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More than two million users agree: the
Fluke70 Series handheld digital multimeters
are simply thebest.
Theseoriginals have become classics.And
thereasonsare simple.
They are accurate and easy to use. Features
made popular by the 70 Series-likefast
autoranging, continuity beeper, and quick
diode test-are now standards in the industry.
Other 70 Series features stand alone.Touch
Hold®,for example, locksthe reading on
thedisplayand signals youwithabeep.So

you cankeepyour eyes on thecircuit and
probes.
The70 Series are builtwithout compromise.
All current ranges are fUlly fused.The
resistance function is overload protected to
500V. No detail has been overlooked in
making these rugged and reliable meters
the first choice of two million professionals.
Made in the USA using state-of-the-art man
ufacturing methods, every Fluke70 Series
multimeter is backedby a3-year warranty.
Another first inthe industry.

Choosingthe best handheld multimeter is
very simple. Pickup theFluke70Series at
your Flukedistributor today.Or call
1·800·44-FLUKE, ext 33, for afree
brochure.
John Auk'Mfg. Co.. Inc.P.O. Box9090. Everell, WA98206. U.S.:
(206) 356·5400. Canada: (416) 890·7600. Other countries: (206)
356·5500. © 1990 John Fluke Mfg. Co., Inc. All rights reserved.
Ad. no. 0701.f70

FROM THE WORLD LEADER
IN DIGITALMULTIMETERS.
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BUILD A MACINTOSH
Use an Apple motherboard to build your own Macintosh computer
- for a fraction of what Apple charges.
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'Tis t he season. ..when we all
wrack our brains to come up with
un ique gift ideas. This year, we 've
made it easy, with a project that's
right in the spirit of the holiday sea
son. Our Electronic Christmas Tree
is really a PC board whose traces
form the branches. Multi -colored
LE D 's look li k e Christmas-t ree
lig hts, and blink in time with any
kin d of audio. Turn to page 40 to see
our festive project that makes a
great ho liday greeting or window
display. And if your wallet's feeling
the pinch of holiday shopping, you'll
appreciate our Benchtop Frequency
Counter. Half the price of commer
cial models, it offers an impressive
array of functions . The versatile ,
easy-to-use instrument is based on
the Intersil ICM7216C. To find out
mo re, turn .to page 33 .
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The World's Most Popular Probe

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

N, UHF, Mini-UHF, F and RCA.

The TPI 3000A kit contains male and female'
connectors of all 8 types, and 6 universal inter
faces. Simply screw any combination of 24
connectors to one of the interfaces to create the
desired adapter. $ 150
TEST PROBES, INC. 9178 Brown Deer Ro~d,

San Diego,CA 92 121. Call toll-free for catalog:
1-800-368-5719

CIRCLE 225 ON FREE INFORMATION CARD

FREE PROBE REFERENCE GUIDE
One-page chart lists TPI probes for most oscil
loscopes. Also cross references other probes to
less expensive TPI equivalents. Performance
and satisfaction guaranteed .
TEST PROBES, INC. Call toll-free for guide
and catalog. 1-800-368-5719
CIRCLE 227 ON FREE INFORMATION CARD
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ECONOMICAL SILICONE
RUBBER TEST LEADS
Best value in moderately priced leads. High
quality, soft , silicone rubber cable. Banana plug
on measuring tip accepts push-on accessories;
alligator clips included. Plugs have spring
loaded safety sleeves. Model TLlOOO $14.00
Satisfaction guaranteed.
TEST PROBES, INC. Call toll-free for cata
log: 1-800-368-5719
CIRCLE 226 ON FREE INFORMATION CARD
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9178 Brown Deer Road
San Diego, CA 92 121
Toll Free 1-800-368-5719

TEST
PROBES, INC.

Free cross reference chart for all makes
of scopes and probes. Call toll-free for
chart and name of your local distribu
tor.

Model SPIOO $43
100 MHz Switchable lx -lOx ....

• For Tektron ix, Hewlett Packard,
Philips, Leader, B&K, Kikusui,
Hitachi, Beckman and other
oscilloscopes

• Immediate delivery from distributor
stock

• Economical - Substantial savings
compared to OEM probes

• Durable - Unique cable is slim, veI)'
flexible and resists breakage

• 10 day return policy - Guaranteed
performance and quality

More SPIOO Probes Have Been Sold Worldwide
Than Any Other Probe Ever Made

DELUXE TEST LEAD KIT
Users call TPI leads The Absolute Best. The
TLS2000 features the highest quality cable in
the industry - with spring-loaded safety-sleeved
plugs. U.L. listed (file E79581). Kit: $30 Leads
and probes only: $19 Satisfaction guaranteed.
TEST PROBES, INC. Call toll-free for cata
log: 1-800-368-5719

CIRCLE 228 ON FREE INFORMATION CARD
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WHAT'S NEWS
A review of the latest happenings in electronics.

apart (one micron equals a 40-mil
Iionth of an inch). the vert ical beams
of light generated blend wit h one an
other through a phenomenon called
"phase locking, " whereby different
optica l fields overlap to create the
equivalent of one light source. The _
result is the creation of one extreme ly
narrow beam. analogous to several
small streams feeding into a powerful
river.

The Bellcore experiment is the first
time scientists have managed to suc
cessfu lly harness surfac e-emitting
lasers to fo rm a single laser light
source.

The research team is now working
to integrate the prototype arrays with
electronic devices that will be able to
accurately contro l and steer the di
rection of the beam. R-E

When the microscopic lasers are
packed close together. they each re
ceive a uniform amount of electrical
current and can " lase" in concert.
Bellcore 's array consists of surface
emitting lasers, which direct light up
off the surface instead of honzontally,
allowing many more lasers to be
packed onto a single microchip . Ac
cord ing to Hoi Jun Yoo, the principal
researcher. "Since you can place
lasers anywhere on the surface of a
chip, you can make the best of avail
able "chip real estate ." The small
lasers require about 10,000 tim es
less space th an sem ic on duc to r
lasers used in similar limited applica
tions today.

When etch ed onto a semiconduc
tor in a special array of 160 2-micron
diameter lasers spaced 0.2-microns

DR. ROBERT TINKER (LEFT) , CHIEF SCIENCE OFFICER OF TECHNICAL Education
Research Centers, a non-profit organization committed to improving science and mathe
matics education, was presented with the first Siemens Award for the Advancement of
Science at the Computerworld Smithsonian awards event held at the National Building
Museum in Washington, D.C. The innovative educator is credited with first introducing
networked programs using computer technology into the science classroom . He has
developed such influent ial programs as the National Geographic Kids Network, the Star
Schools program , LabNet, and the Global Lab, which engages students , teachers, and
scientists around the world in tackling ecological problems. According to Hans Decker
(right), president of Siemens Corporation, "Dr. Tinker's vision of children as scientists,
tackling real world problems, makes him the ideal recipient of this award."

Intense laser beam
Researchers at Bell core (M id

dletown Township, NJ) have dis
covered a way to focus 160 extreme ly
small laser beams into a sing le ,
powerful beam. Separately, each sur
face-emitting laser is virtua lly invisible
to the naked eye, measuring about
one-tenth the diameter of a human
hair, and does not generate enough
power for useful applications. The en
ergy that can be harnessed from the
experimenta l arrays , on the other
hand, could be used on microchips in
optical co mpute rs and neural net
works or possibly for creating holo
graphic images.
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The "new" NESDA
The entire by-laws of the National

Electronics Sales & Service Dealers
Association (NESDA) were replaced
with new ones at membership voting
sessio ns held last August at the an
nual Nat ion al Profess iona l Elec 
tronics Co nvent ion (NPEO in Las
Vegas, NV. Alt hough the rules were
compl et e ly rewritten, t he ac tual
changes in NESDA operations are

•__ few and m<JioIY_!rlvplve shittinq.core,
trol f rom th e state to the national
level. The new laws allow NESDA to
control its own destiny as a national
association instead of being con
trolled by state organizations. Under
the new rules, NESDA will control the
billing of all members, but will encour
age "Associate" ventures with re
gional, state, and local organizations.
Local billing wi ll still be permitted un
de r c ertain co nd i t io ns. Other
changes that were made included re
placing the NESDA House of Repre
sentat ives and Regional Vice Presi
dents with a Board of Directo rs.

Elect ions for sev eral positions
were held at the convention , which
was attended by more than 600 peo
ple. Elected as president of NESDA
was Cornelius C. ("Connie") Bell, re
tired owner of C.C. Bell Electronics in
St. Louis , MO. Bil l Warren , CETI
CSM, of Warren's Audio & Video Ser
vice of Knoxville,TN was elected vice
president. The ten members of the
Board of Direc tors were also chosen .



ELENCO & HITACHI PRODUCTS
AT DISCOUNT PRICES

4-Channel. IOOMS/s Model Introductory Price

1001.4515 (25"15/5on4 channels simultaneously), 1OOMHz, 4kw x 1ch., 2kw x 2ch., 1kw x 4<:h. VC·6145 $ 4,695.00

Delayed Sweep
Lightweight (13Ibs)
2mV Sens
3YrWarranty

ModeIY-1OS5
Shown

This series provides many new functions such as CRT
Readout, Cursor measurements (V-l 085/1 065/665),
Frequency Ctr (V·l 085), Sweeptime Autoranging and
Trigger Lock using a 6-inch CRT. You don't feel me
compactness in terms of performanceandoperation.

V-660 60MHz DualTrace $1 ,195
V-665 60MHz Dual Trace w/Cursor $1,345
V-1060 100MHz Dual Trace $1,425
V-1065 1OOMHz Dual Tracew/Cursor $1,695
V-1085 1OOMHz Quad Trace w/Cursor $2,045
V·11 00A 100MHz QuadTracew/Cursor $2,295
V-1150 150MHz Quad Trace w/Cursor $2,n 5

Compact Series Scopes

$ 3,049.00
$ 2,295.00

VC·6045
VC·6025

RSOs (Real-Time & Storage Oscilloscopes) From HITACHI ~
The RSO - its the new solut ion ~~

View, Acquire, Test, Transfer and Document Your Waveform Data

Low Cost/High Value Models

Compact. Full Feature Models

401.4515, 100MHz, 4kw xicn. , 2kw x2ch.
201.45/5, 50MHz,2kw x 2ch.

20"15/5, 50"1Hz, 2kw x 2ch. VC·6024 $ 2,049.00
20"15/5, 20MHz, 2kw x 2ch. VC-6023 $1,749.00
RSOs fromHitachi featuresuchfunctionsasrollmode,averaging,save memory, smoothing: interpolation,pretriggering,
cursor measurements, piotter interface, andRS-232C interface. With thecomfort of analogandthe power of digital.

~ ~ ~ l/> i ..~' $ V-212 Hitachi Portable.Scopes
•~ 435 DC to 50MHz, 2-Channel, DC offset..I~ ~: 'z ~I DC t020MHz function, A lternate magnif ier function

' ·:~~iil&.~!i'~~i' ,'.' ) 1 Dual Channel Y·525CRTReadout, Cursor "leas. $1,025
I. - Y'523 Del<lyE!d Sweep $995

V~22 40MHz Dual Trace $795 Y-522 Basic Model 5895

20MHz Elenco Oscilloscope Elenco 35MHz Dual Trace $495
$375 Good to 50MHz

MO-1252
MO-1251 ~ High luminance6' CRT

o Dual Trace 0lmVSensitivity
oComponent Tester SCOPE PROBES 0 6KV Acceleration Voitage
o 6"CRT 0 IOns Rise Time
oX.YOperation P-l 65MHz, lx. lOx $19.95 oX-YOperation0ZAxis
oTVSync P-2 l00MHz, l x. lOx $23.95 0 DelayedTriggeringSweep
0 2p-l Probes - !!.~ 0Includes 2 P-l Probes

All scopes include probes, schematics, operators manual, and 3 year (2yrs for Elencoscopes)worldwidewarrantyon parts & labor. Many accessoriesavailable for all
Hitachi scopes. Call or write for complete specificationson theseand many other fine oscilloscopes.
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LEARN TO BUILD AND PROGRAM
COMPUTERS WITH THIS Kill

INCLUDES: All Parts,Assembly and Lesson Manual

Model

MM-8 000

$129.00

W ide Band Signal Generato rs
SG-9000

$129
RF Freq l 00K-450MHz

AM Modulation of 1KHz
Variable RF output

SG·9500 w Digital Display and150MHz bullt·ln Counter $249

Starting from scratch you builda complete system. OJr Micro-Master
trainer teaches you towrite into RAMs,ROMs and run a80es microproces
sor, which uses similarmachine languageasIBM PC. Youwlil write1he
initial instructions toteil the 8085 processorto!.li't started and store lhese
instructions inpermanent memory ina2816 E PROM. Teaches you ail
about input and output ports , computer timers. Buildyour own keyboard
and leam how to scan keyboard and display. No previous computer
knowledge required. Simpleeasy tounderstand instruction teaches you
to write in mach ine language.

ROBOTICS KIT FOR ABOVE (MM-8010) $71.95

GF-8016 Function Generator
with Freq, Counter

$249

Quad Power Supply XP -580

$59.95
2·20V at2A

12Vat lA
5Vat3A

-5Vat .5A

Fullyregulatedan short circuit protected

XP·575 withoutmeters $39.95

Triple Power Supply XP -620
Assembled $65

Kit $45
2to 15V atlA,

-2 to-15VatlA
(or4to30V at lA)

and5V at3A
Contains all thedesired features for doing experiments.

Featuresshort circuit protection, ali supplies.

True RMS4 1/ 2 ornm 10 Function Digital Capacitance Meter Digital LCR Meter
Digit Multimeter Multlmeter CM-1550 LG-1801

M -7000 ' ,;"'~ -: ~ "'·!2 CM-365 $58.95 $125
$135

.. .. $65 9 Ranges Measures:"
.,

- .,.
.05%DCAccuracy - AC + DC Voitage&Amps .1pf-20,OOOufd Coils1uH;200H

.. _f< ;. :...: . .... c
.1%Resistance

<t4.f ~ ~ I~
Resistance to2000MQ .5%basic accy Caps .1pf·200uf

withFreq, Counter ~. ~1Ir :' .i ':i Diode,Logic, &Trans test Zero control Res .01-201.4
anddeluxe case h On 5 Capacitance to200uF withcase

Decade Blox

19610 or

#9620
___.....·$18.95

#9610ResistorBlox
47 ohmto1M& lOOK pot

#9620 Capacitor Blox
47pf to 10MFD

Providessine, triangle, square
wave from1Hz to lMHz

AM or FM capability

1000 Amps
Data&Peak hoid

8 Functions
Deluxe Case

AC Current Meter

ST·1010

$69.95

Digital Triple Power Supply XP-765

$249
0·20V atl A
0·20Vat lA

5Vat5A

Fulyregulated, Short circuit protected with
2 limit control,3separate supplies

XP·660WithAnalog Mete.rsf!il$1~7p!5~~II!I

• •

WE NOW
CARRY

COMPLETE LINE
OF

FLUKE
MULTIMETERS

Models
21F 83
23F 85
25F 87
27F 8050A
73 8060A
75 8062A
77F +More
CALL FOR

SPECIAL PRICING

CIRCLE 109 ON FREE INFORMATION CARD
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Whats new in the fast-changing video industry

1';\Ii I.'!:!H: I311 ;1 j\IjH:

• Who's No.2? Philips has ended
Zenith's long-time reign as one of the
two largest suppliers of TV sets for
the American market. The Dutch 
owned company 's four American
brands-Magnavox, Sylvania , Phi
lips, and Philco- aggregated 12.2%
of America n TV sales in the 1990
model year (mid-1 989 to mid-199m,
topping Zenith's 11 .65% to become
America's second largest source of
TV's, according to the annual market
share survey conducted by Television

- ---DIges t. Thoms on Consumer Elec
tronics , a French-owned compa ny,
cont inued to be far and awaythe lead
er, its RCA and GE brands aggregat
ing 22.5% of the market.

Philips' advance marked the first
time in the 23 years since the TV
Digest survey has been conducted
that the first two places weren't oc
cupied by the manufacturers of RCA
and Zenith TV sets . Zenith is the only
major U.S.-owned TV-set manufac
turer, although some 20 companies
have U.S. TV assembly or manufac
turing plants. Strictly on the basis of
brand names (as opposed to man
ufacturers), Zenith was still No.2,
follOWing RCA, and Magnavox was
the th ird most popular brand, fo l
lowed by Sony.

• Super-Inte ract ivi ty. The ulti
mate in interactive laserdiscs has
been demonstrated by Warner New
Med ia, a part of Time Warner Inc. The
12-inch disc will play for one hour per
side (as opposed to the 30 minutes
normally associated with interactive
discs). It can accommodate four si
multaneous video tracks with four se
lectable audio tracks. for a tota l of 16
combinations. In one suggested ap
plication, a viewer could select any of
fo ur different views of the same
event, with constant audio. The sys
tem can display subtitles in up to 15

8 different languages.
z In addition to the main digital ster-
a! eo channels, it can have 16-channel
b sound. The channels are mixable-
~ for example, each channel could have
UJo a different instrument of the or-
o chestra. The videodisc could be used«a:

6

as a sort of super-CD-provid ing
eight hours or more of audio . Al
though the new super-interactive disc
will be compat ible with existing laser
discs and players. it could have spe
cial e ncoded video and audio
info rmation available on ly to those
with specia l players. Warne r says
that the super discs would use cur
rently available technology and the
"LD + " players could cost less than
$ 1,000. Pioneer and Denon helped
develop the system, and they could

" lntroducesuper players- in 1991':'"

• Lightvalve proj ection T V .
When Hughes Aircraft embraces a
product . it's usually a significant one.
That's why the consumer-electronics
industry pricked up its radar with the
rumor that Hughes has a TV set.
Hughes is keeping its mouth shut on
this one, but it's known to be working
with Samsung, the Korean TV man
ufacturer, on a new type of lightvalve
TV projector. Althoug h both compa
nies say nothing has been signed yet,
there are some indications that a
home product could emerge early in
1992. No details are available on the
system , except that it uses a single
lightvalve in place of the traditional
cathode-ray tubes and that the light
valve isn't a liquid-crystal device, or
LCD . The system is said to be capa
ble of providinq high-def init ion TV.
This will be Hughes' second major
foray into consumer electronics . Its
Sound Retrieval System (SRS) super
stereo audio is used with Sony TV's
and is expected to be added to high
end RCA TV's within the next year.

• Still/motion camcord e r.
Quite possibly the biggest flop of the
video era is the still-video camera.
The reasons for its failure are easy to
understand. Who would pay $600 to
$1,000 and more for a still camera
with low resolution and no pract ical
system for making prints? Although
st ill-video cameras have been suc
cessful in newspa per photography
because the pictures can be trans
mitted by telephone, they have failed
to impress consumers because they

have been more expensive than mov
ing-picture camcorders , and far more
costly than film cameras.

Along comes Philips with a super
idea. What's wrong with a combina
tio n movie-a nd-st ill camcorder? A
camcorder made in Philips' Japanese
factory for the European semi-profes
sional market can make Super-VHS
videos and "h ig h-q ualit y ph o 
tographic prints, " according to the
manufacturer. The camcorder uses a
%-inch CCD sensor with a resolution

. ··oV700,OOO'plxels, and Isclaimea to
deliver a picture with more than 450
lines of horizontal resolution. Philips
wi ll offe r a compan ion pr inte r. It
makes good sense to envision future
still -picture systems as add-ons to
movie camcorders, rather than sepa
rate products . Although Philips says
that it has no plans to offer the movie/
still camcorder in the United States,
or as a consumer pro duc t, that
seems to be a logical next step.

• A government picture tube.
The Pentagon's Defense Advanced
Research Projects Agency (DARPA)
has awarded Zenith a contract to de
velop its Flat Tension Mask (FTM)
technology into a cost-efficient high
definition picture tube. Zenith 's FTM
system, currently used only for high
priced co mpute r monito rs, has a
completely flat window-glass facep
late, behind which is a shadow mask
held under tension, assuring better
co lor rendition because the mask
doesn't expand. Reflections are also
held to a minimum because the face
plate is absolutely flat and the glass is
treated with a special coating. The
government contract is designed to
fund a major cost reduction in the
new tube. Zenith maintains that the
phosphors on the tubes can be
printed by a silk-screening process,
as opposed to the extremely expen
sive photographic system currently
used for color tubes. If Zenith suc
ceeds in fulfilling the Pentagon con
t ract , it sho uld res ult in a major
improvement in picture tubes, lower
costs, and, eventually, a new type of
high-definit ion display. R-E
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our Bonus Book Plan, with savings of up to 800A> off publ ishers' prices.• Club
News Bulletins. 15 times per year you will receive the Book Club News, describ
ing all the current selections-mains, alternates , extras-plus bonus oilers and
special sales, with scores of titles to choose from. • Automatic Order. If you want
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purchase at least 3 books within the next 2 years and may resign at any time there
after. • Ironclad No-Risk Guarantee. If not satisfied with your books, return them
within 10 days without obligation! • Exceptional Quality. All books are quality
publ ishers ' editions especially selected by our Editorial Board.

Six Easy Home-Improvement Projects

A treasury of do-it-yourself projects to
add value and comfort to your home.

FREE when you join!
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ideas, practical projects and expert guidance.
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VOLTAGE CONVERTERS
I have a bunch of tools and

some stereo equipment that
was designed to run on the
standard European supply of
220 volts, 50-Hz AC. Isn't
there some 'w a y I can easily
make, buy, or otherwise ac
quire a transformer that will let
me operate those devices off
120 volts, 60-Hz AC?-A.
Sfakianos Placitas, NM

There are lots of places to get
transformers that turn 220 volts AC
into 110 volts AC, and they should
work when their supply connections
are reversed as well, but only for the
voltage, not the frequency. You indi
cated in your letter that the frequency
difference wasn't important for the
equipment you wanted to use so I
don't understand why you're having
so much trouble.

There are two basic types of com 
mercially available converters used
for converting 220 volts AC to 110
volts AC, and they're sold in just
about every electronics store; even
Radio Shack carries them. With a
transformer I use , I can turn the sup
ply leads around and step up the line
voltage from 110volts AC to 220 volts
AC (actually 120 to 240), There isn't
any problem in doing that as long as
you make sure you have the right type
of voltage converter.

Converters are made with either
transformers or diodes. You can tell
the difference between them when
you 're looking at the package by the
weight and the wattage rating . Trans
former-based converters are much
heavier than the diode-based ones
and usually have a maximum rating of
about 50 watts or so. The package
information should list them as being
suitable for electronic equipment ,
battery chargers, camera flash units,

(/) and so on. Since there's a trans
~ former inside the package, the volt
a? age is actually divided in half, (or
t5 doubled, when you use it backwards),
~ The output of those converters is a
W sinusoid .o
is Diode-based converters are much
Cf lighter, and even though the package

8

is the same size, they usually have a
maximum rating of 1000 or 1500
watts. You'll find them recommended
for things like heaters, lamps, and so
on. If you try and use one of those
appliances with a transformer oper
ated converter, you'll probably wind
up destroying both the converter and
whatever you have plugged into it.
With the diode-based converters ,
you can 't turn them around and ex
pect to double the input voltage.

Generally, diode-based converters
only produce half-wave rectified AC
instead of a full sine wave, and they
don't cut the voltage in half either. As
with any diode voltage drop circu it,
the output is '.67 times the input volt 
age. If you put 220 volts AC across
the input, you're going to get about
148 volts AC at the output. That may
not be much of a problem for most
resistive loads , but you should realize ,
that overdriving a heater is going to
make it hotter than it was designed to
be and that can cause a real problem.

ALARM SYSTEM BACKUP
I've designed an alarm cir

cuit for my house that's
powered by line voltage but I
want it to switch over to back
up batteries if and when the
power fails. The control part of
the circuit is the only section
that has to be constantly
powered. I'm not worried
about lights and other high
current devices since I have a
commercial unit for that part
of the system. Do you have a
simple circuit that can provide
the battery backup? I only
need 100 milliamps or so.-G.
Benjamin Indianapolis, IN

Having a fail-safe power-supply for
a home alarm system is a good idea
and, if you think of it, is probably the
most important part of the alarm sys
tem . Fortunately, it's also one of the
easiest things to add to the circuit. In
your case, it's even easier, since you
designed the alarm-control circuit
yourself.

There are several ways to add a
battery backup to a circuit, but since

you're only looking for 100 milliamps,
you can keep it simple and the back
up circuit can be made so small you 'll
be able to easily find room for it in
your existing enclosure.

The circuit shown in Fig. 1 is a sim
ple design that can do the job. When
the line voltage is available and oper
ating, D2 is reverse-biased and cur
rent flows into the batteries through
R1 , the current limiter for the nickel
cadmium (Ni-Cd) batteries, or what
ever typ e of rechargeable batt ery you
want to use. If the main power is dis
connected Cinadvertently by you or
intentionally by a burglar), D2 is for
ward-biased and battery power is
available for the alarm circuit. By
adding D1 to the circuit, you can keep
the battery from powering other cir
cuitry that's not essential to keeping
the alarm system active.

+IO -/~VDC

T O A.LARI'Y/
'--__~........---~l-O S YSTEM CONTML

CIR C UIT'* of-RI I'p-F
CA PA C ITO/<..
VOLTAGE LJEPENLlS

L..-.,.......----' ON B A TTER Y ANO
S YS 7.CM VClC- TAG£

i S /
i (RE~ARGEABLE.

..!.. BATTERIES)

1 '*-SEE. TE X T

FIG. 1-THIS SIMPLE BATTERY backup
circuit can be used to power a control
circuit for an alarm system.

The particular diode you should
use for D2 depends on the amount of
power you want to draw from the bat
tery when the main power is discon
nectedlf you 're sure that you'll never
need more than 100 milliamps, you
can probably get by with a small
1N914 diode but, if there's a chance
you might draw more current, or you
just want to play it safe, you're better
off with something like a 1N4001 .

If you use Ni-Cd batteries , you 'll
need a constant trickle-charging cur
rent. You should select R1 to limit the
charging current to the battery's
C/10 rat ing, which is 10% of the ca-
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Catalog Today!

Practical Training...
AtYour Own Pace.

Through CIE, you can train for your
new career whileyou keep yourpres
ent job. Each course allows a gener
ous completion time, and thereare
no limitations on how fast you can
study. Should you already have some
electronics experience, ClEoffers
several courses which start at the 
intermediate level.

"State-Of-The-Art"
Facilities & EqUipment.

In 1969, CIEpioneered the first elec
tronics laboratorycourse, and in1984,
the first Microprocessor Laboratory.
Today, no other homestudy school can
match CIE'sstate-of-the-art equipment.
And all your laboratory equipment is
included inyour tuition cost. There is
no extra charge-it's yours to use while
you study at home andon thejob after
you complete your course!

Earn Your Degree To
Become A Professional

In Electronics!
Every CIEcourse you take earns you

credit towards the completion of your
Associate in Applied Science Degree, so
you can work towards your degree in

stages. And CIEis the only school that awardsyou
for fast study, whichcan save you thousands of
dollars inobtaining the same electronics education
found infour-year Bachelor's Degree programs!
Write for details today!
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Personal Training From A
Renowned FaCUlty.

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

tance when you need it.

Consumer Electronics

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

yourself to findout about the Cleveland
Instituteof Electronics!

CI Ecan help youdiscover your
career potential in the fast growing
field of high-tech electronics. A career
that will challenge and excite you
every day...reward you with a powerful
feel ing of personal accomplishment...
and deliver a level offinancialsecurity
you may haveonly dreamed of before!

As the leading school in home-study
electronics, ClEhas helped over
150,000 students inthe U.S.A. and
over 70 foreign countries get started in
this exciting field. To find out how CIE
couldbe helping you...read on...then
send for a CIEcatalog TODAY!

AGrowing Need For
Trained Professionals!

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

You could be the "brains" behind the
scenes ofan exciting TV broadcast...
trouble-shoot life-saving medical equip
ment...design exoticnew aeronautics
systems...CI E's job-oriented programs
offer you the quickest possiblepath to
the career of your dreams! And CI Ealso features
militaryand union re-training, to buildon what
you already know.

Dozens Of Fascinating
Careers To Choose From!

Even if you aren't sure which career isbest for
you, CIE can get you started with core lessons
applicable to allareas ofelectronics. As you
advance, CIEmakes job opportunities available
to you through the bimonthly school paper,
The Electron.
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voltmeter, ammeter, ohmmeter, oscilloscope, wattmeter,-Id an sweep generator, breadboard, temperature adjustment

bUI and frequency control. This complete electronics lab,
simulates thousands of dollars worth of parts and

New PROTOLABTM, a state of the art electronics lab for instruments ... all built-in with easy to use, menu driven,
the hobbyist's, student's or engineer's pc. Now, you can mouse controlled PROTOWARpM software. Plus, you
build and experiment with actual circuits, choosing from get a unique experiment book, featuring over 75 experi
an unlimited number of components, including resistors, ments and circuits. Enjoy countless hours of fun, while
capacitors, inductors, general impedence, AC voltage learning. And, you won't blow up your "lab" , because
sources, batteries, AC/DC current sources. Then, analyze it's fool proof and safe on your pc.
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Parallel Resonance LC Tank Circuit
using sweep generator to vary

voltage across tank , monitoring
circuit response
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current flow using built-in
ammeter/voltmeter
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Complete, for IBM/compatibles' ... ONLY$9995
For Macintosh with high resolution, enhanced graphics" ...$12995

Order today . .. ' -----
start building

and testing
circuits today...

Resistor Series /Parallel Circuit
demonstrates current division in

a parallel circuit

Frequency Compensated Bridge using
oscilloscope to measure AC signal

offset by DC voltage
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Here are some typical circuits you can build and test ...

CIRCLE 189 ON FREE INFORMATION CARD



en
g
z
oa:
I
U
UJ
.-J
UJ

oo«a:

14

Its no
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Buildingthe best DMM for the money is no
accident The new RMS225 was carefully
designed to give you what you wanted at a price
you couldafford. Visit yourlocaldistributor
today andyou'llagree thechoice is obvious.

Fluke
Model 77

3-112 Digits

3,200 Counts

0.3%Accuracy

TouchHold®

31 Segment Analog
Bar Graph

2,000 HourBattery Life
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© 1990 Beckman IndustrialCorporation. Specificationssubject to change
without notice. Flukeis a registered trademark ofjohn FlukeMfg.Co. hie.
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pacity of the battery. In a C/10 rating ,
" C " is the charge capaci ty in amp
ho urs , and "1 0" is the number of
hours the battery can supply useful
powe r. Therefore, the capac ity divid
ed by that operating interval equals
the maximu m curre nt safe ly drawn
from or supplied to the battery. The
trick le cur rent charge , Ic' must be
less than or equal to the maximum
safe current drawn through the bat-
tery. .

The value of R1 can easi ly be calcu
lated using

R1= [(Vc- (O.6 volts + Vb)]/ Ic

where Ve is the circuit voltage, Vb is
th e battery vo ltage , and Ie is th e
charging current.

This is just a stra ight application of
Ohm's Law. The reason it seems
more complex is that you have to sub
tract the 0.6 volt-diode drop and bat
tery voltage from the supply voltage .

The capacitor in the circui t is used
to filter any voltage glitches and also
to provide a few seconds of powe r if
you want to change batteries .

TWO HARD DISKS
I have an AT-class computer

with a hard disk and am trying
to add a second hard d isk. The
c ontroller card can work with
two hard disks, but I'm not
ha v ing any luck connecting
t he cables. No matter what I
d o , the computer never recog
ni ze s the second hard disk.
W. Meredith Philadelphia, PA

If you're installing the second drive
simply to increase capacity, maybe
you should consider buying a single
new hard drive with at least double
the memory of your present one. Not
only will that give you extra room in
side your cabinet for other add-o ns
such as tape drives, but you might
also be nefit from increased ove rall
ope rating spee d-your old drive may
not be as fast as the newer ones. You
can keep your old drive for emergen
cy back up, or you can sell your old
drive to someone who doesn't have
one. However, if you' re determined to
add a second drive, read on.

In orde r to have two hard disks in
your computer, you have to tell the
co mputer the second hard disk is
there and then you have to cable it so
the computer can find it.

Since you have an AT computer,
you have to run the setup utili ty and
set the co rrect type for the second

hard disk. How that is done depends
on the BIOS you have since some of
the m have the setup utility in ROM
while others require that you run a
program on a disk, such as the IBM
AT diagnostics . Be sure and set the
type correct ly since an incorrect
number there can damage the hard
drive.

Once you have that done, you have
to phys ically connect the drive to the
computer and th at invo lves four
th ings:
1. A power cable has to be connected
to the drive.
2. A separate data cable (the thin
one) has to be connected from the
contro ller card to the drive .
3. The control cable (the fat one) has
to be connected to the drive.
4. The drive select jumpers on the
back of the hard drive have to be set
to match the type of contro l cable
you're using.

The first two operations are simple
and just about the only thing you have
to watch out for is the cable's orienta
tion. Pin 1 on the contro ller card has
to be connected to pin 1on the drive 's
edge connector.

The last two items on the list go
toget her s ince the drive se lect
jumper on the back of the disk has to
be set according to the type of con
tro l cab le you're using.

The first hard disk in the system,
(yo ur origina l one) , sho uld be at
tached to the connecto r at the end of
the contro l cab le and the second hard
disk, (your new one), should be at
tached to the connector in the middle
of the cable .

If there's a twist in the wires be
tween the connectors fo r the two
hard disks, the drive select jumpers
for both hard disks shou ld be set in
th e second position (somet imes
marked as DS2J If there 's no twist in
the cable, the drive at the end (your
original one) shou ld have the jumper
set in the first position and the drive in
the midd le of the cable, (your new
one), should have the jumper in the
second position.

The term inating resistor shou ld be
removed from the new drive in the
midd le of the cable and left on the
original drive at the end of the cable . If
you can't find the term inating resistor
or have a hard time try ing to remove
it, don't worry about it. I've seen sev
eral machines in which both drives
had the terminating resistors left in
and everything worked fine. R-E
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Never before has so much
professional in formation on the art
of detecting and eliminating
electronic snooping devices-and
how to defend against experienced
information thieves-been placed
in one VHS video. If you are a
Fortune 500 CEO, an executive in
any hi-tech industry, or a novice
seeking entry into an honorable,
rewarding field of work in
countersurveillance, you must
view this video presentation again
and again.

\~lke np! You may be the vict im of
stolen word s-precious ideas that would
have made you very wealthy! Yes, profes
sionals, even rank ama teurs , may be lis
t ening to your most pri vat e co n
versat ions.

\Vake IIpi If you are not th e vict im,
then you are surrounded by countless vic
tims who need your help if you know how
to discover telephone taps, locate bugs, or
"sweep" a room clean .

There is a thriving professional service
steeped in high -tech techniqu es that you
can become a parr of! But first , you mu st
know and und erstand Countersurveilance
Technology. Your very first insight into
this highly rewarding field is made possi
b le by a video VHS presentation that you
cannot view on broadcast television, sat
ellite, or cab le. It presents an inform ati ve
program prepared by professiona ls in the
field who know th eir industry, its tech
niques, kinks and loopholes. Men who
can tell you more in 4 5 minutes in a
st raightforward , exclusive talk than was
ever attempted before.

Foiling In for m ation Thieves
Discover the targe ts professional

snoopers seek out ! The prey are stock
b rokers , arbit rage firms, manufacturers,
hi gh -tech companies, any compet it ive
industry, or even small bu sinn esses in the
same comm unity. The valuable informa
tion th ey filch may be marketi ng strat
eg ies, customer lists, p roduct formulas,
manufacturing techn iques, even adver
tis ing plans. Information thi eves eaves
d rop on cour t d ec i sions, b idd in g
inform ati on, financial data. T he list is
unlimited in th e m ind of man- es
pecially if he is a thi ef!

You kno w that the R ussians secretly
installed countless mi croph ones in the
concrete work of the Ame rican Embassy
building in Mosc ow. Th ey converted

CALL
TODAY

TOLL
FREE

1-800-522-6260
HAVE YOUR

VISA or MC CARD
AVAILABLE

what was to be an em bassy and private
residence into the most sophist icated re
cor d in g s t ud io the worl d ha d eve r
kno wn. The build ing had to be to rn
down in order to remove all the bugs.

Stol en Informat ion
The open taps from where th e inform a

tion pours our may be from FAX's, com
puter communications, telephone calls,
and everyday bu siness m eetings and
lun chtime encounte rs. Businessmen need
counsell ing on how to elim inate this in
form ation drain . Basic teleph one use cou
pled with the user's under stand ing that
someone may be listening or record ing
vital data and inform ation grea tly reduces
th e opportun ity for others to purlo in
meaningful informati on .

---------------------------,
RADIO-E LECTRON ICS VIDEO OFFER RE
~ OO-B Bi-Co unt y Blvd .

Farmingdale. N Y 117.\5

Please rush my copy of the Counrcrsurveillauce Techniques
Video VH S Cassette for S4 9. 9~ pl us S4 .00 for post age and
handl ing .

N o. of Cassettes orde red _
Amou nt of payme nt $, _

Bill m y 0 VISA 0 Musrcr'Card
Card N o. _

Expi re Dat e / _

Signature _
Na me _

Add ress _

Ci ty Sta te Z IP _

All payments in U .S.A . funds. Canadi ans add S·j. OO per
VH S cassett e. No foreig n orde rs. New York State resident s
add app licab le sales tax.
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The professional discussions seen on
the TV screen in your home reveals how
to detect and disable wiretaps, midget
radio-frequency transmitters, and other
bugs, plu s when to use disinformation to
confuse the unwanted listener, and the
techn iqu e of voice scrambling telephone
communicat ions. In fact, do you know
how to look for a bug, where to look for a
bug , and what to do when you find it ?

Bugs of a very small size a~e easy to
build and they can be placed qu ickly in a
matter of seconds, in any object or room .
Today you may have used a telephone
hand set that was bugged . It probably
conta ined three bugs. One was a phony
bug to fool you into believing you found a
bug and secured the telephone. The sec
ond bug placates the invest igator when
he finds the real th ing! And the th ird bug
is found only by the professional, who
continued to search just in case there were
more bugs.

Th e professio nal is not without his
tools. Special equipment has been de
signed so that the professional can sweep
a room so that he can detect voice-acti 
vated (VOX) and remote-acti vated bugs.
Some of thi s equipment can be operated
by novices, others require a trained coun
rersurveillance professional.

Th e professionals viewed on your tele
vision screen reveal information on the
latest technologica l advances like laser
beam snoopers that are installed hu n
dred s of feet away from the room they
snoop on . Th e professionals disclose that
comp uters yield information too easily.

This advertisement was not written by
a countersurveillance professiona l, but by
a beginner whose only experience came
from viewing the video tape in the pri 
vacy of his home . After you review the
video carefully and understand its con
tents, yOLl have taken the first important
step in either acquiring professiona l help
with your surveill ance prob lems, or you
may very well consider a career as a coun
tersurveillance professiona l.

T he Dollars You Save
To obtain the information contained in

the video VHS casset te, you would attend
a professional semi-nar cost ing $3 50-750
and possib ly pay hund reds of dollars more
if you had to travel to a distant city to 0

at te nd. Now, for o nly $4 9 .9 5 (p lu s ~

$4 .00 P&H) you can view Countersur- ~

ueillance Techniques at hom e and take OJ
m

refreshe r views oft en . To obtain your JJ

copy, complete th e coupon below or call to

toll free. ~
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LETTERS
Write to Letters, Radio-Electronics, 500-B Bi-County Blvd., Farmingdale, NY 11735

LOGIC ANALYZER REANALYZED
The review of the Photronics low

cost logic analyzer (Editor 's Work
bench , Radio-Electronics , Au
gust 1990) doe s a terrib le injustice to
the product in stating that its "low
speed " and " 8-bit operation " are in
sufficient. That fact is that its speed
and data width are usually more than
adequate for the application areas for
which it was des igned .

The LA1 is primarily intended for
digital troubleshooting in areas that
require more than a dual-trace os
cilloscope, a digital voltmeter, and a
logic probe whi le not requiring the
power, expense , and complexity of a
typical logic analyzer designed for mi
croprocessor applications . When an
actua l situation places the designer in
that predicament, the need for a me
dial solution becomes obvious. A few
examp les that prompted the desig n
of the LA 1 are stepper-motor logic
circuits , remote-control circuits using
the popular 40-kHz IR encoding , and
countless applications in the non-mi
croprocessor prototype c ircu its
breadboarded by the professional as
well as hobbyists and students . Ma ny
of those applications do not require
all e ight data chan nels or the ful l
bandwidth of the LA 1.

Perhaps the label " logic analyzer"
automatically conjures.up the tho ught
of complex, high-speed , wide-bus mi
croprocessor analysis; nonetheless,
that is the most appropriate label for
the LA 1, which completely accom
plishes its design goal by introducing
a cost-effect ive means of obtain ing
that worthy capabi lity at the othe r end
of the spectrum.
DALE NASSAR
PRESIDENT, PHOTRON ICS
Amite, LA
Perhaps I should have said "insuffi 
cient for the things people normally

~ use logic analyzers for; " which does
z not include IR decoding, stepper
~ motor circuits , and so on. I liked the
t device quite well as a teaching aid,
~ but I remain skeptical of its utility out
6 side the educatio nal environment.
o That is not to denigrate the device; a
<l::a: balanced review must point out both
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the strengths and the limitations of a
product.-Jeff Holtzman. Computer
Editor

CABLE SCRAMBLING
I read with interest Robert

Grossblatt's Drawing Board co lumn,
entit led " Sc rambling and Macrovi
sion ." in the Ju ly issue of Radio
Electronics. I am only sorry that , as
a new subscriber, I have missed some
very important information in earlier
issues.

However, havinq worked for the
" Phone Factory" for a number of
years before retiring, I am well ac
quainted w ith COAM (customer
owned and mai nta ined) equipment
and the pitfal ls of the "rules. " W ith
dives titure, as Mr. Grossblatt said,
we can now co nnect "most any
thing" to the line on the COAM side
of the RJ block-as long as it doesn 't
" upset" or interfere with the net 
work. Cab le TV, as a franchised com
pany, should operate under the same
rules . If they do not want a channel to
be avai lable to me, then they
shou ldn't put it on the network to
begin with.

The power company doesn 't say
that you have to pay higher rates if
you have a microwave oven, hair dry
er, TV, etc ., and I see no reason for
any utility to have specia l con
cessions. So if they don't want me to
have what is on the network, then
don 't provide it and trap it out-make
me the responsible party, not them.
DELBERT McMULLEN
Independence, MO

THE "LONG RANGER"
I am responding to the ar tic le

"Whatever Happened to AM Radio?"
(Radio-Electronics, September
199m. After 38 years as a small-mar
ket chief engineer and announcer, I
feel I have so me understandi ng of
AM/FM radio .

A new business climate exists to 
day. Most busines s firms in this rural
area are chain outfits . They advertise
litt le on radio, FM or AM . Ten years
ago almost all were Mom-and -Pop
concerns and, though some did n't

cont ribute heavily, nearly all adver
tised. TV and cable were no competi
tion for commercials then or now. But
they have captured a large portion of
the audience. Today, the week ly
newspapers, shoppers' quides, and
sales flyers get the bulk of advertising
dollars.

There are too many AM stations ,
especially at night. We can receive a
half dozen that are relatively free from
interference. But one picture is worth
a thousand words, so we watch TV at
night. And some areas have too many
stations, in the day and evening.

The National Association of Broad 
caster's (NAB) grand scheme to in
stitute the National Radio Sys tems
Committee's (N RSC) pre-emphasis
to AM is largely a wi ld idea, in my
opinion, and will cause additional in
terference (albeit some improvement
in the cheap sets with poor audio
quality) . The plan is to change back in
the fut ure, removing pre-emphasis .
Why not attack the problem head on?
Yes, even manufacture our own re
ceivers if the Japanese won't cooper
ate . We have the know-how, the
facilities, and plentiful parts .

AM rad io , as we old-timers re
member it, is gone . But with some
prudent managing it is far from dead.
In fact, we just might see an AM re
surgence in the future-it is definitely
the long ranger!
GENE VINSON
Thomasville, AL

MORE ON AM RADIO
Mr. Dexter's art icle about the prob 

lems facing AM radio contained a se
rious tec hnica l error. Mr. Dexter
wrote that AM transmissions are lim
ited to a bandwidth of 10kHz, and an
audio response upper limit of 5 kHz.
Actually, the FCC has always allowed
AM stations to transm it audio out to
15 kHz (the same as FM radio), with a
corresponding RF bandwidth of 30
kHz. AM radio 's poor sound quality is
because almost all AM receivers
have a 10-kHz bandwidth , limiting re
ceived audio respo nse to 5 kHz.

When broadcasting began, there
was no such thing as "high fidelity."



Item No. B-2405-149047
Insured Sh ip/Hand. : $49.00

286 AT COMPUTER
with 14" HIGH

RESOLUTION VGA
COLOR MONITOR &
30MB HARD DRIVE

Item No. B-2405-117556
insured Ship/Hand.: $20.00

Mfr. Sugg. Retail if new:

$2,199.00

• Send and receive documen ts--s imply hook up you r
te lephone to the fax. 0Send a port ion of a document or
the entire doc ume nt! • Select fro m fast or standard
send ing speeds. • Test Document featu re allows you to
check for copy quality prob lems. • Group II compatible.

• Jam removal fu nction . • Ready iamp informs yo u to
load doc ument. 0Fast sending speed; 4 minutes.

o Fault lamp indicator. • On -line lamp indicates mach ine
is connected to phone line. 0Documents sen t can
be trom 8 to 8- 1/2"W
x 5 to 11-3/4"L.

• Mode l #: 455 .
o Dim.: Appro x.

18" x 18" x 5-1/2" .

o Factory serviced , DAMARK $299 99
but like new ! PRICE -

• 90 Day Wa rra nty!

tJaiI!1II FAX TELECOPIER

ORDER TODAYI

1-800-729-9000
THE "GREAT DEAL" CATALOG

Mfr. Sugg. Retail: $199.95

DAMARK$129 99
PRICE

Item No. B-2405-148023
Insured Ship/Hand.: $6.50

~ CORDLESS
~ HEADPHONES

• Infrared wireless
stereo headphone
system with buil t-in
rechargea ble batte ry.

• Co mforta ble semi
open-air earpads.

• Headph one range :
up to 23 feet.

• Volume controls for
left & right channels.

o Autom atic level
control circuitry for
crisp, clean listening .

o Frequency response :
18-22,000Hz .

• Sleek pyramid
transmitter serves
as a recharger teo .
Up to 6 hou rs of
ope ration per cha rge. 0Japanese constr uct ion .

• Lightweight, headp hones only 4 oz.
• Easy to use-to listen just plug transm itte r into yo ur

stereo, TV or VCR.
o Includes AC adaptor and mini-plug adaptor.
• Pyram id transm itter dim. : 9"H x 3- 1/2"W x 4"0 .
• Model #;

MD R-IF5K.
o One Year Mf r.
War ranty !

• Fac to ry New!

FREE BONUS SOFTWA RE:
Spinnaker "Easy Wr iter"
word processing , "Ace2"
interaction game & "Spla sh"
demo prog ram. Also
includes coupon to buy
"Splash" at great sav ings !

Mfr. Sugg. Retail: $2,293.00

DAMARK$ 999 99
PRICE

o 80286 micropro cessor,
2 .5/6 .25MH z switchable.

o One MB RAM on mother
board, expandable to
four MB.

030 MB hard drive.
o One 5.25" 1.22MB floppy

dr ive . 0High resolut ion
VGA mon itor : 64 0 x 480.

o Socket for 80287 math co
processor .

o 16- bit VGA card; 800x600 res.
o 3 expa nsion slots- two 16-bit & one

s-bn. 0 IBM compatible. 0 1 serial port . 0 1 paralle l po rt.
o PS/2 compatib le s-pln mouse port,
o Real t ime clock/c alendar. p .,
o Phoenix 286 ROM BIOS.
o AT style 101-key enhan ced

keyboard. 0 Includes MS
DOS 4.01 with DOS Shell
utilities and GW BASIC'" .

o PC dim.: 4-1/4"H x 15"W
x 15- 1/2"0 .

o Mon itor dim .:
13.9"W x 14.7"0
x 14.1"H.

o One Year
Mfr. Warra nty I

o Fact o ry New!

Item No. B-2405-150680 Item No. B~2405-149450

Insured Ship/Hand .: $7.00 Insured Ship/Hand.:$6 .00-----------------

Mfr. Sugg. Retail: $245.00
DAMARK $ 99 99

PRICE -

SmartM¥ Fax/Phone
Auto Sw itch

Sheetfeeder
o Mod el #: MS- 17.

Mlr. SU99.: $349 .00
DAMARK$49 99

PRICE

o 24 -pin letter qualit y
printer .

• Print speed : 216
C PS draft ; 72 CPS
letter quality. 32K
buffer .

• In cl udes : 12 Multi
Str ike Ribbon s
PLUS 2 Font
Cards-no choice on
fon t cards received.

• Built-in rear tractor.
• Friction feed .
• Au to loading, sing le

sheet gUide for
letterhead & cut 0No need for a dedicated fax line.
sheets & friction feed. 0Fax/phone auto switch allows your new fax to share

o Front panel LCD disp lay existing phone line. 0Wo rks on Group 3 fax machines.
includes: type fonts, pitch, emulation , lines per inch, • Sing le switch to lock out eithe r voice or fax calls.
qui et mode and page length. • 360 x 360 graphics . • Front panel status lights ind icate modes of opera t ion.

• Tractor feed and tear bar for continuous forms. • SmartMax handles power outages by automatica lly
• IBM emulation. 0Single or contin uous feed paper loading . switching to phone-on ly mode.
• Parallel/serial port s inclu ded . 0Mod el #: P321 SL. 0Allows manual ove rride so you can send a fax to the
• Dim.: 16.3"W x 3.9"H x 15" 0 . • 1 Yr. Ltd . Mfr. Warran ty! person you're ta lking to on the phone.

o Fac to ry Newl • 24-Hour customer service line. 0Easy instal lation.

Includes printer • U.L. listed.
ribbon & fonf cards . 0FCC cert ified.

• Dim.: 4" x 7"
Mfr. SU99. Retail: $1019_00 x H /2".

DAMARK $ 299 99 0Wt.: 2-1/2" Ibs.
PRICE 0Model #: MX 1030.

Item No. B~2405-149468 02 Yr. Mf r. Warra nty ! Item No. B-240 5-128934
Insured Ship/Hand .: $29 .00 Insured Ship/Hand.: $7.50-------------------

~ 24-PIN DOT MATRIX
~PRINTER

CORDLESS
SPEAKER
PHONE FF1700

Mfr. Sugg. Retail if new : $179 .95
DAMARK $ 79 99

PRICE

• Range: approx.
1000 ft. wi th
built-in
range extend ing
antenna.

• 46/49 MHx
duplex.

o Cordless,
integrated
speakerphone
with volum e
control.

02 separate
keypads; one on handse t and
one in base. · 9 numbe r auto dialing
plus auto redial. • Built-in two -way
intercom with hold . 010-channel se lectab le.

o Pulse/tone sw itchable. 0 Digita l code d security.
o Status-indicator lights. 0 Includes 3 rechar geable
nicke l cadmium batteries. • Snap-out batte ry pack.

• Colo r; Almo nd. • Dirn.: 10"0 x 2-1/2" H x 6- 1/2"W.
o Model #: FF-1700. 0Factory serviced, but like new.
090 Day Manufactu rer's Warranty!

@ Southwestern Bell
oLoJt Freedom Phone'

aTY DESCRIPTION ITEM # SIHII PRICE

CD
CD
o

o
mo
rn
s:
OJ
m
JJ

B-2405
Copyright 1990, DAMARK International. Inc. All rights reserved .

CUSTOMER SERVICE: 1-612-531-0082

DELIVERY TO 48 U.S. CONTINENTAL STATES ONLY SUB TOTAL 11- -1

I ~lSA 10 " , sterC,rd 0 l. lDin MN add 6% Sales Tax 11-- - - --1

- ~ Total S/H/I 11-- - - --1

o Check/Money Order GRAND TOTAL

CARD NO_ EXP. DATE SIGNATURE ~-:-::-:-::-------------
Send To : DAMARK INTERNATIONAL, INC., 7101 Winnetka Ave _N., Minneapolis, MN 55428-1619
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ADDRESS _

CITY 8T- - ZIP _

PHONE _
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AT·COMPATIBLE
COMPUTER
80286 CPU (12 MHz
clock, 0 wai t states), I
meg RAM (expandable
to 4 meg) , 1.2 meg
high-density floppy
disk drive.

SOFTWARE
Including MS-DOS,
GW-BASIC, word
processing,
da tabase , and
spreadsheet
programs.

HARD DISK DRIVE
20 mega byte hard
disk d rive yo u
install int ern ally fo r
greater disk sto rage
capacity and data
access speed.

Voice synthesis
training adds an

exciting newdimension
toyour computer skills

Now NRI even includes innovative
han ds-on training in vo ice syn
thesis, one of today 's most ex citing
and w ide ly applied new develop
ments in computer technology .

You now train w ith and keep
a full-featured 8-bit D/A converter
that attaches in-line w ith yo ur
computer's parallel printer port.

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

DIGITAL
MULTIMETER
Professional tes t
instrument for
quick and easy
circ uit
meas uremen ts.

LESSONS
Clearcut , illustrated
texts build your
understandin g of
computers step by
step.

Only NRI gives you
a top-rated micro
with complete

training built into
the assembly

process

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

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

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

then interface your high
resolution monitor. But
that's no t all.

No other training
anywhere shows 00

service compu ers

No doubt about it . The best way to
learn to serv ice computers is to
actually build a state-of-the-art
computer from the keyboard on
up . As you put the machine
together, performing key tests and
demonstrations at each stage of
assembly, you see for yourse lf how
each part of it works, w hat can go
w rong, and how yo u can fix it .

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

You get in-demand
computer skills asyou

train with your own
AT-compatible computer

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

With NRI's exclusive hands-on
training, you actually build and
keep the pow erful new AT-
:compatible West Coast 1010ES
.comp uter , complete with 1 meg
•RAM and 20 meg hard disk drive.
I You start by assembling and
I testing the "inte lligent" keyboard,
imove on to test the circuitry on the
;main logic board, install the power
supp ly and 5- v.. /I floppy disk drive ,
8

OnlyNRIwalksyou through the
step-by-step assembly ofa powerful
AT-compatible computer system
you keep-giving you thehands-on
experience you need to work with,
troubleshoot, andservice allof today's

_mostwidely used computer systems.
With NRIat-home training, you geteverything you need
tostarta money-making career, even a computerservice
business of your own.



in school, on the job,
how to troubleshoot and
like NRI

r-------------.,
I AI.!!!!!!!!S. School O! For career coursesapproved I
..~. ElectrOnics under GIBili

I
McGraw-Hill Continuing Education Center 0 check for details I
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Using your D/A converter along
with the exclusive text-to-speech
software also included, you explore
the fascinating technology behind
both digitized and synthesized
computer speech.

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

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

MON ITOR
High-resolution ,
non glare , 12" TTL
monochrome
monitor w ith tilt and
swivel base .

TE CHN ICAL
MA NUA LS
You get "inside "
your Packard Bell
computer system
w ith exclusive NRI
Training Kit Manuals
plu s technical specs
dire ct from the
manufacturer.

DIS COV ERY LAB
Co mple te
breadb oarding
system 10 let you
design and modi fy
circ uits, diagnose and
rep air faults.

DIGITAL
LOGIC PROBE
Gives yo u first-hand
experien ce analyzing
digital circuit
o perat io n .

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

No experience
needed, NRI
builds it in

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

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

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

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

Your FREE
NRI catalog tells more

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

If the coupon is missing,
write to NRI School of Electronics,
McGraw-Hill Continuing Education
Center, 4401 Connecticut Avenue,
NW, Washington, DC 20008.
AT is a registered trademarkofInternationalBusiness
MachinesCorporation



Many AM stations used standard
te lephone lines, which have upper
limits of 5 kHz, to send audio from the
studio to the transmitter. AM radios
were built with narrow bandwidth IF
filters to minimize interference. Even
when high fide lity was introduced in
the 1950 's and 1960's, AM stat ions
still used standard phone lines to link
the stud io with the transmitter. In the
1980's , almost all stations converted
to high-fideli ty 15-kHz te lepho ne
lines, but AM radios were sti ll built
with narrow bandwidths, due to the
added expense entailed in a "wide
band" option .

The standards proposed by the
NRSC are intended as a compromise
between interference and aud io
fidelity. Under the plan. AM stations
wi ll limit audio response to 10 kHz,
thus limiting RF bandwidth to 20 kHz.
The improvement in sound quality in
volves AM radios, wh ich w ill be built
with a "wideband" function that will
receive the entire 1O-kHz audio sig
nal. As mentioned in the art icle, AM
broadcasts will be pre -emphasized
and "wideband" AM radios will have
a corresponding de-emphasis curve ,
reducing noise while keeping audio
response flat out to 10 kHz. Although
not quite the.equal of FM radio 's 15
kHz audio response, wide band AM
comes very close to matc hing FM 's
sound, and will dramatically improve
the public's enjoyment of music
broadcasts on AM radio .

Although I am only 16 years old, I
have devoted much t ime to the study
of radio, especially AM radio .
MATIHEW BAILEY
Stone Mountain, GA

A VOICE OF EXPERIENCE
Rad io-Electronics certainly fills

a gap in the information world, not
only for the novice who is anxiously
pursuing the fascinating and useful
study of electron ics, but also for
keepi ng more experienced readers
posted. Inaddition, the magazine pro
vides recreation in the form of con
struction projects, featuri ng unique
and useful devices for us to build.

I have a suggestion to offer regard
~ ing the exce llent series called " lntro
z duction to Microwave Techno logy"
@ by Joseph J. Carr. In the September
G issue. on page 69 , it states that the
~ three traditional methods for generat
wa ing RF energy were spark gaps, Alex-
o ande rson alternators, and vacuum
C? tubes . It appears that arc generators
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were omitted from that category, al
though they were common ly found on
board ships where the principle
power source was 115VDC. The arc
signals were characterized by a much
smoother wave band than spark sets,
and were preferred by ship operators .
They also were much more efficient
than spark sets . (A sketch of such a
device appears in Fig. 1J

cr:r'+115VOC SPARK L2

GAP W:F--l-.-_-'
'=" S1

FIG.1-THIS CIRCUITSHOWSan arc-gen
erator, which wC!s used on -board ships
where the primary power source was 115
volts DC.

Also on page 69 is a reference to
using a Ford Model A ignition coil for
a spark source of power. That is ap
parently an oversight, since the coils
in demand were the vibrator-driven,
type that we re fou nd on the Ford
Model T.
FRANK J. BURRIS
Fallbrook. CA

BUILD A RESISTANCE STANDARD
A "standard resistance" value is a

necessity for a calibration laboratory.
However. those certified standards
can represent a sizable investment. If
you are performing calibration ser
vices in the field as.a secondary func
tion , buy ing a " standard" can be
diff icult to justify. However, there is a
way in which a "resistance standard"
can be designed. fabricated , and cer
tified for a nominal sum.

First, select the value of resistance
that you need most, and then obtain a
precision resistor of that value. That
resistor should be a 1%-or-bett er tol
erance component. Verify the true
resistance of the device on a certi fied
inst rument that is at least ten times
the accuracy of the res istor. That
reading . taken between 72°F and
78°F, becomes the " cert ified value."

For examp le, I made a 1.62-kilohm
resistor standard . I used a Dale 50
watt, 1%, wire-wound resistor as a
"standard" value, and verified its true
value with a 4Y2-digit DM M certified
to have a 0.1% ± 2 LSD (least signifi 
cant digit) error factor on the 0-2
kilohm range. The test leads were
"zeroed" to eliminate their resis-

tance from influencing the readings.
The ambient temperature on the sur
face of the component was verified to
be 75°F. I made a series of 10 individu
al resistance measurements at 10
minute intervals , which prevented the
co mponent's value from changing
due to internal heat ing caused by cur
rent from the measuring instrument
flowing through the resistor. That
change cou ld be 1-2 ohms in a less
expensive resistor but , since we are
building a "certified standard, " the
marked value should be as accurate
as possible. The ten readings were
identica l: The resistor proved to have
an value of 1617 ohms . That is within
the 1% to lerance spec ified.

The value derived by the use of the
precision ohmmeter is the "true" or
" cert ified" resistance of the compo
nent. The "nominal" value is 1620
ohms . Now that the numerical values
have been estab lished, we can pack
age the unit.

Because it is a " t raveling stan
dard " we cannot always control the
environment in which it will be used.
We must provide a thermal mass to
surround the resistor, and thereby act
as a temperature stabilizer. Encasing
the resistor in a thermal insulating
compound prevents a sudden
change of environmental tempera
ture from affecti ng the measured val
ue of the resistor.

I so ldered two # 16 insulated leads
soldered to the resistor, and lowered
it into a mold cavity (an empty Spam
can sp rayed w ith mold release). I
placed the resistor in the center of
the cavity and used a casting resin to
fill the mold. The resin took two hours
to set and 24 hours to cure .

Once the casting was removed
form the mold, I repeated the initial
resistance readings to ensure that
the value of the resistor had remained
constant. After performing the sec 
ond resistance verification , I drilled
two mount ing holes throug h the cast
ing. I bolted the cast ing into a small
cabinet and sealed the enclosure
with rivets . My new traveling resis 
tance "standard " is marked :

"R ESISTANCE STANDARD."
"NOMINAL VALU E-1 .62K @

1%"
" C ERT IFIED VALUE-1 ,6 17

OHMS @ .185%"
"(Certified in therma l isolation

mass at 75°F)"
CHARLES H. STURKEY
Newhall. CT



The Amateur Scientist's Journal

••

Embark on an irresistible new journey
into the realm of mystery, challenge, and

exp loration! The perfect magazine for the
budding scientist, the serious amateur, the

professional who would like to relax, and those
who simply want to gaze at the stars.

Welcome to.

SCIENCE PROBE! - the only
magazine devoted entirely to Amateur
Scientists! If you are fascinated by sci
ence in all its many forms .. . if you
can 't stay away from a microscope,
telescope, calipers, or test tube - we
invite you to share the wonders in every
issue of SCIENCE PROBE! You will
join a commun ity of Amateur and Stu
dent Scientists who enthusiastically
seek scientific knowledge or follow sci
entific pursuits for their own sakes and

. not merely as a profession.

Obtain your personal premier edition of
SCIENCE PROBE! by visiting a quality
Newsstand , Convenience Store, or Su
permarket this Fall or by reserving your
personal copy through the mail by
completing the coupon below.

From the very first issue of SCIENCE
PROBE! you will be involved in a world
of scientific facts , experiments, and
studies pursued by amateur scient ists
who are university students, inventors,
academic ians, eng ineers , or off ice
workers, salesmen, farmers-whose
quest is to probe into the mysteries of
science and reveal them to all.

Plan to become a SCIENCE PROBE!
reader!

Articles to appear in early issues of SCIENCE PROBE! are:

LIGHTNING-CAPTURE IT ON FILM
MONITORING ULTRAVIOLET FROM THE SUN

MOBILE-MOUNT EXPERIMENTAL WIND TUNNEL
CHECKING OUT ACID RAIN

AERIAL PHOTOGRAPHY FROM KITES AND BALLOONS
MINIATURE TRACKING TRANSMITTER

KILLER BEE IDENTIFICATION
HOW TO OBTAIN ANIMAL EYESHINE PHOTOGRAPHS

If you're fascinated by science in all its many forms,
if you are compelled to experiment and explore, then
SCIENCE PROBE! is your kind of magazine!

r--------------------------,
SCIENCE PROBEl 7 REMl
500-B Bi-County Boulevard
Farmingdale, NY 11735
Please forward my Premier Edition of SCIENCE PROBE! as soon as it comes
off the press. I am enclosing $3.50-U.S.A. ($3.95-Canada) plus $1.00 for
shipping and handling. Better st ill , please enroll me as a charter-member
subscriber and send the next four (4) quarterl y issu es of Scien ce Probe. I am
enclosing $9.95-U.S.A. (Canada : $14.95 U.S.A. Funds)

D Premi er Edition only D Fi rst Fou r Issu es (1 Year )
Offer s va lid in the U.S.A. and Cana da only. No foreign orders .
Na me _

Address _

City State ZIP

All Orders p ayable in U.S.A. Funds only.L ~

ON SALE AT QUALITY NEWSSTANDS, CONVENIENCE STORES AND SUPERMARKETS
STARTING SEPTEMBER 13, 1990 - $3.50-U.S.A. - $3.95-Canada



EOUIPMENT REPORTS
Micronta's Voice Meter Digital Multitester

Using a digita l multimeter isn't
a difficult thing to do-or at
least it shou ldn't be . On a

bench top, that may be true. But in the
real world o f field measurements ,
using a multimeter can often try your
patience-and your balance . Some
of us have not-too-fond memories of
measurement s made on top of a lad
der or catwa lk, with half of our bodies
reaching for the test points and the
other half simultaneously stretching
toward the meter to read its disp lay.
Others can relate to making under
das h automot ive measure ments
where it's difficult to get your head
positioned to see where you put the
multimeter probes, let alone see the
display.

Of course , multi meter manufac
turers are more than happy to find
solutions to the problems that their
users encounter. We've seen severa l
tec hniques that are used to freeze
the disp lay and hold a reading of inte r
est. Whil e they wo rk we ll, and are a
perfect solut ion for many situat ions,
they all share one feature that is a
failing in other situations: You have to .
look at the display to determi ne the
reading.

Radio Shack (700 One Tandy Ce n
ter, Fo rt Worth Texas 76102, and
more than 7000 locat ions nation
wide) has co me up with a different
solution : the ir Micronta Voice Me ter.
At the push of a probe-mounted but
ton, the meter announces the mea
surement in a clear voice.

The Voice Meter doesn't look
much different from many other dig
ital mult imeters. Its gray plastic case
measures roughly 7 x 3 x 1Y4 inches,
and feat ures a 3%-digit (3000-countl
LCD readout, a power switch , and a
six-position rotary funct ion-selector.
The six measurement functions are:

(J) DC volts, AC vo lts, diode check, reoz sista nce , DC current, and AC cur-
~ rent.o DC and AC vo ltages are measured
~ in five and four ranges respectively:
6 3000 volts with a reso lution of 1 vo lt;
is 300 vo lts w ith a reso lutio n of 0.1 vo lt;
C? 30 volts with a reso lut ion of 0.01 volt;
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3 volts with a resol ution of .001 volt;
and (for DC only) 300 millivolts with a
reso lution of 0 .1 mV.

Resistance is measured over six
ranges , from 300 ohms through 30
megohms, with resolut ions that
range from 0.1 ohms in the 300-ohm
ran ge to 10K in th e 30-megohm
range. DC and AC current are mea
sured in a single range of 300 milli
amps, with a resolution of 0 .1
milliamp.

Using the Voice Meterisn't signifi
cant ly different from using standers
multimeters. In fact , you don 't have to
use the voice feature if you choose
not to . If you do choose the voice
feature, getting the meter to speak is
as simple as pressing a but to n on the
pos it ive probe . Unfortunately, if you
need the voice capability, you must
use th e probe supplied with the
meter.

Whil e we initially found the voice to
be a novelty, it quickly got on our
ne rves wh en we made repeated
measurements . Despite the Voice
Meter's clea r, slow, easy-to-under
stand voice , we preferred s imply
glancing at the mete r when making
most measurements because it was

faster and quieter. (No volume con
trol is provided on the meter), How
ever, for our tests where we cou ldn't
see the meter's face , the voice, of
course , proved invaluable.

The Voice Meter is powered by
four "AA" batt eries. When the bat
teries are low, a BATT annuncia to r
makes you aware of the fact. If you
don 't notice it, you will be prompted
by an insistent "Replace batteries"
announcement whe n you try to get a
voice reading.

Our overa ll impression of Radio
Shack's talking multitester was favor
able . The only feature we didn 't like
was that the test probes don 't offer
shea thed banana plugs-an impor
tan t sa fety cons ide ration w hen
you're making high-vo ltage measure
ments .

Although we liked the meter, we
doub t it w ill find favor in professional
circ les . Most profess ional users
except those who really need voice
capability-wil l want more features,
ruggedness , and higher accuracy.
However, most of those profession
als will find the $99.95 Voice Metera
perfect addition to their home work
bench . R-E



WITH CIE,
THE WORLD

OF ELECTRONICS
CANBEYOUR
WORLD, TOO.
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C IE Cleveland Institute of Electronics, Inc.
1776 East 17 t h Street, Cleveland, Ohio 4 4114

MAIL
TODAYI

Zip: _

CIE

START WHERE YOU WANT,
GO AS FAR AS YOU WANT.

CIE's broad range of entry,
intermediate, and advanced level
courses in a variety of career areas
gives you many options. Start with
the Career Course that best suits
your talents and interestsand go as
far as you want-all the way, if you
wish, to your Associate in Applied
Science Degree in Electronics
Engineering Technology. But
wherever you start, the time to start
is now. Simply use the coupon
below to send for your FREE CIE
catalog and complete package of
career information. Or phone us,
toll-free, at 1-80D-321-2155 ( in Ohio,
1-800-523-9109). Don't wait ask for
your free catalog now . After all,
there'sa whole w orld of electronics
out there waiting for you,

Cleveland Institute of Electronics, Inc.
1776 E a s t 17th S t r e e t . C le v e la n d , O ru o 44114

MemberNHSC
Accredited Member National Home Study Coun cil

YEs... I want to learn from the specialists in electronics-CIE,
Please send me my FREE CIE school catalog, including details about
CIE's Associate Degree program plus my FREE package of home
study information.

Name (print): _

Address : ~

City: State:

Age: Area Code/ Phone No.: _ _ / _

Check box for G.I. Bill bulletin on educational benefits:
o Veteran 0 Active Duty

such study demands. Programs that
give you the theory you need
backed with practical experience
using some of the most
sophisticated electronics tools
available anywhere, including our
Microprocessor Tra ining
Laboratory with 4K of random
access memory . Of course, if you
ever have a question or problem,
our instructors are only a phone
call away.

L ook at the w orld as it was 20
years ago and as it is today.

Now, try to nam e another field
that's grown faster in those 20 years
than electronics. Everywhere you
look you'll find electronics in
action. In industry, aerospace,
business, medicine, science,
government communications
you name it. And as mgh
technology grows, electronics will
g row . Which means few other
fields, if any, offer m ore career
opportunities, more job security,
more room for advancement-if
you have the right skills.

INDEP ENDENT STUDY
BACKED BY PERSONAL
ATTENTION.

We believe in independent
study because it puts you in a
classroom of one. So you can study
where and when you want. At your
pace, not somebody else's. And
with over 50 years of experie nce,
w e've developed proven
p rogra ms to give you the support

SPECIALISTS NEED
SPECIALIZED TRAINING.

It stands to reason that you
leam a nything best from a
specialist and CIE is the largest
independent home study school
spec ia lizing exclusively in
electronics, with a record that
speaks for itself. According to a
recent survey, 92% of CIE
graduates are employed in
electronics or a closely related
field. When you're inv esting your
time and money, you deserve
results like that .
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PORTABLE REAL-TIME
OSCILLO SCOPE. The
model 2252 progra mmable
1OO-MHz-bandw id th os 
ci lloscope from Tektron ix
provides the precision , ver
satility. and ease-of-use of
an analog scope, plus the
ability to record the dis
played signal on paper at
the push of a button. The
ful ly automated osc illo 
scope ensures measure
ment acc uracy wit h its
integrated digital voltmeter,
" Smart Cursors ," and pre
cision counter/timer. The
scope also features four
channels, automatic setup,
and dual t ime bases. Fully
programmab le over the
standard IEEE-488.2 inter
face bus . the instrument
can be controlled remotely
from a PC.

A uniq ue se quen t ia l
samp ling techniqu e d ig
itizes a repetitive signal for
hardcopy output on an Ep
son-compatible printer. All
displayed channels , sca le
fac to rs , and act ive mea
surements can be tran s
ferred to the printer via a
Centronics interface. Test
results can be quickly doc
umented, or unknown sig
nals can be recorded for
later review.

All oscilloscope func
tions, including instrument
setup, signa l acqu isition,

SOLDER-MASK REPAIR
PEN. An easy way to insu
late, protect, and repair cir
cuit boards, components,
and delicate electronics is
provided by the 3300 Cir
cuit Works Overcoat Pen.
The pen applies a tough ,
conformal coating to insu
late against shorting, arc
ing . and static discharge

and measu rement con
trols . are accessible over
the standard GPIB. The in
terface and computer anal
ysis make automated and
repetitive testing applica
tions easier and less time
consumi ng than many
other methods . The sco pe
is supported by test-de
velopment software from
Tektronix.

The 2252 provides a full
complement of automatic
measurements . The vo lt 
meter inc ludes "Smart
Cursors ," which automat
ically track changes in volt
age measurements and
Vis ua lly indicates w here
meas urements are bei ng
made on the waveform.
The 200-MHz counter/
time r delivers crystal-con
trol led, 10 parts per million

CIRCLE17 ON FREE
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accuracy for timi ng mea
surements such as auto
mat ic ris e/ fal l t ime and
propagation delay calcula
tions . All measurements
are made on the real-time
analog signal. With its time 
averaging cou nter, the
scope is capable of up to
1O-picosecond t iming reso
lution at any sweep speed .
Vo ltage measurements
made using the voltmeter
have better than 10-bit ver
tical accuracy. Gated mea
surements can be made on
any portion of the signal.

The 2252 real-time os 
cilloscope, includ ing both
Ce ntronics and GPIB inter
faces , has a list price of
$3,495.00-Tektronix,
PO. Box 1700, Beaverton ,
OR 97075 ; Te l: 1-800
426-2200.

wh ile it protects aga inst
moisture. abrasion . chemi
cals and other environmen
ta l hazards . Particularly
usefu l in the des ign, pro
totyping, and repair of PC
boards , the overcoat pen
improves the reliability and
safety of mod ifications
when used to repair solder
masks .

The pen is easy to use.
Norma l writing pressure
opens the tip and starts the
flow of overcoat. Traces as
narrow as Yi6 inch are pos
sible, and the pen contain s
enough coating material
a polymer that is available
in several color s and
clear-to insulate and pro
tect approximate ly 60 feet
of exposed traces . The ma
terial dries in 5-10 minutes
and can be heat cured at
50°C-100°C for enhanced
performance . Ma ximum
working temperature is
200°C. The wide tempera 
ture range pe rm its both
spot so lder mask for in-line
solder ing operations and a
durable overcoating for so l
der-mask repair of open
traces and exposed con 
nections after soldering .
The overcoating is safe for
go ld , si lver, co ppe r, and
solder alloys, and is flexible
when cured.

The 3300 Circuit Works
Overcoat Pen costs $9.95
plus shipping ($1.00 U.S.
Ma il or $2 .50 U PS)
Planned Products, 303
Potre ro, Suite 53 , Sant a
Cruz , CA 95060; Tel: 408
459 -8088 ; Fa x: 408
459-0426.

AUTORANGING DIG
ITAL MULTIMETER. De
signed for convenient test 
ing and troubles hoot ing ,
B&K-Precision 's model
2701 autoranging DMM
has a belt-clip and test-lead
clips built into its case for
hands-free use and safe
storage of probes. The
comp act , hand-held multi
meter allows Single-hand 
ed operat ion in hard -to
reach locations. It can be
used to test AC and DC
voltage and current, as we ll
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spray costs $7 .95 for a 12
ounce can.-Jensen
Tools Inc. , 78 15 South
46th Street, Phoen ix, AZ
85044.

RACK-MOUNT LINE
CONDITIONER. Providing
affordable , effect ive vo lt
age regulation in a compact ages . Built- in surge sup -
u n i t , the Tr iPP L i t e pressors protect sens itive
LCR-2400 rack-mou nt line devices from sp ikes, line '
conditioner is designed to noise, and RFI/EM I inter-
meet the needs of record- ference . Two isolated filter
ing st udios, testi ng labs, bands preve nt con nected
and ind ustria l settings equipment from interacting
w here 19-inch racks are w i t h eac h ot her. T he
used . W it h a 2400-watt LCR-2400has a multi-color
output (20 amps ma x- LED readout that indicates
imum) -and -14-AG-outlets -, - the-level of- line-input -volt-- - - 
the LCR-2400 can simulta- age and reacts to changes
neously run a wide variety as they occ ur.
of equipment, test inst ru- Th e LCR-2 4 0 0 rack 
ments, or appliances . Vari- mount line cond itioner has
ous input voltages from 87 a suggested retai l price of
to 140 VAC are contro lled $459.00.-Tripp Lite, 500
to 120-VAC output within North Orleans, Chicago, IL
ANSI C84.1 specifications 606 10 -4 188 ; Te l : 312 
toprotectequipme nt from 329- 177 7 ; Fa x : 312
brown-o uts or over-vo lt- 644 -6505.

FREON-GAS ANTI
DUST SPRAY. Containing
no C FC's , Dus t-A -Way
from Jensen Tools re
moves dust, lint , and other
fore ign particles from del i
cate equ ipment with no
risk to the ozone. Depress
ing the trigger valve on the
12-ounce ca n de livers a
qu ick burst of dry" inert
freo n gas precise ly where it
is needed. The spray is rec
om mended for use on elec
trica l. electron ic, op t ica l,
and de licate mechanical
devices .

Dust-A-Way f reon gas

CIRClE 18 ON FREE
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as for resista nce , diode,
and cont inuity checks . The
2701 has a 3Y2-digit LCD.
Its functions include auto
ranging, "H igh" and " Low"

- power-o hms-;-and-dat a
hold. A 9-vo lt battery pro
v ides 800 hours of continu
ous operation .

The 2701 auto rang ing
d igita l mu ltimeter costs
$69 .00 .-B&K-Preci 
sian, Maxtec International
Corp., 6470 West Cortland
Street, Chicago, IL 60635;
Tel: 312-889- 1448.

Cut Your Video
Servicing Tilne

by 54%*

$3,495
Patented

With The Market Proven VA62A Universal Video Analyzer™
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You can prove it to yourself, in yourshop, absolutely riskfree
and share in theprofits successful video servicing can bring. Call
1·800·SENCORE (736·2673) and ask about our exclusive
VA62A instrument evaluation program. Tech-TapeVideo Preview
and FREE full line color catalogare alsoavai lable.

SeNCORe@
3200 Sencore Drive, Sioux Falls, SD 57107
100% American Made

CIRCLE 194 ON FREE INFORMATION CARD

Are you finding it toughto service today's hi-tech VCR and TV
circuits?Successful video servicers havetold usthat, to them, the
new technology meantlost profit andtroubleshootinggriefuntil
they tried the VA62A's timetested, functionalanalyzing methods.
"The VA62A cutsservicing time andincreases profits . . ."

*Based on a nationwidesurvey of users who reported anaverage time
savings of 54% compared to theirprevious testequipment.



connectors for easy tr igger
of other instruments, or for
external triggering of the
logic analyzer from another
instrument.

The PM 3580/PM 3585
fam ily of logic analyzers
ranges in price from
$4,250 for the PM
3580/30 with 32 channels
of 50-MHz state recording
and 32 channels of 100
MHz timing and 1K deep
memory, to$10,950forthe
PM 3585/90 (pictured) ,
which offers 96 channels of
50-M Hz state and 96 chan
nels of 200 -MHz timing re
cording with 2K memory.
John Fluke Mfg. ce.,
Inc. , PO . Box 9090, Ever
ett. WA 98206; Tel: 800 
44-FLUKE, ext. 77.

DIGITAL SIGNAL PRO
CESS ING BOA RD .
Dalanco Spry's model 250
dig ita l s ignal processing
CDSP) board has analog
and digita l inputs and out 
puts for the PC/AT and
bus-compat ible microcom
puters . The board is based
on the 40-MHz Texas In
struments' TM S320C25
DSP, and can accommodate
the faster TMS320C25-50,
the ' E P R O M - b a s e d
TMS320E25, and the new
er T M S 3 20C 2 6 . T he
model 250 can be used in
stand-alone mode in em
bedded systems when
equipped with t h e
TMS320E25 . The DSP
board provides data ac
quisition for eight sing le
ended channels at 12-bit
resolution and a maximum
300-kHz samp li ng rate .
Two analog -o utput chan
nels are provided, as are a
buffered digital I/ O expan
sion connector and the se
rial (coded interface of the
TI DSP. The board can be
populated with up to 64K
words of zero-wait-state
program RAM and up to
128 words of one-wait 
state data RAM . The data
RAM is simulta neo us ly
available to both the PC

CIRClE 21 ON FREE
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The logic analyzers fea
ture a unique dual-analyzer
per-pin architecture that al
lows both state data (relat
ing to software funct ioning)
and timing data (relating to
hardware performance) to
be acquired from the sys
tem simultaneously on up
to 96 channels, using just a
single set of probes . Perfor
mance specifications are
50-M Hz state, up to 200
MHz timing, and 2 kilo 
bytes of memory per chan
nel. Windows allow the
display of state and timinq
or two views of state or t im
ing data.

Other features include a
large , h igh -reso lut ion
screen , a video-output
socket for connection to an
external large-screen VGA
monitor, and a parallel
printer port for hardcopy
output. Also provided is an
RS-232 seria l port for diag
nostic test ing and future
options, and BNC trigger

LOGIC ANALYZERS.
Philips' PM 3580/PM 3585
family of logic analyzers
feature quick set -up time
use rs need less than 30
minutes to get an instru
ment up and running. Pop
up menus and VGA graph
ics offer a simp le interface
for new users , and provide
experienced users with
short cuts for quick opera 
tion. Faster analysis is ob
tained by reducing state
and timing measurements
to one probe connection ,
requiring only one set-up to
be learned, and providing
fully-integrated state and
timing tr iggering. All mea
surements are time tagged
wit h up to 5-nanoseconds
resolution .

A6iC!

An ETCHED
circuit board

from a
Printed PAGE

injust 3 Hours

FREE CONTACT EAST CATALOG
Contains thousands of products for testing, repairing & assembling
electronic equipment.Toget your free catalog, call (508)682-2000.

Professional
Tool Case
SPECIAL
$59.95
Reg •..$89-;OO"

Model REIM5

The ER-4 PHOTO ETCH KIT gives yo u the too ls, materi als and chemi cals
to make yo ur own printed ci rcu it boards. The patent ed Pos-Neq ? process
copies artw or k from magazines like this one without damaging the page.
Use the c ircui t patt ern s, tapes and draft ing film to make your own 1X
artwo rk . Or try the Direct Etch " system (also inc lude d), to make single
ci rcuit boards without artw or k. The ER-4 is stocked by many electronic
parts distributors, or order direct, postpaid .
ER-4 PHOTO ETCH KIT (NJ and CA residents add sales tax) . . . . .$38.00
DATAK'S COMPLETE CATALOG lists hund red s of print ed c ircuit products
and art patterns. Also co ntains dry transfer letter sheets and elec tro nic t it le
sets for professiona l looking co ntrol panels. WR ITE FOR IT NOW!

DATAK Corporation. 55 Freeport Blvd, Unit 23 •
Sparks, NV 89431

CIRCLE 196 ON FREE INFORMATION CARD

• Two removable pa llets
hold over 60 tools

• Case top has built-in
document ho lder

• Case bottom is
partitioned into 3 areas

A handsome black case to organize and
transport your valuable tools and instruments. This is
the same qua lity case used by literally tho usands of professional
field engineers. Case is made of high impact polypropylene,
and has snap-action key locks and a padded handle.
Size: 17'12 " x 12'12 " x 5" .
Tools are not inc luded .
Offe r expires January 31, 1991.

To order call:
1·800·225·5370
In MA: (508) 682-2000
Same Day Shipment!
Money Back Guarantee!
Terms: Visa, MC,Amex;
P.O.'s from qualif ied firms accepted .
Add $5.50for packing and delivery
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and t he TM S 3 2 0 D S P
through the use of an on
board memory controller.

The model 250 features
high throughput and is easi
ly accom modated in multi
ple-board systems. PC-to
data RA M-transfer speeds
may be as high as 3 mega
bytes per seconds . The
ma xi m um co n t in uous
throughput to disk is thus
lim it ed only by the ca
pabilit ies of the host PC's
disk sys te m. Software that
is bundled along wi th the
mode l 250 inc ludes as 
sembler, debugger, FFT's,
signa l and spectrum dis
play, digital filter examples,
record and playback to and
from disk, and a waveform
editor.

The model 250 digita l
signal processing board is
priced starting at $1095
(40-MHz TMS320C25, 4K
words of prog ram RAM,
and 32K words of data
RAM).-Dalanco Spry,
89 West la nd Aven ue ,
Rochester, NY 14618; Tel:
716-473-3610.

HANDSHAKING MO
DEM. Offering full-dup lex
data transmiss ion at rates
of up to 19.2 kiloband and a
bi-di rect ional co ntro l sig
nal-ail over two twisted
pa irs - Teleby te Tec h
nology 's model 204 Hand
s haking Modem can pro
v ide a "hardware hand
shake" for devices such as
laser printers and various
term inals.

The " handshake" is typ
ically used when terminals
are connected to a PBX
sw itch, w hic h use s th e
handshake to dete rmine if
the terminal is act ive or if
its power has been turned

CIRClE 23 ON FREE
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off. Housed in a small plas
tic case , the full -duplex
modem measures only 2 x
2% x %-inches.

The model 204 samples
clear-to -send (pin 4) , re
quest-to-send (pin 5), and
t r an s m i t d a t a of t he
RS- 23 2 se ria l int erface,
and derives its operating
power from them-no bat
tery or external power sup
ply is required. The stan
dard- data I/O occ urs on
pins 2 and 3 of the RS-232
connec tor. The control sig
nal uses DTR (data term i
nal ready) as the hand
shake input and DCD (data
carrier detect) as the hand-

shake output. The input
and output are switchable,
to accommodate connec
tion of the modem to either
a DTE or DCE device. The
co ntrol 's ignal inp ut also
controls the data flow from
the modem . Data can be
transmitted when the con
t rol s igna l is high . The
modem requires no sepa
rate power inputs.

Data t ransmiss ion be
tween modems uses dif
ferential baseband sig nal
ing tech niques, and com
mon-mode signal rejection
capability is greater than 20
vo lts. Those features are
there to allow error-free op
eration in all kinds of noisy
environments .

The model 204 costs
$89.00 in unit quantity and
$68.00 inquantities of 100.
Telebyte Technology
lne. , 270 EastPulaskiRoad,
Greenlawn, NY 11 740; Tel:
1-800-83 5-3298 or 516
423-3232; Fa x: 5 16 
385-8184. R-E

~

<0
<0o

o
mo
m
:s::
CD
m
:0

29

Expand your reach to additiona l lights and small
appliances with other X-I0 modules available from the
Heath Ca talog. Call1-800-44-HEATH for your
FREEcopy.

Use Order Code 601-044 when
ordering the One For All System
URS-6000.

Call Toll..Free
1..800..253 ..0570

Order Today
$119.95*

© 1990 Heath Co mpany.
Benton Harbor , Ml

• Price docs not incl ude sh ipping
and hand ling, or applicable sales
tax for Ml and CA deliveries

Lamp Module Controller Command Center

------- ----- The --- Hearn'
---- Ultimate in ------_ .
Home Control------~

••••
Just imagine, one press of a button

and you can tum off your stereo, tum on
your TV and VC R, start a videotape, and
dim the ligh ts. The best part is you've
done it all from your favorite chair.

The One For A ll remote Whole
House Co ntroller, Command Ce nter and

Lamp Module make it all possible.
Installation is a snap. The remote Whole

. House Controller operates virtually any infrared
contro lled device, and when used with the
Command Ce nte r can control lights throughout
your h ouse. Just point the remote Whole House
Co ntroller at the Co mmand Ce nter and press a
button. You've got home control.
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ELECTROM ECHANI
CAL DESIGN HAND
BOOK; by Ronald A .
Walsh. TPR, Division of
TAB Books Inc., B lue
Ridge Summit, PA
17294-0850; Tel. 1-800
233-1128; hardcover;
$49.50.

The fie lds of electrical
and mechanical engineer
ing are closely linked in the
des ign and development.of
to days man ufactured
products. This book fills an
important gap in the librar
ies of engineers and de
signers whose work re
quires . them to cross the
boundaries between elec
trical and mechanical de 
sign. Including information
about both disciplines. this
well -organized book pro 
vides practical product-de
sign data . work ing pro
cedures. and formulas in
one comprehensive vol
ume. The broad range of
subject matter covered in-

. eludesthe following: spring
design; standard fasteners
and bondi ng methods; pro
totype construction : prod
uct liability. testing . and
patents; basic pneumatic,
hydraulic. air-handling. and
heat equations and their
uses; sheet-metal design
and layout; and the selec
tion of bearings and gears .
In-depth treatments of fre
quently encountered top
ics are also presented .
including descriptive ge
ometry statics and dynam
ics. the fundamentals of
circuit design . electronic
components. fabrication
techniques . drives . and
linkages and mechanisms.
The book provides rea l
world examples and more
than 500 detailed illustra
tions . T he emphas is
throughout the pages of

R O N AL D '" WA t. S tt
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this handbook is on the
p rac tical des ig n data
needed in the day-to-day
development of parts.
mec hanisms. and assem
blies .

'90/' 91 CATALOG; from
Parts Express Interna
t ional lnc., 340 East First
Street, Dayto n , 0 H
45 402 ; Tel: 513-222 
0173; Fax: 513-222-4644;
free.

Packed full of electronic
parts and accessories. this
catalog will interest both
professiona ls and hob
byists. In its pages are ca
pacitors: resistors; speak
ers and accessories: semi
conductors ; connectors ;
wire and cable ; TV. CATV.
and VCR repair parts: tech
nical books and sche
matics ; alarm equipment ;

CALL TOl l fREE 1~:J1I-<I5l1
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too ls; chemicals: switches ;
and computer accesso
ries . (Customers outside
the U.S. and its territories
must send $5 .00 for
postage to receive the
Parts Express cata logJ

MONITOR POC KET
GUIDE ; from Display
Technologies, Inc. , 1355
Holmes Road, Elgin, IL
60123; Tel. 708-931 -2100;
Fax: 708-931-2120; free .

This 4 x 9-inch brochure
contains comple te infor
mation on 7Y2- and 9-inch
color monitors and mono
chrome models that range
in size from 5 to 21 inches .
The guide includes easy-to
reference tabbed cards
that list spec ificat ions such
as CRT size . video and
power inputs. horizontal

CIRClE 12 ON FREE
INFORMATION CARD

and vertica l frequenc ies.
and bandwidth. for each of
Display Technology's prod
ucts . Available opt ions are
also listed. and mechanical
drawings of the products
appear on the back of the
cards . Highlighted in the
brochure are t he Co lor
Pix.L monitors. which fea
ture Sony Trinit ron CRT
tec hnology. In addition. the
pocket guide contains a

. listing of sales offices and
guide lines for choosing a
monitor supp lier.

B ROA DCAST DATA
SYSTEMS: TELETEXT
AND RDS; by Pete r L.
Mothersole and Norman
W. White. Butterworths,
80 Montvale Aven ue,
Stoneham , MA 02180 ;
Tel: 617-438-8464; hard
cover; $39.95.

Data transmission over
TV and radio channels
commonly called teletext

CIRClE 13 ON FREE
INFORMATION CARD

and Radio Data System
eRDS). respective ly-are
becoming important as
pec ts of modern broad 
casting technology. This
book covers both estab
lished te levision and radio
practices and the comput
er technology that is used
in the te lete xt and RDS
systems. Background in
format ion concern ing the
development of te letext is
presented. along with the
data-signal format and cod
ing methods used . The
various components re
quired to form a complete
system are described .
Other chapters cover such
subjects as preparing and
recording subtitles. the
networking of te letext data
signals and regional ser-
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$35

~~.......SWITCHABLE
SCOPE PROBE

CALL TOLL FREE FOR C.O.D. ORSENDCHECKTOORDER
FAST DELIVERY

30 DAYMONEY BACK GUARANTEE (3 FILTER LIMIT)

star Circuits
P . O. Box 94917

Las Vegas, NV 89193-4917

1-800-433-6319

3 for $75• 10 for $200· mixormatch

TUNING
MODEL RANGE

23H 50-66 MHz

46FM
NO

66-108MHz SHIPPING
1417 120-H4 MHz or

1822 144-174 MHz
C.O.D.

CHARGES
713 174-216 MHz

• 3 POSITION SWITCH 1X, 10X, REF.
• COMPENSATION FOR ALL SCOPES
• SNAP ON ROTATING GROUND "
• SATISFACTION GUARANTEED /1
• REPLACEABLE TIP

MODEL ATTEN . BWMHz LENGTH RISET IME LOADING PRICE
AT-3DB FT. M ns PF MU

4101 Switchable
1xl10x IR 151200 4 1.2 25 /1 .4 65114 1110 35.00

4103 t x 25 4 1.2 1.4 45 1 30.00
4104 lOX 200 4 1.2 1.4 14 10 33.00
4110 100x 250 4 1.2 1.4 7 100 49.00
4115 MASTER

KIT INCL. 1EA . 4101 , 4103, & 4104 89.00

TOLL FREE
(800) 772-1519.

FREE CATALOG
OF TEST LEAD KITS & ACCESSORIES

CALL FOR NEAREST DISTRIBUTOR

maximum efficiency; res 
torat ion and recovery tech
niq ues; networkin g ; and
spec ia l fo rmat ti ng pro
cedures . The first section
of the book is dedicated to
a "Quick-Start Guide " to
get readers pain less ly
started us ing thei r hard 
disk drives . The ins and
outs of using DOS are ex
plained in deta il. The book
describes how to avo id
prob lems by fo ll owi nq
gu ide Ii nes fo r ma in te 
nance , secu rity, back-up
techniques, and fi le recov
ery. Included wit h the book
are two 5Y2-inch f loppy
disks that con tain nearly 50
programs , inc luding -t u
torials, software tools, and
utilities . Money-saving cou
pons for many items are
also provided in the back of
the book. R-E

CIRCLE 15 ON FREE
IN FO RM ATION CARD

GLOSSBRENNER'S
COMPLETE HARD DISK
HANDBOOK; by Alfred
Glossbrenner and Nick
Anis. Dvorak Osborne
McGraw-Hili, 2600 Tenth
Street, Berkeley, CA
94710; softcover with
diskettes; $39.95.

This encyc lopedic vo l
ume is fi lled with clearly
presented information on
hard-disk drives for com 
puter users of all levels of
expert ise . The book in
cludes practical advice and
convenient t ips about se
lect ing, buying, and install
ing a hard disk; loading and
organizing the hard disk for

CIRCLE 14 ON FREE
INFORMATION CARD

LOW-COST HIGH
QUALITY OSCILLO
SCOPE PROBES; from
Avex Probes Inc . (API),
1683 Winchester Road,
P.O. Box 1026, Ben
salem, PA 19020; Tel:
1-800-87 -PROBE; Fax :
215-638-9108; free.

A variety of mo no lit hic
and modu lar osci lloscope
probes are featured in this

- six-page brochure. Product
descript ions are accom
panied by photog raphs and
speci fications, and a handy
cross -reference chart is in
cluded. A lso highl ighted in
the cata log are a wide vari
ety of probe accessories,
and a 40 -piece con nector/
adapter kit.

vice requirements, te letext
decoders, and the re-trans
mission of decoded tele
text signals as a v ideo
s ig na I. Th e meas uri ng
techniques requ ired to
maintain broadcast net 
works and to test decoders
for both te letext reception
and data distributio n are
described . The recen t de
velopment of RDS, which
allows digital data to be
combined with a VHF radio
signa l, is d iscussed . The
necessary techniques for
both cod ing and decod ing
the signa l are exp lained,
and various app lications
are detai led-includ ing the

--" se-of-RB S-m-provide-a-----------J
local traffic-information ser
vice by int erru pt ing net 
work programming.
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BATTERY HOTLINE
In addition to our large in-s tore stock, we can
now supply almost any currently manufactured
consumer-type battery-for cordless phones,
computer memory, camcorders , transceivers ,
pagers and more. Service is fast and there are
no postage or handling charges . _

100-Watt Soldering Gun. Pull the
trigger for full temperature in sec
onds. Built-in light. The comfort
mold ed hand le stays cool. UL
listed AC. #64-2193 10.95

16-Piece Precision Tool Kit . Top
quality jeweler 's-type philips ,
blade and nutdrivers plus hex keys
and a torque bar. Fitted molded
case. #64-1961 10.95

f~:.ii ':· '.......'l
ila 130 ·

:::=='----; lIJa rma..!!
Super Calcul ator! The EC-4035
makes electronics math a snap.
Displays and computes with elec
trical units-V, A, mA, mW. 110
functions. #65-983 . ... .". . 39.95

Studflnder. Ends guessing , easy
to use! Senses changes in wall
density to find wooden studs fast
also wires, conduit, pipes. Battery
extra. #64-2825 19.95

ELECTRONICS STOCKING STUFFERS!

(1) Mini Audio Amp/Speaker. Ideal
testbench amp, also great for com
puter voice/music synthesis. Battery
extra. #277-1008 11.95
(2) Long-Life Xenon Strobe Tube .
With data. #272-1145 3.29
(3) Halogen Flashlight and Lantern
Bulbs . HPR50. 6-volt. #272-1189.
HPR52. 3V. #272-1190 .. Each 3.95

Engineer's Mini -Notebook Series . By For
rest Mims m. Great gifts! Project ideas and
useful data in Mims' famous, friendly style
big diagrams, handlettered text. With tips and
suggestions for further experiments .
NEWI Science Pro ject s. #276-5018 .. 1.49
Timer ICs. 555/556 ICs. #276-5010 99¢
Op Amp ICs. #276-5011 1.49
Optoe lectronics. #276-5012 1.49
Basic Circuits . #276-5013 1.49
Digital Logic Circ uits. #276-5014 1.49
Communications Projects. #276-5015, 1.49
Formu las and Tables. #276-5016 1.49
Schemat ic Symbols. #276-5017 1.49

jl~Cl~

rr--- --
Engineer'sIMini-Notebook

NEWI Semiconductor "Sub" Boo k.
Our 1991 edition lists over 95,000
types and the Radio Shack replace-
ments. #276-4014 3.99
Gettin g Started In Electronics. By
Forrest Mims m. The perfect introduc
tion to project bUilding. 128 pages.
#276-5003 2.49

g
/ .

Since 1921 Radio Shack has been the place to obtain up -to-date
electronic parts as well as quality tools, test equipment and accessories
at low prices. Over 7000 locati ons to serve you-NOBODY COMPARES
Prices apply atpanicipatingRadio Shack stores and dealers. Radio Shackis adivisionof Tandy Corporation
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AMERleA'S TEeHNOLOGV STORE"
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Pocket-Size Digital Multltester With
Autoranging. Super gift for anyone
working with electronics . This tester
folds, with its probes, to fit a shirt
pocket. Features easy-to-read LCD
display, continuity sounder. Measures
to 400 volts ACIDC, 2 megohms re
sistance. 4'/4x 2'/8X 5/'8~

#22-171 39.95

(1) Universal AC Adap ter . 3, 4.5,
6, 7.5 or 9VDC output. With 6
piece Adaptaplug~ set.
#273-1650 12.95
(2) 1'/2-3VDC Motor. About 1'/2'
long. #273-223 99¢

(3) DC Pulsing Buzzer. Extra
loud! #273-066 4.29

(1) NEWI Reusable Cable Ties .
#278-1622 Pkg. of 10/4 .99
(2) "Universal" Cable Clips.
#278-1647 Pkg. 10/2 .79
(3) NEWI In/Outdoor Wire Ties.
#278-1652 Pkg. of 30/2 .99
(4) Markers. 630 stick-on letters.
#278-1650 Set/1.79

(1) NEW! AC Sensor. Indicates pres
ence of 70 to 440VAC without direct
electrical connection. Safety first !
#22-103 9.95
(2) NEW! Circuit Tester. 90·300V
ACIDC. #22-102 1.99
(3) AC Outlet Fault-Finder. 3-prong
for grounded outlets. #22-101 .. 5.95

32
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Add frequency-measurement
capabilities to your workbench
with this inexpensive counter.

cillator normally uses
lO-MHz crystal XTALl,
an external source can
go on J3 to pin 24 of
IC 3 ( E X T O SC I N PU T) .

Some other 7216C fea
tures a r e display
blanking , measure
ment holding, and dis
play test-reset.

Since IC2 is de
signed for a maximum
reading of 10 MHz, ICl,
a 7490 decade counter,
expands the range to
100 MHz by con
necting pin 1 (BIN) to
pin 12 (QA) for the
maximum count
period. Pin 8 (Qcl is
tied to pin 28 (INPUT A)

of IC2 for measure
ment. For more expan
sion , IC3, a CD4017
decade counter, is an
adjustable divide-by
N.

As mentioned earlier, there are
four ranges, and operation is
possible with or without IC3 .
When S8 is set to OUT , IC3 isn't
used, and the display reads 1:1,

.showmg the actual undivided
frequency of the input on Jl or J2
in kHz . Obviously, if the frequen
cy of the input goes below the
nominal minimum possible for
any given range, the display will
read zero .

CARL BERGQUIST

quencies . The 7216C/D use
single inputs, but have external
decimal point (EXDP INPUT) inputs
(pin 13), and MEASUREMENT IN

PRO GRE SS outputs (pin 2).
The frequency counter sche

matic is shown in Fig. 2. IC2 de
cade counts the input frequency,
stores the result in latches, driv
es an 8-digit multiplexed LED
display, and blanks all leading
zeros . While the internal os-

BUILD TSIS
BENCSTOP
FREQUENCY
COUNTER

Circuit description
Figure 1 shows the pinouts for

all four 7216 versions; the 7216N
B use two inputs for measure
ments like the ratio of two fre -

THE INTERSIL I CM721 6

frequency-counter IC's
(models A-D) have an
impressive array of
functions. All have a
high -frequency os
cillator, decade time
base cou n ter, 8 -deca de
data coun ter and
latches, 7-segment de 
coder, di git multiplex
ers , and 8-digit multi
plexed LED-display
drivers.

There are four mod
els; the 7216A and
7216B are universal
counters, capable of
measuring input fre 
quency, oscillator fre
quency, frequency
ratio, period, and time
interval, and can per
form unit counting.
The frequency counter
discussed here uses
th e 7216C with a com
mon-anode display (the 7216D is
similar). It'll become one of the
most versatile pieces of test
equipment on your bench, and
simply fun to use. You can build
it for about $80.



FIG. 1-THE PINOUTS OF ALL FOUR VERSIONS of the 7216. The 7216A!B both take two
inputs, for measurements like the ratio of two frequencies, while the 7216C/D have single
inputs.

Miscellaneous: Plastic cabinet (mini 
mu m size 8 x 6.25 x 3-i nc hes, 7805
heat sink, bezel for LED2, 5-pin cab
inet-mounted terminal strip, knobs, dry
transfer lettering , hardware, so lder,
wire, etc.

NOTE: The MAN6710's are available
from Quality Technolog ies Corp.,
3400 Hillview Ave. , Palo Alto, CA
94304 , (415) 493-0400 or (800)
533-6786, The 7216C is available
from Digi-Key Corp., 701 S. Brooks
Ave. , P.O. Box 677, Thief River Falls,
MN 56701-0677, (218) 681-6674 or
(800) 344-4539. The cabine t is avail
able for $14.95, from Chaney Elec
tronics, 932 North 94th Way, Scot
tsdale, AZ 85258, or P.O. Box 4116,
Scottsdale, AZ 85261, (602) 451-9407
or (800) 227-7312.

PARTS LIST

All res is to rs are v.-watt, 5%, un les s
otherwise noted.

R1-3300 ohms
R2- 100,OOO ohms
R3, R5-10,OOOohms
R4-22 megohms
R6--22,OOO ohms
R7- 500,OOO-ohm front panel potentiom-

eter
R8-470 ohms
R9-1-mego hm PC-board potentiometer
R1Q--1000 ohms
Capacitors
C1-100 pF, ceramic disc
C2-27 pF, ceramic disc
C3-E>-50-pF PC-board trimmer
C4, C8-Q.1 fl.F, ceramic disc
C5-3300 fl.F, 25-volt electrolytic
C6--1 fl.F, 10-volt electrolyt ic
C7-100 pF-1 fl.F PC-board trimmer
Semiconductors
D1-D4-1N914 diode
BR1-1 .5-amp bridge rectifier
DSP1-DSP4- MAN 6710, 2-d igit, red ,

com mon-anode, 0.506-inch, 7-seg 
ment LED displays

IC1-7490 BCD counter
IC2-Harri s 7216C frequen cy counter

(Digi-Key ICM7216CIJI)
IC3-GD4017 decade counter
IC4-7805 5-volt DC regulator
IC5-555 timer
LED1-miniature red T-1 light-emitt ing di

ode
LED2-standard green, jumbo, diffused,

T-1-3/ 4 light-emitt ing diode
Switches
S1, S5-SPST momentary push button
S2-S4- SPST ON/OFF push button
S6--SP4T rotary switch
S7-SP9T rotary switch
S8-DPDT toggle switch
S9-SPST ON/OFF push button
Other components
J1, J2-RCA jack
T1-120-to-12.6-volt, 1.2-amp, AC power

transformer
F1-1 .5-amp fuse with holder
PL1-120-volt AC power cord
XTAL1-10-MHz crystal

quency. The maximum di vid er
ratio of 18 may s eem like an odd
value to end With, but IC3 didn't
h ave enough taps to d ivide by 20.
Never u s e a n inpu t exceed ing
Vo o ; you'll des troy IC2 . Reduce
the input gain wi th R7 an d in
crease for a s table reading.

Regarding DSPI-DSP4, t he
MAN6710 2-digit , 7 -s egme n t
LE D di splays , the digi t drivers
are in order along the b OI10m ,
with the view fro m the fro L Pin
14 is the digi t d river for th e left
hand di git, an d pin 13 is for the
ri ght-hand di gi t. The left-hand
digit in DSP4 h as the segments
and decimal point labeled for ref
erence. The segment dr iver pi ns
go on the left s ide in pai rs ; the
former in each pair is a left-hand
segment, the latter a ri ght-hand
segment. Th us, for example, pin
16 is AL , an d pin II is AR •

1 CONTROL iNPUT INPUT A~

2 INPUT B HOLD INPUT 27

3 FUNCTiON iNPUT OSCOUTPUT 26

4 DIG iT1 } OSCINPUT 25
5 ~

DiGIT3 OUTPUT EXTOSC INPUT
6 DIGIT 2 DECIMAL POINT OUTPUT 23

7 DiGIT 4 72168 { SEG G 22
8 V SEG E 21

9 D~~IT 5 } OUTPUT SEG A 20

10 DiGIT 6 SEG0 19
11 DiGIT? OUTPUT Voo 18

12 DiGIT 8 { SEGB 17

13 RESET INPUT OUTPUT SEGC16

14 RANGE INPUT SEG F 15

lJa

1 CONTROL INPUT INPUT A 28

2 INPUT B HOLD INPUT 27

3 FUNCTiON iNPUT OSC OUTPUT 26

4 DECiMAL POiNT OUTPUT OSC iNPUT 25

5 SEG E} EXT OSC iNPUT 24

~ SEG G OUTPUT {DIGIT 1 23
I SEG A 7216A DiGiT 2 22

8 Vss OUTPUT DIGiT 3 21

9 SEG D} DiGiT 4 20
10 SEGB DIGIT 5 19
11 SEGC OUTPUT Voo 18

12 SEGF { DiGiT 6 17

13 RESET INPUT OUTPUT DIGIT 7 16

14 RANGE INPUT DiGIT 8 15

1 CONTROL iNPUT INPUT A 2 1 CONTROL INPUT INPUT A 28
2- MEASUREMENT HOLD INPUT 27- -~ M.EASUREMENT HOLD INPUT 27

iNPROGRESS INPROGRESS
3 DECIMALPOI NT OUTPUT OSCOUTPUT 26 3 DIGIT 1 } OSCOUTPUT 26
4 SEGE } OSC INPUT 25 4 DIGIT2 OSC INPUT 25
5 SEGG OUTPUT EXTOSC INPUT 24 5 DiGIT 3 OUTPUT EXTOSC iNPUT 24

6 SEGA { DiGIT 1 23 6 DiGIT 4 DECIMAL POINT OUTPUT 23

7 Vss 7216C DIGIT 2 22 7 Vss 7216D { SEGG22

8 SEG 0 } OUTPUT DIGIT 3 21 8 DIGIT 5 } SEG E 21
9 20 OUTPUT 20

SEG B DIGIT4 DIGiT 6 SEG A
10 SEG C OUTPUT DIGIT 5 19 10DiGIT 7 OUTPUT SEG 0 19

11 SEG F Voo 18 11 DIGIT 8 Voo 18

~ RESET INPUT { DiGIT 6 17 12 RESET INPUT { SEG B 17

13 EX. DP. INPUT OUTPUT DIGiT 7 16 13 EX. DP. INPUT OUTPUT SEG C 16

14 RANGE INPUT DIGiT 8 15 14 RANGE INPUT SEG F 15

C d

If the frequency counter had ad
equate bandwidth, it could actu 
ally read from 1 kHz-99 ,999,999
k Hz without IC3 , or 1 kHz
99.999999 GHz . Of co u rse the
frequency respons e isn 't n early
that good , and the coun te r actu 
ally works up to only abou t 1.8
GHz (u s ing IC3 ). regardless ofS6
or S 7.

Wit h S6 set to 0 .1 second with
IC3 ou t, the cou nter d isplays 0 .1
kHz-9, 999 ,999 .9 k Hz , or 100
Hz-9 .9999999 GHz. Setting S6
to 1 secon d, it di s plays O.0 1
kH z-99 9 ,9 9 9 .99 kH z , or 10
Hz-999 .999 99 MHz. And, set
t ing S6 to 10 secon ds, it displays
0 .001 kHz-99,999.999 kHz, or 1
Hz-99. 999999 MHz .

If S8 is set to IN , IC3 is on, and
the display read ing h a s to be
multiplied by the divider factor
setting of S 7 to ge t the ac tual fre-
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Rl
3.3K

R6
22K

EXT t+SV
+ SV OSC 161

C2 IN~T 24r---'.:.1-- ---,A 6
2"'!,F J3~ 2S OSC BI-'9'--- - - - - - -----,

,. ..L XTAl1 INPUT 10

I

FClT 10MHZ CF--- - -------,
C3 R4 IC2 01-'8'------ -----,

6-S0pF 22MEG ICM7216 E 4
~I 26 OSC 1-'---- - - -----,

INto.. )~ OUT F 11
Sl ':" R2 GI-'S'--- ----.

..J:..HOLO lOOK 27 HaLO OEC PT 3
r-''M~--4--0 INPUT OUT f-=-- - --- --,
1---:--;::=::;::==~---'2i6 INPUT A OIGO 1"23"-- -,

C4~ 8S..::t.. 1 OIGl t=2:=..2 ..,

~" 12 I~:JT 01G2t=2.'-1- _ _ --,

':" 1 CNTRLlNPUT DIG3t=2"'-0-- ............
Cl ~ R5 13 EXT DEC

l 1 100pFT 10K~ PT IMP DIG4 19

(LABELED ~ rL •+sv l~t '= EXT F L:!.! RANGE DIG5rl-~1---,
'"OOMH " R7 5 1 J DEC PT 7 INPUT 16

I z 500K r'- DIG6f-'-'--
ON PROTOTYPE)INPUT 14 t. Voo Q 8 ~16 ~ 0 ~ 0 -::!:- 15

INPUT A "N C ':" • DIG7 fC-=-
'.6: GAIN ICl R,.L 0 S4 S3 iS2

Jl:;t- - 7490- 01 3 - - - DISPLAY D1SPlAY- EXT - - - - - - - - S6 SAMPLE
':" 1 R02 i-=-- TEST BLANK OSC 1r:: TIME

GBm R 6 01 02 03 04 .
0

10
(LABELED 12 Q 91 '7" JII- 1N914 1N914 1N914 A 1N914 .1? 91

"FREQ.DIV." A V
ss

R
92

r-- ~-f- ,,- - - --4---t---t-+ -+-t--+-I+ +-H
ON P~OTYPE ) 101 ,Q~ LEDl

:;t J2 ~ ~ (REDI
':" (UNUSED) '--- - - - - - - - - - - - - - - - ---jH -+-+-+-+-+-t-.

DSP2 113 14114 DSP4 13 14 OSP3 13 14 DSPl 113
I 1

I uz..I DPl,DPRI 1 I A
I I - Gl.GR

17,7

I I I I I I
1 , I I Iii I I I 'F G BI
1

Fl.FR
16,12

1
I 1,S1 El,ER1

I ! , ,I , I I ,
Ii' I I , ,

'E ci
Dl.DR

2,6

3,8
Cl,CR

15,100
Bl.BR- -

_I - -:-- - -I DP1 I 16,11
I I Al,AR

'V ++ IN OUT

BRI + C6 +
12.6VAC CS

3300llF l~IF LED2

'V
(GREEN)

':"

FIG. 2-THE FREQUENCY COUNTER SCHEMATIC; IC2, the 7216C, counts input frequen
cy in decades, stores the result in latches, and drives an a-digit multiplexed LED display,
with leading zero blanking. While the internal oscillator normally uses with 10-MHzcrystal
XTAL1, J3 takes an external source. Other 7216C features include display blanking,
measurement holding, and display test/reset.
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Construction
The parts-placement di agram

for the main PC board is shown
in Fig. 3 , an d the di splay board is
s hown in Fig. 4; th e foil patterns
are also provided in this article .
The prototype version omitted
the power su pply now incorpo-

rated in the main PC board. Use
I8-p in DIP sockets for the LED 
display PC board, an d appropr i
ate s ockets for t he m a in PC
board. The wire grou ps for both
the segmen ts an d the digits a re
indicated in both Figs . 3 an d 4,
an d are omitted for clarity.

The Monsanto MAN671O's are
2-digi t, 7-s egment, multiplexed ,
co m mo n -anode LED displays ;
their pinouts are s hown in Fig. 5 .
The B, D, F, and DP s egme nts
were co n nected by PC-b oard
foils, and the A, C, E , an d G seg
ments u stng jumpers : th e Gjum
pers cr iss-cross the di splay PC
board as they progress. Us e
multi-colored wire to identify the
various segme n ts and di gits; dig- CD

it drivers DI-D8 go to the top of ~
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FIG. 3-THE PARTS PLACEMENT DIAGRAM for the main PC board . Use sockets for the
IC's. The wire groups for both segments and digits are shown.

LEFT DIGIT RIGHT DIGIT

.r, ),
r- ------- -414~-------------------------~13r- - - -- -- -- -,

I ' , MAN6710 ' , I
I I
I . I

:~,( // // // // // // // " " " " " "" :
1r ~/ cP I
I, .... ,,, ,, ,, .... ,,, .... , .... , .... ,, .... , .... , .... ,, .... , .... , .... ,"''''' I
I..i 1 H 2 H 3 1--1 15 H 161-117 1-1 181-'1 4) '1 5)-1 6 H 7 t "1 8 ~~ 10 '"11 1 H 12 to. 9 rJ

'r' '( '1' '1' '1' ' 1' '( ' T '1 '( '1' 'r' ' ( ' 1/ '( 'r'
E D e B A G F DP E D G C B A F DP

FIG. 5-PINOUTS FOR THE MAN6710 2-DIGIT, 7-segment, common-anode, multiplexed
LED display.

versal cou nter, need ing two in
puts to make fu ll us e of available
IC fu nc tio ns . The part s di s
tribu tor the 7216C was obtained
from thought version C was a
u niversal cou nter. By the t ime
the mis take was dis covered , the
front-panel holes on the cabinet
had already been drilled . To avo id
an em p ty p anel h ole , dummy
RCAjack J 2 was placed there , in
parallel with Jl.

Although Fig. 2 indicates that
Jl is the one that 's actually us ed
rather than J2, either was us a
ble, but only one at a ti me . Ob
viously; you wouldn 't n eed both
jacks on you rs, and shou ld on ly
drill one panel hole. The inputs
on Jl and J2 were to have been
" 10 0 MH z" a n d " FREQ DIV,"
purely. arb itrary titles s temming
from personal preference. In the
originally planned vers ion, tw o
74 90 d ecade cou n te rs were to
have been used , one for each in
pu1. The finished fr equency
cou n ter is sh own in Fig. 6 .

Figure 7 s hows an overhead
view with the top ope n. A 470 
oh m res is tor was ins talled for
R8 , slightly above the center on
the left s ide of the main PC board,
but n ever used in the prototype.
In stead, another 470-ohm re
si stor was placed off-boa rd, in se
ri es wi th LED2 , behind where
LED2 an d its bezel fit into the
fron t panel. The prototyp e really
used four boards, but on ly the
main a n d d isplay b oards h ad
foils .

The IC4 h eats ink is of s heet
alu m in u m, bent to fit in the cab
inet, wit h s ilicone grease u sed for
goo d h ea t transfer, and C6 unde r
n eath. In the prototyp e , 24-pin
DIP sockets were used . The right
mos t p iece was cut from a whole
one, and has on ly s ix pins . S ince
the three s ockets an d the cu t
piece at r ight fit flush against one
another, there's an u nus ed hole
between individu al di splays . To
avo id cutting a socket, use 18-pi n
versions in you rs. The 5-pin ter
minal str ip is u sed as a feed point
for th e +5 volts from IC4 .

Figure 8 shows a closeup view
of the LED-display PC board from
the foil side . S ince th ree holes
were n eedl essly drilled for JI-J3 ,
there wasn't enough room left for
58, so a notch was cut in the
lower left corner of the di splay PC
board, clearly visible in Fig. 8.
The wires to LED I are at upper

The reason Jl and J2 are con 
nected together is because in the
prototype, the original plan (later
abandoned) was to make a uni-

the di splay board. Several jum
pers must be tack soldered to the
pads on the foil s ide of the di splay
board.
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FIG. 6-THE FINISHED FREQUENCY COUNTER, shown in display-test mode, with all
digits and decimal points lit. J1 and J2 are wired together, but one is unnecessary (see
text).
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Power-up, test , and calibration
When you apply power, LED2

should glow. Press 54 (DISPLAY

TEST), a rid the display should
show all 8's and decimal points,
and LEDI should ligh t. If not ,
disconnect the power and re
check the wiring. With 58 in the
OUT position, IC I is off; set R7 for
maximum gain, and apply a sig
nal of known frequency no more
than 5 volts in magnitude to J 1or

instead, u s e the sample ti mes
shown in Fig. 2 . Mount T I , an
chor the PC boards, and check
for wiring errors.

right: normai polarity is re 
versed, with black going to the
anode, and white to the cathode.
Note the unused pads between
individu al LED displays, where
they fit against one another on
the component side.

The prototype cabinet is 8
x 6 .25 x 3-inches; drill the front
panel holes, and do the labeling
before installing the switches ,
jacks, and display. Use dry trans
fer letteri n g with a light coat of
clear enamel to prevent damage.
The prototype has the labels of
the digit drivers u sed on 56 for
setting the display decimal point ;

S7

~L ~'=\=
C6 IC4 !~ BR1

(UNDER C5
HEAT SINK)

FIG. 7-AN OVERHEAD VIEW OF THE PROTOTYPE; RB on the main PC board wasn't
used. Another off-board 470-ohm resistor is in series with LED2, and IC3 and IC4 were
later added to the main PC board. The IC4 heatsink is sheet aluminum with silicone
grease; C6 is underneath. The prototype had three complete 24-pin DIP sockets for the
LED displays, and part of another, with an unused hole between displays; use 18-pin
sockets in yours. The markings shown on D2 and D4 are wrong; the cathodes all point
right. The terminal str ip is a feed point for the +5 volts from IC4.
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TABLE 1-IDEAL FREQUENCY COUNTER DISPLAY RANGES FOR ALL S6/S7 SETTINGS

Frequency 1 2 4 6 8
Divider
Setting (57)

Sample Time
Sett ing (5 6), s

0.01 1-99,9999,999 2- 199,999.998 4-399.999,996 6-599.999,994 8-799.999,992

0.1 0.1-9,999,999.9 0.2-19,999,999.8 0.4-39.999,999 .6 0.6-59,999,999.4 0.8-79,999,999.2

1.0 0.01-999,999.99 0.02-1 ,999.999.98 0.04-3,999,999.96 0.06-5,999,999.94 0.08-7,999,999.92

10.0 0.001-99,999.999 0.002-199,999.998 0.004-399,999.996 0.006-599,999.994 0.008-799,999.992

Freq uency 10 12 14 16 18
Divi der
Setting (57)

Sample Time
Setting (56) , s

0.01 10-999,999,990 12-1 ,199,999,988 14-399,999,986 16- 1,599,999,984 18-1 ,799,999,982

0.1 1.0-99,999,999.0 1.2-119.999,998.8 1.4- 139.999,998.6 1.6-159,999,998.4 1.8-179,999,998.2

1.0 0.10-9.999,999.90 0.12-11,999,999.88 0.14- 13,999,999.86 0.16-15,999,999.84 0.18- 17,999,999.82

10.0 0.010-999,999.990 0.012- 1.199,999.988 0.014-1 ,399,999.986 0.016-1 .599,999.984 0.018-1 .799,999.982

Note: The actual frequency response is limited to approximately 1.8 GHz for all 86 /87 settings; all values shown here in kHz.

FIG. 8-A CLOSEUP OF THE FOIL SIDE OF THE LED-display PC board. Most jumpers go
directly to the foil-side pads; there are no separate holes. Since holes were dr illed for
J1-J3, there wasn 't room for 58 , so a notch was cut in the lower left corner. The wires to
LED1 (beneath the PC board) are at upper right, black to anode, white to cathode. The
pads between the displays are unused, where they fit against one another on the compo
nent side.

FIG. 9-AN OPTIONAL 555-TIMER ASTA
BLE square-wave generator for debug
ging the frequency counter. Both R9 and
C7 are variable, to vary the output fre
quency from 1.44 Hz-7.21 MHz. The bread
board with this circuit on it appears in the
lead photo.

R10
1K

R9
1MEG

+SV
r-------, 8

OUTPUT
(1.44Hz

- 7.21MHz)

~
+ 5V 4 RST

1 GND

L...-_ _ ----'-l2 TRIG

0-_....;3" OUT DISCI-'7_ --JlNIM

ICS
555 6

THRI-"---';C"'7- ........

~00PF~1IlF T

BYP ca l:--1.
L-.._ _ ---J 0.1 -=

on setting S7 to 4, etc. Converse
ly. 100 MHz on the display on set
ting S 7 to 10 im plies a l- GHz
in pu t. S5 resets the display to
zero. S l retains a readout as long
as needed, S3 just blan ks the dis
play. S2 introduces clocking from
an ex te r nal sou rce on J 3 , an d
LED I in di cates overflow.

A simple astable m ultivibrator
square-wave gene rator is shown in
Fig. 9 for calibrating th e frequency
counter. Adjusting R9 and C7 will
vary the output frequency from
1.44 Hz-7.2l MHz. R-E

does the m easu remen t interval.
On the O. l-second setting, the
reading is to one decimal place
but takes only 0 .1 second, where
as on 1O.0 -second setting, there
should be th ree decimal places,
but the sample time also in 
creases accordingly.

The setting on S7 is the factor
an input frequency is divided by.
Th us, a l Ou-Ml-Iz s ignal reads 50
MHz on setting S 7 to 2, 25 MHz

J2 from a digital pu lse generator.
Tune C3 unt il the d isp lay

shows the same frequency as
your standard, and the counter

~ is calibrated. Switch S6 controls
~ the number of digits of resolu
g: tion following the decimal poin t.
~ The frequency is in kHz, so 1 kHz
u:J on the lO-second setting of S6
o shou ld show up as LOOO. As you
(5 increase the sample ti me on S6,
<l:rr th e accuracy in creas es but so
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2210A
Full Range
Pocket
Size LED.
$239 .

8030
Bench Porta b le (Fits In an attachJ
case) with ALL the Hc ndl-Countert
Fea tures plus More. $579.

Range Signal
Low Display Display Strength Universal TCXO

Model H/gh 8D/g/fLED IOD/gffLCD Bargraph Counter ootton

8030 10Hz • • • ± .l pp m
2.4GHz add $125.

3000 10Hz • • • ± .2ppm
2.4GHz a dd $ 80.

2600 1MHz • • • ± .2p pm
2.4GHz add $ 80.

2210A 10Hz • ± .5ppm
2.4GHz add $ 75.

1300H/A l MHz • ± .5p pm
1.3GHz add $ 75.

Sensitivity: <1 to <lOmV typicaL NICads & AC Charger/Adapter Includ ed. Carry
Case. Antennas and Probes extra . One year parts & lab or warr anty on a ll p roduc ts.

1300HjA
Low Cost Ultra
Sensit ive (HF ,
UHF, VHF).
$179 .



RON HOLZWARTH

HERE'S A PROJECT THAT YOU'LL B E

happy to display in your front
window this Christmas season
it also makes a great gift that any
one else would love to display in
his or her window. The electronic
Christmas tree is actually made
from a printed circuit board with
traces that form the branches of
the tree. Different colored LED's
mounted on the board simulate
Christmas-tree lights. A built-in
microphone picks up any audio
signals-such as Christmas mu
sic-and different strings of
LED's light according to the spec
tral distribution of the audio
within a frequency band selected
by the constructor. When in
stalled in the custom metal
frame. all of the electronics and
the batteries are hidden behind
the black mat and protected by
the front glass. The end result is
an attractive little Christmas tree
whose lights wiII blink in unison
with any kind of audio.

The photographs cannot con
vey the effect of the flashing
lights. nor the vivid impression
of seeing sound. Music becomes
a quickly moving pattern of danc
ing lights. In fact. any sound be
comes an interesting display as
the microphone. which tops the
tree. picks up any sound in the
room. For the hearing-impaired.



it opens up a new window to
sound.

The project is also good for
those who wish to learn about
audio. For example, the tuning
fork option only receives frequen
cies very near A440. But. it is
hard to voca lize anything at any
pitch without generating a dis
play. In fact. singing notes far
lower than A440 generates vari
ous displays. In addit ion, inflec
tions. such as the rise in pitch
that usually accompanies the
conclusion of a ques ti on . are
quite visi ble.

T\1e un it is powered from four
AA batteries , a lt hough a n AC
adapter jack is a lso inclu ded so
that battery power can be con
served. It is a good idea to use an
ACadapter whenever possible. as
battery life is limited to about
eight hours. depending on the
volume level of the audio signal
(mo re or less LEO's will ligh t ).
and the options selecte d .

The str ings of LED's can be
more accu rately thoug h t of as bar
gra phs. The device in cludes an
amp litude- discrimi nation cir
cuit that selects the harmonics of
greatest amplitude and displays
those harmonics in bar mode. at
which time a ll others are in dot
mode.

An interesting experiment
wou ld be to interface the board
with other circu itry. The outputs
of th e dr ivers are TTL- and
CMOS-compa tib le. S ince most
LED pos ts ca n be wire-wrapped.
wiring se lected outputs to an in
put port is easy The device can
then function as a front end to
allow your computer to monitor
sound waves without the com
plexity of digital filtering. The
outputs can also be used to oper
ate relays . allowing lights of any
power level to be used.

Circuit operation
Although the circuit may at

first seem complicated. it really
isn't. Figure 1 shows a block di
agram of the circuit. Signals
from the microphone are ampli
fied. ftltered, and automatically
adjusted for gain in the automat
icgain control (AGC)section. The
sections that follow are dupli
cate d four times. All four sections
are iden tical except for the fre
qu encies that they ha ndle. Each
section has a level-adjust potenti-

~"'"' ~~- .....~~ • ..- ....-...-.j

ometer, a bandpass filter. • r&3:'~'• .~ ..... .
level shifter. demodulator a,...... • , ;';::-~"~~~-_;J
and discriminator, and a ""'. 11
display driver. Each dis- • ..u1' .~'
play dr iver drives a ..~~..,-, -, 11;
separate LED bar . '": ' • "" ~
graph at the output. ;., • .••1.... ..,....~.,.
Three of the bar .0- .• '_~.l. .
graphs (A-C) con- '~SWL .~~ ·of,,~
tain ten individ- • ~"'.II€'.._ '~" ' ~'
ual LEO·s. and 0 .~ • ~.....~~.... .

one of them (D) 0 • • ~'-' ."~'.' " ~:"';'"
contains twenty. ~' '. ~. w....:.~""

Let's take a look ."" # tAl • ~'.... ,.~
at the schematic in .• .' ~~. ..0,.~ ..
Fig. 2. Power for the 'WtfMt'pft"_ _~.'
unit is supplied by the 4 AA ....~~- '''~ ~
batteries mounted on the ...~:

board or supplied through the .. '''., -~.' .'_··".~A..
powerjack (J I) on the back of the ' • 0 ~
board . Since a bridge rectifier , .;....
(consisting of diodes 01-04) is . =:.

used. DC of ei ther polari ty can be seconds.
used, as well as AC. The batteries The AGC section consis ts of
are disconnected whenever a op-arnp IC I-d configu re d as a
plug is in the power jack. non-inve rti ng a m plif ie r. Wh en

1\\'0 large electrolytic capaci- the output ofI CI -d inc reases. Q2
tors, Clg and C20. da mp any turns on a n d a llows a s mall
transients caused by power sur- a mou nt of cu rrent to flow into
ges when a large number of LEO's C4. That will ra ise th e gate volt-
are lit. Avoltage divider is formed age of Ql, effect ively lowering the
by ICI4. an LM336-2 .5. which resistance of RI2, th us decreas-
operates much like a Zener di- ing the gai n of the amplifier as a
ode, but without nearly as much whole. In the rest of the discus-
variation in reference voltage . sion. only one filter (filter Awhi ch
The device has three terminals. controls bargraph A) will be de-
and physically looks like a tran- scribed. as the othe rs are identi-
sistor. However, the third termi- cal except fo r a few resi s tor
nal is not needed in this values.
application, so the device is A level-adjus t po ten tiome ter
drawn in the schematic as a (RI?) is next, followed by a buffer
Zener diode. The reference volt- (ICQ-a). As the potentiometer set-
age from ICI4 is divided and then ting is inc reased, the amplit ude
wired to op-amp ICI-c which is in of the fiI ter ou tput increas es.
a buffer configuration. The out- causing more LED's to ligh t at the
put ofICl-c (pin 8) then serves as output.
an analog ground for later The stage that fo llows is
portions of the circuit. nothing more than a su mming

The output from the electret amplifie r. The input s ig nal is
microphone (MICI) appears as summed with a por ti on of the
an AC waveform. It is amplified output from the filter that fol-
by ICI-b , which is configured as a lows. With a little positive feed-
non-inverting amplifier with an back from th e filter ou tput, the Q
adjustable gain set by potentlom- is increased. Within the feedback
eter R8. network is another filter wh ich

The next stage is a bandpass has a resistive d ivider attached to
filter (lCI-a), which selects the it that causes it to act as a unity-
frequencies to be used by later gain filter.
portions of the circuit. Following The next section is the level
the initial filter is the AGC that shift, which is necessa ry s ince 0

limits the signal when the output the output of the filter appears as ~

reaches approximately L I volts an oscillation about the analog ~

peak-to-peak. The gain will in- ground. The display drivers re- ~

crease slowly during periods of qu ire an inpu t measured from JJ

silence. reaching maximum sen- true ground , hence the level sh ift (0
si tivi ty after approximately three section is needed to amplify the ~
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Filters and Q
The Q of a filter defines how

narrow the p assband is. It is
equal to the cen ter frequency di
vided by the difference in fre 
quency b etween the - 3 -d B
points. The - 3-dB frequency is

FIG. 1-BLOCK DIAGRAM OF THE CIRCUIT. Signals from the microphone are amplified,
filtered, and automat ically adjusted for gain. .

gUita rs and s im ilar stringed in
struments for over three hun
dred yea rs.

The Delyi annts-Frtend band
pass filter (the typ e used in this
project) was first described by T.
Oelyiannis in 1968 . It h a s a
number of advantages over some
other filters, such as reduced ,
sens iti vity to com ponen t tol er
ances, minimal parts count, and
a relatively easy-to-u n de rstan d
design algorithm. It has been de
scr ibe d as a bridged-T RC circu it
wi th an op-arnp to provide nega
tive feedback.

There are only two parameters
n eeded to design a bandpass fil
ter. They are the cen ter frequency
des ired for the passband, and the
Q, or quality factor. The band
pass filter in its s imples t config
uration is shown in Fig. 3 . That
filter has a bandpass center fre
quency of l/2Jt Hz. The first step
in designing is to ass ign numer
ical values- that is , su bstitute
the Q required. Assumin~ a Q of
4, l/2Q = 0 .125, and 4Q = 64.

After assigning numerical val
u es for each of the componen ts,
the filter is scaled up in frequency
by dividing the capacitor values

LEVEL AM LED
ADJUST BANDPASS LEVEL DEMODULATION DISPLAY BAR-

AND FILTERS SHIFT AND DRIVERS GRAPHSBUFFERS DISCRIMINATION

-.+~ Qj

MIC

INITIAL
BANDPASS

FILTER

the frequency at which the peak
to-peak voltage is attenuated by
one half from that at the cen ter
frequency, assuming a constan t
voltage at the input.

Assuming we want a center fre
quency of 440 Hz, which is the
Am erican tuning standard for
musical in s t ru m en ts , and we
want A flat (415 .3 Hz), one half
step down, to be a - 3-dB fre
quency, and A sharp (466.16 Hz),
for the other - 3-dB point, 440/
(466 .16 -415.3) = 8.65. That would
be the Q required for an atten ua
tion of one half when stepping up
or down one key on a piano.

Interestingly enough, the same
Q is required to accomplish that
across the entire keyboard. This
is a necessary con s equen ce of
our tuning scale, which is now
defined as the twelfth root of two
multiplied repeatedly at each
s te p. A logarithmic s cale was
thus d eveloped by music ians
cen tu r ies b efore mathemati cians
h ad opened t heir ey es, s o to
speak-c-J vis has been used for th e
approx imation of thi s fa ctor,
which results in an error of less
than one percent. It has been
used for the con s t ruc t ion of

output as well as lower the wave
form so that it is relative to
ground.

The output of the level-shift
section, which is a series of half
sine waves, goes through 07 to a
resistor and capacitor in parallel
(R61 and CI4). Note that this is
similar to a conventional AM de
modulator. The resistor values
con trol the rate at which the dis
play falls back to a zero s tate . In
creasing the resistor values will
make the display fall back (turn
off) at a slower rate.

The output of the demodulator
goes to the amplitude di scrimi
nator, which is an op:amp con fig
ured as a . comparator. Ger
manium diode 0 11 will conduct
whenever one of the filter outputs
reaches 0.2 volts . Thus , C18 will
charge and remain at 0 .2 volts
below the highest DC level. That
causes the com parator for the fil
ter output of the highest DC level
to switch its output to a high
state. That output connects to
the control input of one sect ion of
a 4066 bilateral switch which
connects power to pin 9 of the
corresponding LED driver put
ting it in bar mode.

Resistor R65 is of a much
larger value than R61-R64.
Thus, when the filter output be
gins to decrease, the driver re
turns to dot mode and do es not
go back to bar mode until the out
put increases . The time cons tan t
is set so that the voltage has s ig
nificantly decreased in about one
second, so the rhythm of the mu
sic is displayed as the LED's shift
to bar mode a t each beat. Varying
the RC time constant will make
the device op erate differently.

Bargraph 0 is driven by two
drivers (lC12 and ICI 3) stacked
end-to-end . They are made to
function exactly as the others as
far as the dot-to -bar mode transi
tion is concerned. The display
drivers (lC9-ICI3) control the
ltgh ting of the LEO's according to
the input voltage. A databook
should be consu lted if you wish
to know more about the op era
tion of the di splay drivers .
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FIG. 2-CHRISTMAS TREE SCHEMATIC. Power for the unit is supplied by the 4 AA
batteries or via the power jack on the bac k of the unit.

by the d ifference in frequ en cy re
quired. Ass ume the frequen cy re
qutred is 440 Hz. The d ifference
in frequency required is equal to :

fNEWifo LD= 440/ (1/2n)= SSOn

The capacitor valu e (0.125 F) is
then div ided by this number, giv
ing4.52 x 10 - 5 , the new capaci
tor value for our filter.

Th e next step , s ca ling to real-

is ti c values, is best described by
an analogy. In an RC network, th e
t ime co n s tan t re mai ns u n
changed if the ca pacitor valu e is
divid ed by any cons tan t, jus t as
long a s the res istor va lu es a re
mult ip lied by the same constant.

o
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PARTS LIST

FIG. 5-TO RAISE THE Q , positive feed
back is added to the filter input.

OUTPUT

R1 T~~ R2=4Q2

I N~2O

o,,£w
ClR3 R3=0.......0
'/20

R2
R6

Rl 1
40'

IIlPUT 1 R4 C2
+ 20' '120

R5=~ R5
2Q2-1

FIG. 4-WHEN DESIGNING a un ity-gain
filter, a voltage divider must be added to
the input.

Cl
' / 20

2Q2
R3=2QLl

FIG. 3-A BANDPASS FILTER in its sim
plest configuration. It has a bandpass
center frequency of 1/2rr Hz.

Bargraph1-Bargrap h4-50 LEO's,
assorted colors (3 groups of 10, 1
group of 2Q-see text)

Other components
MIC1-1-volt PC-mount electret mi

crophone
J1 -eoaxial barrel-type power jack

(Shogyo SJ-0202)
S1-C&K 7000-series right-angle

SPOT switch
B1-B4-AA battery
Miscellaneous: PC board, two bat

tery holders (Keystone 2223), met
al frame and cover glass, six %
inch spacers, solder, a bit of Christ
mas spirit, etc.

Note: The following is available
from ART WORKS, Box 753, St.
Francis , Kansas 67756: PC
board, $35 each (three or more ,
$30 each); Partial kit, inclUding
PC board, all components in
cluding S1, J1, battery holders,
and all 1% resistors listed (does
not include LED 's, frame, or
spacers), $90 each (three or
more, $80 each); Complete kit,
including all of the above, plus
50 LED's in four colors, spacers,
flat-black metal f rame, front
glass and mat , S125 each (three
or more, $100 each). All pr ices
include shipping and handling.
Check or money order only.
Please order early-we will do
our best, but cannot guarantee
delivery in less than 30 days.
When making technical inquir
ies please include a SASE.

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

R1-10 ohms
R2, R7-470 ohms
R3, R4,R6, R12, R53-R60, R66

100,000 ohms
R5, R74-2200 ohms
R8, R1 7-R2Q-100,OOOohms,

multiturn potentiometer
R9, R10, R29-R44-0ption depen

dent, see text and Table 1
R11 , R1 4, R15, R21-R28 , R76-

10,000 ohms
R13, R45-R52-1000 ohms
R16, R65--1 megohm
R61-R63-47,000 ohms
R64-75,000 ohms
R67-15,000 ohms
R68-R73-2400 ohms
R75--5100 ohms

-- Capacitors
C1-C3 , C6-C13-0.022 fLF,

5% metal film
C4, C21-C29-2.2 fLF,

tantalum
C5, C14-C18-10 fLF,

tantalum
C19, C2Q-1000 fLF, electrolytic
Semiconductors
IC1-IC6-LM324 quad op-amp
IC7, IC8-C04066 quad bilateral

switch
IC9-IC13-LM3914 bar /dot LED

driver
IC14-LM336Z-2.5-volt reference
Q1-2N4393 or 2N3972 MOSFET
Q2-2N3906 PNP transistor
01-06-1 N4002 rectifier diode
07-014-1N34 germanium diode

The same concept h appen s to b e
true in an op-amp filter. That is,
the ce nter fre q uency (and Q) will
be unchanged wh en this step is
taken.

A capacitor value of 0.022 fJ-F
resu lts in realistic component
values across the entire au d io
band, provided the Q is not too
high. So, since the capacitor val
ues will all b e 0 .0 22 fJ-F, we can
divide 4. 5 2 x 10 - 5 by 0. 0 22 x 10
- 6 , resulting in 2, 055 . Bo th of
the resis tor values in Fig. 3 a re
then multiplied by that co nstant,
resulting in 2 ,055 and 131 ,5 3 3
kilohms .

At th is point, it is a good id ea to
check you r wo rk. The va lues just

~ obtained shou ld be substituted
~ into the following equation :
a:
f- J = 1/2nCvRIR2
trl = 1/2n(0. 022 x 10- 6 X
....J
w V 2 ,055K x 131,533K)
6o The resu lt s hould b e the or tg t-
~ nal frequency. That equation can
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also be u sed to check the va r i
ance in ce nter frequency when
stan dard com po nent values are
substituted , or to analyze an al
ready ex isting filter.

In designing a u n ity-ga in filter,
a voltage d ivide r mus t b e added
to the in pu t , as shown in Fig. 4.
S ince the n ew Rl is one half of
R2, that va lue is easy to calculate .
For the n ew R3 , the factor

2Q2/2Q2 - 1 = 2(16) /2(16 ) - 1
= 1.03 2

is then m u ltiplie d by the old Rl ,
resulting in 2 121. 5.

To r ai s e, or en hance the Q ,
posi tive feedback is added to the
filter in put, as in Fig. 5 . The va l
u es for R l , R2, and R3 of Fig . 5 do
n ot need to have the same scale
factor as used before. A fine value
for R l and R2 is 10K; R3 w ill then
be

1OK(QNEw/QNEw - Q )

or, for our exam ple,

1OK(QNEW/Q NEW - 4)

where Q NEW is the des ired Q of
the com plete filte r. The las t step is
to deter m in e the closest stan
dard val u e for each res is tor.

There are fou r versions of the
u n it t h at can b e built without
h avin g to make a ny calcu la t ion s .
The four versions are the broad
band option , the lo we r-fo ur
guitar-strings option, the upper
fou r-g u itar-strings option , and
the tuning fork option. The tu n
ing fork option is a good general
purpose version that will provide
a n ice d isplay with most au d io
inputs.

To u s e any of those options ,
you must refer toTable 1: it shows
the resistor values you 'll n eed to
u se for the four filters to achieve
the specified frequencies . Also ,
depend ing on which option you
choose, the init ial bandpass filter
m ust b e set u p accordingly.

To u se Tab le 1, first refer to the
top section to determine the re -



TABLE 1

0
rn
0
rn
s:
OJ
rn

· 1
:n
~

<0
<0
0
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R37
348K
261K
196K
147K
140K
130K
124K
118K
88.7K
680K
261K
118K
39K

delete R41 -R44

R33
5.62K
4.22K
3.16K
2.37K
2.26K
2.10K
2K
1.91 K
1.40K
delete
delete
delete
delete

R29
174K
133K
97.6K
73.2K
69.8K
66.5K
61.9K
59K
44.2K
11 K
4.22K
1.8K
620 ohms

o .. tI. 0

• 0 O. 00

0" "'0 •• o. 0

NOTE: All versions except the broadband option require1% resistors.

Note (frequency)
E3 (164.81 Hz)
A3 (220 Hz)
04 (293.66 Hz) 
G4 (392 Hz)
A4 flat (415.3 Hz)
A4 (440 Hz)
A4 sharp (466.16 Hz)
84 (493.88 Hz)
E5 (659.26 Hz)
E2 (82 Hz)
A3 (220 Hz)
84 (493.88 Hz)
F6 sharp (1480 Hz)

Tuning Fork Option: (A4 flat, A4, A4 sharp, B4)
Initial Filter Q = 5.8 Center Frequency = 470 Hz
R9 = 1.3K R10 = 180K R41-R44 = 12K

Broadband Option: (E2, A3, B4, F6 sharp)
(Jumper C2, delete C3)
R9 = 1K R10 = 100K

Lower Four Guitar Strings Option: (E3, A3, 04 , G4)
Initial Filter Q = 1.5 Center Frequency = 270 Hz
R9 = 9.1K R10 = 82K R41-R44 = 11K

Upper Four Guitar Strings Option: (04, G4, B4, E5)
Initial Filter Q = 1.5 Center Frequency = 470 Hz
R9 = 5.1K R10 = 47K R41 -R44 = 11K

.....---------- 81NCHES - ------- ------..1

COMPONENT SIDE of the Christmas tree at half the actual size.

sistor values for the initial band
pass filter, the other four band
pass frequencies , and any special
provisions for the particular op
tion. Then, from the bottom sec
tion, determine the resisto r
values for the other four filters
according to the frequencies
listed in the top section. The re
sistor numbers shown (R29 ,
R33, and R37) are for filter A. For
filter B, add 1 to the res istor
number (for example, R29 be
comes R30, etc.). For filter C, add
2 to the resistor number, and for
filter D, add 3.

Although you can assign any of
the four frequencies to any of the
four filters, the display will be
most interesting if you use the
lowest frequency for filter A, next
highest for B, and so on, Note
that where it says to delete a com
ponent, you should leave it out
but DO NOT jumper the pads on
the board. Where it says to
jumper a component, you should
leave it out and solder a jumper
between the pads.

Construction
If you like, you can etch your

own PC board since the foil pat
terns for the double-sided board
are provided . However, an
etched, drilled, plated-through',
and silkscreened board is avail
able from the source mentioned
in the parts list. Keep in mind
that th e cosmetic effect of the
green mask, silver branches, and
white snow will be lost if you
make your own board. Locating
the components for installation
is also easier using the pre-made
silkscreened board. Complete
and partial kits for the Christ
mas tree are also available.

Before beginning construc
tion, you have to decide on how
you want your LED's arranged ,
The author's intention was to
make each detected harmonic a
separate color. However, you are
free to arrange the LED's in any
pattern you choose, and you can
also use whatever colors you like.
In any case, the silk screening on
the pre-made board indicates
which bar graph each 'ligh t be
longs to ; there are short white
lines between the LED leads. The
lines going up (from left to right)
are for bargraph A, the horizon
tal lines are for bargraph B, and
the ones going down (from left to
right) are for bargraph C. Bar-



FIG. 6-ALL OF THE COMPONENTS mount on the front of the board, with the exception of
J1 and S1; they mount on the solder side. Use a separate color for each LED bargraph.

graph 0 is indicated by the ab
sence of a short wh ite line.

Wh en installing t he cornpo
nents, start with the LED 's , as
s hown in the pa r ts-placement di
agram of Fig. 6. The letters n ext
to the LED 's indicate wh ich bar
grap h they belong to . You s hou ld

~ prob ably spe n d a minute or so
~ look in g at h ow the LED 's a re a r
a: ranged on the printed ci rcu ito board because, once the device is
UJ
-l assembled, the pattern becomes
UJo very confus ing a n d the s hort
o whi te lines are covered b y the
ri LED's.
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The LED 's a re install ed with
the cathode (the flat s ide) toward
the bottom of the board . It's bes t
to firs t so lder one lead of each
LED an d then check for uniform
pos iti oning. Straighten them ou t
where necessary, and then solder
the other leads . Reme mbe r, that
if you wan t to interface you r tree
to ot her circuitry later on , to leave
enough extra lead on the back of
the board to a llow a wi re -wrap
con nection to be made. Be su re
to wo rk ca refu lly, so that you'll be
able to bring ou t this project for
many a Christmas to come . If you

ins tall all the com ponen ts prop
erly, it's very lik ely that the device
will operate cor rec tly r ight off the
bat.

Fro m the photo in Fig. 7, you
ca n see the s ix spacers that are
in s talled on the board to hold it
in place within the metal frame.
It 's a good idea to install the
spacers now, s ince they will pro
tect t he LED 's fro m b eing
damaged and ca n also su ppo rt
the board steadily. Now continue
ins talling the res t of the compo
nen ts on the board.

You must now decide what Ire -
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SOLDER SIDE of the Christmas tree at half the actual size.

FIG. 7-THE SPACERS THAT HOLD THE BOARD in place in the metal frame should be
installed early to prevent damage to soldered components.

quencies your Christmas tree
will respond to. Ifyour device is to
be an assistance to the h ea r ing
impaired , the broadband option
will be the best, as both low fre
quencies and the high pitch of a
police siren will be detected . For a
musical version, you will have to
make a dec ision based on your
instrument of choice. Perhaps
you can consult with a m us ician
friend on this. You ca n re-tune
the device at any time by simply
changing a few resistors. All the
components requ ired for each
suggested version are included in
the kit. Remember that the ini
tial filter must be "in h armony"
with the other filters. They can
n ot detect frequencies that the
initi al filter doesn't pass. Refer to
Table 1 whe n choosing frequency
determ in in g resistor values, or
you are free to calculate your own
values.

A word to the wise: put a set of
batteries in the holders before
soldering them. If you don't, the
contacts on the battery h olders
are too close togethe r w h ich
m a k es battery c hang ing ex
tre me ly difficult. Also, remember
that the ON/OFF switch and the
DC power jack moun t on the so l
der side of the board as indicated
by the dashed lines in Fig. 6.

Checkout
After checking for incor rectly

installed components, poor sol 
de r joints, and shorts, and mak
ing sure to correct any problems ,
install a se t of batter ies or con 
nect a 6-volt power so urce to the
power jack . Turn ing the power
swi tch on will cause many of the
LED's to ligh t. After which point,
they will step down to posi tion
one, then go out. This is normal
operation as t he d evi c e ap 
proaches steady state. Slowly in
crease the gain of the in itial am
plifier by turning R8 clockwise.
Go back an d forth between one of
the level-adju s t poten tiometers
and R8, increasing them a little
b it each time u n til one of the bar
graphs responds to the sound of
your voice. Make sure that none
of the potentiometers are set too
high, as troublesome oscillations

omay occur. m
Alternatively, connect a volt- ~

meter to the junction of R15 and ffi
R16 and increase the setting of gj
R8 unt il speaking directly in to <0

contin ued o n page 90 ~
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the op erating theory concern ing
the CallScreen unit. This month
we will finish up the story by
building the unit.

Construction
Construction of the CallScreen

essentially involves s tu ffing the
two PC boards; the main board
and the front-panel board. The
use of PC boards with plated
through holes will grea tly ease
and speed up the assembly.

The main PC board includes
circuitry for the ca ll routing
adapter (CRA). The parts-place
ment diagram for the main board
is shown in Fig. 3. If that feature
is not going to be used , the CRA
corner of the PC board can be re
moved with a hack s aw. Then the
ringer transformer can be placed
in the cu tou t space. That will re
s u lt in a very compac t unit if a
wall-type power transformer is
used. Also, the CRA can be con 
nected as an outboard unit in its
own project box ; all you have to
do is make the nine con nections
to the main board. You ca n com
bine CRA s witches S 10 1 a n d

(f)

o 5102 into a s ingle DPDT center-
~ off toggle switch.
g: The telephone input/output
frl con n ect ions to the main board
ill a re made using a s tan dard tele
o phone extension cord cu t in h alf,
a with the cut ends s olde red di-c
a: rectly to the main board. That
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Get ready to give
out your access
codes, but only to
the people
who you want
to hear from!

JOHN G. KOLLER

makes it easy to place the Call
Screen ou t of s ight. The CRA
jacks , however, a rc mounted di 
rectly to the PC board. All parts
on the main board a re mounted
on the com ponen t s ide .

The parts-placement diagram
for the fron t-panel PC board is
sh own in Fig. 4 . All parts moun t
on the component s ide of the
bo ard with the excep tion of the
s ix DIP sw itches a n d t he two
screen-status indica tors (LED1
a nd LED2); th ose parts moun t
on the solder s ide so they can pro
tru de t h rough the fron t -p anel
cutouts (see Fig. 5).

The builder may wish to s im
plify both the assembly and cu t
ti n g out t he fron t p an el b y

elim inating the six DIP switches.
You can s im ply hard wire you r
selected codes during assembly.
Fu ture code changes could be
made but would require moving
jumper wires . Hard wiring of ac 
cess codes is done by soldering a
2-inch wire to the com mon foil of
eac h of the s ix DIP-switch traces.
The wires are then soldered to the
s e lec ted digit pads . Fi gure 4
shows the outline of the code -se 
lector switches a n d the digits
(1-9) accessed by eac h swi tch po
sition. Remember that as the DIP
switches are on the solde r side.

When solde r ing components to
P C board s wi t h o u t pi a te d 
through holes, always make su re
that the leads a re s olde red on
both s ides . Missed solder co n 
n ections are a frequent so u rce of
problems during the in i ti al
check out. Als o, if a PC board
without plated-through holes is
used , h ard wiring of the code
connections is recommended.
That's b ecause , with the DIP
switches in place, top solde ri ng
can n ot be done. However, on e
way a rou n d that is to u se adhe
s ive coppe r foil attached to the
bottom of the switch body and
solde red to the com mon row of
connections . The en d of the cop
per foil is then brought ou t from
under the end of the switch and
con nected to the com mon foil. A
copper pad without h oles is pro
vide d on the foil for th is purpose.
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FIG. 3-PARTS-PLACEMENT DIAGRAM fo r the main board. Note that the CRA parts also
mount on this board, although the two circuits are completely separate.

On the assembly drawing for
the front-panel PC boa rd (Fig. 4 ),
lea ds are s hown for th e local
sc ree n -mo de selec t switches.
When u sed , they a re s imply SPST
mom en tary pushbu ttons . Typ-

icall y, they are _not u sed s ince
most modern telep hones are of
t he To u c h-To n ev type , a nd
scree n -mode changes can b e
made from any such phon e con
nected to the Ca llScreen output

jack. When the CRA is switc hed
on, remote screen se lection from
co nnec te d telephones is a u to
ma tically di sabl ed as a security
m easure in case a n answeri ng
machi ne or FAX mac h ine a n -

- MOUNTSON SOLDER SIDE

FIG. 4- PARTS-PLACE MENT DIAGRAM for the front-panel PC board. The DIP switches
can be left ou t if you hard wire the access codes.

•
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COMPONENT SIDE of the front-panel PC
board, at full size.

in g is desired for telephones on ly,
then the remote screen sel ection
feature sh ou ld remain available
all the time. That is achieved by
leav in g out the jumper wire from
the CRA terminal E to the m ain
board TPY:

Wh en the two boards a re

Semiconductors
IC1- LM1458 dual op-amp
IC2, IC25--LM741 op-arnp
IC3-MC4001 quad NOR gate
IC4, IC12-IC14, IC2 2-MC4081

quad AND gate
IC5-SSI 202 DTMF receiver (Sil

icon Systems, Inc.)
IC6-MC4028 BCD-to-decimal con

verter
IC7-TCM1520 ring detector (Texas

Instruments)
IC8, IC21-4N33 Darlington opto

coupler
IC9-MC4071 quad OR gate
IC10, IC28-MCT-2 transistor opto

coupler
IC11 , IC20 , IC24, IC27-MC4011

quad NAND gate
IC18-MC4013 dual Ootype flip-flop
IC15-IC17, IC23-MC4017 decade

counter
IC19-MC7805 5-volt regulator
IC26-LM383 7-watt power amplifier
01,02,035, 04Q-5.1-voltZener di-

ode
03-010, 012-018, 0 20-03 2

036-039, 041- 1N914 diode
011 ,019033, 034-not used
0 1-04-2N4401 NPN transistor
BR1-50-PIV1.5-ampbridge rectifier
BR2, BR3-100-PIV 0.5-amp bridge

rectifier
Other components
T1-120/1 2VAC 950 milliamp power

transformer
T2-600/600-ohm te lephone line

coupling transformer
T3-8/8K ohm 10-watt matching

transformer (use 8-ohm and 0.625
watt taps on a 70-volt line trans
former)

XTAL1- 3.58-MHz colorburst crystal
S1 , S2-SPST momentary pushbut

ton switch
S3-S8-9-position DIP switch
RY1-SPST N.D. miniature relay, 5

volt, 70-ohm coil (or nearly any
other 5-volt miniature relay)

RY2-0POT miniature relay, 12-volt,
290-ohm coil (between 260-400
ohms)

CA LL ROUTING ADAPTER PARTS
All resistors are %-watt, 5%, un
less otherwise noted.

R1 01-150 ohms, Y2-watl
R102, R103-10,000 ohms
R104-330 ohms
R105--1000 ohms
Semiconductors
0101-0106-1N914 diode
0101, 0102-2N4401 NPN transistor
Other components
RY101 , RY102-SPOT miniature re

lay, 12-volt, 320-ohm (nominal) coil
S101 , S102-SPOT miniature switch

(or use single OPOT center-off
switch)

the seven -secon d "w in dow " when
an off-hook is raised at the Call
Screen/CRA output. If ca ll rout-

All resistors are %-watt , 5%, un
less otherwise noted.
R1 , R10, R46, R57, R65 , R68-1

megohm
R2, R5, R7, R1 7-R19 , R23, R26,

R32, R33, R36-R42, R52-R55,
R58, R60, R63, R67, R70, R75-
10,000 ohms

R3, R27-560 ohms
R4, R29, R71-47,OOO ohms
R6-560 ohms, Y2-watl
R8-metal-oxide varistor (MOV) sur-

ge suppressor, 130 VRMS, 15
joules

R9-not used
R11 , R12-2200 ohms
R13-R16 , R20, R24, R25, R30, R31,

R34, R45, R61-100,000 ohms
R21-680,OOO ohms
R22, R50-4700 ohms
R28-680 ohms
R35--51 ,000 ohms
R43, R44-180 ohms
R47-R49-200,000 ohms
R51-2000 ohms, potentiometer
R56-390,OOO ohms
R59-1 00 ohms
R62, R74-470 ohms
R64-150 ohms, V2-watt
R66-82,OOO ohms, 1%
R69-33,OOO ohms
R72-220 ohms
R73-10 ohms
Capacitors
C2, C3, C16, C17, C19, C20, C23,

C25, C28-C31 , C39, C47, C56
0.02 f.LF, 20 volts, ceramic disc

C4, C10, C21 , C52-22 f.LF, 16 volts,
radial electrolytic

C5, C15, C22, C24, C26, C33, C49,
C50, C51 , C54, C55, C57-0.11.LF,
20 volts, ceramic disc

C6-C9-not used
C1 1-0.33 f.LF, 250 volts, po ly

propylene
C12-0.47 f.L F, 250 vo lts , poly

propylene
C13- 10 f.LF, 50 volts, axial elec

trolytic
C14-2200 f.LF, 25 volts, radial elec

trolytic
C18-100 f.LF, 10 volts, radial elec

trolytic
C27- 4.7 f.L F, 10 volts, axial elec

trolytic, non-polarized
C1 ,C32,C34,C35,C40,C48,C58

10 f.LF, 10 volts, radial electrolytic
C36-0.039 f.LF, 20 volts, ceram ic

disc
C37-0.01 f.LF, 20 volts, ceramic disc
C38, C53-0.05 f.LF, 20 volts, ce

ramic disc
C41, C45--470 f.LF, 10 volts, radial

electrolytic
C42, C46-0.22 f.LF, 50 volts, poly

ester
C43-1 f.L F, 35 volts, tantalum
C44-4700 f.LF, 16 volts, radial elec

trolytic

(f)
o
Z
a
a:
Io
W
-l
W
6 swe r s a processed call. It is done
o so that the scree n modes can n ot
<t:
a: b e changed b e the caller during
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SOLDER SIDE of the main circuit board, shown here at half of its actual size .

1----- ----- - - 8INCHES------------1

COMPONENT SIDE of the main circuit board, shown here at half of its actual size.

Note: This information supersedes
that presented last month. The follow
ing is available from Electronic Control
Systems, R.D. 2 Box 3308, Wer
nersville, PA 19565: A set of two dou
ble-sided, plated-through PC boards
for $39.95 (add $2.00 postage and han
dling); a complete kit including PC
boards and all parts except the cabinet
for $139.00 (add $3.50 postage and
handling). Pennsylvania residents add
6% sales tax to all orders; check or
money order only.

Power-up
Set the ring-voltage potentiom

ete r (R51) to an initial lO-O'Clock
position. If possible. adjust the
ring voltage to 90 volts u sing a 0

DMM an d an REN load of 1.0. If ~

the CRA is used, make sure it is m
switched off. Con n ect the Call- ~

mScreen to a phone line. Lift the JJ

receiver and check for a dial tone. <0

Con nect an ohmmeter ac ross ~

ORDERING INFORMATION

fini shed they are con nected to
ge the r an d mounted at a righ t
angle to each other in the cab
inet. But remember to inspect all
wiring and solder joints for poor
or non-existent connections be
for e doing s o. All interconnec
tions b etween the two boards
shou ld be made with fine gauge
hook-up wire (AWG 30 ) to reduce
mechanical stress on the boards
during asse m b ly. The b oards
may be installed in any typ e of
cabinet the builder wishes. If the
LED indi c a tor s a re pan el
mounted and the code-select DIP
switches a re replaced with hard
wire jumpers , then the fron t
panel boa rd can be mounted any
where inside the cab inet.

The two power lC's (IC19 an d
IC2 6) mus t be heat sinked. Their
location on the PC board allows
them to be bolted directly to the
cab inet wall u sing 6-32 h ard
ware. (Make su re that the nuts
used are not so large that the lC
cas es crac k wh en tightened
against the tabs). Both IC heat
sink tabs are at grou nd potential
so they do not require insulating.
If a plas tic cabinet is used, a s tr ip
of alu m in u m sheet metal may be
mounted to the tabs as a h ea t
s in k. The majori ty of h eat gener
ated occ u rs when the scree ner is
ringing te le p ho nes , s o larg e
s in ks a re n ot n eeded. A 1- x 5
inch strip of alu m in u m s hou ld
be suffic ient.

oo
G

FIG. 5-THE SIX DIP SWITCHES and the two screen-status indicators (LED1 and LED2)
must be mounted on the solder side of the front-panel board so that they can protrude
through the cutouts on the cabinet.
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made by either phone regardless
of the CRA mode. Be sure to re 
view las t month's article for a dis
cussion of all screening feat ures.
The detailed circuit descrip tion
should help you to troubleshoot
any problems. Then you're ready
to give out your access codes! R-E

SOLDER SID E of the f ron t -panel PC
board , at full size.

o

Try the

Eliii!:;mn'Es®
bulletin board

system

(RE-BBS)
516-293-2283

RE-BBS
516-293-2283

Communicate with other R-E
readers.

The more you use it the more
useful it becomes.

Leave your comments on R-E with
the SYSOP.

We support 300 and 1200 baud
operation .

Parameters: 8N1 (8 data bits, no
parity, 1 stop bit) or 7E1 (7 data
bits, even parity, 1 stop bit).

Add yourself to ouruser files to
increase your access.

~I,

Put Professional Know ledge a nd a

An important part of being pre
pared to m ove up is holding the
right college degree, and th e a bso
lutely necessary part is knowing
your field. Grantham can help you
both wa ys-to learn more and to
earn your degree in the process.

1-- - --- ----- - --,

Accredited by
the Accrediting Commission of the

National Home Study Council

GRANTHAM
College oj Engineering

250 Frontage Road
Slidell, LA 70460

Grantham offers two degree pro
grams-one with major emphas is
in electronics, the other with major
emphasis in computers. Associate
and bachelor degrees are awarded
in each program, and both pro
grams are ava ilable completely
by correspondence.

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

Write for our fr ee catalog (see address
be low ) , or phon e us at toll- fr ee
1-800-955-2527 (for catalog requests
only) and ask for our " degree catalog."

COLLEGE DEGREE
in your Technical Career through

HOME S1~' . ~STUDY I :
I

the + 5-volt supply line and make
s ure that no low resis tances exist
(les s than lK). S imilarly, check
the + 16-volt supply lin e for any
resistance under 15K. Connect a
DC volt meter across the 5-volt
supply, power up the unit, and
check for the proper voltage. Also
check th e 16-volt supply; u nder
idle conditions it s hou ld rea d
close to 18 volts.

Lift the rece iver of the tele
phon e and check for screen mode
changes using the "#" and "*"

keys. Leave the screen mod e in
"Lim ite d Scree n" (one LED lit).

Add prestige and earning power to Note that screen mode changes
your technical career by ea rn ing via a co n nected phone are al
your Associate or Bachelor degree lowed for on ly seven seconds fol-
through directed home study. low ing a n off-hook transition.

. . Using two telephones connected
Grantham College of Enginee ring to the CRA ou tput jacks , have a

. . awards ac credited deg rees in .. ca ller enter each -code, and also
n o code , wit h the CRA in each of

electronics and computers. it s two m odes . Verify that call
rou ting occurs.

In a s im ilar man ner, cause one
phone to ring but answer the call
through the non-ringing phone.
Ver ify that the in coming call is
properly answered . Repeat the
step u s ing the ot her telephone.
Ver ify that outgoing ca lls ca n be

(f)
. ~

z
o
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I
o
W
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W

6
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SUSIE simplifies digital design, and makes
breadboards a thing of the past.

TJ BYERS

DESIGNING DIGITAL CIRCUITS MAY

look like child's play, but the jour
ney from inspiration to a func
tional circuit is fraught with
peril. Propagation delays , glit
ches, timing violations, and bus
conflicts can turn a simple idea
into a nightmare.

The traditional method oftest
ing a digital design is to bread
board the circuit, then drag out
the logic probe, oscilloscope, and
logic analyzer to find out why it
doesn 't work. The modern meth
od is to simulate the design on an
IBM-compatible PC using a pro
gram called SUSIE (standard
universal simulator for improved
engineering), made by a compa
ny called Aldec.

If you knew SUSIE
SUSIE is a simulation program

that graphically depicts the tim
ing and logic events of a digital
circuit. Although SUSIE uses
software to verify the design, the
results are the same as if you had
built the circuit and used an u l
tra-sophisticated logic analyzer
to test and debug it.

SUSIE simulates the operation
of logic IC's using mathematical
models stored in a library. IC
models include algorithms for
setup and hold time, pulse wid
th, edge-to-edge transfer delay,
and other propagation param
eters.

There are different libraries for
different types of components,
with one library for TTL devices,
another for CMOS , yet another

for ECL , and so on. SUSIE comes
with those three libraries, plus
two additional librar ies con
taining switches and other pas
sive components. Aldecs Model
Builder Compiler (MOBIC) allows
you to model Ie's that are not in
cluded in the libraries. You can
also purchase extra libra ri es for
devices including memory Ie's,
microprocessors, gallium-arse
nide (GaAs) logic, programmable
logic devices (PLD's ), and gate ar
rays, plus libraries for computer
interfaces and industrial compo
nents like stepper-motor control- 0

lers. The optional libraries cost ~

between $800 and $2,000. How- ~

ever, you can do a lot with the OJ
mnearly 6000 devices that come JJ

standard with the basic SUSIE cD
package. ~
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PRODUCTS MENTIONED

Vee OUT 1

4

Vee

10

3 J PR Q 5

IC2-a
1/2 74LS112

1- - 6
CLK

K
CLR Q

2 15

14

11 10

pins of ICI and IC2 for d isplay.
Note that we selected no pins

from IC3, an d onlysome from ICI
an d IC2. The reason is that too
much in formation can be more
confusing than not enough . The
point is that, regardless which
nodes a re display ed, the entire
circuit is tested during simula
tion, and all questionable timing
events (glit ches , etc .) are brought
to your attention.

Of course, after creating a de
sign, you can save it to disk and
load it again later.

CLR Q 7

IC1 -b
1/2 74LS112

13 CLK _ Q 9
J PR

4

IN 1

another. SUS IE reads the netlist.
downloads the specified compo
n en ts from thei r libraries, and
"bu ilds" the circu it in RAM. (See
the s idebar, "Wr iting A SUSIE
Netlist ," for more information
about netlists.)

After SUSIE loads the netlist.
you defi ne which part(s) of the
des ign you want to view by listing
pin numbers or node names in
the signal column on the left side
of the display screen. For exam
ple, in Fig. 2, we defin ed several
n od es (INI, OUT I) and various

SUSIE
Aldec Co.
3525 Old Conejo Rd. #1 11
Newbury Park, CA 91320
(805) 499-6867
OrCAD
OrCAD Systems Corp.
1049 S.w. Basel ine St.
Suite 500
Hillsboro, OR 97123
(503) 640-9488
SuperCAD
Mental Automation
5415 136th Place S.E.
Bellevue, WA
(206) 641-2141

Design entry
SUSIE 's design ve r ificatio n

proces s is divided in to th ree
steps : des ign entry, test vectors,
an d s im u lation. During d es ign
ent ry you load an d defin e the sec
tion or sections of the circ ui t you
want to d isplay on the screen.
SUSIE can show as much or as
little of the design as you wish .
You can zoom in on a s ingle IC or
display waveforms for every poin t
in the circ u it.

Des ign entry begins with a
n etlis t. The n etl is t contains a lis t
of all the com ponents in the cir
cu it and their con nections to one

13 CLK PR Q 7

.-- 1'-'-11 J IC2-b

112 74LS112

A SUSIE example CLR
To unde r sta nd h ow S US IE 14

works, let's take an example. The vee

circuit sh own in Fig. I is a divide- FIG. 1-DIVIDE-BY-FIVE counter with a 50% duty cycle output.
by-five cou n ter with a SO% duty
cycle . Ordinary d ivide-by-S cou n 
ters produce an asym metr ic out
put with a 20/80 timing ratio,
but by using a n egative edge -tr ig
gered flip-flop an d half-state tim
ing, we can make a divid e-by-five
co u nter w ith a SO/SO ti m ing
ratio.

Thre e c o u n te r s t a g e s are
needed to divide by five, wit h one
driven on th e inverted clock to
compen sate for the odd number
of states . That is, to ach ieve the
s ixth s tate needed to produce a
SO% du ty cy cle, ICI-b mus t
change s tate on the negative edge
of the clock at t= 2.S, an d that
can b e for ced by timely triggering
of the flip -flop 's PRESET in put (pin
10).

Debugging a circu it like that in
hardware cou ld ge t quite th orny.
Let's see h ow SUSIE h andles the
situation .

(f)
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Test vectors
For a design to function, it

must have some kind of input;
SUSIE's inputs come from test
vectors. A test vector is nothing
more than a waveform that,
when applied to an input, causes
something to happen in the cir
cuit. SUSIE can serve up an al
mos t limi tless variety of test
vectors.

You create test vectors using ei-

ther an ASCII text editor or SUS
IE's built-in test-vector editor.
Test vectors may be stored in ei
ther a compressed binary format
or one of three ASCII formats.
The ASCII versions differ both in
the format of the file and in the
way it is used.
• The line version is formatted as
a string of ls (high) and O's (low)
that establishes the timing and
shape of the waveform. Each line

in the file represents one wave
form, and you may describe and
load as many lines (waveforms)
as you wish .
• The bus file is similar to a line
file, except that it is written in
hexadecimal notation, and is
used primarily to define wave
forms for an entire bus.
• The waveform file consists of
statements written in Aldecs pro
prietary high-level language, and
it can be used to create wave
forms too complex for the other
methods.

To use SUSIE's built-in editor,
you simply place the cursor over
the signal to be edited and man
ually key in the desired wave
form . After the test vector
appears satisfactory, you can
save it to a line or bus file directly
from the screen. However, test
vectors created on the screen
using Aldecs programming lan
guage cannot be saved to a file;
you can retain such files only by
creating them first with a text ed
itor.

After defining and naming a
test vector, you can load it into
any netlist design entry. Al
though a test-vector file may con
tain any number of waveforms,
only one file may be loaded at a
time.

SUSIE also has an internal ten
stage binary counter that can be
used along with a test-vector file

OBTAINING SUSIE

As digital circuit-simulation pro
grams go, SUSIE is a real bargain.
Butat $995 (optional libraries not in
eluded), it's too pricey for the average
hobbyist.

Fortunately, Aldec offers a free
SUSIE demo disk that does every
thing the full-blown SUSIE package
does, buton a smallerscale. Instead
of 6000 devices, the demo contains
26 logic devices and seven PLD's,
plus a full complement of switches
and passive components.

Although thedemodiskcan'tsimu
lateeverydigital designsituation, the
logic types are varied enough that,
with prudent part selection, you can
test a wide variety of design types
for free. Table 1 lists the IC's sup
ported by the demo disk. The letters
xx stand forany logic technology, le,
LS, AS,F, etc. IC modelsinclude set
up and hold time, pulse width, edge
to-edge and other propagation delay
parameters. R-E

o
m
o
m
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m
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~
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CD
o
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FIG. 5-FINAL SCHEMATIC of the divide-by-3 counter.

TABLE 1-DEMO DISK SUPPORTED COMPONENTS

Using SUSIE to modify a design
Unlike many analog an d digital

s imu lators , SUSIE doesn't need
to com pile the n etlist before it
can do a simulation, and that
makes it possible to change test
vecto rs and circ u it con nections
without h aving to change the
netlist.

For example, let 's say th at we
wanted to modify ou r des ign so
that it was a divid e-by-3 cou nter
ins tead of a divid e-by-5 cou n ter.
That is easily done u sing SUSIE's
on-screen ed it ing features.

Looking at the timing screen in
Fig. 2 , we see tha t in orde r to pull

analys is. You ca n preset any de
s ign eleme n t to an in itial logic
s tate , search for timing glitches ,
an d set breakpoin ts for incre
mental t im ing measurements .

Most s im u lation s u se the inter
nal binary cou n ter for the s ignal
sou rce , as we did for our test de
s ign in Fig . 1. The cou n ter has
ten stages (BO th rough B9), each
of which is half the frequency of
the preceding stage. The puls e
width ofBO is adjustab le between
10 pi coseconds and 999 seconds .
For our s im ulation, we se t BO a t
15 ns an d u sed Bl (30 ns) as the
clock. The resulting di splay is
shown in Fig. 2, which we will
now use to verify our design.

At power up (t =O), the ou tput
ofICl-b (pin 9) is set high. On the
first clock pulse, the input to pin
13 goes n egative, causing the flip
flop to toggl e and for ce pin 9 low
an d pin 7 high. That sets the

-stage for lCl-a to res et on the fall
ing edge of the same clock pulse,
which in tum causes pin 12 to go
low an d prevents further clock
pulses from affecting ICl-b.

However, IC2-a continues to to
ggle, sending s ignals to IC2-b un
til its inpu ts reach a logi cal
comb ination (pin 11 hi gh, pin 12
low) that causes the inverted out
put (pin 7) to go low on the falling
edge of the third clock pulse .
That forces ICl-b's preset input
(pin 10) low and output (pin 9)
high. A half s tate later, ICl-b 's
new logic state forces IC2-b 's pin
11 input low. That releases the
hold on ICl-b and en ab les the
cou n te r to function as a normal
state machine until the forced
s tate is reached again. The re
su lting wave form at OUTI sh ows
us that our design does indeed
work as predicted.

OUT 1

J
11

14
CLR

CLK PR Q 7

IC2·b
1/ 2 74LS112

Vee

13 10

, 12614 ]

)()-_ -,-13"lCLK K CLR al 7
IC1-b

1/2 74LS112

PR Q 9

10

process. It is where you get to see
what happens in the circu it as a
result of the applied in pu ts. It's
also where you learn whether or
not you r desi gn will fly.

The simulation mode provides
numerous fea tu res that s implify

Quad 2-input NAND gate
Quad 2-input NOR gate
Hex inverter
Hex inverter (OC)
Hex buffer (OC)
Quad 2-input AND gate
Triple 3-input NAND gate
Triple 3-input AND gate
Dual 4-input NAND gate
8-input NAND gate
Dual D-type flip-flop
4-bit magnitude comparato r
Quad 2-input XOR gate
BCD decade counter
3-of-8 decoder
8-input multiplexer
Dual 4-input multiplexer
Quad 2/1 multiplexer
Presettable binary counter
Quad D-type flip-flop
BCD up/down binary counter
Octal driver Three-state
Octal bus transceiver
Quad S-R latch
Octal transparent latch
Octal D-type flip-flop three-state
PLD
PLD
PLD
PLD
PLD
PLD
PLD

Vee

4

3 J PR

IC1-a
1/ 2 74LS112

1 CLK K CLR Q 6

2 15

Vee

74xxOO
74xx02
74xx04
74xx05
74xx07
74xx08
74xx10
74xx11
74xx20
74xx30
74xx74
74xx85
74xx86
74xx90
74xx138
74xx151
74xx153
74xx157
74xx161
74xx175
74xx193
74xx244
74xx245
74xx279
74xx373
74xx374
10H8
16L8
16R4
20L8
20L10
22V10
32VX10

IN 1

Simulation
Circuit simulation is the th ird

and final s tep in the s imu lat ion

(f)
o
~ as a square-wave signal ge ner
a: ator or as a frequency divid er foro other tes t vec to rs.
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;U1b preset

;signal input
;divide-by-3 out

WRITING A SUSIE NETLIST

LISTING 2-NETLIST OF D1VIDE·BY-5 COUNTER

th is off we have to forc e the break
at t= 1.5 instead of at t= 2.5. We
can test our theory by applying a
custom-made test vector to pin
10 of ICl-b .

The test vector can be created
in several ways, but the best
method for our s ituation is to use
the Aldec programming lan
guage. First we look at the dis
play to d etermine where the
changes must occur. For our ap
plication, the test vector must
have eight high pulses followed
by four low pulses . The Aldec
equation for that waveform is
(H8L4)l00, where H8 specifies
eight highs , L4 specifies four
lows, and 100 indicates that the
preceding pattern should be re
peated one hundred times. The
repeat gives us plenty of time to
play with t h e circuit -before run
ning out of signal.

To perform the modified sim
ulation, we load the original de
sign into SUSIE and apply the
test vector to pin 10 ofIC1-b (Fig.
3). Analysis of the timing display
shows that pin 12 of IC1-b needs
to be tied high so that IC1-b isn't
affected by IC2-a. You could go
into the netlist and change pin
12's connections, but SUSIE's ed
itor lets you assign IC pins or
nodes to keyboard keys that
manually override the design
stimulus. In our case, we assign
ed the a key to pin 12, then tog
gled the input high for the
simulation. The result of this
simulation, shown in Fig. 3,
shows that our assumptions
were correct and that the new de
sign does work: For every three
input pulses, the circuit pro
duces one output pulse, and the
duty cycle is 50%. The netlist for
that circu it is shown in Listing 1.

The next step is to alter the cir
cuit so that it generates the test
vector itself. This can also be
done in SUSIE using
connectivi ty markers-screen
notations that tell SUSIE to make
a connection betweenlike mark
ers . As it turns out, the only
change we have to make in the
original design is move pin 5 of
IC3 from IC2-a to pin 9 of IC1-b
u s ing t he " a a" connect iv ity
markers shown in Fig. 4. The ~
rules for connectivity are: If you ~

mark an input for screen con- ffi
nectivity, all previous connec- gj
tions to the input are severed; if ~

you mark an output for screen ~o

(placed after a semicolonfc1m 5e i~

serted in the netlist to help describe
large designs . Signal inputs , outputs,
and power-supply connections are
preceded by a slash.

A separate line is required for each
node in the circuit (a node is any point
where two or more pins or wires con
nect). However, if the number of con
nections to a node is greater than will
fit on a line, the listing can extend to
the next line by ending the first line
with an "&" character.There is no limit
to the number of lines you can use for
a single node, provided the lines are
in sequence and linked via the "&H
characte r.

That's all there is to it. The netlist
shown in Listing 2 is ready for simula
tion. Several schematic-capture pro
grams, inclUding OrCAD and Super
CAD, can generate a SUSIE netlist
directly from a screen schematic. R-E

- U ke all circuit-simulatio n p ro
grams, SUSIE uses a netlist to define
the circuit. However, unlike many cir
cuit simulators, which require special
tools to create the netlist, SUSIE 's
netHst is in pure ASC II, which means
all you need to make a SUSIE netlist
is a text editor.

The process begins with a sche
matic of the design, (Refer to Fig. 1 in
the text for this discussion.) First, the
circuit's inputs, outputs, and compo
nents are identif ied by name and
number. Those labels are then en
tered into the netHstusing the format:
sockets schematic label = device
type, The order of the parts is really
immateria l. '

Next , connections between de
vices are listed by component label
and pin number;with a comma sepa
rating each entry. Again no special
order is necessary, and comments

LISTING 1-NETLIST OF DIVIDE·BY·3 COUNTER

lin1, u1/1, u2/13, u3/8, u3/9, u2l1 ;signal input
lout1, u1/2, u1/9 ;divide-by-5 out
u1/3, u1/7
u1/5, u2/3, u3/11
u1/6, u3/6
u1 /10, '0217 ;U1b preset
u1/12, u3/13
u1/1 3, u3/10
u2/5, u3/12
u2/6, u3/5
u2/11, u3/2, u3/3, u3/4
u2/12, u3/1
IGND, u1/8, u2/8, u3/7, u1/11
N CC, u1/16, u2l16, u3/14, u1/4, u1/15, u1 /14, u2/4, u2/15, u2/2, u2/10, u2/14

sockets u1:;;;; 74LS112
sockets u2 =74LA112
sockets u3 = 74LS02

sockets u1= 74LS112
sockets u2 = 74LS112
sockets u3 = 74LS02

lin1, u1/1, u2l13 , u3/8, u3/9
10u11 , u1/2, u1 /9, u3/5
u1/3, u1/7
u1/6, u3/6
u1/10, u2/7
u1/13, u3/10
u2l11, u3/2, u3/3, u3/4
u2l12, u3/1
IGND, u1/8, u2/8, u3/7, u1/11
NeC, u1/16, u2l16, u3/1 4, u1/4, u1/15, u1/14, u1/12, u2/10, u2/14
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LOW COST PC LOGIC ANALYZER (Model
LA1-$99.95). Ideal for students and hob
byists working with digital logic in the KHz
range. Designed for non-microprocessor ap
plicat ions-works whe re an oscill oscope,
DVM, and logic probe are inadequate. 8
channels, 36" data cable. 5V TTUCMOS in
put, intext clock, full-featured graphics, util
ities. etc. Over 100,000 samples/second on
12 MHz PC. Demo pak: $4. PHOTRONICS,
P.O. Box 219, Greensburg, LA 70441, (504)
222-4146.

CIRCLE 197 ON FREE INFORMATION CARD

THE MODEL WTT-20IS ONLYTHE SIZE OF
A DIME, yet transmits both sides of a tele
phone conversation to any FM radio with
crystal clarity.Telephone line powered- never
needs a battery! Up to Y. mile range. Adjusta
ble from 70-130 MHZ. Complete kit $29.95
+$1.50 S+ H. Free Shipping on 2 or more!
COD add $4. Call or send VISA, MC, MO.
DECO INDUSTRIES, Box 607 , Bedford
Hills, NY 10507.. (914) 232-3878.

CIRCLE 127 ON FREE INFORMATION CARD

\r~~~:;_';# ~·0~··:
GET YOUR RECHARGE CATALOG
FREE ... EARN BIG $$ IN YOUR SPARE
TIME- All supplies and Do-It-Yourself kits
with complete instructions available. Sup
plies cost from $9.95 in qty and you can sell
recharged toner cartridges for $40.00 to
$55.00 each. Printers include HP LaserJet
and Series II, Apple LaserWriter, QMS, etc.
Canon PC-25 Cop ier also . CHENESKO
PRODUCTS, 62 N Col em an Rd., Cen
tereach, NY 11720, 516-736-7977 ,
800-221-3516, Fax: 516-732-4650
CIRCLE 187 ON FREE INFORM ATION CARD

(

CIRCLE 127 ON FREE INFORMATION CARD

SIMPLYSNAPTHE WAT-50 MINIATURE FM
TRANSMITTER on top of a 9v battery and
hear every sound in an entire house up to 1
mile away! Adjustable from 70-130 MHZ. Use
with any FM radio. Complete kit $29.95 +
$1.50 S+H. Free shipping on 2 or more!COD
add $4. Call or send VISA, MC, MO. DECO
INDUSTRIES, Box 607, Bedford Hills, NY
10507. (914) 232-3878. --

NEW XST 500 SU PER-MINI ATU RE FM
transmitter uses Surface Mount Technology
(SMT)! Own the smallest high performance
FM transmitter available. Transmits whispers
to any FM receiver up to a mile away. Uses 9V
battery. Complete, easy to assemble kit, with
SMT components already assembled to cir
cuit board. $39.95 Cash, VISA, MC. COD add
$5. XANDI ELECTRONICS, 201 E. South
ern Ave., Su ite 114, Tempe, AZ 85282.
1-602 -829 -8152, (1-800 -336 -7389 orders
only) .
CIRCLE 183 ON FREE INFORMAT ION CARD

...
CABLE TV CO NV ERTERS AND DE
SCRAMBLERS SB-3 $79.00 TRI-BI $95.00
MLD -$79 .00 M35 B $6 9 .00 DR Z -D IC
$149.00. Special combos available. We ship
COD. Quantity discounts. Call for pricing on
other products. Dealers wanted. FREE CATA
LOG. We stand behind our products where
others fail. One year warranty. ACE PROD
UCTS. P.O. Box 582, Saco, ME 04072 1
(800) 234-0726.

CIRCLE 75 ON FREE INFORMATION CARD

connectivi ty, it serves the new
source plus a ll the or iginal
sources .

Next we disconnect the Aldec
test vector and run a new s imu la
tion, as shown in Fig. 4. Once
again. the simulation verifies the
circuit changes. A revised sche
matic of the new divide-by-three
counter is shown in Fig. 5.

Advanced features
SUSIE also has a host of ad

vanced features that are used to
pinpoint design defects , test for
worst-case conditions. and input
data from or output it to the real
world. Here is a brief description
of each advanced feature .
• Switches placed in the circuit
can be opened and closed from
the simulation screen, making
"what-if" and a lte rnate -con fig
uration designs a snap to verify.
• The timing selection a llows
you to set IC propagation de lays
to any value for worst-case eval
uation. You can also change IC
technology (for example. from LS
to AS), save and load IC propaga
tion data files . and incl u de the
effect of temperature an d load ing
on th e simulation.
• Glitches that occur as a result
of propagation delay. timing vio
lation s , or floating inputs are au 
tomatically displayed and pin 
pointed-even if the pin involved
isn't part of the simulation dis
play.
• Bus conflicts. where two or
more outputs vie for simulta
neous use of the bus. automat
ica lly produce a warning mes
sage that can b e used to pinpoint
the conflicting signals.
• Fault s imulation, which shows
all stuck inputs and outputs, is
available as an option. To speed
the lengthy process of fault sim
ulation, SUSIE lets you divide the
job among an unlimited number
of unconnected PC's.
• Hardcopy printout of screen
simulations can be made using
either a dot-matrix or laser
printer. The logic analyzer option
lets you feed test vectors from a
hardware design (breadboard or

~ PC board) to SUSIE for analysis
z and debugging .
a? Whil e SUSIE 's s i m u la ti on
I-o powers make it an attractive al-
~ ternative to breadboarding. its
UJa real strength is that it lets you r
o creative talent run free-without
Ci any physical restrictions. R-E
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Types of probe tips
One of the most common ly

u sed tips is the b rass -n otched
type . shown in Fig . l-a. That type
of tip is normally a O,08-inch di
ameter brass rod , an inch or less

FOR A TEST TECHN ICIAN OR ENG I

neer, using test leads with a mul
time t r m ay be a n everyday
exper ience. Those ofyou who use
multim e te rs on a co nsiste nt
basis know how important it is to
use th e right k ind of test lead.
probe an d probe tip. Those less
exper ienced might be incli ned to
use any old prob e. We'll show you
why th at's not a good idea , and
then we'll take a look at what's
cu rren tly availa b le to help you
make th right decision in choos
ing you r test probes .

The basics
There are four basic require

ments that determine th e quality
ofagood testlead. Those require
men ts a re .L,
• Reliability-th e test lead

hould b ite through the oxide,
dirt. corros ion and insula tion or
con formal coating to make good
contact with a lead, test point or
wire.
• Hold the connection-the test
lead should keep a continuous.
nonintermit tent contact.
• Dependabil ity- the test con
n ection must be insula ted from
other devices or equipment. and
the connections s h ou ld n't pull
loose. That's a particularly frus
trating problem. especially when
you're forced to stop testing sev
eral times to reconnect the leads.
A "hot" lead SWinging loose can
a lso be a danger, whi ch leads us
to the n ext poi nt.
• Safety-testing can be inher
en tly dangerous in many cases,
so it's important that the equ ip
ment be as safe as poss ible.

Those four points aren't lis ted
in order of priori ty; they are inter
d ependen t n eces s iti es. A good
contact doesn' t accomplish any
th ing if you have 1500 volts ha ng
ing loose! With those fou r basic
req u irements in m ind, we'll take
a look at d ifferent probe ti ps,
whi ch actually make the test con
tact, as well as body design and
in terconnections.

- Bill Hansen is an engineering supervisor for In
Pomona, a company specializ ing in test lead kits
and accessories for digital multimeters.
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INSULATED BATTERY CLIP
j

«==J
BRASS NOTCHED TEST PROBE TIP

a

J-hooks, with a spring-loaded
insulation sheath, can really
grab a component lead or wire
and hold on well. That type of pro
be tip is shown in Fig. I-g. They
come in maxi, mini, and micro
sizes to adapt to different jobs.
Gold-plated beryllium-copper al
loy makes an excellent contact.
Don't accept J-hooks of base met
al; the savings aren't worth it.
The spring-loaded sheath is a
safety factor as well as a mechan
ical aid for a good hold. Their ad
vantages are obvious. The disad
vantage is a slightly higher price
than straight tips. In very close
quarters, with tightly spaced
component leads, J-hooks can
also present a size problem.

Pincers, shown in Fig. I-h,
were designed as a J-hook re
placement for use in tighter
spaces. The "U" shaped tips are
gold-plated beryllium copper and
are heat treated to act as a spring.
They reach around and grab onto
component leads . Again, a
spring loaded sheath provides a
safety advantage and protects
against shorting to adjacent
leads . The disadvantage of a pin
cers tip is that they are more ex
pensive then simpler straight
tips.

Spade lugs, shown in Fig . I-r,
can be screwed down at a binding
post, giving you the advantage of
hands-free operation to turn on
power, throw your switches and
make your measurements. In
specific applications they let you
hook one or both sides of your
multimeters and not worry about
making or keeping contact.

The battery clip, shown in Fig.
I-j, was not really designed for
batteries, but is the common de
scriptive name used in industry.
It lets you grab onto large nuts or
bolts and holds on strong.

Probe design
Many of the tips we have de

scribed are available perma
nently installed in special pur
pose probes. Some are available
as "slide on" tips (Fig. I-k), which
allow a common probe body to be
interchanged with a variety of
probe tips and some with "pop
jack" connections (Fig. 1-1) to
plug into a common probe body.

Permanently connected probe
tips offer advantages to anyone
who often or repetitively per
forms the same test step. Youjust

(r1TIllr-r:==:--=~ r-===s1L--U!lUlIL--L-----.:==JJ ~~.__->

POP JACK
(CROSS SECTION)
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FIELD REPAIRABLE
PROBE TIP
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INSULATED EXTENDABLE TIP
m
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SPADE CLIP

I

~::::~
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SLI DE-ON TIPS
k

c-

J~
INSULATED AlliGATOR CLIP

f

S!

NEEDLE TIP
c

-=SHOULDERED MICROTIP
d

~
DOG·LEG M1CROTIP

b

c:[]J
IC LEG

e

itself loose. Their jaws tend to be
out in the open, contributing to
inadvertent contact with neigh
boring objects, unless they are
sheathed. Alligator clips come in
different sizes and, in the right
applications, they are useful.

FIG. 1-EACH OF THESE PROBE TIPS
HAS THEIR OWNdisti nct advantage when
used in a specific testing application. All
of these probe tips shou ld meet most of
your testing needs.

in length, with a conically
shaped arrow-head on the end.
Brass is a good current conduc
tor with a very low voltage drop
across the contact point. It's rela
tively soft so it can conform to the
test point with some grab, and
not slide away too easily. In addi
tion, the notch can lock onto a
lead or wire, if that's what you're
testing. The notched tip is small
enough to fit into tight spaces
and can handle most loads it's
subjected to.

A dog-leg microtip, shown in
Fig. I-b, is useful for probing
high-density PC boards that use
surface mount technology (SMT).
It lets you dodge around compo
nents and provides a "spring
iness" that enables you to move
the probe handle slightly without
losing your contact point. Exten
dable versions allow you to reach
several inches down into a cir
cuit, perhaps to get around a
power supply or other object.
Since these long, thin tips are
insulated, they are not likely to
cause shorts.

A sharp needle-point tip,
shown in Fig. l-c, offers a lot of
advantages. A sharp tip can pen
etrate oxides or insulation easily
and makes a good connection.
lt's made of stainless steel so it's
strong, even springy, and easy to
handle . The sharpness of the
point digs in and grabs hold of
the test point, and tends to stick
and not slide off. One drawback
is that steel is not the best con
ductor, and the sharp point
means you can't drive too much
current through it or it will burn
up.

A shouldered microtip, shown
in Fig. I-d, provides avery small
needle point, which is ideal for
piercing insulation, while leav
ing only a very small hole.

The IC leg, shown in Fig. l-e, is
a specialty tip, which is a sharp
needle point protected by insulat
ing plastic on each side. As with
the needle points, it digs in and
holds in place while the insula
tion protects against shorts. This
is an excellent probe tip for con
tacting IC leads.

Alligator clips, shown in Fig. I
f, are perhaps the most common.
Nobody likes alligator clips but
everyone uses them. Because of
their size, they don't fit into tight
spaces very well. The clip's weight
acts as a lever that tends to pull
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quality banana springs are made
of a single piece of heat treated,
spring quality, beryllium copper.
Most banana plugs on the mar
ket, however, are made of materi
als with bus spring retention,
which makes less dependable
and less reliable connections.

Un insulated banana plugs are
still available for multimeters,
but the move is away from them,
which is all for the better. A bare,
uninsulated plug swinging loose
while "hot" is just too dangerous
to accept. For safety reasons, we
urge you to use insulated plugs.

Most users, after they finish
testing, wrap the leads around
the meter and put them away un
til the next time. That means the
leads are getting bent at a 90° an
gle, banged against a drawer or
shelf, and eventually tend to
break or fray. Leads that are
molded at 90° from the sheathed
plug will prevent that problem.

Wrapup
Multimeter manufacturers

have a bad reputation for test
leads. The fact is, your meter
probably doesn't come with the
best selection of leads for your
specific needs. Typically, you
should plan on investing some
money on additional test leads. 0

Testing can be inherently dan- ~

gerous, particularly at higher ~

voltages . The closer you get to to

having the correct tool for each ~
task, the safer and easier it is to iO
perform your testing. R-E ~
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junction on the test probe, which
is usually a crimp. When molded
into a handle, that stray wire can
be very close to the surface of the
probe and, particularly at high
voltages, presents a serious
shock hazard.

At Pomona, the tip-and-lead
wire assembly is threaded into a
hollow handle and the tip is then
held in place with a screw-down
chuck. Therefore, it will never
short through to the probe han
dle, and the probe is actually field
repairable. If the lead wire is
bent, broken or frayed, you cut it
off and re -solder the wire to the
tip, insert it back into the handle
and chuck it in place. Figure l -n
shows a drawing of a field re 
pairable probe tip.

Connections
Connection of the probe to the

multimeter is through wire and a
standard banana plug. The wire
must be properly insulated and
have a low enough resistance to
adequately pass signals. Pomona
test leads use double-insulated,
l8-gauge wire, which more than
meets all product safety require
ments. Various insulating mate
rials include: standard PVC, a
superior PVC that's more flexible ,
or silicone, which is both more
flexible and much more resistant
to high temperatures, which is
usually a problem when using a
soldering iron.

There's more to a banana plug
than you might think. High-

, ..•. !II!
POMONA'S MAXI-KIT CONTAINS a wide assortment of probes fo r the professional DMM
user.

Field repair
Test probes that are field re

pairable have a distinct advan
tage over those that are not. Most
test probes that are non-field re
pairable are insert molded, with
the test leads permanently em
bedded in the handle. That meth
od of construction can present
several problems. Most problems
occur when the lead wire frays
where it enters the handle. Once
that happens, the probe must be
discarded and replaced.

There can also be a safety haz
ard during the manufacturing
process. A stray wire can some
times occur at the tip-and-lead

pick up your sturdy probe and do
the job . The disadvantage is a
lack of versatili ty. Either you'll
have to try and "make-do" with
the wrong probe occasionally or
you'll have to buy a number of
different probes to meet each sit
uation. In fact, if you do a large
amount of testing, having a col
lection of probes to meet each sit
uation is a wise decision. A
number of kits of probes selected
to match various applications are
available at good prices.

Slide-on tips give you ver
satility. You can use a needle
sharp tip when you need it, and a
spade -lug when your need
changes. They provide big advan
tages to anyone that usually
works with high-voltage equip
ment and only occasionally with
low voltage.

A particularly useful slide-on
tip is the insulated extendable tip
shown in Fig. l-m. The extenda
ble tip is able to get into those .
deep, hard-to-reach spaces with
out the worry of shorting of near
by components.

The disadvantage of slide-on
tips is an outgrowth ofthe advan
tage-the slide-ons can also slide
off. The pop-jack connection of
fers a solution to that problem. It
allows you to interchange probe
tips but holds them in place
tighter. It offers a metal male
female connection with a friction
grab, plus the plastic insulating
sheaths actually deform and
create a seal. The pop-jack con
nection requires five or more
pounds of pull to dislodge it , al
though if you twist it first, it
parts easier. It's somewhat like a
Chinese finger puzzle in its hold
ing ability.
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Texas Instruments
PO Box 809066
Dallas, TX 75380
(800) 232-3200

CIRCLE 317 ON FREE INFORMATION CARD

3M/Microproducts
3M Center
St. Paul, MN 55144
(800) 328-1303

CIRCLE 318 ON FREE INFORMATION CARD

far cheaper than the photopolymers.
Let's see . a few loose ends : Other

approaches to Santa Claus machines
include photochemical machining of
thin layers and various other "gas
ket" techniques that get bonded to
gether to produce composite o b
jects . One think tank do ing active
instant prototype development is
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Phoenix, AZ 85022
(602) 867-6259
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PM Research
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Wellsville, NY 14895
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Circuit Works
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Hitachi
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tively hardened by an infrared laser in
a process known as sintering. Sinter
ing simply melts the surface of the
granules so they stick together.

In addition to being cleaner and
simpler. you have a wide variety of
possible material options . including
real metals. Many powders can be
reground and recycled, and they are

29.50
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LaserWriter Secrets (lie/Mac/PC)
PostScript Show & Tell
Intro to PostScript VHS Video
PostScript Beginner Stuff
PostScript BBS Stuff
The Whole Works (all PostScript)
Absolute Reset lie & lie
Enhance I or II Companion Disk
AppleWriter CB or Assy CB Disk

FREE VOICE HELPLINE

way are easily created.
While the UV photopolymer nor

mally used is both expensive and
hard to get. a possible hacker sub
stitute could be the Merigraph pho
topolymer used for rubber stamps.
and available by way of Gratham or
R.A. Stewart.

A second generation visible light
photopolymer is being developed at
Dupont. and one major system which
uses these is Quadrax. Advantages
of the visible photopolymer include
its lower viscosity. the ability to use a
cheaper laser. and (with proper safety
precautions) being able to see what
you are doing. Because of the lower
viscosity. you can also raise the liquid
level. rather than actually moving
what you have already produced.

While these liquid-vat methods do
work. they are limited in accuracy to
several mils, are rather costly. and
end up severely restricting your
choice of materials . A fresh . different.
and totally dry approach to desktop
prototyping gets used by DTM. Here
a granular powder of certain waxes or
any of a number of plastics is selec-
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Plug a Friend into Radio-Electronics
this Christmas ... and Save $19.43!
This Christmas give an electrifying gift
... plug a friend into Radio-Electronics

_ and.brighten his whole new year! Whether
electronics is his livelihood or his hobby,
your gift will sharpen his focus and
illuminate the whole spectrum of
electronics throughout the coming year.

Radio -Electronics will keep him informed
and up-to-date with new ideas and
innovations in all areas of electronic
technology . . . computers, video, radio,
stereo, solid state technology, satellite TV,
industrial and medical electronics,
communications, robotics, and much, much
more.

He' Il get great plans and printed circuit
patterns for great electronic projects. In just
the last year, Radio-Electronics has presented
voice scramblers, video switchers, frequency
standards, wireless audio links, radiation
monitors, function generators, and much
more .

In coming issues, Radio-Electronics will
present practical, educational, and money
saving projects like: a helium-neon laser ... a
lighting controller . .. a video timebase
corrector . .. a video noise processor .. . a
light-beam communicator ... an antenna
amplifier ... and many others!

*Basic sub rate-l yr/$17.97 2 yr/$34.97

PLUS ... equipment troubleshooting
techniques .. . circuit design ... reports on
new technology .and new products . .. __.
equipment test reports . .. in-depth coverage
on computers, video, audio, shortwave radio
... and lots more exciting features and
articles .

SAVE $19.43*...OR EVEN $38.86* ...For
each gift of Radio -Electronics you give this
Christmas, you save a full $19.43* off the
newsstand price. And as an R-E gift
donor, you're entitled to start or extend
your own subscription at the same Special
Holiday Gift Rate-you save an additional
$19.43*!

No need to send money ... if you prefer,
we'll hold the bill till January, 1991. But you
must rush the attached Gift Certificate to us
to allow time to process your order and send
a handsome gift announcement card, signed
with your name, in time for Christmas.

So do it now ... take just a moment to fill in
the names of a friend or two and mail the
Gift Certificate to us in its attached, postage
paid reply envelope . That's all it takes to plug
your friends into a whole year of exciting
projects and new ideas in Radio-Electronics!



DIGITAL VIDEO STABILIZER
ELI MINATES ALL VIDEO COpy
PROTECTIONS
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( Dealers Welcome )

WARNING :
seo
Electronics and
RXII dealers do
not encourage
people to use
the Digital
Video Stabilizer
to durlicate
renta movies
or copyrighted
video tapes.
RXII is in
tended to stabi
lize and restore
crystal clear
picture quality
for private
home use only.

While watching renta l
movies, you will not ice an
n oy in g p e riod ic c olor
darkening, color shift, un 
wanted lines, flashing or
j agg ed edg es . Thi s is
caused by the cop y protec
tion jam ming signa ls ern
bedded in the VIdeo tape,
such as Macrovision copy
protecti on. Dig ital Video
Stabi lizer. RXIi completely
eliminates ali cop y protec
tions and jamming signals
and brings you crystal clear
plc1ures.

FEATURES:
• Easy to use and a snap

to instali
• State-ol-the-art in

tegrated circuit technol-

• ~% auto matic · no
need lor any
troublesome adjust
ment s

• Com patible to ali types
01VCRs and 'TVs

• The best and most excit
ing Video Stabili zer in
the market

• Ugh! weight (8 ounc es)
and Compact (1x3.5x5 )

:~:~~~:~~~~~~ ~iC~~X
batte ry which wi li last 1
2 years .

FIG. 1-THIS TRIPLE AUDIOVISUAL SWITCHER uses the Hitachi HAA11508 to simulta
neously select video and two-channel stereo audio from anyone of three sources and
then route them to one of two selected outputs.

ToOrder: $4 9 .9 5 ea + $4 lor FAST UPS SHIPPING

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

sea ELECTRONICS INC.
Dept.CRE1 2581 W. Merrick Rd. valiey Stream NY 11580

Unconditiona l 30 days Money Back Guarantee

CIRCLE 190 ON FREE INFORMATION CARD

CTRll

+12V

CTRl2 MUTE

Signed: _

1-800-445-9285

An incredible data book
Cert ainly one of the most beautiful,

large st , and most impressive data
books I've ever run across is the in
credi ble new ASSP for Audio and
Video Applications data boo k offered
by Hitachi. It is crammed to the
rafte rs with unique new hacker inte
grated circuits .

Picking a sample more or less at
random. Fig. 1 shows an audiovisual
switch using their new HA11508 chip.
This beast is hard to describe. It
simultaneo usly swi tc hes one vid eo
and two stereo audio channels from
your choice of three sources. As Fig.
2 shows, there are two separate tr i
ple outputs, selec ted per the CTRL 1
and CTRL 2 lines . The audio on the
second tripl e output can get muted
using the mute input.

This dude is intended to se lec t
three audiovisua l sources inside a TV
set and route them to two pos sible
destinations. Eut it cries out to be
used as part of a hom e- or low-end
stud io control cen te r or a switc hing
bay.

The quality specs seem fairly im
pressive. Wh ile a 12-volt supp ly is

Ba telle, while conven tions and semi
nars are som etimes don e by the
CAo/CIM Roundtable. One of the
many sources for t raditional CADI
CAM support software appears to be
Control Automation.

One thing that's totally obvious to
me is that the PostS cript language
wi ll playa major role in the futu re of
des ktop proto typi ng . Ob viou s rea
sons here are PostScript's nearly
total devi ce inde pendence , its in
credible graphical performance (es
pecially for three dimensions) , and its
ability to let you r favorite el-cheapo
word processor completely and total
ly blow away virtually any of today 's
costly CADICAM packages.

For our contes t this month , just
add to our Santa Claus machine di
alog in some useful way. There wi ll be
all of t he usual Incredible Secret
Money Machine book prizes going to
the dozen or so top entries . with an
all-expense-paid (FOB Thatcher, AZJ
tinaja quest for two going to the very
best of all. As usual, please send your
wr itte n e nt r ies t o me here at
Synergetics , in stead of Radio
Electronics.

:::tiS'Ciibic;::'#iiL:
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1 Unit 10 Le t
Jerrold sawfTrimode..•$99 •••••$70
Super Tri -Mode. $109 $75
Oak KN12 (wNS) $l09 $65
Scientific Atla nta $109 $75
SA (Combo) $250. $195
Pioneer $109 $79
Hamlin MLD 1200. $89 $59
Tocom $169 $129
Stargate converte r $95 $75
Panaso nic conve rter $99 $79

30 Days Money Back Guarantee
Free 16 page Catalog

Visa, M/C, COD or send money order to:

US Cable TV Inc. Dept.KRE12
4100 N.Powerline Rd., Suite F-4

Pompano Beach, F L 33073

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

No Florida Sal es!
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A Fast Algorithm for the Discrete Cosine Transform
C.H. Smith, IEEE Transactions on Communications Sept. 1987 pp 1004 -1009.

Image Compression fo r Hig h Speed Network Transmission
C. Oirac la, Circuit Cellar Ink, Aug/Sep 1990, pp 19-26.

Teleconferencing
K. Rao, Van Nostrand Reinhold Company, 1985.

Digital Cod ing of Wav eforms
N. Jayant , Prentice Half, 1984.

A New Wave in Applied Mathematics
B. Cipra, Science 24 Aug 1990, pp 858 -859 .

Survey of Adaptive Image Cod ing Tec hniques
A. Habbibi, IEEE Transactions on Communications, Nov 1977 , pp 1275-1284 .

Ad vances in Pic ture Coding
H. Mussman n, Proceedings of the IEEE, April 1985, pp 523-548.

Progressive Tra nsmissi on of Gray-Sca le and B inary Pictures
K. Knowlonton , Proceedings of the IEEE, j uly 1980, pp 885-896.

Predictive Coding Based on Effic ient Motion Estimation
R. Sr inivasan, IEEE Cont. Communications. May 14 1984, pp 521-526.

OCT Processing of NTSC Composite Video Signals
A. Ploysongsang , IEEE Trans. on Communications, March 1982 , pp 462·479.

FIG. 3-A FEW OF THE RECENT PAPERS on video-image compression and the OCT
discrete cosine transform.

Official 1934
SHORT WAVE
RADIO MANUAL

simple, high
performance old
time shortwave radios!

All of the secrets a re
here : the circu it diagrams,
parts layout, coil specifica tions, con 
structi on d et ail s , op eration hints, and
much more!

This is a com pila tion of shortwave
construction articles from "Short Wave
Craft"magazines published in the 20's &
30's. It' s wal l-to-wall "how-to."

Included are circ u it diagrams, photo 
graph s , a nd design secre ts of all short
wave receivers being manufactured in
1934 including some of the most fa
mous: SW-3, the SW-5 -rhrtll Box", the
deForest KR-l , the Hammurland
"Comet Pro", and many more.

Also included is a n ew chapter show
ing how you can u se transistors to re
pla ce hard- to-find vacu u m tubes. You'll
even s ee the circu it t ha t was lashed
together on a table top one night using
junk bo x parts, a hai r curler and alliga-
tor clips. Attached to an an- fl
tenna strung acros s the base
ment ce iling and a 9 volt bat
tery, sign als started popping
in like crazy. In a cou ple of
minutes an urgent message
from a ship's captain off Se
attle over 1500 miles away
was heard asking for a naviga
tor to help him through shallow water!

These small regenerative re ceivers
a re extremely simple, but do they ever
perform! This is a must book for the
experimen te r, the survivalist who is
concerned ab ou t basic communication,
sho rtwave listener s, ham radio op er a 
tor s who collect old receivers, a nd jus t
about any one interested in old- time
radio.

Gr eat book! Fun to read! On e of the
.bes t old- time ra dio book s to tUITl u p in
years. Heavily illustra ted! Order a copy
today! 8 1/2 x 11 paperback 260 pages
on ly $ 15.70 pos tpaid!

r-Lindsay PUbiicatToiiSi
: Box 583-WA8 Manteno IL 60950 :
D Send a copy of Short Wave Radio

I Manual. Enclosed is $ 15. 7 0 . I
I

Ch k , MC, Visa. Sen d a free cata- I
log of ot he r books. 0
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I I ~I Addr ess I ~
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introd uctory tu torial in Circuit Cellar
Ink, and then go on to the fancier stuff
shown through Interl ibrary Loan at
your loca l library.

To compress any video image , indi
vidual 8 x 8 pixel blocks have their
discrete cosine transform taken, by
us ing either hardware or software .
The result of th is transform is a list of
frequencies and amplitudes . Any
change so minor that the eye can 't
see it anyway gets replaced with a
zero, leaving a sparse data set. Put
another way, what you don 't know (or
see) won 't hurt you.

The sparse data set then gets fur
th er co mpac te d using Huffman or
similar techniques. The net result is a
video compress ion in the 30:1 range
wi th out cau s ing s igni f ica nt vis ua l
deqradatron,

The reasons for compression is to
reduce your disk sto rage time and
your communication time . Far more
impo rtant , th is sort of data compres
sion is essen t ial to squash an HDTV
image down in to reasonable band
w idth channe ls. So knowing and un
derstanding video compress ion is an
essential part of the new multimedia
revolution which is combining video
and computing .

Two sources of DCT chips include
C-Cube and SGS, while some useful
(but very much slower) do-it-yourself
softwa re rout ines are shown in the
Ciarcia art icle .

Digital sine-wave generator
Hardw are hackers interes te d in

communications are really getting off
on a great new integrated circuit from
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0 1 A C

1 1 B B

1 0 B C

More on data compression
There sure was plenty of ongoing

hacker interest in all of that data-com
pression stuff we looked at a few
mon ths back and in the Hardware
Hacker II repr ints . Mu ch of the action
today centers on the new Discrete
Cosine Transform, especially in high
reso lut ion co lor co mpute r and TV
disp lays.

Figure 3 is a bibliography of some
of the heavier duty papers on th e
DCT. Start out with Chri s Ciarcia's

FIG. 2-THE TRUTH TABLE for the triple
audio switcher. Logic signals on the con
trol inputs decide wh ich input gets se
lected. An optional mute input turns off
the audio only on output II.

recommended, anything from 8 to 13
vo lts can be used . Al l the inputs and
outputs are supposed to be capac i
tor- c oupled. Sin ce the sw itc hing
times and all the overlaps are not
speci fied , thi s chip appears to be
ma inly inte nde d fo r use in static
switc hing or source se lection. In
stead of being applied to chroma-key
or picture-insert ion applicat ions . Nat
urally, for any higher-quality sw itc h
ing, full double-sided PC boards with
lots of ground plane are an abso lute
must.
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RA Stewart
641 South Palm, Unit H
La Habra , CA 90631
(213) 690-4445
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Quadrax
300 High Point Avenue
Portsmouth, RI 02871
(401) 683-6600
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School Shop
Box 8623
Ann Arbor, MI48107
(313) 769-1211
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Marlin Jones , who has some new tilt 
angle sensors, parabo lic mirrors ,
LCD disp lays, c lutches, and reg
ulators .

Our featured free trade journ als for
this month include Circuit Design on
printed-circuit layout techn iques, and
Nickel. devoted to stainless steel and
all other nickel applications .

Sti ll at the same old sta ll after all
these years , the Castolite people of-

3-D Systems
26081 Avenue Hall
Valencia, CA 91355
(805) 295-5600
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Roland Digital
7200 Dominion Circle
Los Angeles, CA 90040
(213) 685-5141
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Merigraph/Hercules
300 East Shuman, Ste 260
Naperville, IL 60566
(800) 323-1832
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masterCAM
2101 Jericho Turnpike
New Hyde Park, NY 11040
(S16) 328-3970
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Light Machines
669 East Industrial Drive
Manchester, NH 03103
(603) 625-8600
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Freeman Supp ly
1246 West 70th Street
Cleveland , OH 44102
(800) 321-8511
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Industrial Education
1895 Crooks Road S135
Troy, MI 48084
(313) 649-4900
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Grantham/Polly-Stamp
418 Central Avenue NE
East Grand Forks, MI 56721
(218) 773-0331
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DTM
1611 Headway Circle B2
Austin , TX 78754
(512) 339-2922
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DuPont
1007 Market Street
Wilmington, DE 19898
(302) 774-1000
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SANTA CLAUS MACHINE
RESOURCES

Batelle
505 King Avenue
Columbus, OH 43201
(614) 424-7782
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Control Automation
2350 Commerce Park Dr NE, #4
Palm Bay, FL 32905
(407) 676-3222
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CAD/COM Roundtable
1050 Commonwealth Avenue
Boston, MA 02215
(617) 232-8080
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new data book on Protection Devices
that includes surge and transient sup
pressors.

Texas Instruments has a new and
free linear products sample packet
on their Excaliburseries of JFET oper
ational amplifiers .

Two great surplus flyers include
Alltronics, who are big on powerful
magnets and computerized hamsters
(their dead ones are cheaper) ; and

fO UT = fXTA L/8,388,608

Thus, you would use the 8.388608
MHz crystal to get a 1-Hz resolution .
Or you could apply any external fre
quency up to 12 MHz.

Your output sine-wave frequency is
determined by the 16-bit digita l word
you last se lected. For instance, a dig
ital "1" wou ld get you 1 Hz, whi le a
" 5623" (or a hex $15Fn will get you
5.623 kHz. Your output is a clean and
low-distortion sine wave of around 12
volts peak-to-peak.

In order to save on package pins ,
your digital control word is entered
serially.There are three pins involved .
The SERIAL INPUT DATA (SID) pin accepts
one data bit at a time, the least signifi 
cant bit first. The SCK or SERIAL CLOCK

accepts each new data bit on its ris
ing edge . Finally, the LAT or LATCH pin
stores the input serial data stream on
its falling edge .

This should interface beautifully
with the game-paddle port of an Ap
ple lie, or anywhere else you have
three I/O lines available from a com
puter or microcontroller. There 's also
an ML2036 in a larger package with
some extra features at slight ly higher
cost.

One obvious tip : You do enter the
frequency in binary or in hex, and not
in decimal! Don 't laugh. That's a very
common hacker mistake.

As a second contest for this
month, just te ll me something dif
ferent you wou ld do with this new
ultra-cheap, ultra -simple, and ultra 
precise digital sine-wave generator.

Micro Linear. This is their ML2035
Programmable Sine-wave Generator.
C leverly disgu ised as an eight-pin
mini-DIP, this new chip is an $8, ful l
performance, 16-bit digital sine-wave
generator. It has a 21-bit phase ac
cumulator and a 9-bit sine lookup ta
ble built into it!

The device can easily produce any
sine wave from 1 Hz to 25 kHz in 1-Hz
steps , and its seria l interface mates
beautifu lly with virtually any computer
or microcontroller. Figure 4 shows the
extremely simple circui t. A split sup
ply of + 5 and - 5 volts is needed.
The output frequency resolution will
be:

(fJ
o
Z
o
a:
t3 New tech literature
~ Schaevitz has a free Handbook of
LUo Measurement and Control that gives
o the fundamentals of LVDT position«
a: ing sensors . From SGS, there 's a
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FIG.4-A DECEPTIVELYSIMPLE DIGITALSINE-WAVE GENERATOR. This $8 chip does a
full zr-en phase addition and a 512-level table lookup for an outstanding output quality.
Resolution is 1 Hz over a 1·Hz to 25-kHz range!

8.398 MHz Crystal

SERIAL DATA CLOCK S

SERIAL DATA IN n
DATA LATCH L

1;-
ANALOG
OUTPUT
SINEWAVE

ML2035

u\s\t\on and
oata 1'cq Eas'l VJa'l
control the

What Is the A·Bus?
A·Bus is a system for connecting devices to
your computer. Whatever your computer.
use A·Bus for:
Sensing. Detecting or reading a switch
closure or voltage presence.
Measuring . Determining a force. frequency.
temperature. weight. or any other quantity.
Control. Open or close a circuit. Switch any
type of electrical device. Adjust level or
position.

Why should you choose A·Bus?
It's affordable. From a $65 Digital Input
Card to a $299 Motor Controller. you get
much more than your money's worth.
It's simple. Easy to connect to your
computer and to your application. Designed
to adapt to your software easily.
It's versatile. You mix and match low cost
boards to fit your project.
It's proven. Thousands of applications
installed around the world.

RE-BBS
516-293-2283

Try the

E/iii!:i,.nl1'£s®
bulletin board system

(RE-BBS)
516-293-2283

Call for a Catalog (800) 221-0916

(0
(0
o
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~ALPHA~
242-RE West Avenue. Darien. CT 06820
Call (203) 656-1806 or Fax 203 656 0756
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A Sampling of our Products
Relay Card: 8 individually controlled relays.
3A at 12OVAC. SPST. RE-140: $142
High-Speed 12-blt AID converter: 8 10ps
analog inputs. 0-5V. amp. FA-154: $179
8 Bit AlD: 8 inputs. 0-5.1V in 20mV steps.
7500 conversions/second . AD-142: $142
12 Bit AlD: ±4V. On-board amp. 7 read
ings/sec.1 input. expandableAN-146: $153
Temperature sensor:O-200° TS-111: $12
Digital Input: 8 opto-isolated. Read voltage
presence or switch closures. IN-141: $65
Latched Input: Each of 8 inputs is latched
to catch switch closures L1-157: $85
Digital Output Driver: 8 outputs: 250mA at
12V. For relays. solenoids ... ST-143: $78
Smart Quad Stepper Controller: On board
processor controls 4 motors simultaneously.
Simple English commands to set position.
speed, units. read limits. etc. SC-149: $299
D/A: 4 Channel. 8 Bit Output DA-147: $149
24 line TTL I/O: Connect TTL 0/5V levels or
switches. (8255A) DG-148: $72
32 Channel Multiplexer: Switches up to 32
channels to a single common. MX-155: $83
Touch Tone Decoder: PH-145: $87
Counter Timer: 3 16-bit counters. Count
pulses. measurefrequency CT-150: $132
A·Bus Prototyplng card: PR-152: $16
Odin Software: For PC's Control relays
from inputs or time schedulesOS-189: $129
Motherboard: For 5 cards. MB-120: $108
A·Bus Adapters:

IBM XT/AT & compatibles. AR-133: $69
MlcroChannel Adapter: AR-170: $93
Parallel Adapters also available for Apple
II. Commodore 64.128. TRS-SO
Serial Adapter:RS-232 sA-129: $149
serial Processor: Built in BASIC for off
line monitoring. logging . SP-127: $189

o
New! C·Net: Connect thousands of RS-232 ~
serial devices to one computer port. Print- ~

ers. modems. data acquisition devices. etc. OJ
m
JJ

Leave your comments on R-E with
the SYSOP.

Add yourself to ouruser files to
increase your access.

Communicate with other R-E
readers.

very special price . These include the
TTL Cookbook. CMOS Cookbook.
Active Filter Cookbook. Micro Cook
book I. Micro Cookbook II. Hardware
Hacker II. and. of course . The Incredi
ble Secret Money Machine.

Finally. I do have a new and free
mailer for you wh ich includes dozens
of insider hardware-hack ing secret
sources. Write or call for info.

Our usual reminder here that most
of the items mentioned appear either
in the Names and Numbers or in the
Santa Claus Machines sidebar.

As always, this is your column and
you can get technical help and off
the-wall networking per that Need
Help? box. The best calling times are
weekdays 8-5, Mountain Standard
Time. Let's hear from you. R-E

The more you use it the more
useful it becomes.

We support 300 and 1200 baud
operation.

Parameters: 8N1 (8 data bits, no
parity, 1 stop bit) or 7E1 (7 data
bits, even parity, 1 stop bit).

fer all sorts of castable resins and
mold produ cts. One good way to get
started with the castable resins is to
pick up thei r $75 prod uct sample and
evaluation kit.

The Circuit Works people have an
inte rest ing co nd uc t ive pe n tha t
writes in silver ink. The main use for
this unusual gadge t is for printed-cir
cuit -board repairs.

For so me additional mechanical
stuff. 3M has an interesting brochure
on microcapsule technology. while
free plasti c-tubing samples are newly
available through NewAge Industries.
And PM Research has a fine cata log
on steam-engine kits .

Turning to my own stuff. I have
combined my seven top hacking
books into a Lancaster Library at a



AUDIO UPDATE ·
Amplifier Transfer Functions: A Strange Audio Controversy

LARRY KLEIN

Fig. 1. CONNECTION FOR COMPARING
one channel of a reference amplifier to
one channel of the modified amp. The nor
mal speakers, whose purpose is to pro
vide a typical load, are placed out of
earshot, The null speaker plays only the
difference between the two channels .
Theoretically, two identical channels will
produce no sound from the null speaker. A
meter connected across the null speaker
has revealed nulls as low as - 70 dB.

complained in letters to audio maga
zines that Carver was illegitimately
monkeying with the integrity of the
audio signal, that the effects
achieved were far from realistic , and
that the recommended listener posi
tion was unduly restrictive. However,
buyers of the Carver sonic-holograph
preamp simply enjoyed its effect, un
t roubled by the objections of the pu
rists .

The Carver challenge
Bob Carver's next project was the

M-400 "magnetic-fie ld" amplifier.
Truly a revolutionary product, it was a
200-watt-per-channel amplif ier em
bodied in a 7-inch cube weighing a
mere 10 pounds . Once again, au
diophiles who tended to judge an am
plifier's quality by its cost-and the
severity of the hernia you got trying to
lift it- were outraged . Obvious ly,
there had to be something wrong with

the M-400's sound that did not show
up in conventional testing, yet was
surely audible to anyone with ears
golden enough to hear it.

Bob Carver told me several times
during that period how distressed he
was by the self-selected audio es
thetes who felt that he was, at best, a
designer of mid-fi equipment. Carver
set out to prove them wrong . He de
vised and demonstrated a nullifica
tion circuit (not unlike the Hafler
circuit discussed in these pages sev
eral years ago) that would null out all
similarities in the signal between any
two amplifier channe ls leaving only
whatever differences might exist in
phase shift, frequency response', dis
tortion , and/or noise to be heard .

I attended at least two of Carver's
demonstrations and came away con
vinced that his amplifier was essen 
tially perfect in respect to absence of
any audible problems. In truth , I was
not terribly surprised by Carver's test
results since I believe that almost any
well-designed amplifier when oper
ated with a reasonable speaker load
and within its power rating will sound
like any other amplifier also operated
under the same conditions. (That is
also Carver's view, but he hesitates
to propagate it for fear of further al
ienating the irrational self-appointed
audio elite) In any case , Carver made
his point among those wi lling to be
convinced. But Carver's test con 
vinced none of the audio fundamen
talists whose ultimate faith resides in
what they think they hear under their
own essentially uncontrolled listening
conditions .

For this group, only prolonged lis
tening to one amplifier and then the
other wi ll allow proper evaluations to
be made . Anyone who has attempted
to make scientific subjective assess
ments in any product area knows of
the pitfalls of such a procedure, but
nevertheless, that is the preferred au
dioph ile evaluation technique .

Okay, thought Carver, let's ap
proach the prob lem from a different

NORMAL
SPKR

MUSIC SIGNAL

NORMAL
SPKR

The Carver Corporation
When Carver founded the compa

ny that bears his name, he produced
two products that both excited 'audio
consumers and rattled a few cages .
The first to hit the market was a
"sonic holography" preamplifier that
provided an enormous extension of
the sonic sound stage far beyond nor
mal speaker spacing. In fact, on cer
tain program material. the effect is as
though two invisible side -wall speak
ers have been switched in. The holo
graphic illusion is ach ieved by
electronically nullifying the interaural
crosstalk that occurs with conven 
tional speaker setups . Normaily, the
sound from the right speaker reaches
your left ear and the sound from the
left reaches your right ear ; the Carver
circuit injects some out -of-phase left
signa l into the right channel and vice
versa, thus electronically canceling,
when you are properly located, the
acoustic "leakage" between both
channels.

Carver's sonic holograph promp
ted a host of " me-too" products, and
variations on the idea are still found in
the products of some companies.
Not surprisingly, purist audiophiles

My IEEE dictionary defines
transfer function as " a
mathematical, graphic, or

tabular statement of the influence
that a system or element has on a
signal or action compared at input
and output terminals..." The some
what stilted language refers essen
tially to whatever differences occur
between the input and output signal s
of a circuit. It may seem strange that
an innocuous technical term lIike
"transfer function " could in another
guise excite such passions in the au
diophile community. It all began, as
have several other audio controver
sies in the past decade, with the work
of Bob Carver, former president of
Phase Linear, and presently the presi
dent and chief engineer of the Carver
Corporation .
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Cable TV
Descrambler Article Parts

We stock the exact Parts, PC Board and Adaptor fo r several articles published

in Radio-E lectronics magazine on building your own Cable TV Oeserambler.

February 1984 February 1987 May 1990
58-3 Type Tri-Mode Universal

701 Parts Pkg•••••$19.00 301 Parts Pkg... ...29.00 901 Parts Pkg.....$49.00
Includes all origina l parts. Includes all origina l parts. Include s all parts.

702 PC Board........7.95 302 PC Board... .. . ..7.95 902 PC Board........9.95
or'Jlnal 3X4 etched, drilled Original 5X8 etched, drilled Improved 4X7 etched, drilled
an Silk-Screen pc board. and Silk-Screen pc board. and Silk-Screened pc board.

704 AC Adaptor.. .. .7.95 304 AC Adaptor.....7.95 904 AC Adaptor.....8.95
12 to 18 Volt DC @ 200ma. 12 to 18 Volt DC @ 200ma. 12 Volts AC @ 350ma.

701, 702 & 704.....29 .00 301, 302 & 304.....39.00 901,902 & 904.....59.00
All three for special saving. All three for special savings. All three for specia l savings.

Tri-Mode Tutorial..7.95
26 pages of In-depth info.

Snooper Stopper...$39.00 Macrovision Kit...$29.00
Prevent Descrambler detection with snooper Macrovlslon•••••now you see It, now you
stopperldata blocker and protect your privacy. don't with our macro -scrubber kit.
fncludes free artic le on Cable Snooping. Origina lly Published in Radio-Electronics.

70 Channel Cable TV Converter....................$89.95
* 6 Fu nction Infra-Red remote. * Compatib le with all External Oeserambler.
* Fine Tuning . * Channel 3 & 4 switchable output.
* Memory & Recall. * STD, HRC & IRC compatible.

CALL TOLL FREE 1-800-332-3557
Outside USA Call 1-508-699-6935

Visa, MasterCard and COO. I VISA I I Me I
Add $4.00 S&H, $6.50 Outside USA.
o & 0 Electronics, Inc. PO Box 3310, N. Attleboro, Ma. 02761

direction . He issued a challenge to
the editors of Stereophile magazine:
You pick out an esteemed high-end
power amp lifier-tube or tran
sistor-and I wi ll duplicate its sound
by minor mod ifications of one of my
current $700 mag netic-fie ld ampl i
fiers . Carver flew out to Stereophile s
Santa Fe, NM, offices and set up his
equ ipment in a nearby mote l, and
Stereophile brought over a mass ive
$5,000 tube amplifier to serve as the
refere nce . Several days late r, Bob
emerge d f rom his instrument- and
parts -cluttered motel room with the
mod if ied Carver amp lif ier w hose
so und he claimed exac tly matched
that of Stereophile s audiophile tube
amp lifier.

Here co mes the surprisi ng part:
A fte r hours of comparison listening,
th e f l a b b er g as t e d ed i tors of
Stereophile reluctant ly agreed that
Carver had acco mp lished just what
he claimed he wo uld. The sound of
the two amplifiers was indistinguish
able even with the " best available"
associated equipme nt and speakers!
The implicat ions of what Carver had
done was not lost on those w ho had
participated in the event. How could
Carver's amp lif ier dup licate t he
so und of the reference, without the
use of go ld-p lated con nec tors and
circ uit boards, oxygen -free coppe r
w ire , capacito rs w ith spec ial di
elect rics , and metal-fi lm res istors,
and all the other magical elemen ts
including tubes- that are found in au
diophile amplifie rs? Co uld it be, as
Carver claimed, that the only thing
necessary was to get the proper
tra nsfer function?

Now for the un surpr isin g part.
Upon ref lection , reconsiderat ion, and
relistening to the origi nal modified
Carve r amp plus other samp les that
Carve r had mod if i ed s im i la r ly,
Stereop hile s staff dec ided that the
amp lif iers really didn 't so und alike
afte r all. How could they, when the
basic premise of the magazine (and
high-end audio) suggests the exis
tence of subtle, mysterious audible dif
ferences that differentiate audiophile
equip ment from that produced by the
"mass merc handisers" such as Car
ver. You wipe out those differences
and you obv iously wipe out the justi
f ication fo r overpriced and over
des igned high-end audio equ ipment.

I asked Bob exactly what he does
to matc h the sound of two amp lifiers .
Essent ially, he said, the differences

he's eliminating are all in the spectral
domain. However, that involves more
than simply match ing the freq uency
response characteristics of two am
plifiers . Every amplifier has a charac 
terist ic comp lex input and output
impedance that causes sma ll fre
quency response var iat ions when
dr iving various speakers and whe n
being driven by various input compo
nents. Matching the sound of two
amp lifiers cons ists esse ntia lly of
matching those impedance charac
teristics. It isn't necessary to wo rk
out the reasons for the impedance
characteristics of the reference amp,
only to duplicate them .

Postscript
I thought that Carver's approach to

amp lifier matching wou ld make an in
terest ing story and I offered it to
Audio magazine. The editor, whom
I've known for years, turned me down
flat. W hy? His belief system , like
those of the editors of Stereophile,
wou ld not perm it him to accept that
Carver's feat was poss ib le. And a
fina l note: S ince Stereophile re
canted, they have, in Carver's view,
constantly attacked his products in
editorial comments and reviews . That
has led indirect ly to a series of legal
claims and counterc laims, which, are
now being worked out in court . R-E

" I thin l: hr loves
III" ... H~ let III~ touch
his stereo."
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DRAWING BOARD

Let's keep our DTMF generator circuit as simple and
as elegant as possible.

J ust abou t everyone who owns
a computer has had to dea l
with plug-in cards at one time

or another. Back in the old days, there
were no such thin gs as ASI C's (ap
plicatio n specific integrat ed circu its) ,
and it was even rare to see a board
with PAL's (programmable logic ar
rays) on it. M ost of the board des ign
ers and manufacturers produ ced
products that were constructed en
tirely around recogni zable hardware.
That usually meant that you 'd see lots
of 74-series logic on the board with
an occasional EPROM (a 2708) to
handle unusual gat ing requirements ,
data tables , and so on.

Things aren't like that any more .
Modern boards , and most modern

electron ic prod ucts. are now built
arou nd cus tom s ilicon since the
failure rate is a lot lower and the co st
of production is less as well. This is
good for the consu mer since the
produ cts are a lot more reliable and
less expens ive. A VGA card is an
ext remely complex circuit but you 'll
find the parts count to be minimal.

The down side of all th is is that it's
next to impossible to fix any of the
newer boards. You not only can' t get
the AS IC's that form the heart of the
design but, even if you could, very few
(if any) of such newer boards are de
livered with a schematic and circuit
description.

The reason I'm mentioning th is is
because the state of board design
has led a lot of peopl e to assume that
discrete design is a thing of the past.
That's just not t rue since even the
most complex and custo m des igned
boards start out in life as a load of
discrete ci rcuitry buil t around the
same MSI (med ium scale integration)
stuff that. once upon a time, also ex
isted on the final products.

The major contr ibut ion of the de
velopment of AS IC's has to do wit h
economy, not electronics. The same
sort of argument applies to compo 
nent density. Not every product made
to wo rk with a compute r has to be
c o m p lex . A s a matter of f act ,
Grossblatt's Fourteenth Law- Keep
it S imple-tel ls yo u that t hings

should be on ly as com plicated as
they have to be to get the job done.
Not only that. but the more time you
spend doing elec t ronics , the more
you'll appreciate the advantages you
get when you keep things as simple
as pos sib le. If the word "simple"
bothers you, think of it as being "ele
gant " instead.

The circui try for the- co nt ro ller
we're building doesn't have to be any
more complex than is required by the
job it's designed to do . We're build ing
a te lepho ne dialer and, alt ho ug h
there are certainly an infinite number
of th ings we can have it do, all we' re
looking for in the beginning is the abil
ity to generate DTMF tones-and
we've already talked about all the sil
icon needed to do that.

The DTMF generator we 're de 
signing is basically a two- chip circuit
since most of the work is done by the
5088 that generates the tones . Al 
though tone-generator chips are a far
cry from an ASIC , it would take an
impressive amount of silicon to re
place them.
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6 FIG. 1-THIS CIRCUIT COMBINES the latch layout we already developed with the 5088.
~ With a bit of simple software, it will generate DTMF tones under keyboard or program
a: control.
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We've already laid out most of the
circuit we need to implement our de
sign , and all we have left to do (from
th e point of view of hardware) is to put
it all together. The circuit shown in
Fig. 1 combines the latch layout we
already deve loped wi th the 50 88 and,
w hen we add a bit of simple softwa re,
w ill generate DTMF tones under key
board or prog ram co ntrol.

The first four data lines from the
parallel port are used to talk to the
5088 through the latch. Even though
the latch control of the 373 is brought
out to the connecto r going to the
parallel port , we can ignore it for a
wh ile by tyin g the en ab le line to
grou nd. You can do thi s with a jumper
on the breadboard or, if you want,
seven of the pins on th e parallel-port
connector can be tied to grou nd .
There we re origina lly eigh t gro und
pins but remember that we modified
one of them (I suggested pin 25) so
that it would carry five volts and make
it easier to power the circui t we're
bu ilding.

The only thing new in the sche 
matic is the colorbu rst crysta l added
across pins 6 and 7 of the 5088. That
is the only co mponent we have to add
to the circuit to make it wo rk. The
ju mper shown hanging off pin 3 al
lows you to tie the pin either high or
low. Making it high will enable the chip
to generate DTMF, and making it low
w ill cause the IC to generate the high
and low-group tones sepa rate ly. The
se lection of high or low group is made

wi th the jumper at pin 4. If you tie pin 4
low, the chip will generate the Iow
group tones, and tying it high wi ll gen
erate the high-group tones. If you
make pin 3 high by connecting it to
+V. the chip generates DTMF re
gardless of the co nnection made at
pin 4.

Alth ough the circu it shown in Fig. 1
sti ll has to have things added to it if
you want to do practical things with it
(co nnect it to the phone line, cont rol a
telephone , etc .i, that doesn 't mean it
has no use at all. Since it's generating
real DTMF, the output of the 5088
can be connected to any circuit that
gets driven or contro lled by DTMF
ton es . We'll talk abo ut addi t ional
hardware later on but , for the mo
ment , it's time to turn to the software
part of the design.

Since this is the most basic hard
ware design we 'l l have for the circu it

TABLE. I

5088 LJTMF GENER.A~~

INPUTS AND our,purs
.<::.EY C' s» 0 s» # EX OUT OUT
PAC> .3 .z I 0 ;IN Lol+' /f/Ghl

/ 0 0 0 I I 6'17 / :?. 0 9
2 0 0 / 0 .z, 6'1 7 / 3 3 6
.3 0 0 / / .3 697 / 4 7 7

"" 0 / 0 0 4 7 7 0 / 2 0 '7
5 0 / 0 / 5 770 / 3 3 6
6 0 / / 0 6 77 0 / 47 7
7 0 / / / 7 8 :52. / .2 09

8 / 0 0 0 8 <552 / 3 3 6
9 / 0 0 / 9 8:52 /~ 7 7

0 / 0 / 0 A 9~ 1 / 3 3 6
>!' / 0 / / B q4 / / 2 0 9
#' / / 0 0 C '1.r"t./ / 'S' 7 7
A / / 0 / £:) 697 / 6 3 3
,B / / / 0 e. 770 / 6 3 3
C / / / / F 852 /633
D / 0 0 0 0 94 / / 6 3 .3

(other refinements wi ll come later) , it
stands to reason that the softwa re is
going to be simple as well ...at least at
this stage of the game .

All we're interested in at the mo
ment is writing a few lines of code to
tell us w hether the hardware is wo rk
ing or not. Since I want to keep th ings
as broadbased as possible, I'll write
the softwa re in Basic.

A lthough you 're free to drive the
latch with any four of the many outgo
ing lines on the addresses that make
up the parallel port , we can be nice
and logical SInd use the data port. If
the port you're working with is LPT1,
the data port is at 3BCh or 956 deci
mal. Things aren't as clear with the
ot her parallel ports , (LPT2, LPT3,
etc .), since th e addresses are n't
fixed. LPT2, for example, can have its
base address at 378 h, 278h, o r
elsewhere.

As I talk about software, I'll be re
ferring to LPT1 . If you're using a dif
ferent port , you 'll have to subs titute
the proper addres ses yourself. The
hardware is set to pay attentio n to
only the lower four bits of the data
port and, as you can see from Table 1,
the bit combination sent to the port
w ill det ermi ne w hich one of the ~

DTMF tones we generate. ~

The actual code we need to exer- s:co
cise th e hardware is simple stuff gJ
since it's nothin g more than a single
OUT instru ction . A ll we want to do is ~o
send the data shown in Table 1on the

(Continued on page 90) 79



• ROLL YOUR
OWN RADIO
Build acrystal radio usingonly home
made parts
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NEXT MONTH IN1W~
Exciting Features, Projects, Reports, & Columns

• BUILD A • SUPER-SIMPLE
BINARY CLOCK FREQUENCY COUNTER
A great conversation piece for your Build it as a stand-alone unit or as an
home or office add-on for other projects

• BUILD A SHORTWAVE
PRESELECTOR
Improve the performance of your re
ceiver with these easy projects

Po ular ElectroniCS-

And there is more!
PRODUCT REVIEWS-Casio CIRCUIT CIRCUS-Build a "time-
color-LC D pocket TV, Nikon Hi-8 out" circuit, a two-input door-bell an-
camcorder, Videonics color equal- nunciator, and a simple speak-
izer, Sams Photofacts, and more. erphone.
DX LISTENING-Business news HAM RADIO-Adjusting antennas
on shortwave radio. with an RF dip meter.
COMPUTER BITS-DO comput- ANTIQUE RADIO-Building your
ers interfere with creativity? own radio-tube tester.

PICK UP l\mular Electronics AT YOUR FAVORITE
NEWSSTAND, CONVENIENCE STORE, OR SUPERMARKEl:

rc SPOTLIGHT
continued from page 66

Chips of a feather...
...come in sets together. Thanks to

LSI Logic, you can now build an enti re
core of a workstation which is binary
compatible with the SPARCstation-1 ,
a reduced instruction-set computer
CRISO-based workstation made by
Sun M icrosystems, from a single 7
chip set. A ll that's needed to com
plete the system are peripherals and
their controllers , boot PROM 's, and
the main and cache memories. Figure
1shows a block diagram of the 7-chip
sys tem .

The chip set includes an integer
processor, a floating-point processor,
memory-manageme nt, direct memo
ry access CDMA), standard I/O and
bus contro llers , and cache con trol 
lers and tags . At the heart of the sys
tem are two processors , the L64811
and L64815 . The L64811RISC-based
integer unit CIU) has 136 genera l-pur
pose registers organ ized into eight
register windows . It has a four-stage
pipe line, and can execute most com
mands in a single cycl e, thus giving it
18-29 M IPS of performance. It also
has two coprocessor interfaces, one
for a user-definable coprocessor, and
the other for the L64814 FPU. The
L64814 performs double-prec ision
operat ions at speeds of up to 6
megaFLOPS at 40 M Hz. The FPU's
controller section synchronizes the
FPU with the IU and provides addi
t iona l floati ng-point hardware sup 
port .

The L64815 is a cache memory
management controller that imple
ments the SPARC Reference memo
ry man agem en t uni t's CM M U 's)
virt ual address translat ion mec ha
nism as specified by Sun and AT&T.
Using a 64 -entry translation look
aside buffer CTLB) , this MMU imple 
mentation wi ll be used in all future
Sun workstations, and w ill support
the next release of SunOS and UNIX
System V, Release 4.

The L64815 also provides cac he
taggi ng, with the tag memory inte
grated into the IC . There are 2048
usable tags, giving the des igner great
flexib ility in de signing the memory
subsystem. It can be made up of 32 -,
64-, 128-, or 256-kilobytes of com
bined data and instruction cache
memory. with line sizes of either 32,
64 or 128 bytes .



FIG. 2-FLASH MEMORY CAN BE used to store entire programs from disk. RAM is st ill
needed, tho ugh , to store program heaps, stacks, variables, and other data that must
change randomly throughout the program's run time.
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and data can be read randomly, but
that's where the RAM similarity ends .
Writing and erasing has to be done to
the whole chip at once . Erasing an
ent ire 1-megabit chip takes one sec
ond, whi le wr iting data to that whole
chip takes four seconds.

A poss ible app lication of fla sh
memory is shown in Fig . 2 . Flash
memory can be used to store entire
programs from disk , which the CPU
runs as if it were from RAM . RAM is
sti ll needed to store program heaps ,
stacks and variables and other data
that must change randoml y while the
program is running .

Since they can't be written to ran
dom ly, flash memories will not likely
replace all of the RAM in any sys 
tems. They can be of great use , how
ever, in reducing PC-board real estate
in workstat ions that need a lot of
memory to store running app lica 
tion s. Such app li cati on s wi ll , of
course, have to be rewritten to map
temporary memory contents into
RAM and keep executab le and over
lay files in flash. Of course , their first
application will likely be as nonvo latile
backup memory that will come into
play in the event of a power failure or
as storage in laptop computer sys
tem s.

The typical cost of Intel's flash
memory chips varies according to the
memory density. The price for a 1
megab it 28F010 is $18 .70, and is
sold in a DIP package. A 2-megabit
28 F020 costs $34 .80 in a DIP pack
age, and $ 45.20 in a thin smail-out
line package (TSOP) used in surface
mount technology (SMT) designs. A ll
prices are for 10,000 unit quantities.
We' ll see you next month for a look at
the all but forgotten wo rld of analog
multip lier lC's and the role they play in
phase-loc ked loops. R-E

Memory in a flash
As new type s of mic roprocessors

hit the sce ne, so to o mu st new types
of microcomputer memory to sup
port them . One such new typ e of
memory is the flash memory from In
tel. Touted as non -vo latil e RAM ,
the se devices are more similar to a
higher-speed, lower-co st EEPROM's.

The chips are non-volatile in nature

The memory manager connects to
the memory through a high-speed
"M bus," wh ich passes data to and
from memory at a blazing 320-mega
bytes per second at 40 MHz . Pe
ripheral controllers connect to both
each other, as we ll as to the pro 
cessors and memory through the
Sun-developed " S bus ," which push
es data through at 1OO-megabytes
per second at 25 M Hz.

The L64852 Mbus-to-Sbus con
tro ller is used to contro l the two
buses . That IC has five primary func
tions: 1. to act as an Mbus arbiter, 2.
to act as an Sbus contro ller, 3. it is an
Mbus and an Sbus master/slave con
tro ller and data buffer, 4 . it provides
Mbu s-to-Sbus protocol conversion,
and 5. it is used for I/O memory man
agement.

The set is rounded off by a main
memory contro ller, the L64850, a
Standard I/O controller, the L64851
and a DMA controller, the L64853,
which connects to a smal l-computer
systems interface (SCSI) and local
area network (LAN) control ler. Two
versions of the sys tem are the Spar
KIT-25 and the SparKIT-40, whi ch
provide 18 and 29 M IPS of perfor
mance, respectively. Both chip sets
are used in LSI Logic 's proprietary
0 .7-micron HC M OS process. The
SparKIT-25 is $1,327.00 per kit, in
1000-unit quant ities .
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COMPUTER CONNECTIONS

Electronics Workbench, an electronic's lab simulation program

JEFF HOLTZMAN

FIG. 1-THE ELECTRONICS WORKBENCH GRAPHICALLY simulates an electronics lab.
In the digital module, you choose the components from a parts bin, build a schematic
diagram on a breadboard, simulate its operation and display the output on a variety of test
instruments.

Y OU can throwaway your sol
derless breadboard and spare
parts jun k box. Electronics

Workbench (EW B) provides a full
graphica l simulation of an electro nics
lab, co mple te wi th breadboa rd, parts
bin, and test instrum ents. The pro
gram allows you to build a schematic
diagram of a circ uit, simulate its oper
ation , and display its out put on a vari
ety of test instruments, including a
dig ita l-vo lt meter (DVM) , scope ,
eight -channel logic analyze r, Bode
plotter, and so on. Building a circui t is
simple and intuitive. Documenting
your result s is simple as well because
the progra m provides nicely format
ted printouts of everything, including
the schematic, instrument readings,
and part s list.

EWB comes on four floppy disks
and requ ires about 1 megabyte of
disk space, but it can run on a dual
floppy machin e. You need at least
512K of RAM, a graphi cs monitor
(Hercules , CGA, EGA, MCGA, or
VGA), and a mouse. No extra memo
ry or mathcoprocessor is required or
used . Unfortunately, the current ver
sion of EWB cos ts $650, but the
compa ny, Interac t ive Image Tech
nologies of Ontario , Canada, is work
ing on a new " personal" vers ion that
should be priced for student and hob
byist use.

EWB actua lly consists of separate
analog and digita l modules; you can
not build " mixed" circuits . The digital
screen is shown in Fig. 1. Wh en you
first start the program, the central
area is blank; the figure shows a sim
ple divide-by-two circuit. The screen
is div ide d into three major areas .
Across the top is a row of test instru 
ments on the lef t , and program-con-

~ trol menus and icons on the right.
z Down the right side is the parts bin.
~ To add a part to a circuit, you move it
o from the parts bin, place it whe re you
~ want it, and co nnect it to othe r com
w6 ponents . Unli ke a real parts bin, there
o is an unlimited number of each com
Ci ponent. The default parts bin includes
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ite ms such as AN D , NAN D, OR, NOR, XOR,

and NOT gates, as well as D, RS, and
JK flip-flops. In addit ion, there is a
half-adder, seven -segme nt LED dis
play, discrete LED's, a ground, and
+ 5-vo lt sources.

You ca n even crea te yo ur ow n
part s using EWB 's macro feature. For
example , you might combine six hex
inverters and call the result a 7404.
You can load and save parts bins in
dependently of your circuits . You can

ITEMS DISCUSSED
• Electronics Workbench ($650), In
teractive Image Technologies, Ltd., 49
Bathu rst Street, Suite 401, Toronto,
On tario , Cana da M5V 2P2 . (416)
361-0333.
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• PC System Programming ($59 .95),
Turbo Pascal Internals ($49.95), Abacus,
5370 52nd Street S.E.. GrandRapids, MI
49512. (616) 698-0330.
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give each part a label, and in the ana
log module , a value. Display of labels
and values is normally disabled , but
you can turn either or both on. The
des ignatio ns, however, often obscure
the parts.

In Fig. 1, note that the K input is
connected to +5 volts , the Q output
is connected to the J input , and the
Cl R and PR inputs are grounded. Driv
ing the ITK input is a pulse generator,
with a zoom ed-out view appearing in
the lower left corner of the screen.
The ClK output of the pulse genera to r
drives the test circuit. Note, however,
that the gene rator actually has eight
outpu ts, and you can define 16-bit
patterns to drive those outputs . Defi
ning the bit patterns is somewhat
awkward because you have to type in
1's and O's: it wo uld be easier and
more logical simply to toggle a bit
each time you clicked on it with the
mouse. However, you can load and
save bit patt erns to disk files . The
pulse gene rator has three differe nt
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DYNAMIC RAM
4M Board lor hp U's w,2MB S173.00
SIMM 2M IBM PS2 Model 70 165.00
SIMM lMASTPrem386'33Mhz 135.00
SIMM 1Mx9 60 n s 59.00
SIMM 256Kx9 100 n s 20.00
1Mbil 1Mxl 60 ns 11.95
1Mb il lMx l 80 n s 6.15
41256 256Kxl 80 n s 2.90
41256 256Kxl 100 ns 2.10
41256 256Kxl 120 n s 1.95
4464 64Kx4 100 ns 2.20
41264' 64Kx4 100 n s 5.95

EPROM
27C1000 128Kx8 200 n s S15.00
27512 64Kx8 200 n s 7.10
27256 32Kx8 200 n s 5.40
27128 16Kx8 250 n s 3.75

STATIC RAM
". 62256p-l 0 32Kx8 100 n s

6264p·12 8Kx8 120 n s

Ie PROMPT DELIVERY!!!
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COMMODORE 64
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COMM ODORE 64

BP135-A beginners guide
to the Commodore 64 pre
sents masses ofuseful data
and programming tips, as ,
well as describing how to
get the best f rom the
powerfu l sound andgraph- 1-- -'

ics facilities. Welook at how thememory is
organized , random numbers and ways of
generating them, graphics-color-and sim
ple animation, and even a chapter on ma
chine code. Get your copy today. Send
$5.00 plus $1.25 lor shipping in theU.S.
to Electronic Techology Today Inc., P.O.
Box 240 , Massapequa Park , NY
11762-0240.

Getting The
Most Fr om Your
Pri n ter

GETTING
THE MOST
FROM YOUR
PRINTER

BP181-l t is probable that 80% of dot-ma
trix printer users onlyever use 20% of the
features offeredbytheir printers . This book
will help you unlockthespecialfeaturesand
capabilities that you probably don't even
knowexist. To order your copy send $6.95
plus$1.50 lor shipping in theU.S. to Elec
tronic Technology Today Inc., P.O. Box
240, Massapequa Park, NY 11762-0240.

CIRCLE 61 ON FREE INFOR MATION CARD

common laser and dot-matrix pri nters
are suppo rted .

M ovin g from left to righ t , th e icons
in the upper left corner represent test
instruments. First is a DVM , then the
pulse generator, then the log ic ana
lyzer, then the "truth table ." The lat 
t er converts di gital c irc uits among
th ree di fferent representa t ions ; a cir
cuit d iag ram , a truth t able , and a
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FIG. 2-EWB's ANALOG MODULE IS SIMILAR to the digital module except there are more JJ
components and different test instruments. Meter characteristics are ideal , but you can ~

change their impedances to simulate real-world operation. 0

he lp te xts .
M ovin g from right to left , the icons

in the upper right corner of the screen
allow you to scro ll through the parts
bin, scro ll the screen , start s imula
tion, and drop down a command
menu. The com mand menu allows
yo u to ge t help ; cut, copy, move , and
rotate components ; set preferences ;
and lo ad , save , and prin t files . A ll

On-line help
EWB includes a top-notch on-line

hy pertext-based help system. Note
tha t th e text box of Fig. 1 describe s
the " JK Flip-flop" . To get that type of
desc riptio n, you s imply highlight a
com po ne nt and press Fl . In that te xt
box, the word theory is highlighted,
You can click on it to receive a more
detailed description . It 's hard to see
in the figure, but " RS fli p-flop " is high
lighted as well. You ca n also c lick on it
fo r com parative informat ion . The help
texts are brief summaries , so they are
not really substitutes fo r full te xtbook
ex planat io ns . However, the ma nua l
includes co mp le te instru cti on s for
modifying and adding to the built-i n

mo des: 1) s ing le step, in w hich one bit
is delivered each tim e you c lic k on th e
step button ; 2) burst, in w hich all 16
bit s are del ivered seque ntially; and 3)
cycle , in which all the bits are output
repetitively.

Th e ou tp ut of the f lip-fl op is co n
nected to a logic analyzer, a zo o med
o ut view appears behind and the
pu lse generator. The pulse generator
drives channel one (shown in the up
per trace) of the logi c analyzer, the
output of th e flip-flop dri ves channe l
two (lower t race), Log ic -analyz er op 
tio ns include positive , negative , and
external triggering, and a display of
the waveform , either as received or
after receiving a pattern .
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and they are wo rking on a lower-cost
vers ion .

I'd st rongly urge you to write to the
com pany as we ll. If the co mpany
sees a great deal of inte rest in the
product, they wou ld be more inclined
to be lieve th at th ey can make up
through volume what they lose in the
per-piece price.

Books from Abacus Press
I have just had the pleasure of per

using a couple of thick , dense books
written by Michael Tischer and pub
lished by Abacus press: PC System
Programming and Turbo Pascal Inter
nals. Tischer 's stated goal in PC Sys
tem Programming is to provide a
complete system overv iew, including
deta iled information on hardware,
BIOS;-and DOS~

Alth ough that is an ambitious goal,
Tischer for the most part manages to
achieve it. The book cons ists of more
than 900 pages of lucidly presented
information with lots of example pro
grams in asse mbler, C, Basic, and
Pascal. All programs list ed in th e
book (about 1 MB total) are included
on a pair of floppy disks, which elimi
nates tedious and error-prone typing.

For examp le, the book contai ns an
exce llent discuss ion of device drivers

. (with examples) , a set of routines for
determining video-card type , using
extended and expanded memory, de
termining CPU type. hard-disk part i
tioning, and a whole lot more. All in all,
these books put to shame certain
well-known volumes by certa in well
know n indust ry personalit ies . The
Pascal book provides equal meat. For
examp le , T ischer shows dis 
assemb led vers ions of standard Tur
bo funct ions and procedure s, il 
lustrating why DEC and INC are more
efficient than PRED and SUCC, as
well as X : = X + 1.

Major topics include a complete
window manager, a swap unit that al
lows your Turbo program to shell to
DOS w it h a maximum amo unt of
memory by leaving only a 1K st ub
behind, and another unit that allows
you to build a multi-tasking system
under Turbo. Turbo Pascal Internals
has about 750 pages , and also
comes with about 1 MB of source
code. Neither book is for the begin
ner. However, if you've already mas
tered the basics of PC hardware and
sof tware , these books can provide a
one-stop so urce for movin g up to
Guru stat us. R-E

Analog mod ule
The analog module wo rks similarly,

but there are more co mponents and
diffe rent tes t instrument s. Compo
nents include res istor, capac itor, in
ductor, t ransformer, NPN -and PNP
transistors (but no FET's or MOS de
vices), diode , Zener diode, op-arnp,
battery, AC and DC sources . Test
instruments include a function gener
ato r, DVM , dual-channel scope, and
Bode plotter.

The re are volt met ers and am
meters in the part s bin; multipl e cop
ies of each may be inserted into a
circuit. The function generator pro
vides sine, sq uare, and triangu lar
waves; the frequency can range from
1 Hz to 999 MHz; you can also adjust
the duty cycle , symmetry, amp litude ,
and DC offs et. The DVM measures
current, voltage, resistance, and dB.
By default, meter characteristics are
ideal (infinite impedance for voltage
measurement , zero for current), but
you can vary characterist ics to simu
late real-wo rld conditions, and that's
a nice touch. Similarly, you can alte r
the operating paramete rs of the ac
tive components, and load and save
differe nt models of the same compo
nent.

Conclusion
EWB is a wo nderful prog ram. It is

limited in that you can' t model very
large circuits, nor Cin the digital mod
ule) can you account for propagation
delays, so you wo uld never be able to
mode l a high-speed 32-bit wide 486
bus.

But that's not what EW B is intend
ed for. It's really intended for first -year
co llege or university students coming
to grips with the fundamentals, and in
that sense, works admi rab ly. At
$650, EWB is much too expens ive
for indi vidual purchase . I have dis
cussed that w ith Interactive Images,

Boolean express ion. You can create
. a circu it by filling in a truth tab le. On

the othe r hand, you could attach it to
a working circuit , get a truth table,
and ver ify your design . EWB uses the
Q uin e-M cC lu s key synt he si s al
gorithm when going from a tr uth table
to a Boolean express ion.

You can place only one copy of
each test instrument into a circuit,
but aft er running a simulation, you
can measure signals at various points
as long as you don 't change the cir
cuit itself.

D PCP104-ELEC
TRONICS BUILD &
LEARN , Second Edition
... 59.95. You start by as
semblingacircuit demon
strator thatis then usedto
build and investigateava
rietyof usefu l circuits in
cluding oscillators, multi
vibrators, bistables and
logic circuits.

D PCP105-MAKE
MONEY FROM HOME RE
CORDING ·... 510.00. Now
that you've spent all that
money on all that record
ing gear, wouldn't it be
nice to get some of it
back?Well here'sthebook
thatcan show you how.

D PCP106-SYNTHE
SIZERS FOR MUSICIANS
.. . 510 .00. All current
popular forms' of syn
thesis explained; LA, ad
ditive, phase distortion,
FM andsampling. Get the
sounds you want from
your synth. Written es
peciallyfor musicians.

D PCP101-PRACTICAL
DIGITAL ELECTRO NICS
HANDBOOK .. . 59.95. In
troduces digital circuits,
logic gates, bistab les and
timers, as weil as micro-
processors, memory and •
input/outputdevices. Spe
cial section on digital test
gear projects.

~, ,~
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Total priceof merchandise . . . . . 5 _
Shipping (see chart) S _

Subtotal 8 _
Sales Tax (NYS only) 5 _
TotalEnclosed . . 5 _

Name _
Address__-:- :::- _
City State Zip _

D PCP102-INTROOUC-
ING DIGITAL AUDIO ...
59.95 Shows what is in
volved in thedigital part of
audio signals. particularly I
inthe newest devicessuch
asCD . OAT andsampling.
Bridges the gapof under
standingfor thetechnician
and enthusiast.

D PCP103--PRACTICAL
MIDI HANDBOOK . . .
59.95. Covers all MIDI
basedequipment you can
use-keyboards, drum

.• machines, sequencers,
eff ects units, mixers,
drum pads and guitars.
Also asectiononcomput
er music that covers soft
ware andmore.

I

MAIL TO: Electronic Technology Today, Inc.
P.O. Box 240
Massapequa Park, NY 11 762-0240

I SHIPPING CHARGES IN USA AND CANADA

80.01to 85.00 81.25 83001 to 840.00 85.00
85.01to 10.00 82.00 840 .01 to 850.00 86.00
810.01 to 820.00 83.00 850.01 and above 87.50
820.01 to 530.00 84.00
SORRY, No orders accepted outside ofUSA and
Canada
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MEMORY
QUIZ

Find out how much
you know about

random access memory.

ALVIN G. SYDNOR

1-Most popular RAM devices are
ava ilable in two typ es , w hich are:

(a) metal -oxid e s e mico nd uc to r
CMOS)

Cb) 64K bytes
Cc) bipolar
Cd) high-powe r

2 - ln dyn ami c memories, each stor
age ce ll is composed of :

(a ) PNP lC's
Cb) a s ing le MOS
Cc) a MOS-processed capacitor
(d) silico n chips

3- The term "performance" relates
to how fas t th e RAM ca n ope rate in a
given env ironment. That parameter is
usually rate d in terms of:

(a) bits per se co nd
(b) transfer tim e
(c) t im e-t em perat ure
(d ) access ti me

4-Bipo lar memories offer very high
pe rforma nce but have the disadvan
tage of :

Ca) bein g very bu lky
Cb) operatin g at high vo ltage levels
Cc) high power dissipat ion
(d) limited storage

5- The great adva ntage of dyn amic
RAM 's CORA M ) lies in :

(a) lon g-term mem ory sto rage ca
pa bilit ies

Cb) the sma ll size of their storage
cell s

(c) low-voltage operat ion
Cd) a long " refres h" time

6-The term "RAM organizat ion" re
fe rs to the:

(a) physica l size of th e chip
Cb) method of manufac tur ing
(c) groupi ng of the ce lls
(d) width of th e mem ory word
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MEANS A LOl TO YOU
Because We Provide

• Better Facilities
• Better Duality
• Better Service
• Better Prices

on
JAN CRYSTALS

Radio Control Microprocessor
Industry Telecommunications
Marine Satellite
Amateur TWO-Way

WRITE OR CALL FOR FREE CATALOG

JAN CRYSTALS
p.o. Box 06017

I - 'I Ft. Myers, FL 33906 . - . 1

l v~~ (813) 936-2397 ~~ ~ " ~

TOLL FREE 1-800-526-9825
FAX ORDERS 1-813-936-3750
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Get A Complete Course In

continued from page 79

DRAWINC BOARD

lower four bits of the data port assoc i
ated w ith the paralle l port you 're
using (LPT1 in this example).

Since the four most significant bits
at the data port aren't being used (at
the moment) , it does n't matter what
value we give them. I'm mentioning
this only because the OUT instruc
tion will send a full byt e out to the
port. An instruct ion such as OUT
956,1 will send the same four least
significant bit s to the port as an OUT
956,177. Thos e two numbers may
look very different but the similarity
between the two shows up when you
think of the numbers in hex instead of
-aecimal. -

Since you want the lower half of the
byt e to be a 1h, any number can be
stuffed in the upper half of the byte. A
177 decimal is B1 h, so it wil l be the
same (as far as our circuit is con
cerned) as a 01h, 21h, 31h, and so on.

The output of the 508 8 can be fed
into the line input of a standard ampli
fier or, if you 're a DTMF freak, you can
probably connect it to a set of high
impedance headphones. There's no
guarantee of the initial state of the
lower four bits so there 's no telling
wha t tone you're going to hear when
you first con nect the circuit to the
port .

If you 've wired up everything prop
erly, you ' ll hear the tones change as
you send different data out the port
but, as you may have noticed, all the
possible values you can put on the
lower four bits are legal input codes
for the 50 88 . That means there 's
nothing you can send to the port to
shut the circ uit off. While that wo n't
cause any electronic problems, it can
st ill cause a bit of brai n damage.
There's an easy way around that how
ever, since the TONE ENABLE input (pin
2) is specifica lly designed to take
care of the problem .

You can tie that pin to one of the
oth er data lines-bit 7 is a good
choice-and use that data line to turn
the chip on and off . A high on the data
line wi ll enable tone generat ion and a
low will disable it, no matter what data
is being sent on the lower four bits .

When we get together next time
we 'll finish this th ing off by adding
some circuitry to control the phone
line, a telephone, and a few other
th ings. See you then. R-E

CHRISTMAS CARD

co ntinuedfrom page 47

the m icrophon e causes a voltage
to appear. Do not increase the
setting until R17 through R20
a re adjusted so as to give a com
plete range through each bar
graph. The bes t bet for making
these adjustments is to playa
stereo au dio sou rce (actually, any
source will do) at a n or mal lis ten
ing level. Sim ply adjus t the po
te ntio meters for what yo u co n 
s ide r to be a pl easing or most
Christmas-like interp reta tion of
the so u n d.

If you have any probl ems with
the device, the first thing to do is
d ec reas e the sett ing (co u nter - _

-clockwtselof all the potentiome
ters . A filter that still oscillates
after decreas ing the potentiome
te rs mos t likely has an incor rect
com po nent or one that does not
meet its tolerance.

For hi gh-Q vers ions of the cir
cu it, someti mes the com ponent
tolerance is such that the filter
will begin to oscillate when pre
sented wit h a la rge in put. If that's
the case , all you must do is inter
change the two filter capacitors;
th is old technician's tr ick u sually
wo rks , ass u m ing t hat t he re
a re n 't a ny problems with the
other com ponents.

If yo u st ill h a ve p robl ems ,
check that the analog ground is
stable. A variation on that line
will cause serious problems wit h
the ope ration of the uni t. If you
can not fin d the prob lem , the bes t
th ing to do is to shut off the dis
play by lifting one lead of both Rl
and D5. With the load of the d is
play removed, it's easier to locate
problems .

The fin ished, working b oard
can be ins talled in any ki nd of
housing you like, a lthough the
custom black metal frame adds a
ni ce touch , as does the mat that
keeps the circu itry fro m view.
After ins talling the unit in the
frame you may wan t to readjust
the p oten tiometers , s ince the
frame an d fro nt glass seem to
cou p le the m icrophone to the
s ur ro u n d ing a i r. Vi bra t ions
p icked up by the device will also
prod u ce a di splay; a fan operat
ing n earby is almost .always dis
pl ayed . Ha ve fun , a nd d on 't
forget to h ave a mer ry Chr istmas,
as well! R-E

Banner
Technical
Books, Inc.
1203 Gran t Ave.
Rockford, IL 61103

8 volumes, over 2000 pages,
includ ing al l necessary math and
physics , 29 examinations to help
you gauge your personal pro
gress. A truly great learning
exper ience.

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

Ask for our brochure giving
complete detailsof content. Use
your free information card num
ber, or write us d irectly. $99.95,
Postage Included. Satisfaction
guaranteed or money refunded.

THE MONEY MAKING OPPORTUNITY
OF THE 1990'S

IF you are able to work with common small hand
tools,andare familiarwithbasicelectronics (i.e. able
to use voltmeter, understand DC electronics). ...
IFyou possessaverage mechanical ability, andhave a
VCR onwhichto practice and learn.. ..then wecan
teach YOU VCR maintenance and repair!
FACT: upto90%ofALL VCR malfunctionsare dueto
simple MECHANICAL or ELECTRO-MECHANI CAL

_ breakdownsl
FACT: over 77million VCRs inuse today nationwide!
Averagp VCR needs service or repair every 12to18
months!
Viejo 's400 PAGE TRAINING MANUAL (over500 pho
tos and illustrations) and AWARD-WINNING VIDEO
TRAINING TAPE reveals theSECRETS ofVCR mainte
nance and repair-ureal world" information that is
NOT available elsewhere!
Also includes all the infoyou 'll need regarding the
BUSINESS-SIDE of running asuccessful serviceop-
eration! FREE INFORMATION

CALL TOLL·FREE 1-800-537-0589
Orwrite to: Viejo Publications Inc.

5329 Fountain Ave.
Los Angeles, CA 90029 Dept. RE

ELECTRONIC
ENGINEERING
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MARI{ET CENTER

3DCH PARABOLIC DISH SYSTEM 8173.90
30CH ROD ANTENNA SYSTEM 8193.90
30CHCRYSTAL CONTROLLED SYSTEM8294.95

SUNMICROWAVE INn. INC. SEND $1.00FOR
P.O. BOX 134522 CATALOG ON THESE
PHOENIX, AI. 85067 ANDOTHER FINE
(tiD21 2ll1·0Ol0 VIDEO PRODUCTS
oUANnTY DISCOUNTS

MEMBEROF17/E BEmR BUSINESS BUREAU

CABLE TV converters & descramblers for Jer
rold and Scientific Atlanta. Low prices, one year
warranty. We sh ip COD. BAY STATE ELEC 
TRONICS, PO Box103, Boston, MA 02188.1 (800)
359-9806.

CALLER 10 unit - identifies the phone number of
incoming calls on a display before answering the
phone. E 0 E, PO Box 337, Buffalo, NY 14226. (716)
691·3476.

BLACK market , hack ing, phreak ing , weapons,
elec tronic survei llance , communications, more .
Hardware, software, plans, kits, books. $1.00 cata
log: OMEGATECH,PO Box 8789C, Woodlands, TX
77387.

TOCOM VIP converters w/remote from $279.00.
Tocom super chips turn on every1hing, $69.00 each.
Phone (219) 935-4128.

All Jerrol d, Oak, Hamlin, Zeni th , Scientific
Atlanta, Magn avox and all spec ialized cable
equ ipment available for shipment within 24
hours. For fast service MC I VISA or C.O.D.
telephone or ders accepted (800) 648-3030
60 Day Guara ntee (Quantity Discounts )
8 A.M . to 5 P.M. C.S.T. CLOSED WEEK·
ENDS. Send self-addressed Stamped enve
lope (60¢ postage ) for Catalog .

WIRELESS CABLE RECEIVERS 1.9TO 2.7 GHz

GREAT buys! Surplus prices, transformers, tubes,
fans 12VDC, stepping motors, vacuum pump, rnaq
net wire, braid, LSA8E, FERTIK'S, 5400 Ella, Phi
la., PA 19120.

DESCRAMBLERS, below wholesale prices, all
brands, example ATC-56 combo $150.00, M35B
$39.00, full warranty, COOS welcome, MOUNT
HOOD ELECTRONICS (503) 253-0459.

CABLE descramblers (Jerrold) from $40.00. Tocom
VIP test chip. Fully activates unit. Also Zenith test
board. Fully activates Z-Tacs. $50.00. Call (213)
867-0081.

PROGRAMMABLE stepper motor drive & control
for under $100, IBM PC/XT compatible, Com
modore 64, or other with 25 pin parallei port. PCB,
interface, & software. Send for detailed literature to:
MASE, R.D. # 2 Box 166, Mohrsville, PA19541.
PRINTED circuit boards etched & drilled. Free deliv
ery. K & F ELECTRONICS, INC., 33041Groesbeck,
Fraser, MI 48026. (313) 294·8720.

LASERS. 1mw to 2kw, worlds largest selection of
new & used surplus. Free cataiog. MWK INDUS
TRIES, 1269 Pomona Road, Corona, CA 91720.
(714) 278-0563.

WIRELESS CABLE· IFTS• MMDS • Amateur TV
un,. HighGain 50db(+} • Tuneable 1.9 to 2.7 Ghz.

• 36-Channel System Complete 5149.95
• 12-Channel System Complete 5114.95
• Call or write (SASE)for "FREE" Catalog

PHILLlPS·TECH ELECTRONICS
P.O. 801 8533• Scottsdale, Al 85252

LIFETIME (602) 947·7700 (53.oo Credit an phone orders)
WARRANTY Mast erCard. Visa. COD', • Quan1tty PrIcing

ROBOTICS software, PC/MSDOS. Explore com
put er vis ion, so nar sensi ng. Free brochure.
ROBOTS ETC., Box 122, Tempe, AZ 85280.

IS it true Jeeps for $44.00 through the U.S. Gov't?
Call for facts! (504) 649-5745 Ext. S-5192.

ARTIFICIAL intelligence for IBM/PC. "Uncanny and
fun" - N.Y. Times. Free 32-page catalog. THINK
ING SOFTWARE, 46·16 65th Place, Woodside, NY
11377.

CABLE converters, all major brands. Info & orders 1
(800) 782-0552. FREEWAY, INC., SMP PO# 5036,
Burnsville, MN 55337.

S-A test chips. Enables full tiering. 8550: $22.00
each/10 $180.00. 8500: $20.00 each/10 $160.00.
Money order or COD. R.V., Box 771,Ridgefield, CT
06877.

$1.99 software for IBM Compatibles. Quality at af
fordable prices! Huge selection: business, games,
graphics, utiliti es, database, spreadsheets. Free
catalog. AULT, 1556 Halford Avenue, # 242, Santa
Clara, CA 95051.

PHOTOFACT folders under #1400 $4.00. Others
$6.00. Postpaid. LOEB, 414 Chestnut Lane, East
Meadow, NY 11554.

FM 2-way, CB/amateur, scanners, radar detec
tors, auto alarm, catalog $1.00, RAYS, PO Box
14862, Fort Worth , TX 76117.

oJ ER RO LDT
" oTOCOM 0HAMLI N

00AK 0ZENITH

-SCIENTIFIC ATLANTA

FREE CATALOG :
Global Cable Network

1032 Irving St. Suite 109
S.F., CA 94122

NO CALIFORNIA SALES!!!

ORDER TODAY! 800-327-8544

CABLE TV converters: Jerrold, Oak, Scientific At·
lantic, Zenith & many others. "New MTS" stereo
add-on: mute & volume. Ideal for 400 and 450
owners!1 (800) 826-7623, Amex, Visa, M/C accept
ed. B & B INC., 4030 Beau-D-Rue Drive, Eagan,
MN 55122.

6 month warranty! We ship C .O .D .!

Lowest retail/wholesale prices!

TUBES, new, up to 90% off, SASE, KIRBY, 298
West Carmel Drive, Carmel, IN 46032.

CABLE TV converters and descramblers.
We sell only the best. Low prices. SB-3
$79.00. We ship C.O .D. Free catalog. ACE
PRODUCTS, PO Box 582 , Dept. E, Saco, ME
04072. 1 (800) 234-0726.

FOR SALE

RESTRICTED technical information: Electronic sur
veillance, schematics, locksmithing, covert sci
enc es , hacki ng, etc. Huge selection . Free
brochures. MENTOR -Z, Drawer 1549, Asbur y
Park, NJ 07712.

ENGINEERING software , PC/MSDOS. Hob
byists - students- engineers. Circuit de
sign $49.00, PCB layout $99.00, Logic
simulation $29.00, FFT analysis $69.00,
Mathematics $39.00, Circuit analysis
$29.00. Call or write for free catalog . (614)
491-0832 , BSOFT SOFTWARE, 444 Colton
Rd ., Columbus , OH 43207.

DESCRAMBLERS. All brands . Special: Combo
Jerrold 400 and SB3 $165.00. Complete cable de
sc rambl er kit $39 .00. Compl ete satelli te de
scr ambl er k it $45.00 . Fr ee cata log . MJM
INDUSTRY, Box 531, Bronx, NY 10461-0208.

TUBES: "oldest," "latest." Parts and schematics.
SASE for lists. STEINMETZ, 7519 Maplewood Ave.,
RE, Hammond, IN 46324.

CABLE TV DESCRAMBLERSI
BARGAIN HEADQUARTERS!

TEST equipment pre-owned now at affordable
pr ices. Signa l ge nerato rs from $50.00 . Os
cilloscopes from $50.00. Other equipment, includ
ing manuals available. Send $1.00 for catalog,
refund on 1st order. J.B. ELECTRONICS, 3446 De
mpster, Skokie, IL 60076. (708) 982-1973.

T.V. notch filters, surveillance equipment, brochure
$1.00. O.K. VIDEO, Box 63/60 25 , Margate, FL
33063. (305) 752-9202.

MINIATURE electronics like James Bond. Catalog
$4.00, refundable. F & P ENTERPRISES, Box
51272, Palo Alto, CA 94303·L.

LOST control of your home erucr talnrnent cen
ter? Send for a free brochure of innovative, remote
controlled switching products to: lNFBACON, Dept.
RE, Box 1205, Richardson, TX 7SC85-1205. (214)
437-3366.

SCREWDRIVERS: put a thick piece of latex rub
ber on your shaft. For safer, smoother screwing.
Enclose $5.95 per set, offer # 102. M& M PRODUC
TIONS, PO Box 151, Wald ron, IN 46182-0151.
Please include $2.00 8/H.

TOCOM VIP test Chip with Torx # 7 wrench $45.00.
R&S (817) 293-4113. No Texas sales.
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DESCRAMBLER s pecia ls, RTC-56 com bo
$150.00, M-35-B combo $39.00, Tocom 5503A
combo $200.00, 5501 descrambl er $115.00, Jer
rold 400 combo $125.00, Hamlin CRX-66oo com
bo $125.00, Zenith Z-Tac $225.00, Trl-Bl super
fast $79.00 , SA-3-B $79.00, Information (702)
647-3799, orders only 1 (800) 622-3799 SAC.•

CABLE TV brokers and distributors high volume of
descramblers Jerrold SB-3 refurbished or as is, con
verters Jerrold models DRX-400, JRX and hand
remote control (no Canada sales for descramblers).
Affi tech , ask DANIEL PERREAULT (5 14)
656-9510.

KITS, MC68701 programmer $135.00, morse code
keyboard $75.00, ten meter FM conversion $25.00.
SINGLE CHIP SOLUTIONS, Box 680, New
Hartford, CT 06057-0680.

VCR technicians. Tech tip to remove any Fisher
idler wheel quick. $5.00. BERGE SYSTEMS, PO
Box 95, Buffalo, NY 14205.

Jerrold, Zenith, Hamlin, Sci. Atlanta, Pioneer
& MORE! OUR PRICES ARE BELOW WHOLESALE!

CABLE-+- ;::JLUS
14417 Chase St. #481-A Panorama City, CA 91402

1-800-822-9955 • Other Info. 1-818-785-4500
ND CALIF. SALES - DEALERS WANTED

PROTOQUICK Z8, single board computer with pro
totype area, $69.00. SOFTWARE SCIENCE, 3750
Roundbottom Road, Cincinnati, OH 45244. (513)
561-2060.

PREVENT burgl ari es! Practical home sec urity
quide. Topics from burglar techniques to alarm in
stalla tion. Free details! MIDNIGHT RESEARCH,
4129 NW 88th Avenue, Suite 282, Sunrise, FL
33351.

RADIO tubes, parts. Extensive listings. $1.00 (re
fundable). DIERS, 4276-E6 North 50th Street, Mil
waukee, WI 53216-1313.

BOOKS on Tesla coils, lasers, robotics, elec
tronics , computers & more! Write: Free catalog,
Box 596-R, Logan, Utah 84321. 1 (800) 359-0466.

FREE catalog: Save hundreds on sought after elec
tronic, electro mechanical, and computer related
hardware and components - including hard-to-find
items. Call toll free: 1 (800) 776-3700. AMERICAN
DESIGN COMPONENTS/Dept. 11 9-120, 815 Fair
view Avenue, Fairview, NJ 07022.

SUPER
oiiiiII_MM!i!ilo~de~1A.,..:SALE

83 $180 VISA

85 $208 MlC

77 ... $135 87 s246
A NEW! Mode l 45 S535 ...

••0 KEL VIN Electronics
. 0. 7 Farrcttild Ave.. PlainVIew, NY 11803
0 •• (51 6) 349 -76 20 1(800) 645-9212

RE-BBS
516-293-2283

Leave your comments on
R-E wilh theSYSOP.

Communicate with other
R-E readers.

Add yourself to ouruser
files to increase your
access.

(RE-BBS)
516-293-2283

bulletin board
system

Try the

We support 300 and 1200
baud operation.

Parameters: 8Nl (8 data
bits, noparity, 1 stop bit)
or 7E1 (7 data bits, even
parity, 1 stop bit).

The more you use it the
more useful il becomes.

....-

Eleclra iDS

100

IY~ CAlli lViQUIPMliNTFROM M.D. ElliCTlDNICS TIIi l'l.JRCIiAS Q
AGKEiS lOCOMPlY WITH All.STAT1iAND F1i:I::GRAL LAWS ltiGARDlNG PIUVArs
OWl'o"iRSHIPOFCAIU 1V tiQU11'MIiT. IF YOU AItE lThi'SUlliOFnIESi LAWS
CH5CK WITH \'O UR lOCAL 0FFK:lAlS.

EXCELLERATOR:rieS
CA BLE CONVERTERS

WHEN QUALITY COUNTS

.', '--'-1-1' • J . ~ "' ''' . ''.........'ior- _ _ ... .. _

-".~. - . ---.-

50

T8-3 (Tri-8i) or SA-3
Quantity Prices
10 20

$39. $35.
Each Each

$48. $43.
Each Each

Hours open 10:00 am to 4:00 pm Eastern time
Minimum order 5 units 55.00 ea.
Dealers wanted. We ship COD.

King Wholesale

1-800-729-0036
Fax number 6173400053

"No one beats the King's prices!"

CABLE TV

DESCRAMBLERS

For Information Call

402-554-0417
To order or request a free catalog

1-800-624-1150
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New Dynatrackn.! fine tuning provides unmatched picture quality
550 Mhz tuner provides 83 channel capacity
Sleep timer for automatic shut off within 15-90minut es
2/3 switchable IIR C / IR C / Standard Switchable
2 Year warranty, Last channel recall, Favorite channel select, Scan
Double vented high efficiency transformer for cool performance

Stargate-2001 $99.00
~pM.D~ Stargate-550XL $119.00 With Volume Control

~ 4:)~ Don't settle for anything less.

~ M.~I;1!&tK&NIms-r ~T( [~.] ~ C.O.D.
~ .""" 875 so. 72nd St.

0: o~ Omaha, NE 68tM
¥QWC.~

Your best buys and warranties for
cable converters and descramblers
sta r t with a FREE catalog from MD

New Auto T r i-Bi gua rantee d no flashin g $165.00
58 -3................ $99.00 ZENIm SUPER
TRIMODE $109.00 SAAVI.. $199.00
HAMLIN......... $99.00 TOCOM $319.00
SCIENI1FIC- EAGLE $119.00
ATLANTA...... $119.00 COPYGUARD $59.95
OAK M35B.... $99.00 STARGATE 2000 $88.00
ZENlTIl.......... $175.00

M.D. Electronics will match or beat any
advertised wholesale or retail price.
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CABLE TV
DESCRAMBLERS
••••• STARRING •••••

.-RROLD, HAMUN, OAK
ANO OTHE R FAMOUS MAN UFACTURERS

• FINEST WARRANTY f'ROGRAM """"LA8lE
• LOVIE ST R'ETAlLf\lt'"KX.ESAU PRICES IN us.
• ORDERS SH I.-P'£O FROM STOCK VlfTH IN 24 HOURS

SCANNER buffs, nation al and inte rnational fre
quency listings with allocations. Send $11.00 U.S.
for book let to : BOX 1051, Station C, Kitchener, On
tario, N2G 4G1 Cana da.

ARTWORK created for use in printed circuit board
produ ction from your engineering schematics. Pro
fessional quality hardcopy, gerberfile, or photoplot
ter outputs. Reaonabie rates. Send for details to:
JTD ENGINEERING, 10628 Grandview Place, Alta
Loma, CA 91701.

SURPLUS educational equipment, shortwave re
ceivers adjustab le 50 to 70 MGHZ, 6 meter, with
pr ivat e lin e . In for m ati om ELECTRO TECH
SCHOOLS, 120-N. Mechanic Avenue, Alliance, OH
44601.

INVENTORS
INVENTORS! Can you patent and profit from your
idea? Call AMERICAN INVENTORS CORPORA
TION for free informat ion. Over a decade of service
1 (800) 338-5656 . In Massachusetts or Canada call
(413) 568-3753.

SATELLITE TV
VIDEOCIPHER II manuals . Vo lume 1 - Hardware,
Volume 2 - Software - either $34.95. Volume 3
Projects/Software , Volum e 5 - Document ation or
Volume 6 - Experimentation $44.95 each. Volume
4 - Repair $99.95. Cabl e Hacker 's Bible - $34.95.
Clone Hacker 's Bible - $34.95. Catalog - $3.00.
COD's (602) 782-2316. TELE CODE, PO Box 6426
RE, Yuma, AZ85366-6426.

FREE catalog - Lowest prices worldwide , save 40
- 60%. Systems , upgrades, parts , all major brands
factory fresh and warrantied . SKYVISION, 2009
Collegeway, Fergus Falls , MN 56537. 1 (800)
334-6455.

CABLE TV secrets - the outlaw publication the
cable compa nies tried to ban. HBO, Movie Channel,
Showtime, descramblers, conver ters , etc . Sup
pliers list included. $9.95 . CABLE FACTS, Box 711
R, Pataskala, OH 43062 .

Cable TV 0
Descramblers I .

If you find a better deal. .
we'll better our deal. '

"Je ttoki "To c orn "Ha rtvtn "Oak
"Sclentittc A tlanta "Zenltt:

Askabout our extend ed warranty
program.

COD. Visa. M/C we lcome.
Free Call- Free Cata log.

Video Tech 800-562-6884
3702 S.Virginia St..Ste. 160-304

Reno. NV 89502.

Also Available
12" , (Open Frame) TTL 1~

Green Screen #6811 S19.~9

FREE CATALOG
Included with your order. Call
1-Boo-n6-3700 or send order to:
AMERICAN llESlGN CXlftt'aem~~~
Dept. 214-120 815 Fairview A.lenue P.O. Box 220
FairView, NJ Dro22 Free catalogue without purchase ....L:o:..::;.-.I
Simply write AOC or ca_ catalogue department 201-941-5000

VIDEOCYPHER II descrambling manual. Sche
matics, video and audio. Explains DES, EPROM,
CloneMaster, 3Musketeer, Pay-per-view (HBO, Cin
emax, Show1ime, adult, etc.)$16.95, $2.00 postage.
Collection of software to copy and alter EPROM
codes, $2 5.00. CABLETRONICS, Box 3050 2R ,
Bethesda, MD 20824.

BUSINESS OPPORTUNITIES
EASY work! Excellent pay! Assemble products at
home. Call for information . (504) 641-8003 Ext.
5192.

MAKE $50/hr working evenings or weekends in
your own electronics business . Send for free facts.
INDUSTRY, Box 531, Bronx, NY 10461-0208.

YOUR own radio station! AM, FM, TV, cable. li
censed/unlice nsed . BROADCASTING, Box 130
F12, Paradise, CA 95967 .

INVENTORS : We submit ideas to industry. Find out
what we can do for you. 1 (800) 288-IDEA.
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26.20

35.00

38.00
46.14
27.24
38.80

139.00
70.00
34.00

$ 65.00
19.85

ASSMR.KIT

... $ 51.20
13.85
10.22
19.00
12.00
20.00
24.15
29.00
38.45
19.46
26.80

MATCHING PRICE
TA-800. TA·802, TA-820A. TA-l 000A. TA-1500 $ 26.00
TR-503. TA-323A. TA-400. TA-300 . 21.00
TA-477 27.00
TA-120MK 2 21.00
TR-355B ..... 15.00
TR-355A .. 14.50
TA-3600 42.00

POWER TR ANSFORMERS

MISCELLANEOUS

METAL CABINETS WITH ALUMINllM PANEL

DESCRIPTION
3 Channel Color Light Controller * .
Stereo Loudspeaker Protector .
FM Wireless Microphone .
AC/DC Quartz Digital Clock n nnn n .

SoundfT ouch Control Switch . .
Infared Remote Control Unit w/case AAA. .
Bar/Dot Level Meter AA ..
31h Digital Panel Meter A ..
20 Steps Bar/Dot Audio Level Display .
Superior Electronic Roulette A ..
7 Band HI·FI Graphic Equalizer .
4 Channel Professional Color Light Controllere .
Aud ioNideo Surround Sound Processor * . 62.00
Dynamic Noise Reduction 26.00

H" x w- x D" MATCHING PRICE
3- 12- 'r: TA-2800.TA-377A. TA-2200 . $ 22.16
4" 16" 8- TA-323A. TA-377A. TA-2200 26.64
4" 19" 11'''' - TA-802. TA-820A, TA·1500. TA·'20MK 2. TA·800. TA-'OOOA 32.00
5- 19" 11",," TA-477. TA-800. TA·1500. TA-l000A. TA-3600 . 35.00
2'1'. 19" 8" TA-377A. TA-2800. TA-2200. TA-120MK 2 . . 28.50

• Free g ift fo r any purchase during Ch ri stma s Season.

MODEL DESCRIPTION
#001 28V x 2 6A to 30V x 2 6A
#002 36V x 2 3A
#003 40V x 2 6A
#004 24V x 2 6A
#005 26V, 2 3A
#006 ' 8V x 2 5A
#007 53V x 2 8A

MODEL
LG-1273
LG-1684
LG-1924
LG-1925
LG-1983

MODEL
TY·23B
TY·25
TY-35
TY-36
TY-38
TY-41MKV
TY-42
TY-43
TY-45
TY-47
SM-222
SM-328
SM-333
SM-666

$ 43.00
48.00
52.00
44.50
90.00

179.00

$ 69.50
20.76
20.76
22.65

$ 172 0
18.7'
39.80
29.00
70.00
38.35
75.00
34.93
85.00
79.20
59.72
49.37
80.58
95.81
58.24
96.00
68.80
63.57
38.50

103.00

AS8MB.

ASSMB.POWER SUPPLIES KIT

INSTRUMENTS KIT
3'''' Multi-Functional Led D.P.M. (w/ABS plastic case) $ 34.50
41h Hi-Precision D.P.M.... ... ... . 38.00
41'> Hi-Prescision D.P.M. (w/ABS plastic case) 41.20
31'> Multi-Functional LCD D.P.M. (w/hold lunction) 36.00
150 MC Digital Frequency Counter 79.00
1 GHz Fre uenc Counter *.

0-15V2A Regulated DC Power Supply (w/case) $
0 -15V 5A Regulated DC Power Supply a . 14.55
0 -30V 3A RegUlated DC Power Supply a . 14.55
0-50V 3A Regulated DC Power Supply ....... 15.75

DESCRIPTION

~i~l~i~~~~~;eM~~~d~~,;ner;;ior ... .... :::::::::::::.n..n ..$ m~
~5~-~;:~~~~~e~?~~~:~(~~~~~:ni'p"~'':: ~~:~~
30W Multi-Purpose Single Channel Amp . 20.00
60W Stereo Power Booster (w/case) .
30Wx2 Stereo Pre-main Amp nnnnnn nnnnnnnnnnn n nn n . 29.50
Hi-Ouality FET Stereo Pre-Amp n nnn n nn 59.95
40W Solid State Mono Amp .... n nn nn n n n n nnn n n nnn n 28.00
120W Moslet Power Mono Amp ...... . n n n n n 68.00
80W+80W DC Pre-Main & Power Amp 60.92
80W+80W DC Stereo Main Power Amp n n n . 45.94
60W+60W OCL DC Pre-Main Stereo Amp 40.39
100W Dynamic Class -A-Main Power Mono Amp A.... . 59 .69
100Wx2 Class "A" DC Stereo Pre-Main Amp ......... 73.70
FET Super class "A- DC Pre-Amp 47.70
Electronic Echo & Reverberation Amp *.
HQ Pre-Amp . w/10 band graphi c equalizer * .
HI-FET IC Pre-Amp. wl3 way tone control nnnnn nn n n n n 48.90
Stereo Simula tor (mono TV I any mono source ) 27.00
300W HQ Hi-Fi Power Mono Amp ...... .... 79.00

. :.. .

TR-l 00A
TR-355A
TR-355B
TR-503

MODEL
TA-28MK2
TA-50AlB
TA-50C
TA-120MK2
TA-300
TA-302
TA-323A
TA-377A
TA-400
TA-477
TA-800
TA-802
TA-820A
TA-1000A
TA-1500
TA-2200
TA-2400A
TA-2500
TA·2800
TA-3000
TA-3600

II... .
We .rcceor ..... d:O. C'l"<l ': C.1'OS I.l ol"(>y O<Oe'S C~e<" anOC a 0 a'Cle'S c a 0 lee '5 $500 M,n,mum orele' IS $2000 • We sh,p ey UPS grouno ,"S>CIe US Im ,n S3 001 aeosh,p by US ma,1 Bu sin ess & Showroom hours : (Pac ific T im e)
0 ..:5oous P easeC.l 0 .... ' 5.1 esOeo,},:..,cnt'O' o-ce .s uver 2 1M O'10.e.gn o-oe-s • Allasseeoc'ec unIts nave a 30days wa rranty · Ovai lly or vorumec.scount ava1lable upon reQuest · Re s'de nlS Mon. thru Fri. 9:30 am to 5:00 pm
o' CA c'c .rsv .lOO 5.', t.'<' t.l ' 6;"5 • A I -e-c-o-c-se .ue SuCj~I IO Or,o' S,W;l Pecos are suC!ecl to c.hange WIthout Otlor ocnce W e are oor respon Sible lor typOg'at1,cal errors Sat. 10:00 am to 5:00 pm

MARK V ELECTRONICS, INC. - 8019 E. Slauson Ave, Montebello, CA 90640~E3R
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LASER lighting enter tai nment systems, Create
your own 3-dimenslonal laser light shows with these
professional secrets! Detailed mechanical and elec
tr ical schematics, des igns for any budget! $20.0 0.
MILLENNIUM, 229 McAfee, Thousand Oaks CA
91360. '

DESCRAMBLlNG, new secret manua l. Build your
own descramblers for cable and subscription TV.
Instructions, schematics for SSAVI, Gated Sync,
Sinewave, (HBO, Cinemax, Showti me, UHF, adult)
$12.95, $2.00 pos tage. CABLETRONICS, Bo x
30502R, Bethesda, MD 20824 .

PCITV Interface - RGB to TViv ideoN CR. Switch
able between PC and composite video inpu ts .
Channels 3 or 4, RF output. Complete PC card kits
$59 .95. PC board only $19.95 Mass. residents add
5% sales tax. INOVONICS CORP. 9 Bartlett St.,
Dept. 36, Andover, MA 01810.

~
LASERS ~

Q) Helium-Neon c:=r:ID ~
Laser Tubes C_ '9

New Laser from s25 New Visible l'
Diodes s15 ~D~ Diode Modules
FREE CATALOG ICOMPLETE HELlUM·NEO N
CALL OR WRITE TODA Y I LASERS FROM 111 0 0 0

MEREDITH INSTRUMENTS P.O. Box 1n4/Glendale,AZ85311f(602j934·9387

SURVEILLANCE transmitt er ki ts ! Four models of
each; telephone , room , combination telephone/
room transm itters tune from 65 to 305 MHz. Catalog
w ith Popular Communications and Popular
Electronic s book reviews of " Elect ronic Eaves
dropping Equipmen t Design , " $ 1.0 0.
SHEFFIELD ELECTRONICS, 7223 Stony Island
Ave., Chicago , IL 60649-2806.

KITS - alarms, gam es, and test equipment. Send
$1.00 for catalog . RAKJAB, PO Box 1875, Apopka,
FL 32704 .

CB Tricks II book. Power ampl ifier design and theo
ry, UHF CB tune ups. Send $19.95 MEDICINE MAN
CB, PO Box 37, Clarksvi lle, AR 72830.

CABLE T.V.CONVERTERS
DESCRAMBLERS REMOTES

(No Illinois Sales)
D JERROLD D OAK
D SCIENTIFIC D ·HAMLIN

ATLANTA D 6 MOS.
D LOWPRICES WARRANTY

MIKE NELSON'S
OVIE VIEW SALES

CIRCUI~ board design ser vices: developm ent ,
schematic and PCB layouts. Quick turn around.
(503) 345-460 9, SKYCHASER, 980 Sherwoo d
Place, Eugene, OR 97401.

MAKE $75,000 to $250 ,000 yearly or more fixing
IBM color monitors (and most brands). No invest
ment. Start doing it from your home. (A telephone
required.) Information, USA, Canada $1.00 cash .
US funds . other countries $8.00 RANDALL DIS
PLAY, Box 2168-R, Van Nuys, CA 91404 USA.

VIDEO magic. Start your own business. Video
security system. No wiring requ ired. Ideal for
small businesses, homes, property, marina.
$950.00 gets you started. Camera only $490.00.
Call : VIDEO MAGIC (516) 249-4216 .

LET the government finance your sma ll business .
Grants/loans to $500,000 . Free recorded message :
(707) 449-8600. (KS1).

GIANT HORSES HOE
XENON SIROBE russ
latlIesI He""'"'" Tul>: .. have
ever seen! Make a behemouth I

sIIOl>: lo u~~"' ''''lO ''' m Hal
\ov.een , oruseil.in a~pperci a

disco strobe! Size: 2"tall x1-1/8"
wide, glass tubing dia. 5/16".
Ope<ates on lXJ'IOC arO "" I>:
used with lXIr 4KV triooerlrans
lonner. (stockl 1117111 10 leII).

G762 $7.00 EAOl

$59.95C6430

****

MINIMUM ORDER: $10 00 piuS $3 00 Sh",p'ng and handling
We accept Me VISaand Money Orders

SEND ORDERS TO: The Electron~ Goldm,"e
P 0 eox5408 Scottsdale. p,z 85261
PHONE ORDERS: (602) 451·7454

4KV 1RIGGER con.
Use"'lh arf/ sIIOtie~
1u1>: 1haI reees a ' .
3 1o>l4KV uioo... ~

N1700 $ 1.25 EA.
100 foo- $80.00

INVERTER o2l
TRANSFORMER ~
SmaJl 4 lead Imnsfonner
for use with555 1C toconvert
121'lJC 10 2!iN lor slrnW
1l00relQ:~ Iull:s with sdlemaliC.

N1703 $2 .00 EA.
1,000 tor $ 1,500

CDS CElL
ASS OIl E
Great fa
hundreds 01
projects and
experiments.
These change
their resistance with
lilt/. 5 d~..enl lyp" .

G764
5 for $2.00

ADDRESS

NAME

VOLUME 1- TEST EQUIPMENT

General Technics
Quality comput er Syst ems

Post Office Box 2676
Lake Ronkonkoma , NY 11779

(516) 981 - 9473 IIc:.::J - _. __ ....-
Genera l Techni cs Com uter Kits
includ e a complete lin e ofS088. 286,
and 386 models. They are designed « !~"
to offer the highest degree of quality
and reliability available tod ay. The y' re also fun easy to build
educational-. fu lly IB~1 compatible , very po~'eiful. and at
wholesale pric es. All kits are pre-tested and Include a free step
by step asse mbly manu al, software , one year warran ty and our
24 hour support/order phone line . Assembly is avaifable.

Iask for your free catalog I

COMPUTER KITS

BUILD this Pseudo car alarm -Led flasher with auto
matic disable via the ignition switch . Detailed sche
matic with educationa l informat ion $2.50. LMT
ELECTRONICS, Box 4268 , Diamond Bar CA
91765. '

UNIQUE projects. Build an infrared motion detec tor
ultrasonic distance meter, digital rain gauge. Com:
plete plans, PCB layout. $4.00 each. Others avail
able . K. KEMP, 13772 Go lde nwest St., #549,
Westminster, CA 92683 .

CAR alarm schematic with instructions, easy con
struction and Installation. $6.00: HUNTER , 1802
Cook , Duncan, OK 73536.

DAZER II personal protection device! Plans $8.00.
Lasers! Transmitters! Detectors! More! Kits or as
sembled! Catalog $2.00. QUANTUM RESEARCH,
16645-113 Avenue, Edmonton, Alberta T5M 2X2.

PEN transmitter: Sensitive micro FM transmitter
housed inside standard size pen. Latest surface
mount tech nology. Complete kit and instruction
$42 .95. MIERONIC·INT., Bo x 5726, Sherman
Oaks , CA 91413.

1 10 20
89.00 56.00 48.00

119.00 69.00 65.00
129.00 80.00 75.00
99.00 59.00 45.00
99.00 59.00 58.00
99.00 75.00 68.00

PLANS AND KITS

aTY
Jerrold (Ty pe) SB-3
Jerrold (Type) Tr i-B i
Scientific Atlanta SA-3
Hamlin ML D-1200
Oak N- 12 Vari-Sy nc
Jer ro ld 550 Converter
Jerrold 400 DRX-3DI C
(With Built in SB-3) 169.00 109.00 100.00

MINIATURE FM transmitters! Tracking transmitters!
Voice disg uisers! Bug detectors! Phone Devices!
More! Available in kits or assembled ! Catalog $2.00:
XANDI ELECTRONICS, Box 25647, Dept. 60 L,
Tempe, AZ. 85285 -5647 .

CATALOG: hobby/broadcasting/HAM /CB : Cable
TV, transmitters , ampl ifiers, surveillance devices ,
computers, more! PANAXIS, Box 130-F12, Para
dise, CA 95967 .

INVESTIGATORS, experimenters - Quality new
plans. Micro and restricted devices . Free catalog.
Self addressed stamped envelope required KEL
LEY SECURITY INC., Suite 90, 253 1 Sawteile
Blvd., Los Angeles, CA 90064 .

11111

C SE LE C T R O N

CONSUMER & INDUSTRIAL ELECTRONICS · 18TH EDITION
55 00

"Volume I-Test Equipment"
11 2 pages packed with specifications on the most
popular test equipment like B&K, Beckman, ARI,
Simp son, Mer cer, Soar, Goldstar and VectorN iz.
Choos e from hundreds of multimeters, oscilloscopes,
frequency counters, function gene rators. power supplies
& more. Send $5.00 check or money order, or call
1-800 -543-3568 today & use your Mastercard or Visa.
Con solidated Elect ronics, Incorporated
705 Watervliet Av enu e., Day ton, Oh io 45420·2599

L~~ ~~~ ~~ _

CIRCLE 70 ON FREE INFORMATION CARD

(f)
g
Zo
a:
Io
W
...J
W

6
o
<l:
a:

94



CABLE BOX REPAIR

5114 Balcones Wood Dr.#3m Dept.298
Austin TX. 78759

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.

JERROLD 400 opportunity CATV repair manual.
DRX-3DIC-105 cable converter. CAD drawings. Cir
cuit schematics, microprocessor pinout... parts list,
parts available $14.95 + $2.00 P&H. Rush US PO
money order, cash or check to BONDED CABLE
T.V. CO. : No COD.

JERROLD-OAK-SCIENTIFIC ATLANTA-HAMLIN
ZENITH MANY MORE CALL TODAYl

,; Only quality products sold'; Easy to use
';Satisfaction guaranteed .,J Knowledgea ble sales staff

,; Most orders shipped within 24 hours

CALL FOR YOUR FREE CATALOG

II!! 1-800-228-7404~
MAKE THE CONNECTION

WITH '

FREE CATALOG!
Hamlin Combos $44, Oak M358 $60 (min. 5), etc.

CABLE TV
DESCRAMBLER LIQUIDATION!

WEST COAST ELECTRONICS
For Information: 818-709-1758

Catalogs & O rders : 800-628-9656

EDUCATION & INSTRUCTION

EC.C. Commercial General Radiotelephone li
cense . Electronics home study. Fast, inexpensivel
"Free" details. COMMAND, 0-176, Box 2824, San
Francisco, CA 94126.

CONSUMER advocate. Help sources, any problem.
SASEfor description. HELP,Box 132, Indian Rocks,
FL 34635.

MAGIC! Four illustrated iessons plus inside infor
mation shows you how. We provide almost 50 tricks
including equipment for four professional effects.
You get a binder to keep the materials in, and a one
year membership in the International Performing
Magicians with a plastic membership card that has
your name gold-embossed. You get a one-year sub
scription to our quarterly newsletter "IT's MAGIC!"
Order now!$29.95 for each course + $3.50 postage
and handling. (New York residents add applicable
state and local sales tax). THE MAGIC COURSE,
500-B BiCounty Boul evard , Farmingdale, NY
11735.

POWERFUL single-chip FM room transmitter, size
of a postage stamp, transmits to any FM radio up to
one mile away. Compl et e kit $19.95 postp aid.
HERT Z MICRODEVICES, Box 41771, LA, CA
90041.

LEARN IBM PC assembly language. 80 pro
grams. Disk $5.00. Book $18.00. ZIPFAST, Box
12238, Lexington, KY 40581-2238.

REMOTE control. 20 page package gives info and
schematics on encoder/deco der circuitry. $5.00.
CONTINUOUS CONCEPTS, PO Box 60414, San
Diego, CA 92166. CA residence add 7.25% tax.

PLANS! Vehicle alarm battery backup system.
Schem atic , artwork, instru cti on s, $10.95. AGK
ELECTRONICS, N.K. PO Box 28123, Winnipeg,
Manitoba R2G 4E9.

Pay TVand Satell ite Descrambling
NEW' " 1991EDITION .. . NEW

All newinformation. turn-ens. bypasses, buildyourown. Our best yet.
$15.95. Wireless Cable Handbook $9.95, Build Satellite Systems Under
$600 $12.95. Experiments withVideocypher $12.95. The P.T.V. andS.D. se
riesVolumeI (basics)$14.95,V.S9$14.95. Arrt 31$29 or61$42. Scrambling
NewsMonthly$19.95. Sample $3.Thismonth'Turning onJerrold' . New
Wintercatalog$1 or call (anytime). COD's areOK.. 716-874-2088.

Scrambling News.1552 Hertel Ave..
Bull alo, NY. 14216. (716) 874-2088

ANTIQUE RADIO CLASSIFIED
Free Sample!~o

Antique Radio's
Largest Circulation Monthly. Be 0

Articles, Ads & Classifieds. 0

6-Month Tr ial: $13. 1-Yr: $24 ($36-1st Class).
A.R.C., P.O. Box 802-L6 , Carlisle, MA 01741

METAL project boxes - 50% off ! Huge selection.
Plus storage capacitors, amplifier kits, electronic
parts. Free catalog. SCC, Box 551RE, Dublin, OH
43017.

AUDIO circuits - Highend des igner'sprivate files
PA, Hi-Fi, digital, studio broadcast, - free catalog 
ETA INC., Box 829, Shingle Springs, CA 95682.

PCB and schematic CAD software. Easy multilayer
rubberband zoom pan and more. CGA EGA IBM
compatibles. $195.00. NUMBER ONE SYSTEMS,
10565 Bluebird Street, Coon Rapids, MN 55433.
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$7290 $6950

(1-3) f4-up)

#RP-290-147

12" woofer made in the USA by Eminence.
Paper cone and dust cap with treated cloth
surround. 80 oz. magnet. 2-1/2" vented
voice coil. 8 ohm. 170W RMS, 235W max.
40-4.5KHz response.

$1850 $1690

(1-3) (4-Up)

$2750 $2490

(1-9) (10-up)

$1695

l' I \j;. ' i \l." I" lI W~' l
JI\ I " I, lut ! lI\\\

" i't U,I !DHU '\f

CALL TOLL FREE

1-800-338-0531

Medium
duty. 60W
RMS, 80W
max. 14 oz.
magnet.
Response:
25-2.5Kl lz.
fs=28 Hz.

#RP-290-096

#RP-270-047

10" POLY WOOFER

SPEAKER BUILDING
BOOK

TITANIUM COMPOSITE
TWEETER
The advantages of
both hard and soft
dome technologies.
8 ohm. Ferro fluid
cooled voice coil.
SPL=90 dB 1Wl l M
SOWRMS, 70W
max. 4" round.
Polydax
#DTW100T125.

Revised edition
of David Weems'
best selling book.
Learn to build low
cost speakers
that rival the high
priced models.

$5 450 $4990

(1-3) (4-Up)

$28
90

$24
40

#RP-500-021

#RP-290-190

15" SUBWOOFER

SUBWOOFER XOVER

:(

Dual voice coil. 40 oz. magnet. 6 ohm
Imp. IOOW RMS, 140W max. Response:
20-1.2KHz. Resonant frequency: 21Hz.
SPL=93 dB lW/1M.

200W RMS crossover designed
specifically for use with dual voice coil sub
woofers . 12 dB per octave roll-off at
150Hz.

CIRCLE 56 ON FREE INFORMATION CARD

· 15 day money back guarantee · $15 .00 minimum order · We accept
Mastercard, Visa, Discover, and C.O .D. orders. • 24 hour shipping •
Shipping charge == UPS chart rate + $1.0 0($3 .00 minimum charge) •

~r~~ r~I:~~~ a~il ~~rOfhrp~~'e~~~~~~ ~~r~~e;sM:~~~~dd~~~ugt~~~
Foreign customers please send $5 .00 U.S . funds for catalog postage.

$1 95 $1 75 95c
(1-9) no-ss) (50-up)

$5 30 $450 $39S

(1-9) (1Q·79) (SO-up)

$2730 $2570 # RP-260-220
(1-3) (hp)

f/Fpartsrxpre$f!

#RP-280-210

#RP-271 -020

2·1/2" SANYO TWEETER

'III
I

Paper cone with gold tone
dust cap. 8 oz. magnet.
8 ohm. 1/2" ferro fluid
voice coil. Power
handling: 50W RMS,
70W max. Frequency re
sponse: 3K-20K Hz.

Original piezo tweeter
made by Motorola.
SPL=94 dB 2.83V/ l M.
Response: 4KHz
27KHz. Handles ap
proximately 50 watts.

#RP-270-010

SUPER HORN TWEETER

2" DOME MIDRANGE

Textile dome
midrange made by
Philips. 8 ohm.
SPL=90 dB 1Wl 1M.
30W RMS, 40W
max. Response:
550-5KHz.

340 E. First St., Day too, Ohio 45402
Local: 1·513·222·0173
FAX: 513-222-4644



ZENITHS & TOCOMS
SUPER Zen ith (Z-TAC) converters (flashing)...
$169.00 . Zenith " t urn-on" module ... $49.00.
Tocom 5503(A) & 5504 converters.; $139.00.
Tocom (add-on) descramblers... $79 .00. Tocom
(5503-VIP & 5507) "turn-on" chips...$49.00. CIN
EPLEX VIDEO GROUP. 1 (800) 726-4627.

WANTED
INVENTORS! Confused? Need help? Call IMPAC
for free information package. US/Canada: 1 (800)
225-5800 (24 hours!).

FREE CATALOG I
1-800-648-7938

For all information 1-702-362-9026

JERROLD HAMLIN OAK ETC.

CABLE TV
DESCRAMBLERS
• Compare our low Low Retail Prices!

• Guaranteed Prices & Warranties!
• Orders Shipped Immediately!

REPUBLIC CABLE PRODUCTS INC.
4080 Paradise Rd. #15 Dept. RE-90 _

Z Las Vegas, NV 89109 ~~

INVENTIONS/new products/ideas want ed: call
TLCI for free information 1(800) 468-7200 24 hours/
day - USN Canada.

BEST BY MAIL
Rates: Bo x 5, Sarasota, FL 34230

BOO KS/CATALOGs/MAGAZINES

50,000 + CAi ALOG L1SiINGS! $5.95: Catalogs, Box
92452GT, Atlant a, GA 30314.

MONE YMA KING OPPORTUNITIES

" SECRETS OF THE Mi llionaires. " Free Details. Mi lligan,
204(RE) Ki ideer , Buda, TX 78610.
$330 + WEE KLY ASSEMBLING prod ucts from home.
Guaranteed ! Amaz ing recorded message ! 24 hours.
@:I6)292-2091, Extension 132. .
MA KE $100.00 DAIL Y selling money-making informati on
and w hole sale merchandise. Act Now! Free details. Write;
Box 492-C, So. Orang e, NJ 07079.

BUY BONDS

COMPUTER BOOKS
DISCOUNT computer books! Thousands of titles
available. Including recent releases. Please call or
write for our latest free catalog. BOOKWARE, 344
Watertown Road, Thomaston, CT 06787. 1 (800)
288-5662, (203) 283-6973.

THIS A REGULAR TYPE BOLDFACE AD with a
tint screen. To have your ad appear like thi s one ,
the cost is $4.15 per word.

After yougivesomething
toyourfriendsana'family,

may we suggest about
23 million other people?

When you support the Chr istmas' Seal
Campaign ® you're benefittin g research
and program s that give over 23 mill ion
Americans with chronic lung disease the
one thing they want this Christmas. Hope.

AMER ICA N T~~~~,~~~~,~~TeI.oN ·

UNICORN - YOUR I.C. SOURCE!

CIRCLE 195 ON FREE INFORMATION CARD

3.41
5.55
2.82
3.24
5.38
3.41
3.24
3.24
3.16
2.73
4.95
1.70
3.58
3.41
3.24
3.41
2.82
5.81
3.58
4.95
4.35
4.95
4.95
4.53
4.09
4.53
6.41
5.98
5.98

15.38
11.96
12.82

•

24 256 x4 lU5 3.99 3.79
24 1024 x B 45n5 6.49 6.17
24 2048x 8 450n5 (25v) 3.29 3.13
24 2048 x 8 350n5 (25v) 3.79 3.60
24 2048 x 8 450n5 6.29 5.98
24 2048r a 460n5 (25v-CMOS) 3.99 3.79
24 4096x 8 450n$ (25v) 3.79 3.60
24 4096 x 8 2OOn.(21v) 3.79 3.60
24 4096 x 8 250n. (21v) 3.69 3.51
24 4096 x 8 450 s (21v) 3.19 3.03
24 4096 x 8 450n5 (25v ) 5.79 5.50
24 4096 x 8 450ns (25v-One Time Programmable) 1.99 1.89
24 4096x 8 450n5(25v-CMOS) 4.19 3.98
28 8192x 8 200n5(21v) 3.99 3.79
28 8192 x 8 250n5(21v),.... -:3.79 3.60
28 8192x 8 2OOn5 (12.5v) 3.99 3.19
28 8192 x 8 250n5 (12.5v) 3.29 3.13
28 8192 x 8 250n. (25v) 6.79 8.45
28 8192 x 8 250n5 (21v-CMOS) 4.19 3.98
28 18,364 x 8 2OOn$ (21v) 5.19 5.50
28 16,384 x 8 250ns (21v} 5.09 4.64
28 16,384 x 8 250n5(21v) 5.79 5.50
28 16,384 x 8 250n5(21v) 5.79 5.50
28 32,728 x 8 200n5 (12.5v) 5.29 5.03
28 32,768 x 8 250n5(12.5v) 4.79 4.55
28 32,768x 8 250ns (12.5v) 5.29 5.03
28 65,536x 8 2000$(12.5v) 7.49 1.12
28 65,536x 8 250ns (12.5v) 6.99 6.64
28 65,536x 8 250n5 (12.5v-CMOS) 6.99 6.84
32 131,072 x 8 200ns (12.5v-CMOS) 17.99 17.09
24 8192 x 8 450n5 13.99 13.29
24 8192 x 8 450n5 14.99 14.24

STOCK# PINS DESCRIPTION 1-24 25-99 100+

EPROMS

1702
2708
2716
2716-1
TMS2716
27C16
2732
2732A-2
2732A
2732A-4
TMS2532
TMS2532P
27C32
2764-20
2764
2764A-2O
2764A
TMS2564
27C64
27128-20
27128
27128A
27C128
27256-20
27256
27C256
27512·20
27512
27C512
27Cl024
68764
68766

~UNICORN
<~/E L E( T RON I ( S

V
,.

10010 Canog a Ave., Unit B-8 • Chatsworth, CA 91311
••• • OUTSIDE CALIFORNIA: (800) 824-3432 (Orders Only)
: . • IN CALIFORNIA: (818) 341-8833

ORDER BY FAX: (818) 998-7975
Minimum Ord er $15.00

PRICE

$129.99

PRICE

$19.99

PRICE

$9.99

PRICE

$39.99

• Input: 115/230v
• Size 7" L x 5'1." W x 2'h H
• Output: +5 volts @ 3.75 amps
• Output: +12 volts@ 1.5 amps
• Output: - 12 volts @ .4 amps
STOCK # PRICE

PS1003 $19.99

• Output: 5 mW (max.)
• Current: 65-100 mA
• Operating Voltage: 1.75-2.2V
• Wavelengt h: 780nm
STOCK #

LS022

• Output: 4 mW (max.)
• Current: 20 mA
• Operating Voltage: 2.2-3.0V
• Wavelength : 665nm
STOCK #

LS3200

• Output: 10 mW (max.)
• Current: 90-150 mA
• Operating Voltage: 2.2-2.5V
• Wavelength: 820nm
STOCK #

SB1053

STOCK #

SB1052

• Output: 2.5 mW (max.)
• Current: 90-150 mA
• Operating Voltage: 2.2-2.5V
• Wavelength: 820nm
• Collimation: .18mrad (typ .)
• Size: 11mm diameter

POWER SUPPLY

LASER DIODE
(VISIBLE-RED)

~=

LASER DIODE
(VISIBLE-RED)

LASER DIODE
(INFRA-RED)

GE=

COLLIMATOR PEN
(INFRA-RED)
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QUALITY PARTS • DISCOUNT PRICES • FAST SHIPPING

This whit e box w~h ~
a blue button will 0 /
drive you crazy. <; ~
Box measur es 3 114"
square X 2" high. When
the button is pressed 4 LEOs light and a beep
er pulses. Every 15 seconds one led goes out
and the spee d of the beeping increases. At
the end 01 60 seconds the unn gives off a long
beep followe d by a low squel ch, all LEOs shut
off and the unit stops. Un~ require s a 9 vo tt
transistor battery (not lncluded) to operate.

CAT ' TMR-l $2.25 each • 10 lor $20.00

150 microarro tull sca le.~
2.165" X 1.875" X I l~~

0.96" deep I • ~ff1
Face is 1.965" X U ". ..'
WMe background wnh ,: •
black and red scale.
Two types. One Is marked "Modulation" and
has a 0 - 100 scale. The other has two
sca les. "RF" and "SWR". Otherwise meter
are identical.

"Modulation" meter CATM MET-21 $3.50
RF/SWR meter CATM MET-22 $3.50

SohOll GBl 35-DH -210 80-10Y

Powerful little ~
gearhead motor. •
40 RPM @ 12 Vdc.
0.5 arro s (no load). •
32 RPM wnh load.
Operates at lower voltages w nh reduced speed
and torque. 6.3 pound inches torque. Stall: 27
pound inches. 3.1" long X 1.375" diameter.
Shaft : 0.187" dia X 0.75" long .

CATM MOTG -14 $11.50 each
10 for $100.00

:

•.:::.:.:::.::..:.:.:: :.:::::.:.::1.:::°..::.:.:::::.:.:::::.::..'.':.:ii.:.:.G::.:.:.•.:.i-I.:.:J:.:·.::T:..: •.~..:··.:.::.:A.:••.i.::.::::::.:::U.i. ·.::..ft:.:.: :.·. :.:.¢:.·N:.:. ·:::· :.::. :.b.::~.:. •:: ~.P.::.: :.~.:.:...:.:.:C.:::.:. .::.:~.:.:.:.:.K::' ·'·". :I:.· ·.:.:.·M•.:.::. A.·.::.::.•:.:e:.· •.•.N.··.·. :::.a:.:.::D::.:. ..: ::..·.:.:.::•.:: :::. :.::::.:·.::.:: ·.:: .::·.:: :::.: i .: : :: : : : : ::: :iag:N,:gg.§§~fiH§AQ :;,,:'
Mmr":~l8 ~:t= a tt::t:::::::::::: ::::::::MPioa. :::::::r::::::::::::::::::..

) igital clock and app liance j '
inner rennoved from automatic
,IOOric coffee make rs due
o design changes. Operates 0
In 120 Vac and is capable .~.

II turn ing on app liances "'"'"
Irawing up to 10 amps. ,.
lecause of the app lication they Were designed
or they automatically turn off after two hours.
l ome have surface blemi shes. 4.2" X 2.45" X
1.1" deep . Beige or ivory with brown trim.

CATMMCT $6.50 each
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Learn about
stepp ing
nnotors while
building th is
simple circuit,
Includes circun board, nnotor and all
parts except 12 Vdc power supply.
CAn SMKIT $18.00 each

Used for back~ ghting control panels or as
decorati ve or emergency prime i ghting

source. Thin, tough and flexible, they oper-
ate on low current AC voltage. The pre

ferred PQwer source is a miniature DC to AC
inverter. Th ese have a bit of an odd shape.
The strip. are 2.15" wide X 5.88" long and
are 0.03 5" thick. The u minesce nt area is

5.3" long X 1.7Z' wide and has one corner
cut 011, leaving a useful area 01 fairly 900d

proportio ns. We are sel~ng the stripe and in-
vertere as a package. Inverter operates on

6 Vdc.G'ow strip, inverter and hook-up
diagram CAn GS-l500 $5.00per set

EXTRA INVERTERS
Input: 6 Vdc Output : 225 Vac

CAT# INV-l 52.00 each

\: :ELeCTROLuMINESCeNt\
: ::::::!]0~W&1~~W~l~~~~ ·::::":·· ·:

(jJ L....:::::::::I~ ====::::!.

and instruct ions to make a simple flasher
clrcuit.A quick and easy project for any
one with basic soldering skills.
CAn LEDKIT $1.75 per kn

Two L.E.D.'s flash in I

unison when a 9 vott '2Jc..~
battery IS attached.
Thi s k it includ es a ,,;
p.c. board, all the parts

LED HOLDER ~
Twopece holder. '.U e
CAli HLED 10 for 6St

INFORMATION (818) 904·0524•

to heavy ooty F connectors.~
InCkJdes 75 ohm terminator ••0It:::=
and F-61 spjcer on one end.
New cables manufactured for IBM PC net
wor1<e. IBM PIN 1501908 COM/SCOPE.
CATlRG·ll-1 100ft roll $15.00
CATlRG-ll ·2 200 ft. roIl$ 27.50

tiNsTRUMENTENct6s(iRES:
High qualrty molded ABSQ
instru ment enclos ures,
Integrated PC board .
standoffs and two sets
of vertica l mountin g slots for
front and rear sub pan els. All enclos ures are
6" wide X 6 1/4" deep. Choioo of three hts.
Includes non-skid rubber feet and hardware.
Available in be ige, ivory, black, and blue.
P&MII'IL CAn
2 t /." CAn MB-A $7.50each 10 I", $65.00
2518· CAnMB-B $7.75each 10 1", $67.50
3" CAn MB-C $8.00each to ,'" $70.00

Please s eci color.

Minimum Order $ 10.00' All Orders Can Be Charged To Visa, Mastercard
Or Disccvercard • California, Add Sales Tax· Shipping And Handling $3.50
For the 48 Continental United States - All Others Including Alaska, Hawaii,
P.R. And Canada Must Pay Full Shipping' Quantities Limited· No C.O.D. •

Prices Subject to change without notice.

1" long ftashlube with 3 1/2" rod
and b1acl< leads. Ideal fO(elec
tronic flash 0( strobeprojects.

CAn FLT·3 2 to( 51.00

AAASIZE $1.50 each
1.2 volts 180 mAh
CATlNCB·AAA

AA SIZE $2.00 each
1.25 volts 500 mAh

CATlNCB·AA
AA SIZE $2.20 each
WITH SOLDER TABS

CATlNCB-SAA
C SIZE $4.25 each
1.2 volts 1200 mAh

CATlNCB·C

D SIZE $4.50 each
1.2 volts 1200 mAh

CATl NCB·D

/::::::: X I;NQ~JQ$.f#:::::::::
9'C=3t

==-"'--:F~AX (818) 781·2653
Call Or Write For Our
Free 60 Page Catalog

Outside the U.S.A. send $2.00
postage for a catalog.

SPOT PUSHBUnON
Marquardt# 1843
RatGd 6 amp! @ 125125OVaC.
Black plastic pushbutton.
Switch body: .92" X .94" X .65".
CAnPB·18 $1.65ea.· 10 10r$ 15.00

PUSHBUnON SWITCH i
GCfThornsen# 35-420 _
S.P.5 .T. normally open momentary
pushb.Jtton switch. Red plastic
actuator 0.57" diameter. Chrome
bezel 0.68" diameter. Threaded bushing
mounts in .5a' diameter hole. Rated
3 amp @ 25OVac. Solder loop terminals.
CA1# PB·20 $1.00each

CIRCLE 107 ON FREE INFORMATION CARD

MAIL ORDERS TO: ALL ELECTRONICS CORP· P.O. BOX 567· VAN NUYS, CA 91408

:::::::' w.AwWiRAN$f98M§R$!::}::

~
'" ALL PLUG DIRECTLY

INTO 120 VAC
OUTLET

6 Vac 600rna. CAnACTX·660 $3.50
8.3 Vdc@ 10 rna. CAn DCTX.a310 $1.50
12 Vdc@500 ma. CAn DCTX·125 54.50



24 Hour Order Hotlin
(415) 592-8097

----------
• Stand alone or compute r controlled mode via RS232C port
• The JE580 uses the JEDEC sta ndard for logic dev ices. Accepts input from

virtua lly all major software pac kages includi ng : PALASM , PLAN , CPUL, ABEL. and
AMAZE

\'1\en\
"tes\ Il'J\easu:~(\u\~\'1\e_n\ _

a?to\o\'l~
an Jameco Universal rc Programmer

Memory Devices: EPROMS, EEPROMS and PROMS
Logic Devices: PALs, GALs, RALs, EPLDs, EEPLDs and FPLDs

GoldStar 20MHz Oscilloscope

Features:
• 6" rectangular CRT display. internal gratitude & scale
• Phase difference measuremen ts between two forms under two methods: x-y scope

and Dual Trace
• Two different scale probes : xl and xl 0
• Bandwidth from DC to 20MHz
• Includes: Two 40MHz probes. two fuses. power cord. operation manual. schematics

and block and wiring diagram
• High sensitivity: 1mv/div
• Two-Year Warranty

JAMECO

_J

I'

• Erases all EPROM's • Erases 1 chip in
15 minutes and 8 chips in 21 min

• UV intensity: 6800 UW/CM2

DE4 $79.95

Soldering and Desoldering Stations

WM2 $299.95

Features : • Removable solderle ss bread board
• Variab le and fixed DC power supply • Multi
fre qu ency signa l ge nerator · Analog mu lt ime ter
• 8 bicolor LEDs (red & green) • 8 log ic sw itches
• Log ic probe • Lig hted pow er switch • Fuse
ov er load prot ect ed • Pulse Ge nerator • Bin ary
co ded decimal (BC D) to 7·segment decoderl
driver • DB25 co nnecto r • Freq uency counter
(1Hz to 1MHz) • Sturdy ruggedized case

Prototype
Design Stations

JE680 $1799.95

A.R.T. EPROM Programmer UVP EPROM Eraser.....-

f -lit
• Programs all current EPROMs in the 2716 to

27512 ra ng e pl us the X2 8 64 EE PRO M
• RS2 32 port · Soft wa re inc luded

EPP $199.95

35 0'911Multnneter $59.95
35 Digit MultimeterwFrequency&
Capacuance $74.95
4 5 Digit wFrequency. Capacitance
andDataHoldSWitch $99.95

Handheld Mult im ete r

M3650 & M4650 only:
• Also meas ure frequ ency and capacitance

Metex Dig ital Multime ters

M4650 only: . Data hold switc h - 4.5 dlgll

M3610
M3650

M4650

Jameco Log ic Probe...-:-.r.:;n
2g~ ~3fIi'

General Specs:
• Handheld. high

accuracy - AC'-OC
voltage . AC10C
current resistance.
diodes. continuity.
transistor hFE

• Manual ranging wi
overload protection

• Max Frequency 80MHz • Minimum dete ctab le
pul se: 10ns -120KU mput impedance • Max.
supply vollage: '25V • TTL threshold: (Lo)-0.8V
·O.1V (HI) .2.3v ·0.2V • CMOS threshold: (l.o)

30% VCC '10% (Hi) 70%VCC ' 10%

MS104 $24.95

\

GS7020 $499.95

Jameco Logic Pulser

LP540 $16 .95

PRO TOTYPI NG PR O DUC TS
Jameco Solderless B readboards

• Compatible with TTL. DTL. RTL. HTL.
HNIL. Ma S and CMOS ICs.

• 1Mil Sync input impedance
• "One shot" or continuous 5Hz train

pulse
Pulse repetition rate: O.5ppsI400pps.

Pulse width output at 100ma load:

tous
Pulser mode output current: 10mA

• Square wave current output: 5mA

• Audible tone
• Size: 7.75"L x 1"W x .625"H.

3.5 digit LCD w ith automatic polanty
Part Dim. Contact B ind ing No. indica non • AC DC voltage measurement up to

L" x W" Points Posts Price 500 volts • AC,DC curren t measurement up

JE 21 400 54.95
10 200mA • Hesistance measurement up to

325, 2.125 20Mll Conunurty checker with aud ible tone
J E23 6.5,2 125 830 56.95 • DIode and logiC tester · Automanual range
JE 24 65,3 125 1.360 512.95 and data hold funct ions All range
JE 25 6.5,4.25 1.660 517.95 protection and function morcauons

JE 26 6875,5.75 2.390 522.95
JE 27 725 , 7.5 3.220 532.95 DMM90 5... ......... ..... ....... ............$49.95

JE21 JE23 50 Watt Analog Disp lay Soldering St atio n • Electronic
temperatu re cont rol from 200 ' to 878°F , Ca rtr idg e heat
ing ele me nt fo r a longer life of the so lde ring tip

XY1683 $69.95

30 Watt Electronic Temperature Con trol led Desoldering
Station • Electronic tem pera ture control from 2 12° to
842' F • Self con ta ine d high rotary vacuum pump

XY999 $299 .95

XY999
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JAMECO m~onen\S

~J;~andCOm~
Integrated Circuits Miscellaneous Components

'art No . 1-9 10+ Part No. 1·9 10+ Potentiometers

'4 l S00 .25 .15 74lS154 1.29 1.19 Values available (insert ohms into space marked "XX"):

'4l S02 .25 .15 74lS155 .49 .39
500n , 1K, 5K, 10K, 20K, 50K, l OOK, 1MEG

43PXX 3/4 Watt,15Turn............................................ .99
'4 l S03 .25 .15 74lS156 .49 .39 63PXX ' /2 Watt, 1 Turn........................... ............ .......89
'4 l S04 .25 .15 74lS157 .45 .35 Transistors And Diodes
'4l S05 .28 .18 74lS158 .39 .29

PN2222 .......... .12 11N4735 ...........25 12N4401......... 15
'4lS06 .59 .49 74lS166 .79 .69 PN2907 .......... .12 2N3904 ...........12 1N4148 ........ .07
'4lS07 .59 .49 74lS169 .99 .89 1N4004 ........... 10 1N751 .............15 2N3055 ......... 69

'4lS08 .28 .18 74lS173 .49 .39 2N2222A ........25 C106B1 ..........49 1N270 ...........25

'4lS10 .25 .15 74lS175 .39 .29 Switches

'4 l S11 .29 .19 74lS181 1.39 1.29 JMT123 SPOT, On-On (Toggle) .............................. 1.25

'4l S13 .35 .25 74lS189 3.95 3.85 206·8 SPST, 16-pin (DiP).................................... 1.09
MPC121 SPOT,On-Oft-On (Toggle).............................. 1.19

'4lS14 .49 .39 74 l S190 .59 .49 MS102 SPST, Momentary (Push-Button)............. .......39
'4lS20 .28 .18 74lS191 .59 .49 D-Sub Connectors and Hoods
'4l S21 .29 .19 74lS193 .69 .59 DB25P Male, 25-pin ':': : 65 1 DB25H Hood ............ .39

'4 l S27 .35 .25 74lS194 - .69 .59 _ DB255 Female, 25.pm... .75

'4lS30 .28 .18 74lS221 .69 .59 lEDs

'4l S32 .28 .18 74lS240 .59 .49 XC209R T1, (Red) ......... .14 1XC556R T1 3/4. (Red) ......12

'4lS38 .35 .25 74lS241 .59 .49 XC556GT13/4, (Green) ... 16 XC556Y T13/4, (Yellow)...16

'4lS42 .49 .39 74lS323 2.49 2.25 IC Sockets
Low Profile Wire Wrap (Gold) Level #2

'4lS47 .85 .75 74lS541 1.09 .99 8l P............................ .11 8WW ............................. .49
'4 l S48 .85 .75 74lS590 5.95 5.75 14lP .......................... .12 14WW ........................... .65

'4l S112 .39 .29 74lS670 .89 .79 16l P .......................... .13 16WW ............................ 69

'4lS122 .55 .45 74l S688 2.19 1.95 24lP .......... ...... .......... .19 24WW ......................... 1.05
28lP ...........................22 28WW ......................... 1.29

'4l S123 .49 .39 81lS95 .99 .89 40lP .......................... .28 40WW .........................1.79
'4lS125 .49 .39 81lS97 .99 .89 Soldertail Standard & Header Plug SocketsAlso Available

24 Hour Order Hotline
(415) 592-8097

Look to Jameco.....

• Wide selection of integrated

circuits and components

• Quality prototype and test

equipment

Additional items that Jameco offers:

• Hard Drives

• Motherboards

• Memory Modules:
• SIPPs
• SIMMs

• NEC V20 and NEC V30 Chips

• RAMs

• Math Coprocessors

• Computer Kits

• Integrated Circuits

• Components

• Much, muc h more!

Assemble Your own Computer Kit!

Jameco 16MHz 80386SX Desktop Computer Kit

• Building your own computer provides you with a better understanding of
compone nts and their funct ions

• In-depth assem bly instructions included
• Have your new computer assem bled and running in three hours,

using common tools
• Software included
• Purchase compute r kits configure d by Jameco or design your own

Conner (16-bit IDE)
CP3044 40MB35" Low Profile $469.95
CP318 4 80MB35"HH $699.95
CP3104 100MB 35·HH $799.95

ADP20 HostAdapter $29.95

Relisys 14" VGA
Color Monitor

Let usshowyouwhat we have to offer;
callorwrite forthe latest Jameco catalog'

24 Hour Order Hotline

(415) 592-8097
FAX's: (415) 592-2503

or (415) 595-2664
Tele x 176043

Please

refer to

Mail Key 2

when

ordering

1355 Shoreway Road
Belmont, CA 94002

$50.00 Minimum Order

Data Sheets - 50c each
For a FREE gO-Page cat alog send $2.00 to cover
f irst Class Postag e and Handling
© 1990 Jameco Electronics 12190

CA Residents Add
6.25%.6.75% or 7.25%. Sales Tax

Shipping - Add 5% plus$1 .50Insurance
(May va ry acco rornq to we ight and Shipping method)

Terms: Prices subject to change Without notice .
Items subject toavailability andpnorsale.
Complete list of terms.warranne s IS available upon request
IBM .s a registered tracem ao; of lnternat-onar BUSiness Macbmes

• Supports VGA, EGA. CGA, MDA and
Hercules modes . Comes with 256KB
video RAM upgradable to 512KB (eight
41464-80) • Capable of 640 x 480 with
256colors, 800x 600with16colors

RE9513 $449.95
Jameco 16-bit VGA Card

• Max resolution:720x 480
• Bandwidth:30MHz
•TilVSwivel base

VG2000 $149.95

CIRCLE 114 ON FREE INFORMATION CARD
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J E381 6 monitor extra

Jameco 16MHz 80386SX
Desktop Computer Kit

Includes:

• 80386SX Motherboard with
2MB RAM (expandable to 8MB)

• 101-key enhance d keyboard

• Multi I/O Card

• Toshiba 1.44MB , 3.5" DSHD
flo ppy disk dr ive

• Baby sized desktop case

• 200 Watt power supply

• DR DOS (Version 5.0) by
Digital Research and Diagsoft's
QAPlus diagnostic software



ADVERTISING INDEX
RADIO-ELECTRONICS does not assume any responsibil ity for errors that may appear in
the index below.

Free Information Number Page

JCI Standard Configuration:

JCI10 MHz 8088 System $ 399.00
• 10MHz Motherboard w/640KB RAM
• Math Co-Processor Socket
• One 5.25' 360 KB Floppy & Controller
• 101-KeyEnhanced Keyboard
• 150WaU Power Supply & Case
• MonoGraphics Card wi Parallel Port
• IT' Amber Monochrom e Monitor

• 1 MB RAM on board 0 Wait State
• Built-In RealTime Clock & Calendar
• Math Co-Processor Socket
• One 1.2 MB or 1.44 MB Floppy Drive
• 1:1 Hard I Floppy Disk Controller
• 2 Seria l, 1 Parallel, and 1 Game Port
• 101-KeyEnh anced Keyboard
• Deluxe Case wi200 Wau Power Supply
• MonoGraphics Card wi Parallel Port
• 12"Amber Monochrome Monitor

. 32
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. 79
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Xandi Electronics . ..-. . : '"" . . ... , 62

Viejo Publicat ions

WPT Pub lications

Unicorn ... . , , . , . , , .

Star Circuits.

Gernsback P ubl ic a t i o n s . Inc.
500-B B i-County B lv d .
Fa r m ingdale. N Y 1173 5
1-(516) 2 93-3000
Presid ent: Larry S teckler
Vi ce Presid ent : Cath y Steckler

For Advertising O NLY
5 16-293-3000
Fax 1-5 16-293-31 15
Larry Steckler

publisher
Arl i n e Fi shma n

adve rt ising di rector
Denise Haven

advert ising assistant
Christina Estrada

adver t ising associa te
Kelly M cQuad e

credit man ager

Subscriber Customer S ervice
1-800-288 -06 52
Order En try for N ew Subscribers
1-80 0-999-7139
7:0 0 AM - 6:00 PM M-F M ST

S A L ES OFFICES

EAST/SOUTHEAST
Stanley L evit an. Eastern Sales Man ager
Radio-Elect ron ics
259 -23 57th Avenue
Littl e Ne ck . NY 11362
1-718-428 -6037 , 1-516-293-3000
Fa. '1-718-225-8594

MIDWESTITexas/ A rkansas/O k la.
Ralph Bergen. M idwest Sales M anager
Radio -Electronics
540 Frontage Road-Suite 339
No rt hfie ld . IL 60093
1-708-446-1444
Fa. 1-708-446-8451

PACIFIC COAST/ Mountain State s
Marvin Green. Pacific Sa les Manager
Radio- Elect ronics
5430 Van Nu ys Blvd. Su ite 316
Van Nuys, CA 91401
1-818-986-2001
Fax 1-818 -986 -2009

ADVERT ISING SALES OFFICE

195

192 TEC I .. . " .,

181

182

183

123,180 Test Pro bes . .

225-228 Test Pro bes . .. .

78 Rad io Shack . .. ..

190,191 SCO Electronics . .

194 Sencore . .
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, . 100

· .. 89
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. ... 62
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. .. 94

.... .. .. .... . 5
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D&D Electronics , 77

Beckman Ind ustrial . . . . . , , . .. 14

Fluk e Manufactur ing. . . . . . CV2

Globa l Specialties . . , . , . , . . 12

Grantham College . . ... 56

Heathkit .. , . . . . . . . . , . , . , .. 29

How to Book Club . , . . . 7

Datak Corporation . . . 28

Deco Industries. . . 62

Electronics & Engineers B.C . . 82

Damark Internationa l . . . . .. 17

Banner Techn ical Books . . , 90

EKI . ... , . 37

B&K Precision . ... CV4

Electronic Goldmine . .. . , , " . . 94

ISCET .. . , . . . 8 1

Command Pro ductions . .

Contact East . . . . ..... 28

Chenesko Products .

CE I

eIE , . .. • ,

Alpha Products .. , .. .

Communications Specialists .. , . 79

AMC Sales

CompuServe . . .

All Elect ronics

Cook's Insti tute . 81

C&S Sales .

Amazing Concepts.

Ace Produ cts .

114 Jarneco . . ... <J8 .99

104 Jan Crysta ls . . , , ,89

178 J inco Co mputers . . . .. . .. . · . 100

King Wholesa le . . . .. . .. .. .. . . , 92

Lindsay Public ations .. , . , . 73

53 MD Electro nics . . .92

93 Mark V. Electronics . .. .93

61 Micro pro cessors Unltd . . , 87

NRI Schoo ls .. . . , . , . 18

186 Optoelectronics, . 39

56 Parts Exp ress , . .9 5

197 Photronics, Inc . . ... . 62

179 Probemaster . .. _. .. .3 1

121

189

176

196

127

198

177

86

185

187

184

55

58

188

67

98

108

75

107

193

77

109

70

One Year Parts & Labor Warranty
30 Day Satisfaction Guarantee

Shipping & Handling Extra
VISA & MIC add 3% Amex add 4%

Please Call For Custom Contiquratlons I

JCI12 MHz 80286 System $ 649.00

JCI16 MHz 386SX System $ 869.00

JCI 20 MHz 80386 System $ 1149.00

JCI 25 MHz 386 32K Cache $ 1495.00

JCI33 MHz 386 32K Cache $ 1850.00

JINCO COMPUTERS INC,
5122 Walnut Grove Avenue

San Gabriel, CA 91776
Tel: (818) 309-1108 - Fax: (818) 309-1107

GRA1 - ANTI GRAVITYGENERAmR 81000
w LC7 - 40WATT BURNING CUTTINGLASER $20 00
!i'i~RUB4- HI PO'NERPULSED DRILLING LASER . .$20.00
~ E' BTt5- 1MILLlDN VOLTTESLACOIL. . . . . . . 820.00
a:Ii; MCP1- HIVE LOCITY COIL GUN . 815.00
~:!: LLS1 - LASER LIGHT SHOW 3METHODS . . . $20.00
(I) EH1 - ELECTRONICHYPNOTISM TECHNIOUES $800
Z EML1 - LOWER POWERED COILGUN LAUNCHER $8.00
c::r:: Jl3 - JACOBLADDER 3 MOOELS . . 81000
...J SD5 - SEEINTHE DARK . . ._. . .810.00
a.. LEV1 - LEVITATIONDEVICE . . . . . . . .. . .810.00

ii! FMV1K - 3MILE FM VOICETRANSMITTER . . . . . . . . .$3450
S PFS1K - HAND CONTROLLED PLASMAFIRE SABER . .84950
;;: NIG7K - HI FWXNEGATIVEION GENERAmR . . $34.50

w iil: PG5K - PlASMA LIGHTNING GLOBE 84950
~ == LHC2K- VISIBLESIMULATED3 COLOR LASER $44.50
~~ HOD1K - HOMINGfTRACKING BEEPER TRANSMITTER .. 844.50
c;;2l LGU6K - 2.5MWHAND·HELD VISIBLE LASER GUN 8249.50
!;Ii g: BTt3K:"" 250,000 VOLTTABLE mp TESLACOIL 8249.50
(I) IOG2K- ION RAY GUN, project energywithout wires 8129.95
I- TKE1 K- TELEKINETICENHANCER/ELECTRICMAN $79.50
5i2 VWPM7K- 3 MILE AUmTELEPHONETRANSMITTER .. 849.50

C ASSEMBLEDINOUR LABS
W L1ST1D - INFINITY XMTR Listeninviaphone lines .. .. .8199.50
..... IPG70- INVISIBLEPAINFIELD BLAST WAVEGENERAmR$74.50
a::l ITM1D- 100,000VOLTINTIMIDAmRUpm 20' . . .. $9950
:E JAT3D - AUmMATIC TELEPHONE RECORDINGDEVICE .$2450
W PSP4D - PHASCR SONICBLAST WAVEPISmL .. . $89.50
(I) DNE10- ALL NEW 26"VIVIDCOLORED NEON STICK $74.50
(I) LGU2D- 5 ro lMWVISIBLERED HeNeLASER GUN . .819950
c::r:: BLS1D - 100,00 WATT BLASTER DEFENSEWAND . .... $8950

EASY ORDERING PROCEDURE· mLLFREE 1-800-221·1705
or24HRS ON 1·603-673-4730 orFAX ITm '-603-672·5406

VISA, MC,CHECK,MO INUS FUNDS.INCWDE 10%SHIPPING.ORDERS
8100.00& UP ONLY ADD810.00.CATALOG 8100OR FREE WITH ORDER.
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WithCompuServe, itsallatyour fmgertips.
When you become amember of
CompuServe, you join avital,
active community of over 500,000
friends and neighbors from all over
the world.

Small-town friendly. We
keep in touch with electronic mail
and faxes, and by posting messages
on our bulletin boards.We even meet
in forums to discuss everything
from science fiction to sharing
software, and to get invaluable
personal computer software
and hardware support. And that's
one of the best things about small
towns: people helping people.

Big-city opportunities. But
we can also shop coast-to-coast
at hundreds of nationally known
stores, and take advantage of a
world-class library. We have

access to the latest
national and interna

tional news. And our
special financial files
offer complete statistics

on over 10,000
NYSE,

AMEX, and OTC securities.
We can even trade online with

our local discount brokers.
And, just for fun . . .We've

also got games - everything from
trivia to TV-style game shows with

CIRCLE 184 ON FREE INFORMATION CARD

live entertainment to interactive
space and fantasy adventures.

We've got airline schedules,
so you can check out the bargains
and book your own flights online.
We even have listings from over
35,000 hotels.

It's not hard toget here. To
get to CompuServe, all you need
is acomputer and amodem. We'll
send you everything else, includ
ing a$25.00 Usage Credit. In most
places you'll be able to go online
with a local phone call.

To buy aCompuServe Mem
bership Kit, see your nearest
computer dealer. To receive our
informative brochure or to order
direct, call 800 848-8199.

Compuserve



Startsavingcash on yournext power supply purchase.
Compare features, performanceand price and you'llchoose
B&K-PRECISION. for a free Power Supply Selection Guide
or immediate delivery, contact your local distributoror
B&K-PRECISION.

B&K-PRECISION power supplies cost less than other
power supplies you may be used to buying, but to your circuits
they look identical. Your circuit will seeonly the samepure,
clean DC power that comes from the high-priced lines. You'll
see the savings.

B&K-PRECISIONbuilds DC power supplies for most bench appli
cations requiring up to 10 amps. All are'fully regulated with excel
lent ripple and noise characteristics. Some models feature digital
metering, multiple outputs, tracking and constant current operation.

f ront row left to right: Model 1660,$629,
Model 1610 $215, Model 1630,$315,
Model 1635 $36 5. Back rowtop.:Mode! 1601 $485,
Model 1646 $489; Bottom: M~~~6~~..~S l,Q .

, . '. CIRCLE 77 ON FREE INFORMATION CARD
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MAXTEC INTERNATIONAL CORP.

Domestic and Int ernat ional Sales
6470 W. Cortland se, Chicago, IL 60635
312-889-1448 • FAX: 312-794-9740
Canadian Sales, Atlas Elect ronics, Ontario


