAC TICAL INTRO DUCT ION TO DIGITAL IC·S.....S4.95. Mainly con­
cerned with TTL devices. Includ es several simple projects plus a logic circuit test
set and a dig ital counter timer.

o BP51-ELECTRONIC MUSIC AND CREATIVE TAPE RECORDING.....55 .50.
Shows how you can make electronic music at home with the simplest and most
inexpensive equipment.

o BP5&-ELECTRONIC SECURITY DEVICES.....55.00 . Includes both simple and
more sophisticate d burglar alarm circuits using light, infra-red. and ultrasonics.

o BP17(}-INTRODUCTION TO COMPUTER PERIPHERALS.....55.95. Shows how
to use a variety of co comput er add-ens in as non-techni cal a way as possible.

o 227-BEGINNERS GUIDE TO BU ILDING ELECTRONIC PROJECTS.....55.00 .
How to tackle the practical side of electronics so you can succ essfully build
elect ronic projects .

o BP5~SECOND BOOK OF CMOS IC PROJECTS.....55.00. More circuits show­
ing CMOS applications. Most are of a fairly simple design .

o BP72-A MICROPROCESSOR PRIMER .....55.00. We start by designing a small
computer and show how we can overcome its shortcomings.

I

o BP16~HOW TO GET YOUR COMPUTER PROGRAMS RUNNING.....55.95.
Shows how to identify erro r in program and wha t to do abo ut them.

o BP194-MODERN OPTO DEVICE PROJECTS.... .S6.25. Crammed with great
projects for the experimen ter. Includes sect ions on Fiber optics, pass ive Infra-Red
detectors. plus an asso rtment of miscellaneous projects.

o BP180 -ELECTRONIC CIRCUITS FOR THE COMPUTER CONTROL OF
MODEL RAILROADS.....S6.25. It's easy to interfa ce home computers to model
railroad control. The main problem is in interfa cing the computer to the system.

o BP11(}-HOW TO GET YOUR ELECTRONIC PROjECTS WORKING .... .55.00.
How to find and solve the comnion problems that can occur when buildi ng projects .

o BP7 4-ELECTRONIC MUSIC PROJECTS.....55.95. Provides the experimenter
with a variety of practical circuits including a Fuzz Box, Sustai n Unit , Reverberation
Unit, Tremelo Generator and more.

o BP91-AN INTRODUCTION TO RADIO DXING.....S5.00. How you can tune in on
those amate ur and commercial broadcasts from around the world in the comfort of
your home.

o BP94-ELECTRONIC PROJECTS FOR CARS AND BOATS.....55.00. Fiftee n
simple projects that you can use with your car or boat. All are designed to operate
from 12-vclt DC supplies.

I

Number of booksordered DSORRY No orders accepted
outside of USA & Canada

Total priceof merchandise . . . . $ _
SalesTax (New York State Residents only) $ _
Shipping (see chart) . . $ _

Ellte-Iron.c
C ire.utlll. ,t" ..
c_ ....,.,
C. .. I'. 'ol,,---

Address _

Name _

ELECTRONIC TECHNOLOGY TODAY INC.
P.O. Box 240, Massapequa Park, NY 11762-0240

SHIPPING CHARGES IN
USA & CANADA
$0.01 to $5.00 $1.00
$5.01 to $10.00 $1.75
$10 .01 to 20.00 $2.75
$20.01 to 30.00 $3.75
$30.01 to 40.00 . $4.75

City State Zip $40.01 to 50.00 . $5.75 All payments must Total Enclosed $ _
R2-88 $50 .01 and above. $7.00 be in U.S. funds . . J
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HERO~ 2000
Educational
Robot and
Courseware

Avery special
guide towhat

the exciting world
ofcomputer and

electronics kit·
building can

do for you.

2:

The informative HeathkitCatalog shows
youmorethan450excitingelectronicprod­
uctsthat will challenge,instruct,andenter­
tain you. You'll find countless kits that you
can build and enjoy, from computers and
robotsto color
tv's anda variety of
homeproducts.
Andeach is backed
by our yearsof
experience and
bur promise,
"We won't let
you fail:'

~ . Send NOW for 1
'~ your FREE

~~~ Heathkit Catalog. 1
Send 10: Healh Company, Dept.020-6121
Benlon Harbor, Michigan 49022 1

I Name I
I Address I ~

II City State - - - Zip - - - II ~
A subsidiary of Zenith Electronics Corporation CL-784R3 }:>

I Heathkit" I ?;i
I 1tm11. I ~
~ ~ 0::

87"\ HI-TECH SALE
t----,!&!lwil.urillID generates 45,000 volts of

stopping power, the Cobra also delivers a
burst of high intensity light directly into an
attackers eyes . Chances are that his optic
nerves will be so overdosed with excess light
energy that he will not be able to see you let
alone continue the attack . Ifhe does , the
Cobra delivers its painful bite , leaving him
dazed and confused. $49.95. With NiCad

i-== _ ..Jbattery & charging ki t $59.95 +$3.74 shp.

Centron Security Li l:ht
The Cen tron security light puts
unwelcome visitors in the spot­
light., instantly! Th is smart lig­
hting system's infrared sensors guar your yar or ve­
way when you 're awa y or home alone . It senses the pre­
sense of people or cars by chan ges in temperture partems
and inst antly floods the area with bright light. It guides
your guest to your door and scares away would-be prow­
lers $55.00 plus $4.99 shipping.

Remote Control Pen,
Not only is it a hand-som e high
quali ty ball point writing pen, but
a powerful rem ote-control device.
Effective at distances up to 75 yrds ,
the Remote Control Pen is perfec t '--------i
for turning on or off any 120 volt applian ce or alarm
syst em. Think of the possib ilities . $39.00 shi in $3.74.
The Pr ivate Eve Molion Detector.
Alarm warns you to the presence of
an intruder but the intrude r doesn't
know he has been detected. No wires
jus t plug it in and it wow. Inform­
ation trav els from the detector to the 1-----==
reciever via the electri cal system . $63.00 shipping $5.40
Worlds smallest dialer 549.95 Alcohol Breath Analyzer $59.00
Levitaror$79.95 Telemonitor 2000 ....... $175.00
Pistol Cross Bow S59.95 Remote Car starler....... S225.00
"All pr oducts ready to use and Guaranteed"
ORD ERS CALL T OLL FREE 1·800-624·1150 For information
or free catalog call 402-5S4·0383 or write Onlerbrl:loccmberl6Ch
Unlled Imports & U.S. MfC. ODd we_ codelivery
6846 Pae lne St. Omaha Kebra.ka 68106 b <he24th >I.e.VISA
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the negati ve di rection , and d is­
m issed po sit iv e ion m oti on as
being unimpo rtant.

That sort of teachin g and w rit ing
became th e backbone of th e tech­
ni cal t raini ng given to th ou sand s
of milit ar y t echn ici an s durin g
World War II. When th eir use of
" elect ro n flow" was criticized , it
was easie r to rationalize by attack­
in g " co nvent io na l cu rrent" with
myth , mi sin formati on , and innu­
endo th an it was to deal w ith th e
fact s of th e sit uat io n .

I am ext reme ly angry w ith th e
teach er s and aut ho rs (and, yes ,
eve n ed itors) wh o co n t i n ue to
co nfuse good techni cal di alo gue
by using th e "e lec t ro n fl ow" at roc -

_ ity-o I am angry w ith th ose wh o en­
deavo r to di scredit th e po siti ve
cu rrent co nventio n by sugges t ing
it is defect ive and th at th ose w ho
use it are less co mpetent th an
those w ho use "electron flow." I'm
also ang ry w it h thos e w ho say it
really doesn't matter w hic h co n­
vention yo u use.

I think it is t ime to id entify "elec­
tron fl ow" as a simplist ic , archaic,

resent a point of view that isw ide ly
held among tec hnic ians, but his
s u m mary di smi ssal of co n ­
ventional current as an archaic and
mi staken notion " that never really
existed" is hardly co nsistent w it h
t he foll owin g fac ts of whi ch he
sho uld h ave bee n awa re, and
co uld have very quickl y verified.

The posit ive cu rrent co nve ntion
is an im pl icit and integral part of
the defini ti on of electric current
acce pted by t hose internati on al
o rganizat io ns respon sibl e fo r de­
termining scient ific and eng inee r­
in g stand ard s.

What M r. Cliffo rd calls "e lect ro n
flow" and sugges ts is th e onIy val id
way to express cu rrent fl ow is uti­
liz ed on ly i !JJ~arts of th e techni cian
co mmunity. It is taught only in mil ­
it ar y sch oo ls, vocatio na l tech­
nology cu rr ic u la, and at so me
co mmunity co lleges.

I realiz e t hat "elect ron flow" has
a simpl ist ic appe al and that th e
po sitive curre nt co nve ntio n may
seem perver se and obscure at first
glance. However, we need a com ­
mon and univers al definition of
elect ric current and cur rent direc­
tion-u sed by all w rit er s, st u ­
dents, · t e ac h e r s, an d p r ac t i ­
t ioners-to ens ure p reci se and
un ambi gu ou s co m m unicat io n of
id eas and information. That defini­
tion mu st be co nsiste nt wi th, and
at the same time emb race all th at is
k now n ab out, th e ph ysics and
chemist ry of material s.

The most widely accepted defi­
nition for elec t ric cu rrent is that it
i s th e m ov em ent of e lec t ric
charge . Th ere are two kinds of
charge : p o si t ive and negati ve.
Thus it is not reason able to limit
t he defini ti on of curre nt to t he
movemen t of elect ro ns alo ne.

From what I can determine, th e
real so urce of confu sion was a
small number of wri ters and teach­
ers who, in th e mid-1930's, wanted
to simplify elect ro n-tube act io ns
and t he i r assoc iated ci rc u it ry to
the barest , zero-o rde r, non-math­
ematical essent ials. They wanted a
simple co nce pt ual model in w hich
th e electro n st rea m inside t he
tube and th e cu rrent outside th e
tube we nt the same way, and they
didn 't wan t any messy algebraic
signs hanging aro und . In so doing,
they di scard ed the algebraic sign
properl y assoc iate d w ith current in



IDOES YOUR DIGITAL CAPACITANCE METER 00THIS?I
FULL 4 DIGIT 0.5 INCH LCD DISPLAY COMPLETELY AUTORANGING WITH 10 RANGE MANUAL CAPABILITY

CIRCLE 192 ON FREE INFORMATION CARD
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CIRCLE 190 ON FREE INFORMATION CARD

(J)
o
Zo
a:
f­o
ill
--l
ill

oo«
a:

24

AND THIS
RANGE OF 0.0 pF to 1 FARAD (999.9 mF)

0.5% BASIC ACCURACY UP TO 100 uF

AND THIS
READS DIELECTRIC ABSORPTION

AND THIS
EXTENDED PSEUDO 5 DIGIT

RESOLUTION ON SOME RANG ES ONLY

AND THIS
ABILITY TO ZERO LARGE CAPAC ITANCE

VALUES UP TO 99.99 uF

AND THIS
CALCULATES TRUE CAPAC ITANC E

IF CAPACITOR IS LEAKY

AND THIS
DIODE CLAM P AND FUSED

PROTECTED INPUT.
DISCHARGE RESISTOR IN OFF

POSITION AT TERMIN AL INPUTS.
POWERED BY 9V BATTERY

ONE YEAR P ARTS &
L A B O U R WARRANTY

FOR ONLY THIS

MODEL

MC300 Approx.SII.
T', ,.', " A"

I!)DAETRON
a divis ion of Bergeron Technologies Inc. .

935 THE aUEENSWAY, BOX 641
TORONTO, ONTARIO MaZ 5Y9

CANADA (416)676-1 60 0

AND THIS
IDENTIFIE S TRANS ISTORS (NPN, PNP)
AN D THEI R LEADS (E, B, C, ETC.)

AND THIS
TESTS ZENER DIODES AND RECTIFIE RS.
UP TO 20V ZENER WITH AC ADAPTOR,
ZENER VOLTAGE WITH 9V BATTERY
DEPENDS ON ITS CONDITION

AND THIS
AUTOMATICALLY CALCULATES LENGTHS
OF CABLES IN FEET, METRES, MILES,
KILOMETRES (THEORETICAL RANGE
OF 9,999 MILES)

AND THIS
ABIL1TYTO SORT CAPACITORS IN
MANY DIFFERENT MODES

AND THIS
AB ILITY TO READ LEAKY CAPACITANCE
(INSULATION RESISTANCE OR CURRENT)

AND THIS
CALCULATES TIME CONSTANTS WITH
USER DEFINED RESISTA NCE VALUES

AND THIS
HOLD FUNCTION FREEZES DISPLAY

SHIPPING INSTRUCTIONS:
All units shipped out F.G.B. Buffalo NYvia United Parcel Service (except Hawaii & Alaska)
unless otherwise indicated (in which case shipments will be F.G.B. Canada)

PLEASE SEND ME U.S. FUNDS

-::=::=-{QUANTITY)·MC300{Sj .(0" --$169.95-- - $=---
CARRYING CASE $ 16.95 $ - - -

ACADAPTOR s 9.95 $ - - -
SHIPPING AND HANDLlN G @ $5.00PERI NSTRUMENT $ - --

[ jCHECK [ IMONEY ORDER $ - --

[ ]VISA [ ] MASTER CARD TOTAL $ - - -

[ ] CARD NO.
EXPIRY DATE SIGNATURE

NAME TELEPHONE

ADDRESS

CITY STATE ZIP CODE

and ob so lescent id ea whose time
and usefuln ess has passed. It's
time to id entify those writers and
teachers wh o cling to and defend
"elect ron flow" as less th an up-to­
date and not well -informed. It is
also time to stop teaching new­
co me rs to t he elect ro nics com­
munity a lam e-duck model fo r
electricity that th ey must unl earn
wh en and if th ey get serious about
it. If you're going to learn elec­
tronics, why not ju st get it righ t th e
first t ime?
LUCIUS DAY
Lakewood, CO

INVENTION PROTECTION
A s pro gram manager of th e

Wiscons in Innovation Serv ice
Center (WISC), I have tne oppor­
tun ity to interact w ith a variety of
peopl e involved in new-product
development. Our non-profi t ser­
vice, at the University of Wiscon­
sin-Whitewater since 1980, assists
ind ividua l inventors and en­
trepreneurs in assessing the mar­
ket feasibili ty of the ir innovative
ideas at early stage s in th e de ­
velopment process.

We 've recently rec eived many
inquiries about certain "invention­
development" firms that appar­
en t ly prey on inventors' vul ­
nerabil ities . According to dissati s­
fied clients, extremely high tees
were demanded up -front in ex­
change for promises of invention
development. In many cases, in­
ventors said they received only the
"promise" for their inve stment.

As with most other endeavors,
invention-development assistance
is offered by both reputable and
questionable sou rc es. Before
dealing w ith a company that prom­
ises commercial development of
an idea, potential clients should
consider these questions:
• Is there a substanti al up-front
fee involved (over $400) for just an
ini tial evaluat ion? Is there a subse­
qu ent fee involved?
• What is the company's success
rate for placing inventions? Do
th ey have data/references to sup­
port thi s? What percentage of th eir
cl ients have received more money
than they paid?
• Who are their referen ces? Once
supplied , check th em out.
• Do organizat ions such as the
Bett er Bu sin ess Bureau , th e



How to live
with someone
who's living
with cancer.

Federal Trade Commiss ion or
Chamber of Commerce have any
information on the company?

It is also recommended that an
inventor consult with an attorney
before a cont ract is signed .

We at the WISC are committed
to encouraging th e independent
inventor. Fraudulentexp loitation
di scourages individual creativity­
a vita l source of socia l and eco-
nomic progress . Affordable inven- uncc~:~~~~~~~IIY
tion evaluations are sti ll availab le Wfk~obodYkno"$bcllerltun

we coho w much hel p;m d

at the WISC and ot her non-profit ~~':':~~~~,o:~~~~~'"
tanon progn.ms c:mpnaMZc

organizations, but We urge inven- ;';~;;~;;;~~':."y. om'"" 'he

tors to proceed with caution when ,,'(p~~I~~r~~~~~~I('e\
g...lIwncelO pdlle nt\ ;rndf.unI IIC\,

considering an i nvention -de- ::;;';:~t'':~''; ~O::':~'';''
It ...rn.~;md :aMl\t p;lllC'nl ~ l n { hC'lr

velopment f irm. "'" -;:' :~~':~-::;';;:~ 'M", The
DEBRA KNOX-MALEWICKI, :~,~~~~ ';:~~,';:.\;;:';'::,:"

1fC even more than the rt: <j(;"u(h

PROGRAM MANAGEB. I_ ~;:::::'.:::.. '".,~'''

Wisconsin In n o vation Service
Center
402 McCutchan
Un iversity of vvisconsin ­
Wh itewater
Whitewater, WfS3190

TEKTRONIX
2300 Series

2200Series

2400Serieii

P6101A
P6108A
P6121
P6122
P6131
P6133
P6105A
P6106A
P6130

SS-0014
SS-0012

Price

$53
$75
$100
$58
$140
$115
$93
$140
$130

$92
$77

M12X1
M12XlO
M12XlOAP
P100
M15XlOHFAP
M12X10AP
M12XlOAP
M15XlOHFAP
M12XlOAP

M12XlO
M12XlO

AT-lOALl.5 $64 SPlOO

HEWLETT PACKARD
1715A 10018A $135 M20X10
1722B 10017A $130 M15XlOHF
1725A 10017A $130 M15X10HF
1740Series 10041A $135 P100

10021A $85 IP20

CERTIFICATION
As an electronics technician

with t he United States Mari ne
Corps, I appreciated Clem Small's
article on certification in the Au­
gust issue of Radio-Electro nics. It
helped me real ize that, although I
have 22 years of electronics experi ­
ence in the mi litary, I wi ll however
need cert ificatio n to start my sec­
ond career.

I wrote to the organ izations
listed in the art icle, and most re­
sponded promptly with the infor­
mat ion I requested. However,
one-The National Associat ion of
Business and Educat ional Radio­
has moved and left no forward ing
address with the Post Office . I
wou Id appreciate hear ing f rom
any member of that organization
who can provide me with the cur­
rent address .

Your magaz in e is read and stud­
ied by a majority of those Marines
who work in our d ivision . It keeps
us up to date on what is happening
and what is new in electronics.
Keep up the good work .
LAWRENCE E. FLICK
MSgt., U.S.M.e.
NCOIC Ground Electronics Main ­
tenance Div., Communitations­
Electronics Department
Marine Corps Air Station
lwekuni, japan R-E

New solid-sta te a nd d l.1:" ltn l
TV sets . ste reos. and VJd­
eon-corde rs an' toug her to re­
pair th a n cld -rashioned tube
type eets a nd req uire s pec rnl
tr a tm ng for th e S( ' J"\' ICt' tec h­
nicia n wh o work s on them

Only a few states have law s
rt>qui~i ng- compe tency t('>;I 1'

for licen sin l{techn ician s wh o
repair con sume r ele ctronics.
but fiftee n yea rs ago th e In ­
ternanonnl Soc iety of C('r ·
t tfied Electronic Tcchnicruns
rC ET l bt·K.,1nits own cer tt fica ­
ti on progr am to qualify t hesr­
technicians and tho se m te.
du st ry To ca r ry th e CET de s·
ign utio n. tec hnician s mu st
have fou r yea t-s exper ience
and pu"s a rig id examinat ion
on tcent'rnl elecrromc s and a
s pecific area of experusesuch
as audio or radio-Tv .

Man y consum ers look for a
Certi fied Electroni c 'Techru­
Clan in th e s hop when tht ,y
need any electro nic uem re ­
pa n-ed .

Free Con sumer Ch eck lis t
A cons ume r chec kl ist for

!'('leet mlt a st·rv ict· s ho p is a vo

arlnhle Iree by sendJnl{ a
s tam ped. se lf-address ed en ­
velo pe til : Ch ecklist . jSC ET .
270 8 west Ber rv. For t Worth.
TX 76 109 Tht: li st remmd...
consum ers to ch eck s uch
Items as "Docs tht· hUliim's ..
ha ve the pa rt » for your par ­
ncula r brand'!", " Did you f{et

an es timat ed p rrce? ". and
"Old .YOU check th iS compa ny
...... ith the Better BUSIO('lOli
Bureau?"

LEADER
LBO-315
LBO-518

LP-060X
LP-lOOX

PM8924

PM8926
PM8928

$60 SPlOO
$76 SPlOO

$60 M12X1

$70 PlOO
$95 M12XlO
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Using Wire-Fre e
The Wire -Free co nsists of the

t ransmitte r (4Yz" wide, 3Yz" deep
and %" hi gh ), t he receiver (2W'
wide, 3Yz" deep and %" high ), the
AC adapter, and lightweight head­
pho nes. The receive r accepts a
standard miniature mon o or ster­
eo pho ne plug, so you can use
yo ur favori te headpho nes instead
of th e ones supp lied to you by th e
manu facturer

The AC adapte r is a wa ll -p lug
type. A n o n-off switc h o n the
tra nsmitter lets you turn the unit
off without unplugging the supp ly.
A red LED on the unit lets yo u
know w hen power is on.

The tra nsmitter has a hard-wi red
fo ur-foot inp ut co rd that termi ­
nates in an RCA pho no plu g. That
plu gs into th e audio-output jack of
a TV, VCR, compact di sk, hi- fi o r

Spatial Sound Around mod e that
prov id es an e lec t ro n ica l ly en­
hanced, pseud o-stereo effect.

ORTS

CIRCLE 20 ON FREE INFORMATION CARD

Arkon Wire-free IR
Wireless Headphones

Low-cost, wireless system
for private listening

HE

OVER TH E PAST TEN YEARS, OR SO, iN­

frared signals have became the de­
facto standard for rem ot e-con trol
applications. But , as many experi­
menters know, infrared can also be
used fo r short-d ista nce w ire less
co mm unicat io n, suc h as in co r­
d less headphones fo r the con ­
venie nce of private li sten in g.

The fi rst cord less in frared head­
pho nes were not successfu l as
mass -co ns umer it ems becau se
they we re too costly for the aver­
age person , too bul ky to wear
comfortably, and had un sati sfacto­
ry pe rfo rmance . Over the past few
yea rs, however, th e technology
has improved to the po in t w here
low- cost , co mfortable uni ts with
outstand ing performance are now
avai lab le. O ne of t hose is t he
Arkon Wire -Free, w hich sells fo r
$69.95. At th at price, it is amo ng
t he least expe nsive uni t s of its
type . Not e, however, t hat t he
Wire-Free is a mon o uni t , th ou gh it
does h ave a sw i tc h -selectab le

EOUIPMENT

Official 1934
SHORTWAVE
RADIO MANUAL

simple, high­
performance old­
time shortwave radiosl

All of the secrets are
here: the circuit diagrams,
partslayout, coil -specificatlons-;-con­
struction details , operation hints, and
much morel .

This is a com pilation of shortwave
con s truction articles from "Short Wave
Craft" magazines published in the 20's &
30's. It's wall-to-wall "how-to."

Included are circuit diagrams, photo­
graphs, and design secrets of all short­
wave receivers being man u factu red in
1934 including some of the most fa ­
mous: SW-3, the SW-5"Thrill Box", the
deForest KR-I, t he Hammurland
"Comet Pro", and many more.

Also included is a new chapter show­
ing how you can use transistors to re­
place h a rd-to-fin d vacuum tubes. You' ll
even see the circuit that was lashed
together on a table top one night using
junk box parts, a hair curler and alliga­
tor clips. Attached to an an­
tenna strung across the base­
ment ceiling and a 9 volt bat­
tery, signals started popping
in like crazy. In a couple of
minutes an urgent message
from a ship's captain off Se ­
attle over 1500 miles away
was heard asking for a naviga­
tor to help him through shallow water!

These small regenerative receivers
are extremely simple, but do they ever
perform! This is a must book for the
experimenter, the survivalist who is
con cerned about basic communication,
shortwave listeners, ham radio opera­
tors who collect old receivers, and just
about anyone interested in old-time
radio.

Great bookl Fun to read! One of the
best old-time radio books to turn up in
years. Heavily illu stra ted! Order a copy
today! 8 1/ 2 x I I paperback 260 pages
only $13.70 postpaid!

r1Jndsay PUbUcatTonS"l
I Box 12-TK, Bradley IL 60915 I
I D Send a copy of Short Wave Radio I

(f) I Manual. Enclosed is $13.70. I
U Chk, MC, Visa. Send a free cata- I
~ I log of other books.

r:: I Name I
~ I I6 I Address I
o • City St_ _ Zlp •

« ..---------- -­a: L- -'
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$69.95/1 ·9--------

Crystek Crystals offe rs their new 16 page FREE
catalog of cry stals an osc illa to rs. Offering state of
the art crys tal co mpo nents manuf actu ered by the
latest automated technology . Custo m designed or
"off the shelf ," Crystek meets the need, wo rldwide.
Writ. or cail todayl

CORD LESS
CA BLE
TV
BOX

FOR OPTIMUM STABILITY
AND RELIABILITY IN

FREQUENCY MANAGEMENT
Crystek
crystals

JERROLD CORDLESS
CABLE TV BOX

CIRCLE 189 ON FREE INFORMATION CARD

CRYSTEK CORPORATION
DIVISION OF WHITEHALL CORPORATION

2351/2371 Crystal Dri ve eFt. Myers, FL 33907
P.O. Box 06135 eFt. Myers, FL 33906-6135

TOLL FREE 1-800-237-3061
PH 813-936-2109/TWX 510-951-7448/FAX 813-939-4226

TOLL FREE IN THE U.S.A . EXCEPT FLORIDA, ALASKA, HAWAII

~ ~
Z . Vol ume co ntro l

·68 channe ls
• Auto matic fine tun ing
• On/ott sw itc h
• Compatible with descramblers

QUARTZ CRYSTALS
FOR

o Industrial Equipment/Instrumentation

• Mic ro-p rocessor control~
• Computers/M odems
• TesVMeasur ement "
• Medical

o General Communications
• Chann el element Service (VHF/UHF)
• Land Mobile 2-way II
• Mar ine
• Aircraft r-
• Telemetry
• Monitors/Scanners/Pagers

o Amateurs/2-Meter/General Coverage
CB/HobblestlExp.erlmenter

· 66 channels .72 cha nne ls
• Onioff switch • Parental co nt rol
• Aut omati c f ine tuning • Remote f ine tuning
• AiB switch opti on • On/off switch
• Co mpatible with desc rambl ers • Comp at ibl e with des cra mble rs$69951 MODELD RX3·105/400

$79.95 /1-9 10 Lot I $5995
l Lot

----- ---------------- L _

JERROLD CORDLESS CABLE TV BOX
MODEL STARCOM·CVS

ot he r audio so urce . Adapter s to
acco m mo date Y4- inch and mini­
atu re ph on e jacks are in cluded
with t he unit. For TV sets or othe r
devices without an audi o-output
jack, Arkon sells a sensit ive micro­
phone for $18.95, postpaid. That
microph on e is mounted in a small
bracket th at is held in front of a
spe ake r gri l le with doubl e-sid ed
tape (supplied). With th at micro­
ph on e the spea ke r volume can be
set at a nearl y inaudible level and
sti ll supp ly eno ugh signal to drive
th e transmitter.

A thumb-wheel vo lum e cont ro l
on the side of the tran smitter lets
you compensate for different au­
dio-input source leve ls. To set the
proper level.cyou-adj ust th e- vol-­
um e cont ro l and watch two rec­
tangular LED's on th e front of th e
unit-a green o ne and a red one. If
neither LEDis lit, th e volume is too
low. Adju st eithe r the source vol­
ume or the unit's volume cont ro l
unti l th e green light comeson with
aud io peaks. Advance the volume
a bit more until the red LED goes
on, and th en back off until the red
LED does not li ght. The red LED
indicates ove rl oad, which could
cause di sto rtion . The adju stment
technique is simp le, but effective.

The receiver uses a standard 9­
volt tran sistor-radio-typ e batter y,
(not included ); an alkaline unit is
recommended. A small cove r is
slid back and removed , the battery
dropped in (oriented to th e polar­
ity shown), and the cover is then
slipped back on .

The headphone jack is on one
side of th e receiver and an on-off!
volum e co nt ro l is o n th e othe r
side. You plug in th e headphon es,
t urn on th e uni t , and adju st th e
volume. When th e unit is on, a
smal l , red LED l ights to let yo u
know yo u have power. As th e bat­
tery loses power, that LED gets
dimmer and f inally goes out.

Th e 900-nm inf rared sig nal is
FM . Th e freq ue ncy response is
fairly wi de; it is specif ied as 30 Hz
to 18 kH z. That allows you to use
better headphon es to good advan­
tage w hen li sten in g to mu sic or
othe r mater ial. For app licatio ns
w he re wid er bandwidth is not
' needed, suc h as speech, th e ligh t­
weight headphones s u ~p l ie? wit.h
th e unit wo rk we ll. Distort ion IS

specif ied as less than 1%. The sig-
CIRCLE 110 ON FREE INFORMATION CARD
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Save Over $SO
On Commercial Units
See Radio Electronics Mag. Constructors

Project Feature May '86

This Great Li ttl e
power supply is a must fo r every

EI ctron ic Enthusiast and ElectroAic Student. Use it to
powe r and test circuits and 1000 oth er uses. Ver y easy to
build - even the begi nne r constructor should have no
troub le .- Just fo llow the plain English step by step
ins tructions.
FEATURES: Outp ut variabl e betw een 3 and 30 Volts
• Sho rt ci rcui t Prot ec tion. Full 1 Amp ou tpu t over entire
."o llage rang e. Load switc hi ng . Current lim iting full y
~ariable-tw i n selec table ranges. Dual Scale Meter
• Separate earth terminal pro vided • Housed in
Delu xe " AS S" instrument case.
SPECIFICATIONS: aOutput Voltage - 3 to 30 Volts
a Output Curre nt - 0 to 1 Amp (fu lly variable) a Load
Regul ation - Bett er than 0 .29% fr om 0 to fu ll load
a Outp ut Ripple - Less than 2mV RMS. . _ ._,
VI..-' .-M..tercard holde..-may ~
Phone Order. Aft er .elldetlng your ~:

purch••• we QUlr.nt.. ume d~ de.patch
(Or Mell Check or Money rder) -r

Phone Your Order - We Guarantee
Same Day Despatch

K 3210 Fantastic Value $59.95
Add $5 Ship and Delivery Cont. USA
IMTRONICS INDUSTRIES LIMITED

11930 31st Court , S1. Petersburg
FLORIDA U.S.A. 33716
Phone 813-577-9010

CIRCLE 186 ON FREE INFORMATION CARD

nal-to-noi se ratio at 30 fee t is spec ­
if ied as.40 dB .

You don't have to be part icul ar
about aim ing the receiver directl y
at th e tran smitter. As a matter of
fac t , in m o st c i rc u ms ta nces it
works ju st as well pointed away
from th e t ransmitte r since the re­
ce iver is ve ry sens it ive and the
room is virtu all y fl ood ed with th e
in fr ared sig nal f ro m th e transmi t­
ter as it bounces off th e wall s and
cei l ing . A belt clip is pr ovid ed on
th e transmitter if yo u wi sh to use it
whil e you walk aro und th e room .

Th e receivers's hi gh sens it iv ity
helps elim inate noise/stati c pr ob­
lem s, but it can work again st th e
syste m in ce rtain sit uat ions. M ore

_ sp e c i fi ca l ly.c.if t he Wire-Free
receiver is used in very bright
li ght, suc h as near a large w indow
wi th the su n sh in ing , o r under
bright indoor ligh ting th at has an
unu sually hi gh in f rared co mpo­
nent, th e unit may overl oad and
shutd ow n . Th at won 't harm the
syste m , and can be compen sated
for by simply turning th e receiver
away from th e li ght so u rce, by

movin g the receiver to a darke r
area, o r by redu cing the amou nt of
ambient ligh t in the listening area.
If you cannot avoid usin g the un it
under unu su all y b r ig ht li gh tin g
co nd it io ns, yo u can cut back th e
sensit ivity by cove ring part of th e
senso r (red) area on th e rece iver
with dark tape.

Othe r th an t hat probl em , we
fo und th at th e un it worke d we ll.
The lack of tru e stereo is a sho rt­
co ming, but rem ember th at this is
a low-cost, low-end unit. The man­
ufactu rer does offe r a ste reo ver­
s io n (c a l le d So loS o u n d) fo r
$109.95; ste reo units that are avail­
ab le from other manufacturer s can
run as hi gh as $481.

But for private TV li stening, o r
for so und rep rodu cti on fo r the
hard- of-h earing (wit ho ut bl asting
spea ke rs) the uni t is hard to beat.
Fo r m o re in f o rm ati on o n th e
Arko n Wire- Free, the SoloSound
stereo wireless head ph on es, or
ot he r Arkon wi re less produ ct s,
co ntact th e Art Sea Development
(U. S.A.) Corporation (11627 Clark
St. , Suite 101 , Arcadia, CA 91006). R-E

~HITACHI .
COMPACT SERIES

V-1065 DC to 1OOMHz With Cursor Readout

$154595 Save $2501

• 6" CRT with Internal Graticule
• Dual Channel X-Y Display
• Sweep Time Autoranging
• 400V High Input Voltage Protection
• TV Sync Trigger Circuit
• Bandwidth Limiter • Trigger Lock
• Delayed Sweep • Single Sweep
• CRT Readout· ±3% Accuracy

V-1 060 DC to 100MHz

$129595 Save $200!
V-665 DC to 60MHz
With Cursor Readout.

$1145. save $150!
V-660 DC to 60MHz

$94595 Save $150!

Instant Hard Copy!!
From Oscilloscopes

POLAROID®
DS-34
CAMERA

Save $135! $290.
.5", 6" and 7" Hoods (Available separ-

ately @$51 ea. PleaseSpecifysize)
• Pistol Grip For Ease of Operation
• Works on Any Make of Oscilloscope
• Three Full Year Warranty
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Dua l Channel 6" CRT Sco pes
Y·425 DC to 40MHz, CRT Readout
$845. Save $150!
Y·423 DC to 40MHz. Single Time
Base Delayed Sweep
$745. Save $250!
Y·422 DC to 40MHz, DC Offset
$795. Save $130!
Y·225 DC to 20MHz. CRT Readout
$720. Save $75!
Y·223 DC to 20MHz, Delayed Sweep
$695 . Save $100!
Y·222 DC to 20MHz. DC Offset
$515. Save $200!
Y·212 DC to 20MHz
$440. Save $175!

Dual Cha nne l Mini­
Porta ble Sco pes
Y·509 DC to 50MHz.
Delayed Sweep
$1195. Save $250!
Y·209 DC to 20MHz
$822. Save $ 175!

Q ua d Cha nne l Multi­
Function Scopes
Y·1150 DC to 150MHz.
Delayed Sweep
$2600. Save $350!
Y·1100AU DC to 100MHz,
Delayed Sweep
$2175. Save $315!

Dig ita l Sto rage Scope
Y·6020 1MHz Sampling,
Dual Channels
$1750. Save $200!

NTSC Waveform
Moni to rs
Y·079 6- CRT
$1625. Save $125!
Y-099 3.5" CRT
$950. Save $300!

NTSC Vector Scopes
Y·069 6" CRT
$1825. Save $125!
Y·089 3.5" CRT
$1284. Save $400!

PROBES INCLUDEDWITH ALL HITACHI
SCOPES AT NO EXTRA CHARGE!

AI~
M. B. ALLEN

SUPPLY COMPANY

•
' . ALLEN SQUARE

. . . 300 Block North~~ Rampart Street
,r:tI 'UiIl,' - New Orleans

Louisiana 70112
TOLL FREE 800 535·9593 • LA 800 462·9520

NEW ORLEANS 504525·8222. FAX 504525·6361
• American Express· Visa- MasterCard·

928 pg Catalog FREE with your order
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With your first module, you'll build this solderless
breadboarding system. As you add additional boards,
you create increasingly complex circuits easily and
quickly, bringing today's electrouics concepts to life.

Nowyou can meet the challenges oftoday's
electronics quickly and easily. Thisprofessional
levellearningseriesisas innovativeas the
circuitryitexplainsand as fascinating as the
experimentsyou buildand explore! And it'sfor
anyone who has an interestin electronics .. .
fromthe hobbyist to the professional.

Thousands Have Already Experienced
the Excitement! '

Today's high-tech worlddemandsan entirely new
andinnovative approachto understanding elec­
tronics. That'swhy McGraw-Hill hasdeveloped
thisunique"hands-on" learning methodthat
brings to life the dynamics ofthe newelectronics.
It'sa uniquecombination ofinteractive materials
that getsyouinvolved asyoubuild and exper­
imentwithtoday's latestelectronic circuitry.

Just how wellthis innovativelearning
approach meetsthe challengeofthe new
electronics isconfirmed by thosewho have
alreadycompletedthe Series.. ."You have put
me rightintothe middleofan extraordinary
learningexperience. Witheach labexercise
Ihave gaineda new understanding ofthe
intricacies of today'selectronics." Or . . .
"Forme, the Serieswas justthe answer. I felt
confident withinmy specialty, but my graspof
other areas ofelectronics wasslipping away.
YourSerieshelpedme upgrademy knowledge
ofthe latestelectronics concepts." Or thisfroma
companydirectorof training. .. "Wemanu­
facture sophisticated electronic products,witha
lotofpeople insales,assemblyand purchasing.
McGraw-Hill has answereda real need in
helping our employeessee the totalpicture.
Theynow communicatewithcustomersand
each other more effectively."

Your Involvement in the New Electronics
Begins Immediately.
Youmaster one subjectat a timewith 15
McGraw-Hill Concept Modules, sent to you one

every 4 to 6weeks.Youwasteno timeon
extraneousmaterials or outdatedhistory. It's
an entertaining, lively, nontraditional approach
to the mostmodem ofsubjectmatter.

Yourvery first moduletakesyou rightto
the heart ofbasiccircuit conceptsand getsyou
ready to useintegratedcircuits to builda digital
oscillator. Then,you'llverifythe operationof
different electronic circuits usinga lightemitting
diode (LED).

And each successive module bringsyou
up to speed quickly, clarifying the latest
advances in today's
electronics . . .
from digital logic
and micro­
processorsto
data communica­
tions, robotics,
lasers, fiberoptics,
and more.

Unique
Combination of
Interactive Instruction
Materials Makes
Learning Easy.

Laboratoryexperiments,
vividly illustrated text
and interactive cassette
tapesallblendtogether
to giveyou a clear,simplified understanding of
contemporaryelectronics.

Witheach module, you receivea McGraw­
Hill Action-Audio Cassette that bringsto life the
facts and makesyou feelas ifyou're partici­
patingin Ii lively dialogue withexperts.

Your ability to quickly make thisknowledge
yourown isfurtheraidedby strikingly illustrated
texts that usediagrams, explanations, illustra­
tions, and schematics to drivehomeand rein-

force the meaning ofeach important point.
Carefully indexed binders conveniently
house all thismaterial,as wellas the instruc­
tionsthat willguideyou through your
"hands-on"lab experiments.

Throughoutyour Series, laboratory
experiments reinforce every significant concept.
Withthisessential "hands-on" experienceusing
actualelectronic components, you masterprin­
ciples that applyallthe way up to tomorrow's
VLSI (Very LargeScaleIntegrated) circuitry.

Discover, Explore,
Experience for Yourself­
I5·Day Trial.

Inallways,the Contem­
porary Electronics Series is

an exciting learning
experiencethat offers

you the quickest
and leastexpen­
sive method
available to
master today's

electronics . . .
and the onlyone
with "hands-on"

experience.

To order
your first
module for
a 15-day

trial examination, simplycomplete the card
and send today! If the card is missing, write
to us for ordering information.

~j'1~ McGraw·Hill
~. Continuing
I.ni Education Center

3939 Wisconsin Avenue, NW
Washington, DC20016
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BATTERY CHARGER. Genera l Elec­
t ric offers a batt ery charger that
can accomm od ate vari ou s co m­
binations of hou sehol d-sized re­
charge able batte ries-everything
from AAA to 9-V.

GE ni ck el- cadmium batte ries
can be recharged up to 1000 tim es;
th e new battery cha rge r is ex ­
tremely versatile and is mu ch easi­
er to use th an earlier mod els of
batt er y charge rs. A f l ip -up, see­
throu gh cove r o pe ns to sl id ing
p lastic fi xtures th at can accommo ­
date all f ive co mmon hou seho ld-

SPECIAL M IRRORS. Metro Optics,
Inc. 's 90° m irrors let the user see
un d e r elect ro n ics compo ne nts
suc h as su dace- mou n t d evices
w it h 'T leads whi le look ing down
w it h a Metron 3-D scanner o r a
mi croscope.

Ti lt ing a PC board to see the sol­
de r co nnect io ns from an ang le
he lps, b ut even ti lt ing to 90° isn't

battery sizes . Th e un it can re­
charge up to fo ur AAA , AA, C, or 0
sizes, or two 9-vo lt batteri es at a
t ime .

The battery charge r is hou sed in
a durabl e hi gh -impact pla sti c
case; features include a six-foot
UL-li sted co rd, rub be r feet to pre­
vent slid ing o r scratchi ng on any
surface, and an indicato r li ght to
show when th e charging cycle is
co mp le te d. Th e batt er y charge r
sel ls fo r un der $12.00.- General
Ele ctric Company, N el a Park,
Cleve land, O H 44112.

)
L..- ~
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eno ugh because co mponents (ex­
cept fo r th e outer row) block off
th e view of th e solde r connectio ns
in) the next row. The 90° mirrors
require no t i lt ing of the PC board ,
and co mpone nts fr om on e row
cannot block th e view of th e next
on e. The mirrors go between th e
rows and perm it both a top-down
vi ew and a 90° view. If -the user
need s to fo cu s farthe r under the
par t , that can be don e by focusing
down , and th e lin e of fo cus will
move fart he r under th e part- an
inch , if desired .

The Metron 90° mirrors come in
three sizes. The Standard 90° mir­
ror is the larg est and will fit com­
pon ent spacings of 0.225-in ch o r
w ider; it is priced at $50.00. The
Thin 90° mirror wi ll f it in spaces
down to .080-inch, and is pri ced at
$100.00. The Extra Thin 90° mirro r
can handl e co mpo nents spacings
of as littl e as .035 -i nc h, and is
priced at $250.00. All the 90° mir­
rors are canted to permit looking
at all side s of a component.-Met­
ron Optics, Inc., 809-815 Academy
Dr. , P.O. Box 690, Solana Beach ,
CA 92075-0690.

APPLIANCE TIMERS. Intermati c 's
Tim e-All models 581118 and T81118
sing le on/o ff timers, and mod els
587118 and TB7118 variab le on/off
timers, offe r hom eowners impor­
tant safety and security features.

Plu g-in tim er 581118, and tab­
letop version T81118, can ensure
that app liances are not left on all
day. They are id eal for coffee pot s,
iron s, and elect ric curle rs-those
appliances th at are of te n left on in
th e mo rn ing ru sh to leave t he
hou se. Th ey can also co nve rt a
standard coffee maker to one that
starts br ewing before yo u' re out of
bed . For crime p reven ti on , they
can create a " lived- in" look by t im­
ing lamp s.

The 15-amp mod el 587118 plug­
in t ime r adds a new dimension to
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MOdeI~l u
·2MHz·4 8igrt display·ffi.&. CMOS
pur", outoo1s
Reg 5225 $1 9.•0

40THAHNIVIRSAI'Y PRiCI

Model1630 DCPower Supply
·Q·'YJ'/·Q·3A·h1gh·lowcurrenlronge.
Low ripple $199 .0Reg.$233 •

.4OTH ANNIVERSARY ,R ICI

Model 1601 DCPower Supply
·isoIatedQ..5OV·O·2A InrOngGStully
oulomaticshutdown·Adj.CIJ"enlfimit

Reg. $440 $369.•0
40TH ANNIVERSARY PRICI

Model1650 Triple Output
Power SUpply ·two 0·25WC @.SA
and5WC@SA·fully automatic

~~ $379••0
.cOTH AHNIVIRSARY PRICI

Mode1 16S3 ACPower Supply
·variable iSOIaled 0·150VAC @2A
·buitt·ln isolation transformer

City

C"""",ny

S1reetMdress

roSEPHEOORONIc'5.iNCDe';R ,
8830N.Milwaukee Ave.,Niles, IL60648 I

o Rush merchandiseper attachedorder.
I understand rated accountsare shippedapen
account;otherwise sendper credocard. I ."
Include $5.00per "em t", shipping and handling. HJ
o VIS(] 0 Moster Cord 0 Discover I JJo Check 0 Money Order 0 Rush Catalog C

Card No. Exp. Date-- I ~

~~ ~

HEADPHONE STEREO SYSTEM.
The Aiwa model HS-PX700A inco r­
porates Dolby Band Dolby C noise
reducti on and also featu res DSL-EX
(Dynamic Super Lou dn ess) that of ­
fers a wide r, f latter fre quency re­
spo nse for n aturall y ba la nce d
sou nd at all li stening levels. Sepa­
rate slide co ntro ls for high and low

continued on page 37

priced at $189.00.- Jensen Tool s,
Inc., 7815 S. 46th Street, Phoe nix,
AZ 85044.

DC1020Mfli·DuaIT~~~I"
CRT ·1mvsenslttvity

Reg.5479 $ :79.40
40THAHNIVlIIAIY PIICI

Model2125 Oscilloscope
Somegreatfeatures as2120.
except withdelayed sweep

Reg. $570 $469.40
.00H AHNMI$AR1' 'RICI

Model1541AOscilloscope
DCto40MHz·Duallrace·6' CRT
ImvSenslttvity $739 40
Reg. $845 •

.4OTH ANNIVlRIARYPRICI

Modelle03 frequency
Counter 100MHz·Sdigrt
display·zeroblankingAC

~~ $159••0
40TH ANNIVERSARY PRICI

Model 2005 RfSignal
Generator 100KHz to150MHz
in 6 fundamental bandsand
450MHz in harmonics Reg.$190 $169.40
Reg. $1 95 $169.•0 'Or",,""IVlRWlY 'R'C.

40TH ANNIVERSARY PRICI-

--------

--r-----
send t", FREE 480page 1nduslrial

I
ProdoctsCatalog' .Iunderstand ltlsFREE
wrthany order or rtrequested on
company le"erheod. (Otherwise. $4.95

I
to rover calalog and shipping costs)

ORDER TOll FREE

I
1·800·323·5925

IN IW NOIS

I
312·297·4200

IJrJi~ilr.
I.= _{)~[J.!!IJ~[J!.

w ith removabl e pal lets , document
pouch, and key-lock latches.

The too l selection inclu des stan­
dard service too ls, such as screw­
dr ivers, p l iers, nut and h ex
drivers, punches, wrenches, and
soldering equipme nt, as well as a
5-i nch hemostat, reverse-action
tweezer, combination spr in g tool ,
w ire cri mpe r/str ipper, and oth er
specia lty items . A cho ice of test
meters is also offered as optional
accessor ies.

The Telva c basic service k it is

Electronics'
40th
Anniversary
Sale!
Weare celebratingO\Jr 40thAnniversary by
offeringyouhugesavings onB&K Test Equipment.
Inadditiontogreatprices.asanextra onnver­
sary bonus YO\J can get a $99.95 CobraRadar
Detector for only$40 whenyoupurchase any
B&Kinstrument featured in this ad.

CIRCLE 13 ON FREE INFORMATION CARD

hom e secur ity by switc hing lamps
on or off at slightly different inter­
vals each day, makin g th e " Iived­
in " il lusion more realist ic. It can
kee p app liances o n fo r as lon g as
23% hours, or as sho rt a per iod as
45 minutes. A manual ON/OFF switch
overr ides the automatic sett ing so
that appliances can be used w hen­
ever desired . The vari able t im er is
also availabe in a tab leto p version ,
mod el T87118.

The suggeste d ret ai l p ri ce for
model S81118 is $9.95; $13 .95 for
mod el T81118 . M od els S87118 and
T87118 li st for $10.95 and $14.95,
respectivel y.-Intermatic Inc., In­
term ati c Plaza , Sp ri ng Grove, IL
60081.

TOOLS. Jensen Tool s' Telvac Basic
Service Kit isdesigned for fi eld ser­
vice, in-house maintenan ce, t rade
schools, and person al use. It co n­
tains ove r 40 hi gh-quality hand
tool s in a so lid wood/vi ny l case
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CORNER >,z,:'
Pinning the blame

SEVERAL YEARS AGO, TH E POLI CE O F A

maj or city, who were fed up to
th eir blu e hats by politici ans who

-' - really-d idn' t-care-two-hoot abo u
any of th e civi l servants, revol ted
in th e only way they could sho rt of
st ri k ing : Th ey simply broadcast
non sense on th eir rad io network.
It al l starte d with a phantom voi ce
asking, "W ho dat?" An oth er vo ice
asked , " W ho dat wh o said who
dat?" Then, " I kn ow who said who
dat?" ; and so it went, hour after
hour.

Now Hell hath no fury like a pol­
it ician ridi cu led , for that's wh atthe
"W ho dat?" was, and the morning
papers headlined th e mayor's and
th e poli ce co mmissio ner's threats
to hang th e wh ol e police fo rce if
necessary. The way th e mayor and
the commission er to ld it , th e time
spent by th e boys in blue asking
"W ho dat?" allowed crim inal s to
run wild in th e st ree ts . In fact,
however, t he hund red s of man­
hou rs t he mayor o rde red to be
wasted t ry ing to id en t if y voices
f ro m air-check ta pe reco rd ings
probably resulted in more street
crime and arso n th an a cent ury of
"W ho dats?"

Tod ay, the probl em of ident if ica­
t io n would most likely not exist.
Not because the politiciansare any
smarte r-they most certa inly are
not-but because tran smi ssion
id ent ifi cat ion has becom e so im­
portant a par t of both cost ac-

13 co unti ng and legal defense t hat
z most commu nicatio ns systems are
~ up gradin g to automat ic transm is­
o sio n id en t i fi cati on. Where does
~ " legal defen se" come in? Simply
6 because virtually any ti me a per­
o son di es befo re an amb ulance or
C? t he EMS team arrives, some hot-

34

DATE LINE
PRINTED AFTER

EACH 15 IDs

/ DATE TIME IHR:MINI

Llu~I~U
13:15:43 •. .. . + .449.B
13: 15: 4 6 •••• . -.449.8
13: 19: 19 •.. .. + . 50S . R
13 : 19 :2Q1. • . . . - .50B.R
13:1 9. 2 5 •.•.. +. 5 0B. R
13 :2Q1:09•... . - . 50B. R
13: 2 2: 09 . . .•• + .197 . X
13: 22 : 15 •••.. -. 19 7. X
13: 2 3:47 ..... + .253 . C
13: 23:4S•.• .. -. 25 3. C
13:29: 0 Q1 . . ... + .363 . W
13:29:03• . ... - . 3 6 3 . W

/ IEIEI~TIME(HR:MIN:SEC) ID \
STATUS

(+ I START TRANSMISSION
1-) ENDTRANSMISSION

FIG.1

sho t street lawyer will claim th e
respo nse was excessively late and
agitate th e bereaved family to in ­
stit ute a lawsuit.

Accountability
In fact, ou r soc iety has become

so complex t hat it is essential th at
we have th e capability to pr ovid e
almos t a seco nd -by-seco nd ac­
co unting of our communicat io ns.
How else do we get accountabi li ­
ty-which in plain Engl ish means
"Who ca n we st ic k w it h t he
blame?"

Until recent ti mes, the best sys­
tem for communicat io ns account ­
abil ity was the loggin g recorder, a
specia l ul tra-slow-speed ta pe re­
co rde r (so it co uld run un attended
fo r up to a day) that recorded all
communicat io ns t raff ic, aswe ll th e

HERB FRIEDMAN,
COMMUN ICATIONS EDITOR

date and time on a special time
tr ack . If yo u want ed to find out
w hat was said or w ho was called at
a specific ti me, you simply-ran the
loggin g reco rder at a fast speed
un t il a d igital readou t ind icated
the des ire d t ime (and date), and
then listened to the channel t raf­
f ic. It 's t he same ki nd of system the
poli ce use to reco rd eme rge ncy
calls .

But while th e loggin g tape can
tell yo u what was said and wh en it

. was said, it can't te ll yo u wh o said
it; parti cul arly so since the modu­
lat ion characte r ist ics of modern
tr ansmi tt ers are on ly a shade bet­
ter than that of two paper cups
connected by a string; so it's often
di ffi cul t , if not im possibl e, to dis­
tin gui sh t he d i ff erence between
male and fe male, child and adult.

What was needed for t rue ac­
counta bil ity was automat ic tr ans­
mitter ide nt if ication, so th at w hen
th e transm it sw itch was pressed
the f irst thing that goes out is the
m obil e 's or h an d-h el d 's I D
num ber, w hich is indi cated both
on t he d ispatcher's co nso le dis­
pl ay and on a printout. The con ­
sole dis p lay shows the time and
the ID number ; the printout can
show th e vehicle's ID number, the
date, and tim e th e t ransmissio n
starte d , th e t ime the transmission
ended , and even the status of the
vehicle. For examp le, if a taxi has
its f lag up o r down , if the vehicle is
movi ng or stopped , or if the vehi­
cle is in troub le (keyed by a sw itch
under the driver's seat). A samp le
printout fro m an ANI (Automatic
Number Ident if icati on) system of
the Co nt ro l Signal Corp. (1985 S.
Depew St., Denver, CO 80227) is
shown in Fig. 1.



A really big feat ure with some
un its , such as the AN I, is an auto­
mat ic t ime-out for stuck mobil e­
unit PTT (Push-To- Talk) switches,
which would result in t he channel
be ing contin uous ly jammed. If the
mike's PTTswitch jams closed, the
dispatcher's con so le sounds an
alarm and identif ies the offend ing
un it. After a p reset t ime, the ANI
encoder in t he mo bi le automat­
icall y sh uts off t he t ransmitter.
Wh i le that might take the tra nsm it­
ter out of service un til the vehicle
returns to the shop, at least it un­
jams the channel for ot he r users.

M o re often than not, how ever,
the primary purpose of auto matic
identi fi cati on is to stop horsepl ay
and elimi nate m ischi ef, suc h as

- "-d ea d ca r r ie r s-rv-m i crop h o n e­
cl icks, belching , fo ul langu age,
and "Who dats."

How it's done
Depending o n the part ic u lar

commun ications system, the id en­
tification data can be sent v ia sub ­
aud ible or audib le to nes . Th e
disadvantages of subaudib le ton es
are that they can't be used if t he
system already uses subaud ib le
tones for CTCSS (to ne squelch) o r
if the signal must be sent over con­
ventional t elephone lin es, an d
every unit in the system must be
able to hand le suba udib le tone.

Audible to nes, o n t he ot he r
hand, will pass through any kind of
communications equ ip ment. In
Control Signa l's AN I system, a 3­
digit ID code is a 100 mill iseco nd
(1;10 seco nd) two-freque ncy FSK
burst after the transmitter is key­
ed . (The delay between keying th e
PTT switch and the tone burst is
adju stable to accommodate t he
particular commun icat ions sys-

. tem .) Six half-cycles of the base
(audio) f requency is a mark, and
three half-cycles of o ne-half t he
base frequency is a space.

As you can see, since the AN I
system uses conventional aud io
tones that fall w ith in t he passband
of conventiona l co mmun icat io ns
gear, incl ud ing telepho ne ci rcuits ,
it can easily be added to just abo ut
any mobile-base system, p rovid ­
ing 100% acco untability. Ah, yes!
Just w hen you thi nk Big Brother
has exhausted all his wi les and
gui les, he can come up with yet
another. R-E

1. Quickly locate defective circuits by injecting signals without dis­
connecting components . '

2. Replace video heads with confidence ; asimple good /bad head test
removes all doubt.

3. Align IFtraps simply by just the pattern on the CRT - have the
picture " looking like it didwhen they bought it. "

4. Qu icklyalign VCRs with special video patterns , or NTSC color bars
Meets all manufacturers' warranty requirements.

5. 'performance testand troubleshoot any MTS stereoTV or VCR
system , so you can cash in on new technology .

6. Confidently test deflection yokes , IHVTs , and flyback transformers ,
in-orout-of-circuit , before you replace them.

7. Add on phase-locked accessories into your video analyzing system
to increase service potential as technology changes .

8. Performance testand troubleshoot digital/analog RGB video
monitors , so you can test all oftoday's video systems.

9. Conquer tricky servo circuits in VCRs byinjecting a reference
30 Hz servo pulse.

10. Cut your video servicing time in half ... oryour money back.

Discover what the Universal VideoAnalyzing System
can do for yOU! Call Today 1-800-843-3338.
In Canada Call 1-800-851-8866.

100% American Made

SE:NCORE:
3200 Sencore Drive, Sioux Falls, SO 57107 605-339-0100 In SO Only
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ogicBridge 136T

\I

Waveform analysisin the palmof yourhand.

Inter-Venture
Probing the limits of
electronic excellence

Inter-VentureCorporation
2114 RingwoodAvenue,SanJose, CA 95131

(408) 943-1688

TIME BASE:
10MHzReal-Time Bandwidth
50- 100 NS GlitchCatcher
I f.lS-1 Sec/Div Ranges (6steps)
Auto-Seek Mode
Single Sweep/Reset
UNCAL Function
TRIGGER:
ThresholdAdj ust: 1.2- 4.7Volts
Trigger Tone
DualTone AUDO TRAK (2.44KHz, 4.88 KHz)
100 NS AutoRestore
MEMORY:
50- I00BitCMOSDisplayWaveform Memories
Write/Recall Functions Memory Mode
Store Mode MemoryLink Mode
POWER:
AC WallTransformer/Charger
9 VoltRechargeable Batter (Optional)
PHYSICAL:
8.0(L) x4.5(D) x 1.75 (H) Inches
I Pound4 Ounces
50NS 100 NSGlitch Catcher
NeckStrap
OperationsManual
Modular TripleProbe Set
25 Pin Input/Output/ControlPort
7 LED Keyboard Annunciators
WARRANTY:

. Oneyear partsand labor fromdate ofpurchase
when returned to factoryor localauthorized
service center.
CustomHOIOS
LSI Logic Chips used throughout.

ZipStale

At this specialprice,LogicBridgeis a must for
engineers, field technicians, educators, students
and hobbiests.Agreat gift item for newgraduate
engineers. Acompletebrochure isavailable, but
don't riskour runningout.All newproduction
willfocuson the advanced units.

Order today, direct from Inter-Venture and
save the additional $30.Send couponor
phone now.

SPECIFICATIONS
DISPLAY:
Dual LED Arrays
2x 100 Elements perArray
16 LED Annunciators:

TimeBase SingleSweep
Memory BatteryLow
Tone

Logic Compare Modes:
AND, OR, EXCLUSIVE OR

DisplayOptions:
A, B, Trigger, Memory, Invert, Clock,SYC,
External, Logic Functions

INPUT:
ThreeChannels (A, B, Trigger)
0.5Volt: 1Meg, 50PF
0.50Volt: 1Meg, 70 PF(10 x Probe)
50 Volts Maximum
Probes or DirectVia 10CConnector

eil}'

Address

CompanyName

Tille

Name

: Offerexpires March ,11. 1988,Calif residents add6'1.!'\. saleslax.

: 0 Please send mea LogicBridge 136 brochure.

o Iwant to save anadditional$30 per unit by
orderingdirect.
( ) LogicScope 136unilS ata costof $365each.

o I have myown probes.
: 0 I need__ customsetsof3-250 Mllz,
• IX-lOX oscilloscopeprobes atcostof$149per

set ($225 value).
• Charge to my 0 Mastercard 0 Visa
• CreditCard No. Expires _
: I I I I I I I I I I I I I I

SpecialOffer! You read aboutit, maybe even
orderedone;over 100,000 inquiries were
receivedwhen thisunique testinginstrument
was introduced, more orders than anyonecould
manufacture. No competitive toolever came
close toits versatility, evenat twice the price.

LogicBridge 136hassold recentlyfor $795.
But we willsoon replace itwithaneven more
sophisticated, but costlier instrument. So now,
fora brief time,youcanget LogicBridge 136,
asavailable, at the unheardofprice of$395­
or only$365 ifyou hurry your order,
direct to Inter-Venture .

LogicBridge 136isa digital storage instru­
mentthatcombines the functions oflogic ana­
lyzer and oscilloscopetechnology ina compact,
hand-held, 1.25 pounds. It canbeworn around
your neck like a doctor's stethoscope-a kind
of"badge ofthe engineer." Effecuve real time
pulse bandwidth is 10MHzbut the glitch catcher
capturespulses down to50Ns. Patented LED
array allows simultaneousdisplayoftwo digital
waveforms. Memorymode operationstoresup
tofifty 100-bit wavefo rms to be recalled and
visually/logicallycompared to other waveforms.
Exclusive "Audo-Trak" functionproduces
audiblelogic analysis, along with"trig-tone."

: THE NEXT LOGICAL STEP IN TEST INSTRUMENTATION
Inter-Venture
2114 Ringwood Avenue.SanJose.C\ 95131
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GRANTHAM
College of Engineering
10570 Humbolt Street

CD

Los Alamitos, CA 90720 ~

in your Technical
COLLEGE DEGREE
Put Professional Knowledge and a

HOME
STUDY

Add prestige and earning pow er to
your technical career by earning
your Associate or Bachelor degree
through directed home study.

No commuting to class. Study at
your own pace, while continuing
on your pre sent job. Learn from
easy-to-understand lessons, with
help from your Grantham instruc­
tors when you need it.

Grantham College of Engineering
is a specialized institution cater­
ing to adults who are employed in
electronics and allied fields such
as computers. These fields are so
enormous that opportunity to
move up is always present. Pro­
motions and natural turn-over
make desirable positions available.

An important part of being pre­
pared to move up is holding the
proper college degree , but the es­
sential part is really kn owing your
field. Grantham offer s two B.S. de­
gree programs - one with major
emphasis in electronics and the
other with major emphasis in com­
puters. Both programs are offered
by correspondence .

Write for our free catalog (see ad­
dress below) or telephone us at
(213) 493-4421 (no collect calls)
and ask for our "degree catalog."

•
Accredited by

the Accrediting Co mmission of th e
Na tiona l Home Study Council

Video Head Protrusion Gauge: Universal, fast,
safe method of measuring the amount of vid eo
head tip wear. Measures in microns and ten­
thou sandths of an inch. Allows
accurate predi ctions of re­
maining head lif e. Head wear
provides usefu l informatio n
regarding VCR condit ion and
wear on oth er components.
Stop guessing about head
wear. Accessory "St" stand
allows use on any VCR.

HPG-1 $479 S1 $95

ture, t he unit will aut omati call y
fast-forward to the next item o r re­
w ind to th e previou s one . There is
an ant i-ro l l i ng m echani sm that
provid es sta b le p laybac k, eve n
when th e un it is in mot ion .

Th e mod el HS-PX700A can be
powered by eithe r two AAA bat­
te ries, hou se current when used
w ith the supp lied AC adapto r, o r
by the supplied rechargeabl e bat­
te ry pack. The quick- charge bat­
tery syste m takes on e hour t o
recharge and prov id es two hours
of playback enjoy ment. The model
HS-PX700A is pri ced at $250.00.­
Aiwa America, 35 O xf ord Drive,
M oon achi e, NJ 07074.

TELEPHONE OPTIONS DEVICE.
- TneTELE':-MATEaeJas customfea-­

t u res to any standa rd , modular­
type hom e ph on e. It allows th e
user to pl ace a call on ho ld and
t ransfe r it to ano ther exte nsio n, to
ensu re privacy by check ing th e
lin e fo r unwanted li st en er s, to
sto p incom ing calls by gene rat ing
a bu sy signal , and to determ in e

con tinued on p age 42

Tape Tension Gauge: The Tentelom eter® is the
wor ld's most universal meth od of measuri ng hold
back tension. Cal ibratio n can easily be checked
in the "field". Merely slid e th e
probes over tape to measure
tape t ension dir ect ly in grams.
Illustrated instruction manual
inclu ded. Th is is th e back
tension gauge referenced by
many of the VCR service man­
uals, and it will wo rk on
all VCRs.

T2-H7-UM $295

TSH-V5 for VHS: $395

Tentel ® provides the most powerful, easy-to-use, field callbrateable, universal VCR test equipment
available for various mech anical tests. Call our application engineers today for answers to your
questions. Ask about the combination discount when ordering all 4 gauges.

\!!! 1506 Del l Avenue (800) 538-6894
Tentel Corp. Campbell, CA 95008 (408) 37n9;a1i~~1
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f req uenc ies adju st t he D SL-E X
effec t acco rding to the user's lis­
tening preferences.

A three-way auto-rever se system
allows the user to be fr ee fr om
man ually sw itch ing tap e sides.
Th e syste m w i l l play t he tap e
through one comp lete cycle , p lay
th e tap e cont inuo usly for non -in­
t errupt ed mu si c l i st en in g, or
sw itc h tape side s at any give n
point. With th e mu sic-sensor fea-

I

Test VCR Mechanics
Fast and Easy!

continued from page 33

CIRClE14 ON FREE INFORMATION CARD

NEW PRODUCTS

Take the guesswork and hassles out of VCR
mechan ical problem diagnosis!

Four Universal, Powerful Tools for VCR Service

37



CIRCUIT DESIGN FOR ELECTRONIC
INSTRUMENTATION: Analog and
Digital Devices from Sensor to
Display. Second Ed. By D.
Wobschall. 400 pp., 36 5 iI/us. Brings
you the entire process of circuit design
in a comprehensive, easy-to-follow for­
mat. This new edition reflects the latest
in IC tec hnology, including CMOS and
ECL devices.
112/31X Pub. Pr., $49.50 Club Pr., $36.95

AMERICAN ELECTRICIANS'HAND­
BOOK,Eleventh Ed. By T. Croft and
W. Summers. 1,824 pp., 1,560 iI/us.
This newly updated handbook showsyou
how to select , install, maintain, and op­
erate all the latest elect rical equipment
and wiring. It includes the most recent
code requirements, basic formulas, and
a wealth of circui t diagrams and illus­
trat ions.
139/326 Pub. Pr., $64.50 Club Pr., $49.50

MICROELECTRONICS, Second Ed.
ByJ. Mil lmanandA.G rabel. l,OOlpp.,
646 iI/us. Takes you from the basics of
semiconductor propert ies to an under­
standing of the operation of solid-state
devices, and then to more advanced
topics. Its up-to-datecoverage, real-Iife
examples, and practi cal data make thi s
an ideal reference for t he working
engineer.
423/30X Pub. Pr., $49.95 Club Pr., $36.50

ENGINEERING MATHEMATICS
HANDBOOK,Third Ed. ByJ. J. Tuma.
512 pp., iI/us. This best-selli ng hand­
book gives you the essential mathe­
mat ical tools-formul as, defi ni tio ns,
theorems, tab les, and models for com­
puter programming - that you need for
y o u r d a y - t o - da y e ng i neeri ng
calculat ions.
654/433 Pub. Pr., $44.50 Club Pr., $34.50

McGRAW·HILL CONCISE ENCY·
CLOPEDIAOF SCIENCE AND TECH·
NOLOGY. Editor-in-Chief S. P. Parker
and the Staff of the McGraw-Hi li En­
cyclopedia of Science and Technology.
2,065 pp., 1,6 00 iI/us. This volume
serves every need for understanding to­
dl!y 's science and technology. Writte n
by over 3, 000 of the world's topmost
experts, inc luding 19 Nobel Prize win­
ners, it covers 7 5 disc ip lines fr om
Acoust ics to Zoology.
454/825 Pub. Pr., $98.50 Club Pr., $63.99

THE LINEAR IC HANDBOOK. By M.
S. Morley. 614 pp., 163 iI/us. The one­
stop sourcebook that helps you fi nd ­
quickly and easily - the lowest -cost
linear IC that wi ll meet your needs.
Includes specs, applications data, and
prices of linear ICs from all major
manufacturers, as well as design and
fabricat ion techniques.
583184-6 Pub. Pr., $49.50 Club Pr., $36.25

AUTOMATIC CONTROL SYSTEMS,
Fifth Ed. By B. C. Kuo. 736 pp. , iI/us.
Provides an overview of automatic con­
t rol systems, includ ing in-depth cover­
age of classical control techniques, op­
t imal control theory, and analog and
digital control system design. This up­
dated edit ion discusses th e latest ideas
on the use of computers to design con­
trol systems and as components of such
systems.
583706-4 Pub. Pr., $48.00 Club Pr., $36.95

OP-AMP HANDBOOK, Second Ed.
By F. W. Hughes. 32 0 pp., 231 iI/us.
Organized for on-t he-job reference, this
handbook covers all facets of op-amps,
f rom stability and protecti on to signal
processing using op-amps.. Includes a
collect ion of over 60 pract ical circuits
for a variety of applicatio ns, proce­
dures, and experiments .
583651 -3 Pub. Pr.,$36.33 Club Pr., $27.50

New Members!
Take anyone of these great

professional 5 2 8 9books
for only '-

as a premium with your
first selection!

Spectacular values up to$98.50
ENGINEERING FUNDAMENTALS
FOR THE PROFESSIONAL
ENGINEERS'EXAM, Third Ed. By L.
M. Polentz. 432 pp., 170 i I/us. Fea­
tures worked-out solutio ns and full ex­
planations for all sample problems so
you can learn how to solve them. It's a
dependable wayto prepare for the exam
or a perfect on-the-job reference.
503/931 Pub. Pr., $36.50 Club Pr. , $21.95

Electronics and
Control Engineers'
Book . ~

Club®

HANDBOOK OF
ELECTRONIC
TABLES AND
FORMULAS
Sixth Edition
256 pages, illustrated. 583804 ·4
Up-to-date mathematical tables and
electronic formu las in a convenient
desk reference that YOU'll find indis­
pensable . Included are basic formul as,
constants, governm enVindustr y stan­
dards, symbols and codes, service
data, and more. The handbook also
has new sections describing how to do
your calculations on a computer, and
complete computer programs .

TROUBLESHOOTING ELECTRONIC
EQUIPMENT WITHOUT SERVICE
DATA By R. G. Midd leton. 303 pp. ,
162 iI/us. and tabl es. Packed wi t h
charts, diagrams, and case histories,
thi s pract ical handbook shows you how
to pinpoint defecti ve electronic circui­
tr y when no service data is available.
583134-1 Pub. Pr., $27.95 Club Pr., $22.50

MICROWAVEAMPLIFIERS AND OS·
CILLATORS. By C. Gentili. 150 pp., 79
iI/us. Athorough, practica l introduct ion
to th e theory and design of microwave
amplifie rs and osci llators, wit h cover­
ageof the scattering matri x, the gallium
arsenide fi eld-effect t ransistor, and mi­
crost rip technology.
229/953 Pub. Pr., $31.95 Club Pr.,$24.95

32·BIT MICROPROCESSORS. Edited
by H. J. Mitchel l. 248 pp., 104 iI/us.
and tables. A complete survey of the
architect ure, operat ion, and applica­
t ions of today's most important new
devices f rom AT&T, Inmos, Intel , and
Motorola.
425/85X Pub. Pr. , $39.95 Club Pr.. $29.50

ELECTRONICS ENGINEERS' HAND·
BOOK, Second Ed. Edited by D. G.
Fink & D. Christiansen. 2,272 pp.,
2,189 iI/us. This updated and enlarged
edit ion covers all the latest knowledge
in the fi eld , includin g new advances in
integrated circuits, pulsed and logic
c irc uits, laser techn ology, t elecom­
municat ions, and much more.
209/812 Pub. Pr., $89.00 Club Pr., $61.50
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ADVANCED DIGITAL COMMUNI·
CATIONS: Systems and Signal
processing. Edited by K. Feher. 768
pp., 436 iI/us. Emphasizes the newest
advances and development s in tele­
commun icati on s syste ms and net­
works. Chapters on subjects such as
ISDN, speech coding algorithms, digi­
tal speech interpolation systems and
interference are all writte n by interna­
tional aut horit ies to give you on-the-job

- --~~f:;i~;e·-PUb-. P-r.,-$5--9.--95-C"""'lub-:P-r.,"""$42:"":.5':""'0 - e-your-ene-soures-tor engineerin9 books
from over 100 different publishers

ethe latest and best information in your field
ediscounts of up to 40% off

publishers' list prices



Your FREE Han dbook

FOR FASTER SERVICE IN ENROLLING
CALL TOLL-FREE 1-800-2-MCGRAW
r--·. MAI L T IDS CO UPON TODAY ---,

I McGraw-nill Book Clu bs I
I Electr on ics an d Control Engineers' I
I .Book Clu b ® I
I po. Box 582, High tstown. NJ 08520-9959

I Pleas e en ro ll m e as a member an d se nd me th e two
book s indicated , plus th e HANDBOOK OF ELEC­
TRONIC TABLES AND FORMULAS. I am to receive on e
book for just 52.89, th e other at th e discounted
member's price , plus local tax, sh ip ping and handling
charges. I agree to purch ase a minimum of two
add itiona l books during my first year of membership as
ou tlined un der the Club plan d escribed in thi s ad . I
u nders ta nd that a shi pping an d h andling charge is
adde d to all sh ipment s .

POWER CENERATION CALCULA·
TIONS REFERENCE CUIDE_ By T. G.
Hicks. •
288/003 Pub. Pr" 136.50 Club Pr.,121.50

HUMAN FACTORS REFERENCE
CUIDE FOR ELECTRONICS AND
COMPUTERPROFESSIONALS_By W.
E. Woodson. .
111/664 Pub. Pr.,132.50 Club Pr..123.15

THE FOURIER TRANSFORM AND
ITS APPLICATIONS, Second Ed.,
Revised. By R. N. Bracewell.
010/156 Pub. Pr" $49.95 Club Pr., 138.95

THE LASER CUIDEBOOK. By J. Hecht
211/338 Pub. Pr.. $49.50 ClubPr" 131.50

MICROPROCESSORS IN INSTRU·
MENTATION AND CONTROL. By S.
A. Money.
4211010 Pub. Pr.. \39.50 Club Pr., 129.50

OPERATIONAL AMPLIFIERS AND
LINEAR INTECRATED CIRCUITS.
Third Ed. By R. F. Coughlin and F. F.
Driscoll.
583154-4 Pub. Pr..134.95 Club Pr" 125 .95

McCRAW·HILL'S NATIONAL ELEC·
TRICAL CODEHANDBOOK,19th Ed.
By J. F. McPartiand.-
4511011 Pub. Pr" $42.50 Club Pr" 131.95

ELEMENTS OF ENCINEERINC ELEC'
TROMACNETICS. Second Ed. By N.
N. Rao.
583114-9 Pub. Pr" $49.00 Club Pr., 135.50

PROBABILITY, SICNALS, NOISE. By
J. Dupraz.
183/309 Pub. Pr..139.95 ClubPr.. 129.95

INTRODUCTION TO RADAR SYS·
TEMS, Second Ed. By M. I. Skolnik.
519/091 Pub. Pr.. I51.95 Club Pr..138.95

Be sure to
consider these
important
titles as well!

68000 MICROPROCESSOR: ARCHI­
TECTURE,SOFTWARE& INTERFACE
TECHNIQUES. By W. A. Triebel & A
Singh.
583613-0 Pub. Pr.. $42 .61 Club Pr..129 .95

ANTENNA APPLICATIONS REFER­
ENCECUIDE. Edi ted by R. C. Johnson
and H. Jasik. 496 pp., 368 iI/u s. and
tables . Covers the majorapplications of
antenna tec hnology in all areas of com­
munications and their design methods .
Emphasizes importa nt new appl ica­
tions such as eart h stat ion, satellite,
see ker, aircraft , and microwave-relay
antennas.
322/848 Pub. Pr., $49,50 Club Pr., $36.50

MICROCOMPUTER DESICN. By M.
Hordeski. 406 pp., iI/us. Emphasizes
the most current, cost effect ive meth­
ods for developing, debuggingand test­
ing all types of microprocessor prod­
ucts, including software and hardware.
583683-1 Pub. Pr., $42.67 Club Pr., $29.95

DESICNINC ELECTRONIC CIR­
CUITS. By R. G: Middleton. 351 pp .,
192 iI/us. Covers virtually ·every cate­
gory of circuits commonly used. This
practical manual provides the basic de­
sign procedures, tables and formulas
vital to effective electronic circuit de­
sign. Plus over 60 start-to-finish pro­
cedures are featu red along with scores
of computer programs to help you de­
sign and analyze electronic circuits .
583673-4 Pub. Pr., $36.95 Club Pr., $27.50

HANDBOO K OF ELECTRONIC
NOISE MEASUREMENT AND TECH·
NOLOCY, Second Ed. By C. A. Ver­
gers. 440 pp., 213 iI/us . Provides an­
swers to all your quest ions about noise
origins, causes, effects. Also shows you
how to predict and measure noise, and
how to design low-noise circuits .
583947-4 Pub. Pr., m .95 ClubPr., $29.95

SWITCHCEAR AND CONTROL
HANDBOOK, Second Ed. Edited by
R. W. Smeaton , 1,056 pp., 789 iI/us.
The only handbook that treats all as­
pects of switchgear control, inc luding
design, app lications. safety, and main­
tenan ce . Updat ed to ref lect the
changes brought about by the use of
computers , so lid-state devices, and
programmable controls.
584/494 Pub. Pr., $75.00 ClubPr., $56.95

• BEST AND NEWEST BOOKS IN YOU R FIE LD - Books are se lecte d from a wide
range of p ublishers by exp er t e d itors and consu ltan ts to give yo u conti n u ing ac cess
to the best an d lat est books in yo u r field .
• BIG SAVINGS - Build your library an d save m on ey too ! Savings ranging up to
40 % or more off publishers ' list price s .

PRINCIPLES OF PARALLEL AND
MULTI-PROCESSINC. By G. R. Des­
rochers. 500 pp., iI/us . A highly prac­
tical guide to the best tech niques in
parallel problem-solving. Discusses
parallel system design, architect ure,
implement ation, software, and perfor­
mance ana lysis.
165m3 Pub. Pr., $49.50 ClubPr.. $36.95

ANALOC ELECTRONICCIRCUITS. By
G. M. Glasford. 480 pp.• 350 iI/us.
Gives you the detailed information and
equations you need to create and ana­
lyze top quali tycircuit des igns or effec­
tivelyutilize the des igns of others.
583768--4 Pub. Pr., $52.33 ClubPr., $37.95

Why YOU should join now!

BO NUS BOOKS-You will im me d ia tely b egin to participate in our Bonus
Book Pla n th at allows yo u savings up to 70% off the publishers' prices of
many professional an d general interest books !

• CONVENIENCE-12-14 tim e s a year (about once every 3-4 weeks) you receive
the Club Bu lletin FREE . It fully d e scribes the Main Sel ection an d Alternate Selec­
tions. A dated Reply Card is included. Ifyou w ant the Ma in Selection,yo u simply do
nothing - it will be s h ip p ed automatically. If yo u want an Alternate Sel ection - o r
no book at all - you sim p ly indicat e it on the Reply Ca rd and return it by the date
specifie d . You will h ave at lea st 10 d ay s to d ecide . If, because oflat e d elivery of the
Bulletin y ou recei ve a Main Sel ection yo u do not want , you may return it for c red it
a t the Club 's ex pense.
As a Clu b m ember you agre e only to the purchase of th ree books (inclu ding your
firs t se le c tion) during yo u r first year of m embership . Me m bersh ip may b e discon­
tinued by eit her you or the Club at any time afte r yo u have purchased the first
se lection plus two additional books .

Other McG raw-Hill Book Clubs:
Arc h itects' Book Club · Byte Book Club · Chemical Engineers' Book Club
• Civil Eng ineers' Book Club > Mechanical Engineers' Book Club

For m ore information, wri te to:
McGraw-Hill Book Clubs, P.O. Box 582, Hightstown, New Jer~ey 08520-9959

583804-4

Write Code /010 . of the Write Code /010 . for th e
52.89 se lec tion h ere Firs t se lec tion h er e

__11_ _ -

Signa tu re _

Narne _

Add ress/Apt. # _
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State Zip _

Th is or der subjec t to acceptance by l\tcGraw-Hill . All
pri ces sub jec t to change without no tice . Offer go od
only to new memb ers . Fore ign me m be r acc eptan ce
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The watch can be ent irely wash­
ed w it h a detergent to remove any
t races of grease o r ot he r co n­
taminants th at could interfere with
contact . The co iled cord is con­
nected to th e w riststrap by a de­
tac hab le snap co ntact w it h a 1­
megohm resi stor inco rpo rate d
w ithin th e mold.

The ' 3S-Watch is available as a
ge nt's an d a lad y's model ; t he
pri ce, w hich includes the coi led
co rd, is $59.50.- Solder Absorbing

continued on page 96

CIRCLE 16 ON FREE INFORMATION CARD

can be co nnected to either th e
wall jack or to the phon e itself.

The device itse lf is also simple­
a small box w it h a pu sh-bu tt on and
red indi cator light. Each of its func­
tions is achieved by vario us com­
binati on s of pu shing t he button
and obse rving th e light, with th e
ph on e eithe r on or off the hook.

TELE- MATE h as a sugges ted
price of $14.95.-B&M Engineerin g,
P. O. Box 823, 2551 Galena St., Simi
Valley, CA 93062.

ANTISTATIC WRISTWATCH. Th e
Spiring 3S-Watch provid es perm a­
nent on-hand availability of ant i­
stat ic protecti on . The watch and
w ristst rap are bo th made of a dura­
bl e spec ial plastic. The electrica l
co ntac t to th e w earer 's ski n is
mad e by a sta in less -stee l i n lay
with in th e wri stst rap to guarantee
100%-reli able contact.

Banner
Technical
Books, Inc.
1203 Grant Ave.
Rockford. IL 61103

CIRCLE 183 ON FREE INFORMATION CARD

ELECTRONIC
ENGINEERING

continued fro m page 37

8 volumes, over 2000 pages,
inc luding all necessarymath and
physics. 29 examinations to help
you gauge your personal pro- .
g ress. . A truly great learn ing
experience.

Prepare now to ta ke advan­
tage of the growing demand for
people able to work at the engin­
eering level.

Ask for our brochure giving
comp lete deta ilsof content. Use
your free information card num­
ber, or write us directly. $99.95,
Postage Included. Satisfacti on
guaranteed or money refun ded.

NEW PRODUCTS

Get A Complete Course In

CIRCLE 15 O N FREE INFORMATION CARD

w hethe r the pho ne is in use with­
out lifting the rece iver. It also func­
ti on s as a simp le-pho ne ci rcu it
test er. You can trace problem s,
such as no dial to ne or a dead lin e,
to t he i r so u rce - mod u la r jack ,
ph on e lin e, o r the te lepho ne un it.

Installati on is simple. Using th e
2-way T-adapter and Velcro pads
supp l ied w ith t he TELE-MATE, it

The Fluke 8060A 4Y2-digit
handheld multimeter.

It's the best tool you could add to your tool
pouch, because it lets you troubleshoot more
...with less.

Thisportable, powerful instrument has a
unique combination of featuresnot available
inany other handheld DMM.

Asimple push of abutton on the Fluke
8060A lets you measure frequencies to.200 .
kHz, make relat ive offset measurements, con­
vert voltagestodirect readingdecibels, or
conduct audible continuity tests. Plus the
8060A offers wideband True RMS ac meas­
urement capability to 100 kHz.

So saygoodbye to your part-lime counters,
oscilloscopes, continuity testers, calculators
and power supplies. And welcome afull-time
professional that'll be therewhen you need it.

You'll find that for troubleshooting every­
th ing from motorcontrolsto data communica­
tionsequipment, the Fluke 8060A isthebest
multimeter value going.

Find out more by callingour toll-free hot­
line1-800-227-3800, ext. 229, day or night.
Outsidethe U.S. call 1-402-496-1350,
ext. 229.

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

@ l006Fluke
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IM AGI NE TRAVELING FASTER T HAN 300

miles per hour in a train levitating
above its tracks on a magnetic field .
Imagine transistors operating more
than 20 times faster than those of to­
day, yet consuming only one twen­
tieth the power. Imagine an energy­
storage device so efficient that you
could travel from coast to coast in an
electric car--{)n a single charge .

the integrated circuit, or the laser. The
interest and excitement it has gener­
ated in scientific circles is extraordi­
nary. And the speed at which new
discoveries are being made has fired
the imagination of the general publ ic
as well.

Even high-school students have
succeeded in producing supercon­
ducting materials and have demon-

Kamerlingh Onnes. He found that
when mercury is cooled to a tem­
perature of 4 Kelvin (that' s 4 degrees
above absolute zero , or - 460°F), it
loses all of its resistance to the flow of
electricity and becomes a perfect
electrical conductor.

For 75 years, research into the phe­
nomenon of s upe rco nd uc t i v ity
yie lded more than one thousand su-

SUPERCONDUCTIVITY

BREAKTHROUGHS
A true revolution in physics has only just begun.

BRIAN C. FENTON, MANAGING EDITOR'

' We would like to thank Gerald Present, Ph.D., Senior Communications Specialist for IBM Corporation for his
contributions to this article.

All those dre ams won 't be fulfilled
thi s year, but th ank s to the break­
throughs that have occurred in super­
conductivity research, they look a lot
more probable than they did only a
year ago.

The discovery of high-temperatu re
superconductivity in a new class of
material s is the most important scien­
tific development in the last fifty
years , perhaps even more important
than the invention of the transistor,

strated the superconducting proper­
ties in magnetic levitation experi­
ments such as that shown in Fig. I.
(You can experiment with supercon­
duct ing material s too! See Don Lan­
c as te r 's " Ha r d wa re Hacker"
elsewhere in this issue for more de­
tail s on the subject.)

A change of pace
Superconducti vity was first dis­

covered in 1911 by Dutch physicist

perconductive substances. The max­
im um temperature at which a
substance becomes superco nd uc­
tive-the critical temp erature or
Tc-did increase linearly with time
as new superconductors were di s­
covered . But , although the increa e
was steady, it was at a very slow pace .
As late as April 1986, the record for
the highest critical temperature be­
lon ged to Niobium -Germani um
(NB3Ge), a substance that was dis­
covered to have aTe of 23 Kelvin
sometime in 1973.
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FIG.1-A SUPERCONDUCTORFLOATSIN
air above a magnet. This experiment,
which has come to symbolize the break­
throughs in superconductivity, demon­
strates Meissner's effect, whereby mag­
netic flux does not enter a superconduc­
tive material. In effect, the superconduc­
tor looks like a "magnetic mirror."

FIG. 2-J. GEORG BEDNORZ AND K.
ALEX MUELLER at IBM's Zurich Research
Laboratory provided the spark that ig­
nited the excitement of the world scientific
community by their discovery of high­
temperature superconductivity in a class
of oxide materials.

A generally accepted theory, the
BCS or Bard een-Cooper-Schrieffer
theory suggested that there was an
upper limit to Te at about 40 K. But
two scientists at the IBM Zurich Re­
search Laboratory put an end to that
way of thinking. They discovered in
early 1986 that a new class of mate-

rials exhibits superconductivity at
temperatures much higher than any­
one had ever seen.

Thediscovery, by K. Alex Mueller
and 1.Georg Bednorz, who are shown
in Fig. 2, has kicked off a flurry of
scientific activity around the world.
The critical temperature has jumped
sharply and, as shown in Fig. 3, dra­
matic increases in Tc have been com­
ing at an astounding pace. Headlines
in the popular press have proclaimed
that superconductivity at room tem­
peratures is not only possible, but
around the comer!

Only time will tell whether we will
ever reach that milestone. But at this
time we have already passed an im­
portant point along the way: the liquid
nitrogen barrier.

--Finding-a-material- that supercon­
ducts above the boiling point of liquid
nitrogen (77 K) is so important be­
cause liquid nitrogen is so cheap--a
fraction of the cost of the liquid he­
lium that must be used when working
with the lower-temperature supercon­
ducting materials. Superconductor
applications will no longer be limited
to such areas as high-energy physics
research and oil exploration where the
expense and inconvenience of cooling
by liquid helium can be justified.
Many common electrical applications
could benefit, including electric­
power generation, transmission, and
storage; high-speed rail transport,
computers; and electronic instru­
ments as well.

Superconducting materials
Before the recent discoveries, in­

termetallic compounds (such as
niobium-tin, niobium-germanium,
etc .) were the best superconductors.
But Mueller and Bednorz had become
convinced that no further progress
would occur in raising the critical
temperatures of such compounds .
Their insight led them to metallic ox­
ides . The Zurich researchers were
very familiar with those oxides and
believed they were candidates for
higher-temperature superconductors.

For high superconducting-transi­
tion temperatures to occur in a mate­
rial , either the number of electrons
available to carry current must be high
or the attractive or coupling forces
between the electron pairs responsi­
ble for superconductivity must be
strong. Even though oxides have
fewer available electrons than metals
(which generally make good super-

conductors), some metallic oxides
were already known to be supercon­
ductors, although only at tem­
peratures of up to 13 K. That could
only imply, the researchers reasoned,
that the materials had particularly
strong electron-pairing forces. They
thought they could find even stronger
pairing forces in oxides of nickel and
also copper.

After much work on a number of
different systems, they become aware
of a class of copper oxides that was
reported to behave like a metal in con­
ducting electricity. Those materials
had not been studied previously for
possible superconductivity, but
Mueller and Bednorz believed they
were perfect candidates.

In January 1986they found a strong
decrease in electrical resistance when
they cooled the material, a ceramic
copper oxide containing lanthanum
and barium. By April, their best sam­
ples showed a transition occurring at
35 K-a very substantial increase
over the 23 K reported for niobium­
germanium in 1973. They imme­
diately reported their results and the
race was on-a new chapter in phys­
ics had begun.

The impact of the IBM discovery
on the world physics community was
astounding-by January 1987 several
other research teams had prepared
their own versions of the IBM com­
pound and reported similar results and
even higher transition temperatures .

Paul C.W. Chu, a leading super­
conductivity researcher from the Uni­
versity of Houston, found that by
pressurizing a superconducting ox­
ide, he could raise the critical tem­
perature to 70 K. He theorized that
the pressure helped increase the crit­
ical temperature by bringing the
layers of copper and oxygen and lan­
thanum and barium closer together.
He found another way to bring the
layers closer: He replaced the barium
with strontium, which is a similar ele­
ment but has a " smaller atom." That
raised the critical temperature even
more. When Chu replaced lanthanum
with the element yttrium, the com­
position of the substance was altered
drastically-and the critical tem­
perature shot up to 95 K. He an­
nounced his results on January 29,
1987, and started a revolution within a
revolution. The liquid-nitrogen barri­
er had been broken.

By the time of the March, 1987
meeting of the American Physical So-
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more de tai led as the magnets became
more powerful .

S u p e rco mp ut ers w i l l beco me
sma ller, faster, and therefore wi ll be
mo re powerful .

But ju st imagin e what wou ld hap­
pen if roo m- temperature supercon­
ducting mater ials co uld be developed .
In Sh0l1, the world as we know it
wo uld cha nge dr ama tica lly. Trai ns
levitating on a magnetic cushio n as
they travell ed quiet ly and po llut ion­
free at speeds better than 300 miles
per hour wo uld become a rea lity.
Power-generating plants could be lo­
ca ted far from population centers, as
lossless power tr ansmi ss ion wo uld
become a reality. Power plants would
even bec ome good neighbors as they
generated safe, po llution-free power
using fusion or magneto-hydromag­
netic tech no logy.

Tremendous progress in supercon­
duct ivity has been made in a very
short time . And you can be sure that
there arc many ot her ap plication s of
supe rco nd uctors yet to be discovered .
Until 1986 , it was ge nerally believed
that roo m-temperature supe rco nduc­
tivity would never occ ur. Now we 're
askin g not 'if tha t event will happen ,
but when , R-E
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Applications
The potential appl icati on s for high­

temper ature supe rco nducto rs are far­
reach in g . Eve n if c r it ica l tem­
per atures do not increase over what
they are today, the new superconduc­
tor s will change our world .

For exa mple, fusio n power co uld
become econo m ica lly co m pe t it ive
years dow n the road because the su­
perconductin g e lectroma g net s re­
quired to co nta in the fus ion reacti on
will co st mu ch less to produce and
maintain than the magnets used in
tod ay 's test reac tor s.

The trem endou sly expens ive MRI
(Magnetic Reson ance Im agin g ) ma­
chines that are currently g iving med i­
ca l doctor s detailed intern al views of
the human bod y w ill a lso become
much more affordable because they
will be coo led by liquid nitrogen . The
ima ges will a lso becom e man y tim es

But researchers at AT&T Bell Labo­
ratori es are developing co ils by filling
copper tubing with powd ered super­
co nductors . A nd IBM sc ientists have
show n how plasm a spraying, a co m­
mon indu stri al technique , ca n be used
to coa t even large and co mplex shapes
with superco nducting material.

YEAR

FIG. 3-AFTER 75 YEARS OF SLOWLY INCREASING as new superconducti ng materials
were found, critical temperatures jumped dramatically with the discoveries of Muell er and
Bednorz. While it's not certain that room-temperature superconducti vi ty will ever be
achieved, we're certainly heading in the right direction!

It's not easy
_ Despit e all the trul y~ntastic dis-

coveries and developments , there are
still problem s to overco me . But re­
sea rc he rs seem intent on overcoming
all of them .

For example , o ne of the major
probl ems with the new supe rco nduc­
tors was their low critical current-s­
the c urrent above which a mater ial
loses its superconductive propert ies .
But researcher s cha nged th ings in rec ­
ord tim e . IBM resea rch ers reported
that the materials were inherentl y ca ­
pabl e of ca rryi ng 100,000 amperes­
per-square-cent imeter at liquid-nit ro­
ge n temperatures-more th an 100
tim es more current than previou sly
bel ieved . Sho rtly after, Japan 's NTT
Ibaragi Telecommunication Labora­
tory reported producing a superco n­
du ct or able to co nd uct 1.8 million
amperes-per-sq uare-cen timeter!

Being able to consistantly .ovocace
materi als with such high critica l cur­
rent s is still a problem , Th e first iso­
lated si ngle crys ta ls were grow n by
IBM scient ists , who we re able to
show that the supercond ucting prop ­
crt ics o f the materi als are stronger in
certa in spec ial directi on s of the s in­
g le-c rysta l spec ime ns . Th e c urrent
can vary by as much as a factor of 30
depending on its direction in the crys­
tal. Th at property, ca lled anisotropy,
might part ially exp lain why typ ical
samples of the new materi al, which
are ge nerally co mposed of a multi­
tud e of tiny crysta ls oriented in ran­
dom di recti ons , show low values of
critica l current.

Another probl em with the new su­
perconducti ve materials is that they
arc very brittl e , It willtake much
more resear ch to find a way to turn the
materi als into a type of flexibl e w ire .

ciety in New York , thou sand s of sc i­
entists and engi nee rs th rough out the
wor ld were tryi ng to und er stand more
about the new class of ox ide super­
co nductors , to find varia tio ns that had
still hi gher tr an s ition tempe ratures ,
and to explore possibl e applica tio ns .

Shortly after that , IBM researchers
made the first thin films of the new
high er-t emp erature supe rco nducting
materi al, which led to the devel op­
ment o f the first superco nducting de ­
vices to operate in the liqu id-nitrogen
range . 111e device , called a SQUID o r
Supe rco nd uc t ing QUantum Inter­
ference Device , is an ex treme ly se n­
sitive magnetic-field detector.
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IN·CIRCUIT DIGITAL
IC TESTI;R

Three BASIC listings, somecorrections, and more! .

BILL GREEN

Part 3 DUE TO SPACE LIM­

matr on s, we were
unable to publish the three BASIC
listings mentioned in Part 2 of this
series . Those are shown on this page .

Corrections
We have a couple of corrections to

the first part of the article (November,
1987). First of all , the end of the third
paragraph- on-page- 4S- should- read ,
" When installing the test clip on the
cable , orient the clip so that the con­
nector on the end of the cable con­
nects to the side of the test clip with
pin I on it. When using a clip with less
than twenty-four pins, align the con­
nectors so that the pins on the right
end of the c1ip--the end furthest from
pin I- are even with the right end of
the connectors."

Second, on page 48 the next to last
paragraph should read , " For exam­
ple, ERROR PNOI GRP I EXP/RD
0100 would indicate a problem with
pin I in test group I; a " I" was ex­
pected where a "0" was read.

New kit
Alpha Electronics (P.O. Box 1005,

Merr itt I sl and , FL 32 952-1005,
305-453-3534) has decided to offer a
minimum parts kit for the IC Tester. It
includes the PC boards , the non­
volatil e RAM with code , and the
three custom IC's-754 98, 754 99 ,
and 75500. The cos t is $ 140 .00,
postp aid in the U.S .; FL residents
must add appropriate sales tax. R-E,

LISTING 3
00 0 'THIS PROGRAM (ENTERTST .B AS )
015 ' ALLOWS GENERATION OF TEST FILES
02 0 ' ON AN EXTERNAL COM PUTER
0 25 ' FOR TRANSFER TO THE IC TEST ER.
030 ' by ALPHA Electronics Co r po r a ti o n ,
035 'PO Box 1005 , Merritt Isl and , FL. 3295 2
100 CLS
105 PRINT"ENTER INFORMATION AS PRO~IPTED FOR GENERATI NG 'part number . FI L' "
110 DIM AS (256 ) :DIM TFS(8) :GRP=1
120 FOR X=l TO 256 :AS(X)= "00 " :NEXT :PRINT ' i n i t i a l i z e array to 0
130 PRINT "PART NUMBER MUST BE HEX (0- 9 , A-F) , 8 DIGI TS MAX."
140 INPUT"ENTER PART NUMBER ";TFS
150 IF TFS- "" OR LEN(TFS »8 THEN 140
160 IF LEN(TFS) <8 THEN TFS=TF S+" A" : GOTO 160 'stretch to 8 di gits
170 PRINT "NUHBER OF PINS MUST BE EVEN NUMBER(S ) FROM 4 TO 24"
180 INPUT "ENTER NUMBER OF PINS "; NPS
1 90 IF NPS =" " THEN 180 :IF LEN(NP S»2 THEN 18 0
200 IF LEN(NPS)(2 THEN NPS-"0 "+NPS 'stretch t o 2 di gits
210 NP=VAL(NPS) :OFFSET=(24-NP )/2 ' offset when less t han 24 p ins
220 IF NP< 4 OR NP>24 THEN 180
230 NP-NP-2 :IF NP =O THEN 250
2 40 I F NP=-1 THEN 180 ELSE 230
250 NP=VAL(NPS) :X=OFFSET+l
26 0 PRINT "ENTERING DATA FOR GROUP " ;GRP : PN=l
27 0 PRINT "FUNCTION MUST BE 1 ,0 ,0 OR X"
280 PRINT "ENTER FUNCTION OF PIN " ; PN; :INPUT; PFS: PRINT
290 IF PFS="I " THEN AS(X)="02 " :GOTO 340
3110 IF PFS= "O" THEN AS (X)="lll" :GOTO 340
310 IF PFS="D" THEN AS(X)= "03":GOTO 340
320 IF PFS="X" THEN AS (X) ="F0" :PDS= "00 " :GOTO 350
3 30 GOTO 270
3 40 PRINT "ENTER HEX DATA FOR PIN " ;PN ; : I NPUT ; PDS: PRI NT
350 AS (X+24) =PDS
36 0 X=X+l :PN-PN+l :IF PN<NP+l GOTO 280
370 GRP=GRP+l :IF GRP=6 THEN 420
380 INPUT "DO YOU WISH TO ENTER ANOTHER GROUP (Y iN) "; OS
390 I F OS· "N" OR OS= "n " ~HEN 420
40 0 IF OS- "Y" OR OS= "y" THEN 410 ELSE 380
410 X=(OFFSET+l)+«GRP-l)·48):CLS :GOTO 260
420 CLS:PRINT"TEST DATA FOR " ; TFS ;" HAS BEEN EN TERED. " ;
425 PRINT"CREATING FILE " ;TFS+" .FIL"
430 FOR N=l TO 8 :TFS(N)=MIDS (TFS,N ,1) :NEXT
440 FOR N=l TO 8 : PARTS=PARTS+ "0"+TFS (N) : NEXT 'stretch t o 16 ASCII d igits
450 PINSS= "0 "+LEFTS(NPS ,1)+"0 "+RIGHTS(NPS,1) ' s t r e t c h to 4 ASCII digits
460 OPEN TFS+ " .FIL" AS 1 LEN=512
470 FIELD 1, 48 0 AS BS,16 AS BPARTS ,4 AS BPI NSS, 12 AS BFILL S
48" C$=" "
490 FOR X=l TO 24 0
500 CS=CS+AS(X )
510 NEXT
520 LSET BS=CS
530 LSET BPARTS=PARTS
540 LSET BPI NSS=PINSS
550 LSET BF I LLS= "0 0 00 00009090 " ' s tret c h t o 512 by tes
560 PUT 1
570 CLOSE

LISTING 1
010 ' THI S PROGRAM (SENDTEST .BAS)
015 ' SENDS TEST FILES TO THE IC TESTER
020 ' b y ALPHA Elec tronics Co rporation ,
0 25 ' PO Box 1005 , Merritt Island , FL . 32952
100 I NPUT" ENTER NAME OF TEST FILE TO SEND "; TF$
110 IF LEN(TF$)<8 THEN TF$=TF$+"0" :GOTO 110
120 PRINT "SENDING " ; TF$;" TO COMl"

~ 130 OPEN TF$+" .FIL " AS 1 LEN=l
Z 14 0 FIELD 1 , 1 AS B$
o 150 OPEN "COMl: 1200, N, 8, 2, CS 30 00, BI N" AS 2 LEN=l
~ 1 60 FIELD 2 , 1 AS C$
o 170 FOR X=l TO 512
~ 180 GET l ,X
UJ6 190 LSET C$=B$
o 2013 PUT 2 ,1
<: 210 NEXT X
II: 220 CLOSE
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LISTING 2

010 'THIS PROGRAM (RECVTEST.BAS) RECEI VES
015 ' TEST FIL ES FROM THE IC TESTER
020 ' by ALPHA Elect ronics Corporation ,
025 PO Box 100 5 , Merritt Island FL. 32 9 52
100 INPUT "ENTER NAME OF TEST FILE TO RECEIVE "; TF $
110 IF LEN(TF$)<8 THEN TF$=TF$+"0 " :GOTO 110
120 PRINT"RECEIVING " ;TF$ ;" FROM COMl"
130 OPEN TF$+" . FIL" AS 1 LEN =1
140 FIELD I , 1 AS B$
150 OPEN "COMl: 1200, N, 8 , 2, CS 3000, BI N" AS 2 LEN=1
160 FIELD 2 , 1 AS C$
170 FOR X=l TO 512
180 GET 2,1
190 LSET B$=C$
200 PUT l ,X
210 NEXT X
220 CLOSE
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THIS IS THE FIRST IN A SERIES OF ARTICLES IN WHICH WE WILL

introdu ce REACTS, the Radio-Electronics Advanced
ConTrol System. Over the next few months, we wi!! build
a control/robotics computer called the REACTS 7000,
which is based upon the DataBlocks, Inc. Altair II system,
a complete line of modular control elements currently
available for personal and industrial-contro l comp uters .
We' ll also build all the peripherals the computer will need
in order to perform a wide variety of contro l functions. In
addition, we will show you how to use your computer in
real applications.

Control computers
Control computers differ from conventional computers

in several important ways. One of those differences, the
ability to easily interface with a huge variety of external
devices, gives the control computer the potential, over the
next few years, to revolutionize our lives in more ways than
anything yet produced by mankind.

In a typical home, there are applications for dozens of
control computers . Some simple applications include con­
trolling appliances; adjusting the heating , air con­
ditioning, and/or humidity; minimizing power consump­
tion; and ultimately running a robot lawnmower or vacuum
cleaner so you won't have to .

REACTS 7000 is designed to be comp letely modular,
with each module containing the circuitry to perform one
or more complete functions. It also uses conventional
programming languages (BASIC, C , assembly, etc.).
Each subunit or module in the computer plugs into every
other module . For example, the first module we will build
is the central processor/computer module . That module is
a complete stand alone system that includes its own mem­
ory, seria l port, disk, vectored interrupt, real-time clock,
system clock, memory-expansion hardware and all neces-

A complete, sophisticated
control computer that is capable of
operating almost every appliance
or system in your home, and more!

H. EDWARD ROBERTS, M.D.

cococe
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sary buffers. In other words, it is a
complete.personal computer. Follow­
ing that , we will build modules that
contain semiconductor disk systems
along with integral PROM program­
mers, complete CRT terminals, AID
converter modules, stepping-motor
modules, etc.

The goal of this series of articles is
to make you the system designer. You
do the designing by simply selecting
what modules you need for your ap­
plication. Those modules are then
stacked together in any order to create
a custom control computer for any
application. You need only to pick a
language and write the program. Sur­
prisingly, most control applications
require simple programs.

Central to REACTS is the soft­
hardware concept. Soft-hardware is
simply hardware that can be changed
or altered as easily as software. The
author first developed the concept at
MITS while de signing the Altair
computer, but only recently has it
been possible to exploit it in a prac­
tical way. Over the next few months
you will see how we achieve soft­
hardware using straightforward, well­
established principles . Indeed, the
main requirement for soft-hardware is
to make sure that each module 's oper­
ation doesn't interfere with the opera­
tion of any other module. Addi­
tionally, each module must be self­
sufficient mechanically and elec­
trically, Further, each module should
provide shielding to meet FCC re­
quirements, and each module must
provide its own motherboard.

CPU module
The REACTS CPU module con­

sists of a microprocessor, 64K static
RAM, 32K EPROM disk system, se­
rial I/O port, vectored interrupt sys­
tem, completely buffered bus drivers,
crystal-controlled clock, I-megabyte
memory-expansion subsystem, and
internal sense switches . If you aren't
familiar with any of those terms ,
don 't give up! Stick with us as we are
going to discuss each item individu­
ally and will explore the engineering
philosophy used in each decision.

~ Cost and reliability are important
z considerations with any computer
~ system, but to a large extent they de­
t; termine where and when it is practical
~ to use a control computer. For in­
lJ.Jo stance , it is not practical to use a
(5 $20,000 dedicated computer to
-c
a: provide security and environmental
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control for your $100,000 home. On
the other hand, if the same job could
be done by a computer system that
sold for $5, nobody could afford to be
without one . Similarly, a system that
would automatically drive your car to
work but was only 99.5% reliable
would not be very interesting.

Our goal is to design a machine that
is affordably priced and as close as
possible to being 100% reliable . That
is accomplished by eliminating me­
chanical subsystems and using spe­
cial connectors. Cost is controlled, to
a large extent, by the soft-hardware
concept; you only include what is re­
quired for the particular application.

There are some problems along the
way with developing an "ultimate"
control computer. First, most of us
don't have a $250,000 micro­
processor-development lab . We have
to be able to develop the hardware and
software we need on the target system
(a target system is the final product of
a development project). But, that re­
quires the development of both hard­
ware and software that may only be
needed for development and then
scrapped when finished.

Fortunately, the soft-hardware ap­
proach allows us to use our target
system as the development system.
We do that by including the develop-

ment modules (CRT controllers,
PROM burners, etc.) during the de­
velopment stage and then removing
the unneeded development modules
when finally we install the target sys­
tem. That approach is especially eco­
nomical for those who will build
multiple systems.

Most board-level computers are de­
signed to work with custom software
because that is the easiest to imple­
ment. The approach we will take is to
use a disk operating system even on
the most minimal system. That allows
us to use a disk-operating system with
all its inherent power. There are a
number of disk operating systems
from which to choose, but a CP/M­
like system is familiar to both MS­
DOS users as well as CP/M users . For
that reason , we are using the
DataBlocks disk-operating system
which is a superset of CP/M; indeed,
all standard CP/M software will be
compatible with our system.

Included in the operating system
are all the utilities needed for develop­
ment, such as drivers for the PROM
programmer, drivers for printers, de­
bug routines, etc . Those special util­
ities can be left out of the final target
system if desired, to minimize system
size and cost.

Design principles
The following discussion will give

you an idea of the design concepts
used in engineering REACTS. It will
also give you a feel for the tradeoffs
made in the design of the system.

The microprocessor used in the
CPU module is a version of the Z-80.
That is probably the most popular and
widely used microprocessor ever
made. It has become the standard in
the control industry, and more person­
al computers have been built using it
than any other microprocessor. It isn't
the fastest of the microprocessors­
indeed some of the newer high-perfor­
mance microprocessor systems will
out-perform it by a factor of 20 to 1.
But of the modem microprocessors it
is the easiest to understand, and it
does not have any unpredictable or
"funny" interfacing quirks . That is
especially important to the non-expert
designer. As we proceed, you will see
how we get around the processor­
speed problem by using the principle
of distributed processing; that is the
use of multiple processors in a single
system. The multiprocessor concept
is based on the assumption that com-



FIG. 1-EACH MODULE'S MOTHERBOARD interfaces to the REACTS system bus via
feed-through Molex connectors.
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REACTS disk
In order to meet our design criteria,

even the most minimum system will
contain a disk. That is achieved in our
sys te m by using a U V-erasabl e
PROM disk . That disk is seen as a
disk by both the external hardware
and software. It has all the attributes
of a write-protected magnetic disk,
save one: it operates at blinding
speeds. In later articles, we will build
larger semiconductor disk systems as
well as a PROM programmer that al­
lows you to bum your own PROM
disk system for the computer.

REACTS makes extensive use of
RAM and PROM disks. Semiconduc­
tor disks are significantly more relia­
ble than conventional magnetic disk
drives since there are no movin g
parts. They also consume much less
power an d are sma ller. If large
amounts of data need to be stored ,
then a magnetic disk becomes more
attractive. In later articles, we will
build a miniature floppy disk that's
appropriate for mass storage and that
will be compatible with our system .
The overwhelming advantage of the
semiconductor disk is speed.

The random-access time of a mod­
em high-speed hard-disk system is
approximately 25 milliseconds. The
random- access time of our disk is ap­
proximately 10 microseconds, or ap­
proximately 2500 times faster. That is
one of the reasons why our system is
capable of outperforming some of the
bigger and more exp ens ive pro-

whether it should look for a terminal
or start executing a program. Ina real
target system, the sense switches
would be used to select which pro­
gram is loaded at auto start-up.

puters are free. It turns out that the
principle is reasonably valid in prac­
tice, since the CMOS Z-80 is less
expensive than a number of other IC's
in RE ACTS . We wi ll also use a
number of other techn iques that will
grea tly expand the power and ca­
pability of the system.

REACTS CPU
To ge t an idea of how fast the RE­

ACTS CPU module is in terms of
control functions, let's look at a sim­
ple example. Assume we needed to
tum on or off 2000 switches in a pre-
defined manner. The high-speed ver-
sion of REACTS would be capable of
doing that at a rate of 500 times a
second, or approximately I-million
switch operations per second . The CPU module supports 9-levels

--The mi croproces sor u se o- j"s o f"interrupts : one Non-Maskable In-
CMOS . Indeed, all component s in terrupt, or NMI , and 8 vectored lev-
the module are CMOS. That increases els . An interrupt-driven system is
cost, but it makes battery power, ei- especially useful in process control.
ther emergency or continuous, easy. There is somewhat of an aura of
In addition, the noise immuni ty is im- intimidation assoc iated with inter-
proved, and less heat is generated so rupts . But actually, they make pro-
no fans are needed. Further, less-ex- gramming simpler and much faster in
pensive power supplies can be used many applications. To use an inter-
and the system can be used in reia- rupt , you simply pull the line low.
tively confined quarters without the That halts the program that is cur-
problem of overheating. rently running and causes a jump to a

The minimum system memory is special subprogram in memory; its
64K of static CMOS RAM , but the much like a GOSUB command in
system will address a total of I mega- BASIC. The computer executes the
byte. Static RAM adds to the cost of interrupt program and then returns to
the system, but it does allow for easy the original program . Interrupts
battery powering and makes the sys- provide two advantages to the system
tern more predictable in a multi- designer. The first is that the interrupt-
processor and/or control env iron- ing device can be serviced at random;
ment. The addressing scheme is that is, the program doesn 't have to
straightforward with the exception of keep checking to see if a service is
the expanded memory. The expanded needed . Second, the interrupt can be
memory is based on a paging scheme serviced instantly; it doesn 't have to
that allows the computer to switch wait for the main program. Vectoring
pages of memory 32K bytes at a time. simply means that the interrupts have
We will discuss some specific uses of levels of priority and that a high-pri-
that memory in future articles . It is ority interrupt can interrupt a lower
interesting to note th at the page- priority one . Indeed , it is possible to
switching system allows the system to have a number of interrupts waiting
operate at effective direct-memory- for service in a busy system. In later
access speeds of 10gigabytes per sec- articles, we will see some detailed
ond. As a comparison, if we could examples of practical uses of the inter-
read a 40 megabyte disk that fast, it rupt system.
would only take 4 mill iseconds to The basic CPU modul e includes
read the whole disk! sense switches . Tho se are simply

A conventional RS-232 port is in- switches that can be set and read by
eluded in the basic CPU module. That the program . They are actually a
port can be used to connect to a termi- " poor man' s" keyboard. An example
nal , modem, or any other standard of where they are useful is in the de-
RS-232 device . The baud rate and sig- velopment vs. target system. In those
nal characteristics are under software systems, the computer checks to see
control and can be modified from the setting of the sense switch on
within the program. power up, and from that determines
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FIG. 2-THE EXTRUDED ALUMINUM CASE is designed to comply with FCC shielding
requirements.

connecting the proc essor from the
bus. That is a necessary condition in
multiprocessor schemes. Buffers are
not the most exci ting topic , but thei r
proper use is critical in a multi-p ro­
cessor, soft-hardware system so they
will be addressed as we procede.

The standa rd module card is 8
inches by 5.3 inches and connect s to
the 120-line system bus using special
feed-through Molex connectors. See
Fig . . I . Those two connectors allow
the modules to be stacked togeth er in
any order. The bus that we are using is
the Alt air-II bu s devel oped b y
DataBlocks. Our system is designed
to be fully compatible with all the
existing DataBlocks modules and
software. At the present time, there
are literally dozens of different mod­
ules available that use the DataBlocks
Altair-Il bus.

REACTS case
Each modul e can be provided with

its own shielded case that meets FCC
standards . If you desire , you ca n
mount the finished , unenclosed as­
sembly inside a conducti ve case,
which also meets FCC requirements.
Figure 2 shows a module in its ex­
truded aluminum case; note that the
rear panel has been removed for clar­
ity. While that case is unique to RE­
ACTS , it is co mpat ible with th e
standard Altair-II sys tem or equiv­
alent s.

A word about FCC standards is ap­
propriate at this time . Each builder is
respon sible to make sure he meets the
FCC requ irements . All modul es in
this series of articles are tested to the
most string e nt FCC requirements
usin g se lf-co ntai ned cases. Nev­
ertheless, it is your respon sibility to
verify that your system doe sn't inter­
fere with any other service .

The real-time clock is plugged into
the CPU-module board. That is done
to keep cos t at a minimum; the clock
need only be installed if an applica­
tion requires it. An on-board NiCd
battery is used to provide backup
power for th e c loc k . Th e c lock
provides time , date , month , year, and
can be used to generate interrupts to
the main system. We will make exten­
sive use of the clock in some of our
future articles .

That's all we have room for this
time . When we next meet we continue
our look at REACTS and show you
how to build the first of our modul es ,
the CPU . R-E

ware concept, the REACTS bus is
driven by CMOS drivers . No more
than 1 or 2 CMOS loads are ever
placed on the bus by any one modul e .
That buffer system also allows for dis-

cessors . Finally, semico nducto r disk
sys tems are muc h eas ier to und er­
stand and much easier to use when
designin g custom software .

In order to mainta in the soft-hard-

THE REACTS 7000 control/robotics computer system cons ists of series of stackable
modules. Here, a four-module system consisting of the CPU, a power supply, a CRT/

~ printer interface and a PROM programmer is shown. The modules are shown out of their
z shielded cases.
oa:
I­o
W
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W

6
o
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CARL LARON,
ASSOCIATE EDITOR

Making your own PC Boards
This month we debunk some of the myths about
making PC boards end show you some shortcuts to success.

HERE AT RADIO-ELECTRONICS WE GET

hundred s if not thou sands of qu es­
tions a year on a variety of e lectronics
topic s . One of th e .most common
questions, especially from beginn ing
hobbyists , is abo ut PC boards .

Th at 's rea lly no t surp ri si ng. If
you've never do ne it before, makin g a
PC board can seem like an enormous
job . Th at' s why many builders will
on ly undert ake a project where a pre ­
etche d PC board is ava ilable .

But if you do th at you're missing
out on a good deal of the fu n of bui ld­
ing ! What 's more , etching a PC board
is reall y simple, once you ' ve learned
how and have mas tere d the tec hniques
that are required .

In this article we are go ing to de­
bunk some of the myths about etching
boards . We ' ll show you that you don't
need a darkroom or a came ra to use

the photographic me thod . We' ll ex­
pl ain th e diffe re nce between th e
pos it ive and negati ve etch ing sys­
tems, and how you ca n use eit her re­
gard less of whe ther yo u start off w ith
positi ve or negative art . We ' ll show
you how to make simple PC boards by
j us t draw ing rig h t on the copper
blan k . We' ll show yo u how to make a
PC board without etching at a ll . And
we ' ll na me suppliers of PC-board
supp lies for the hobbyist.

We ' ll even show you how to use our
very own PC Service !

Making PC boards
The fi nal goa l of mak ing a PC

board is creating a patte rn in co pper
on a phenolic, g lass-epoxy, or si milar
board . The vario us meth ods d iffer
only in the techni qu e used to ge t the
pattern onto the board .

The re are three basic steps in mak­
ing a PC board . They are:
• Crea te the orig ina l artwork .
• Transfe r the artwork to th e PC

board
• Etch the board .

For the purposes of this article, we
have assume d that you alrea dy have a
PC pattern (if you need help in c rea t­
ing a patte rn fro m a sc he ma tic , sec
" Etch yo ur ow n PC Boards , Part I" in
the December 1982 issue of Radio­
E lec t r o n ics) . Yo ur ne xt p rob lem ,
then , is to tran sfer the artwo rk to the
PC board .

Th e most popular way to do that is
the photographic method . It 's nam ed
tha t because it uses pho tog raph ic
tech niqu es to tra nsfer the patte rn to
the co pper. That is, a photograph ic
print is made on a pho tosens itized
co pper-clad board . T he material used
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FIG. 1-PRESENSITIZED PC BOARDS
conveniently take a step out of the board­
making process.

to render the board photosensitive re­
acts in such a way when exposed to
light that part of the copper is removed
when placed in an etchant bath , and
part is unaffected .

However, the photographic method
doe s not require an e la bo rate
darkroom, a camera, or any extensive
photographic skills. Only a working
area away from direct light , so me
trays, an inexpensive contact fra me
(or even just a piece of glass), a strong
light source, a few chemicals, and
access to running water. You also
need the artwork in a form where it
can be transferred to the board; that is
called a photomask . We'll show you
how to make a photomask short ly,

Copper blanks come in two vari­
eties: presensitized and unsensitized.
Both types have their advantages and
disadvant ages . Presensitized blanks
(see Fig. I) are eas ier to use since they

~ take a step out of the PC-board mak­
zing process . The photosen siti zin g
~ material, called photoresist , has al­
t ready been applied to the board for
::J you. However, presensitized boards
6 come in only a limited number of
Ci sizes and are relatively expensive.
~ If you use unsensitized blanks, you
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must coat them with photoresist (see
Fig. 2) prior to transferring the pat­
tern . Applying photores ist to unsen­
sitized blanks is cheaper and gives
more flexibil ity than using presen ­
sitized blanks: but the process is
tricky to master for beginners and
takes time. Apply too much sensitizer
and it will run , apply too little and it
will disappear durin g the develop ing
process. And after the sensitizer is
applied, the board must be dried ei­
ther overnight or carefully in an oven.

Positive or negative
Phot ores ist s co me in two vari­

eties- pos it ive and negative . The
type of photoresist you use deter­
min es whether yo u are using the
positiv photographic method or the_
negative one.

Photoresist is a plastic resin whose
properties change when exposed to
light. A negative photoresist tough­
ens when exposed to light : when the
exposed board is placed in etchant the
copper under the now toughened pho­
toresist is protected whil e the rest
etches away. Therefore, to create a
positive image in copper, the negati ve
method requires that you use a nega­
tive image ofthe fo il-pattern artwork.
That's because we want light to reach
the copper only at the traces and the
pads, and nowhere else.

A positive photoresist breaks down
when exposedto light; when placed in
the etchant, the copper under the un­
exposed areas is protected , whi le the
copper under the expo sed areas is
etched away. Therefore , to create a
positive image in the coppe r, the
pos itive method requires that you use
a positive imag e of the artwork . We
want to keep light away from the pads
and traces.

So which method should you use?
It depends on which you prefer, which
manu facturers' p ro duc ts yo u are
using, and what form your PC art ­
work is in. Note , how ever, that
positive photoresist has a limited shelf
life ; GC Elec tronics manu factures
both positive photoresist and posi tive
presensitized blan ks; Vector offe rs
positive blanks only. Negative-meth­
od supplies are available from Datak ,
Kepro Circuit Systems, and GC Elec­
tronics.

If you have positive artwork and
negative chemicals, all is not lost.
Lithographic reve rsing fil m ca n be
used to convert positive artwork to
negati ve , or vice versa. An added

benefit of reversing f 1m is it is rela­
tively tolerant of " weak" artwork
(artwork that is not perfectly opaque) ;
that means it can be used to turn a low­
contrast positive into a high contrast
negative . Reversing film is available
from Datak , GC Elec tronics, and
Kepro .

Exposing the board
Once the board is sensitized It IS

ligh t-sensiti ve, so it must be handled
away from stro ng light source s to
avoid expos ing it prem atu re ly. But
you don't need an absolutely light­
tight darkroom . In fact , some man­
ufactures sugges t that a 40-watt in­
candesce nt lamp. placed a few feet
away, makes for an ideal work'or safe­
light. That may not hold true for all
sensitizers', so follow the manufac­
turers' recommendations.

The next step is making a pho­
tographic exposure. To do that you
need a strong light source . Note that
different sensitizers react differently
to different types of light. Some for
instance. react most strongly to ultra­
violet, and therefore you should use a
sunlamp for best resu lts. Follow the
manufacturer ' s light in stru cti on s
when selecting your light source.

(Caution: Even a short exposure to
UV radi ation ca n cause perm anent
eye damage. Treat sunlamps with re­
spect and never look directly at a lit
sunlamp, or any other source of UV
radiation.)
, Place the photomask on top of the
sensitized copper blank and put the
two under a piece of glass or into a

FIG 3-TO EXPOSE THE BOARD, place
the sens it ized blank and the photomask in
a contact frame and place under a strong
light source.
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FIG. 5-TO AVOID TEDIOUS HAND agita­
tion , you may want to use an automatic
agitator like the one shown here.

SUPPLIERS
Bishop Graphics
5388 Sterling Center Drive
Westlake Village , CA 91359

The Datak Corpo ration
65 71st Street
Guttenberg, NJ 07093

GC Electro nics
Rockford, IL 611 01

Kepro Circuit Systems
630 Axminster Drive
Fenton, MO 63026-2992

Vector Electronic Company
12460 Gladstone Ave.
P.O. Box 4336
Sylmar, CA 91342-0336

Now, as to the etching itself: Use
sufficient etchant to cover the board
completely. Place the heated etchant
in the tray (or heat the etchant in the
tray with a heater) and then carefully
immerse the board, pattern side up.
Periodically, remove the board, rinse
under tap water, and examine the pro­
gress of the etch ing. Once your are
satisfied that all the unwanted copper "
is removed, rinse the board one last
time and remove the resist using steel
wool or a chemical solvent such as
"GC Electronic's Stripping Solution .

Finally, examine the board in good ri1
light and with a magnifier for shorted ~

or open traces, or other defects. ~

Shorted traces can be repaired by ~

scraping the excess copper away with
an X-acto or similar hobby knife.

speeds the process, a typical board
will still take 20-60 minufes to etch. If
you do a lot of etching, you may want
to invest in an automatic agitator.
Available from Datak , GC Elec­
tronics, and others, those range from
elaborate systems to simple aquar­
ium-type air pumps terminated with a
bubbler to break up the air flow. One
automatic agitator is shown in Fig. 5.

SEVERAL SUPPLIERSOFFERafull line of
PC products. Shown here are one compa­
ny 's direct-etch products, presensitized
blanks, revers ing film, and board-pro-
cessing chemicals. "

DAHCER. EXTREMELY FlAMMA8L.£
V4PO'tMAY IE HARMfUL
r..s ...."peMI prKjhlbon

contact frame. Place the assemb ly un­
der your light source and expose
them, making a contact print. See
Fig. 3.

Exposure times will vary greatly
depend ing on the nature of the sen­
sitizer, the photomask, and the light
source . Follow manufactures sugges­
tions, but be prepared to do some
experime ntation on your f irst at­
tempts. Don' t despair! After you've
made your first few boards and have
the hang of the materials you are
using , you will be able to consistently
produce an acceptable board on the
first try without any trouble.

While the board is being exposed,
prepare a developer bath. The type of
tray you use may depend on the sys­
tem you are following. Do not use
plastic if you are using the negative
system; do not use metal if you are
using the positive system . Glass is
fine for either. Be sure that the tray is
large enough to accommodate your
board and fill it to a depth of V2- to l­
inch with a PC-board developer like
the one shown in Fig. 4.

When the board is exposed, tum off
the light source and remove the blank.
Place it copper side up in the de­
veloper bath and gent ly rock the tray
back and forth. Follow the manufac­
turers instructions as to developing
time; it will, as usual, vary with the
materials you are using.

Once the board is developed, rinse
it in cool tap water and stand it ver­
tically to dry. Once the board is com­
pletely dry it is ready to etch.

The most common etchant is ferric

chloride . It is non-toxic, effective,
economical, and quick . However, its
etch ing speed slows down as more
copper is dissolved. That is not usu­
ally a problem for hobbyist applica­
tions, but it is something you should
be aware of if the board you are etch­
ing is very large, or the pattern re­
quires that an abnormal amount of
copper be removed. Also, ferric chlo­
ride stains clothing and materia l, so
avoid spattering and work in old
clothing. Another etchant is sodium
persulphate . Available from Kepro,
that etchant is a dry crystal that must
be mixed with water to be used. It is
supplied with a catalyst that provides

FIG.4-AFTER EXPOSINGTHE BOARD, it for a constant etching speed .
must be .placed in a tray filled with a de- Ano ther necessity is an etc hing
velope~ like the one show~ here. After de- tray. Be sure that the tray is large

- v e l o p m g , t he- bo ard Is -no longer- - - ,--'------..--
photosensitive and can be handled in nor- enough to accommodate your board
mal light. and is made of plastic, glass, or

Pyrex, not metal (otherwise your tray
will etch away as well).

For best results, the etcha nt should
be slightly heated and agitated during
etching. Different manufacturers have
different temp erature recommend a­
tions, but they generally range from
90°F to 125°F. Heating can be done
with an aquarium type submersib le
heater or by placing the etchant on a
stove burner or hot plate prior to etch­
ing. (Again, use a Pyrex tray orpot for
that, not metal. ) However you heat the
etchant, be sure that the ventilation in
your work area is adequate .

For small boards, simple hand agi­
tation should be adequate; carefully
rock the tray back and forth at regular
intervals unt il etching is complete .
But while agitating in that way greatly
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Open or incomplete traces or pads can
be fixed by touching up with con­
ductive paints or inks, or even solder;
conductive paints and inks are avail­
able from GC Electronics and others.
Once you are sure you have corrected
any problems your board is ready for
drilling and then for mounting the
components .

FIG. 7-PC ARTWORK CAN BE DRAWN
directly on the copper blank using etch­
resist pens. Lacquers and drafting aids
can be used , too.

viously discussed . Those films, such
as GC Electroni c's Reversin g Film,
can tolerate a weak image very well
and still produce a perfectly opaque
negative . Making a contact exposure
with the film will yield a usable nega­
tive photomask, which can be used to
etch a board using the negative pho­
toresist system.

PC Service
Some publications, such as Radio­

Electronics and the ARRL Handbook
provide PC art on a page with no
printing on the reverse side . That al­
lows the printed page to be used as a

,photomask with little or no additional
preparation. In Radio-Electronics
that artwork is provided in the PC
Service section; let's see how to use
that art to make a PC board.

The first step is to carefully exam­
ine all traces, pads, etc. Printing is an
inexact science and imperfections
often creep in during the process, es­
pecially where thin, closely spaced
traces are involved. Examine the art
under a strong light or on a light table ,
and clean up any open or incomplete
sections with an etch-resist pen or
with PC drafting tape and aids. Shorts
and brid ges can be scraped away
using a knife.

What you now have is a PC-bo ard
photomask that , although not as
transparent as one on film, will serve
nearly as well. Youcan make the page
pass even more light by rubbing the
blank side lightly with a small amount
of mineral oil. Note , however, that
mineral oil blocks ultraviolet light
somewhat , so do not use it if your
sensitizer is sensitive only to that type
of light. Also be careful not to get any
oil on the front (printing) side of the
page; otherwise you will contaminate
the board when you expose it and may
get unsatisfactory results.

Once the page is dry, you are ready
make the board. Place the mask print­
ing side down on a sensitized board
(PC-Service art is a mirror image of
the actual pattern), place in a contact
frame or under a piece of glass, and

continued on page 70

alternative for tho se not equipped
with a camera or photog raphic skills.
Suitable drafting supplies are avail­
able from Bishop Graphics, Datak,
GC Electronics, Vector, and Kepro.

However, some of the product s now
on the market allow you even easier
ways to get artwork onto film, even in
cases where there is printing on the
reverse side of the original. Datak of-

Making the photomask fers a printed circuit kit that uses an
So far things have been straightfor- interesting two-step pas-neg tech-

ward. That' s because we've assumed nique to create a photomask from a
that you had a photom ask in hand. printed page. In the first step, spe-
Unfortunately, making a photomask cially processed high-contrast film is
can be the most difficult part in PC- used to make a reflex (reflected) con-
board making. tact exposure. That is, the film is

But , as the old proverb says, there's sandwiched between the artwork and
more than one way to skin a cat and a color filter, placed under glass or in a

_ the_same_is_true_foL making_a_phQ_-__contact frame , and eXRosed to light.
tomask. Let's next look at some of Enough light reflects from the printed '
those methods. artwork to create a low-contrast

If the design is a very simple one, positive in the film. The low-contrast
you might be best off using one of the positive is not suitable for use as a
non-phot ographic techniques that photomask, but the Datak film can be
we 'll describe shortly. Oth erwise , processed by the user to make it act
you need to transfer the design to like the revering films we've already
some type of clear film or translucent discussed. Then, the low-contrast
medium. One way to do that is to use a positive can be used to make a con-
camera and photographthe artwork . ventional contact print on the pro-
An excellent description of the steps cessed film . The result is a high-con-
involved in that appeared in " Etch trast negative , which can be used to
Your Own PC Boards, Part 2", which etch a board using the negative meth-
was presented in the January 1983 is- od previously described.
sue of Radio-Electronics. Another approach is GC Elec-

Another method is to create a du- tronic's Lift-it kit. With that system ,
plicate artwork master using translu- which is intended for use with printed
cent Mylar film and opaque PC draft- magazine art , a PC-board image is
ing aids. That entails first laying out literally lifted from a page and turned
the pattern on VIa-inch grid paper. into a photomask. Unfortunately, the
Once the artwork is drawn, a Mylar magazine page is destroyed in the pro-
sheet is taped over it, and the pattern cess. In the system, a sheet of transfer
is copied using opaqu e tape, rubylyth film is applied over the artwork to be
film (for large areas of copper such as copied , sticky side down , and bur-
ground planes), and other drafting nished . The sheet is then allowed to
aids. See Fig . 6. The result is a soak in warm water for 20 minutes ,
positive photomask . Granted, the after which the magazine page is
technique ca n be tediou s and time hand-rubbed off and the film is al-
consuming, but it is certainly a viable lowed to dry. If everything has gone

well , the ink should literally have
been lifted off the page onto the film.
The sticky side of the film is then
covered with Mylar. The result is a
positive image of the magazine art.

Another major drawback of the
system is that a magazine print often
do es not co nta in eno ug h ink to
provide satisfactory results. That is,
the image produced is not den se
enough to use conventional etching
techn iques. If that is the case , the Lift­
It image can be used as an intermedi­
ate stage and reversing film used to
make a high-contrast negative as pre-

en
ozoa:
I­
o
W
...J
w FIG. 6-YOUR ARTWORK can be trans-
6 ferred to a piece of Mylar film using draft­
~ ing aids like these. The result is a positive
a: photomask.
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Planning the shortwave bands
Although HFBC-87 did not achieve its primary objective,

decisions taken at the Conference have set the stage for the planning of the shortwave bands.

STANLEY LEINWOLL

THE SECOND SESSION OF THE WORLD

administrative rad io conference for
the Planning of the High Frequency
Broadcasting Service-s-officially des­
ignated HFBC-87-was held in Ge­
neva, Switzerland from February 2 to
March 8, 1987 under the auspices of
the International Telecommunication
Union (lTU), a specialized agency of
the United Nations .

655 delegates from 116 countries
participated in HFBC-87; its primary
objective was to replace the coordina­
tion procedures currently being used
by shortwave broadcasters with an au­
tomated, computer-based planning
system under which all countries ,

large and small alike, would have to
share the available spectrum more-or­
less equally.

HFBC-87 was a bitterly fought,
highly contentious Conference,
which on more than one occasion
seemed on the verge of collapse .
However, an' eleventh-hour compro­
mise postponed making a decision for
four years (another major high fre­
quency broadcasting,Conference has
been proposed for 1992), at which
time another donnybrook is likely.

A band-allocation plan for short­
wave broadcasting has eluded the
world 's broadcasters for forty years.
Major conferences in 1948 (Mexico

City), 1949-50 (Florence Rapallo),
and 1959 (Geneva) were unable to
reach an agreement on how to plan
shortwave frequency assignments .

Planning problems
Rational planning of the shortwave

spectrum is a formidable task because
the tremendous demand for frequen­
cies exceeds the capacity of the bands
allocated to high-frequency (short­
wave) broadcasting.

There are a number of reasons for
that:
• Shortwave-radio signals are propa­
gated via the ionosphere, an elec­
trified region of the earth's upper at-
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mosphere . The range of frequencies day to every cont inent on earth in vir-
th at w ill propagate th rou gh th e tually every major language.
ionosphere depends upon many fac- In addition, many large countries,
tors, including time of day, season of such as Brazil , Argentin a , the Peo-
the year, sunspot activity, and the rela- pie 's Republic of China , Mexico, and
tive geographica l location of the the Soviet Union , to name only a few,
transmitter and the reception zone, to use high-frequency bro adcasting to
name just a few. transmit internal , nation al services .

The ionosphere is in a state of vir- Because of the versatility of short-
tuall y co nstant flu x , and it is ex- waves , the number of frequency-
tremely difficult to predict accurately hours scheduled for shortwave broad-
which frequency band will provide a casting since World War II has tri-
reli abl e se rv ice from a particul ar pled, and as competition for the
transmitter location to a given recep - limited amount of spec trum grew
tion area . Because even the most so- keener, the standard transmitte r
phisticated prediction method s avail- power has increased from 50 and 100
ab le are not suffic iently accurate, kW in the late 1940's to 500 kW used
most broadcasters frequent ly sched- in the 1980 's.
ule more than one frequency for the Rapidly growing demand for a lim-

- -sam~~pto]ram-going-to-the ame-tar-- - ited number of-frequencies, coupled
get area. with the power competition, has re-
• Jamming is the deliberate tran s- suited in an increasingly chaotic situa-
mission of noise or other harmful in- tion in the shortwave bro adcasting
terference on a frequency in order to bands , prompting many countries,
hamper or destroy the program s of a part icul arl y the smalle r developing
broadcaster operating on that frequen- countries, to seek remedial measures
cy. Since the end of World War II the along several lines.
USSR and its satellites have been re- One is to expand the supply. That is
sponsible for most of the jammin g done by re-allocating shortwave fre-
observed in the shortwave spectrum. quencies from other services to the

Using multiple frequencies is one broadcasting service . Since the short-
method broadcasters use to counteract wave spectrum is finite (3- 30 MHz),
the adverse effects of jamming . The such re-a llocation is accomplished
rationale is that the more frequencies only after considerable haggling.
used to carry a program, the more In 1979 a major World Admin-
difficult it will be to jam all the fre- i s t rat i ve R ad i 0 Con fer en c e
quencies. During the height of the (WARC-79) was convened . At that
cold war in the early 1950's, the Voice Conference, the U.S . proposed to ex-
of America used as many as 33 simul- pand the shortwave broadcasting al-
taneous frequencies to carry a single location by approximately 50%, all of
program . That kind of saturation which was to come from the fixed
technique has proved to be one of the (point-to-point) services. The de -
most effective jamming counter-mea- veloping countries , on the other hand ,
sures ever used. wanted another planning conference;

Jammin g, because of its broadband it was their position that the developed
nature , a lso hampers broadcast s countries were in control of most of
bein g carried on adjacent frequen - the shortwave broadcasting spectrum,
cies. Therefore , for each frequency and planning was the only way of dis-
being jammed , three are adversely af- tributing the spectrum equitably.
fected-the one being jammed , and A compromise solution was found ,
those on either side . It is clear under and WARC-79 agreed to a 33% in-
the circumstances that jamming and crease in the broadcasting allocation,
rational planning of the shortwave on the condition that a two-session
bands are not compatible. shortwave broadcasting conference be
• High-frequency bro adcasting is held.

(/) used to serve the national interests of The new cha nne ls a llocated tooz more than one hundred countri es. It is broadcasting were to become of-
~ th e mo st eco nomical method of ficially available in two stages: theo reaching tens, even hundred s of mil- bands above 10 MHz in 1989, and the
~ lions of people throughout the world . 9-MHz band in 1994. Although the
6 The United States, the Soviet Union , U.S . and 21 other nation s protested,
o and the United Kingdom alone trans- there was no expan sion of the vital 6-
~ mit some 5,000 frequ ency-hours a and 7-MHz bands.
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Another method of alleviating con­
gestion in the high-frequenc y bands is
to plan them. Countries submit their
requirements and frequencies are as­
signed in an orderly fashion in accor­
dance with agreed- upo n technical
standards (protection ratio , minimum
field streng th , requi red signa l-to ­
noise ratio , etc.). When a maximum
number of ass ignments have been
made, the unsati sfied requirements
remainin g are simply deleted.

It is clear that if you are trying to fit
a size- II foot into a size-7 shoe you
aren't going to do it unless you use a
very painful technique: you cut off the
toes . That is essentially what plan­
ning is for a great many users. A
scarce resource (frequencies) is ra­
tioned through a central planning sys­
tem that distributes frequencie s on an
equitable basis.

During such an exercise , the re­
quirements of the largest users are
reduced . In 1977, the developing and
non- aligned countries call ed for a
" New World Information Order "
which demanded that the largest users
reduce their frequency usage to give
the smaller ones access to the broad­
casting spectrum.

Internatio nal politics
The First Session of the World Ad­

ministrati ve Radio Conference for the
Planning of the High Frequency
(shortwave) Broadcasting Service ,
called the WARC-HFBC 84, was bit­
terly fought over the issue of plan­
ning . (For more information on that
conference, see " WARC-84" in the
November, 1984 issue of Radio-Elec­
tronies.) It finally reached a compl ex
compromise agreement at the elev­
enth hour which called for the testing
of an extremely involved automated
computer planning method.

From 1984 to 1986 the International
Frequ en c y R egi stration B o ard
(IFRB), an organ of the ITU , engaged
a team of computer experts to develop
a computer algorithm and appropriate
software required for the shortwave
planning system. The most controver­
sial and complicated aspect of the sys­
tem conce rne d case s in vol ving
incompatib il iti es-instance s in
which two or more broadcasters had a
requirement for a program to the same
target area at the same time in the
same frequency band . Since there was
not enough frequencie s to satisfy all,
the IFRB developed a series of "sus-



FIG. 1-AVAILABLE CHANNELS vs. channels needed for plann ing. In the case of 6 MHz,
for instance, requirements exceed available channels by a factor of six.

\:: :::::: :::::: :::::::1REO·VIREO CHANNE.lS::::::::::::::::::::: . . . .

AVAILABLE CHANNELS

pension" rules, in which certain re­
quirements were deleted, and placed
in limbo. It was clear that most of
those requirements could never be fit
back into the plan . Figure 1 is a com­
parison of the required number of
channels with the number of channels
available for planning during a one­
hour period (1100-1200 UTC). It is
clear that requirements far exceed
available frequencies.

By the time HFBC-87 opened on
February 2, 1987, it was clear that the
planning system developed by the
IFRB fell far short of most partici­
pants' expectations . The first com­
plete plans published by the IFRB
showed that approximately 30 percent
of all requirements were not satisfied
(read "suspended"). Furthermore, a
primary broadcasting need for ' fre­
quency continuity was ignored . As an
example, it was not unusual for a sin­
gle continuous ten-hour requirement
to be fragmented among seven or
eight different frequencies, with fre-

quent half-hour gaps in which no fre­
quency at all was assigned . The
system also reduced many one-hour
requirements to half an hour.

Clearly, the test plans were a great
disappointment to many administra­
tions. In 1984, at the first session,
some 85 countries favored some form
of automated planning. After seeing
the test plans at HFBC-87 , only In­
dia, Pakistan, and a dozen Arab na­
tions strongly supported implementa­
tion of the new system.

Although it was clear that the sys­
tem developed by the IFRB was not
suit able, many Third-World and non­
aligned countries remained solidly
behind a commitment to planning,
and during the first four weeks of the
Conference debate centered around
methods of improving the planning
algorithm. A number of crucial issues
emerged during that period:
• If the Conference was to succeed,
the suspension rules would have to be
eliminated.

• The lack of frequency continuity in
the IFRB algorithm was unacceptable
to most administrations .
• There was a serious problem in­
volving national vs. international re­
quirements (55 percent of all
shortwave frequencies are used for in­
ternational broadcasting). The users
of shortwave frequencies for national
broadcasting fought tenaciously for
some form of specialized treatment to
protect their services .
• The amount of spectrum available
for planning the shortwave broadcast­
ing bands was inadequate .
• The existence of harmful inter­
ference (jamming) was a detriment to
any attempt to plan the shortwave
bands .
• Spectrum conservation techniques, .
such as the use of Single SideBand
(SSB), were essential to improve the
effectiveness and the efficiency of the
shortwave broadcasting bands.
• Another broadcasting conference
would be required to again test the
feasibility of planning the shortwave
bands.
• The coordination procedures cur­
rently in effect would have to be great­
ly improved .

As the Conference entered its fifth
week, working nights and on the
weekend, it appeared that the Con­
ference would fail. Debate was bitter
and contentious, with some admin­
istrations putting forth different com ­
promise proposals, none of which
attracted much support. So fractious
was the atmosphere that the Chairman
of the working group charged with
determining what , if any, parts of the
spectrum would be planned, resigned
angrily and its task turned back to the
technical committee .

Compromise
Finally, the Chairman of the Con­

ference offered a compromise that
was acceptable . He proposed that the
WARC-79 expansion bands be set
aside for testing an improved planning
system; in addition, 400 kHz from the
higher bands were also set aside for
planning. That is shown in Fig . 2 . The
remainder of the spectrum would be
coordinated, with an enhanced coor­
dination procedure to be used. _

An integral part of the compromise ;ii
was that the suspension rules would ~
be eliminated ent irely, and that the §;
planning algorithm would be rewrit- ~
ten to include frequency continuity.

On March 3, just five days before
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FIG.2-UNDER THE COMPROMISEagreement adopted at HFBC-87, the WARC-84expan­
sion bands, plus a total of an additional 400 kHz from the 15-, 17-, 21-,and 26-MHz bands
would be planned. The remainder of the spectrum will be coordinated under Article-17
procedures.
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Give me spectrum,
or give me death! _

Although HFBC-87 moved closer
to the goal of planning the shortwave
broadcasting spectrum, many of the

continued on page 70

casting was postponed to a date to be
decided at a future conference.

That is the first time in history that a
conference has agreed to take from
itself available spectrum. Inasmuch as
the fixed services are required to va­
cate those bands by 1989 , it is appar­
ent that broadcasting in those bands
will be on a non-coordinated basis.
Ma ny broadcasters have already
moved into the bands.

Although the planning controversy
dominated the entire HFBC-87 , a
number of major issues were treated :
The Conference:
• renewed the authority of the IFRB
to conduct periodic monitoring pro­
grams to identify and locate sources
of harinful interference (jamming);
. - recommended that the ITU's 1989
Plenipotentiary Conference consider
scheduling a conference whose agen­
da would include the possibility of
extending the HF spectrum allocated
exclusively to broadcasting;
• adopted a set of broa d plann ing
principles and technical standards;
• authorized the IFRB to modify its
software and conduct another round
of tests of a revised planning system ;
• requested that the 1989 Plenipoten­
tiary Conference authorize another
shortwave broadcast planning con ­
ference "not later than 1992".

A maj or accomplis hme nt of
HFBC-87 was the adoption of single­
and double-sideband system specifi­
cations, as well as a program for the
gradual introduction of single-side­
band by the year 2016. HFBC-87 ap­
proved SSB system specificatio ns,
and recommended that any transmit­
ters installed after 1990 be capab le of
working either on SSB or in both the
single- and double-sideband modes.

A number of developing countries
expressed concern over the economic
consequence s of such 'a transition,
particularly concerning the cost of
SSB receivers .

Although SSB is an effective fre­
que ncy conservation technique, its
universal accepta nce and implemen­
tation are far from assured . In addi­
tion, the 2016target date defers for 28
years the benefits that transmission
mode affords.

~HFBC PLANNING

~IMPROVED CONSULTATION

~~~~~~~~~~~~~~~~~~~~l~'BANDS BEFORE WARC-79

___l WARC.79 EXPANSION BANDS

offers recommendations for resolving
the conflicts, but acceptance of those
recommendatio ns is not mandatory.
The new proced ure, in contrast, will
leave many of the crucial decisions up
to the IFRB .

On March 5, the Conference ap­
proved the proposa l of the Confere nce
Chairman as a compromise. But one
final threat developed:

Pakistan and India submitted a pro­
posal to implement the original plan­
n in g system in t he WA RC-79
expansion bands that become avail­
able in 1989. There was overwhelm­
ing opposition to the proposal and
another solution was found. The of­
ficial date of the WARC-79 expansion
bands becoming available for broad-
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the end of the Conference, HFBC-87
moved into conti nuous session, and
on the fourth day a broad action pro­
gram was accepted.

Under that program, the current co­
ordination procedures will remain in
effect until the revised HFBC plan­
ning system has been tested and re­
viewed by a future conference .

Under the current coord ination
procedure (Article 17 of the Radio
Regulations), all broadcasters subm it
the ir schedu les to the IFRB six
mont hs in adva nce of implementa­
tion . The IFRB publishes that infor­
mation in a book, called the Tentative
Schedule. Where conflicts arise, it is
up to the individual countries to solve
them . In some instances , the IFRB
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Program
Logic

Dev·ices
ERNEST MEYER

The new reconfigurable logic devices
revolutionize the design of logic systems --
IF YOUR PROJECT DESIGNS USE 7400-SERIES

discrete components for random-log­
ic or sta te-machine co ntro l, you' ll
probably find that you ca n simplify
both the design and the asse mbly by
merel y su bs tituti ng Programm abl e
Logic Devices (PL D's) for the 7400­
series hard ware.

Programmable logic devices con­
tain ga tes and flip- flops, ju st like reg­
ular7400-series lC's . However, in the
7400 series, whic h is often considered
to be standa rd parts, the gates and
flip-flops are wired together in fixed
co nfig urations . On the other hand ,
PLD's are n ' t hard -wired ; in st ead ,
they co nta in sma ll fuses th at a re
blown or left open to connect thei r
interna l ga tes and flip-flops in any
neede d con figura tion.

A PLD's fuses are simi lar to those
used in PR OM's (P rogra mma b le
Read -O nly Me mories ), EPRO M's
(Erasab le PROM's), and EEPROMs
(Electrica lly Erasable PROM 's). Usu­
ally, the fuse is blown by address ing
the location and applying a high- volt-

age pul se (12-30 volts, depending on
the dev ice) across the fuse while the
IC is in its programming mode . Most
standard PROM programmers can be
used to co nfigure PLD 's.

Erasable PLD's (l ike EPROM's
and EEPROM 's) can be wiped clean
and re programmed-altho ug h th e
wiping is actually a way of bypassing
the blown fuses . In that way, hob­
byists can reuse a single PLD for a
variety of projects or applications .

Circuit designers have tradi tionally
used PLD' s for logic functions that
are not genera lly available in standard
off-the-she lf components . If not for
PLD's, a la rge nu mbe r of co n­
ventio na l IC's wou ld otherwise be re­
quired to perform a relatively simp le
non-standard logic task .

A lot for a little
Because they provide the circuit de ­

signer with an enormous array of user­
program mable fuses, rece nt PLD de­
signs can substi tute for dozen s of
standard parts . Typi cally, a PLD can

replace about a half-dozen standard
parts , although the exac t number of
required PLD's depends on the actual
circu it. Without PLD's , the increased
numbe r of parts increases the size of
the circ uit board , which in turn lowers
the sys tem reliability while increasing
the sys tem's cos t.

Because a single PLD replaces a
variety of standard parts, manufac­
turers also prefer them to standard
parts because inventory is mini­
mized- the number of different IC' s
which must be stocked is sharply re­
duced . Also , the integrat ion of dis­
crete parts into a single device put s all
the wiri ng inside an IC rather than on
the circ uit board , which means that
the board 's design is simpler and the
logic can run faster.

Programmable logic is therefore an
excellent choice in systems where
board size , board co mplexity, system
reliability, inventory considerations,
or speed is important. Even if no sin­
gle factor is cruc ial, their combined
weight ca n easi ly swing the balance

"mOJ
:0
C»
:0
-<
~

co
ex>
ex>

59



~---~v~------'

METAL 1
b

FIG.1-THE METAL LAYERS on two-level
chips are insulated by a layer of Si02 (a).
The first programmable Ie (b) provided 64
cross-points (fuses) .

over, as features get smaller, the tran­
sistors are packed mo re den sel y;
hence , the devices can work faster.

The bared silicon can be treated in
various ways. For example, the sil­
icon can also be treated to recast the
crys talli ne structure into an amo r­
phous form called polysilicon, which
conducts electricity and therefore can
be used to form wires. Single-level
metal chips use polysilicon wires to
cross under the metal wires at inter­
sectio n points. However, polys ilicon
conducts electricity over a hundred
times worse than meta l, which sub­
stantially degra des performance.

The wafer is heated after the ap­
plication of each wiring level, which
causes the silicon on the surface to
oxidize. Since the resultant SiOz is
more bulky than crystalline silicon,
the oxide blooms over any raised fea­
tures (such as previously deposited
metal lines) during oxidization. Since
SiOz does not conduct electricity, it
forms an insulating sheet a few mi­
crons thick over the entire wafer sur­
face . Th e oxide can again be
se lectively etched: Ph otoresist is
again applied to the wafer, selectively
etched away again, and the wafer is
exposed to chemicals that attack the
SiOz (but not the pure Silicon) at the
chosen feature locations . Further

Several levels
The transistors on the chip are

wired together with depos ited strips
or spots. The various layers are con­
nected by ho les (called contacts)
through the SiOz layers. Although up
to three levels of meta l can be used,
the metallization process is expen­
sive, and so Ie's are mostly made
with two, or even only one, metal
level. A cross section of a chip with
two-level metal construction is shown
in Fig. I-a.

To make the first fuse-programma­
ble chip, as shown in Fig. l-b, eight
12-micron wide horizontal lines were
deposited in first-level metal over the
bare silicon substrate. The wafer was
then heated up to cover the metal with
the insulating SiOz. After applying
photoresist , sixty four very small
holes (five microns in diameter) were
etched into the insulator in eight rows
over the first-level meta l. The contacts
could be much smaller than the first­
level metal because they just needed
to touch the edge of the metal line to
provide a co nduct ing path. (Small
contacts were necessary for program­
mable technology, but such contacts
greatly reduced the reliability of the
device .)

Next , photoresist was applied again
to the wafer, and aluminum was de­
posited in the holes (or contacts). An­
other eight metal lines were deposited
in second-level metal, but those were
stacked in the vertical direction,
crossing over first-level metal at each
contact site. The final product was
therefore an 8 x 8 grid having a very
small alumin um contact between
each metal -l/metal-2 crosspoint.

Altho ugh the contacts-called
fuses-are made as wide as the wires
in standard silicon chips, they are nar­
rower than the wires in programmable
logic chips. The interconnecting alu­
minum is burned away (blown) by ap­
plying a very large current across the
fuse connection. At lower voltage lev­
els, the fuses that have not been burnt
away conduct normally. That is why
the metal lines were made so wide and
the contacts so small- they had to be
made larger than the contacts so that
the contacts and not the metal lines
would burn away.

layers can be grown on top of the
resultant planarized wafer to form a
sandwich-like structure, with SiOz as
the "bread," and metal or doped sil­
icon as the "meat."

METAL 2

CONTACT Si02 INSULATORMETAL 2

Programmable logic technology
To understand how fuse technology

works, we must look at the techniques
used for fabricating integrated cir­
cuits. Silicon processing, as it is
ca lled, is very co mplicated; but a
quick-a nd-dirty description will make
it a little easier to,understand.

To make a silicon-based chip, waf­
ers of silicon crystal are first pro­
cessed to make tr an si stors . Th e
silicon crysta l itself does not really
conduct electricity at all. The tran­
sistors are created by doping selected
regions of the silicon with phosphorus
or arsenic, and metal lines deposited
on the wafer connect the transistor
sites. The transistors and metal lines
are called features.

Simply speaking, each feature is
formed on the crystal at the selected
locations by spraying a light-sensitive
protect ive chemical, ca lle d pho­
toresist, in a thin, even coati ng on the
wafer's surface. The wafer is the n
bombarded with light at selected lo­
cations through a precise slide proj­
ector. The slide projector (called an
optical aligner) uses a very small
slide, called a mask, to screen out the
light where it isn't wanted. The chem­
ical decays where the light strikes the
photoresist-covered wafer, and is sim­
ply washed off, leaving bare silicon at
selected locations.

~ The precision of the optical aligner
z determines how -fine a feature can be
~ made. Inthe early 1970 's , it was diffi­
t5 cult to make transistors smaller than
~ 10 microns, Now, transistors can be
w
6 less than a micron in size, meaning
is the same-size chip can hold more than
«
c: 100 times as many transistors. More-

toward a clean and simple PLD desig n
rather than a large composite of stan­
dard parts.

Even so, as we will show, some
standard parts are so complex they
don't fit very well into a programma­
ble logic architecture. To resolve the
problem of com plexity, there is now
under development hybrid PLD 's that
contain many large sta ndard-logic
funct ions combined with a program­
mable logic array.

Since the proliferation of differe nt
logic arc hitectures will inevit ab ly
bring PLD 's into common use by both
the hobbyi st and the professional , we
will look at the extraordinary develop­
ment of complex reconfig ura ble
PLD 's, and examine their diverse ca-

--pabilities.,------------......
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FIG. 3-THE FIRST COMMERCIALLY AVAILABLE FPLA was a single-level device having
approximately 2,000 fuses.
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stitute a truth table for a PROM pro­
grammed (blow n) w ith th e fuse
pattern shown in Fig. 2

Con vention all y, PROM 's are re­
garded as programmable mem ories;
however, the devices can obviously be
used for logic as well. For example ,
logic equations can be written for the
above device as follows:

OUTa = INa and NOT-IN l
OUT l = NOT-INa and IN l
OUT2 = (NOT-INa and NOT-IN l) OR

(INa and IN I)

Obviously, OUT2 is a genuine XOR

(exclusive -on) of INa and IN l : That
may seem like a very clumsy way of
making a simple gate, but by expand­
ing the size of the array very complex
logic terms can be created .- In par­
ticul ar, that kind of architec ture is
very good for bus-d ecoding func ­
tions . For example, if an 8-bit-wi de
bus must be decoded in six different
ways to provide six enable signals in a

FIXED ANO PLANE
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FIG. 2-IN THE EARLIEST FUSE-PRO­
GRAMMABLE device, the AND plane was
fixed; only the OR plane was programmed.

TABLE 1

IN 1 INa OUT2 OUT1 OUTo

0 0 1 0 0
0 1 0 0 1
1 0 0 1 0
1 1 1 0 0

The PROM
Th e ea rl iest fuse-progra mmable

device was the PROM . As shown in
Fig. 2, PROM input log ic (the AND

plane) is fixed, while the output logic
(the O R plane) is programmable. The
upper non- fu sed fixed-wire matrix
feeds a set of AND gates . In the fixed
AND array, the output of anyone co l­
umn is high only if all the connected
inputs to the co lumn are high . In
PROM 's , the fixed AND array provides
one and on ly one high output for eac h
possible condi tion that can exist on
the inputs. The non-fused matrix is
ca lled a fixed AND plane.

The lower matri x is fuse-program­
mable . Simply speaking, each of the
wiring rows feed s into a single enor­
mous OR gate . That description is a
simplification , of course, but it is ade­
quate for our purpose .

Early PLD's
The earliest programmable ch ip is

the one shown in Fig. lob; it contained '
noth ing more than a fuse matrix and a
wire gr id . The crosses represe nt fuses
that can be blown or left ope n.

The PLD pioneers were quick to
stac k transistors around the metal grid
to make true progra mmable devices .
Also, nich rome (nickel-c hro mium)
fuses were used instead of contacts . In
tha t k ind of programmable tech ­
nology, regular co ntac ts are run from
the lower metal to the upper metal
layer; those contacts miss the actual
wire intersec tion point by 3 microns.
A 3-micrOli strip of nichrome com­
pound is then deposited laterally to
connec t the contact site to the seco nd- The OR gate is set so that the output

- leve l-metal-strip.-Because·of-its-Iower- - js-high-if-any-connected input to the
mel tin g poin t , nich rom e fuses out fuse row is high , a configuration that
more cleanly than aluminum; in fact, is called a programmable OR plane. If
the nich rome actually vaporizes dur- the only fuses left connected in Fig. 2
ing fuse programming. Therefore , a are those indicated b) a circled- X ,

lower pro g rammin g vo ltage is the ones and zeros in Table I con-
needed , whic h mea ns that less power
needs to be put into the chip. That
simplifies programming while mak­
ing the devices more reli able. Also ,
the metal lines are not much wider
than the fuses the mselves, which al­
lows a greater den sity.
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FIG. 4-IT'S EASY TO IMPLEMENT COM-
- Pl£ X log ic functions in an FPLA. As

show n, t he functions previou s ly de­
scr ibed for a PROM can also be mapped
direct ly into an FPLA's architecture.

complex digital system (like a com­
puter), one 16-pin device can replace
at least a half-dozen IC 's .

Since each possible input combina­
tion has a corresponding unique input
to the fuse array, the fixed ANDarray in
the above device is termed a full de­
coder. Of course, decoders can be
constructed from simple logic gates in
many ways, but we have depicted the
logic structure in an array fashion to
show how the AND gates them selves
can be made part of an array struc ture.

PROM 's are useful as memory
components . When used as a memo­
ry, each input combination (on the left
of Table I) is considered an address.
Similarly, the output resulting from
any particular input combination (on
the right of Table I) is considered the
data at that address . In that way, fuse­
programmable ROM 's provide the de­
signer with a fast , static, long-term
storage medium for fi xed-data ap­
plications . However, even though
PROM's are ideal for fixed memory,
and even though they can be used for
logic , they are not very efficient be­
cause they always contain a full de­
coder, which isn 't always need ed.

The full decoder incre ases the size
of the fuse array, whi ch restri cts the
number of possible input co nnec ­
tions. To understand that , consider
how two signa ls have four full y-de­
coded conditions, and three sig nals
have eight fully- decoded conditions :
Since every input is fully dec oded in a
PROM , each additional input doubles
the number of fuses required . In a

PROM , the total fuse -array size is
therefore:

21 X 0

where I is the number of inputs and a
is the number of outputs . However,
for logic functions, not every input
combination is cruc ial; therefore, a
simpler and more compact approach
is to make both the OR and the AND
planes programmable .

Exp loring PLA's
IBM , using an architecture called

PLA (for Programmable Logic Ar­
ray), was the first company to use a
device having both programmable OR
and programmable AND plan es . In the
earliest PLA 's , the array was metal-

__ programmed rather than fu se-pro­
grammed . In other words , the device
was customized during the actu al chip
fabrication rather than by the chip
user, and was therefore used only by
manufacturers needing a large quan­
tity of chips .

Signetics was the first company to
manufacture Fuse-Programmable
Logic Arrays" (FPLA's), which have
fu ses both in the OR and the AND
planes. The first commerciall y avail­
able FPLA, the 82SlO0 (Fig . 3), was
introduced in 1977; it is a single-level
metal device havin g approximatel y
2, 000 fuses .

At the same time', a similar fusing
technique was also appliedto PROM
design, resulting in a rapid movement
from 256-bit to 2K-bit PROM 's.
Also , sing le-level meta l technology
was used , with polysilicon for the
lower interconnection level and metal
for the upper interconnection level .
As mentioned earlier, that technique
reduces chip cos t. In fact, to further
reduce ch ip cos t, some vendo rs now
use fuses made of polysil icon rather
than nichrome .

Because there is no full bin ary de­
coding, each additional input added
to an FPLA structure does not double
the required number of fuses. Instead ,
the fuse array is increased in size by
an amount directl y proportional to the
number of vertical ch ann els (which
are call ed logic terms or product
terms). Note , however, that because
both non -inverted and inverted sig­
nals are prov ided for each input, there
are two inputs into the fuse array for
each pin input.

Each product term added to an ar­
ray allow s one additional set of AND
products to affec t an output co n-

di ti on . Therefore, in the 82S IOO,
there are 48 possible unique AND
products that can affect the output.
Since the AND-products can be co m­
bined togeth er in the OR plan e, more
than 48 unique input co mbinations
can affect the output. Therefore , three
numbers are used when measuring the
size of an FPLA: ·the number of in­
put s , the number of product terms,
and the number of outputs . Th ose
numbers are co mbined to form the
IPO number. To calculate the total
number of fuses , the number of inputs
is doubled (to provide noninverted
and inverted inputs to the array), add­
ed to the number of outputs, and mul­
tiplied by the number of product
term s , or:

«2 x 1)+0) x P

For the 82S100, the IPa is 16:48:8 .
The total number of fuses is therefore
((16 x 2)+ 8) x 48 , or 1,920 . By
contrast, a PROM having 16 inputs
and 8 outputs, like the 82S100, would
require 216 X 8, or 52,488 fuses­
more than 25 more .

The smaller size of the FPLA archi­
tecture yields four advantages to the
logic designer: I) The array size is
smaller, which makes the devices less
expens ive to manufacture and there­
fore less expensive to sell; 2) Th e
smaller number of fuses mak es pro­
gramming faster ; 3) The redu ced ar­
ray size makes the device s qui cker to
test ; 4) The smaller size of the array
makes it possible to make larger pro­
grammable devices, which increases
their usefulness and power.

Add it iona l features
Arc hitec tural e nha nceme nts in­

crease the fl exibility of the device
eve n fa rthe r. Th e Sign eti cs 82S 100
FPLA , for example, adds two addi ­
tional programmable features to the
basic AND/OR plane .

First, the FPLA can be perma­
nent ly set to give inverted or non in­
ve r te d output s . To achi e ve th e
co mplementary output , the outputs of
the programmable OR plan e feed into
one input of an additional XOR ga te .
The other input to the XORgate can be
co nnected to gro und . If the gro unding
fuse is left intact, the XORgate inverts
the output from the OR plane . If the
fuse is blown , the input floats high ,
and the logic signal passes through
the ga te unaffected . Table 2 shows a
truth tab le for the complem entary­
output feature .
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INPUTS MAIN FUSEARRAY OUTPUT MACROS
FIG. 5-PLA'S DON'T HAVEA PROGRAMMABLE OR plane at all; they have a programma­
ble AND plane instead, making them the opposite of PROM's.
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Using an FPLA
It is easy to implement complex

logic functions in an FPLA. For ex­
ample, the functions previously de­
scribed for a PROM can also be
mapped into an FPLA 's architecture .
The connections required to do that
are shown in Fig. 4 .

The PAL
The revolut ion in program mable

logic was the 82S100 PAL (P rogram­
mable Array Logic). PAL's were mar­
keted by Mono lith ic Memories as a
simple alternative to standard parts­
the emphasis being on simple . To that
end, they supplied an easy-to-use pro­
gram ming lan gu age ca lled PAL­
ASM, a FORTRAN IV program that
translates logic equations into a fuse
map suitable for use with a standard
PROM program mer. At about the
time that PAL's were released into the
marketplace , 512 X 4-bit (2048- bit)
PROM programmers were also inter­
faced with IBM computers, making it
possible for designers to design , doc­
ument , and program a simple PAL
within minutes . _

PALASM accep ts six distinct data
entries as input. First, the PAL part
number is entered so that the program
knows what sort of fuse map to make.
Second, the pattern number is en­
tered, so that the generated file con­
taining a fuse map can be named.
Third , the name of the device and the
author 's name is entered for archiving
(so when someone else looks at the
file, they know who made it and what
it's for). Fourth, a pin list is entered,
which contains the symbolic names
for the pins that are used in the equa­
tions . The symbolic names can be
numbers , or signal names like (NIT ,

RESET, NMI, etc . Fifth, the actual equa­
tions are entered. A field is left open
for the designer to enter notes about
the design .

PALASM removes the designer
from the world of fuse maps and ar­
chitec tures . However, to use PAL's
mos t effic iently, it is important to
choose an architecture that maps on to
the type of logic you want to have .
Also, PALASM allows designers to
generate fuse maps (now often called
JEDEC map s) di rect ly. But some­
times it is actua lly easier to type in a
fuse map than the equations. Indeed,
depend ing on the needed functions,
sometimes it is easier to draw a truth
table or a state diagram.

From the architec tural poin t of
view, PAL's are easier to use than
PLA 's because they don't have a pro­
grammable OR plane at all: in its place
they have a progra mmable AND plane ;H
instead , making them the opposite of ~
PROM 's. However, as we' ll see very ~
short ly, additional architectural fea- ~
tures make PAL's just as flexible to use
as FPLD's. As shown in Fig. 5, a

OUT,

OUTo

Four fuse columns were necessary
for a PROM , but note from Fig. 4 that
the FPLA arch itecture and comple­
mentary output pe rm its only two
product terms to be used for the three
funct ions , freeing the other inputs,
outputs, and product terms for other
logic operations.

Logic minimization
In Fig . 4, it is relatively easy to

work out the co nnec tions to use .
However , as logic co mplex ity in­
creases, it becomes more difficult to
work out whi ch fuse co mbinations
use the product terms most efficiently.
When large numbers of logic signals
interact, the product-term columns
can be tied to different combinations

- of- inputs , and.on-ed together in re­
spectively different ways to generate
the same functions . Finding the op­
timal fuse map through logic mini­
mization (the act of reducing logic
equations to their most basic form)
has two advantages : I) The danger of
running out of product terms is mini­
mized ; 2) The number of unblown
fuses is minimized , which increases
the speed and reliabili ty of the device .

About the time when new software
tools were developed to optimize fuse
maps , a new development brou ght
about a revolution in programm able­
logic philosophy.

o
1
1
o

Output
from Ie

TABLE 2

Output from array
inverting fuse

The second fea ture, three-sta ted
out put, is not programmabl e but
greatly improves the IC's usability. If
many fuses are left intact in the pro­
gramma ble array, the increased load­
ing s lows the device 's sw itc hi ng
speed. Conversely, if there is a prod­
uct term with only one or two intact
fuses , the output switches much more

- quickly. As.array.size. increases.i the
differen ce in sw itching speed be­
twee n the least- and mo st-l oad ed
gates can produce glitches in the IC 's
output. Erroneous logic states can he
avoided by disabl ing the outputs until
all the signals have settled .
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FIG. 6-THE COMMON PAL16R4 provides fuse-programmable three-stated outputs and
four flip-flops.

pending on how the fuses are blown,
the macro ca n be configured as an
output or as an input. If the output of
the AN D ga te is broken , but the feed­
back path and the inp ut driver are left
intact, a signal can pass throu gh the
input driver and feedback path­
however, the AND macro func tio n then
ca nnot be used at that location. On the
other hand , if the output of the AND

ga te is broken and the input driver is
taken out of the circuit, the AN D macro
func tions normally, and the AND gate
func tio n is available for multi-level
logic .

It should be obvious that there are a
large number of possible macro con­
stru ctions for combinational logi c .
However, that is ju st the beginning.
Incorpor ating seq ue nt ia l logi c ele­
ments in a PAL ope ns whole new di­
men sion s of design . In Fig . 6 we see
the arc hi te c ture of t he commo n

WHILE PAL's won't really relegate other
technolgies to the scrap heap, they do of­
fer the des igner another usable and useful
alternative.
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PAL's inputs feed directl y into the AND

matrix.
Figu re 5 also show s a new range of

functions , ca lled macros, at the out­
put of the AND plane . In 1978 , pro­
gra mmable log ic co mponents came
to differ not only in their IPO ratio s,
but also in thei r macros, so that pick­
ing the best dev ice for a parti cular
application often hinged on choos ing
the one w ith the mac ros that inco rpo­
rated the needed logi c functio ns for
tha t application .

In the top macro , the AND plane
feeds a sing le AND ga te wi th optiona l
fuse -programme d inversion . Th at is a
very simple macro; and because the
inputs to the array are all inverted , we
find that the output inver sion is not
needed at all .

The second macro down inco rpo-

rates a veri useful feature: the output
of the AND ga te is fed back into the
programmable AN D plane , permi tt ing
the output of the AN D function to be
used again in the array witho ut feed­
ing the output back aro und to the out­
side of the device into another input.
Using a macro 's outputs as inputs to
other mac ros allows the chip to con­
ta in multi-level logic- whi ch is to

- say, the signa l can pass throu gh a se­
ries of ga tes . By judiciou s man ipul a­
t io n of th e lo gi c eq ua ti on s , it is
possible for an ingenious logic de­
s igner to pu t j ust about any digit al
function in a PAL archi tec ture ; we
sha ll show yo u exactly how that 's
done in the next part of th is series.

In the bott om macro , the output
driver is repl aced by a bidirection al
dri ver cons isting of du al fuses. De-

PALI6R 4 , whic h provides fuse-pro­
grammable three-stated outputs and
four flip-flops.

Th at's all we have room for thi s
month . In the next part of this series
we will start off by see ing how mac­
rocells containing flip-flops ca n be
used for counter s, for complex pattern
gene rators, and even for state ma­
chines .

After that , we wi ll also explore a
number of more recen t technologies ,
suc h as erasable and rep rogrammable
devices , univer sal programming sys­
tems , and advanced programmab le­
logi c arc hi tect ures ; and to demon ­
strate the feasibi lity of the techn ology
being used , we wi ll show you how to
ac tua lly pro gram a programmable­
logic device wi th commercia lly-avail­
ab le software . R-E
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AUDIONIDEO
SWITCHER

Eliminate the mess and
confusion of wires that lurks behind
your audio and video equipment with this
easy to build switcher.

------
TOO T. TEMPLIN

TABLE 1-SPECIFICATIONS
HAS YOUR YIDEO SYSTEM BECOM E OYER­

run with a tangle of patch cords ,
jumper cables, and wires? Do you
have to grope around in the restricted
space behind your VCR when you
want to make a dub? Have you ever
wanted to view one program while
copying anoth er? If the rat's nest of
wires is keeping you from getting the
most out of your eq uipment, then you
need the same type of equipment-in­
terconnection system used by profes­
sional video operations and television
stations . You need an audio/video
routing switcher.

We' ll show you how to build a 4 x I
electronic stereo-audio and video
crosspoint switcher. It will enable you
to select one out of four sign al sources
(consisting of a video signal and a
stereo-audio signal), and connect it to
an output bus which can supply an
input signal for up to four additional
devices. That, of course , can be done
by merely pressing a button . You 'll
never have to touch another cable or
jumper again . This device is not a
simple mechanical RF-type switcher.
This switcher was orig inally designed
to expand the number of input s on
professional videotape recorders and
monitors in a commercial television
studio . Also , the technical specifica­
tions (shown in Table I) are so good
that the device is virtually transparent
to any signa l pass ing throu gh it.

Consumer VCR's and monitors
rarely have more than one set of inputs
and outputs . But consumers often
have several signal sources , including
a second VCR , a video disc or CD-

Audio Section
Frequency Response
SIN Ratio
Cross-Channel Isolation
Input Impedance
Output Impedance
THO

Video Section
Frequency Response
Cross-Channe l Isolation
Input Impedance
Output Impedance
Differential Phase
Differential Gain

video player, an image enhancer or
noi se reducer, or perhaps a spec ial
effects generator. If your sys tem has
severa l signal sources and you want to
drive more than one monitor or VCR
simulta neo us ly, there is no simp le
way to connect them all together into
an easy to use , versat ile, and func­
tional system . Just makin g a simple A
to B dub may result in a maze of patch
ca bles, Y-adapters , and dou ble-ter­
minated sig nals . And , since mo st
VCR 's and mon itors have their input!
output jacks located on the rear panel ,
gett ing to the connections can be a
difficult and frustrating task .

The 4 x I switcher eliminates those
problems by allowi ng all of your au­
dio and video equipment to be con­
nec ted to ge th er in o ne totall y­
integrated , " patchless" syste m . That

- 1, +OdB 30Hz - 20KHz
75dB at 5V Input Level
62dB
Greater than 50 Kilohms
Kilohm
.07% at 20Hz
.04% at 1KHz
.03% at 20KHz

DC - 8MHz
70dB
75 ohms
75 ohms
- 0, +3 degrees
Less than 3%

is accomplished by placing one 4 x I
switcher at the input of each device
that must rece ive a signal from more
than one source, and then connecting
each device 's output to the inputs of
each switcher. Each switcher has a
four-output bus, so that any signal can
be connected to four devices. Opera­
tion of the switcher is very simple . By
pres sin g anyone of the switches
(SI-S4), th e corres ponding signa l
source is connected to the output bus.
Because each switcher has a built-in
distribution amplifier, up to four loads
can be connected to the output bus.
The block diagram for the device
shown in Fig. I clearly shows how the
four signal sources are multiplexed to
one output bus. .

Until recently, it would have been
impo ssible to build a switcher of such
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FIG. 1-THIS BLOCK DIAGRAM shows how one out of four signal sources can be
switched to one output bus .

encoder. The outputs of ICI are con­
nected to the input s of IC2 (another
quad NAND gate), which decodes the
latched information from ICI back to
decimal format, where it is used to
light the LED of the selected channel
and to drive the audio-channel-selec ­
tor pins of IC5 . The BCD information
from ICI is used to drive the video­
channel-selector pins of IC3 . Note
that IC5 requires decimal information
while IC3 requires BCD informa tion.

To understand the opera tion of the
logic circ uit, suppose you have just
pressed S4 . A low (ground) signal is
routed simultaneously through 0 7
and 08 to ICl-a and ICI-c . A low on
either input of the gate will cause its
output to go high, so we now have
highs on the output s of ICl-a and ICI­
c . Those high levels are cross-con­
nected to one set of inputs of ICl-b
and IC I-d , and the other set of inputs
are being pulled high by resistors R2
and R4 . That action causes the out­
puts of ICI- b and ICI -d to go low.

L
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high qu ality using so few part s .
However, new IC 's are now available ,
which are speci fically designed for
aud io a nd video switc hing. The
MAX454 from Maxim Integrated
Products (510 N. Pastor ia Ave. Sun­
nyvale , CA 95054 408- 737-7600)
combines a CMOS 50-MHz video
amplifier and 4-channel multiplexer
in a single package . The TDAI029
from Sig netics does the same for ster­
eo-audio signa ls. It contains two 4­
channel multiplexers plus input and
output buffer amplifiers designed for
audio frequencies .

Logic circuit
The co mplete schematic for the

~ 4 x I audio/video switcher is shown in
Z Fig. 2; we' ll begin our analysis with
~ the logic section. Selector switches
t; SI -S4 are co nnected via diodes
~ 01-08 to the four NAN D gates in ICI.
UJ6 Those gates are configured as a cross -
o coupled SET/RESET flip flop (latch) and«
a: a 2-bit Binary Coded Decimal (BCD)

66

LEFT
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RIGHT
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VIDEO
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Those low signals are again cross con­
nected to the other set of inputs of
ICl -a and ICl -c . We now have lows at
both inputs of ICl-a and ICI-c , and
highs at both inputs of ICl -b and ICI­
d. That results in a steady state or
" latched " condi tion in the circu it.
The entire sequence, which happe ns
almost instantaneously, also serves to
de-bounce the switches . The two high
outputs from ICl -a and ICI-b now
also appear at both inputs of NAND

gate ICl -b, causing its output to go
low and light LED4 as well as select
chan nel 4 of the audio switcher, IC5.
The outputs of ICl-a and ICl-c also
make up a 2 bit BCD "word" which
defines the cond ition of the latch . Be­
cause both ICl -a and K'Lc.outputs
are now high, channel 4 is selected by
the video switcher, IC3.

Audio circuit
The audio section of the switcher is

contained entirely in IC5, a complete
stereo -audio, 4-cha nne l sw itc her.
Based on info rma tio n fed to pins
11-13 from the logic section, it selects
a pair of inputs and passes them
through an on-ch ip op-amp buffer to
the audio-output bus. DC decoupling
for the inputs is provided by CII-CI8,
which also establish the low-frequen­
cy cut-off point of the circuit. The
outputs are decoup led by CI9 and
C20 . Technica l specificat ions for the
audio section include a frequency re­
sponse from 30 Hz to 20 kHz, a SIN
ratio of 75 dB with an input level of
0.5 volts, and a cross-channel isola­
tion of 62 an.The input impedance is
greater than 50K , and the output im­
pedance is about IK. The total har­
monic distortion for the audio sect ion
is 0 .07% at 20 Hz, 0 .04% at I kHz,
and 0.03 % at 20 kHz.

Video circuit
The video sect ion of the switcher is

made up of two IC's connected in a
unity-gain feedback loop. IC3 is a 4­
channel CMOS video switch which
also has an on-chip buffer amplifier.
Because IC3 can drive only one 75­
ohm load, a wideband power op-amp
(IC4) was added to the circuit to in­
crease the number of video outputs.
BCD information from the logic sec­
tion determines which of the 4 inputs
is passed via IC3 to IC4 . The buffer
amp in IC3 is loaded by RIl, while
RIO and RI2 set the entire circuit to
unity gain. The output impedance of
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FIG. 2-THIS COMPLETE SCHEMATIC for the 4 x 1 switcher contains the three different se-ctions, and the power supply.
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FIG.4-THIS 4 x 1 SWITCHER has a sepa­
rate control box which allows all of the
messy wiring to be hidden out of sight,
while controlling it from a convenient lo­
cation.

IC4 is so low that its output approxi­
mates a zero- impedance vo ltage
so urce . Consequent ly, loads con­
nected to the output resistors have no
effect on one another. The 75-ohm

~ resistors, R13-R16, establish the cor­
z rect drive-source impeda nce for 75­
~ ohm cab le as well as short -circuit pro­
t) tection for IC4. CIO establishes the
~ upper-freq uenc y respon se of the cir­
wo cuit. With CIO being 5 pF, the fre-
o quency respo nse for the video sect ion
-c
a: is virtually flat from DC to about

68

8MHz. The cross -channel isolation is
70 dB, and the input and output im­
pedance are both 75 ohm s.

Power supply
The power supply is not at all com ­

pli cated. 12 volts AC from a wall
transformer is rectified by 0 9 and 0 10
into plu s .and minu s 12- volt DC
sources. Ripple filtering is provided
by C l and C2, and + 12V is then
tapped off to supply IC5. The plus
and minu s 5-volt sources are regu­
lated by IC6 and IC7.

Video signals
It is important that you understand

a few basic s about video signals in
general. Standard composi te video is
defined as 1 volt fro m sync tip to max­
imum white level , across a 75-ohm
load , and contains signals from DC to
as high as 5 MHz . Because of those
high frequencies , video signals re­
qui re special attentio n; they must al­
ways be connected between devices
by 75-ohm shielded cable, and must
be terminated into a 75-ohm load im­
pedance . If a constant 75-ohm imped­
ance is not maintained throughout the
system, an impedance mismatch be­
tween the source and load will occur,
causing some of the video signal to be

PARTS LIST

All resistors %-watt, 5% unless
otherwise noted

R1-R4-100,OOO ohms
R5-390 ohms
R6-R9, R13-R16-75 ohms
R1G-910 ohms
R11-150 ohms
R12, R33-R4G-1 ,000 ohms
R17-R24-47,000 ohms
R25-R32-470,000 ohms
Capacitors
C1 , C2-470 J.LF, 16volts, radial elec­

trolytic
C3, C4, C8, C9-6.8 J.LF, 10 volts, ra-

dial tantalum
C5-C7-Q.1 J.LF, metal film
C1G-5 pF, mica or disc (see text)
C11-C18-Q.22 J.LF, metal film
C19, C20-47 J.LF, 16 volts axial elec­

trolytic
C21-100 J.LF, 16 volts, radial elec-

trolytic
Semiconductors
D1-D8-1N4148 diode
09, D1G-1N4002 diode
IC1 , IC2-GD4011 CMOS quad NAND

IC3--MAX454 video switch/amplifier
(Maxim)

IC4-LH0002CN powerop-amp (Na­
tional)

IC5-TDA1029 audio SWitch/amp li­
fier (Signetics)

IC6-7805 positive voltage regulator
IC7-79L05 negative voltage reg-

ulator
LED 1- LED 4-red LED's
Other components
J1..J3--0ctal-type RCA jacks, or se-

lect jacks to suit needs
S1-S4-SPST momentary push but­

ton switch
T1-12VAC, 250 mA, plug-in wall

transformer
Miscellaneous
1 chassis of your choice
NOTE: The following items are
available from T3 Research, 5329
N. Navajo Ave., Glendale WI
53217-5036: 4 x 1 PC board, $10.00
postpaid ; MAX454, LH0002CN,
and TDA1029N (1 of each type),
$18.50 postpaid; Wisconsin re­
sidents must add 5% sales tax.

reflected back from the load to the
source . The visible result of that is
reflections or "ghosts" in the picture .

Each 4 x I switcher has four inputs
and one output bus. Therefore, only
one out of four inputs may be con­
nected to the output bus, and supply
an input signal for up to four devices .
Chances are that one switcher will be
sufficient for the average person 's vid­
eo system. However, by building two
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construction, you can then install as
many switchers as you need in one
chassi s of an appropriate size. Note
that a PC board can be purchased
from the source mentioned in the
parts list, or one can be made using
the foil pattern shown in the PC Ser­
vice . Remember, you'll need one
4 x 1 circu it board , and complete set
of comp onents for each switcher that
you build.

There are two ways that the 4 x 1
switcher can be assembled. Although
they perform ident ically, they are
quite different in con cept. In one
model , shown in the opening of this
article, the circuit board , input/output
jacks, and selector switches are all
mounted in a convention al chassis.
That arrangement brings all of your
system's interconnecting cables to
wherever your switche r is loc ated .
That is certainly fine if you only need
one switcher. In the other model , the 0

selector switches and LED 's are lo­
cated in a separate control box and
connected to the switcher by a 10­
conductor cable, as shown in Fig. 4 .
In the cable, four conductors and one
common are used for the switches,
and the same goes for the LED's. That
allows the main chassis to be located
behind your equipment.

After you decide what configura-

,
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Construction
Before assembli ng your switcher,

it's a good idea to sketch out how you
want to connect your equipment to­
gether. You probably require only one
4 x 1switcher. But , if you have a more
complex system, make a diagram like
that of Fig . 3 , to see how many
switchers you' ll need . Dur ing actual

•C6
I,

C5
I

J

J3-d

or more 4 x I switchers , you can put
together a system similar to that in
Fig . 3. That system provides for just
about any possible combination of
viewing, reco rding, or both . Of
course, the nu mb er of swi tc hers
you' ll need and how you wire them
together depends on your particular
sys tem's requirement s.

FIG. 6-YOU CAN MOUNT the completed PC board on the bottom of the chassis, and wire
the jacks on the sides as shown.

LEOZ LED3 LE04
PO INT POINT PO INT

TO T1 12VAC B C 0

FIG. 5-REFER TO THIS parts-placement diagram when assembling the PC board.
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HFBC

continued fro m page 58

problems that have hounded broad­
casting for forty years pers ist:
• conflicts between large , developed
broadcasters and the smaller less-de­
veloped newcomers are at the fore­
front;
• conflicts between the interests of
the national broadcasters and the in­
te rna tio na l broad cast er s re main
largely unresolved ;
• the planning system will still have
to address the difficult problem of fre­
quency continuity;
• durin g the intersessional period be­
tween now and 1992 a way will have to
be found to fit enough requirements
into the planned portion of the spec­
trum to sa tisfy the world's broad­
cas ters. That is a formidable task ,
because it entails fitting that size-ll
foot into a size-7 shoe.

A clue to the cantankerous nature
of HFB C-87 may be found in the
number of reservations taken at the
conclusion of HFBC-87. A reserva­
tion is a statement a country enters at
the conclu sion of a Conference ex­
pressing its dissatisfaction over a par­
ticular event or events .

Of 116 participating administra­
tions, 70 entered reservations. Some
entere d more than one reservation.
That largely refl ected , on the one
hand , the continued wariness of ma­
jo r broadcasters toward even possible
partial implementation of the modi­
fied HFBC Plann ing System and, on
the other hand , it reflected the disap­
pointment of its principal advocates at
the uncertain prospects for even such
limited application.

Of all the reservations take n at
HFBC- 87 , perhaps the most expres­
sive of the tone of the Conference,
and possibly the outlook for the fu­
ture , was one entered by Burkina
Faso:

"Upon signing the Final Acts ofthe
WARC-HFBC(2), Geneva, 1987 , the
Delegation of Burkino Faso reserves
the right for its Government to take
whatever measures it may consider
necessary to safeguard its interests in
the event that the provisions of this
Conference are not respected or that
any reservation s ente red by other
Members should jeopardize its broad­
casting services .

" Our count ry or death-we shall
prevail!" R-E

PC BOARDS

continued from page 54

The drawback to the system is that .
it can' t be used to mass produce
boards, and that the pattern must be
transferred to the board by hand. The
system works we ll, howeve r, es ­
pecially for smaller layouts and for
repairing existing boards, and it is
possible to use it to do even the most
complicated circuits R-E

FIG. B-A NO-ETCH SYSTEM, E-Z Circuit
from Bishop Graphics places adhesive
copper strips, pads, and patterns on a pre­
drilled prototype board.

expose. Note that because of the
nature of the paper, exposure time is
likely to be longer than with clear
film. Do some experimentation to de­
termine the correc t exposure time for
your light source, chemicals, etc.

You can also use PC Service with
the reversing films previously men­
tioned and then use the negative sys­
tem to create the PC board .

tion your switcher will take on, you I

must come up with a suitable chass is
to mount everything in. If you decide
to go with the model that has a sepa­
rate control box, you' ll need a sepa­
rate case to mount the four switches
and LED 's in. You' ll also need an
appropriate length of 10-conductor
cable to reach the control box.

Start the construction by mounting
all of the components flush against
the circuit board . Refer to the parts­
placement diagram in Fig. 5 for cor­
rect positionin g of the components.
Save some of the excess leads clipp ed
from those components for the II re- Non-photographic techniques
quired jumpers. Be certain to observe We alluded to the fact that there are
polarity on ca pacitors, diode s and alternatives to the photographic meth-
fC 's , and use standard precaution s od for simple designs. One is to place

- when-handling-the-static- ensiti.ve__the.pattem.directly.on the copper _
Ie's. Note that you can use 8-pin (oc- blank using etch-resist ink (see Fig.
tal) RCA-jack panels , which cost less 7), lacquers , tapes, and patterns. The
than separate RCA jacks. Also, they board is then etched in ferric chloride.
can be soldered directly to the circuit While the technique works well for
board , eliminating a good deal of wir- small patterns, it is tedious to use for
ing. If you choose octal jacks, make anything larger than a one-IC or two-
sure that the jacks are the last items transis tor circuit. Etch-resist inks and
you install on the board. Also, be patterns are avai lable from Datak ,
cert ain you wire together all the Kepro , and GC Electronics.
ground tabs on each jack before you Finally, there is a technique that
solder it down to the board . Leave requires no etching at all. Manufac-
enough wire on the end tab so that it tured by Bishop Graphics and called
can reach down to the ground hole on E-Z Circuit (see Fig. 8),. it involves
the circuit board. placing copp er strips, donuts , etc. di-

Once the board is complete , all that rectly onto a pre-drilled , non-copper-
is left to do is to mount it in the chose n clad prototyping board. The copper is
chassis , and add the appropriate wir- supplied on a super-thin, epoxy-glass
ing. When finished , it should look substrate that has a special adhesive
similar to the one shown in Fig. 6. on one side . The copper is positioned
(Note that Fig. 6 shows the unit in onto the prototyping board and bur-
which everything is contained in one nished in place .
chassis.) It is then ready to be hooked
up to your video system and tested.
Should any problems arise, go back
and check your work.

Normally, if the 4 x I switc her is
built totall y from fixed-value compo­
nents , it will perform as indicated in
the spec ification chart, with no ad­
justments required . However, increas­
ing the value of CIO (in the video
section) will cause the video frequen­
cy response to tilt upwards. It is poss i­
ble to compensate for high- frequency
roll-off, caused by extremely long ca-
ble run s , by repl acin g C IO with a
5-20pf trimmer capacitor. That cre­
ates what is known as an equalizing
DA (Distribution Amplifier). Whi le
observin g a multiburs t tes t signal,
CIO is adjusted for a flat response.
Don 't be concerned about the prob­
lem of roll-off if your cables are less
than 250 feet long . R-E

(f)
o
Zoa:
I­
o
W
...J
W

6
is«a:

70



PC SERVICE
One of the most difficult tasks in build- general,all the kindsof things you lookfor

ing any construction project featured in in the final etchedboard.Youcancleanup
Radio-Electronics is making the PC the published artwork the same way you
board using just the foil pattern provided clean up you own artwork. Drafting tape
with the article. Well, we're doing some- and graphicaidscan fix incompletetraces
thing about it. and doughnuts,and you can use a hobby

We'vemoved all the foil patternsto this knife to get rid of bridges and dirt.
new section where they're printed by An optional step, once you're satisfied
themselves, full sized, with nothingon the that the artwork is clean, is to take a little

--back-side of-the-page~What-that-means--bit-of-mineral oil and carefully wipe it
for you is that the printed page can be acrossthe backof the artwork. That helps
used directly to produce PC boards! make the paper transluscent. Don't get

Note: The patterns provided can be anyon the frontside of the paper (theside
used directly only for direct positive pbo- with the pattern) because you'll con-
toresist methods. taminate the sensitized surface of the

Inorderto producea boarddirectlyfrom copper blank. After the oil has "dried" a
the magazinepage, remove the pageand bit-patting with a paper towel will help
carefully inspect it under a strong light speed up the process-place the pattern
and/or on a light table. Look for breaks in front side down on the sensitized copper
the traces,bridgesbetweentraces,and in blank, and make the exposure. You'll

probably have to use a longer exposure
time than you are used to.

We can't tell you exactly how long an
exposuretime you will needas it depends
on many factors but, as a starting point,
figure that there'sa 50 percent increasein
exposure time over lithographic film. But
you'll have to experimentto find the best
methodfor you.And once youfind it, stick
with it. --

Finally, we would like to hear how you
makeout usingour method.Writeand tell
us of your successes, and failures, and
what techniques work best for you. Ad­
dress your letters to:

Radio-Electronics
Department PCB

500-B Bi-County Blvd.
Farmingdale, NY 11735
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BUILD THE AUIDOIVIDEOswitcher usng this PC board.
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HARDWARE
HACI<ER
Superconductors for the hacker, and more!

DON LANCASTER

yet confirme d or proven , and the
wh ol e field is up for grabs.

In fact, the ent ire future of elec­
t ronics hin ges on all of th e new
superco nd ucto r research bein g
don e worldwide tod ay.

Believe it o r not, you can run out
right now and buy your own sup er­
co nductor to play with for only $8.
One source of th em is Laboratory
Specialists.

W hat you get is not all th at great
lookin g. Your superconductor is
the size, co lo r, and shape of a pool
cue tip. It is also very sensit ive to
moi sture or to any oxyge n when at
low temperatures, so it can easily
be degraded or destroyed. Ab ou t
all you can really do w ith it is dem­
o nst rate t he f un dame nta l supe r­
conductor prop erti es-a ze ro in­
ternal-m agnet ic f ie ld and a zero
resistan ce. On th e othe r hand , it is
a guaranteed in stant winner for a
scho ol paper o r a science fai r.

Before we go on, th ou gh , let 's
talk some safety. You should treat
liquid ni trogen li ke it was molten
stee l. It wi ll in stantl y f rostb ite any
ti ssue it co mes in co ntact with.
Safety glasses are an abso l ute
mu st. You sho uld also wear two
layers of heavy cloth es th at cover
as mu ch of your bod y as possibl e.
Be sure to review your frostb ite
f irst aid before begi nning .

You mu st work in a ve ry well
vent ilated area. Whil e th e liquid
nit rogen is not it self tox ic, it w ill
disp lace oxygen in any co nfined
area and can cause suffocatio n. ;i1
Just confin ing the liqu id ni t rogen ~

can cause a pressure exp losion, so ~

a loose fitti ng li d mu st be used on ~

any non-app roved containe r. c.o

Some m aterial s wi ll in stantl y 85
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NEED HELP?

Phone or write your Hardware
Hacker questions directly to:

Don Lancaster
Synergetics
Box 809
Thatcher, AZ 85552
(602) 428-4073

Superconductors for the hacker
W hen yo u coo l certai n metals o r

" magic" ceramic-oxide mi xtures
to ext reme ly low te mperature s, a
very rema rkable t h ing happen s.
Some of th ose materials w i ll go
in t o a supercon d ucting sta te
where they lose all of t heir internal
electrical resista nce . At the same
time, any internal magneti c fie lds
also w ill d rop to zero .

The many potential uses for su­
perconducto rs boggle the mind .
Utility electrica l power co uld be
dist ributed lon g di stances w it ho ut

HE LLO AGAIN. WE LCOME TO RELEASE t ransmission loss. Much stronge r
number two of my brand new Ra- and cheaper magn ets fo r elec t ric

-d io-Elect ron ics c6 1Om n:-A s- w e- auto mob i Ies, t rans po rtatio n ,
fo und out last month , we wi ll be ato mic-particle research , and bio-
exp lo ring all sorts of " neat stuff" m ed ic in e wou ld revo lut io n ize
hacker oppo rt unities here, e lec - each of th ose fie lds. Compute rs
tronic and ot herwise. We w ill start could be made mu ch faste r and
off w ith a reminder th at yo u can mu ch smaller. So , too, co uld new
get no-charge tec hnical help at the test instr ume nts .
number in th e Need Help ? box Until recently, th e tempe ratures
that accompanies this art icle. need ed fo r su pe rco nd uct iv i ty

I've fo und out a littl e more on were so co ld that o nly very expen-
suitab le uv curing resins for th at sive and cumbe rso me liquid he-
Santa -C la us m ach in e t hat w e lium could be used . But , wi thin
looked at in th e last installment of th e last year, a new class of ceramic
thi s co lumn . It turns out th at a oxi des consist ing of copper, oxy-
leadin g m anu f acturer of p h o - ge n, and so me rare-earth ele -
topo lyme r izatio n resin s is Her- ments we re discovered that supe r-
cu les. conducte d at mu ch higher, more

O ne fairly cheap and easy to get eco no mical tempe ratures.
UV curi ng resin of th eirs is used Tho se new ce ramic mater ial s
for makin g rubber sta mps . That will superco nduct in th e 800K to
UV liquid resin is rebrand ed by t he 1000K range (-173°C to -193°C).
Merigra ph Systems people as th eir Now, that is stil l ext reme ly co ld,
pro d uct M O-035, and is d is - but yo u can easily hit those tem-
t rib uted by R.A. Stewart. peratures w it h chea p old liquid ni-

The really big news this mon th is trogen in a styrofoam cup. Liqu id
t hat hard ware hacker s can now nitrogen is availab le at less than
buy superconductors off-t he-she lf d raft -bee r prices from almost any
to pl ay w it h ! indu strial gas supp ly hou se.

Bette r yet , there are hints of su­
per condu ct iv ity at mu ch hi gh er
temperature s, some of w hich even
app roach room temperature. But
those new deve lopments are not



FIG.1-ATESTCIRCUITto demon strate the zero internal resistan ce of a coo led superco nductor.
- The meter will how a zero voltage drop when-the super.conductor.is below its cr itical tem­

perature. A "four-point" measuring scheme is used to minimize the effects of contac t and lead
resistanc e.

1.5 volt"0" cell

1K superconductor

C (j,~ $ OCwltmolm

~--

(a) At room temperature

(b) Cooled below 80 Degrees Kelvin

Second, of course, wo uld be a
very health y respect for the dan­
gers of working w ith those very
low temperatures . Once again ,
safety g lasses , h eavy, doub le ­
layered clothing, good venti lation,
and everyday com mon sense are
always essent ial.

Third , you would need repri nts
of many of the current papers in
supe rco nductivity. While there are
some expensive new jo urnals out,
check into Physics Abstracts, Sci­
ence, or, best of all, the Dialog on­
line technical and scientific info r­
mat io n utili ty. All of those shou ld
be read il y avai lab le at better
schools and libr aries.

Two rat he r good technica l re­
sources to get you started are the
special superconductor issue of
Physics Today (vo lume 39, #3,

FIG. 2-THEMEISSN ER EFFECTca lls for a ze ro inte rna l magnetic field in a supercon ducto r. The
resulting field distort ion will deflect, or even levitate, an ext remely strong magne t as shown.

(a) At room temperature

Making your ow n
Doing all yo ur own person al su­

perco nd uctor resea rch is rather
t ricky fo r t he average hardware
hacker, but it is certainly not out of
the question . Th e basic tech ­
nol ogy is just about as co mpli ­
cated for yo u as mi crowavin g a pan
of brownies.

And a Nobel Prize is up for grabs
for the first confirmed and verifia­
b le stab le roo m- tem perature su­
perconductor. Not to mention a
very big bag of nickels.

Dimes, even .
Fi rst and foremost, you wou ld

have to be a lab-type person, and
have access to either a schoo l
chemist ry lab or else have yo u r
own very sop histicated home lab.

(b) Cooledbelow 80 Degrees Kelvin

1986) and Bed no rz and Mu ller's
classic paper in Science (vo lume
237, pages 1133-1139).

An d, f inally, yo u would need a
so urce of raw materia ls . The
AESAR people have long been a
good source of smal l qua ntities of
high purity metal s, co mpounds,
and elements . They have released
a new superconductor-material s
flyer that includes bar ium, stron­
ti um, sca ndium, copper, lan­
t hanum, and yttrium in j ust the
right combi natio ns for the new su­
perconductors. Cost ranges from
$1 to $87a gram in small quantit ies,
depending on the material.

Be sure to let us know what re­
sults yo u come up wit h in th is ex­
citing new fie ld.

ultra-strong
magnet

superconductor
sample

shatte r at liquid nitro gen tem­
peratu res, so the safest co ntainer
is a plain o ld sty rofoam coffee cup.
M eanwhil e, any liquid oxygen that
condenses out can become a very
serio us fi re hazard.

Are yo u st i l l t here?
Hell o ... .Hello .. .

Actually, w hen treated with both
common sense and respect , the
danger s of liquid-n it rogen han­
dling are no wor se than, say, using
a power law nmower.

Figure 1 shows us how to dem­
onst rate superconductive proper­
ties . Basica l ly, you set up the
superconductor as a voltage di vid­
er and measure the output vo lt­
age. As you slowly low er t he
mater ial into the liq uid nitrogen,
the o utput voltage wi ll d ro p to
zero, provin g that the material is
supe rco nducting.

Figu re 2 shows you how to dem­
onstrate a second measure of su­
perconductivity. That is called the
Meissne r effect. Th e Meiss ner
effect saysyou w il l get a zero inter­
nal magneti c f ield when the mate­
rial yo u are worki ng with is actually
supercond ucting.

That effect does take a specia l,
extra strength neodymiu m-i ron ­
boron magnet. Physica lly levitat­
ing the magnet is not usual ly pos­
sible with these samp les.

For more information, and for
more cautions, be sure to thor­
oughly read the instructions that
come w it h yo ur sample of super­
con ductor material.
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DEGREE

THROUGH HOME STUDY
Our New and Highly Effecti ve Advanced-Place­
ment Program for experienced Electronic Tech­
nicians grants credit for previous Schooling and
Professional Experience , and can greatly re­
duce the time required to compiete Programand
reach graduation. No residenc e schooling re­
quired for qualified Electronic Technicians .
Through this Special Program you can pull all of
the ioose ends of your electroni cs 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 I Write for free Descriptive lit­
erature.

CIRCLE 58 ON FREE INFORMATION CARD

** ONLY $30 EACH ** 3D DAY FREE TRIAL **
To order, send $30 check or money order . Specify
Model. If notcompletelysatlsfied,simply return within
30 days for a full and speedy refund .

signal
remover

SOdB NOTCH fiLTER

Any* signl coming Inon your cable can be completely
"removed" with this powerful IiIter. Particularly useful
on "pay" channels. Also can be used to eliminate any*
over-the-air signal which prevents normal reception. The
filter's externaladlustments allow precise tuning to any
trequency required. .

*AVAILABLE FOR THE FOLLOWING CHANNELS:
MODEL 26 - For any channel between 2 and 6

(Tuning range 54 - 108 Mhz)
MODEL 713 - For anychannel between 7 and 13

(Tuning range 174 - 216 Mhz)
MODEL 1422 -For anychannel between 14(A) and 22(1)

(Tuning range 120 • 174 Mhz)

* All models in stock * One year warranty
* Fast, free delivery *Ouanlity discounts to 50%

STAR CIRCUITS/DEPT. R
P.O.BOX8332, PEMBROKE PINES,FL 33084

ON = air
OFF =water

Outputs

timing
capacitor

7~
5 5 O.01p.F

J1JL
4 voltspeak-to-peak

t-----{6

Use AC forpiezo speakersor
LED's; DCforpower relays
or incandescentbulbs.

For hacker uses, you can run on
a 9-volt battery, but with less sta­
bility and accuracy than when run­
ning at the intended 12 volts . The
current drain is under 10 mA, ex­
clusive of the load .

The second area consists of a
simple audio oscillator. You can
change the frequency of that os­
cillator by changing the timing ca­
pacitor between pins 5 and 7. The
intended operating frequency is
2.5 kHz , which can be used to di­
rectly drive a ceramic piezo
squaw ker device.

A simplif ied circuit of the audio
oscillato r is shown in Fig. 4. It is a
fairly low-power circuit, intended
to work into a 10K or higher load .
Th e output is a rather slo ppy
square wave of about fou r volts
peak-to-peak.

4.7K

4.7K2.4K
+6.6V 0-- - .....--........- - - - ---...,

piezo speaker
+12V0---+_--+_----.

LED

Liquid-level detectors
THE AUTOMOTIVE PEOPLE HAVE SHOW N

a lot of interest lately in liquid-level
detectors, particularly for low-ra­
diator-water warning systems.
There are quite a few ci rcuit man­
ufacturers that offer special ized
IC's for liquid-level detection .

One interesting and low cost liq­
uid-level detector is the Spragu e
ULN-2429A. That beasti e is shown
in Fig. 3.

There are three basic areas to
the circuit. Those areas of the cir­
cui t incl ude a regul ator, an os­
cillator, and a detector.

The fi rst ci rcu it area is a 6.4-volt
regu lato r that isolate s the rest of
the internal electronics from any
battery and vehicle nois e. Because
of that regulator, the inte nded sup­
ply is from 10 to 16 volts.

FIG. 4-A SIMPLIFIED SCHEMATIC of the internal audio oscillator found in the UlN-2429. The
usual operating frequency is 2.5 kHz, and is set by the external timing capacitor.

FIG.3-THE SPRAGUE UlN-2429 is an automotive liquid-level detector that has plenty of hacker
_ p'otential. Here isJ~J!ilS.iLt~sLcircuitusingAP_op_canJull_ofJap_water. _

75



compensation

+6.4 V o----1~

QUARTZCRYSTALS FOR
Two-Way - Industry - Marine

Amateurs - CB - Microprocessor
Scanners

Rely on JAN
for 3-WAY Help

3. LOW PRICES

1. TECHNICALLY CORRECT
Crystals to Your Specs

2. QUICK TURNAROUND
with huge inventory, prompt
service and Emergency Order
Plan

FIG. 5-THE UlN-2429 DETECTOR turns on with a square-wave input greater than 1.2 volts
1 1__peak-to-peak, andstays off otherwise. The filter caI!acitor selectseither an AC or Q.s.o~tput.

and eliminates any po ssible high­
frequency no ise.

If you input 1.2 volts peak-to­
peak, or less, the output stays off.
If you input more than 1.2 volts
peak-to-peak, the output turn s
on. While you can drive the detec­
tor input from the oscillator with
up to a 1-megohm resistor, the in­
ternal18K resistor is far more sta­
ble and preferred .

How doesthe liquid-level detec­
tor work? Looking back at Fig. 3, if
the probe does contact the liquid,
enough of the square wave gets
shunted to ground to turn off the
detector. Thus , when you are con­
tacting liquid; the output is off.
When your coolant drops below
the probe, the output turns on .

The Sprague data sheet al so
shows a serie s double-probe set­
up that turns the output on only
when in contact wi th the liquid.
But note that the alternate circuit
will only work with isolated liquids
that are not gro unded . A liquid
without a conductive or capacitive
path to ground is highly unlikely in
th e real world.

Suitable liquids are tap water,
sea water, weak acids and bases,
wet so i l, wine, beer, o r coffee.
Most oil s, di still ed water, d ry soil ,
o r vodka w ill not work.

One of the reasons for using an
audio signal rather th an a DC vol t­
age fo r a level sensor is to pr event
any plating or elect ro lysis eff ects
th at might alter the senso r probe
over time .

When you are working with tap

A series output resistor is nor­
mally used with the oscillator. You
have your choice of using an inter­
nal 18K resistor at pin 8, or else
adding your own external resistor
on pin 6 if you like.

The third area is the detector cir­
cuit shown in Fig. 5. It's basically a
three-stage amplifier that can
work in two different modes. The
detector will st rongly amplify any
audio signal that exceeds 1.2 volts
peak -to-peak, but completely ig­
nores anything weaker.

In the first mode, you amplify
the 2.s-kHz or other audio signal
and then directly drive a piezo
tran sducer at the output. You can
also drive an LED with that square
wave if necessary.

There is one gotcha to driving an
LED. You have to use a series re­
sistor to make the peak LED cur­
rent twice normal , si nce the
output square wave will only be on
half the time.

Sho uld you close the AC-DC
switch in Fig. 3, the output stage
becomes a high-power DC driver
that is capable of driving a relay or
an incandescent lamp. You can
output as much as one ampere
f rom that tough driver circuit , if
you use a heatsink clip and are cer­
tain to co nnect bo th out put pins 1
and 14 to a large printed circuit fo il
area, as well as connect ing both of
ground pins 3 and 4 to a similar
large foil area.

The capacitor on pins 10 and 11
reducesthe frequency respon se of
th e detector to what is needed ,

ForFreeCatalog
Call or Write

JAN CRYSTALS
p.o. Box 06017

Ft. Myers, FL 33906
(813)936·2397

[~ill •

Learn at hom. in spare tim•.
No previous experience needed.

~"_... nl""
No cos tly sc hool. No com mu ting to class.
Th e Original Home-Study cou rse pre­
pares you for the '"FCCCommercial Radio ­
telephon e License". This valu able license
is you r "tick et" to thousands of excit ing
jobs in Communicati ons, Radio-Tv , Micro­
wave, Co m pu te rs. Radar. Avonics and
mo re ! You don't n eed a college degree to
qualify. but you do need an FCC License .
No Need to Quit Your Job or Go To School

This proven course is easy. fast and low
cos t! GUARANTEED PASS - You get you r
FCC License or money refunded . Send fo r
FREE facts now. MAIL COUPON TODAY!

II
I Since I

1965

CALL 1-800-237-3063
FREE (Except Florida)
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a
Z
oa:
f­
a
w r----------------------,ill I commdnD PRODUCTiOnS I
6 I FCC LICENSE TRAINING, Dept. 90 I
(5 I P.O . Box 2223, San Francisco, CA 94126 :
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No Previous
Experience

Necessary

NEW
12 HOUR
MOD EL

ICS SCHOOL OF TV/VCR REPAIR, Dept. D ED1 8
51HC( lUI Scranton. Pennsylvania 18515
Please send me free fac ts o n ho w I ca n lea rn T V/ VC R
Repair at ho me in my spa re t ime. No salesman will visit.

Name Age _

NO W yo u ca n tr ain at ho me in spare t ime fo r a men­
ev -mak ing car ee r 3 5 a T V/ VCR Repair Specialis t.

No need to qui t your job or school. We show you ho w
to troubleshoot and rep air videoc asse tte recor der s and
T V sets , how to handl e house ca lls and sh o p repairs for
almos t any make o f te levision or VCR. Yo u learn abou t
T V receivers, tun e rs and antennas, x-ray emissio n, the
cha racte rist ics of so und, ho w elec tri cal impulses are co n­
ve rted int o a T V pict u re, and much , much ma rc. Tools
are included with you r cou rse so you ca n get "hands-on"
pra ct ice as you fo llow th e lessons step by step. Send fo r
free facts about opp o rt uniti es in T V/ VC R Repair an d
find out ho w you can st art mak ing mon ey in th is
great ca ree r. ..

Experts show yo u what to do, how to 5
do it.. .guid e yo u every step of th e way! '
Everyt hing is ex plained in easy-to-un derstan d language

with plenty of dr awings, photos and diagra ms. Bu t if
the re is ever anythin g in yo ur lesso ns you do n 't und er­
stand, you ca n write or phone your inst ructor and you
ca n cou nt o n getti ng an au tho ritati ve answ er. Sen d for
f ree fac ts an d co lor broch ure. No cost. No obliga tion.

!..O~e~~w~i~y~. .!:1.~ S2.U~N...l?~Yl.

LEARN TV/VCR
REPAIR

Modified Panasonic recorder installed in
top quality 3 inch Samsonite'" Attache
Case.Hasbuilt inelectret condenser mike.
Recorder is activated bycombination lock
onbrief case. Unitprovides completeport­
able recoding capability. Fold down work
tableconceals recorder. TDK DC 120 Cas­
sette furnished.

OTHER AMC ITEMS
12 hour modified Panasonic recorders,
$10 5.00 * * . Also Telephone Recording
Adaptors $24 .50 * , VOX SWITCHES
$24 .95 * , Micro recorders with tie clip
microphone, VOX activated micros, Wired
mikes, Transmitter detectors, etc. Send for
FREE data. * *Add $4.00 each shipping
and handling. *Add $1.50 shipping and
handling. Calif. residents add sales tax.
MailOrder.

AMC Sales Inc., Dept . A (213) 869-8519
9335 Lubec st., Box 928, Downey, Cali f . 90241

I
I
I
I ~I Address 85
I City /Sta t e/Z ip :

L~~_~ ~n

Motorola
PO Box 6000 MIS F-8
Austin, TX 78721
(512) 928-6011

Synergetics
Box 809
Thatcher, AZ 85552
(602) 428-4073

A.A. Stewart
641 S. Palm Unit H
La Habra, CA 90631
(213) 690-4445

Signetics
811 E Arques Ave
Sunnyvale, CA 94088
(408) 991-2000

Sprague
15 Northeast Cutoff
Worchester, MA 01247
(612) 853-5000

SenSym
1255 Reamwood Ave
Sunnyvale, CA 94089
(408) 744-1500

Solid State Micro Technology
2076B Walsh Ave
Santa Clara, CA 95050
(408) 727-0917

let th e simple circu it wo rk li ke a
real ch amp.

Just because the IC is cal led a
level det ect or does not mean th at
us sneaky hack ers can't do wildly
di ff erent thin gs w it h it. For exam­
pl e, yo u can think of th e device as
a sim p le audio osci llato r and a
th res ho ld ing lev el det ect o r w ith
eit her AC or h igh -curren t DC o ut­
puts. Between th e osci llator and
det ecto r, w e have th e options of
makin g o r breakin g a series con­
nection , o r of shu nt i ng or n ot
shunt ing so me of the osci llato r
signa l to gro und .

So, for this month 's co ntest, ju st
dream up a n ew u se for the
ULN-2429A. Paper ideas are j ust
fi ne; yo u do not have to actually
test your circu it. There will be one
of my books to the best twenty
ent r ies , and an al l-expen se-paid
(FO B Thatch er, AZ) tinaja quest to
the best of all.

I w i ll el imi nate the two most ob­
vio us new uses by showing th em
here as examp les: You can make a

AESAR
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Seabrook, NH 03874
(800) 343-1990

Linsday Publications
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Bradley, IL 60915
(815) 468-3668
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Denver, CO 80207
(303) 322-2120
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263 Great Valley Pkwy
Malvern, PA19355
(215) 647-3930

Hercules
Hercules Plaza
Wilmington, DE 19894
(302) 594-6500

Gatorfoam/lntl. Paper
Highway 90
Statesville, NC 28677
(704) 872-8974

Exar Corp
750 Palomar Ave
Sunnyvale, CA 94086
(408) 732-7970

water, th ere are th ree di fferent
fo rces at pl ay. If yo u ju st shove an
ohm mete r into a pop can fu l l of
tap water, you most likely will mea­
su re so meth ing in th e 5- to 20­
megohm range. That , o bv ious ly, is
fa r too hi gh to be abl e to shuntthe
18K resisto r.

But water has a di el ectric co n­
stant of 84, Thu s, what mi gh t have
been a 10-pF capacitor when t he
probe is in ai r becom es an 840-pF
capacitor when wet.

Finall y, most any mater ial has its
loss tan gent , which tend s to at­
te n u ate hi gh frequ enci es more
than low o nes . Th erefore, any ions
f loating aro und in th e tap water
w i ll f u rther low er th e imped ance.

That su re had me foo led fo r a
w hi le . Intu it ively, yo u wou ld ex­
pect p ro bed tap w ate r in a pop can
to loo k like somethi ng much hi gh­
er tha n an 18K resistor at audio fr e­
quen ci es. But th e tripl e co mbo of
co nd uc t ion, an exceptio na lly hi gh
di electri c co ns t ant, and an in ­
creasing loss tangent all gang up to



CALL NOW
AND

RESERVE
YOUR SPACE

• 6 x rate $745.00 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.

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., Farmi ngda le, NY
11735.

CAB LE TV CONVERTERS AND DE­
SCRAMBLERS. Large selection of top
quality merchandise. Low prices. Quantity
discounts. We ship COD. Most orders are
shipped within 24 hrs. Send $2.00 for catalog.
CABLETRONICS UNLIMITED, P.O. Bo x
266 Dept. R, S. Weymouth , MA 02190(617)
843-5191
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DECODE THE NEW VIDEO TAPE COPY
PROTECTION SCHEME. Bothered by
brightness changes, vertical jittering and vid­
eo noise while watching rented tapes? Stop it
with the LINE ZAPPER. New kit removes
copy protection that often interferes with nor­
mal television operation. Complete KIT only
$59.95. Assembled with 1 year warranty
$99.95. Add $4.00 shipping per unit.
ELEPHANT ELECTRONICS, Box 41865-L,
Phoen ix AZ 85080. (602)581-1973. Allow 6
weeks for delivery.
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DESIGNED SPECIFICALLY TO HOLD I.C.
board for fast, simple construction. Easy front
to backside of board movement, multi posi­
tion head, rubber lined jaws, solid oak con­
st ruct ion, fi nish tolerates cleanup with
alcohol, full refund if not completely satisfied.
Send $21.50 eac h to: ALLENS ELEC­
TRONICS, P.O. Bo x 235 , Ephrata, WA
98823
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Music lC's

cont inuity tester by usin g the os­
ci llato r and detecto r leads to do
such thi ngs as ring ing out cab les.
By rep lacing the wate r senso r w it h
a long wire, you can create a bur­
glar alarm th at t rips whenever th e
w ire is cut .

Let 's see w hat else new and ex­
cit ing yo u can come up w it h using
those new devices.

As W ITH ANYTH ING ELECTRONIC,

t he re are two di fferen t types of SIMPLY SNAP THE WAT-50 MINIATUREFM
high-perfo rm ance electronic-mu- TRANSMITIER on top of a 9v battery and
sic ci rcuits : di gital and analog. hear every sound in an entire house up to 1

d f mile away! Adjustable from 70-130 MHZ. Use
The d.i gital ones are u s~ o r with any FM radio. Complete kit $29.95 +

suc h th in gs as p ol yph oni c and $1.50S +H. Free shippingon20rmore!COD
- polytonic oscillators-and 'envelope- - - add-$4;-Gall or -send VISA, MG, MO. DECO-

gene rato rs. O ne major source of INDUSTRIES, Box 607, Bedford Hills, NY

h . E . h IC' 10507. (914) 232-3878.t ose IS nsorug, w ose s are
used in many popular hi gh-end CIRCLE 127 ON FREE INFORMATION CARD

synthes ize rs. Th ei r 5503 sy n-
thesizer IC is used in the Apple
IIgs, and gives th e IIgs far and away
the finest soun d availab le fro m any
personal compute r.

The analog lC's fo r elec tro nic
mu sic are mo re t rad it io nal and in­
clude such things as vo ltage-co n­
troll ed osci llato rs, ampli fi ers, and
fi lte rs. The Solid State Micro Tech­
nol ogy (fo rmal ly SSM , o r Soli d
State M usic) people seem to be
the leader in thi s area. They have a
free Produ ct Guide you may want
to send fo r.

New tech lit
Those new data books are con­

tinu ing to pou r in . Check out the
CM O S Da ta M anual f ro m Sig ­
ne t ics, t he new CM OS/ NM OS
Special Function s data book avail­
ab le from Motorola, a really great
Pressure Sensor Handbook f rom
SenSym, and the new Modem De­
sign Booklet fro m Exar.

As w it h most data boo ks, t he
pr ice varies from free to opt io nal
to nominal , dependi ng both o n
you r sup p lier an d how yo u go
abo ut asking fo r one.

For a most useful new hacker
structural material , t ry Gatorfoam

~ fro m Intern at ion al Paper. That f lat,
z rigid, strong, and lightweight stuff
~ is availab le in th ick ness f rom 3116 too 1Yz inches and is mu ch easier to
~ handl e and use than most of the
ui
6 woods, wood substi t u tes , and
is plast ics. It is abso lute ly ideal both
<t
II: continued on page 96
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ZENITH SSAV1 from $169, UHF INPUT, re­
conditioned . Level II modules available for
SSAV1s. UHF SSAV1 project handbook DEC. R-E ARTICLE ON MACRO SCRUB-
$6.50 ppd . Sylvania 4040 $169. Z-TAC, N-12, BER, the original parts as mentioned MAK-1 .
MLD-1200s. Converters , amplifiers and ac- All components shown on parts list and much
cessories . Satellite components. Radar more. Silk screened and etched P.C. board,
speed guns for car/boat racing, bowling, ski- power supply, IC sockets, precut jumpers,
ing; baseball, etc, from $275 used. Profes- power jack, plug and pre-drilled enclosure.
sional police models . IBM-compatible com- $562.95 & 3.00 S/H. Order today from: THE
puter systems from $895. Catalog $1. AIS HOBBY HELPER, P.O. Box 308,

- SATEl.:. l.:.ITE, INC"P.O.-Box-126-E,Dublin, - --B r idgewater,-MA 02324,or call (617)
PA 18917. (215) 249-9411. 339-1026. Visa/MC accepted.
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THE MODEL WTT-20 IS ONLY THE 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 Y4mile 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.
CIRCLE 127 ON FREE INFORMATION CARD

X-TRA EDGE SOLDER LESS BREAD­
BOARDS. Four (4) models, each includes the
Multi-use Edge Panel for mounting compo­
nents which don't fit the 0.1" DIP size bread­
board spacing. Transistors, SCRs, Triacs,
Regulators, Heat Sinks, Switches, Lamps ,
Fuses, Pots, Buzzers, etc. Models include
810,1620,2230 and 2940 tie-points. Priced at ­
$16.95, $34.95, $49.95 and $59.95.
CHENESKO PRODUCTS, 21 Maple St.,
Centereach, NY 11720, 516-736-7977, Fax:
516-732-4650
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AN INTRODUCTION TO BASIC PRO­
GRAMMING TECHNIQUES. This book is
based on the author's own experience in
learning BASIC and also in helping others,
mostly beginners to programming, to under­
stand the language . Included is a program
library of programs that the author has actu­
ally written and run. Order your copy today.
Send $5.00 plus $2.65 for shipping in the
U.S. to Electronic Technology Today Inc.,
P.O. Box 240, Massapequa Park, NY 11762­
0240.

BUILD STEVE CIARCIA'S NEW SUPER IC
TESTER Tests over six hundred 7400-series
TTL , L, S, H, C, HC, HCT, F, AS, and ALS
devices, 4000-series CMOS and PALs. Iden­
tifies unmarked chips and bad IC pins. User
definable test sequence and user expanda­
ble ROM library. Tester operates standalone
with LCD display, or with IBM PC or terminal.
Partial kit-$99. Full board kit-$179. CCI, 4
Park St., Suite 12, Vernon, CT 06066. (203)
875-2751.

CIRCLE 52 ON FREE INFORMATION CARD

PANASONIC CABLE CONVERTERS,
Wholesale and Retail. Scientific Atlanta and
Pioneer Cable Converters in stock. Pan­
asonic model 130N 68 channel converter
$79.95, Panasonic Amplified Video Control
Switch Model VCS-1 $59.95. Scientific Atlan­
ta Brand new Model #8528 550MHZ 80
Channels Converter $89.95. Video Corrector
(MACRO, COPYGUARD, DIGITAL) EN­
HANCER $89.95. We ship to Puerto Rico,
Caribbean countries, & So. Amer. Write or call
BLUE STAR IND., 4712 AVE. N, Dept 105,
Brooklyn, NY 11234. Phone (718)258-9495.

CIRCLE 85 ON FREE INFORMATION CARD

DECODE NEARLY ANY SINGLE LEVEL
GATED PULSE SIGNAL. New circuit works
with Hamlin, Jerrold, Sylvania, and Eagle
systems. Decodes In-band, Out-band, AM or
FM reference. Complete educational kit in­
cluding P.C. board, parts , case, and 40 page
gated pulse theory booklet is only $47.00
plus $3.00 shipping. Order no. 1PFD-1K.
ELEPHANT ELECTRONICS INC. P.O. Box
41865-R, Phoenix, AZ 85080. (602)
581-1973
CIRCLE 185 ON FREE INFORMATION CARD

LEARN AUTOMOTIVE ELECTRONICS.
115 page manual and all necessary parts to
conduct more than 100 experiments. Leads
student through basic principles of auto­
motive electronics thru to semi-conductors,
logic circuit fundamentals and an introduction
to robotics. Evolved from the 15year teaching
career of Frank Kurucz who believes in
graphic and practical demonstrations to
make theory interesting and understandable.
Complete kit $49.95. Manual only $12.49
(add $3 shipping) OCTE ELECTRONICS,
PO Box 276, Alburg, VT 05440 (514)
739-9328

CIRCLE 80 ON FREE INFORMATION CARD
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The source of the problem
Of course, there are some man­

U) ufacturers whose instructions areoz all that anyone could ask. But why
~ are so many manuals so in­o complete, so strangely worded,
~ and, in general, so inadequate? AI­
6 most all of the problem occurs be­
Ci cause most of audio equipment
~ sold in the U.S. is not only made,

AUDIO
UPDATE
Documentation difficulties
THE OTHER DAY I HEARD A STEREO- but also written about in the Ori-
equipment dealer tell a customer ent. (I say almost all, because for
that if he found the "documenta- more than a year one U.S. man-

--tio n"-fo r-some-of-his-just-bought--ufacturer of-a very-sophisticated
audio components unclear, he, and complex preamplifier
the dealer, stood ready to answer provided an "instruction manual"
any questions that might arise. For that consisted of a thick photo-off-
me, that raises two matters worth set copy of a typed transcript of
discussing: When did audio in- someone's free-association mus-
struction manuals become "docu- ings on the product.)
ments?" And, more important, But even when the products
why did the dealer expect the doc- come from overseas, aren't their
uments/manuals to be unclear? manuals written, or at least edited,
The use of the term "documenta- by someone with at least some tal-
tion" is, of course, simply another ent for communicating technical
minor example of the kind of jar- instructions in English to a non-
gon that puts roadblocks in the technical audience? Sometimes,
path of communication. Lord but certainly not always. I suspect
knows, stereo technology is diffi- that many U.S. importers are so
cult enough to explain without in- pleasedto get any printed material
jecting computerese. along with the product that they

Because the technology is both are not about to complain about
difficult to understand and rapidly such "trivial" matters as clarity, ac-
evolving, one might imagine that curacy, or prose style! The follow-
manufacturers would make spe- ing are two true, illustrative,
cial efforts to provide clearly writ- personal anecdotes:
ten, well-illustrated instruction Case 1. I once received a frantic
manuals. A clear, attractive, and in- call from an audio sales manager
teresting manual not only en- surrounded by samples of his new
hances the customer's pride of line. They had arrived the day be-
ownership in his equipment, but fore completely devoid of any de-
could do much to eliminate those scriptive literature. His problem
after-sale phone calls from cus- was that he needed to get some
tomers confused about one or fast printed material out to his
more of the operating features on sales representatives, but he
their new components. wasn't sure that he fully under­

stood the featu res and charac­
teristics of the products that the
japanese had chosen to ship to
him. My job, if I cared to accept it,
was to go over each product and
dictate into a recorder as much as I
could deduce about its specifica­
tions, features, and functions .

Obviously, that was a worst-case
situation, but it's not at all uncom­
mon for a U.S. subsidiary or im-

80

porter (or advertising agency) to
be presented with a line of new
products said to have "special de­
sign featu res" that, at best , are far
from self-explanatory, and, at
worse, make no sense at all.
Which brings us to:

Case 2. I was asked by the U.S.
sales manager of a respected high­
end japanese audio line to pro­
duce a technical "white paper" ex­
plaining a new "revolutionary"
(aren't they all?) amplifier circuit
used in this year's products . After
studying the schematics and the
quasi-English technical gob­
bledygook that purported to de­
scribe the new circuit-let's call it
Gamma-Plus-and its purpose, I
generated about 1,500 words of
what I hoped were plausible expla­
nation and justification. I ran them
by the company's U.S. technical
consultant who admitted to being
no wiser than I about the absolute
technical truth of the matter, but
who thought my guesses about
the operation and purpose of
Gamma-Plus were as good as any
he had yet heard.

I submitted my white paper, it
was accepted and subsequently
became part of the press kit to be
given out at the press con­
ference-which I was scheduled
to attend-where the japanese
president and chief engineer
would introduce the new Gamma­
Plus line. During the question and
answer part of the conference I tri­
ed to get an authoritative explana­
tion of Gamma-Plus from the
company's chief engineer. In reply
to my questions, he assured me
that there was an "excellent expla­
nation in the press kit"-thus

continued on page 97
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No-Slot Clock for IBM and Apple II

rew thingsare more annoying than hav­
ring to enter the time and date every
time you boot your PC, Xl; or clone. But if
you don't enter the correct time and date,
you lose avaluab le source of information
about w hen your fi les are modified and
created . Inadd ition,you lose flexibili ty in
backing up your work if your files aren't
correct ly dated.

IBMcorrec ted the deficiency in the AT,
w hich inc ludes its own battery-backed
clock. PC and XT owners can cor rect the
deficiency by add ing an external clock,
and there areseveralways of doing so.A
simple and inexpensive single-func­
tion-elock only---expansion card may
be inserted in any available slot, asmaya
multi-function card. The problem is that
you must give up a slot in either case,and
because most clone motherboards now
have MOK of built-in memory, the multi­
function card 'smemory must go unused .

Systems Manufacturing Technol ogy,
Inc. has. developed a simple, elegant,
and low-cost solution to the prob lem; it's
called the No-Slot Clock, and it's avail­
able from the d istrib utors mentioned in
the sidebar.

What it is
The No-Slot Clock is a single-chip real­

time clock/calendar thatq uickly and easi-

Iy mounts in a PC, XT, PCj r, or clone to
provide AT-like c lock features. No expan­
sion slot is requ ired; normally you would
install the clock in a ROM socket- used
or unused.

The clock provides the following infor­
mation : hund redths of a second, sec­
onds, minutes, and hours, and it is
accurate to within two minutes a year. In
addition, date, day of week, month, and
year are provided by the IC Adjustments
for leap years and months w ith fewer
than 31 days areperformed automatically

The clock's design is uniq ue in that

batter iesarecontained wi thin the IC itself.
Using techniq ues p ioneered by Mostek
in early 1983, the No-Slot Clock has two
long-life lithium cells embedded in its
sealed, 14-pin plastic DIP case. The bat­
teries serve as backup power when the
main power supply failsor when the ma­
chine is turned off. The batteries have a
life expectancy of 10 to 20 years, and
never need replacing. In fact, Systems
Manufacturing Tec hno logy uncondi ­
tionally guarantees the No-Slot Clock­
including batteries-for a full 10 years!

The clock contains a c ircui t that

"mOJ
:0
C»
:0
-<
~

<0

FIG.l
OJ
OJ

83



OJ
o
Zoa:
I­o
W
--l
W

6
o«a:

84

mon itors the state of the batteries, aswel l
as the power-supply voltage . The circuit
trips when the power supply drops to
4.63 ± 0.12 vo lts. When the supply vol t­
age falls below the trip vo ltage, con trol
logic d isab les the clock's chip -enab le in­
put, thereby p rotect ing internal registers
from acc idental data change.

f'-.s the power supply falls be low 3.0
vo lts, the detector connects one of the
three-vo lt lithium cel ls to the c lock's
power distribution bus and disconnects
the external supply The independent cell
wi th the higher voltage isused for power.

During power-up, the sw itching circuit
triggersw hen the pow er supply exceeds
3.0 vol ts, d isconnects the lithium battery
from the c ircuit, and reconnects the main
power supply f'-.s vo ltage passes the 4.63
vo lt thresho ld , the chip -enab le inp ut it­
self is enab led, thereby allowing the chip
to become-fully ope rational.

Installation
The clock IC itself is a 14-pin DIP that is

mounted inside a 28-pin DIP extender
socket, asshown in Fig. 1. To install it in an
IBM type machine, locate an empty 28­
p in ROM socket on your motherboa rd,
and p lug in the assembly If you have no
empty socket, simp ly remove a socketed
ROM IC, insert the No-Slot Clock in the
socket, and then rep lace your ROM. True­
b lue PC's and some clones use 24-p in
ROM 's rather than the newer 28-p in
ROM's. In that case,j ust install the No-Slot
Clock on an adap ter boa rd (a CGA or
EGA video adapter, a hard-disk controller,
etc.) that conta ins a socketed BIO S
EPROM or ROM.

Software suppl ied w ith the clock al­
lows you to set the time and date from
DOS and to recall the sett ings automat­
ically on power up.

Apple version
The No-Slot Cloc k can also be used in

an A pp le lie. Even though the Apple
doesn't require time and date entry on
power up, many programs make use of a
clock if it is available.

The No-Slot Cloc k is easily installed on

The No-Slot Clock is manufactured by
Systems Manufacturing Technology, Inc.
(1145 Linda Vista Drive san Marcos, CA
92069, (800) 648-6262, (619) 744-3590),

CIRCLE 18 ON FREE INFORMATION CARD

The No-Slot Clock is d istributed by:
• Jade Computer, 4901 W Resecrans Ave.,
Box 5046, Hawthorne, CA 90251-5046,
(800) 421 -5500

CIRCLE 19 ON FREE INFORMATION CARD

• and by Micromint, Inc., 25 Terrace Drive
Yemon, CT 06066 (302) 871 -6170.

CIRCLE 20 ON FREE INFORMAnON CARD

the lie motherboard in the 28-pin ROM
socket labeled CD. Simply remove the
ROM IC that is mounted in that socket,
insert the No-Slot Clock, and repl ace the
ROM . Included software allows the clock
to operate w ith ProDos, Dos 3.3, Pascal,
and A pp leworks.-TJ Byersto>.
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ZBASIC, for MS-DOS, Z80, Apple II,
and Macintosh

Basic is the language of choice for mil­
lionsof people, ranging from rank be­

ginners to dyed -in-the-w oo l hackers. In
the past few years, the large system-lan­
guage houses (Mic rosoft and Bor land )
have been batt ling by introducing new
versions of the language that are light
years beyond w hat was availab le only
three or fou r years ago . Meanw hile, a
small c om p any named Zedco r has
quietly been building a version of BASIC
that hasmany of the featuresof Quickand
Turbo BA SIC, and that addresses one is­
sue the bi g companies have ignored
comp letely : portabi lity

Zedcor describes ZBASIC as an inter­
active BASIC comp iler. That is, your nor­
mal working environment has the feel of
interpreted BASIC, but programs are ac­
tually compiled to machine language be­
fore they're run. Unlike trad itio nal BASIC
compilers, however, compilat io n is
fast-so fast, in fact, that for small p ro­
grams you'll hardly not ice compilation
time at all.

ZBASIC is generally compatib le wi th
other versions of BASIC availab le for the
target mach ine, but there are di fferences
that prevent strict one-for-one translation .
For examp le, in the MS-DOS version,
ZBASICw ill not accept standard BA SICA
(GW-BASIC) open file statements of the
form :

OPEN "FILENAM E" FOR INPUT AS #1
Rather,you must use the alternate syntax
(which is also acceptable in BA SICA):

OPEN ''I'', # 1 "FILENAM E"
All such syntactic di fferences are well
documented , so translating an o ld pro ­
gram or w riting a new one, if you're used
to the old syntax, should not be d iff icult.

The bi ggest differences b etween
ZBASIC and the native versions of the
language are in the graphics statements,

00010 A$ =TIME$
00020 FOR I= 1 TO 500
00030 PRINT STRING$(62,"' '')
00040 NEXT
00050 8$ =TIME$
00060 PRINT "Start time: ";A$
00070 PRINT " Stop time: ";8$
00080 END

which have been standardized among all
versions (MS-DOS, Z80 (including CPIM
and TRS-80), Apple, and Macint~sh) of
the com p iler. Graphics programsare w rit­
ten to co nform to a device-independent
coord inate system, so, theoretically, the
source co de of a graphics p rogram w rit­
ten for one co mputer should comp ile
and run on another.

There are numerous small goodies that
BASIC aficionados w ill enjoy In the MS­
DOSversion, for examp le, in addition to
the standard CGA graphics of BA SICA,
both EGA and Herculesgraphics aresup­
ported; arrays are not limited to 64K; a
full-screen edi to r is instantly availab le; se­
rial communications bufferscan be main­
tain ed automat ic ally; mic e are sup­
ported; line numbers are not necessary;
sub rout ines can b e called by name;
mult i-line funct ionsaresupported; CASE,
DO UNTIL, and multi-line IFstatementsare
supported ; the LIST command can high­
light keywords; UNNUM removes un­
necessary line numbers; and many more.

On the othe r hand, some statements
havebeen left out inexp licably For exam­
ple, the INPUT$ function (which is part of
most Microsoft versions of BASIC is ab ­
sent and is sorely missed .

Using ZBASIC
After typing your p rogram in, you can

run it or co mp ile it to produce a stand­
alone executab le (COM) file. The .COM
file always con tains the entire support
library, so the following program com ­
piles to a file that is about 20K in length:

00010 PRI NT "HELLO"
How ever, ZBASIC programs run fast.

For example , the program shown in list­
ing 1 runs in about 25 seconds in either
the ZBASIC environment or as a stand­
alone COM file; BASICA runs the program
in about 92 seconds!

Zedcor inc ludes a thick manual 'of
more than 700 pages.A pproximately half
inc ludes material that is appl icab le to all
versions of the compi ler; the rest are ap­
pendices with information specific to
each implementation.

ZBASIC is available from Zedcor, Inc.,
4500 East Speedw ay Blvd ., Suite 22, Tuc­
so n, A Z 85712-530 5, 800 -482-4567,
602-795-3993. The current price of the
IBM, Macin tosh, and Z80 versions is
$89.95; the Apple DOS 3.3 and ProDOS
versions cost $49.95.• 0>.



DESKTOP PUBLISHING
What is desktop publishing? What hardware

and software are required? Must it be expensive? Read on . . .

JEFF HOLTZMAN TECHNICAL EDITOR

Desktop Publishing-everybody's talking about it, but
nobody knows exactlywhat it is. To some people, a

specific program defines the field: If a program can do
what program X does, it does desktop publishing. But
many programs claimto do desktoppublishing, andcan't
really, whereas manyother programs don't claim to, and
actually can.

Inanattempt to remedythe confusion, here's a simple
definition: A program does desktop publishing if it can
merge bit-mapped graphics with text, and if it can pro­
duce that text in a variety of fonts (specific sizes of
specific typefaces).

That definition allows us to view desktop publishing
not as a this or a that, but as an activity with a range of
possibilities. A skateboard and a Mercedes Benz both
provide transportation, but obviously, each has different
capabilities that appeal to different users. Thus, a $50
program running on a $500 PC clone and printing on a
$200 printer differs in degree, not in kind, from a $7000
program running on a $10,000 80386-based machine and
printing on a $20,000 laser printer.

With that in mind, in thisandtheaccompanyingarticle,
we'll examine half a dozen programs, each of which

occupies a separate niche in the desktop-publishing
spectrum. The programs we 'll discuss (PageMaker, Ven­
tura Publisher, PFS: First Publisher, Inset, The Printing Press,
and Lotus Manuscript) represent a non-comprehensive
sample of what's available, but several products are
unique (Manuscript and Inset).

As for hardware, Printing Press and Inset will run a
floppy-only system; the others require a hard disk. All
programs will run on a standard IBM PC, XT, or compati­
ble; but unless you'vegot a great deal of patience, you'll
want an AT-class machine (or a PC with an accelerator
card). All but Manuscript and Printing Press work with an
optional mouse. In fact, menu and graphic manipulation
is mucheasier with one, but keyboard-only operation is
alsopossible.

Overview
PageMaker, Ventura, and PFS all function in a graphic ~

environment, wherein menus for accomplishing various ~
actions drop down from the top of the screen.All menus ~
and other text are presented in bit-mapped graphics ~
form, sospeed is required for all but the mostoccasional <0
(and patient!) use. &l
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FIG. 1-PFS: First define baselines.

FIG. 2-PFS: Next add your text.

: - -:--:

ed itor. The latter includes tools for flipping a selected
image horizontally and vertically, resizing it, pixel-level
editing, "inverting" (changing all black to White, and vice
versa), and more.

You can also enter text (in any of the approximately 60
fonts prov ided) on the graphics layeri after pressing the
Enter key, your text becomes a bit-mapped image that
may be manipulated w ith all the tools mentioned above.
Headlines are best created in that way. Creating cer tifi­
cates is possib le by d up licat ing and flipping clip-art

FIG. 3-INSET: Format text and add bracketed image name.

PFS: First Publisher
From the makers of several entry-leve l products (word

processors, database managers, etc.) comes PFS: First
Publisher, an amazing and frustrating $99 package. It's
amazing in w hat it can d o (co nsideri ng the price), and
frustrating in how it does-or doesn't-do w hat it's sup­
posed to do.

First Publ isher has a complete graphics interface with
drop-down menus. A mouse is not required, but makes
most operations much easier. First publi shercan d rive just
about any PCgraphicsadapter (CGA, EGA,and Hercules),
and many p rinters, both dot-matrix and laser (HP and
App le) aswell.

You work w ith the program in two layers: graphics and
text. The p lacement of text is determined by baselines,
analogous to ruled lines on paper. Baseline length and
posit ion is adjustable singly and in groups (by col umn,
and above or be low a given baseline.) Figure 1 shows the
baseline display for our sample.

After setting the baselines, allowing space for graphic
images,you can flow the text . (See Fig. 2.) The text must
be formatted with CR's (no LF's). PFS word processors
apparently do so, but few other word processors do, so
you may need a co nversion utility to get your text into First
Publisher. You can also type text d irectly into the program,
but on ly limited ed iting is availab le. First Publ isher d oes
no hyphenation, so w hen you flow text into your pub lica­
tion, you'l l either have to hyp henate it manually or live
w ith large gaps between words on some lines. By con ­
trast, both PageMaker and Ventura are able to hyphenate

~ words automatically.
~ Then you switch to the graph ics layer. Graphics han­
a: d ling is First Pub lisher's strong point, the p rogramo provides a miniature graphics edi tor (which neither Pag­
w
u:J eMaker nor Ventura Publ isher provide), in addit ion to the
a usual tools for creating ruled lines and boxes. Also, First
~ Publisher co mes w ith five "sheets" of c lip art w ith various
a: images that you may "c lip" and ed it using the graphics
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PageMaker runs under Microsoft Windows, Ventura
runs und er Digital Research'sGEM (Graphics Environment
Manager), and PFS runs in its own proprietary environ­
ment. Window s and GEM are similar in that they provide
both a consistent user interface that simp lif ies using a
broad range of p rograms, and a co nsistent programmer
interface that simp lifies ( in some senses) w rit ing those
programs. See the accom panying articl e for more infor­
mation on PageMaker and Ventura Publisher.

Inset is a ram-resident program that monitors keyboard
input and printer output. When Inset's hot key is pressed,
the program pops up and allows you to integrate graph­
ics images (created from scratch in Inset, or captured
from other programs) with text. You use your w ord pro­
cessor's normal print function to pr int a document that
co ntains such an imagei Inset automatically merges the
graphics image w ith your text.

The Printing Press isan inexpensive program that allow s
you to create signs, greeting cards, etc., q uickly and easily.

__LotusManuscriQt Qrovides a comQlete environment for
creating documents, from initial note-taking to final pr int­
ing. It combines a word processor, an outliner, and a
flexib le page-printing system. Of co urse it accepts Lotus
1-2-3 graphs, other types of graphics images, and it al­
lows you to create tables and formulas easily.



images ~o create a border, and then adding your text. In
add ition, Fi rst Pub lisher includes templates for severa l
types of publications, includ ing a newsletter, business
stationary, a greeting card, and more.

PFS : Fi rst Pub lisher has two problems: its documenta­
tion and its tendency not to do w hatyou tell it to do. The
user's manual is very poorly organized , w ith some highly
necessary information buried in obscure p laces. The
book is wel l-indexed, how ever. In add ition, it neglects to
delineate proper layout procedure. Is it best to flow text
first and add graphics later?(No.) Or should the graphics
be p laced, then the baselines defined, and then the text
flowed? (Probab ly. ) Should the basic layout (baselines
and graphics p lacement) of each page-not just the
first-be defined be fore flowing any text? (Absolutely.)
The manual is no help in answering those q uestions.

The second problem is more insidious. Even after
defining your baselines, wh ich itself takes quite a b it of
simp le trial-and-erro r exper imentation, text often does
not follow your guidelines.And adjusting baselines after----text ana grapnics nave 6een placeols next to Impossl6le.

In sp ite of those problems, Fi rst Pub lisher p rovides
many of the capabilities of the big -name packages, as
well as a unique graphics ed itor, at five or ten pe rcent of
their cost. If nothing else, Fi rst Publi sher might be a good
way to get your feet wet in desktop pub lishing. Many of
the skills you'll learn w ill be transferable should you de­
cide to upgrade to one of the power packages.

THANKS
Thanks to NEC Home Electronics for loan of a NEC Multi­
Sync monitor, on which all photographs in this article and
on this month's cover were taken .

FIG. 5-INSET: Then preview the final page.

Inset
If you're interested in improving the quality of your

presentations, bu t are unwilling or unable to invest the
requisite time and money in a full-fledged desktop-p ub­
lishing program, Inset may be for you. It's an ingenious
package that allows you to integrate graph ics and text, all
w ithin the confines of your regular word processor.

Inset runsonjust about all IBMgraphics adap ters(CGA,
EGA, and Hercules), and supports a variety of printers
(IBM, Ef.Json, Okidata, NEC, etc.), includ ing several co lor
printers and several laser printers. A mouse can be used,
and is handy, but is not required.

FIG. 4-INSET: Next bring up and size the image frame.

FIG. 6-THE PRINTING PRESS: Main menu.

You 'install Inset as a RAM-resident program that pops
up w hen you press a hot key (normally PrtSc). The pro­
gram requires from 35Kto 115Kof memor y, depending on
w hich options you enab le. The smallest version only
allows you to capture text or graphics screens from just
about any program, including DOS, Lotus 1-2-3, dBASE,
AutoCAD, etc. Those and other images may be ed ited
later by the full version, w hich includes a fairly comp lete
graphics ed itor.

You use your word processor to format your text, leav­
ing a gap w here the desired image w ill appear. Next you
p lace the file name (surrounded by brackets) of the
desired image in the upper-left co rner of that area. (See
Fig. 3.) Then, w hen you press the hot key, Inset w ill draw
an outline on the screen showing w here the image wi ll
appear, but not the image itself. (See Fig. 4.) At this point
you can adjust the X and Y d imensions, independently or
maintaining the original aspect (he ight to w idth) ratio.
When the frame isthe right size, you'llwant to preview the
actual image. (See Fig. 5.) If the size or the shape of the
image is unacceptable, it's easy to modify either.

As for the image itself, you can create it from scratch
w ithin Inset, you can capture an image generated by ;:H
another program-such as 1-2-3 graph, for examp le- ~

and use it as is, or you can use Inset to modi fy a capt ured ~

image from another package. ~

The text and graphics filesare total ly separate, but you (0

print the text file using your word processor's usual print &5
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FIG. 7-THE PRINTING PRESS: Graph ics ·editor.

Pagemaker And lJent
Publisher Face Off

FIG. B-LOTUS MANUSCRIPT: Print preview screen.

The PrintingPress
By most people's definition, The Printing Press is not a

desktop- publi shing program, but because it allows you
to integrate text and bit-mapped graphics, it fits ours.You
use the program to create greeting cards, posters, and
letterhead stationary. It runson the Hercules monochrome
graphics card, and on CGA compatib les(including EGA).
A pparently the program was written for the CGA, and
only crudeiy translated for the Hercules, because on the

FOR FURTHER INFORMATION
The best single source of information we have seen that
covers all aspects of publishing (not just the desktop variety
thereof) is The Illustrated Handbook of Desktop Publishing
and Typesetting, by Michael L. Kieper, c. 1987, Tab Profes­
sional Books, P.O. Box 40, Blue Ridge Summit, PA 17214.

The graphics department of your local college or univer­
sity is another good source of information.

The explos ion of the desktop-publishing industry has
spawned a slew of magazines devoted to the field, many of'
which are not worth the paper they're printed on, and proba­
bly won't be in print very long. The best of the lot are
Personal Publishing (Hi tchcock PUblis hing Company,
25W550 Gen eva Ro ad , Whe ato n, IL 60188-2292 ,
312-665-1000) and Publish! (PCW Communications , lnc.,
501 Second St. , San Francisco, CA 94107, 800-222-2990,
415-243-0600). PC World and Mac World magazines (also
published by PCW) also carry desktop -publishing features
occasionally.
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function. Meanwhil e, Inset is lurking in the background latter graphics are "squashed." That's not a serious prob-
mon itor i ng.~lU2ri nter out ut, and w hen it sees the lem, though, because images still pr int cor rectly. Sup-
bracketed file name, it knows it's time to print tne grapnic- - portea printers include: IBM, Epson, Okidata;-Toshiba,
image in the proper size, shape, and position. Color NEC, C. Itoh, etc.
imagesare printed on a b lack and wh ite printer by gray- The program is supplied on a single floppy d isk; it
scaling (simulating colors w ith various-shades of gray). includes a 111-image graphics library (other libraries are

Because of the w ay Inset works, it's best to use it w ith a availab le at reasonable prices), eleven border styles, and
word processor that d isplays text on-screen pretty much ten text sty les. Installation amounts to copying all filesto a
as it w ill appear on paper.WordStar 4.0 (which was used working disk,and then telling the program wh ich graphics
for our sample shots) works well; Inset systems also card and printer you'll be using. The Printing Press comes
claims compatibility w ith Disp layWrite 2, Disp layWrite 3, with a context -sensitive on-line help system, and an on-
MultiMate, Microsoft Word, Office Write~ Word Perfect, disk documentation file you can print yourself. To keep
XyWrite II Plus, XyWrite III, and others. costs dow n, printed documentation is not included.

The program and its drivers come on two floppy d isks; When you run the program, you're presented w ith the
a 150-page manual exp lains all operat ions. The manual opening menu (shown in Fig. 6), from w hich you choose
includes a quick-start section for experienced users, and the type of publ ication you want to create, set up the
a brief tutorial for beginners. hardware, exit to DOS, or enter the 'Art Center," agraphics

ed itor. You navigate menus using the cursor keys, and
makeyour selection by pressing the Enter key.

To make a poster for example, you choose that item
from the main menu, after w hich you're presented with
the Poster Design Elements menu. There you choose a
border style, one or two graphics images, their p lace­
ment, and the text of your poster. Text can appear in ten
different type styles,each of wh ich may appear in one of
two di fferent sizes,and in one of five "textures"(standard,
outline, checkered, etc .).

You can p lace graphic images in one of three sizes
(regu l a ~ half-size, and doub le-size). Double-size images
are centered on the design for you automatically; you
have some control over how (and how many) images are
p laced in the other sizes, or the program wil l p lace them
for you in one of several ways.

Last, you preview your design and then print it. Or you
can return to the edi t ing screens and further modify the
images and text. When everything is asyou want it, you
can save the image to your working disk.

The Ar t Center (shown in Fig. 7) p rovides a rudimentary
graphics ed itor that allows you to turn ind ividual "dots"
on and off, flip an image horizontally and vertically, re­
verse it (b lack to white and vice versa), and more.There is
no provision for creating even simple shapes (lines,
boxes, circles) or text other than dot by dot. You can
create you own images from scratch or mod ify those in
the supplied library. Each image is composed of an 88 x
52 array of dots.



Conclusions
Each of the programs disc ussed in this article is a

quality prod uct, w ith its own strengths and weaknesses,
and w hose capabilities overlap the others in some areas.
The Printing Press, for example, is by far the easiest to use,
but hasthe lowest qual ity output. At the other end of the
scale, it w ould be overkill to use Ventura Publisher to
make a "Garage Sale" sign. A good compromise is PFS:
First Pub lisher, which can provide fairly high queii tv out­
put, but which requires a heavier investment in learning
and usage time. For examp le, you'll have much better
control over graphics and text placement with PFS than
with Printing Press, but you' ll have to spend time doing
that placement-and it adds up q uickly.

To produce a semi-formal report for schoo l or busi­
ness, Inset is hard to beat because of its ability to capture
and ed it images from a multitude of programs,and then
include those images in your report.

Lotus Manuscri'pt could be the ideal solution for the
professional technical documentation specialist working
w ith (and converting files to and from) several packages
(outliner, word proc essor, and print formatter). The inte- ;H
grated environment, along wi th Manuscript's abi lity to gs
workwith really largedocuments, make it highly attractive ~

to the user. Next time, we'll see how two of the heavy- ~

weights- Pagemaker and Ventura Publi sher- fare in a <0
head -to-head competition.tm. ~

PRODUCTS DISCUSSED

• PFS:First Publisher, P.O. Box 7210,1901 Landings Drive,
Mountain View, CA 94039-7210, 41 5-962-8910.

CIRCLE 25 ON FREE INFORMATION CARD

• Inset ($99.95), Inset Systems, 12 Mill Plain Road, Danb­
ury, CT 06811, 800-828-8088, 203-794-0396.

CIRCLE 24 ON FREE INFORMATION CARD

• Lotus Manuscript Lotus Development Corporation, 55
C amb r idge Par kw ay, C a mb ridg e , MA 02 142,
800-345-1043, Lot No. QA-1 450.

CIRCLE 26 ON FREE INFORMATION CARD

• Xerox Ventura Publisher ($895), Xerox Corporation, P.O.
Box 24, Rochester, NY 14692, 800-832-6979.

CIRCL E 22 ON FREE INFORMATION CARD

• The Printing Press ($49.95), Power Up!, 2929 Campus
Drive , P.O . Bo x 7600, San Ma teo , CA 94403 ,
800-851-2917,800-223-1479 (CA).

CIRCLE 23 ON FREE INFORMATION CARD

• PageMaker ($695), Aldus Corporatio n, 411 First Avenue
South, Seattle, WA 98104, 206-622-5500.

CIRCLE 21 ON FREE INFORMATION CARD

It takesa fair amount of trial and error to get things right,
because you don't see whether your image(s) will inter­
ferewith your text until you go to the preview screen.Your
text, for examp le, could overlay an image and thereby be
indec ipherab le. How ever, after creating a few designs,
you get a feel for how much space imagesand the various
text fonts occupy, so you can then p lan your designs
accordi ngly.

The only real problem with the program is the w ay you
mustselect an image by scrolling through list after list after
list of images in the currently selected set. It w ould be
much more convenient to be able to select an image by
name. In addition, you don't know w hat an image looks
like until you select it. Another great convenience would
be away of printi ng an entiregraphics library (with image
names) at once.

Although aw ide rangeof pr inters issupported, the b it­
image capabilities of dot matrix printers are not used for
text reproduction (as PageMaker, Ventura, and PFS can
do), so only a printer'snative text fonts are available. That
means you won't be able to print half-inch headl ines,
italicized type, or Greekletterson a dot-matrix printer that
doesn't have those capabilities built-in.

The editor is fast, but you don't get aWYSISWYG (What
You See Is What You Get) display for either text of graph­
ics, so you don't know where page breaksoccur untiI you
either print or preview the document.

The basic procedure for integrating a graphics image
with a document is simple . To include a 1-2-3 graph, for
example, you have to enter another bac kslashcommand
of the form:

\p icture filename\
The col umn w here the command is located determines

Manuscript w here the image w ill appea r, and the command itself
This product from Lotus Development Corporation at- allows you to scale the image horizontally and vertically.

_tempts_to_comb ine_three_products-i rLone:_w ord _pro-__But.to.see how the image appears on the page.you must
cessor, outli ner, and graphics integrator. The latter do a print preview asshown in Fig. 8.An overview of the
capability isw hat qualifiesManuscript for inclusion here. page is shown on the left side of the screen; you can

Unlike most desktop-p ublishing programs, Manuscript magnify a portion of the image by moving the box
is intended for use at each step of the documentation (show n in the upper left corner of the page image)
process. You can take notes and subsequently rearrange around using the cursor keys. The current conte nts of the
them using the outliner, w rite and edi t your text w ith the magnify ing glass are shown in the upper right corner of
ed ito r, and then p rint your doc ument on a wi de range of the d isplay.
dot-matrix and laser printers. Manuscript is supplied on eight floppy di sks, whose

Yourdocuments can includ e several types of graphics contents occ upy more than two megabytesof space. You
elements: tab les (with ruled lines); graphs imported from can de lete unnecessary printer and screen drivers to
1-2-3, Symphony, and other programs; equations, w hich reduce that to about 1.5 megabytes. Two well-produced
you enter using a special equation-description language; manuals (tutorial and reference) are included.Theediting
and several o thers (i nc luding scanner and PostScript and outline funct ions work fairly qu ickly on a standard Xl;
files).Describ ing anequation isstraightforward . For exam- but to preview pages on-screen, you 'll want an AT-class
p ie, the eq uation: machine, on wh ich the preview process is by no means

A2 + B2 = C2 instantaneous.
would be entered using a Manuscript "backslash" com­
mand as:

\equation A super 2 + B super 2 = C super 2\
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II .L .
• 271 6 to 1 MEG • Updateable to 32 MEG
• Programs 2764 A in 10 Seconds
• Menu Driven Software
• External 40 PIN ZIF (PC only)
• Adapter 8748, 49, 51. 52, 55, TMS 7742

$50 PC only
• 1 Year Warranty
• 10 Day Money Back Guarantee ~
• Available for APPLE II $92.50 ~
• For More Information Call
NEEDHAM'S ELECTRONICS
4535 Orange Grove, Sacramento, CA 95841
(916) 924·8037 (M-F) 8 AM to 5 PM PST
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THE RAM BACK CHAIR
For Stressless Sitting

and Perfect Posture
Featu res
• Adjustable Height 21"-27"
• Adjustab le kne e and seat

pad
• Solid Wood - Oak Finish
• Thick Velour Cushions
• Folds for Sto rage

$54 EA
Credit 1-800-227-2001
Cards 2 13- 839-5974
Add $9 ea. for B!B
UPS Deli very ~

RAM
8306 W ilsh ire Blvd., # 10
Bev erly Hills, CA 90211

Free Brochure' Money Back Guarantee
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Motion Control &
Data Acquisition

on your IBM PC orApple II
and all compat ibles

~I§~=
=a
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( omputervtinuum
75 Southgate Ave . . SUite 6
DalyCity. CA 94015 (415)755·1978

A Ventilation System designed to extend
the life of the IBM'" PC, or PC/XT.
Coldblue,. fits inside the PCto reduce operat­
ingtemperatures up to 27° by directing airflow
onto the boards. The choice of users
worldwide because it really works! Fits clones
too. One year warranty. $185.
MandrillCorp., POBox 33848, San Antonio, TX
78265(800) 531-5314, (512)341 -6155
Dealers' inquiries welcome.

co\db\ue'"

Smart 2 Axis Motion Controller: For ma~
types of motors & encoders. New I.C. (from HPJ
~~fa;~tWj§"<3~~~~ oring on the fly. Optically
Four Axis Stepper Driver: With SOFTWARE &
motor for insta nt automation. $9 5.

ffn~u~~~2~rg~~~re~~~~m"i,';,,~~~re6t~~~:
WARE $500. AlIa : 12 BitNW,'Relay Driver,Real
TIme Clock.Circuit developers Project Book $25.

~~~J~.d8~~h~~';,,~~~t~~1 ~8r~~~~~
~g~n8ca~:~dS, like those above, on a 50 ft.

Pleasecall (415)755-1978 for free IItemture.
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Rates: Ads are214" x 2Va" . One insertion $825. Sixinsertions$800each . Twelve
insertions $775. each. Closing date same as regUlar rate card. Send order with
remittance to Computer Admart, Radio Electronics Magazine, 500-B Bi-County
Blvd., Farmingdale, NY11735 . Direct telephone inquiries to Arline Fishman , area
code-516-293-3000. Only 100%Computer ads areaccepted for thisAdmart. .

COMPUTER -t- Eliminate Ie PROMPT DELIVERY!!!
ASSEMBLy ' Guesswork! S ~~~~Esp~~:d~~~;;~';';~ 10"

~ ' . Build with
MANUALS Confidence ! DYNAMICRAM
BIG BLUE SEED for IB M' · BUILDERS'. 104BKx1 100 ns256Kx4 120 ns

Parts list, p lacement diagrams, instructions, * 256Kxl 100 ns
mods, for assembl ing over 90 IBM - 64Kx4 150 ns

compatible bare cards. Latest version with ~;~~: 199 ~~
guides for 640K, Turbo, AT & Baby AT 256Kx1 120 ns
MthBds $17.95 256Kxl 150 ns
APPLE'· BUILDERS NEED APPLE SEED! + 64WR6~ ns
Instructions for assembling over 90 Apple- 27C1000 12BKxB 150ns

27C512 64KxB 200 ns
compatible ba re cards including 11+ & lie 27256 32KxB 250 ns
MthBds. For A LL Apple enthusiasts and 27128 16KxB 250 ns
hobb yists $14.95 .. 43256L.12S3~~J~C1~~~S
SAVE10% - ORDER TWOORMORE MANUALS 5565PL.15 BKxB 150 ns
OVER 40 BAREIBM & APPLECARDSIN STOCK
(MlhBds • Disk . Video. Burner . MulllFn • 1/0 • Modem • Pre*>• etc)

- Check/Money -order, VISA/MasterCard to:
NuScope Associates', DeptRE

In U.S.A. In CANADA
P.O. Box 790 P.O. Box 742, Stn B

Lewiston, NY 14092 Willowdale, Ont.M2K2Rl
•A Division of Kosmic MicroTech Inc.

R-E Computer Admart

M-S CASH DRAWER
10711 Flower St., Stanton, CA 90680

(800) 544·1749
In California call:

(7 14) 821·1133

PC; Compat ib le
CASHDRAWERS

CALL NOW
AND

RESERVE
YOUR SPACE

• 6 x rate $800. 00 per each insertion.
• Fast reader service cycle .
• Sh ort lead time for the placement of

ads.

Call 516-293-3000 to reserve space. Ask
for Arline Fishman . Lim ited number of
pages ava ilable. Mail materia ls to :
C o mp u t e r Ad mart , RADIO-ELEC­
TRONICS, 500-B Bi-County Blvd ., Farm­
ingdale, NY 11735.
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BUILD
THEPT·68K
Add keyboard and video this time.

PETER A. STARK,
STARK SOFTWARE SYSTEMS CORPORATION
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Par't 5we qui t last month just w hen HUMBUG
(our monitor in ROM)signaled that it was

working by sound ing a "beep-coo p" tone. Now let's
connect a keyboard and a video display to the comp uter
so we can communicate w ith HUMBUG.

One step backWard
In order to get that beep-boop sound, we rushed the

last few steps and mounted a few parts w ithout exp lain­
ing w hy, so let's retrace our steps and see w hat we d id .

In Step 13 last time, we installed four 10K resistors, an
MC68681 DUART, and a 3.6864 MHz oscillator. The four
resistors (R9, R10, R1 2, and R1 3) are needed because we
w ant to use the computer before w iring iscomplete; they
w ould not be needed if the entire system were com­
pleted . (They do no harm if used .)

As shown in Fig. 5 lasttime, the DTACKgenerato r contains
an eight-inp ut gate, IC36, that generates DTACKw hen any
input is b rought low. Presently, four of those inputs(p ins1,
2,3, and 12) are not connected to anything, because there
is no DRAM, no hard disk, no serial port, and no XT
expansion port. It's not a goo d idea to leave those inputs
floating, so the resistors hold the inputs high, and thereby
prevent generation of a false DTACK.

The MC68681 DUA RT (IC10), along w ith the 3.6864­
MHz oscillato r (IC3) are used mainly for serial co mmuni­
cations. How ever, the DUART also hasan internal counter/
tirner that is used to generate the tones for the speaker.
The circuit is shown here in Fig. 1; only one w ire (the
connection to pin 13 of I(1 0) is used by the speaker
circuit. We'll di scuss how the DUART works short ly.

Communicat ing with the PT-68K
Now we're ready to install the I/O (input/outp ut) c ir­

cuitrythatwill allow usto co rnmunicatewith the comput­
er via a keyboard and some sort of video d isp lay. There
are several possible ways of doing so.

1. A "dumb" computer terminal w ith a serial (RS-232)
interface (such as a Televid eo, a Soroq, etc.). Often you
can buy a serial terminal for a good price at a computer
flea market or from a surp lus dealer.

2. A personal computer ( IBM PC, Appl e II, Com­
modore, etc.) that can emulate a dumb terminal. Many
telecommunications programs for PC's have terminal-em­
ulation modes that w ill allow the computer to emulate
one of several d ifferent terminals.

3. Last, because the PT-68K has IBM PC-compatible
expansion connectors,and an IBM-compatible keyboard
port, you can use inexpensive IBM clone components
(video adapt er, monitor, and keyboard).

Using a terminal or a computer emulating a terminal is
easy: just install a serial port on the PT-68Kby add ing two
lC's and a connecto r. The procedure is di scussed in Step
14 later on in this article.

The keyboard and PC interface circuitry, how ever, is
more comp lex and requires an add itional hardware kit
( PT-5a , av ai la b le fr om Periph eral Techn ol o gy,
404-984-0742), so it is optional. If you do not w ish to
install it now you can do so later at any time. Add ing the
IBM-compatible slots and co mponents is di scussed in
Steps 15 and 16.

The components for the serial interface are part of the
basic kit, so you might aswell install them even if you do
not use a serial terminal, because you may in any event
use a serial printer or a modem.

Step 14: The serial ports
Figure 1 shows the circuitry for the PT-68K's four serial

ports. DUART IC10 drives the two prirnary ports, and IC4 ri1
d rives the two optional ports. Resistor R9, 3.6864-MHz gJ
oscillator IC3, and MC68681 DUA RT IC10 have already j;
been installed , so at this point we need only add IC29, ~

IC30, J21 , and J22 to finish installing the circuity for the <0
two primary ports. ~
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FIG. 1-THE PT-6BK'S SERIAL INTERFACE is shown here. DU­
ART IC4 and associated components are optional.

Me 681 operation
DUART is an acronymfor Dual Universal Asynchronous

Receiver-Transmitter; the ICconvertsdata between paral­
lel form (as the microprocessor uses it and as it travels
along the data bus) and serial form (used to link printers,
plotters, modems, and other peripheral devices).

A lthough the DUA RT performs many of the same func­
tions asa traditional UART (serial-to-parallel and parallel­
to-serial conversion), it also does much more. Not only
does it contain two internal receiverltransmitter ports and
abaud-rategenerator, but it alsocontainsamulti-function
six-bit para llel input port, an eight-bi t outp ut port, and a
16-b it programmable timer/counter. The PT-68K system
software ignores most of the extra functions, but it does
usebit 3 of the output port (pin 13,called OP3) and the
programmablecounter/timerto drive the speaker, and bit
2 of the input port (pin 36, called IP2) to monitor the PC-
compatible keyboard interface. .

As shown in Fig. 1, the connections to the computer
(on the left of IC10) are straightforward. The clock signal
comes from IC3, the 3.6864-MHz oscillator module that
we installed last time. The DTACK output connects d irectly
to IC36 (shown in Fig. 5 in the January 1988 installment);
the IRQ output connects to IRQ5, the level-five IRQ input
(shown in Fig. 2 in the December1987issue); RiW and RESET

connect to corresponding signals elsewhere; and CSt the
chip-select input, connects to 1/00 (pin 15of IC34, shown
in Fig. 3 in the January 1988 issue). As discussed in that

~ . instal lment, 1/00 goes low any time the microprocessor
z triesto accessanaddressbetween $FEOOOO and $FE003F.
~ The DUART's data pins connect to the lower eight bits
t3 of the databus,and the four register-select lines(RS1- RS4)
~ connect to the low -order address lines(A1-A4), respec­
6 tively. The four register-select linesallow access to sixteen
o (24) addresses. However, because only the lower eight
C? bits of the data bus are used,those sixteen addresses are
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FIG. 2-TO CONNECT THE PT-6BKTO A SERIAL TERMINAL, wire
a 2S-pin D connector to J22 as shown here.

all odd, so the DUART isaddressedat $FE0001, $FEO003,
$FE0005,and soon, through$FE001F. (Thesecond DUART,
IC4, is addressed at $FE0041 and above.)

lnternalb; the DUARTcontainsalmost two dozen regis­
ters, some of w hich can be read from and some of w hich
canbe written to by the68000. It takes Motorolaabout 70
pages to exp lain the DUART in the MC68681 data sheet
(Motorola publication ADI-988, available from Motorola
distributors or from Motoro la Semiconductor Products,
3501 Ed Bluestein Blvd., Austin TX 78721 \ so there is no
way to do it justicehere. Instead, let usjust list a few of the
important addresses. The DUART contains two serial
ports, called port A and port B. The following addresses
are for port A, the port used for a terminal.

$FE0007 is the data register. Sending a byte to that
addressoutputsit to the firstserial port (J22);a character
input from the port can be read at the same address.

$FE0003 is used to determine whether the DUART is



ready to send or receive a character. The bits at this
address are numbered from 0 to 7,w ith b it 7 on the left
and bit 0ontheright. Bits0and 2 are mostimportant. If bit
oisa1, then the DUARThas received acharacter from the
serial port, and thecharactercan be read from $FEO007. If
b it 2 isa'l. thenit isreadyto output acharacter to theserial
port, so you can store that character in $FE0007.

Port A'sbaud rate is determined by the valuestored at
$FE0003, HUMBUG automatically recognizes the baud
rate of your keyboard and sets the DUART's baud rate to
match, (HUMBUG suppor ts baud ratesof 300,600,1200,
2400, 9600, and 19,200 baud.) Allowable DUART baud
rates and also their corresponding register values are
shown in Table 1,

Addresses $FE0005 and $FE0015 cancause problems,
The Motorola DUART data sheet states, "Do not access­
this address location is used for factory testing of the
DUART and should not be read. Read ingthis location w ill
result in undesired effects and possible incorrect trans­
mission or reception of characters. Registercontentsmay
also be changed."Acc identally reading this location may
cause your PT-68Ksystem to crash, so be careful!

Referring to Fig. 1, there are four active signalsand one
ground for each port. Port A (the terminal port) has a
signal labeled TXDA (p in 30),which stands for Transmit­
ted Data. As you might guess, RXDA (p in 31) stands for
Received Data. The correspond ing signals in Port Bare
called TXDB and RXDB, respectively.

RTSA (p in 29) isthe RequestTo Send line,which isused
to tell an externa l device that it's OK to send data. CTSA
(pin T), on the other hand, is the Clear To Send line; the
externa l device can use it to tell the computerthat it'sOK
to send data. Normally, PT-68Ksoftware ignores both RTS
and CTS lines.

Now mount the follow ing parts: socket for IC30 (1488
TTL-to-RS-232C converter) at IC30; socket for IC29 (1489
RS-232C-to -TTL converter); and two six-p in dual-row
headerstrips atJ21 and J22.Asshown in Fig.2,cut off one
pin and position the header so that the side missing the
pin is closest to IC30. Install IC29 and IC30.

Figure 2 also shows how to connect a termina l to the
six-pin header. On the terminal end, you w ill need a
DB-25S connector w ith w iring to pins 2, 3, and 7 as
shown. On the computer end, you wi ll need a special
connector made by Berg and others (and supp lied as
part of the PT-68Kbasic kit). First, crimp (or lightly solder) a
Berg 47747 pin on the end of each wire, then insert the
three pins into the top end of a Berg plastic shell number
65043-034. Then insert a65307-001 key(a plastic insulat­
ing pin) into the hole corresponding to the cutoff pin
(labeled "X" in Fig. 2) to ensure that the connector can't
.be inserted backward. Don't insert extra pins in the re-

TABLE 1-BAUD RATE
Baud rate Register value

110 11
300 44

----600 --- - 55---
1200 66
2400 88
4800 99
9600 BB

19200 CC

mainingholes, because theycannot be connected to or
removed after they have been installed.

First test
If you do not have a serial terminal (or a computer

emulating a termina l), then skip ahead to Step15; other­
w isekeep going.

Now connect the DB-25S to the terminal, the Berg
connector to J22 (not J21 !), and turn on the power.Wait
until the beep-boop tone is finished, and then press the
Return (or Enter) key on your terminal once or tw ice. If all
goes well, the terminal should displayHUMBUG'ssign-on
message and prompt.

If the sign-on message does not appear, it's likely that
there isaminor problemw ith the terminalw iring. Fi rst, set
the terminal to either 300 or 1200 baud. Then, w ith a
scope or meter (don't use the LED probe from J1 4-1 or
you may damage I(32) checkthe voltageon the RXDATA
and TXDATA lines at J22; they should both be negative,

------eetween - 3 and--·15·volts. If the TXDATA-line is nega­
tive but RXDATA is not, then try swapping the two con­
nectionsat pins2 and 3 of the DB-25Sconnector-both
the computer and the terminal may be sending data to
the same line. If both lines are negative, checkthat press­
ingakeyon the terminal makesthevoltageonthe RXDATA
line swing from negative to positive and back; a scope
wi ll show this quite clearly, whereas a meter may just
show a slight amount of wavering. A steady low on
TXDATA probably means that some control lines (usua lly
pins5, 6, 8, and 20) should be connected together.

Apart from possible problems w ith IC29 and IC30
(which may not be passing either the received or trans­
mitted signal), there are few other things that could be
wrong, because at this point the remainder of the circuit
(including IC3 and I(10) must be working, otherwisethe
speaker wouldn't have beeped. However, if you're still
having problems, check IC3 anyway- if it is defective,
IC10 might be picking up just enough noise that the
speaker works, yet the serial port does not.

Ifyou intend to install the PC-compatible keyboard and
expansion connectors, continue on w ith Step15; other­
w ise, skip ahead to Step 17.

Step 15: The PC-compatible keyboard
PC-compatible keyboards are very different from the

average computer keyboard in that they contain quite a
bit of interna l intelligence (including a buffer that stores
keystrokes thecomputer hasn't yet accepted).Yet theydo

, not generate anASCII code for each key. Such keyboards
requirea fairly complex interface circuit, which is shown
in Fig, 3, as we ll as a fairly complex program to decode
key codes. '

The keyboard connects to J9 via a five-pin DIN con­
nector that carriesground, +5 volts, and RESET signals to
thekeyboard, and carriesthe CLOCKand DATA signalsto the
computer. Note, however, thatboth CLOCKand DATA arebi­
directional, so the PT-68K can send signals to the key­
board via those same lines.

When the computer is turned on or reset, pin 11 of rt1
IC32-e (BRESET) goes high. That signal is inverted and sent ~

to the keyboard via the CLOCK line, and that resets the §;
keyboard. If your keyboard has CapsLock and NumLock ~

lights, you'll see them flash when the keyboard is reset. cD
The system RESET signal isalsosent to thekeyboard; that ~
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FIG. 3-:-THE PC-COMPATIBLE KEYBOARD INTERFACE is shown here .

signal simultaneously clears IC24, a quad D flip-fl op.
Meanw hile, HUMBUG reads the keyboa rd by assert ing
1/07 (shown in the address decoder ci rcuit, Fig. 3 in the
January. 1988 installment), and that read c lears IC23a,
wh ich drops its 0 output low. That signal then enab les
IC25 via p in 1, G, and it also goes to pin 1 of IC32a, w hich
open -c ircuits its output and lets the keyboard 's DATA line
swing high or lov-; as needed. At the same time , the (5

output of IC23-a,w hich ishigh, goes to the IP2 input of the
DUA RT ( IC10).

Meanwhile, the 3.6864-MHz outp ut of IC3 (the DUA RT's
clock generator) also goes to IC23-b, w here it is d ivid ed
by 2 to produce a1.8432 MHz signal, w hich in turn clocks

t5 IC24, w hich is w ired as a shift register.
z To und erstand the significance of all that, sup pose you
~ press (or release, as we'll see) one of the keyboa rd keys.o The keyboard sends out a key number (not an ASCII
~ code) on the DATA line in serial form, and simultaneously
w6 pulses the CLOCK line, once for each bi t. The data is sent to
o the D1 input of IC25, a 74LS322 shift register. A t the same
<!
a: time, the CLOCK signal sends a low pulse to the 1D input of
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IC24, w hose first two flip-flops are also w ired as a shift
register.

A fter two pulses of the 1.8432-MHz clock (a delay of
about 1 microsecond), a high comes out the 20 output
and c locks both IC23-a(flip-flop ) and IC25 (shift register).
The data b it then enters the first stage of the shift register,
and a moment later the CLOCK signal goes high again.

This p rocess is repeated once for each keyboard data
b it, w ith the data bits proceedi ng through IC25, from OA
to OB, OC, and so on, until the first bit gets to the last flip­
flop, at w hich t ime a high com es out 0H' (p in 12) and is
sent to the D inp ut of IC23-a. That bi t is always a1, bu t it is
immedi ately d iscarded beca use the next clock pu lse
shifts it out of IC25. It is there long enough, how ever, to
make IC23-a set at the next c lock p ulse.

When that occurs, the flip-flop d oes four things: (a) its
(5 output goes low and sends an interrupt request to
DUART 1, w hich relays it to the 68000; (b) the same low
forces IC23-a to stay set in case there are more clock
pu lses; (c) the 0 output sends a high to the Ginp ut of IC25,
which prevents it from shifting further; and (d) the same



FIG. 4-THE PC-COMPATIBLE EXPANSION CONNECTOR is
shown here. Unmarked pins are used by a PC, not the PT-68K.

Step 16: The PC-compatible bus connectors
You can mount as many as six 62-pin PC-compatible

card-edge connectors at the left rear co rnerof the PT-68K
motherboard. You can install almost any PC- or XT-com ­
patible plug-in I/O card, but cards intended for AT-type
slots w ill not work.

At this t ime, the PT-68K software supports only the
monochrome and CGA color video boards, and the
WD1002A-WX1 hard disk control ler, but it is fairly straight­
forward to write software for other cards as wel l. A lso,
our softwa re does not support other popularexpansions
cards, includ ing floppy-d isk co ntrollers, serial and paral­
lel I/O cards, clock/calendar boards, or multi- function
boards that combine severa l of the above; those I/O
options are available on the PT-68K motherboard itself.

A lthough therearemany hard-d iskcontrollersavailable
for PC's and clo nes, SK*DOS (the PT-68K disk operating
system) current ly supports only the Western Digital
WD1 002A-WX1 controller. Figure 4 shows the pinout of ;i1

OJ
the PC-compatib le expansion connector. A ll of the la- JJ

c
be led pi ns are used; the unlabeled pins are not needed »
in a 68000 system. Some of the p ins, such as ground or ~
power, are obvious; the other connections w ill be d is- U;
cussed w hen w e continue next t ime.tCD. g;
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high is inverted by IC32-a into a low w hich grounds the
keyboard's DATA line and p revents the keyboard from
sending further data.

Assuming that DUART 1 is properly programmed, the
interrupt request goes to the 68000, wh ich then stops its
normal processing and goes into a spec ial routine, called
an Interrupt Service Routine ( ISR), to accept the input from
the keyboard . That routine is part of HUMBUG; w hen
invoked it reads a byte from location $FE01C3, w hich
pulses the 1/07 line. That clears IC23-a and pulses the
output enable (OE) p in of IC25, w hich then sends the
received data byte to the data bus to be read by the
68000. The 68000 thus gets the data byte outp ut by the
keyboard.

A few microseconds later, the ISR read s location
$FE01C1, w hich pulses the 1/0 7 line a second time, but
w ith a d ifference. On the first read (from $FE01C3), A1
(and BAO, w hich is the same as A1 but buffered by IC19)
was a1, but on the second read (from $FE01C1) that signal
is-a O. The reason is that (3 endswith-001lwhereas ( 1
ends w ith 0001; the second b it from the right isA1,w hich
now isazero. Hence, on the second read, IC26-a receives
two low inputs at the same time, so it outputs a low to
IC25's CLR input, w hich resets IC25, and prepares it ready
for the next keystroke.

Rather than p rovidin'g a specif ic ASCII character for
each key, PC-compatib le keyboards send a scan code
w hen a key is pressed , and a different code w hen it is
released . Since the circuit generates an interrupt request
for each such code, the ISR in HUMBUG is called each
time a key is pressed or released; that routine must con­
vert those co des into ASCI Idepend ing on the state of the
shift, Ctrl, NumLock, and other keys.(Formore information
on PC keyboards, see A Programmer's Guid e to the IBM
P( by Peter Norton, publ ished by Microsoft.)

Now install the fo llowi ng co mponents: R7 (4.7K), R8
(10K), IC23 (74S74) and socket, IC24 (74LS175) and sock­
et, IC25 (74LS322) and socket, IC17 (74LS373) and socket,
IC19 (74S373) and socket, three 0.1 ILF d isk capac itors at
C8, C9, and C10; and J9, the keyboard connector. ( IC26,
IC32, and the three 47-pf capac itors were installed pre­
viously.)Check your work and then turn on the power to
the system.

If you have a serial terminal co nnected, then testing the
PC keyboard circuit is easy. Set the terminal to 2400 baud
(HUMBUG's default rate), turn on the power, wait for the
beep-boop, and p ress the Returnkeyon the PC keyboard .
You can now use that keyboard for input, but w ill see all
output on the serial terminal.

If your terminal does not run at 2400 baud, you can
change the baud rate from the PC-compatible keyboard
as follow s. (You must have heard the beep first.)

1. Type the fo llowing exactly as shown: MSFEO003
2. Press the space bar once.
3. Type in the baud rate code listed Table 1.
For example, to change the baud rate to 9600 baud,

type in MSFE0003spaceBB (press the space key-don't
type the w ord space.) That enters the value BB in the
baud-rate register of the DUA RT at location $FE0003.

Without a serial terminal, you have two cho ices: either
use an osci lloscope or a logic probe to check various
signals in the circuit, or else go on to Step 16, and test the
keyboard after a video board is installed . The latter is
probab ly easier.
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riph erals. The cure rate of repa ir
that can be achieved wi th this di ag­
nostic chart is 95%.

The two-side d, laminated chart
offers 80 vari ati on s that can locate
faul ty lC's on the co mputer, using
th e sy m pto m/so lutio n m eth od.
The chart also co ntains a picto rial
layout of each IC , w it h co rre­
sponding id enti fication numbers.
There is also an important " hi nt"
sect ion th at contain s sugges t io ns
of what to look for other th an pos­
sib le IC fai lu res.

JRX·3 D1C-36 Channel Corded Remote ••• $129.95

JSX·3 D1C-36 Channel Set Top. . • • . . • • •• 5129.95

S8·3 - 'The Real Thing' ••••• •• • • •• •• •• 5109.95

SB.M.Refurbished. • • • • . • • • • • • • . • • . • • • • 589.95

DRZ·3D1~8 Channel Wireless
with Decoder 5199.95

Z-TAC Cable Add-On••••••••••••••• • • •••• $189.95ZENITH:

VIEW STAR: EVSC· 2010-60 Channel Wlreless-
withParental Lockout. • • • • • • • • 99."

EVSe-2010 A-B -Same IS above with
A-B Switch •••••••• ••••••• ' 109."

View star2501-60 Channel Wireless••••••
withVolume ••••••••••• • '119."

Unika MR-702-72 Channel Wireless
with Parental Lockout . . • • 589.95

OAK: N-12 Mini-Code •• ••••••••••••••••• ••••• • 89."
N-12 Mini-Code Varl-5ync. • • • • • • • • • • • • • •• 599.95

N-12 Mini-CodeVarl-5ync PlusAuto On-Off •• $159.95

OAK: Sine·wave Anti-Jammer Kit .••.•••.•. ••••• •49.95
JERROLD: 400 & 450 Handheld Transmitters. • • • • • • • • • • 29."

HAMUN: MLD-1200 •••• _•••• •• •• •• • •• •••• •••••• • 99."

NEWITEMS:IRlpeD Tape Copy Stabilizer ••• . •. ••......~09.95

Scientific Atlanta SA·3 •••.•••.•• ••••. • •5129.95

CABLE TV--* ---- -S~ECIALS - _
CONVERTERS

NEW PRODUCTS

Tec hno logy, I nc ., 144 Oa k la n d
Street , Sp ring f ie ld, MA 01108.

DIAGNOSTIC CHART. Kasara M i­
cro svste m s o ffers Th e Com­
modore Diagnostician, a tool for
co mpute r owner s desiring to dia g­
no se and fi x fa u lty lC's o n th e
Co m modore model 64 and pe-

continued from page 42"
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An ETClfED
circuit board

from a
Printed PAGE

injust 3lfours

new equipment. It's obvious that
overseas manufacturers (and
so me from right here at home)
should pay closer attention to
t hei r manuals. Perhaps the only
way that will come about is if they
are deluged by complaints. If a
newly bought component seems
impossible to hook up with the
instructions provided , don't as­
sume that you are to blame. R-E

~ . .

List
$74.25

obviously designed by talented
professionals-so why do th e
manuals so often app ear to be the
work of incompetent amateurs?

There's no single answer to that
question. Incompetent enginee rs
don't last long, but incompetent
technical copywriters apparently
go on forever. Too many Far-East­
ern manufacturers have on-staff
technical writers who, on one
hand, are overly dependent on
"The Concise Japanese-English
Dictionary", and on the other, are
too prose-proud to accept crit­
icism . The U.S. subsidiaries are
then stuck with whatever thei r par­
ent companies supply.

If anyone thinks I'm exaggerat­
ing the instruction manual prob­
lem , all they need do is interview a
batch of 'customers who have re­
cently bo ught new and/or more­
complex components. Or read the
mail that comes in to any of the
major hi-fi magazines. Much of the
mail is from readers seeking infor­
mation on matters that should
have been explained in the in­
structions that accompanied their

• One Year Warranty
• U.L. Listed
The UTC combines acc urate c losed loop temperature
control with economy. Easily calibrat ed at the station
without disassembly . the CMOS-safe unit is tully
grounded from tip to plug and meets military specs.
System comes equipped with a macro iron, burn resis­
tant cord and replaceable ceramic heater.

bringing the matter full circle.
Needless to say, I'm still not abso­
lutely sure what Gamma-Plus was
supposed to accomplish.

Skewed priorities
I could provide other examples

of the very low priority that many
audio companies place on clear,
accurate, and timely communica­
tions . Their high priority is usually
on promoting their annual special
technical gimmick-such as Gam­
ma-Pius . Next year, Gamma-Plus is
likely to be forgotten in favor of,
~y, a revolutionary "Lateral-Feed­

back circuit that prevents signal
side-slip, a newly discovered
source of semi-audible distor­
tion." And it isn't just instruction
manuals that suffer from the origi­
nal manufacturers' skewed priori ­
ties. Many of the illiteracies and
silliness seen in the ads and pro­
motional literature arise from the
same problem. The equipment is

continued from page 80
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The ER-4 PHOTO ETCH KIT giv es yo u the tools. materials and chemica ls
to make yo ur ow n printed c ircuit boards. The patent ed Pos-Naq" process
copies artwork from magazines like this one without damaging the page.
Use the c ircuit patt ern s, tapes and drafting film to make your own 1X
artwork. Or try the Direct Etch " system (also includ ed) , to make single "T1
Circuit board s without artwork. The ER-4 is stocked by many electronic m
parts distributors. or ord er direct. postpaid . ~
ER-4 PHOTO ETCH KIT (NJ and CA residents add sales tax) . . . . .$38.00 ' ~
DATAK'S COMPLETE CATALOG lists hundreds of printed c ircuit products ::Il
and art patterns. Al so contains dry transfer letter she ets and electronic tit le -<
sets for professional looking control panels. WRITE FOR IT NOW!

The DATAK Corporation • 3117 Paterson Plank Road •
North Bergen, NJ 07047

CIRCLE 187 ON FREE INFORMATION CARD

TOLL-FREE

1·800·638·6405

1933 Montana Ave . NE
Washington DC 20002

(202) 529-6020



NEW DEAS
Parasitic signaller

FIG.l

Date

Street

Print Name

Signature

Title of Idea

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

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

I agree to the above terms, and gran t
Radio-Electronics Magazi ne the right to
pub lish my idea and to subse quently re­
publish my idea in collections or compilations
of reprints of similar articles. I declare that the
attached idea is my own original material and
that its publication does not violate any other
copyright. I also declare that this material has
not been previously published.

NEW IDEAS
This column is devoted to new ideas, cir­

cuits, device appiications, construction tech­
niques, helpful hints, etc.

All published entries, upon publication, will
earn $25. In addition, for U.S. residents only,
Panavise will donate their model 333-The
Rapid Assembly Circuit Board Holder,having
a retail price of $39.95. It features an eight­
position rotating adjustment, indexing at 45­
degree increments, and six positive lock post-

. tions in the vertical plane, giving you a full ten­
inch height adjustment for comfortable work­
ing.

RI
7ft
lOW

111

o l" ez; ""'"
1I00R6Eu.:

How it works
The complete system schematic

is shown in Fig. 1. T1 is the output
transfo rmer from an old tu be ra­
d io . If you don't have an o ld tra ns­
forme r ly ing about, you can use

-anytli ingyou can-get as lon g its
windings have approximately the
D C resistance values show n.
(Note . The values are DC resis ­
tance/ not AC impedance. A trans­
fo rmer hav ing a 2S00-S000-ohm
primary impedance and a4-8-o hm
secondary impedance wi ll proba ­
bly provide close to the des ired
DC resistance values .)

Current flows through T1 /s low­
resistance winding when doorbel l
BZ1 draws current fro m be ll t rans­
former T2. Th e current f low
th rough T1 induces a curre nt in T1's
high-resistance w ind ing, which
forward-biases power-sw itchi ng
transistor Q1 through capac itor
C1 . That causes co llector current
flow in Q1, which actuates piezo ­
electric buzzer BZ2.

-.., BRl
150 PIV

BELl­
TAAN5FORME!2,

~~c [J~+---------,

I WAS O FTEN C UT OFF FROM THE OUT­

side world when working in my
basement shop. I cou ld n't hear
when I was bei ng called for d inner,
didn 't know if a te lep ho ne call was

_fo r l"l}e,_Of _if t_~e 9 C?2.rbt:1I had Lu_st _
rung and no one else was home to
answer it. To solve this problem in
commu nications with the rest of
the fam ily, I built a "parasitic sig­
naller" that made the doorbell ci r­
cu it do double-duty as both an
annunciato r and as a communica­
t ions system .

The device is a simple assembly
of junk-box parts that produces a
warbling tone in my basement
workroom , where the doorbell
transformer is located , when it
senses a current surge in the up ­
stairs doorbell wiri ng. By using a
surge in current on the already ex­
isting doorbell w iring as the "sig­
na l trtgger. " it saved me from
having to run additional signal
wires through the walls and ceil­
ings of the house.
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R-E Engineering Admart
Rates: Ads are 2W' x 27fs". One insertion $825 . Sixinsertions $800 each. Twelve
insertions $775 each . Closing date same as regular rate card . Send order with
remittancetoEngineering Admart, Radio Electronics Magazine, 500-B Bi"County
Blvd., Farmingdale, NY 11735. Direct telephone inquiries to Arline Fishman, area
code-516-293-3000. Only 100% Engineering ads areaccepted for thisAdman.

cococo

CALL NOW
AND

RESERVE
YOUR SPACE

• 6 x rate $800.00 per each insertion.
• Fast reader service cycle.
• Short lead time for the placement of

ads.

Call 516-293-3000 to reserve space. Ask
for Arlin e Fishman . Limited number of
pages available. Mail materials to:
Engineering Admart , RADIO-ELEC­
TRONICS, 500-B Bi-County Blvd., Farm­
ingdale, NY 11735.

Power for Q1 and BZ2 is sup­
p li ed by BR1 , a f u l l-wave brid ge
recti fier that is co nnected across
bell transformer T2. Capac itor C2
fu nct io ns as a simple f ilter fo r th e
rect if ier's o ut put vo ltage.

If yo u're not fussy abo ut how the
dev ice loo ks-mine is screwed to
a piece of wood nailed w it h ma­
sonry spikes to the wall below my
hom e's bell tr ansformer-you can
assemble t he signaller on an 8-lug
termi nal st rip. Just be certai n to
solde r all t he co nnections; don't
just tw ist t hem aro und the lugs.

MIDI
Projocts

.:

MIDI
PROJECTS

BP182-MIDI interfacing enables any so
equipped instruments , regardless of the
manufactu rer, to be easily connected to­
getherand used asasystem witheasy com­
puter contro l of these music systems .
Combine acomputer and someMIDI instru­
ments and you can have what isvirtually a
programmableorchestra. To get your copy

- send -$6:95-plus-$1,00 ·for-shipping-in-the­
U.S. to Electronic Technology Today Inc.,
P.O. Box 240, Massapequa Park, NY
11762-0240.

117 PRACTICAL IC
PROJECTS BUILD YOU CAN
2645T-117 PRAC ­
TICAL IC PROJECTS
YOU CAN BUILD.....
$10.95. Dozen s of
fully-tested, ready-to­
build circuits you can
put together from
readily-available , low
cost IC's! There are a
total of 117 IC circuits
ranging froman audio mixer and asignal
splitter toatape-deck amplifierandatop­
octave generator organ! From TAB
Books . To orderyour copy send $10.95
plus $2.75 shipping to Electronic Tech­
nology Today Inc., P.O. Box 240, Mas­
sapequa Park, NY 11762-0240

Test ing
There sho uld be no sou nd from

buzzer BZ2 w hen the signaller is
connected to the doorbel l circuit.
If it does make noise, try decreas­
ing the value of 0. My bell trans­
fo rmer puts out 24 vo lts, others
put out between 12 and 30 volts.
Capacito r C1 is the variable that's
used to co mpensate for d ifferent
doorbe ll vo ltages . Exper imental ly
increase Cl's value for lower volt­
ages, and decrease it s value for
hi gh e r vo ltages unt il the circu it
works prope rly. (A fa lse buzzing

FCC LICENSE
PREPARATION

The FCC has revised and updated the
commercial license exam. The NEW
EXAM covers updated marine and
aviation rules and regulations ,
transistor and dig ital circuitry .
THE GENERAL RADIOTELEPHONE
OPERATOR LICENSE - STUDY GUIDE
contains the necessary preparat ion
for ONLY $25.00.

WPT PUBLICATIONS ­
979 Young Street. Suite E
Woodburn, Oregon 97071

Phone (503) 981-6122

CIRCLE 179 ON FREE INFORMATION CARD

LINEAR IC EQUIVALENTS
& PIN CONNECTIONS

Linea,lC
Equivalents
and Pin
Connections

1 ., \

! ! I
BP141-Shows equivalents & pin con­
nections of a popular user-oriented
selection of European, American and
Japanese liner IC. 's 320 pages, 8 x 10
inches. $12.50 Plus $2.75 shipping.
ELECTRONIC TECHNOLOGY TODAY
INC., PO Box 240, Massapequa Park.
New York 11762-0240.

could also be due to Q1 having
excessive leakage.)

To improve the usefulness of the
device, I installed a momentary
switch (51) in series with a wire­
wound resistor (R1) having about
the same resistance as the co il of
doorbell BZ1 (around 7 ohms),
which was located upstairs in the
kitchen. When 51 is pressed, a cur- ri1
rent surge is generated w ithout ~

ringing the doorbell, so the fami ly §;
can easily signal me to pull the ~

"big switch" and close down .
- John F. Crooks.
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MARI{ET CENTIER

CLASSIFIED AD ORDER FORM

FOR SALE
RESTRICTED technical information: Electronic
surveillance, schematics, locksmithing, covert sci­
ences, hacking, etc. Huge selection. Free bro­
chure MENTOR·Z, Drawer 1549, Asbury Park, NJ
07712.

LASER light show projectors, complete systems
start at $350.00. RED LINE, 9737 Balboa Dr., St.
Louis, MO 63136.

TUBES "Oldest" , "latest". Parts and schematics.
SASE for list'sTEINMETZ, 751 9 Maplewood Ave.,
R.E. Hammond, IN 46324.

Radio-Electronics Classified Ads, 500-B Bi-County Boul evard, Farmingdale , NY 11735

PLEASE INDICATE in which category of classified advertising you wi sh your ad to app ear. For
special headings, there is a su rcharge of $23.00.
( ) Plans/Kits () Business Opportunities () For Sa le
( ) Education /Instruction () Wanted () Satellite Television
( ) - ----------- - - --------

To run your own classifi ed ad, put one word on each of the lines below and send this fo rm along with you r check to :

TEST equipment, reconditioned. For sale. $1.25 for
catalog. WALTER'S, 2697 Nickel, San Pablo, CA
94806. (415) 724-0587.

DESCRAMBLERS All brands. Special combo Jer­
rold 400 and SB3 $165. Complete cab le de­
scramble r kit $39 .00 Com plete sate ll ite de­
scrambler kit $45. Free catalog. MJ INDUSTRY,
Box 531, Bronx, NY 10461.

IS it true...Jeeps for $44 through the government?
Call for facts! 1 (312) 742-1142,ext. 4673.

TUBES. new, unused. Send self-addressed, stamp- Special Category: $23 .00

-~g7~~,e~Pi;i~k~~~\vr~~~01~LECI5PJRC_S,_B._ov",-x- II-----PI:EASE-PR INT EACH WORD SEPARATELY, IN BLOCK LETTERS-.-
(No refunds or credits for typesetting errors can be made unl ess you clearly print or type your

PHOTOFACTfolders, under # 1400 $3.00. Others ) R t . d i t d f t ddt I I if d diS b I f dd iti I$5.00. Postpaid. LOEB, 414 Chestnut Lane, East copy. a es In rca e are or san ar s ye c assi re a s on y. ee e ow or a Ilon a
Meadow, NY 11554. charges for special ads. Minimum: 15 words. .

2 3 4 5

6 7 8 9 10

11 12 13 14 15 ($42.75)

TI·99/4A software/hardware bargains. Hard to find
items. Huge selection. Fast service. Free catalog. 16 ($4 5.60) 17 ($48.45) 18 ($51 .30) 19 ($5 4 .15 ) 20 ($57.00)
DYNA, Box 690, Hicksville, NY 11801.

FLASHLIGHT that needs no batteries measures 5'
x 3' ideal for eve~ situation money back guarantee 21 ($59.85) 22 ($62.70) 23 ($65.55) 24 ($68.40) 25 ($71 .25)
$10.-SAMUEL ENTER PRIZES, 724 East 231
Street, Bronx, NY 10466.

CABLE TV e~lipment S.A., Jerrold , Zen ith,
Hamlin, Oak, 881e fil ters remotes and more'l 26 ($7 4.10 ) 27 ($76.95) 28 ($79.80) 29 ($82.65) 30 ($85.50)
Best prices C.O. .'s acceeted deaters needed.
OUfsworkwhere others falled and we~uafanteei
It! TRANS-WORLO CABLE, Co. (216) 43·6671.

31 ($88.35) 32 ($91 .10) 33 ($94.05) 34 ($96.90) 35 ($99.75)
TUBES 59¢. Year Guarantee. Free cataloS' Tube
tester $8.95. CORNELL, 4215 University, an tn- We accept MasterCard and Visa for payment of orders. If you wish to use your credit card to pay foryour ad fill
ego, CA 92105. in the following additional information (Sorry, no telephone orders can be accepted.):

---------_/_---------

Wespecialize in a wide variety of technical infor­
mation, parts and services for CB radios. 10M­
FM conversions, repairs, books, plans, kits,
high-performance accessories. Our 11th year!
Catalog $2.

CBC INTERNATIONAL, P.O. BOX 31500RE.
PHOENIX, AZ 85046

Card Number

Please Print Name Signature

Expiration Date
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VIDEOCIPHER II manual 120 + pages/Oak "Orion"
120+ pages, either-$27.45--both $49.95. Plans,
kits, descrambling books. Catalog-$2.00. MICRO­
TRONICS, P.O. Box 6426, Yuma, AZ 85364-0840.

PICTURE flyer lists quality surplus electronics at
low prices. Since 1970. Send for the last 3 issues.
STAR-TRONICS, Box 683, McMinnville, OR 97128.

MINI zip lock plastic bags keep small electronic
parts clean and dry. Send LSASE for details. DOM­
IN CO., 253 Fitzwatertown Road, Willow Grove, PA
19090.

REPAIR your own TV... it's easy. Writ e RE­
SEARCH, Rt. 3, Box 601BR, Colville, WA 99114.

PHOTOVOLTAIC battery chargers by Arco solar.
Cars, RVs, marine, etc. From $49.50. Brochure.
SUN POWER-TEXAS, P.O. Box 2788A, Freeport,
TX 77541.

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBERFOROURFILES. ADS SUBMITIED WITHOUTTHIS INFORMATION WILL NOTBE ACCEPTED.
CLASSIFIED COMMERCIAL RATE: (for firms or individuals offering commercial products or services)
$2.85 per word prepaid (no charge for zip code}...MINIMUM 15 WORDS. 5% discount for same ad in 6
issues; 10% discount for same ad in 12 issues within one year; if prepaid. NON·COMMERCIAL RATE: (for
individuals who want to buy or sell a personal item) $2.30 per word, prepaid....no minimum. ONLY FIRST
WORD AND NAME set in bold caps at no extra charge. Additional bold face (not available as all caps) SO¢
per word additional. Entire ad in boldface, $3.40 per word.TINT SCREEN BEHIND ENTIREAD: $3.55 per
word . TINT SCREEN BEHIND ENTIRE AD PLUS ALL BOLD FACE AD: $4.15 per word. EXPANDED
TYPE AD: $4.30 per word prepaid. Entire ad in boldface, $5.15 perword.TINT SCREEN BEHIND ENTIRE
EXPANDED TYPE AD: $5.40 per word. TINT SCREEN BEHIND ENTIRE EXPANDED TYPE AD PLUS
ALL BOLD FACE AD: $6.25 per word. DISPLAY ADS: 1" x 2W'-$320.00; 2" x 2W'- $640.00; 3" x
2V4"-$960.00. 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 12th of the third month preceding the date of the
issue. (i.e., Aug. issue copy must be received by May 12th). 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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CABLE EQUIPMENT

PRICES
SLASHED

WHILE YOU WAIT!
Call Aunt Matilda at !'aclnc Gable co., Inc.. and

geta pleasant surprise: Instant price cuts even
on our own cut -to -the -bone prices!

Here's how: Just supply her (or one of our other
operators) with anybody else's published prices

(even wholesale, if you' re a dealer) for
the unit you want; and if their price
beats our published price,we'Il match
it-or even beat it! Simple as that.
Of course, you'll have to look far and

wide to beat our prices (see below) and
we re betting that Aunt Matilda will seldom

need her "littl e hatchet" and can partake of her
cherished afternoon nap. Which is fine with

us- she makes us nervous with that thing!
(Not to mention our cornpetitionl)

Check our prices on SClenllllC AUanla Un"sl

ITEM

RCA 36 Channel Converter (Ch.3 ootput only) .
Panasonic Wireless Conve r ter (our best buy) .

400 or 450 Converter (manual fine tune) .. . . . . . . • • . .. . . . . .. . . .

*Jerrold 400 COfT1bo .. .. . . •. . • . . . • • • • . • . • • .. . . . . • •. . . .... .. .

Jerrold 400 Hand Remote Control .
'*Jerrold 450 Combo .

' Jerrold 450 Hand Remote Control .
Jerrold SB-Add-On .

' Jerrold SB-Add-On with Trimode .
'M·35 B Combo unit (Ch.3 output only) .
*M · 35 B Combo unit with VariSync .

1
UNIT
29.00
88.00

88.00
169.00 .

29.00
199.00

29.00
89.00
99.00
99.00

109.00

100R
MORE

18.00
69.00

69.00
119.00

18.00
139.00

18.00

58.00
70.00
70.00
75.00

ITEM

*Minicode (N- 12) .

*Mi nicode (N-12) wit h Vari Sync • . . . .. .. . . .. . . .. . .•

*Min icode VariSync with Auto On -Off .. . .. . . .. . . • . . .

Econocode (minicode subst itute) . . .. . .• . .. • . • . • •. . • . . . . • •

Econocode with VariSync . ....• . .•• .•. ...•... . . . .• .. ... ... .

' MLO-1200-3 (Ch.3 output) .
'MLD-1200-2 (Ch.2 output) .

"Zenith SSAVI Cable Ready . . .. . . . .. . . . .. . . . . . • . • • . . . . • . • . . .

Interf erence Filters (Ch.3 only) . . .. • •. • . . . •. • . • . .. . . . . . . .

' Eagle PD-3 Descrambler (Ch.3ootput only) .
*Sc ientific Atlanta Add -on Replacement Descrambk!r .

1
UNIT
89.00
99.00

145.00

69.00
79.00
99.00
99.00

175.00
24.00

119.00
119.00

10 0 R
MORE

58.00

62.00
105.00

42.00
46.00
58.00
58.00

125.00
14.00

65.00
75.00

State _ _ Zip Phone Number (

Signature _

Name _

Address City _

d
!
ci
U
III
-I
CD
C
U
e
ii:
U
~ ..",. rn
0) CD
ell :Xl.. C.. ».c :Xl
~ -<,.,

~e,
0 (0

U CXl
0

CXl
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D Master cardD VisaD C.O.D.D Money OrderD Cash ier's Chec k

Acct # Exp. Date _

Quantity Item Output Price TOTAL
Channel Each PRICE

SUBTOTAL
California Penal Code #593-0 forbids us from Shipping Add
shipping any cable descrambling unit to anyone $3.00 per unit
residing in the state of California. COD & Credit
Prices SUbject to change without notice Cards -Add 5%

PLEASE PRINT TOTAL

YOU MUSTSK3N AND REnRN FOR0t..RRECORDS'
DECLARATION OF AUTHORI ZED USE - I, the unders igned, do hereby declare under penalty of perjury
that all product s purchased , now and in the future, will onl y be used on cable TV systems with proper
author ization from local offici als or cable company offic ials in accordance with all app licable federa l and
state laws. FEDERAL AND VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL AND CIVIL
PENALTIES FOR UNAUTHORI ZED USE.
Dated: Signed: _

Jerrold is a registered trademark of General Instruments Corp.

CHECK US OUT-WE'LL
MEET OR BEATTHE OTHER'S
ADVERTISED WHOLESALE
OR RETAIL PRICES!

EE i!C. CE
Pacnlc Cable Co.. Inc.
7325% Reseda Blvd" Dept. R-2

Reseda, CA 91335
(818) 716-5914 . (818) 716-5140

• NO COLLECT CALLS! •

IMPORTANT. When ordering, please have
the make and model number of the equipment
used in your area-Thank you!

* Call for availab ility

Prices subject to change without notice



AIDS? Yes we have! Cab le aids to help you. Zenith,
Jerr old , Sc ientific At lanta , Oak , Hamlins, much
more . No Mich igan sales! HOTRONICS, (313)
283-4299.

AMAZING space age metal. Hundreds of exciting
uses. Send SASE and $5.00 for sample and instruc­
tions . BY DES IGN LABORATORIES, 2754 Lex­
ington Ave., Mansfield , OH 44904.

CABLE descrambler liquidation. Major makes
and models availab le. Industry pricing ! (Example:
Hamlin Combo's, $44 each...minimum 10 orders) .
dea lers on ly! Call WEST COAST ELECTRONICS,
(818) 989-0890.

TUBES, name brands, new, 80% off list, KIRBY,
298 West Carmel Drive, Carmel, IN 46032.

CATV wh olesaler and service cente r of new digita l
set top cab le converters SA, Jerrold , Panaso nic,
Pione er, Spru cer, Hamlin and coax cable line-amps
connectors tools . REDCOAT ELECTRONICS.
(718) 459-5088.

PHOTOFACT se ts , tubes , test equipment, radio
manuals for list send stamped envelope + .75¢.
ROBERT LESTER, 5410 Tellier Road , Newark, NY
14513.

TAKE the beep out and get a clear picture. Any
cha nnel, cable converters Panasonic, Pioneer, Jer­
rold, Ham lin, Scientific Atlanta. Hand remotes .
(313) 979 -5794 .

SEND fifty dollars to EVOLA-ELECTRONICS, P.O.
Box 1268, Sterling Height , MI 48311. Phone num­
bers or add resses of over fifty dea ler's. Decoding
cab le and sate llite and related items .

CAD-CAM contro ller sends compute r screen draw­
ings to XY table for cutting or etchi ng. KERN ELEC­
TRONICS, 812 King, Wadena, MN 56482.

VCR'S vhs minor repairs manual , parts replace­
ment, maintenance, good for consu mers too , parts
number, suppliers, no technical, simple , pract ical,
usefu l $14.95. USA ASSOCIATES, Box 2168, Van
Nuys, CA 91404.

TRANSISTORS-tubes : MRF421 $24 .00, MRF 454
$15.00, MRF455 -MRF477 $12.00, MRF492 $16.95,
SRF2072 $13.50 , 3800 $18.95, 2SC2879 $25 .00,
6L F6 -6LQ6-6JS6 $10.95, 8950 $15 .95 . New
Ran ge r AR3500 all mode 10 meter tra nsceiver
$319. Quan tity discounts ! Best prices on hard -to­
find parts, antennas, mics, power supplies, & equip­
ment! Cata log $1.00 (refundable), or free with order.
RFPC , Box 700, San Marcos, CA 92069 . For infor­
mation or same day shipment--eall (619) 744-0728.
Visa/MC/C.O.D.

LASERS, compo nents and accessories. Free cata ­
log , M.J. NEAL COMPANY, 6672 Mallard Court,
Orien t, OH 43146.

COPYGUARD corrector restores rent al movies.
Co nnec ts between VCR s. 30 day uncond ition al
money back guarantee. $59.9 5. 1-800-338-8751.

SUPERCONDUCTORS National Bureau of Stan­
da rds resea rch publication shows how to process
Barium , Yttr ium , Coppe r Oxides into hig h tem ­
pe rature superconducting ceramics . $14 .95.
CABLETRONICS, Box 30502 R, Bethesda, MD
20814.

HACKER'S Handbook, $12.95, $1 postage. Com­
puter underground, $ 14. 95, $1 post a g e .
CABLETRONICS, Box 30502 R, Beth esda, MD
20814.

COMMODORE chips or repairs. C-64 repair $39 .95
includes parts /labor. We sell chips at low cost (eg. ­
6526 /65 10-$9.95 and many others). C-64 P.S .
$27.95. "Commodore Diagnostician," a complete
chart for diagnosing faulty IC's $6 .95 +pp Send for
cata log. VISA/MC. KASARA INC., 31 Murray Hill
Drive, Spri ng Valley, NY 10977, (800) 248- 2983
(outside NY) or (914) 356-3131.

SURVEILLANCE-counter, security. 202 prod ucts :
alarms, bulletproof, detectors, to underwater, voice
sc ramble rs, wi reless! Catalog $2 .00: SPYPRO,
Dept. 051ER, POB 45521, Seattle, WA 98145-0521.

CHICAGO CRT equipment rebuilds Sony/col or
tubes/other. CRT SYSTEMS, 633 North Semoran,
Orlando, FL 328 07. Call (305) 275-9543 .

NEW! IC TESTER! $149.00
SIMILAR TO BELOW EPROM PROGRAMMER. PLUGS IN T O YOUR PC OR XT. TESTS

~Cs~~~~i~Lis~~~~OA~~S~~Pd~:ri:OXSSE~~~~sC~g;~SDJ'i~:~~I~~~~g~J'~~~'~~~~ I
DETERMI NE PART NUMBERS OF MOST UNMARKED AND HOUSENUMBERED DEVICES
WITH SIMP LE MOD . TH IS UNIT CAN ALSO TEST 6.4K AND 256K DRAMSIWITH MAN UAL
AND SOFTWARE: $149. PERFECT FOR SCHOOLS.

MPIONEER'

MPIONEER'

8" POLY WOOFER
Cle ar ribbed poly pro py lene cone.
60 watts RMS. 90 walls max.
power. 20 oz . magnet. 35-2500 Hz.
4·8 ohm compat ib le.

rncHl55 '2050 51895
(1-3) ,. ·U P)

Call or write today for
you r free catalog contain­
ing speakers. semi­
conductors. CATV
products. tools, hardware,
TV-VCR parts, and more.

MPIONEER'

M P IO N E ER'

9
10" WOOFER

Heavy duty paper cone with 20 oz.
magnet. 60 watts RM S. 90 watt s
max. Respon se: 35-3,500Hz.

O29O-D83 '18" 51690
(1-3) (4-UP)

$6995
ASS EMBLED

& TESTEDNEW!

TEXT TO SPEECH BOARD!
PC/XT COMPATIBLE . MAKE YOUR COMPU TER TALK!

A VERY POWERFUL AND AMAZ ING SPEECH CARD . USES THE NEW GENERAL
INSTRUMENTS SP0 256-A L2 SPEECH CHI P AND THE CTS2 56A-A L2 TEXTTO'SPEECH
CONVERTER.
THIS BOAR D USES ONE SLOT ON THE
MOTHERBOARD AND REOUIR ES A COM
SERIAL PORT . BOARD MAY ALSO BE USED IN A
STAND ALONE ENVIRONMENT WITH ALMOST
ANY COMPUTER THAT HAS A RS232 SERIA L
PORT . FEAT URES ON BOARD AUDIO AMP OR
MAY BE USED WITH EXTERNAL AM PS.
DEMONS TRATION SOFTWARE AND A LIBRARY
BUILDING PROGRAM ARE INCLUDED ON A 5'1.
INCH PC/X T DI SKETTE . FULL DOCUMENTA-
TION AND SCHEMATICS ARE AL SO INCLU DED.

CU~\
~~\C~

CALL FOR FREE CATALOG

Digital Research Computers

5'1,,' CUP MIDRANGE
Tuned cup . Paper co ne. 1" voice
coli . 9.3 oz. magnet. 50 watts RMS,
70 watt s max. Response: 32(}.6000
Hz. 8 oh m imped ance.

O2B<l-02O ' 1150 5995
(1-9) (1o-UP)

ngo-l60

MPIONEER'

2-Way, 30 watt
53 951260-190

'J-Way, 60 watt
57 501260-200

3-Way, 100 watt
51 2 50~-210

CROSSOVERS

• 15 day money back gU8ri1ntH . • $10.00 minim um
order. • COD orde rs KCePted. • 24 hou r sh ipping•
• Shipping charge = UPS chlrt rate ($2.50 min­
Imum charge). Hours 8:30 I .m. - 6 p.m . EST M-F.

PART S EXPRESS INrL INC.
340 East First St.

Oayton . Otuo 45402

O27D-050

PIEZO TWEETER
Mfg. ' KSN1005A, 3'h" x 3'h". No
crossover requi red . 50 watts max­
imum input po wer.

0270-010 '495 53 95
(1-791 t8l>-UPl

CALL TOLL FREE
1-800-338-0531

Local: (513) 222-0173

ASK AB OUT
OUR NEW

PAL
PROGRAMMER!

PC/XT EPROM
PROGRAMMER

$169
* LATEST DESIGN * PROGRAMS UP TO 4 DEVICES AT ON ET IME * FEATURES EASY
TO USE MENU DRIVEN SOFTWARE THAT RUNS UNDER PC OR MS-DOS. * USES AN
INTE LLIGENT PROGRAMMING ALGOR ITHM FOR SUPER FAST (8X) EPROM
BURNING. * THIS PLUG -IN BOARD ATTACHES T O AN EXTE RNAL MIN I CHASS IS
CONTAINING 4 TEXTOOL Z.I.F. SOCKETS. * NO PERSONALITY MOD ULES
REOUIRED * AUTOMATIC VPP SELECTION : 12.5V, 21V, OR 25V. * EPROM DATA CAN
ALSO BE LOADED FROM OR SAVED TO A DISKETTE. * PROGRAMMING SOFTWARE
SUPPORTS: 2716, 2732, 2732A, 2764, 2764A, 27128, 27128A, 27256, 27256A, 27512, AND
27512A . * ASSEMBLED AND TESTED, BURNED. IN WITH MAN UA L. $169 WITH
SOFTWARE.

JUST RECEIVED . SAME AS ABOVE PROGRAMMER, BUT PROGRAMS 8 UNIT S AT ON E
TIME - 5299.

CIRCLE 56 ON FREE INFOR MATION CARD



TEST EQUIPMENT
Tenma
Compact DMM
Features: _ 3'h digit
LCD display _ Shock
mounted PC boards
_ Fuse and diode
protection _ Limited
quantities

#72-057

Tenma
Clamp-On DMM
Features: _3'h digit
LCD display _ Data
hold: Holds display
reading after meter is
removed from circuit
_ Peak hold: Holds
display for highest
value measured
_ Audible continuity
tester _ Diode test

#72-395

Tenma Bench Top
DMM/Capacitance Meter
Features: _ 3'h digit LCD display _ Measures
capacitance up to 20jJF _ AC and DC
current up to 20A _ Diode test _ Resistance
up to 20Mohm a Comes complete with
test leads and owners manual

#72-410

Tenma
Audio Generator

Features: _ Generates
sine and square

waveforms _Six step
and continuously

variable attenuators
_ External sync input

_ Comes complete
with test leads and

owners manua l

#72-455

Tenma Hand-Held ..--------,
Audio Generator

Features: _ Wide
freque ncy range _ Sine

wave or square wave
output _ Sync output

_ Contin uously
variable and 20dB

fixed output
attenuators _ Low

battery indicator
_ Comes complete
with test leads and

owners manual

#72-505 ............

Tenma r-----...,
AC Millivoltmeter

Features: _3'h"
mirrored scale

_ Calibrated in mV
RMS and dB

_ Amp lified output for
observing microvolt

signals on
oscilloscope _ Comes

complete with test
leads and owners

manual

#72-450

Laser Power
Meter
Features: _ Measures
output of laser devices
on audio and video
disc players _ Two
wavelengths and three
power ranges

#70-420

© 1988, MCM ELECTRONICS

Temperature Adaptor
Features: _ Reads temperature in celsius or
fahrenheit _Semiconductor sensor for fast
temperature response _ Rugged probe
design _ Low battery indicator

#72-520

MCM ELECTRONICS
858 E. CONGRESS PARK OR.
CENTERVILLE, OH 45459

A PREMIER Companye
For A Wide Variety Of Electronic Parts
Call Toll Free 1·800·543·4330
In Ohio, 1·800·762·4315-In Alaska and Hawaii, 1·800·858·1849

Tenma 50MHz Logic
Probe and Pulser
Features: _ Probe and pulser in one
convenient package _ 50MHz maximum
input signal frequency _120Kohm input
impedance _10nsec minimum pulse width

#72-500

SOURCE NO. RE-41

CIRCLE 87 ON FREE INFORMATION CARD



MINIATURE electronic devices, like James Bond's.
Catalog $2.00. F & P ENTERPRISES, Box 51272,
Palo Alto, CA 94303-L.

CRYSTAL radio sets, plan s, parts kits, cata log
$1.00 . MIDCO, 660 North Dixie Highway, Hol­
lywood, FL 33020.

An Int eres ti ng and wor.t.h­
whil e project . This EASY­
TO-BUILD cl rcuit let s you
use any regular TV se t as
a s imple OSCILLOSCOPE .
Buil d for less t han $10 .
110 IIlOIFICATIDlIS TO TV!
Si ngle or dual t r ace .
Send for FREE CATALOG of
other pla ns and kits .

FINALLY!mJ]
DETAILEO PLANS: $4. 95

TV-SCOPE
PENN RESEARCH. Box 3543
Wfl l h.sport. PA 17701

BUILD this five-digit panel meter and square-wave
generator including an ohms, capacitance and fre­
quency meter. Detailed instructions $2,50, BAG­
NALL ELECTRONICS, 179 May, Fairfi eld , CT
06430.

TOP quality imported, domestic kits, surplus. dis­
count electronics, compu ter components. FREE
catalog. TEKTRASONIX, 1120 Avenue of the Amer­
icas, 1/f1 suite 4038. New York, NY 10036.

PLANS AND KITS

VOICE disguisers! FM bugs! Telephone transmit­
ters! Phone snoops! More! Catalog $1.00 (Refunda­
ble): XANDI ELECTRONICS, Box 25647 , Dept.
60X, Tempe, AZ. 85282.

HI-FI speaker systems, kits and speaker compo­
nents from the world's finest manufacture rs. For
beginners and audio philes , Free liter ature. A&S
SPEAKERS, Box 7462, Denver, CO 80207. (303)
399-8609.

THE end connection-new and used cable equip­
ment. Available at quantity prices, also surplus elec­
tronic equipment and hobby kits available for video
and other uses. JOHN, 1-(419) 243-7856.

FREE catalog g9-cent kits-audio, video, tv, com­
puter parts. ALLKIT, 434 W. 4th St., West Islip, NY
11795. (516) 321-6342.

BOOKS elect ronics, physics, math , history -sci­
ence, Tesla. 1000's out-of-print, old and new. Cata­
log $1.00. SCITECH BOOKS, PO Box 250-R.
Farmingdale, NY 11735.

SATELLI TE & cable equipment. We have those
hard to find units ready 10go.lired of junk thaI don't
work ptoperly?Tryour tOday satislaetlon guarantee
& 90 day warranty (wholesale only). HI TECH
ELECTRONICS, PO Sox 42423 , Detroi t, MI48242 .
(313) 722'9381.

• RECEIVING· SERVICE·ANTIQUE

The Most Complete Range of
Domestic and Foreign Tubes

In The World
- Over 2000 Types ­

... at 75·90% OFF
Send $2 for Consumer Product Catalog and

receive FREE ,/. or '/2Watt Resistor Kit

Steven
Mail Order Electronics Corp.

po. Box 698 , Melville, NY 11747
1-800-833-6693

In NYS (516) 752-0060

COMMUNICATIONS receivers: The Vacuum Tube
Era. Book covers 700 receivers, 112 photos. $14.95
plus $2. PIS. Details SASE. RSM COMMUNICA­
TIONS, Dept RE, Box 218, Norwood, MA 02062.

CB tricks booklet. Modifications, tune-ups, chan­
nel expansion, clarifier tricks. Send $19.95 to MEDI­
CINE MAN CB, P.O. Box 37, Clarksville , AR 72830.

BURGLAR alarms-booming business. Get start­
ed now. Information $2.00. DYNAMIC SECURITY,
P.O.B. 1456-A. Grand Rapids, MI 49501.

ELECTRONIC liquidators , thousands of par ts,
kits, hardware. Send $3.50 for catalog. Box 27656 ,
Lansing, M1 48901.

(~, SOLID STATE SALES TEL (617) 547-7053 WE SHIP OVER 95%
FAX 617-354-1417 OF OUR ORDERS WITHIN

P.O. BOX 740 • SOMERVILLE, MASS. 02143 TOLL FR~~R\~~5230 24 HOURS OF RECEIPT
_. .

$2 95
52 75
$3 15

S "
S "
S "

3 .-5100
S so

l n 5 1 00
8 5 1 00

S 90
S .0
, '0
S . 0
S 50
S ' 0

3 ;S100
S 30

5SI 00
s 50

s "$ \ 00
S I lO
$ \ 75

PAL 's

IN.. 1"8I1N9 1"1

1 ~ . 1 00

16L2 150
It;:R'' 19!>
16 l 8A 350
2OR8A 3 95

DIP

SW ITC HES

15U F 16V
22UF 10 V
JOUF 6V
33 UF 15V
.. , UF 20 V
68 UF 20 11
l 00 Uf 16 V
330Uf- 10V

CTS 106 4 .. P... ' h<l" 75
CTS 206 7 'PO'ill"''' 95
C1S 106 8 8P... 'I."" 95
CTS 206 10 10 PO\.,IIOI1 1 2!1

REGU LATORS
55.95 323K Il A,I" 0 51
$ 30 LM331
5 ." 0 LM338K
5 15 3"OT 5.6.8 .12
$1 1So 15. IRo.2"V
S 90 123

TANTALUM CAPACITORS
22UF 35 V 51$100
"'UF 35V 51$1 00
68 UF 35V 5 /S1 00
l Uf 20V 5/$100
2 2UF 20V 5 1S1 00
3 3U F XlV " 1$100
.. ,UI! 20 V 4 1S100
6 8 UF 20 V "'$ 1 00
10UF lOV $ ."0

l l " l1lR [)Plr("fOf
FP 100 Phol 0 T,. ns
Rfld LED's:;? "
Vellow, G' een . Of Amllf', Lll LE0 ', 2"
Rr d G' l'l'rl B,~o l a, LED .
Rr d V..,tO'" 8 '1'01. , LED
MLE0 92 lR l ED •
MR0 1"8 Pt.o to 0." XTOR
IL 501'1 0 hol.toflO
""l"5(}ptoCoup l. ,

lA S39 U
78l050.12
18M0 5.1 20, 15
lM305
309 <
l M3 11T
32 0T 5.12.15 0' '"'

D iSC CAPA CITORS
.1UF 16V 10 1$ 1 00 100 '$8 00

.0 1UF 3511 16 /$1 00 l 00 tS5 00

SI LICO N POWER RE CTIF IER S MU l1l TURN
PRV l A 3A 12A 50A 125A 2..0A TR IM POT S
100 05 ' " 35 90 6 00 '01 ' !)() Ot-lM
200 06 1 1 50 130 100 0HM

:: ~ i~ ~ ~~ : ~ : ~;: I ':C~OHKM
800 13 35 1 00 250 1600 18 00 10 K 50 K l OOK
1000 20 45 1 25 3 00 7Q 00 26 00 3 /$1 .00

RCA. HC2500
60 WA TTS $3 4.9 5

SOLID STATE HVBRI D
LINEAR AND AUOI O AMP

BAND WIDTH 30 k.HI.l
60 WATTS. 7 AMP OUTPUT

TTL SIZE PR IN TE D C IR CU IT BO AR D
REl AYS ..·· .6.. 0 0 :J BLESI DEI>£ POXV

80 ARDED 1 16 " Tt-lICK
5V OPST 95 5 60... ~ S1 bO

12V OPST 95 '--,,---- - ---11
--ruu~

BRID G E
PRV 2A 6A 25A
100 1 40
200 80 1 30 2 20
" 00 1 00 165 330
60 0 1 30 1 90 .. 40

SEND $ 25 ~ OR OUR CATALOG f[ ATURtNG
TRANSIST ORS & RECTIF IERS

1" 5 HAMPSHIRE ST., CAMBRtDGE, MASS 02139

.3 5 74 HC SERIES,..HC25' 55

.3 5 7.. He 12 5 .50 1.HC259 60

.35 7.. HC133 .60 74HC2 73 80
35 7.. HC137 .75 7..HC354 95
35 ' .. HC139 ." 5 7..HC31 3 80
" 0 7"H Cl53 55 7"H C37" 80
.35 7.. I--I Cl54 1.15 7..HC533 135
.3 5 7" HC151 50 7" HC534 1 35
35 ' ''HCI62 55 7.. HC513 250
"5 7" HCl 63 55 , .. HC5!)5 250
50 1.. HCl 64 80 , ..HC6"0 '200
" 0 7" HCl1.. 60 , ,,HC4oo 2 50
"0 7.H C175 60 , ..HC401O 1 10
10 ''' HC194 10 7.. HC406S 60

.35 74HC2"0 .15 , .. HC45 1.. 320
"0 74 HC2" 2 75 , ..HC"538 1 " 0
" 0 74 He2 ..4 80 , .. HC" 543 1 " 0

74LS SERIES
7~ LSOO .17 74 L51 12 29
' '' LSOl . 17 7" LSI 13 33 741S 2" 2 .65
7.. LS02 .17 ' '' l SI 1'' .33 7" lS'2"3 .65 r:'::;"=-=;;;::;;;-;77::;;:;~----.
, .. LSD3 17 7" l S12 3 "5 7..LS2.... _65
7.. LSQ4 . 17 7" LSI15 .35 7.. LS245 .15
7" LS0 5 11 7" LSl26 35 7.. LS246 1 " 0
7" LSOB .17 7" LS132 39 7" LS2'" .75
' '' LS09 .17 7" l S136 35 7" LS24 3 65
1" lS10 .17 ' .. l S13 7 90 7" LS25 1 ." 5
7" lS11 .20 7" LS138 39 ' '' LS253 ." 5

;: ~~ ~i :;~ ;:t~;~; : ~~ ;:~;~ .;; 1-:'= '-;;;::'::::'::------
14 lS1" .36 t .. LS1.. , 1 00 7"lS~9 1 20
' '' LS15 25 7"lS148 .90 74 LS26 0 45
74 l S20 . 17 74L S15 1 39 ''' L526 6 55
7"L 52 ' .22 74L5 15J .39 141S 173 .75
7"lS22 .22 , .. LS154 1 50 7"LS 279 J 9
' " LS26 23 7"LS155 55 , .. LS280 1 70
, .. l S2 , .23 7"lS156 45 7" LS18J 55
7" lS28 .26 ''' L515 1 35 741S290 80
'''LS30 .17 7" LSI ~ 20 ' '' LS:093 80

~:~~; ~. ~:~~;~ ~ ;:~~~ 1;~ I-"';"~~;:';'...,...======""'::=:-I
7" lS38 .-G 7" l.S162 "9 , ..LS320 2 00
, .. LS40 .17 ' '' l S l83 "9 7"lS322 3 00
7"lS4 2 35 7.. lS154 " 5 7"LS323 2 "0
' '' lS''8 65 7"LS165 65 7" LS365 39
141S51 17 74 l.SHi6 95 7.. l 5J 66 .39
7"lS54 22 '''LS169 90 7"lS36 7 39
74lS73 25 14LSI10 80 '''LS368 39
7" L5 7" 24 ' '' LSl'3 "9 74 LS37 3 75
14l.S15 29 7" LS1 74 39 ''' LS374 75
74L 516 29 74 LS115 39 1.. LS317 15
14LS83 "5 74 LS18 1 1 40 7"L S386 45
7.. LS85 ..5 74 LSl 90 " 9 74LS390 1 10

;: ~~~ .;~ ;:~;~~ :~ ;: ~~;~~ 2 '~~ f-:~:-::-:-:':'-::-:'--!-=-"""=:-::7.":=1
7.. l S92 ..5 7" l S193 65 7.. L5-4"S 2 00
7" LS93 "5 ] 4 LSl94 .6 5 7" LS!>41 1 "0
7" l S9 5 "8 , .. LS195 65 7"LS625 1 75
, .. lS96 ." 9 7" lSl96 55 1" LS545 95
81lS98 ' '' 0 7"L S191 55 ' ''LS668 1 45
74LS1 07 35 ' '' LS22 1 55 1" LS6 10 .95
' ''lSl09 3S , " l S2" 0 65 25l S2521 195

7" LS24 1 65

7.. HCOO
7.. HC02
7" HC04
7" HC08
, .. HC10
7.. HCll
,,, HC2Q
7"HC30
7"H C32
1"HC5Q
7.. HC5&
, .. HC1..
7"HC 75
7.. HC85
' .. HCI07
7.. HC109
, .. HC112

TERMS : FOB CAMBRIDGE, MASS SEND CI-lECo.:: OR MoNE V OROER

MINIMUM Tel EPHONE , CO 0 PURCHASE ORDER OR CHAR GE $2000
MINIMUM MAIL ORDE R $500

P OSTAGE ADD 10 % FO R ORDER S UNDER $2 5 .00

RATES ~~~;~ ~g= g~g~~~ ~~~~E$~$~.OO AN D $50.00

\/ 2 0 5 10 95 CPU's& CHIPS RAM 's SCR 's TRI A C's
V10B 1495 .086 . 00 10 16 1 .50 ,..... 6A 35A ,,, PRY l A l OA 25A
INS76 S0 ' .50 80SS ' .50 21 L02-3 ' 0 TIP 3 18 NPN S, TO·220 . · $ ." 0 100 .35 ..0 1 " 0 ' 00 .35 .60 1 " 0
Z80A CPu 1.15 8 1552 2.75 210 1A-" '50 TIP 328 PNP 5, TO·220 , . • . $ ."0 200 ." 0 50 1.80 '00 50 80 .90
180B cpu 3 .75 . 20' 0 .00 2111 A 1.75 TIP3" PNP S• • ... • •• $ .95 "00 .60 .70 2." 0 000 ' 00 .10 1 00 2 60
180A CTC 1.95 8203 1600 2112 ·1 '" TlP l11 .. •.. · $ .50 600 .80 1.00 3.60 12.00 600 1.00 1.20 3 .60
180A DART 5 .25 82 12 1."5 21 1.. 2 ' 00 TIP 121 NPN 5, U84 , • .. · S .60
ISO " OMA 550 8214 " S 2118" 1 15 TIP ''' 1 NPN S, U97 . .. .. • $ 1.00
l SOA Pl0 ,,, 82 16 ''0 21"73 "0 TIP 1"5 • •• .. . . $1.3 5
ZSOAS10 S50 822" "S 32" 2 .00 2N 1307 PNP GE r05 . , . . • $ ." 0 L"' 38 7 OS 1" 56 80
18 08 5 10 9.S 8n G '.0 TM53" 09 1.7 5 OP52000 -0UAL LOG2e? ss l M393 '0 .... 50
87C43 " S 8237 -5 .SO M"''' 02 7 3 90 POWER OAR l. · •• $3.95 Tl 054 CN 1 00 LF398A 300 lM I808 "S
AM0290 1 '00 823 8 39S TM5-4050Nl 1 .75 2N2222 NPN 5, TO-92 . · . 11$1.00 Tl o n ' 00 LF4 11 ' " A02700LD .. 9 5
6502 "S 82S0A ." MK"0 96 -11 1.2 5 2N2907 PNP 5, TO 92 . · . 11$1.00 l M79BCT .60 A0 506 ..H 2 .50 l M290 1 ss
6522 350 8251 A "0 .. 108 3 , . 0 TIP 295 5 PNP 5, . •. .. . . • $ .10 Tl082 .0 sa '50 CA3018 1.95
6800 " S 8253 1.15 ..116 2 .' 0 2N305 5 NPN 5, TO·3 . .. . . $ .60 Tl O84 1.00 LM555 29 CA304 5 1.20
GS02 "0 82 55 A 5 1.8 5 '1118 'I 1.75 MJE30 55T . • . . . , . . $ .60 LM201 .zs LM556 " CAJ078AT 1,50
6S0 3L .00 8257 " 0 " 164 15 " S

2N3712 NPN 51 TO·3 .. $ 1,25 LM30W.. 835 sse 1.10 CA30SO as
• • 09 "0 825 9 "0 .. 1256 15 ' 00 2N390" NPN 51TO 92 . . . . 11$1.00 LMJ0 7 " A056 1 300 CA308 9 E 1_75
68 10 , ,, 8272 A 4 .75 ....54 15 '00

2N3906 PNP 5, TO 92 , . . • 11$1 00 LM308 • S S... 1.75 CA3Q9" 130
SS21 ' " 827 5 '00 MK"S02 S OO 2N" 90 1 PNP S, TO-3 . . . .. . $1.00 LM311 " seS 90 CA3 130 90
68 "5 " 0 82795 "S 16 104 -" 2 .. 2N5296 NPN TO·220 · $ .50 LM3 18 '00 Sse " S CA3 1" 0 .ts
••sc ,,, .,... "0 6116 ·3 ' 60

2N6 109 PNP 5, 10·220 . •. . $ .55 LM319 1.10 S., " SG352 .. ' "68 75 '50 8288 "S 6 167p ·3 ' 50 f,lJE13009A " OOV NPN • . . $1 .00 lM32" 35 NE5 70 ' 50 SG35-43 .ro
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PROJECTION TV ...Convert your TV to project 7
foot picture . Results com parable to $2,500 proj­
ectors....Total cost less than $30 .00. Plans and 8"
lens $21.95...llIustrated information Free ...MAC­
ROCOMA-G F, Wash ington Crossing , PA 18977 .
Creditcard orders 24h rs. (215) 736-3979.

CABLE TV assortment #103 (February 1984
article) has printed circuit, TOKO colis (4),
transistors, IC's, diodes with free power
supply &"F" connectors....Satellite TV as­
sortment #30'1 (October 1986 article) Tele­
ase-Maast(see "After Dark" and more) has
printed circuit, IC's, transistors, diodes
,,$25.00/assortment five/S112.50. Shipping
$2.00 JIM RHODES, INC., P.O Box 3421,
Bristol, TN 37625.
STRANGE stuff. Plans , kits, new items. Build sat­
ellite dish $69 .00 . Descram blers. Bugging informa­
tion adult toys. Information·a'8hoto package $3 .00
refundab le. DI RIJO CORP RATION , Box 212,
Lowell, NC 2809 8.

~ WRITE FOR

~g-;MCGEE'S
SPEAKER & ELECTRONICS CATALOG

1001 BARGAINS IN SPEAKERS
toll free 1·800-346- 2433 for orderi ng only.

1901 MCGEESTREET KANSAS CITY, MO. 64108

TV stereo construction plans with free PCB. $6.25
closeo ut. Similar to R-E March 1986 artic le. DEL­
PHONE , Box 150 , Elmont, NY 11003.

MUSIC on hold circuit. Add to any phone. Plans
$10.00 . Catalog $2 .00. LESTRONICS, Box 2321-R,
St. Louis, MO 63114.

Jerrold Products inclu e " ew Jerro
Tri-Mode," SB-3, Hamlin, Oak VN-12 ,
M-35-B, Zenith, Magnavox, Scientific
Atlanta, and more . (Quan tity dis­
counts) 60 day warranty. For fast ser­
vice C.O.D. orders accepted. Send
SASE(60 cents postage) orcall for info
(312) 658-5320. Midwest Electronics,
Inc.l , HIGGINS ELECTRONICS, 5143-R
W. Diversey, Chicago, IL 60639. MCI
Visaorders accepted. No Illinoisorders
accepted . Mon.-Fri.-9A.M .-6 P.M.CST

INCREDIBLE electronic bicycle or motorcyc le se­
curity system. $10 for plans. PEl, Box 12056-RE ,
Omaha, NE 68152.

SCRAMBL ING News. Monthly interesti ng , infor ­
mative. Sampl e $3 (refundable). $24 .95/yr. SHO­
JIK I ELECTRONICS CORP., 1327R Niaga ra St.,
Niaga ra Falls, NY 14303. CaDs (716) 284 -2163. _

DESCRAMBLlNG, new secret manua l. Build your
own descramblers for Cable and Subscr iption TV.
Instructions, schematics for SSAVI, gated syn c,
sinewave. (HBO, Cinemax, Show1ime, etc .) $8.95,
$1 postage . CABLETRONICS, Box 30502R, Beth­
esda , MD 20814.

THE decoder. National mont hly techn ical newsletter
covering Satellite/Cable descrambling systems. in­
cludes : news, schemat ics, modifications , reviews,
tips and more !!! $18.00 per yea r. Samp le $2 .00.
TELE CODE, Box 6426 , Yuma, AZ 85364-08740.

Z-TAC units. Top quality. Retaii/wholesale. Excei­
lent prices . (804 ) 456-5505, technical info. 800-85­
AMCOM, orders and free cata log or write: AMCOM,
PO Box 6839 1, Va. Beach, VA 23455.

ASSEM B LE YOUR OWN PC CLONE bu ilder's
manu al with part s list. Detailed instru ctions for as­
sembly, testing and troubleshooting . Covers all
sw itche s, jumpers and hard disk installation.
$19.95. DIGITAL SOLU TIONS, 26 E. 14th Street,
#505E, Indianapolis, IN 46202.

TUBES - 2000 TYPES
DISCOUNT PRICES!

Early, hard-to-find, andmodern tubes.
Also transformers, capacitors and
partsfor tube equipment. Send$2.00
for 20 page wholesale catalog.

ANTIQUE ELECTRONIC SUPPLY
688 W. First St. oTempe, AZ 85281 0602/894-9503

SATELLITE TV
CABLE TV Secrets- the outlaw publicatio n the ca­
ble companies tried to ban. HBO, Movie Channel,
Showt ime, descramb lers, co nverters , etc . Sup ­
plier's list included $8 .95. CABLE FACTS, Box 711­
R, Pataskala, OH 43062 .

SATE LLITE TV rece iver kits! LNA's ! Instructions!
Schematics! Catalog $1.00 (refu ndable) : XANDI
ELECTRONICS, Box 25647, Dept. 218B, Tempe,
AZ 85282 .

I

iiiiiiiiiiiO....iiiiiii 1.9-2.7GHz Parabolic Dish 40+ d8Gain
LIFETIMEWARRANTY

CompleteSystem $89.95(ShippingIncl.)
Dealer Rates, Replacement Components

& ExpertRepairs Available
K& SELECTRON ICS Call now forsame
P.O. 80X34522 dayshipplnlll
PHOENIX, AZ85067 16021 230.()640

VISAIMCICOD $2 cred it on phoneorders!

Terms MICRO·MARTaccepts Visa MCand telephone COO S M,," rnurnorder S1 000 Sh,pp,ng­
US or~er s S250 Canadaand other countlies S350 Shlpprng rate adlusted where applicable
NJ reSidents add 6" , salestax
MICRO-MART. 508 CENTRAL AVE..WESTFiElD. NJ 07090.12011654-6008
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"" " 1.LS12 es U LS266 .. ""'. 20 DIP IC SOCKETS'''' " 1 U S1 ) " 1"LS213 " . 010 "r... ,. 1.LS1. " 1.L S290 " . 01 1 20 8 PIN/_09 , 14 P1N/.13. 16 PINU5, 18 PIN/.H, 20
7U ' " 1 . LS15 " 1.L$2113 " .." 20 PIN/.19, 22 PINI.21. 24 PIN/ .23. 28 PIN/ .26, 40 PIN/.28,u, 50 1. LS20 '" 1.LS29 5 " .." as Zero Insert ion Test Soc ket 28 PIN . • •. 5.00'u, " 1. L$2 1 20 "LS2H eo . 016 50
" 50 eo 1. L522 20 1. LS2911 '" ..n " TOKO COILS FOR FEB 19B41. 51 as 1.L~ 20 1. LS3 56 " .." """ ,. 1.LS21 20 1. LS36 5 " .... 20 TV PROJECT1.14 ,. 1.LS2I " , . LS366 as .'" 20
1H5 .. NL$211 50 1. L$36 1 .. .... " ToI<o ,'. BKAN -K5552AXX(2), ' 6 2OHN-30000 23
1416 .. 1. LS30 20 7.lS361 " -oee " (.071uH) & L-2(l 2uH) Fixed. 1 Set of 4 pes $6.00, 3 Sets
7.'2 15 7.L S32 20 1. LS313 15 .." " $15.00, 10 Sels $45 .00."., 50 7.L $33 " 1. LS31. " .. eo "7"' 5 " 1.LS31 " H LS375 15 . 163 .. Opto Isolator H l1 AX(Tra nsistor Type). . • . . .. . . ":"65
".. .. 7.L SJa " 1..LS311 " .... 16 " Octo Isolator HXXCX(SCA Type) .• .• . . .. . . . . .85

"" " 1" L$.0 ,.
1. t S371 t t ....21 " Hewlett Packard Clock (No Specs) • • . . • . .•. • 2.50

7"" 15 1. LS42 ,.
1..tS393 " ....11 " line Cord 6 feet UL listed SPT 2 .• . .607..,12 .. 7. LS47 " 7" LS620 '50 ....,17 "

. .... .. .
' ''113 " 1.LS51 20 14LS670 15 '5O' "

Scope Probe Set w/Everyth ing xllx10 . • . .. . 24 .95

"" " 7.L$5-4 " " 511 " Wi re Stand Off. . . . . . . .. . . . .. . .. . .. . . . . . 101$1".. " 7.LS55 ,.
7~SC SERIES . 516 " Zener Ass 't - 65 pes Total - Inclu des Minimum 3

7"'01 " 7. L$7 3 " 7. SC 137 50 " 517 " Different 1W Device s . . . . ...•. . • . . . .• . .. . $1.957"109 " 14 L$ 7. " .511 15
7. '" '" 7.L$75 ,. 7.SCI Ja " " 5111 .. Resistor Ass't - 1,000 pes 35 Values Min imu m.
7"121 " 14 L$76 "

7.SC 1311 " "" " Popu lar Values ( l K,10K,100K) Includ ed. Mostly 1/4 &7.SC231 eo14123 .. U L$71 ..
7. SC23' .. "" " 11m. So me 1 & m .Lots of Precisions . Carbon Film .7.125 " 14 L$13 .. .." "7., 2'6 " 7.L$1.5 .. 7.SC2<lO 50

. 555 "
Taped and Reeled lo r Easy Sorting . . • . • • . • $9 .95

1.1 21 " 1.lSM "
7.SC2. , 50

"51 "
Jumpe r Plugs (Ca mbk>n) - Makt to Male for Bread -

7.1 . 5 " 1.lSIIO .. 7.SC2" " .573 " boa rd & Con nect ors • • . ••. .••.••• _.•• . 101$1.25
7.1 .' '00 1.l$1I3 "

14SC 2. 5 50
.51• .. SVOC Wan Tran sformer. 200m a • .• . • .•••• • $2 .957. 151 50 ' . l $ 10 7 ,. 7..SC31 3 50 .", 70

7.1 53 50 1. lS11 2 "
1"SC 31. eo .", 70

9VOC Wall Tran sformer. 500 ma . . _. _•. _.. . $3 .95
1. 15' " 7.l$ l13 ,. 1.SC~ 50 ."'" ., 12VOC Wal l Transformer. 400ma • _. ' . . . . $6 .95
l U ST 50 T. l$l l . ,. 7"SC 5J.t 50

6.3V 1.2A Translo rmer ••• .• . . • .• • . • .• . .• . $ 1.60" SC5<O 50 . 0 10 7 "1"161 eo 1. l$123 " .5 1~ " 12.6 VCT 1A •. . . ...•... •.. • . . •• • •.• . .• . $3 .SOUI63 eo 1.lS12 5 "
'''SCS63 '50

1. 1~ to 7"lSI 211 ,. 7. SCS6ol eo 7 (Seven) Amp Tapped Tran sformer - 7 112115VAC
1" 173 70 UL S132 "

7.SC573 2 00 EPROMIMISC or 9V118VAC • . . .. .. • . . •• . . • . • • . ... . . . . . $8 .95
14 17.. 50 7. L$ 136 "

7.SC57. 200
27 16 ", Mutfil"ll $prite Style Fan " SU2C7 (EG & G Rol ron).

1" 175 50 7. LS1Ja "
OAT... BOOK

2]31·2 ' " 3 1/2 - Sq , 115V •• . . • .. • . • $5 .95
7" ,n eo 7.L S1311 .. =~E . S 2 50 2764·. 5 '" Jum bo Red LED 's . ... 151$1.00, 1001$6.0014110 " 7. LS15 1 " CMOS SERIES ~~;;::~5 '5O7. 181 ,to 1" LSl53 " '"

Jumbo Green LEO·s •. . . . . . . 101$1.30 , 1001$10 .00
7"'112 " 7. LS157 " 14Coo " eo" '" J umbo Yellow LEO's . . . . . . . . 101$1.40 , 1001S11.oo
74193 " 7. LSl 51 " '000 20 .... '" Jumbo Ye llow Hi Intensity wi th RI Angl e & Black Case741\104 " 14LSl 60 25 '00' 20 ZIIOACTC '" Featur es .•. . .•.. •. ...... . 101$1.20, 1001$107.. ,\15 " 7. LSHII ., "'" 20 UOH611.... 50"'.. " 1.LSl62 " <0" eo UDN612IA " Jumbo Ambe r LEO's . . . . . . . . 101$1.40 , 1001$11.00
7"36 5 .. 7. LSHI3 " . 0 11 20 UDNll ...... eo Mini Yell ow Hi Intensity wi th Discr eet, Pale Blu e

UOH711OA " LensJCase Featur e 1011.20, 100/ 10 LEO Clip s/Rings
for Jum bo ... .. ... .., . 151$1, 1001$6

MAN6910 - Double Digit 7 Segment Display, Hi
Effic iency Red .56" Comm Ann 1.25
MMM81 - 14 Seg ment Driver Ch ip .. • . • • . . • .75
Hewle tt Packard 7 $eg .. .. Red Ann#7651 . '" 95
7 Seg .3" Bent l ead (Hobby Grade) •. ..••.• 4/$1
7 Seg .6" Bent Lead (Hobby Gradel .• 31$1
1.SA SOV Br idge (TQ-S) . • • • • • • . 50
4A SOV Bridge (KBU05) • . • • . • . . 75
6A 60IJV Bridge 516" Squa re . . . 1.00
lOA SOOV Bridge 518" Square . . . • . . 1.15
25A 200 Bridge (Solde r l ug Type) . ....•.. .. 2.00
12VDC SPST Reed Relay PC Mount ... . .. • . . .60
SPST PB Sw itch (Keyboard Type) . . . .•. 31$1
Mini Toggle DPDl (Lock Latc h Feat ure) • . • •. ••75
DPDT " Snap In" Rocker with Bulb Socket . . .. .95
Push-Lig hted Sw itch (No Bulb) Off - Mom - . .45
Pushb utton DPST Off - Mom PC Mou nt ... . 31$1
DPDT Push Button 6A 125V . • . . . . • . . . . ..•.. .65
TPDT " Bat" Handl e Toggle (On Off On) . . . . . 1.65
DPDT Rt Ang le PC Toggl e (On Off On) • . . .. .. .95
11 LED Bar Graph Display. 2·314" , Rectangular LEO's
(Specify Red , Gr een , Ambe r) . . •• .•• .•• . .• •. 2.69
Giant Alpha Numeric Display 1·1f~- x 2- 7 x 5 (35 Total)
Red LED Matrix 4.95
22uf 35V Solid Tantalu m (Kernel) .• _. • _. • • 311.00
Radial Lytics - 1uF 5/JI/ .13, 2.2uF 5/JII .13, 3.3uF 5t:N
.14, 4.7uF 40V .12, 10UF SOV.14 22uF 35V .15, 33uF
35V .15, 47uF SOV .15, lQOuF35V .20. 220u F 35V .22,
330u F 35V .33 470uF 35V .39, 1,ooouf 16V .45
1.000uF 75V Axial . .•. .75
3.2OOuF SOVTwist Lock 65
3,3OOuF SOV Ax ial Lytic 85
5,OOOuF 40V Computer Grade (Mallory) . • • . • . 1.SO
Ceramic Monol ith ics - All SOV or Higher:
33OpF, 47OpF, .001uF, .OO18uF, .OO22uF, .0027uF.
.00000 F, .0000uF «AJI 3OI$1). .01u F - 201$1, .022tJF
151$1, .1uF 10/$1 .22uF 101$1
Cryst al Clock Osc illa tor 14.9760 MHZ . .50
UCN 4116 B - OSC IFreq Div Cloc k IC .. ..• 5/1 .00
AM/FM Radio IC w/Data Sheet ('2204) . . . 151$1.00
Slide Pots - 1 Each SOK, l OOK, 1.2M.2M,5M - $1
74165 (Shift Reg ister) Housel8095 . . • 101$1
ULN2231 (De lco OMSO) Dual Preamp IC 211
Switching Power Suppl y - Plus & Minu s 5 & 12 Vot\s
2OOW. by Conver $49.95
MRF901 (Hobby - You Test) . • • • • .• • 101$1
Piher PT10V 3/8" Horizontal Mount Trimpots 100 OHM,
l K, 5K. 10K, 2OK, SOK. l OOK, 2OOK. SOOK, 1M.
Sing le Turn •.• .. _.•• . . . . • • . • • . • • . • . . ••. . 41$1
Mull iTum Precision Trim pots ,SO OHM. 1oo 0 HM. 200
OH M,2500HM, SOOOHM, 1K, 2K, 5K, 10K, 2OK, 25K•
SOK. l OOK, 2<XlK. 25(»(. SOClK, 1Meg .75 Each, 10G'$66
Zen ith TV Replacement IC Special $1 Each .22 1~2 ,

221-43 , 221...a , 221-69 , 221-79, 221-87, 221·96 ,
221-104, 221·105,221.106,221-140.
Motion Del:ector Module (Includes ULN2232 IC & Caps),
$2 Each , 71$10, 251S25.
Mot ion Detect, ULN2232 IC Only 31$2. 201$10 Black,
Plastic Cas e for Detector . • .• . • •. ••.. • .. •• $2 .25
Miniatur e Spea ker lor Detector •• . .• . • .••.. . . .75
Model 00·1 05 Signal Generato r - 20Hz to 150 kHz.
Low Disto rtion , 46 STEP . . . • . . . . • . . . . . • $45.95
22/44 PIN Edgecard Connecto r . . . • . • • . . .65
40 PIN IDC Ribbon Cable ConnecfOf . .. . •..•. •40

50 PIN IDe Ribbon Cable Connect or _ SO
36 PIN Rt Angle " Snap Off" Header . . . .•50
14 PIN Header lor Ribbon Cable . . • 31$1
7 PIN Male Header. _ _. . 201$1
IC Storag e " Bug" Box _ __. . _. $2.45
Heavy Duty Allig ator Clips (10 Sets) . . .• . $2.30
Regu lar AlligatOf Cl ips (10 Sets) • $1.80
Wire Stri ppers (Spring Loaded , Adjust.) .• • . $2.SO
5- Needl e Nose Pliers (Spr ing Loaded) . . $3.95
4 112" Diag onal Cutters (Spring loaded) . . • $3.95
Nut Drl....er set for 3116- , 114- , 5/16 " • . • .. . . 31$2
Jeweler 's Screwdri vers (4 pes) . . • $2 .65
Desoldoring Pump (Solder Sucker) . . • . . . .. $4.00
Replac emo nt Tip s for Solde r Sucker . . . . 2IS3.00
25W Prec ision Soldering Iron . .. • . . . . . . ... $5.00
Safe ty Gogg les . . • . . • • • . . • • • • ... . .. . . . $2.95
De·Solder ing Braid (5 Foot Roll) . .99
Solde r Aid Tool Kit (4 pcs) . . . . . . . . . . .• $3.00
Model 610B Log ic Probe (Pen cil Type) .. • • $18.95
Mode l 620B Log ic Pulser (Penci l Type) . . •. $18.95
.01uF 100V Mylar Cap 201$1
.1uF 200V Mylar Cap . . • . . . • . . • . • . • . .•• . 151$1
?Mys tery? Bag ' 1 Th e " OHM" Bag . . . . $1
?Mystery? Bag '2 The " Vol t" Bag . • . •. .• . . . $1
?MYSlery? Bag . 3 The " Circuit" Bag . . . . . ..• $1
?Myst ery? Bag " " The " Frequency " Bag .• $1
?Mys tery? Bag 15 The " Tolerance" Bag . . .•. $1
No Retur ns or Exchanges with Mystery Bags
9V Batte ry Snaps 7/$1
Self AdhesiveRubber Stripping - Cut to Arty Lengths
You Choose (3M -Bu mpon ), 3 Feet/S2, 10 Feetl$S.oo ,
50 FeetlS2O.oo .
Hi Reli abil ity T0-3 Sock et (Aug ut) . • . • • . . • • . • •.85
Low Fluid Level Detector Kit - Parts , PC Board &
Instructions . . .. • . . •.. •. . • •• . 4.95
Soldering Iron Convenience Stands . . • • . . . 5/$ 1.00
Vol tage Mate Swi tching Regulat or Kit . . . .. $18.95

COMMODORE COMPUTER KEYBOARO&MOTHER­
BOARD COMBO. INCLUOESARTICLEFORCOM·
PATI BILITY (INTI:RFACEj $12.95

MODEL 705 Digital Multimeter
__"UihUli'tI,nIIlU'

UHF-TV PR AMP
(As featu red in Radio Electronics Marchi
May articles, 1982)
This ine.xpensive ante nna mo unted pre '
amp can add more than 25 dB of gain to
your system . Lots of satis fied customers
and repeat orders for this high Quality leit,
which includes all component parts. PC
BO. ease . Power Supp!y and Balun 134.50
Assemb led Version $57.50
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EDUCATION & INSTRUCTION

CABLE TV DESCRAMBLERS

SCIENTI FIC Atlanta Models 850G--8550. remote'
i nc lu d e d ...$ 24 0 .0 0 5B-3 's . .. $ 74 .00 . T RI·
BI '5 ...$95.00. 5BSA-3's ,•.$99.00 . Ze nith (Z· Tac)
Dascrambiers ...$169.00. N-12 (Vari· sync)...$89.00.
M-35 B (Vari·sync).•.$99.00 . Panasonlc convert·
ers...$95.00--$99.00. Dealer dlscount o n (5)
.units. Brochure available. CaJl...N.A.S.INTERNA­
110 NA L. 213) 631-3552.

SCIENTIFIC ATLANTA & SB-3

Pay TV and SalelhteDestrarnblinq
NEW... VOL. 2 ... NEW

CABLE TV converters. Scientif ic Atlanta. Jer rold.
Oak. Zen ith. Hamlin . Many othe rs . " New" Video
Hopper "The Copy Killer." Visa . MIC & Amex
1-800-826-7623. B&B INC. , 10517 Upton Circle .
Bloomington. MN 55431.

SCRAMBLE FACTS
718-343-0130

PHONE TODAY for 3 minutes of
satellite TV industry news,technical
tips, and new product information .

ShoJ lkl Electronics Corp. 1327A Niagara SI..
Niagara Fall s. NY 14303. COO·s 716-284·2163

MICROPROFESSOR 8 bit tra iner. Z'80 C.P.U.•158­
instructio n set. 8K monitor ROM. enter programs in
assembly. machi ne. basic . or for th. ETRONIX,
5326-9th Ave. N.E.• Seattle. WA 98 105. 1 (800)
426-1044 .

DESCRAMBLER MODULE
COMPLETE cable-TV decoder in a mini-modul e.
Latest technol ogy upgrade for Jerrold SB-3 or Ra­
dio-Electroni cs Feb. 1984 project. Vers atile. sophis­
ticated . and low cost. For literature, SOUTHTECH
DISTRIBUTING. (813) 222-3293.

EARN big bucks des igning custom cable televis ion
dist ribution sys tems for homes . This report also tells
how to avoid the ten cost ly mistakes that protess ion­
als often make. $10. pos tpa id. W. TANNER, Box
82582 . Fairbanks. AK 99708 .

MICROPROFESSOR 16 bit trainer. 808 8 C.P.U.• 8
bit data bus. 4.77MHz. 59-key. full- size keyboard.
Centroni cs para llel interface. Design . writ e. debug.
an d exec ute as sembl y languag e program s.
ETRONIX, 5326-9th Ave. N.E.. Seattle. WA 98105
1 (800) 426-1044.

F.C.C. Commercial General Radiotelephone li ­
cense. Electronics hom e study. Fast. inexpensive!
"Free" details. COMMAND, D-176. Box 2223 , San
Francisco . CA 94126 .

SUPERFAST Morse Code sup ereasy. Sub liminal
cassette. $10. Learn Morse Code in 1 hour. Amaz ing
new supereasy te c hni qu e . $10 . Bo th $1 7 .
Mon eyback gu arantee . Free catalog : SASE .
BAHR, 2549-E9 Temple. Palmbay, FL 32905.

100 F CC sample qu es t io ns . G en er a l radi­
otelephone operator lice nse . $10 SASE. PEl , Box
12056-RE. Omaha . NE 68152.

VIDEO TAPE

COPYGUARD

ELECTRONIC
ASSEMBLY BUSINESS

BIG
PROFIT

BUSINESS OPPORTUNITIES

Start home. spare time. Investment knowledge or
experience unnecessary. BIG DEMAND assem­
blin!) electronic devices. Sales handled by profes­
sionals. Unusual business opportunity.

FREE: Complete illustrated literature
BARTA. RE-O Box 248

Walnut Creek. Calif. 94597

E liminate the lat esl copyguard pro blems

units from $5995 to $16995

vef/W- 'Euctronic.r (7U }998-6S66
1432 !J{i;;m d:a. 926(.5

MECHANICALLY in clin ed individu als desiring
ownership of small electronics manufacturing busi ­
ness-with out investment. Write : BUSINESS, 92­
R. Brighton ttih , Brooklyn, NY 11235.

EASY, lu crative. One man CRT rebuild ing machin­
ery. Free info: (815) 459-0666 CRT, 1909 Louise.
Crys ta lake . IL 60014.

MICRO·Electronic engineer to design and manufacture
receiver. JPH, 42 18 Bunker Hi ll . Bett endorf, IA
52722. (319) 355-2927.

PROJECTION TV...Make $$$'s assembling proj-
ecto rs easy...results compa rable to $2. 500 proj-
ecto rs Total cost less than $30.00 Plans, 8"lens
and dealers informalion S20.50 lIIustrated ln-
formation free...MACROCOMA-GFX, Washington
Crossing. PA 18977. Creditcard orders 24h rs. (215)
736-2880.

EARN thousands with your own part time elec­
troni cs busin ess . I do. Free proof. info rmation .
INDUSTRY, Box 531. Bronx. NY 10461.

CABLE T.V. ~

[Q)~~fClR1~L~][~ ILJ~[gJ~ "We Will Not Be Undersold
BY ANYONE!!!

WARNING-Be leary of prices that see m too
low. Such companies offe ring this. have no re-
sponsibility to you. the cus tome r and will often
leave you holdin g the bag . This is why peop le go
out of the ir way to do business with us.

FULL WARRANTY
FOR CATALOG CA L L O R WRITE :

402-330 -7673 I ",,-JIII ORDERS ON LY: 1-800 -435 -7075 -
DISTRIBUTORS III

5078 So. 108th Suite # 333 Dept RE t
Omaha. NE. 68137

Coll for 0 co r ~ of 15 o~ tri ol .,r ceme nt . lox &
frei. ht ex t n. C.O.D. occe r ted Just odd '$ 1. 9 0
Pnce m.~ ch onn.5to re price mo~ diffe r .Whil e
s ur r lies l es t . No POs te r ms or credit co r ds

S .r OPEN
IliconYalley urplus 10om- 6pm

415-2 61 -4"'0 6 CLOSED
44 0 1 OAKPORT KLAND CA, 9460 1 SUN& MON

CALL OUR BBS 415-261 - 451 3

HAVE A COMP TER? T HEN ORDER JUS
T HE MOTO RS A ND CONT ROLL ER 390 0
• CENTRONICS INTERf ACE . INCLUDES A.C.
POWER SUPPLY ANDSOfTWARE. SPECI fY
MORROW - CPM/ ENGI NE- OR IBM BASIC

CIRCLE 202 ON FREE INFORMATION CARD

• Full autoranging
• Easy-to-read LCD display
• Measures to 500V ACIDC
• Measures to 20 megohms
• 0.7% basic accuracy
• Audible continuity

and diode tester

ONLY $35 AddS350
shiPPIng

Carry this simple-to-operate multimeter in YQur shirt
pocket for on-the-spottroubleshoot- I
ing andwiring checks. A continuous
audible tone indicates continuity.
eliminating the need of watching the
display. Qualityconstructionwithhigh
tech features. Self contained in a.
protectivevinyl case. completewith
probesattached. Folds to 4'h x3x'h"
and weighs a mere 3 oz. DESCRAMBLER. Build our low cost sate llite TV

video-only descram bler for all major movies and
BatteryTester sports . Us es all Radio Shack parts. Order P.C.

PAY ONLY $1 boa rd and Instructions by sending check . mo ney

III
order. or Visa for $35 .00 U.S. fund s to : VALLEY

" MICROWAVE ELECTRONICS, Bear River. Nova
. - I ' - . --Scotia;-Canada;-BOS-1BO. (902) 467-3577. -

. When purchased R DESCRAMBLERS for movies. network. $149. vid -
Test aU SIZes: AA.AM.C. D.9V. with above Item ego eo on ly. $399 co mp lete. Catalog $4 .00. SKY·
N. even1.5 button cells. $7.95 WATCH , 238 Daven port Road. Toron to . Canada

FORFAST SERVICE CALLTOLL FREE _M5:....-.R·:....-.1J...:....6. _I I~ 1 (800) 221 5"7Ag VIDEOCYPHERII descrambling manual. Sch e--=-~ - -I lf mattes, video and audio. DES . Cloni ng. Muskateer-
. ing. Eprom codes. (HBO. Cine rnax, Show1ime. adul t

In CT: (203) 877-4417 Monday-Friday. 9-5:30 EST channels) $12.95. $1 postage. CABLETRONICS,
Toorder by mail: enciosecheckor M.O .•VISA or Box30502 R. Bethesda. MD 208 14.
Maste rCa rd incl . account num ber and expodate.
Please give your dayt ime phone number.
CT resid ent s. add 7'12% sales tax.
Satisfaction guaranteedl 30 day money·back return .

eagIestone
Dept. REME.84ResearchDrive. Milford. CT06460

Test Electrical Equipment
With Our Pocket-Size Digital
Multimeter

MOTION CONTROL SYSTEM
MONITOR RS23 2 DRIVER fHii MOTORS

~b"'1 ~~~~ f>,
~ '''~''''\ ee.~~ ~~u l~~~
~t=~~~~:~:

BASIC 0 FLOPPY
MeL · DRIVE

COMPUTER' MONITOR ' KEYBOARD' FLOPPY

DISK ORIVE • MOTOR $199 0 0CONTROLLER • FOUR
MOTORS. SOFTWA RE
• A . C. POWER SUPPLY
• GENERAL PURPOSE 6 4K SINGLE BOARDCOM PUTER
HAS 2 SERIAL PORTS8.. 1 CE NTRONICS PORT. BOOK
Of DISK STORAGE ' EXPANDABLE TO3.2 MEG. AMBER
MONITOR WITH BO BY 24 LINES Of TEXT DISPLAY.
HIGH-Q UALITY KEYBOARD THAT HAS. A SEPARATE
NUME RICAL KEYPAD- LIGHTEDCAPS LOCK AND ENTE R
KEYS . I O fUNCTIO N KEYS. STEPPERMOTOR DRIVER
KIT WITH 4 Of OUR"EASY STEPPER" MOTORS • CPM
DOS . MICROSOfT BASIC . PILOT LANGUAGE . MOTO R
CONTROL PROGRAM WITHSOURCE LISTING ON DISK .
ALL NECESSARY CABLES. • JUST ABOUTEVERY THING
YOUR ROBOT WILL NEED f OR " BUILT IN" SMARTS !
• WE PROVIDEAN A. C. SUPPLYfOR BENCH TESTING.
OUTPUT VOLTAG ES ARE +12VDC " 2.5 AMPS,- 12YDC
4' .5AMPS ,+ 5 YDC4' 5AMPS, +24VDC" 1.5 AMPS
• EXCEPT fOR THE STEPPERDRIVERKIT ALL BOARDS
ARE ASSEMBLED AND TESTED JUST WIRE THE M TO
THE POWER SUPPLY PLUG INTHECABLESANDGO
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1·800·992·9943
In Texas: 1-800-346-6687

Call Today for your FREE
subscription to the 1988

Mouser Electronics Catalog.
Contains 176 pages featuring

over 16,000 in-stock , quality
electronic components.

..PLUS ..Mouser's proven
service and prompt delivery.

(O utside U.S .A ., Send $2 .)

CIRCLE 117 ON FREE INFORMATION CARD

69.50
59.50

$ 20.00
20.00

...... 149.50
' " .19950

At KELVIN•••
PriceJ Service
& Qualitv for
over 4 2 years .
B & K · FLUKE· UNGAR
HITACHI· WELLER
BECKMAN· DREMEL ~.
STANLEY· MAKITA .L
X·ACTO • KEPRO • XCELITE EXE~~M:e~,RcPA

~. METERS/ OSCILLOSCOPES •

•
B & K 2120 20Mhz Dual Trace $ 395"
Beckman 020 20Mhz Dual Trace 425

• Hitachi V212 20Mhz $365 •
• Fluke 73 31/2" Digit DMM ~ •

Fluke 75 31/2" Digit DMM ~

• Fluke 77 31/2" Digit DMM ~ •

•

•PLUS Shipping & Insurance. PricesSUbject to changewithout notice.
WEHAVEIT ALL. . .

•

• COM PON ENTS • TOO LS • KITS • SECURITY • SEM I·
CONDUCTORS · ELECTRICAL SUPPLIES · SOLDER EQUIP· •

•

MENT· KELVIN KITS · TSM KITS · DRAFTING SUPPLIES
Volume Quo tes, Indus tria l & SChool Bids We lcome.

•

ORDER TOLL FREE FOR INQUIRES & N.Y.S. •
1·800·645·9212 516·349·7620

• KELVIN •
• ELECTRONICS

•

NEW ADDRESS:
7 Fairchild Avenue • Ptalnview ,NY11803 ' FAX:516-349-7830 I

.. VISA/MASTERCARD ACCEPTED •

~ ..
CIRCLE 195 ON FREE INFORMATION CARD

tAMERICANCAHCEIlSOCIETY'

When som eone
'inyour family

gets cancer,
everyone

inyour family
needs help.

Nobody knows bett er than
we do how much help and
understanding is needed. That 's
why ou r service and reh abiliratlon
programs emphas ize the whole
family not JUSt the cancer patient .

Amon g o ur regul ar se rvice s
we provide information and
guidance to pa tien ts and families,
transpor t patient s to and from
treatment , supply home c ue items
and m ist patients in their return
to everyday life.

Life is what co ncerns us.
So you can see we are even

more than the research organi­
zation we are so we ll known 10 be .

No o ne faces cance r alone.

PLANS- BuildYourse~-AII Parts Availab~ In Stock
• LC7- BURNING CUTIING CO, LASER .........
• RUB4-PORTABLELASERRAY PISTOL ..
• TCC1-3 SEPARATETESLACOIL

PLANSTO1.5 MEV............... 20.00
' IOO1- IONRAY GUN............ 1000
• GRA1-GRAVITY GENERATOR 1000
• EML1- ELECTRO MAGNET COIL GUNILAUNCHER 6.00

KITS
• MFTlK-FMVOICETRANSMlnER3MIRANGE 49.50
• WlPM5K- TELEPHONETRANSMlnER3MI RANGE.... 39.50
• BTC3K-250.oo VOLT1Q.14'SPARK TESLACOIL 199.50
• LHC2K- SIMULATEO MULTICOLOR LASER............ 39.50
• BLS1K- 1oo.000 WAnBLASTER OEFENSEOEVICE . 69.50
• ITM1K-1oo.000 VOLT 20'AFFECTIVE

RANGE INTIMIOATOR ..
• PSP4K-TIMEVARIANT SHOCKWAVEPISTOL
• PTG1K-SPECTACULARPLASMA

TORNAOO GENERATOR .
• MVPIK SEEIN OARK KIT .. .... .• ...•.. .. .

ASSEMBLED
• PG7OH-MULTICOLOREO VARIABLE

MOOE PLASMA GLOBE "T' .. .199.50
_ ~BTC10::5Q.OOOVOL - WORLD'SSMALLEo'- _

TESLACOIL 44.50
• LGU4D-1MWHeNeVISIBLEREO LASERGUN.. . .19950
• TAT20AUTO TELEPHONE RECOROING DEVICE.. 24.50
• GPVIHEEIN TOTALOARK'IESS IR VI EWER 349.50
' lIST1D-SNOOPERPHONE INFINITYTRANSMlnER 169.50
• IPG7D-INVISIBLE PAINFiElD GENERATOR-

MULTIMODE 74.50

• CATALOG CONTAINING DESCRIPTIONS OFABOVEPLUS
HUNDREDSMORE AVAILABLEFOR $1.000RINCLUDED FREE
WITHALLABOVE ORDERS.
PLEASE INCLUDE$3.00PHONALL KITSANDPRODUCTS
PLANSARE POSTAGE PAID.SENDCHECK. MO. VISA.MCIN
US FUNDS.

INFORMATION UNLIMITED
P.O. BOX71 6 DEPT.RE,AMHERST, NH 03031

INVENTORS! Can you patent and profit from your
idea? Call AMERICAN INVENTORS CORPORA­
TION for free inform ation . Over a decade of servi ce.
1-(800) 338-5656. In Massachus etts or Canada call
(413) 568-37 53 .

MASTERCARD AND VISA are nowaccepted
for payment of your advertising . Simply
complete the form on the first page of the
Market Center and we will bill.

WANTED

PRINTED CIRCUIT BOARD
LAYOUTS

Cable Converters & Decoders
1 10

•Jerrold S.B. Add On $89.00 $58.00
•Jerrold Tri-Bi Add On.............................. $98.00 $78.00
Jerrold StarcomCSV $139.95 Call
MTS Converter + Rermte...................... $85.00 $69.00
Jerrold 450DRZ-3A $95.00 $79.00
Parental Control MTSPlus $100.00 $85.00
Hamlin MLD 12(JO·3 $98.00 $58.00
Scientific Atlanta Add On....................... $140.00 $99.00
M-35 BCormo Wtth VariSync.............. $99.00 $69.00
Mini CodeN-12 VariSync...................... $99.00 $58.00
442 VariSync (N-12Substttute)............ $89.00 $58.00
Wireless Video Sender.......................... $45.00 Call

·S.B. TRI-BI Flashing Got You Down?TryoriginalJerrold
Equipment tt lright just solveyourproblems. Call or write
for Free Catalog. All products Guaranteed90daysplus.

M.D. Elect ron ics 5078 So. 108th Suite 115
Omaha NE. 68137 Phone 402 554-0417

WANTED Excess inventories of I.C.S., disk drives,
circuit boards, computers, etc. WESTERN TECH.
(818) 882-1355 (CAL.)

INVENTORS

GUARANTEEO lowpricing for single, double sided
artwork layouts . (704j464·1164; PCBAL AT-S, Box
662·H, Conover. NC 28613. "

INVENTORS! AIM wants-ideas, inventions, new
products , improvements on existing products . We
pres ent idea s to ma nufacturers . Con fiden tiality
guaranteed. Call toll free 1-(800) 225-5800 for infor-

- mation' kit. -

INVENTIONS, ideas, new products wanted! Indus­
t ry present at ion/nati on al exp os it ion. Call free
1-(800) 288-IDEA. Ca nada , 1- (800) 528 -606 0 .
X831.
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STATIC RAMS HIGH-TECH 74LSOO
2 112 2 56x4 1450nsl 2 .99 7 4lS0 Q .16 74L511 2 .29 74l S24 1 .6 92 1 14 10 2 4 x4 (450nsl .9 9

HM43256LP-15 7 4L50 1 .18 74 LS122 .45 74L5242 .69211 4L· 2 10 24 x4 1200n silLOW POWER) ' .49 74 LS02 . 17 74 LS12 3 .4 9 7 4L S243 .6 9TMM 201 6·100 2 048)(8 (100nsl 1. 95 7 4L5 03 .18 74L5124 2 .75 74lS2 4 4 .6 9
HM61'6-4 2 0 4 8x8 1200nsllCM051 1 .7 9 7 4L5 04 .16 74LS125 .3 9 14 LS24 5 .7 9HM 611 6 ·3 2 0 48x8 1150ns llCM05J ' .8 5 * 32K X 8 STATIC RAM 74 L505 .18 74lS126 .3 9 74L5251 .4 9HM 611 6lP-4 2 04 8 )(8 1200ns1lCM0 511LP) 1.8 5 7 4 L508 .18 74L 5 132 .39 74L5 2 53 .4 9
HM 6 11 6LP · 3 2 048x8 p50 n sIlC M0 5 I1LP) 1.90 * LOW POWER CONSUMPTION 7 4L5 0 9 .18 74L5133 .49 74L5257 .39HM 6116Lp· 2 2 048x8 1120 ns1l CM0 511LP) 2.45 * HIGH SPEED - 100n5 AVAILABLE 7 4L510 .16 74L5136 .39 74lS258 .4 9HM 6264 LP·15 8 192x8 1150 ns1lCM0 511LP) 3.9 5 74l S 1 1 .2 2 74LS 13 8 .39 74L5259 1 .2 9HM 62 6 4 LP·1 2 8192x8 1120ns 1lCM0 511LP) 4 .4 9 * LOW STAND -BY CURRENT (2mA MAX.) 7 4t512 .2 2 74L 51 39 .39 7 4L5 260 .4 9
HM43256 LP-15 32 7 68x8 115 0 ns llC M0 5 11LPJ 12.95 * TTL COMPATIBLE INPUT AND OUTPUTS 74L513 .2 6 74LS145 .99 7 4 LS266 .39HM 4325 6lp·12 3276 8 x8 112 0ns 1lCM0511LP) 14 .95 74l S 14 .3 9 74lS147 .99 74L527 3 .7 9HM 432 5 6Lp·l0 3276 8 x8 1100 ns1lC M0 511LP) 19 .95 7 4LS1 5 .2 6 74l S 148 .99 74L52 79 .39

**** SPOTLIGHT ****
74L520 .17 74L5 1 5 1 .39 74L5280 1.98

DYNAMIC RAMS 74LS21 .2 2 74L5153 .39 74 LS283 .59
74L S22 .22 74lS1 54 1 .4 9 74L5290 .8 94"6-2 50 16384 x1 (250ns ) .4 9
7 4L527 .2 3 74L5155 .59 7 4L5 2 93 .8 94 1 16· 20 0 1.6384 x1 1200ns) .8 9 74LS28 .2 6 74L5 1 56 .4 9 74L5299 1 .4 94 1 16·1 50 16 3 84 x' (15 0 ns) .9 9 8000 8200 74LS30 . 17 74LS157 .3 5 74L5322 3. 9 54 1 16-120 1 6384x1 1120n s ) 1. 4 9
74L53 2 .1 8 7 4LS1 58 .29 74L5323 2 .49MK4332 32 768)(1 (20 0 ns ) 6 .95 803 1 3 .95 8203 14 .9 5 8255·5 1.59 74LS3 3 .28 7 4 L5 16 0 .29 74 L536 5 .3 941 6 4·1 50 6 5 5 36x1 1150 ns) 1. 29 8035 1.49 8205 3.29 8259 1.95 74L537 .26 74L51 6 1 .39 74L5367 .3 941 6 4 ·120 6 5 536x1 (1 20 nsl 1 .55 8039 1 .95 8212 1 .4 9 8259-5 2.29 74L538 .26 74LS162 .49 74LS36 8 .3 9MCM666 5 6 5 5 36x1 (20 0 n s) 1 .9 5 8052AH BASIC 34.95 82 16 1.4 9 8257 2.25 74lS42 .39 7 4L51 6 3 .39 74L5373 .7 9TM54164 65536x 1 (1S0 ns) 1 .9 5 8080 2 .49 8224 2 .25 8272 4.39 74LS47 .7 5 74L5 164 .4 9 74L5374 .7 941 64·REFRESH 6 5 536x 1 (150ns1lPIN 1 REFRE 5H I2.95 8085 1 .95 8 22 8 2 .25 8274 4 .95 74L548 .8 5 7 4LS1 6 5 .6 5 74 LS3 75 .9 5TM5441 6 1 638 4 x4 (15 0 n 51 3 .7 5 8086 6 .4 9 8237 3.95 8275 16.95 74 LS5 1 .17 74L 51 6 6 .9 5 74LS377 .7 9411 2 8 -1 5 0 131072 x1 (1 50 n 51 5 .95 8 08 8 5 .99 8237 ·5 4 .75 82 79 2.49 74LS73 .29 74L5 169 .9 5 74 L53 90 1.19TMS4464 ·1 5 6 5 5 36x4 (1 50 n5 1 4 .95 808 8 ·2 7 .95 8243 1.9 5 8279-5 2 .95 74L574 .24 74L5173 .4 9 74L5393 .7 94 1256-15 0 2 62 14 4x 1 (150 nsl 2 .95 8155 2 .49 8250 6 .95 82 82 3.95 74LS75 .29 7 4LS174 .39 74L5541 1 .4 941256·120 26 2144x1 (1 2 0n s) 3 .95 8155-2 3 .95 825 1 1 .29 8283 3.95 74lS76 .29 74L5175 .39 74L5624 1.954125 6·1 00 26 2 144x1 (lO Ons) 4 .9 5 874 1 9 .95 8 251 A 1.69 8284 2 .2 5 74L58 3 .49 74L5 19 1 .4 9 74L5640 .9 9HM51258 ·1 00 262144x1 p OOnsllCM0 51 6 .95 8748 7 .95 8253 1. 5 9 82 86 3.95 74lS85 .4 9 7 4LS1 9 2 .69 74L5645 .9 91 MB ·1 2 0 10 4 8576 x1 (120nsl 19 .95 874 9 9 .95 8253·5 1.95 8 2 87 3.95 74LS86 .22 7 4LS 19 3 .6 9 74 LS670 .8 91 MB ·l00 1048576x1 (100nsl 24 .95 8755 14.95 8255 1 .49 8288 4 .9 5 7 4L590 .39 74L51 94 .6 9 74L5 682 3. 2 0

EPROMS 74LS92 .4 9 74L5 195 .6 9 74L5688 2 .4 0
7 4L593 .39 74L5 1 96~59 74L5783 22.9 5

2 7 08 10 24x8 145 0 ns l125 VI intel MATH COPROCESSORS 7 4L595 .4 9 7 4L51 97 .59 25 L5 2 521 2 .8 0-
271 6 2 048x8 145 0nsll25VI 74L5107 .34 74LS221 .59 2 6 L5 3 1 1.95
271 6 · 1 2 048x8 1350 ns1l25V) 599.95 80287 -8 5249.95

7 4LS 109 .36 74L5 240 .6 9 26 L5 32 1.95
TMS2532 4096x8 14 5 0n s1l2 5V)
27 32 4 096x8 1450ns1l2 5V) 159.95 80287 -10 5309.95
2732A 4 096x8 125 0nsll2 1VI 5179 .95 80387-16 5499.95 LINEAR27 32A-2 40 9 6 x8 1200ns1l21V1
2 7 C6 4 8 192x8 1250 ns1l 1 2 .5V CM051 7 400 .19 TL071 .69 LM567 .7 92 764 8 192x8 1450ns1l12.5VI 740 2 .19 TL072 1 .0 9 NE570 2 .95
2 764 · 2 50 8192x8 125 0ns1112.5 VI 7404 .19 TL074 1 .9 5 NE 592 .9 8
276 4 · 200 8 192x8 1200nsIl12.5V) 7 40 6 .2 9 TL082 .99 LM723 .4 9
MCM687 6 6 8192x8 1350 ns1l2 1V1I24 PINI 7 40 7 .2 9 TL084 1. 49 LM73 3 .9 8
271 2 8 16384 )(8 (2 5 0n s Il12.5VI 4 .25 74 08 .2 4 LM301 .34 LM 74 1 .2 9
27C256 3 2 768x8 (25 0 ns Il12. 5V CM051 7 .95 7410 .19 LM309K 1.25 LM747 .69

741 1 .2 5 LM31 1 .5 9 MC1330 1 .6 927256 3 27 6 8 x8 (25 0nsIl12.5VI 5.95
7 41 4 .4 9 LM311H .8 9 MC13 50 1 .1 92751 2 65536x8 (25 0 n sIl 12.5V) 1 1. 95
7 41 6 .2 5 LM317K 3.4 9 LM1458 .3 52 7 C5 12 6 5536x8 (250 ns Il12 .5V CM051 12 .95
7 417 .2 5 LM317T .6 9 LM14 8 8 .4 9xxV=Program Voltage
74 20 .19 LM31 8 1 .4 9 LM1489 .4 9
7430 .19 LM31 9 1. 25 LM14 9 6 .8 5
7 43 2 .2 9 LM320 5ee7900 ULN 2003 .7 9
7 438 .29 LM32 3K 3 .4 9 XR2 2 06 3 .9 56500 Z-80 744 2 .4 9 LM3 24 .34 XR2211 2 .95
7 445 .6 9 LM331 3 .95 LM291 7 1 .951.0MHz 2.5 MHz 7447 .8 9 LM334 1.1 ~ CA 30 46 .89

6502 2 .2 5 ZSO·CPU 1.25 7 47 3 .34 LM335 1 .7 9 CA31 46 1 .2 9
1771 7 47 4 .3 3 LM336 1 .7 5 MC3373 1.2965C02 (CMOS ) 7 .95 4.0MHz 17 91 7 475 .45 LM33 8K 4 .49 MC3470 1 .9 56520 1.65

7 47 6 .3 5 LM339 .59 MC3480 8 .9 56 522 2 .9 5 Z80A·CPU 1.29 1793
7483 .50 LM340 see7800 MC3487 2 .9 56526 13.95 2 80A-CTC 1.69 1795
7 4 85 .59 LF353 .59 LM3900 .4 96532 5.95 Z80A-DART 5 .95 17 97
7 48 6 .3 5 LF35 6 .9 9 LM3911 2 .2 5

6545 2 .9 5 Z80A -DMA 5 .95 279 1 74 89 2 .1 5 LF357 .99 LM3909 .98
6551 2 .9 5 Z80A·PIO 1 .8 9 2793

CRYSTALS 7 4 90 .3 9 LM35 8 .5 9 LM391 4 1 .89

2.0 MHz ZSOA·510 /0 5 .9 5 2 797 7 4 Foo .35 7493 .3 5 LM380 .8 9 MC4 0 24 3 .4 9
ZSOA-SIO/1 5. 9 5 8272 32 .768 KHz .95 74F02 .35 741 21 .2~ LM383 1 .9 5 MC404 4 3 .99

6502A 2.69 Z80A-51012 5 .9 5 UP0765 1.0MHz 2 .95 74F04 .3 5 741 23 .4 9 LM38 6 .8 9 RC4136 1 .25
652 0A 2 .9 5 MB8 87 6 1 .8432 2 .95 74F08 .35 7 41 2 5 .4 5 LM393 .4 5 RC4 558 .6 96.0 MHZ 7 4150 1.35 lM394H 5.95 LM13 600 1 .4 96 52 2A 5.95 MB 8 877 . 2 .0 1.95 74Fl0 .35 7 415 1 .5 5 TL49 4 4 .20 75107 1 .4 96532A 11.95 Z80B-CPU 1 691 2 .4 57 6 1.9 5 74F32 .3 5 7 4153 .55 TL497 3 .25 7 5 1 10 1 .9 56 54 5A 3.95 2 80B-CTC 2 14 3 3 .5 7 9 545 1 .95 74F64 .55 7 4 15 4 1. 4 9 NE5 55 .2 9 75150 1 .956551A 6. 9 5 Z80B-PIO 92 16 4 .0 1.95 74F74 .39 74157 .55 NE5 56 .4 9 75154 1. 95

3.0MHz Z80B·DART 5.0 1 .9 5 74F86 .5 5 7 41 5 9 1.65 NE558 .7 9 7 51 8 8 1.25
2 80B·510/ 0 5.0688 1 .95 74F138 .79 7 41 61 .6 9 NE5 64 1.9 5 75189 1 .25

6502B 4 .25 Z80B-510/2
UARTS 6 .0 1 .95 7 4F139 .79 7 41 64 .8 5 LM56 5 .9 5 7 5451 .39

2 8671 ZllOG 6 .144 1 .9 5 74F 25 3 .8 9 74166 1 .00 LM56 6 1.49 7545 2 .39
3 .9 5 8 .0 1 .9 5 74F157 .8 9 74175 .8 9 NE5 9 0 2 .5 0 75477 1.29

4 .95 10.0 1 .95 74F240 1.29 74367 .6 5 H=TO-5 CAN . K=TO· 3. T=TO-22 0

3.9 5 10.738635 1 .95 74500 .2 9
4 .9 5 12 .0 1 .95 74502 .2 9
3 .95 14.31 81 8 1.95 74504 .29 CMOS/HISH SPEED CMOS9 .95 1 6.0 1.95 7 4 5 08 .35
6 .95 18.0 1 .95 7 4 5 10 .29 4001 .19 4 066 .29 74HCl 54 1.09

10.95 18 .432 1 .9 5 74532 .3 5 4011 .19 4069 .19 74HC157 .55
20 .0 1 .95 74574 .4 9 401 2 .2 5 4 0 70 .29 74HC244 .8 5
2 2.1184 1 .95 74586 .3 5 4 0 13 .35 40 8 1 .2 2 74HC245 .8 5
24 .0 1 .95 7451 1 2 .5 0 4015 .29 4093 .4 9 7 4HC273 .6 9

MISC. 3 2 .0 1.95 7451 24 2 .75 4016 .2 9 14 41 1 9 .9 5 74HC373 .69

OSCILLATORS 7 45138 .7 9 4 017 .4 9 1 44 33 14.9 5 74HC374 .65
ADC0804 2 .99 7 451 53 .79 4018 .6 9 14497 6 .95 74HCToo .2 5

4020 .5 9 4 503 .4 9 74HCT02 .2 5ADC0 809 3 .8 5 1 .0MHz 5.95 745157 .7 9 4021 .6 9 4 5 11 .6 9 74HCT04 .21DAC0800 3 .2 9 1 .8432 5.95 745158 .9 5 40 23 .2 5 4 5 18 .8 5 74HCT08 .2!DAC0808 1 .95 2 .0 5 .95 7451 63 1 .29 4024 .4 9 45 2 8 .7 9 74HCT32 .2~DAC1022 5 .95 2 .4576 5 .95 745175 .7 9 4025 .2 5 4 5 38 .9 5 74HCT7 4 .4 !
MC1 408 L8 1 .95 2 .5 5 .95 7451 95 1.49 4027 .3 9 4 70 2 9 .95 74HCT138 .S!
8T2 8 1 .29 4 .0 4 .95 745240 1 .49 4 0 28 .6 5 7 4HCOO .2 1 74HCT139 .S!
8T9 7 .59 5.068 8 4. 95 745241 1 .4 9 4040 .69 7 4 HC02 .2 1 74HCT1 61 .7 !
DP8304 2 .2 9 6 .0 4 .95 745244 1 .4 9 4042 .59 74HC04 .2 5 74HCT240 .S!
9334 1 .7 5 6 .1 44 4 .95 745280 1.95 4044 .6 9 7 4 HC08 .2 5 74HCT244 .S!

4 046 .69 74HC10 .25 74HCT245 .9!9368 2 .85 8 .0 4 .95 745287 1.69
4047 .6 9 74HC1 4 .3 5 74HCT273 .9!9 60 2 .6 9 10.0 4 .95 745288 1.6 9 4049 .2 9 7 4HC32 .3 5 7 4HCT373 .9!ULN2003 .7 9 12 .0 4 .9 5 745 2 99 2.95 4050 .2 9 7 4HC74 .3 5 7 4HCT374 .9!MAX232 7.95 1 6 .0 4 .95 745373 1.69 4051 .6 9 74HC86 .4 5 74HCT393 .9 1MC 3470 1 .95 18.43 2 4 .95 7 45374 1.6 9 4052 .6 9 74HC138 .4 5 7 4HCT4017 1.1 !MC3487 2.95 2 0. 0 4 .9 5 745471 4 .9 5 4053 .6 9 7 4HC139 .4 5 74HCT4040 .9'AY5 ·3600 PRO 11 .95 24.0 4 .95 745571 2.95 4 06 0 .69 7 4HC151 .5 9 74HCT4060 1 .4 '

coco
CTl
~

>­c:::
<C
::::>
c:::
CO
W
U.



"T1
m
CD
JJ
C»
JJ
-<
<0
CO
CO

109

SOLDERLESS
BREADBOARDS

100 TIE POINTS
630 TIE POINTS
13 60 TIE POINTS
1660 TI E POINTS
43 90 TIE POINTS
3220 TIE POINTS

DIP SWITCHES
4 position .85 7 pos ition
5 p o s it io n .90 8 p osi tion
6 posi t ion .90 10 position

SWITCHES
SPOT M INI-TOGGLE ON-ON
DPDT M INI·TOGGLE ON ·ON
DPDT M INI-TOGGLE ON ·OFf -ON
SPST MIN I-PUSH8UTTON N.O.

SOCKET·WRAP I.D.IM
• SLI PS OVER WIRE WRA P PINS
* IDENTIFIES PIN NUMBERS ON WRAP

SIDE Of BOARD
• CAN WRITE ON THE PLASTIC;

SUCH AS AN IC #
PINS PART # PCK . OF

8 IDWRAP 08 10
14 IDWRAP 14 10
16 ID WRAP 16 10
18 IDWRAP 18 5
20 ID WR AP 20 5
22 IDW RA P 22 5
24 IDW RA P 24 5
28 ID WRAP 28 5
40 ID WR AP 40 5 1.95

PLEASE ORDER BY NUMBER OF
PAC KAGES IPCK. or:

"SNAPABLE" HEADERS
CAN BE SNAPPED APART TO

MAKE ANY SIZE HE ADER.
A LL WITH .1" CENT ERS

1x4 0 STRA IGHT LEAD
1x40 RIGHT ANGLE LEAD
2x40 2 STRAIGHT LEA DS
2x40 2 RIG HT AN GLE LEADS

H~ t ~
f .rtm L .~

AT

SPOOLS
100 feo t 54.30 250 feet 57 .25
500 feet 513 .25 1000 f eet $2 1.95

Please speci fy color:
Blue, Black, Yellow or Red

XT
BO TH CARDS HAVE SILK SCREENE D

LEGENDS & MOUN flN G BRACKET
IBM·PRl 527.9 5

WITH t 5V AND GROUND PLAN E
IBM -PR2 029.95
AS AB OVE WITH DECODING LA YO UT

PAGE WIRE WRAP WIRE
PRECUT ASSORTMENT

IN ASSORTED COLORS 527 .50
100ea: 5.5 " , 6.0", 6 .5 ", 7.0 "

250ea : 2.5" , 4.5 ", 5.0 "
500ea : 3.0 " , 3 .5" , 4.0"

W BU- D
WBU-T
WBU -204-3
WBU-204
WBU -206
WBU-208

IBM·PRAT 529.95
LARG E +5V & GROU ND PLANES

100-U P
.09
.12
.12
.09
.09

9, 600
8,000
8,00 0

In t ensity
(uW/ Cm2)

DIFFUSEDLEOs
1-99
.10
.14
.14
.10
.10

YES 9
YES 12

NO 9

Timer ca~~tyM o del

PE-240T
PE-140T
PE-1 40

SPECTRONICS CORPORATION
EPROM ERASERS

JUMBO RED
J UM BO GREE N
JU M BO YelLOW
M OUN TING H OW
MINI RED

LIGHT EMITTING DIODES
LED DISPLAYS

f N D-357(3591 CO M CATHODE .362"
fND-5001503 } COM CAT H ODE .5"
f ND-507151 0 1 CO M ANODE .5"
M AN-n COM ANOD E .3"
MAN-7 4 COM CATHODE .3"
Tll-31 3 COM CATH OD E .3 " .45
Tll-3 11 4x7 HE X W /LOGIC .27 0" 10 .95

3 VOLT
LITHIUM BATTERY

$1.95
HOLDER $1.49

CAPACITORS SOLDER STATION
TANTALUM UL APPROVED

1.0tA 15V .1 2 1.0tA 35 V .45
• A DJ USTABLE H EAT

SETTI NG W tTIPTEMP
6.8 15 V .42 2.2 35V .19 REA DO UT
10 15V .45 4 .7 35 V .39 • QU ICK HEATIN G22 15V .99 10 35V .69 & RECOVE RY

DISC • RA NGE: 20 0o-900oF

10 pl 50V .05 .GOlln 50V .05 $49.9522 50V .05 .005 50V .05
33 50 V .05 .0 1 50V .07
47 50V .05 .05 50 V .07
100 50 V .05 .1 12V .10
220 50V .05 .1 50V .12

EXTENDER CARDSMONOlITHIC
.0 1tA 50V .14 .1tA 50V .18 FOR IBM
.047tA 50V.15 .47, " 50V .25

EXT-8088 $29.95
ELECTROLmc EXT-80286 $39.95

RA DIA L AX IA L
l tA 25V .14 I tA 50V .14
4 .7 50 V .11 10 50V .16
10 50V .11 22 16V .14
47 35V .13 47 50V .19
100 16 V .15 10 0 35 V .19
22 0 35V .20 470 50 V .29
470 25V .30 1000 16V .29
22 00 16 V .70 2200 16V .70
47 00 25V 1.45 47 00 16Vl .25

BYPASS CAPACITORS
.0 1 jJf CER AMIC DiSC 1001 05.00
.01 jJf MONOLITHIC 10 0 10 10.00
.1 jJf CERAMIC DISC 1001 06 .50
.1 jJf M ON OLIT HI C 100 1012 .50

CONTACTS

7812K 1.39
7905K 1.69
791 2K 1.49
78L05 .49
78L1 2 .49
79L05 .69
79L12 1.49
LM323K 4.79
LM338K 6.95

9 15 19 25 37 50
ORDER BY

DISCRETE
lN751 .15 4N 28 .69
lN41 48 25/ '1 °O 4 N33 .89
1N40041Q / ' l 00 4N3 7 1.19
lN540 2 2 5 M CT-2 .59
K BP02 .5 5 MCT-6 1.29
N2222 .2 5 TI L-Il l .99
PN 2222 .10 2 N3906 .10
2N2907 .25 2N4401 .2 5
2N 3055 .79 2N 440 2 .2 5
2N390 4 .10 2N4403 .2 5
4N26 .69 2N 6045 1.75
4N27 .69 TIP 31 .49

VOLTAGE REGULATORS
7805T .4 9
7808T .4 9
781 2T .4 9
7815T .4 9
7905T .59
7908T .59
79 12T .59
7915T .59
7805K 1.59

MALE IDBxxP 1.39 1.99 2.25 4 .25

GREY HOODxx .39 .39 .39 .69 .7 5

FEMALE D8 xxSVYW 2.76 4 .27 6.84, 9.95

FEMALE IDBxxS 1.45 2.05 2.35 4.49
METAL MHOODxx 1.05 ' .15 1.25 1.25

M A LE DB xxP'vWJ 1.69 2.56 3.89 5.60

MALE DB xxP .45 .59 .69 .6 9 1.3 5 1.85
FEMALE DB xxS .49 .69 .7 5 .7 5 1.39 2 .29

IC SOCKETS/DIP CONNECTORS
CONTA CTS

HOODS

WIREWRAP

DESCRI PTIO N.
SOLD ER CU P

ID C RIBBON CABLE

IDC CONNECTORS/RIBBON CABLE
DESCRI PTION ORDER BY

CONTACTS
10 20 26 34 40 50

SOLD ER HEADER IOHxxS .82 1.29 1.68 2.2 0 2.58 3.24
RIGHT A NGLE SOLDER HEADER IDH xxSR .85 1.3 5 1.76 2.3 1 2.12 3.39

WlREWRAP HEADER IDH xxW 1 .86 2.98 3.8 4 4.50 5.28 6.6 3
RIGHT ANGLE WIREWRAP HEADER IDH xxWR 2.05 3.28 4. 22 4 .4 5 4.80 7.30

RIBBON HEADER SOCKET IDS xx .63 .89 .95 1.29 1.49 1 .69
RIBBON HEADER IDM xx 5.50 6.25 7 .00 7.50 8 .50

RIBBON EDGE CARD IDExx .85 1.25 1.35 1.75 2.0 5 2 .4 5
10 ' GREY RIBBON CABLE RC xx 1.60 3.20 4.10 5.40 6.40 7 .50
FOR ORDERING INSTRUCTIONS . SEE D-SUBMINIATURE CONNECTORS. BELOW

DESCRIPTiON ORDE R BY 8 14 16 18 20 22 24 28

SOLDER TAIL SOCKETS xx ST .11 .11 .12 .15 .18 .15 .20 .22

ORDERING INSTRUCTIONS:
INSERT THE NUMBER OF CONTA CTS IN THE POSITIO N MARKED "xx" OF THE "ORDER BY" PART
NUMBER LISTED. EXAMPLE: A 75 PIN RIGHT AN GLE MALE PC SOLDER WOULD BE DB 75PR.

. MOUNTING HARDWARE 59C

INCLUDES DRIVE, DRIVE CONTROLLER,
CABLES AND INSTRUCTIONS

PRE-TESTED WITH A ONE YEAR WARRANTY

SPECIA~ ENDS 1/31/88

RIG HT ANGLE PC SOLD ER ~E~~LE g::::: ::: :~: :~: ~:~~

DIP PLUGS lOCI ID Pxx .95 .49 .59 1.29 1.49 .85 1.49
FOR ORDERING INSTn I ICTIONS SEE D·SUBMINIA TURE CONNECTORS ABOVE

D·SUBMINIATURE CONNECTORS

$189

I I
BARGAIN HUNTERS CORNER

EDGECARD CONNECTORS
100 Pin ST S-100 .125 3.9 5
100 Pin'l/!MJ 5-100 .125 4.95

6 2 Pin ST IBM PC .10 0 1.95
50 Pin ST APPLE .10 0 2 .9 5
44 Pin ST STD .15 6 1.9 5
44 Pin WW STO .15 6 4.95

36 PIN CENTRONICS
IDCEN 36 RIB BON CABLE 3.9 5
CEN36 SOLDEil CUP 1.85
IDCEN36/f RIBBON CABLE 4.95
CEN36PC Rt Ang le PC Mount 1.85

RESISTOR NETWORKS
SI P 10 PIN 9 RESISTOR .69
SIP 8 PIN 7 RESISTOR .59
DIP 16 PIN 8 RESISTO R 1.09
DIP 16 PIN 15 RESISTOR 1.09
DIP 14 PIN 7 RESISTOR .99
DIP 14 PIN 13 RESISTOR .99

10 MEG
HARD DISK SYSTEM

CIRCLE 176 ON FREE INFORMATION CARD



5'/, ' OSIOO SOFT SECTOR

49Cea 39Cea
BULK on50 BULK qn250

S2.95
54 .95
52.95
51.19

S49. 95
569.95

S209.95
52 19.95

599.95
5 119.95
5 129.9 5

589.9 5
5 119.95

56 9.95
5109.95
5129.95

$34.9:
$39.91

$119.9~
$219.9~

$69.95
$179.95

DRIVE ENCLOSURES
WITH POWER SUPPLIES

DUAL SLiMLINE FOR 5'1."
FULL HEIGHT FOR 5 '1<"
DUAL SLiMLINE FOR 8"
DUAL FULL HEIGHT FOR 8"

COMPUTER CASES

INTERNAL
1200 BAUD '12 CARD

2400 BAUD FULL CARD

EXTERNAL
(NO SOFTWARE INCLUDED)

1200 BAUD
2400 BAUD

120
240

Attractive, sturdy steel cases fit the popular sizec
motherboards and include speakers, faceplates
expansion slots and all necessary hardware.

12H
248

$149.91
* INCLUDES 180 WATT POWER SUPPLY
* FRONT PANEL KEYLOCK AND LED INDICATOR

DISK DRIVES
51/4" SEAGATE HARD DISK DRIVES

ST·225 HALF HEIGHT 20M B 65ms 52 59
ST·238 HALF HEIGHT 30MB 6 5ms (RLL) 52 99
ST-251 HALF HEIGHT 40MB 40m s 54 69
ST-277 HALF HEIGHT 60MB 40 ms (RLL) 56 49
ST-4038 FULL HEIGHT 30MB 40ms 5559
ST-4096 FULL HEIGHT 80M B 28ms 5895

EASYDATA MODEMS
All model s feature auto-dia lla nswer/rediaf on busy,
power up self test, touch tone or pu lse dialing, built-in
speaker, Hayes and Bell Systems 103 & 212A com­
patib le, full or half duplex, PC Talk III Communica­
tions software with internal models and more.

1/2 HEIGHT FLOPPY DISK DRIVES
5'1. TEAC FD -55B DS /DD 3601(
5'1. ' TEAC FD -55F DS /QUAD 720K
5'1. TEAC FD-55G DS /HD 1.2M
5 '1<" FUJITSU M2551A DS DD 3601(
5 '1<" FUJITSU M25531( DS HD 1.2M
5 '1<" DS /DD 360K
5 '1<" DS I H D 1.2M
3'12' MITSUBISHI DS /DD (AT OR XT)

DISK DRIVE ACCESSORIES
'I , HT MOUNTING HARDWARE FOR IBM
MOUNTING RAILS FOR IBM AT
" Y" POW ER CABLE FOR 5'/. ' FDDs
5'1." FDD POWER CONNECTORS

$399.95

$279.95

$549.95

$349

BY CASPER

BY CASPER

RITEMAN II PRINTER

• 160 CPS DRAFT, 32 CPS NLQ MODE
• SUPPORTS EPSON/IBM

GRAPHICS

· 9x9 DOT MA T RIX $21995• FRICTiON AND
PIN FEED S

• VARIABLE LINE
SPACING & PITCH

• SAVES SPACE AND REDUCES
POWER CONSUMPTION

.. IDEAL FOR pes WITH FULL
HEIGHT FLOPPIES

• LEAVES ROOM FOR A HALF
LENGTH CARD IN ADJACENT
SLOT

.. 15 .75 /21 .85 KH z SCANNING FREQUENCIES

.. RES : 640 x 200/350 .. .31mm DOT PITCH

. 14" BLACK MATRIX SCREEN • 16 COLORS FROM 64

.. COLOR/GREEN /AMBER SWITCH .. RES : 640 x 240

.. RGB /IBM COMPATIBLE ...14 " NON·GLARE SCREEN

.. .39mm DOT PITCH .. CABLE FOR IBM PC INCLUDED

CIRCLE 177 ON FREE INFORMATION CARD

• ORIGINAL CGA/EGA/PGA COMPATIBLE MONITOR
• AUTO FREQUENCY ADJUSTMENT
.. RESOLUTION AS HIGH AS 800 x 560

MONITORS
SAMSUNG

MONOCHROME
• IBM COMPATIBLE TTL

INPUT
. 12" NON·GLARE,

LOW DISTORTION,
AMBER SCRE EN

. 'RES: 720 x 3 50
• SWIVEL BASE
• 1 YEAR WARRANTY

$129.95
MULTISYNC BY NEC

$12.95

$39.95

_r- - - ---------

..... -
NASHUA DISKETTES

BOKES OF 10
51f.· DS/DD 360K S995

51/4" DS/HD 1.2M S2495

31/2" DSIOD 720K S1695

• TILTS AND SWIVELS • BUILT·IN SURGE SUPRESSOR
• BUILT·IN POWER STATION INDEPENDENTLY CONTROLS

UP TO S 120 VOLT AC OUTL ETS • UL A PPROV ED

MONITOR STANDS
MODEL MS·100
.. TILTS & SWIVELS ... STURDY PLASTIC CONSTRUCTION

MODEL MS·200
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INTERFACE CARDS
FROM MODULAR CIRCUIT TECHNOLOGY
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MCT-5060
* IBM AT STYLE lAYOUT
• SOFTWARE AUTOSENSE FOR XT OR AT

COMPATIBLES
• LED IN DI CA TORS
* AUTO REPEAT FEATURE

MCT·5150XT STYLE LAYOUT $4995

MCT·5151 KB5151 ,. EQUIV. $6995

IBM COMPATIBLE
KEYBOARDS

FULL ONE YEAR WARRANTY

MCT-5339
* IBM ENHANCED STYLE lAYOUT
• SOFTWARE AUTOSENSE FOR XT OR AT

COMPATIBLES
• LED INOICATORS
• AUTO REPEAT FEATURE
• SEPARATE CURSOR PAD

S y stems in c lude Seaga te 'f> heigh t h ard d ri ve ,
d rive c o n tr o ll e r, cables & instruction s . All

d r ives are pre-tes ted & w arranted for 1 yea r.

$8795

$37995802866/8 MHz

DEVELOPMENT TOOLS
FROM MODULAR CIRCUIT TECHNOLOGY

MCT-EPROM PROGRAMMER $12995
PRO GRA MS 27xx & 27xx x EPROMS UP TO 275 12

• SUPPORTS VARIOUS PROGRAMMING FORMATS
AND VOLTAGES

• SPLIT OR COMBINE CONTENTS OF SEVERAL EPROMS
OF DIFFERENT SIZES

• READ. WRITE. COPY. ERASE CHECK AND VERIFY
• SOFTWARE FOR HEX AND INTEL HE X FORMATS

MCHPROM·4 4 alMaPRoaRaMMER $18995
MCHPRDM·10 10alMaPRoaRaMMER $29995

MCT-PAL PAL PROGRAMMER $2699~

MCT-MP PROCESSOR PROG . $19995

Drive s are Seagate m odels S T·251 (40 MB) &
S T-277 (60 MB RLL) 5'/, ' h a lf h eights

FAST 40ms ac c es s t ime!

FOR ONLY $48915

FROM MODULAR CIRCUIT TECHNOLO GY

MCT-TURBO TURBO 4.77/8 MHz $9995
. 4 .7 7 OR 8 MHz OPERATION WITH 80 8 8· 2 & OPTIONAL

8087·2 CO·PROCESSOR
-!-FRONT. PA N EL LED _SP£ EDJNDICATOR AND RESET_

SWITCH SET SUPPORTED
• CHOICE OF NORMAUTURBO MODE OR SOFTWARE SELECT

PROCESSOR SPEEO

MCT·XTMB STANDARD MOTHERBOARD

MCT-ATMB
.8 SLOT (2 EIGHT BIT. 6 SIXTEEN BIT) AT MOTHERBOARD
• HARDWARE SELECTION OF 6 OR 8 MHz
. 1 WAIT STATE
• KE VLOCK SUPPORTED, RESETSWITCH, FRO NT PANEL LED

INDICATOR
• SOCKETS FOR 1 MB OF RAM AND 80 28 7
• BATTERY BACKED CLOCK

ANYONE CAN BUILD A SYSTEM IN ABOUT
2 HOURS USING A SCREWDRIVER AND

OUR EASY·TO·FOLLOW INSTRUCTIONS!

~seagate
1/2 HEIGHT HARD DISK DRIVES 1/2 HT HARD DISK SYSTEMS

40 MB $469 20 MB $289
60 MB $649 30 MB $329

IBM COMPATIBLE
MOTHERBOARDS

MCT-BATMB MINI 80286 $38995
* REPlACEMENT BOARD FOR XT STYLE CHASSIS
• OPERATE AT 6 /10 MHz WITH UP TO 1MB ON·BOARD

MEMORY 12ERO K INSTALLED)
• SOCKET FOR 80287 MATH CO·PORCESSOR
• BATTERY BACKED CLOCK
• 8 SLOTS, 2 EIGHT BIT. 6 SIXTEEN BIT
• USES CHIPS & TECHNOLOGY CHIP SET FOR RELIABILITY

AND SMALL SI2E

BUILD YOUR OWN
256K XT COMPATIBLE

* MOTHERBOARD
* 2561{ OF MEMORY
* 135 WATT POWER SUPPLY
* FLIP-TOP CASE
* XT STYLE I{EYBOARD
* 3601{ FLOPPY DRIVE
* DRIVE CONTROLLER
* MONOCHROME MONITOR
* GRAPHICS ADAPTOR

$5995

$13995

MULTI I/O CARD

AT MULTIFUNCTION

MCT-ID
USE WITH Mcr·FH FOR A MINIMUM OF SLO rs USED

.. SERIAL PORT. CLOCK /CALENDAR WITH A BATTERY BACK·UP

.. PARALLEL PRINTER PORT ADDRESSABLE AS LPTl OR lPT2

IO·SERIAL2nd SERIALPORT '15"

MCT-MID MUL TII/O FLOPPY $7995
A PERFEcr COMPANION FOR OUR MOTHERBOAROS

.. SERIAL. PARALLEL,. GAME PORT, CLOCK/CALENDAR
• SUPPORTS UP TO 2 360K FLOPPIES. 720K WITH DOS 3.2

MIO·SERIAL2ndSERIALPORT '15"

AOOS UP T03 MEGABYTES OF RAM TO rHE AT
• USER EXPANDABLE TO 1.5 MB OF MEMORY (2ERO K INSTALLED)
• INCLUDES SERIAL PORT AND PARALLEL PORT

ATMF·SERIAL2nd SERIAL PORT '24"
MCT·ATMF·MCPIGGYBACK BOARD(NO MEMORY) ' 29"

MCT-ATID AT MULTI I/O $5995
USE WITH MC r ·A TFH FOR A MINIMUM OF SLO TS uSED

• SERIAL, PARALLEL AND GAME PORTS
• USES 16450 SERIAL SUPPORT CHIPS FOR HIGH SPEED OPERATION

ATIO-SERIAL 2nd SERIAL PORT '24"

MULTIFUNCTION CARDS
MCT;MF MUL,IFUNCTION $7995

ALL rHE FEATURESOF 6 PACK · A T HALF THE PRICE
.. 0 -384K DYNAMIC RAM USING 4164 s
• SERIAL, PARALLEL, GAME PORTS. CLOCK/CALENDAR

MCT-MGMID MONOGRAPHICS I/O $11995
TOTAL SYSTEM CONTROL FROM A SINGLE SLOT

.. 2 FLOPPY CONT. SERIAL., PARALLEL., GAME r oar . CLOCK /CAL

.. RUN CO LOR GRAPHICS SOFTWARE ON A MONOCHROME MONITOR

MEMORY CARDS
MCT-RAM 576K RAM CARD $5995

A CONTIGUOUS MEMORYSOLUTION IN A SHORT SLOr
.. USER SELECTABLE CONFIG URATION AMOUNTS UP TO 576 K USING

64K & 256K RAM CHIPS (ZERO K INSTALLEO)

MCT-EMS EXPANDED MEMORY CARD $12995
2 MB OF LOTUS INrEL MICROSOFT COMPATIBLE MEMORY FOR XT

.. CONFORMS TO LOTUS ; INTEL EMS .. USER EXPANDABLE TO 2 MB

.. EXPANDED ' CONVENTIONAL MEMORY, RAMDISK AND SPOOLE R

MCT·ATEMS AT VERSION ' 139"

MCT-HOC HARD DISK CONTROLLER $7995
HD CO N TROL FOR WHA T OTHERS CH ARGE FOR FLOPPY Cl W TROL

.. SU PPO RTS 16 DRI VE SI ZES IN CLU D IN G 5.10, 20.30 & 4 0 MB

.. DIVIDE 1 LARGE DRIVE INTO 2 SMALLER, LOGICAL DRIVES

MCT-FDC-1.2 1.2MB FLOPPY CONTROLLER $6995
AD D VERSA TIL/TV & CAPACITY TO yOUR x t

.. SUPPORT S 2 DRIVES, BOTH M AY BE 360K OR 1.2 MEG

.. ALLOWS DATA TO FLOW FREElV FROM XTs TO A Ts

MCT-FH FLOPPY /HARD CONTROLLER $13995
S YS TEM STARV ED FOR SLOTS" SA TlSFY IT WITH THIS TIMELY DESIGN

• INTERFA CES UP TO 2 FOD s & 2 HODs, CABLING FOR 2 FDD s & 1 HOD
• SUPPO RTS BOTH OS DO & OS Q O W IT H DOS 3.2

DISPLAY CARDS
MCT-MOP MONOCHROME GRAPHICS $5995

TRUE HERCULES COMPATfBILI TY. SUPPORTSLOTUS 123
* SOFTWARE DRIVER ALLOWS COLOR GRAPHICS PROGRAMS TO RUN

ON A MONOCHROME MONITOR .. PARAllEL PRINTER PORT

MCT-EGA ENHANCED GRAPHICS ADAPTOR $14995
I ()(J'>, IBM COMPA TIBLE. PASSES IBM EGA OIAGNo sr/CS

.. 256K OF vmso RAM ALLOWS 640 x 350 IN 16 OF 64 COLORS

.. COMPATIBLE WITH COLOR AND MONOCHROME ADAPTORS

MCT-CG COLOR GRAPHICS ADAPTOR $4995
COMPA TfBLE WITH IBM COLOR GRAPHICS SrANDARDS

• SHORT SLOT SUPPORTS RGB . COLOR & COMPOSITE MONOCHROME
• 640/320 x 200 RESOLUTION. LIGHT PEN IN TERFACE

MCT·MGP

DRIVE CONTROLLERS
MCT-FDC FLOPPY DISK CONTROLLER $2995

QU ALITY DESIGN OFFE RS oJFLOPP Y CCWTHOL IN A su«: ... E SLO T
.. INTERfACES UP TO 4 FOD s TO AN IBM PC OR COMPATIBLE
.. SUPPORTS 80TH OS DO AND DS IQO WITH DOS 3 .2

MCT-ATFH AT FLOPPY /HARD CONTROLLER$14995
FLOPP Y HA RD DI SK CO N TRO L IN A TRUE A T DESIGN

• SUPPORTS UP TO 2 360 K 7 20 K 1.2MB FDD s
AS WELL A S 2 HODs USING STANDARD CONTROL TABLES

MCT-ATMF

CIRC) I" 17R nN FRI=I= INl=nRU.Il.TlnN ('"en
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PARTS FOR PROJECTS IN YOUR NEICHBORHOOD

RS·232 Testerand
TransientSuppressor

ton function selector, buzzer continu­
ity checke r. Measures ACIDC
voltage/curr ent and resistance. Input
impedance : 10 megohms on DCV/
ACV voltages. Fused and overload
protected . Batteries extra. #22-195

Low As $15
Per Month *

• Memory With
MinIMax Hold

• Diode Checker

Our best! The 31-segmentanalog bar
graph display makes input peaks and
trends much easier to follow. Transls­
tor checker measures transistor h' E
(gain) . Autoranging with manual
override . Full autopolarity, pushbut-

precision Benchtop Digital Multimeter

9995

(3) Panel-Mount Fuse Holder.
For 5 x 20 mm fuses. UL recoq-
nized. #270-362 1.29
(4) Mini SPOT Relay. 1amp at 125
VAC. Coil : 6-9 VDC , 500 ohm .
#275-004 2.99
(5) Fuse Adapt. #270-1219 . . 99~

"Black·Box" Bargains
(4)

(2)(1)

(11 RS-232 1nline Tester. Dual-color
LEDs indicate status of TD, RTS,
DSR, CD, RD, CTS and DTR lines.
#276-1401 14.95
(2) RS-232 Spike Protector. Stops
transients from reaching CPU/
periphera ls. #276-1402 . . . . . 16.95

First auality
Data Connectors

(14) RS-232 Modular Jack Adapter KIt .
Lets you use phon e cable and plugs to con­
nect computers and peripherals.
#276-1405 . 2.99

Type Positions Cat. No. Each

Male 25 276-1547 1.99
Female 25 276-1548 2.99
Hood 25 276-1549 1.99Fig . Type Positions Cat. No. Each

11 Male 9 276-1537 1.49
12 Female 9 276-1538 2.49
13 Hood 9 276-1539 1.99

Solder -Type " D" Submini Connectors

Hookups for Computers and peripherals
(11)

(9) TDA7000, FM Receiver on a
Chip . 70 KHz IF means easy-to­
build receiver projects . With data .
#276-1304 5.95
(10) UMC 3482, Melody Synthe­
sizer IC. With 12 tunes. For 1.5
VDC, 16-pin DIP. #276-1797 . . 2.99

Experimenters' ICsBuilders' Treasure

(8)

(6) Two-Section Variable Cap, 335
pF. PC·mount. #272-1337 . . . . 4.95
(7) Inductor Assortment. ao-plece
set. Includes small coils, chokes and
transformers. #273-1601 . . . . . 1.98
(8) Magnet Wire. 22, 26 and 30­
gauge spools. #278-1345 ... . 4.49

Prepares You for the
New Voice Class FCC Exam

Learn how to become a Ham with the
new Novice voice privileges on Arna­
teur radio. You get two cassette re­
cordings for self-paced Morse code
learning plus practice exam ques­
tions and answers to help you pre­
pare for the test. #62-2402 .. 19.95

Novice Exam package

NEW!

Basic Electronics
Book

Used in
Classrooms
Across the

Nation

Getting Started In Electronics. By
Forrest Mims m. An exciting and
practical " hands-on" introduction to
the world of electronics . Features 128
pages of large schematic diagrams
and easy-to-understand text. Learn
as you build ! #276-5003

(17) Plug·ln Board With Ground
Plane . #276-188 4.99
(18) Multipurpose Plug·ln Board .
41k x 4~ '11 , " grids . #276-154 .. . . 2.99
(19) PCB Standoffs With Screws.
#276-195 Set of 4/99~

(20) 44-Posltlon Card·Edge Socket.
#276-1551 2.99

(16)

--
Instrument Cases

(15)

(15) Black Plastic With PC Board .
Board is 2 x 3'/8" accepts DIP ICs.
Box is 37116X25116 X 13/' 6 '~ With feet,
labels, hardware . #270-291 ... 3.99
(16) Deluxe Black Plastic Case.
With slots for PC boards. 27/ 8 x
55/8x 51/8': #270-250 4.99

CDco
co

"T1
m
III
:D
C»
:D
-<

Over 200,000
Substitutions

Your Radio Shack store manage r
can special-order a wide variety of
parts and accessories not in our req­
ular catalog-tubes, ICs, transistors,
crystals and more. No minimum or­
der, no postage. We'll call you when it
comes in, in about a week.

Special Order Hotline

lIadl8/haeK

~F Cat. No. 2-Pk.

.001 272-126 .49

.0047 272-130 .49

.01 272-131 .49

.047 272-134 .49

.1 272·135 _59

39¢

A DIVISION OF TANDY CORPORATION
Prices apply at participating Radio Shack stores and dealers

Low
As

Hi·Q Ceramic Caps--........_--

pF Cat. No. 2·Pk.

4.7 272-120 .39
47 272·121 .39

100 272·123 .39
220 272-124 .39
470 272-125 .39

(24) 'i•.Walt Carbon Film. 500 pieces
in 54 popular values. From 10 ohms to 10
megohms . #271-312 7.95
(25) 'i.·Walt Precision Metal Film. 1%
tolerance. 50 pieces in 12 values from 10
ohms- l meg oh m. #271-309 .... 2.79
(26) 'i.·Walt Carbon Film . 100 pieces in
13 values, 10 ohms-l megohm .
#271-311 1.98

Resistor Assortments

•Revolving credit from Radio Shack. Actual payment may vary depending on purchases.

Over 1000 Items in stock: Binding Posts, Books, Breadboards, Buzzers, Capacitors, Chokes, Clips,
Coax, Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, Multltesters, PC Boards, Plugs,
Rectifiers, Resistors, Switches, Tools , Transformers, Wire, Zeners, More!

Jazzy Sight 'n Sound

(21) Su/?er-Bright Panel-Mount
LED. Brilliant 500 mcd ruby light.
Draws only 20 mAo#276-088 .. 1.79
(22) Jumbo 20-mm Red LED. Six
elements. #276-064 3.49
(23) Loud PC-Mount Buzzer. 2800
Hz. 78 dB. Requires 3-20 VDC.
#273-065 2.49

CIRCLE 78 ON FREE INFORMATION CARD
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74C 174. .. .7~

74C 175. . . .7~

74C22 1. 1.7!
74C240 1.7!
74C244 1.7!
74C373 1.9!
74C374. . 1.9!
74 C91 2 8.9 ·
74C 9 15 1.3!
74 C920 6.9
74C921 6.9
74C922.. . 3.9
74C9 23 3.9
74C925 5.9

LM 1458N. . .. . . . . .3!
LM 1488N 4!
DS14C88N (CM OS ) 1.1'
LM1 489N. . . . . . .... .4'
DS14C89N(CM OS) 1.1'
LM1496N 8'
MCl648P 3 .4
LM1 871N 1.9
LM1 872N 1.9
LM1 896N-1 . • . . . .. 1.4
ULN2003A . . . .7
XR2206 3.9
XR22 11. . . . ....•. 2.9
XR2243 1.9
26 LS29 3.9
26LS31. 1.1
26 LS3 2 1.1
26LS 33 1.4
LM2901N. . . 3
LM2907N 1.2
LM2917N (8 pin) 1.S
M C3419CL . . . 6.S
M C3446N. . 1.€
MC3450 P 1.£
MC3470P 1.£
M C347 1P 1.£
MC3479 P. . 4.1
M C3 486P 1.f
M C34 8 7P 1.f
LM 3900N. . . .t
LM 3905N. . . . ... 1.1
LM3909N. . . . . .~

LM 39 14N H
LM 3916N H
NE5 532. . .f
NE5 534 f
7805K (LM3 40K-5 ) . . 1.:
7812K (LM340K-1 2) . 1;
781 5K (LM340K-15). 1':
7805T (LM340T· 5 ) . .
781 2T (LM340T-12) .
7815T (LM340T-15) . .'
7OO5K (LM320K-5) .. 1.:
7OO5T (LM32 0T·5 ) .
75472. . . . .. . ..
75 477 . . . . . . . • . J
MC145106P. . . . . . . • 3.:
M C 145406P .. . . . .. • 2.!

Wire Wrap (Gol d) LeYel t
.11 8 VVVV .
.12 14VVVV . . . . . . . . . • . .
.13 1SVVVV .
.25 24VVVV 1.
.27 28INW... . . .• .... . . 1.
.29 40INW 1.

LINEAR

ICSOCKETS

74C-CMOS

Low Prof lle
8 LP .

14LP .
16 LP .
24LP .
28LP .
40LP. .

SATELLITE TV
DESCRAMBLER CHIP

74COO 29
74C0 2 29
74C04. . . . . . . . . . . . .29
74C08. 3 5
74C1 0. . . .35
74C14. .. . . . 59
74C32. . . . . . . .35
74C74. . . . . .59
74 C8 5 1.49
74C 86. . .3 5
74C89. . •. . . .. • . 5.49
74C 90. . . . .99
74C154. . . 2.9 5
74C 173 . . . ... 1.05

74HCTOO. .. .29 74HCT139. .. . . . 5~

74HCT02.. 29 74HCT157.. .. ... .. .. .6~

74HCT04. .. .29 74HCT174. . . .. . .6~

74HCT08 ... . . . .. .. . .29 74HCT175. . .. . .. .. . 6~

74Hcno. .... .. . .. 29 74HCT240.. ..... .. . . 9~

74HCT32. ... . . . . . . . . 29 74HCT244. .. ... . . . . . 9~

74HCT74. .. .. .. ... .49 74HCT245 ... . .. . . . 1.H
74HCT86... ... . .. . 49 74HCT373... . . . . . . . . 1.1!
74HCT138. . .59 74HCT374. . . . .. . . . . . 1.1!

DS OO26CN. . . 1.95
TL0 74 CN 1.19
TL084CN . . . .99
AF100-1 CN 8.95
LM30 7N .. .. .. .. .45
LM 309K. . .. . . • . . . . 1.25
LM 3 11 N. . .45
LM 3 17T. . . . .79
LM 31 8N . . .99
LM 31 9N . . . . 1.29
LM3 23K 3.95
LM32 4N . . . . .39
LM338K 4.95
LM339N . . .39
LF34 7N . . . 1.79
LM348N . .69
LM 350T 2.95
LF351N. . .39
LF3 53N ... .. .49
LF355N. . . .79
LF3 56N . . .89
LF357N 1.09
LM358N. . .49
LM 360N. . . . . . . . 2.19
LM 361N. . . . . .. 1.79
LM380N-8. .. . . .99
LM386N-3.. .. . .89
LM 387N 99
LM39 3N . . .39
LM399H 2.9 5
LF411CN.. .79
TL497AC N. . . . . . . . 1.49
NE540H (C540HI .. . 2.95
NE5 55 V.. . .. .29
XRL555 . . .. .59
LM556N. . . . . . . . . .. .49
NE558N 89
LM565N.. .. 99
LM 56 7V. . . . . . . .. .79
NE592N .. . ...... .89
LM 741 CN. . .29
LM 74 7CN .59
MC1 350P 1.09
MC 1372P 1.9 5
MC 1377P 2.29
MC1 398P 8.95
LM14 14N . . . . 1.29

SoldertailStandard (Gold&lin) &Held er Plug Sockets Also An ill

The MM5321 is a TV camera sync generator designed to
supply the basic sync functio ns for either co lor or mon o­
chrome 525 hne/60 Hz interfaced and camera video recorder
applications COLOR BU RST GATE & SYNC

ALLOW STAB LE COL OR OPERATIO N

MM5321 N $11 .95
INTERSIL Also Available!

~4HCHI-SPEED CMOS

L

I 74HCT - CMOS TTL I

i

I

Price

8000 SERIES Cont.
Part No. Price
8228.. . . 2.95
8237-5 4.95
8243. .. 2.2 5
8250A 6.49
8250B (For IBM) . .. 6 .95
8251A.. . . 1.89
8253-5.. .. 1.9 5
82 54 4.95
8255A-5. . . 1.89
82 57- 5. . . . 1.9 5
82 59 -5 2.25
8272. . . 4.95
8279-5 . 2.9 5
B741.. . . . 9.9 5
8742 29.95

~~~~~~;:;'6sj ii,Vj :: ~:§~
87 49. . . . • . . 9.9 5
875 1 39.95
87 55 14 .95

OATA ACQUISITION
AOC0804LCN 3.19
ADC0808CCN 5.95
ADC0809CCN 3.95
ADC081 6C CN 11 .9 5
ADC1 20 SCCJ- l 19 .9 5
DAC0808LCN 1.95
DACl008LCN 4.95
AY-3-101 5D 4.95
AY -5-1 013A. 2.95

LAG 57 0 . . . 10 .9 5

WD l770 11 .9 5

S I30 52P. . 2.49

6502. . . 2 .65

6504A. 1 .9 5

6507.. 4 .39

6510. . . 9 .95

6520. 1 .95

6522. 3 .95

6525. . 4 .95

6526 1 4 .9 5

6529. . 2 .95

6532. 6.49

6545-1 . 4 .95

6551. 4.49

6560. . . . . 10. 9 5

6567. 14 .9 5

6569 2495

6572. . 8.95

658 1 (12V) . 1 4 .9 5

6582 (9 V). . 14 .9 5

8 3 60 .. . . 14 .9 5

8 501 .. . . 1 0 .9 5

8502. . . 7 .95

8563 15.95

8564. 9 .95

8566 2 4 .95

8701 . . 9 .95

8721 .. .. 14 .9 5
8722 9 .95
"2 5 1 10 4 - 0 4 10.95

3 10 6 54 - 0 5 9 .9 5

3 18018-03. . 10 .9 5

3 18 0 19 -0 3 10 .9 5

3 18020-04 10.95

325302-01 10.95

325572-01. 14.95

'82S100PLA" 1 5 .95

9 0 1225-0 1. 11 .95

90 12 26-0 1. 11.95

901227- 0 3 . 11.95

901229-05. . . 11 .95

' No specs available
"Note: 82$1 00PLA =

U17 (C·64)

Part No.Pric e

28 16A
281 7A
2865A
52B 13 (2 1V)

TMS251 6
TMS253 2
TMS253 2A
TMS2 564
TMS271 6
1702 A
2708
27 16
27 16 -1
27C 16
2732
2732A-20
2732A-2 5
27C3 2
2764-20
2764-25
2764A-25
2764 -45
27C64- 15
27 128-20
27 128-2 5
2712 8A-2 5
27C 128-25
272 56-2 0
27256-25
27C256-25
27512-20
27512-25
68764

2016-1 2
20 18-45
2 102 -2L
2 114N
21 14N-2L
2 1C 14
2 149
5 101
61 16P-3
6 116LP-3
6264LP-1 2
6264 P-15
6264LP-1 5
6514
43256-15L

Part No.

4116-15
4 128-20
4 164-120
4 164-150
4 164 -200
TMS441 6 - 12
8 118
4 1256-100
41256-120
41 256-150
50464-15
51 100QP-10
51 4256P- 10

16.384 x 1 (15Ons) . . . .89
13 1.072 x 1 (200ns) (Pig gy back) .3.25
65 ,536 x 1 (120 ns) . . .. 1.75
65,536 x 1 (150ns). ;- 1.25
65 .53 6 x 1 (200ns) .99
16,384 x 4 (120ns) . . . •.. 3.49
16 .38 4 x 1 (120ns) . . . . .49
262.144 x 1 (1oons). . . . . 4.95
26 2.144 x 1 (120ns). . 3 .9 5
262.144 x 1 (1SOns). . . . . 32 5
65 .536 x 4 (150ns) (44 64 ). . 4.9 5
1.048 .576 x 1 (100ns) 1 M eg.... 34.95
26 2.144 x 4 (1oons) 1 Meg. . 29 .95

- - --- - STATIC RAMS ------
2048 x 8 (120ns) 1.69
2048 x 8 (45ns) 6.95
1024 x 1 (250ns) Low Power 1.95
10 24 x 4 (450ns). . . . . . . . . . . .99
1024 x 4 (200ns ) Low Power ... 1.49
10 24 x 4 (200ns) (CM OS). . . .49
1024 x 4 (45ns). . . . . .. . . . .. 2.49
256 x 4 (450ns) CMOS. . . . 1.9 5
2048 x 8 (15Ons ) CM OS 1.89
2048 x 8 (1SOns) LP CM OS . 1.9 5
8 192 x 8 (120 ns ) LP CM OS 425
8 192 x 8 (150ns ) CMOS 3.49
8 192 x 8 (15Ons) LPCMOS 3.75
1024 x 4 (35On s) CMOS 3.49
32,768 x 8 ( 150ns) Low Power .. 11.95

- - - - --- EPROMS-------
2048 x 8 (45On s) 25V.. 6.95
4096 x 8 (45Ons) 25V 6.95
4096 x 8 (450ns) 21V . . . 5.95
8 192 x 8 (45Qns) 25V. . . . . . . . 9.9 5
2048 x 8 (45Ons) 3 Voltage. . . 9.9 5
256 x 8 (11l5). . . . . 6.95
1024 x 8 (45Ons). . . 4.95
20 48 x 8 (450ns) 2 5V 3.75
2048 x 8 (35On s) 25V. . . . . . . . . 4.25
2048 x 8 (4 5Ons) 25V (C MOS ) . . 5.49
409 6 x 8 (450ns) 2 5V. . . . 3.95
4096 x 8 (200ns) 2 1V 4.25
4096 x 8 (250ns) 21 V 3.95
4096 x 8 (45Ons) 25 V (C MOS ) .. 5 .95
8192 x 8 (2oo ns) 2 1V. . . . .. 425
8192 x B (2 5Ons) 21V 3.75
8 192 x 8 (250ns) 12.5V. . . . . 3.9 5
8 192 x 8 (450ns) 2 1V 2.9 5
8192x8 (150 ns ) 2 1V(CMOS) .. 6.49
16,384 x 8 (200ns ) 21 V. . 6.95
16 ,384 x 8 (25On s) 2 1V. . 5.95
16.384 x 8 (2 50 n5) 12.5V. . . . . . . 5.25
16.384 x 8 (250n s) 2 1V (CMOS ) . . 6.9 5
32 .768 x 8 (2oons) 12.5V . . . . 6.95
3 2.768 x 8 (250ns ) 12.5V 5.95
32,768x8 (25Ons) 12.5V(CMOS) .7.95
65 ,536 x 8 (2oons ) 12.5V 13 .49
65 .536 x 8 (2 5Ons) 12.5V 11.95
8 192 x 8 (450ns ) 25V 13 .9 5

EEPROMS
2 048 x 8 (3 50ns) 5V ReadNVrite . 5.9 5
2048 x 8 (3 50ns) 5V Read/VlJrite .7.9 5
8 19 2 x 8 (250ns) 5V Read/VlJrite . 9 .9 5
2048 x 8 (3 50ns) 5V Re ad O nly ... 1.49

MISCELlANEOUS CHIPS 6500/6800 /68000 Cont.
Part No. Price Part No. Price

D7 65AC 4.9 5 6845. . 3.95
WD921 6 6.95 6850 1.95
95 H90. . . . 9.95 6852 1.49
zan, zaOl, zsna SERIES MC68000L8 11.95

ZOO. . . . 1.25 M C68000UO 13.95
Z80-CTC. 1.79 MC 6801 OL10 49.95
ZOO-DA RT. . . . .. 4.95 M C68 020RC12B 169.95
zao-P I0 1.79 MC68881 RC 12A 149.95

m~~CTc .1~~ 803 1. 8000 SERIES 3 9 5
Z80A-DART. . . . 4.9 5 8OC3 1. . . ..... 9.9 5
zaoA- PlO 1.69 8035. . . 1.95
zaoA-S IOIO 5.75 8073. . . .. 9 .95
Z80B. . . . . . . . 3.49 =~:: .:~:~~
Z80S-CTC. . . . . 3 .95 8086. . . . . . 5.95
Z80S-AO. . . . . 4 .29 8086-2. . . . . . . . . 6 .95
6500 /6800 /68000 SER. 8087 (5MH z) .. ... 129.95
6502 2.65 8087-1 (10 M Hz) .229 .95
65C 0 2 (CMO S) 8.95 8087-2(8MHz) 169.95
6520 1.95 80 88 6.49
6522. . . 3 .95 8088-2 . . . 8 .9 5
6532. . . 6.49 811 6 , . . 4.95
65 51 4.49 8155 2.49
65C802 (CM OS ) 19 .9 5 8155-2 3.49
6800 1.95 8 156. . . 3.95
6802 3.95 8202 5.95
6810. " " 1.25 __8203. _ 9.9 5
6821. 1.75 82 12. . . . . .. 1.49
6840. . . . . . . . . 3.95 8224. . . .. 2.25

CD4076. . .59
CD408 1. .25
CD4082. . . .. . . .25
CD4093. . . . . . . .3 5
CD4094. . . . . . . . . . . .89
CD40 103. . . .. . . . . . 2.49
CD40107. . .49
CD 40109. .79
CD4510 . . 69
CD45 11. . .69
C D4520.. . .75
C0452 2. . .79
C04538. . .79
C0454 1. . .89
CD4543 . . .79
CD455 3. . . . .. . . . . . 4.9 5
CD4555. . . . . . .79
CD4 55 9. . . . .. 7.9 5
CD 4566. . . . .. 2.49
C0 4583 .. . .89
CD4584. . .39
CD4585.. . . . .89
M C 14411P 8.95
MC14490P. . . . 4.49

.29 74F1 39 .

.29 74 F157.•.. .. . .

.29 74 F193...

.29 74F240.

.29 74F244 ..

.39 74F253.

.39 74F373 .

.69 74F 374 .

74F

.29 74S 188* . . . . . 1.49

.29 74S 189. . . . 1.69

.35 74519 6. .. 2.49

.29 745240. . . . . .. . 1.49

.3 5 745244 . . . . . 1.49

.45 745253 . .. .79
1.79 745287*... . 1.49

. .49 745288·. . . 1.49
. . . . .. 2.75 745 373 1.49

.79 74 5 3 74. . 1.49

.79 745472*. 2.9 5

.19

.69

.19

.29

.29

.49

.59

.59

.49

.35

.29

.65

.29

.29

.59

.59

.59
.. ... .. 1.49

. . .29

. . 1.29
.25
.25
25
.25

CD-CMOS
CD 400 1. .
CD4008. • . .
CD4011. ..
CD4013 .
CD401 S .
CD401 7 .
CD4018. .
CD4020..
CD402 4.
CD4 027. .
CD403 0. .
CD4040. .
CD4049 .. ..
CD4050..• .
CD4051 .
CD4052 .
CD4053. .
CD4063
C D4066...
CD4067
CD406 9
CD4070. .
CD 407 1.
CD4 0 72. .

745 00 . .
74504. .
74508..
74510.
74532.
74574. .
74585..
74586..
74S1 24.
74S1 74..
74S 17 5.

NEC V20 & V30 CHIPS
Replace the 8086 or 8088 in Your IBM-PC and

Part No. Increase Its Speed by up to 40 Yo! Price

UPD70108-5 (5 MHz) V20 Chip • . . .• $ 8 .75
UPD70108-8 (8 MHz ) V20 C hip . .• . . $10.75
UPD70108-10 (10MHz) V2 0 Chip.. •. $ 2 9 .9 5
UPD70116-8 (8 MHz) V30 Chip. . . • . $13.75
UPD70116-10 (10 MHz ) V30 Chip; . • . $29.95

7400
Part No. 1·9 10+ Part No. 1·9 10 +

7400.. .29 .19 7485. . . .. .6 5 .55
7402.. .29 .19 7486 .. .. .45 .35
74 04. . .29 .19 7489. .. 2.0 5 1.95
7405. . . .35 .2 5 7490. .. .49 .39
7406. . . .3 9 29 74 93 ... . . .4 5 .3 5
7407. .. .39 .29 7412 1. . . .45 .3 5
7408.. .35 .2 5 74 123. . . .55 .45
74 10. .. .29 .19 74 125.. .55 .45
7 4 14 . .49 .39 74 126. . .69 .59
74 16 . . .39 .29 74 14 3. . .. . .. 3.95 3.8 5
74 17. .39 .29 7 4 150. . 1.3 5 1.25
7420. .35 .25 74 154. 1.35 1.25
7430. .35 .2 5 74158. . .. .. . 1.59 1.4 9
743 2. .39 .29 74173. .8 5 .75
7438. . . .39 .29 7 4 17 4 . . . . .. . .59 .49

• 744:2 .. . .55. 45 741 7 5- . . . _. .59 A9
7445. .79 .69 74 17 6. ..... . .99 .89
74 4 6 . .89 .79 7 4 181 . . . . . . . 1.95 1.85
74 4 7 . .89 .79 741 89. . . 1.9 5 1.8 5
7448. .. 2.05 1.9 5 74 193. .79 .69
7472.. .89 .79 741 9 8. . . . . . . 1.85 1.75
7 473.. . .39 .29 7422 1. .99 .89
74 7 4 . . . . . . .39 .29 74273. . . . . .. 1.9 5 1.8 5
7475. . .49 .3 9 '14365. . .6 5 .5 5
74 7 6 . . . . .45 35 74367. . . .65 .55

7 4 L S
7 4LSOO. 2. .19 74 LS 165. . . . _ .75 .6 5
74 LS02... .. .29 .19 74LS166. .. .99 .89
74LS04. .35 .2 5 74LS1 73 . . .59 .49
74LS05. . . .3 5 .25 74LS174. . .49 .39
74L S06. . . 1.09 .99 74LS175. . .49 .39
74LS07 .. . . . . 1.09 .99 74LS 189. . . . . 4.59 4.49
74LS 08 . . .29 .19 74LS 19 1. . . .59 .49
74LS10. . 29 .19 74LS 193. . .79 .69
74LS 14. . .49 .39 74LS22 1. . .69 .59
74 LS27. . . .35 .25 74LS240 .. .69 .59
74LS30.. . .29 .19 74LS243.. .69 .59
74LS32. . .... .35 .25 74LS244. . .69 .59
74LS42..... .49 .3 9 74L5245.... .89 .79
74LS 47. . .99 .89 74LS259.. . .99 .89
74LS73.. .. .39 .29 74 LS273 . .. .89 .79
74LS74. .35 .25 74LS279.. .49 .39
74LS75. .39 .29 74LS322 . ... 4.05 395
74 LS76. . .55 .45 74 LS365. . .49 .39
74 LS8 5. . . .59 .49 74LS366 . . . . .49 .39
74LS86. . .35 .25 74LS367. . . .49 .39
74 LS90.. .49 .3 9 74 L5368 .49 .39
74LS93. .49 .39 74 LS373. . . .79 .69
74LS 123... . . .59 .49 74 LS374 . . .79 .69
74L5125 . ... .49 .39 74LS3 93. . .89 .79
74LS1 38 ... .49 .39 74LS590 .. 605 5.9 5
74LS 139 .. .4 9 .39 74 LS6 2 4 . 2.05 1.95
74LS154... .. 1.09 .99 74LS6 29 .... 2.95 2.85
74LS1 57. . . . . .45 .3 5 74LS640. . . . . 1.09 .99
74LS 158.. .45 .3 5 74L5645. .. . 1.09 .99
74LS 163 ... .59 .49 74 LS670. . . . . 1.09 .99
74 LS1 6 4 . .59 .49 74LS688 .... 2.39 2.29

74S/PROMS·

PARTIAL LISTING· OVER 4000 COMPONENTS AND ACCESSORIES IN STOCK! • CALL FOR QUANTITY DISCOUNTS

CIRCLE 1 1 4 ON FREE INFORMATION CARD



JE864 $49.95

Accessories
for Commodore

VIC-20, C-64 & C-128

r: »: ~ 11\
~ ·.. · · ~·.r ~<-w
; ~ I U ! . ~ ,/ - =; ' -=aID t ,
, . . - ... .... -.... ~-- ...

JE232CM (Pict ured)

JE232CM ~~~~_~~~t7~ :~c,,;~·er-~~ .. $39.95
CPS10 (C-S4powe r Supply) $ 39.95
CPS128 (C·128 Powe' Supply) $59.95

ADD12 (Olsk Odve II, 11 +, li e) $99.95
Additional Apple Compatible

Products Available

Jameco Extended 80-Column
Card for Apple lie

• 80 Col./64K RAM ' Doub les
amoun t of data your Apple lie
can display as well as Its mem­
ory ca paci ty • Ide al for wor d
processing' Comple te wit h
instructions

~~/ID~If~lflROlmC §
2400/1200/300 Modems

20Meg Hard Disk fo r Tandy 1000/SX

T20MB 20MBHard Disk Drive Board
for Tandy 1000 $494.95

SX20MB 20MBHard Disk Drive Board
for Tandy 1000SX $499.95

~lJC:I{I:I~BOAHI)
TANDY 1000

Expansion Memory
Half Card

Expand the memory of your
Tandy 1000 (128K version) to
as much as 640K Also inc ludes
DMA controller ctu p

TE512 Includes 512 K RAM. . . • . • . . . • • S119.95
TANC Plug- in Clock opt ion chip (only) . • • S39.95

• Hayes command compat­
ible • Bell 1031212A com­
ca trbre : Au to-d ia l / aut o ­
answer · FCC app roved ' 1­
year warranty · The 1200 H
& 2400 S inclu de MaxiMlte
Communication Soft ware
. The 1200C&2400 Edonol
include softwa re

1200H 1200/ 300 Baud Inter nal Modem $ 79 .95
24 005 2400 / 12001300 Internal Mode m $ 174.95
1200C 1200/30 0 Baud Externa l Mod em S119 .95
2400E 2400/ 1200/300 External Modem $ 219.9 5

Jameco PC/XT
& AT Compatible
/ Disk Drives

~
E1022 (Pictur ed)

JE1 020-~~ . (PCIXT/An $ 89 .95
JE1021 3S0K Be' Bzl. (PC/XT/An $ 89.95
JE1022 1.2MB Be i~ Bzl.(An $109.95

Price

JE1071
' .

. Award BIOS ROM included

JE1000 4.77MHz(PC/ XD • • • • . $ 89 .9 5
JE1001 4.77/8MHz(PC/XD•• • • $104.95
JE1003 6/8/10/12MHz (AT).. . . $399.95

JE1043 1.2M/3S0K Floppy Cc ntrct •• $ 49.95
JE1015 XT/AT StyleKeyboa 'd $ 59.95
41256-120S12KRAM(18 Chips) $ 71.10
JE1012 Baby AT Flip-Top Case S 69.95
JE1032 200WPower Supply $ 89.95
JE1022 5V. ~ High Density Disk Drive. 5 10 9 .9 5
JE1003 Baby AT Motherb oard
(Zet'"o·K RAM-i nc l. Award BIOS ROM) . . 5 3 9 9 .9 5

i~:1~.f$i~99.95 Reg. List $850.80
~~fo~gr31 49 .9 5 SAVE $50.85!
(not included)

IBM'" AT Compatible Kit. • •• • ••• $799.95

Additional Add-Ons Available!

Jameco's 4.77/8MHz Turbo
IBM PC/XT Compatible Kit

4164-150 128KRAM(1 8Chlps).. S 22.50
41256-150 512KRAM (18 Chips).. $ 58.50
JE1010 Flip-Top Case S 34 .95
JE1015 XT/ATStyleKeyboa"' ..$ 59.95
JE1030 150 Wa«Powe,Supplys 69.95
JE1020 5':,"0 500 o;sk[Kive .. $ 89.95
AMBER 12" Amber Monitor . . . $109.95
JE1001 4.77/8M Hz Turbo Motherb oard

(Ze-ro-K RAM - Inclu des Award
BIOSROM) S1 04.95
Multi 110 with Cont roller
and Gri1phics $11 9.95

Regular List $670.65
SAVE $70. 70!

JE1 005 (IBM"" PC/XTTurbo Compat ible Kit) •• $599.95

Jameco's IBM PC/XT1AT
Compatible Motherboards

Franklin 12" Green Monochrome
Apple II, 11 + , lie, IIc Compatible
• Co mposite video outp ut · 18MHz
• Resolution : 800 lin es at center

SMON• •• •• •• •• •• • • •• $59.95

14 " RGB Color - eGACompatible Amber/Green/Color Switchable,
640 x 200 Resolution (PC/XT/AT)
TT X1410 , : . $279.95

14" EGA Co lor - EGAlCGACompat.,720 x350 (max.)resolution(PC/XT/AT)
TE5154 $399.95

12" Amber Monochrome ­
TIL Input, High Resolution (PClXT/AT)
AM BER. $109.95

Price

+5V@5A.+12V@l A x 2

TA450S $11.95
Tor in Ind ustries (4.68 " sq., 50 cf m)

SU2A1 $11.95
EG&G Rotr cn (3.125M square, 34 ctm)

DATA BOOKS

• Regulated . 110VAC/220VAC
Swrtcha bte • 40 watt · Size : 8 ' : "L x 3-W x 2 ~.~H • Weig ht:
1.1 lbs. • Data inc luded

PSCC07 $14.95

Janieco
Computer
Power
Protection JE1190

JE1190 Power Base $29.95
JE1191 6-0utlet Power Strip $11.95
JE1192 300 Walt Back-Up $299.95
JE1193 500Walt Back-Up $399.95

30003 Nationa l Unear Data Book(82) 51 9.95
30005 Logi c Data Book - Vel. II (84) . .. . • . • $19.95
3 0 0 09 Intersil Data Book (87) ••. .. . . . . . . $14.95
21398 CMOSCookbook (8S) $14.95
210830 Intel Memory Handbook (81) $17.95
230843 Int el Microsystem Hndbk. Set (S7) $24.95

JE20 6', x a 200 0 $ 2.29
JE21 3', x 2', 400 0 $ 4.49
JE22 61, x 1', 630 0 $ 5.95
JE23 6', x 2', 830 0 $ 7.49 14" Ult rascan Color - CGA/EGAlPGCIVGACompatible,800x560 (max.)
JE24- 6 , x3'-, - 0 60--2-$14:95- "-Resolution (PC/XT/AD
JE25 6'2X4', 1,660 3 $22.95 4375M $579.95
JE26 6', x 5' , 2,390 4 $27.95
JE27 7', x 7\, 3,220 4 537.95 IBM PCIXT1AT Compatible Cards

Jameco General Purpose JE1050 Mono Graphics Card $ 59 .95
Prototype PC Boards JE1052 Color Graphics Card $ 49.95

• Wire Wrap JE1055 EGACard $ 149.95

• Component
Testing

• Point-to­
Point Wiring

• 31/62
JE41 7lP;ctu,ed) Connection

JE415 IS" -.NoPads,PC/xn $14.95
JE417 ISI;·. Plated w/Pad" PC/xn $19.95

Extender Board
JE421 (4'.•' Exlend.,.311S2 Conneclo,). . $19.95

California Residents:
Add 6%, 6112% or 7%

Sales Tax
FAX 415-592-2503

u.s. Funds Only
Shipping: Add 5% plus $1 .50 Insurance
(May vary accordi ng to weight)

$20 Minimum Order Data Sheets - soeeach
IBM is .,eg iste",d t", demark olln/emational Business Machin es Prices Subject to Change

J
®~ Send $1.00 Postage foraameco~ FREE 1988 CATALOG

VISA Telex: 176043
~.

:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.
:;:':':':':;:':':':':':':':':':;:;:':;:':':':':':':' c,1988 Jameco Electronics2/88 .

1355 SHOREWAY RD., BELMONT, CA 94002 • FOR ORDERS ONLY415-592-8097' ALL OTHER INQUIRIES 415-592-8121
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'\Nhat's New at
AMERICAN DESIGN COMPONENTS?

M ICROCOMPUTERS
with EPROM

MC68701

IBM~

AT Compatible)
48/96 TPI, 1.2 Mb
Double side,high density; 160
tracks. Mlr - Panasonlc #JU-475
Item #10005 $109.95 New
96TPI, (DOS 3 .2 Compat.
Double side. quad density .
Mlr - Tandon TM55- 4

Item#1904 $79.00
2 lor $150.00

MC68705 - HMOS, 8-bit, medi­
um performance microcomputer.
On-chip resources: 37 76 bytes
Eprom, 112bytes RAM. 8 inputs &
24 programmable bidirectio nal out­
puts . Self programming boot strap.

Item#13608 $9.95

5y.,"
1/2 HT.
DISK
DRIVES

$19.95 New

Consists of 13 assorted cassett es.
May include : Money Analyzer II,
States & Capitals, Casino Craps,
Statistics, The Carpoolsr & others.
Item #14651

Set 01 13

Single side /single density; 16 hard
sectors. Mlr - Xerox#11R61630
Item #14537

Pack0110 $9.95 New
T1MEX-SINCLAIR 1000
& ZX-81 CASSETTES

5 y.," FULL HEIGHT .
DISK DRIVES -

5 y.," FLOPPY
DISKETTES

t

48 TPI (IBM'" Compatible)
DS/DD, 80 Track
Tandon #TM100 -2 or equiv.

Item #7928 $79.00 New
2 lor $150.00 New

48 TPI (TRS80/Zenith/Xerox
800 Compat.) DSIDD, 40Track
Shugart #450. Item #1892.
$79.00; 2 lor $150.00
48 TPI, SS /DD, 40 Track
Shugart #SA400. Item #1895.
$39.50; 2 lor $75.00

96 TPI, DS/Quad Density

CDC #~:~9J1 893 $89.00

8allbearing; 115 VAC, 60 Hz.;
.195/.178 amps. Has 2 sets 01
mtg. holes (f its sta ndard rack or
larger). Can be mtd . fo r blowi ng or
exhaust. Dim . : 5- sq. x 1¥l- deep .
M fr - Rot ron

Item #1866 $19.95 New

For printe rs & ty pewriters w /print
wheel. spindle, & metal ball type
print elements . Good fo r 5 clean ­
ings . lncl .: platen cleaner, ty pe/print
element cleaner, sound shield
cleaner. plus buffers & cloths.
Mlr - DiabloSupplies #9R87 106
Item # 1 5~~;:ts / $ 1 4 . 9 5 New

150 CFM
SUPER
VENTURI
FAN

Protect your Printe r/
Typewriter with our

DIABLO CLEANING
KIT

(IBM~ Compatible)
Shock mounted, high speed, low
power. Mlr - Tandon TM252

Item #13250 $159.00
Controller Card lor above

Item #10150 $89.00

10 Mb
5 y., " , HALF HT.
DISK
DRIVE

MAGNIFYING
LAMP

50 /60Hz.;
12W . Low noise
lev el fans, can be
mounted fo r blow ing or exhaust .
1 .. Thin: contains 9 plastic blades
Dim. : 3'.." sq. x t " deep
Mlr - Tobishi #U9201B
Item #10960 $ 7 .95 RFE
1 Yz . Standard: contains 7
metalblades.
Mlr - Rotron #SU2A1

Item #5970 $ 7 .95 New

(IBM~ PC/XT Compatible)
Removed from working equip­
ment . Tested & formatted .
Mlr - CMI model CM5619

Item #14511 $199.00

15 Mb
5y.," FULL HT.
DISK
DRIVE

THERE'S NO RISK.
With ou r full 90-day warra nty,

an y pu rchase ca n be ret urned for
any reas on for full credit or re fund .

ADAM COMPUTER

W e warehouse 60,000 ite ms at
American Design Compon ent s ­

expen sive, oft en hard-to -find com­
ponents for sa le at a fract ion of th eir
original cost!

You 'll find every part you need ­
either brand new, or removed from
equ ipment (RFE)in excellent condi­
tion. But qu antities a re limited . Order
from this ad, or visit our retail show­
room a nd find exactly wh at you
need from the thousands of item s on
display .

OPENMON. - SAT., 9-5

Fit s Ata ri, App le, Commodore,
and our Item #103 36 PC8300
Computer. Has 4-h . cord w/plug.
Dimen.: 3Y, "sq. x 1Y, " H.

Item #12143 $5.95 New

7300 VAC
@5Ma .
May be used for powering neon
lights, replacing oil burner ignit ion
tr ansformer, building Jacob 's lad­
der (sparkgap). A high-volt. out­
put : Y. quick connect te rminal &
case ground input fu lly enclosed
metal case. Weight: 12 Ibs.
Base mount:4Y, "Hx 5''' "Wx6'.."

Item #151 $9.95 RFE

JOYSTICK
CONTROLLERS

• - BATTERIES ­

- CASSETTES -

NEON TRANSFORMER
(Hi-Voltage)

Price

Fig . 2
Shalt 1"- L

x] .... dia .

..- ,
j o},
'"I

Bulk erased. Major mfrs. :
Ampex, Scot ch, etc .

Item #6711 - Yo Mil.
15 reels for $9.95

$9.95 ea.
2/ $ 1 4 .9 5
$1 9 .9 5 ea.
2/ $ 3 7 .5 0
$34 .50 ea.
2/ $ 5 9 . 5 0

RECORDING TAPE
71f, " Reel .
2400 ft.

Mlr. & Part No. Fig

N.A. Phillips 1
A82310-M2

PM Superior Elect ric 2
20 M0 61-FF-6201 B
PM Superior Electric 2

M092-FT-402

Shaft 9' /11" L
x ' .. .. dia .

72

200

5 17 ' PM

Stall
Step Volts Torque
Angle DC oz/in Type

Item
No.

5431

7630 1.8 3.0

527 5 1.8 1.B

Glass coated, epoxy laminated ,
1 oz. Double sided, .022" thick.
Dimensions: 24" L x 18 .5 " H
Item #13606

3 sheets/ $9.95

COPPER-CLAD
PRINTED
CIRCUIT BOARD
(Double-sided)

Precis ion
stepp ers with
increm ents from
1 to 7.5 degrees.
Speeds up to
5,000 st eps.

STEPPING MOTORS
for ROBOTICS.

I • ':" ~. " deep -
Fig. 1

t.

140 VA

Provides voltage
regulat ion & ultra-
isolation for mic roprocessor-based
equipme nt. Contains less than 3 %
harmon ic distortion, better than
60 dB traverse noise rejection.
Contains dual outlet lor CPU &
monitor , & 6 ft . line cord.

Input: 95 - 130V, 60Hz.
Output: 120V@ 1.17A

Dimen. : 11',," L x 4%," H x 5"J."W
Mtd on metal base w /rubber ft .
Mlr - Sola#63-13-114

Item #9999 $99.00 New

115VAC/60Hz.;
21W.; 28A.;
3100 RPM ; 5-blade model; alu­
min um housing. Can be mtd . for
blow ing or exhaust.
Dim. : 4 11

/ 16"sq. x 1Y2" deep

NEW-It:'~I~~4 $12.95
USED - Mfr: Centaur/Howard

Item #5345 $5.95
MINI MICRO-COMPUTER
REGULATOR

$14.95

$19.95

115 CFM
MUFFIN@

$ 69.50 FANS r-~!!!!!=;:;.
$19.95

Complete line of Computer & Game Equipment!
Please call or write with your requirements.

Adam Printer ­
Item #8839

Data Drive ­
Item #6641

Printer Power Su pply ­
Item #6642

ASCII Keyboa rd ­
Item #6643

Controllers - (Set of 4 )
Item #7013 $9.95 Used

Adam Casse ttes ­
(Consisting of Smart Basic, Buck Rogers
& blank cassette .) Item #7786

BAKER'S DOZEN - $ 19.95
Adam Link Modem ­
(Software included.)

Item #12358 $ 29 .95 I-:-:::":":':-:-::~=-==:'=:':-:-:====-~-=-===,"",=,:--:'-=---~T-::==-===""""~=-=~::":=--+-:'="'~~~-'~~~~
Auto -Dialer Add ress Book ­

Item #12365 $ 1 9 . 9 5
Adam Daisy Print Whee l ­

Item #13305 $3.95
Adam Ribbon Cartridg e ­

Item #13306 $3.95
Disk Drive Pow er Supply ­

Item #14603 $1 4.95
Co/eco Vision to Adam Expansion Kit

Item #9918 $59.50
Expansion Module # 2 ­
lw /Turbo cartridge.)

Item #13 146 $39.95 New
Roller Con troller (w/St/ther cartridge)

Item #13147 $39.95 New
Sup er Action Cont roller Se t ­
(w /Basebal/ cartridge.)

Item #13148 $39.95 New

ADAM Accessories . . .

(f)
o
Z
oa:
I­o
W
...J
W

6
o«
a:
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liThe First SourcelJ
- for electromechanical & electronic

equipment and components - AMERICAN DESIGN COMPONENTS!

2 11 4-45 1024 x4 (4 50nsl $ .99 HM6 116lP-3 2048 x 8 (150nsl $1.89
2148-5 5 3.49 HM61 16lP-4 2048 x 8 120 0nsl 1.8 5
2 149 10 24 x 4 (4 5ns) 2.49 6147P 2.95
2 16 75· 4 5 3.95 6 167 P-6 4.5 0

DYNAMIC RAMS
4 116·20 0 16 .384 x 1 (200ns) $ .69 TMS441 6 16 ,384 x4 (150ns) $3.7 5
4 116 -250 16,384 x 1 (2 50nsl .49 44 64 -15 0 65 ,536 x 411 50n sl 4 .95
4164-150 65.536 x 1 1150n5) 1.25 8 118 16,384 x 1 1120nsl .49
TMS4 164 65,536 x 1 (1SOns) 1.95 41256-150262.144 X11150nsl 2.95

EPROMS
2708 102 4 x 8 (4 50nsl $4 .95 2764·250 8192 x 8 (250ns) $3.55
2716 20 48 x 8 14 50nsl 3 .49 MCM68766 8 192 x8 (350nsl 15.9 5
TMS2532 4096 x 8 14 50ns l 5.9 5 27128A·25 16.384 x 8 (2 50n sl 5 .00
2732 40 96 x 8 14 50n51 3.95 27128-250 16 ,384 x 8 (2 50nsl 4 .25
2732A·2 5 40 96 x 8 12 50nsl 3 .95 27C256 32 ,768 x 8 1250nsl 7.95
27C64 8192 x8 1250ns l 4 .9 5 27256 32 ,768 x 8 (250n5) 5.95
2764 8 192 x 8 (4 50nsl 2.95 275 12 65 ,536 x 8 (250ns) 11.55
2764A-25 8 192 x 8 (2 50n5) 3.55

LINE A R
lH OO02C N $5. 3 5 Tl 49 7ACN $ 1.9 7 78 18K $1.21
l M 10ClH 2.6 5 NE555 V ,26 78 24 K 1.2 1
lH00 70-0 H 3.55 XR·L555 .6 2 7805 T .44
Tl 0 7 1CP .5 3 LM 556N .53 78 12T ,44
TL0 72 CP ,7 1 NE558N 1.07 78 15T ,44
LM30 1N .3 2 NE564N 1.75 7818T .44
LM30 7N .4 1 l M565N .90 7824T .44
LM31 0N 1.16 lM566CN 1.25 785 40 1.75
lM311N .41 LM567V .8 0 7905K 1.2 1
LM3 17K 2.65 NE570 N 2.2 4 7906K 1.2 1
lM3 17LZ .6 2 NE571 N 1.75 7912K 1.2 1
LM 3 17MP .8 0 NE592N .8 0 79 15K 1.21
lM3 17T .9 0 LM 748CN .53 79 18K 1.2 1
LM31 8N 1.0 7 DS8T28N 1.5 7 7924K 1.21
lM319N 1.07 lM1456V 1.7 5 79051 .53
lM324N .35 LM1458N .44 7912T , .53
lM334Z 1.07 LM1488N .6 2 79151 .5 3
l M336Z .se lM 1496N .90 79 18T .5 3
LM337MP 1.03 lM 1899N 1.4 3 7924T .5 3
LM337T 1.34 Ul N200 3A .90 79 l 12AC .5 3
LM338K 3.55 OS26LS3 1CN 1.34 79 115AC .5 3
lM339N .44 DS26LS32CN 1.3 4 lF 13201 N 2.3 3
l F347N .90 lM290 1N .53 LM1 3600N 1.0 7
l M34 8N .6 2 LM29 03 N .53 LM 18S9 1.8 5
lM35 0K 3.5 5 LM2 907N 1.75 75 107N ,90
l F353N .5 3 LM2917N 1.39 751 08N ,90
l F3 56N .80 LM 29 17-14 N 1.34 75 110A 1.34
l M 358N .44 l M293 1CT 1.0 7 75 115 1.0 7
l M380 N .8 0 MC3346P .90 75 12 3N 1.34
l M380 N-8 .98 MC34 86 1.34 75 12 4N 1.34
l M38 1N 1.16 MC3 487 1.34 75 138N 2.65
l M383T 1.34 5G3524 1.1 5 75 154N 1.25
lM385Z 1.70 l M3900 N .53 75450N .5 3
lM386N-4 .8 0 l M 39 14N 1.7 5 75451CN .44
LM389N .90 RC4136N .8 0 75452CN .44
lM393N .4 1 RC4151NB .90 75453CN ,44
l F398N 2 15 RC4193NBlOEJ 2.65 75463N .53
l F4 11CN .7 1 7805K 1.2 1 75472 ,80
Tl494CN 1.75 7812K 1.21 75492N .7 1
Tl496CP . 1.34 7815K 1.2 1 76477 3.55

I

Other uses -runs CS -& -car radios.­
Comes read y to plug in!
DC Output: - 5V @ .5 amp.

+ 5V @3 amp.
+ 12V @ 6 amp.

Input 115V/60Hz. Dim.: 9 Yo "W
x 3*"H. IRubber ft. incl.)

Item #950 1 $24.95 New

COMPUTER GRADE

POWER SUPPLY

COMMODORE/AMIGA
POWER SUPPLY

With 60W
pow er supply
Itan coo led). Can accommodate:
2 fullht. drives our item #792 8
2 floppy drives #1904
1 hard drive & 1 floppy #13 250
Input : 115/230V. 50 /6 0 Hz.
Origin ally for Burroughs com puter .
Dim.: 11"W x 8" H x 12" deep

Item #14 54 1 $59.50

+ 5V @ 8 amps.
+ 12V @ 1 amp.
-5V@250 ma.

Input : 110VAC/60 Hz., ± 20 %
Dim.: 12"L x 3*"H x 5* " 0
Encl. in alum . housing. Fan cooled.
M fr - Shindenger Elect ric

#130569SXD

Item #14047 $19.9~5~N~e~w~~~

~- ~

12" . HIGH RES. TTL

MONITOR
~, .. '"-'

.~.

12 VDC/ l l 0 VAC Iw/buiit·in
pow er supply). Green phosphor.
Mtd . in metal housing.
Sch emat ic supplied.
Mfr - Capetronic #DS· ' 030;

Item #68 11 $19.95 New

12 VDC. Power regulated.
Mounted in plast ic cab inet , wi t h
brigh tness co ntrol knob .
Dim.: 8"W x 8"H x 8* "deep

Mfr It;~e;rr4536 $24.95

C16 & + 4
Consist s of 8 asst d. cart ridges. inc l. : Calc
Plus, Script + , Jack A ttack, Pirat e A dven­
tures, A tomie Mis s, Strange Od yssey,
Financial A dv isor, & Logo.
Item #13572

Set of 8 - $29.95 New

4 2·key mech . keybd. 2K RAM. Rev.
video, Z80A, 6 .5MHz processor, ROM8K
BA SIC. Graphics cap.lsound- m usic, TV
or monitor . Joyst ick input . 115 VAC . AC
adap t .• TV cable . & cass. cables . Runs
tapes for SinclairlTimex 1000 ·ZX85 .
Mfr · Power 3000. (In ori9 ' boxes.I

Item #1033 6 $29 .95 New
* 16K RAMPACK upgrade

Item #1033 7 $9.95 New

COMMODORE
CARTRIDGES

C-64
Consists of 8 asstd . cart ridges. incI. :
Numb er Nabber, Star Post, Radar Rat,
Jupiter Land, Viduzz/es, Golf, Dragon 's
Den. & ABC Voice.

Item #13573Set of 8 _ $39.95 New

PC 8300 HOME COMPUTER

14" EGA COLOR MONITOR 5 " COMPOSITE EXTERNAL DISK DRIVE INTEGRATED CIRCUITS . . .
PC . XT. & AT Compa tible VIDEO MONITOR CHASSIS STATIC RAMS

12V BATTERY PACK
&

CHARGER

12V@
9.5Ah

(Advanc ed
version
of the
Timex
1000)

Consists of: 2 sol id gel I cell batteries. 6V
@ 9 .5Ah ea. Conn ected in series by a
fusable harness. Mating battery charger:
12VDC @ 800Ma. Perfect for batt ery'
operate d toys. rob ot ics. solar sto rage,
burg lar & f ire alarms, etc.
OA Dim . : 4 V."'W x 5 Y2 "'H x 5 %"'0

Item #14619 $29.95 New

Perfect for
tex t. CAD, & other
graphics applicatio ns .
Sca nning freque ncy to 2 5KHz. Resolu·
tion: 72 0 x 350 max. Input: 110/2 20V.
50 /60Hz.. 80W. IHook·up diagram incl.)
Mtd. in metal housing. Mfr. #14- GZF2

Item #14864 $179.00 New

For aI/ phone orders, cal/TOLL-FREE 800-524-0809 . In New Jersey, 20 1-939-27 10.

Sta te ~p _

All inquiries and fre e catalog requests call 20 ' ·939 -2 7 10 .

-n
m
OJ
JJ
C»
~

MINIMUM
ORD ER

$1 5 .
RE· 288

Number

Address

Signature

Telephone: Ar ea Code

Name

City

Exp . Date

AMERICAN DESIGN COMPONENTS, 62 J OSEP H STREET. MOO NA CH IE, N .J . 0 7074
YES! Please s end m e the fo llo w ing it ems : 0 My c hec k or mo ne y o rde r is e nc los ed .

Item How 0 Cha rge my c red it card .
No Many? Desc ription Price Total 0 Vis a 0 Mas te r Card 0 Amex

Card No .

Total - -Shipping & handl ing, we ship UPS unless
ot herw ise specified . Add $ 3 plus 10 % total.

"'alt ....J9cc Canadian: $3 plus P.O. cost . Charge only. - -
""ith S/JPPl Saies Tax (N.J . residents only,

eve')- eftlefl t please add 6 % of tota ll - -
oraer, ORDER TOTAL 1_

M etal cabinet w lwood f in ish formica t op.
On 2" swi vel casters . Has 2 sliding doo rs
& 2 inside shelves . Easily assem bled.
OA Dim. : 32"H x 30"W x 18"deep
Cabinet Dim.: 20 Y, "H x 30"W x ' 8"de ep
Weight: 6 3 lb.

Item #14 538 $49.95 New

COMPUTER/COPIER ­
SUPPLIES CART/STAND
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QUALITY PARTS '" DISCOUNT PRICES '" FAST SHIPPING!

ALLELECTROniCS CORR
OO~~ ~~~CSlJffi@LnJDCS@ CS@w[M

600 ohms c.t,
to 600 ohms c.t .
P.C. board mount .
3/4 " X 5/ 8" X 3/ 4"

CAT' TCTXS
$2.5 0 each

STANCOR
, TTC P- 8

TELEPHONE COUPLING
TRANSFORMER

VIC 20 MOTHERBOARD

IGHT ACTIVATED MOTION SENSOR

Thi; dev ice cont ai ns a oo~~~mlllo0 II
phot ocell which senses rn I
sudden change in ambi ent ~83.

~g;~rC:~~~c~t:e~r as ~ 0
modifi ed to tr igger ot her
dev ice s. 5 1/ 2" X 4" X I". Operates on 6 Vdc.
Requires 4 AA batter ies (not inclu ded).
CATt LSMD $5.75 pe r unit

SWITCHES
MIN IATURE TOGGLE

SWITCHES
r ate d 5 Amp s

S.P.D.T. (OH-ON)

Non threaded ~
brushing
P.C. mount .
CATt MTS-40PC , ,,-

75c each I!.'.'t

10 Cor $7.00

S.P.D.T. (ON-OiN
Solder lug
terminals.
CATt MTS- 4
$1.00 ea ch
10 Cor $9.00

D.P.D.T. (DN-ONil
Solder lug
terminals.
CAT' MTS- 8
$2.00 each
10 Cor $19.00

MINI PUSH BUTTON

S.P.S.T. t
moment ar y.
Push t o make
1/ 4" brushing.
Red button.
CATt MPB- I 35c ea ch

10 Cor $3.00

Compact , well reg ula te d switc hing power supply
desig ned t o power Texas Instrument s computer
equipmen t.
INPUT: 14-2 5 vee e I a mp
OUTPUT : +12 vdc e 350 rna.

+5 vdc C 1.2 am p
- 5 vdc e 200 ma o

SIZE: 4 3/4 " square.
Includes 18 Vac C l a mp
wall tr ansformer designed
t o power th is supply.
CATt PS-TX $5.00 / se t

10 Cor 45.00

HT

$9.50

Ti t UMI3 81- 1. Designed for use
wit h T.I. com pute rs . Can be used
wit h video came ras , ga mes or
ot her audio/ video sources . Built
in A/B swit ch enables user to
switc h from T.V. ante nna wit hout
disc onnec tio n. Opera te s on channel
3 or 4. Requir es 12 Vdc . Hook up
diag ra m included.
CATt AYMOD $5.00 ea ch

SOUND AND VIDEO MODULATOR

THI

10AMP SOLID STATE

•Cont rol: 3-32 Vdc
Loa d: 10 AMPS,

120 Vac
Size : 2 1/2" X
3/4 " X 7/ 8"
C ATt SSRLY- I OA

10 Cor $85.00

P.C. mount
5 a mp contacts
150 ohm co il
Size: 1 1/4 " X
I 3/4" X 7/8"
CATt 4PR LY- 12P C $3.50

10 Cor $30.00

25 AMP SOLID STATE

OPT O 221 240D25 ~~. ' . '
TTL compat able. I

INPUT: 3-32 VDC
OUTPUT: 25 AMPS e 240 VAC
SIZE: 2 1/ 2" X 3/4 " X 7/ 8"
CAT'SSRLY- 252 4 $15.00 each

NEW T.I. KEYBOAR DS.
Orig inally used on co mputers,
these keybo ards cont ain 48
S.P .S.T . mechan ical swi t ches .
Termina te s to I S pin connec to r .
Frame 4" X 9"
CATt KP- 48 $3.50 each

OUFR
800-826-5432
INFO:(818)904-o524
FAX:(818)781-2653

QUANTITE S LIMITED
MINIMUM ORDERS $10.00=c
CALIF. ADO SALES TAX VIS4

USA: 13.00 SHIPPING

NDC .D.DJ •
FOREIGN ORDERS:

INCLUDE SUFFtClENT •• • •

PPING

,
Standar d J umbo Diff used

T 1-3/4 Size
10 Cor $1. 50

100 Cor $13.00
1000 Cor $110.00

10 Cor $2.00
100 Cor $17.00

1000 Cor $150.00

co,Jbll;flJW1IKE

-9 ~
Mouser ' 25LM044 Highly
se nsiti ve mini microphone.
6" wire lea ds. 0.39" da i.
X 0. 27" high. Omni direc tio na l.
Oper ates on 2- 10 Vdc e less
t han 1 rnA. l K impedan ce . 50 t
8 K Hz ran ge.
C ATt MKE- I $1. 00 EAC H

GR EEN
CATt LED- 2

RED
CATt LED- I

Bopla ' BO 718L
Vented top and
bottom. Black
plast ic wit h
rem ovabl e end pane ls.
9" X 8 1/2" X ' "

CIRCLE 107 ON FREE INFORMATIONCARD

MAIL ORDERS TO:
ALL ELECTRONICS

P.O.BOX 567
VAN NUY~ CA

91 40ts
TELEX

TW X-5101010163
ALL ELECTRONICS
Foreign Customers
Se n d $1 . 50 p os t a ge
f or FREE Ca'ta Lo !!

2N2905
3 Cor $1. 00

2N3055
$1.00 each

PN3569
10 Cor $1. 00

AlB SWITCH

J VC ' PU53593-2

High ~quality .,.. It ~
A/B <l:lI
swit ch .
Measure s:
33/4" X 1 7/16 11 X I" .
75 OH MS IN/ OUT
CATt A85- 2 $3.50 each

NI,CAD CHARGER/TESTER

DEL UXE univer sal ~
charger and t est er •• .
for almost every
size Ni-cad battery
a vaila ble .
CAT' UNCC-N $15.00 ea ch

CATt BLTA $10.00 EACH

BLACKLIGHT ASSEMBLY

jJQ :~

Comple te, functi oning ~

asse mbly includes ballas t, on- ot t switc h, power
cor d, soc kets and F4T 5- BL bl ackli ght. Mounte d
on 8 7 1/8" X 3 1/ 8" metal pla te . Use tor spe ci al
e ffec ts lightin g or era sing EPROMS.

STORES:
LOS ANGELES

905 S. VERMONT AVE.
LOS ANGELES, CA 90006
(213)380-8000

VAN NUYS
6228 SEPULVEDA BLVD.
VAN NUYS, CA 9 1411
(818)997-1806

WALL
TRANSFORMER

1I .5 Vdc ~
1. 95 AMP. ~~'
Input :
120 Vac

SIZE: 3 3/4" X
2 7/ 8" X 2 5/8 "
CATt DCTX- 1I519

$6. 50 each

RECHARGEABLE NI-CAD BATTERIES

m
AAA SIZE 1.25V 180mAH $2. 25~~~~~~~~==~
AA SIZE 1.25V 500mAH $ 2.0 0
AA with solder tabs $ 2. 20
C SIZE 1.2V 1200mAH $ 4. 2 5
SUB-C SIZE solder tab $4.25
o IZE 1.2V 1200mAH 4 .25

1mA METER
Modutec 0-1 rnA sig nal
st re ngth meter wi t h KLM
logo. 1/4" X 1 3/4 11 X 7/ 8" de ep.

CATt MET-2 $2.00 each

3 AMP CONSTANT, S AMP SURGE
CATt DVP- 512 $30.00 each

UPPLY
Solid sta te, fully reg ulated 13.8 Vdc power supplies .
Both fea ture 100 % solid sta te construct ion, fuse
pro tection and LED powe r indicat or . UL lis ted.

""2 AMP CONSTA NT, 4 AMP SURGE ////.
CATt DVP- 412 $22.5 0 ea ch

MP ADE T N I
CAPACITORS 2N2222A

1,400 MFD 200 VD 3 Cor $1. 00

2" dia . X 3" high PN2222A
C ATt CG- 1420 $2.00 4 Cor $1. 00

,500 MFD 200 VDC 2N2904
3" dia. X 4 3/4" h. 3 for $1.00
CATt CG- 75 $4.00

2,000 MFD 25 VDC
2" dia . X 4 3/4" h.
CAT' CG-22 $2.50

2,000 MFD 15 VDC
2" dia , X 4 3/ 8" h.
CATt CG- 13 0 $3. 50
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AM Wllh ,"ted .. '..

............. ;'90.00

TA·120 M K2
36W PURE CLA SS "A"
MAIN POWER AMP. (MONO)

F EATU R ES
1 F-OUR GRO U PS O F INO EPENDENT OUTPU T SYSTE M l()(X)WIC H MAX
468 0W 1100 117 VI 1 PROFE SSI ONA L COLOR-CQNIRQLSYSH~ IKfv
BOAR D T VPE I 3 INDEP ENDE NT INPUT SIG N AL AD JU STMENT 4 FOUR
GRO UPS O F n ( OEPE NDENT DO,llME R CO N TROL S 'SPEE D CONTRO L
CHASER 6 AU TOMA TIC CH ASI NG CO NTROL SYS TE M 7 FOU R I( I"' OS
OF sp r C IA L CH ASING PROGRA~ B CO MBINA TIO N O F PR OGR AM AND
Ir,4 USI\:' CHAS ING EHE C T 9 FORW ARD ' BACKWAR D CHASI NG
CO NTRO L SM 318 COIOt hgl'll con l.ollle, 's ip K .al'ltd fo , ba ll.oom. n .gl'll club
coco and Idvtt1 .umtn l Iogl'll,ng II co ni O'15 w ,11'Ii h· t . al colo, co n .,ol chat K '
t"" ,n . wt" ch eo-cre v pto ft u ,on al co lor co nll o l iYSlt m and keyboa,d p'ogram
serecncn Tht ttfort . ,t .S clP ablt o f p roduc,ng I,gl'l"n g t ll te u by us ,n g cn as,ng
p ro gtam an d fluct uil lng m USIC s,gnat Tht rt ar t two k,nds O' I,ght, ng et tec ts
Tht f,rn Iyp t ISeceucuec bv 'm us.c" s,gnal In o rdtr 10 Idlus! t ht b"ghtntss 01
'our g' o ups of Ioght ,ngs . n ch mUSIC s,gnal w oil be sep l ' l lt d vr t c h,gh . m td 'u m
low A. and lo w B f, tquen cv range Fu n ht, moft . u oeh group o f I,ghl, ng$ 's ,n
CO'POta lt d W'lh an .ndtpe ndtn l s,gn,)' IdjUSlmtn l Th t second k,nd 'S co m po s
t d o f t ltc l " Cal corCu'U and t h,s 'S , ht m a,n PI" fo r (f ell,ng a $pt c.a l Ioghl. ng

t ll t c t II has fOut chas, ng p 'ogrammt
D,men S,On i ,... 5/16.. .. 81 5/ 16 ·· " J 3116 ·'

- : _. , - _. - "- -':: -- -' -~-I- - ~-"·"" · ·_ . - -- .

PROFESSIONAL
COLOR LIGHT
CONTROLLER

SM-328 *'

FREE BALL POINT· PEN
WI-rn myPURCHASE

* FREE T-SHIRT
(ONESIZE FITS ALL)WI-rn EVERYPURCHASEOF $ 100 OR MORE

• (AVAILABLE UNTILSTOCKS LASn

SM -48 A D igit.al Pane l Me te r em ploys a hig h' QUlllity a na log -<ligitel
conver t er IADC) li S iu m .ain dev ice and em p lo ys 0 .55" h igh L ED
d isp l.ay .as 4~ d igit d isp l.ay . T he reQu i.ed ex ter~1 co m po nen ts o f
S M-48 A I re very litt le .

SP EC IF ICATI ON S :

- 4~ dig it 14mm red l.arlle d isplay w ith o verlo ad tl.ash .
- Mu lt i· fu nc t io ns : inclUd ing BCD . BUSY . STR OBE output, ver y

RJltllbl e for m icr o comp u te r.
- MEMO R Y STY ST EM CA N HO LD t h e inp ut reed ing for ccm pa­
nson and mo n itor.

- Ra ng e ; DC voltage DC±l m Y-t 2000A
DC c u rren t DCt1uA ·+20 A

" Accu racv : OC f O.0 25 % t 2 d igit -
·Po we r : DC5-6Y.at 200mA
D IMENSIONS : 3 3 /4" (WI x 1 7IB " IHI x 4 1116 " IO J.
(MEET WIT H D IN. STAN DARD O F W. GERMAN Y.)
K IT/ A SSM. WIT H TESTE D ..•• ...• .. .. $4 1/51

4 Y:z HI-PRECISION D.P .M.
(WITH DIN STANDARD

ABS CASE) ~.ill

SM-48A~~

300W HQ HI ·FI POWER
AMPLIFIER (MONO)
TA·3600~

BOW + BOW DC LOW TIMI PRE-MAIN POWER
AMPLIFIER

M

S 4 4 .5 0Mat ch Wlth TA- 4 77 or othtf' main power

TA · 1000A

100W DYNAMIC CLASS
MAIN POWER AMPLIFIER

.tl, ·M
• . '#',.
;:",

KIT . $ 5 1.95
METAL CABINET I X'FORMER $26 /$ 16 .80---......

1-800-423-3483

Only for ord!.~:;b~ ~~;, or Vi•• WdB
IN CAL.: 1-800-521-MARK

If y ou are a hi-f fans, th is h igh qu ality amplifier is especi al ly
designed fo r y ou . You w i ll not believe why th is ampli fi er ,
w i th o nly 36W RMS, sou nds as good as Crass r..B amp lifie r
of higher watts ra t ing. Here' s wh y : Composirtr] thi s pu sh­
pu ll Class A arnout ler is a f u ll y d irect -cou ple sy mmetr ical
DC preamplifier ci rcui tr ies and is connected by Dar li ngton
ampl if ier ci rcuits. thus reduci ng the heat generated . Tha t
is why th e syste m can fiJI you r ears w ith h igh. f ideli ty
beaut ifu l mus ic than the o rdi nary Class AS amp li f iers can
pro vide. Wh et hoi!r you are listening to bold rock and ro ll
musi c, or soft easy-l isten ing tunes, th is system wil l melt
yo u in!!

Ki t . . . . . , . . . . . $25.00

TERMS' 510 m'ft orO-. , no min tl\.ltgt (:.ltd 0'" • ChlKk, monr( ordw or phON
order .c:eept-el e W. Ihip UPS GrCMolnd • Add 1~ of t01ll1 Ofdw lmln $2.&01 for
Ihipeli..... CMol Uidt USA add 2O'lo Imin $6.001 • Tr_il 1,..., •...-: add 1S 'llo of to"

I
· lou isidolUSA orlly ) - CA rMidln ts add sal" I&K • AUmtre;t'l.., di. ....bjlKt 10 pr ior ....

O F F I CE HOURS :(PACIF IC T IME ) K IT ., .. , $ 5 5 3 8 :E~~~~~:E~~t~~hl~:t~~~:::I~~~~~ci;~~':'N~~t~~~~~~

f~~Nt;~'~~~~~~:~i~~~1~:~O2°~:OO_--;f:~:~~~~~:/~:~R~R- - ~~~EA~26~l~~~~i~,~~~;~~~~~~~~~:~'~"~ --~S:=-- !~~~'6~
I :~~,. ~'i:~ ~~~~~:~:;';~~~" ". 'RATOR ~::m: ~~~ ~:~~AI. ~ ~;V~;:~~~~~OS~~:L~W~~~U;:~~T ~ : : : :~~ i9SO~
I ~~ .~~ ~TUE~T~~~:~?:~pM;I;~D~A~E:EET~~~~6 AMP. ~ : : : '~ ~ TV. l A MI(", ;~RTc,.~I~:~~~~R&E~EE:TL~~~~RDORTI~~~OR K,t s J 99

I ~::~~O MK2 ~0~1~~ ~~S~~'~" MAIN POWER AMP. (MONOI ~~: : ~.~ i~:~ ' A ~~ELc,.~~~~I;\(~~~~~~~~~C~l SWITCH ~:: ~ ; ~
I TA·300 30W MULTl ·PURP OSE S INGLE CHANNEL AMP. KIt $ 11 0 7 TV·1 2A DIGITAL CLOCK WITH TIMER K'I S 1386

TA-302 60W VERSATILE STEREO POWER BOOSTER K,t /Assm S ~0 00/60 . 00 TV·13 COLOR LEO AUDIO LEVE L METER K" S 17 SO
I TA·32JA HIGH QUALITY aow ..30W STER EO AMP. K,t S 24 60 TV· l ", ELECTRONIC SHOCK KIt S ~ 00

TA 322 1 SOW.. 5OW' IC STEREO AMP. WITH l EO LEVEL DISPLAY I(,t S 29 sc TV·18 HIGH PR ECISION SOUNO CONTROL $WITOt K,I S 768
I TA·3 77A FULL V COMPLEMENTA RV &: SVMMETRICAL FET Kit/Aum $ 55 00 /65 .00 TV·20 V SHAPE COLOR LEO LEVEL METER KIt S 19 50

I TA 400 ~~RS~~;~~~~"+'"E MONO .AMP «« $ 13 84 ~~:;~B ~~~~:oL~~~6;'°E~T:E~L~;~TECTOR ~::'AUtn ~ ~~ ~'75 00

I ~:~~~ ~~:.;~F:~/~~~~:RAE~H~~~~O:A AMP ~:: : :~.~ ~~:;~ :~/~R~~~~;~~I~~:~~~~OCI( ~:: ~ 1~:~

I ~::~ :: : = ~~RL~~CT~~/R~EEO~~~P~O~ERRAAM:p . ~ :: : ~;;: ~~:~~ MKV ~~~R~ROERDT~EU-i~T~OC~:~RLO~W~~~~ ~ : :IAurn ~ ;~~'4500

I ~~ :~:,..... ~:;~Na..~~l g~~::~~'~~~~~~NR:g:E"~PAMP.I MONOI ~ : : : ;~: ~~~~ ~:~I~~;ALLE~:~E~E~:;ER ~:: ~ ;~:
I TA 1500 1(X)W.. 1DOW NEW CLASS ··A·· OC STER EO PRE·MAIN AMP Kn $ 6 7.00 TV.4S 20 STEPS 8AR fDOT AUOIO LEVEL DISPLAV KIT K,t S 3495

TA·24 00A ELECTRONIC ECHO AND REVERBERATION AMP. K.t/ An m $ 890019985 TV 47 SUPERIOR El ECTONIC ROULE TTE KII S 16 92

~
TA25OO HO MULTI ·PURPOSE PRE ·AMP WITH 10 BAND Assm S 90 00 VAMAT0 400 1 3;;' DIGIT AL MULTIMETER Cil SET S 3380

GRAPHIC EQ . 11 LCD THERMOMETER CLOCK WII 'tIO~T DOOR SENSOR l; SET S 2000
TA 2BOO HI·FI BI·FEr PRE·AMP (WITH 3 WAY TONE CONTROLI K'I S 4450 12 LCD TH ERMOMETER CLOCK WIF IC MEASURIN G V SET S 18 00
TA-3000 STEREO SIMULATOR K,t fAwn S 2500/3000 850 1 TA LKING CLOCK (PARR OTl (iI SET S 17 75
TA·3600 300w HQ HI-FI POWER AMPLIFIER (MONO) Kit/ As"" $ 80 .00 /9 2.00 850 2 TALKING CLOCK (COCKATOO) Cil SE T S 1590

, SM~3 3....MULTI·f UNCTI ON AL LEO 0 P M K,t l Aw n $ 30 00 /3600 8504 TALKING CLOCK (MVNAH. GOLDEN OR BLACKI ~ SET $ 1690
SM-"'8 4 i, HI.PR ECISION 0 P M Klt/Anm S 38 .00 /48 .00 620 CORO LESS SOLDE RING IRO N tRECHA RG EABLEI fill SET S 22 80

~ SM-4BA ",'I, HI·PRE CISION 0 p M. IWITH DIN STANARD ABS CASEI K.t / Anm S 41 .00 /51 00

SPECI F ICAT IONS:
16 SEC. RECORD TIME' LEO FU NCTION IN DICA TOR •
AU TO AE COAD CIRCU IT ' INTE RNA L 256K DRAM MEM OAY
• INT ER NA L M IC A MPLI F IER · ONE PUSH ON /O FF POWER ·
TWO R ECORD FUNCT ION TA LK·BACK MODE & MESSAGE
MOD e· LOW POWER CONSU MPT IO N ' SU PPLY V OLTAGE:
9V 20 MA D. C.
KIT .. ....$20 .00

STATE OF ARTS HQ FET ST. PRE· AMP~

· ~~~~lr;~li~:'=':1P':n::1 ~fE~ I:: TA . 377 A I
, ,, m.u.1 f ilm ,., inor to form . n eteof ..u~
f u ll oomptwnenlW'( I'flYlI'NIJIc - mIltOt- ciftuh :- - o-j OJ- T-H-D-
.~in~'7:. '~~:Ndi::n:n E~ ,:-:~~r.h;~ 0.0 I 10 . .

f icMlity.

• TM PQWI'l" IUPPly if bM«t on by ~ c:oyp line ~

DC n8biliur w hich u_ c .... A dMtQn 10 obtein
low in", .,.' irnptdence . , high f~uel'lCY 8nd 10
",.t1y redu ct tr.",ie nt dirto"ion.

- Prof",~ ....1 rel lY o.llY cireu it p ........, t 5 no iN
w hich m lY oocu r du ring~ on e nd off .

- All F ET5 __ t" ted ~ pai red in t M f.ctory
50 no p robl .m i5 likll y to occu l"ld du ring bui ld·
ing .

- It ~ be d irlCt!y co nn<lCU'd to M y po¥M' ...,...

pl i' • . Th. bl rt pwtNf it TA-477 120W MOS
FET~...,..pli' iIr.

KIT/ASS. WITH TE STED . . . . .. . S55/66
META L CABINET . . •...•..•• 51B

ARK V ELECTRONICS INC.,
19 . E. SLAUSON AVE.

ONTEBELLO CA90640
LE X: 3716914 MARK 5

WE AL SO SUPPLY HIGH POWER TR ANSFORMERS A ND PROFESSIONAL LOOKI NG METAL CA BINETS FOR OUR KITS, PLEAS E REFER TO OU R CATALOGIJ _
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$4.95
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AM

TURNS ON HOUSEHOLD LIGHTS,
COFFEE POTS, RADIOS, ETC.

Capable of switch in g up to 10 amps !
Operates from 120 vac, 60 Hz. Automatica lly
turns off afte r two hou rs or sche mat ic avail­
able for bypassing automatic turn -off .
Includes plastic moun ting be ze l, as pictured .
MO DEL #591F17 $4.95. Bare bones models
available in cata log.

- --SEND FOR FREE CATALOG---
R&D ELECTRONICSCATALOGINCLUDES: rech argeable batte ries, cable, capac­
itors , connectors, converters, dio des , disp lays, fans, filte rs, hardware , heatsinks,
integ rated circuts, LEOs, lights , motors (all kinds), MOVs, PMTs, pots , power
supplies , rectifier s, reco rder s, re lays, res isto rs, SCR & TRIACS, switches, toroids,

~ tran sformers, tra nsisto rs, and wire. m~",·\l< ~[ID
~ ALL AT DISCOUNT SURPLUS PRICES! ,.,"
a: SATISFACTION GUARANTEED.
f-
U Brand new 38page 1988 catalogs ->--ELECTRON ICS
~ AVAILABLENOW! 1202H Pine Island Road6 (813) 772-1441 Cape Coral, Flo rida 33909
is R&D Electronics is the mail order branch of ELECTRONIC SURPLUS of Cleveland, Ohio
<t:a:

CIRCLE 184 ON FREE INFORMATION CARD
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Now electronics technicians can get into VCR Servicing quickly and easily

Learn protessinnal VCR servicing
at home or in your shop

with exclusive videotaped
demonstrations

2600·028

Professionals. Examine it for 15 full
days, look over the lessons, sample the
videotape. If you' re not fully satisfied
that this is the kind of training you and
your people need to get into the profit­
able VCR servicing business, return it
for a prompt and full refund, including
postage. Act now, and start adding new
business to your business.

Covers Beta and VHS
systems w ith actual

----~~ instructionon
videotape.

Card Number Expiration Date: _

Signature .
(required forcredit cardsales)

Name(pleaseprint) _

Company _

Street, _

City/State/Zip _

Enclosed is my 0 check 0 money order for 5179.95 (D.C. residents add 6'k tax) Make checkpayable toNRI
Charge to 0 VISA 0 MasterCard _

Interbank Number

The Best Professional
Training

This exclusive self-study course has
been developed by the professionals at
NRI. NRI has trained more television
technicians than any other electronics
school! In fact, NRI has consistently
led the way in developing troubleshoot­
ing techniques for servicing virtually
every piece of home entertainment Special Introductory Offer
equipment as it appears in the market- This complete VCR training course
place. with two hour videotape is being

Satisfaction Guaranteed offered for a limited time only, on
orders received from this ad, at our low

. .. IS-Day No-Risk introductory price of $179.95. Save
Examination $20 by acting now!

NRI Training For Professionals
Send today !or the new I;l~ 1 Self- McGraw-Hill Continuing Education Center

S~d~C~r~lI~_~'~ ~r~t~~ __32!~o~~n~W~n~,.£S~~ _

YES'Get me started inprofitable NRt NRI Training For Professionals
• VCRservicing. Rushme my McGraw-Hill Continuing

NRI self-study courseinVCRServicing for • , ~ Education Center
Professionals. I understand I mayreturn it for t"J Jr;r 3939 Wisconsin Avenue
a full refund within 15 days if notcompletely .'.Jn

e
, " Washington, DC20016

satisfied. •
PLEASESPECIFY TAPEFORMAT DESIRED 0 VHS 0 BETA

Today, there are more than 10 million
VCRs in use , with people standing in
line to have them serviced. You can
bring this profitable business into your
shop with NRI professional training in
VCR servicing. This top-level training
supports the industry ' s claim that
the best technicians today are those
who service VGRs..-- - - -- - -

Integrated Three-Way
Self-Teaching Program
In one integrated program, NRI

gives you a study guide , 9 instructional
units , 2 hours of video training tapes
accompanied by a 32-page workbook
that pulls it all together. At home or in
your shop, you' ll cover all the basic
concepts of video recording, mechani­
cal and electronic systems analyses,
and the latest troubleshooting tech­
niques. Your workbook and instruction­
al units also contain an abundance of
diagrams, data , and supplementary
material that makes them valuable addi­
tions to your servic ing library.

The "How-To" Videotape
Your NRI Action Videocassette uses

every modern communications tech­
nique to make learning fast and easy.
You'll enjoy expert lectures and see
animation and video graphics that make
every point crystal-clear. You'll follow
the camera eye into the heart of the
VCR as step-by-step servicing tech­
niques are shown. Both electronic and
mechanical troubleshooting are covered
. .. including everything from com­
plete replacement and adjustment of the
recording heads to diagnosing micro­
processor control faults .

Plus Training On All The
New Video Systems

Although your course concentrates
on VCRs covering Beta, VHS, and 3/4"

U-Matic commerci al VCRs, NRI also
brings you up to speed in other key
areas. You'll get training in capacitance
and optical video disc players, projec­
tion TV, and video cameras. All are in­
cluded to make you the complete video
technician . There ' s even an optional
final examination for NRI's VCR Pro­
fessional Certific ate.



ASK FOR FREE CATALOG .
Money orders, checks accepted. C.O.D.'s require 25% deposit.

ADD
5450
5600
58 00

. . 5 1050
5 12.50
5 16 .50

... .. 52000
. ... 52 500Fordhall1

260 Motor Parkway, Hauppauge, NY 11788

••[Z]

Toll Free

800-645-9518
InNY State 800·832·1446

Service & ShippingCharge Schedule
Continental U.S.A.

FOR ORDERS
52 5 ·51 00 .
510 1·5250 .
525 1-500 .
550 1·7 50 .
575 1,1.000 .
51 .001 -1500 .
51.50 1·2000 .
$2.001 a nd Up .


