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No

No

$2995

Yes ($500)

100 ns

One ,4K

20 MS/s

8 bits

4K

2220
60 MHz

With each scope you can capture
events as narrow as 100ns at any sweep
speed thanks to Tek's proprietary peak
detect mode. View events prior to or follow­
ing a trigger eventwith 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 avai lable to help you
make the most of the 2230,2221and 2220
in system configurations.

CallTekfor 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-yearwarrantyon
labor, parts and CRT.

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

No

$3995

Yes ($500 )
Yes

100 ns

One,4K

20 MS/s

8 bits
10 bits
(AVG mode )

4K

60 MHz

. NEW! 2221

$4995

Yes ($750)
Yes

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

20 MS/s

100 ns

One ,4K
Three,1 K

8 bits
10 bits
(AVG mode )
12 bits
(AVG mode
over the bus)

100 MHz
2230

4KJ1K
(selectable)

Price

CRT Readout/Cursors

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

Record Length

Features

Maximum Sampling Speed

Analog/Digital Storage BW

THE ANSWER IS IN
TEK DIGITAL STORAGE:

$2995
$3995
$4995

Now!The new 60 MHz Tek2221 joinsthe
world'sbest-selling family of digital
storageoscilloscopes. 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-time display analysis.

Comparethe 2230, 2221
and 2220to each other-
and all others. The new Peak Detect
2221 offerssuch advanced ',-=-':::..:....:::...=..:.::..::..:.... -----'c=..::....:=-__...':..::..::....:.=_ _ -----'c=..::....:=-_

features as CRT readoutand Save Reference Memory

measurement cursors. For ,...,Ve-r-,-tic-a--:-I -R-es-o-Iu--:-ti-on- - - -.:..:..:.:..::..:'-'--'----'-------,.--,.-,---- - --,.--,.--,.--,.--
even more performance and
flexibility, there's the 100
MHz, dual time base 2230
with optional battery-backed
memory for saving up to 26
waveform sets. And if it's
economy you want, choose
the 60 MHz 2220 with many
of the same featuresat an
even lower cost.

Tektron~
COMMITl'ED m EXCEu.ENCe
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ON -rHE COVER
Gone are the days when a simple

sine or square wave was sufficientto
test electronic equipment. The di­
verse nature of today's electronics
equipment demands more kinds of
test signals, and control over their
duration, size, and duty cycles. In
short, what is needed is a laborato­
ry-grade, multifunction signal gener­
ator, like the one we show you how
to build on page 39. It delivers simul­
taneous square/triangle orsquare/
sine output signals, as well as varia-
ble duty-cycle pulses and a Iinear­
sawtooth ramp. With a built-in fre­
quency counter,-ifisatruly versatile- -
piece of test equipment.

THE JUNE ISSUE
IS ON SALE

MAY 3

BUILD A RADIATION DETECTOR
Test for radon gas, and other forms of radiation.
lallia
Eleclranics ADVANCED CONTROL SYSTEM: PART 5
Add a universal input/output module

CALIBRATION
Why it's important, and who sets the standards.

tDMilUiEiliJ,GEST
All about mice.

As a servi ce to readers, RADIO-ELECTRONICS publi shes available plans or information relating to newsworthy products.
techniques and scient if ic and technological developments . Because of possible variances in the quali ty and condition of
materials and work manship used by readers. RADIO -ELECTRONICS disclaims any responsibil ity for the safe and proper
funct ioning of reader-bui lt project s based upon or from plans or information publ ished in this magazine.

Sinc e some of the equipm ent and circuitry describ ed in RADIO-ELECTRO NICS may relate to or be covered by U.S. patents,
RADIO -ELECTRONICS disclaims any liability for th e infri ngement of such patents by th e making , using, or selling of any such
equipment or circuitry, and suggests that anyon e interested in such proj ects con sult a patent atto rney.
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WHAT'S NEWS
Higher qu ality signa ls via CD
radio system?

Digi tal Radi o Labs, of Lomi ta,
CA, has prop osed a new mu sic­
broadcast service: 16 stereo chan­
nels of CD-quali ty di gital mu sic, 24
hours daily. Di gital signa ls will be
tr ansmi tted by satell ite to lo cal ca­
ble TV, MDS, and UHF-TV outlets
for re-t ransm issio n to t he i r cus­
tom er s as a p remium pay-radi o
service fo r a Iowa aitional- ee .

Th e special in-ho me receiver s
resemble FM tune rs, and are ex­
pected to retail in t he $150 to $200
range. Each co ntains a graphics/
text gene rato r, whi ch co nnects to

a normal TV set, and can carry in­
formati on abo ut t he mu sic, o r
ot her tex t o r art material.

The company expects th e sys­
te m to be fully ope rational by late
1988. For furthe r in formation , co n­
tact Di gi tal Radio Labs, P.O. Box
1256, Lomi ta, CA 90717.

Multi-kilowatt fuel cells are
operating in Japan

Tnefirst of West in ghou se's new
solid-ox ide fue l gene rato rs to be
sent overseas have been pu t into
ope rational research use by To kyo
Gas and Osaka Gas compan ies .
Those t hird-gene rat io n Solid-Ox-

ide Fuel Cells (SO FC's) are rated at
abo ut 3 kil owatts and ope rate at a
tem pe rature of 1000°C.

The modules are 2.1 meters high
by 2.4 meters w ide by 0.8 meters
deep, and we ig h 1.3 to ns . They
consist of 144 sing le cells, each of
whi ch generates abo ut 20 watts.
Solid-ox ide fuel cell s op erate by
the reacti on of coa l-de rived or nat­
ural gas fue l wi th th e o~ygen of th e
ai r.

Tokyo and Osada Gas are also
o pe rat ing fi rst-ge ne rat ion f ue l
ce lls based on ph osph ori c aci d,
and seco nd-gene rat io n cells using
molten carbo nate . R-E
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This full function 3.5 digit DMM offers highl y accurate perform ance and a host
of added features to help you do the job- fast. Capacitan ce. transistor. tem­
perature. cond uctance and audib le continuity in addition to the ranges you'd
expec t from a DMM of this quality. Temperature probe. test leads and battery
included . Input impedance; 10M ohm. Basic DC accuracy ; plus/minu s 0.25%
Approx. l"x3'/.>"x P/."Wt. 13'/'>ozs.

DMM·200 $49.95
3.5 DIGIT FULL FUNC TION DMM
Get highly accurate performance at a very affordable
price. Rugged construction. 20 amp curr ent capabili ty
and 22 ranges make it a perf ect choice for serious field
or bench work. Lobattery indicator and tilt- stand. Probes
and 2000 hour battery included.

* BasicDC accuracy:plusor minus 0.25':'0
* DC voltage:200 mv- 1000V, 5 ranges
* ACvoltage:200mv-750V, 5 ranges
* Resistance:200 ohms-20M ohms. 6 ranges
* ACIDC current:200 f.lA-20A, 6 ranges
* Input impedance: 10M ohm
* Fully overloadprotected
* Approx. 7"x 31/.2~ x 11/.2"Wt. 11 OIS.

DPM·1000 $54.95
3.5 DIGI T PROBE TYPE DMM
Custom 80 pin LSI chip provides accuracy and reliability
in such a compact size . Autoranging. audible continuity
and data hold feature help you pinpoint the problem
quickiy. Case and batteries includ ed.

* BasicDC accuracy:plus/minus1%
* DC voltage: 2v- 500v, autoranging
* AC voltage:2v-500v. autoranging
* Resistance:2k ohms-2M ohms, autoranging
* Fully over-loadprotected
* Input impedance: 11 M ohm
If Approx.6112"x 1 " x 3/4~ Under 3 0zs .

__DMM·100 $29.95
3.5 DIGIT POCKET SIZE DMM
Perfect for the field service technician. Shirt pocket size
without compromising featuresor accuracy. Large. easy
to read '/.>" LCD dispiay. Fully overload protec ted for
safety. 2000 hour battery life with standard 9v cell. Probes
and battery included.

• Basic DC accuracy:plus/minus 0.5%
• DC voltage:2v- 1000v. 4 ranges
* ACvoltage;2OOv-750v. 2 ranges
• Resistance:2k ohms- 2M ohms. 4 rangos
• DC current: 2mA-2A. 4 ranges
II Input impedance: 10M ohm
• Fullyoverloadprotected
• Approx. 5"x3"x 1·. Under 70lS.

CAPACITANCE
TESTER
2000pF to20flF

MODEL 3500 $499.95
35 MHz DUAL TRACE OSCI LLOSCOPE
Wide bandwidth and exceptio nal 1mViDIV sens itivity
make the Model 3500 a powerful diagnostic tool for
engineers or tech nicians at a remarkable price. Delayed
trigger ing allows any portion of a waveform to be
isolated and expanded for closer inspection. Variable
Holdoff allows stable viewing of complex waveforms .

* Exceptionally bright5" CRT
• Delayed andsingle sweep modes
• Z axis Intensitymodulation
• X·Y operation • TV sync filler
* .

MODEL 2000 $389.95
20 MHz DUAL TRACE OSC ILLOSCOPE
Model 2000 makes frequ ency calculation and phase
measurement quick and easy. The component tester L~~..........'iiIo"!!i§
aids in fast trouble shooting . Service technicians appre­
ciate the TV Sync circuits for viewing TV-V and TV-H and
accurate synchronization of the video sign al. Blanking .
VITS. and V/H sync pulses .

* Exceptionally bright 5" CRT
* Built-incomponent tester
* TV Syncfilter
* x -v operation * 11 0/220 volts

CONDUCTANCE _
TESTER ADDS
VERSATILITY

TEMPERATURE _
TESTER TO
2000° F

9 FUNCTlONS___..
34 RANGES

TRANSISTOR __--...
TESTER

* i! YEAR REPLACEMENT WARRANTY
* 3DDAYMONEYBACKGUARANTEE
* TOLL FREE TECHNICAL SUPPORT
* NEXTDAYAIRSHIPAVAILABLE

FULLY OVERLOAD
PROTECTED



VIDEO
NEWS

• Stereoscopic TV. The subject of
stereoscopic, or 3D TV continues to carry an aura
of fascination, even though: (1) 3D movies have
failed in every attempt to foist them on the public.
(2) Stereoscopic 35-mm still photography, which
reached the craze stage shortly after World-War
II, abruptly ended in dismal failure. (3) No one
has yet devised a practical system of 3D
photography or cinematography that doesn't
require the use of viewing glasses (h ologr aphy,
which holds out hope for the future, can't yet be
considered a practical system). (4) Every system
ever demonstrated has the potential for creating
nausea and headaches for viewers.

With those qualifications, we are pleased to
report the following developments:

• 3D TV on the air. As of our deadline, the
first network-TV program broadcast in 3D is
scheduled to air this month. It is the season's
finale of Moonlighting, on ABC-Tv. That program
will use a stereoscopic process that developers
claim is completely compatible; that is, those
without viewing glasses don't see the customary
double image.

Called Nuoptix, the system exploits a new
variation of a technique that has been proposed
many times for stereoscopic television. That is
the Pulfrich effect, which combines a time delay
between left and right images with movement on
the screen to produce a "compatible" 3D effect . In
the system, each eye sees a slightly different
image as the result of camera panning or lateral
movement of objects on the screen, and the brain
translates that into a depth effect.

The glasses used for Nuoptix have one deep
purple filter and one pale green fJlter to provide

~ the unequal time delays to the eyes. The TV
z picture is on film, shot with a high-speed camera
~ using a single lens and a proprietary film-to-
t) video transfer system. Coca-Cola, the sponsor of
~ the fmal program, says that it will distribute
6 some 40,000,000 pairs of glasses in 40,000 retail
is outlets. Nuoptix says that the process has
~ potential uses in home video.

6

• And another one. Another claimed
compatible system, called Aspex, has been
developed in England. Although Aspex's
developers say that it's not based on the Pulfrich
effect, that system also depends upon motion on
the screen. Aspex is ftlrned using a Panavision
camera whose rotary shutter is modified so that
two side-by-side openings replace the single
opening that normally exposes the film. One
opening is covered by a red fJlter, the other by a
cyan fJlter, and those are used to expose film
frames sequentially.

The viewer uses glasses with one red filter and
one cyan fJlter to observe a subtle effect of
separation of foreground from background
objects. As in the Nuoptix system, the stereo
effect disappears when the foreground object or
the camera is stationary. Unlike the Nuoptix
system, there is a noticeable color-fringing effect
around moving objects when the picture is
viewed without the glasses.

And about the glasses: Those currently use
glass lenses and are expected to sell for perhaps
$15 to $45 a pair. The British developers of the
system expect them to become a much-wanted
"fashion item" for the youth market, and say that
the glasses will be useful for 3D billboards and
magazines.

Some d8iY, television pictures will produce a
true depth illusion without resorting to
cumbersome glasses. Unfortunately, it appears
that that d8iY is hardly here.

• Coals to Newcastle. Two Japanese TV
manufacturers with American assembly plants
have announced they'll soon start exporting color
sets from the U.S. to Japan. Toshiba says that
starting April 1 it will ship about 100,000 color
TV sets from its Lebanon, TN factory to its home
country, and, beginning next year, Matsushita
plans to ship 25- and 31-inch sets across the
Pacific from its facility in Franklin Park, IL. Sony,
which already ships U.s.-made Trinitron picture
tubes from San Diego to Japan, saya complete sets
may follow in 1989.
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LOGIC/ PULSE R PROBES HELP LOCATE DIGI TA L
FAUL TS IN LAB OR IN FIELD SERVICE
B&K-PREC ISION now offers logic and pu lser pr obes
to fill the needs of engineers and techni cians. T he OP -21
is a 20 M Hz prob e that also displays pulse presence
and logic status. Both LED and audible logic state
ind icators are featur ed. The OP-31 pulser probe
can be used alone or with a logic probe or scope. It
produ ces a IOj.lS pulse at 0.5 or 400 PP S rates
and feat u res an exte rn al sq ua re wa ve and
synch ro n izing term inal. Bot h pr obes are
mult i-famil y compatib le. The OP-21 is
$3 2. The OP-3 1 is $33 . Co ntact vou r
local distribut or or: B&K-PHECIS(O N,
M axt ec Int. , 6460 W. Cortland St. ,
Ch icago, IL 60635 . (3 12) 889 -9087. I

MAXTlEC NTl!RNATiDNAL caR~
6460 West Cortland St. • Chicago, IL60635 • 312-889-9087

Intemational Sales, 6460 W CortlandSt.,Chicago. IL60635
Canadian Sales. AtlasElectronics, Ontario
South andCentral AmericanSales, Empire Exporters, Plainview, NY11803

Otle.p TeSte locates faults on unpowered boards.
I<If leve l.Corve-trocinq method also allows fast com­

ents or. boards.
el ~1 Component Comparator isa companion instrument

use with your scope ar the 540. It testsIe's. semiconductors. capacitors.
inductors. transformers and more.

The Models 550 and 552 IC Comparator Tester/Logic Monitors are
hand-held portables for m and CMOSapplications. In-ci rcuit dynamic
tests compare a known-qooo IC to an on-board Ie. A 20-ch annellogic
monitor is built-in.

The B&K-PRECISION d igita l test line-up isrounded out by convenient and
economical pu lser and logic probes.

For immediate delivery or complete specifications and applications
information. call your local distributor or B&K-PRECISION,

NEW COMPARATOR
ADDS IC/COMPONENT TESTING TO SCOPE

Test virtually any type of passive or active compo nent
or modu le with B&K- PRECIS ION's new 54 1 Com­
ponen t Comparator . The 54 1 is designed for use with
t he:;-4 co m po ne n es er or vir ually any x-y
oscilloscope. It is well suited for both in-circuit and
out -of-circuit tests. It 's fast and easv to use. Un like
single functi on test ing, th e 54 1 can be used on series,
para llel or series/para llel circuits. $395. Contact your
local distributor or : B&K -PRECI SIO N , Maxtec
In t. , 6460 W. Cortland St., Chicago, IL 606 35 .
(3 12) 889-908 7.

PROGRAMMABLE IC TESTER TES TS TT L,
CMOS , RAM AND ROM IC'S , IN OR OUT·OF·
CIRCUIT
Called the "first cost-effective way' to test IC's both in
and out-o f-circ uit ," th e new B&K- PREC IS IO N
Model 560 fills th e void betw een basic componeot
testers and costlv ATE svsterns, Over 1500 different
14 to 24 pin devi'ces can b'e tested, includin g TTL and
CMOS dig ital IC's, RAMs and RO Ms. T he 560
speeds testing, simplifies diag nostics and doesn't re­
q uire pri or test skills. Pla in-English user prompt s
guide every ste p of operation . Test results are dis­
played as positive "pass" or "fail." Test results can be
fed to a p r int er . App licat ion s in clude incomi ng
insp ect io n , Q C, prod uct ion l in e t est ing and
troubleshootin g fau lty prod uct s. $3 ,50 0. Contact
yo u r local d ist ribut or or : B &K-P RE CI SI O N ,
Maxtec Int. , 6460 W. Cortland St ., Chica go, IL
60635. (312) 889-9087.

HANDHELD DIGITAL IC COMPARATOR/
TESTERS FEATURE 20 CHANNE L
LOGIC MONITOR
B&K-PRECISIO N's Model 550 and 552 IC
Comparator Tester/Logic Monit ors test IC's
by comparison to a known good reference in
one simple operation. As logic monitors, they
simultaneously indi cate the logic states ofup to
20 IC pins. They test most 14t020pin, 54and
74 Series TTL (Model 550) or 4000 and 74C
Seri es CMOS (Mo del 5 52 ) devices. Bot h
mod el s are ava ilab le from di stributors at
$395 . Co n tac t vou r local di stribut or or :
B&K-PRECI SIO N , Maxt ec Int. , 6460 W.
Cortland St. , Ch icag o, IL 60635 . (3 12)
889-908 7.

NEW COMPONENT TESTER LOCATES FAULTS
ON UNPOWERED BOARDS IN FIELD OR PLANT
The new Model 540 component tester is an extremely
cost effective, highly flexible trouble-shooting aid that
can assist in rap idly locat ing faults on un powered
boards. Faul ts can be traced to the component level

.without specific circuit kno wledge . Individual com­
ponents can also be tested . Test result s are displayed
as a cur ve on a built -in CRT display. Curve tracing
allows matchin g of components. T wo channels allow
product ion testing against known good boards. Ideal
for field service or produ ction tes t ing. $995 . Con­
tact your local dist ri butor or : B&K-PRECI SION,
Maxtec Int., 6460 W. Co rt land St., Chicago , IL
60635. (312) 889-9087.
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REASONS FOR
SELECTING CIE

• Approved for educational
benefits under the G.I. Bill
for Veterans and other
eligible persons.

• CIEprovides printed job
resumes, letters of recom­
mendation , and lifetime
Employment Service for all
graduates at no extra
charge.

• State-of-the-Artlaborctory
equipment is yours to keep
and it comes assembled,
ready for hands-on­
experiments.

• Only CIEoffers an
Associate Degree program
based on actual study
time used. The faster you
complete your degree, the
lessyour overall tuition.

• Upon graduation, CIEoffers
you free preparation to
pass the Certified Elec­
tronics Technician Exam.

CIE
CLEVELAND INSTITUTE OF ELECTRONICS 1776 East 17th Street • Cleveland Ohio 44114
PHONE TOLL FREE 1·800·321·21551 In Ohio 1-800-523-9109
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-------~ - ---------,I: ~ .........-~~ YES! I want to get started. Send me I
my CIE school catalog lncludlnq details I

I about the Associate Degree program. I
I PrintName I
I I
I Address Apt.-- I

I City State Zip I
I I
I Age __ Area Code/Phone No. I
I Check box for G.1. Bulletinon Educational Benefits I
I 0 Veteran 0 Active Duty •
I •
: MAIL TODAY! :

I C IE CLEVELAND INSTITUTE OF ELECTRONICS I.
I 1776 East 17th Street, Cleveland, Ohio 44114 •

I ARE 84 ....L _

A CAREER IN ELECTRONICS STARTS WITH CIE.

PERSONALIZED
TRAINING While some of our

students have a working know­
ledge of electronics others are just
getting started . That's why we have
10career course levels from Basic
to Advanced. They let you start
where you want. Learn at your own
pace. And -learn as much as you
like. You can even earn an
Associate in Applied Science
Degree in Electronics. And when
you need help, our trained profes­
sionals are on hand to assist you
by phone or ma il.

Learning electronics isn't easy,
but getting started is. For a CIE
catalog and enrollment informa­
tion, just ma il the coupon below.
Or call toll-free 1-800-321 -2155. In
Ohio, call 1-800-523-9109.

F
or the last few years, the elec- p RACTICAL
tronics field and related indus- TRAINING CIE students learn
tries have been growing at an by doing, using sophisticated elec-

incredible pace. And today, a tronic learning tools that we've
career in electronics offers more designed and developed. One
opportunities and greater rewards such tool, our 4K RAM Microproces-
than ever before. sor Training Laboratory, teaches

Just ask any of the many programming interfacing and lets
graduates of t~e-Cleveland Insti-- -you'work"wlth-'a-broad-ran-ge-of
tute of Electronics who have landed computers in a way that working
high-paying positions ~ith aero- with a single, stock computer
space, computer, medical and simply can't.
communications firms. They'll tell Wecombine that valuable hands-
you success didn't ?ome easy. ..' on training with our unique Auto
but that CIE made It all worthwhile. Proqrcmmed'Tessons, designed to

teach you step-by-step and prln­
ciple-by-prlnclple. The result is
practical training .. .the kind of
experience you can put to work in
the marketplace.

SPECIAliZED
TRAINING CIE isn't just

another be-everything-to-everybody
correspondence school. We're
accredited by the National Home

Study Council. And with more than
1100 graduates each year, we're

the largest independent home
study school specializing

exclusively in electronics. CIE
has been training career­

minded students like your­
self for over 50 years and

we know the business
inside and out.

Some courses feature the elfMicroprocessor
Training laboratory, on integral port of com­
puters. You'llgain all the practical experience
needed to work with state-of-the-art equip­
ment of today and tomorrow.



WRITE TO:

ASK R-E
Radio -Electronics
500-B Bi-County Blvd .
Farmin gdale, NY 11735
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LED VU METER
Is there any simple circuit I could

use to have a series of LED's light in
response to the volume of an incom­
ing audio signal? The circuit should
be battery_~owered and have a small
amplifier in it to handle a variety of
input signals.-J.K., Altoona, IA

What you 're really talking about
building is an LED VU meter. You
could put one together with dis­
creet parts but it's a lot smarter to
use an LM3915. That IC has the
buffers, drivers, and precision
voltage reference on board to do
the job . Best of all , they're not ex­
pensive and you can probably find
one at your local supplier.

A circuit that does what yo u ask
is shown in Fig. 1. You didn 't say
what kind of audio signal would be
used as the input, but, as you can
see from the schematic, the circuit
has both a microphone and line­
level input.

You only need two of the four

op-amps in the LM3900 package
implement th e basic circuit. You
can use the extra amps to provide
more gain, more inputs, etc. As
shown in Fig. 1, I've elected to use
them. toraddlttonal.Inputs .i.bu
you can change that and use them
for anything else you have in
mind.

Switch S2 is used to change the
display from a dot to a bargraph.
You can use any construction
technique you want. The circuit
doesn't draw much current, so a
nine-volt battery wi ll keep the cir­
cuit going for a long time.

NiCd CHARGING
I have a personal CD player that

uses a 4-cell NiCd battery pack
marked "140 rnA, 8 hours." An LED ·
lets me know that it's time to re­
charge the batteries by lighting up
when, under load, the voltage falls to
4.5. Is there a "volts-per-cell" figure
I can look for so I don't have to go

through the full 8-hour charge cy­
c1e?-G.D., San Rafael, CA

The answer is a resounding yes,
and no! One of the nicest featu res
of NiCd batteries is that they have a
pretty flat voltage-over-time-curve.
The voltage won't drop much be­
low1 .1 until its stored energy is just
about gone. The charging curve is
the same. The vo ltage will rise to
1.2, or more, near the beginning of
the charge cycle and stay there .
The bottom line is that cell voltage
isn't a reliable indicator of the state
of charge .

The best way to dete rm ine
whether a battery is fully charged
is to monitor the charging current.
That mayor may not be possible in
your case, since it depends on the
design of the charge r. If your
charger is a variable-current type,
you can get an idea of the state of
charge by watching the current­
the lower the draw, the closer the
cell is to a full charge .

You haven 't told me enough for
me to know what ki nd of charger
you have, but the "B-hour" figure
is a clue. The safest charging rate
for a NiCd cell is the "C10" rate,
where the charging current is lim­
ited to Yioth the cell capacity. That
trickle rate usual ly ca l ls for a
charging time of14 or15 hours. In
your case, the B-hou r figure seems
to indicate a highe r charging
rate-probably C6 or so-and a
charger like that has to have some
provision to drop the charging cur­
rent as the cell accumulates ener­
gy. If it didn 't , the internal cel l
chemistry would produce oxygen
faster than it could be absorbed by
the electrolyte, and the internal
pressure would rupture the cell.
Consumer units aren't designed
like that.

Put an ammeter between the



in aud io logy. He, or she , sho uld
be able to f it you w ith a suitab le
heari ng aid .

HELP WITH HEARING-AID
PROBLEM

Can you help me with the design
of a hearing aid?The units I've found
aren't made with the bass boost and
mid-range attenuation that I need.­
J.B.C., Mcleansville, NC

cha rger and a co m p le te ly di s- I have a person al in t erest in
charged batte ry pack. The initial hearing problems so I'm surprised
char ging current w ill be high and that you can' t find a hearing-aid o r
rapid ly fall off . Sometime during have one especially tai lored to give
t he 8-ho ur charge, t he cu rre n t yo u th e frequ ency respon se th at SPEAKER OVERLOAD
draw wi ll stabilize at one rate as yo u req ui re . I co ntacted several I have a new pair of 4-ohm B.S.M.
t he cel l goes into a trick le charge. oto larynogologists (ear, nose, and speakers that can handle up to 200
As soo n as that happens, it 's a safe throat spec ialists), two of w ho m watts. The ste reo amplifier is a
assumptio n that th e battery is fully are specialists in audio logy. They Yamaha CR-44 that delivers up to 50
charged. agree d that hearin g aids can be watts into 8 ohms. The problem:

Keep a log of t he charging cur- made w it h respon se cu rves th at Each time that I bring the volum e up
rent over t ime fo r the complete 8- co m p le me nt th e exact hearin g to about half scale, distortion begins
hour cycle; 15-m inute in crements curves of the user 's ears. and then the speaker's thermal cir-
are good. I know it 's a drag but you Off-the-shelf hearing aids are cuit breakers trip. The amplifier indi -
only have to do it once. Graph th e made w ith a large variety of re- catesonly about 30 wattspeak when
results and yo u' ll be abl e to figu re spo nse curves. Until rece nt ly, the br eak er s open. -M .B.,
o u t exac t ly w he n th e cha rge r most attention wa s paid to the Opasatika, Ont., Canada
dropp ed to a tri ckl e charge rate. hi gh end of the hearing range, and The trouble may be du e to the
Since th e tri ckl e charge is proba - de signers made no eff o rt to shape fact that th e amplif ie r is working
bl y ju st maintainin g th e charge th e low end to th e user 's need s. into 4-ohm loads in stead of t he 8
rather-th an·adding-energy, you ·can-Now,mo st-maker.s-h ave- som e- ohms it is designed fo r-Some am-
end th e charge cycle th ere. mod els with low-end boost. If you plifi ers can becom e un stabl e and

are go ing to a " hearing-aid cen- develop inaudi bl e osci l lat io ns, ei-
ter," be sure to selec t one t hat will th er below or above t he normal
permit you to t ry and we ar several aud io spectrum, w hen driven hard
models until you find on e th at is w hi le only ligh tl y loaded .
sat isfacto ry. The amplit ude of th ose osci lla-

If you can't be fitted at a center, ti on s can be high eno ugh to ove r-
ask yo ur ph ysician to recommend lo ad th e am p l ifier and/o r th e
an oto laryno log ist w ho spec ializes speakers. You sho uld be th ankful

PACESET II

Smart sco~es, perfect setup! ~~~~~~~tt~~ce
$1795/$2 95 for frequent measurements withautomaticfront panel

setup. Nonvo latile memory for upto20front-panel
setups (2246A).Timeand voltagecursors. ExclusiveSmartCursors ™ trackwaveform
changes for voltage measurements.All backed byTek's 3-year warranty.

Call Tek di rect
for PaceSetter specs!
1·800·426·2200

Prices Sl1lject 10 tI1anQe wittn.e rW:e.
Copynglt 1988. i!k1Joojx. IrK: All rJg'Is reservoo. TTA OO>-A
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[ I BP194-MODERN
OPTO DEVICE PROJ­
ECTS.....$6.25. Provides a
number of practical designs
that use oplo -electronic de­
vices such as fiber optics ,
LED's, and passive IR de­
tectors .

o BP233--ELECTRONIC
HOBBYISTS HANDBOOK
.....$7.95 . Provides an inex­
pen sive sing le so urce of
easily locateo aatat~at t~e

elec tro n ics enthus iast is
likely to need in his day-to­
day hobby activiites. 8 x 10
inches.

o RATCHET - ELEVEN­
PIECE RACHET TOOL
KIT.....$10.00. Includes re­
versible ratchet handle, ex­
tension bar, six bits, two
precision screwdrivers, and
a cutte r. Comes in fitt ed
case. Get one for your shop,
another for your car, an­
other for your 1001 kit.

MOdl'lYlOPlo)
O""' tc ('P,oj t ~.

o BP234-TRANSISTOR
SELECTOR GUiDE . .. .
$10 .00 . Prepa red from a
vast database of specitlca­
tions. Unique guide offers a
wide range of selection ta­
bles. More than 1400 de ­
vices are listed along with
specs.

o BP232-CONCISE IN­
TRODUCTION TO MS­
DOS.....$5.95. If you are a
PC user and want to get the
most out of your computer.
you must learn its MS/PC·
DOS operating system.
That'swhat Ihis book shows
you.

o TOOL KIT-NINE ­
PIECE TOOL KIT. ....
$10.00. Includes saw, bub­
b le level , th ree sc rew ­
drivers , torque mul ti pi er,
calipers for inside and out­
side measurements, nip ­
pers, and a tape measure.

Address _

Name _

MAILTO: 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 $30.01 to 40.00 $4.75
$5.01 to $10.00 $1.75 $40.01 to 50.00 $5.75
$10.01 to 20.00 $2.75 $50.01 and above $7.00
$20.01 to 30.00 $3.75

OUTSIDE USA & CANAOA
Multiply Shipping by 2 for sea mail
Multiply Shipping by 4 for air mail

Total priceof merchandise $ _
Shipping (see chart) $ _

Subtotal . . $ _
SalesTax (NYS only) . . $ _

Total Enclosed $ _

City State Zip _

---------------'
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NEW FROM ETT

in your Technical

Put Professional Knowledge and a

COLLEGE DEGREE

HOME
STUDY

that yo ur speakers are protected
by thermal circuit breake rs. Other­
wise, you would have to repl ace
th e spea ke rs or have them re­
paired without findin g and elim­
inating th e cau se of the problem.

Try working th e amplifier into 8
ohms and see how it performs. Try
connecting a 4-ohm , non-induc­
tive power resistor in series with
eac h speake r. A pair of 8-ohm, 20-
watt non-inductive resistors (Ra­
dio Shack No. 271-120 or equal)
connected in parallel will serve as
the 4-ohm se ries resistor. If the
system works OK without tripping

Add prestige and earning power to the breakers , you 've probably
your technical career by earning found th e trouble. Your amplifier
your Associate or Ba chelor degree may be particularly sen sitive to
thro ugh directed home study. loads lower than their design ce n- I
Ntr'corntnutingtrr'classr Stud at- _ te r,._o.U oJ oads_ha>v:ing_tbe_charac=--. - -

hil . . teristics of your 4-ohm speake rs.
your own pace, w 1 e contmumg .
o n your present job. Learn from HUM FROM CABLE-TV CONVERTER
easy-to-understand lessons, with I have trouble with the Zenith
help from your Grantham instruc- ZlOOO converter supplied by the ca-
tors when you need it. ble-TVcompany. I hear a 60-Hz hum

coming from the TV speaker when
Grantham College of Engineering the incoming TV signal passes
is fa specialized institution cater- through the converter. The hum is
ing to adults who are employed in not present when the signal comes
electronics and allied fields such directly from the cable or from a
as computers. These fields are so VHF or UHF antenna. A service
enormous that opportunity to "technician," sent by the cable com-
m ove up is always present. Pro- pany, at first claimed that he didn't
motions and natural turn-over hear the hum. Finally, when he did
make desirable positions available. hear it, he said that nothing can be

done about it. Is there anything that I
A n im porta nt part of being pre- can do, short of modifying the com-
pared to m ove up is holding the pany's converter, to eliminate the
proper college degree, but the es- hum?-B.B., W. Henrietta, NY
sential part is really knowing your My guess is that trouble in th e
f ield. Grantham offers two B.S. de- converter's power supply is allow-
gree programs ---'-- one with major ing a 60-Hz hum voltage to modu-
emphasis in electronics and the late the TV signal being fed to the
other with major emphasis in com- TVset. However, there is a remote
p uters. Both programs are offered possibility that the trouble is ori -

ginating in th e TV set but does not
by correspondence. show up until t he converter is con-
Write for our free catalog (see ad- nected to it. To e liminate that pos-
d ress below) or telephone us at sibility, substitute another TV set
(213) 493-4421 (no collect calls) and se e if the hum is still pres ent.
a nd ask for our " degree catalog." Try reversing th e AC-line plu g in

th e receptacle and see if that af-
• fects th e hum level. Also, try an-

Accr edited by othe r patch cab le betwe en the
th e Accrediting Commission of the co nve rte r output and th e antenna

Nationa l H ome Study Council te rmina ls on th e TV se t. So me ­
times, an open gro u nd (shi eld)
can cause hum to develop.

If you can 't lo cate th e hum
so urce, take th e co nve rte r to the
company's office and ask th e m to
excha nge it for anoth er. R-E

(f)

o
z
~ GRANTHAMo
~ College of Engineering
~ 10570 Humbolt Street
ri Los Alamitos, CA 90720
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eac h i ns t r u me nt i nc ludes f u l l
spec ificat io ns. The cata log is in ­
de xed by p rodu ct and by manufac­
turer. It can be o rde red, free of
charge, by calli ng 800-828-1470; in
New York , 716-458-4801.-Transcat,
Box 0 -1 , Rochester, NY 14606.
CIRCLE 20 O N FREE INFO RMATIO N CARD

PRECISION SWITCH ES CATALOG.
Cherr y Electrical Products' lin e of
sw itches is describ ed in cata log

TEST- AND MEASUREMENT-IN - CE1287. It includes sub miniature,
STRUMENTS·CATAlOG. The 1988 sub -s ub m in iature, u l t ra- su b-
Transcat catalog is a comprehen- m iniatu re, waterproof, in t e rn a-
sive, 226-page book, divided into tional miniatu re, min iature pane l-
five categories of equipme nt: Elec- mount pushbu tton , and general-
trical, Temp erature , Pressure , purpose sty les . Cata log descri p-
Plant Main t enan ce, and Tem - t io ns in clude cut -away drawings of
perature Sensors . A small sample snap-act io n switches , eng ineer ing
oLth produ cts.mention ed.J n-,_ sp.e.c i f Lcat Lo.n s.,_ao_d_QlLerat i ng
c Iud e s m u It i m et e r s , 0 s - characte rist ics. A selector/locator
c i lI o scop es, f re q ue ncy ge ne r- chart, plus alp habetical listi ng of
ators, data- communicati on s tes t all switch ser ies, make it easy to
eq uipment, logi c probes and ana- f i n d t he type, size, and rat ed
Iyzers, di gital te mpe rature indica- switch req uired . Cata log CE1287 is
tors and probes, pressure gauges, f ree .-Cherry Electrical Prod ucts,
di gital pressure indicators, ta- 3600 Sunset Ave., Wau kegan , IL
ch ometers and strobosco pes, ana- 60087. R-E
Iytical in strum ents , and t he r- CIRCLE 21 ON FREE INFORMATION CARD

m ocouples . Th e descr ipti on of continue d on page 33

NEW
LIT

PleESE' II

180 MHl sc0Qe, counter, timer,
OM'M"!-J'ust $2795 Theultra-versatile Tek 22~6

makes measuringeverything
fromfrequency,period andwidthto delaytime and~ time push-button easy- 'n
addition to CRTdisplay, you get digital readout display accurate to0.001%and
beyond. PaceSetter performance on amodest budget? Lookat the100MHz, dual­
trace Tek2235 with the best of the basics- just $1575!

RMANCE

CallTekdirect
for PaceSetter specs!
1-800-426-2200

Prices StDject 10 char>;je wittro mce
Copynghl 1988. TdtrOOlX. Ire All nghts resefV6J nA 9li-B

COMM ITTED TO EXCELLENCE
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AES AWARDS PROGRAM
The Audio Engineering Society

Educational Foundatio n has an­
no unced the opening of its 1988
educational grant program for un i­
versity studies with emphasis on
aud io topics. The awards-fo r
grad uate students on ly-are made
annua lly. Successfu l applica nts
may req uest a one-time renewal of
their grants .

Co m p leted ap p lications mu st
be rece ived by June 1 to be consid-

article that ''A better and safer way
to bug a room is to use a laser
beam to eavesdrop.. ."? Does the
magazine stand by th e arti cle's
subt it le, " Use a light beam to lis­
ten in to anyt hi ng, anywhere, any­
time," and the Table of Con tents
teaser, " Eavesd rop USing a beam of
light" ?

Each of t hose q uotes recom ­
men ds that readers com mit acts
defined as felonies under state
and federal statutes. It is enti rely
possib le that Radio-Electronics,
and M r. Williams and M r. Ritz, do
not agree w ith those laws. I don 't
happen to agree w ith all aspects of
them myself. O n the ot her hand, I
seriously dou bt that yo ur reade rs
wo u l d wa nt t hei r h o m e s
mon ito red by a neighbor with a
laser listen er. Nor wo uld Radio­
Electronics want a compet ing pub­
licat ion to determine confidential
publ ish ing sched u les with t he
help of such a dev ice .

In recent years, the term "com­
puter hacker " has been misa p­
plied by t he pop u lar p ress to
widely publ icized computer crimi ­
nals. That might happen to elec­
tronics exper imenters i f our
magazines encourage us to build
and use such illega l equipment as
the Laser Listener.
FO RREST M. M IMS, III

" Lette rs" col umn. In it, I made two
key poi nts . First , federa l law pro­
hi bi t s t he assemb ly, po ssession
and use of electronic eavesdro p­
ping devices. Second, Radio-Elec­
t ronics erred in pu bl ishin g plans
fo r an electron ic eavesd roppi ng
aev ice ana encouraging its r eaa-­
ers to bu ild and use it.

Please note that I di d not chas­
tise Radio-Electronics. for pub lish­
ing p lans fo r a " Lase r Li s­
te ne r"(Octobe r 1987). I d id crit­
icize the pu bli cat ion of such plans
w it hin th e same art icle t hat en­
co uraged the use of the device fo r
ill egal purposes.

Nevert he less, read er s Jo h n
W illiams (" Letters," January 1988)
and Wi ll iam Ritz (" Letters," Febru­
ary 1988) have criticized my letter.
Mr. Will iams impl ied that I oppose
the Co nstitution's guarantee of
freedo m of t he p ress. Mr. Ritz
agreed w ith my co ntention that
Radio-Electronics sho uld warn its
readers ".. .of t he co nsequences of
ill egal usage... " But he in co rrectl y
characterized me as wanting the
magaz in e to w it hho ld in fo r ma­
t io n. He implies that I also cr it­
icized t he publication of ".. .de ­
tailed p lans for va rious de ­
scramb le rs, decoders, tra nsmit­
te rs... "-subjects not even men ­
tioned in my letter. I'm offended
t hat Radi o-Elect ronics pub lis hed
letters cr it icizing my original letter
fo r views it doesn't even co ntai n.

As fo r the legal questions raised,
t hus far I've not seen Radio-Elec­
tronics take a stand . I bel ieve, at
this poi nt , the magazine owes its
readers an explanation of its posi ­
tion on the matter. Now that Radio­
Electro nics has bee n informed
about the federal electronic eaves­
dropping law, does the magazine
sta nd by t he Ric hard Pearson 's
stateme nt in the " Laser Listene r"

LASER LISTENER
A letter I w rote appeared in Ra­

dio-Electroni cs' Novem ber 1987

SAY "NO" TO CENSORSHIP
Everyone keeps writ ing to yo u

abo ut how good you r magazin e is,
and you can add my name to th e
list. I've enjoye d Radio-Electronics
through the years, and look fo r­
ward to it each mon th . Your overa ll

v iew of aH-electronlcs, win; com­
puters ad ded , is j ust t he r ig ht
to uch. Do n't change the format.

O n the ot he r hand, what ever
happened to your pieces on satel­
l ite rece ive rs? I've fo l lowed this
subject with much in terest , and
wo u ld li ke to kee p up w it h th e
lat est in form ation . Readin g be­
tween the lin es, a pe rson co uld
think that those art icles have been
dropped because of threats abo ut
lawsuits . I ho pe this is not t he
case.

I am apprehensive abo ut cen­
sorship, and the censoring of tec h­
nol o gi cal ideas is part icul arl y
f righte ni ng . Several lett ers in re­
cent month s have argued against
some art icles yo u've printed , and I
co u ld n't di sag ree more. Radio­
Electroni cs is not showing " how
to" evade radar spee d t raps, or
break VideoCipher, but is giv ing
information on how the tec h­
no logy works-two ent i rely sepa­
rate co ncepts.

If we block the pract ice of tec h­
no logy exchange and discussion ,
how can we teac h fut ure genera ­
t io ns? In the M arch 1988 " Lette rs"
co lumn, a yo ung man gives thanks
to Radio-Electronics for his ed uca­
tion, train ing, and future . Can we
stif le the future of ot he rs, because
someone wants to curtai l our ex-
change of ideas? .
TOM KNIERIM
Rock Port, MO
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ered for t he 1988-89acade mic year.
Add itio na l in formati on , and ap­
plic ati on fo r ms, are ava i la b le
from:
AES EDUCATIONAL
FOUNDATION
60 East 42nd Street
New York, NY 10165

ond-party manuals available for a
given produ ct is de pendent upon
two majo r variab les : market pen­
etration and the quali ty of origi nal
docume ntat io n. A lt hough alter­
nate man ual s p rovide a m uch­
needed resource , why can't soft­
ware ve ndors simply hire some­
one w ho has act ua l ly used t he

DESKTOP PUBLISHING/ program to w rite the manual?
PUBLISHING MANUALS I'm sure t he re are many ot her

In hi s art icle , " Des ktop Publi sh- people w ho have spent hours t ry-
in g," (ComputerDigest, M arch 1988) ing to decip her w hat t he manua l
Josef Bern ard repo rts a problem in says, w hen w hat is actually needed
Ventura Publisher relati ng to li ne is: Info rmat ion which should have
p o si t i onin g an d spac i ng . H e been trans lated fro m " p ro gram-
states, in th e capti on fo r Fig . 6, th at ese ;" in fo rmati on p laced in a
t he re was no precise co nt ro l of th e "convenient" (i .e., "somewhe re
fr ee graph ic hori zontal line th at e lse") ap pe n d ix; in f orm ati on
was bein g pl aced ove r a rnath e- pl aced in a previo us, or subse -
mati caLsym bol. -:q uent , section-l ike in another

In both versio ns 1.0 and 1.1, th e vo lume; or in formati on not nece s-
degree of co ntro l is set in th e sary because it is "se lf evident. "
g ra p h ics -g r id setti ngs bo x . Th e How abo ut an art icle on both
grid resolution can be set as fine as ve ndo r-s u pp l ied and seco nd -
.001 inch , o r can be t urne d off en- source user guides fo r some pop-
tirel y. That i n fo rm at io n is ex- ul ar software? I suggest an evalua-
t reme ly di ffi cult to locate in the t io n base d o n suc h t h ings as
Ventura user 's guide . legib ili ty, accuracy, completeness,

It seems th at th e number of sec- and organization of mate ria l.

PAC
Best-of-class performance at
$995/$2195 Get the PaceSetter start in digital storage with Tek's

NEW 50 MHz 2210. Featuring 20 MS/sper channel
digitizing, 4K record length per channel plusfamiliar, full -bandwidthanalog operation
for just $2195.And for pureand simple analog performance withunmatched economy,
look at the popular, 2-channel Tek 2225-just $995!
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Thanks for a good article. I've
been readi ng Radio-Elect ronics
since I co uld affo rd a subsc ript io n.
STEVE RUSSELL
Redwood City, CA

SPEAKER-LEAD RESISTANCE
In "Ask R-E"(Rad io -Elec t ronics,

Feb ruary 1988) t he q uestion o n
speaker-lead resistance was an­
swe red co rrect ly, but not rea lly
comp letely.

Your answe r ad d resse d t he
prob lem of losses in the wiring,
but the re are two other effects t hat
are mo re important in audio rep ro­
d ucti on systems-freque ncy-re­
spo nse var iat io ns and dampin g
redu ct ion . The impedance of most
speakers varies conside rably over
the ir operating range . A nominall y
4-ohm speaker w il l go f rom per­
haps 2 to 20 ohms ove r its part of
the fre quency spectrum . That im­
pedance wi ll typ icall y co nta in
large and varying reactive compo ­
nents also . If that were in series
with as mu ch as1 ohm of w ire, th at
effect alo ne would cause a fre­
qu en cy- respon se va riatio n of

ICE

Call Tek direct
for PaceSetler specs!
1·800·426·2200

Flia!s stbj!DtocIm;le wi1tn1 notice.
Cwlriltl ~1968. TeIJJOOix. Ioc. All rights reserved ITA~c
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tachomete r readin gs w it ho ut cal­
ib rat ion. That is accomplished by
the use of a bui lt- in 60-Hz crysta l­
cont ro lled ti me base. The author is
to be congratulated on t hat fine
project .

It worked pe rfect ly on severa l
st anda rd an d Ca pac it i ve- D is ­
charge (C-D) igni ti o n syste ms .
However, the tachometer wi l l not
wo rk on some C-D system s that
use input-t ri ggerin g circuits t hat
gene rate ext remely low pul se lev:
els across th e ignition poi nts. O n
one such system, w hic h incorpo­
rates an unu sual t riggeri ng net­
work designed prim aril y to eli mi ­
nate poin t " bounce" or "flutter" at
high eng ine speed, the pul se ob­
tained across th e ignit io n poi nts
was far too small for tachom eter
picKup.-

To el im inate th at p robl em , I
used a miniature broad band am­
plifier between the igni ti on points
and the tachom eter inp ut. I chose
t he b ro ad b and am p l if ier d e­
scr ibed by Earl " Doc" Savage in
" Ho bby Co rne r" in the April 1980
issu e of Radio-Electroni cs. It i s
small eno ugh to fit easily within
the tacho meter enclosure. I added
a switc h to allow the amplifier to
be switc hed in o r out of th e ci rcu it .

I hope th at my sol ution may
prove useful to othe r reade rs ex­
pe rie nc ing si mi lar difficu lt ies .
Ma ny thanks fo r a fine magazin e.
PAUL SCHULTZ
Carmichael, CA

CALIBRATING VCR COUNTERS
I thought Fred Blechm an's art i­

cle, " Calibrat ing VCR Co unters,"
(Radio -Elect ro nics, janu ary 1988)
was in t er esting-but fo r cab le
subsc r ibe rs there's a techniqu e
that's even easier.

Most cab le syste ms use o n e
channel as a 24-ho ur menu that
shows program li stin gs. At the to p
co rner of th e screen the day, date,
and exact t im e are di splayed . just
set yo u r VC R to record fo r six
hours, start ing at any convenient
o n-the -hour t ime , and yo u wi l l
have acco mp lished th e same thing
M r. Blec hman d id w ith a came ra.
Of course, th at procedure mu st be
repeated fo r each speed , plotting
th e results de scribed in the article.
GEORGE BERNSTEIN
Tamarac, FL

continued on page 79

DIGITAL TACHOMETER
I recen tl y b ui lt th e Digi tal Ta­

chometer t hat appea red in t he
jun e 1987 i ssu e of Radio-Elec­
troni cs, and it wo rks very well. It is
the o nly d igi tal tacho mete r circuit
I' ve ever seen that offe rs accurate

3.1dB- not an attractive prospect
for anyo ne w ho has spe nt mon ey
to squeeze down such variat io ns
in his system .

The damping eff ect pertain s to
rise and han gover of tra nsie nt
sounds . That can be demonstr ated
with pulsed sine-wave tests . For a
few years , those were a standard
pa rt of t he tests don e by aud io
magazin es, but t hey had difficulty
co rrelating t he resul t s with the
sound . Since th ose tests are not
part of any indust ry-stand ard test
regim en , the magazin es d ropp ed
them . (I think that they shou ld t ry
harder! )

Hi gh-fid elity spe ake rs are de-
sig ne d to give p roper respon se
w hen driven fro m a zero-imped­
ance ("constant-vo ltage") source.

- - The co ne po si t i on , o r velocity,
sho u ld correspond exact ly w it h
th e voltage input. If a resistance,
suc h as t he 1 o hm menti on ed
above, is in series w it h the speak­
er, in creased rise t ime and hang­
ove r of in trin si c speake r reso­
nan ces wi l l blu r and co lo r t he
sound. Power amp l if ie rs are de-
signed to have very low out put im­
pedances, usually on th e orde r of
hund redth s o r th ou sandths of an
ohm, fo r ju st th at reason .

There are a few rare amplif ie rs
th at run a feedback w ire directl y
fro m the speaker to get th e wiring
in th e loop, making only the losses
important. However, as fa r as I
know, non e of those is availab le
fo r autos.

Thu s, t he p ro per poli cy is to
keep t he wiri ng in ser ies wi th a
speaker at , say, a te nth of t he
lowest speaker impedance or less.
For mo st auto-s peaker runs, I
would guess 14- or 16-gauge wire
wo uld suffice . At hom e I use 12­
gauge fo r 20- to 25-foot run s. It 's
hard to fi nd nice f ine-stranded
w ire larger t han 12-gauge for less
than a king 's ransom. Of co urse,
two o r mo re 12-gauge wi res can be
parall eled .
w). NEWELL
Richardson , TX

HERO" 2000
Educat ional
Robot and
Courseware

Avery special
guide towhat

the exciting world
ofcomputer and

electronics kit­
building can
de for you.

The informative Heathkit Catalog shows
you more than450excitingelectronicprod­
uctsthat will challenge, instruct, and enter­
tain you. You'll find countless kits that you
can build and enjoy, from computers and
robots to color
tv's and a variety of

.horne products.- - ______
And each is backed
by our years of
experience and
our promise,
"We won't let
you fail:'

._..,~~~~~------.".,, :~~ ------,
g~r]~ Send NOW for 1

~~~·~· ·l~-'''l~. ~ your FREE
!l( Heathkit Catalog. 1

Send to: HeathCompany, Dept. 020.6521
Benton Harbor, Michigan49022 I

1Name 1
1Address 1
1 . s z· 1
1

City tate _ _ rp _ _ 1
A subsidiary of Zenith Electronics Corporation CL-784 R3

1 Heathkit· 1
1 :@I1. 1

~------------~
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EOUIPMENT REPORTS

Fluke 90 Series
Microprocessor Board

Tester

Speed your testing of
microprocessor-based

--- systems.

I F YOU 'VE EVER HAD TO DIAGNOSE

p rob lems in a microprocessor­
based system, you know that find ­
ing the source of a problem can
give yo u quite a headache. But put
yourself in the place of an elec ­
tronics tec hnician who has to trace

and repair several such systems
each day!

The on ly logical course of action
is to get some help from a micro­
processor-based tester, li ke the 90
Series microprocessor-board test­
ers from the John Fluke Mfg. Co .,

Inc. (P.O. Box C9090, Everett, WA
98206) and N.V. Philips .

The 90 Series is availab le for the
Z80, 6809 , and 8085 micro ­
processors, and it is likely that fu ­
ture models will handle other
microprocessors . We examined
the tester for the Z80.

The tester is housed in an
_ 11x 6 x 3-inch package and weighs

just over two pounds. A 2-line, 32­
character LCD and 24-key keypad
dominates the front panel. Sixteen
of the keys form a hex keypad; the
other eight are used to in itiate and
control various tests . Desp ite its
powerful capabilities, the Fluke 90
is surprisi ngly easy to use . But
don't think that the tester is going
to do all your work for you- it

(0
CXl
CXl

19

Address _

City _

Name' _

Please send IESD-1I units @ $349.00 each .
(NJ res idents please add 6% sales tax) TOTAL $ _

o CHECK/MO
o VISA
o MASTERCARD

Card No.

EXPANDABILITY:
The IESD may be expanded to test 87-serles micro­
controllers, PAL's , P-ROM's, and many other device
series by the addition of a "TEST BOX."

r----------------------- ------------------~R.S.R. ELECTRONICS, INC.
1560 HART STREET · RAHWAY, NEW JERSEY 07065
(201) 381·8m • TELEX NO.: 4940028' FAX: (201) 381-1572
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Kikusui International Corp .
19601 Mariner Avenue
Torrance , CA 90503

COS 5060TM
• 3 Channel , 8 Trace
• P-P level-lock auto-trigger
• Delayed Sweep

$889.00

Bus tests
Assuming that your power sup­

ply and clock are working correct­
ly, th e first thing to check .if you
have a problem in a micro-

microprocessor's circuitry, such as
buffers, decoders, RAM, and
ROM. In use, the tester emulates a
DMA (Direct Memory Access) de­
vice, and forces the DMA and WAIT

lin es of th e microprocessor under
test, taking co nt ro l of the bu s from
th e microprocessor.

• 3 Channel, 8 Trace
• P-P level-lock auto-trigger '
• Delayed Sweep

Add $15 per unit shipping and handling .

processor system is the integrity of
the bus lines. The Fluke 90 offers
several bus tests.

The primary use of the simple
bu s test is to check for bus lines
that are sho rted together, or for
bu s lines tied to the ground and
supply lines. The test determines
whether the data, address, and
control lines can be driven by
trying to force each line to a
given state and then sensing
whether that state was actually
achieved. At the same time, it
checks for shorts by making sure

:tJF that nothing else on the bus

i ~~ changes state at the same time as
1~ 5}:&, ... the line being tested .
~ _f/. The simple bus test is a useful

first test but, unfortunately, short­
_____ _I_ed bus lines are not the.most likely

CeljjDra ing our 1Dth-Year in-U:S:A.. . . problem to occur on a micro-

P Q lit processor board. What's more,
raven ua I y . . . they are among the easiest prob-

Factory Direct Prices! lems to diagnose, even without a
dedicated tester. A second test,

COS 5100: 100 MHz called the ramp test, allows you to
make tests on the other side of
address decoders and buffers. The
test performs a memory write to
each address in the micro­
processor's memory space. That
should, of course, enable all ad­
dress decoders. The output of the
decoders--or the CHIP-SELECT inp­
uts of any memory lC's-can be
monitored using an oscilloscope,
a logic analyzer, or the probe sup­
plied with the tester. Any lack of
activity indicates a probable faulty
component.

Shorted lines can be checked
for during the ramp test by-watch­
ing the frequency of each address
line. As the complete address
space is stepped through, the fre­
quency of each line should be dif­
ferent-one half of the previous
line's frequency. (Remember, the
state of address line A0 changes
each time the address is incre­
mented. A1 changes every second
increment, A2 changes every
fourth increment, and so on.) The
tester outputs a similar pattern on
the data lines making data-bus
shorts easy to find . A third bus
test, called the shift test, is a varia­
tion of the ramp test. Only one
address and data line is high at a
time. That can make detecting
some shorted lines easier. All of
the bus tests can be made to cycle
once, or to loop continuously.

(800) 545-8784 (213) 371-4662
Coll ect CA & AK

" ,:'I

won't. It will make your work a lot
easier by takin g out some of the
drudgery; but yo u have to know
what you're doing. (You sti ll make
th e decisi on s and th e di agnoses.)

Setting up the tester con sists of
merely co nnecti ng it s 40-pin test
clip to th e microprocessor you
want to test, and plu ggin g a sup­
plied probe into the rear of th e
tester. The mi croprocessor to be
test ed is not removed from the cir­
cuit . To the contrary, the tester al­
lows you to check so me of the

Local Service Centers ==
Nationwide VI SA

©Copyright Kikusui Internat ional Corp. 1988

6770 Wow and Flutter
Meter $949.00

FC01130 Frequency
Counter : 1GHz $739.0.0

255 Frequency Counter:
150 MHz $299.00

COS 5042TM, 40 MHz $779.00

cos 5041TM
• 40 MHz, Delayed Sweep
·2 Channel
• Ch 1 Signal Output

$669.00

cos 5021TM
• 20 MHz, Delayed Sweep
· 2 Channel
• Ch 1 Signal Output

$489.00

cos 5040TM
·40 MHz
·2 Channel
• CH 1 Signal Output

$639.00

cos 5020TM
·20 MHz
·2 Chann el
• CH 1 Signal Output

$449.00

[IJ
--==---===

Cf) 6701 Wow and Flutter
~ Meter $999.00z .
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innouatiuely designed
with yo ur time in mind.
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Call Today Wats Free 1-800-843-3338

S E:N C O R E:
3200 Sencore Drive
Sioux Falls, SD 57107
605-339-0100 In SD Only

with the new improved CR70 "BEAM BUILDER"TM
Un iversal CR T Tester and Restorer

P a tented $995

"BEAM BUILDER" is a trademark of Sencore , Inc.

NOW test and restore every CRT on the
mark et ... without ever buying

another adaptor socket or coming up
embu r r a ssin gly short in front ofyour

custom er ... or your money back

Have you ever ?

Thrown away a good TV CRT, data display CRT, or scope CRT that
could have been used for another two or three years because you had no
way to test or restore it?

Lost va lu ab le customers because you advised them that they needed
a new CRT when another technician came along and restored the CRT
for them?

Lost the profitab le extr a $35 or more that you could have gotten for
restoring a CRT while on the job and locked in the profitable CRT sale later?

Avoided h andlin g profitable trade-ins or rentals because you were
afraid you'd have to replace the picture tube when you could have re stored
it?

Had a real need to test a CRT on the job, but didn't have the right
adaptor socket or setup information in your setup book?

If any of these things have happened to you, CALL TODAY , WATS FREE,
1-800-843-3338, for a FREE 15 day Self Demo.

Using the probe
We mentioned previou sly how

t he p rob e supplied with th e teste r
co uld be used as a simple logic
probe to check th e state of data
and add ress lin es, and the like. In
th e QuickTrace mode, it can also
be used to id entify and trace bu s
lin es. In that mode, th e teste r co n­
tinually searches fo r the signal lin e
bein g probed. When th e probed
lin e is identified, th e prob e'sgreen
LED lights, and th e teste r's di splay

Memory and I/O tests
Once you 're satisfied that your

computer's bus lines are doin g
w hat yo u expect, t he next step is to
te st t he syste m's RAM. Th e first
mem ory test reads the co nte nts of
each memory location in t he user­
selected range, then writes two
patterns and veri fies that each pat­
tern was w ritten correctly. Finally,
it restores the original contents.
The syste m under test can be op er­
atin g normally during th e memory
te st.

If the RAM check s out , th e
checksum of th e ROM in th e sys­
tem can be tested. The tester reads
the data from th e user-specifi ed
range, and accumulates the 16-bit
sum (w hich is the checksum gen­
e rated -by-most-~P-RQM-program--I----'

min g equipment ). All memory
locations in the selected rang e are
acce ssed , so faulty address de­
cod ers and shorted chip-sel ect
lines can be found.

The tester 's memory- examin e
funct io n allows yo u to easily exam­
in e the contents of any specific
memory location in the address
space. The Fluk e 90 makes it easy
to increment one location at a
time. A memory-verify test lets yo u
verify a particular location by writ­
ing the bit pattern of your choice
to the lo cation of your cho ice. A
read operation is then performed
immediately. A separate memory­
write test is also available.

The final memory te st of the
Fluke 90 is memory soak, which
checks tha t stat ic RAM retains its
memory f o r a user- sp ec ifi ed
len gth of t ime. It can also be used
to fi ll memory with a given bi t pat­
tern.

I/O examine, I/O verify and I/O
wri te tests are avail abl e on th e
Fluke 90, and are perform ed ju st as
th e simila r memory tests are.
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RE-BBS
516-293-2283

Try the
1aII••-
Ell! lreni.s

bulletin board
system

(RE-BBS)
516-293-2283

Support Amenca's
colleges. Because college is
more than a place where
young people are rreparing
for their future. It s where
America - and American
business - is preparing
for its future.

The more youuseit the
moreusetul it becomes .

Paramelers: 8N1 (8 data
bits. no parity. 1 stopbill or
7E1 17data bits. even parity.
1 stopbit).

Add yoursell to our user liles
to increase your access.

We support 300 and1200
baud operation.

Leave your comments on R-E
with the SYSOP.

Communicatewith other R·E- ­
readers.

Give to
the college of .
your choice.

~._....:. .~~ ,~.~~~ ,=..~~

Communications port
An RS-232 is availab le on th e

tester fo r contro f rom a remote
computer, or for uploading to and
downloading from the memory of
the system under test. The RS-232
jack is a 6-pin RJ-12 connector on
the rear of the tester. A compatible
cable is suppl ied. Commun ication
rates from 300 to 9600 baud are
supported .

The communication port lets
you enter command strings for
complex tests such as break-point.
When a user-defined event oc­
curs, the microp rocessor under
test is halted, and the states of its
address and data lines are output
to the terminal. Frame-point
tests-where the status of the ad­
dress and data lines are displayed
without the halting of the pro­
cessor-are also available. The
tester can also be programmed to
output a trigger pulse (from a rear­
panel connector) wh en a spec if ied
event occurs .

All commands that can be en­
te red from th e tester's keypad can
also be entered remotely. That can
be a great convenience if your
communications program or ter­
m inal allows yo u to define macro
strings. It also allows som e deg ree
of automated test in g.

Fluk e's 90Series microprocessor
board testers are obviously spe­
cial-purpose tool s, and are not de­
signed for casual use. If you test
mi croprocessor systems on a reg­
ular basis, however, the teste r can
great ly increase you r productivity.
The hou rs it w il l save you will
quick ly mak e up for its $995 price.
($1395 after June 30, 1988). R-E

sh o w s th e line 's name. Th e
QuickTrace ident ifi cat ion feature
is idea l for getting your bea rin gs
on a ti ghtly pack ed board , and it
can also help you find shorted
lines .

The probe-address test lets you
indicate a line you're trying to find ,
say the microprocessor's WRITE lin­
e. You can then hu nt around your
board to find the line. (Should that
be on pin 20 ofthe PROM or on pin
19?) When you do find it, the green
LED on the probe lights, and the
LCD readout also indicates that the
signal was found . Similar func­
tions are available to find data and
contro l lines .

Fluke 70Series AnaloglDigital multi­
meters are likemoney inthe bank. Buy
one, and you're guaranteed to save bothtime
andmoney.

Money, because youget longer battery life
andlongerwarranty coverage - 3yearsvs.
1year or lesson others.

And time, because 70 Series meters are
easier tooperateand have more automatic
measurement features.

So before buying any meter, look beyond the
stickerprice.And take acloserlookat thenew
low-priced$79 Fluke 73,the $119 Fluke 75, and
the deluxe $149 Fluke 77. In the longrun, they'll
cost less,and give higherperformance, too.

And that, you can bank on.
Forafree brochure, and your nearestdistrib­

utor,call toll -free 1-800-44-FLUKE, ext. 33.

FROM THE WORLDLEADER
IN DIGITAL MULTIMETERS.

Our
guaranteed
savingsplan.
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The complete line of
Flameproof Resistors from NTE Electronics.

NTE Flameproof Resistors are designed
to provide you with a premium quality
replacement device ... that won't flameout or
short even under the most severe over loads.

Our resistors range in capability from 1/8

Watts to 25 Watts with resistance values
from 10 to 2.2 Megohms.

They 're totally noncombustible with a
metall ic resistance material between a
nonresistant core and a special ceramic
outer cover.

NTE Flameproof Resistors are the ideal
replacement components for electron ic
games , telecommunications, medical, data
processing, military, broadcast and home
entertainment equipment.

Don't take chances with your expens ive
equipment. Use NTE Flameproof Resisto rs
.. . they handle the current.

LOOK FOR THE FULL LINE OF QUALITY NTE
REPLACEMENT PARTS AND PRODUCTS:
• Transistors
• Thy ristors
• Integrated Circuits
• Rect ifiers and Diodes
• High Voltage Multipliers and

Dividers
• Optoelectron ic Devices
• Zeners
• Microprocessors and Supp ort

Chips
• Memory ICs
• Therma l Cut -Oils
• Bridge Rectifiers
• Unijun ctions
• RF Transistors
• Microwave Oven Rectif iers
• Se lenium Recti fiers
• Flameproof Resistors
• Wire Ties
• Elect roiyti c Capaci tors
• Static Control Products

For more information or the name of your local distributor,
call or write NTE.

®

NTE ELECTRONICS, INC.
44 Farrand Street, Bloomfield, New Jersey 07003

(Outside N.J.) 1-800-631-1250 · (N.J. only) 1-800-624-2624
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HOME SCANNER. Regency Elec­
tronics introduces the model
R2060 featuring "Turb o Scan ,"
which allows the device to scan at
a rate of up to 50 channels per sec­
ond. A special WEATHER-ALERT key
provides instant awareness of se­
vere weather: At the touch of a
button, the R2060 silently
monitors the weather frequencies,
broadcasting alerts in plenty of
time for listeners to take safety
precautions.

The unit covers seven of the
most popular bands, including
VHF low band, 30-50 MHz; VHF
amateur, 140-148 MHz; VHF high
band, 148-174 MHz; UHF low
band, 406-440 MHz; UHF amateur,

DIGITAL MUllIMETER. The Philips
model PM 2525 is a general-pur­
pose instrument with many extra
functions . Eighteen measurement
function s are standard, including
volts Ac/DC, amps Ac/DC, both
four-wire and two-wire resistance,
capacitance, frequency, time, tem-

440-450 MHz ; UHF standard,
450-470 MHz; and UHF extended,
470-522 MHz.

Its 60-channel programmability
provides instant access to favorite
frequencies, either directly or in
the scan mode. Bank scanning
provides easy access to four
groups of consecutive channels . A
separate set of non-programmable
channels provides exclusive scan­
ning of NOAA weather frequen­
cies in the U.S. and Canada.
Additional features include pri­
ority, lockout, delay, and hold .

The model R2060 has a sug­
gested retail price of $249.95.-Re­
gency Electronics, 7707 Records St.,
Indianapolis, IN 46226.

perature, dB , and continuity
check . There are five voltage
ranges, eight current ranges , and
seven resistance ranges.

The model PM 2525 also
provides three functions, mini
max, zero-set, and dBm , to en­
hance understanding of measured

values. For example, measure­
ments such as volts and min imax,
or capacitance and zero-set, can
be combined to reduce manual
calculations.

CIRCLE 11 ON FREE INFORMATION CARD

The model PM2525 has 4Y2-digit
resolution with a 21,OOO-count dis­
play, or a 5Y2-digit resolution with a
210,OOO-count display in the high­
resolution mode. In addition, a
high-resolution analog bar-graph '
display gives a clear indication of
signal trends. The bandwidth is up
to 100 kHz.

The PM2525 is available in three
versions: A benchtop model for
general-purpose use in lab, work­
shop, and production-line en­
vironments; a portable model
with battery power pack for field
use; and a version with a choice of
three built-in interfaces-CPIB ,
RS-232 for system applications, or
analog output for use with hard­
copy devices.

The PM 2525 is priced at
$795.00.- John Fluke Mfg. Co., Inc.,
PO Box C9090, Everest, WA 98206.

MULTI-OPTION KEYBOARD. Cher­
ry's model CBO-2000 is IBM-com­
patible and has a card reader,
mouse, and remote bar-code read­
er available as options.

The keyboard has a layout that is
identical to IBM's 3270 with 24
function keys arranged in two
rows along the top, in addition to
ten at the left. The extra function
keys are especially useful for rapid
data entry, allowing input of
lengthy product descriptions or
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Model1630 DCPower Supply
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SERIAL SCANNING SWITCH, B & B
Electronics' model 232555 auto­
matically scans two RS-232C serial
ports waiting for data to be sent.
Upon receipt of the data from ei­
ther RD (pin 3) port, the switch
then selects that port and passes
all RS-232 data on pins 2-7, 8 and
20. Approximately15 seconds after
the data has stopped flowing on

$1795.- Tekt ro nix, Inc" PO Box
500, Beaverton, OH 97077.

- Model1630 Power Supply

.....1fIIIlt'l1':" - :iOSEPHE~IC5.iNc.-De';R "l
8830N,MilwaukeeAve"Niles, IL 60648 I

o Rush me<chondlseper attached arda<.
1l.Yldemand rated occounts are shipped open
ClCCOlI'lt a1hefwlse send per cred~ cad. I
InclOOe $5.00 per lIemfor snipping and handling.
o Visa 0 MosterCard 0 DIscoYer Io ChecI< 0 MoneyOlder 0 Rush Catalog

Cord No. Exp. Date_ I s:
Na~ ~

~21
oc toi20..MH:; lXilII , Bar
CRT-11TW SeniItIiiItY VIdeO OUtpUt.

Reg. $479 $379."0 Reg. $475 $399..0
40tIl _1IUoIIY PlItCI 40TlI ANNIVlIIUoIIY PlItCI

Model2125 Otc:1l1oseope Model2009 MTS T'Ist.reo
Some greatfeo1uresos2120, Generator Idealfor519190 TV,
except wfth delayed Receive",VCR's andS19190

~70 $469.40 ='tr955eMce $419.40
M:1::f:':OS:' 40TH .utHMRIAI"f Hlel
DCto40MHz.lXilIlroce,6'CRT Mode12a30 3-112 DIGIT LEO
llTW SensiIM1y $739 40 I\ENCH Mulllm.t.r .5DCV
Reg. $845 • kaxocy, I'll 33~ and

40TlI ANNIYlIISARY",ca fIrdioro orePush Button

==r.~~~"9' ~~ $199.40sans 40THAHNMRSA2Y 'IICI

Reg."$1990 $1795.0 Mode11~ T.I.phoneProduct
40TH ANNIYlIISARY",CI T.slerPra.ides Bmic Operallon

Mod.12521 Digital Siorage lests forCo<ded and Cordle$s
2OMHz. Dual Trace CRT Read· leIephones,IwwerIng
out.Cursoo, RS232 lntertoce Machines andhrtomotic

Reg.$3050 $2745•.0 ~~~71 $399.40
04UTH ANNIWllARY_"'_C_I_---:4OTlI=AN::::NIYlRSAJrY 'RICI

the 2246A, but not the 20 sto re/
recall feature. It is priced at

CIRClE 13 ON FREE INFORMATION CARD

Weare celebrating our 40thAnniversary by offering
youhuge savingson B&J(TestEquipment.

~------I ~ for FREE 480page 'ndus1riaI
ProduclsCatalog',1....-.doo1ond IIisFREE

I wttha"" orda<ar " requestedon
company Ielle<head, (OtherwIse, $4.95
to C(N9( c:alaIog and shippingcom.)

I ORDER TOlLFREE
1-800-323-5925

IN IWNOISI 312·297·4200

I
FAX: 312-297-6923

Our 40th Year r'I
~.J~~~~~ __

codes with just a few keystrokes .
The additional function keys are

normally only recognized by soft­
w are written for the 3270 PC, but
Cherry has also made provi sions
for PC-XT and AT users. The en­
hanced version s of 5martKey soft­
ware is bundled with the key­
board , giving it an extra 96
functions becau se each of the keys
can function alone, shifted, CTRl ­
sh i ft ed , or AlT-sh if t ed . An on­
board LCD readout provides oper­
ator guidance. Al so available are
N-Key rollover, LED-actuation in­
dicators, and programmable auto­
repeat. The keyboard can be sup­
plied with or without low-profile
housing in order to conform to
DIN standard .

The CBO-2000123-key keyboard ,
completely assembled and elec­
tronically equipped for bar-code
reading, mouse, and magnetic­
card reader is priced at $765.00.
The bar-code-reader light pen
($170.00) and mouse ($45.00) are
sold separately. The keyboard
completely assembled and elec­
tronically equipped for bar-code
reading only i s $680.00, and
equipped for magnetic-card read­
in g onl y, including the card-reader

. itself, is also $680.00.- Cherry Elec­
trical Products, 3600 Sunset Ave­
nue, Waukegan, IL 60087.

OSCILLOSCOPES. Tektronix has in­
troduced two oscilloscopes that
offer ·aut o mat ed -measu rem ent
features normally found only on
more expensive oscilloscopes:
The model 2245A and the model
2246A (show n).

The 2246A is the first 100-MHz
scope to offer 20 store/recall set­
ups, 4-channel testing capability,
cursors , readout and automatic
setup. It is priced at $2395.00. The
2245A has almost all the features of
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• Digi tal Filter Type, removes
on ly Macrovision pul ses

• No adjustme nts, crysta l
co ntrolled

• Compati ble with all VCR's,
uses automati c vert ical
blanking level

p in 3, th e sw itch t he n resumes
scanning .

During the t ime that the switch
is locked on to one port, the othe r
port outputs (p ins 2, 4, and 20) will
be low to prevent th e compute r
f rom outputting data.

./

Macro-Scrubber - We stock the exact parts, PC board, and
AC adaptor for an article on Building a Macro-Scrubber
appearing in Radio-Electronics December 1987 issue.

JMAK-1 Parts Package $19.00
Includ es all the original resistors, capacitors , diodes,
transistors, integrated circuits, and crystal.

JMAK-2 PC Board $9.95
Original etched and drill ed silk-screened PC board used
in article

JMAK-3 AC Adaptor $7.95
Orig inal (14 to 18 volt DC @ 285 rna) AC adaptor used in
articl e.

Free reprint of art icl e on build ing a Macro-Scrubber with any purchase above.
Add $2 .50 sh ipp ing & handling ; $4.50 Canadi an orde rs. .
Note: Unauthorized du plicati on of copy righted mater ial is illegal. Use
Macro-Scr ub ber fo r viewing only.

72-CHANNEL MC-702 CONVERTER

CABLE CONVERTER $79.95
WITH INFRA-RED REMOTE CONTROL

CIRClE 14 ON FREE INFORMATION CARD

The model 232555 com es com­
pl ete with a117-volt AC power sup-

_ pl y. The two input-portconnectors
are female and th e main con­
nector is a male DB25P. The Scan­
ning Switch is priced at $119.95.
-8 & 8 Electronics, 1500P Boyce
Memorial Drive, PO Box 1040, Ot­
tawa, IL 61350.

WIRE ANALYZER. Polytronics pre ­
sents 5ureTest, a portable hand­
held device th at tests for current­
carryin g capacity using a built-in
15-ampere load . The multi-fun c­
tion analyze r applies the load and

. determines if th e voltage drop is
less than 5%, as recommended by
th e National Electric Code.

CABLEMASTER $19.95
Cable/VCR Timer

• Record mult iple premi um play ch annels Add $3.50 shipp ing & handl ing
• Turns cable box on and off $4.50 Canadian orders
• Selects channel for unatt ended recording
• Thou sands sold nati onall y for $99.95

• Parental co ntrol for all
channels

• Last channel reca ll
• Fine tu ne memory
• UL listed/FCC

approved
• Simple insta llation with

any TV
• Includes batte ry and 3

foot coax cable

• 72-c hannel capability
• Wir eless, Inf ra-Red

remote cont rol
• Cfia nnel output 2 or 3

switc hable
• Micr oprocesso r

contro lled PLL
operation

• Skip channel memor y
eli mi nates un used
cha nnelsAdd $3.50 shipping & handli ng

$9.50 Canadia n orders .

ORDER TOLL FREE ANYTIME
1-800-227-8529 Ask for FREE

Color Catalog
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Ins ide MA: 617-695-8699

VISA , MASTERCARD,
or C.O.D.

Jib)
ELECTRoniCS,Inc.

P.O BOX 800 • MANSFIELD. MA 02048

~Copyrig h t 1988 by J&W Electronics Inc.

CIRClE 15 ON FREE INFORMATION CARD

5ureTest also checks circuits fo r
voltage level , w ir ing connections,
and operati on of a gro und fault ci r­
cu it in terrupter, thus saving any
need on th e owner's par t to have
o r use separate teste rs.

5ureTes t is priced at $89.95.­
Polytronics, 2100 Old Union Road,
Buffalo , NY 14227.

continued on page 28
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9NEW
PRODUCTS!

CIRCLE 250

NEW· Models 488 and 487
Digital Multimeters
These new handheld DMMs feature
autoranging and data/peak hold, and
a 3-1/2 digit LCD plus 71 -segment
analog display. Housed in a shock
resistant case for rugged use. ACand
DC current measurements ; 300 jJA to
20 A; 1000 VDC , 750 VAC (rrns) :
diode check; and resistance to
30 MQ. The Model 488 features true
rms measurements.

Model 487, Cat . #48700 . . . . . . . . . . . . . . . . . $219.00
Model 488, Cat. #48800 . . . . . . . . . . . . . . . .. $275.00

CIRCLE 192

NEW· Model 159 AC/DC Clamp·On Probe
Extend the capability of VOMs and DMMs with the Model 159
current probe. Access cables in almost any position with its
unique 1.3-inch (33 mm) jaw opening. 0.1 A to 500 A current
range to 660 V (rms). Hall-effect technology for reliable.
accurate results .

Model 159, Cat.#12120 $169.00

NEW· Models 422 and 421 5 MHz Sweep/Function NEW· Models 713 and 712 Universal
Generators that offer low distortion, harmonic-free sine, Frequency Counters
triangle and square wave outputs . TTL output will drive up to
10 TTL loads for logic and digital circuit testing . Selectable Model 713 (to 520 MHz) and 712 (to 200 MHz) provide
sweep freq uencies (.05 Hz to 5.0 MHz), rates and sweep period , frequency , ratio , time interval and totalize functions for
times . Model 422 featu res 6-digit LED display and frequency a wide range of applications from radio servicing to logic and
counter capabil ity for circuit monitoring. control circuit testing and monitoring. Both feature an 8-digit,

high visibility, orange LEDdisplay, selectable attenuation and
-Model-421 ;-~~g-~~g~g::~:~ ~~~~7: -;-: :-:: ::-::7:-;-: :-:::;----:$=-=5=-=3"::"5-=.0"::"0- - - - self-check of the-1Q MHz time base.

M d I 422 120 VAC Cat #12732 Model 712, 120 VAC, Cat. #12722 .
a e, ,. .. . . .. .. . 220 VAC, Cat. #12723 . . . . . . . . . $525.00

220 VAC, Cat. #12734 . . . . . . . . . $650.00
Model 713, 120 VAC, Cat. #12724 .

220 VAC, Cat. #12725 . . . . . . . .. $675.00

27

CIRCLE 252

CIRCLE 254

CIRCLE 251

CIRCLE 253

NEW· Model 460·6 DMM
High accuracy bench DMM with extended measurement NEW· Model 464·4 DMM
capability. It is completely portable with a built-in, ni-cad battery Provides true rms voltage and current readings. Big, orange
pack and includes true rms measurement, pulse detection, 3-112 digit LED display for easy reading. 100 kHz frequency
selectable dB reference level and a 4-112 digit LCD readout with response . Designed to meet UL 1244 requirements.
22-segment bar graph . Designed to meet UL 1244 requirements . Model 464.4, 120 VAC, Cat. #12677
Model 460·6, 120 VAC, Cat. #12538 . . . . . . .. $425.00 220 VAC, Cat. #12678 . . $325.00

240 VAC, Cat. #12539 . . . . . . . . 240 VAC, Cat . #12679 .

AVAILABLE FROM LEADING ELECTRONICS/ELECTRICAL DISTRIBUTORS AND MODIFICATION CENTERS

SIMPSON ELECTRIC COMPANY
853 Dundee Avenue, Elgin, Illi nois 60120·3090
(312) 697·2260 ' Telex 72·2416 ' Cable SIMELCO • FAX (312) 697 ·2272
IN CANADA: Bach· Simpson Ltd .. London, Onta rio

INSTRUM ENTS THAT STAY ACZUIATI IN ENGLAND : Bach-Simpson (U.K.) Ltd., Wadebridge, Cornwall
• Prices and Specif ications Subject to Change Without Notice.

CIRCLE 191 ON FREE INFORMATION CARD



MONITORING SYSTEM . T h e
Phon eti cs model 1100 Sensap hone
communicates over ph on e lin es to
help avo id catast rop hic lo ss or
dam age to yo ur valuable property,
products, o r ope rating facil it ies. If
any monitored cond iti on changes ,
th e model 1100 will automatically
sound an alert, call you by ph on e,
and deliver it s message in Engli sh.
You can also check on actual oper­
ating conditions by calling your
Sen saphon e from any ph on e
worldwide to hear a complete sta­
tu s report.

In addition to its built-in elec-

•-:.
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t r ica l-powe r, te mpe rat u re-leve l,
and hi gh-sound-I evel (f ro m a
smoke o r f ire alarm) sensing ca­
pabilities , you can configure your
mod el 1100 to moni tor other en­
vi ro nme nta l conditi on s th at are
crit ical to yo u.

W hen an ale rt co ndi t ion occ urs,
Sensaphone will immediately dial
out up to four ph on e numbers in
sequence, to warn key personnel
th at a problem or eme rgency ex­
ists. A prompt return call to ac­
know ledge the al e rt sto ps the
con tinuous call-out.

The model 1100 Sensap hone is
priced at $300.00.- Phonet ics, Inc.,
101 State Road, M edia, PA19063.

FREQUENCY COUNTERS. From
Sim~son Electric Com~anY.s.om~s

the model 712 and t he model 713
(show n in photo).

Both models are designed fo r
service, production , laboratory,
and training op erations. The
model 712 has a range up to 200
MHz and the m od el 713 has a
range up to 520 MHz. They both

, .provide period (10 Hz to 2.5 MHz),

chan ne l A/channe l B f reque ncy­
ratio (10 Hz to 2.5 MHztl OHz to 10
MHz), tim e-in t er val (0.5 u.s to
200,000 u.s) and tota lize (10 Hz to 10
MHz) functio ns.

CIRCLE 17 ON FREE INFORMATION CARD

Additional featuresof both mod­
els include self -check with di splay

_ of internal time-base frequency (10
MHz), a 1-MHz lowpass f ilter, and
selectab le attenuation. The di s­
play for both models is an easy-to­
read 0.56-inch orange LED. It has 8
digits with overflow, gate, and J..l.S
indicators.

Prices are $525.00 for th e model
712 and $675.00 fo r the th e model
713- Simpson Electric Company,

POLAROID®DS-34
CAMERA

Instant Hard Copy!!
From Oscilloscopes

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

ately @ $51 ea. Please Specify size)
• Pistol Grip For Ease of Operation
• Works on Any Make of Oscilloscope
• Three Full Year Warranty

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

~HITACHI
CON/PACT SERIES

V-1060 OCto 100MHz

$1295 95 Save $2001
V-665 DC to 60MHz
With Cursor Readout.

$1145. Save $1501
V-660 DC to 60MHz

V-1065 DC to 100MHz With Cursor Readout $94595 Save $1501

$154595 Save $2501 ~~~~~~~~_--..........--------1

(j)
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Dual Channel 6" CRT Scopes
V·425 DC to 40MHz, CRT Readout
$845. Save $1501
V·423 DC to 40MHz, Single Time
Base Delayed Sweep
$745. Save $2501
V-422 DC to 40MHz, DC Offset
$795. Save $1301
V·225 DC to 20MHz, CRT Readout Quad Channel Multi-
$720. Save $751 Function Scopes
V-223 DC to 2OMHz, Delayed Sweep V·1150 DC to 150MHz,
$695. Save $1001 Delayed Sweep
V·222 DC to 2OMHz, DC Offset $2600. Save $3501
$515. Save $2001 V-1100AU DC to 100MHz,
V.212 DC to 20MHz Delayed Sweep
$440. Save $1751 $2175. Save $3151

Digital Storage Scope
V·6020 1MHz Sampling,
Dual Channels
$1750. Save $2001

NTSC Waveform
Monitors
V-079 6" CRT
$1625. Save $1251
V-099 3.5" CRT
$950. Save $3001
NTSC Vector Scopes
V·069 6" CRT
$1825. Save $1251
V-089 3.5" CRT
$1284. Save $4001

PROBES INCLUDEDWITH ALL HITACHI
SCOPES AT NO EXTRA CHARGE!

Jl;M. B. ALLEN
~ SUPPLY COMPANY
~ ALLENSQUARE
~~3~e~IOr~~:t~:J:~~~TIt

USA 800 535-9593 • LA 800 462-9520
LOCAL 504 525-8222 • F AX 504 525-6361

AmericanExpress' Visa. MasterCard· 928 pgCatalog FREE withyour order

28
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2617 $17 .9!

1775P $18.95

1999P $14. 95

THE MASTER
HANDBOOK OF

IC CIRCUITS

2660 P $17 .95

2922 $24 .95

1897P $13.95

2733 $14.95

All books are hardcover unless numbers are followed by a " P" for paperback. (PUblishers' Prices Shown)

Membership Benefits • Big Savings. In addition to this introductory
offer, you keep saving substantially with members' prices of up to 500/0 off the
publishers' prices . • Bonus Books. Starting immediately, you will be eligible for
our Bonus Book Plan. with savings of up to 80% off publishers ' prices . • Club
News Bulletins. 14 times per year you will receive the Book Club News, descr ib­
ing all the current selections-mains, alterna tes, extras-plus bonus offers and
special sales, with hundreds of titles to choose from. • Automatic Order. If you
want the Main Selection. do nothing and it will be sent to you automat ically. If
you prefer another selection, or no book at all, simply indicate your choice on the
reply form provided . As a member , you agree to purchase at least 3 books within
the next 12 months and may resign at any time thereafter . • Ironclad No-Risk
Guarantee. If not satisfied with your books, return them within 10 days without
obligatio n! • Exceptional Quality. All books are quality publishers' editions
esp.ecially, selected by,~o~u;:.:r~E...dl:'i:.::to",r""ia",I..B..o..a",rd",.,,- ..

Electronics projects ... ideas ... the latest technology
all at up to 50% off publishers' prices!

SELECT 5 BOOKS
for only.$3.95

(values to $123.75)

and get a Free Gift!

196 2 $22.95

29

2941 $21 .95

:::".

2731 $21.95

1218P $14 .95

1532P $14 .9 5

_ _ _ _ _ _ _ _ _ _ _ _ Phone

Address

Name

Signature -'--- _

Valid for new members only. Foreign applicants will receive specia l ordering instructions. Canada
must remit in U.S. currency. This order subject to acceptance by the Elect ronics Book Club .

City

State/Z ip

Handy, Pocket-Sized
Resistor and Inductor
Color Code Calculator

ELt~Tm]r.-I~~6 B[m~ Lan:;'
Blue Ridge Summit, PA 17294-0810

Please accept my membe rship in the Electronics Book Club~ and send the 5 volumes listed
below , plus my FREE Resistor and Inductor Color Code Calculator (502E), billing me $3.95
plus shipp ing and handling charges. If not satisfied, I may return the books withi n ten days
without obligation and have my membership canceled. I agree to purchase at least 3 books
at regular Club prices (plus shipping and handling) during the next 12 months and may resign

any tim•••~'--__-,

••••..••••..•.•..••.•••••......••.............•.

•·•·••----------- - .•·•••Signature of parent or guardian required for all new members under 18 years of age. RE.588 •
~ ..•••..••••...•...•••..•..•.......••••...•..... ~

2887 $16.95

~---
2753P $16.95

1536P $8. 95

:::.:::::-":'-=:...-
-- 2839 $15.95



HITACHI SCOPES AT DISCOUNT PRICES! 853 Dund ee Avenue, Elgin IL
60120-3090.

DESK BATTERY CHARGER. MFJ En­
terpri ses off er s the model
M Fj -290, a drop-in , rapid" desk­
top battery cha rger. It is designed
for all ICOM rechargeable battery
pack s. (The IC-f.12 series battery
packs require the ICOM AD-10
charger adapter.)

The model MFj-290 is made of
high-impact plastic with ample
ventilation holes to ensure cool
operation; it measures 7 x 4 x 3
inches. It has an O N/O FF switch,
power-on and charging indicators,
and operates from 117 VAC. The
unit i s covered by an uncondi­
tional1-year warranty.

The model MFj-290 is priced at
$59.95.-MFJ Enterprises, lnc., 921
Loui sville Road , Starkville, MS
39759.
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AM/FM STEREO CASSETTE PLAYER.
The Sparkomatic SR37 featu res an
illuminated di al, and AM/FM,
mon o/stereo , and local/distance
pu shbutton selection. Other fea­
tures include LED stereo and play
indi cators, tuning and balance
co nt ro ls, and a fast-forward/eject
pu shbutton. The rad io/cassette
play er c o mes comple te with
mount in g hardware .

Audio power spec ificat ions are 9
watts (RMS) at 10% THO , and 7.5
watts (RMS) at1% THO. The model
SR37 i s p r iced at $69.965- Spar­
komatic Corporation, M ilfo rd, PA
18337. R-E

$259

$179

F·1000
1.2GH

F·100
120MH

Aut o Ranging
plu s

Manual Ranging
3V, Digit Meter

28 Functi ons
Fuily protect ed

M·1180 .7% Acy $36.95
M·1182 .25% Acy $39.95
M-1181 .1% Acy $42.95

BREADBOARD

MOdeI D - ·· ·· ­9436 _. .. .. _-

Shown ==:::::-
9430 1,100 pin s $15
9434 2,170 pi ns $25
9436 2,860 pin s $35

50MHz LOGIC PROBE
20 nse c w it h memory
Lp·700

~'$23

......

Model
S·3000

Model V1060 $1,375

15·25%
OFF LIST

PRICE

$138

Model
LC·1800

Measure s:
Indu ct ors,
Capacit ors,
Resi stors

35MHz DUAL TRACE OSCILLOSCOPE

$498 MO·1252

.. ,- -. ' ':

• 10MHz DC or AC
• Triggered Sweep
• Calibrated Vert & Hor
• Reads Volts & Freq

DIGITAL LCR METER

Frequency, Per iod, Totali ze, Self Check wit h High·
Stabil ized Crystal Oven Osc ill ato r, 8 Digit LED Display

MULTI·FUNCTION COUNTERS

10MHz OSCILLOSCOPE

$239

.. .. ~ ::r o;;;aa:;::;.

.05% DC Accuracy

.1% Resist ance
wit h I=req. Counter
& Delu xe Case

100MHZ

TRUE RMS 41f.z
DIGIT MULTIMETER

Model
M·7000

$135

MO·1253
40MHz

Dual Trace
12KV HV

Delayed Sweep
$550

2·20V @ 2A
12V @ 1A

$59.95

MULTIMETER with
CAPACITANCE AND
TRANSISTOR
TESTER

Model $58
CM·1500A

Reads Volts, Ohms ,
Current, Capacitors,
Transistors &
Diodes W/Case

QUAD POWER SUPPLY

Model
XP·580

GF·8016 FUNCTION GENERATOR
with Freq. Counter

$239
• Sine , Square, Triangl e
• Pulse, Ramp, .2 to 2MHz
• Frequenc y .1 thru 10MHz

GF·8015 without Freq. Meter S179

20MHZ

--J
Model V212 $475

Model V-212 20MHZ Dual Channel (1mV Sens.) $475
Model V-422 40MHZ Dual Channel (1mV Sens.) $699
Model V-425 40MHZ Dual Channel (with cursor) $825
Model V-660 60MHZ Dual Chann el (Delayed Sweep) $990
Model V-1060 100MHZ Dual Channel (Delayed Sweep) $1,375
All above scopes have a 3 year guaranty on parts and labor

Top quality scop es at a very reason able price . Cont ains all th e desired features. Elenco's 2 year guarantee
assures yo u of co nti nuous service. Two 1 X , 10 x prob es, diagrams and manu al included. Write for specs .

60 MHz scope probes, switchable 1x, 10x, Ref. Model T-1Fits Most Scopes $19

ELENCO PRODUCTS AT DISCOUNT PRICES!

C&S SALES INC.. 1245 Rosewood Dr. Deerfield, II 60015 =J15 DAY MONEY
800·292·7711 312-541-0710 ASK FOR CATALOG ' VIS< ! t , J BACK GUARANTEE

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

DIGITAL TRIPLE POWER SUPPLY
Model
XP·765

$239
0·20V @ 1A
0-20V @ 1A

5V @ 5A

Full y Regul ated, Short Circuit Prot ected with 2
Limit Cont. 3 Separate Suppiies

XP·660 with Analog Meters S169.50

20MHz DUAL TRACE OSCILLOSCOPE

$349 MO·1251
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SERVICE

CLINIC
Ghost busting

M O ST OF U S ARE FA M I LIA R WITH

ghost ing. It 'sw hen th e primary im-
_ age o n th e screen is accom p-ani ed

by one o r more seco ndary im ages.
The effect is most of te n caused by
a rece pt io n problem , such as
w hen the ante nna receives signals
both directl y and via a t ime-d e­
layed refl ect ion fro m a building,
hilltop, etc.

But ghost ing can have ot he r
sources. A defect in the video-IF
amp lifie r st rip co u ld cause re ­
ge ne rat ive feedback to occu r. If
t hat fee dback's f re q ue ncy fa l ls
w ithin th e amp's pass band, it w ill
show up on th e picture as g host­
in g . If f i ne tunin g affect s t hat
g hos t ing, t hat's f urt he r co n ­
fo rmati on that th e video IF is in­
deed the culprit .

But what if fin e tuning has no
effect? Then, assuming the TV set
is a co lo r mod el , yo u sho uld look
to th e del ay line.

In co lo r receiver s, th e vid eo
leaving th e f irst video amp is sp lit
into luminan ce (b r ig ht ness ) and
chrom inance (co lo r) info rmat io n.
Each signal is p rocessed and then
fe d to th e p icture tube fo r d ispl ay.
However, the bright ness informa­
t io n h as fewe r stages to pass
t h ro ug h d uri ng p ro c e ssin g.
Hence, it te nds to arr ive at th e pic­
t u re t ube slig ht ly ahead of its re­
lated co lor in fo rm at ion . If un cor­
rected , t he resul t wo u ld be a
p icture w he re the color in forma­
t io n is offset to the righ t of the
bl ack-and -w hi te in formati on .

The purpose of t he delay line,
then , is to slow down th e bright ­
ness signal so that all the compo­
nen ts of an im age arrive at t he
pi cture t ube at the same t ime . The

FIG. l

delay line is inserted between two
of th e stages of the video amp lifie r.
A typi cal setup is shown in Fig. 1.

A delay line is essentially a lon g
inductor wound o n a metal fo rm .
That fo rm is lined w ith fo i l alo ng its
entire length , and the fo il is t ied to
ground creati ng a ground plane,
whi ch causes a capacitance to exist
between each t urn of the coi l and
ground . Th at capacitance , along
w ith the inductance of the de lay
line, introduces a ti me de lay be­
cause it takes time for the capaci­
tance to bui ld a charge and t he coi l
to produce its mag netic fi eld .

Two types of de lay-li ne fai lures
co u ld cause ghosting to occur.
O ne is if t he delay line i s im­
properly term inated . Typica l ly,
t hat h app e n s when a res istor
changes value or th e peak ing coi l
becomes open . The other co m­
m o n cause is an open ground
plane.

In sho rt, then, a gho sti ng prob­
lem caused by the set itsel f is most
li kel y t he resu lt of regenerat ive
fee dback or ri ng ing in the video IF
or vid eo amps. If fi dd ling w ith the

R4 R6
lMEG BRIGHTNESS

11.2:EG

TO 3RO
VIDEO
AMP

fin e tuni ng affects the ghost ing,
loo k to t he vid eo IF; if f idd li ng
wi t h the f ine tuning has no effect,
look to the delay line-.

Tracking intermittents
Anyon e wh o h as sp e nt any

len gth of time servicing TV sets has
had some expe rience w ith inter­
mi tt ents. Somet imes the problem
cro ps up rather qui ckl y. O t he r
t im es th e TV set may seem fine fo r
several weeks befo re cutt ing o ut;
sho rt ly t hereafter, t he set o nce
again seems to be f ine, for awh ile.

TV sets suffer ing from the latter
symptoms can be a real pai n to
tro ub les hoot. Ofte n, t he best
co urse to take is to fo rce th e inte r­
mitt ent to show up. There are sev­
eral ways to go abo ut doing that.

The simp lest tec hnique is to jar
t he chassis w it h th e heel of yo ur
hand , or a small rubber mal let.
You'd be surprised how ofte n that
does th e t rick .

If tapping the chassis fai ls, yo u' ll s::
have to app ly more st r i n gen t ~

meth od s. Hook up a Variac and
d rop the lin e vo ltage. If that fai ls,
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n BP132-25 SHORT­
WAVE BROADCAST AN­
TENNAS . . . . $5.00. Good
antennas can be inexpert­
sive. Here's 25 d iff erent
ones ranging from a simple
dipole, through helical de­
signs to a multi-band um-
brella. .

... 0 BP105-ANTENNA
PROJECTS . ... $5. 00.
Practical ante nna desig ns
including active, loop, and
ferrite-fypes1hat are simple
and inexpensive to build,
yet perfo rm well. Also in­
cluded are ant enna ac­
cessories.

... 0 BP91-INTRO TO RA ­
DIO DXING . . .. $5.00. Ev­
erything you need to know
about radio DXing and how
you can get into this fas ­
cinating hobby area.

2$ ItmpIlt SMrl_-- ..._.

25 Simpl. Indoor

n BP136-25 INDOOR ~ :'::;::d.W
AND WINDOW ANTEN­
NAS .. . . 55.00. If you
can't put up a conventional
antenna because of where
you live, one of these 25 de­
signs is likely to solve your
prob lem and del iver great
reception.

o BP125-SIMPLE AMA- ~

TEUR BAND ANTENNAS
.. . . 55.00. Shows how to
build 25 antennas starting
with a simple dipole and
working on up to beam, tri­
ang le and even a mini
rhombic.

MAIL TO: Electronic Technology Today Inc.
P.O. Box 240
Massapequa Park, NY11762-0240

SHIPPING CHARGES IN USA & CANADA
$0.01 to $5.00 $1.00 $30.01 to 40.00 $4.75
$5.01 to $10.00 $1.75 $40.01 to 50.00 $5.75
$10.01 to 20.00 $2.75 $50.01 and above $7.00
$20.01 to 30.00 $3.75

OUTSIDE USA & CANADA
Multiply Shipping by 2 for sea mail
Multiply Shipping by 4 for air mail

Total price of merchandise $ _
Shipping (seechart) $ _

Subtotal $ _
Sales Tax (NYS only) , $ _

Total Enclosed $ _

tnt.mallon••
Radio SuUon.
Quid.

TV, RADIO
COMMUNICATIONS

Name _

Address _

o BI'155-INTL RADIO ~

STATIONS GUIDE .. . .
$6.95. New edition lists sta­
tion site, country, frequency,
ERP prov id es for thou ­
sands of short wave radio
stat io ns . Nine sec tions
cover a variety of broadcast
services.

-----------.use a hair d ryer or other heat
source to warm up individual cir­
cu it co mpone nts un ti l t he inter­
mittent appears.

An o ld troub leshooter's t rick fo r
tracking down stubborn intermit­
tents was to rig up a tapping tool
and attack individual components.
The tool was little more than a rub­
ber washer slipped ove r an end of
an alignme nt tool; th e result was a
min iature rubbe r mallet that was
li ght eno ug h to al low tappi ng
w it ho ut the fea r of breakage, but
heavy eno ugh to send a not iceabl e
sho ck throu gh a co mpo nent . Start
tapping away at the compo nents
until. one of those taps makes the
intermittent app ear.

While you' re at it , don 't over­
look th e solder joints. It doesn't
matter how "perfect" t he joint
looks on th e outs ide; inside that
joint it could be a w ho le di ff erent
sto ry.

In one set, I had tracked the in­
termittent to a parti cul ar junct io n
in the circu it. But th e jo int the re
looked textb oo k clean. Deciding
t hat I had probabl y over looked
something, I wasted hours of t ime
checkin g everyth ing else in t he
vicini ty of that jo int. Finally, out of
fr ustrat io n I attacke d that " clea n"
looki ng jo int it sel f. Of co urse, I
fo und tha t the wires beneath t he
solder we re co mpletely co rro ded !
Rew irin g and reso lde ring the con­
necti on restored p roper o pe ra­
ti on, and th e set has worke d fine
ever since.

If jarring th e TV set makes the
intermittent show up , t he n yo u
sho uld suspect bypass or co upli ng
capaci tors in th e affec ted ci rcuits .
Attack each of t hose w it h yo ur
" min i-mallet" un t il the the inter­
mittent reveals it self .

Somet imes , irri tat ion can be a
helpful ally. In one particular in­
stance, no matter w hat I di d , in­
cludi ng lighttapping, the in termi t­
te nt wo u ld not show up. In
desperat ion, I d rew back and gave
t he chas sis a re lat ive ly heal th y
shot-strong eno ugh to knock it
about six inches . Apparent ly, that
" scared" the intermittent eno ugh
to force it to show up. The mo ral is
to no t be afra id to use brute
force- in moderati on. Pickin g up
a TV set and heavin g it across the
roo m is never a reco mme nded ser­
vicin g strategy ! R-E
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• CB
• Hobbiest
• Exp er im ente r

• COST EFFECTIVE
• MODERATE PRICING
• FAST DELIVERY

• Mobile/ 2-way/Channel Element s
• Pagers
• Ma rine
• Airc raft
• Telemetry
• Monitors/Scanners

AMATEURS

Reliability & Quality
From tart To Finished Product
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• Micro-Processor Control
• Computers/M od ems
• Tes VM easuremen t
• Medical

COMMUNICATIONS-REPLACEMENT

QUARTZ
CRYSTALS/OSCILLATORS

FOR
ELJ:CTRONIC - INDUSTRIAL

CRYSTEK

~
The
Pulse of
Dependable Communications
Crys tek Crysta ls offers the ir new 16 page
FREE cat alog of crysta ls and osci llators.
O f f er in g st a te -of- th e- ar t crystal
component s manufact uered by the latest
automated technology. Custom designed or
"of f the shelf ," Cr yst ek meets the need,
worldw ide. Write or call today!

CRYSTEK CRYSTALS
2351/2371 Crystal Dr . • Ft. Myers, FL 33907
P.O. Bo x 06135 • Ft. Myers, FL 33906-61 35

TOLL FREE 1-800-237-3061
(813) 936·2109 - TWX 510-951 -7448
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IDOES Y O U R DIGITAL CAPACITANCE METER CO THls?1
FULL 4 DIGIT 0.5 INCH LCD DISPLAY COMPLETELY AUTORANGING WITH 10 RANGE MANUAL CAPABILITYNEW LIT

co n tinued from page 15

TOOL O\ TAl O G. Jensen'sfull-col or
Winter 1988 catalo g features pliers,
sc rew d r ive rs, and ot he r hand­
too ls; power tool s; test and mea­
su rement instruments; and to ol
kits and cases. Test equipment fo r
computers and ' tel ecornrnunica­
tions devices is also presented. An
updated supp lement is also avail­
able; both are f ree of charge up on
request.-Jensen Tools Inc., P. O.
Bo x 500 20 , Ph oeni x , AZ
85076-0020.
CIRCLE 22 ON FREE INFORMATION CARD

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 RANGES ONLY

AND THIS
A BILITY TO ZERO LARGE CAPACITANC E

VALUES UP TO 99.99 uF

AND THIS
CALCULATES TRUE CAPACITANCE

IF CAPACITOR IS LEAKY

AND THIS
DIODE CLAMP AND FUSED

PROTECTED INPUT.
DISCHA RGE RESISTOR IN OFF

POSITION AT TERMINA L INPUTS.
POW ERED BY 9V BATTERY

ONE YEAR PARTS &
LABOUR WARRANTY

FOR ONLY THIS

AND THIS
IDENTIFIES TRANSISTORS (NPN, PNPI
AND THEIR LEADS (E, B. C. ETC.)

AND THIS
TESTS ZENER DIODES AND RECTIFI ERS.
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
ABILITY TO SORT CAPACITORS IN
MANY DIFFERENT MODES

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

AND THIS
CALCULATES TIME CONSTANTS WITH
USER DEFINED RESISTANCE VALUES

AND THIS
HOLD FUNCTION FREEZES DISPLAY

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

U.S. FUNDS

- 5==--
5 _
5 _
5 _
5 _
5 _

ZIP CODE

TOTAL

STATE

PLEASE SEND ME

::....-- (QUANTITY) MC300(S) @7 5169.95

CARRYING CASE 5 16.95

AC ADAPTOR 5 9.95
SHIPPING AND HANDLlNG @ 55.00PERIN STRUMENT

[ICHECK [I MONEY ORDE R

[ 1VISA [ I MASTERCARD
[ ) CARD NO. _

EXPIRY DATE SIGNATURE _

NAME TELEPHONE _
ADDRESS _

CITY

DEALER ENQUIRIES INVITED
CIRCLE 197 ON FREE INFORMATION CARD

a division of Bergeron Technologies Inc.

935 THE aUEENSWAY, BOX 641
TORONTO, ONTARIO MSZ SY9

CANADA (416)676 -1600

MODEL

MC300 Approx .Slze
T· . ... . ' " ..

I!)DAETRON

FUll-LINE CATALOG. The 1988 cat­
alog from Parts Express contains
VCR parts , speaKe rs-;s~emkon-d u-c-- --­
tors, CATV products, tool s, tes t
equipment, chemical s, and ca­
bles. Al so featured are computer
accessories, and hardware. There
is no charge for the catalog, which
can be ordered by calling (800)
338-0531.- Parts Express Interna­
tionallnc., 340 E. First St. , Dayton ,
OH 45402.
CIRCLE 23 ON FREE INFORMATION CARD

NEW RUGGEDIZED
SCOPE PROBES
Just a phone call away.

$35 P6103 $58 P6109
50 MHz 10x 150 MHz 10x
Compensation Range Compensation Range
15 to 35 pF 18 to 22 pF

These new passive voltage probes can be used with any
oscilloscopes having matching compensation ranges.

Screw in tips mean easy repair, no downtime.

To order call toll free1·800·426·2200
VISA and MasterCharge accepted .

1ektron~
COMMITTED TO EXCEUENCE

~
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Copyrig ht © 1987. Tektronix, Inc . All rights reserved I<RI\ ·810
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Train for the Fastest GrowingJob SkiU in America

OnlyNRIteaches you to
serviceallcomputersas you
buildyour own fully IBM
compatiblemicrocomputer
With more andmore new m=-li-_~stems. Only NRI includes a
cations being developed for , powerful computer systemas
every facet ofbusiness, educa- partofyour training, centered
tion, and personal computer around thenew, fully IBM PC
use, thedemand for trained compatible Sanyo 880 Series
computer servicetechnicians computer.
surges forward. The Department You start with thestep-by-
ofLabor ranks computer service step assembly ofthehighly rated
highon itslist oftop growth Sanyo 880 computer. You build
fields, with accelerated demand and test the "intelligent"
creating more than 30,000 new keyboard, install thepower sup-
jobs in thenext 10 years. ply and 5% /I floppy disk drive,

and interlace thehigh-resolution
1btal systems training monitor. But that'snot all. You

No computer stands alone. . . go on toinstall apowerful 20
it's partofa total system. And megabyte hard disk drive-to-
ifyou wantto learn toservice day's most-wanted computer
and repair computers, you have peripheral, now included as part
tounderstand computer ofyour hands-on training.

Cf)
o
zoa:
I­o
UJ
--J
UJ

6
0« Using NRI's unique Action Audio Cassette, you are talked You'll set up and perform electronics experiments and

through the operation and practical application 01your demonstrations using your NRI Discovery Lab. You'll even
a: hand-held dig ital mullimeter-the basic, indispensable interlace the lab with your computer to "see" keyboard·

tool for the computer specialist. generated data.

34

It's confldence-buildlng,
real-world experience that in­
cludes training in program­
ming, circuit design, and
peripheral maintenance.

No experience necessary-
NRl builds it in

.Even ifyou've never had any
previous training inelectronics,
you can succeed with NRI
training. You'll startwith the
basics, then rapidly build on
them tomaster such concepts
asdigital logic, microprocessor
design, and computer memory.
You'll build and testadvanced
electronic circuits using the
exclusive NRI Discovery Lab",



Your NRI total sys tems train ing
_incl udes_aI Lth i s :_N RLDj s_C9'LelY."....---'~~

Lab to des ign and modi fy circuits .
Four-function dig ital multimeter wi th
wa lk-you-thro uqh inst ruct ion on
audio tape . Digital logic probe for
visual exami nat ion of keyboard c ir­
cuit s • Sanyo 880 Series computer
wi th "i ntelli gent" keyboard and 360K,
5 '.4' floppy disk dr ive · 20 meg hard
disk drive you install internally· High-
resoluti on monochrome monitor. 8K ROM, 256K RAM· Bundled softwa re ·
Reference manuals, schema t ics, and bit e-sized lesso ns.

professional digital multimeter,
and logic probe. Like your com­
puter, they're all yours tokeep
aspartofyour training. You
even getsome ofthemost
popular software, including
WordStar, CalcStar, GW Basic
andMSDOS.

Sendfor lOO-pagefree
catalog

Send thepost-paid reply card
todayfor NRI's lOa-page, full-

Thepowersupply is assembled in themain unit of the corn­
puter. Youcheckout keyboardconnectionsandcircuits with
thedigitalmultimeter included for trainingand field use.

color catalog, with all thefacts
about at-home computer train­
ing. 'Read detailed descriptions
ofeach lesson, each experi­
ment you perform. See each
piece ofhands-on equipment
you'll work with and keep.
And checkout NRI training in
other high-tech fields such as
Robotics, Data Communica­
tions, TV/Audio/Video Servic­
ing, and more.

Next, you install the 5V• • floppy disk drive, learningdisk
driveoperation and adjustment. Later,you increase your
~:~ ~1~~a9~~~pacity dramatically by installing a 20meg

If thecard has been used,
write toNRI Schools, 3939
Wisconsin Ave. , N.W.,
Washington, D.C. 20016.

NRlsCHOOLS
McGraw-Hill ContinuingEducationCenter
3939 Wisconsin Avenue, NW
Washington, DC20016

We'll Give You Thrnorrow.
IBM is a RegisteredTrademark of International Business
Machine Corporation.

Usingthemonitor,you focuson machinelanguageproqram­
ming,an indispensabletroubleshootingtool forthe techni­
cian,You continueby learning BASIC languageprogramming.

CD
CO
CO

37



With Instant Aaess,
GE/RCA brinp to thescreen

aworld of
replacement paris.

- Now-a ppearing-at -part icipat ing-GEf RCA-Distribotors- - nomb-ers for solid state devices (incluaing-MRO), and-
across the country is a new, highly efficient computer­
ized replacement parts service called InstantAccess.

With direct access to our
main computer, a distributor
can now learn the availa­
bility, pricing, and cross­
referencing of what­
ever part you need,
quickly and
accurately.

Our massive
inventory provides
you with instant.
access to consu­
mer parts, SK and
MRO devices, broad­
cast parts, picture
tu bes, receivi ng
tubes, electro-optics
and devices, video
accessories and
videotape.

A precise cross­
reference index auto­
matically converts all
leading industry

electro-optics and devices, into corresponding RCA
part numbers. As well as converting RCA drawing

numbers into RCA stock num-
bers for Consumer Electron­

ics replacement parts.
Next time you need a

replacement part in a
hurry, look into

Instant Access.
You can even

specify delivery­
in less than twenty­
four hours if
necessary. To find
the participating
InstantAccess
distributor nearest
you, write: Sales
Promotion Services,
Distributor and
Special Products,
2000 Clements
Bridge Road, Deptford,
NJ 08096-2088.
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This versitile
signal generator can

provide simultaneous
square/tr iangle

or square/sine output
signa ls.

JOHN WANNAMAKER
VERSATILE
FUNCTION GENERATOR

. THERE WAS A TIME WHENA SIMPLESINEOR

square wave signal was all that was
needed to test electronic equipment.
Today, we need many more kind s of
test signals, as well as specific control
over suc h things as thei r duration ,
shape, and duty cycle. Basi cally,
what 's needed is a laboratory-grade
multifunction signal generator, such
as the one described in this article .
Using readily available parts, the sig­
nal generator provides a square wave
output, with simultaneous tri angle ,
and sine wave outputs; it can also sup­
ply variable duty-cycle pulses and a
more-or- less co nventiona l linear­
sawtooth ramp.

All outputs have level controls, and
th e s ine/ tr ia ng le func tio n makes
provision for a fixed amount of at­
tenuation. There 's also a front-pa nel
OFFSET control for the sine and triangle
waveforms that provides ± 1.5 volts
into a 600-ohm load , or 3 volts into an
open load. Other waveforms are uni­
polar and may be used with CMOS
and TTL circ uits .

The var iable duty-cyc le outp ut
pulse , which has a timin g value of
1-50 ms can sink more than 20 TTL
loads. The linear output ramp is sim­
ilarly variable. A buil t-in freque ncy
counter monitors the output frequen­
cy using four decaded ranges of 100,
1000, 10,000 , and lOOk Hz.

Although the time-base accuracy
and stability of the internal counter
are exceptionally good, it would be
fairly easy to add an externa l jack that
switches out the internal monitoring
and accepts a signal from the outside
world. A O-I-volt pulse is adequate
input from 5 Hz to 2 MHz, but the
four-digit counter and displ ay can
only handle up to 99 .99 kHz.

The circuits
The signal generator is divided into

three sections: (1) the sine/triangle/
square wave generator; (2) the coun ­
ter ; (3) the pulse/ramp.

As shown in Fig. I, IC3, an Exar
XR2206 Function Ge nerator int e­
grated circu it, provides the sine, tri­
angle, and square waves. Norma lly,
IC3 's freque ncy adj ustment is a
0.2-2-megohm variable resistor con­
nected from pin 7 to ground, but that
kind of adjustment often proves to be
cri tica l because only co nventiona l
sing le-turn potentiometers are nor­
mally available in such large values .
In our p roto type, howeve r, the
XR2206 is used as a voltage-co n­
tro lled osc illator, and frequency-ad­
justment control R25 is a 10K IO-turn
potentiometer. Adjusting the output
frequency to within one cycle out of a
thousand takes only a modest degree
of dexterity.

Values other than 10K may be used
if fixed-resistor RI6 is changed. For a
2K potent iometer, Rl6 = 4 .7K . For
5K , Rl 6 = 20K. For 20K , Rl 6 =
82K. Try to stay within that range , or
the low-frequency adjustment trim ­
mer may become ineffect ive.

The sine/triangle circuit is also un­
usual in that, unlike some commer­
cial circuits , attenuation sw itch S3
affects only the signal amplitude and
not the value of any offset voltage .
You decide how much fixed attenua­
tion the circuit is to have (up to -20
dB; a 10:1 voltage ratio) by making
R26 larger than necessary, and then
trimming its value by connect ing an­
other fixed resistor (Rn) in parallel.
If that method is too cumbersome, the
two resistors can be replaced by a
mult i-turn trimmer res is tor. (A l­
though the trimm er is more costly, it's
a great deal easier to use .)

Output impedanc e
A sine or triangle output is selected

by switch S2 . Emitter-follower Q8
has an output impedance of about 20
ohms, which can supply a 1.5-volt p-p
waveform into an 8-ohm speaker, or
about twice that amount into 16 ohms.
That holds true from 10Hz to frequen­
cies that are far above the audio range .
(It' s import ant to adjust for zero offset
if testing speakers in that manner.)

~
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FIG. 1-ALL THE BASIC SIGNALS are provided by IC1, an Exar Function Generator
integrated circuit. Switch S2 selects either a triangle- or sine-wave output.

+ 12
R22 TRIANGLE10K !C;S2

R21
Rl8TO J7 10K e of soon

Ci1- ~

Cl0 ~ Fo
IO....F +

SQUARE LEVEl Q7 25V r-r--
ADJUST 2N44lll 50K e

R23 RI6 10 11 12 13 14 15 16
10K 33K IC3 R20

- LOW END XR2206 lK
J4 TRIMMER r-SQUARE.. OUTPUT Rl7 7 6 5 4 3 2 jT

10K
"'="

FREQUENCY + ;; ~ en ATTENUATEADJUST
_ 47....F ~.- - R25 ~~ R24 25V _~~,

10K 9.IK
R27* .. f ~ S3~ R26*

CONTROL

SINE SHAFT

* C20 LEVEL ' MAY REPLACE WITH TRIMMER
SOOpF R28

I2K

~3~ 5 +
6 IC4 R32OFFSET YOE 10K

1~R30 10K 4r--,. 2 ~-1
27K R3l

C15 47K
":'

l ....FRANG E S4·C1SOV R36 Q8
r- -- ---- 2.7K 2N44lll: 100kHz +
I o 100Hz }I ©I
I 10~ Cl4 ., C18t

S4 kHz \1 .1
I SOOPF

CONTROL C13 " Cl2
SHAll: .01 .001,

SINE
I

R37 R38J5
OUTPUT R62 R61 C19I 1.5K I.5K

3311 5600 .001
r-- - 12VC21 R35

.001 S
lOOK

e R33

GROUND01.6 22K

C17 OFFSET R34 CI6
IO....F TRIM SOK 10....F
2~V 2~~
" + 1/ +

f/)

~
z
o
a:
f­
o
W
-l
W

o
o
«
a:

40

Norma lly, the low impedance is at­
tained when resis tors R6l and R62 are
replaced by a jumper wire . The re­
sistors are used only if you prefer the
generator to have a 600-ohm output
imped ance .

A s w i tc h i ng a rr a nge me nt to
change the output impedance from 20
to 600 ohms is not sugges ted , because
the additional wiring might result in
noise pickup that would be added to
the output signal.

The counter sec tion , shown in Fig

2 , is unique in that it mates IC6 , an
Intersil 7207A time-base device with
IC5 , a 74C926 co unter. Since counter
IC5 doesn 't have built -in sampling or
ga ting, the timing pulses from IC5 are
used to alternately short circuit the
counter input pulses to ground and
then allow them to pass for precise 1­
second or O.I- second intervals .

The counter display dim s when at­
tenuation switch S 3 is se t for '
ATIENUATE becau se S3 also inserts a
330 ohm resistor, R60 , in series with

the 5- volt reg ulator that services the
counter sec tion . The regulator loses
its control and the voltage drop s to
about 3 volts, causing the output cur­
ren t to drop to about one-third of its
normal value . That causes both time­
base Ie's to operate at a voltage below
the manufacturer 's recommended val­
ues . While that is not an admirable
practice , as long as R60 's value did
.not exceed 1000 ohms, no ill results
were noticed when several sets of IC 's
were tested in the circuit .

The reason for reducing the voltage
applied to the counter circuit below
the recommended minimum values is
to attenuate the multiplexing noise
that leaks into the sine-wave output
when the circuit voltage is the usual
+5 volts.

Dual one-shots
The pulselr amp circuit , shown in

Fig . 3, uses a 4538 CMOS IC that
co n ta ins tw o monostable multi :
vibrators, or one-shots. Each is trig­
gere d into its ON state by the negative­
going edge of the other's Q output.
The circuit is activated by a kick- start
via Cl when power is first applied.
Since the pulse width of each one­
shot is determined by an independent
time con stant, the overall duty-cycle
variation is unusually large. Using the
values shown, the duty-cycle is varia­
ble from 2-98% .

The time constant of ICl-a is modi­
fied so that it s timing capacitor
charges through constant-current
tran si stor QI, which creates a
straight-line voltage rise across the
capacitor. The input resistance of op­
amp IC2 buffers the capacitor voltage
from loading effects and also provides
an output impedance of less than 100
ohms.

The pul se output at 12, which is
derived from ICl, can sink a 100-mA,
50 % du ty-cycle current.

Since the ramp is the time-con stant
voltage for one of the multi vibrators ,
it is therefore locked in step with the
pul se from the other multivibra to r.
When the pulse is on, the ramp is off,
and vice versa .

The osci l lo sc o pe photo graph s
shown in Figs . 4-6 show the kind of
outputs you can get. Figure 4 shows a
50 % duty-cycle square wave on the
bottom and its simultaneous triangle
wave at the top. Figure 5 shows the
same 50 % duty-cycle square wave at
the bottom and the simultaneous sine­
wave output at the top. Figure 6 shows



closure by Amerex . But regardless of
what you use for an enclos ure, make
certai n that there are adeq uate ventila­
tion hole s for air circ ulation.

Becau se it lends it self to neat
gro upi ngs of assoc ia ted wires by
splitti ng off appropriate len gth s of
whatever numb er of conductors are
required , stra nde d mult iconduct or
ribb on cable should be used for con­
nect ions between the PC board and
the panel-mounted components . At
the very least , wire having ribbon ca­
ble 's flexibili ty should be used to con­
nect the LED display to the PC board .

The go ld-pla ted foi l on the di s­
play 's own Pc. board is fragile , and
mechanical abu se or too much heat
will cause it to peel off. For those

- conne c t io ns , the stranded-wi re s
should be prepared prior to insta lla­
tion by strip ping about Ya inch of in­
sulation and tinning the bare ends of
the wires . Then insert the tinned wires
through the holes from the displ ay 's
back so that they are ju st flush with the
oppos ite side of the board ; than solder
them carefully from the back , using as
little solder as is possible . Take par­
ticul ar care when connecting wires to
the LED display, because not all the
hole s on the display are used.

To acco mmodate either in-l ine or
offse t center-pin units using O.l-inch
pin spaci ng, an extra solder pad has
been provided wherever trimmer po­
tenti ometers are to be mounted on the
PC board . Trimmers R17 and R34
may be either laydown or upright
types , Va-inch square, having eith er a
side or a top adjustment. Due to space
limitat ion s , trimmers RI 8 and Rl 9
must be upright types that measure no
more than about O.2-inch wide. If the
attenuation resis tors, R26 and R27.
are to be repl aced with a trimmer po­
tenti ometer, it, too , must be an up­
right type . A top -adju st multi -turn
unit is suggested .

The front panel should have enough
bare metal on its inner surface to elec­
tri c all y co nnec t a ll potentiometer
cases . The GROUND jack in the center
of the panel (16) should connect to the
panel with a short length of bare wire
wrapped under its retaining nut. Use a
gro undi ng lug if you have the appro­
priate size on hand. Resistor R30
should be similarly grou nded around
the bushing of R29 . the front panel
OFFSET potent iometer. (The other leg
of R30 is soldered to R29 's wiper

.. terminal .) Attemp ting to ground R30

ulators . Although the board 's compo­
nent density is about six parts per
square inch , exce pt for rectifier di­
odes D4 and D5 all components are
mounted flat on the board . Although
that deg ree of compactness suggests
that a sma ll but well-ventilated metal
case wou ld be a suitable enclosure,
the LED dis play, jacks, and the oper­
ating co ntro ls occupy a rel ativel y
large area of panel space . Therefore ,
those co mponents become a co ntrol­
ling factor in the size of the housing.
The enclosure used for the prototype
show n is the series 570 Desktop EIl -

FIG. 2-THE FREQUENCY-COUNTER SECTION can be used independently by applying
an external signal via jack J7. In typical operation, J7's normal-through connection
connects J7 to the the square-wave output from Q7.
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Construction
The uni t is asse mbled on a 3 x 6­

inch pr inted-c ircu it board . The tem­
plate for the board is provided in PC
Se rvice . Alternately, a pre-drill ed PC
board can be purch ased fro m the
so urce given in the Part s List.

The compo nent layout and inter­
connec tions for th e PC-board are
show n in Fig. 7 . Be sure to use soc k­
ets for all Ie's exce pt the voltage reg-

a 26% duty-cycle ramp at the bottom
and its corresponding square-wave
output at the top.
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FIG. 4- THE SQUARE AND TRIANGLE
WAVEFORMS are simultaneously avail­
able at independent output jacks. Note
that the waveforms are in-phase.

distortion can be reduce d to as little as
0.5% by adjusting trimmer potenti­
ometers R I8 and R19 . However, the
sine-wave output also contains a low­
level distortion that ap pears in the
form of a tenacious little blip that ap­
pears near the peaks of the sine and
triangle waveforms dur ing the transi­
tions of the square wave. Although
hardly noticeable when the sine-wave
amplitude is high , the blip refuses to
lose amplitude at the same rate.as the
sine wave when the sine-wave output
level is redu ced. Capacitors C18-21
minimize that blip to about 0 .5-J.Ls
duration , and to a peak ampl itude of
400 J.LY.

The user can very nearly eliminate
the blip altogether by adding capac i-

0--. + 12
SI

Q lQ
14

(GI-b 8
Y, 4538 12

15

Q5
2N4401

Q 6

R5
10K

16

IGI-a
y, 4538 3

13

R4
nOK

R13
4.7K

':' 3

6

RI5 2
10K -=-

G8
IOjJ.F
25V

+12V
05 + C29

1N4401 G30
10jJ.F

2200Il-F
25V

25V

C31 ':'

l000jJ.F
C32

04 + 25V +
10jJ.f

lN4401 25V
- 12V

R3
27K

G4
.1

R6
6800

I RS
: loon
I t-IINI.__--.
I
I1- _ _ .,

I

r-------------------------------------- --
I

R7 ~...L--Y-'l'r--I--...,
5K

JI

RIl
C7 2.2K
.01

PULSE
LEVEL

RAMP R14
LEVEL 2K>-o-----+-_~

R2 :
RAMP lOOK:

Wr+~--"NI.___....-w....,
TIME :

I
I

RI

PULSE 1M
TIME J;N.,......_- - - - - - - - _ - - - - ---<t-1--:-- - - ....

PULSE OUTPUT Q2
J2 o- - -_..... 2N4401

GROUND
J3 O----+---~~

RAMP OUTPUT

FIG. 3-THE RAMP/PULSE SECTION can be disabled by switch S1,which is part of PULSE·

LEVEL control R7.
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in a different way might increase noise
on the sine-wave out put.

Since the sine-wave output can be
adj usted to a very low level , it is im­
portant to minimize the resident noise
level on the output line . The use of
wide foi l in the power-suppl y circuit,
plus a short length of hookup wire
used as a supplemental ground bus ,
keep s powerli ne- rel ated noi se to
ab out 200 J.L V p-p . We found that
grounding the res istor in the OF FSET

circuit to the front panel instead of to
the gro und foil on the PC-board made
a s ignifica nt reducti on in rando m
noise , again proving that all grounds
are not equal. Noise spikes caused by

the counter's multiplexing (or pulse
transitions) are suppressed by either
removing power or redu cing power to
the offe nding area . The counter/dis­
play current is redu ced by one section
of atte nua to r-sw itc h S3 . Altho ugh
that cause s the readout to dim, it is
still usable. The pulse/ramp circuitry
may be sw itc hed off ent ire ly by
switch S I, which is part of PULSE

LEVEL contro l R7 . The overa ll noise is
about 250 J.L V pop into a 600 -ohm
load , and about twice that value into
an ope n circuit.

Low distortion
The sine-wave output's harmonic

FIG. 5-THE SQUARE AND SINE WAVE­
FORMS are also in-phase and simulta­
neously available at independent output
jacks.

FIG. 6-THE RAMP OUTPUT OCCURS
during the negative-going part of the
square-wave's duty-cycle.
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All resistors are 1f4-watt, 5% unless
otherwise noted.

R1-1 megohm, linear potentiometer
R2-100,000 ohm, linear potentiom-

eter
R3, R12, R3O-27,000 ohms
R4-220,000 ohms
R5, R15, R21 , R22 , R32, R55­

10,000 ohms
R6----B80 ohms
R7-5000 ohm, potentiometer with

switch
R8--100 ohms, 2 watts
R9-5600 ohms
R10, R11 - 2200 ohms
R13, R43-47-47000 ohms
R1 4, R23, R28-2000 ohm, linear

potentiometer
R16--33 ,000 ohms
R1 7-10,000-ohmtrimmer potenti­

ometer
R18--500 or 1000 ohm, trimmer po­

tentiometer
R19-50,000 ohm, trimmer potenti-

ometer
R20, R57-1000 ohms
R24-9100 ohms
R25-10,000 ohms, 10-turn potenti­

ometer (see text)
R26, R27-selected, see text
R29-10,000 ohms, linear potenti­

ometer
R31 , R59-47,000 ohms

ta nce between the te rmi na l and
ground, although the cost of the extra
capacitance is a rounding of the tri­
angle-waveform's peaks. (With the
built- in capacitors, that becomes ob­
j ection ab le on ly on the hi gh est
range.) The capacitance also causes
4-dB attenuation at 100 kHz. If that
seems too stiff a price to pay for a
clean low-level signal, simply remove
the afore men tio ned capacitors , but
expect a little rounding of the high­
frequency triangle peaks anyway.

Since it is known that the square­
wave output contri butes significantly
to the unwanted blip on the sine wave,
the square-wave's output line should
be kept short , and (it really hurts to
say this) it should be shielded .

The 330-ohm current-limiting re­
sistor for the counter section, R60 ,
should be mounted direct ly between
the terminals of the appropriate sec­
tio n of the D PST (o r DPDT)
ATTENUATE switch. Other front-panel
mounted components are C20 (500
pF), which should be soldered across
the outboard termin als of the SINE­

LEVEL potentiometer, and C2 l (.001

PARTS LIST

R33--22,000 ohms
R34-50,000 ohms, trimmer potenti­

ometer
R35, R52, R54, R56, R58--100 ,000

ohms
R36--27,000 ohms
R37, R38--1500 ohms
R39-42 , R49-51-150 ohms
R48--100 ohms
R53--10 megohms
R6o-330 ohms
Capacitors
C1 , C4-0.1 jJ.F, ceramic disc
C2, C3--0.1 jJ.F, Mylar
C5, C7, C23--0.01 jJ.F, ceramic disc
C6, C18, C2o-500 pF, ceramic disc
C8, C24-100 pF, ceramic disc
C9, C10, C16,C17, C29, C32-10 jJ.F,

25-volts, electrolytic
C11 , C27-47 jJ.F, 25 volts, elec-

trolytic
C12- .001 jJ.F, Mylar,1%
C13--.01 jJ.F, Mylar, 1%
C14-0.1 jJ.F, Mylar, 1%
C15-1 jJ.F" 50 volts, electrolytic
C19, C21 , C22, C28--.001 jJ.F, ce-

ramic disc
C25, C26--22 pF, ceramic disc
C3O-2200 jJ.F, 25 volts, electrolytic
C31-1000 jJ.F, 25 volt, electrolytic
Semiconductors
IC1-CD4538 or MC14538 dual

monostable

fLF), which should be soldered be­
tween the SINE output jack and the
nearb y fro nt- pa ne l GROUND j ack.
(Separate GROUND jacks s hould be
provided for the pulse/ramp signals
and the sine/triangle signals. )

If the SINE output is to provide max­
imum current , wire it directly to its
PC-board solder pad. If a 600-ohm
output is desired , use a string of Y4­
watt resistors with a nominal resis­
tance of about 580 ohms in place of
the direct wire connection. When the
resistance value is just right , an open­
circuit sine wave of any value will
drop to exactly half of that value when
a precise 600-o hm load is connected
between the SINE and GROUND jacks.

Even though the PC board has two
foils connec ting the power-supply
ground to the long ground foil on the
"output" side of the board, there is
suffic ient inh eren t impedance to
create some hum at the SINE output. To
minimize the induced hum, solder a
short-appro ximately 3 inches­
insulated jumper between the ground
foils , under the board . Solder one end
to the wide foi l wh ere C3 0 is

IC2, IC4-CA3140E op-arnp
IC3--XR2206 function generator
IC5-74C926 counter
IC6--ICM7207A time base
Q1-2N2907A PNP transistor
Q2-Q15-2N4401 NPN transistor
D1- 3--1N914 small signal diode
D4, D5-1 N4401 silicon rectifier
Other components
F1-Q.25-amp fuse
DSP1-NSB3881 Four-Digit display

(National)
J1-J6--lnsulated banana jack
J7-Miniature phone jack
PL1-Powerline plug
S1-SPST, part of R7
S2, S5-SPST switch
S3--DPST switch
S4-3-pole, 4-position rotaryswitch
T1-Power transformer; 117-volt pri-

mary; 12.6-volt, t-amp secondary
XTAL1-5.24288-MHz crystal
Miscellaneous: PC-board, IC sock­

ets, enclosure, wire, solder, etc.
Note: An etched and drilled

printed-circuit board is available
for $17 postpaid (includes
postage and handling) from
John Wannamaker, Route 4, Box
550 , Orangeburg, SC 29115.
South Carolina residents must
add appropriate sales tax.

grounded; solder the other end to the
foil near the two ground pads on the
opposite side of the board .

Mounting .
Each corner of the board has room

for a 4-40 machine screw mountin g
hole . Be careful to not let a metal
spacer under the board short to a near­
by foil; or even better, use insulated
spacers. It would be wise to pass the
screws through the bottom of the cab­
inet so that the retaining nuts are on
top of the board .

The LED-d isplay assembly can be
held in place by either 2-56 or 4-40
machine screws that extend through
the front panel on each side of the
display. They should pass through
some kind of improvised insulated re­
taining bar across the back of the dis­
play. Take care , when installing the
display, that its solder terminals do
not short to the panel. Since the rec­
ommended display has a built-in red
filter, no additional filter is necessary. s:

When mounting the power trans- ~

former, make provision for two lugs
under one of the mountin g screws.
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CIRCUIT DESIGN FOR ELECTRONIC
INSTRUMENTATION: Analog. and
Digital Devices from Sensor to
Display, Second Ed. By D.
Wobschall. 400 pp., 365 iI/u s. Brings
you the entire process of ci rcuit design
in a comprehensive, easy-to-follow for­
mat. This new edit ion reflect s the latest
in IC technology, including CMOS and
ECl devices.
712131X Pub. Pr., $49.50 ClubPr., $36.95

AMERICAN ELECTRICIANS' HAND·
BOOK, Eleventh Ed. By 1. Croft and
W. Summers. 1,82 4 pp. , 1,560 iIIus.
This newly updated handbook shows you
how to select , install , maintain, and op­
erate all the latest electrical equipment
and wiring. It includes the most recent
code requirements, basic formulas, and
a wealth of circuit diagrams and illus­
trat ions.
139/326 Pub. Pr., $64.50 Club Pr., 549.50

MICROELECTRONICS, Second Ed.
By J. Millman and A. Grabel. 1,001 pp.,
646 iI/us. Takes you from the basics of
semiconductor properties to an under­
standing of the operation of solid -state
devices, and then to more advanced
topics. Its up-to-date coverage, real-life
examples, and pract ical data make th is
an ideal reference for th e working
engineer.
423/30X Pub. Pr. , $49.95 ClubPr. , $36.50

ENGINEERING MATHEMATICS
HANDBOOK,Third Ed. By J. J. Tuma.
512 pp., i/Ius. This best-selling hand­
book gives you the essentia I mathe­
mat ical tools-formulas , defi niti ons,
theorems, tables, and models for com­
puter programming - that you need for
yo u r da y-to - da y eng inee r i n g
calculations.
654/433 Pub. Pl.., $44.50 ClubPl.., $34.50

McGRAW·HILL CONCISE ENCY·
CLOPEDIA OF SCIENCEAND TECH·
NOLOGY. Edi tor-in-Chief S. P. Parker
and the Staff of the McGraw-Hili En­
cyclopedia of Science and Technology.
2,065 pp., 1,600 iIIus. This volume
serves every need for understanding to­
day's science and technology. Written
by over 3,000 of the world 's topmost
experts , including 19 Nobel Prize win­
ners, it covers 75 discip li nes 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 will meet your needs.
Includes specs, applicat ions data, and
prices of li near ICs from all major
manufacturers, as well as design and
fabrication techn iques.
583784-6 Pub. Pr., $49.50 ClubPr., $36.25

Op·AMP HANDBOOK, Second Ed.
By F. W. Hughes. 320 pp ., 23 1 iIIus.
Organized for on-the-job reference, this
handbook covers all facets of op-amps,
from stabil ity and protect ion to signal
processing using op-amps. Includes a
collectio n of over 60 practical circuits
for a variety of appl icatio ns, proce­
dures, and experiments.
583651-3 Pub. Pr., $36.33 Club Pr., $27.50

AUTOMATIC CONTROL SYSTEMS,
Fifth Ed. By B. C. Kuo. 736 pp., iI/us.
Provides an overview of automatic con­
trol systems, including in-dept h cover­
age of classical contro l techn iques, op­
timal control theory, and analog and
digital contro l system design. This up­
dated editio n discusses the 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., 536.95

New Members!
Take anyone of these great

professional 528 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 iI/us . Fea­
tures worked-out solut ions and fu ll ex­
planatio ns for all sample problems so
you can learn how to solve them. It 's a
dependable way to prepare for the exam
or a perfect on-the-job reference.
503/931 Pub. Pl.., $36.50 Club Pr., 527.95

Electronics and
Control Engineers'
Book ~~
Club®

HANDBOOK OF
ELECTRONIC
TABLES AND
FORMULAS
Sixth Edition
256 pages, illust rated. 583804-4
Up-to-date mathematical tables and
electronic formulas in a convenie nt
desk reference that you'll find indis­
pensab le. Included are basic formulas,
constants, governmenVindustry stan­
dards, symbols and codes , service
data , and more. The handbook also
has new sections descr ibing how to do
your calculations on a computer, and
complete computer programs.

MICROWAVE AMPLIFIERS AND OS·
CILLATORS. By C. Gent ili. 150pp., 79
i/Ius. A thorough, pract ical introduction
to the theory and design of microwave
ampli fi ers and oscill ators, with cover­
ageof t he scattering matri x, the gall ium
arsenide fie ld-effect t ransistor, and mi­
crost rip technology.
229/953 Pub. Pr., 531.95 ClubPr. , $24.95

TROUBLESHOOTING ELECTRONIC
EQUIPMENT WITHOUT SERVICE
DATA By R. G. Midd leton. 303 pp.:
16 2 i I/u s. and tables. Packed wit h
charts, diagrams, and case histories ,
thi s pract ical handbook shows you how
to pinpoint defective electronic circui­
tr y when no service data is available.
583134-1 Pub. Pr., $27.95 Club Pr., m .50

32·BIT MICROPROCESSORS. Edited
by H. J. Mitchell. 248 pp., 104 iI/u s.
and tables. A complete survey of the
architecture , operat ion, and applica­
t ions of today's most importa nt new
devices from AT&T. Inmos, Intel, and
Motorola.
425/85X Pub. Pr., $39.95 Club Pr" 529.50

ELECTRONICSENGINEERS' HAND·
BOOK, Second Ed. Edited by D. G.
Fink & D. Christiansen. 2,2 72 pp.,
2,189 iI/us. This updated and enlarged
edit ion covers all the latest knowledge
in the f ield, including new advances in
integrated ci rcuits, pulsed and logic
ci rc uit s, laser te chno logy, tele com­
municat ions, and much more.
209/812 Pub. Pr., $89.00 Club Pr., $61.50

Join
the

ADVANCED DIGITAL COMMUNI·
CATIONS: Systems and Signal
processing. Edited by K. Feher. 768
pp., 436 iIIus. Emphasizes the newest
advances and developments in tele­
communic at io ns systems and net ­
works. Chapters on subjects such as
ISDN, speech coding algorithms, digi­
tal speech interpolat ion systems and
interference are all written by interna­
t ional authorities to give you on-the-job

-~*f;;lt~:e · p"iib.""pr. , $=59~.95~Clu~b~Pr.--', $-'-'42""'.50,-_e-your-ene-souroe-tor-engineering books
from over 100 different publishers

ethe latest and best information in your field
ediscounts of up to 400/0 off

publishers' list prices

44

(f)
U
Z
o
II

G
UJ
....J
UJ

6o«
II



YoUI' FHEE Handbook

47

\\'I'ite Co d e :'\0 . for the
First se lec tio n here

HUMAN FACTOR S REFERENCE
GUIDE FOR ELECTRONICS AND
COMPUTER PROFESSIONALS. By W.
E. Woodson.
1Il/664 Pub.Pr.. S31.50 ClubPr.. S13.15

THE FOURIER TRANSFORM AND
ITS APPLICATIONS, Second Ed..
Rev ised. By R. N. Bracewell .
01an56 Pub, Pr.. S49.95 Club Pr., m .95

THE LASER GUIDEBOOK. By J. Hecht
111/338 Pub. Pr.. S49.50 ClubPc..m .50

POWER GENERATION CALCULA­
TIONS REFERENCEGUIDE. By T. G.
Hicks.
188i003 Pub.Pr.. S36.50 ClubPr..S1l.50

OPERATIONAL AMPLIFIERS AND
LINEAR INTEGRATED CIRCUITS,
Third Ed. By R. F. Coughli n and F. F.
Driscoll.
583154·4 Pub. Pr..m .95 Club Pr.. S15.95

McGRAW·HILL'S NATIONAL ELEC·
TRICAL CODEHANDBOOK ,19th Ed.
By J. F. McPartland.
4511D11 Pub. Pr.. S41.50 ClubPr.. S31.95

ELEMENTS OF ENGINEERING ELEC'
TROMAGNETICS, Second Ed. By N.
N. Rao.
58 3114·9 Pub. Pr..S49.00 Club Pr., m .50

MICROPROCESSORS IN INSTRU·
MENTATION AND CONTROL. By S.
A. Money.
4111010 Pub. Pr..m .50 ClubPr.. S19.50

INTRODUCTION TO RADAR SYS·
TEMS, Second Ed. By M. I. Skolnik.
519/091 Pub. Pr.. S51.95 ClubPr.. S38.95

PROBABILITY, SIGNALS, NOISE. By
J. Dupraz,
183 /309 Pub. Pc..139.95 Club Pr..S19,95

Be sure to
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Attach one to the green ground wire of
the three-conductor lin e cord . The
other should attach to an insulated
wire to the PC-board's ground in the
power-supply area . That has to be
brought out from beneath the board
and may be fairl y long to allow the
board to be turn ed over. Use stranded
wire for its flexibility.

Jack 17 , which is shown in Fig . 2 , is
needed onl y if you want to be able to
measure the frequ enc y of an exter­
nally generated external to the signal
generator. If the feature isn 't needed ,
using Fig . 4 as a reference, simply
eliminate the jack and connect the
wire going to J7's "hot" terminal to
the PC-board terminal having the A­
flag, which actually is a connec tion to
the top of R23.

Checkout
Don 't install the IC 's . Begin with

the solde red-in volt age regul ators .
Using an oscilloscope , check each
power source for proper volta ge and
polarity. Looking at the plastic front

of the regulators , the rightmost pin is
the regulated output of both the
po sitive and negative units . There
should be no ripple. If everything
checks out, unplug the power cord
and let the voltages decay before in­
serting any IC 's.

Plug in the ICS and IC6 and appl y
power. Th e di splay should indi cate
0000 for the three lowest frequency
po sit ion s of the ran ge sw itch, and
00 .00 for the highest positi on . If
counter is set for SINE ATIENUATE, the
display will be very dim . With out any
attenuation all digits will be bright.

A single dim digit can be due to
insufficient multiplexing drive; check
the 4700-ohm resistors at the bases of
Q9-Q13. If the same segment of all
digit s is dim or will not light, check
connec tions through to the display,
particularly the ISO-ohm resistors. At
this point, of course, the middl e bar
cannot light. Once checked out , un­
plug power and allow time for volt­
ages to decay.

To check out and adju st the sine/

triangle/squ are circuit, initi ally adjust
all trimmer resistors and the front­
panel potentiometers to mid position .
TIle FREQUENC Y con trol should be ro­
tated five turn s into its range . Select
the highest frequ enc y range with the
RANGE switch and turn off any at­
tenu ation . Insert IC3 and IC4 , then
appl y power. The counter should ind i­
ca te a frequency of approximately 40
kHz. If not , chec k pin II of IC3 with
-an osc illoscope: You should measure
a 12-volt square wave , which means
that the IC is oscill ating . Trace the
signal through to the counter's input.
If no problem is found along the
route , the probl em is most likely to be
in the counter.

Adj us t the FR EQUENCY co ntro l to
obse rve that the readout changes. up­
datin g every 0 .2 seco nds (2 seco nds
on the three lower ranges). Adjust for
the lowest frequency on a particul ar
rang e . Observe the readout while ad­
ju sting the low-end trimmer, R17, for
a reading of app roximately 9.40 kHz.
You can then check each range for at
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FIG. 8-THE COMPLETED PROTOTYPE. To reduce the possibility of hum pickup, the
power transformer, T1, is located a considerable distance from the printed-circuit board.
The ribbon cable at the upper left connect the display unit to the PC board.

least a I:10 frequ ency variation: 10 Hz
to 100 Hz; 100 Hz to 1000 Hz, etc . Of
course, where a five-d igit figure is
given, the most significant digit is
missing from the dis play. Correct the
adjustment of RI7 on any range that
does not go down to , or below, the
ex pec ted low value. If the high est
range will not qu ite reach 100 kHz , it
will be due to stray capacitance that
parallels C12 . You might try findin g a
capacitor with a slightly lower valu e,
but a quick fix is to insert a 470-ohm
resistor at the RANGE switch in series
with the wire from S4 to C 12.

Use the sco pe to check the square­
wave output at J4 . The SQ UARE LEVEL

co ntro l sho uld vary the amp litude
from near zero to 10 volts p-p. If there
is a probl em , trace the signal from pin
II of IC3 .

Set the frequency to 1000 Hz and
select the triangle waveform . Observe
the output at the SINE OUTPUT, J5 . Ad-

ju st the SINE-LEVEL control for mini­
mum (zero) output. Set the scope for
measuring 2-volt s DC per division
and a time base of 0 .2-m s/di vision .
Position the trace so that the zero-volt
line is across the center of the CRT.
Th e front panel O FFSET adjus tme nt
should be able to create a variable
output of approxim ately ± 3 volts .

Adj us t the SINE-L EVE L co ntro l to
mid-position and chec k for a trian gle­
like waveform of approximate ly 8
volt s p-p (no attenuation). Either the
top or the bottom of the waveform
may be clipped . Adjust the internal
OF FSET trimmer potenti ometer, R34 ,
to remove the clipping . Continue in­
creasi ng the sine level and adjusting
R34 unti l you get the maximum non­
clipped waveform. A clean 16 volts
P'P should be possible .

Sine shaping
Sele ct and obs erve the SINE output.

When the sine-shaping adjustments
are co mpleted , the sine wave's ampl i­
tude will be abo ut half of that of the
triangle wave. Shapi ng trimmers RI8
and RI 9 interact , so alternate between
the two until the scope displays the
best shape. Consider that a perfect
sine wave has equal areas above and
below the zero line , and both peak s
sho u ld have the same amount of
rounding . Low distortion is definitely
possible and if not attained , check
your circuit, especia lly for improper
trimmer values .

If you substitute a trimmer potenti­
ometer for atten uating resistors R26
and R27, make the adjustment this
way: With no attenuat ion, adjust the
front panel SINE-LEVEL control for an
output of precisely 8 volts p-p. Sw itch
the attenuation in and adjust the trim­
mer potentiometer for wfiatevcr loss
you want, up to - 20 dB (10: I).

If you dec ided to use the fixed at­
tenu ating resistors, then solder in a
value for R26 based on the followin g:
4 .7K = -6 dB(2: 1), 10K = - 12dB
(4:1),27K = -20dB (10:1). Resistor
R27 is used as a fixed-value trimmer
to bring the attenuation more nearly
on target , and its value is either se­
lected by tria l and error, or it is " em­
pirical ly " selected , depending on
your particular view of reality. Start
with a value ten times that of R26 .
The trimmer resistor must be tack sol­
dered in place when determining its
value to avoid introducing hum.

The ramp
The remaining task is to check out

the pulse/ramp circ ui t. Unplug the
unit 's power cord, insert ICI and lC2 ,
and set all pulse/ramp controls to mid
range; then apply power.

View the pulse output at 12 with the
scope's time -base ini tially at 20-ms/
division . The pulse amplitude should
be more than 3 volts p-p.

The PULSE-LEVEL control should al­
low varying the amp litude from near
zero to more than 7 volts p-p. The
PULSE-T IME co ntro l sho uld vary the
pulse widt h from I ms to more tha n 50
ms. The RAMP-TIME control determines
the pulse's off time .

Observe the ramp outp ut at J I. The
RAM P LEVE L varies the ramp output
from zero to +7 volts. The RAM P-TIM E

control adj usts the duration of the
ramp , which is equal to the off-time of $:

pulse output. Switch S I, which is part ~

of the PULSE- LEV EL contro l shoul d ki ll cD
both the pulse and ramp outputs . R-E g;
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Build
THE RADIO-ELECTRONICS

ADVANCED CONTROL SYSTEM
This month, we add
a way to store your
programs and data.

-Pa r t - Jl-L A ST ~IME , WE
'+proml s ed t o

show you a battery back-up sys­
tem for the REACTS system.
Well we will-but not th is
month! Instead , we will show
you a powerful high-speed sem­
iconductor-disk system for the
control computer. That module
will allow us to expand the size
of our disk storage from the 20K
provided by the CPU board to
virtually any size desired , and
to add read/write (RAM) stor­
age to the disk system. And best
of all , it will operate at speeds
that are up to 1000 times faster
than magnetic-disk systems.

Using semiconductor disks
To the computer programmer/user,

semiconductor disks are manipul ated
in the same way as floppies or hard
drives . That is , all commands that are
used with floppies or hard drives (DIR,

ERA, etc .) work the same way with
semiconductor di sks , only much
quick er.

For many reasons, semiconducto r
memo ry is ideal for process-control
applic ations. It is low in cost com­
pared to magnetic storage, except for
applications requiring huge amounts
of memory. It is much more tolerant
of temperature and vibration extremes

~ than magnetic memory. Power con-
z sumption is only a fraction of what
~ typ ical magn et ic-disk sy ste ms re-
t; quire . The size of a small semicon-
~ ductor-disk syste m is much less than
6 that of a conventional disk drive. The
(] only real disadvantage of that type of
Cf disk is that the read/write portion of

H. EDWARD ROBERTS, M.D.

the disk is volatile; that means that it
must be powered cont inuall y. That's
really not much of a problem , and it
can be made even simpler when you
bui ld the battery-backed swi tching
power supply that will be discussed in
a future article. For now, it only
means that you will have to keep your
computer powered up if you want to

MC7 MCG MC5 MC4 MC3 MC2 MCl Mca

EJ = 32K x 8 PROM IC

Q = 32K x8 RAM IC

FIG.1-THE SYSTEM IS CONFIGUREDfor
RAM, PROM, or a combination of memory
IC's us ing an a-position DIP switch, 52.

save the contents of the RAM
memory permanently.

The so ft/ha rdware concept
that we previously introduced is
very evident in this module . For
instance , you can configure the
systemto appear as ito 8 disk
drives by simply setting switch­
es on the back of the module.
Also , multiple modules may be
combined to increase the size of
a single disk to over 2 mega­
bytes . Any number of disks may
be added to the system. By leav­
ing out memory IC's, the cost of
the disk system can be mini­
mized in cost-sensitive applica­
tion s . On ce the hardware is
customized as desired , the oper­
ating sys tem can be changed
usin g a co nfig uratio n utility
(more on that shortly). That will
provide a truly customized sys­
tem.

The REACTS drives
The PROM/RAM disk portion of

this month 's module provides 256K of
PROM and/or RAM space . It con­
tains 8 IC sockets into which either
32K RAM or PROM IC's can be in­
serted; any 32K x 8-bit RAM or
PROM can be used. You let the sys­
tem know which type of memory each
socket location contains by setting a
DIP switch. As shown in Fig. I, a
PROM/RAM location is configured
for a PROM if its co rres po ndi ng
switch is up, and configured for a
RAM if the switch is down.

Throughout the rest of this article ,
we will refer to the disk system as a
drive or drives . That allows us to fol­
low the accep ted convention used in
most operating systems . For instance ,
the first floppy in a conventional PC is
known as dr ive A: and the hard disk is
usually labeled drive C. Our system
will support up to 16 drives, identified
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SYSTEM
BUS

" 10RO

....

9
PROM/RAM

II SYSTEM AO DRESS 0-7 MODULE PROM/RAM ADDRESS MEMORY ADDRESS "-SELECT SELECTr COUNTER y

r- PRG,~ PRlJG. SELECT t---

WRITE t t t t
READ I I

256K MEMORY
COUNTER COUNTER PROM/RAM CONFIGURATION

CLOCK INITIALIZE SWITCHES

A "- DATA ~ PROM/RAM r---;1< SYSTEM DATA 0-7 BUFFER CONTROL PROM/RAM
" '1C CHIP SELECTS ....it

BUFFERED SYSTEM DATA "y
PROM/RAM DISK---- -- ------------ - -- --- --------- - - --- --_ .... -- ----- - - -- - --- - --- - - - ---- ----

PROM PROGRAMMER

~
Oc

PROM PROGRAMMER ADDRESS --- -
PROM PROGRAMMER y EPROMCONTROL DATA CONTROL(CS & DE)

SOCKETREGISTERS ... Oc

PROM PROGRAMMER OATA
... r

-PIN1~
VOLTAGE CONTROL-

PROM
VOLTAGE CONTROL

-PIN 20

+ 12.5VDC + 5VDC

FIG. 2-THE PROM/RAM DISK and optional PROM Programmer are shown here in block­
diagram form.

Sources

as drives A:- P:. Further, the REACTS
operating system has been designed
to divide the PROM or RAM disks
into tracks and sectors , with each
track made up of 8 sectors of 128
bytes each . That compares with the
tracks and sectors of a floppy or hard
disk .

Certain drives are reserved by the
system for special operations; specifi­
cally, drive P: is reserved as the boot
drive on the CPU . Future articles will
provide the information necessary to
add floppy and hard disk drives to the
system. Those drives will be labeled
in exactly the same manner. Indeed , a
random mixture of floppies, hard
disks, RAM and PROM disks is per­
fectly satisfactory from the system 's
standpoint.

It is not necessary to have all of the
PROM or RAM space of a module
designated as one drive. Up to 8 sepa­
rate drives may be specified on one
module ; the only constraint is that the
memory alloc ated to each drive must
be a multipl e of 32K (the size of a
single memory IC). As an example,

you could configure the system to
have 128K of PROM memory set up
as drive A: and 128K memory set up
as drive B:. Another option would be
to have two 64K drives of PROM and
two 64K drives of RAM; the four
could be designated as drives A:, B: ,
C:, and D:, where A: and B: would be

The following items are available
from DataBlocks ,lnc .,579 Snowhill
Road, Glenwood, GA. 30428; 800
652-1336 (in Georgia call 912
568-7101

DP-P/R/PP : Design package of
schematics and instructions; $10.00

PC-PJR/PP: PC Board for PROM/
RAM/PROM Programmer modu le,
includes design package; $37.00

PROM /RAM : Complete set of
parts, PC board, IC'sfor PROM/RAM
portion of module (excluding PROM
and RAM memory IC's); $114.00

PROM PROG: Parts needed to
add PROM Programming ca -

RAM drives and C: and D: PROM
drives.

It is even possible to have eight
different drives on one PROM/RAM
module, each containing 32K of
PROM or RAM memory. At the other
extreme it is possible to have more
than two megabytes of PROM or

pabilities to module; $59.95
MEMORY IC's: 32K x 8 bit UV

EPROM's; $10.50. 32K x 8 bit RAM
Ie's $12.50.

SOFlWARE: Software is available
on UVEPROMs as well as on 5%­
inch floppies for downloading from an
IBM PC, XT, AT or compatib le.
Please call for prices on the different
software packages.

Other REACTS systems and com­
ponents are available; please call for
information and prices.

Please add $10 shipping and han­
dling per order. Georgia Residents
must add sales tax.
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mer's easily accessible ZIF (Zero
Insertion Force) socket looks like a
32K disk drive . (The use of a ZIF
socket allows you to insert and re­
move IC 's many times without
damage .) You will find that attribute
to be a useful tool when developing
software .

Parts List-PROM Programmer

All resistors Y4-watt, 5%, unless
otherwise noted

R1 , R5, R6, R8-10,OOO ohms, 9-
into-t SIP

R2, R18-10,OOO ohms
R9, R10, R16-2200 ohms
R11 , R12, R21, R22-4700 ohms
R13-470 ohms
R14, R15-1000 ohms
R17-220 ohms
R19-1000 ohms, potentiometer
R2D-500 ohms, potentiometer
Capacitors
C12, C1B-o.47 ILF, ceramic disc
C22-G24-10 ILF, 16 volts, tantalum
Semiconductors
IC12, IC18-82C55 programmable

peripheral interface
IC22-LM317 voltage requlator
01-03, 05-2N3904 NPN transistor
04, 06-2N3906 PNP transistor
D1-Green LED, right-angle PC

mount
Other components
S01-28-pin ZIFsocket
Miscelaneous:PC board, IC sock-

ets , 28-pin hi-rise socket, hard­
ware, wire, solder, etc.

PROM-programmer operation
The PROM programmer programs

EPROM 's one byte at a time . Refer­
ring to the PROM programmer
portion of Fig . 2, the address of the
memory location to be programmed is
placed on the PROM programmer's
address bus and the data to be pro­
grammed is placed on the data bus . To
do the actual programming, 12volts is
placed on pin 1of the EPROM ,S volts
on pin 28, and the EPROM's CE ( CHIP

ENABLE) input is brought low for a
specified period of time . After a loca­
tion is programmed, the address is
incremented and the next byte to be
programmed is placed on the PROM
data bus .

Reading an EPROM (or PROM) is
essentially done in the same manner
as programming one, except that 5
volts are placed on both pin I and pin
28, and both the CE and OE (OUTPUT

ENABLE) pins are brought low. Once

The PROM programmer
If you are going to make full use of

PROM memory, you need some way
to get your programs into them . To
that end, we have included an PROM
programmer on the PROM/RAM disk
module. (In order to accommodate
cost-sensitive applications, the pro­
grammer has been made optional and
can be o mitte d where it is not
needed .)

In addition to being able to pro­
gram 32K UV EPROM's (Ultra Viole t
Erasable Programmable Read Only
Memory), the programming socket
can be used as an independent disk
drive . To the REACTS operating sys­
tem, a PROM in the PROM program-

Parts List-PROM/RAM Drive
PROM/RAM disk operation

Referring to Fig . 2, a block di­
agram of the PROM/RAM disk and

All resistors Y4 watt , 5% unless the optional PROM programmer, will
otherwise noted help in following the discussion of the

R3, R4, R23-10,OOOohms,10-into-1 operation of the PROM/RAM portion
SIP

R7-470 ohms of the module. Comp lete circuit de-
Capacitors tails are shown in Fig. 3.
C1-C1 1, C13-C17, C19-C21-Q.47 The REACTS CPU communicates

ILF, ceramic disc with the PROM/RAM module via 110
C25-47 IL F, 16 volts, electrolytic ports . The system 1/0 ports used by
C26-47 IL F, 10 volts, electrolytic the PROM/RAM module are user-se-
Semiconductors lect able. The MODULE SELECT and
IC1-IC8-32K x 8 RAM or EPROM, PROM/RAM CONTROL blocks of Fig. 2 are

see text implemented usin g PAL (Program-
IC9, IC19-74HC245 octa l three- mabie Arr ay Logic) IC 's ; those

state transceiver
IC10, IC11, IC20,IC21-Programma- custom co mpone nts are available

ble array logic IC's, custom compo- from the supplier ment ioned in, the
nents , see text Source s box . PAL's are used in 'the

IC13-IC16-74HC163 synchronous PROM/RAM disk module , as they
binary counter were in the CPU module , to reduce

IC17- 82C55 programma151e -=p-=e-- ';'---::-circUit cost ana complexiV"ThellO
ripheral interface address of the module can be changed

D2-Red LED, righ t-angle PC- by resetting a 5-position DIP switch,
mount SI. That allows you to use multiple

Other components PROM/RAM modules per system for
S1-5-position DIPswitch
S2-8-position DIP switch greater storage capacity.
S02, S03-60-pin male and female Basi c operation of the PROMI

bus connector set RAM portion of the module calls for
Miscellaneous:PC board, IC sock- rea ding or writing to the correct

ets , hardware, case, wire, solder, PROM or RAM IC. That is done by
etc. the PROM/RAM CO NTRO L blo ck . After

selecting the correct type of memory
IC (as determined by S2 , the 8-posi ~

tion DIP switc h previously dis ­
cussed), the PROM/RAM ADDRESS COUN­

TER is loaded with th e star ting
memory address of the file to be read,
or in the case of a write to a RAM
drive, the first unoccupied memory
location. As each memory byte is
read or written , the address counter is
incremented to point to the next byte
in memory so that that location can be
read from or written to.

RAM memor y configured as on e
drive. In that case, each module is
only Ys of the total drive (8 PROM/
RAM disk modules times 256K per
module = 2048 K) , The ability to
custom design the PROM/RAM con­
figuration of the disk drives fits in
nicely with the concept of soft-hard­
ware in that it allows the user to select
the optimum disk size for a particular
application.

(As discussed in the Feb . 1988 in­
stallment , soft-hard ware is sys tem
hardware that can be changed as easi­
ly as software.)

After setting the memory config­
uration switches and installing the
correc t mem o ry IC 's (RA M o r
PROM) into their appropriate sock­
ets, the ope rating system must be
"told" about the current configura­
tion of disks . The REACTS operating
system handles that with a configura-

~ tion utility called CO NFIG. If the new
z configuration is to be perm anen t,
a? which will usuall y be the case , it
o should be " burned" o nto a boot
~ PROM , using the PROM program­
wo mer, and that PROM then placed in
o the appropriate socket on CPU-mod­
e? ule board.
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FIG. 4-CONSTRUCTION OF THE MODULE is fairly straightforward. Use this Parts­
Placement diagram when mounting the components.

again, to keep circuit complexity and
cost as low as possible, much of the
programmer's ci rcui try is incorpo­
rated in a custom PAL. (That IC is
available from the supplier.)

The REACTS operat ing sys tem
contains a utility called RBU RN that
makes programming EPROM 's easy.
That utili ty uses prompts to allow the
user to se lec t the file to be pro ­
grammed , the drive that the file is
located on , and the number of kilo­
bytes to be programmed . In addition
to burning EPROM's , the RBU RN
ut ilit y can be used to check an
EPROM for complete erasure (i.e. to
make absolutely sure that a PROM is
blank before progr ammin g).

Two LED 's are used by the modul e
to display the state (idle or busy) of
the PROM programmer. If the red
LED is illuminated, the EPROM is
either in the proce ss of being burned
or read and should not be disturbed .
To avo id d amaging th e de vi ce ,
EPROM' s should be placed in or re­
moved from the programming socket
only when the green LED is on .

When hand ling EPROM's, re­
member that they are CMOS compo­
nents and all of the usual precautions
regarding static elec tricity should be

followed to avoid inadvertently zap­
ping them. Also , be sure that any
EPROM's are oriented correctly in the
socke t before attempting to burn or
read them otherw ise, the device may
be damaged.

Building the module
Building the combination PROM/

RAM disk and PROM programmer is
basically a straig htforward operation.
Follow the parts-placement diagram
shown in Fig. 4 when mounting the
co mponents . The pa tte rn for that
board can be found in PC Serv ice; a
pre-etched board is available from the
supplier that is me ntio ne d in the
Sources box.

THE FINISHEDPROM/RAM DISK. Note the
ZIF socket near the center of the unit.

Be sure to observe the cautions out­
lined last time when installing the two
60- p i n PC-board conn e ctors.
(Though they are rugged units once
assembled , th ey ca n be eas ily
damaged during assernbly. ) Al so ,
take the usual precautions when han­
dling the CMOS Ie's. Finally, be­
cause we are putting so much circuitry
in a small area, we have chosen to use
Single Inline Package (SIP) resistors
where applicable . Those are reason­
ably new comp onents and you may
not have used them before . However,
SIP resistors are becoming more com­
monplace so they should not be to
difficult to locate .

Software
Although we have not yet built any

actual process-control modules, we
can now start program development.
We have a central processing unit, a .
means of communicating with it (a
dedicated terminal or an IBM or com­
patible configured to act as a terminal;
see the April issue for more on that),
and at least one way of saving pro­
grams , that being the PROM-pro- ~

grammer/semico nductor-disk mod- ~

ule . In order to create any programs
continued on page 82
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side will appear next time. See page 100 for more PC patterns.
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SUBWOOFER SIMULATOR
NORM HILL

Build a subwoofer simulator and fill your living room with movie-theater sound
you can actually feel.

A MOVIE THEATE R CREATES REALISM BY

projec ting a large picture , using sur­
round sound, and by extending the
sound's low-frequency response with
subwoofe rs so that the viewer can ac­
tually feel the spec ial-effects. When a
movie conta ins explosions , je t rum­
ble, thunder, ga llo ping horses , or
othe r heavy-duty actio n, the sub­
woofer adds reali sm by literally shak ­
ing the floor.

Although it is ge nerally accepted
that a healthy ear can hear a frequency
range of 20 Hz to 20 kHz, in fact,
some of that range is not so much
heard , but se nsed . For example ;
many peopl e cannot hear frequencies
higher than 15 kHz, althou gh they can
sense that they exist. It' s the same

thing for frequencies in the deep -bass
range of 20-50 Hz; ma ny person s
cannot hear frequencies within that
range , altho ugh they ca n fee l and
sense them as vibrat ions .

In a theater, special effects are often
exploited by enhancing the deep-bass
frequencies, so th at whe n the jets
rumble , they rum ble so powerfully
that you can actua lly feel the runway
vibra ting under your feet. (And a flat
frequency response ceases to be desir­
able once your feet become the listen­
ing tran sducers. ) Below 20 Hz, sou nd
is neither felt nor heard; at best there
is a strange sensat ion of changing air
pressure .

But although most people can per­
ceive sounds in the 20-50 Hz range,

because conventional woofers, even
12-inch and larger, roll off below 50
Hz, dee p bass sounds are rarely heard
unless some kind of deep-b ass com­
pensation is provided. The usual solu­
tion to providing deep bass in both
theaters and the home is to add a
monaural subwoofer that is driven off
the front channels by an active filter
and a separate amp lifier.

Not that perfect
Unfort unately, the re are some

drawbacks to using a monaural sub­
woofer. It is commo nly assumed that
deep-b ass inform ation has such a long
wavelengt h that it will be summed by
the room to a mono signal, and that
therefore a single transducer can be

~
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FIG. 1- TO ENSURE THAT ONLY THE DEEP-BASS FREQUENCIES are enhanced, the
simulato r's fi rst stage amplif ies the frequencies below 60 Hz before the low-pass filter
attenuates all signals above 50 Hz.
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FIG. 2- THE LEFT AND RIGHT CHANNELS ARE IDENTICAL. Switch S3 blends the two
channels when only mono deep-bass sounds are wanted. Switch S2 provides three levels
of deep-bass amplification.
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used. A simple comparison of mono
and stereo bass-boosting ca lls th at
into question. Jet rumble, such as in
the movie Top GUll, takes on a flatter,
quieter , less spacio us sound when
boosted monaurally instead of ster­
eop honically. A quick check of the
low-frequency information (measured
using a dual-trace scope and active
50-Hz stereo filters) shows that the
two channels have little in common
during jet rumble or numerous other
situations. On ly in music are the two
channels simi lar.

Another concern is the type of filter
used to feed the subwoofer. All filters
have substantial phase shift at the roll­
off frequencies. It can easily turn out
th at the hi gh- band and low-b an d
speaker cones wi ll end up out of phase
during the transition region, causi ng a
loss of response over, say 60-90 Hz,
which will produce a pec uliar bass
qual ity. It is likely that ma ny sub­
woofer systems suffer that problem,
especially those using simple passive
crossovers for which 1800 is a com­
mon roll-off phase angle.

Pr ice is ano the r objec tio n to a
mono -sub woofer sys tem that includ es
a filter and separate amplifier: You'll
have to spend a lot before your floor
starts to shake, rattle , and roll.

A cheaper way
A less expensive way to simulate

the "feelie" effec t of the movie the­
ater's deep -bass sys tem is to simply
boos t the bass signal delivered to your
existing front spea kers . (Mos t home­
stereo systems are overbuilt, at least
when listening to a video movie at the
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FIG. 3-MAXIMUM DEEP-BASS BOOST IS ATTAINED AT approximately ·12 Hz. Note that
the curves shown are unattainable with conventional tone controls.
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All resistors are %-watt, 5%.
R1, R2--47,000 ohms
R3, R4-56,000·ohms
R5, R6-270,000 ohms
R7, R8-11 ,000 ohms
R9, R10, R13, R14-68,OOO ohms

R11 , R12-36,000 ohms
R15, R16-680 ohms
R17, R18-1200 ohms
R19, R2o-1600 ohms
R21-R24-10,000 ohms
R26, R26-360 ohms
R27, R28-100 ohms
R29-1000 ohms
Capacitors
C1 , C2-Q.33 ~F, 100volts
C3, C4-Q.047 ~F, 50 volts
C5, C6, C9, C1O-Q.47 ~F, 50 volts
C7, C8, C17, C18-Q.1 ~F, 50 volts
C11, C12-Q.01 ~F, 50 volts
C13-C16-330 ~F, 35 volts, elec-

trolytic
Semiconductors
IC1 , IC2-LF347N, Quad JFET op­

amp
01, 02-1N4001 rectifierdiode
03-1N4735A, Zener diode , 6.2

volts,
LE01-Light-emitling diode
Other components
F1- Y2-amp slo-blo fuse
J1-J4-Phono jack
S1-Switch, OPOT
S2-Switch, OPOT, center off
S3-Switch, SPST
T1-Power transformer, 117 volt pri­

mary; 12.6-volt, 300-mA second­
ary.

Miscellaneous: PC-board mate­
rials, fuse clips, wire. Iinecord, sol­
der, enclosure, etc.

An etched and drilled PC board is
available for $10.25postpaid from
Fen-Tek, P.O. Box 5012, Baby lon,
NY 11702-0012. NY residents must
add appropriate sales tax.

':" J2 Jl

Figure I shows the block diagram
of a subwoofer simulator that can be
used for either the left or right chan­
nel. The first stage is a buffer-ampli­
fier that provides gain below 60 Hz. to
co mpensate for the fact that most
speakers roll off in that range . The
buffer is followed by an active low­
pass filter that removes everything ex­
cept the deep-bass frequencies. The
output from the filter is summed with
its input so that the total bandwidth is
at a substantially higher level than it

R15
LEFT J3

OUTPUT
S1-a S2-a:I

:BYPASS
R16I ± 22dBI

RIGHT J4
I

+ 19dBI

OUTPUT Slob S2-b
+ 16dB

':"

usual living-room volume level. ) Al­
though home-speaker systems having
a 10-or l2-inch woofer may be rolling
off between 20-50-Hz , that doesn 't
mean that they can 't radiate energy in
that range. We merely need to provide
compensation so that they get more
power in the deep -bass freque ncy
range . An analogy is hitting the loud­
ness switch or turning up the bass,
except that the boost must be more
select ive to create the illusion of a
subwoofer 's sound & feel.

FIG.4-THIS IS THE PARTSLAYOUTfor the printed-circuit board. Takenote that resistors
R15and R16are mounted on switch 52, not on the board.

RIGHT LEFT
------------------------INPUT INPUT-
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FIG. 5-TO AVOID NOISE PICKUP the simulator should be enclosed in a metal cabinet.
Cabinets that are partially metal and partially plastic aren't suitable.
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would be if only the deep -bass fre­
quencies were filtered .

Figure 2 shows how the block di­
agra m becomes the schematic for our
stereo -subwoofer sim ulator.

How it works
Both channe ls are identical. Buffer

amplifier ICl-a has unity gain above
60 Hz, and a rising gain characteristic
below 60 Hz to compen sate for the
speaker 's deficie ncy in the deep-bass
range . Active low-pass filters, ICl-b
and IC2-a , pass the frequency compo­
nents below 50 Hz. Amplifier IC2-b
sums the input and output signals of
the filters . Swi tch S2-a provides three
levels of bass sum ma tion-a fancy
way of saying" bass boost. " The sub­
woofer s imulator's frequency-re­
sponse curves for the three switch
positions are shown in Fig. 3 .

Construction
The project should use printed-cir­

cuit assembly to avoid introducing
noise . A foil template for the PC
board is provid ed in PC Service .
You'll find that the template has holes

to accommodate either a pigtail-lead
fuse (F I), or individu al fuse clips
(which take two holes per clip) Use
whatever is most convenient for you.

The parts layout for the PC-board
and the connec tions for the pan el ­
mounted components are shown in
Fig . 4 . For simplicity, an on/off power
switch was not included so that the
unit would be switched on and off by
the master power switch for the entire
system. If you want separate power
control for the subwoofer simulator,
simply install a SPST switch in series
with one leg of the power cord.

Althoug h the circuit will acce pt
conventional part tolerances for the
resis tors and capacitors, for best re­
sults we sugge st you use 5% capaci­
tors for the active-filter components .
As shown in Fig. 5, the prototype is
mounted in a metal enclosure; do not
use a cabi net that is part metal and
part plastic.

Hookup
If your sound system has a separate '

pre-amp and power-amp, the sub­
woofe r s im ula to r co nnects imme -

diately before your front power ampli­
fier-after any surround-sound de­
coder. If you have a receiver, your
only option is to connect the sim­
ulator before the receiver's AUX input ,
or with in the tape-monitor loop­
which isn ' t quite ideal because the
simulator will be receivin g a line­
level I-volt rms signal

Since the bass boost can exceed a
factor of 10, the subwoofer sim­
ulator ma y occasionally output
more than 10-volts rms, so to avoid
blowing out your speakers, be care­
ful when first trying the subwoofer
simulator.

Increase the amplifier 's gain slow­
ly. Back off the amplifier 's output
power if you hear distortion . The au­
thor developed the circuit using a 200­
watt-per-channel amplifier and speak­
ers rated for 250 watts . If your system
is more modestly powered , you may
not want to use S2's higher boost posi­
tions. Also, if your amplifier is rated
for less than 60 watts per channel , or
if your woofers are smaller than W­
inches, you may not attain sufficient
deep-bass output to create the sense of
feeling.

Clipping within the simulator is
possible, although we have seen no
problems because of the device 's rela­
tively high DC supply voltage . A big­
ger concern is an audio amplifier that
wasn't built to handle an unusually
large deep-b ass signal. For example ,
one time we ab sent-mindedl y in­
stalled the simulator between a VCR
and a Trinitron monitor, which has an
audi o switch ing function. It took
quite a while to figure out that the
sound's distortion was caused by the
Trinitron monitor's inability to handle
more than a few volts of input. Mov­
ing the simulator so that it was in­
stalled after the monitor, between the
TV and preampl ifier, completely re­
solved the problem .

The payoff
Once your system is wired for sur­

round sound you' ll discover that some
movies have effects that you can liter­
ally feel , while others don't. There is
a wide variation in the quality of the
effec ts, usually from one studio to the
next, not from one movie to the next.
Some outfits put in plenty of enjoya­
bl e , sur rou nd-so und an d "feel­
ie"effects , while others put in few
sound effects . Unfortunately, the only
way to find which is which is through
trial and error. R-E



JOHN POTTER SHIELDS

Thermoelectric
Coolers
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Here's a look at Peltier devices-
tiny solid-state heat pumps that can be used
in a wide variety of cooling or heating applications.

SINCE THE LAST CENTURY WE'VE KNOWN

that when you form a closed circuit of
two dissimilar metals and two junc­
tions, a current may flow between the
junctions. That happens when there is
a temperature difference between the
junctions, or when the metals have
different temperatures.

The phenomenon is known as the
Seebeck effec t , and is the fundamental
principal behind the thermocouple.
Generall~ sQeaking, the greater the
temp erature differences , t7-h.:....:e"'-i-h.:..-i-g,:he--'r'----f.;?~~......I':~
the current. Also, the combination of
metals that are used will affect the
current flow,

The reverse of the Seebeck effect
was discovered in 1834 by James C.
Peltier. He found that passing an elec­
tric current through a junction formed
by certain types of dissimilar mate­
rials could cause an increase or de­
crease in temperature . Pelti er also
found that the direction of current
flow dictated whether heatin g or cool­
ing occurred, and that the amount of
temperature change was determined
by the type of material and the size of
the junction . In his honor, that effect
is called the Peltier effect , and it is the
fundamental principal behind-Peltier
devices . In this article , we'll examine
Pelti er devices, and how they are
used , in more detail.

Semiconductor thermoelectric
devices

Since the discovery of the Seebeck
and Peltier effects , we've discovered
that they are not necessarily limited to
metals. In fact, they are seen strong ly
in semiconductors . Figure I shows the
arrangement of a simple semico nduc­
tor Pelt ier device . It consists of two
pieces of semiconductor material; one
is p-type , and the other is n-type.

When current is appl ied , charge
carriers move through the two mate­
rials; causing cooling of the top sur­
face and heatin g of the bottom
surface. That action is basically that
of a heat pump-heat is pumped from
the top to the bottom of the device. If
the applied current is reversed , then
the top surface will be heated, and the
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bottom surface cooled. The device is
the n a heater. Most practical ther­
moelectric devices, like the Marlow
(10351 Vista Park Road , Dallas, TX
75238) MI 1069 shown in Fig. 2, con­
sist of many such elements. In those,
the elements are connected in series
electrically, and in parallel thermally.

The tiny devices are capable of put­
ting out great quantities of cold and
heat , regardless of whether they are
used as a cooler or heater. Therefore ,
a pract ical semico nductor cooler or
heater absolutely requires a heat sink .
Otherw ise, the device would overheat
and fail within seco nds.

Applications
One of the most interestin g ap­

plica tio ns, especially for the elec­
tron ics expe rime nter, is local ized
coo ling 0 e ectromc components.
For that, the cold side of the Pelt ier
device is mounted directly to compo­
nent using therm al epoxy, solder, or
thermal grease. When power is ap­
plied to the Pel tier device , heat is
draw n away from the compo ne nt
being protected . Those components
can include IC's, power transistors,
laser diodes IR detecto rs, and solid­
state imaging devices.

Peltier devices can also be used to
cool moderate volumes of air or other
gasses. In that application, a finned
heat sink is attached to the cold side of
the Peltier device . That heat sink thus
becomes a cold sink . The Peltier de­
vice coo ls the cold sink; when air
passes over the cold sink, a small air
conditioner is created . The cold sink
serves the same function as the evap­
orator coil in a conventional air-con­
ditioner desig n.

Likewise , Peltier devices ca n be
used to coo l liquids . In that applica­
tion , liquid is pumped through the
cold sink and is coo led to the desired
temperature .

ELECTRICAL INSULATION
(GOOO HEAT CON DUCTOR) -

BODY TO BE COOLED
(HEAT SOURCE)

I

T

"' -
P·TYPE

ELECTRONIC CARRIERS I SEMICONDUCTOR
MOVING HE AT TO THE THEAT SINK T

T
,

N·TYPE, SEMICONDUCTOR

'////// /// /////, '/////, '/////////
I I

HEAT SINK

+.. I.1----
DC SOURCE

FIG. 1-A BASIC THERMOELECTRIC COOLER. The action is similar to that of a heat
pump, conducting heat away from the cold side to the hot side .

FIG. 2-A COMMERCIAL PELTIER DEVICE. This single-stage unit is the Marlow M11069.
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Power generators
One interesting, and litt le-dis­

cussed application of Peltier devices
is as power generators.

The circuit shown in Fig. I can be
used as a power generator by simply
replacing the DC power source with a
load and applying heat to the top sur­
face of the Peltier device. Note that
the delivered power will have a polar­
ity that 's the 'opposite of the battery
polarity shown.

One co nsideration whe n using a
Peltier device as a power generator is

that the solders used in most devices
melt at about 138°C (although some
units use solders that are designed to
withstand short term expos ure to tem­
peratures as high as 200°). That limits
the maximum efficiency of Peltier de­
vices, but it is still possible to use a
solar collector to heat a Peltier device
and achieve outputs and efficiencies
that rival those of solar cells .

Thermoelectric coolers are avail­
able in single-stage configuratio ns at
prices that range from about $15 to
$50. For applicatio ns where a high
degree of cooling is required, single­
stage units can be ganged; that is the
hot side of one unit is attached to the
cold side of the other. Commercial
units with up to six stages are avail­
able. R-E
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How to use operational
transconductance

amplifiers in your designs
and projects.

applica tions . The amount of IB IAS
can be controlled easily using an ex­
ternal voltage and a series resi stor. An
OTA can be u s ed as a Volt ­
age -C ontrolle d Ampl ifier (VCA),
Voltage Controlled Oscillator (VCO),
or Voltage Controlled Fi lter (VCF).

One of the best known OTA's is the
CA3080 . Figure 2-a shows its pin
connections, and Fig. 2-b shows its
intern al circuitry. Table 1 lists the
basic parameters of the device .

ITHOTA's

- v
b

b j---------------------------------------------------------------1
: "7'1+ v
: 03 05 ,~/
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Fig. 2-THE PIN CONNECTIONS of the 8-pin dip version of the CA3080 are shown in (a),
and the internal circuitry is shown in (b).

varied from 0.1 f.LA to 1 rnA, provid­
ing a 10,000 :1 gain-control range .

An OTA can be made to operate
like a conventional voltage-amplify­
ing op-amp by connecting a suitable
load resistance to its output terminal
so that its output current is converted
to a proportional voltage . The total
current consumed by an OTA is dou­
ble the value of IBIAS ' which may be
as low as 0.1 f.LA . That means that the
device can be used in true micropower

RAY MARSTON

Op-amps and OTA's
Conventional op-amps are essen­

tially voltage-amplifying devices. As
figure I-a shows , a conventional op­
amp has differenti al input terminals
and produces an output voltage of Ao
x (VI - V2), where Ao is the open­
loop voltage gain (that gain is typ­
icall y 100,000 ), VI is the signal volt­
age at the non-invertin g input, and V2
is the signal voltage at the inverting
input. Also, a conventional op-amp
has a fixed open-loop voltage gain , a
high input impedance , and a low out­
put impedance .

Like a standard op-amp, an OTA
has differential input termin als , but,
as shown in figure I-b it is a voltage­
to-cu rrent ampli fier, as indicated by
the constant-current symbol at its out­
put. The input voltages produce an
output in the form of a high-imp ed­
ance current with a value of gm x (V I
- V2), where gm is the transconduc­
tance in mhos, or the voltage-to-cur­
re n t g a in of th e de vi c e . Th e
transconductance is directly propor­
tion al to an ex terna l bi as current
(lBl A S) fed into the amplifier's bias
input. In an OTA, that current can be

a

- v

THERE ARE MANY DIFFERENT TYPES OF OP·

erational amplifiers in use today, but
an Op er ational Tran sconductance
Amplifier, or OTA, is one that you
may not be famili ar with. This month
we'll introduce you to the CA3080
OTA.

FIG. 1-A CONVENTIONAL
a fixed-gain voltage-amplifyin e
whereas an OTA(b) is a variable-ga
age-to-current-amplifier.•------
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Is - IA =V,N y. gm

= VlN X 20> Ie

FIG. 3-A DIFFERENTIAL AMPLIFIER is at
the heart of the CA3080.

CHARACTERISTIC
Supply Voltage Range
Max Differential Input Voltage
Power Dissipat ion
Input Signal Current
Amplifier Bias Current
Output Short-Circuit Duration
Forward Transconductance, gm
Open Loop Bandwidth
Unity-Gain Slew Rate
Common-Mode Rejection Ratio

TABLE 1

LIMITS
+ 4V to + 30V DC or :!:2V to :!:15V

:!:15V
125 mW MAX

1 mA MAX
2 mA MAX

INDEFINITE
9600 urnho typ

2 MHz
50 V/J.l.s

110 dB typ

Some finer points
All of the major operating param­

eters of the CA3 080 are adj ustable
and depend on the value of IBIAS' The
maximum output curre nt is equal to
IBIAS' and the total ope rating curre nt
of the IC is double the IBIAS value .
The input bias currents drawn by pins
2 and 3 whe n the IC is operating in the
linear mode are eac h eq ual to approx­
ima te ly IBIAs/200 , wi th the actua l
values depend ing on the current ga ins
of Q l and Q2 within the chip.

The transconductance (Fig . 8-a )
and the input and outp ut impedances
(Fig . 8-b) vary with IBIAS' Figure 8
shows typical parameter values when
the IC is driven from a bi-polar IS-volt

circuit is less sensitive to the curre nt
ga ins of the transistors, and has im­
proved (greater) output impedance
than in a more-simple circuit.

Figure 7 shows how the differenti al
am plifier and four curre nt mirrors are
co nnec ted in the CA3080 to make a
practical OTA. Bias current (I; IAS)
contro ls the emitter curre nt, and thus
the tran sconductan ce of the QIIQ2 .
differe ntia l amplifier via cu rrent-mir­
ror C. The collector curre nt of Q I is
mirrored by current-mirror A and fed
to the bias term inal of curre nt-mirror
D , and the co llec tor current of Q2 is
mirrored by curre nt-mirror B and fed
to the sink terminal of current-mirror
D , so that the externa lly available out­
put current is eq ual to IB - IA.

If you refer back to Fig. 2-b, you
will not ice that Q I and Q2 form the
differe ntia l amplifie r, Dl and Q3
make up curre nt-m irror C , and cur­
rent- mirror D is comprised of D6 ,
Q lO, an d Q l l. Current-mirror A
(Q4-Q6, D2, and D3), and current­
mirror B (Q7- Q9 , D4 , and D5) are
slig h tly mo re com plex th an th e
others, using Darl ington pairs oftran­
sistors and speed-up diodes to im­
prove their performance .

CA3080 operation
The CA3080 consists of one dif­

ferent ial amplifier and four Current
Mirrors (CM). A current mirror is a 3­
terminal circuit that , when an external
bias current is provided at its input
terminal , wi ll produce an in-pha se
curren onaen lcal value at Its outp ut
terminal.

The bas ic circ uit and formulas for
the CA3080 's different ial amp lifier
are shown in Fig . 3 . The emitter cur­
rent (Ie ) of the amplifier is equal to
the sum of the two collector currents
(IA and IB). When YIN is zero, IA and
IB are equa l and have a value of lel2 .
When YIN has a value other than zero
( ± 25 mY max imum) , IAand IBdiffer
and produce an IB - IA value of YIN
x gm . The transconduct ance value is
directly propo rtio na l to Ie , and at
25°C roughly equals 20 x Ie .

By itself, the circuit in Fig . 3 is not
very useful. However, in an OTA such
as the CA3080 , the circuit is useful
because by usi ng a current mirror to
externa lly co ntro l Ie, the am plifier's
transconductance can then be con­
trolled. By using three more current
mirrors , the difference current be­
tween IA and IB ca n be made exter­
na lly availab le.

There are two types of current mir­
rors . Some are current sinks, as
shown in Fig . 4-a, and others are cur­
rent sources, as shown in Fig . 4-b.
When a cur rent mirror source and
current mirror sink are co nnected
as shown in Fig . 5, and powered from
a bi-polar power supply, they gener­
ate a differential current (l so uRe E ­
ISINK) in any load that is connected
between the junction point and the
circuit gro und .

Figure 6 shows the actual circuit of
a sinking-type current mirror. Tran­
sistor QA' which operates like a di­
ode, is wired acro ss the base-emitter
junction of a second, close ly-matched
tra nsistor. The mirror accuracy of that

i
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FIG. 6-A SINK-TYPE CURRENT MIRROR
is made up of the circuitry shown here.

FIG. S-WHEN TWO CURRENT MIRRORS
are wired as shown, they generate a dif­
ferential current in an external load.

Fig. 4-A CURRENT-MIRROR SINK (a) will
sink as much current as is applied to its
input, and a current-mirror source (b) will
supply as much current at its output, as is
applied to its input.
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in V/ fLS, equals IBIAS/CL' where CL
is the loading capacitance value in pF,
and IBIAS is in fLA. With no external
load ing capacitor co nnected, the
maximum slew rate of the CA3080 is
about 50V/fLS.

Basic circuits
The CA3080 is very easy to use . Its

IBIAS terminal (pin 5) is internally
connected to the negative supply (pin
4) by a base-emitter junction, so the
biased voltage of the terminal is about
600 mV above that of pin 4. IBIAS can
be obtained by connecting pin 5 to
either the ground line or the positive
suppl y via a current-limiting resistor
of suitable value .

Figures 9 and 10 show two ways of
using the CA3080 as a linear ampli ­
fier with a voltage gain of about 40
dB . The circu it in Fig. 9 is a direct­
coupled di fferential amplifier, and
Fig. 10 shows an AC-coupled invert­
ing amplifier. Both designs operate
from bi-polar 9-volt supplies, so 17.4
volts is generated across bias-resistor
RI, which feeds about 500 fLA into
pin 5 causing each IC to draw another
1 rnA from their supply.

BA

1 10 100

AMPLIFIER BIAS CURRENT-flA

b

10K

la-

--------

1/
1/

,/
1/

1
0.1

10

c

INV
INPUT

NON·INV0-- - - -4---:----:---:---'
INPUT

105

L..---' ......._ - V

10'

....------ - .-.. + V

FIG.7-THE CA3080 IS COMPRISEDof one differential amplifier and four current mirrors.

FIG. 8-THE TRANSCONDUCTANCE (a) and the input and output resistances (b) of the
CA3080 vary with the bias current.
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At a bias current of 500 fLA, the
transconductance of the CA3080 is
approximately 10 mmho. The outputs
of Figs . 9 and 10 are loaded by a 10K
resistor (R2), and therefore provide an
overa ll voltage gain of 10 mmho X
10K = 100, or 40 dB. The peak cur­
rent that can flow into the 10K load is
500 fLA (equal to IBIAS)' so the peak
output is 5 volts . The output is also
loaded by a l80-pF capacitor (C l),
giving the circuit a slew-rate limit of
500 fLA!l 80pF = 2.8V/ fLS. The out­
put impedance of each circuit equals
the R2 value of 10K. Note that in
those two circuits the IC is used in the

FIG. 11- THIS 20-dB MICRO-POWER in­
verting amplifier consumes very little
power.

R2 1
10K OUT

!

6

Rl I
33K t 500flA

R4 - 9V
15K

FIG. 1O-AN AC-COUPLED 40-dB invert­
ing amplifier.

r---.-- + 9V

load impedance is infinite, the output
can swing to within 1.5 volts of the
positi ve supply and within 0 .5 volt of
the negati ve supply. If the impedance
is not infinite , the peak output swing
is limited to IBIAS X RL. Thus at a
lO-fLAbias with a lOOK load , the out­
put swing is I volt.

The slew rate and bandwidth of the
IC depend on the value of IBIAS and
any externa l loadin g capacitor con­
nected to pin 6 . The slew-rate value,

R2 t
10K OUT

+ 9V

AV = 10mmho x 10K = 100

- 9V

gm'" 10mmho(r, )alAs = 500flA

supply at an ambient temperature of
25°C . Therefore , at a bias current of
lOfLA , gm is typi call y 200 u.mho ,
with an input resistance of 800K and
an output res istance of700 megohms .
At I-rnA bias curre nt, those values
change to 20 mmho , 15K, and 7
megohm s respectively.

The output voltage of the lC de­
pend s on the values of IBIAS and an
externa l load resistor connected to the
output (pin 6) of the device . If the

FIG. 9-THIS DIFFERENTIAL AMPLIFIER
has 40-dB voltage gain.
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FIG. 13-AN AMPLITUDE MODULATOR or 2-quadrant multiplier has unity gain .

FIG.12-A VARIABLE-GAIN AC amplifier has a gain that can range between x 5and x 100.

r----- - - - - - - -_-- - .. + 9V

Voltage-controlled gain
Some of the most useful applica­

tions for the CA3080 are in true mi­
cropower amplifier and oscillator cir­
cuits, and when important parameters
are controlled by an external voltage.
In the latter category, one major ap­
plication is as a VCA or amplitude
modul ator, in which a carr ier signal is
fed to the input of the amplifier, and
the output amplitude is controlled or
modulated by another signal fed to the
ISlAS terminal. Figure 13 shows a
practical version of such a circuit.

The circuit in Fig. 13 is a variable­
gain inverting amplifier. Input-bias
resistors Rl and R2 have low values to
minimi ze the noise levels of the IC
and eliminate the need for external
slew-rate limiting. Offset biasing is
applied to the non-inverting input via

its voltage gain (Ay ) determin ed pri­
marily by the R2/R3 ratio (equal to
10, or 20-dB). The gain equation is
only valid when the value of an exter­
nal load , Ru is infinite. That 's be­
cause the output impedance is equal
to R2/Ay , or 10K, and any external
load lessens that value and reduces
the output of the circuit.

The main function of ISlAS in the
circuit of Fig. II is to determine the
total operating current of the circuit
and/or the maximum output swing.
With the component values shown,
IBIAS has a value of 50 u.A, causing
the circuit to consume a total of ISO
u.A. When RL is infinite , the output is
loaded only by R2 , which has a value
of lOOK, so the maximum output is 5
volts. If RL has a value of 10K, the
maximum outRut voltage is limited to
0.5 volt. That circuit can therefore be
designed to have any desired voltage
gain and peak output, and since the IC
is used in the closed-loop mode , ex­
ternal slew-rate limiting is therefore
not required.

If the CA3080 is to be used as a
high-gain DC amplifier, or as a wide­
range variable-gain amplifier, input­
bias levels must be balanced to ensure
that the output correctly tracks the
input signals at all values of ISlAS'
Figure 12 shows how to bias an invert­
ing AC amplifier in which the voltage
gain is variable from roughly X 5 to
X 100 via R6, and the offset balance
is pre-set via R7. The circuit is set up
by adjusting R6 to its minimum value
(maximum gain) and then trimming
R7 to give zero DC output with no AC
input signal applied.

t
OUT

T

OUI.ATION
VOLTAGE
INPUT

MODULATION
VOLTAGE
INPUT

V

R2
6811

connected to pin 2, the circuit is a 40­
dB inverting amplifier.

The voltage gains in Figs. 9 and 10
depen d on the value of IBIAS' which
in tum depends on the value of the
supp ly voltage. The voltage gain of
the CA3080 can be made almos t inde­
pendentof the ISlAS and supply-volt­
age values by using conventional op­
amp techniques, as shown by the 20­
dB AC-coupled inverter circu it of Fig.
II , which consumes a mere ISO p.A
from its bi-polar 9-volt supply.

The circuit in Fig. II is wired like a
conventional inverting amplifier, with
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- NULL
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Ry lOOK REJECT I O~
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I U'RX
33K ~ R4

2 7 33K,..

I C 1~!..Rl
R6 R3 6811 CA3080 '"' 6 tOOK 47K

\ ; ...-/4FSET R5 ou0.11' R2 lOOK

!681 1
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- 9V

1
OF
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+ 9V
R4

33K

C2 C R6.47 2~ 500K
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R2 IC1;>~
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14.7K

- 9V
..,..
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FIG. 14-BOTH PHASE AND AMPLITU DE can be controlled by the modulat ion sig nal in
this ring modulator or 4-quadrant multiplier.

open- loop mode , and that if the slew
rate is not externally limited by Cl,
the IC will opera te at its maximum
bandwidth and slew rate . Under those
cond itions the CA3080 may be exces­
sively noisy.

In the circuit in Fig. 9 , the differen­
~ tial inpu ts are applied via series re­
Z sistors R 3 and R4 , which help
a? equalize the source impedances of the
o two signals and maintain the DC bal­
~ ance of the IC . The circuit in Fig. 10
w
6 has both inputs tied to ground via 15K
~ resistors and the inpu t signal applied
a: to one termin al only. With the input
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FIG. 15-A FAST INVERTING VOLTAGE comparator has a high output when its
input falls below V REI'-

Comparator circuits
The CA3080 can easiIYoe used as a

programmable or micropower voltage
comparator. Figure 15shows the basic
circuit of a fast, programmable, inver­
ting comparator, in which a reference
voltage (VREF) is applied to the non­
inverting terminal and the test input is
applied to the inverting terminal. The
circuit's operation is such that the out­
put is driven high when the test input
is below VREF' and is driven low
when the test input is above VREF"

The circuit can be used as a non­
inverting comparator by reversing the
input connections of the K' .

With the component values shown
in Fig. 15, the IB1A S current is several
hundred /LA, so the device has a slew
rate of about 20V//Ls, and operates as
a fast comparator. When the test volt­
age and VREF are almost identical,
the IC operates as a linear amplifier
with a voltage gain of gm x R2 or
about 200 . When the two input volt­
ages are significantly different , the
output voltage is limited to values de­
termined by the values of IBI A S and
R2. In Fig. IS, the output is limited to
about 7 volts when R2 has a value of
10K, or about 700 mV when R2 has a
value of lK .

The circuit in Fig. IS can be modi­
fied so that it is an ultra-sensitive mi­
cropower comparator, a~ shown in
Fig. 16. That circuit typically con­
sumes only 50 /LA but has an output
that fully swings between the + V
supply and the - V supply, and can
provide drive currents of several rnA.
In Fig. 16 the CA3080 is biased at ~

about 18 /LA via RI but has its output ?<
fed to the near-infinite input imped- CD

CDance of a CMOS inverter stage . That CXI

the output signal of the 4-quadrant
multiplier circuit are controlled by the
modulation signal. The circuit can be
used as a ring modulator by feeding
independent AC signals to the two
inputs, or as a frequency doubler by
feeding identical sine-wave signals to
the two inputs .

Note that with the Rx and Ry val­
ues shown in Fig. 14, the circuit has a
voltage gain of 0.5 when the modula­
tion terminal is tied to +V or - V.
The gain doubles if the values of Rx
and Ry are halved. Also note that the
Fig. 13and Fig. 14circuits each have a
high output impedance, and that in
practice an output buffer must be add­
ed between the output terminal and
the outside world .

fl----_~:V
- 9V

?LvOUT

R2
10K

nal. The amplitude of the output
signal is determined by the product of
the input and the gain-control values .
That type of circuit is known as a 2­
quadrant multiplier.

Figure 14 shows how the circuit in
Fig. 13 can be modified so that it can
be used as a ring-modulator or 4­
quadrant multiplier, in which the out­
put-signal polarity depends on the po­
larities of both the input signal and the
modulation signal.

The circuits of Figs. 13 and 14 are
identical, except that in Fig. 14, re­
sistor-network Ry is connected be­
tween the input and output terminal s.
When the modulator input is tied to
ground , the inverted signal flowing
into R5 from the OTA's output is bal­
anced by the non-inverted signal flow­
ing into R5 from the input signal via
Ry . Therefore, zero volts is generated
across R5 . If the modulation input
goes to +V, the output of the OTA
exceeds the current of the Ry net­
work, and an inverted gain-controlled
output is obtained. If the modulation
input is - V, on the other hand, the
output current of Ry exceeds that of
the OTA, and a non-inverted gain­
controlled output is obtained. So,
both the phase and the amplitude of

- 9V

'----- - ----- .......--_ - 9V(MAX)

Cl

+ 9V

RI
10K

'alAs
V",

OUT

R2
10K

R3/R6. The carrier signal is applied to
the inverting pin of the CA3080 by
the voltage divider Rx/RI . When Rx
has a value of 33K as shown, and the
modulation input terminal is tied to
ground, the circuit basica lly has unity
gain. The ga in doubles whe n the
modulation terminal is tied to + 9
volts ( + V), and when the modulation
termina l is tied to - 9 volts ( - V) the
circuit has roughly 80 dB of signal
rejection.

The instantaneous polarity of the
output signal of the circuit in Fig. 13is
determ ined ent ire ly by the in­
stantaneous polarity of the input sig-

FIG. 17-THIS SCHMITT-TRIGGER circu it
has programmable trigger-thresholds and
peak-output.

FIG.16-A NON-INVERTINGmicropower vol tage comparator has inputs that are sensitive
to small changes.
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Astable circuits
The Schmitt-trigger circuit in Fig .

18 can be used as an astable multi­
vibrator or square -wave generator cir­
cuit by connecting its output to the
non-inverting input terminal via an
RC time -constant network , as shown
in Fig. 19. The output of that circuit
fully switches between the supply­
voltage values, is approximately sym­
metrical, and has a frequency that is
determined by the values of R3, CI,
and the RI/R2 ratio. The operation is
such that , when the output is high , Cl
charges via R3 until the Cl voltage
reaches the positive reference -voltage
value determined by the Rl/R2 ratio.
At that value the output switches low.
Capacitor Cl then discharges via R3
until the Cl voltage reaches the nega­
tive reference-voltage value deter­
mined by the RlIR2 ratio . at that
value the output switches high again,
and the whole process then repeats .

Finally, Fig. 20 shows how the cir­
cuit in Fig. 19can be modified to have
an output waveform with a variable
duty cycle. In that case, Cl alternate ly
charges via D1, R3, and the left half
of R5, and discharges via D2, R3,
and the right half of R5, to provide a
duty-cycle ratio that is fully variable
from 10:1 to 1:10 via R5.

Note that in the two astable circuits
of Figs . 19 and 20, the CA3080 is
biased at only a few f.LA, and the total
current consumption of each design is
determined primarily by the series
values of RI and R2, and by the value
of R3. In practice, total current cori­
sumption of only a few tens of f.LA can
easily be achieved . R-E
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FIG. 18-A MICRO-POWER Schmitt tr igger is shown here.

FIG. 19-A LOW-POWER astable mult ivibrator or square-wave generator.

FIG. 20-THIS VARIABLE DUTY-CYCLE oscillator has an output that can be varied from
10:1 to 1:10. D
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combination gives the circuit an over­
all voltage gain of about 130 dB, so
that input- voltage changes of only a
few f.LV are enough to switch the out­
put from one supply level to the other.

Schmitt-trigger circuits
The voltage comparator circuit of

Fig. 15 can be used as a programma­
ble Schmitt trigger by connecting the
non-inverting reference termin al di­
rectly to the output of the CA3080 , as
shown in Fig. 17. In that case, when
the output is high, a positive reference
value of IB IAS X R2 is generated .
When VIN exceeds that value , the out­
put regene ratively switches low and
generates a negative reference voltage

of IBI AS X R2, and when VIN falls
below that value, the output is re­
generatively switched high and once
more generates a positive reference
voltage OflBIA S X R2 . Therefore, the
trigger thresholds, and also the peak
output voltages of the Schmitt circuit,
can be precisely controlled or pro­
grammed by changing the value of
either IB IAS or R2 .

Figure 18 shows an another type of
Schmitt trigger, in which the output
fully switches between the supply­
voltage values. The switching-thresh­
old values are determin ed by the Rl/
R2 ratio and the supp ly-voltage val­
ue s , and is equ al t o + V X
Rl/(RI +R2).
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HACI{ER DON LANCASTER

Refilling toner cartridges, .and more!

(0
co
co

Tell me all about toner cartridge
reloading

Toner cartridges, such as those
used in all of the Canon personal
copiers, in those Hewlett Packard
Laserjets or the Apple
LaserWriters, cost as much as $124
each and are good for only a max­
imum of 2500 or so copies.

Yet, with a simple two minute
operation, you can reload all those
empty cartridges three or more
times with new toner at a cost of
only $7.50. At the same time, you
will get better and blacker images,
since the rest of that cartridge
mechanism does not even beg in
to get up to its maximum black­
ness until after its second reload,
and since the refill toner materials
are much blacker than the original
toner.

If you now own one of those
machines, you could dramatically
reduce your operating costs and
improve the quality of your output
by doing your own refilling. If you
do not, chances are others in you r
neighborhood will be glad to pay
you as much as $24 for a local and
custom refilling.

One good source of refill toner
is Lazer Products , while one relia­
ble, independent, toner-refill test-
ing and reportin g service is now
available through Thompson and
Thompson. Note that the refill
toner mu st be exactly matched to s:
its target cartridge. Copier toner ?<
won 't work in a laser printer, and
vice versa.

NEED HELP?
Phone or write your Hardware
Hacker questionsdirectlyto:

Don Lancaster
Synergetics
Box 809
Thatcher, AZ 85552
(602) 428-4073

I JUST GOT WIND OF A STUNNING N EW thermocou pie, or other tem- This is your column, and tech
mid-level hacker integrated circuit perature sensor, and in one step help is available per the help line.
that should cheaply and elegantly get a numeric result. No more in- Let's start off with a great business
solve a IDto f sensing ana anal""o""'g- --i<strument amplifiers, voltage refer=--ioea...
interface problems for you. That ences, awkward board layouts,
IC is the new LTC1092A by Linear precision resistors, and all of the
Technology. While I don't yet have hassles that go with them.
any samples or even any complete And, yes, that IC is fast enough
data, some preliminary technical for almost any high-quality audio
info did appear over in Electronic use. You can even digitize 19-kHz
Design for December 10, 1987. audio at a 38-kHz sampling rate.

That little $12, 8-pin mini-DIP Operation could not be simpler.
gem is a one-piece 10-bit low-level There are two supply pins that can
and high-speed analog-to-digital work from a single +5- or a +10-
converter. What it does all by itself volt supply and ground. You have
is take a small analog signal sitting two differential input pins and a
on a large or even a slowly varying reference input that sets the full-
offset voltage and convert it into scale amplitude. A precision refer-
an O.1-percent accurate 0--1023 dig- ence is not needed, since you can
ital numeric value. get that signal from the same

The LTC1092A should serially in- source that is driving your sensor
terface beautifully with most any or whatever.
personal computer. Itdoes appear The remaining three pins are
especially good for talking digital. You'll find a clock input, a
through Apple's game ports . "start-converting" input, and a se-

Unlike previous ND converters, rial output. Which all should be
that is a floating point unit that can able to interface quite well with
have its maximum full-scale value just about anything.
set anywhere from 150 millivolts(!) We'll be seein g lots more on that
on up to 10 volts. Which gives you beauty here. Yes, there definitely
a mind-numbing dynamic range of will be one of our usual contests.
nearly 97 decibels. The same IC To get a head start, just pick up
can measure anything from a mere some data sheets, samples, and
150 microvolts up to 10 volts. "ap" notes, and see what you can

The potential hacker uses bog- come up with.
gle thernind. A recent he lp-line
caller wanted an expanded scale
voltmeter. Another asked for a way
to accurately measure the charg­
ing voltage of a large industrial bat­
tery, since you can detect the end
of charge when the voltage starts
to rise suddenly.

You are able to d irectly input
such things as "raw" data from a
strain gauge, pressure transducer,
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Let us look at how yo u can ref ill a
Can on ex cart ridge. The detail s
w ill vary with other syste ms. You
can get your empty cart ridges by
accepting exc hanges o r el se by
putting an ad in the local paper.
The current street pri ce of empty
bu t virgin cart ridges is $5 in urban
areas and $10 in small towns.

In fact, th ere is never any point
at all in buying a brand new ex
cart r idge . You might as well let
someone else conditi on the drum
and get rid of th e less-than-perfect
factory toner for you.

There's usually no good reason
to co mp lete ly tear down a car­
tridge . All that does is introduce
more problem s than it solves. I will
show you th e "pun ch and go "
method here, since that is far more
cost effective. However, if you ab­
so lu te ly in si st on t earing on e
apart , the magic tamperproof Torx
b i t i s avai lab le as EVCO part
#945B700 from Jensen Tools .

With the punch-and-go meth­
od , you have to make two holes in
the cart ridge, as shown in Figs. 1
and 2. The easiest way to mak e
those holes is to melt them using a

NEW FROM

DON LANCASTER

\Q)

•
-

FIG. 1-A CANNON ex TONER CARTRIDGE has to be modified before it can be refilled.
First, remove the large cardboard label (not shown here) by lifting it up from each end.
Then, melt a clean V2-inch hole in the fresh-toner tank.

•
FIG. 2-CONTINUE MODIFYING THE ex CARTRIDGE by melting this Y4-inch hole in the
spent-toner holding tank beneath the cartridge. When finished reloading, seal up both
holes with a very aggressive tape. Replace the cardboard label and the fuser wiper pad
after refilling.
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HANDS-ON BOOKS
Ask the Guru Reprints 24.50
CMOS Cookbook 15.50
TIL Cookbook 15.50
Active Filter Cookbook 15.50
Micro Cookbook vol I or II 16.50
Enhancing your Apple vol I 15.50
Enhancing your Apple vol II 15.50
Applewriter Cookbook 19.50
Apple Assembly Cookbook 21.50
Incredible SecretMoney Machine 9.50
Postscript Ref. Man. (Adobe) 22.50
Postscript Cookbook (Adobe) 16.50

UNLOCKED SOFnNARE
Absolute Reset lie & lie 19.50
Applewrlter/Laserwrlter Utilities 49.50
Postscript Show& Tell (lie/Mac/PC) 39.50
Postscript Technical Illustrations 39.50
Intro to Postscript VHSVideo 39.50
Postscript BBS stuff 19.50
AppleRam CardDisassemblyScript 24.50
Enhancevall CompanionDisk 19.50
Enhancevalli CompanionDisk 19.50
AssemblyCBCompanionDisk 19.50
Applewriter CB ProDOS C.Disk 24.50

FREE VOICE HELPLINE VISA /MC

SVNERGETICS
Box 809-RE

Thatcher, AZ 85552
(602) 428-4073

small so lde ring iron. You can also
mak e th em wi th a heated up, spent
OA5-cali be r cart ridge shell o r w it h
a spec ial Unibit drill inte nded fo r
thin plasti c.

One Yz-inch hol e is placed in the
toner filling tank , and another %­
in ch on e is pl aced in the spent­
to ne r holding tank , as show n. The
hol es should bo th be trimm ed
flush, being very caref ul to get no
scraps of pl ast ic in side th e tank s
th em selves.

The toner filling tank is reached
by popping off th e large cardbo ard
label. Do th at from t he ends, and
not fro m the sides .

Suitable tape, such as the metal
ta pe u sed in so me f loppy-dis k
write -protect tabs, is used as a
seal. It is of the utm ost importance
th at you r sealing tape is both ag­
gressive and secure.

To actually refill a cartridge, first
op en the holding tank hole and
drain out the old toner. Do that
outdoors and avoid breathing the
toner. Then reseal the holding
tank . Next, use a plastic funnel to
dump one bottle (typically 400
grams) of toner into the filling tank
via the Yz-inch hole. Then reseal.

Fo llow that up w ith a sti ck-on
label that holds th e ref illing history
of the cart r idge. Finally, replace
th e original cardboard label and
cl ean th e corona wire with the
usual little green tool.

When you refill the cartridge ,
yo u should also replace th e wiper
pad th at tracks th e fu sion rollers .
Th o se p ad s co n t ai n a sm al l
amount of a spec ial silicon o il, so
th ey mu st be repla ced, rather than
ju st clean ed or recycled.

Wiper pad s are usually included



NAMES AND NUMBERS
free when you order toner. Simply
scrape the original pad out of its
holder and secure the new one
with a drop or two of glue.

Refilled cartridges must be hand
carried. They cannot be shipped
without adding an additional and
specialized sealing strip. Thus, car­
tridge reloading is best done as a
local service.

More details on doing cartridge
reloading appear in my Ask The
Guru reprints, while a step-by­
step toner-reloading demonstra­
tion is included in my Introduction
to Postscript video.

What is PostScript?
Several help-line callers have

FIG. 3-AN ORDINARY WORD PRO­
CESSOR is all that is needed with the
PostScript language to create graphics
that look this good. These examples show
you several of PostScript's powerful curve
tracing and cubic spline abilities. Any per­
sonal computer can be used.

Adobe Systems
1585 Charleston Rd.
Mountain, View, CA 94039
(415) 961-4400

Computer Shopper
Box F
Tutusville, FL 32781
(305) 269-3211

EGC
70 Empire Dr.
West Seneca, NY 14224
(716) 325-2620

EVCO
3451 Lorna Road
Birmingham, AL 35236
(205) 822-5381

General Electric
Electronics Park Bldg 7
Syracuse, NY 13221
(800) 626-2001

General Instruments
2355 W Chandler Blvd.
Chandler, AZ 85224
(602) 963-7373

Jensen Tools
7815 South 46th St.
Phoenix, AZ 85044
(602) 968-6231

Lazer Products
PO Box 4947
Englewood, CO 80155
(303) 721-9990

Linear Technology
1630 McCarthy Blvd.
Milpitas, CA 95035
(408) 432-1900

now complimented me on the
technical illustrations for this col­
umn and have wondered just who
the artist is. Well, the artist is not a
he or a she. It is an it .

All of the artwork you see in this
column is prepared in camera­
ready form using nothing but the
AppleWriter word processor on a
lie, printing onto a LaserWriter
Plus. That is all made possible by a
unique graphics and typesetting
language that is known as
PostScript.

PostScript is new industry-stan­
dard page-description language
that is also making strong bids to
become a screen-description stan-

Mini-Circuits
PO Box 350166
Brooklyn, NY 11235
(718) 934-4500

NTE
44 Farrand St.
Bloomfield, NJ 07003
(201) 748-5089

PostScript BBS
2504 Sycamore
Bay City, TX 77414
(409) 244-4704

Speleonics
Box 5283
Bloomington, IN 47402
(812) 335-7305

Synergetics
Box 809
Thatcher, AZ 85552
(602) 428-4073

TecSpec
3 Mine Mountain Rd
Cornwall Bridge, CT 06754
(203) 672-0123

Texas Instruments
Box 5012
Dallas, TX 75265
(214) 995-3821

Thompson & Thompson
23072 Mullin Dr.
EI Toro, CA 92630
(714) 855-3838

Thomson Semiconducteurs
43, Avenue De L'europe
78140 Velizy-Villacoublay
FRANCE
(1) 3946-9719

dard, a fax standard, a BBS graph­
ics-interchange standard, a
sign making and engraving stan­
dard , and even a printed-circuit
layout standard.

.The good news about PostScript
is that you can simply and quickly
use any old world processor on
any old computer and create
graphics that can meet and often
ridiculously exceed the finest
graphics output available from the
most expensive custom programs
running on the fanciest of comput­
er systems.

The bad news is that PostScript
only works on premium printers
and typesetters that have
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PostScript capabiliti es already
built into them. Current examples
are th e Appl e LaserWriter and
LaserWriter Plus pr inters and th e
Linotron 100 and 300 phototypeset­
ters. Those are still a tad on the
pricey side.

Some important advantages of
PostScript include it s dev ice inde­
pendence, which means th at the
very same code and very same text
file can be used for 300 DPI per­
sonallaser printing or for 2560DPI
commercial typesetting.

PostScript can be used to do
professional-quality typesetting,
and its fonts can be set to any size
from two points up to 40,000
points or even higher, and may be
independently rotated , translated,
scaled, or have any of hundreds of
other speci al treatments applied
to them.

Thou sand s of different
PostScript fonts are now available,
and each of these individual fonts
can be shown in a nearly infinite
number of variations.

Full page PostScript text and
graphics can be freely intermixed
in any combination in most any
direction in most any manner.

PostScript, like its second cous­
in (three times removed and five
t i m es disowned) Forth, is a
threaded and extensible language.
Which means that you can add
anything you like to the language
anytime, creating custom and re­
usable code.

One of the neatest features of
PostScript is its ability to handle a
powerful me an s of drawing
smooth cu rves that go by the name
of cubic splines. Figure 3 shows a
few of the awesome things you can
do with PostScript's cubic spline
capabilities .

-- And, yes, PostScript-is-incredi­
bly easy to learn. In fact, it be­
comes downright addictive. Off­
the-street students in my begin­
ning PostScript courses are doing
their own superb custom let­
terheads, bus iness cards, badges,
forms, ads, line art, decals, and
bumper stickers after as little as
three hours of instruction.

Those of you hackers that have
also been following me over in
Computer Shopper know that I am

.into PostScript in a very big way.
You can get started ' in all this on
your own by calling our free
PostScript voice help line at,(602)
428 -4073, by calling our free
PostScript BBS at (409)244-4704, by
getting a free subscription to the
Colophon magazine from Adobe
Systems, or by picking up any of
my other Postscript goodies that
are mentioned at the end of this
column.

Where can I get replacement
entertainment semiconductors?

While nearly all transistors and
integrated circuits are made in the
same way by the same people ,
there are several different ways
those devices are sold. If you are a
manufacturer of, say, television
sets, you will buy them direct in
huge-quan tity lots, already
cust o m numbered for you per
your own internal needs. .

If you are a hacker, designer, or
developer, you won't do that; in­
stead you 'll buy your standard­
numbered parts from any of the
usual industrial or new-age dis­
tributors, including many of our
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FIG.4-THIS TELEPHONE-RING DETECTORmight be used to ligh t an LED,or to power an
LED optocoupler to create an isolated "the phone is ringing" opti cal signal.

CD
ex>
ex>

LED or
optocoupler

CIRCLE 187 ON FREE INFORMATION CAR D

ARI manufactur es a co mplete li ne of electron ic test equipment , inc ludi ng EPROM, EEPROM, and PLD pr ogrammers,
Ie tes ters , Cable tes te rs, DPMs. DMMs, and Logic te st ing device s. Call or write tod ay for your free catalog.

2.2K O.471lF

o--Wh--ifrom
telephone

line

Show me a telephone-ring
detector..

A typical home-telephone line
normally consists of a 48-volt DC
supply that drops to half of 'that
when you are off-hook. That DC
supply is amplitude modulated in
orde r to provide voice or data
communications .
. Ringing is separately done by

superimposing a very st rong AC
ringing signal. That is typically a
sinewave of 40 to 150 volts rms at a
frequency of 16 to 68 Hz. .

for the deaf, for use asa modem or
answering-machine actuator, for
automated computer com munica-
tions, or simply for an outside , a
remote, or a supe r-loud or a super­
quiet way to te ll when your phone
is ringing.

O ne way to do that iswith a plain
o ld neon lamp. Take a NE-2 and pu t
it in series with a 470K resistor and
a 0.47-ILF, 400-volt capacitor, and
hang in across the phone li ne. O r
use a neon night lig ht instead . The
neon lamp lights whenever the
pho ne is ringing .

To get a safety iso lated ring ing
signal, just tape a photoconduc­
t ive cell or phototransistor to the
neon lamp, and input the pho-

Radio-Electronics advertisers. Traditionally, the ringing vo ltage todetector into your w hatever.
- Finally,-yo u-w iIH ind-ye a-third- - would- be-capacito r-c oupled-to-a- - These days ;-though;-you-wi ll
distribution channel. That one is mechanical bell whose reson ant f ind simple, low cost, and sop his-
intended specifically for technical frequen cy match ed that of t he ticated integrated circu its that yo u
training, for maintenance ser- rin ging signal. Some ol der party can use to detect ringing and di -
vices, and consumer-electronics lines used several different reso- rectly drive a piezotransducer or a
repair. Those sources stock small nating frequenci es for th e bells, so speaker.
quantities of the house-numbered that each party cou ld be selected Many of t hose are descr ibe d in
devices specifically for service and by chan gin g the ring f requency. the new Telecommunicat io ns Data
warranty-repair uses. You mi ght like to build your own Book by Texas Instrume nts . Let us

As a hacker, you'll want to tune rin g detector, possibl y as an aide look at two different examp les.
into both of the standard-num­
bered parts sou rces as well as the
service and warranty-replacement
sources. More often than not,
what you get from one distribution
channel is totally unheard of by
the other.

Two of the leading sources of
replacement semiconductors are
the ECG people and the compet­
ing folks over at TCE. Both sources
have fat and low-cost technical
guide directions that list and then
cross reference zillions of house
part-numbers. Package details ,
pin-outs , and limited technical
data is also included .

No hacker can afford to be with­
out current copies of those.
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FIG. 5-A COMBINED RING DETECTOR AND DRIVER th at d i rectly po wers a
piezotransducer. Speakers or externa l amplifiers can be driven by transformer coupling.
Note that all of the needed power is derived directly from the AC ring sig nal. Use a 400-volt
input capacitor.

from
telephone

line

2.2K 0.47~F

o---JNv'r--j

150K

piezo
transducer

ever you are driving. That is done
automatica l ly for you inside the
tC. A number of different part
number s are availab le th at give
you various rin g f requencies and
warble rates.

Note that the second circu it can
also drive an LED, and the LEDwi ll
even appear to light contin uous ly
on a ring. But remember that the
actua l waveform across the LED
will be a complex audio signal that
may need further treatment if you
optocouple it.

There's other uses for those lC's
that include burglar and process
alarms, or even low-power, direct
li ne-operated power supp lies . See
the data book for more deta ils.

Figure 4 shows you a detect-only
circuit t hat uses a TCM1520A to
light an LEDo r drive th e input of an
LED optocoupler. The out put is a
pulsed DC signal th at is pre sent
when th e ph on e is rin gin g and ab­
sent otherwise.

Figu re 5 shows you a detect-and­
drive circuit that usesaTCM1532 to

directly drive a piezotransducer, or
else lets you transformer couple to
a speaker or an extern al and iso­
lated amplifier.

To get a dec ent-sounding ring,
you really want to pick a pair of
frequencies and warble between
them. Further, yo u w ill want to
match those freq uencies to w hat-

Any new te ch lit this month?
Newsletters are often a very

hi gh -energy so u rce of hacker
ideas. One new one is called
TecSpec, and is quite strong on
lasers and optica l communica­
tions . Th e coverage is all very
hacker oriented . The cost is $1 .50
per issue .

My favorite technical news letter
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Let DATAK be your des ign ing partner. Use our dry transfer t it le sets to put
that f inishing touch to you r cu stom projec t. Over 2200 tit les plus alphabets
and nu mbers insure that yo u'll have the words you need. Switch markings
and d ia l p late arcs are in a companion set. Use DATAK OAT spray for
comple te protection. Spra ys are not mailab le.
948 Bl k (949 Wht) 10 pt .105 " Electron ic Titles (24 sheets) $11 .95
9581 Bl k (9591 Wht) 12 pt .125 " Electron ic Titl es (24 sheets ) 11.95
968 Bl k, Wht, Red asst. Mete r dial & Switch Markings (12 shee ts) . . 11.95
04177 DATAKOAT Glos s Spr ay (12 oz) . . . . . . . . . . . . . . . . . . . . . . . . 5.75
04178 DATAKOAT Matte Spra y (12 oz ) .. . . . . . . . . . . . . . . . . . . . . . . 5.75
Minimum order: $20 .00 (add 7% shipping. NJ and CA also add sales tax)

WRITE FOR A FULL CATALOG AND SAMPLES TODAY
DATAK Corp . • 3117 Paterson Plank Rd.• N. Bergen, NJ 07047
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You got it to work? eood!
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CRAMOLlNl!) is a fast-acting, anti-oxldlzing lubricant that cleans and
preserves all metal surfaces, including gold.
When applied to metal contactsand connectors, CRAMOLlNl!) removes
resistive oxidesas it formsa protective molecular layerthat adheresto the metal
surfaces and maintains maximum electrical conductivity.

CRAMOLIN - USED BY THOSE WHO DEMAND THE BEST:
Bell & Howell Hewlett Pacl<ard MC~Sonyl Nakamochi
Boeing John Ru ke Mig. MCllOrOIa RCA

Capitol Records Mcintosh Labs NASA SwttchCraft
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Even the finest equipmentin the world cannotguarantee noise-freeoperation.
One " dirty" connection anywhere in the electrical path can cause unwanted
noise or signal loss.
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Modern electronic equip­
ment s uc h as digital TVs
or stereos should be re­
paired by specially trained
people.

a ilable free by send ing a
stamped, se lf-addres sed en­
velope to : Check lis t , ISCET,
2708 West Berry, Fort Worth,
TX 76109. Th e list reminds
consumers to check such
items as "Does the busin ess
have th e parts for your par­
ticu lar br and?", "Did you get
an est ima te d pric e?", and
"Did you check th is comp an y
wit h t he Better Bus iness
Bureau?"

Price

TEKTRONIX
2300Series P6101A $53 M12Xl

P6108A $75 M12X10
2200 Series P6121 $100 M12XlOAP

P6122 $58 PlOO
P6131 $140 M15X10HFAP -
P6133 $115 M12XlOAP
P6105A $93 M12XlOAP
P6106A $140 M15XlOHFAP
P6130 $130 M12XlOAP

SS-0014 $92 M12XlO
SS-0012 $77 M12XlO

LEADER
LBO-315 LP-060X $60 SP100
LBO-518 LP-lOOX $76 SP100

PHILIPS
PM3267 PM8924 $60 M12X1
&
PM3256 PM8926 $70 P100
PM3264 PM8928 $95 M12XlO

. of all , though , i s Sp el eo n i cs,
wh ich weights in at a budget­
breaking $6 per year. That newslet­
ter isw ritten by and fo r spe lunk ing
cavers who have a technical bent.
Topics of special interest to elec­
tronics hackers include under­
ground location finding, low-fre­
quency radio communications,
laser mapping and geophysical ex­
p loration , and innovations in light­
ing.

Gen eral In strument Micro­
elect ronics has a short-form prod­
uct portfolio out. Among th e
products included are sound gen- New solid-sta te a nd digi ta l

era t ion i n t eg rat ed c i r cui t s , TV sets, st er eos, and vid-

h k eorecorde rs are tou gher to re·
C aracter generators, some ey- pair th a n old-fashione d tube

board encoders, and even credit- type sets a nd require specia l
train ing for th e service tech -

card size memory devices. nician who work s on them .

- There"is-a new -and-free-Triac-Ap.- _ Only.a few_state5.hay.<Ua~ _
. . reqUIrm g com pete ncy te st s

plicetions Handbook you can get for licen sin g techn icians who
from Thomson Semiconductors rep a ir consume r electron ics,

• but fifteen yea rs ago th e In-
While full o f good ideas it is ter national Societ y of Cer-

I · d h 'I ' t ified Elect ron ic Techni cian spoor y written an t e trans ation (CET l began its own certifica-

is even worse. To this dav the best tion pr ogram to qua lify t hese
" technician s and th ose In In-

reference book on power-control dustry. To ca rrytheCETdes-

sem iconductors remains the an- ign at ion , techn ician s mu st
have four yea rs exper ience

dent GESCRManual. I'm not even and pass a rigid examination

h h b k i '11' . . on genera l electroni cs and asure t at t e 00 IS st i In pnnt, specific area of exper tis e such
though . as au dio or ra dio-TV.

• . . . Man v cons ume rs look for a
The M ini-Circuits people have a Certifi~d Electro nic Techni-

new how-to-use guide for their cian in th e shop when they
need an y electronic Item re-

MAR drop-in amplifiers. Those are paired.

a series of very low-cost , ultra
high-frequency transistor-ampli-
fier lC's that are usable as high as 2
GHz.

Turning to my own products, if
you want to know more about the
PostScript language, I have scads
of PostScript stuff for anyone from
a rank beginner on up through
some te sting, development, and
lead ing-edge advi sory serv ices for
even the most gonzo of advanced
PostScript developers.

For beginners just gett ing start­
ed who do not yet own a Postscript
printer, I would suggest my new
Introduction to Postscript vid­
eot ape and Adobe 's PostScript
Cookbook. If you already do own
a PostScript printer, th ere 's my
PostScript Show and Tell , my
PostScript Technical Illustrations,
and my PostScript BBS Stuff, avail-
able for all of the major personal
computers.

Write or call (see th e bo x on th e
first page of this article), and I'll be .
most happy to send yo u a bro­
chure on all of thi s and lots more;
some free , and so me not. R-E
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BEFORE WE LOOK AHEAD AT THE FUTURE

of audio, let's finish up the back­
ward look that we began in last
month's column.

By 1959 a new type of compo­
nent-the tuner-amplifier-had
appeared and was ·gaining popu­
larity; it would be several years be­
fore it was called a " receive r."
Transistorized equipment also be­
gan to appear at that time. Au­
diophiles incautious enough to
invest in the new technology
found themselves with tuners hav­
ing front-end overload problems
and low sensitivity, and amplifiers
that suffered from crossover dis­
tortion, overload, and other re­
peated failures.

Although a few early starters
among the manufacturers had
dropped out , the total number of
audio manufacturers had grown
significantly over a 10-year period.
And , in fact, some of them were
beginning to make model changes
every couple of years.

The stereo sixties
I shouldn't leave the 1950's with­

out acknowledging the introduc­
tion of the fi rst acoustic-suspen­
sion speaker in 1955. The develop­
ment by Edgar Villchur of a
speaker system with remarkable
bass and compact dimensions
would ultimately dovetail neatly
with stereo's need for two speak­
ers. In the 1960's, the company he
founded-Acoustic Research­
managed to take over a thi rd of the
speaker market with various mod­
els that they were producing.

In 1963 Philips introduced their
Compact Cassette system. I don't
think anybody (including Philips)
would have predicted that the

FIG.1

book-size, low-fi portable unit in­
troduced as a "sound camera" 25
years ago would one day evolve
into a product that at its best
would provide performance
equivalent to that heard from the
finest LP's-and that would vir­
tually wipe out the home open­
reel tape machine.

In 1967 the first Dolby-A master­
ed discs appeared. Several years
later, Advent incorporated a heav­
ily modified version of the studio A
system into a cassette machine.
Referred to as the B system, it ulti­
mately became a necessary part of
virtually every cassette machine.
But it didn't happen instantly or
easily. Ray Dolby spent years in li­
censing negotiations with the Jap­
anese (and Philips, who weren't all
that sure that Dolby encoding

didn 't circumvent the com­
patibility requirement in the Phi- "
lips licensing agreement). Philips
ultimately_gave tacit appr:.oval , and
one by one the Japanese signed
up.

By now I've reached a time
period probablyfamiliarto most of
my readers-and I'm running out
of space. One final thought: In the
summer of 1970 I wrote a proph­
etically titled article "The Four­
Channel Follies." A year later,
when I followed up with "The
Four-Channel Follies: Act 2", I
could see the handwriting on the
wall-all four of them. Quad­
raphonics was killed by a com­
bination of inept promotion and
marketing, the presence of three
competing incompatible systems,
and off-target engineering .
However, when writing about the
death of quad in early 1978, I pre­
dicted that multi-channel sound in
some format would one day reap­
pear. It appears that that day is now
here with components such as the
new Dolby Stereo sound-track
processors and so und-f ield syn­
thesizers such as Yamaha's DSP-1
digital processor. I'm looking for­
ward to reconverting my system to
the new formats .

Into the future
In the years that i've been play­

ing audio oracle, my crystal ball ,
shown in Fig. 1, has usually
provided relatively clear recep­
tion , albeit with an occasional
glitch to remind me that market­
place prediction is a tricky busi­
ness. When I call a wrong turn as a
journalist, I'm embarrassed; but
when a manufacturer misjudges
the potential demand for a prod-
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uct , milli ons of dollars and many
people 's job s may be at risk.

Why are t he tw ists and turns of .
the aud io marketplace so hard to
antic ipate eve n by expe rie nced
mark ete ers? Probably because th e
pub lic 's react ion to a part icular
new fo rmat or product is based on
a difficult-to-sort-out mix of ele­
ments. Those include sat isfact ion
of a real o r imagined need , per­
sonal taste, and what I call th e " oh­
wow !" fact or. And we shoul d n' t
overloo k th e importance of effec­
t ive prom oti on and mar ketin g
know-how.

Is it possibl e to tell in advance
what w ill be hot and w hat will not?
Not infallibly ; but here are some
th oughts and case hi stories that
sho uld provide in sights in to th e
soci al, psych ol o gi cal , economic,
and techni cal factors th at deter­
mine wheth er a particul ar aud io
product will f ly-or never get off
th e ground .

Taste factors
Some audio features , suc h as

produ ct cos metics , are essentially
a matter of taste . About 10 years
ago, Yamaha bucked then-current
design t rends by producing a lin e
of rece ive rs with very clea n, al ­
most ste ri le looking, matt e-silver

front pan els. When th ey asked my
opin io n of th eir new look , I said
th at I liked it , but that I didn't t hink
it would be attractive to an aud io
publi c co n d it io ne d to v is ua l
pi zzazz. No t onIy was I wrong, but
Yam aha 's cos metic approach es­
tablished a sty ling trend that lasted
for years. Tod ay, black is co nsid­
ered beauti ful. Why?Your guess is
as good as mine.

\

Technological trends
Can an in sid e kn owl edge of up­

co m ing techn ica l devel opments
be helpful in p redicti ng product
t rends? Som etimes, but not al­
ways . For example : Perh aps a doz­
en years ago I heard abo ut Hall­
effect magn eti c- sen sin g head s.
(Unlike co nve nt io nal tape heads
that depend on tape movem ent to
ge ne rate a sig na l, Hall -e ff ect
head s produ ce a sig na l propor­
t io na l to a stat io nary magn et ic
f ield .) At th e t ime, I w rote a sho rt
piece exto lli ng the vi rtu es of Hall ­
effect heads fo r w ide-range slow­
speed record in g, and pred icted

. that t hey wo uld sho rt ly be fo und
in a large vari ety of hom e record­
ers . In t rut h, Hall- eff ect heads did
becom e popul ar, bu t o n ly for
c re d i t -ca rd read er s and si mi lar
non-audi o applicatio ns. I've never

pursued the matt er to find o ut
wh ere I went wrong, but lcertainl y
proved to myself that a little tech­
ni cal kno w le dge can be ter ribl y
mi sleading.

O n th e othe r hand , I co rrect ly
p redicted th at th e well-publi cized
an d we ll -p ro mote d Elca ssette­
tape format wo uld fail. The proj­
ected audien ce we re th ose wh o
fo und open-ree l tapes too in con­
veni ent and regular cassettes too
low in fidelity. It was clear to me­
if not to th e manufactu rers-th at
the targeted market was ju st too
small. The Elcassette turned out to
be a very expensive fiasco fo r a
number of majo r Japanese reco rd­
er and tape manufacturers.

At the p ress co nference w he re
Sony int ro d uce d t he ir Walkman
fo rmat, I judged it an instant win­
ner based o n th e exc ite d " O h
wow !" react io ns of th e normally
bl ase magazin e edito rs th at were
presen t. And it didn ' t hurt th e
Walk man's sales that at abo ut th e
ti me i t was in t rod u ced , p re­
recorded cassettes wer e o n th e
verge of outse lli ng LP's.

TheJapaneseinftuence
There are several facto rs, aside

f rom t he parti cul ar technol ogi es
involved , th at make it di ffi cul t to
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predict the success o r fai lu re of
japanese audio innovations . Fo r
example, their marketing p lans in
th e U .S . are so m et i m es inap­
propriate ly based on early enthu­
siast ic reactions in Japan. And
when things do not go according
to plan , japanese companies w il l
usually pe rsist in thei r marketing
efforts long after the usua l U .S.
company wou ld have thrown in
the towel. Sources of cap ital in ja­
pa n are m uch more sup po rt ive
than in the U .S., and the tendency
is to invest for the lo ng haul rathe r
t han fast retu rn for stockho lders.
In that regard, it 's in st ru cti ve to
co ntrast RCA's v ideod isc pullou t
w ith JVC's co ntinuing support of
th eir VHD di sc fo rmat in Japan and
Pioneer's ongo ing backing of the
LaserDisc both here and in japan.

The Japanese ten dency to sup ­
port a format o r prod uct, des pite
disappo inting in itial sales, some­
ti mes appears to be based on ego
or face -saving , and at other t imes
is the direct resu It of thei r en ­
l igh ten ed b usiness/social philoso­
phy. Fo r example, w hen times are
ro ugh , t he u pper executives of
major Japan ese co mpa nies are
li kely to take a salary cut and re­
du ce profit mar gin s-somet im es
to the break-eve n level or below­
in o rde r to avo id layoffs and kee p
t he facto ry w heels tu rni ng . How
un -Am er ican can you get!

The CD situation
During a ser ies of annual-tr ips to

ja pa n, I had an o ppo rt un ity to
closely mon itor the technical de­
ve lopment of the compact-disc
format from its ve ry beginnings. I
was te rribly impressed both by the
comp lexity of the technology and
by the son ic potential. But I fe lt
that the format was in heren tl y too
expe ns ive to be wide ly pop u lar
and t hat the price of CD units
would not readi ly come down be ­
cause of the astro nomical de­
ve lopment costs .

I guessed that perhaps 50,000'
mac hines would be snapped up by
t ho se we ll -hee led fi rst-o n-the­
b lock U .S. buyers who will go for
any new and apparently improved
fo rmat. But after the supply caught.
up with t he initial demand, I ex­
pected sales to p lum met-s-and
the n take cons iderab le t ime to re­
cover. I was ri gh t abo ut t he

post-SO,OOO depressio n, but I was
very wrong abo ut t he recovery
time . I forgot that japanese com­
panies are w illin g to go for the
long haul , operating from the sup­
portive ground rules previou sly
mentioned .

As soo n as player sales began to
fall, so did the prices. A nd ob­
v io usly w hen a CD player is avai l­
able for a price that's the same or
lower t ha n t hat of a reasonab le
turntab le and phono cart ridge,
the n a new and larger group of
main str eam audio co nsumers w ill
become in stant ly interested in the
prod uct. However, after that new
group is satu rated, and the in iti al
50, 000 have t raded in t heir f i rst
pl ayers for new and improved
high-endmodels, Lsee. anothe r
slowdown in CD-p layer sales, per­
haps occ urring as yo u read this .
CD sales are sti ll bein g moderated
by th e relatively hi gh cost of d iscs,
and the hard- to- face fact that the
general public is not terri b ly con­
ce rned with ul timate sonic qu al ity.

Consider t his: Severa l years
ago, p rerecorded-cassette sales
for the fi rst ti me exceeded those of
LP's, even though most LP's had
better fide lity and low er noise .
than cassettes. To me that meant
th at the major co nce rn of the mass
co ns u me rs of music were co n­
ve nie nce and durabili t y, n o t
f ide lity. If I'm righ t, th at w i ll ce r­
ta in ly have beari ng on t he pro ­
g ress of t he CD fo rm at. A uto ­
mobile CD pl ayers won 't make it
since th ey are less co nve nient than
cassettes, and the sonic vi rt ues of
a CD w ill almost all be obscured by
road no ise . In fact, the w ide dy­
nami c ran ge of CD i s an an­
noyance rath er than an advantage
in a car. (Soft passages w ill be lost
in the road noise unless the vol ­
ume is turned up, in which case
the lo ud passages wil l be much
too loud .) If I' m rig ht about the
importance of the convenience
factor, cassettes wil l continue to
win out for car use.

The OAT dilem ma
Here's a chance to real ly stick my

neck out. It seems to me that t he
new D igital A udio Tape (OAT) fo r­
mat is a tech no logica l to u r-de­
force that is the answer to a qu es­
ti on no one has asked . W hen OAT
fi nally comes to market, I expect



that-at best- it wil l go thro ugh Today it 's possibl e to copy a CD
the same 50,000 sales and subse- w it h sufficient fi de lity on a top-
q ue nt plu mm et experienced by model cassette deck that even an
CD's. But unlike CD 's, I don 't ex- audiophi le would have d ifficulty
pect a strong recovery even if the telli ng the dub from the original
pr ice co mes down , sim p ly be- during playback. Given that fact , I
cause the mainstream audio con- think that it's go ing to be very diffi-
sumers won't be suffic ient ly inter- cult to co nvi nce even sound-con-
ested to st imulate demand . scious co nsumers t hat th e extra

And, i f I' m right about co n- costofthe DATformatbuysadvan-
ven ience be ing a stronger buying tages they simply m ust have. It
m oti vati o n for t he mass market seems to me that the major accom-
than fide lity, OAT has no advantage . plishme nt of the Japanese in intro-
over cassettes except its near-in- du cin g the OAT fo rmat has bee n to
stant program access and a some- confuse thehigh-end CD and cas-
w hat lon ger playi ng time . Offset- sette marketp lace. In light of all
t ing that small advantage is the fact that, the current brouhaha about
th at prerecorded OAT tapes in au- the instal lat io n of co py-p revention
tomobile use w il l suffe r fro m th e circuits in OAT machines is pure
same excess ive .dynamics as CD's, sill iness.
unl ess-the p layer-manufaEturers- -A-year-from.now, or. less .we will
p rovide bu i lt- in sw itchable com- all know to w hat exte nt I'm right,
p ression ci rcuits. or w rong! R-E

LETTERS

con tinued fro m page 18

SPEAKER REPAIR
I'd li ke to pass alo ng a ti p on an

area of audio electronics that is sel­
dom to uche d-fixing tears and
hol es in o ld-fas hioned paper-con e
speakers.

If th e damage is on the flat area
of the co ne, try coating the rip with
b lack nail po lish about % to Yz inch
to each side . Place a piece of sin­
g le-p ly ti ssue, trim me d to size,
over the area. Then give ano the r
coating of nail po lish, exte nd ing at
least % inch beyond the edges of
t he tiss ue . Let it dry thoroughly
before sending the d river a signal.

Of co urse, if t he corrugated sus­
pen sion has bee n to rn, th at wo n't
do , since it must rema in flex ib le.
In t hat case , cove r the damage
w ith a generous coati ng of rubber
ce me nt. Agai n, le t it dry com­
pl etely before cra nk ing t he t unes .
M ATT IO N
Vancouver, BC

A WELCOM E ADDITI ON
I am del igh ted to f ind that Don

Lancaster has become one of yo ur
regul ar contributors . I've been a
fan of his since I d iscove red his
book The TTL Cookbook.

He manages to inject an invi g­
or ating irreverence into his work ,
w it hout the " here's how to steal

fro m t he ph on e co mpany" stuff
that seems so prevalen t today. I'm
glad to f ind Don amo ng yo ur edi­
torial ranks .
ART HAN SEN
Oak Park, IL

SURFACE-MOUNT COMPONENTS
SERVICING

I've owne d an elect ro nics-se r­
vice business fo r many years, and
I've ad juste d to t he cha nges in
tec hno logy from the days of tube
sets to to day's mi crop rocesso rs.
But t he re is one horro r that I really
fear-the repair of ci rcuit s using
Surface Mo unt Components .

After some n igh t mare experi­
ences w it h p roducts usi ng that
tec hno logy, I refu se to service any­
th ing that uses them anymore. If it
gets to the po int w he re everythi ng
is using t hem, I'll get out of the
business .

Those co mponents have no lead
slack . They cannot to lerate circuit­
bo ard flex ing as lead components
can. That wil l lead to a new batch
of i n t er.m i tt e n t problem s-t h e
worst type of service prob lem . I've
spent many ho urs t ryi ng to t rack
dow n i nter m itte nt p rob lem s
caused by those li tt le monste rs,
and, in every case, it was a separa ­
tion-invisible to t he naked eye­
of the end of the component from
its tab .
JOHN AUG USTINE
Reading, PA R-E
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Zenith SSAVI............. $185.00
Eagle PD-3................ $110.00
Scientific Atlanta $120.00
Pioneer WI Parental $105.00
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Oak N-12 WI Auto....... $140.00
Evaluator Tap Detector.. $495.00
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When a shield isn't a shield
HE RB FRI EDMAN,

COMMUNICATIONS EDITOR

FIG.,1

FIG. 2

seemed mo re as if it we re mega­
tubed) worked witho ut any hum. I
don ' t th ink I eve r built another
project o n, or in , i ro n or stee l
again, altho ugh I have used iron as
tra nsforme r shie lds, just as I have
used alum inum fo r t ransfo rmer
shie lds. But regardl ess what I used
fo r th e chassis, th e on e thing I did
kn ow was that the entire ci rcuit
had to be shie lded. If I left off a
chassis bottom pl ate, and the proj­
ect wasn' t tota lly shie lded, I was
just aski ng for hum o r RF-rad iati on
p roblem s.

Percentage shielding
O n th e ot he r hand , I have had

mo re th an my share of t roub les
wi th " tota l " t ra ns m iss io n - l i ne
shie lds th at we ren't. When I f irst



powerful 60-Hz f ie ld , and I will
guarantee th e signal will pick up
hum . Similarly, if used asan ant en­
na's t ransm issio n line, and you run
t he cable throu gh a strong RFI o r
EMI f ield, I'll give you an odds-o n
bet th at yo u ' ll hear int erfe rence
you never expecte d .

A t ight braid is particularly im ­
portant when handling digital sig­
nals. You've probably experienced
th e RF interferenc e on a radi o o r
tel ephone t hat is in cl ose prox­
imity to a person al co mp ute r.
Those of you who have a sho rt­
wave receiver may have experi­
enced RFI from a computer in th e

Keep it tight n ext hou se. Often , the in ter-
In many inst ances , it doesn't fe rence is caused by RFI leaki ng

matter what kind of metal the through "shield ed " cables.
braid is mad e of as long as it is The RFI is created because digi-
t ight ly wound. For example, Fig. 2 tal signals are sq uarew aves, and
shows the new Radio Shack coax- squarewaves generate at least five
ial cabl e, w hich is rated fo r at least harmonics if th ey're to retain th eir
95% shield ing. Noti ce t hat you square shape . Let's assume that
cannot see the in sulation under you have an early computer havin g
the braid, which is probably th e a slow clock of approximately 2
best vi sual test yo u can mak e on MHz. Since th e clock signal is a
any. kind. of shie lded_cable._Co=m-"-,-- _ ....::.sguare wave ou reall y' are gener-
paring Fig. 2 with Fig. 1 gives you a ating st ro ng harmoni cs up to at
good idea of what to look for as far least 10 MHz. If any of it radia tes
as the shield itself is concern ed. into a shie lded wire that leads from
(In fact, much professional thecomputertoaperipheral,and
sh ie lded aud io cable no longer the shield isn't too efficient or if
use s braid at all. In stead , th e the braid is stretched , th e RF is
sh ield is actuall y a wrapped foil go ing to radiate right through th e
with a drain wire runnin g its entire shield just as if it were broadcast
length.) by an antenna. R-E
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• Hitachi V212 20Mhz $365 •
•

Fluke 73 " ~~_ •3 'h " Digit DMM _
Fluke 75 3V2" Digit DMM

• Fluke 77 3V2" Digit DMM ~ •

•

' PLUS Shipping & Insurance.Prices subject to change without not:. •
WE HAVE IT ALL. ..

•

• COMPONENTS • TOOLS • KITS • SECURITY • SEMI·
CONDUCTORS· ELECTRICALSUPPLIES · SOLDER EQUIp· •
MENT· KELVIN KITS · TSM KITS · DRAFTING SUPPLIES

• Volume Quotes , Industrial & School Bids Welcom e. •

•

ORDER TOLL FREE FOR INQUIRES & N.Y.S. •
1·800·645·9212 516·349·7620

• KELVIN •
• a~mom~ .~

•

NEW ADDRESS: ~

7 Fairchild Aven ue • Plainview. NY11803 • FAX:51f>.349-7830 • ~

~••••••••PT••••,i
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NAME _

ADDRESS _
CIT Y _

ZIP _
_ _ cop ies @ 55 (+ $1 postage,)

- - send material abo u t ISCET
and becom ing ce rtif ied.

Now you can order the "Study
Guide for the Associate-Level CET
Te st" from the International Society
of Certified Electronics Technicians .
It includes material covering the
most often missed questions on the
Associate CET exam. 8 '1.," x 11" ,
paperback, 60 pages.

Being a certified electronics techni·
cian let s people know that you are
a professional in your field . It tells
them that you are ser ious about your
work and can perform up to CET
standards.

For More I nf ormat ion Co n tac t :

ISCET, 2708 W. Berry , Fort Worth , T X
76109; (817) 921 -91 01

How to live
with so meo n e
who's living
with cancer.

I No <lOt' f;l(C~ {';Inn:, ;110m,' ,

'fAMERICAN CANCERSOCIETY

when one person ~l.' l~

cancer; cvcrvcne 10 the farmlv
~uffer~. · .

No bod v k nows bc ue r than
'>vc: do hm.... much help an d
understanding i .. needed. Th at's
v....h.... our service and rehabtli­
la [ i~n progra ms emphasize
the whole family. not jUM the
cancer patien t.

Among our regular services
\....e pro vide inform ati on and
guidance lO patients and farruhcs.
tran sport patients to and (ro m
trea tment , supply ho me:e m:
items and assist patient s in their
return to cvc rvdav lrfc.

Life is wha t concerns us. The:
life of cance r patient s , The livc-,o f
th e ir tamiltes . SO YOUe m see WI.:
are eve n more thin the research
o rgar uzauo n we arc so we ll
kn own to be.



CALL NOW
AND

RESERVE
YOUR SPACE

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., Farm ingdale , NY
11735.

• 6 x rate $815.00 per each insertion.
• Fast reader service cyele.
• Short lead time for the placement of

ads.

• We typeset and layout the ad at no
additional charge. •

SIMPLYSNAP THE WAT-50MINIATURE FM
TRANSMITTER on top of a 9v battery and
hear every sound in an entire house up to 1
mile away! Adjustable from 70-130 MHZ. Use
with any FM radio. Complete kit $29.95 +
$1.50 S +H. Free shipping on 2 or more! COD
add $4. Call or send VISA, MC, MO. DECO
INDUSTRIES, Box 607, Bedford Hills, NY
10507. (914) 232-3878. •
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THERMOPROBE-QUICKLY IDENTIFIES
DEAD PC BOARD COMPONENTS. Locates
dead resistors, transisto rs, IC's, diodes, and
transformers without direct contact, in sec­
onds. Operat ing active components radiate
head, dead components don't. Thermop robe
is sensitive to Y2soF change in temperature. A
must for your workbench or field service .
Order #209TM. ONLY $24.99 + $3.50 ship­
ping, NY Res. add tax (no COD's). BUYUS,
INC., Dept. RE588 10 Whi te Birch Dr., Os­
sining, NY 10562, Visa or Mastercard (914)
762-4799 .
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AP PLIANCE REPAI R HANDBOOKS-1 3
vo lumes by se rv ice ex pe rts; easy -to­
understand diagrams, illustrations. For major
app liances (air conditioners, refrigerators,
was hers, dryers, microwaves, etc.), elec.
hou sewares, persona l-care app liances .
Basics of_solid state, setting up shop, test
inst rum ent s. $2.65 to $5.90 eac h. Free
brochure. APPLIANCE SERVICE, P.O. Box
789,.Lombard, IL 60148. (312) 932-9550.

Coming soon
Now that we have built the two

modules necessary for program de­
velopment, we are ready to start
building more of the actual process ­
contro l modules . The particu lar ap­
plication will determine the types of
process control modules you will
need. That is, not all of the modules
discussed and constructed in the
months to come will be required for
every appl ication. You only build the

~ modules that you need. We'll also be
z building some support modules, in­
?t eluding a dedicated CRT-terminal!
o printer-interface modu le, and the pre­
~ vio usly promised battery-backed-up
6 switching power supply .
o Next time, we'll look at a universal«
a: input/o utput module . R-E
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continued from page 55

REACTS

though, we must have a programming
language.

One of the simplest and most uni­
versal languages is BASIC. A version
of BASIC called ZBAS IC is available
from the Supplier listed in the Sources
box. If you have programmed with
BASIC in the past , you 'll have no
trouble at all using ZBASIC . The DECODE NEARLY ANY SINGLE LEVEL
ZBASIC language is especially GATED PULSE SIGNJ\L. New circuit works
geared for use in a process -control with Hamlin, Jerrold, Sylvania, and Eagle
environment. systems. Decodes In-band, Out-band, AM or

FM reference. Complete educational kit in-
For most applications, ZBASIC eluding P.C. board , parts , case, and 40 page

should suffice; however, if more speed gated pulse theory bookle t is only $47.00
is needed, you may want to consider plus $3.00 shipping . Order no. 1PFD-1K.
purchasing a C compiler and/or Z80 ELEPHANT ELEC~RONICS INC. P.O. Box

---;'= = h:l--a-j--t;-fi ' , t..- t;:- - - 4.1865 -R.-P-h o e n Ix ,-AZ.85080.-(602)assemo er an inxer or use WIllI tile 581-1973
REACTS system. Those, too, are CIRCLE 120 ON FREE INFORMATION CARD

available from supp lier listed in the 1----- - - - - - - - - - -+- - - - - - - - - - - - - - - 1
Sources box . If you are using an IBM
machine, or a compatible, you can get
the software on a 5Y4-inch floppy and
download it from the comp uter to RE­
ACTS. If you do not have access to an
IBM PC (or compatible), you can pur­
chase the software on 32K PROM 's.
The PROM's can either be loaded into
the PROM programmer, and the soft­
ware can be loaded from there, or they
can be mou nted in the PROM/RAM
module and accessed. Because of the
much greater speed of the PROM /
RAM drives, even if you purchase
your software in floppy format, you
may want to eventually burn the soft­
ware onto PROM's and place them in
the PROM /RAM module as a PROM
drive.



TRI-MODE DESCRAMBLER PARTS Origi­
nal parts as called up in Radio Electronics
Feb 1987 article on tri-mode descrambling.
Includes pc board, ac adaptor, resistors, ca­
pacitors, diodes, pots , tra nsistors, IC 's,
LED's, toko coil and Plessey SAW filler. Arti-

. cle included. $59 plus $2.50 shipping. ELEC­
TRON IC PARTS, Box 276, Alburg, VT
05440 (514) 739-9328.
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CALL NOW
AND

RESERVE
YOUR SPACE

• 6 x rate $815.00 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-C ount y Blvd ., Farmingdale, NY
11735.

FREE TOOL & INSTRUMENT CATALOG.
The 1988 Gene ral Catalog contains 116
pages of test instruments, precision hand
tools, tool cases, soldering equipment and
much more. Over 5,000 quality products for
testing, repairing and assembling electronic
equipment are shown in full color with de­
tailed descript ions, pricing and a 100% satis­
faction guarantee. CONTACT EAST, P.O.
Box 786, No. Andover, MA 01845. Call
(80C)-225-5370 or in MA (617)-782-2000.
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FREE CATALOG OF HARD-TO-FIND
TOOLS is packed with more ' than 2000
quality items. Yoursingle source for precision
tools used by electronic technicians, engi­
neers, instrument mechanics, schools, labo­
ratories and government agen cies. Also
contains Jensen's line of more than 40 tool
kits. Send for your free copy today! JENSEN
TOOLS INC. 7815 46th St. Phoenix, AZ
85044. (602) 968-6231. -
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ZENITH SSAVI UHF input from $169, ch. 3
input $229, reconditioned. UHF SSAVI proj­
ect handbook $6.50 ppd . Used Sylvania
4040s $169. N-12s & MLD-1200s. Convert­
ers, amplifiers & accessories. Satellite sys­
tems. Radar speed guns for car/boat racing,
bowling, skiing, baseba ll, etc., from $275
used. Professional police models. Multi-line
business telephone systems from $1395.
Catalog $1. AIS SATELLITE, INC., P.O. Box
1226-RE, Dublin, PA18917.215-453-1400or
215-249-9411.
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PC-601 XT BUS EXTENDER BREAD­
BOARD LAB connects to any IBM PC com­
pat ib le comp uter and exte nds all PC
electrical bus connections out to the PC-601
for easy circuit prototype connection, testing
and trouble-shooting. Includes large 3060 tie­
point breadboard, ± 5V and ± 12Vdc AC line
powered power supp lies . Includes buffer
card, 2' ribbon cable &1-Year warranty. Price:
$369.95 CHENESKO PRODUCTS, 21 Ma­
p le St., Centereach, NY 11720.
516-736-7977, Fax: 516-732-4650

CIRCLE 193 ON FREE INFORMATION CARD

THE MODEL WTT-20 IS ONLYTHE SIZE OF
A DIME, yet transmits both sides of a tele­
phone conversat ion 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. - -
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DEC. R-E ARTICLE ON MACRO SCRUB­
BER, the original parts as mentioned MAK-1.
All components shown on parts list and much
more. Silk screened and etched P.C. board,
power supply, IC sockets, precut jumpers,
power jack, plug and pre-drilled enclosure.
$52.95 & 3.00 S/H. Order today from: THE
HOBBY HELPER, P.O . Box 308,
Bridgewater, MA 02324, or call (617)
339-1026. Visa/MC accepted.

CIRCLE 70 ON FREE INFORMATION CARD

PANASONIC CABLE CONVERTERS,
Wholesale and Retail. Scientific Atlanta and
Pioneer Cable Conver ters in stock . Pan­
asonic model 140N 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. Writeor call
BLUE STAR IND., 4712 AVE. N, Dept 105,
Brooklyn, NY 11234.Phone (718)258-9495.

CIRCLE 85 ON FREE INFORMATION CARD

(0
co
co

83



R-E Service Admart

UCANDO

ED EB

POCKET
BATTERY
TESTER

Tests all 1.5-volt cells including A, AA,
AM, C, and D. Also checks miniature
watch and calculator battens. Special '
side connector provides rapid check of
square 9-volt batteries . Positive meter
reading shows "GOOD, LOW, RE­
PLACE". $6.00 each. Two for $10.00.
Add $1.75 for UfJS. Send check to Elec­
tronic Technology Today Inc., P.O. Box
240, Massapequa Park, NY 11762.

Rates: Ads are 2Y4" x 2'/8" , One insertion$825. SixInsertions $800 each . Twelve
insertions $775. each . Closino date same as reqular rate card . Send order with
remittance to Service Admart, Rad io-Electronics Magazine, 500-B Bi-County
Blvd .. Farmingdale, NY 11735. Direct telephone inquiries to Arline Fishman , area
code-516-293-3000. Only 100%Service ads areaccepted for thisAdmart.

ELEVEN-PIECE'
RACHET
TOOL KIT

Includes reversible ratchet handle, exten­
sion bar, six bits , two precision screw­
drivers, and a cutter. Comes in fitted
case. Get one for yourshop, another for
your car, another for your tool kit. To
order send $10.00 plus $1.75 for ship­
ping inthe U.S. toElectronic Technology

_ Today.lnc.,JJ.O._Box.240,. Massapequa _
Park, NY 11762-0240.

lia ~~;A~RA6N,.'"~~~~c;.~:~D
There is no other tape like
ours on the market.
Learn how to clean the entire

tape path as well as replace the belts in
any VCR. You need no specia l school­
ing or tools to perform the simple task
shown on our video. To save time and
money on your VCR repairs, order

your tape NOW!
Price $32.95
Simply call:
(513) 548-6113
MASTER CARD
and VISA are
accepted. VCR EDUCATIONAL

I- - - - - -PRODUCTS-CO-.--
BOX 386

GREENVILLE, OHIO 45331
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USING THE RE·BBS
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To access the RE-88S, you need a personal computer
and a modem capable of communicating at 300 or 1200
baud. Set the modem for 8 data bits, 1 stop bit, and no
parity. (Other formatswill work, but you may be unable to
uploadanddownloadfllee.) You'll alsoneeda communica­
tions programthat runs on your computerand can control
yourmodem.If youhavean 18M-PC and a modem, but no
communications program, get a friend to download the
OMODEM.ARC file for you. It contains a user-supported
communicationsprogram and completedocumentation.

The88S runs24 hoursaday, seven daysa week. Tosign
on the first time, dial 516-293-2283. If your system is work­
ing properly, you'll be presented with an identifying mes­
sage.Typein the requested information. At that point you'll
be able to access some, but not all of the 88S . After the
Sysop verifies your account, you'll be able to access all
relevant areasof the 8BS.

You' can do several things on the RE-B8S: send and
receive messages, and uploadand download files. Send­
ing messages is simple, and only requires you to type at
your keyboard. Receiving messages is also simple, but to
savemessages, yourcommunications programmust allow
you to set up a capturebuffer.

Uploading anddownloading files is easyafteryougetthe
hang of it; just follow directions, and remember alwaysto
start the transmitter before starting the receiver- which­
everend is transmitting or receiving.

Because of our background and interests, the RE-8BS
will be orientedtoward 18M-PC's and compatibles. But you
canaccesstheRE-88S withanycomputer(orASCIItermi­
nal) and modem, so if your interest lies in Apples, Ataris,
Commodores, Sinclairs, etc., feel free to participate. If you
havepublic-domainsoftware of interest to other ownersof
yourtype of machine, feel freeto upload it. The contentsof
the 88S will in large part be determined by what you post
there, 'so if you feel your machine is being neglected, do
something about it!

On the RE-88S, any file whose name ends in the three
letters ARC is an archive file. An archive file is a group of
related files that are collected together and compressed in
order to savespace and download time. Archive files are

useful only to ownersofIBM-PCs or compatibles.You use
a program calledARC.EXEto addto, deleteorextractfrom,
list the contents of, etc., an archive.

Similarto archivefiles arelibraryfiles,whichhavethefile
type .L8R (e. g., HIDDEN.LBR). Likearchive files, libraries
are also composed of compressed, inter-related programs
anddatafiles, but theyareincompatible with .ARCfiles. So
anadditional utilityis necessaryto processlibraryfiles;one
suchutility is LSWEEP, forLibrarySWEEP. Libraryfilesare
used on both CP/M and IBM 88SS, and versions of
LSWEEP are available for both types of system. And, al­
though you can unpacka CP/M library file on an 18M-PC,
you can't run the .COM files! Nor can you run .COMfiles
from a CP/M library on an 18M!

A method of compressing files is popularon CP/M and
some IBM 8BSs. On IBM 88SS the file-compression pro­
gram is usually called SO.COM (for squeezing) or some­
thing similar, and the de-compression program is usually
USO.EXE (for unsqueezing). sa and usa work only on
individual files; a squeezed file always has a a in the
secondpositionof the file type (e. g. RIDDLES.TOT). usa
automatically restores the proper file name.

For maximum fleXibility, YOU'll needcopiesof ARC.EXE,
SO.COM, USO.EXE,andLSWEEP.EXE.Aversion ofeach
hasbeenpostedon the RE-8BS. If youcan't findproqrams
with those exact names, check the directory listing care­
fully; many of those programs also contain version num­
bers in their names (e. g., LSWP103.EXE).

A related utility for 18M's, which is based on a popular
public-domain CP/M utility, is called PCSWEEP. It allows
multi-file copying, deleting, etc. In addition, it can squeeze
and unsqueeze files, and process library files. Its biggest
limitation is that it can't processarchivefiles.

We've posted much public-domain and user-supported
software on the RE-88S. Feelfreeto download it andtry it
out. If youuse it, pleasesendthe requested donation to the
authorof the program.

Don't hesitate to upload your own programs, and don't
hesitate to participate in the various conferences we'veset
up. If you're working on a projectof general interest, share
your thoughts. If you need help-ask! RE-BBS
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Troubleshooting your PT·68K

With OS/2, DESQview and TaskView
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FIG. 1

OS/2
For test purposes, IBM's version of

OS/2 was instal led on an AST Pre­
mium/286 (a 10-MHz O-wa it state AT
compatible) with 640K of conventional
RAM, 1.5M of extended RAM, a 40M hard
disk, and a NEC MultiSync monitor and
EGA adapter. The ope rating system was
supp lied on four high-density (144M) 3

I son-I
WARE:

r;:::=========ct...... --:--P-laio_tasJu w appi og- _berein_thc_ Y2 floppy_disks; the Premium/286's BIOS
background task does no useful work, directly supports that format, so it was
and wh ich requires the least hardw are simple to configure the micro d isk drive
investment--ean also be highly useful. as d rive A and run the installation there.
Suppose you'rewriting a report and con- OS/2 comes w ith an automated in-
stantly need to refer to data in a stallat ion program that automatica lly
spreadsheet. With task swapping, you copies the appropriate files-about 2.5
could switch between the two instantly, megabytes worth-to your hard d isk. In
without having to q uit one appl ication, doing so, some of your DOSsystem files
load the other,qui t it, and re-Ioad the first. areoverwritten, so to runyour machine in

DOS mode, you'll have to boot from
floppy. (Other OEM versions of OS/2,
from AST and Zenith, for example, will
allow you to choose either DOSor OS/2
w hen booting.)

OS/2 runs in two modes: OS/2 and
DOScompatible.The latter isnot anactu­
al copy of DOS, but a compatibi lity
mod e, so software incompatib ilities are
sure to surface. In fact, although we had

Multi-tasking with DESQview,
TaskView, and OS/2

HOW do you do two thingsat once on
a PC? You don't-not under DOS

anyway. Either get a second PC, or switch
to Unix or Xenix.

That used to be true,but not any more.
Now there are several ways to get multi­
tasking on a Pc. DESQview and TaskView
allow limited multi -tasking, along w ith
highly useful taskswapping; OS/2 allows
true multi-tasking.

DESQview and TaskView run on any
PC-com pat ibl e comp uter (PC, XT, AT,
80386, or compatib le); OS/2 requiresan
80286 or 80386 microprocessor that runs
in its own add ress space (i.e., it won 't run
on most accelerator cards, but see note
below), and it requiresat least1 5 mega­
bytes of extended RAM. DESQview and
TaskView also function much better w ith
extra RAM, either extended (AT) or ex­
panded (EMS or EEMS).

What's so good about multi-tasking
(J) and taskswapping? With a large system,
~ you could, for example, sort a database
o or compile a program in the background
g: wh ile you worked on a spreadsheet or in
&3 an ed itor in the foreground.
u:J With a small system, you could format
6 d isks or co py files in the background
o w hile you worked in yo ur ed itor or
C2 spreadsheet.
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FIG.3

FIG. 2

Multi-tasking today
Don't want to wai t for OS/2? With DE­

SQview (show n in Fig. 2) or TaskView
(show n in Fig. 3)you'li be able to achieve ~

one of the main benefits of a true multi- ~
tasking operating system: the abili ty to ~

run several p rograms simultaneo usly. ~

help in the form of a simp le tutor ial. To
save disk space, the tutorial can be de­
leted later.

After starting a program, you can return
to the Program Selector at any time by
pressing Ctrl-Esc, you can cycle among
currently running programswithout going
through the Program Selector by pressing
Alt-Esc.

At the command line, OS/2 is qu ite
similar to DOS. Nearly all commands
function the same in both environments,
except that many OS/2 comma nds
provide more powerful options (TYPE
*.TXT, for example).

Both OS/2 and DOSdevice drivers are
speci fied in the same CONFIG.SYS file,
and many more optionscan be specified
in OS/2's CONFIG.SYS file than in DOS's.
Many of those options w ill allow a great
deal of customizab ility for systems inte­
grators when real app lications become
available.

You canTdo m uch withOS/2r ight
now. But all major software vendors are
scrambl ing both to port current DOSap- .
plicationsand to w rite new ones specifi­
cally for OS/2. Complicating the scenario
(and delaying eventual applications) is
the fact that a Window s-like graphical
user interface is du e to be released
sometime this fall. The so-called Presen­
tation Manager(which is reputed ly iden­
tical to the user interface in Windows 2.0
and Window s/386) provid es a co m­
p letely di fferent programming interface,
so it is highly unlikely that we 'll see ports
of existing appli cations that run under the
Presentation Manager. In fact, new ap­
p lications must be written from scratch,
wh ich is a slow process, due to the com­
plexity of the interface.

IBM and Microsoft are to be co m­
mended for introducing OS/2 at this time.
Compromises were made (the slow and
buggy DOS box, the 32-megabyte file
and disk size limit, no inherent 80386
suppor t ), but t ho se compro mises
provide an upgrade path so that current
users simp ly weren't abandoned .We ea­
gerly await the new applications that wi ll
j ustify our patience, and that wi II,over the
next few years, make us regard DOS
much aswe now regard CP/M: useful in its
day, but outmoded by advances in both
hardware and software.

As for running OS/2 on an accelerator
card, it is claimed that both SOTATech­
nology's MotherCard 5.0 and Microsof t's
much-delayed Mach 20 wi ll runOS/2.We
hope to be able to verify those claims
next time.

processor, ThinkTank. The program is a
straight port of the DOS version, and in
fact operates identically to it. The OS/2
version d oesn't take advantage of any
OS/2 features(other than the fact thatyou
can run more than one copy of it at a
time). A lmost unb elievably, ThinkTank
co mes with both DOS and OS/2 ver­
sions-at no extra cost. See Fig. 1.

When you first start OS/2, you 're pre­
sented with the Program Selector Screen.
There you can start a program running,
switch to a currently running program ( in­
c lud ing the DOS box, as well as one or
more co pies of the OS/2 command line),
add a p rogram to OS/2's list, and obtain

no troubl e running some fairly tough soft ­
ware (Windows 2.0 and PageMaker,
amongothers) the DOSmod e repeatedly
crashed w hen bringing up SideKick's cal­
culato r. In addition, even w ith MOK of
RAM alloca ted fo r the co mpatib ility
mode, only about 520K is available for
running programs.

Those are not serious problems, be­
cause eventually, anyway, you won't run
OS/2 for the compatibility box, but for
OS/2 applications. How ever, currentl y
O S/2 is more p romise than presence. In
fact, asthis isw ritten (early February) only
one OS/2 application is actually ship ­
pin g: Living VideoText's excellent out line
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Even w ithout expensive hardware, you
can still do task swapping, which can
provide a tremend ous boost in overall
productivity.

Your microp rocessor, type(s) of mem­
ory, and control software w ill dete rmine
your ability to multi-task and task swap.
On an 80386-based machine w ith sev­
eral megabytes of memory and a spec ial
memory manager that takes advantage of
the 80386's ab ility to re-map physical
memory, you can run several very large
programs (about 550K each) simulta­
neou sly. DESQview 's 80386 memor y
manager is called QEMMi other compa­
nies market similar products.

On 80286 and lesser machines w ith
.EEMS(Enhanced EMS) or EMS4.0 mem­
ory, you can run several medium-sized
programs (about 400K, depend ing on
how your comp uter's memory is config­
ured) simultaneously

On 80286 and lesser machines w ith
- ----piaTn-EMS ( i.e.,version 3.2) memory, ex­

tended memory, or no non-DOSmemory
atall , you can multi-taskwhateveryou can
fit into the first 640K of memory Inactive
tasks w ill be swapped to mass storage:
either directly to EMS memory, to a RAM
disk in EMSor extended memory, or,w ith
no extra memory,to d isk, a relatively slow
process that negates most of the advan­
tage of the softwa re.

That's not to imply that you need a
huge 80386 system to benefit from DE­
SQview or Iaskview, if you can get by
w ith simp le task swap ping, an inexpen­
sive EMS board is suff icient.

To run either TaskView or DESQvievv,
you'll w ant to unload all but the basic
necessiti es from yo ur A UTO EXEC.BAT
and CONFIG.SYS files. The reason is that
the larger the initial chunkof memory you
have availab le after loading DV or Tv, the
largerWi ll be the largest partiti on you can
allocate.

Forexample, on a standard IBM PC XT
(with a Hercules monochrome adapters)
that hasabou t 590Kof DOSmemory after
booting and loading an EMSdriver and a
mouse driver, the largest DOS partition
under DESQview is about 415K. Add ing
the abili ty to di splay text and graphics
simultaneously drops that figure to about
400K. On an AT, you can load part of
DESQview in exte nded memory and
savean additional 50K or so of memory

On the other hand, in its default state
TaskView uses quite a bi t less memory
than DESQview -ab out 100K, leaving
about 490K as the largest partition- but
TaskView unbundles some features that
are standard w ith DESQview (an auto­
dialer, a keyboard macro processor, and
better support for graphics programs.)
You can also load part of TaskView in
expanded memory, leaving a maximum
partition of almost 540K.

Both programs allow you to start pro­
grams running, switch among them, and
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set up special parametersthat de termine
how each p rogram runs ( in graphics
mod e, w ith direct screen writing, use of a
math co -p rocesso r, etc. ) using several
easy to navigate menus. In addition, you
can set up TaskView so that you can con­
trol operations at the command line,
rather than through the menus.On the test
system, that left a maximum partiti on of
about 510K.

In a system w ithout EMS memor y,
you'd want to give serious co nside ration
to mastering co mmand-l ine operation.At
the command line, you can open a pro­
gram (which loads it and makes it the
current program ), spawn a p rogram
(which loads it and leaves it in the back­
ground or swapped to mass storage),
and switch to acurrently running program
using either hotkeys or an executab le file.
The latter option allows you to use DOS
batch files for switching among tasks.The
only. d isadvantage to command -line OQ-_
eration is that you must master use of a

. number of poorly documented "swi tch­
es" that spec ify how a program should
run.

TaskView comes w ith a powerful key­
board macro processor that, in add ition
to allowing you to create macros, allows
you to cut and paste data among pro­
grams runnin g in different part itions.
A lso,a simp le cut and paste programthat
uses'less RAM is included.

TaskView's main weakness is difficulty
in handling graphics programs. On an
EGA, co lors aren't always restored right,
and o n a Hercules monochrom e screen,
the program has troubl e switching be­
tween text and g rap h ics mod es.
How ever, the company is aware of those '
probl ems, and fixes are expec ted by the
time you read this. In add ition, flew ver­
sions of the program that make full use of
EMS 4.0 memory and the 386's hardw are
address-mapp ing capabilities are also
due to be released before you read this.

DESQview
Qu arterdeck Office System s' DE­

SQview has been on the market quite a
bit longer than TaskVievv, so the company
has already been ab le to meet some of
the challenges that TaskView still faces.
(Mainly, its graphics handling is impecca­
o le.) DESQview doesn't include a com­
mand-line versio n, and, w hereas Tas­
kView can load part of itself only in
expanded memor y, DESQview can load
part of itself only in extended memory
Therefore, an AT is required to get a RAM
partition greater than about 420K. On an
80386 system, by add ing Quarterdeck's
memory manager (QEMM), you can ob­
tain a much larger partition.

In its default co nfiguration, DESQview
uses more RAM than TaskView. There are
several reasons for that. One is a built-in
keyboa rd macro processor. Also, DE­
SQview provides more of a Windows-

PRODUCTS REVIEWED
• OS/2, Microsoft Corpo ration , 16011 NE
36th Way, Box 97017, Redmond, WA
98073-9717.
• DESQview ($130), Quarterdeck Office
Systems, 150 Pico Blvd., Santa Monica, CA
90405 (213) 392-9701.
• TaskView ($80), Sunny Hill Software, P.O.
Box 33711, Seattle , WA 98133-3711 (206)
367-0650.
• ThinkTank ($195), liVing VideoText, 117
Easy Street, Mountain View, CA 94043 (415)
964-6300.

like environment than Iaskview, that may
or may not be useful to you. For examp le,
you can de fine a "window" for running
each of your appl ications.As long asyour
application uses the BIOS for d isp lay, it
can run in that w indow. .

The probl em is that the vast majority of
Qrograms d o w rite direcJly_t o vide o
memory, so DESQview's w indowing ca­
pability goes unused . How ever, some
programs can be configured to use the
BIOS. WordStar 4.0, for examp le, can be
configured to use BIOS output rout ines,
and w hen it is, the program runs in a
DESQview w indow nicely The probl em
is lesssevere on 386 machines, again be­
cause of hardw are re-addressing.

Both TaskView and DESQview contain
memory-status programs that show total,
used , and unused amounts of various
types of memory DESQview's program is
slightly better in that in runs in the back­
ground and co nstant ly maintain s up­
dated information.

DESQview also includ es a DOS ser­
vices program that aids file and d isk
maintenance, but it's no match for any
half-decent DOSshell. Other desktop ac­
cessories are availab le at extra cost.

Documentation for bo th products is
somewhat proolernetic, TaskView 's man­
ual is brief, and DESQview's manual is
poorly organized . To get either program
running w ith your appl ications, count on
spending some time reading and experi­
menting. As for on-line help, DESQview
has a definite advantage.

Conclusions
I like both programs. choosing be­

tween them is difficult, espec ially be­
cause new versio ns of both w ill be
released soon. DESQview d oes more
hand holding, but uses more memory,
TaskView uses less memor y, bu t has
prob lems w ith graphics. TaskView 's cost
isabout two-thirds that of DESQvievv, but
it only does 90% as much.

Ifyou've run out of room trying to cram
RAM-reside nt programs (SideKick, CED,
etc.) in your machine, either TaskView or
DESQview can help. You won't gain all
the advantages of a true multi-tasking op­
erating system, but both products offer a
good interim solution.t eo.



DIGITAL
Ie TESTER
An Accessory
ForYour
Commodore 64
Your Commodore C64 computer
can pretest digital components.

A n important part of bui lding a digital project is to
~ake sure that all the active components work prop­
erly before they're installed . That is even more critica l
w hen you deal with sensitive devices like CMOS inte­
grated circuits. Unfortunately, few of us do pre-insta llation
tests because it's somewhat d ifficult to routinely test
digital devices of any kind. We simply solder the parts
into the c ircuit, cross our fingers, and apply power. If the
c ircuit doesn't w ork, we poke around unti l we find the
bad part. Then we replace it, hoping we don't damage
the PC board, or install another defective component.
Clearly, a better way is to test each part (especially I('s)
before using it.

If you 're fortunate enough to own a Commodore C64
co mputer you can easily and inexpensively assemb le a
special kind of tester that w ill auto matically pe rform up to
100 user-programmed tests on most TTL and CMOS 14­
and 16-pin digitel Ks, and it is also a simple matter to use
the tester to check the switching action of transistors and
d iodes.

The tester, w hose schematic is shown in Fig. 1, is a
simple device that actually depends on special software
to run the tests. That software allows you to specify how
you want a specific TTL or CMOS device tested, and then
tests as many units of that device asyou like, one after the
other, with each complete test taking less than five sec­
onds. If the d evice doesn't function properly, the soft­
ware stops the test and tells you specifically how the
device failed.

To avoid creating damage where none existed before,
the DUT (Device Und er Test) is installed in a ZIF (Zero
Insertion Force) socket; a special kind of IC socket that
appl ies virtua lly no strain or force to the pins of the DUT.

As an added bonus, the tester inc ludes a hardware
reset switch (S1) that resets the computer at the push of a
b utton (no more powering down and then up again). No
external power supply is required to use the unit beca use
the tester gets its power d irectly from the computer's
expansion port.

JlI0~Ull I * .. dOl n k

l~~1 ',,"'0: :J _ ...... 9 6 \l l. . .
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JIM BARBARELLO

The circuit
As shown in Fig. 1, the tester consists mainly of IC1 , a

6821 PIA (Peripheral Interface Adaptor), two resistors, and
ZIF-socket S03. In addition, two 16-pin DIPsockets (S0 1
and S02) are used as terminal blocks to apply power to
the DUT. Switch S1 connects between the computer's
RESET line and ground: pressing S1 brings the RESET line low
and restarts the system w ithout actually having to re­
power the computer.

PIA IC1 receives its power, timing, addressi ng, and data
from the computer's expansion port. The sixteen individ­
ual per ipheral lines are programmed as inp uts or outputs
by software. IC1 is add ressed at decimal memory loca­
tions 57100 to 571 03. Outp ut lines remain in the p re­
viously set state until changed. Inp ut lines are not latched,
and therefore show the momentary status of any device
co nnected to them.

Two halves
Since the co mputer has an 8-bit data bus and the PIA

has16data lines, the PIA isd ivided into two halves:side A
w ith PAD-PA7, and side Bwith PBO-PB7. There are indi vid ual
control, data direction, and peripheral registers for each
side . The control registers allow you to select either the
data-direction register (for configuring the peripheral
lines as input or output), or the peripheral register (for
sending and rece iving data). The peripheral registers
(when selected asdata- direction registers) are located at
decimal memory locations 57100 (side A ) and 57102
(sid e B).The control registersare located at 57101 (sid e A )
and 57103 (sid e B).

Construct ion
The tester is assembled on a Jameco JE413 or simi lar

w iring board using wire-wrap connections. Because the
edge of the board also servesas pl ug P1, Fig. 1 shows the ~

con nect ions to both sides of P1 as they actually appear on ?<
the boa rd . The half of P1 ind icated as TOP are the go ld - U;
p lated finger co nnect ions on the co mponent side of the g;
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FIG.1-THE SOCKET TERMINALS are specially wired to provide
almost automatic selection of the ground and power terminals.

S03 S02

FIG.2-THE PARTSWILL FITWITHOUTCROWDINGon aJameco
JE413 board. Wire-wrap is used for all connections except those
soldered to the fingers.

board. The half of P1 ind icated as BOTTOM are the gold­
plated fingerconnectionson thew iringside of the board.

However, the connections to both sides of the board
are made fromthebottom side.The bottom connections
have obvious solder pads that extend from the fingers.
The connections to the top fingers are made by passing
wires through the appropriate holes on the board. Al­
though w ire-wrap connections are used to interconnect
thecomponents, those to the fingers should be soldered;
don't use stake-on or wire-wrap terminals at the fingers.

The general parts layout isn't critical, although opera­
tion w ill be somewhat more convenient if you follow the
one shown inFig.2.Make certainyou install 503 sothatits
lever faces the back edge of the board. Drill two Y6-inch
holes near501 and 502 for the power leads.

PARTS LIST
R1 , R2-10,OOO-ohms, %-watt, 10%
IC1-6821 PIA (Jameco 68821)
801,802-16 pin wire-wrap socket
803-16 Pin ZIF socket
81-Momentary N.O. pushbutton switch
Miscellaneous: Wiring board Jameco JE413 , No. 24,

solid wire (black and red), wire-wrap wire, wire-wrap
tool, solder, etc.

NOTE: The following are available from J. J. Barba­
rello, RD#3, Box 241 H, Tennent Road, Manalapan,
NJ 07726. IC Tester program (No. IC64) on Com­
modore C64 disk (IC64): $5.00. Enhanced pro­
gram (No. (TILDB) with TIL library of the most
commonly used TIL IC's on a Commodore C64
disk, along with instructions for use: $20.00. En­
hanced program (No. CMOSDB) with CMOS li­
brary of the most commonly used CMOS IC's on
disk, along with instructions for use (CMOSDB):
$20.00. Enhanced program with both CMOS and
TIL libraries and instructions: $30.00. Please in­
clude $2.00 shipping with each order. New Jersey
residents must add appropriate sales tax.

Wire across
As shown in Fig.1,the pins on 501 and 502 are wired

straight across:pin 1connectsto pin 16, pin 2connects to
pin 15, etc.That isdonesoyoudon't have to figureout the
convo lution of the pins w hen inserting the +V and
ground wi res in 501 and 502. To determine the power
connections to the DUT, simply count from 0-14or 0-16
startingon either row of pinsandyou'll automatically end
up on thecorrectconnections.(It mightappearconfusing
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READY.
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4 75 N1 - D; Fe RI- n OOl IFL SS ( I j _" 1" THENNt _N1"'T ( I )
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3AS RO.9: CO.4 ; GOSLlJSCSD f FORI . 1T01 6 : PR INTOOt, [ I ) " ( S 9 }" ; : NEXT l PRINT : PR I NT"
35 D FOR I- 1T0 16 : I F OO$ [I }."1" THEff PRINf"Z " i :PU -IIGOTO 37 .,
360 PRI NT"{SS}{SS,";
J 7D NEXT; CMS.··01E.. ...CHRS( 29)+CHR$ ( 157 ] IRO=1 1 : CO- J l GOSUtJ5 DSP : PH" "

3aD SS $ - CIot$I P T- 1 :N _PEC Kr S A) ...NO M"':GO~U03CaC IPRINTA$j I N- PEEK( SO] AUO MQ

3 6 5 GOSU6 3 000: :PRINTAS
J9C FORPT - 1 T0 16 : IFOO$ (PT 1<) ' f I"THEN t.e:XTIGOTO 70D"
40 0 CO. 4"' (PT _1) .2:GOSUD !>DSO: PX- P T

4113 GOSU061CC :G OSUBGCOtl:lr 5 5 -0 THEN 4 113
4213 ON SS GOSUB 430,44 0,53D,4'5D,460 : GOSUas050:GOT041D
4 XJ P RI Nr'D" , : LS$ (PT) - "O" :GOTO 4 70
44 i:l P RI Nr·' ··j : L5S ( PT ) .. .. , · · :G OTO 47D
4 SC1 I F PT.. PUTH£~TURN

453 PT _PT"'1: lFOOS ( pT) <>"1"' THEN 45a
456 PRI HTCHR$ ( 15 7 ) j " (5S}" l CO"4 ...( P T- 1 ) .Z :R£.TURN
4613 I FP T- P XTI€ NRETURN .

463 PT _PT _ 1: IFOO $ (PT l'< >·· I "T HEN4Sa

at first glance, but if you study Fig. 1 a few times you'll
understand how it works out automatically.)

Connect R1 and R2 after all the wire-wrap connections
aremade. Solder R1 to IC1pins18and 20. Similarly; solder
R2 to pins20 and 39. Cut 6-inch lengths of red and b lack
No. 24 solid w ire. Solder oneend of the black w ire to S1.
Solder one end of the red wire to the junction of R1 and
R2. Bring each wire through the board to the component
side through drilled holesafter first making a knot in each
wire to serve as a mechanical stop. Make two additional
stop-knots on the component side of the board, then
strip %-inch of insulation from the end of each wire. The
uninsulated ends w ill remain free for later use in app lying
power (red) and ground (black)to the DUT.

Aswith allwire-wrapped projects, checkfor wire nicks
or other faults. You maywant to do a cont inuity check on
each connection to ensure proper wiring .

Using the tester
Insert the tester into the computer 's expansion port

before app lying power to the computer. Enter the pro-

gram shown in Table 1 (the program is avai lable on disk
- see the Parts List) and save it usingthe filename "IC64."
Run the programby typing LOAD "IC64", 8(notice that the
comma isafter the close-quotation mark), and thenpress
the RETURN key. Then type RUNand press RETURN . Then install
the DUT in the ZIFsocket.

As shown in Fig. 3, 16-pin I('s just fit the ZIF socket.
However 14-pin I('s must be positioned towards the
front of the socket because the rear two ZIF pins aren't
used when testing 14-pin I('s. Take particular note from
Fig.3 how the pin numberingof the ZIFsocket ismodified
for 14-pin I('s.

The program begins by askingyou to specify whether
the ICyou'll be testing has14 or16pins. Next, the program
enters the Setup Phase and displays the screen shown in
Fig. 4. Under the pin labeled 01 (meaning pin 1), is a
blinking cursor that resembles the greater-than (» sym­
bol. (You can move the cursorwith the rightor left arrow
keys). Note from Fig. 4 thatwhen a14-pin test is selected
thetwo center positionsaremarked "N," meaning that the
two low er pins in the ZIFsocket (S03) aren't used. The

~

CD
coce
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FIG. 6-THE FIRST TEST INITIALIZES each IC to a standara
setup. The N shown for pin 11 indicates we don't care what the
result will be on that particular pin.

FIG. 5-FIRST STEP IN ANY TEST is to define the function of
each ·socket-pin, including the-ground and -+ V connections:--

14 PIN
IC PLACEMENT

IN 503

16 PIN

FIG. 3-ALTHOUGH A 16-PIN IC FITS the entire ZIF socket, a 14­
pin IC must be positioned forward, so that the rear two ZIF pins
aren't used.

cursor w ill automatically skip over the unused pins as the
data is entered.

The bottom of the Fig. 4 screen defines the setup
commands.As shown in Fig.5,you identify each pin asan
input (I) to the 1(, an output (0) from the 1(, a ground pin
( -), or a vo ltage-sup p ly p in ( +). A p in that w ill not be
used, or a p in w here you do not particularly care w hat
happens, is identifi ed w ith an N or left b lank. As an
examp le, the p in identifi cation for a 7408 TTL quad 2­
input AN D gate would be:

110 110- 01 1011 +

For pins 1 through 7, pin s 1 and 2 are id entifi ed asgate
inputs w ith pin 3 being an output, pins 4 and 5 are inputs
w ith pin 6an output, pin 7 isground ( - ). Similarl~wesee
that pins 8 and 11 are outputs, pin 14 is w here the pow er

~. -~
~~

SETUP PHASE: DEfIlE SOCKET PIIS
8 8 8 8 8 8 8 8 8 iii i i
i 2 3 456 1 I N 8 9 8 i 2 3 4-----------_ .. _--}

FIG. 7-THE SCREEN INDICATESWHEN the IC PASSESall tests
that were established by the user.

(+V) is app lied, and the remaining p ins are inputs. The
space between the - and the 0 indicate that the two
low er pins in the ZIF socket are not used for the 14 pin
device. To make any corrections, position the cursor and
enter the desired data. Once the K s I/O d efinition has
been co mp leted , press E to end the setup phase.

The next screen, I( Initialization, show s the definitions

o = OUTPUT PIN
+ = UDD (Pill)
E = EID DEf INE
-}CRSR = RIGHT

~

I = I NPUT PIN
- = USS (GND)
N = NOT USED
{-CRSR = LEfT

(f)
o
zo
a:
f-­o
W
...J
W

6 FIG. 4-IF YOU SELECT 14-PIN IC'S FOR TESTING the setup
o screen will indicate an Nfor the two unused ZIF socket terminals.«
a: The actuallC terminals are indicated as 01-14.
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FIG. 8-THE SCREEN NOT ONLY INDICATES AN IC HAS FAILED,
but it also shows what test (step) it failed and the and the manner
in which it failed.

w ith each input pin marked wi th a d iamond. During
initialization the cursor wi ll only move to the defined
input pins. To illustrate the power of the tester we w ill
deliberately attempt to fool it by entering false data. As
shown in Fig. 6, the definition for a NAND gate, we have
defined output pin 11 w ith an Ni meaning that we aren't
interested in its result. It automatically d isplays a 0 even
though its inputs, pins12and 13, should produce a high
output. If you haven't done soyet, insert a known-good
NAND GATE IC into the ZIF socket. Insert the black ground
w ire into position 7 or 10of S01 to app lyground to pin 7
of the DUT. Insert the red powerw ire into position 1or 16
of S02 to apply power to pin 14 of the DUT.

You want to initializethe IC to insure that all DUT's start
out in the same state. As shown in Fig. 6, we'll change all
the inputs to a low (0): Start by positioning the cursorat
pin 1and enter O, then move the cursor to pin 2 and press
O. Since both inputs to the AND gate are now a0, note that
pin 3 changes to 1.

Continue the procedure, changing all inputs to a O. It is
important to note thatyou can initialize the IC in anyway
youwant. For instance,youcould have made pin 1a0,pin
2a1,pin 4 a1,pin 5a0,andsoon.The only rule for avalid
test isto make sure your initialization valuesallow the test
for each IC to begin in the samecondition. But notice that
pin 11, which we defined w ith an N, incorrectly indicates
obecause it's a "don't care" value.

When you press E to end the initialization phase, the
title changes to the IC Testing Phase.Asyou did duringthe
initialization phase, change the outputs one at a time to
exerciseall of the functionsof theDUT. The numberof test
steps that you have defined are shown at the bottom left
of the screen (you can define up to 100steps, including
initialization). As you change each input you wi ll see its
output change as per the ICs logic.

Afterperforming all the steps necessary to exercise the
IC, press Eto end the testing phase.The programhasnow
stored all conditions and responses of how you expect
the IC to perform. The next screen, Auto Testing Phase,
allows youto testas many ICsof thistype asyou desire. In
answer to the questionTESTANOTHER DEVICE (YIN)?, pressthe Y

(Yes) key. As requested by the next message to appeer
insert the next device to be tested into the ZIFsocket and

press any key to begin testing. The program w ill begin
counting through the test steps. If the device is good,
you'll see the screen display shown in Fig. 7. If the device
does not perform as expected, the sequence w ill stop,
and as shown in Fig. S, the display wil l show what was
expected andwhat was actually observed. You can then
press a key to return to the auto-testing phase.

Additional capabilities
You can leave the testerconnected when it's not being

used. During thattime, if you needto performacomplete
(cold) reset of thecomputet simply press theRESET button
momentarily and then release it. As shown in Fig. 9, the
computer w ill reset as if you had powered down and
then up again.

FIG. 9-THE RESET BUTTON ACCOMPLISHES THE SAME
THING as if the computer was powered down up again. It makes a
reset easier.

Since the tester candetermine digital transitionsof any
device, you can also test the sw itching action of diodes
and transistors. For example, place a 1,OOO-ohm resistor
between pins 1 and 3, a 10,OOO-ohm resistor between
pins 2 and the base of an NPN transistor the collector of
the transistor to pin 3,and the base of the transistorto pin
4. To accomplish that, you may w ish to use a 16 pin DIP
jumper cable w ith one end inserted into the ZIFsocket
and the other end attached to a solderless breadboard
(Radio Shack parts276-1976and 276-175 respectively or
their equivalents). You canthenmake theconnectionson
the,breadboard.

Backon thetesterposition the +Vw ire to pin1and the
ground lead to pin 4. Using the program, define pin 1 as
+, pin 2 as I (Input), pin 3 as 0 (Output) and pin 4 as ­
(ground). Initialize by changing pin 2 to O. For the test,
change pin 2 to 1, noting that pin 3 will change to O.
Change pin 2 back to 0 and note thatpin 3 changes back
to 1.That tests thedigital switchingaction underareason­
able load andensures thedevicew ill switchproperly ina
circuit.A similarsetup can be usedforaswitchingdiodes
such as the 1N91 4 and 1N414S.

You can also expand the program to allow saving of
device setupsand responses in a d isk file, soyou would
not have to set them up manually each time. You could ~

thenbuild a library of filesfor devices.(A CMOSandaTTL ~

l ibrar~ along w ith anenhanced program isavailable. See <0
the Parts List).•m. &l
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BUILD
THE'PT-68K

Troubleshooting hints, with a
step-by-step checklist
of everything installed so far.

PETER A. STARK,
STARK SOFTWARE SYSTEMS CORPORATION
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Pa t 71ast time we stopped after installingr enough input/output circuitry to let us
communicate w ith thecomputerviakeyboard and video
screen. This month we 'll pause to learn some trou­
bleshooting tricks that you'll want to study even if your
system isworking fine,because the tips we 'll present w ill
deepen your understanding of how both the 68000 mi­
croprocessor and the PT-68Kcomputer system work.

Step 17. Troubleshooting tricks
Ifyourcomputerworked properly at the end of step 16,

you could skip this step, but it is recommended reading.
On the other hand, if your system isn'tw orking properly,
this section wil l help you locate and fix the problem.

In the last installment, we covered the two ways of
talking to the PT-68K computer.
• In Step 14, we discussedtheserial RS-232Cport, which
allows usto connect the PT-68Keither to a serial terminal,
or to anothercomputer w ith a serial port and a terminal­
emulation program. For the remainder of thisarticle,we 'll
refer to either option as serial terminal.
• In Steps15 and 16,we discussed thecircuit thatallows
us to connect a PC-compatible keyboard, and the inter-

Ordering Information

Com plete details were given in part one (in the October
issue). To summarize: The basic kit (PT1, $200) contai ns all
parts except power supply, case, and video terminal or
personal computer to get a small system (ROM moni to r, 2K
RAM) up and running. The full basic system (PT68K, $460)
includes512Kof dynamic RAM, floppy-diskcontroller, paral­
lel port, battery-backed clock/calend ar, and three PC-com­
patible expansion slots. To ord er, or for more information,
contact Perip heral Technology, 1480 Terrell Mi ll Road #870,
Marietta, GA 30067, (404) 984-0742.

faceconnectors thatallow us to plug in a PC-compatible
monochrome or color video adapter and matching
monitor (or possibly both simultaneously). .

Because the MC68681 DUART used in the serial port is
not used just for seria l interfacing, but for other functions
as well (to generate the speaker tones, for example), the
serial port circuitry must be installed on every PT-68K
system. The PC interface circuitry, on the other hand, isan
option and may not be present on your board.

Before discussing troubleshootingtechniques, first let's
discusswhatshould happenwhen everything isworking
correctly, and how the computer decides which I/O
devicesto use. To summarize, there are five basicways of
talking to the PT-68K:
• With a serial terminal operating at any baud rate from
300 to 9600.
• With a PC-compatible keyboard, a monochrome or
color video adapter, and a matching monitor.
• With a serial keyboard (connected to the RS-232C
port) for input, but avideo board and monitor for output.
• With PC-compatible keyboard for input, but a serial
terminal for output (set to 2400 baud).
• Several of the above simultaneously.

Whenyou turn on the power (or short the reset pinsat
J23), HUMBUG (the PT-68K's ROM-based monitor pro­
gram)triesto initialize the input and output ports, makesa
list of installed options, and sounds the "beep-beep"
from the speaker. If HUMBUG detects that a PC-compati­
ble video board is installed, it then displays the message
"Please press Enter" in the upper left cornerof the screen.
HUMBUG does not, however, display that messageon a
serial terminal, because it doesn't yet know what baud
rate to use.

Now HUMBUG monitors both the serial input and the
keyboard connector, waitingforyou to press the Enterkey
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TABLE 1- HUMBUG COMMANDS

(also called Return or CR), so it can determine (a) w hich
keyboard you are using, and (b ) the baud rate if you're
using the serial keyboard. Both keyboards can be con ­
nected electrically; w hichever one receives a keypress
first will be chosen as the input devi ce. (In order to make
sure the correct baud rate is chosen, you may have to
press Enter several times on a serial keyboard.)

After the Enter is received, HUMBUG displays its sign­
on message,
HUMBUG (R) Copyright (0 1986, 1987 by Peter A. Stark,
the prompt (*), and a cursor.

Whichever keyboard you use, that message w ill go to
the video boerdts), if any. If you use a serial keyboard,
then it will also go outthe serial port to the terminal (at the
same baud rate as the keyboard). After the prompt is
displayed, you may type in and execute any of the 32
HUMBUG co mmands, shown in Table 1. We'll discuss
further use of them in a moment. For nov; try typing
anything to see w hether it appears on your screen. If so,
then the computer is in working cond ition .

If your computer doesn't funct ion es described above,
then some troubleshooting is in order.We'll start with the
obvious possibil it ies.

First, using a good magnify ing glass, carefully examine
all solder joints to makesure all connect ions are soldered,
but no shorts exist between adjacent lands on the board.
Ensure that alilCsocket pins reallygo through the board to
the bottom side-sometimes a pin bends under the
socket and never makes it through the board. Make sure
that all lCs point in the same di rection-pin 1 tow ard the

~ left rear corner of the boa rd-and that each socket con ­
z tains the correct Ie. A lso make sure that all capacito rsand
~ resistors are in the correct p laces. It may also be a good
o idea to check pow er-supp ly vo ltages.
~ Speaking of pow er-supply vo ltages, note that the w idew
6 co ppe rstr ip around the edge on the bottom of the board
o iselectrical ground, but the strip on the top of the board is
~ +5 vo lts. If you mount the board with metal hard-

LO - LOAD S1-S9
FORMAT

MC - Memory Compare
ME - Memory Examine
MO - MOve memory
MS - Memory Store
MT - Memory Test

RC - Register Change
RD - Return to DOS
RE - Register Examine

AD - ASCII Dump

AI - ASCII Input FCC
AO --'. ASCII Output
BA - BASIC
BP - Breakpoint Print
BR - BReakpoint set!

reset
CO - COnt inue
CS - CheckSum
FD - Boot SK*DOS /

Floppy Disk
FI - Find 1-5 bytes
FM - Fill Memory
HA - Hex and ASCII

dump
HD - Hex memory Dump

HE'- HElp
JS - Jump to System

program
JU - Jump to User

program

ware, you will short +5 volts to ground. You'll do
the same thing if you attach the ground clip of an
oscilloscope or voltmeter to the edge of the board.

Another w arning: Some early PC boards were shipped
with a note regarding two possibly defective traces, if
you have an early board, make sure you followed the
directions to correct those problems.

Next, make sure that all the correct components are
installed, but no others. Tab le 2 lists all components
installed so far, in the order we installed them. It includes
all connections, includ ing the two jumpers and Molex
p ins installed in step 7 that were later removed in steps 9,
11, and 12; hence they should no longer be on your board .
Extraoscil lators, resistors and capacitors can stay, but any

SS - Single Step extra ICs (i.e., those not listed in the Table ) should be
ST - STart single-step removed during the foll ow ing troub leshooting pro-
WA - Boot SK*DOS /

Winchester WX1 cedure, as they can cause undesirable results.
WB - Boot SK*DOS / A lso check all jumpers and other connections. The

Wincheste r HDO speaker should be connected to the two outer pins of
X1 - eXtra option 1 J18; J25 should connect the center pin to pin 2; J24
X2 - eXtra option 2 should connect the center pin to pin 1; both J19and J20

----- - Shb lJld - connect til e-center p in to p in 2- forEPROM's -
!! - Force reset shipped by Peripheral Technol ogy (27256's). Incidentally,

should you w ant to re-program those EPROM's, they re­
quire 12.5 volts for p rogramming, and-as I have di s­
covered-wiIIbe damaged at the more common 21or 25
volts.

If all the simple tests reveal no prob lems, then it's t ime
for more drastic action . Let's break the situation down into
two types : either the speaker beeps or it doesn't.

If the speaker beeps
If the speaker does beep, then the system works, more

or less, so troubleshooting w ill be easier. Regard less of
w hich keyboard you ultimately intend to use, for now
connect a serial terminal to J22 and perform the tests iii
Step 14 (see the last installment for details).-there are
very few things that can go wrong between the beep­
boop (Step 13) and the operation of the serial port (in
Step 14), so the serial port should be checked before
continuing w ith the PC-compatibl e keyboard and video
interfaces. .

If the serial port w orks and a video board is installed,
output should go to both. If the HUMBUG messagesgo to
the serial port but not to the video board, then examine
the PC interface-con nector circuitry closely. One problem
that hasshown up w ith some clo ne CGAcolor boards isa
slight amount of noise on the BRESET line, w hich prevents
the board from worki ng. A simple fix is to place a 0.1 J.1F
d isk capac itor right on the CGA board, from pi n B2 to p in
B1 (ground). Don't solder to the edge co nnector; find a
nearby solder pad or feed through. (The pi ns on the right
side of the connecto r are labeled A1-A31; the pins on the
left side are B1-B31; in both cases, pin 1 is toward the rear
of the board.)

If both the serial board and the video board work
correc t ly, the last item to check is the PC-compatib le
keyboard . Make sure you press Enter on this keyboard as
soon asthe "Please press Enter" message appears, so that
HUMBUG uses the PC keyboard, rather than the serial
terminal. If the keyb oard still does not w ork, make sure
that the XT/AT switch (p resent on the bottom of many
clone keyboards) is in the XT position, and try again,Then
borrow a keyboard from a friend 's PC or XT, and try it.
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TABLE 2-PARTS INSTALLED SO FAR

Step 3. The Power Connector Step 11 . The DTACK Circuit

J10A, J10B
C65
C3,C4,C5
C6

Power connectors
10 l-LF tantalum (near J9)
47 pF
0.1 l-LF

Remove jumper
IC33
IC36
Jumper

Between IC66 pins 1 and 14
74LS175
74LS30
J25 center to pin 2

Step 9. The Bus Error Circuit

Remove jumper between IC47 pins 14 and 22
IC76 74LS175

Step 5. The Reset Circuit

R22, R23 1 megohm
R20, R21 2200 ohms

- C57;-C61-;- C62;-C64-0:1JIF---
C63 1 l-LF, 16 volts, tantalum
IC91 555
IC22 7406
IC66 74LS04
J23 Two-pin single header
unmarked Two 0.1 l-LF capacitors to the left of

IC66

--'-
<0
coco

Step 14. The Serial Ports

1488 TTL-to-RS232C converter
1489 RS232C-to-TTL converter
Six-pin header strips

Step 13. Running at Last!

3.6864-MHz oscillator (no socket)
MC68681 DUART
10K
To two outer pins of J18

Step 15. The PC-Compatible Keyboard

4.7K
10K
74S74
74LS175
74LS322
74LS373
74S373
0.1 f..l.F
0.1 p.F (near IC16)
Keyboard connector

If you use a modern CGA board
(with surface-mounted components), then

74LS390
Between IC76-9 and IC47-20
IC65-9 to IC76-9.

IC65
Cut Trace
Jumper

R7
R8
IC23
IC24
IC25
IC17
IC19
C7, C8, C9, C10
C65
J9

IC30
IC29
J21, J22

Step 16. The PC-compatible Bus Connectors

J1-J6 62-pin card edge connectors
IC18 74LS373
IC15 74LSOO
IC14 74LS32
IC1 74LS245
IC48 74LS08
IC35 74LSOO
IC51 74LS32
IC31 74LS175
IC13 74LS74
IC92 14.31818-MHz oscillator (no socket)
R26 2.2K
C1 0.1 f..l.F
Jumper From IC15 pin 12 to pin 7

IC3
IC10
R9, R10, R12, R13
Speaker

Step 12. ROM and RAM

Remove Molex pins from the IC21 and IC27 sockets
IC26 74LS32
C12, C66 0.1 f..l.F
IC20 EPROM marked "UPPER"
IC27 EPROM marked "LOWER"
IC21 6116SRAM
IC28 6116 SRAM or MK48T02 clock
J19, J20 three-pin headers;

set both jumpers on position two
for 27256 EPROM's.

Step 7. The 68000

68000
74LS10 triple 3-input NAND
74LS148 priority encoder
10K SIP resistor (no socket)
0.1 l-LF
IC47-22 to IC47-14 to negate BERR

IC66-1 to IC166-14 to assert TAC K

IC27 and IC21
Short pins 9-17 of IC21 socket
Short pins 11-19 of IC27 socket

Step 8. The MAP circuit

74LS164
Three-pin header, jumper center to

1

Step 4. LED Indicators

320 ohms
2200 ohms
0.1 l-LF
7406
33 ohms
4-pin header
J15, J16, and J17

Step 10. The Address Decoder

16L8 PAL
33-ohm resistor packs (no sockets)
74LS139 dual decoder
74LS138 decoder
0.1 l-LF
J25 center to pin 1
33 pF, not 0.1 f..l.F

Step 6. The Master Clock Circuit

16 MHz oscillator (no socket)
74ALS74
3-pin header, jumper center to 1
0.1 l-LF

IC63
R17, R18
IC64
IC34
C13, C67, C70
Jumper
C68

IC90
J25

IC47
IC37
IC89
R19
C14, C48
Jumper
Jumper
Sockets '
Molex pins
Molex pins

IC78
Icn
J24
C58, C59, C60

R14, R15, R16
R24
C11
IC32
R25
J18
LED's
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TABLE 3-ROM CONTENTS

Data
OOFFOFEA
00F800CO

Address
00000000
00000004

circuit sends a BERR signal to the 68000, w hich attempts to
recover. If the recovery procedure results in another bus
error then the 68000 simp ly halts and the HALT LED goes
on.

To proceed, disable the BERR circuit by removing 1C76
and connecting a10Kresistorfrom pin 14 to p in 16of the
vacant socket.Doing so forces BERRhigh, so the 68000will
never receive a bus error. (Solder Molex pins to the leads

If the Speaker Doesn't Beep of the resistor, don 't force the naked leads of the resistor
If the speaker doesn't beep, then the going is a bit into the socket, because they could stretch the socket

tougher. Sti ll, start with the obvious: check the speaker pins.)
connect ions. Next, disab le the DTACK circuit by removing IC36 and

If you are using a co lor (CGA) video board, then note connecting a 330-ohm resistor from pin 8 to p in 7 of the
that, aspointed out last time, some new CGA boards have socket.Because IC66 isstill installed, the DTACK input to the
a very long wait period after some operations, and that 68000 is forced high, so the microprocessor w ill never
causes the Bus-Error timer to time out, the result is that the receive a DTACK.

system may not work at all, so the microprocessor w ill Now apply power. The first thing the 68000 tries to do
halt, and the HALT LED w ill light. Refer to Fig. 8 in the is to obtain two addresses(whereto locate the stackand
February issue for a solution to that prob lem. w here to start execution) from locations 000000 through

At this point, there are two ways to go. The brute-force 000007, w hich at pow er up are at the very be3inning of
method is to return to Step 7 and try to retrace our steps. the ROM. Their contents are shown in Table 3.

-But· there-i s-anothe~-more-elegant-method·that-Iets-ususe---Some exp lanation is in order. Although-addresses in-
the 68000 itself to help us debug the problem. side the 68000 consist of 32 bits, the actual address bus

Let's review how the 68000 works. When it wants to consists of only 24 lines(counting AO, even though it only
access memory or I/O, it outputs an address on the exists internally wi thin the 68000). Thus the first two hex
address bus, along wi th the appropriate control signals digits of any address in the PT-68K are generally 00.
on UDS, LDS, etc. When the memory or I/O is finished with Fu rtherm or e, the 32-b it ad d ress fo r th e stack
the requested operation, it returns a DTACK (data transfer (OOFFOFEA) can not fit into an eight-bit memory location.
acknowledge ) signal, which tells the 68000 that the oper- Therefore, it is stored in four consecutive locations,
ation is finished. If, for anyreason, anoperation cannot be 00000000-00000003. That explains w hy the second ad-
completed within a specified time, then the bus error dress in Table 3 is 00000004.

TABLE 4-68000 SIGNALS WAITING FOR DTACK

Pin State Signal Description Comment
1-5 High 0 4-00 Oata bus FF

6 Low AS* Address strobe On
7 Low UOS* Upper data strobe On
8 Low LOS* Lower data strobe On
9 High R/W* Read/Write* Read

10 High OTACK* Oata Xfer acknowledge Forced to off
11 High BG* Bus granted Off
12 High . BGACK * BG acknowledge Off
13 High BR* Bus request Off
14 High Vee + 5 volts
15 Pulses CLK 8 MHz clock Clock pulses
16 Low GNO Ground
17 High HALl' Halt Not halted
18 High RESEl' Reset Not reset
19 High VMA* Valid Memory Address Off
20 Pulses E E clock Clock pulses
21 High VPA* Valid Peripheral addr Off
22 High BERR* Bus Error Forced to off
23 High IPL2* Interrupt input 2 No interrupts
24 High IPL1* Interrupt input 1 No interrupts
25 High IPLO* Interrupt input 0 No interrupts
26 High FC2 Function Code 2 Currently in
27 High FC1 Function Code 1 supervisor

en 28 Low FCO Function Code 0 program mode0
Z 29-48 Low A1-A20 Address bus 000000
0 49 High Vee + 5 voltsII
I- 50-52 Low A21-A23 Address bus 0000000
w 53 Low GNO Ground-l
w 54-61 Low 01 5-08 Oata bus 00
0 62-64 High 07-05 Oata bus FF0
<l:
II
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TABLE 5-ADDRESS AND DATA BUS CONTENTS
DURING THE FIRST FEW MEMORY ACCESSES

Address Data Explanation
000000 OOFF Initia l stack address = $OOFFOFEA
000002 OFEA
000004 00F8 HUMBUG starting address =

$00F800CO
000006 OOCO
F800CO 4EF9 JUMP (op code 4EF9) to

$00F80126 instruction
F800C2 00F8
F800C4 0126
F80126 4239 A CLR.B instruction
F80128 OOFF
F8012A 0020
F8012C 4239 Another CLR.B instruction
F8012E OOFF
F80130 OC85
F80132 48F9 A MOVEM instruction
F80134 7FFF

-.E80136 OOFF
F80138 OCOE

OFEA-the lower half of stackaddress OOFFOFEA. It's pos­
sible that the pulse from the capacitor may be too wide
or too narrov-; or that more than one pulse may be
generated, in which case you may eitherstayat the same
step, or mayskip ahead several steps. In thatcase, refer to
Table 5, which is a list of the information on the address
and data busses during the first dozen or so steps;

Assuming nothing turns up from those tests, remove
the330-ohm resistor, replace IC36, and restart the system.
The computer w ill now start executingat high speed the
stepswe were just tracing one-by-one. However, when­
ever the 68000 tries to access a memory or I/O address
thateither doesn'texist or that is not working properly it
w ill fail to get DTACK. We're still forcing BERR high w ith a10K
resistor, so the 68000 w ill stop and we canexamine the
address bus to see where the 68000 got stuck.

HUMBUG tries to comp ile a list of installed hardware,
so it intentional ly tries to access addresses that may not
yet exist on your system. Those addresses include
$FE0089 (68230), $FEOOOB(DUART1), $FE004B(DUART2),
and either $C00001 or $D60001 (PC-compatib le con­
nectors). So the first address you see on the bus should
be $FE0089. Of course, you cannot see AO. Instead, LDS
w ill be low oron, and UDSwill be highoroff, to signify that
the address is $FE0089 and not $FE0088. If there is any
other address on the address bus, the 68000 is trying to
access a location that does not work or does not exist.

Once you see the $FE0089 address of the 68230, you
maypulse BERRlow once to get the68000 to continueuntil
the next bus error. That can be done with the same
0.001 -J.LF capacitor as before, except thistime connect it
betweenpin8and pin14 of 1C76.Asbefore,youmay skip
ahead a few extra steps if the pulses introduced by the
capacitor are not quite right. In that case, to view each
step, just start over by resetting.

Note that your computer should not stop at address
$FEOOOB, because you have already installed DUART1 at ~

IC10. If it does stop, then there is something wrong w ith ?<
the DUART1 circuit.

Next time we'll install the dynamic RAM.tCD.

FURTHER HELP

If you need further help, contact us through our BBS at (914)
241-3307. If that is not possible, hardware questions can be
answered by Peripheral Technology, 1480 Terrell Mill Rd.,
No. 870 , Marietta, GA 30067, (404) 984-0742 . Software
questions dealing with HUMB UG or SK*OOS can be an­
swered by Star-K Software Systems Corp., PO. Box 209,
Mt. Kisco, NY 10549, (914) 241-0287.

Last, althougha four-byte address isstored in fourone­
byte locations, the68000 canread orwrite two bytesat a
time via its sixteen-bit data bus. Therefore the micro­
processor must read thefour-byte address in two chunks.

Indetail,what happensisthis: when the 68000 tries to
read the stack address from memory it outputs address
000000 on the address bus, asserts both UDSand LDSto
signal that it is trying to access both anupper byte and a
lower byte, asserts AS to activate the address decoder,
and releases RiW to indicate that memory is being read.

The address decoder then decodes address 000000
and sends a low to both EPROM's to enable them. The
EPROM's, in turn,output thecontents of the first two bytes
(the number $OOF~ the upper half of the $OOFFOFEAstack
address) to the data bus, which sends this data to the
68000. The 68000 receives the data, and now waits for
DTACK so it can continue.

But we 've disabled DTACK! SO the microprocessor just
sitsthere. Take ascope or logic probe and examinesome
of the important signals.You 'll see address 000000 on the
asicjress bu~, OOFFon.thed<'!ta bus, both U5S and~ low AS
10""",, and RiW high. You wi ll alsosee lows on the CEand OE
pins of both EPROM's, and a low on pin 4 of IC64-a.

So, even wi th fairly simple test equipment, it's easy to
checkthecircuit and make sure the right signalsare there.
Table4 isa complete list of what youshould find onevery
pin of the68000 at thispoint.Makesure they'reall there at
the appropriate levels, and trace the signals if not. Re­
member, ahighshould be +3voltsor more; a low should
0.4 volt or less. If you see any voltages between those
levels, suspect a short.

Here are several examplesof how to interpret"strange"
results. Supposeall the signals on the 68000 are correct
except for the sixteendata-buslines. If the databus reads
$FFOOinstead of $OO F~ are the EPROM's interchanged? Or
if the databus iscompletely different than expected, are
the EPROM's selected (lows on theirOEand cr inputs)? If
yes, are theygetting the correct address? Ispin 4 of IC64
low? If not, are the select inputs (pins1-3) of IC64 low?

If everything seems normal, the next step is to pulse
DTACKlow sothe 68000 w ill proceed to the next step.The
pulse must be wide enough so the 68000 will recognize
it, yet narrow enough so that the 68000 w ill only go
forward one step and no more. The timing istouchy but I
have found that momentarily connecting a discharged
0.001 J.LF capacitor from pin 8 to pin 14 of IC36 works
quite well. Pin 8 is held low by the 330-ohm resistor
added above, but the 0.001 J.LF capacitor pulls it high for
about a quarter of a microsecond. That signal is inverted
by IC66-a into a low DTACKpulse.

As a result, the 68000 now tries to read the next two
bytes of the stack address from memory so the address
bus shouldcontain000002,and thedatabusshouldhave
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E ICE
Here are the PC patterns for the construction projects in this month s issue.

All patterns are right reading and full sized, unless otherwise noted.

f4----------5INCHES----·1 .
BUILD THE SU8WOOFER SIMULATOR using this board.

en
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PC-BOARD PATTERNfor the Versatile Function Generator.



MARI{ET CENTER
FOR SALE

TUBES. new, unused. Send se lf-addressed , stamp­
ed enve lope for list. FALA ELECTRONICS, Box
1376-2, Milwaukee, WI 53201.

DESCRAMBLERS. All brands. Special combo Jer­
ro ld 4 0 0 an d S B3 $ 165 . Com p l et e c a b le
des cram bl e r ki t $39 . Complet e satell ite de ­
scramb ler kit $45.00. Free catalog . MJM INDUS­
TRY, Box 531, Bronx, NY 10461-0531.

COMMODORE Chips Or Rep airs . C-6 4 rep air
$39 .95 includes part s/labor. We sell low cost Com­
mo d or e c h ips- 6526 /6 51 0-$8 .95 , 82 S 10 0 /
PLA-$11.95 and many others. HD/C 64 P.S. $27.95.
+ PP. "Commodor e Diagnostician," a complete
chart for diagn osing faulty IC's $6.95 + PP. Send for
complete catalog . VISA/MC. KASARA INC., 31
Murray Hill Drive, Spring Valley, NY 10977, 1-(800)
248- 2983 (Nationwide) or (914) 356-3131.

SATELLITE & cable equipment. We have those
hard-to-find units ready to go. Tired of ju nk that
doesn't work properly? TrY- our 10 ay sallsfact ion
guarantee & 90 day warranty (wholesale only). HI
TECH ELECTRONICS, PO Box 42423, Detroit, MI
48242 , (313) 722-9381.

MICROWAVE antenn as, multi chan nel 1.9-2.7 Ghz
dual polarity. From only $49 .95 . "Best in the west! "
GALAXY ELECTRONICS. Call 1 (602) 939 -1151.

TUBES, nam e brands, new, 80% off list. KIRBY,
298 West Carmel Drive, Carmel, IN 4603 2.

IS it true...Jeeps for $44 through the government?
Call for facts ! 1-(312) 742-1142, ext. 4673 .

LEADER LFC-9 45A sign al level meter $395.00
(312) 771-4661.

SURPLUS Zenith Z100 computer motherboards.
No RAM/ROM , over 100 chips in sockets including
8088, 8085, 74LSxxx, 74LSxx, crystals and more,
$49.95. Boards without chips $12.95 shipping in­
cluded. Visa Master. LYNBAR INDUSTRIES, (616) .
983-3 389. '.

STEREO TV decoders: Canadian electronics dis­
tributor with inventory liquidation. Plug- in stereo TV
synthesizer wi th amplif ier $49.95/wi th shielded
speakers + A.N .R. $69.95 U.S. Frt . ppd . Guara n­
teed satisfaction . Catalogue $2.00 send mon ey
order to : MTS ELECTRONICS, P.O. Box 385­
Snowd on, Montreal , Canada H3X 3T6 FAX # (514)
481-3612.

LASER information-List of over 200 supp liers of
laser and laser- related equipment. Send $4.00 for
print , $6.00 for labels to PAUL PHRAMPUS, P.O.
Box 61913, Va Beach, VA 23462 .

FAIR prices, SB -3- $65 . Tri Bi-$90, SA 3-$ 95 ,
N-12VS -$85 , MLD -1200-3 $85, Zenith $165 filters '
for beeping any channel 2 to 22, converters all
types, hand remotes. No Michigan sa les. BEN­
NY-(313) 979-8356. Note any order over $200 dol­
lars wi ll get a six-outlet surge protector goes into
wall socke t. •

TV tunable notch filte rs, free brochure. O.K. VIDEO ,
Box 63/6025, Margate, FL 33063 1-(305) 752-9202. .

RUN three-phase motors on single phase, free bro­
chure. MOTORS, Box 63/6025, Margate , FL. 33063 '
1-(305) 752-9202.

RESTRICTED technical information: elec tronic
survei llance, schematics , locksmithing, covert sci­
ences, hacking, etc. Huge sel ection. Free bro­
chures. MENTOR-Z, 135-53 No. Blvd., Flushing,
NY 11354.

TUBES. "Oldest ," "latest." Parts and sche matics .
SASE for list. STEINMETZ, 7519 Maplewood Ave.,
R.E. Hamm ond, IN 46324.

SOLAR batt ery cha rge rs. Homes, RV?, boats.
From $30.00. Brochure. SUN POWER, Texas, Dept.
01B, P.O.B. 2788A, Freeport , TX 77544 .

SALE! SCR, transistor, diode tester. Dropproof jew­
eled meter. $69 .00 + UPS shipping . GALAXY,
1834 S.E. 22nd, Portland , OR 97214.

SAVE $'s! We wil l beat your best deal. Zenith Z-tac,
Ssavi, Jerro!d, Oaks, Hamlins, Scientifi c Atlant a,
lots more. HOTRONICS, (313) 675-5834.

HACKER'S Handbook $12 .95, $1.00 pos tage.
Computer Underground, $14.95, $1.00 postage .
CABLETRONICS, Box 305 02 R, Bethesda, MD
20814. " .... .

CREATE lX or 2X PCB 'arlW9rk with ease on your
IBM-PC or compatible. Requires 256K memory­
CGA card - IBM gr aphics or compatible pri nter.
Software $49 .95 or $10.00 for dem o disk . SHEA,
LTD., 2105 Waveland , Chicago. IL 60618.

ATTENTION laser holographic experimenters:
optica l computer compo nents , instructions. $22 .95
postpaid. STELLAR TECHNOLOGIES, 4710 Uni- .
versity Way NE, # 1003 ,.Seattle, WA 98105 . .

GREAT buys! Surplu s prices, ICs, linears, tran sfer­
rners ; PS, stepping motors, vacuum pump, pho­
totrans lstor, meters , Isase, FERT IK'S, 5400 Ella,
Phila.,' J;'A 19120.· .

TWO-Way-Radio, Atari, Unid en se rvice . General
Radiot el ephon e li ce ns ed technic ian . Cat a­
log-RAYS, 2025 Molin e, Ft. Worth , TX 76117 (817)
831="7717. : •

TESLA coils-Kir lian electrophotograp hy-plas­
ma bulbs ...Free 1988 science plan catalog! SCIEN - :
TIFIC, Box 1054HRH, Duvall, WA 98019.

ELECTRONIC liquidators, thousands of parts, kits,
computers, hardware, send $3 .50 for cata log . BOX
27656, Lan sing , MI 48901.

COMPONENTS! IC 's, capaci to rs, resistors, etc .
Lowest prices! Exampl e: lOfLf 25V Tantalum capaci­
tor-19 cents. Free catalog. CRC ELECTRONICS,
13547 S.E. 27th PI., Bellevue, WA 98005. (206) .

. 747-9636. . ;

CATV Descrambl ing manual.~+ full pages with
schematics, $24. 95. Others ava ilable, Cata log
$2. 00. DATA DISTRIBUTORS, ' P.O. Box 5612;
Spri ng field, VA 22150 . C .O.D.'s welcome (703)
425-065~. . ;

TUBES - 2000 TYPES
DISCOUNT PRICES!

Early, hard-to-find, and modern tubes.
Also transformers, capacitors and
partsfor tube equipment.Send$2.00
for 20 page wholesale catalog.

ANTIQUE ELECTRONIC SUPPLY
688 W. First St.o Tempe, AZ 852810 602/894.9503

TRANSISTORS-tubes: MR F421 $24.00, MRF454
$14.50, MRF455~MRF477 $11.75, MRF492 $16.00,
SRF2Q72 $12.75 , .SRF3800 $17 .50 , 2SQ2290
$16.75; 2SC2879 $22 .00, 6LF6, 6LQ6, 6JS6. 8950,
etc.-call. New Ranger AR3500 all mode 10 Meter
t ra nsceive r $3 19.00 . Quan ti ty discou nts! Best
prices on hard-to-find parts, antennas, mics , power
supplies , & equipment! Cata log $1.00 (refundab le),
or free with order. RFPC , Box 700, San Marcos, CA
92069 . For informat ion or same day shipment­
(619) 744-0728 Visa/MC/C.O.D.

LASERS, components and accessories . Free cata­
log, M.J. NEAL COMPANY, 6672 Mallard Court,
Orient, OH 43146.

REPAIR your own TV ... it's casy. Writ e RE­
SEARCH, Rt. 3, Box 601BR, Colville, WA 99114.

PICTURE flyer lists quali ty surplu s electronics at
low prices. Since·1970. Send for the last 3 issues.
STAR -TRONICS, Box 683, McMinnvill e, OR 97128.

CABLE TV Converters. Scientific Atlanta, Jerrold,
Oak, Zenith , Hamlin, Many others . "New" Video
Hopper "The Copy Ki ller ." Visa, M/C & .Amex.
1(800) 826-7623-. B&B Inc. , 10517 Upton Circle ,
Bloom ington , MN 55431.

600 ohm Hybrid term sets complete, $22.50 pp with
full specs : R.E March, '88, 2G.H. point to point MW.
sys te ms 24 + cha n ne ls in clu d ing s ignal ing .
SAS.E. for deta ils. B. McLain. R.A. 1 Box 165,
Colville, WA 99114.

PHOTOFACT folders, under #1400 $3.00. Others
$5.00. Postp aid. LOEB , 414 Chestnut Lane , East
Meadow , NY 11554. .

TI-99/4a software/hardware bargains. Hard -to-find
items. Huge selection . Fast service. Free catalog.
DYNA, Box 690,'Hicksville, NY 11801 . -, -

" CB Trick of the Trade book ." Learn CB repair tricks
and tran smitting theory. Send $19.95 to MEDICINE
MAN CB, P.O. Box 37, Clarksville, AR 72830.

. .
CABLE-TV AT IT'S BEST

SCIENTIFIC Atlanta Models 850D---8550, remote
in clu d e d .. .$24 0 .00. S8 -3 's . .. $74 .00 . TR I­
81'5...$95 .00 . SA-3 's...$99 .00. Zenith (Z-Tac) De­
sc ramb lers...$169 .00. N-12 (Vari-sync)...$8 9 .00 .
M-35 B ( Va ri -sy nc) ... $9 9.0 0 . Hamlin
MLD-1200's .. .$ 89 .00 . 80-Channel convert-
ers $95 .00 . Dealer d iscounts on (5) units.
Call N.A .S. INTERNATIONAL, (213) 631-3552 .

THIS IS ABOLDFACE EXPANDED AD with a
tint background~ .• If you like this format,
request it. Your cost is $6.25 per word.

. l· •

INVENTORS
INVENTORS! Can yOu patent and profit from your
idea? Call AMERICAN INVENTORS CORPORA­
TION for free information. Over a decade of service .
1-(800 ) 338-5656. In Massachusetts or Canada call
(413) 568-3753. .

ROBOTIC SENSORS
TACTILE and pressure sensors, $5/e lement, sin­
gles and arrays available. For info. send address to :
RECEPTOR TECHNOLOGY INC., 2 Ke nwood
Street , Somerv ille. MA 02144.

DESCRAMBLER MODULE
COMPLETE cable-Tv decoder in a mini-modul e.
Latest teChnology upgrad e for Jerrold SB-3 or Ra­
dio-Electroni cs Feb. 1984 project. Versatile, sophis­
ticated, and low cost. For literature, SOUTHTECH
DISTRIBUTING. (8 1 ~) 527-2190. :

CDco
co
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PLANS AND KITS

MICROPROFESSOR 8 biltrainer, Z-80 C.P.U., 158­
instruction set, 8K monitor ROM, enter programs in
assemb ly, machine, basic, or for th. ETRON IX,
5326-9th Ave. N.E., Seattle, WA 98105 1-(800)
426-1044.

HI-FI speaker systems, kits and speaker compo­
nents from the wor ld's finest manufacturers. For
beginners and audiophiles. Free literature. A&S
SPEAKERS, 3170 23rd Street, San Francisco, CA
94110. (415) 641-4573.

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, Fai rfi eld, CT
06430.

TOP quality imported, domestic kits, surplus, dis­
count electronics, computer components. free cata­
log. TEKTRASONIX, 1120 Avenue of the Americas,
1/f1 suite 4038, New York, NY 10036.

VOICE disguisers! FM bugs! Telephone transmit­
ters! Phone snoops! More! Catalog $1.00 (Refunda­
ble): XA NDI ELEC TRONICS, Box 25647 , Dept.
60A, Tempe, AZ 85282.

Cable TV Converters
Why Pay A High Monthly Fee?

Jerrold Products include "New Jerrold
Tri-Mode," SB-3. Hamlin , Oak VN-12 ,
M-35-B, Zenith, Magnavox,ScientificAt­
lanta, andmore. (Quantitydiscounts) 60
day warranty. For fast service C. O. D. or­
ders accepted. Send SASE (60 cents

- postage) or call for info (312)-658-5320.
MIDWEST ELECTRONICS, INC., 51 43-R
W. Diversey, Ch icago, IL60639. MCNisa
orders accepted. No Illinois orders ac­
cepted. Mon.-Fri. 8 A.M.-5 P.M . CST

FINALLY!
An interesting and worth­
while project. ThisEASY·TO·
BUILD circuit lets you use
any reguiar TV set asa sim­
pie OSCILLOSCOPE. Build
for lessthan$10.NOMODI­
FICATIONS TO TV! Single or
dual trace. Send for FREE
CATALOG of otherplansand
kits.'

DETAILED PLANS: $4.95

TV-SCOPE
PENN RES EARCH,

Box 3543
Wiiliamsport, PA 17701

MICROPROFESSOR 16 bit trainer, 8088 C.P.U., 8
bit data bus, 4.77MHz, 59-key, full-size keyboard,
Centronics parallel interface. Design, write, debug,
and execute assembly language programs.
ETRONIX, 5326-9th Ave. N.E., Seattle, WA 98105
1-(800) 426-1044.

Power transformers. Rewind them to your specs.
For instructions send $7.00 to Bross Elect ron ics ,
350 Tremont, Suite 051, Murfreesboro, TN 37130.

EDUCATION & INSTRUCTION
EC. C. Commercial General Rad iotelephone
license. Electronics home study. Fast, inexpensive!
"Free" details. COMMAND, 0 -176, Box 2223, San
Francisco, CA 94126.

r------------~

Mail to : Radio -Electronics
SUBSCR IPTION DEPT., P.O. BOX 51866,

BOULDER, COLO. 80321-1866

SUPERFAST Morse Code supereasy. Subliminal
cassette. $10. Learn Morse Code in 1hour.Amazing
new su pe reasy techni que . $10. Both $17 .
Money back guarantee. Free cata log : SASE.
BAHR, 2549-E3 Temple, Palmbay, FL 32905.

Six weeks'notice

CHEMICA L magic. Those hard-to-find form ulas.
Catalog $1. CFC, Box 30007 Des Moines, IA 5031O.

DECODING plans and theory booklets. Video tape
copy protec tion, removes f lashing and jitter, 30
pages, '$15.45. Jerrold 01 and DIC decoder theory,
12 pages, $6.95. Gated pulse decoding plus new
universal single level suppression decoder, works
on Hamli n, Jer rold, Sylvania, Eagle, 39 pages,
$15.00. Video scrambling techniques, the originai
secre t manua l. Sinewave and Zenith SSAVI, 57
pages, $14.95. Hidden signals on satellite TV, 178
pages, $16.95, P.C. board and kits available. ELE­
PHANT ELECTRONICS INC., P.O. Box 41865-J,
Phoenix, AZ 85080, (602) 581-1973.

COMPUTER owners Commodore and Atari. De­
sign your own custom circuits, osciliators, ampli­
fiers, layouts, and more! Just enter specifications
and the computer designs the circuit. Free informa­
tion! Send today! WEASELGRAPHICS, Dept. R57,
606 Thomasville, Pocahontas, AR 72455. Specify
computer.

MAKE your lig ht bul bs last 10 years. Free infor­
mation. INTERNATIONAL, 5425-E West Almeria,
Phoenix, AZ 85035.

THE decoder. National monthlytecllnical newsletter
covering Satellite/Cable descramblinll systems . In­
eludes: news. schematics . modificalions, reviews,
tips and morellf $18.00 per year. Sample $2.00.
TELECODE, Box 6426, Yuma, AZ85364-08740,

FREE power supply, con ne.etors {$8.95 value)
with Assortment #103 (Febru~ry 1984 ~rtielel has
printed ci rcuit , TOKO COlis, translstors, IC's, d l·
odes $25.00. Five l$112.50 ship ping $2.00. JIM
RHODES, INC., P.O. Box 3421, Bristol, TN 31625.

R-DAP digital audio recorder/player. Record and
playback :10 seconds of audio on a self contained
256K Ram. Complete kit including microphone and
speaker. Detailed documentation $59.95 plus $1.00
postage. DJ INC., Suite 108, 217 East 85th Street,
New York, NY 10028.

YIDEOCIPHER It technical manuals. 120+ pages.
Yolume 1-hardware, Volu me 2-sottware. Either
$29.95. both $49.95. Catalog-....$3.,O.O. MICRO·
TRONICS, Box 6426, Yuma. AZ 85364·0840,

FREE catalog 99-cents kits-audio, video, comput­
er parts. ALLKIT, 434 W. 4th St., West Islip, NY
11795.

STRANGE stuff. Compiete items, plans, kits. Laser
eaves drop ping, hidd en weapons , bugg ing and
countermeasure sources, adult toys. Informational
photo package $3.00 refundable. DIRIJO CORPO­
RATION, Box 212-R, Lowell, NC 28098. Information
(704) 868-3408.

PROJECTION TV...Convert your TV to project 7
foot picture. Results comparab le to $2,500 proj­
ectors..total cost less than $30.00. Plans and 8" lens
$2 1.95 .. . l lIustrated inform ati on free .. .MAC­
ROCOMA-GI, Washington Crossi ng, PA 18977 .
Creditcard orders 24hrs (215) 736-3979 .

U.S. General Services Adrninist rat.on

Open your eyes and see just how
many subjects arecovered in the new
edition of the Consumer Information
Catalog. It's free just for the asking and
so are nearly half of the 200 federal
publications described inside. Book­
lets on subjects like financial and
career planning; eating right, exercis­
ing, and staying healthy;housing and
child care; federal benefit programs.
Just about everything you would need
to know. Write today. We'llsend you the
latest edition of the Consumer Informa­
tion Catalog, which is updated and
published quarterly. It'll be a great
help, you'll see. Just write:

Consumer Information Center
Department YD, Pueblo, Colorado 11009

GEIOUI
OF THE
DARK.
<!>~

zip code

ATTACH

LABEl

HERE

state

name (please prim)

MOVING?

Your new ad­
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Yourold address
and zip code

city

Don 't miss a
sing le copy of
Radio - Elec­
tronics. Give us:
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CABLE-TV
- ~ . - ~ -

7000

6900

58.00
18.00

7000

18.00

6900
119.00

18.00

139.00

10 0 R
MORE

99.00
99.00
89.00

2900
8800

29.00

1
UNIT

19900

88 00
16900
29.00

' M-35 B CO MBO UNIT (Ch . 3 output only)
' JERROLD SB-A DD-ON WITH TRIM ODE

'JERR OLD 450 HA ND REMOTE CONTROL

PI\N ASON IC WIRELESS CO NVERTER (our best buy)

JERROLD SB-ADD-ON

RCA 36 CHA NNEL CO NVERTER (Ch . 3 output only)

•JERROLD 450 CO MBO

400 OR 450 CO NVERTER (manua l nne tune )
_ -.:JERROLD. 40QCO MBO

JERROLD 400 HAN D REMO TE CONTROL

SCRAM B LI NG News. Simply the best month ly
source of art icles , produ ct reviews, news , turn-ons
etc . Back issues available . Samp les $3.(refundable)
$24.95 /yr.B ox 17 32, Niagara Falls , NY 14302 .
COOs (716) 284-2163.

VIDEO cata log, ell)¢lronickits, remote control items
much more . Write VIDEO VIB ES, 670 Central Park .
Ave., Yonkers , NY 10704. (914}476-4864.

(EP)ROM Emulator/programmers. Develop ROMs
for your own microprocessor-based des igns. Free
information sheet. SOLICON, 8825 EI Matador Dr.,
Gi lroy, CA 95020.

I

riiiiiiiiiiiP;;;;..iiii 1.9-2.7GHz Parabolic Dish 40+ dBGain
LIFETIME WARRANTY

Complete System $89.95(Shipping Incl.)
Dealer Rates. Replacement Components

& Expert Repairs Available
K& SELECTRONICS Call now forsame
P.O. BOX 34522 day shlppingl
PHOENIX. AZ 85067 16DZI 230-ll640

$2credit on phoneorders'

DESCRAMBLING. New sec ret manual. Build your
own descrambl ers for Cable and Subscription TV.
Instructions, schemati cs for SSAV I, Gated Sync,
Sinewave. (HBO , Cinemax, Showtime, etc .) $8 .95,
$1.00 postage. CABLETRONICS, Box 30502R,
Beth esda , MD 20814.

_ CATA LOG : HobQy/broad~~g/HAM/CB: Ca­
bl e TV, transmitters, amp ti lers , Dugglng evices,
computers, more! PANAXIS, Box 130-F5 , Para­
dise, CA 95967

AWSOME light sequencer with unbelievable sound
syn c. Plan s, board , cpu $39.95; complete and test ­
ed un it $199 .95 . DICK IN DUST RIES, 27 linda,
Colonia, NJ 07067.

' M-35 B COMBO UNIT WITH VARISYNC
'M INICO DE (N-12)
' MINICODE (N-12) WITH VA RISYNC
' MIN ICO DE VARISYNC WIT H AUTO ON-O FF

109.00
89.00

99.00
145.00

75.00
58.00

62.00
105.00

' CALL FOR AVAILABILITY
' SCIENTI FIC ATLANTA ADD -ON REPLAC EMENT DESCRA MBLER

' ZENITH SSAVI CAB LE READY

ECONOCODE WITH VARISYNC

14.00

75.00

58.00
58.00

6500

46.00
42.00

12S.00

TOTAL
PRICE

69.00

99.00
99.00

7900

24 00
17S.00

119.00
119 00

Price
Each

Output
Chan nelItemQua ntity

' MLD- 1200-2 (Ch . 2 output)

ECON OCODE (minicod e substi tute)

' MLD-1200-3 (Ch . 3 output)

' EAGL E PD-3 DESCRA MBLER (Ch. 3 output only)
INT ERFERENCE FILTERS (Ch . 3 only)

COMPLETE plans for three high voltage coils , in­
cluding a 300,000 volt Tesla coil. Send $5 .00 to
ROBERT ANDERSEN, 1859 Prairie, Park Ridge, IL
60068.

SPECIALTY circuits /computer programs desig ned
for your projects send $2.50 for details to DESIGN
SPECIALTIES , RD# 1 Box 117-A, Weirton, WV
26062.

'THE decoder. National monlhy technical satellite/
cable descrambling newsletter. News-sch ematics·
modifications-reviews. $18.00 / yaar.Sample $3 .00 .
TE LECODE, Box 6426, Yuma, AZ. 85364-08740.

PROTECT your valua ble equ ipment from burg lary
and fire. Plans : $5.00. Free gift, D.J.AYERS, 179
Hoffman Avenue, Elmont, NY 11003.

CD
CXl
CXl
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SUBT OTAL
Shipping Add
$3.00 per unit

COD & Credi t
Cards - Add 5%

T..oI~Aco:.L_--,- -,

California Penal Code #593- D forbids us
from shipping any cab le descrambling unit
to anyo ne residing in the state of California.

Prices subj ect to change without notice.

FOR OUR RECORDS '
DECLARATION OF AUTHORIZED USE - I, the under signed. do M reby dec lare under penalty of pe~ury

that all products purchased, now and in the future , will only be used on cable TV systems with proper
authorization from local officials or cable company officials in accordance with all apPIicabh! federal and
state laws. FEDERAL AND VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL AND CIVIL
PENALTIES FOR UNAUTHOR IZED USE.

... -.

Name . _

Addr ess ,City

Slate Zip Phon e Number (

o Cashier's Check 0 Money Orde r 0 COD
Acct # Exp . Date _

Signatur e _

PLEASE PRINT

Pacific Cable Company, Inc.
7325% RESEDA BLVD., DEPT. #R·5 • RESEDA, CA 91335

(818) 716-5914 • No Collect Calls • (818) 716-5140

IMPORTANT: WHEN CALLING FOR INFORMATION
Please havethemakeandmodel# oftheequipment usedin ourarea. Thank You

SATELLITE TV
CABLE TV Secrets-the outlaw publication the ca­
ble companies tried to ban. HBO, Movie Channel ,
Show time, descra mb lers , co nverters, etc . Sup ­
plier 's list included $8 .95. CABLE FACTS, Box 711­
R, Pataskala , OH 4306 2.

DESOLDERING system for under $75.00 . Easyas­
sembly plans $10.00. Write: RON SULASKY, 2305
Stadium Drive, Windber, PA15963 _

PRINT ED circu it boa rds , etched and drilled, free
shippi ng, lowest price . K & F ELECTRONIC S,
Fraser, MI (313) 294-8788.

SURVEILLANCE circuts 50¢ these work! Transmit­
ters, phone devices, etc. $15 .00 pp ST E·
JOTRONI X, 1311 South Darli ngton, Tulsa , OK
74112.

COMPLETE digital das hboard plans : $14.45, free
detai ls . MODERN LABS, 2900b Ruisseau , St. Elis­
abeth , QC , JOK2JO, Canada.

SCANNER (OM R) for test-scorinq and data entry.
Reviewed 2188 rated # 1. Name-brand electronics
co. ordered excess units w/ pr iv. label. Availab le now
at big savings . Seria l cab le, interface for MS-DOS &
App le II family incl. limited supp ly. 1 yr P&L fact.
warranty. Manual feed $550 ; automatic $950.
Quality software available. Details: SCANNE RS,
109 Broadway (Dept.R), Normal , IL 61761, (309)
452-6388.

MAK E 2-sided PCB's at home with PC/XT/AT and
l:jraphics printer. CAD software and detailed instruc­
tions $99 .00. Demo disk $10.00. RAR EFIND MI­
CROSYSTMES, Box 429, Jefferson Cit y, TN
37760.



DESCRAMBLERS for movies , networks , $149. vid­
eo only. $390 complete. Catalog $4 SKYWATCH,
238 Davenport Road, Toronto, Ontario, Canada,
M5R-1J6.

DISHES systems upgrades, Chaparral , Drake,
Houston, etc. SAVE $$$$$ Toll free , 800/334-6455
SKYVISION, 2066R Collegeway, Fergus Falls, MN
56537

COMPUTER repairs. Flat rate. Commodore C64
$44.95, 1541 $49.95, 1571 $54.95, SX64 $64.95,
Atari 800XL $49.50, 130XE·$65.00, 1050 $85.00,
810 $70.00. Includes most parts. ST's $89.95 plus
pa rts . $5.00 shipping. MIDTOWN, 27 Midway
Plaza, Tallmadge , OH 44278, (216) 633-0997 .

WANTED excess inventories of I.C.s, disk drives,
circuit boards, computers, etc. WESTERN TECH,
(818) 882-1355 (CA)

BUSINESS OPPORTUNITIES
EARN thousands with your own part time elec­
tronics business . I do . Free proof , infor mation .
INDUSTRY, Box 531, Bronx, NY 10461.

EASY, lucrative. One man CRT rebuilding machin­
ery. Free info: (815) 459-0666 CRT, 1909 Louise,
Crysta lake, IL 60014.

ELECTRONIC
ASSEMBLY BUSINESS

BIG
PROFITS

Start home. spare time. Investmentknowledge or
experience unnecessary. BIG DEMAND assem­
bling electronic devices. Sales handled by profes­
sionals. Unusual business opportunity.

FREE: Completeillustrated literature
BARTA. RE·O Bux 248

WalnutCreek. Calif. 94597

MECHANICALLY incl ined individ uals desiring
ownership of small electronics manufacturing busi­
ness-without investment. Write : BUSINESSES,
92-R, Brighton 11th, Brooklyn, NY 11235.

PROJECTION TV...Make $$$'s assembling proj-
ectors easy...results comparable to $2,500 proj-
ectors Total cost less than $30.00. Plans, 8" lens
and dealers information $20.50... Illustrated infor­
mation free. MACROCOMA GIX, Washin gton
Crossing, PA 18977. Creditcard orders 24hrs (215)
736-2880.

WANTED
INVENTORS! AIM wants-ideas, inventions, new
products , improvements on existing products. We
present ideas to manufacturers. Confide nt iality
guaranteed. Call toll free 1-(800) 225-5800 for infor­
mation kit.

INVENTIONS, ideas, new products wanted! Indus­
try presentation/n ational expos it ion. Call free
1-(800) 288-IDEA. Canada, 1-(800) 52 8-606 0.
X831.

SATELLITE TV receiver kits! Instruction manual,
boards, semiconductor parts! 59' LNA's! LNB's! Ku­
Band LNB 's! Catal og $1.00 (refund able): XANDI
ELECTRONICS, Box 25647, Dept. 21EE, Tempe,
AZ 85282 .

SATELLITE system troubleshooting techniques ex­
cellent resource by experienced technician, send
address $7.95 to JIM BLACKFORD, 70311t h Ave.,
Evansville, IN 47712.

TAKE the beep out and get a clear picture any
channel call now (313) 979-8356. BENNY.

VIDEOCIPHER II descrambling manu al sche­
matics, video and audio , DES, Cloning, Muskateer­
ing, Eprom Codes. (HBO, Cinema x, Showtim e,
Adul t cha n ne ls) $12 .9 5, $1.00 pos ta ge .
Cabletronics, Box 30502R, Bethesda, MD 20814.

SCRAMBLE FACTS
- 1- - - 7rS-=-J2l3-:0l 30- - I

- -

PHONE TODAY for 3 minutes of
satelliteTV industry news ,technical
tips , and new product information .

$ 1 5 0 . 0 0
89.00

ORIGINAL Z-TAC
AND

SSAVI PO'NER SUPPLY

$ 15.00

2S db l,in with only.S Hf
lou Wltn mUJ mOllnl.e4 .
USES f'HNlTCf,l F'OYt'E.R
STRP UNE CIRCUITRY

UHF SSAVI UNIT

w/powlil r supply $40 .00

RARE IC CHIP

CAMERA SYZ..;C CHIP
SUPPLIFS ALL SYNC

AND COLOR lNR)

CM-Y

MM532 1 $ 10 . 5 0

" BLASTE R" $25.00

UHF PR EAMP KIT

COD ACCEPTED

NO INSTATE SALES

MINIMU M ORDER $15.00
CALL ANYDAY BEFORE :1PM

ORDER WILL BE SIllPPED TIIAT DAY

CD.S20
CD. 526

""74LS04
7.LS7.
74 LS1U
74C9Ol

UPS DAILY

OTHER

QUANTITY PRICES

Assembled and tested

Kit includes all parts

CALL US!!!
WE BUY EXCESS

INVENTOR Y

WALL PWR SUPPLIES

24 VAC S2S MA H/C .SO

~; ~~~ : ~~ :~ ~"~~ I--------1

CMOS

$2 S.0 0
S 5.00

P. O. Box 68391

Virginia Beach , VA 23455 I-'::":::-;';';:~""':;;-::::::':'''''''~=--l

8 04 -45 6 ·5 505 (TECHNICAl )
800 ·852 ·626610RDERS ONLY)

LIN E AR

JUST SIMPLY PUT .. . .
"When you're lookin g for a company that provi des serv ice and

up-to-date tech nical advances, ca ll us. Th at's wha t we're here for."
8 00 -85 -AMCOM

Standard SSAVI ADD-ON
CH'3 IN CH 113 OUT

VHF/MIO/UHF MITSUMI
UHF ONLY MITSUMI

TV TUNER VARAcrORS

VHF TUNER $ 1 49 .00
i',Q BlOCKCOWERTER

5 UNITS $130 .00 10 UNITS $"0.0 0
so UNITS $100 .00 100 UNITS $ CALL

INTERFERENCE FILTERS $15 .00
CHANNEL 112, 3, 8, 9 , 17 ONLY

ADVANCED TRIMODE ADO-ON

$99.00

l W'" " ,,"c U ' O ' " C~OOl " c o.ou "uu " " ,,",cUlO " CI).IOl l . t co.o ~~ "Ul Jl 4 " ,,",C1U O ". CI).IOll " cO"O(1 ..L,n, .. CAl'" '" CI).IO' , " CD~n ..
l "' n. '" ,,"C'4 !o& " Cc..OI $ " CD4:)M "l Ull' " l UI '" .. CI).IOl l " C04QU "l "' U$ " l "'IH ' ,.. CD4011 " CC4Q71 "lJ,l~$ .. Tl Oi I .. CI).IOI' " CD4Q11 ",,~ .. Tl 0l 4 , n Co.o0:4 " C04<:12 ..
DEALERS WANTED! ! GREAT

AMCOM

CABLE EQUIPMENT ~W~~Y£... TOe 0 M
~~\\~

}.....<t " "~\'
~~~'ll~ Super Z-TAC ADD-ON 'h(Ih THIS KIT WORKS ON ALL
";-;"IIf ' ~L0~~~~A~yE ~~6~~EN6~:~N: TOCOM SYSTEMS,

INVERTEO VIOEO. NO SWITCHES. CHANNEL #3 IN/CHANNEL #3 OUT.
$ 21 9.00 BUILD IT YOURSELF AND SAVE.

$30" $2840
(1-3 ) (4-UP)

CY.> PIONEER'

. 290·160

CY.> PIONEER'

CY.> PIONEER'

8" POLY WOOFER
Clear fibbed polypropylene cone
60 watts RMS, 90 watts max.
power 20 oz. magnet. 35-2500 Hz
4-8 ohm co mpat ible

1290-ll55 ' 2050 $1895
(1-3) (4-U P}

5'1, ' CUP MIDRANGE
Tuned cup Pape r con e. 1M voice
COil, 9 3 oz. magnet 50 watts RMS.
70 wa ll s max Respo nse , 320-6CXXl
Hz. 8 Ohm Imped ance

1280-020 $1150 $995
11·9 } (l D-l,JPI

$750

$1250

~~': wall 5395

CROSSOV ERS

• 15 day money bKk guarantee. • $10.00 min imum
order. • COD orders accepted. • 24 hour . hlppil\9.
• Shipping cha rge · UPS ch art rate ($2.50 min­
imum ch arge). Hou rs 8:30 a.m. - 6 p,m. EST M-F.

PARTS EXPRESS INT L INC.
340 East First St

Dayton. OhIO45402

Call or write today for
your free catalog contain­
ing speakers, semi­
conductors, CATV
products. tools, hardware,
TV-VCRparts, and more.

3-Way.60 wall
f260-200

3-Way. 100 wall
1250- 210

15" WOOFER

r---- - ---- --i ~~~ :aaxg~e~h~ :~~~c~ ~~,.
vcrce COIl. 25-2:.XlO Hz

$395
(&I>-UP)

$650

(1-9 )

$495

11·79)
. 270-010

. 270-050

PIEZO TWEETER
MIg " KSN1005A. 3 ''; Mx 3 '1," No
crossover recuuec 50 wa lls max­
un um Inpu t powe r

HORN TWEETER
3" Wide dispersion horn tweete r.
1800-15.CXXl Hz response . 35 watts
RMS, 50 watt s max 8 oh m
Imped anc e

CY.> PIONEER"

CALL TOLL FREE
1-800-338-0531

Local: (513) 222-0173

10" WOOFER
Heavy dut y paper co ne With 20 oz.
magn et. 60 wa tts RMS. 90 wall s
max Response 35·3 ,500 Hz,

' 290-083 ' 18" $1690

n-n l 4·UP)
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o
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each. plus UPS
shipping, $10.
min im um order

YOUR own radio station! AM, FM, TV, cable. Li­
censed/unlicensed. BROADCASTING, Box 130­
F(5), Paradise, CA 95967.

BURGLAR alarm s- boo mi ng bu siness. Get
started now. Information $2.00. DYNAMIC SE­
CURITY, P.O.B. 1456·B Grand Rapids, MI 49501.

PC board/circuit design, prototyping, and manufac­
ture. Plotting services; schema, smartwork, EE­
DESIGNER supported call (609) 586-4469.

ASSEMBLE digital car dashboards. Plans: $14.45,
free details, MODERN LABS, 2900c Ruisseau, St.
Elisabeth, QC, JOK2JO, Canada.

how would you like to earn $60,000 to $80,000 in
3yrs with potential for over $100,000 per year. Video
and electronics now paying top salaries for technical
and nontechnical people. Some jobswork right from
home in your home town. Find out more in this New
Industry Report and Career Guide. Send check or
MO for $12.95 plus $1.25 shipping and handling to:
AMERICAN BUSINESS AND VENTURE PUB­
L1SHINGS, 114-41 Queens Blvd., Suite 189·R, For­
est Hills , NY 11 375. Hurry! Order today, limited
quantity in print.

DIG ITA L CONTR O l

\ \~ . ( 011 11

DIGITAL CLOCK
&

APPLIANCE
TIM ER

$4.95
TURNS ON HOUSEHOLD LIGHTS,

COFFE E POTS, RADIOS, ETC.

Capab le of sw itc h in g u p to 10 ' a mps!
Operate s fro m 120 vac, 60 Hz. Auto matical ly
tu rns off afte r tw o hou rs o r sc he ma t ic ava il­
ab le for by passing a utomatic turn -off.

Includ e s plast ic m ount ing bezel, as p ictu re d.
M O DEL #591F17 $4.95. Bare bones m o d e ls
ava ilab le in cata log .

NOTCH FILTERS
THE POSITRAP Cookbook: Build 50-60dB filters

- for pennies. Construction ,- alignment~fixed ~ tunable;- ­
trimable. Comprehens ive Cable TV scrambling
and descrambling theory and practice. Identifying
various syste ms $9.95. CLEARVIEW CABLE
COMPANY, PO Box 207, Sterling Heights, MI
48311 .

MASTERCARD AND VISA are now accepted
for payment of your advertising. Simply
complete the form on the first page of the
Market Center and we will bill.

BUY BONDS

---SEND FOR FREE CATALOG---
R&D ELECTRO NICS CATALOG INCLUDES: re charge a bl e batte ries , ca b le, capac­

- ito rs-co nnecro rs- converters, d iode s, di spl ays, fan s, filters, hardware, he atsin ks,
in te g ra ted c irc uts, LEOs, ligh ts, m o to rs (a ll kinds), M OVs, PMTs, pots, power
supp lies , re c tifiers, re corde rs, rel a ys, resistors, SC R & TRIAC S, switches, toroids,
transformers, t ra ns isto rs, a nd w ire . ~'

ALL AT DISCOUNT SURPLUS PRICES! ." * 1 ~~ In!
SATISFACTIO N GUARANTEED. : LnJ~~

Brand new 40 page 1988 catalogs __: _ El ECTRONICS
AVA ILAB LE NOW! 1202H Pine Island Ro ad
(813) 772-1441 Cape Coral , Flo rid a 33909

R&D Electro nics is the mail o rde r branch of ELECTRONIC SURPLUS of Cleveland , Ohio
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PRO F ESSIONA L
COLOR LIGH T
CON TROLL ER

SM-328 )}

TEAMS $10 m,n ord. r • $20 m,n th.~e tlrd o rder . Check. money o' der or P"on,
order . tc,pl.e • W, sh,p UPS G' o...ttd • Add 10'l1. of lotll order Im,n $2 Sl Icr
.h ,pp,n9. outs ,d' USA add :20%Im,n $5 ,00) • Tran"l Inw ranc:lr, Idd 5% of lotl l louts ""
USA onl ~ 1 • CA , e. '~ t"tI add Il l.. II" • All m.r chand,.. wbj ,<;t to pr>or II I, • p" t ..
I~ wbl lCl 10 <;hl"9 ' w.thou t notltl . ....ny good , pro..ed to b' eMIK I,... MUST BE
RETUR"OEO 1"" ORIGINAL FORM WiTH .... COpy OF YOUR INVOICE WITHIN 30
C....YS FOR R £ PLAC[l,'ENT .

FfJ..£E cArli L(}~
4Y2 HI-P RECI SIO N D.P .M.e

SM-48 A~ N~~
S PEC IF ICA T IO NS ;
· " Y. d IgIt 14m m red larg e dl$p lay wi th ove r load flash .
"Mu lti -fu nc ttons ; Incl ud Ing BCD, BUS Y. ST RO BE o u t pu t , ver y

$Ultllblt fo r m ICr o compu te r .
" M EM OR Y STYST EM CA N H O LD the In pu t re..d u'Ig fo r co m p.·
TIson and mo nIto r.

°RJlnge : DC ltoJt~e DCtlmV -:!:2(X)QA
DC current DCt luA·'!:20 A

• ACcu racy : OC,,:0.02 5 % ! 2 d ig it
' Powe r : OCS-6V II 200m A
D IM E NS IO NS 33/4" (WI x 1 7/B·' IH I x 4 1/ 16 " n».
IM EET WITH D IN , STA NDA RD O F W. GER MAN Y.!
KIT/ASSM. WITHTESTED & CAL $-41IS1

OFFI CE HOU RS : (PACIF IC T IME )
MO N.-F R!. 9 :30 to 5 :00 SAT. 10 :00 t o 5 :00

$551
$18

~ I
FEA TUR ES
1 FOUR GROU PS O F IN D EP E N DEN T OU TPUT SYSTE M l 000wICH MAX
4680W 1100 117V l '1 PR OFE SSIONA L CO LOR C O NT R OL SYS TE M (KEY·
BOAR D T YP E ) 3 INDEPENDE N T INP U T SIGN AL ADJUS TM ENT " FOUR
G RO UPS OF l lIlDE P E NO EN T D IMMER CO NTAO L 5 SPEED CONTAO L
CHASER 6 A UT OMAT IC CH....S ING CONTRO L SYSTE M 7 FOUR K IN OS
OF SPECIA L CH A.SI NG PROGR AM 8 COM BI N ....TI0N OF PROGR AM AN D
MU SIC CH A SING EFFE CT 9 FDRW....RD I B....CKW...R D CHA SING
CO NTROL SM 31B COlor 1'1l" 1 conuollier 'S IPt<: 'a h. td lo t b i llroom . " ,g" t c lub
d ,. <;o I nd Id ..e rt. w m f nl hll" t ,ng II co nsort . W,I" " " f ,,1 co lo . CO"l ro l Ch ar KI
e r,u .tI . w" ,<;h ","pl oy pr o ff u ,o"al co lor co n lro l'Y5tf m 1...c:I ke ybo ard p .09'......
.. Ife l,on T" er efO' f . ' I '. ClO lblf of p ro duc ,ng t,g" l rng effKu by \,I. ,ng <;hl1 ," g
pr og .a m I nd lI uCI\,lll,ng mu s,c ., gn, ' Th ftl a ' f lWO 'k,nds 0 ' 1'9I'l1,,, g f fl fCH

$181OU Thf f 'nl l yPf 's c on l ro lll'd by ·m u. ,c · . ,g,,"1 In o. d er to IdluU lh f b u gh l" " s o f
fou r g'oup. of hllh l , ng~ . flt h m u., c ••g" " 1 w rll be "PI'illf'd ,n lO h,gh . m ed ' um
lOw A. I nd lo w B frfQU f nCV .." gf F url hermo,e. filCh gr o up 0 1 Ir g h t, n~ 'S ,n

}I Eo vJ co ,po rl tf~ Wit h I n '~fPf ndf" l 5,gnll Id JUUmf nl T hf sece ee 'k.nd ' 5 compo~
11 f d 0 1 f ltcl r 'Ca. C" Cu. 1I ,"d 11'1'5 ' 5 Ihf ml,n Pl rt fOf Ctf ll , ng I ~Pfc " t I,ghl ,n g

"':'0 l;""--. enecr It hill l ou , Chl1 ," g p .OlI' ......mf

r Q c:I: cl D, m l nl'Or" 1.. 5 1115" " 8 15 1115·· " 3 31115',' ONt v'
\ -I "00 Au W.l h l "'l t d $150 00 /

EL ECTRONI C ECHO A ND {r
REVERBERATION ,'l..<:f'~
AMPLIFIER ,~ REcoRPg~FR'CT

v//ECH {
yoUP. 5H F •

...$10 .00

FREE BALL POINT-PEN
'MllllH1P1.llCH\SE

FREE T-SHIRT
10I£ 9ZE FITS/UJ'Mlll MRV "-JOlISE r$ I IOO al "'l<E
I' VIUBl£LIm. STOCKS lAS~

SPECI F ICAT IO NS
16 SEC RE CORD T IME ' LED FU N CT ION INDICAT OR '
AUT O RE COR D CI RC U IT ' IN TERN A L 256K D R A M M EM OR Y
• INTE R N A L M IC A M PLI F I ER ' ON E PU SH ONI OFF POW ER '
TWO R EC ORD FUNCT ION TA L K-B A CK M OD E & ME SSA GE
MODE' LOW POW ER CO N SU M PTIO N ' SU PPL Y VOLTAG E
9 V 10 M A D . C
K IT _~ ••_.

F( ATUI'lU
r , c ~ , 10 .. . _ 1G H . GUAIIlA",TllO. !lH . _l "GH. I r p,c ,,, ~1""", ' I 'l v 10 H. _l00o"l Hz 110 - 3 '

l00o"lH. - l . .. G... I!o - ::>O 1
" .. ..,,, ' . ... . o !o..S - lOS

~~:~::;y"'~7c·:~~.n:h!.:':I~:~c"',, ~
~:.::,,:~~o." I~j~ ·:~'~I·~;,"~~ ? :~~/ "'u •".•.ll)
0, , 611··IWI X l , 7 ·10 ) x .:t· 'f HI
A55o.l WITH TES7£ O 6 CAL.

A ~.f" " ' . 111>0 ' . ' 0' '1'be .. c " elI9 " .' <0""' . ' .. ,". F I'I [ ' ,",,,"C T ION p ..do ' ", .~.
' ,U Q U( Ne V , , t AIDo, U""T (TO T ALI Z E 1.0A l " 110 1 0 & St L' _ C H E C K
n •• lI.. 'od 1"' ''' ''0 ", ... . k• • t h . ... " " " , " I.nd' ''9 10 ' "' oleo UPI ' ..o . d .. N'y'"
."pIoU""'" 0~.. a ",hl Ll O <l " "" ~ ' ~ '..d" ''''~ of vi i..... H,." ' '' '',IoZ-.:I d".,
C ' ~" "' 0 .. ,11" 0 11 .' ..., '0 . n ' . Ih••« ,. < ~ .n , 0"" "01. " ' o ~ cHo.n.,
....'h . l ."c ~ IOOK,n, PIn. ' Co CO""',,'., . ""'" ,••, " Id . "do",".~""" "' w "

STATE OF ARTS HQ FET ST. PRE-AMP
' ~~~ ~;; ~~I ':;:~;;;P~:$p l:h:~':I ~/E ~ I:":: TA . 377A~

' 'll. m f' . lfolm ..$>llo ' to fo r... . l1. a o f . rl s ~

•:;":=':-.:';.":'..;;', :~m;~";,;";:::. ,f~:;':~ 0.001'0 l H.D
...... .m',. TI~ d '''Of!,gn ~nd 10 ob , a l" h'9h

• ~~:~.. "'I'ply ,s beNd On by pno ~ouPIo"9 ~
CC stab ,l,z" " ''' c ll uSft ('.' A d"" i1n 10
c.btl '" ,_ "., ...... ' ,m p«lancOf " ' "'\I" I..
qu.ncy.nd 10 II.n, 'Y .-.:lue. U....,. "' d ,no.,
hO",

• P'OI .-l . 0" . ' ' .~y de l,., C"Cu' \ P<...."U roottf
wh ....h .. ,~ . O(c .. , d .. ,, "9 pow" on . rodo ll

• All f ET. ..... . " UI l lKl and p."lId ,n th tlac tor y
to " 0 prob'em '. Iok"lyto occurt'd d" " nog bu,1d
,0'

" It Cl n to. d .rK!I., co rct.cl to an y po_' am ·
ph I,,,. Tilt' ~I part ' . 1" '- 17 l20W "l OS KIT /ASS WITH TESTED
FET po.o.f't ....p hf ,•• & T A 3600 ME T A L CA B I N ET

8 Digit 1 GHz
Multifunctiona l
Count er ):}
SM /FC - 1000A

300W HQ HI-FI POWE R
AMPLI F I ER (MONOl
T A -3600~
QU AS I·CO M PLE MENT A R Y ·SYMMETR Y WIT H
PARAl lEl HI GH O uT PUT TR ANSISTOR S'
SPECI F ICAT IO NS ...
' POW ER aU T PUT ' 300w l A M S) I N TO 8 OH MS . ... ..1j:.

24SO'."J IP M P.O I INTO 8 OHMS
5401,'01 I M USIC POWER ) INTO 8 O HMS

" LO A D IMPE DA NC E 4 O H MS O R 8 O H MS
'F RE QU EN C Y RES PONSE : 10Hl·200 ,OO Hz
" TO TA L HAR MO NIC DISTORT ION lESS THAN 0 05 %
' INPU T SEN S ITIV ITY A ND IMPEDANC E A T 1KHz

lV -1A V HK OH M S
' SUPP L Y VO LTAG E DC + 75V OR A C53V It 2 8A
KI T /A$SM WI TH T ESTE D- . •. •..$80/92

X'FORMER (WEIGHT: 15 lb.) . $38.00

MARK V ELECTRONICS INC.,
801 9 , E. SLAUSON AVE.
MONTEBELLO CA90640
TELEX: 3 7 169 14 MARK 5

120W MOSFET POWER~
1>. " AMPLIFIER

TA-47 7~
~Dff;SS I O N A I.- y "/

BUIL-O 1\ , 0sELF ~ , . If w e've rateo

AM17 (; >' you" OU' , Dod , w ,t h

, ,I ~, nd,cJt ing

KIT _ $ 6 1 28
Met al Cal;jjnet/X RYmer (Opt lO:lr",ij S 2600/$ 1988

~
1·800·423·3483

'. ' _~. I Only for ordTr? p; ; b;M~s~e~ or Visacard

- _ IN C_~_l:::":' 1-!ID=_=0=-_5=2=1 -=M=A=R=K====~
,--- - INFORMATION : (213) .::.8.::.88=..-.::.89:..:8:..:8'---__-1
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\Nhat's New at
AMERICAN DESIGN COMPONENTS?

" The Source " of the
electro-mechanical components
for the hobbyist.

Will
connect

----:JIlF to your EGA ­
or CGA card.

Has DB 9-pin
connector. Driver

soft w are not included .
Origina lly used w/AT&T computers.

It em #16454 $39.95 New

St andard
TV-grad e monito r,
originally used in arcade gam es, igni ­
t ion systems, etc . 115VAC, 60 Hz.
Mfr - Wells Gardner 22V 100 3A

Item #16579 $49.95 New

22" COMPOSITE
MONITOR
Black & White,
Raster
Scan

LIGHT PEN
IBM® PC Compatible .. .

With
60W
pow er
supply
(fan coote d).
Can acco mmodat e:
2 fu ll ht . drives our item #7928
2 floppy drives #1904
1 hard drive & 1 floppy #13 250
Input : 115/230V, 50 /60 Hz.
Originally fo r Burroughs com puter.
Dim.: 11" W x 8" H x 12" deep

Item #1454 1 $59.50

Binary outp ut : 12 bit; Convers ion
time: 8 microseconds ; lin earity:
8 rns, ± 112 Ibs. Parallel and
series outp uts ; internal reference.
Mf r - Datel ADC-HZ-1 2BGC
Item #70 52 (RFE- tested good!l

Originally $J,.3O-:-o6
Special - $39.95

ANALOG to DIGITAL
CONVERTER

EXTERNAL
DISK DRIVE CHASSIS

~

27 CFM
MINI
FANS

5 Yo " FULL HEIGHT
DiSK DRIVES -
48 TPI (IBM" Compatible)
DS /DD, 40 T rack
Tandon #TM 100-2 or equiv .

Item #7 928 $79.00 New
2 for $150.00 New

48 TPI (TRS80/Z enith/Xero x
800 Compat.) DS /DD, 40Track
Shugart #4 50 . Item #1892 .

$79.00; 2 for $150.00
4 8 TPI , SS/SD, 40 Track
Shugart #SA400 . Item #189 5.

$39.50; 2 for $75.00
96 TPI , DS /Quad Den si t y
CDC #9 409T

Item #1893 $89.00

Fits st andard 5 Y4" spacing. High
speed, low pow er. Com es w /b oth
full-ht . and halt -hr . face plates.
Mfr - Lapine #LT 200/20 00

Item #15853 $199.00 New

115 CFM MUFFIN@)
FANS

50 /60Hz .;
12W. Low
noise-level
fans. Can be
mou nted fo r blowing or exhaust .

28A 1 " Th in -
3100 RPM 5-blade model alumin- Contains 9 plastic blades.
um housing,...Gan-be-mou nted -for - ~Di rn eDsioo~~~~:'sQ " eep
blowi ng or exhaust . Mfr - Tobishi #U9201B
Dimensions: 4 " h ' sq. xl Y," deep Item #109 60 $7.95 RFE

NEW - M~;~~M#~ 864 $9.95 ~~;ai~:~n~::~1 blades.
USED - Mfr: CentaurlH oward Mfr - Rotron #SU2A1

Item #5345 $ 5 .95 Item #5970 $ 7 .95 New

3Y:z ", 20 Mb, HALF HT.
HARD DISK DRIVE

32 column - compat ible w /aHTimex-Sinclair
comp ute rs, as we ll as our PC83 00 Computer.

Uses str;e~r~:~~~~er~~~a:'.er$39 . 95

W e warehouse 60,000 ite ms at
American Dasign Components ­

ex pe nsiva , often hard-to-find corn­
pon ents for sale at a fr action of the ir
original co st!

You'll find every part you na ed ­
eit her br and new or remov ed from
equipment (RFE) in excellent condit ion .
But qu antitie s are limited. Order fr om
th is ad, or visit our retail showroom
and fi nd ex actly what you need from
t he t housand s of ite ms on display.

OPEN MON, - SAT., 9-5

6V @9.5AH
Dim.: 5%HH x 4 1/."W x 2%" 0
Mfr - Elpower

Item #7039 $14.95

6V@4.0AH
Dim.: 4"H x 2'I,W x 1Y." D
Major Manufa ctur ers

Item #15757 $7.95

ELECTRONIC
CASH REGISTER
DRAWER . . .
CAN BE

COMPUTER
OPERATED!

Number

GELL CELL/LEAD ACID
BATTER IES . ..
RECHARGEABLE - Used for solar

~ energy sto rage, alarm syst ems•
~\ model boat s ,

planes , cars,
t rains, etc .

$ 9 .9 5 ea~
2/$ 14 .9 5
$19 .9 5 ea.
2/$3 7 .50

2 $ 9 .9 5 ea.
21$14 .95
$34. 5 0 ea.

2 / $ 59 .50 --....;,;;,;,;.;..;;..;..;;.;..;;.;........;...;..;=.;;'-t

Fig . 2

Shaft 1' . ~ L x I . ~ d .a

..­
\

Address

State Zip

Name

City

Telephone: Area Code

Signatu re

Exp. Date

~
\

ShaI19 · ••~ l x ,. wd la

18

72

200

Fig. 1

1. 2

1.8

1 5 17 PM N.A . Phillips 1
A823 10 -M2

PM Superior Elect ric 2
2 fIJ M061-FF-620 1B
- Mitsubishi

42S H-32KOA
PM Superior Electr ic

M092-FT-402

St ep Volts Stall Torque
Angle DC (oz/in) Type Mfr . & Part No. Fig

Item
No.

6671 3 .7

High-Resolution
TTL MONITORS .
(Open Frame)

543 1

7630 1.8 3.0

527 5 1.8

Precision s teppe rs
wi th increm ents
fr om 1 to 7.5 °.
Speeds up to
5.000 steps.

Total -Shipping & handling, we ship UPS unless
otherw ise specified. Add $3 plus 10 % total.

"'all ""J9cc Canadian: $3 plus ? O. cost . Charge only .
f----

""Ith Stipp!. Sales Tax (N.J . resident s only ,
8lo-8ty 81t181lt please add 6% of tot al) f----

Oret8r. ORDER TOTAL
'---- All inquiries and free catalog requests call 20 1-939-27 10.

For aI/phone orders, cal/TOLL-FREE 800-524-0809. /nNewJersey, 20 1-939-2 710.

DC Output : + 5V @ 8A
+ 12V @ 500ma
- 12V @200 ma
+ 24V @ 2.0A

Input : 115/230 VAC, 50 /60 Hz.
Dimensions: S:%H x 4 5"' '' X 2 " H
Mfr - Power Systems #PS154 7

Item #1658 5 $19 .95

SWITCHING STEPPING MOTORS "6••v~ \
POWER SUPPLY for ROBOTICS . . . ~" Z ~

-;f,

"Activa te
12 " 'on' or 'off '
12VDC, green phosphor. Sub- with the
assemb lies. CRT. board. t rans- sound of your voice ,
form er & hook-up diagram incl. a whistle or clap... ii

It em #6811 New - $19.95 Ideal forr abot ics, lights, etc . Turns
Other uses-runs CB & car radios. 15" Data Display/Monitor Kit on w ith t he f irst sound & off w ith
Comes ready to plug in! A lphanumeric & graphics display . the second . Solid-state unit s w it h Fits right under your PC. Comes w /
DC Outp ut : - 5V @ .5 amp. Green phosphor. Inpu t pow er reg. adjust . sensit iv ity cont rol & pick -up removable cash draw er; & security

+ 5V @ 3 amp. 24V DC. Bandwidth: 22- 72K hz. microphone atta ched to PC board. sw itch wlkeys, which allow s you to
+ 12V @ 6 amp. Consists of 2 subassemblies (moni- Dim.: 2'%" x 31Ji," x 7;'''. open or lock the drawe r manually .

lnput : 115V/60Hz. Dimensions ; & b dl H k . . I VOX input : 6-9VDC; can be used 8 0 hi t td bb f t
9 1,4 "Wx 3,%" H. (Rubber ft . incl. ) ~~r _ Well~ G~~d~~~ ~If~~;bl~~ . w ith any sta ndard batt ery . dA~i~~~ ,~~ ~~ x ·4°.."~~ , ~!d~~P

Item #9 501 $24.95 New Item #16171 New - $24.95 Item # 1 644~ sw itc hesl $ 9 . 9 5 Item #12265 $59.50 New

AMERICAN DESIGN COMPONENTS, 62 JOSEPHSTREET, MOONACHIE, N.J. 07074 MINIMUM

YES! Please send me th e fo llowing items: 0 My c heck or m on ey order is encl ose d . ORDER
Itom How 0 Cha rg e m y c redit c ard. $ 1 5 .
No Mony ? Description Prico Tatol 0 Vi sa 0 M aster Car d 0 Amex RE-588

Card No.

42-key
mechan.
keyboard
2K RAM_

~
~=ii. Rev. video.Z80A, 6.5MHz

processor. ROM
8K BASIC. Graphics cap.lsound­

music, TV or monitor. Joystick input .
115VAC. AC adapt, TV cable & cass. cables.
Runs tapes for Sinclairl Timex 1000-ZX85.

Mfr-Paw~~~0~~O~n3~rigJe~e.: $29.95

* 16K RAMPACK upgrade $ 9
Item #10337 New - 9 . 5* 32K RAMPACK upgrade

Item #12148 New - $19.95

(Less
printer)
No w iring
necessary
(just plugs together). HOOk-up diagram incl.
Includes: Keyboard. 1 cassett e digital data
drive, 2 game cont rollers, powe r supply & one
cassette . Capable of running CP/M, has built­
in word processor .

Item #74 10 Complete - $99.00

ADAM Accessories . . .
DATA DRIVE -

Item #664 1 $19.95
PRINTER POWER SUPPLY -

Item #664 2 $14.95
ASCII KEYBOARD -

Item #6643 $19.95
CONTROLLERS -
Set af 4 Item #70 13 $9.95 RFE
ADAM CASSET TES -
(Consist ing of Smart Basic, Buck Rogers &

blank cass"s~e;ji~~';C:Jl::_$19.95

A DA M LIN K MODEM -

Soft ware includl~~;" #123 58 $29.95

DISK DRIVE POWER SUPPLY -

Item # 14 60 3 $14.95
ADAM DAISY PRINT WHEEL -

Item #13 30 5 $3.95

PC8300 HOME COMPUTER
(Advanced version of th e Timex 10001.,--.-.-~.--...--",--~
I

(f)
o
Z
o
a:
l­o
W
..J
W

6s«
a:
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TEM'd.4P 3'h Digi t LCD Multimeter
_ Measures resistance, AC-DC voltage and
current _ Diode and hFe transistor tests
_ Over load protectio n _ 10Mohm input
impedance _ Carrying case included
#72-050

•

TEM'd.4P Digital Capacitance Meter
_ Measureme nt range fro m 0.1pF to 19,999pF
_ Sampling time: .5 seconds _ Acc uracy: ± 1%
fu ll scale _ Checks capaci tors in or out of ci rcu it
_ Carrying case included
#72-040

TEM'd.4P 20MHz Dual Trace
Oscilloscope

_ Two high qu ality 10:1 probes included
_ For additional specification see MCM
Catalog # 17
#72-320

TEJIIK.4P
0-18V 3A
Power Supply

_ Regulated outputs - consta nt volt or constant
curre nt, both are continuo usly variable _ Can be
connected in series or para llel for more voltage or
cu rrent output _ Reverse polarity and overload
protected _ Isolated output
#72-420

- \

\
\ . ....llF'iI

TEM'd.4P 35MHz Dual Trace
Oscilloscope

_ Two hig h qual ity 10:1 probes included
_ For additional specification see MCM
Catalog #17
#72-330

TEJIIK.4P 30A Power Supply
_ Output volt age: 1-15VDC _ Lighted cross needle
meter: Displays voltage, cur rent and power
simultaneously _ Output current: 30A, 22A
co ntinuous _ Fan cooled
#72-035

Be Sure To
Call For Your
FREE
Catalog!
Over 6,000
Items!

We also have ... a fulll ine of test equ ip­
ment. computer accessories, telephone
accessories. speakers. television parts,
flybacks, yokes. switches , fuses, lamps,
capaci tors, resistors. cartridges. styli , wire .
CATV equipment. the largest selection of
orig inal Japanese seml-conductors in the
country and more.

TEJII'rf.4PCombination Function Generator
and Frequency Counter

_ 6 digit display _ Output range: 2Hz-2MHz: seven
ranges _ Counter range: .1Hz-10MHz _ 5-15V TTL
and CMOS output. Wave forms : sine, triangle,
square, pulse, and ramp.
#72-380

TEM'd.4P Frequency Counter
_ 8 digit LED display _ Measurement range:
1Hz-120MHz _ High input sensitivity of 20mV
RMS
#72-375

MCM ELECTRONICS
858 E. CONGRESS P A R K OR.
CEN TER VIl. LE . O H 4545 9 - 4 0 7 2

A PR EMIER Company

SOURCE NO. RE-44
© 1988, MCM ELECTRONICS

THE NAME YOU CAN
TRUST IN ELECTRONIC
TEST EQUIPMENT

CALL TOLL FREE 1-800-543-4330
In Ohio 1-800-762-4315. In Alaska and Hawaii 1-800-858-1849
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7 4 l S 00 .16 7 4 l S 11 2 .2 9 7 4 lS2 4 1 .69
74 LSOl .18 74LS1 22 45 74 lS242 .69
741502 .17 74lS123 4 9 74 lS243 .69
741503 .18 7415124 2.75 74 lS244 .6 9
74 lS04 .16 74lS 125 39 J4lS 245 .7 9
74 lS05 .18 74 lS1 2 6 .39 74lS251 .4 9
741508 .18 7 4 l S 13 2 .39 74lS253 .4 9
741509 .18 74 lS1 33 49 74lS257 .39
74lS10 .16 74 LS1 36 3 9 74lS25 8 .4 9
74 l S 1 1 22 74 LS138 39 74 lS259 1 .29
74lS12 22 74 lS 13 9 39 74 lS260 .4 9
74lS13 26 74 lS 14 5 .99 74LS266 .39
74lS14 .39 74 lS147 .99 74lS273 .7 9
74 lS15 2 6 74 lS148 .9 9 74 lS279 .3 9
74 lS20 .17 7 4 l S 1 S1 .39 74lS280 1.9 8
74 lS2 1 .2 2 74lS153 .39 74lS283 .59
74 lS22 .2 2 74 lS154 1 .49 74 lS290 .89
74 lS27 .2 3 74lS155 .59 74 lS29 3 .8 9
74 lS28 .26 74lS156 .49 74lS299 1 .49
74LS30 .17 74lS1 S7 . 3 ~ 74 lS322 3 .95
74lS32 .18 7 4 l S 158 .29 74 15323 2 .49
74lS33 .28 7 4 lS 16 0 _ 29_7 4 l S 36 5 _3 9
74 l 537 - - .26 74 l S1 6 1 .39 74 lS367 .3 9
74lS38 .2 6 74lS162 .4 9 74 lS368 .39
74lS42 ,39 74lS 163 .39 74lS373 .79
74lS47 .75 74 lS164 .4 9 74 lS374 .79
74lS48 .8 5 7 4 lS165 .6 5 74 lS375 .95
74lS51 .17 74lS166 .9 5 74 lS377 .79
74 lS73 .29 74 lS169 .9 5 74 l S390 1 .1 9
74 lS74 .24 74lS173 .49 74LS393 .7 9
74 lS75 .29 7 4 lS1 74 .39 74LS541 1 .4 9
74lS76 .29 74lS175 .39 7 4 LS 6 2 4 1.95
74 LS8 3 .4 9 7 4 l S 19 1 .49 74lS640 .99
74LS85 .4 9 74 lS192 .69 74 lS645 .99
74LS86 .2 2 74lS 19 3 .69 74lS670 .89
74LS90 .39 74lS194 .6 9 74 lS682 3 20
74LS9 2 .4 9 74lS195 .6 9 74 lS688 2. 4 0
741593 .3 9 74 lS196 .59 7415783 22.95
74lS95 .4 9 74 lS197 .59 25lS2521
74LS107 .34 74lS221 .59 26lS3 1
74lS109 .36 74lS240 .69 26 lS32

7400 LINEAR
74 00 .19 Tl0 71 69 LM567 .7 9
7402 .1 9 Tl072 1.09 NE570 2 .95
7404 .1 9 Tl0 7 4 1.95 NE592 .9 8
7406 .29 Tl08 2 .99 lM723 .4 9
7407 .29 Tl08 4 1.49 lM733 .9 8
7408 .24 l M301 .34 lM74 1 .2 9
7410 .19 l M30 9 K 1.25 l M7 4 7 .6 9
74 11 .2 5 l M3 11 .59 MC 1330 1 .69
7414 .4 9 l M311H .89 MC 1350 1 .19
741 6 .2 5 l M3 17 K 3.49 lM1458 .35
7417 .2 5 lM3 17 T .6 9 lM1488 .4 9
7420 .19 lM3 18 1.49 l M1 48 9 .49
7430 .19 l M3 19 1.25 l M1 49 6 .85
7432 .2 9 l M3 2 0 see7900 UlN2003 .79
7438 .2 9 lM323K 3.49 XR2206 3 .9 5
7442 .4 9 LM324 .34 XR2211 2 .9 5
7445 .6 9 l M3 3 1 3 .95 l M2 9 1 7 1 .9 5
7447 .8 9 l M33 4 1. 19 CA3046 .89
7473 .34 l M33 5 1.79 CA3 146 1 .2 9
7474 .33 l M336 1.75 MC3373 1.29
7475 .4 5 lM338K 4 .49 MC3470 1 .95
7476 .35 l M339 .5 9 MC3480 8. 9 5
7483 .50 l M34 0 s ee 7 8 00 MC3487 2 .95
7485 .59 LF35 3 .59 l M390 0 .49
7486 .35 l F3 56 .99 l M39 11 2 .25
7489 2 .15 LF3 5 7 .99 lM3909 .98
7490 .39 l M35 8 .59 lM3914 1 .8 9
7493 .35 l M38 0 .8 9 MC4024 3 .49
74 121 .2 ' l M38 3 1.95 MC4044 3 .9 9
74 12 3 .49 l M38 6 .89 RC41 36 1 .25
74 125 .45 l M39 3 .45 RC4558 .69
74150 1 .35 LM394H 5 .95 lM13600 1 .49
741 5 1 .55 Tl494 4.20 75 107 1 .4 9
7415 3 .5 5 Tl4 97 3. 25 75 110 1 .95
74154 1.49 NE 555 .29 75 150 1 .95
74157 .5 5 N E5 56 .49 75154 1 .95
74159 1.65 N E5 58 .79 751 8 8 1 .2 5
74161 .69 NE 56 4 1.95 7 51 89 1 .25
74164 .8 5 l M56 5 .9 5 75451 .39
74166 1.00 l M56 6 1.49 75452 .3 9
74175 .89 NE5 90 2. 5 0 7 5 4 77 1 .2 9
74367 .6 5 H ~TO ·5 CA N, K=TO-3 . T"TO·220

CMOS/H16H SPEED CMOS
4001 .19 4066 .2 9 74HC 154
4011 .19 4069 .19 74 HC 157
4012 .2 5 4070 .2 9 74HC244
40 13 .35 4081 .22 74HC245
4015 .29 4093 .4 9 74HC273
40 16 .29 14411 9.95 74HC 373
40 17 .49 14433 14 .95 74HC374
40 18 .6 9 14 4 97 6 .95 74HCTOO
4020 .5 9 4503 .4 9 74HCT02
4 0 2 1 .6 9 4511 .69 74HCT04
4 023 .2 5 4518 .8 5 74H CT08
4024 .4 9 4528 .79 74H CT32
4025 .25 4538 .9 5 74HC T74
4027 .39 4702 9.95 74HC"38
4028 .6 5 74HCOO .2 1 74HCT139
4040 .6 9 74HC02 .2 1 74HCT161
4042 .59 74HC04 .2 5 74HCT240
4044 .6 9 74HC08 .2 5 74HCT244
4046 .6 9 74HC10 .2 5 74HCT245
4047 .6 9 74HC14 .35 74HCT273
4049 .2 9 74H C32 .3 5 74HCT373
4050 .2 9 74HC74 .3 5 7 4H CT 37 4
405 1 .6 9 74HC86 .4 5 74HCT393
4052 .69 74HC138 .4 5 74HCT4017
4053 .69 74HC139 .4 5 74H CT4040
4060 .69 74HC 151 .5 9 74H CT4060

**

5 M Hz $99.95
8 MHz 5159.95

10 M Hz $229.9 5
6 MHz $179.95
8 MHz $249.95

10 M Hz $309.95
16 MHz $499.9 5
20 M Hz $799.95

8087
8087·2
8087-1
80287
80287-8
80287·10
80387-16
80387-20

inter

MATH COPROCE§§OR§

**SOSi!AH WITH BA§IC
*349 5

* SING LE CHIP MICRO·':ONTROLLER WITH BA SIC IN ROM
* BUILT·IN SERIA L PORT, THRE E 16 BIT TIME RS, FIVE

INTERRUPTS AND 256 BYTES OF RAM
* REQU IRES VERY FEW PARTS TO BUILD AND EASY·TO­

PROG RAM CONTROLLER
* BASIC INTERPRETER IS OPTIMIZE D FOR CON TRO L

APPLICATIONS

2 .99
.99

1 .49
1 .9 5
1.79
1.85
1 .85
1 .90
2 .45
3 .95
4 .49

12 .95
14 .95
19 .95

(4 5 0 n s)
(4 5 0 n s )
(20 0 ns) (LOW POWER)
(lOOns)
12 00 ns ll CM0 5 )
(150ns)I CMOS )
1200 ns llCM0 5 l1l P)
1150 n s llCM05111P)
1120n s llCM0 511l PJ
1150 ns llCM05l1lPI
112 0ns llCM0 5 l1l PI
1150nsllCM05l1lP)
1120nsllCM05l1 lP)
1100ns llCM0511lPI

256x4
1024x4
1024x4
2048..8
2048x8
2048x8
2048x8
2048x8
2048x8
8 192x8
8 192x8

32768x8
32768x8
32768x8

DYNAMIC RAM§

2 112
2114
2114L-2
TMM2016·100
HM6116·4
HM61 16-3
HM61 16lp ·4
HM6116Lp ·3
HM6116LP-2
HM6264LP-15
HM6264LP·12
H M43 2 56L p ·1 5
HM43256LP-12
HM43256LP-l0

2708
2716
2716·1
TMS2532
2732
27 32A
2732A·2
27C64
2 764
2764-250
2764·200
MCM68766
27 1 28
27 C256
27256
27512
27C512

EPROM§

6500 Z-BO Vi!OSERIES PALS
I.UMHz ii!.5MHz 5MHz 8.95

6502 2 .25 Z80·CPU 1 .25
1 77165C02 (CMOS) 7 .95 4.0 MHz 17916520 1 .65

6522 2 .95 Z80A·CPU 1 .29 179 3
6526 13.95 l 80A·CTC 1.69 1795
6532 5.95 l 80A-OART 5 .9 5 17 97
6545 2 .95 Z80A-DMA 5 .95 2 79 1
6551 2.95 Z80A·P10 1.89 2 79 3 CRYSTALSZ80A·S10 0 5 .9 5 2 79 7 7 4 FOO .3 5i!.UMHz Z80A-SIO 1 5 .95 8 272 32.768 KHz .95 74F02 .3 5
6502A 2 .69 Z80A-S IO/ 2 5.95 UPD765 1 .0MHz 2 .95 74F04 .35
6520A 2 .95 MB 8 876 1.8432 2 .9 5 74 F08 .35
6522A 5 .95 6.0 MHz MB8 8 77 2.0 1.9 5 74F 10 .35
6532A ' 11 .9 5 Z80B-CPU 2 .75 1691 2 .4576 1.95 74F32 .3 5
6545A 3.95 Z80B-CTC 4 .25 2 143 3 .579545 1.95 74F64 .5 5
6551A 6 .95 Z80B-P IO 4 .25 9 21 6 4.0 1.95 74F74 .3 9

Z80B-DART 6 .9 5 5 .0 1.9 5 74F86 .5 53.UMHz Z808·S10/0 12 .95 5 .0688 1 .95 74F138 .7 9
4 .25 Z808-SIO J2 12 .9 5 6.0 1.95 74F139 .7 9

Z8671 ZILOG 9. 9 5 UARTS' 6 .144 1 .9 5 74F253 .8 9
3 .9 5

8. 0 1.95 7 4 F15 7 .8 9
10.0 1 .9 5 74F240 1. 2 96BOO 4 .9 5 10.738635 1 .9 5 74500 .29

CLOCK
395 1 2 .0 1 .95 74502 .2 91.0 MHz 4 .95 14.31 81 8 1 .95 74504 .2 9

1.95 CIRCUITS 3 .9 5 16.0 1 .95 74508 .35
2 .95 9 .95 18.0 1 .95 74S10 .2 9
3 .95 MM581 6 7 6 .95 18 .432 1 .95 74532 .35
2 .95 MM58174 10 .9 5 20 .0 1 .9 5 74574 .4 9
2 .95 MSM 5832 22.1184 1 .95 74586 .35
1 .95 24 .0 1 .9 5 74511 2 .5 0
2 .95 MISC. 32 .0 1 .95 745124 2 .75
1 .25 BIT RATE OSCILLATOR 74S138 .7 9
3.95 A DC0 8 0 4 2 .9 9 745153 .7 9
4 .95 6ENERATORS AD C0 809 3 .8 5 1.0MH:z 5.95 745157 .7 9
6 .95

9 .9 5
DAC 0800 3 .29 1 .8432 5 .95 74S158 .9 5

2 .75 DAC0808 1 .95 2 .0 5 .95 745163 1 .29
4 .75 4 .95 DAC1022 5 .95 2.4576 5.95 74S175 .7 9
1 .95 9 .9 5 MC1408l8 1 .95 2 .5 5 .95 745195 1 .49

6883 22. 9 5 8 .9 5 8T28 1 .29 4 .0 4 .9 5 745240 1.49
ii!.oMHl! 8 T97 .59 5 .0 6 8 8 4 .95 745241 1 .49

DP8304 2 .29 6 .0 4 .95 745244 1.49
2 .9 5 9334 1 .75 6 .144 4. 9 5 745280 1 .9 5
3 .95 9 368 2 .85 8. 0 4 .95 745287 1 .69
5 .49 9602 .6 9 10.0 4 .9 5 74S288 1.69
5 .99 ULN 2003 .7 9 12 .0 4 .95 745299 2 .95
'L85 MAX232 7. 95 16 .0 4.95 745373 1.69
4.95 MC3470 1.95 18.432 4 .95 745374 1.6 9
1 .75 MC3487 2. 9 5 20. 0 4 .95 745471 4 .95
9 .95 A Y5 -3600 PRO 11 .95 24.0 4 .95 745 5 7 1 2 .95

1024x8 (450ns)(25V)
2048x8 (450ns )(25V)
2048x8 (350nsj(25V)
4096x8 (450nsj(25V)
4096x8 (450nsj( 25V)
4096x8 (250ns}(21 V)
4096x8 (20 0 n s )(2 1V)
8192x8 (2 5 0 n s J(12 .5 V CMOS)
8 192x8 (450ns)(12.5V)
8 192)(8 (250ns )(12.5V )
8 192x8 (200ns){12.5V )
8192x8 (350ns){2 1V)(24 PIN)

16384x8 (250ns)(12 .5V) 4 .25
32768)(8 (2 50ns)(12.5V CMOS) 7.95
32768x8 1250ns)( 12_5V) 5.95
65536)(8 (2 5 0 n s)( 1 2 .5V) 11 .95
6 5536x8 (2 5 0 n s)( 12 .5V CMOS) 12 .95

xxV =Program Voltage--

l G38 4 xl (250ns) .4 9
16384xl (200ns) .8 9
16384xl (150ns) .99

' ~'~:3~~0 m~::~_:~~g~:: ~ ::~_.__~~~~__• Bi!OO__
4164-150 65536xl (150ns) 1 .79
4 164·120 65 536xl (120ns) 1 .99
MCM6665 65536xl (200ns) 1 .95
TM S 4 16 4 65536xl (150ns) 1 .95
4164-REFRESH 65536xl (150ns)(P IN 1 REFRESH l 2 _95
TM S441 6 16 38 4 x4 (150ns) 3.75
41128·150 131072x1 (150ns) 5 .95
TMS4464·15 65536x4 (150ns) 4 .95
41256-150 262144xl (15 0 ns ) 3 .95
41256·120 262144x l 1120n5) 4 .95
41256·100 262144x1 (lOOns) 5 .49
H M51 2 58 ·1 00 262144x1 (10 0 n s )(C MOS ) 6. 95
1 M B-120 1048576xl (120ns) 31 .95
1 M B· 100 1048576xl (lOOns) 34 .95

CJ)
o
Zoa:
f­o
W
....J
W

o
o
<{
a:
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$49.95

§oLDER nATION
UI APPRO VED

- ADJUSTABLE HEAT
SETTING W TIP TEMP
READOUT

• QUICK HEATING
& RECOVERY

• RANGE : 200 o-900oF

JDR-PR32 $69 .9 5 IBM-P'IH $27 .9 5
32 BIT PROTOTYPE CA RD WITH +5 V AND GROUND PLANE

JDR·PR16 $4 9 .9 5 IBM-PR 2 $2 9 .9 5
16 BIT WITH 110 AS A BOV E W IT H DECODI NG LAYOUT

DECODING CIRCUITRY
JDR·PR1 6-PK $ 15 .95

PA RT S KIT FOR ABOVE

JOR ·PR16V $39 .95 FOR AT
EXTENDED CONN ECTORS
FO R VIDEO APPLICATIONS JDR·P R1 0 $34 .9 5

16 Bll WITH DECOD ING LAYOUT
JDR·PR10-PK $1 2 .9 5

PARTS KI T FOR A BOV E

CAPACIToR§
TANTALUM

15V ,12 1.0J.A 35 V .4 5
15V 42 2.2 35 V .1 9
1 5V .4 5 4 .7 35V .39
15V .99 10 35 V .69

DI!iC
50 V .05 .00 1'" 50 V .05
SOV .0 5 .00 5 SOV .0 5
SOV .0 5 .0 1 SOV .0 7
SOV .0 5 .0 5 SOV .0 7
SOV .0 5 .1 12V .10
SOV .0 5 .1 SOV .12

MONOUTHIC
, O '~t SOV . 14 .1pf SOV .18
.0 4 7,.tt SOV .1 5 .4 7 l Jf SOV .2 5

ELECTROL YTiC
RAD IAL AXI AL

1 ~ 2 5 V .1 4 l tJl SOV ,1 4
4 .7 SOV . 1 1 10 SOV .16
10 SOV .11 22 16V .14
47 35V .1 3 47 SOV .19
100 16 V ,15 100 3 5 V .1 9
220 35V .20 470 50V .29
4 70 25V .30 10 00 16V .2 9
2 2 00 16V .7 0 22 0 0 16V .7 0
4700 25Vl .45 4700 16Vl .25

RE§ I § To R NETWORK
10 PIN 9 RESISTOR .69

8 PIN 7 RESISTOR .5 9
16 PIN 8 RESISTOR · 1.09
16 PIN 15 RES ISTOR 1.09
14 PIN 1 RESISTOR .99
14 PIN 13 RESISTOR .99

i!5 PIN D·§UB
GENDER

CHANGER§
$7.95

2 cond uc tor :$!JC
3 co nductor sse

3 co n d uc t o r w /female socke t
5 1 .4 9

VOLTAGE
REGULAToR§

EXTENDERCARD§
FORIBM

EXT-8088 $29.95
EXT-80286 $39.95

FOR P§/i! FoRXT

DI§CRETE

EoGECARD
CoNNECToR§

S·100 .125
5 -100 .1 25
IBM PC .100
A PPLE .100
ST O .1 56
STO .156

lN751 _1 5
lN41 48 25 Sl Ol1

lN4004 1Q '1 0l1

1N 54 0 2 .25
KBP02 .55
2N 2222 .25
PN 22 22 .10
2N2907 .25
2N3055 .79
2 N 39 0 4 .10
4 N2 6 .69
4N27 .6 9

4 N28 .69
4 N 33 .8 9
4N37 1.1 9
MCT·2 .59
MCT·6 1.29
TIL·ll1 .9 9
2N3906 .1 0
2N440 1 .2 5
2 N 44 02 .2 5
2N4 403 .2 5
2 N6045 1.75
TIP31 .4 9

§DLDERLE§§
BREADBDARD§

100 TIE POINTS
63 0 TIE POINTS
1 36 0 TIE POINTS
16 60 TI E POINTS
4390 TIE PO INTS
3220 TIE POINTS

PAGE WIRE WRAP WIRE
PRECUT ASSORTMENT

IN ASSORTED COLORS S2 7 .5 0
100ea: 5_5" , 6 .0 " , 6 .5 " , 7 0 "

250ea: 2.5 " , 4 .5", 5.0 "
500ea: 3.0" , 3 .5 " , 4 .0 "

7 p osition
8 p osition
10 p osit io n

.85

.90

.90

§oCKET·WRAP '.0'·
• SLIPS OVER WIRE WRAP PINS
• IDENTIFIES PIN NUMBERS ON WRAP

SIDE O F BOARD
• CA N WRITE ON T HE PLASTIC;

SUCH AS AN IC II

PINS PART II PC K . O F PRI CE
8 IDWRAP 08 10 1.95

14 IDWRAP 14 10 1.95
16 IOWRAP 16 10 1_95
18 IDWRA P 18 5 1.95
20 IDWRAP 20 5 1 ,95
22 IDWRAP 22 5 1.9 5
24 IDWRAP 24 5 1.95
28 lOWRAP 28 5 . 1 .95
40 IDW RA P 40 5 1 .95

PL EASE ORDER BY N UMBE R O F
PACKAGES (PCK . OF)

§PDoL§
100 f eet $4 .30 250 feet $7 .2 5
500 f eet $ 1 3 .2 5 10 0 0 f eet S2 1 .9 5

Please specify color:
Blue, Black, Yellow or Red

4 po smon
5 pc s mon
6 p osi ti on

§WITCHE§
SPOT M IN I-TOGGLE ON -ON
DPDT M IN I·TOGG LE ON ·ON
DPDT M IN I.TOGGLE ON ·O FF·ON
SPST M IN I·PUSHBUnON N 0

DIP §WITCHE§

U§NAPABLE" HEADER§

COM CATHODE .362 " 1 .25
COM CATHODE .5 " 1 .49

COM ANODE .5 " 1 .49
COM ANODE 3 " .9 9

COM CATHODE .3 " .9 9
COM CATHODE .3 " .4 5

4 x7 HEX W I LOGIC .2 70 " 1 o .95.~iI• •••••IliiIllli. llliiiiill
DlFFU§ED LEDs

LIGHT EMITTING DloDE§
LED DI§PLAY§

M od el Timer Chip Intensity
Ca pa city (uW/Cm1 )

PE ·1 40 NO 9 8, 00 0
PE·140T YES 9 -a.oOO
PE·2 40T YES 12 9.600

DATARA§E
* ERASES 2 EPROMS IN 10 MINUTES
* VERY COMPACT, NO DRAWER
* T H I N ME TAL SHUTTER PREVENTS

UV LIGHT FROM ESCAPING

$34.95

FND-357j 359 1
FND ·500 15031
FND·50715101
MAN -7 2
MAN -7 4
TIL -31 3
TIL· 311

§PECTRoNIC§ CORPORATID
EPROM ERA§ER§

CONTACTSDESCR I PTION ORDER BY
9 15 19 25 37 50

MALE DBx xP .4 5 .59 .69 .69 1.35 1.85SOLOER CUP
FEMALE DBxxS .49 .69 .75 .75 1.39 2.29
MALE DBxxPR .4 9 .69 .79 2.27
FEMALE DBxxSR .55 .75 .8 5 2 .49

MALE DBxxPYiW 1.69 2.56 3.89 5.60W IREWRAP
FEMALE D8xxSWN 2.76 4 .27 6 .84 9.95
MALE ID B xx P 1.39 1.99 2.25 4 .25IDC RIBBON CABLE
FEMALE IDBuS 1.45 2. 0 5 2.35 4 .49

METAL MHOODxx 1.05 1.15 1.25 1.25HOODS
GREY HOO Dx x .39 .39 .39 .69 .75

CONTACTS
DESCRIPTION ORDER BY

10 20 26 34 40 50
SOLD ER H EA D ER IO H xx S .82 1.29 1.68 2.20 2.58 3.24

RIGHT A NGLE SOLD ER H EADER IOHxxSR .85 1.3 5 1.76 2.31 2.72 3.39
W IREW RA P HE AD ER IDHxxW 1.86 2.98 3.84 4.S0 5.28 6.63

RIGHT A NGLE W IREWRAP HEADER ID H xxWR 2.05 3.28 4.2 2 4.4S 4.80 7.30
RIB BON H EA DER SOC K ET IOSxx .63 .89 .95 1.29 1.49 1.69

RIBBON HEADER IDMxx 5.50 6 .25 7.00 7.50 8.50
RIBBON EDGE CA RD IOExx .8S 1.25 1.35 1.7S 2.05 2.4 5

10' GREY RIBBON CA B LE RC xx 1.60 3.20 4 .10 540 6 .40 7.50
FOR ORD ERING INSTRUC TIONS. SEE D·SUBMINIA TURE CONNEC TORS. BELO W

IDC Co NNECTo R§/RIBB o N CABLE

D·§UBMINIATURE CDNNECToR§

ORDERING INSTRUCTIONS:
INSER T THE NUM BER OF CON TAC TS IN THE POS ITI ON MARKED "" OF THE .ORDER B Y" PART
NUMBE R LISTED EXAMPLE A /5 PIN RIGHT ANG LE MAL E PC SOLDER WOULD BE OB/5PR

MOUNTING HARDWARE 59t

.99
. ,4 9
2.49
2 .99

t~
? .~

CA N BE SN A PP ED APART TO
M AK E A NY SIZE H EADER,

A LL W IT H .1" C EN T ERS

ST RAIGH T LE A D
RIGHT A N GL E LE AD
2 ST RAI G H T LEAD S
2 RIGHT A NGLE LEADS

WP'III (~.

rrK1

1·99 100 -UP
J UMBO RED T l 1•• .10 .09
J U M BO GREE N T l 1•• .14 .12
JUMBO YE LLOW T 1 1 • .14 .12
MOUNTIN G HOW Tll . .10 .09
M INI RED T1 .10 .09

---" (' I3 VOLT !fl'~ "
LITHIUM BATTERy. l n.~; /0.

$'.95 : '~ I I V
HOLDER $'.49 ',~ '/}'- -

CONTACTS
OESCRIPTION OROER BY

8 14 16 18 20 22 24 28 40
SOLDERTAI L SOCKETS ""ST .11 .11 .12 .15 .18 .15 .20 .22 .30
W1REWRAP SOCKETS o WN .59 .69 .69 .99 1.09 1.39 1.49 1.69 1.99

ZIF SOCKETS ZIF xx 4.95 4.95 5.95 5.95 6.95 9.95
TOOLED SOCKETS AUGATxxST .6 2 .79 ' :89 1.09 1.29 1.39 1.49 1.69 2.49

DOLE D WN SOCKETS AUGATxxVNI 1.30 1.80 2.10 2.40 2.50 2.90 3.15 3.70 S.40
OMPO NENT CARR IERS ICC xx .49 .59 .69 .99 .99 .99 .99 1.09 1.49

DIP PLUGS 10C ID Px x .95 .49 .59 1.29 1.4 9 .85 1.49 1.59
FOR ORDERING INS 1n l IG 1/('I·'S ' FF D-SUBMINIA TURE CONN EC TORS ABOVE

IC §oCKET§/DiP CoNNECToR§

-'
CD
CO
CO
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(0
CXl
CXl

• SAVES SPACE AND REDUCES POWER CONSUMPTION
• IDEAL FOR PC'S WITH FULL HEIGHT FLOPPIES
• LEAVES ROOM FOR A HALF LENGTH CARD IN

ADJACENT SLOT

I'M WRITING TO EXPRESS MY PLEASURE WITH THE
PC·XT TYPE COMPUTERS BUILT FROM MCT COMPONENTS
THAT WE HAVE OBTAINED FROM YOURCOMPAPlY. AFTER
3 YEARS OF DAILY USAGE I AM EXTREMELYPLEASED
WITH THE LEVEL OF COMPATIBIUTY AND PERFORMANCE.

Wtni A RECENT PURCHASE. I WAS ELATED WITH
THE PROMPT MANNER IPIWHICH OUR ORDER WAS
HANDLED. AFTER DEALING WITH OTHERMAIL ORDER
FIRMS. I HAVE FOUPIDONLY JDR AND 2 OTHER SOFTWARE
VENDORS HELPFUL APIDRELIABLE. KEEP UP THE
EXCELLENT WORK. "

J.R.D.
OMAHA, NE.

5'1", ' §EAliATE HARD DI§K DRIVE§
ST-225 HALF HEIGHT 20MB 65MS 5255.00
ST-238 HALF HEIGHT 30MB 65MS (RLL) 5249.00
ST -4038 FULL HE IGHT 30MB 40 MS 5559.00
ST -4096 FULL HEIGHT 80MB 28MS 5895.00

'I.. HElliHT FLDPPY DI§K DRIVE§
5'1, - TEAC FD ·55B DS IDD 360K
5'1, - TEAC FD ·55G DS 'HD 1.2101
5'1, - FUJITSU 1012551 A DS IDD 360K
5 '14" FUJITSU M2553K DS IHD 1.2101
5'1, · DSIDD 360K
5'1, ' DS IHD 1.2101
3' 1\( MITSUBISHI DS 'DD (AT OR XT)

i!OMB HARD DISK
ONACARD

-349

ARCHIVE XL
TAPE BACK-

*3699 5

524.95

51199 .95
5399.95
5369.95

IN BOA RD 3861AT
ABOVE BOARD PS 286
ABOVE BOARD 286

RLL DI!iK CDNTRDLLER .'99.95
IMPROVE SPEED AND STORAGE OF YOUR AT
COMPATIBLE . SUPPORTS UP TO 2 RLL HARD DISCS AND
2 FLOPPY DRIVES . SUPPORTS 360 7201 2 MB
FLOPPIE S IN 5 25- & 3 5-
MCT-ATFH-RLL

UPGRADE YOUR XT TO A 386 FOR LESS THAN $1000
• 16 MHZ PROCESSOR REPLACES 8088 • 1 MB
INSTALLED . EXPAND TO 3MB WITH PIGGYBACK CARD
• 5 YR WARRANTY

FLDPPY/HARD CDNTRDLLER .139.95
XT SYSTEM STARVED FOR SLOTS? THIS CARD FREES ONE
UP • INTERFACES UP TO 2 FDD'S & 2 HOD'S, CABLING
FOR 2 FDD'l HDD • SUPPORTS BOTH OS DO & DS'QD
WITH DOS 3 2
MCT-FH

AT/FH CDNTRDLLER .'49.95
FLOPPY HARD DISK CONTROL IN A TRUE AT DESIGN
• SUPPORTS UP TO 2 360K 720K'1. 2MB FDD S AS WELL
AS 2 HDD'S USING STANDARD CONTROL TABLES
MCT-ATFH
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FLDPPY DI!iK CDNTROLLER .i!9.95
QUALITY DESIGN FOR SINGLE SLOT CONTROL OF 4
FLOPPY'S. INTERFACES UP TO 4 FDD S TO AN IBM PC
OR COMPATIBLE . SUPPORTS BOTH OS DO AND DSOD
WITH DOS 3 2
MCT-FDC

' .i! MB FLOPPY CONTRDLLER .1i9.95
ADD VERSATILITY AND CAPACITY TO YOUR XT
• SUPPORTS 2 DRIVES. BOTH MAY BE 360K OR 1 2 MB
• ALLOWS DATATO FLOW FREELY FROM XT'S TO AT'S
MCT-FDC-1.2

EXPANDED MEMDRY CARD .'i!9.95
2 MB OF LOTUS INTEL,MICROSOFT COMPATIBLE MEMORY
FOR AN XT • CONFORMS TO LOTUS INTEL EMS ' USER
EXPANDABLE TO 2 MB • CAN BE USED AS EXPANDED OR
CONVENTIONAL MEMORY. RAMDISK AND SPOOLER
MCT·ATEMS
MCT-ATEMS-ATVERSION 5139.95

DRIVE!i ARE !iEAIiATE MDDEL!i !iT-i!5'
(40 MBl & !iT-i!77 teo MB RLLl 5'1,.'
HALF HElIiHT!i
FA!iT 4DM!i ACCE!i!i TIMEt

MEMORY CARDS
57liK RAM CARD .59.95
A CONTIGUOUS MEMORY SOLUTION IN A SHORT SLOT
• USER SELECTABLE CONFIGURATION UP TO 576K
• USES 64K & 256K RAM CHIPS (ZERO K INSTALLED)
MCT-RAM

INBOARD 3B6/PC
SB9S.DD

DRIVE CONTROLLERS

inter

AT MULTlFUNCTIDt\l CAR D .H9.95
A.DDS u P TO 3 t.4 EGABYTES OF RAM TO THE AT
• USER EXPANDABLE TO 1.5MB (ZERO K INSTAl LEDI
• ' N ( ~ LUOF S SFJ1IA.. l. PORT AND PARALLEL POP T
MCT-.ATMF
ATMF SERIAL-2ND SERIAL PORT 524.95
MCT-ATMF-M C-PIGGYBACK BOARD
(NO MEMOQY) 529 .95

MUl TI I/O rARD .59.95
USE WITH MCT FH FOR ' MINIMUM OF SLOTS USED
• S f- ~ I A l PORT, CL OCK.. CALENDAR WITH BATTERY BACK­
UP • PA8 At lEl PR INTER PORT ADO~ESSABLE AS l PT 1
OP \.° 12
MCT·IO

MUl TlI/D FLDPPY CDNTRDLLER -79.95
A PERFECT COMPANION FOR OUR MOTHERBOARDS
• SUPPORTS UP TO 2 300K FLOPPIES. 720K WITH DOS 3.2
• SERIAL. PARALLEL. GAME PORT. CLOCK CALENDAR
MCT-MIO
MIO-SERIAL-2ND SERIAL POFlT 515 .95

COL DR IiRAPHIC!i ADAPTDR M9.95
COy PATIBLE WITH IBM GRAPHICS STANDARDS
• SUPPORTS RGB. COl OR & COMPOSITE MONOCHROME
• 640320 X 200 RESOLUTION. LIGHT PEN INTERFACE
MCT-CG

,
!iY!iTEM!i INCLUDE !iEA6ATE '1.. HElIiHT
HARD DRIVE, DRIVE CDNTRDLLER,
CABLE!i & IN!iTRUCTIDN!i. ALL DRIVE!i
ARE PRE-TE!iTED & WARRANTED FOR
, YEAR.

ENH_4.NrED IiRAPHIC!i A D 4 P TD R .'49.95
100" IBM COMPATIBLE. PASSES IBM EGA DIAGNOSTICS
• 250K OF VIDEO RAM ALLOWS 640 X 350 IN 16 OF 64
COLORS . COMPATIBLE WITH COLOR AND
MON0 CHROMEADAPTORS
MCT-E GA

INTERFACE CARDS FROM
MODULAR CIRCUIT TECHNOLOIiY
DI§PLAY ADAPTOR§

~seagate
v~ HElliHT HARD V~ HElliHT HARD
DI§K §Y§TEM§ DI§K DRIVE§

_ ! ' -

i!OMB i!&9 40MB ~i!9
30MB-i!99 IiOMB-&49

MULTIFUNCTION CARD§
MDNDIiRAPHIC!i MULTII/D ."9.75
TOTAL SYSTEM CONTROL FROM A SINGlE SLOT!
• CTRL 2 FLOPPY'S, SERIAL. PARALLEL. GAME PORT.
CLOCK'CAL • RUN COLOR GRAPHICS SOFTWARE ON A
"' ONOCHROMF.MONITOR
MCT-MGMIO

BACK UP '0 MB IN 40 MINUTES'
• EASY·TO·USE MENU DRIVEN

SOFTWARE
• USES STANDARD

AT MULTII/D CARD .59.95 OIC DATA FORMAT ,
USE WITH MCT-ATFH FOR MINIMUM OF SLOTS USED • FULL & INCREMENTAL \ '

MDNDCHRDttfE IiRAPHIC!i CARD .59.95 • SERIAL. PARALLEL AND GAME PORTS . USES 16450 • ~:~~;~~& FULL RESTORE ~"
- TRlfHiERC---\ltE5-WMPATlBI l -l+-Y" SUPPORTS-LOTUS-123--SEBlALSU£f.QBLCJ:i!f.S..E.o.BJ i LGlLSE EED_O'-'P"'S'- _

• DRIVER ALLOWS COLOR GRAPHICS SOFTWARE TO MCT·ATIO - A R 52 40 XT - FOR XT'S & AT'S
RUN ON • MONOCHROME MONITOR . PARALLEL ATIO·SERIAL-2ND SERIAL PORT ~~P~~"gT~JCLU~~-g ONLY. 2X FASTER

~';;~~~~~ORT TAPE CARTRIDGE-40 MB 524.95



'YEAR
WARRANTY ON
MCT PRODUCTS

• 30 DAY
MONEY BACK
GUARANTEE

• TOLL-FREE
TECHNICAL
SUPPORT

• NEXT DAYAIR
SHIP AVAILABLE

• SINGLE CHIP USES LESS POWER. IMPROVES RELIABILIT Y
• KEY SELECTABLE SPEED. 4.77 MHz OR 10 MHz
• 2.3 TIMES FASTE R THAN A STANDARD
• RESET SWITCH. KEYLOCK AND SPEED/POW ER

INDICATORS SUPPORTED

MCT-TURBO-10

'0 MHz SINGLE CHIP XT

!/ilif!99 5

!/i399.95

INCLUDES SERIAL PORT. 2 PARALLEL
PORTS. CLOCK -CALENDAR AND GAME
ADAPTOR . RUNS COLOR GRAPH ICS ON
A MONOC HROME MON ITOR
• MOTHERBOA RD
• 256K RAM MEMORY
• 135 WATT POWER SUPP LY
• FLlp· TOP CASE
• AT STYLE KEYBOARD
• 360K FLOPPY DRIVE
• MONOGRAPHICS 1:0 CARD
• MONOCHROME MONITOR

'OMHZXT
COM PA TIBLE

!/iSB90 0

'6MHZ
'MB3B6

!/iif!if!9B6 5

• 6 MHz. 10 MHz (0 11 WAIT STATE). 12 MHz (1 WAIT STATE )
• USES ZYMOS ASIC'S FOR LESS CHIPS. GREATER

RELI ABILIT Y
• SUPPORTS 256K- 1024K MEMO RY
• RE·C HARG EABLE HIGH CA PACITY NI·CAD BATTERY
• 6 16·BIT SLOTS. 2 8·B IT SLOTS
• MOUNTS IN STANDARD XT CASE
MCT-BATMB-12
MCT-BATMB 6/10 MHZ MINI 80286 BOARD $389.95
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• 1 MB RAM ON BOA RD
• 8 SLOTS. 2 8·B IT. 6 16·BIT
• SUPPORTS 80287 MATH CO·PROCESSOR
• SUPPORTS 8038 7 WIADAPTOR
• 64 KB CACHE FOR NEAR 0 WAIT STATE
• USES AMI BIOS
MCT-386 MB
MCT-386 MB-4 4 MB MEMORY INSTALLED $2649.00
MCT-386 MB-MCB MATH CO·PROCESSOR
ADAPTOR BOARD $149.00

• 12 MHZ BABY AT MOTHERBOA RD
• 256K RAM MEMORY
• MINI·AT CAS E Wi POWER SUPPLY
• AT STY LE KEYBOAR D
• 1.2 MB FLOPPY DRIVE
• FLOPPY/H ARD DRIVE CONTRO LLER
• MONOCHROME MON ITOR
• GRAPHICS ADAPTOR

OilER i!O,OOO JOR !iY!iTEM!i
HAilE A LREA D Y BEEN BUILT.
EA!iY TO A!i!iEMBLE IN JU!iT i!
H OUR!i WITH A !iCREWORI IiER.
!iA liE MONEY AND LEARN
ABOUT YOUR COMPUTER AT
THE !iAME TIME.

!/i99.95 Ii! MHZ MINI BOi!B6

!/i379.95 16 MHz MYLEX 3B6 !/il649.00

-

TURBO 4.77/B MHZ
• 4.77 OR 8 MHZ OPE RATION WITH 8088 ·2 & OPTIONAL

8087 ·2 CO·P ROCESSOR
• FRONT PANEL LED SPEED INDICATOR AND RESET

SWITCH SET SUPPOR TED
• CHOICE OF NORMAUT URBO MODE OR SOFTWAR E

SELECT PROCESSOR SPEED
MCT-TURBO
MCT-XTMB STANDARD MOTHERBOARD $87.95

BOi!B6 6/B MHZ

PROGR AMS 27XX & 27X XX EPROM S UP TO 27512
• SUPPORTS VARIOUS PROGR AMMING FORMATS AND

VOLTAGES
• SPL IT OR COMBI NE CONTENTS OF SEVERAL EPROMS

OF DIFF ERENT SIZES
• READ. WRITE. COPY. ERASE CHECK AND VERIFY
• SOFTWARE FOR HEX AND INTEL HEX FORMATS
MCT-EPROM
MCT-EPROM-4 4 GANG PROGRAMMER
MCT-EPROM-10 10 GANG PROGRAMMER
MCT-PAL PAL PROGRAMMER
MCT-MP PROCESSOR PROG.

• 8 SLOT (2 EIGHT BIT. 6 SIXT EEN BIT) AT MOTHER BOAR D
• HARD WARE SELECTION OF 6 OR 8 MHZ
• 1 WAtT STATE
• KEYLOCK SUPPOR TED. RESET SWITCH. FRONT PANEL

LED INDICATOR
• SOCKETS FOR 1 MB OF RAM AND 8028 7
• BATTERY BACK ED CLOCK
MCT-ATMB

'~MHZAT

COMPATIBLE

!/il034~0

----~

EPROM
P ROGRAMM ER

!/ilif!99 5

• MYLEX 386 MOTHERBOARD
• 1 MB RAM ON BOARD
• 200 WATT POWE R SUPPLY
• AT STYLE CAS E
• ENHANCED AT STYLE KEYBOARD
• 1.2 MB FLOPPY DRIVE

"'5;:::=:=:W::::=::;:===::::::::::!:::::::::=:E:~====------------. ·AT·FLOPPY,HARD CONT ROLLER
'" • MONOCHROM E MONITOR

...l1li l1li l1li111•••• MONOGRAPHICS CARD

co
CO
0>



lIadl8 Ihaek !tartI !tlaee™__ -..
THE BUILDER'S STORE! OVER 1000 COMPONENTS IN STOCK

A champion performer for lab or home shop. The 31-segment analog bar
graph disp lay makes input peaks and trends easier to follow. Transistor
checker measures hFE (gain) and tests semiconductor junctions. Buzzer
continuity checker. Measures to 1000 VDC, 750 VAC, ACIDC current to 10
amps, resistance to 30 megohms. Fused, overload protected. #22-195

Builder Bargains
II'

(7)

(5) 1.5-3 VDC Motor.
#273-223 79~

(6) 1:1 Audio Transformer. For
phone interconnects.
#273-1374 3.49
(7) Magnet Wire . Three-spool set­
22, 26, 30 gauge. #278-1345 . .. 4.49

Sight'n Sound
(1) (2)

(4)
(1) Ruby Red LED.
#276-066 1.19

~~7l~~:0. R.ed. LE.D 3.49

(3) Tri-Sound Siren.
#273-072 5.95
(4) IC Chime . #273-071 7.95

~ ~ -- .. -
~ I ~~~~i
~a:I

Low As $15
Per Month •

• Manual or
Autoranging

• MinIMax Values
Can Be Stored

Our Finest Benchtop LCD Multimeter

9995

The Right Stuff-
(16) (17)

(16) Toggle Switch Set . One DPDT, two
SPST. N275-322 Set of 3/2.59
(17) Slide Switch Kit . Assorted one or two
poles/throws. K275-327 . . . Set of 611 .89
(18) Micromini Relay. K275-248 2.79
(19) Micro Clip s. N270-373 10/1.59

(15)

(13)

(13) Cable Stripper. For all popular sizes.
K278-240 11.95
(14) Coax Cabl e Cutter. Preserves cable
impedance. K278-244 . . . . 4.95
(15) Profession al Crimp Tool. For all
coax connectors. K278-243 12.95

For Computers,
Peripherals and

Video Games

(11) Printer Connector. Solder
ty pe , 36 -pos it io n. For parall el
printers . #276-1534 4.99
(12) RS-232 Inline Tester. Diag­
nose interface problems without re-
pair calls. #276-1401 14.95

":.~':. .=.:.:.::,:.,:.:.:.:.::..:..:'.., .
(9)~,

c: ~=-""""If~

}------,."..-1;J (12) ~
-

Fig. Type Positions Cat. No. Each
8 Male 9 276-1537 1.49
9 Female 9 276-1538 2.49

10 Hood 9 276-1539 1.99
Male 25 276-1547 1.99

Female 25 276-1548 2.99
Hood 25 276-1549 1.99

--Dat a-Connect or-Headquar t ers--Coax'Cable TOols

Exciting New ICs
For Hobbyists

TDA70 00 FM Receiver on a Chip.
Combines RF mixer, IF and demodu­
lator stages in one IC. Just what you
need to build a small, inexpensiv e
FM band receiver, repeater monitor
or public service band monitor. Mute
circuit reduces spur ious recept ion.
Includes application notes.
#276-1304 5.95
TDA1520A 20-Watt High-Power,
High-Fidelity Audio Power Amp.
Build your own quality audio ampli ­
fier ! Nine-pin single inline package .
Very low distortion . 20 to 20,000 Hz
response. Requires 15 to 50 VDC.
With data. #276-1305 5.99

Add Speech to
Your Computer

SP0256-AL2 Speech Synthesizer
IC. Cut 23%. Uses a stored program
to produce natural sounding speech.
Easy to interface with most comput­
ers. Requires 3.12 MHz crystal (spe­
cial order) . 28-pin DIP.Includes data.
Reg. $12.95.
#276-1784 Sale 9.95
CTS256-AL2 Text-to-Speech IC.
30% Off. Preprogrammed 8-bit pro­
cessor translat es ASCII characters
into cont rol data for #276-1784
above. With data and schematics .
Requires 10 MHz crystai (special or­
der). 40-pin DIP. Reg. $16.95.
#276-1786 Sale 11.88

Finishing TOuches
r.------".?':.t (20)

(20) Experimenters ' Boxes. Plastic with
aluminum covers. Includes screws.
6'1. x 33/. x 2 ~ K270-627 2.39
3'1.x 2'1. x 1'/' ~ K270-230 1.59
4 x 2'/ . x 1'1.~ K270-231 1.69
73/. x 431. x 2 3/. ~ K270-232 2.99
5'11 . x 251. x 1'/. ~ K270-233 1.99
(21) Dry-Label Transfers . Letters. sym­
bols, numbers. 4 sheets. K27Q-201 . . . 2.79

Hard-to-Find Caps
(22)

(24)

(22) CPu/RAM Backup. Backs up CMOS
microprocessors for brief AC failure. 0.1
farad. 5.5 VDC. K272-1440 . . . . . 2.95
(23) Dual-Gang ed 335 pF Variable . PC·
mount. With knob. N272-1337 .. .. . 4.95
(24) 6-50 pF Trimmers . PC/perfb oard-
mount. K272·1340 Set of 2/1.59

ftadl8/haeK
The Technology Store'·

A DIVISION OF TANDY CORPORATION

Over 1000 items in stock: Binding Posts, Books, Breadboards, Buzzers , Capacitors , Chokes, Clips,
Coax, Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, Multitest ers, PC Boards, Plug s,
Rectifiers, Resistors, Switches, Tools, Transformers, Wire, Zeners, Mor~!

• Revolving credit from Radio Shack. Actual payment may vary depending on purchases.

Prices appl y at participating Radio Shack stores and dealers

CMOS and TTL ICs

.99

.99
1.19

.69
99

1.29

169
1.19

1.49
1.19
1.19

Each

Each

276-1801
276-1802
276-1622

276-2417
276-2449
276-2466

Cat. No.

Cat. No.

276-1805
276-1600

276-2401
276-2411
276-2413

Descnptan Type

Descnpticn Type

BCD 107·Seo. Driver 7447
Div. by 215 BCD Counter 7490

Ouad 2·lnl"" NAND Gate 7400
Hex Inverter 7404
Ouad z.nout AND Gat. 7406

Quad 2·lnputNOR Gale 4001
Quad2-lnpul NANDGate 4011
Dual Type·Oflipflop 4013

Decade Counter/Divider 4017
InvertingHex Buffer 4049
Quad B ~ii11 e ra t Switch 4066

All are 100% prime and include pin­
out and specs.

M~sical Chips
UMC 3482 12-Tune Melody Synthe­
sizer IC. 33% Off . Just the thing for
musical doorbe lls , cloc ks. games
and phone music-on-hold. Has an
on-chip audio preamp.Tunes include
Happy Birthday, Row-Row-Row Your
Boat and other all-time " camp" fa­
vorites. Operates on 1.5 VDC, 16-pin
DIP. With data and circuit examples.
Reg. $2.99. #276-1797 .. Sale 1.99

AY-3-8910A Frogrammable Sou nd
Generator. Cut 21%. Use with a
computer to provide an astonishing
variety and range of sounds! Three
independent outputs. Single 5 VDC
supply. 40-pin DIP. With data. Reg.
$9.95. #276-1787 Sale 7.88

Operational Amps
741. General-purp ose, sing le channel.
Frequency-compensated. 8-pin DIP.
N276-007 ... . . . . 7ge
1458 Dual Op Amp. Internally compen­
sated. Low power consumption . Two lnde­
pendent op amps in an 8-pin DIP. Split
supply 5 to 16 VDC. K276-038 . . sse
LM324 Quad Op Amp . Operates on 3 to 30
VDC or split 1.5 to 15 VDC supply. 14-pin
DIP. K276-1711 ... . . 1.29
TL082 Dual High-Perf ormance Op Amp.
Low-noise, high-Z biFET inputs. Low distor­
tion. Split 4 to 18 VDC supply. 8-pin DIP.
K276-1715 .. . . 1.89
LM339 Quad Comp arato r. Four indepen ­
dent voltage comparators in a 14-pin DIP.
Single 2 to 32 VDC. K276-1712 . . . . . ss e
LM567 Tone Deteetor. Touch-Tone, RC
and FSK decoding. Requires 4.75 to 9
VDC. 8-pin DIP. K276-1721 1.99

Line Driver ICs
For Data-Transfer

Dynamic RAM

MC1488 RS-232 Quad Line Drive r. Hook
up termin als and remote periphera ls with a
simple " twisted pair" cable . 14-pin DIP with
data. K276-2520 1.29
MC1489 RS-232 Quad Line Receiver. For
use with above line driver.
K276·2521 . 1.29

4164-64K . Warrantied RAM chips are as
close as your neighborhood Radio Shack.
150 ns access. Uses single 5 VDC supply.
K276-2506 3.95
TMS 4256-256K. 150 ns acce ss. Low­
power design (230mV typical). Uses sing le
5 VDC supply. 16-pin DIP.
K276-1252 .... . .. . 6.95
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NEC V20 & V30 CHIPS

I
LM1458N. . . . . . . . . .3£
LM 1488N AS
0514C88N (C M OS ) 1.19
LM1 489N. 49
DS14C89N (C MO S) 1.1,
LM 1496N . . . . . . .8S
M C1648P . . . . , 3049
LM 187 1N 1.9E
LM 18 72 N 1.95
LM 1896 N - 1 +49 .7S
U LN 2003A. . .7£
XR2206 3.9E
XR2211 . . . • . . . 2.95
XR2243. . . . . 1.9E
26 LS29 3.9 E
26 LS3 1. . . . . . . . . . 1.1S
26 LS3 2. . . .. 1.1S
26LS33 1,4S
LM2901 N :-39 .2.:
LM29 0 7N , _ 1.2S
LM 291 7N (8 p in) 1.9:
MC3419CL 6.9E
M C3446N 1,SS
M C3450P 1.9E
M C34 70 P. . . . . • . . . 1.9:
MC3471 P. . . . . . . . 1.9:
M C3479P 4.7S
M C3 48 6P. . • . . . . 1.6S
M C348 7P 1.6S
LM 3900N .4S
LM3905 N 1.1S
LM3909N. .9S
LM 391 4 N . . . . . • . . 1.9 :
LM 39 16N 1.9:
NE5532 .6S
N E5534 m
7805K (LM340K-5) . . 1.2S
78 12K (LM340K- 12 ) . 1.2S
78 15K (LM 340K- 15) . 1.2S
7805T (LM 34 0T-5) . . .4S
78 12T (LM 340T- 12) . A S
7815T (LM340T- 15) ..4S
790 5K (LM 320K-5) . . 1.3!
7oo 5T (LM320T-5 ) . . .5S
75472. . .5S
754 77 8S
M C 1451 06P 9£5- 2AS
M C 1454 06 P , .•.. 2 .9 !

Wire Wrap (Gold) Level #3
.11 8WW. . . .. .5S
.12 14WW . . . . . . .6~
.13 16WW. . . • .• . .6S
2 5 24WW. . . . 1.H
.27 28WW. . 1 .3 ~

.29 40WW. . . .. .. . . • . . 1 .8~

LINEAR

Prec. Sample & Hold Amp . . 7.95
Dual RS232 Rec./Trans.. 5.19
Dual Comparator. .79
16K CMOS SRAM (1OOns) .. 3.95
12BKEPROM 1450ns) 21V 4.95
Memory Mapper, Tri-State 11.95

Low Profil e
8 LP. . . .

14 LP .
16 LP .
24 LP .
28 LP. . .. .. • • . . . .
40 LP .

ICSOCKETS I

Soldemil St.andu d (Gold&TIn)&Header PlugSocketsAlso Avail.ab~

DS 00 26CN. 1.95
TL 074CN 1.19
TL084CN . . . .99
A F100- 1CN 8.95
LM3 07N .45
LM309K. . 1.2 5
LM 3 11N. . .4 5
LM 3 17T. .79
LM 31 8N. .99
LM 31 9N . . . .. 12 9
LM32 3K... . . 3 9 5
LM324N 39
LM 338K. . . . . 4.95
LM339N. . .39
LF347 N. 1.79
LM348N 69
LM 35 0T 2.95
LF35 1N . .39
LF3 53 N . . . . . ,49
LF3 55N, . . .79
LF356N. . .89
LF3 57 N 1.09
LM 358N. . . . . . . . .49
LM360N 2.19
LM 36 1N . . . 1.79
LM380N-8. .99
LM386N-3 ... .. .89
LM387N, . . .99
LM393 N . . . . . .3 9
LM399H 2.95
LF4 11CN , . . . . . . .79
TL 497ACN. . . . . . . . 1.49
N E540H (C 540 H) 2.29
N E555V. . 29
XRL555 .59
LM 556N. ,49
N E558N , . . .89
LM565N 99
LM 56 7V. • . . •. .. . . .79
NE 592N .89
LM 741 CN 29
LM74 7CN .59
MC1350P 1.09
M C 13 72P 1.9 5
MC13 77P 2.29
MC1398 P.•...•.... 8.95
LM1414N . • .. . . . . . 1.29

SPECIALS!

74HCT - CMOS TTL I
74 HCTOO ~ .17 74HCT139 ,59 .35
74HCT02 -:-29 .17 74HCT157. . . . •. . .~ .35
74HCT04 T9 ,17 74HCT174 . :69 .35
74HCT08 T9 ,17 74HCT175 :69 .39
74HCT10, -:-29 .17 74HCT240. . . ~ .89
74HCT32..• ...... -:-29 .21 74HCT244 :% .59
74HCT74 , ~ 25 74HCT245 . . . ++9 .79
74HCT86 ~ 29 74HCT373 H1l .55
74HCT138 ,59 35 74HCT3 74 H1l .49

74C-CMOS I
74COO.. . . . .. ... .29 74C174. ..... . . .79
74C02. . .29 74C 175 . . .7S
74C0 4. . . .29 74C22 1. . 1.79
74C08 .3 5 74C240. . . . 1.7S
74 C 1O. • . . . • . . . .35 74 C244 1.79
74 C 14. .59 74C37 3 1 .9~
74C32 . . . . .3 5 74C3 74. . . . . 1.9 5
74C7 4. . . .59 74C9 12 8.95
74C8 5 1.49 74C91 5. . . 1.39
74 C86 , . . . .35 74C920 6,9~

74C89. . . 5.49 74 C921 . , 6.9E
74 C90 .99 74C922. . . . .. 3.9E
74C154. . . . .. . . • .. . 2.95 74C923. . 3.9E
74 C 173 1.05 74C925 5.95

74HCHI-SPEEDCMOS

SMPB1FY
MAX232CPE
LM306P
6116P-1
27128-45
74LS612

Pric ePart No.

LAG570 . . . _ 995

WDl770. 11.95
SI3052P . . 2.49
6502. . 2.65
6504A. . 1.95
6507. . 4.39
6510. . 9.95
6520. 1.95
6522. 3.95
6525. oHl5 3.49
6526. f4% 12.95
6529. 2.95
6532. 6,49 5.49
6545- 1 . . .. oHl5 3.25
6551. ~ 2.95
6560. , 10.95
6567. . . 14.95
6569, 24.95
6572 . . 8.95
6581 (12V). ... 14.95
6582 (9V) . f4% 9.95
8360. . 14.95
8501. 10.95
B502. 7.95
8563. . . . .. 15.95
8564. . . 9.95
8566. . . . . . . 24.95
8701. 9 95
8721. . 14.95
8722. . . 995

"251104-04. .. . . 10.95
310654 -05. 9.95
3180 18-03 . . . 10.95
3180 19-03... . . 10.95
318020-04. . . . 10.95
325302-01. 10.95
325572 -0 1. . .. . 14.95
"82S100PLN " " . . 15.95
901225-01. .. 11.95
901226- 01. 11.95
901227-03 11.95
901229-05 .1 1.95

"No specs available
" Note: 82S1DOPLA ""

U17 {C-64l

Pric ePart No.

20 16 -12
2018-45
2102- 2 L
211 4 N
21 14 N-2L
2 1C 14
2 149
510 1
6 116 P-3
61 16LP-3
62 64LP- 12
6264P~ 15

6264LP- 15
65 14
43 2 56-15L

28 16 A
2817A
2865A
528 13 (2 1V)

*41 16- 15 16.3 84 x 1 {150 nsl 1.09
412 8-20 131. 072 x 1 (200ns) (P1 ggybadll S:25 2.75

·41 6 4- 120 65 .536 x 1 (120ns) 2.75
*4164- 150 65 .536 x 1 (150 ns) 2.49
*4 164-200 65,536 x 1 (200nSl 1.9 5
*TMS44 1 6 ~ 1 2 16.38 4 x 4 (120ns) . . . 4.95
8118 16,384 x 1 (120ns) :-t9 .39

' 4 1256- 100 26 2,144 x 1 (l OOns) 8,49
*41 2 56- 120 262 .144 x 1 (120ns) 7.95
"41256- 150 262 .144 x 1 (150 nsl . . " . . 7.75
'50464- 15 6 5.53 6 x 4 (150ns) (4464) 5.95
*511 00 0P-1 0 1.0 48.576 x 1 (100 n5) 1 M e g . . . 49.9 5
*514 256 P- 10 262.144x4 (100 n5) 1 M eg 89 .95

------ STATIC RAMS -----­
20 48 x 8 (120 ns). . 1,69
20 48 x 8 (4 5nsl &95 5.49
1024 x 1 (250 ns) Low Power. . . . . 1.95
1024 x 4 (450 ns). . . . . . . . . . . . .99
1024 x 4 (200 ns) Low Power 1.49
1024 x 4 (2oo ns) (CM OS) . .49
1024 x 4 (45ns) , . . 2,49
256 x 4 (450 ns) CMOS . . , 1.95
2048 x 8 (150 ns) CMOS. . . . . 2.49
204 8 x 8 (150 ns) LP CMOS. . . • . . . 2.59
8 19 2 x8 (120ns) LP CM OS . . -.04--25 395
8 192x8 {150 ns) CM 0 8 . .. 3.49
8192 x8 (150ns) LP CMOS 9:-T5 3 ,49
1024 x 4 (350 ns) CMOS 3 49
32 ,768 x 8 (150 ns) Low Power 11.95

------- EPROMS -------
20 48 x 8 (450 ns) 25 V. . . . . . .. 695
4096 x 8 (4 50 ns) 2 5V . . . . . . • . . 6.95
40 96 x 8 (4 50 ns) 2 1V 5.95
8 192 x 8 (450 ns) 2 5V 9 .95
20 48 x 8 (45 0ns) 3 Vo ltage . . 9:95 695
2 56 x 8 (1p5) &95 4 95
1024 x 8 (4 50 ns ). . . . . . . . . . . . 495
2048 x 8 (45 0 ns) 25V . .. . . . . .• 3 .75
2048 x 8 (350 ns) 2 5V _ 4 .25
2048 x 8 (4 50 ns) 25V (CMOS) 5.49
4096 x 8 (450 ns) 25Y. 3 .9 5
4096 x 8 (200ns) 2 1V. . . . 4.25
4096 x 8 (250 n5) 2 1V 3.95
4096 x 8 (450 ns) 25 V (CM O S) 5 95
8 192 x 8 (2oons) 2 1V 4.25
8 192 x 8 (250 ns) 2 1V. .. . . .. • . •. . 3.75
8192 x 8 (2 50 ns) 12.5V 3.95
8 192 x 8 (450ns) 2 1V , 2.95
8 192 x 8 ( l50ns) 2 1V (CM O S) 6.49
16.3 84 x 8 (2oons ) 21 V. . . . . 6,95
16.384 x 8 (25 0 ns) 2 1V. ..•.. . . . . . . 5 ,95
16.384 x 8 (2 50ns) 12.5V 5 25
16.384 x 8 (2 50 ns) 2 1V (CM OS) .. 6 .95
3 2.768 x 8 (200ns) 12.5V . . . . 6,95
32.768 x 8 (250ns) 12.5V 5.95
32.768 x 8 (25Ons) 12.5V (CMOS) • 7.95
65.536 x 8 (2oons ) 12.5V.. ... • • . . 13 .49
6 5.536 x 8 (250ns) 12.5V . . . . . . . . 11.95
8 192 x 8 (450 ns) 25V. . . . . .. 13 9 5

EEPROMS
20 48 x 8 (3 5Ons) 5V Pe ad /vwrt e . . . 595
2048 x 8 (350ns ) 5V Re nd l'v\tlte . . . 7.95
8 192 x 8 (250 ns ) 5V Rend /W lte . . . . 9.95
2048 x 8 (35Onsl 5V Read On ly.•.. 1.49

TM8251 6
TM S2532
TM S253 2A
TMS2564
TMS2 71 6
170 2A
2708
2716
27 16 - 1
27 C 16
2732
273 2A-20
2732A-25
27C32
27 64-20
2 764-25
2764A-25
2764-45
27C64- 15
27 128-20
27 128-25
27 128A-25
27C128-25
272 56-20
27256-25
27C256-25
2 75 12- 20
27512-25
68764

ELECTRONICS

CD-CMOS
C0400 1. . .19 C04076. . . . . 59
C 0 4oo8 . 69 C04081 . . . . . 25
C 0 40 1 1. . . .19 C04082. . . 25
C040 13 , . . 29 C0409 3 .3 5
C 04Q1 6 . 29 C 0 4094 89
C0 40 17. . . . . .49 C0401 03 . 2.49
C 0 4Q18. . . .59 C0401 0 7. 49
C0 4020. . . . 59 C040 109 .79
C0 4 024. . . . . . ' .49 C0 45 10, . 69
C 0 4027. . . . . . • . . 35 C045 11 . 69
C0403 0. . . . 29 C0 4520, . . .75
C04040. . . . . . . . . .65 C045 22. .79
C0 4049, . . . . . . . 29 C04538. . .79
C 0 40 50 , . . . . . . . 29 C 0 454 1. . 89
C0 405 1. • . . • 59 CD4543 . • . . . . . .. .79
C040 52 , . .59 CD 4 553. . 4.95
C04053, . . . . . . . . .59 C04555 . . . . . . . . . . . .79
C 0 4063. .. . . . . • ••. 1 49 CD4559 7.95
C 0 4066 . . . 29 C 0 4566 . . . 2.49
8 0 4067 1,29 C 0 4583 . .. ,89
C04069 . .25 C 0 4584 , . 3 9
CD4070 . . . .25 C 0 4585 . . . . ..• . ,89
C04071. . • .• .. 2 5 M C 144 11P. . . 895
C040 72. . . . . . . . 25 M C 144 90P 449

74 8 00 . . .29 748 188· . . . . 1.49
74S 04 . 29 745189. . . . 169
74 508 35 748 19 6 . . .... 2.49
745 10. . . . 29 748240 .. . .. . . 1,49
74832. • .. 3 5 74 S2 44 1,49
74S74. . ,45 74525 3 . . . .79
74 8 8 5. . . . ... . 1.79 745 287*. . . . ..... 1.49
745 86 , .. ,49 74S288' . • . . • . 1,49
748124. . . .. 2 .75 745373 . . .. .. 1.49
74S 174. .79 74S374 . . . 1,49
74S 17 5 .79 74S472".. . .. 2 ,95

74F
74FOO.. 29 74F1 39 69
74 F04 . . 29 74F157 ... . .69
74 F08 .29 74F 193 . • . . .. 2.95
74 F lO 29 74 F240 .99
74F32 . 29 74F244. .99
74F74 . . . . . 39 74F2 53 . 69
74F86 . . .3 9 74F373 .99
74F 138 69 74F3 74 . . 99

74LS
74 L500. .. 29 .19 74LS 165 . . .75 65
74L802. . .29 .19 74LS166. . .99 8 9
74L804. . .35 .25 74LS173. . . 59 .49
74L805. . . . . .3 5 .25 74l..S174. . .49 .39
74L8 06 . . . . . • 1.09 .99 74 L8 175 49 .39
74LS07.. . ... 1.09 99 74 LS 189 . ... 4.59 4.49
74L8 08 , . .29 .19 74l..8 19 1. . . .59 ,49
74L5 10... . . . 29 .19 74 LS 193 . . . .79 .69
74LS 14. . . . .. 49 .39 74L8 22 1. . .69 .59
7 4LS2 7. .. .3 5 .2 5 74 L8 24 0 . .69 .59
74 LS30. . .. .29 .19 74L8 243 .69 .59
74L8 3 2. . . .3 5 2 5 74L8244 .69 .5 9
74 LS4 2. . ,49 .39 74LS2 45 . 89 .79
74 LS 47.. .99 89 74L8259 , . .. . .99 89
74 LS 73 , .. . .39 29 74LS 273. . .89 .79
74L874. .3 5 .25 74LS 279. ,49 .39
74L8 75. .39 .29 74L8322. . . .. 4.05 395
74L 876. . .55 ,45 74LS365 ,49 .39
74L8 8 5.. . .59 ,49 74L5366. ,49 39
74L 886 . .. 35 25 74LS367. ,49 39
74L890. . ,49 .3 9 74 L8368. . ,49 .3 9
74 L893. . . . ,49 .39 74LS 373 . . .79 69
74L8123. . .59 ,49 74L83 74 . . . .79 .69
74 LS 125 . . ,49 .39 74 L8 393 . .89 .79
74L 51 38 , . .49 .39 74 L8590 .... 6,0 5 595
74 L5 139 . ,49 39 74 L8 62 4. . . .. 2.05 1.95
74LS154. . .1 .09 .99 74L8 629 . 2.9 5 2,8 5
74 L8 157. . .45 .3 5 74 L8 64Q. . . . . 1.09 .99
74LS158 . .. 45 35 74L8645 •. . 10 9 .99
74 L5 163, . . . 59 ,49 74LS670 . . . . . 1.09 99
74LS 164 . .. .59 ,49 74 L5688 .. .. 2.39 229

74S/PROMS·

UPD70108-5 (5MHz) V20 Chip $ 7.49
UPD70108-8 (BMHz) V20 Chip $ 8.95
UPD70108-1 0 (1OMHz) V20 Chip $21.95
UPD70116-8 (8MHz) V30 Chip $11.95
UPD70116-10 (10MHz) V30 Chip . . " . $24.95

Replac e the 8086 or 8088 in Your IBM- PC and
Part No. Incr ease Its Speed by up to 40%! Price

MISCElLANEOUS CHIPS 6500/6800 /68000 ConI.
Part No. Price Pa rt No. Price
0 76 5AC +95 3 ,95 6845 9:95 2 .95
W09 21 6 6 .95 6850. . . . . 1.9 5
95H90 9:'95 595 6852. _ . . . . . . . . . . 1.49
lBO. l BOA. l80B SERIES MC 68000LS 11.9 5

ZOO. . . . . . • . . •~ .99 MC68000L10 13.95
Zoo-GTC.• . .. "'t:7'9 .99 M C 680 1OL10 49 .9 5
Zoo -DAR T 4.95 M C 68020RC12B 169 ,9 5

7400 Z80 -P10 +T9 .99 MC 6888 1RC 12 A 149 .9 5

Part No. 1-9 10+ Part No. 1-9 10 + ~~~CT·C" ). · · · · · ~ .~~ 80 3 1. ~~~~.~~~~~~ . 3.95

74 00. .29 .19 748 5. . 65 .5 5 ZBOA-DART. '. : : : : : 4:95 ~~ 1. ..:: i..~~
;:g~: : . .~~ : ~ ~ ~~:~: : .:':; 26~ 1 :~~ ~~~~,g/(i. :: : .: : : : ~:~~ :5~A. ·. : ·. · ..2:95' ~ :~~
7405 .3 5 25 7490. . . .49 39 Z80 8 . .... .. .. . . . • 3 .49 B08 SA . . 2.49
7406. 39 29 74 93 . . . . . . .45 35 Z8GB -G TC 3 .9 5 8086 . . . 5.95
740 7. . . .. 39 29 74 12 1. . . . . .45 .3 5 Zoo8-PI0 ~ 3.95 8086-2 6 ,95
7408 . .. . 35.25 74 123. 55 .45 6500/6BOO /68000 SER. 8087(5MHzl 129 .9 5
74 10. . . . 29 .19 74 12 5, . . .55 4 5 6502 2.65 8087-1 (10 M Hz) . .229,95
74 14 . ,49 .39 741 26 . . 69 .59 65 C02 (CMOS) 6:957.75 8087-2(BM HZ) . .. 159 .9 5

;1 ~ ~: : . .39 ~~ ~~ ~ ~~: : : : : : : ~:~~ ~'~~ ~~~g: : : : : : : : : : : : :~:~~ ~~~~2' :: ~ ~:~~

;1~g ·U .~~ Hi~L ::::;.!~ m ~~!t;~ :I~~:6EJ~! mt·,. j~~
;1~~ " .39 ~~ 74 174 . . . 59 :~~ 6800. . . .. 1.9 5 8 156 . . . . 3 .9 5
7442 . . . .55 .45 74175. . . .59 .49 6802 . . .• . ... .. ... 3.95 8202. . . 5 9 5

7445 . . •... . .79 ,69 74 176 . ..... 99 .89 ~~9: : : : : : : : · : · · · ~ :~~ ~~9~: · · · · · · · · · · : :~·~~
-7446~.89~9· -?4 18l~1 :95-1~5- - 6840 3 .95 - - 82 24 . . . . . 2 .2 5 -

744 7 89 .79 74189 . . 1.9 5 1.8 5
7448 2.05 1.9 5 74193 79 .69
7472. 89 .79 74 198. 1 8 5 1.75
747 3 . . 39 29 7422 1. .99 89
747 4 . . .39 29 742 73 . 1.95 1.8 5
74 75 , . . ,49 .39 74365. . 65 .55
7476. . 45 .35 74367. .65 55

PARTIAL LISTING ' OVER 4000 COMPONENTS AND ACCESSORIES IN STOCKI • CALL FOR QUANTITY DISCOUNTS*DRAM"S SUBJECT TO FREQUENT PRICE CHANGES
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. Hayes com mand co moat­
ible . Bell 103 /2 12A com­
patrble : Au to- dralz auto­
an swe r . FCC approved
t- vear warran ty ' Inc ludes
MaxlMi te Comm unic at ion
Software

M4650 :
· Hanoheto.tu qh accuracy
• 4 1, Digit LCD
· Manual rangin g With
Overload Protection

· Aud ible con tinuity tester
· Tests ACIDC Voltage .

Resist ance. Con tmurtv
Capa ci tance and Frequency

• One Year Warranty
· Size . 7"L x 3 11 'W x l '1'H

KD302 :
· Pocket Size In ha nd y carry

cas e
· 312 Digit LCD
• Auto or manual rangin g
· Audible co ntin uity tester
· Tests: ACIDC Voltage. Resis ­

tance and Continuity
· One Year Warran ty
· Size : 4 ' ~ 'L x 2"W 'j '1"
KD302 . . $27.95

M4650 . . $79.95

JE864 $39.95

· 80 Col./64K RAM · Doubles
amo unt of data yo ur Apple lie
can display as well as its mem­
ory capac ity' Ideal fo r wo rd
p roces s ing ' Co mpl e te w ith
Inst ruction s

12001300 Baud Internal Modem S 79.95
2400/1200 /300 Internal Modem $174.95
1200/300 Baud Externa l Mod em $119.95
2400 /1 200 /300 External Modem $219.95

Kingdom and Metex

Digital Multimeters

ADD12 $99.95
TEST EQUIPMENT

Prometheus 1200B Internal Modem
PM1200B-2S ISoffwa'O ,ncl.).$449:-95 $119 .95

1200H
24005
1200C
2400E

ST225
ST225K
ST238
ST238K
ST251
ST251XT
ST251 AT
ST277

n X1410

JE1031

JE1014

JE1 015
JE1021

JE1043

EGACard with256KVideo RAM
and PrinterPort (PC/XT/AT) $149.95
Multi I/Owith DriveController
and MonoGraphics (PC/XT) $119.95

ColorGraphicsCard w/Printer FOrt (PC/XT/AT) $49.95

JE1050

MonoGraphicsCardw/Printer FOrt (FC/XT/AT) . . . . . $59.95

Additional Add-Ons Available!

14" EGA Color - EGA/CGACompat..720x350(max.)resolution(PC/XT/AT)
TE5154 $399.95

14" Ultrascan Color - CGAlEGA/PGCIVGA Compatible,800x560(max.)
Resolution(PC/XT/AT)
4375M $5T9;95 $549.95

IBM PC/XT/AT COMPATIBLE CARDS

12" Amber Monochrome-
TIL Input, HighResolution(PC/XT/AT)
AMBER. .... $'1-69:95 $99.95

14" RGB Col or - eGA Compatible
Amber/Green/Color Switchable. 640 x
200 Resolution (PC/XT/AT)
TTX141 0 $279.95

JE1055

JE1071

JE1052

Multifunction, I/O and Expansion Cards
I/OCardwith Serial,Game. ParallelPrinter

JE1060 Port andRealTime Clock(PC/XT) $59.95

JE1061 RS232Serial Half Card (PC/XT/AT) $29.95
I/OCardwith Serial,Gameand

JE1 065 ParallelPrinter Port (AT) $59.95
Expand to 384K(incl. zero-K)Multifunctionw/Serial,

JE1078 Game.ParallelPrinter Port & Real Ti me Clock (PC/XT) . . $79.95

Floppy and Hard Disk Controller Cards
JE1040 360KBFloppy DiskDrive ControllerCard (PC/XT) $29.95

JE1041 20/40MBHard DiskControllerCard (PC/XT) $79.95

JE1043 360K/720K/1.2MBFloppy Disk Cont. Card (PC/XTlAT) $49.95

JE1045 ~~~~:~I~~~~;~~Zi.I~~~y:~~r~ ?~s~ $159.95

JE1 050

Graphic
Display
Cards

TA450S $11 .95
Torin Industrie s ( 4. 68~ SQ_, 50 el m)

SU2A1 $11.95
EG&G Botr on (3.125 ' square, 34 elm )

DATA BOOKS

PROTOTYPING PRODUCTS

Jameco Solderless
Breadboard Sockets

. Award
BIOS ROMs
incl uded

30005 Lo,,;cOata Book - \'01. II (84) $19.95
30009 Intersil Data Book (87)•. .. . •• • . . . $14.95
21398 CMOS Cookbook (86) $14.95
21 0830 Int~ MemoryHandbook (87) • • • • • • • $17.95
230843 Intel Micro system Hndbk . Set (87) • •• • $24.95

T30MB

Jameco 's
IBM PC/XT/AT

Compatib le
Motherboards

JE1 001

JE 1000 4.77MHz (PC/XT) $ 84.95
JE1001 4.77/8MHz (PC/XT) $ 99 .95
JE1002 4.77/1OM Hz (PC/XT) $119.95
JE100 7 6/8/10/12MHz (AT) $ 349.95

Jameco
Computer
Power . C]pi="'i'I,t
Protection JE1190

JE1 190 Power Base $29.95
JE1191 6-Outlet Power Strip .. •. $11 .95
JE1192 300Watt Back-Up $ 269.95
JE1 193 500Watt Back-Up $349.95

Zuckerb oard
TANDY 1000

Expansion Memory
Half Card

Expand the memory of vour
Tandy 1000 (128K Version ) to
as much as 640K . Alsoincludes
DMA co ntroll er ch ip

TE512 Includes 512K RAM $199.95
TANC F'tug-in Clock option chip (only) $39.95

30Meg Hard Disk Drive Board for Tandy 1000,
1000A, 1000SX, 1200, 3000 and 3000HL

30MBHardDisk Drive
Board " $599.95

NEW!1\Irbo 10MHz PC/XT Compatible Kit!
FREE! PC Write Word Processing Software Included!

Jameco's 4.77/10MHz Turbo
IBM PC/XT Compatible Kit

JE1002 4.77/1OMHzTurbo Motherb oard
(Zero -K RAM - Includes ANard
BIOS ROMs) $119.95
Mini Turbo PC/XT
Compatible Case . . . . . 5 69. 95
XT/AT Camp .Keyboar d 559.95
5114 · osoo Disk Drive
(Bei ge Bezel) $89.95
Mmi 150W Turbo PC/ XT
Comp. Power Suppl y • . . $69.95
360 K/720K/1.2M Flop py
Contr oller ca rd. ... . • $49.95

4164-150 16KRAM (65,536x1)
Dim. Price 41256-150 (2 Chips, 150n5)• .• • . . . $4.9 8

L" xW" 512K RAM (262,1 44x1) Jameco PC/XT
J E20 $ 2 29

(18Chips, 150ns) .. . . $139.50
6', x', 200 0 . 50464-15 112K RAM (65,536x4) & AT Compatible

JE21 3'. x 2'. 400 0 $ 4.49 (4 Chips,150ns) $23.80 Disk Drives
~~~~ ~ : ~ :1:: ~~g g $ 5.95 " Regular List $627.98 JE1022(Pictu redl
JE24 6', x 3'. 1,360 2 ~1~:~~ ' \ SAVE $128.03! JE1020· ·;;~~rl(PC/XT/ATI ... $ 89 .95
~~~~-~~~:-g~g--1-~~~:~~- -JE1 006"IBM PC/XT Compo OMHzTu rbo-Kit -:-:-$ 4 9 9 .9 5 - - JE1021 360K BeigeB,] (PC/XTlAn :-:-:- $ - 89 .95 -
JE27 7', x 7', 3,220 4 $37.95 IBM COMPATIBLE DISPLAY MONITORS JE1022 1.2MB Beige B,] (AT). .. . . $109.95

Datatronics

2400/1200/300 Modems

U.S. Funds Only $20 Minimum Order Data Sheets - 50¢ each
Shipping: Add 5% plus $1 .50 Insurance IBM Is a reg lste <ed t",demarl< 01 Inte rna tional Busine ss Machin es Prices Subject to Change
(May vary according to weight)

California Residents: J ® 1_'ISend $1.00 Po""ge fa, a
Add 6%, 6V2% or 7% ameco @ FREE 1988 CATALOG

Sales Tax VISA Telex: 176043
FAX 415-592-2503 ~ ::;:;:;:;:;:;:;:;:;:;:::::;:;:;:::::::;:;:::;:;:::;:

5/88 ~ :::;:;:;:;:;:::::::::::::::::::::::::::::::::::::::: e', 988Jameco Electronics

1355 SHOREWAY RD., BELMONT, CA 94002 • FOR ORDERS ONLY 415-592-8097 • ALL OTHER INQUIRIES 415-592-8121

CIRCLE 114 ON FREE INFORMATION CARD
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+ QUALI TY PARTS + DISCOUNT PRICES + FAST SHIPPINGI

ALL ELECTROniCS CORR
SWITCHES
MNIA1lRErcoas

9M1U-ES

<II rated 5Arrps ~S.P.D.T,(on-on)
Solder lug terminals. ,• •
CAn MTS· 4 ",'-'
$1.00 each
10 for $9.00

S,P,D.T.(On.on)i
Non threaded bushing.
P.C. mount.
CAT . MTS·40PC
75¢ each
10 for $7.00

D.P.D,T,(On.oni
Solder lug terminals.
CAn MTS·8 .
$2.00 each
10for$19.oo __ _

MINI PUSH BUTTON
S. P. S. T. momentary. t
Push to make. 1/4" _

threaded bushing.
Red button.
CAn MPB· 1

35¢ each ' 10 for $3.25

PUSHBUTTON
PHONE

Spectra-phone Model. OP-1
1 piece telephone with rotary
(pulse) output. Operates on most

rotary or touch tone,
systems. Features
last minute redial
and mute button.
Includes coil cord .
with standard mod-
ular plug. IVORY.

CAn PHN·l $8.50 each
2 for $15.00

LED HOLDER
Two piece holder. e @
CAn HLED

10 for 65¢

CLlPLITE LED ,."
HOLDER ~

Makes a L.E.D. look like a fancy
indicator. Fits T !-314size LED.
CLEAR CAn HLDCL-C
RED CAn HLDCL·R
GREEN CAn HLDCL·G
YELLOW CAn HLDCL-Y

4 for $1.00

SOUND EFFECTS

BOARD ~s;J'P.C. board with 2 1/4" '

speaker, 2 LED's, IC, ~~ ~
battery snap, other com-
ponents 2 3/8' X 3". When switch is
pulled board beeps and LED's light.
Operates on a 9 volt battery (not
included). CATII ST·3 $1.25 each

26 IC's including 6520A and 6560. Not
guaranteed but great for replacement
parts or experimentation.

CAn VIC·20 $15.00 each

SWITCHING POWER
SUPPLY

Compact, well regulated switching
power supply designed to power Texas
Instruments computer

equipment. INPUT: ~
.14·25.Vac @_1 amp_ _ "ii\!9!
OUTPUT:+12Vdc@ . 1- -11
350 mao +5 Vdc @1.2~
amp -5 Vdc @ 200 mao
SIZE: 4 314"square.
Includes 18 Vac @ 1 amp wall trans­
former designed for this power supply.
CAn P5-T X $5.00 per set

10 for $45.00

COMPUTER
GRADE

CAPACITORS

10 AMP SOLID
STATE RELAY

Control: ~
3-32 Vdc .., _" ~

21 /2" X '
314" X 7/8" .

CAn SSRLY -10A
$9.50 ea. 10 for $85.00

MINI 12 VDC
S.P.D.T.

4 Amp ~~~.contacts ....~;;.~

335 ohm coil ~ ,
.61" X .42" X .44 ". Fits
DIP socket, P.C. mount.

CAT /I RLY·787
$1.50 ea. ' 10 I $12.50

RELAYS
12 VDC 4PDT

P.C. mount I',5 amp
contacts.
150 ohm
coil. Size:
1 1/4" X 1 314 X 7/8"

CAT. 4PRLY-12PC
$3.50 each

22000 MFD 25 VDC
2' dia. X4 314' high

CAn CG·22 $2.50

7500 MFD 200 VDC
3' dla. X5 314' high

CAn CG-75 $4.00

1400 MFD 200 VDC
2' la.Jr3' hlQh

CAT' CG-1420 $2.00

FLASHING LED
with built in flashing circuit oper­
ates on 5 volts..,=-:::'
RED $1.00 each
CAn LED-4 10 for $9.50
GREEN $1.00 each
CAn LED·4G 10 for $9.50

BI·POLAR LED
Lights RED one direction, ~
GREEN the other. Two leads.
CAn LED·6 2 (or $1.70

I~
BLACKLIGHT ASSEMBLY

LED'S
STAND ARD JUMBO

DIFFUSED
T 1-3/4 size
RED 10 for $1.50 , 100 for $13.00
CAn LED-l 1000 for $110.00

GREEN 10 for $2.00
CAn LED·2 100 for $17.00

1000 for $150.00

YELLOW 10 for $2.00
CAn LED-3 100 for $17.00

1000 for $150.00

POLARITY
SWITCH

2 AMP CONSTANT, 4 AMP SURGE
CAn Dvp·412 $22.50 each

Complete, functioning assembly includ­
ing ballast, on-off switch, power cord,
sockets and F4T5-BL blacklight.
Mounted on a 7 1/8" X 3 1/8" metal
plate. Use for special effects lighting or
erasing EPROMS.

CAn BLTA $10.00 each

13,8 VDC
REGULATED
POWER
SUPPLY
Solid state, fully regulated 13.8 Vdc

.I)o~pplies . Both feature 100%
solid state construction, fuse protection
and LED power indicator. UL listed.

48 KEY
ASSEMBLY

III~~

Send for a FREE
copy of our NEW
52 page CATALOG

TRA

4RS
5.6 VOLT - 750ma
CAn TX·56 $3.00

12 V.C.T. - 1 amp
CAn TX-121 $4.00

12 V.C.T. - 2 amp
CAn TX • 122 $4.85

12 V.C.T - 4 amp
CAn TX·124 $7.00

18 VOLT - 650 ma
CAn TX·186 $2.00

10 for $17.50

AlB SWITCH
JVC' PU53593-2

High quality m~
AlB switch.
75OHMS IN/OUT :5ff
Measures: 3 3/4' X l 7/16" X l".

CAn ABS·2 $3.50 each

NEW T.1. KEYBOARDS.
Originally used on computers,
these keyboards contain 48
S.P.S.T. mechanical switches.
Terminates to 15 pin connector.
Frame size 4" X 9".

CAn Kp·48 $3.50 each

24 V.C.T. - 1 amp
CAn TX·241 $4.85

24 V.C.T. - 2 amp
--CAn-TX·242 - $6,75--

24 V.C.T. - 3 amp
CAn TX·243 $9.50

24 V.C.T - 4 amp
CAn TX·244 $11.0011,-----------4 3 AMP CONSTANT, 5 AMP SURGE

CAn DVP-512 $30.00 each

AM SIZE 1.25V 180mAh $2.25
AA SIZE 1.25V 500mAh $2.00
AA with solder tabs $2.20
C SIZE 1.2 V 1200mAh $4.25
SUB-C with solder tabs $4.25
oSIZE 1.2V 1200mAh $4.25

BRIDG E RECTIFIER
10 AMP 200 P.I.V.

5/8" square. '1;1,1
CATIIF W B·1020 \I II

st.oo each ' to torS9.OO

XENON FLASH TUBE
.,n.""""i""""jO-~

3/4" X 1/8" dia.
CATII FLT-1 2 for $1.00

STORES:
LCG.A/IGEl.ES VNolNLNS

OO5S.\IERMCNTAVE. 6228SEPULVEDA BLVD.
LCGAN3ELES,CAsccos VNol NLNS,CA91411

(213)38(}.8()00 (818)997-1806

MAIL ORDERS TO:
ALL ELECTFC.t-l1CS

P.o. BOX567
VNol NLNS,CA

91400

TELEX 510101 0163
(ALL ELEC TRONIC )

CUSTOMERS
OUTSIDE OF THE U.S.

SEND $1.50 POSTAGE
FOR CATALOG

TOLL FREE
800-826-5432
INFO: (818)904-{)524
FAX: (818) 781·2653

ClUANTm ES LIMITED

MINIMUM
ORDER $10.00

CAl iF ADOSAlE S TAX

USA: $3.00
SHIPPING

NO C.O.D. • ~

CD
ex>
ex>
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- HAVE A COMPUTER? THEN ORDER J9T
THE MOTORS AND DRIVER IlOARD~ 00
I WORKS FROM YOUR CENTRO NICS PORT StH
I DEMO PROGRA M GETS YOU UPAND RUNNING $6
fAST. 'OOK OF SAMPLEPROGRAMS SHOW HOW TO GET
YOUR CUSTOM PROGRAM WOR KING I INCLUDES 4 STEP­
PER MOTORS,2 AC POWER SUPPLI ES,DEMO SOFTWARE
, DRIVER BOA RD KIT' TERMINAL STRIPS fORSTEPPERS
AND COMPUTER I SPECifY FORMAT IBM MORROW CPM
c ln for I cop~ of 15 dl~ Iril1 asreement. Tax &
frei.hl exl r l . COD ok ju,t I dd t Z. ZO to .freiq.hl
Pnce m• ., chenge _Store price me"J diffe.r.Whl1e
,uppli es II,t. No PO, term. or credIt cud,

S .." S OPENiliconYalley urptus 1Oern- 6pm

415-261-4506 CLOSED
440 1 OA KPORT OAKlAND CA , 94601 SUN 8< MON

CIRCLE 51 ON FREE INFO RMATIO N CARD

MOTION CONTRO L SYSTEM
~ "' ''' I NITOR ~RIVER

~ :"":",, :::~~:2 ~~~

,~~mm~_~:~~ .~... ...::~ : ~~
DOS~!~;;;r::~:l:.~;::::: ] :4
~~IIC ~ FLOPPYOR I~~:~'T";~iiJDED MOTORS

COMPUTER·MONITOR·KEYIlOARD
MOTOR CONTROLLER $149 0 0
FLOPPY CONTROLLER
4 MOTORS. SOFTWARE
A. Co POWER SUPPLY ADDl l2F OR FRElGHT
• GEN ERAL PURPOSE 64K'SINGLE BOARD COMPUTER
HAS 2 SERIAL PO RTS 8< 1 CENTRONI CS PORT. AMBER
MONITOR WITH 80 BY24 LINES OF TEXT DISPLAY .
HIGH -QUALITY KEYBOARD THAT HAS · A SEPARATE
NUMERICAL KEYPAD. LIGHTED CAPS LOC K AND ENTE R
KEYS.' 0 FUNCTION KEYS . STEPPER MOTOR DRIYER
KIT WITH 4 OF OUR "EASY STEPPER" MOTORS I PDS
DOS I MICROSOFT BASIC. PILOT LANGUAGE. MOTOR
CONTROL PROGRAM WITHSOURCE LISTINGON DISK.
SCHEMATICS INCLUDED I JUST ABOUT EYERY THING
YOUR ROBOT WILL NEED FOR " BUILT IN " SMARTS!
• WE PROYIDEAN A.C.SUPPLY fOR BENCHTEST ING.
OUT PUTYOLTAGES ARE +1 2YDC oi' 2.5 AMPS. -1 2YDC
oi'.5 AMPS. +5 VDC oi'5AMPS. +24VDC oi' 1.5AMPS
• EXCEPT f ORTHE STEPPER DRIVER KIT ALL BOARDS
ARE ASSEMBLEDAND TESTED JUST WIRE THEM TO
TOGET HER.lSOLDERING IS REOU IREDI DISK STORAGE
(NOT INCLUDED) ISEXPANDABLE TO 3 2 MEG

74.50

. . 70

.. . . . . . CV2

.. .. .. . . . 27

. . .. .. . . . . 77

RCAD&SP

Parts Express .

R&D Electronics .

R.S.R. Electronics

PC Boards . .

Pacific Ca ble

OCTE Electronics

WPT Publications .

Tektronix 13, 15

Tektronix 17, 33

Test Probes . . 75

The Datak Corporation 74

The Hobby Helper . . 83

TSM CV3

VCANDO VCR Educational Prods 84

PACIFIC COASTI Mountain
States
Marvin Green
Pacific Sa les Manager
Radio-Electronics
5430 Van Nuys Blvd. Suite 316
Van Nuys, CA 91401
1·818-986-2001

80

205

MIDWESTITexasl Arkansasl
Okla.
Ralph Bergen
Midwest Sales Manager
Rad ia -Electron ics
540 Frontage Road-8uite 339
Northfi eld, IL 60093
312-446-1444

EASTISOUTHEAST
Stanley Levitan
Eastern Sales Manager
Radio -Electronics
259 -23 57th Avenue
Uttle Neck, NY 11362
718-428-6037, 516·293·3000

For Advertis ing ONLY
516·293·3000
Larry Steckler

publ isher
Arline Fishman

advertising director
Shelli Weinman

advertising associate
Lisa Strassman

credit manager
Christina Estrada

advertising assistant

181, 184

SALES OFFICES

Gernsback Publications. Inc.
500·B Bi·County Blvd.
Farmingdale. NY 11735
(516) 293·3000
President: Larry Steckle r
Vice President: Cathy Steckler

182, 183

123

186

70

73

204

179

. .. . . . . ... . . H3

. 77

. . . ... . 103

. . . .... 104

.. 105

. . . . . 19

. .... . . .... 38

78 Radio Shack 113

188, 189 Sencore. . 3, 21

5I Silicon Valley Surplus I IH

191, 192 Simpson . ..

250 to 254

83 Synergetics .

92 Tektronix

56

207

199

.2 0

.. . 94

Page

. 32

.. ........ .. . H2

. H2

.... .. H3

.......... ....... 15

. . 104

. . . . . 117

NuScope Associates.

Kikusui .

All Electro nics

Daetron 33

Deco Industries . . . H2. 83

Devtronics 94

Digi-Key . . 116

Diskett e Connection 94

Electronic Technology Today 14 , 32

Electronics 8 00k Club 29

Elephant Electronics 82

Fluke Manufactu ring . . 22

Ford ha m Radio . . CV4

Golden 8 0w Systems . . 94

Grantham College of Engineer ing 14

Heath . . . . . . . . . . . . . . . . . . . 18

ISCET . .. 81

J & W . . 26

J DR Instrumenls . . 5

JD R Microdevices . . . 108. 109

J DR Microdevices . . . . . I 10. I I I

J DR Microdevices . . . .. . I 12

Jameco 114 , 115

Je nsen Tools 83

Joseph Electronics 25

Kelvin . . " 81

Crys tek . .

MCM Electronics . . .. 107

MD Electronics 79

Mar k V. Electro nics 105

McGraw Hill Book Club 44

Microprocesso rs Vnlld . . . 94

Mouser . . " 79

NRI. . .. 34

New-Tone Electronics 23

A. I.S . Satellite . .

AMC Sales .

AMCO M .

8VYV S .

Allen, Wm 8 2H

Alpha Produ cts 94

Amazing Devices . . I IH

Amer ican Design Components. . 106

Amer ican Reliance 73

Ilanner Technical 8 ooks 7H

Blue Star Industri es 83

Applia nce Service .

8 & C Microsystem s . . 94

8 &K Precision . . 7

C & S Sales 30

Clli . . . . . . . . . . . . . 8

Ca ig Labo rat ori es . . . . . . . . . . . . . . . 74

Chemtronics 72

Chenesko Prod ucts . . 83

Command Production s 81

Comp uter Her oes 94

ContactEast 83

. Cook's Institute . . 78

195

185

87

53

93

206

ADVERTISING INDEX

65

59

113, 176

177, 178

198

114

115

107

103

208

Free Information Number

120

121

RADIO-ELECTRONICS does not assume any responsibility fo r errors that may appear
in the index below.

61

117

71

72

203

55

58

196

197

127

201

82

200

109

60

50

54

193

81

108

86

106

187

84

202

77

194

190

85

6950
5950

20.00
l Doo
10.00
6.00

4950
... 39.50
.. 199.50

3950
6950

PLANS-BuildYourself- AllParts AvailableInSieck
• LC7-BURNI NG CUTIINGCO, LASER ... ....$ 20.00
• RUB4- PORTABLELASERRAY PISTOL . 2000
• TCCI- 3SEPARATE TESLACOIL

PLANSTO1.5MEV.
• IOG1 -IONRAYGUN ..
• GRA1-GRAVITY GE NERATOR ..
• EMLI-ElECTRO MAGN ET COIL GUN/LAUNCHER

KITS
• MFT3K-FMVOICETRANSMITTER 3MIRANGE..•.
• WIPM7- TELEPHONETRANSMITTER3MIRANGE..
• BTC3K-25O.oo VOLT10·)4" SPARKTESLACOIL .
• LHC2K- SIMULATEO MULTICOLORLASER ..
• BLSl K- l 00.000 WAn BLASTER OEFEI/SEDEVICE..
• ITM1K-loo.1oo VOLT 20' AFFECTIVE

RANGEINTIMIOATOR... . •
• PSP4K- TIME VARIANTSHOCK WAVEPISTOL
• PTG1 K- SPECTACULARPLASMA 149.50

• ~~~~KA~~E~~~~~~T~L· : ·" : · · : ••" .",, .. . " ... " 19950

ASSEMBLED
• PTWIK- SPECIAL EFFECTVISUALPLASMA GENERATOR

FOR GLOBEs/NEON TUBINGETC . . ... S5950
• BTC1Q-50.000 VOLT-WORLDSSMALLEST 4950

•(~t~~~l\vi HeNe VlsiBLEREO'LASER'GUN" 24950
• TAT3llAUTOTElEPliONERECOROINGDEViCE 2450
• GPV1Q-SEEIN TOTALDARKNESS IR VIEWER... .. ..... . ...•.34950
• lIST1Q-SNooPERPHONE INFINITY TRANSMITIER 169.50
• IPG7Q-INVISIBLEPAINFIELDGENERATOR-

MULTI MODE ..

• CATALOGCONTAININGDESCRIPTI ONSOFABOVEPLUS
HU NDREDS MORE AVAILABLE FOR $1.00 OR USE OUR
PHONE FOR "ORDERS ONLY' 603-673-4730.
PLEASEINCLUDE$3.00PH ONALL KITSAND PRODUCTS
PLANSAREPOSTAGEPAID. SENDCHECK. MO. VISA. MC IN
USFUNDS.

INFORMATION UNLIMITED
P.O. BOX71 6 DEPT.RE,AMHERST.NH03031
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oo.VN:; aECTRCNK:;

1645 EASTO~ETHOOPE

FUl.ERTCN
CA 9263 1-5294
TEL:1714 )871-12-20

TRI -TEK ELECTRIC
90104 NCflTH 23 AVENUE Pr«JEN1X
ARIZONA 65021
T EL: 6 02 37 1-08 -50
AF B.ECTRCt.IICS
11645 HARBO R BLVD
FULLERTON CA 92632
T EL : 71" 635-50 -90

ELEC'ffiCN1C0U11..ET
2815FRCNOREN
HOUSTON TE X -n063

Ka VN 8..EcmcNCS
7 FAIA::HILD AVE.
PLAINVIEW N.Y 11803
TEl :(5 16)3 " 9-7 620
FAX:(516)349·7830

DON RADIO
2001 HARBOR BLu e
COSTA-M ESA CA 92627

WA, BELLEVUE SEAlTlE 98005
131J07 NORTHU P WAY
20TH ST N.E.
TEl :(206 ) 88 1-8 19 1

QUEBEC, MONT REAl EAST H1S 1A9
6080 METROPC4..tT I.4J'lBLV D E.
TEL:(514) 256-7538

OUEBEC, MCNTAE.AL-WEST H4P 1N
565 1 FERRIER 5T
TEL: (514 ) 73 1-744 1

ONTA RIO, DOWNSVIEW M3J 1Z3
TOACNTo-DOWNS\IlEW
86 ST REGIE CR N
TEl:("1 6) 630 -00400
FAX:(4 16) 63 8-29 36

MAN ITOB A, WINN IP EG R3 H OH8
106 KING eDWARD ST E
TEl:(204 ) 786 30 75

AlBERTA, EDMCNTON TGH4J8
53 12 CAlGARY TRA IL
TEl:(403) 438 -5888
FAX:('03) 43'-0812

AC:r ~V lE
DIS TRI B UTORS

IN CANADA
AlBERTA , CALGA RY T2A 5N 1
NBR 2-3220 5 TH AVE N .E.
TEL:(403) 235-5300
FAX: (403 )24S-0750

CC ElECTAOWARD
716WSTGEORGEAVE

. lINDEN N.J
: T EL : 20 1 925 -&3 -33

aECTROCITY
801 EAST BROADWAY

• TUCSON ARIZONA 85719

. .~

ONTA RIO OTTAWA K1Z 5A6
1023 MEA IVAl ROAD

.... TE L :(613 ) 728 ·7900

$22 .20

$ 16. 20

$ 2 S . 3 0

VARLABLE SOLIO STATE AEOl.l.ATED PO­
WER SUPPlV 8V TO 38V12A..
TRANFOffo,IIERIS NOT N:lUOEO WrrHTHE
KIT.

TSM 214 12' .50
&.c~a CATERP LAR SAFE LOW
VOLTNJE OPEAA~USINGTSM 220
AND 221 SPOT . 9V D.Cl 0 .5 A

TSM 213
SAFE l CIN VQTAG E 2-WAY CATERPLAR
RN-IOOMlY FlASH~ AMJ WINKING. TSM
220 AND TSM 221 SPOT COM PATIBLE.
PClNER SUPPLY 12V/O.5A .

TSM 221 $17.20
25 LED'S SPOT FOR SAFE LIGHT MODUL ­
ATION. SUPPlIED WITH BOX.

T SM 220

TSM 116 V12 $11.50
REGULATED f'OYo+IER SUPPlY 1'N D.C.
PONE RTRANSFOff.,olERIS NO'rINClUDED

WITH THE KIT.

TSM 16 3 $12.'2
POWER SUPP LI ES 5 , 7.5 , 9 , 12V/1A.
POWERT"fW'.6~ER N:JT N:lUOED
WITH THE KIT.

TSM 2 V4 $25 .85
VARIABLE sooo STATE REGULATED PO­
WEP -':UPPlY 3 VTO 14V/5ATRAN SFORMER
NOT K l UDED N THE KIT.

TSM 11 6 V5 $11.50 '
REGLlATED POWERSlO'PLY 5VD.C. : w.cs a ECTACNC
POWER 'T'R.N".1SFOFt.4ERNOTN:woeOWtrH · 191 SOUTH E STRE ET
THE KIT : SAN BERNARDINO CA 9240 1

) TE L :(7 104 l 8804 -3 1-87

64 lEO'S SPOT FOR SAFE LIGHT MOOlI..­
An<::N . SUPPliED WI'1li BOX.

~ CCMPlJT"Ef\B.ECTRC:NCS
821 E ROOSEV a T ROO LOf.iBAAD
IL . 501048

:.' . : TEL:(312)891·89-00

$17 . 5 0 . ..~
TS M 212 LOWOPERAT1NG VOLTAGE.
SPOTTSM 220 ANOTSM 221 COMPAT IBL
CCNTROLED BY A MlCAClf'>«:NE.
POWER SUPPlY 1'Z1/1 tA , OUTPUT O.SA.

. MODULATOR. SAFE3-CH~EL LIGHT

$ 15.15
TSM 105
ELECTROOIC AlARM SIREN, an IMPED-"", ­
CE, 10 WATTS RATING. POWER SUPPlY
1'N D C . , .-.o~ SPEN< ER r-.K>T INClUDED.

TSM 85 $22 .52
TlM E DELAY SYSTa4 FROM 1SEC TO 15
MNlTES. POWER SUPPLY 12V O.C .

TSM 157 $40.00
DIGITAl. CLOCK AND UP TO 24 MN
11100 5 CHACNOMETER. COUNT·DOWN
CAPABILITY FOA THE ClOCK .
PONEA SUPPl.Y 12V D.C. OR A.C.

TSM 123 $" .1 5
SOUND CCNDm<:::t-lER,OJTPUT LEVa 600mV
TO BE CONN ECTED TO AMPLIFIER AUXLI.....
RY INPVT. PONER SUPPL Y 1'N D.C.

TSM 196 $10.71
7 N PUT MIXER STEREO PREAMPLIA ER O R
1.4INPUT MONO Wm-KXJT ATTENUATION,
IN PUT .47K1100 TO 700rnV,O VTP L1T 04 71<1
100 TO 75OmV, POWER SUPPlY 204VD.C.
10 . 1A

TSM 168 $12. ' 2
MCGOLKrO AEPaLER. POWER SOUA::E
9V D.C.

TSM 58 $.. ...
TWo-STAT1aI,IINTE RCOM WITH SPEAKER
VOLUME CONTRCll, f'OYo+I ER SOURC E ~12V

D.C. I 0.4A

TSM 121 $17.54
16 LED DISPLAY -rnE RMCMETER ; PONER
SUPPL Y 1511&V D.C JO.15A

TSM ss $15 .83
TaEPHONE AMPlIAE R WITH INDL.CTlVE
PICK-UP AND SPEAKER. ADJUSTAB LE
VQUME, POWER S UPPLY 9112V D.Cl O,1A

TSM 210 $10.50
FlUY AANOClMlSED a ECT'RC:f',I C DCE ,
POWER SUPPLY 9 - 12V D.C.tO,1A

T S M 160 $11.02
STEREO SlMLLATa:\, f'OYo+IER SUPPLY 12V
D .C./0 .1A .

TSM 206 $10 .1 5
METR<:::lt£lME; POWERSUPPLY9 - 12V D,C.

TSM 177 $33.20

DIGITAl Va....Th1ETERS 0 v TO 999 V D.C.
POWE R SUPPl Y 12V D,C.IOI.5A

5 $82 .50
HCME PA()GAId.,4ER. .4DEVlCES Cc::::N"1"'FK:.
20 PAOGfVMS. OPERA'TlCN WITH RELAYS
POWER SUPPlY 12V D.CJO.8A.

TSM 78 LNIVERSAL ALA PM FOR

HOME AND CAR, DELAYED EXIT TIME, AD­
JUSTMLE SOLNO.ALARM .TM4 PER PACX>F.
OPEAA~wrrnCONTACT SWITCHES.
POY-IER SUPPLY 12v D.Cl O,15A $ 3 3 .2 3

TSM 54 $13 .85
FMTRANSMITTER , POY-IERSUPPLY 9V
D.C . I 0,5A

TSM 88 $38 .77
Ft..t.cllCN GENERATClR,FREaJEN::Y RAn3E
8HZ TO 200K HZ,PROV IDINO SINErmIANGlE
ISOUAREISAW TOOT H WAW E FORM S, PO­
WER SUPPlY 12V O.Cl O.3A

ELECTRONICS KITS
HEAoaUARTER • T5M N AMERICA INC. 2065 BooTCN POST ROAD LARCHMONT N.Y.10538

$26 .77
2" TUNE DOOR CHIM E, OUTPUT 31.4 WATTS
POWER SUPPLY 12V D.Cll A.

B.C. VANCOUVEA V5R SJ7

~e""""'!i!??=====$"'2 "', ."'7"'7=~·,!m~ !t-======"""",:,,~==dll ~~~(~~S~~~3321

DIGrTAl CLOCK , &16 · AEAD OlIT; PO WER ~
SUPPLY 12V D.C/ O.2A WITH HOUR AND :
MN lJIE SETTNG CCNTRQ.S

TSM 34 SO. 11
STER EO RIM PREN-APLIA ER; IP\I PlTT
SENS IT IVV 47 K13mV, O llTPUT 700mV,
POWE R SUPPLY 12V D.C l O. 1A

TSM 31 • $14 .77
R.4 STmEO DECOOER, PONER SUtP\.Y
12V D.C. I 0.1A

TSM 211 $10.00
MEDIUM WAVE RECEIVER . 1 W,O.S W RMS
AI..JOtO PCMIER. POWER SUtPLY

-1 V .I 0 ,1 A

TSM 61 $25. "
FM RECEIVER , OUTPUT 1 WATT "'an .
POW ER SUPPlV 12116V D.C. 10.2A.

TSM 122 $13."
AlL-BAND FMNHF/UHF ANTENN A. 20dB
AMPLI FIER-. PO WER SUPPLY 8112V D.C l

TSM 158 2 . 42
FM RECEIVER , QlITPUT 20 WATTS/an.
PowER S UPPLY 12/16V D.C. /2A.

TSM 147 $11."
MONO S BN>,IOS EQUALIZER .SUPPlIED Willi
5 POl"9tT'1CMETERS.FREa...Je.CY RESPO'..sE
50 HZ TO 15KHZ , POWER SUPPL Y 2 X 12V
D .C .l 0. 15A.

TSM 35 SO. 10
MICAOPHClNE STEREO PRE.A.MPlIF1ER;
INPUT SENS ITIVY sm v l2 00n OR MORE ,
OlIT'P UT 700mV , POWE R SU PPlY 12V D.C.
10. 1 A

TS M g $H .OO
AUOto PRE~PLIAER FOR ourr AR; fli P
S ENSfTl VY " 7KI5m V. OUTPlITLEVEL
" 7Kl1. 5V, VOLU ME CCN'TROL VARIABLE :
POW ER SU PPLY25V D.C./O.1A

TSM 205
FM RECEIVER,HEADPHCNESTEREOOUTPUT
POWER SUPPLY 9112V D.C.IO.1A

TSM 62 $13 .00
C AR ANT ENNA PREAMPLIFIER MWt\...W/FM ,

TSM 335 $15.U
PHVSnOOCT<:::f'JE~, STEREO,

INP UT IMPED ANCE l SOrnV/160K. OUT PUT
Eva eoomv,POWER SUPPLY 25V D.C.

. TSM 146 $33."
STEREO2X5BANDS EOUAU2ER•SUf'PLIE
WITH 10 POTtNTlO.4ETERS. FREOUENcv
RESPONSE 50HZTO 15 KHZ.POWER SUPPL

X 12V D.CJO,2A

$20 . 31TSM 128

•••

SM 155/1 $ U .30
STEREO AMP. 2 X SOW
PEAK. INPlfT SENS ITIVY 47K13OOmV
O UT PUT ",an . SUPPLI EDWITH HEATSINK
AN D BAlANCE , Va..Ut.4 E, BASS, TRE BLE
CONTRa..S.PClWER SUPPLY 4fJV D.C .I2 A.::J

TSM 118 $62 .31
32<1t41 PEN< f'OYo+IER AMPU A ER MODLL E .
an O UT PUT IMPEDANCE INPUT .47K1&oom v
FAEOU8'-CY RESPCNSE 15HZ TO 60KHZ.
POWE R SUP PLY 2 X40V D.C.l6A .
HEATSIf'l( S NOT IN:LUD EO IN THE KIT.

TSM 11 $15 .50
AUDIO AM PLIA ER 30W PEN< POWER , 1SW
RMS . INPUT SEN SITIVY .47K115OmV, 2.S
TO 6 n OlrrPUT. COM PLETE WITH vct. W E,
BASS, TREBLE COf'.lT'RCll; PO'N ER SUPPLY
12116V C.C . 12A

TSM 19 $52 .05
AUD I02040W PEAK POY-IER, 120W AMS
S ENS ITIVITY .47K10.& V.OU TPUT .4 n .
THO 0.3 % , RESP ONSE 15 HZ -100 KHZ .
POWER SUPPL Y 79V MAX. HEAT­
SINKS NOT INCLUDED WITH~E KIT.

T 89 $30.38
AUDIO BOOSTER STEREO 2 X 4fJW F~

CA R RADIO, OUTP UT 2.5n POWER SU PPLY
12/ 16V D.C .!"A .

2 X IS LEO OUTPVT LEVa-METER , STEREO
2 X SOW , POWER SUPPLY 1Sl20V D.C .

TSM 66 $16 .50
AUDIO PONER MOOtJ..E o4C1N PEN< PCWER
20W RMS , INPUT SEN SITI VY 047K1JOOrnV
OUT PUT 2.51&0 POY-IER SUPPLY 12V D.C.2

TSM 68 $22."
STEREO AMPLIFIER '2X 2C1N .
INPUT 47K1300mV , O llTPUT 2,5I &n S UP­
PLIED WITH HEATSINK ,&NOBALANCE,
Va..W E, SASS, TREBLE , PO'H ER SUP PLY

V I ,5A

GENERAL DISTRIBUTOR
PAC6PECT a.EC'TR:::NCS

PO BOX 91« ALLENTOWN . PA 18105
TEL: (215) no - 9029

$11 .88

AUDIO f'OYo+I ER MOOULE, 5(JN PEAK PCMIER
25W RMS, INP llT SENSITIVV &OOmV/47K
O UTPUT IMPEDH-.lCE 4180 POW ER SUPPLY
.40V D.C .l 2A

GENERAL DiSTRIBUTOR
PACGPECT B..ECTf\C:NCS

PO BOX 91« AlLENTO'N N , PA 18 105
TE L: (215) no - 9029

WELCOME
DISTR IBUTORS· RETAILERS

WRI TE FOR AN INTERESTING PROPOSAL

TSM 67' $3' .74
STEREO AMPLIFIER 2XttOW PEAl< POWER
S ENSITIVY INPlIT " 7KI3 00rnV. Ol/TPUT
2.SlMl. VOLUME, BAlANCE; BASS .
TREBLE.CCNTRQ.S. PONERSlO'PLY
12V D.C. 31.4 A.

TSM 102 $22.50

18LEDOlJI1' lJT POWERLEVa METER,
PCWERED BY T'HEMCOU.AllON.

TSM 58 $33.70
AUOIO f'OYo+IER MOOtJ..E 9(NoJPEN< PCWER
.4SW AMS; INPUT SENSITIVY 047K1&00mV
OUT PUT ".evan. POWER SUPPL Y 39V D.Cl3

TSM 18 $12.'7
AU DIO AMPLIA ER 15W PEAK POWEA,7.5W
RMS, INPUT S ENS ITIVY 47K /150m V. 2 .5
TO 6 n OllTPUT. Ce::t.4 Pl ETE WITH Va.WE
BASS. TREBlE CCNTRQ., f'OYo+I ER S UPPLY
12116V D.C . 11.5A

f TSM 5A $H .30
: AUDIOPONER MOOlLE 7(1N PEAK POWER
: 35W RMS , INPl/T SENSrTlVY " 7KI800mv
: OUTPUT "Mn. POWE R SU PPLY 39V D.C.
::. SA

CIRCLE 73 ON FREE INFORMATION CARD



$5995

FORDHAM LCR Bridge Meter
• Fully transistorized• 1 KHz signal
generator • Measures resistance
• Inductance• High mechanical and
electricalstability• Battery operated.

ModelLC-340 $14995
Our Price

Model FC-7011 1::1 6995100 MHz Our Pric:!'

FORDHAM Signal Tracer I
Injector
• Easy to operate• vumeter' Two
LED mode indicators. 1 KHz test
tone• 8ohm speaker • Testleads.

ModelSE-610 $11990
Our Price

NEW
FORDHAM Function

_Generator_ __
• 0.5 Hz-500 KHz in6ranges• Sine,
square &trianglewave forms • VCA
and VCF inputs • kcuracy ±5%of
full scale.

ModelFG-202 $14990
Our Price

NEW!
SCOPE Frequency Counters
• 8-digit LED • Compact · lightweight
• High performance' Automatic
range and Hold function ' High
stability inreferenceoscillator.

ModelDCM-602
Our Price

SCOPE Digital
Capacitance Meter
• Digital LCD display • LSI-eircuit • High
accuracy: 100 rpm 0.5%• Broad test
range • Fast sampling time • Capacitor
discharge protection • Compact, light·
weight design • One-hand operation.

_-.1
"1/

1II11111111 ·i~

"f ,-.~~" .

Model FC-7051 $24995
:=========~ 550 MHz Our Price

FORDHAM Frequency
Counter
• 10 Hz • 150 MHz Range' 7-digit
LED display ' VHF IHF selection
• Gatetime1sec.,5sec, • ±1count
accuracy.

Model ~:;~~~e$13990

Deluxe carrying case
CA·92 $9.95

SCOPE 3V2 Digit LCD
with Autoranging
• 0,5% Accuracy ' Auto/
Manual range selection
• DC Voltage ' AC Voltage
• AC Current· DC Current
• Resistance,

~Y.;~~e31 $4995
Special .

Our Price

• 11Function, 38
rangesincluding Logic
LevelDetector, Audible
and Visual Continuity, 1-- - - - ­
Capacitance and
Conductance
measurements

Model DVM·638

$8750

NEW!
SCOPE 3V2 Digit, LCD
8Function with
Transistor Tester
• 0,5% kcu racy ' Audible
continuity and diode test
• 10 Amp measurement
• Resistance • DClAC

Voltage.
Model
DVM-632 $4495Reg. S60.00
OUf Price

Zippered carrying case
CC-30 $4.50

• 8Function, 'J1
ranges including
Transistorand
Capacitance
measurements

Mini-Meten with Maxi-Specs

CA-92 Deluxe Padded Case for DVM meters .S9.95
TL-216 Transistor and Capacitance TestLeadsS9.90

SCOPE Hand-Held Digital Multimeten
• Overload protection • Auto-decimal LCD readout • Polarity indication•300 hr. 9V battery life • Low battery indicator.

Zippered carrying case
CC-30 $4.50

Model DVM·636

$6750
Our Price

SCOPE 3V2 Digit
LCD Meter
• 0.5% kcuracy • DC Volt·
age • AC Voltage • DCCur­
rent • Resistance ' Diode
Test• Battery Life 300 Hrs.
• Overload Protection: DC
500V, AC 350V, ohms 250V
DC/AC.

~Y.;~~e30 $2995

Fordhalll
measuresup

Quality • Price • Delivery

Ielephone Orders No I EVERYDAY INCLUDING SATURDAYI ~ W. Mon. - Fri. 8 a.m . - 8 p.m . EST Sa t. 9 a .m .• 3 p.m . EST

ASK FOR FREE CATALOG. Money orders, checks acc epted. C.O.O.'s require 25% deposit i V/SoI' : lEBJ•

Fordham ~:e 800:545-951'8
260 Motor Parkway, Hauppauge, NY 11788 In NY St ate 800·832·1 446

Service & Shipping Charge Schedule
Continental U.S.A.

FOR OROERS AOO
$25-100 , $4.50
$101·250 , . . $&00
$251·500 , . , , . saoo
$50 1·750 . . . . $1050
$751·1,000 . . . . $1250
$1.001·1500 ., $1&50
$150 1·2.000 .. .. . , , . . $20.00
$2,001 and Up . . . $25.00

i . .... · . ,.'--_~


