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Introducing SCOPEMETEl
There's More Than One Reason to Reach for It.

FL.UKE ®

5 mVldivto100Vldiv

• Completely sealed against water,
dustand contaminants.
• EMI protected and measures

upto 600 volts rms.
• Rugged constructionwith

shock-resistant holster.
• Three-yearwarrantv

from Fluke.

Simply Easy.
• Intu itivefrontpanel layoutfor

simple, straightforward ope ration.
• Pop-upmenusand fivefunction

keysfor easy control.
• Autoset automatically sets voltage,
timeandtriggerfunctions.

• Safety-designed BNCconnectors
andprobessimplify floating
measurements.

Electroluminescent

~40 ns

Voltageor
Current Ramp

Serial

Average, VariablePersistence,
Min Max Record

Store andRecall10
Front Panel Set-Ups

Full Operation by
RemoteControl

Add, Subtract,
Multiply, Inve rt,
Filteror Integrate
Waveforms
Sinewaveor
squarewave

StoreandRecall 8 Waveforms

12 Measurements,
Displa 5 Simultaneously

By Numberof Cycles, Events, Time,
or Zoom Mode

25 Me asamples/second

ACor AC+DC upto600V(1700VPk- Pk)

Min Max AverageRecord, Relative(zero),
dBm, dBV, dBW,Audio Watts, % Scale,
Frequenc , Smoothin :' Chan eAlert"

Yes

Automaticall sets Volta e, TimeandTri er

U to2.8V

10ns/div to 60sec/div

3213 di its (>3000Counts)

1 mV/div to 100V/div

50 MHz Dual Channel

Goes Wherever You Go.
• Runs on rechargeableNiCad Batteries,

standard C-cells ortheincluded line
voltageadapter/batterycharger.

• Ad justabletilt-standcomes inhandy
asahanger, too.

• Compatiblewith awide rangeof
Flukemultimeter accessories.

@1991John FlukeMfg. co.. Inc. Ad No. 00075.

CIRCLE 121 ON FREE INFORMATION CARD

Set-UpMemory

Component
TesterOutput
Optically Isolated
RS·232-CInterface

Waveform
Processin

PrinterOut ut

WaveformMernor

Waveform
Mathematics

Signal Generator
Out ut

GlitchCapture

Backlit Dis la

DiodeTest

Volts/Division

Special Multimeter
Modes

Oscilloscope
Cursors

Digital Delay or
Pre·Tri er

Continuit Beeper

TrueRMSVolts
Multimeter Dis la

Bandwidth

Autoset

Time/Divlsion

Sam IeRate

Suggested
List Price

Double Duty.
• 50MHz digitalstoragescopeand

3000-count digitalmultimeterin
one heldheld package.
• Precision MinMax Record and

40nsGlitchCapture makeit easy
to troubleshoot intermittent failures.
• Simultaneous waveformand digital

display onabacklit screenyoucan
readacross theroom.

Infact, there'severy reason to reach forScopejseter'" Because onlyScopeMeter
combines the expertise of Flukeand Philips to bring youadual-channeldigital scope
along with everything you'vecome toexpect from Fluke digital multimeters.
The result: an integrated scope-and-multimeter that letsyou seeawaveformand
digital meter displayatthe sametime from the same input. Or switch between
dedicated high-performance Scope and Meter functions withthetouch ofa
key. That makes it faster and easier than ever tocapture, storeand analyze
precisely what you 're looking for.At apricethat looks good, too.
To getyour hands on aScopeMeter, contact your Fluke sales office oryour nearest

_ Flukedistributor. For.moreproductinformation , caIlJ-800-44:ELUKE. _

SCOPEMETER. Now there's only one to reach for.
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The 800-1000 MHz band of UHF

frequencies contains many signals
of interst to the shortwave and scan
ner enthusiast. However, many
scanner can't receive those frequen
cies. Our scanner converter re
ceives signals from 800-1000 MHz,
and outputs them at 400-500 MHz.
That allows you to monitor frequen
cies in the 800-1000 MHz range
using your 400-500 MHz scanner.
You can also use it to measure fre
quencies as high as 1000 MHz with a
500-MHz counter. To find out more -
about our converter, turn to page 42.
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• A $100.00 CIE TUITION
CREDIT CERTIFICATE
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e IS s school news~ap'er:

Electron". 24-Hour grading and unlimited
access to CIE's faculty is available on

an optional basis.
And best of all, when you

decide to continue your electro
nics education in any of CIE's
programs, you'll receive a
$100.00 CIE tuition credit
certificate.

All this knowledge and sup
port will put you on the road to
understanding digital electronics,
microprocessing principles,
computer systems, telecommuni
cations, and much, much, more.

..

All This For ODJV!

9.
ith OlE s patented AUTO

PROGRAMMED method of learning
you'll quickly learn and then master
the basics of electronics and electricity
and then move on to ... soldering
techniques, applica tions of Kirchhoff 's
law, voltage and power, printed circuit
boards ... and much, much, more.

Your commitment to CIE ends with
your payment, but CIE's commitment
to your success just begins when you
receive your lessons, exams , binder
and equipment. This specia l price
includes the benefits CIE normally
extends to its stude nts and graduat~s.. . -

~--
• Free Issue of "The Electron "
• Build yo ur personal burglar alarm
• Theory and hands-on training $

lessons and exams covering
"current and voltage " through
"printed circuit boards"

• CIE Bookstore privileges
• Patent learning method
• Electronic Bulletin Board privileges

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

Name: _

Street: Apt. # : _

BOOKSTORE
1776 East 17th Street
Cleveland, Ohio 44114

Total Merchandise: $99.50
Ohio Residents add 7% Sales Tax: _
California Residents add 6 1/2% Sales Tax: _
Total this order: _

Shipping and Handling Charges: $5.00

Method of Payment: Amount Enclosed : $"'-- _
o Personal Check or Money Order
o Master Card 0 Visa

Signatu re: _

[I ·e I CHARGE BY PHONE! [i'IJ [ vls·r I
9 AM to 4:30 PM Eastern Time;

1-800-321-2155 ext. 7302; In Ohio 1-800-523-9109 ext. 7302

1 ------

Card Expiration Date: _

A7302

C ity: _

State: Zip : _

Age: Phone (_ _ ) _

o Yes , send me CIE's Introductory
Electronic and Electricity Lessons

.and Equipment.



WHAT'S NEWS
A review of the latest happenings in electronics.
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Device for multiple
automobile air bags

Researchers at Sandia National
Laboratories CAlbuquerque, NM)
have invented a low-energy ex
plosive igniter that could make it
easier for automobile manufac
turers to install multiple air bags in
their vehicles . The device , called a
semiconductor bridge or SCB, re
quires much less energy than the
hot-wire igniters that are tradi
tionally usea in-air-oag systems-. -

During the rapid deceleration
caused by a crash, air bags are elec
trically ignited by a hot-wire device
in an explosive cartridge. As the de
vice heats, the sensitive explosive
material burns . A hot gas is pro
duced that enters the stowed air
bag and ignites a gas-generating
propellant, which then releases a
burst of nitrogen gas that quickly
inflates the bag. That entire process
takes place in just thousandths of a
second .

When designing air-bag systems,
a worst-case scenario of an almost

SANDIA'S SEMICONDUCTOR BRIDGE,
which cou ld be used in multiple air-bag
systems, is shown resting on a penny.
The penny's " C" letter give an indication
of the device's size.

depleted battery is used. In such a
case, one hot-wire igniter would
consume nearly all of the battery's
remaining voltage output-which
means trouble for systems incor
porating several air bags and ex
plosively activated seat belts.

The semiconductor bridge is
about one one-hundredth the vol
ume of a conventional hot wire, and
can be heated much faster and with
much less energy. Because SCB's

- are processed on a Silicon wafer, the
chip can incorporate extra circuitry
for logic, timing, and safety.

Multimillion dollar
interactive TVI satellite
contract

The introduction of nationwide in
teractive television is a step closer
with the signing of a multimillion
contract between TV Answer, a pi
oneer in real-time wireless Interac
tive Video Data Service CIVDS)
technology, and Hughes Network
Systems, Inc. CHNS), manufacturer
of interactive Very Small Aperture
Terminals CVSAT's). Pending FCC
approval, the TV Answer system
would allow television viewer to use
their TV's as communication de
vices to pay bills , order take-out
food , shop for groceries , do bank
ing transactions, and respond in real
time to game shows, TV shopping
shows, advertisements, polls , and
interactive news and educational
programs. In addition, it would serve
as a universal remote control, and
would provide on-screen TV sched
ules and VCR programming . The
system would work with cable , sat
ellite, and roof-top antenna systems
and is expected to cost about
$12 .95 a month .

Similar in structure to a cellular
phone network, the TVAnswer net
work relies on individual ce ll sites to
provide service to a market area
consisting of a maximum of 10,000
households. Each cell site includes
a VSAT two-way satellite dish earth
station that communicates with TV

TV ANSWER'S INTERACTIVE VI[
DATASERVICE would use Hughes
work Systems' satellite personal e
stations to provide direct transmlsi
paths between remote cell sites and
hub station.

Answer Headquarters via a Hug
satell ite , and a TVAnswer radic
ceiver/transmitter that comm
cates with TV Answer home ur
The data received via satellit.
transformed at the cell site in1
radio signal that is transm ittec
each home unit. Viewer respon
are relayed to the cell site and t
back to headquarters in the s,
way. There the responses are
cessed and appropriate collect
billing , and ordering activities
performed.

The January 10, 1991 FCC Nc
of Proposed Rulemaking propc
the allocation of Y2-M Hz of the n
spectrum-between 218 .00
219.00 MHz, which is the freque
on which TV Answer's system c
ates-for an Interactive Video [
Service. The action is expecte
be finalized , and technical s
dards and licensing procedure:
sued, by mid-1992 .

Under the initial phase of the <

tract between HNS and TV Ans
HNS will bu ild and install 1
VSAT units for use in cell site
enough to meet the projected I
year requirement. The initial pi
includes a $2 .1 million hub and
wo rk con tro l sys tem at TV An:
headquarters in Reston, VA. TV
swer estimates that a rninirrun
10,000 VAST units will be needE
provide nationwide coverage fe
techn ology.



You CAN ALWAYS SPOT
THE nCHNICIAN .0

DOESN'T USE nKTRoNIK.

Ifyou're sending techniciansand FSEsintothe field with equipment other than Tektronix

don't be surprised to discover some unusual tools in their service kits.

Signal flares,for instance. On the other hand,portable test gearfrom Tek gets technicians to the root of

theproblem long before theproblemgets to them. Everything fromoscilloscopes andspectrum analyzers tohandheld DMN

. Ps aresult, your customers will be back on their feet

happy for that. Not to mention awhole lot nicer to

in whatll seemlike no time at all. They'll t

workwith. For your employees' sake, get

touch withaTektronix representativetoday. Or keep an eye peeled for signs of distress. TALK mBK/1·BDD·42B·22D

03W-188149 Copyri ght<D 1991. Tektronix, Inc.

Tektronix
h stand Measurement

CIRCLE 190 ON FREE INFORMATION CARD



NEWS
Whats new in the fast-changing video industry.
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• Compact Disc-Interactive.
Philips has launched its CD-I inter
active audio-video multimedia sys
tem through 5000 stores, and first
reports indicated that the players
and discs were selling well. Philips
changed its mind about brand
name, and its first products were
issued under the "Philips" instead
of the "Magnavox" brand . The list
price of the player was dropped to
$1000 from $1400, but for all prac-

. ·t ical purposes,-players are selling at·
about $800, and discs from $20 to
$40. Using the theme, "the Imag
ination Machine," Philips plans ma
jor advertis ing campaigns for the
system throughout 1992. This is the
second multimedia CD system
aimed at the general public via at
tachments to TV sets , the first
being Commodore's CDTV (wh ich
stands for Commodore Dynamic
Total Vision). Other manufacturers
are competing with video and audio
CD-ROM systems designed as
computer per ipherals.

• Zenith moves TV. The last ma
jor American-owned TV manufac
turer will end color-TV manufacture
in the United States sometime this
year. Zenith Electronics announced
that it will start phasing out final as
sembly of sets in its Springfield,
MO plant when its union contract
expires on March 22. The company,
which has been losing money, ex
plained that price erosion has con
tinued in the TV industry and cost
cutting efforts haven't been suffi
cient, despite wage concessions by
its union in Springfield .

Zenith will move final assembly of
large-screen TV sets to its cabinet
plant in Juarez, Mexico. Its 19- and
20-inch sets are already being as
sembled in Reynosa , Mexico. Some
plastic molding and distribution op
erations will continue in Springfield .
Zenith will continue to operate its
large-picture-tube plant and head
quarters in the Chicago. The only
other American -owned TV as
sembler, Curtis Mathis Corpora-

tion, has a final assembly plant in
Athens, TX. Although the remainder
of TV manufacturers are foreign
owned, many of them continue to
assemble their large-screen color
TV's in the United States. The lead
ers are Thomson Consumer Elec
tronics (French-owned), which as
sembles RCA and GE sets in
Bloomington, IN , and Philips
(Dutch), which produces Magna
vox, Sylvania , and Philips sets in

.- Greeneville, TN .-Other final TV as· 
sembly is done in Huntsville, AL, by
Goldstar (Korean) ; by Japanese
manufacturers in Anaheim, CA;
JVC in Elmwood Park , NJ; Mit
subishi in Santa Ana, CA and
Braselton , GA; Orion in Princeton,
IN; Sanyo in Forrest City, AR; Sharp
in Memphis; Toshiba in Lebanon,
TN; and Sony in San Diego and
soon in New Stanton, PA.

• "Stereo" TV debate. As it
promised more than a year ago (Ra
dio-Electronics, March 1991), a
company called dbx Technology li 
censing has started a public-rela
tions campaign to inform the public
that if a television set doesn 't con
form with the FCC-backed stereo
TV system, it shouldn't be called
"stereo TV." However, Thomson
Consu mer Electronics, manufac
turer of RCA and GE brand sets,
has challenged db x, saying that
some of its sets contain a new sys
tem called "XS" and qualify as ster
eo even though they don 't use the
dbx noise-reduction decoding tech
nology that is officially part of the
Multichannel TV System (MTS)
stereo standard.

Although Thomson's higher
priced sets do use dbx decoding,
Thomson says that the XS sound
system, which uses phase shift to
process the sound, qualifies as
" stereo " even though little separa
tion between left and right channels
shows up in tests . dbx demon
strated test results that it says
shows that some RCA and GE sets
don't reconstruct the true sound

transmitted by the TV statk
Thomson retorts that its XS sys
sounds better than dbx in lo
priced sets. In addition to Thom
dbx Technology found that S(

Philips and some Sharp sets c
use dbx decoding in their str
systems. Both of those compar
which use dbx in some of their s
say they plan to add dbx across
board to all of their sets later
year. Since there is no official dE
.t ion of " stereo, ", the dispute is
pected to continue for some t
Stereo systems using various t~

of phase-shift techniques to
hance the "presence" effec
clude Q sound and SRS , the Ie
developed by Hughes Aircraft
being used tin some high-end
by Sony and Thomson as an adj
to MTS stereo . dbx says that's c
some people may prefer proce:
sound , but officially MTS soun
cludes dbx encoding and decor
therefore, saying that a set inch
"broadcast TV stereo" or "]
stereo" is mislead ing.

• TV for computers. For y
we've heard about the UpCOI
merger of TV and the computer
CD-I system is one aspect of
adding computer functions tc
TV set. Moving in the opposit
rection , IBM and others are ac
TV functions to the compute
March, IBM will offer a TV aCCE
ry for itsPS/2 computers. That
adaptor that permits the compi
keyboard to be used to select
among 70 TV channels as WE
the other normal TV function:
course, other video devices me
input as well, including lase
players or VCR's . The TV pi
may be viewed full-screen or i
ted in a window-there 's no
like watching MTV while workir
a spreadsheet! The IBM acce:
will carry a list price of $495, ~

may be cheap for a computer
on . But in TV-land, the same an
will be a 25-inch color TV set v
remote control.



Some Breadboards Cost Les!
Than PROTO-BOARD®brand

... . They Should.

.::::: ::::: ;:::: ::::: ::::: ::::: ::::: ::::: ::::: ::::: .
•• . ..r . • • • * ,* ... . .

\1
1
11111 11111!~ 111I1I1111 i! 1111111/11 j111111 1111111

!~ ~m: mH :! :n ~m ~ !! :~H~ ~1:~ i1!! nm :W ~ !!.. .......... .. ....... ......... ...... , ..

.. . .. . . ". . . .

.~ l

'nte
IJndlJ

comA031

GLOBAL SPECIALTIES
70 Fulton Terrace, New Haven. CT 06512
<D 1991 Interplex Electronics
All Global Specia lties breadboarding products
are made in New Haven Ct.

At Global Specialties" we make only one kind of The others, they arrive from Taiwan. With gOOI
breadboard, the very best, PROTO-BOARD® brand. reason, they are made cheaper! .
American made and guaranteed for life. So next time you consider a cheaper breadboard

Sure, save a few dollars today...buy cheap...but think twice. You'll need too, because even after you havi
remember, you only get what you pay for! Is it really worth worn out your second imported
it??? AskyourselLDotheyperformlike PROTO-BOARD® breadboard our PROTO
brand? Are they as reliable? Will they last like a PROTO- BOARD®brand would have still
BOARD®brand? been going strong.

How can we guarantee PROTO-BOARD®brand PROTO-BOARD® brand .
breadboard for life unconditionally? Because we control The breadboard you only buy
every step right in our New Haven factory , and because once. Now which one really
we are obsessed with quality. cost less?

That's why we mold our own plastic and stamp our PROTO-BOARD® brand
own precision contacts. We even designed our own breadboards and the complete
machine to assemble each breadboard to exacting stan- Global" line of test instruments
dards. Assuring every PROTO-BOARD ®brand is built to are in stock at fine electronic
perfection when it leaves our USAfactory.....backed distributors everywhere.

by our uncond~:'~::i::~a~;e •
Call Toll-Free GLOBAL
1·800·572·1028 SPECIALTIES®



Plus you now go on to work with today's most
popular integrated software package, Microsoft Wor:
learning to use its word processing, spreadsheet, dat
base, and communications utilities for your own pen
and professional applications. But that's not all.

Train the NRI way~ndlearn to
service today's computers as you build
your own 386sx computer system, now
with 1 meg RAM, 40 meg IDE hard
drive, and exciting new diagnostic
hardware and software!
Jobs for computer service technicians
will almost double in the next 10
years according to Department of
Labor statistics, making computer
service one of the top growth
fields in the nation.

Now you can cash in on this
exciting opportunity---either as a
full-time industry technician or in
a money-making computer service
business of your own-once you've
mastered electronics and computers
the NRIway.

NRI's practical combination of "reason-why" theory
and hands-on building skills starts you with the funda
mentals of electronics, then guides you through more
sophisticated circuitry all the way up to the latest ad
vances in computer technology.

Learn to troubleshoot an
service today's com uter
systems as ou bull a
386sx/20 mini tower
computer!

Train with and keep a powerful 386sx/20 MHz
computer system plus popular Microsoft®
Works software!

Only NRI gives you hands-on training with the finest
example of state-of-the-art technology: the powerful new
West Coast 386sx/20 MHz mini tower computer. As you
assemble this 1 meg RAM, 32-bit CPU computer from the
keyboard up, you actually see for yourself how each section
of your computer works.

You assemble and test your computer's "intelligent"
keyboard, install the power supply and 1.2 meg, high
density floppy disk drive, then interface the high-resolu
tion monitor.

Your hands-on training continues as you install a
powerful new 40 meg IDE hard disk drive-now included
in your course to dramatically increase the data storage
capacity of your computer while giving you lightning-quick
data access .

OnlyNRI,
you hands
training u
the remar.
R.A.C.E.R.
in diagnoi

.card and
QuickTecl
diagnostic
software f
Ultra-X
profession
state-of-th
diagnostic
that mahe
computer
troubleslu
fast and Cl

rate.



I City/StatelZip Accredited Member, National Home Study Council . 3-1L..: _

~Rt#
McGraw-Hill Continuing Education Cen
4401 Connecticut Avenue, NW I

Schools Washington, DC 20008 I

Age

For caree r courses
approved under GI I

o check for details.

D Computer Programming
D PC Software Engineering U~

D Desktop Publishing
D Word Processing Home Busi
D Paralegal
D Build ing Const ru ction
D Bookk eeping & Accounting

(please print)

IBM is a registered t ra demark ofl nternationnl Bu sin ess Machines Corp. R.A.C.l
QuickTech a re regi st ered tr ad em ar ks of Ul tra-X, Inc.

No experience needed ... NRI builds it in
NRI training gives you practical, hands-on exper
that makes you uniquely prepared to take adva:
tage oftoday's opportunities in computer servii

You learn at your own convenience in yc
own home. No classroom pressures, no night
school, no need to quit your present job unti
you 're ready to make your move. NRI start
with the basics, building on that foundatic
step by step until you have the knowledge
skills you need for success.

And all throughout your training y
got the full support of your personal NR
instructor and the entire NRI technical
staff, always ready to answer your ques
and help you achieve your training goa

FREE catalog tells more. Send to
Send today for NRI's big, free catalog t
describes every aspect ofNRI's innova1
computer training, as well as hands-on
training in other growing high-tech
career fields.

If the coupon is missing, write to:
NRI School of Electronics, McGraw-Hi]

Continuing Education Center, 4401 Connecticut Av
NW, Washington, DC 20008.

printer ports, serial communications ports, video display
memory, floppy drives, and hard disk drives .

Only NRI gives you such confidence-building, real-w.
experience. Only NRI gives you both the knowledge and tl

professional tools to succeed as today's in-demand compr
service technician.

~Check one FREE catalog only

D MICROCOMPUTER SERVICING
o TVNideo/Audio Servicing
D Telecommunications
D Industrial Electronics
D Security Electronics
D Electronic Music Technol ogy
D Basic Electronics
D Autom otive Servicing

SEND TODAY FOR FREE CATALOG

Name

Address

NOW! Training now includes Ultra-X
diagnostic hardware and software for quick,
accurate troubleshooting! .

Now you train with and keep the latest in
diagnostic hardware and software: the
extraordinary RA.C.E.R plug-in diagnostic
card and QuickTech diagnostic software,
both from Ultra-X. Using these state-of-the
art tools, you learn to
quickly identify and
service virtually
any computer
problem on XT,
AT 80286/80386,
and compatible
machines.

You discover how
to use the RA.C.E.R
diagnostic card to
identify individual
defective RAM chips, locate interfacing
problems, and pinpoint defective support
chips. Plus you learn to use your QuickTech
diagnostic software to test the system RAM
and such peripheral adapters as parallel

Your NRI computer training includes all this: • NRI's unique Discovery Lab" for circuit design and
testing • Hand-held digital multimeter with "talk-you-through" instructions on audio cassette • Di~
logic probe that lets you visually examine computer circuits • The new West Coast 386sxl20 MHz

computer system, featuring a high-speed 80386sx CPU, 1 meg R
!01-key ''intelligent'' keyboard, 1.2 meg high-density floppy

drive, and high-resolution monitor • 40 meg IDE hard driv
MS-DOS, GW-BASIC, and Microsoft Works software •
R.A.C.E.R. plug-in diagnostic card and QuickTech menu
driven diagnostic software • Reference manuals with
guidelines and schematics
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MOTOR SPEED CONTROLLER
I have a electric model boat

and I'd like to be able to control
the speed of the motor. The cir
cuit should be able to make the
motor go from very slow to very
fast without stalling. I've tried all
sorts of things but haven't had
any luck-particularly at low
speed. The motor is powered by
a 7.2-volt battery pack. Do you
have any circuits that can help
me?-A. Balsys, Howell, NJ

Electric boats aren't my thing but I
would have imagined that they all
had some way to vary the speed of
the motors. Oh well, you live and
learn.

Controlling the speed of a small
DC motor is something I've talked
about several times before but,
judging from the number of times I
get asked about it in letters and on
the phone , it seems a lot of people
are interested in the subject. There
are several ways to get the job done
and even some fairly inexpensive
commercial products that will do it
foryou .ln this case, particula rly with
such a low-voltage motor, there's an
easy circuit you can build that will do
the job and operate reliably for the
life of the motor.

The circuit I'm referring to is
shown in Fig. 1. Despite its apparent
simplicity, the circuit will drive the
motor over a range of speeds from
dead slow to full ahead (that's boat
talk, I think), without any stalling at
even the lowest speeds. The reason
it can do this is that the circuit works
by controlling the duty cycle of the
motor rather than, as in other con
trollers, the supply voltage.

Two of the inverters in the 4049
are set up as an oscillator whose
frequency is roughly dete rmined by:

F = 1/1.4RC
where R is the total value of the
potentiometer. The two diodes iso
late both the positive and negative
halves of the output frequency and
make the output waveform stick
close to a 50-50 duty cycle all
through its entire operating range.

The remaining inverters in the
package are all ganged together in
parallel to increase the output drive
to the transistor. While you can use
just about any inverter for the cir
cuit, the 4049 is probably the best
choice since it can handle more out
put current than other inverting gate
chips . Just make sure you pay at
tention to the fact that the power pin
on the 4049 is pin #1-a departure
from the other IC's .

t-e/~CUlr

IN"/,!

FIG. 1-THIS CIRCUIT WILL DRIVE a
small DC motor over a wide range of
speeds without stalling by controlling
the duty cycle of the motor rather than
the supply voltage.

Even though the schematic
shows the supply voltage to the
motor and the circuit on two sepa
rate lines, there 's no reason why
you can't use the 7.2-volt battery for
both of them . The battery is supply
ing a perfect voltage for CMOS
stuff like the 4049.

There's nothing critical about the
layout of the circuit and you can
build it using any technique you
want. In actual fact, it's such a handy

circuit you may want to genera
printed circuit board for it so you
easily use the circuit somewr
else.

WATCH THE SPEED LIMIT
I have an XT-compatible cc

puter and, while it works ~

fectly, it's turning out to be rm
too slow for some of the ne
software I want to use. Is it p
sible to speed up the camp'
by just changing the 14.1~

MHz crystal and are there lin
as to how much of a speed
crease this will give me?
Geeben, Hunter, IN

Before we get into this, I war
make sure you understand that
increase in speed you can get
this is going to be far outweiqhe
the amount of brain damage it te
to do it. The theory is great but
maximum speed of a motherbo
like an automotive engine, is a (
sequence of how it's desigr
They both have red-line number

At the most basic level, the p
on your motherboard were chc
to match the computer's origina
sign specifications. The memory
controller, interrupt controller,
DMA (Direct Memory Access) I

troller have maximum speed rat
and the ones in your computer"
pic .ed to match the speed of
board. The faster any chip 's sr
rat ing, the more expensive it
don't know who made your rno:
board but it's a safe bet that
parts on it are only as fast as
have to be.

Changing the crystal chanqes
board 's master clock and the r
you step on the electronic ace
ator, the closer you're going tc
to the point where these chips
get flaky and finally fail cornple
The point where that happens ii
termined by the speed ra
stamped on the chips and the
tails of the design of your mo
board .

Memory chips have a maxir
speed rating as well and it's us



John Denver for
~The National
~Arbor~Foundation

FREE INFORMATION PACKAGE call or write
Toll -Free 1-800-537-0589

Viejo Publications, Inc.
4470-"107 Sunset Blvd . # 600 .

Los Ang eles, CA 90027, Dept. I{EC

HUGE EXPANDING MARKET!
\\'ork fro m yo ur horn e - part-rim« or tul l-t inu

No prio r (lxppr ipnn' IWl' dt'd - t\ Vl'r,lgl' mech.inir.
<l hi l it y on ly n-quin-mc-nt tor your ~ 1I( ('(l-, ~ ! O ver ,
mi llion ccl ll 1C ordl' r~ in U-,l' - O vor :, million P'I)('( 1('
10 Ill' ....old ill ! t)<) 1 ,l lo n(' !

II i.... ,1 ':1Cl that fllt' \ ', 1.'>1 majorit\' of ( ,l lll ( orr k
m.ihunc ti on-, li ll ' liko VCR~! l ,lIl ' dUl' 10 .... impk- Ill(
chlJ1ic.llt.1ilur(' \V(' ca n .... how \"CHI ho w to (',,~i1 \·,i

tho ....e hn-akdown-, .ind l '.lrrl .lI1 .l\'p r.lgp of SWi.()Oi l l
wh ik- w o rk ing .11 homo:
Get In N ow - S""" (,le U orr]..r-,wil l lx: lik.. VCR
i.t-.. Olll' in .ilmo .... t ovr-r v hom e,
FOI cl cl l l1lco rd prc lp,lIl i ll g [nh you Ctmo.im $ bS. ()(l f(
k-.... .... th.u: Hl m ill ul(' .... w o rk.

f()!' .l ( .IIl l<. orde-r repair [ob VOl! ('.111 (',l rrl over $ I ()().{)(

We're talking about doing a good
deal of work here and the possible
rewards are really minimal. A 50%
increase in speed may sound like a
lot but you'll find that the practical
effects are just not all that notice
able. A much better solution to the
whole problem is to buy a new
motherboard that's been designed
from the ground up to run faster
than the one you have now. R-E

.,.--. Earn up to
$30 an hour
and more!

-~ ;:0~;'1:i.;;~~~;I,
';iff) .Learn athomeinspare time.

~:iIJ"'--..,..-r-",z , 'Ft Noprevious experienceneeded!

No costly school. No commuting to class .
The Original Home-Study course prepares
you for the "FCC Commercial Radio
telephone License."This valuable license is
your professional "ticket" to thousands of
exciting jobs in Communications, Radio
TV, Microwave, Maritime, Radar, Avionics
and more . .. even start your own business!
You don't need a college degree to qualify.
but you do need an FCC License.
No Need to Quit Your Job or Go To School
This proven course is easy. fast and low
cost! GUARANTEED PASS-You get your
FCC License or money refunded. Send for
FREE facts now. MAIL COUPON TODAY!r----------------------,
I COmmanD PRODUCTions I
I FCC LICENSE TRAINING, Dept. 90 I
I P.O. Box 2824, San Francisco, CA 94126 I
: Please rush FREE details immediately! :
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I ADDRESS I
I CITY STATE ZIP I
L ~__~J

problems. My guess is that the
most you 'll be able to get is a 50%
increase in speed . If you want to be
able to format disks, you have to
supply the computer with the origi
nal frequencies so don 't get rid of
the or iginal crystal. Probably the
easiest way to do that is to have
both the crystals on the mother
board and use a switch to select
one or the other.

"Plant a tree today
for all the world to share"

Y ou can make life bett er for your children
and for the future. Join me and plant a tree
today for all the world to share.

For your free brochure,write:
Trees for America,The National
Arbor Day Founda tion,

"Q1hn~~~t:~,...,.,. .., Nebraska City, NE 68410.

stamped on the top of the IC right
after the chip number. A suffix of 20
means 200 nanoseconds, 15
means 150 nanoseconds, and so
on. If the only crystal on your moth
erboard is a 14.31818-MHz one, it's
more than likely that your computer
is running, like the original IBM PC,
at a speed of4.77 MHz . This means
that your motherboard can operate
with memory as slow as 200 nano
seconds. If that's what you have in
your machine, you don't have much
of a chance of upping the system
speed and still maintain much in the
way of reliability.

It's possible you can overcome
these problems if the design of your
motherboard- incorporates enough
wait states to do things like memory
refresh and other housekeeping
chores at an increased speed. But
there 's still another problem that
has to be considered .

There are two clock frequencies
at the expansion slots and most of
the cards you plug into the mother
board are designed to expect the
two clocks to be in a particular fre
quency range. Pin #B20 is known
as the CLK and on your motherboard
it's probably a buffered version of
the 8088's clock frequency-4.77
MHz . That frequency can be higher,
and you'l l frequently find that it's as
high up as 8 MHz .

The second frequency is the one
that can cause you a problem. In the
original PC Cof which yours is a
clone) , pin #B30 was a buffered ver
s ion of the crystal frequency
14.31818 MHz . That has remained a
standard, even up to this day. Mea
sure the frequency at that pin on the
latest 33 -MHz 486 motherboard
and you'll find 14.31818 MHz. When
you change the crystal on the
board, you'll also be changing both
frequencies at the expansion slots
which can cause a problem with
some cards that use the two clocks .

The biggest problem will come
with floppy-disk controllers since
they use those clocks for writing to
the disk. Even if you somehow avoid
the problem, it's a guaranteed fact
that you'll have problems formatting
disks.

Keeping all this stuff in mind, you
can start experimenting with higher
frequency crystals to see how far
you can go before you have major
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LETTERS
Write to Letters, Radio-Electronics, 500-B Bi-County Blvd., Farmingdale, NY 11735

14

VEHICLE GENERATORS
AND REGULATORS

Radio-Electronics and its
predecessor, Radio-Craft, have
given me much pleasure for 50
years . Robert Grossblatt's articles
have been favorites , but he fel l off
the track with his comment, "... (ve
hicle) generators and the regulators
that contro l the curre nt they pro
duce are a rea lly st upid cha rging
system ..." (Drawing Board, Ra
d io -Electronics, December
199D.

Low -cost , high-c urrent si licon
rect ifiers that made the superior al
ternator available were not de
ve loped until after the transistor
was invented in 1947 . There hap
pened to be a lot of high technology
before that. Radio, TV, computers ,
and auto mobiles all pre -date the
benefits brought by advanced so lid
sta te devices . As I recall , sub
marines, Rolls Royce automobiles,
and high-speed aircraft all used gen
erators, and the electromechanical
voltage regulators they required . I
don 't believe the word " stupid "
characterizes that use .

I suspect the author was just try
ing to inte rject some lightn ess
which is all right with me-but his
description of the operation of the
older voltage regulator is incorrect.

The generator's field current was
modu lated by a voltage-sensing re
lay that inserted various values of
resistance in the field circuit, not the
output lead. The varying fie ld cur
rent would then cause the output
voltage to remain at the desired val
ue. The relay was also designed to
sense the ambient temperature and
change the gene rator-charging volt
age according ly. The voltage reg
ulator case usually contained a
current-limit ing relay to protect the
generator from over-load, and a re
verse-current relay to prevent the
battery from discharging through
the generator windings when the
engine was not running.

These latter two functions were

not needed in the alternator, but
when they were first installed in new
cars , there were no low-cost, high
current transistors developed that
could operate at the high-tempera
tures in the eng ine compartment.
So the same old electromechanical
vo ltage regu lator that had been
used for 40 years was used again
with the new alternator!

The rest of Mr. Grossblatt's art i
cle was well done and informative,
as usual. I just didn't want to read
your fine magazine for the next 50
years without contributing to its
tech nical excellence!
GEORGE W. HAILS
Arlington Heights, IL

TESLA COIL IMPOSTORS
I have been tempted several

times in the past to write to various
magazines after the appearance of
certain articles on the construction
of Tesla coils . Don Lancaster's com 
ments on the Tesla coil (Hardware
Hacker, Radio-Electronics, Oc 
tober 1991) finally pushed me to fire
up the word processor.

I agree that many "Tesla" coi ls
are essentially nothing more than
glor ified step-up transformers . The
Tesla coi l, however, is meantto gen
erate its high-frequency high vo lt
age by tak ing advantage of the
special properties of the resonant
(quarter wavelength) transm iss ion
line (a lso known, somewhat eso
terically, as the Ferranti effect). It
can be shown that the voltage
amplitude V, at the unloaded end of
an ideal G.e ., loss less, uniform, etc .i
quarter wave length transmission
line driven by a sou rce of resonant
voltage of amplitude Vs - and of im
pedance Zs at the resonant fre
quency (assumed real for notational
simplicity) is V = (ZoIZsN s , where
Zo is the characteristic ' impedance
of the line. This is different in numer
ous ways from the standard voltage
multiplication of a transformer, as it
should be; these are quite distinct
physical phenomena.

Althoug h the physics of the t
former is pretty amazing, wh
more impressive is that a win
more properly, a transmission
may itself act as a " t ransforms
great experiment that shows tl
the construction of a mock t
mission line using discre te COl

ne nts to m o d e l (mo ck)
distributed paramete rs of a
t ransmiss ion line.

In reality, a Tesla coil impos:
pretty easy to spot. It wi ll suffer
a variety of maladies, some of v
include improper magnetic cou
(making it a transformer instea
propaga ting transmission line) ;
marked insensitivity to resonar
quency tuning. Generally, evel
most heinously constructed "
coils" wi ll generate hefty att er
grabbing sparks, but they are I

missing the "magic and myster
the physics of the resonant line
makes it a true Tesla coil.
MATIHEW KLEJWA
Schaumburg, IL

HERE'S TO HOW-TO ARTICL
I'm writing in response to

Fu n k ' s le tt e r (Rad i o-E I
tronics, April 199 1) titled '"
Hack Attack ." It might be true t
you add up all the component
quired for a home-built cornj
system" the final price tag will c
close to a dea ler-bought sys
However, there are quite a few
pie in this world who cannot a
to shell out over $ 1000 at one '
but who can afford to do it piec
piece . It's a lot easier to spend
or $50 at a time than it is to s;
$1000.

And how can you put a pric
your time when you are learninc
to build something as usefu l
computer system? How mut
your time worth when you sit
watch television?

Please keep pub lishing t l
how-to articles!
JOHN CU LLIVAN
Niles, OH
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The world's smallest 12-band receiver.

Includes digital clock,
travel alarm, headphones,
deluxe t ravel pouch,
and Grundig guide book.
Measures approximately
31f2" x 55/s" X 1114" and
weighs a mere 14 ounces! .
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The world is at your fingertips with...

The GrundigWorldBandReceiver
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80' Exp. Date

PLEASEPRINT CLEARLY

CALL TOLL-FRE E: 1-800-367-4534
Ext. 623-165

(All orders subject to scceptmce.]
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Please send me __ Grundig RK-709
World Band Receiver(s). For each receiver,
charge 4 installments of$41.63* to my
credit card:

DMasterCard DVISA
DDiscover DAm. Ex.

Don't be confused by other 4, 5, 7, or 9
band radios. Grundig's RK-709 is today's
best buy on a real 12band receiver.

You don't have to pack
a travel alarm, either.

You won't need it - this is better. The
RK-709 wakes you with the radio or
its ingenious "Humane Wake System"
- the tone begins softly and gathers
volume until you wake up ! The digital
alarm clock featu res a sleep timer that
turns off the radio 10 to 60 minutes
after you turn in!

Only$159!
Payable in monthly installments.

The Grundig RK-709 is only $159
(plus $7.50 shipping/handling),
payable in convenient monthly credit
card installments. Includes deluxe
carrying pouch and stereo headphones.
One year warranty, 30 day money back
guarantee. O rder today.

Anno uncing a revolutionary break-
50' through in world-band radios...from

Grundig, the leader in German short
wave electronics. T his miracle of
miniaturization is not sold in u.s.

60' stores or catalogs- only Willabee &
Ward has it!

Tune in to events around the globe.
Th e RK-709 is the world's smallest 12
band receiver-AM, FM , FM Stereo
(with headphones, included), and nll 9
major shortwave bands. Small enough
to fit into a pocket, briefcase, or purse,
yet big on features. Telescoping
antenna pulls signals from anywhere in
the world. Listen to legendary BBe
newscasts- the best in the world.
Hear what R adio Moscow is saying
about Gorbachcv; Yeltsin, and President
Bush. Listen to the Voice ofAmerica
when you travel abroad. Follow a crisis
or breaking story wherever you are

100' and no marter where it's happening:
Baghdad, Panama, Beijing or Tokyo .

CALL TOLLFREE: 1-800-367-4534 Ext. 623-165 Phone orders nonnilly shipped next business ch)"
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Most multimeters are
ready to use

right out of the box
but not the Kelvin 100K.

If we were to tell you that this
review is about an inexpensive
multimeter, you'd probably be in

clined to turn to the next page. After
all, multimeters are as common to
day as silicon chips , and the fea
tures found on inexpensive ones
have been around for years . So
what can we tell you about the
Kelvin TOOK digital multimeter that
you couldn 't already guess? The an
swer is that it's available as a kit.

The Kelvin TOOK (Kelvin Elec
tronics, 7 Fairchild Ave., Plainview,
NY 11803) comes with a PC board
and all parts that mount on it, a case
with a backstand (that 's always
handy), a pair of test leads, an
owner's manual, an assembly man
ual, an extra fuse , and even a 9-volt
battery, all for $29.95 . The 100Ks
features include a 3Y2-digit LCD ;
DC ranges of 2, 20, 200, and 1000
volts; AC ranges of 200 and 500
volts; res istance ranges of 200
ohms, 2K, 20K, 200K, and 2
megohms; and DC current ranges
of 2 mA 20 mA 200 mA and 10
amps . There's no provision for mea
suring AC current.

The TOOK also hosts a diode test,
a low-battery indicator, and a battery
test-a handy feature for a general
purpose multimeter. In the " batt ery
test " mode, the meter will display
the voltage of any 1.5-volt battery
under a 100-mA load or the voltage
of any 9-volt battery under a 6-mA
load.

It's likely that not too many experi-

enced kit builders will be interested
in building the TOOK, mainly because
they almost certa inly already own a
multimeter. However, the TOOK kit is
perfect for any beginner in elec
tronics or a child who's old enough
to attempt soldering-especially a
kid who 's always playing with his
dad's multimeter!

The assembly manual is par
ticularly well-suited for a classroom
environment, as it reads like an elec
tronics lab manual ; parts are in
stalled a small group at a t ime ,.
alternating with precautionary cir
cuit checks, explanat ions of how
each section of the circuit works,
troubleshooting tips, and various
quizzes on what has been covered
so far.

Experienced kit builders may ac
tually find the assembly manual
somewhat irritat ing , because the
sections in which components are
installed are scattered throughout a
lot of other explanatory paperwork.
Remember though , that the kit is
aimed at beg inners. But this is
where the kit's one flaw emerges:
the assembly manual contains more
than just a few typographical errors.
A seasoned kit builder should be
able to overcome these problems
but they may be very confus ing to
the beginner. Let's go over the as
sembly manual and point out any
problems we encountered.

The manual starts out with an in
troduct ion to the meter and a table
listing all of its specifications. A

schematic of the meter's cin
and a parts list follows. Diagrar
all of the parts are provided to
you quickly identify everythir
parts-placement diagram is ne:
though the PC b o a r :
silkscreened with all of the co
nent designations as well. AI~

eluded are charts to help
identify resistor values by their
codes and capacitor values by
numbering . Pinout diagram:
provided, of the 3Y2-digit LCe
7106 AID converter, and the (
XOR gate used in the meter.The
brief discussion on proper sold
techniques and the proper har
of IC's. A list of all tools need
build the meter is also given. C
theory is the last thing to be COl

before the actual assembly c
board begins .

In the first assembly proce
certain resistors and capac
must be soldered to the PC b
and some might find this step
fusing . You are instructed to i
C14, 10 nF, and C16, 0.01 f.LF
the two capacitors are actuall
same value. And the fact tha
parts list shows capacitors C1·
C16 to be "0.0 f.LF" only adds t
confusion .

Next you have to install the 4
7106 IC so that the AID cin
can be tested out, which als
quires the temporary installati
the battery clip, the LCD, an,
rotary knob. The LCD and knc
quire a bit of sub-assembl ing b
attaching them to the meter,ar
some reason the sub-assernt
structions are found much fe
on in the manual. The asseml
agram shows the back of the I

knob as having six plastic tabs
which you are to snap on six
co ntact clips-but the knol:
came with our kit had seven
After putting the clips on th
outermost tabs, the AID se
seemed to work just fine.

For the voltage-reference c
continued on pe;
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This Offer Can't Last

Reg. Price, $25
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Handi
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Model 3000 ,

$375. and
Bench Model

8030 , $579.
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frequency ,
period, ratio

and time
interval.
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Call for free catalog - Factory Direct Order Line:
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• Full range -10Hz to 3GHz.
• LCD display (daylight visibility) .
• True state-of-the-art technology with the

high speed ASIC.
• NiCads & Charger included.
• Ultra-high sensitivity. • 4 gate times.
• Extruded metal case . • Compatible with MFJ207.

Suggested options
TA100S: Telescoping Whip Antenna $ 12.

CC30 Vinyl Carry Case $ 14.

BL10: LED Backlight... $ 15.

BL28: EI Backlight for use in roomlight and
low light. $ 45.

BG28: Bargraph Signal Level Indicator $100.

TCXO 30: Precision ±0.2ppm 20 to 40°C temp.
compensated time base $100.

5821 NE 14th Ave. • Ft. Lauderdale, FL 33334
5% Ship/Handl ing (Max. $10) U.S. & Canada .
15% outside continental U.S.A.
Visa and Master Card accepted .
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WHY CHOOSE CIE FOR YOUR TRAINING?
• 150,000 successful graduates from every country around the world.

• Only CIE rewards you for fast study. CIE offers an Associate Degree
program based on actual study time used. The faster you complete your
degree the less your overall tuition.

• State-of-the-art laboratory equipment is yours to keep and it comes
assembled, ready fo r hands-on experiments.

• Approved for educational benefits under the G.1. Bill for veterans and other
eligible persons.

• Upon graduation, CIE offers free preparation to pass the Certified
Electronics Technician Exams.

A E3 2

1111:;E!I3

Phon e No. ( _ _

Check box for G.I. Bulletin Benefits
D Veteran D Act ive Duty

FINANCIAL AID AVAILABLE TO
QUALIFIED INDIVIDUALS.

SEND TODAY FOR YOUR CIE COURSE
CATALOG AND WE'll SEND YOU A
FREE 24 PAGE CIE ELECTRONICS
SYMBOL HANDBOOK!

core lessons applicable to all areas of
electronics. And every CIE course you
take earns you credit towards comple
tion of your Associate in Applied
Science Degree. So you can work
toward your degree in stages or as
fast as you wish. In fact, CIE is the
only school that actually rewards you
for fast study, which can save you
thousands of dollars.

••••••••••••••
• 0 YES! I want to get started.
• Send me my C1E school catalog includ-
• ing details about the Associate Degree
• Program. (For your convenience, CIE
• will have a representative contact you -

there is no obligation.)•• Name: _

• Address: _•• City: State: _

•• Zip : Age : _

•••••
• CLEVELAND
• INSTITUTE OF
• ELECTRONICS
• gZ~e~~~_ 1J~~oSJ~~~~ A sc:o~~~:zr:
• (216) 781-94 00 Since 1 93 ~ .

••••••• • • •••••

PERSONALIZED
TRAINING....TO MATCH YOUR
BACKGROUND.
While some of our students have a
working knowledge of electronics
other, are just starting out. That's
why we've developed twelve career
courses and an A.A.S . Degree program
to choose from. So, even if your not
sure which electronics career is best
for you, CIE can get you started with

LEARN BY
DOING...WITH
STATE-QF
THE-ART
FACILITIES
AND
EOUIPMENT.
In 1969, CIE

pioneered the first Electronics labora
tory course and in 1984, the first
Mircoprocessor laboratory course.
Today, no other home study school
can match C1E's state-of-the-art equip
ment and training. And all your
laboratory equipment, books, and
lessons are included in your tuition.
It's all yours to use while you study at
home and for on -the -job after
graduation.

CIE PROVIDES YOU WITH A
LEARNING METHOD SO
GOOD, Irs PATENTED.
nF'.~ Auto-programmed lessons are a
proven learning method for building
valuable electronics career skills. Each
lesson is designed to take you step-by
step and principle-by-principle. And
while all CIE lessons are designed for
independent study, C1E's instructors
are personally available to assist you

with just a toll
free call. The
result is practical
training ... the
kind of experi
ence you can put
to work in today's
marketplace.

[ f you want to learn about electron
s, and earn a good income with that
10wledge then C1E is your best
fucational value.

CII'!'s reputation as the: world
-ader in home study electronics is
ased solely on the success of our
raduates. And we've earned that
eputa t io n with an unconditional
ommltment to provide our students
,ith the very best electronics
·ain ing .

Just ask
ny of the
50,000-plus
raduates of
le Cleveland
rstttute of
lectronics
/ho are
lorking in
,igh-pay ing
.ostt io ri s with
erospace,
omputer,
nedical,
iu t o rn o t ive
md communi
ation firms
hroughout the
vorld.

They'll tell you success didn't
:om e easy... but. it did come.... thanks
o C1E. And today, a career in elec 
ronics offers more opportunities and
jreater rewards than ever before.

:1E's COMMITTED TO BEING
fHE BEST... .IN ONE
I\REA....ELECTRONICS.
:IE isn't another be-everything-to
everybody school. We teach only one
subject and we believe we're the best
at what we do. Also, C1E is accredited
oy the National Home Study Council.
And with more than a 1,000 gradu
ates each year, we're the largest
home study school specializing
exclusively in electronics. C1E has
been training career-minded students
like yourself for nearly 60 years and
we're the best at our subject .....
ELECTRONICS ... BECAUSE IT'S THE
ONLY SUBJECT WE TEACH!
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DIGITAL MULTIMETER. The
latest edit ion to Hewlett
Packard's line of digital mul
timeters is capable of mea
suring up to 1000 volts with
6Y2 digits of resolution and
1000 readings per second .
By providing the capacity
to go through 50- range/
function changes per sec
ond, the HP 34401A has
ten times the throughput of
other digital multimeters in
its class.The instrument of
fers basic 24-hour DC ac
curacy of 0.0015 percent,
and the best AC accuracy
and widest AC bandwidth
in its class , according to
Hewlett-Packard.

Designed for system
and bench applications, the
HP34401A can be incorpo
rated into existing systems
with no changes in soft
ware , and includes such
system DMM features as
dB, null , diode test, and
continuity. HP-IB and
RS-232C interfaces are
standard. In addition, it pro
vides limit test, minimum/

CABLE/TV SIGNAL LEVEL
METER. Designed for mea
suring performance levels
during system con
struction, installat ion, and
maintenance , Leader in
struments' Model 951
CATV signal -level meter
can be used by the broad
cast-TV, FM , MATV, and
CATV industries. It has an
auto-scanning feature that
selects 32 channels en
countered and displays
measurement results that
are auto-ranged and auto
scaled for storage to (or re
call from) four groups of
eight channe l-bargraph

maximum testing results ,
storage of 512 readings ,
automatic-read ing hold ,
auto-ranging, disp lay up
dating , and almost in
stantaneous continuity
readings.

The easy-to-use front
panel was designed in re
sponse to extens ive user
testing , and a menu feature
allows the user to easily
modify secondary func 
tions . An optiona l strap-on
pouch can carry the power

data registers. Users can
also select and store four
memory-scans of picture
and/or sound carriers , and
measured results . Single
or multi -channel. displays
can be selected, using dig
ital readouts and analog
bargraph indications on a
large, backlit, supertwisted

CIRCLE 17 ON FREE
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cord, interface cables , test
probes, user and service
manuals, and other ac
cessories . The carrying
handle and bumpers can
be removed for rack in
stallation .

The HP 34401A digital
multimeter has a U.S. list
price of $995 .- Hewlett
Packard Company, Love
land Instrument Division,
P.O. Box 301, Love land,
C O 80539; P hone:
1-800-538-8787.

LCD readout. The Model
951 provides continuous
frequency coverage from
48 to 870 MHz. It features
EEPROM look-up tables
for picture and sound car
riers in broadcast VHF,
UHF, and CATV standards
of 16 co unt ries. The bat
tery-powered (8 " 0" -size
cells) unit measures
8.4 x 4.75 x 7.9 inches and
weighs just 10.5 pounds .
An optional RS-232 inter
face allows data to be
downloaded to a printer or
computer.

The Model 951 Cable/
TV signal-level meter costs

$1695 .-Leader Inst
ments Corpora tion, 3
Oser Avenue, Hauppau
NY 11788; Pho r:
1-800-645 -5104 <in t
516-231-69000).

SCHEM ATI C DR AW I I
SOFTWARE. Developed
hel p eng ineers , tech
cians, and hobbyists I

sign and draw electro
circ uits on -scree
AutoSkem CAD Vers
1.4 produces a high-qua
printout, eliminating 1
rough hand-drawn sket

~ -& o- ~ <t: .IE. . . .
1> ! ~ D ~. .
J~ ..J;...

~
~

~
-j. . ,

~ -:- ~I§ ~ % ~. . .
D D *. .

SYMBOLS
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Drawings can be c:
structed using lines, tE
and symbols . A softwan
brary of more than 50 ~

defined electron ic s)
bois , logic gates , op-arn
transistors, diodes , cc
etc ., is included. Users I

create their own syrnt
and organize them into
unlimited number of lib
ies of up to 100 syrnt
each. Text can be rota
and scaled to five sizes
fore being placed in a dr
ing. Vers ion 1.4 featu
improved graphics c
drawing features for E
and VGA systems; "r
ber-band ing " for draw
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HITACHI COMPACT SERIES SCOPES
This series provides many new functions such as CRT
Readout, Cursor measurements (V-1085/1065A/665A), Fre
quency Clr. (V-l085), Sweeptime Autoranging, Delayed
sweep and Tripper Lock using a s-inen CRT.You don't lee l
the compactness in terms of pertormance and operation.

V-660 - 6 0MHz, Dual Trace $1,149

V-665A - 60M Hz, DT, w/cursor __ $1,345

V-106 0 - 100M H z, Dual Trac e__ $1,395

V- 106 5A - 1DOMHz , DT, w/c u rsor _ $ 1,649

V- 1085 - 100MHz , QT, w/curso r _ _ $ 1, 995
V-110OA - 100 M Hz, Q u ad Trace __ $2,195

V- 115D - 150MHz, Q uad T ra c e __ $2,695

05203
$795

SPECIAL BUY
V-212 - 20MHz Scope $425

Hitachi Portable Scopes
DC to 50MHz, 2-Channel, DC offset func -

tion, Alternate magnit ier function

V-525 - C RT Readout, Cursor M eas . $9 95

V-523 - Delayed Sweep $975
V-522 - Basic Model $875
V-422 - 4DMHz $775

V-223 - 2 DM Hz d elayed sw eep _ ' _ $69 5

V- 222 - 20M Hz d eluxe $625

Hitachi RSO Series
(P orta ble Real -time Dig it al Storage Oscil loscopes)

VC-6 D23 - 2 DM Hz, 20MS/s $1, 695
V C-6 024 - 50M Hz, 20MS/s $1,995
V C -6 025 - 50MHz, 20MSis $2,1 95
V C -6 045 - 100MH z, 40M S/ s $2,9 95

VC-61 4 5 - 100MHz, 1OOMS/s __ $4,495
RSO's from Hitachi feature roll mode, averaging, save
memory, smooth ing, interpolation , pretriggering ; cursor
measurements, These scopes enable more accurate ,
simplier observation of complex waveform s, in addition to
such functions as hardcopy via a plotter interlace and
wavefo rm transfer via the RS-232C interlace . Enjoy the
comlo rt of analog and the power to digital.

25MHz Elenco Oscilloscope
$349
S·1325 20MHz Digital Storage O scilloscope

• Dual Trace • AnaloglD igital Scope
• 1mV Sensitivity • 2K word per channel memory

• • 6" CRT • 1OMSls sampling rateI .X-Y Qperation • State-of-art technology
\""qoo---:~I['~~::: .:-'; .J I • TV Sync • Includes probes

- . (2) 1x, 10x Probes included '-----------------' • Includes (2) 1x, 10x Probes
All scope s include probes, schem atics , operators manual and 3 year (2 yrs for Elenco scopes) world wide warranty on parts & labor . Many accessories available for all Hitachi
scop es. Call or write for complete specifications on these and many other fine oscilloscopes. I X, lOx Scope Probes: P-I 65MHz $ 19. 95 , P- 2 I OOMHz $26.95

FLUKE
MUL TIMETERS
A ll Model s Av a ila b le

Fluk e 70- 11 $65

F lu k e 77- 11 $145

Fl uke 79-11 $ 169

Fl uke 87__' $289 :

C all for special price

True RMS 41/2
_ - Digit Multlmeter

M·7000

$135
.05% DC Accuracy

.1% Resistance
with Freq. Counter

and Deluxe Case

M ulti meter with

Capacitance 8<
Transistor Tester

$55 CM·1500B
ReadsVolts, Ohms

Current, Capacitors,
Transistors and

Diodes I with case
Big l' Display

AM/FM Transistor
Radio Kit

with Training Course

Model AMlFM 108

$26.95
14 Transistors + 5 Diodes

Makesa great schoolproject

XK·500 Digital I Analog Trainer
A complete mini-labfor building, testing, prototyplng analog and digital circuits
Elenco's Digital / Analog Trainer is specially designed for school projects, with 5 built-in power
supplies. Includes a function generator with continously variable, sine, trianguiar, square wave
forms. All power suppliesare regulated and'protected against shorts.
Power Supplies
• Variable Power Supply
• +1.25 to 20VDC @ .5 Amp

(11.25 to l 5VDC @ 1 Amp)
• -1.25 to -20VDC @ .5 Amp

(-1.25 to -15VDC @ 1 Amp)
• +12VDC @ 1 Amp
• -12VDC @ 1 Amp
• +5VDC @ 1 Amp
• 30VAC Center tapped @ 15VAC

@1Amp
Anelog - Section
• Function Generator Sine, Triangular.

Square wave forms

• f:~~u:~~ ~g~~~able in live ranges

• Fine frequency adjust
• Amplitude adjust
• DC ollset
• Modulation FM-AM
Digit al - Section
• Eight data swlches
• Two no bounce logic switches
• Eight LED readouts TTL bulle red
• Clock frequency 1 to 100KHz
• Clock amplitude 5VPP square wave
Breadbo ard s
.2 breadboards, each contain:

840 tie points (total 1.680)

Digital LCR Meter

LC·1801

$125
Measures:

Coils 1uH-200H
Caps .1pf-200uf

Res .01-20M

Wide Band Signal
Generators

Provides sine, triangle, square
wavefrom 1Hz to 1MHz

AMor FM capability

Triple Power Supply XP-620
Assembled $69

Kit $45
2 to 15V @1 A,

-2 to -15V @ 1A
(or 4 to 30V @ 1A)

and 5V@3A
All the desiredfeatures for doing experiments.

Features short circuit protection, all supplies

5G·9000 $129
RF Freq 100K-450MHz AM Modula

tion of 1KHz Variable RF output
SG·9500 wI Digital Display &
150 MHz butl t-tn Counter $249

Digital Capacitance Meter

CM·1550B

$58.95
9 Ranges

.1pf-20,OOOufd
.5% basic accy.

Zerocontrol wI Case
Big l ' Display

Fully regulated and short circuit protected

Learn to Build and Program
Computers with this Kit

Includes: Ail Parts, Assembiy and Lesson Manual

Model
MM·8000

$129.00

Quad Power Supply XP-580

$59.95
2-20V @ 2A

12V @1A
5V@3A

-5V @ .5A

Call for special price

Starting fromscratchyoubuildacompletesystem.Our
Micro-Maste r trainer teaches you to write into RAMs,
ROfv\s and run a 8085 microprocessor, which uses
similarmachine languageas IBMPC.

B+K
TEST EQUIPMENT
All Models Available

GF-8016 Function Generator
with Freq.Counter

$249
Sine, Square , Triangie
PUlse, Ramp, .2 to 2MHz
Freq Counter .1 -1 0MHz
InVEx! operation

GF-8015 without Freq. Meter $179

WE~IL.LNOTBEUND~R5OLD! C & S SALES INC E9.J 15 Day Money Back Guarantee
UPS ShIpping: 48 States 5 Yo • 2 Year Warranty Prices Sub ect to Change
($3 Min $10 Max) Shipping 12~5 Rosewood, Deerfield, 11. 601115 J

IL Res ., 7 .5% Tax FAX: 708-520-0085 IHIIIII 292·7711 (7I1H I 5~1·1I71O WRITE FOR FREE CATALOG
CIRCLE 109 ON FREE INFORMATION CARD



stra ight or diagonal lines;
the ability to save the draw
ing configurat ion fi le with
all current program drawing
configurations ; improved
mouse support; and inter
nal high-resolut ion printer
drivers for 9- and 24-pin dot
matrix and HP LaserJ et
printers, and HP Pen Plot
ters . Parallel as well as se
rial interfaces are sup
ported . The program re
quires an IBM PC, XT, AT,
PS/2, or compatible com
puter running DOS 2.1 or
higher; 384K RAM; and
CGA, EGA, VGA, or Her
cules graphics.

AutoSkem CAD Version
1.4 costs $49 .-BSOFT
Software, lnc. , 444 Colton
Road , Columbus , OH
43207; Phone :
1-800-728-3805 .

CARTOON-A-DAY PRO
GRAM. A PC-calendar pro-

CIRClE 19 ON FREE
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gram wi t h a twi st, the
Cartoon-A-Day Calendar
Plus from Individual Soft
ware offers DOS and Win
dows users a daily dose of
whim sica l humor in th e
form of the farcical drawing
of nationa lly synd icated
"Ins ide Out" cartoonist
Kevin Pope. The daily car
toon can be added to per
sonal calendars, printed
correspondence , daily to 
do lists , or schedules. The
program di sp lays (and

print s) personal schedule
informati on by the day,
week, mont h, or year, and
even keeps track of vaca
tion time. personal plans,
travel time, and holidays. It
can also be used to create
or update to-do lists. Both
versions feature digital and
analog clocks; the Wi n
dows version also features
time-sav ing " Q u ick
Memo " and " Quick Fax"
functions that generate a
memo or fax cover sheet
that incorporates the daily
co mputer right from thei r
computer. The DOS ver
sion runs on any IBM-com
patib le PC with DOS 3.3 or
higher and 512K of memo
ry. The Windows version
requires Windows 3.0 soft
ware.

The Cartoon-A-Day Cal
endar Plus program (for
DOS or Wind ows) costs
$29.95.-lndividual Soft-

ware, 5870 Ston eri<
Drive , #1 , Pleasonton .
9 45 8 8 ; Ph or
1-800-822-3522.

ROBOTIC PROBE. Aimel
the electronic service
dust ry, whe re low-vol t
boa rd s , varying dey
technolo gies , and a V\

range of repair preble
exist , the Prober RP38
a c o mputer-contro ll
electro-mechan ical pn
that automates the tes
process for component
various sizes and pac]
ing, inc lud ing surfa

CIRClE 20 ON FREE
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Only $16.95 plus H' L'T:
$3.00 shipping 19I1.le
(CA residents Publicati~

please include 7128 Mirama

sales tax). Suite 15L. San Diego, CA

by Harry Helms
The world is talking on shortwave rad i
and here's the boo k that tells you how
listen in! In direct, nonte chnical langue
Harry explains how to get the most fro
your shortwave radio . Its 320 heavily
illustrated pages are filled with practic:
advice on:
• antennas

when and where to tune
selecting the right radio fo r you
accessories
reception techniques

Learn how to he;
the SSG, Radio
Moscow, ham ra

;I,)\L.....' I··...~J I ope rator s, ships

~~1~!!.1iU.~~ sea, even Air Fo
One! Includes
hundreds of
fre quencies for
stations around t
world and the ti rr

~~~S~~U you can hear the

NTSC Generator with RGB
• NTSC color bar pattern
• 1 Vp-p or variable compos ite video output
• RGB outputs on BNC or 9-pin D-type

subminiature connecto r
• Composite sync. vertica l sync, and

horizontal sync outputs
• Interlaced or progressive scan
Model 1249A $558

NTSC Signal Generator
• NTSC color bars, with or without Iwa
• Linear staircase with high or low chroma
• Multibu rst
• External video, external audio
• Interlaced scan
Model 1251 $1,195

Portable IC Color Pattern Generator
• Battery operated, compact portable unit
• 13patterns including gated rainbow
• CH 3/CH 4 output crystal controlled
• Composite video output to 1 Vp-p
• Progressive scan
Model 1211 C $229

Deluxe NTSC Video Signal Generator
• High accuracy NTSC color bars
• TCXO master oscillator
• RGB, Gen Lock, Circle, and Black Burst
• Multiburst to 8 MHz, 100%/50% level
• Interlaced or progressive scan
Model 1260 $1,995

Start working smarter! For details on the complete line of Btl< PRECISION
video generators or for immediate delivery, contact your local distribu tor or:

~t
...... IJI('P::::l'!~"'~·® Domestic and International Sales

~, ,.. .....~W 6470 W. Cortland St., Chicago, IL 60635
~ MA~INTEANAT1ONALCORP. 312-889-1448 • FAX:312 -794-974024 .... ......

For information only
circle 77 on free informat ion card.

For sales assistance
circle 210on free information card.



mount devices. According
to Huntron Instrum ents ,
the robotic probe can set
up and test any kind of
compo nent on a printed
circui t board faster than
using a conventi onal "bed
of-nails" test system.

The Prober RP388 ,
which requires the 51000S
troub leshooting system for
operation , consists of a
precision electro-mechan
ical probe and a software
controlled video -imag ing
system. The probe can be
driven to the test point with
approximate ly ± 4-mils ac
curacy, and the imag ing
system shows a detailed,
rea l-t ime imag e of the
board on the PC monitor.
Establishing a test rout ine
and troubleshooting is a
three-step process using
the combinat ion of the
510005 and the Prober
RP388: Teach the Prober

the tes t -po int locations;
learn and store signatures
of good comp onents; and
find faulty components by
automatical ly co mpa ring
thei r signatures to the sig
natures stored on the PC
hard drive. On average , a
PCB with 39 su rfac e
mount devices (14 to 20
pins per co mponent) can
be tested in less than 10
minutes.

The Prober RP388 costs
$23,000 ; the 51000S sys
tem required to operate it
starts at $1O,OOO.-Hunt
ron Instruments Inc., 15720
M i l l Creek Blvd . , Mi l l
Cree k, WA 98012 ; Phone:
800-426 -2965 o r
206 -743-3171 ; Fa x :
206-743-1360.

DIGITAL VOICE CHIP SET.
Electech Electro nics'
VGS -1870 allows circuit
designers to easily add dig-
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itized vo ice to their de 
signs. The set consists of
the 40-pin DIP VP-1870
voice-processing chip and
the 21-pin SF-700 f ilte r
module board . The chip
features CVSD encoding
at variable sampling rates
for natural-sound ing voice
digitizati on . Its 8-bit bi-d i
rectional interfaces is com
pat ible wi th most micro
proce ssors. Digitized voice
data is stored in externa l
RAM or ROM . The SF-700
is an act ive band-pass
(300-Hz to 304-kHz) f ilter
module with pre-amp fo r

micro phone or line input
signals. Special ly designed
to work wit h the VP-1870, it
provides good voice quality
and high re l iabi lity with
great ly reduced compo
nents count, board space ,
and powe r co nsumption .
Operation requires a single
3- to 6-volt DC power sup
ply.

The VGS-1870 digita l
voice chip set costs $16 in
quantities of 1000.-Elec
tech Electronics, 1262 East
Katella Avenue , Anaheim ,
CA 92805 ; Phone :
714 -385-1707 ; Fa x :
714-385-1708.

DIGITAL MULTIMETERS. An
enhanced line of low-cost,
pocket-sized dig ital mult i
meters from Beckman In
dustrial include features
ordinarily found on ly in
more expensive units . For
instance, Models OM5XL,

Progrilm, oiieted anI}' in United Stales, Canaoa. Puerto Rico
snd Virgin h/.l nd~. No Obli ga!ion. No sales person wilt caff.

Our programs are accredi ted by the Accrediting
Commission of the National Home Study Council

X . - .. --- .. - .

YES! I would like to know more about your
t raining pr ograms. Send a catal og to:

Name _

Address _

Cit y _

State Zip _

To help you get started on your educatio n, Peoples
Co llege has reduced tuitio n rates and offers low
month ly payment plan s with no fi nance fees. So
do n't delay, call or write for more inform ation
today !

• Phone #

:~E~9o\~S9~~~~
I 233 Academ y Drive • P.O. Box 421 76B
I Kissimmee, FL 34742- 1768
1 M~m~r:.0:-,:ee:I: s ~ro~p__ ~~2..9~_

Peop les Co llege introduces some training firsts to
make your learn ing experience more complet e:

• Acce lerated Learning System - a scientif icall y
proven study system that helps you learn faster
and easier than ever befor e.

• Video Tut or Traini ng Tapes - give you a
permanent, visual record of informative lectures
and close-up demo nstratio ns.

• Experience Labs - profession all y designed
experiments that give you hand s-on " bench"
experie nce.

• Industry Certification Trainin g Guide - provided
w ith four of our progra ms. Prepares you for
examinations yo u may take for your professional
license or certifica tio n.

Train at HOME to be an

E~E!L1r[]n~LS TE!Lhn~L~Bn ~

• Electro nics & Microprocessor Techn ology

• Indu str ial Electroni cs & M icroprocessor
Techn ol ogy

• Commun ications Electroni cs with Micro
processor Techn ol ogy

• Computer Servicing & Electronics Techn ol ogy

• Special ized Associ ate Degree In Electronics
Technol ogy

Depending on the pro gram you select, you' ll
perfect yo ur ski lls using this advanced equipment,
included in the pr ice of tu it ion:

• IBM-Compatib le Personal Computer

• D igita l M ult imeter

• D igital Logic Probe

• Elenco Oscilloscope

• Portable Cellular Telephone
t- Source: u.s. Bureau of l abor Sld li!>l io.)

As the demand for computers and microprocessors
in bus iness, manufacturing and communicatio ns
continu es to grow , so does the need for qu ali fied
techn icians. It' s not unu sual for experienced
technicians to earn from $30,000 to more than
$40,000 a year. * Now th rough Peop les Co llege
of Independent Stud ies you can train for this
excit ing field w.itho ut interrupting your job or
hom e li fe.

CIRCLE 197 ON FREE tNFORMATION CARD
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OM10XL and OM10XL
each offer 10-amp current
fusing to protect both the
user and the meter. safety
test leads with shrouded
input plugs and text points.
a warning beeper when the
test leads are placed in the
wrong input jacks, large
LCD numerals. and in
creased battery life . All
three meters measure DC
voltage to 1000 volts. AC
voltage (to 500 volts for the
OM5XL and to 750 volts
for the other two) . rests -

tance, and diode test. and
have a con tinuity beeper.
Model OM1OXL adds a fea
tu re called the "Safety
Tester." which detects and
displays co mmo nly en
countered AC and DC volt
age levels from 6 to 220
volts . This feature works
even when the DMM bat
tery is dead. ensuring that
the user can always safely
detect the presence of live
volt age levels . Model
OM15XL also adds a logic
measurement function that
indicates the presence and
polarity of TIL pulses up to
20 MHz.
Models DM5XL, DM10XL,
and OM15XL digital multi
meters cost $34 .95.
$44 .95. and $59.95 , re
spectively.-Beckman In
dustrial Corporation , 3883
Ruffin Road , San Diego,
CA 92123-1898 ; Phone :
619-495-3218.

SEMIANALYZER SIGNAL
TRACER. The EOS-59C
Semianalyzer /I from Elec
tronic Des ign Specia lists
allows the techn ic ian to
trace audio, video, digital.
or FG signals to the prob
lem area, while simu lta
neously mon itoring DC
voltages along the wayan
it s 3 Y2-di g it voltmeter.
Once the technic ian is in
the suspected area, the in
strument will check semi
conductor devices in circuit
and display the type , polar
ity, and condition of the de
vice in plain English. Dif
ferent tones beep to
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indicate various probler
The Sem ianalyzer /I a
checks Zener diodes
thei r proper voltages ,
well as neons, LED's, (
ca pac itors fo r la aka:
noise, and voltage bre
down up to 175 volts I
using a built-in "H i-PI
tester. For repairing rem
cont rols . an optional
fra red detector probe
ava ilable. T
Semianalyzer /Icomes v
a three-year limited warr
ty and a 60-day man
back trial period. It is a
available in kit form, with
the 60-day trial period .

The S e mlenelyze ,
costs $399 fully (
sembled, and $299 in
form, with cabinet.-EI
tronic Design Speciali~

Inc., 275 Rock Island Ro
North Lauderdale.
33068; Phone or F;
305-720-4497 . I

An ETCHj
circuit boe

{ron
Printed PAl

injust 3 HOl

The ER-4 PHOTO ETCHTMKIT gives yo u the too ls. materials and che
to make yo ur own c ircu it boards from the artwork printed in magazin
this one . You can also do or igin al 1X art using the enc losed patterns
and drafting film.Ortry the DIREC T ETCHTMsystem (also incl uded )tc
single circu it boards without artwork.
You'll nee d a refl ector photoflood and a UV light source (or sunlight
searc h? Get an ER-19 bulb set with yo ur ER-4. Bulbs use an ordlnar;
socket. The ER-4 and ER-19 are stocked by electronic parts distr ibu
order direc t. Add $4.50 for shipping . NV and CA residents must add sal
ER-4 PHOTO ETCH SET , :
ER-19 LIGHT BULB SET .

DATAK Corporation. 55 Freeport Blvd.• Sparks, NV 8
CIRCLE 187 ON FREE INFORMATION CARDCIRCLE 50 ON FREE INFORMATION CARD

Solid Gold Protedion
for Audio, Video &
Computer Equipment
• ProtectsGoldSurfaces

& BaseMetals!

• ImprovesConductivity!

• Reduces Intermittent
Connection Failures!

• FormsProtective
Coating!

~ • Reduces Wear&
~ Abrasion!
~
ra • Reduces Arcing & RFI!2

.Q

~

1I11"!I.en
0
'2
e
'0 ~~.

Q)

OJ 16744 West Bernardo Dr.
0 Rancho Bernardo. CA
'0 92127-1904 Precisionra
II: (619) 451-1799 Metered Spray

FAX: (619) 451-2799
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NEW LIT ' .
Use The Free Information Card for fast response.

special function meters,
clamp-on testers, and
other specialized testers
for electrical , electronic ,
and environmental applica
tions . In addition to that
equipment, the catalog
covers special-function
ohmmeters, voltmeters,
and ammeters; insulation
and temperature testers;
testers for microwave and
AC current leakage ; and
sound- and noise-measure
ment instruments and tele
phone-industry test sets.
Capsule descriptions of
each item, along with lists
of features, ordering infor-

continued on page 87
CIRClE 38 ON FREE

INFORMATION CARD
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Amateur Radio
Ucense Training NAME

PO Box 26348 ADDRESS

San Francisco CITY

CA 94126
ZIPSTATE

The New Code-Free Technicon License Is Here!
When you pass a 55 question multiple-choice test you can:

*Transmit over hundreds of miles with handheld two-way radios.
Why pay cellular charges for your personal or emergency com
munications.

* Enjoy all Amateur privileges above 30 MHz all the way up to the
undiarted frontiers of microwave and amateur television!

* Access satellite communication-talk to astronauts in orbit ...
make friends through afleet of amateur satellites.

* Talk to friends nearby and in faraway places using FM voice
repeaters.

* Use your personal computer and radio modem to talk to other
hams or exchange computer data and much more!

Send for FREE details on how you can pass
the Amateur Radio exam ... fast!

__ ______ ~!~~_tO!_~~~~~~!~~~~~~~_!~~~y~ _

708-697-2272; free.
This 44-page, four-color

catalog features Simpson's
lines of hand-held and
benchtop multimeters ,

CIRClE 39 ON FREE
INFORMATION CARD

probes, the ESD heat gun,
the Fluke 88 Automotive
Meter, and the kit bag with
conductive plastic cabinets
for easy carrying of small
electronic parts.

TEST INSTRUMENTS ANA
LOG & DIGITAL; from Sim
pson Electric Company, 853
Dundee Avenue, Elgin, IL
60120-3090 ; Phone:
708-697-2260; Fax:

Plymouth Meeting, PA 19462;
Phone: 215-941-2400; Fax:
215-828-5623; free.

The 240 pages of this
catalog are filled with an as
sortment of tools, tool kits ,
and test equipment that in
cludes more than 18,000
items from 850 manufac
turers. Electronics profes
sionals and hobbyists will
find items ranging from
electro-mechanical and as
sembly devices to elec
tronic, telecommunication,
and field-service tool kits.
Also featured are full lines
of tools , equipment, and
accessories for computer
maintenance and for the
fast-growing field of sur- ,-- _
face-mount technology.

Static control and c1ean- IrfI;;;;;~;;.;;:; •••;;;;;;;i1
room items are included.
Several new items are high
lighted, including 100-MHz
monolithic oscilloscope

YOUR NATURAL RE
SOURCE: 1992 ANNUAL CAT
ALOG; from Jameco Elec
tronic Components and
Computer Products, 1355
Shoreway Road, Belmont,
CA 94002; Phone:
800-831-4242; Fax:
800·237-6948; free.

This year's catalog from
Jameco, printed on re
cycled paper, carries the
theme "Your Natural Re
source." Intended as a
complete source book for
electronics hobbyists and
computer enthusiasts , the
gO-page, full-color catalog
includes descriptions of
more than 3000 products,

from electronic compo
nents to test and measure
ment equipment, from ca
bles to complete computer
systems. Other features of
the catalog include educa
tional information and a
RAM cross-reference
guide. To further assist
customers in making pur
chasing decisions, Jameco
offers 24-hour toll-free
order placement and toll
free fax and BBS service.

TECHNI-TOOL CATALOG 41;
from Techni-Tool Inc., 5 Ap
ollo Road, P.O. Box 368,
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3258 $28.95 3313 $22.95
This book offe rs up-to-date With this guide in hand , readers
instructions for trouble shooting can produ ce cr isp, concise
and repairing all major brands of papers that will leave their in
equipment, with hundreds of tended mark on committe es,
diagrams, specs, and schematics. panels, board s of directors, and
Covers TV s, VCR s, CD play- cus to me rs . In structi ons o n
ers , and much more . 310 pp. report s, propo sals, books, and

oral presentations. 144 pp. , 37
illus.

9255 $97.50 10016 $39,95
"Outstandi ng , extens ive Design tighter , more complex
reference to current techno logy circuits, on time and on budget
of electronics . Covers with this book, one of the first
everyth ing from principles to ap- to provide a thorough coverage
plications ." of all aspects of PCB design ,

-Computer Book Review including CAD .
2,528 pp. , 1,800 illus. 320 pp. Counts as 2
Counts as 3

585885-1 $29.9
Shows how to rep osit io
your self as a key player i
today's competitive job marke
Commu nications and interpel
sonal skills, technology evalui
t ion , career positioni ng
interviewing strategies are just
few of the areas reviewed.
350 pp. , Illus.
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3138 $60.00
A GIANT " Circuit Book " of
over 700 of the most widely
used , state -of-the-art electronic
and integrated circuits ever com
piled in a single source! The
perfec t sourcebook for all levels
of electro nics prac titioners .
738 pp. Counts as 2

3147 $38.95
Provides a ready source of basic
inform ation on using progr am
mable contro ller s to achieve a
wide variety of manufacturing
goals. You' ll find flowcharts and
step-by-step exp lanations to
deve lop , improve , and monitor
process control.
304 pp. , 187 illus . Counts as 2

3557 $29.95
A detailed study of signal
analysis as it applies to the
oper ation and signal-generating
capabilities of today ' s device s.
Explains the composition and
use of test instruments, transmis
sion media, satellite system s,
broadcast and recept io n
facilitie s, and more. 272 pp.

3837 $27.95
Focuses on the speci fic digital
circuits used in electronic power
applications . Prese nts state-of
the-art approaches to analysis,
troubleshooting, and implemen
tation of new solid-state devices.
An excellent sourcebook and a
valuable edition to an engineer's
library. 272 pp.

2672 $49.~

Th is one-s to p sourceboc
bridges the gap between da
books and the designer ' s sean
for the right component. Cove
how linear ICs are fabr icate
how they work, what types a
available, and techniques f
designing. 624 pp.

3589 $27 .~

A practical.toolbox reference f
anyone in the electronics fiel
Phagan guides you through t
practical calculations needed
design and troubleshoot circu
and components .
352 pp. , 270 ilIus.

.\1 '...11 1(1·...

Electronics

003957-7 $49.95
Written for technic al per sonnel ,
engineer s , man agers , and
operators, this is a practical
guide to design, implementation,
and maintenance of cable TV
systems, includes an overall
introductio n to standard NTSC
and HDTV systems .
400 pp. Counts as 2

Communications
Wiring and

Interconnection

044847-7 $39.95
Learn about the function and
design of wiring systems in a
clea r, structured fashion as you
understand wiring components,
vendor wiring diagrams, design
principles, cable management ,
systems integration, and stan
dards . 250 pp ., 40 ilIus.
Counts as 2

020975-8 $99.50 3540 $26.95
The essential reference for all This guide brings you up-to-date
electrical engineers. Complete- on today' s most advanced power
ly revised and updated , this supply circuits, components , and
classic handboo k cover s the measu rement procedu re s .
generation , t ransmission , Covers switching rates up to
distrib ution , control, conserva- 3-MHz and higher as well as the
tion, andapplication of electrical 20-kHz standard . 176 pp.
power. 2 ,416 pp ., 1,388 illus.,
430 tables . Counts as 3
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053570-1 $64.95
This is a " one-stop" guide to the
theory and design of com
munications receivers: short
wave , broadcast, mil itary .
br oadcast (AM- FM) . radar
aero nautical, marine, and direc
tion finding. 608 pp.• 402 iIlus.
Counts as 2

584556-3 $12.95
The best resumes have a tone
and vocabulary all their own.
Adelle Lewis shares her vast
experience to help you succeed
from cover leller to interview.
Pr ovides over 75 sa mple
resumes from all branches of
engineering. 346 pp.

2962P $17.95
This complete EPROM instruc
tion manual provides a detailed
ex pla na t io n of und erl ying
theory. plus 15 different pro
jects. including programmers.
erasers . and EPR OM-based
circuits.
240 pp.

3787 $29.95
The most current information
available on the properties of
co nduc tors and ins ulat io n.
system design and assembly
techniques. and guidelines on us
ing the latest equipment.
256 pp.

I
ELECTRONIC- I

COMMUNICATIONS :
!

050806-2 $49.95
This book emphasizes circuit.
transformer. and magneti cs
design. Provides worked-out
examples of transformers. cur
rents. power levels. and more.
550 pp.• 250 ilIus . Counts as 2

3279 $36.95
Perform routine maintenance .
and diagnose and repair any kind
of computerized device. This
popular reference covers large
dynamic RAMs. 32-Bit pro
cessors . 80286. 80386. and
Z8OO!-Z8OO2 processors.
570 pp.

9151 $69.95
One of the most authoritative
sources. this edition gives you
information on the radio. elec
tronics , computer, and com
munications fields. Indexed for
quick answers. it pro vides
tables. unit co nve rsions,
voltages. formulas. and more.
1. 363 pp.• Illus . Counts as 3

043295-3 $29.95 3365P $24.95
From the simplest elements of Both a professional reference
electricity and magnetism to the and a study guide for the aspir
mor e adva nc ed to pics of ing technician. this is a well
polyphase circuits and power illust rated in t rodu ction to
electronics . this well-structured modern communications. Use it
book can be used to review the to prepare for your FCC General
basic principles of electrical Radi otel ephon e Operator
engineering and go well beyond. License or CET exam. 704 pp.
350 pp.• 100 iIlus .

033559-1 $29.95
Gives technicians, engineers,
scientists. and students the
precise data they need to solve
day-to-day problems. This guide
provides instant acc ess to
specifics on components. cir
cuits. power supplies. op amps.
and much more.
608 .pp. Counts as 2

How the Club Works:
The Electronics Engineers and Designers Book Club and
the Electronics and Control Engineers' Book Club have

joined forces to bring you all the best titles from
the most prominent electronics publishers.

YOUR BENEFITS: Yo u get 3 books for $9 .9 5 plus shipping and han d
ling when yo u jo in . You kee p on sav ing with di scounts of up to 50% off
as a mem ber .

YOUR PROFESSIONAL BOOKSTORE BY MAIL: Every 3-4
weeks, yo u will receive the E LEC TRONICS EN GINEERS' BOOK CLU B
News desc ribing the Main Selection and Alte rna tes , as we ll as bo nus offers
and special sales , with sco res of titles to choose from .

CLUB CONVENIENCE & EASY RISK-FREE TERMS: If you
wa nt the Main Select ion , do nothing and it will be sent to you automatical
ly . If you pre fer anothe r selection, or no selec tio n at all , simply indicate
you r choice on the reply form provided . You will have at least 10 days to
decide . As a member, you agree to purchase at least 3 books within the next
2 years and may resign at any time thereafter. If not satisfied with your books ,
return them with in 10 days wi thout obligation .

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

EXCEPTIONAL QUALITY: Al l books are qual ity pub lishers ' edi
tions from ALL the publishers in the field espec ially selected by our Edi torial
Board to ensure the info rmation is reliable and specific eno ugh to meet yo ur
need s.
All books are hardcover unless number is followed by a " P" for paperback.
(Publishers' Prices Shown) © 1992 EEBC. Blue Ridge Summit, PA 17294-{)860

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

r---------------------------

ELECTRONICS ENGINEERS'____________ BOOK CLUB_

Blue Ridge Summit. PA 17294-0860

DYESPlease accept my membership in the ELECTRONICS ENGINEERS' BOOK
CLUB and send my 3 volumes listed below billing me $9.95. Ifn ot satisfied, I may
return the books within 10 days and have my member ship cancelled. I agree to pur
chase 3 or more books at regular Club Prices during the next 2 years. and may
resign any time thereafter. A shipping/handling charge and sales tax will be added
to all orders .

Name _~------------------------

Address

City _

State Zip Phone _

I Valid for new members only. Foreign applicants will receive special ordering instructions. Canada mus t remit in
U.S. currency. This order subject to acceptance by the EEBC. DRE292L _
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NEW! Now You're Talking!
This book will help you earn
your first Amateur Radio li
cense and get on the air. It in
cludes all the questions on the
new codeless Technician class
exam and the Novice written
exam. The book also provides
helpful tips on equipment and
antennas. Illustrated . Over
300 pages. #62-2414 .. 16.95

Special-Order Hotline. Your
local Radio Shack stocks over
1000 popular electronic com
ponents. Plus, we can special
order over 10,000 items from
our main warehouse-ICs,
semicond uctors, tubes , crys
tals, even SAMS®manuals . No
postage charges or minimum
requlrements for this service.
Come in for deta ils!

NEW! PC/XT Experimenter's
Circuit Card. This premium
quality prototyping board fits a
computer 's XT expansion bus
connector. Features durable
epoxy glass construction and
plated-through holes on stan
dard 0.100" centers. Accepts
O-sub connector shown at
right. 37/8 x 10'11 6 X '11 6'~

#276-1598 29.95

I----
z: ~ J
~

(1) NEW! Right-Angle
Sub 25 Female Cannel
Ideal for use with PC/X T ci
card at left. #276-1504,
(2) Box/Board Combina
Molded box and 2 x 3' /8"
cuit board. #270-291 ...
(3) 2" Slim Alligator Cli l
#270-346 . .. Pkg . of 81
(4) Cordless Phone Han
Antenna. #270-1411 . . .

1-

(2)

Mercury Bulb Switch. Just
the thing for motion detectors,
alarms, experiments and
school science projects. Rated
2 amps at 12VOC. Compact T
1'12 size envelope .
#275-040 1.29

(1) Two-Tone Piezo Buzzer.
Extra-loud . Operates from 8 to
16VOC. #273-070 .. . . . 10.95
(2) Electromechanical
Buzzer. Loud 12VOCbuzzer in
a sturdy metal case is great for
alarms. #273-051 2.49

(1) Stackable Banana Plugs.
Jack permits "chain " hook
ups. #274-734, Set of 2/1.59
(2) Nylon Binding Posts.
#274-662 . . . . Set of 2/1.59
(3) Micro-Clip Jumpers. 20"
long. #278-017 .. . Pair/3.49

Super-Bright Strobe Tu
Perfect for photo replacem
hobby projects and ext
ments. Trigger: 4 kV. Am
200V min. Bulb is about 1
long and has 13/4" leads.
#272-1145 :

1

(1)

(1) High-Speed 12VOC Mo
tor. Up to 15,200 RPM ! About
2" long. #273-255 . . . .. 2.99

(2) Low- Voltage Motor. For
science projects and solar
power demos . Requires 1'/2 to
3VOC. #273-223 99¢

(1) Lead-Free Solder. 96%
tin, 4% silver. 0.032" size. 0.25
oz. #64-025 1.99
(2) Rosin Soldering Paste
Flux. 1 oz. #64-021 .. .. 1.79

Over 100 soldering items and
tools for electronics are in
stock now at Radio Shack!

(1) Hi-Precision Thermistor.
Resistance changes in propor
tion to temperature .
#271-110 1.99
(2) SOD-Piece Resistor Set .
' /4-watt, 5% tolerance . In
cludes 54 popular values .
#271-312 Set 7.95

Car Electrical System Tes
Spot problems before yo
stranded! Plug this anal)
into your vehicle's l ig l
socket. Color-coded LEOs
point problems in your batt
alternator and regulator.
#22-1635 E

Since 1921Radio Shack has been the place to obtain up-to-date electronic
parts as well as quality tools, test equipment and accessories at low prices.
Our nearly 7000 locations are ready to serve YOU-NOBODY COMPARES
Prices apply at participatingRadio Shack stores and dealers. Radio Shackis adivisionof Tandy Corporation

lIaflleIllaeltSINCE f!

AMERICA'S TECHNOLOGV STO~
CIRCLE 78 ON FREE INFORMATION CARD



THE TECHNOLOGY TO PRODUCE
low-cost digital clocks has ex
isted for years. Unfortunately,
the style in which these clocks
have displayed the time has
been mostly limited to four dig
its (representing hours and
minutes). Few digital clocks, if
any. have taken full advantage
of the great capabilities of to
day's microprocessors to pro
vide a more novel display . . .
that is until the HyperClock.

The HyperClock has a
custom-programmed micro
controller that generates all the
signals necessary to display
time in eight eye-catching (yet
easily readable) modes. Among
its features are the ability to
simulate a sweep second hand
with a ring of 60 LED's; it can
graphically display the level of
ocean tides; it has a "fading"
display mode that causes the
LED's to gradually change when
updated; it has a hourly chime/
alarm output; supports 50- or
60-Hz powerline operation; it
has a battery backup; and an
intelligent date display that
knows the last day of each
month. Let's take a look at those
features in greater depth.

BUILD THE

LEON W. SCHMIDT

Build a digital clock
that's way ahead of its time!

displays the hour, so the left and
right minute displays remain
blank (see the display for 12
o'clock shown in Fig. I-d).

As mentioned earlier, there
are 60 LED's arranged in a circle
to display seconds or an approx
imation of the current tide level
in your locale. The LED's act as a
light chaser sweeping through
the seconds of a minute. They
can also show the relative tide
level by moving from the 12
o'clock position at high tide to

However, once the clock ad
vances to beyond half-past the
hour, the right digits go blank,
the middle display would incre
ment to display the next hour.
and the left two digits would in
dicate how many minutes are
left until that hour. For exam
ple, if it was thirteen minutes to
twelve (or 11:47), the display
would look like Fig. l-c, You
could read that literally as "thir
teen before twelve."

On the hour, the clock just

The digital display
In four of the HyperClock's

eight modes it can display time
with a clever twist that those of
you that grew up before the "dig
ital-clock revolution" will appre
ciate. You may recall that it was
fairly common for folks to speak
of how many minutes it was till
the next hour. For example, peo
ple would say "it's ten before
five" rather than "it's four-fifty."
Well, the HyperClock can actu
ally "display" the time in that
manner.

To help explain how that is
done, take a look at Fig. l-a: it
shows the six seven-segment
LED displays that are used to
form the clock's digital display.
During the first 30 minutes of
each hour, the two middle digits
signify the hour and the right
most digits indicate minutes
past the hour (like most digital
clocks), and the two digits on
the left are blank. Figure I-b
shows how eleven fourteen (or
literally "fourteen after eleven")
would look in this mode.



FIG. 1-HYPERCLOCK'S TIME DISPLAY (a) is unique in that it not only displays
normally (b) , but it can indicate minutes left to the next hour (e), and blanks the m
displays on the hour (d).
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the 6 o 'clock pos it ion at low
tide . The timing of the t ide-i n 
di cator mode is set to display
two co m p lete tide cycles in
24.5 1 h ou rs just as it shou ld.
(For more on th is subject s ee the
sidebar entitled "A Bit About
Ti des.")

Fading-out the digits
The HyperClock also di ffers

fro m other clocks in h ow it up
d a tes i t s di splay. In typ ical
cl o c k s, t he d ispl a y di gi ts
ab ruptly change as time passes .
However, in four of Hype rClock's
eight modes when a digi t must
be updated, the LED segments
representing its old value are di
mmed as the segmen ts for the
n ew value b ecome brighter.
Likewise, each LED in the light
chaser fades off r a ther than
turns off. This animation is
rather relaxing to watch.

Thes e di splay effects are ac
complis hed by a mi xture of mul
tiplexing an d duty-cycle modu
lation. The seven -segment dis 
pl ays are a ll com m on-a node
types, so each digi t has its own
an ode-driver transistor. In typ
ical m u ltip lexed-disp lay fash 
ion, the cathodes of corres po n d
ing segments of each digit a re
con n ected toge ther an d share a
common driver.

Like a ny other m ul tiplexed
display when the segment data
for a digi t is placed on the seg
ment data lin es , the anode driv
er for that digi t is activated, an d
th e s eve n-segme nt d is pla y
lights to exh ib it the appropriate
d igi t. All the other digi ts a re off
at th is t ime. After a short per iod
of time (1.83 ms ) the segments
a re turned off via the segmen t
lines an d the anode driver is de
activated . The an ode driver for
the next d igi t is then activated ,
the segment data for that d igit
is placed on the segment lines,
an d the process continues u n til
all the digits h ave been lit. Since
the human eye is too s low to see
the digi ts turn on and off, it ap
pears as though they are all on
s im u ltaneously. Multiplexing
the di gi ts in this fashion re
duces th e number of p ins on the
m icrocon troller neede d to con
trol the LED displays.

Hyp erClock 's fading effect is
created by modulating the duty

cycle of the segment enable sig
nals . When a seven-segment
display is enab led , the segment
data lines spen d pa r t of the ti me
in states corresponding to the
curre nt di git to be di splayed ,
an d the rest of the ti me in states
cor responding to the n ext or
"future" digit that will be dis
played . Each t ime the digit is
enabled, the duty cycle will favor
the future-digit data more and
mo re, until on ly the new digit is
displaye d, an d the process re
peats each time the di splay
mus t be updated.

The microcontroller
At the heart of the HyperClock

is an In tel 8749 microcontroller.
It is programmed to pe rform a
variety of fun cti on s , n a m ely:
d is p lay multi pl ex in g , time 
keeping, receiving switch in
put, coordinating the hou r and
alarm chime, and initiating a
power-fail mode that permits
the ti me-keeping functions to

co ntinue while b lanking
display to conserve backup
tery power.

The 8 749 h as 2K of EPR
128 bytes of RAM, 24 I/O pi]
program mable 8-bit timer,
an inter rupt-control struci
Th e custom-program place
the processor to create H~

Clock 's special e ffect s ex
s tvely exercises all of the c.
features ; Fig. 2 contains a
pli fied flow chart for the H~

Clock program. The progra
s hown d ivided into two
tions: an interrupt routine
a main loop.

The inte rrupt r ou t i n
mainly responsible for tal
the segment data from the
ment-data buffer in the m
controller and placing it or
display-control lines in a m
plexed fash ion. The inter
that mitiates the routine cc
from the 8749's internal ti
which has been programrm
execute the in ter ru pt every



FIG. 2-HYPERCLOCK'S SOFTWARE can be broken down into two distinct code
segmen ts: a clock-scheduled interrupt routine, and a main-program loop.

mod e. In that mode it shuts off
the d isplay and allows the mi 
croc ontroller to "invis ib ly" keep
track of time via a 6-MHz crys 
tal. The m ain loop a ls o p ro 
cesses input fro m the clock 's
switc hes (we' ll talk more about
that later ).

For all that goes on in s ide the
microcontroller, the fu nctions
assigned to its pins by the Hy
perClock program (see Fig . 3 )
are rela tively ea sy to under
stan d . Le t 's t a ke them one
grou p at a time.

The pins labeled A th rough G

an d D P (pins 12-19) in Fig. 3 are
the outputs for the d isplay-seg
me n t data. They indirectly con
trol the cathode drivers for the
m u ltip lexed di splay. Similarly,

2
Xl

3 A
12

X2
4

RESET B
13

5,26.40
+ 5 VOLTS C

14

1 15
~0/60 0

6
LINE E 16

27
F

17
SWl 874928
SW2 G

18

29
SW3 DP

19

30
SW4 DEO

21

31
DEl 22

SW5
32

SW6 DE2 23

33
SW7 DE3

24

34
DE4 35

CHIME
7.20

GROUND

the ou tp u ts labeled D EO- DE4

(pins 21-24 an d 35) control the
anode drivers for the display via
demultiplexer chips, which
we'll discuss later.

The pins labeled S I--57 (pins
27-34) are used as function
switch inputs . The switches
co n nec ted to those inputs
(DISPLAY MODE, DISPLAY D AT E . DIS

PLAY A L A R M , I N C R EMENT H OURI

MONTHIMODE. IN C R E M E NT MIN UT EI

DAY, S NO O ZEITID E ADVANCE, and
ALARM TOGGLE, respectively) ac
tivate various chip functions by
grou nding those pins . A com
plete explanation of the switch
es' fu nctions will be presented
later.

Low-gorng pulses from the
pin labeled C H IM E (pin 34) acti
vate the ch ime circu it , which is
composed of di s crete com po
nents. The mi crocontroller trig
gers the chime circ u it with a
12.8-ms wide low-going pulse at
one-second intervals . When not
in alarm mode, the chime sig
nals the h our by ch im ing an ap
propriate number of ti mes, and
s ignals each half-hour by chim
ing once.

Wh en the microcontroller is
in the "ala rm " mode, the ch ime
circuitry is used as an alarm an 
nun cia to r. In th is m ode the
clock do es n ot chi me on the
hour an d half hour. That per
mits you to use the HyperClock
as an alarm clock wit hout the
chimes dis tu rbing you u n til the
appointed t ime.

FIG. 3-THE PINS ON THE 8749 micro
_ controller are ass igned various func.::...

tions by the HyperClock program.

MAIN·PROGRAMLOOP

CH IMESOFTWAREFUNCTIONS

INPUT KEY SWITCH ROUTINES
FOR PROGRAMMING CLOCK

OPERATION

INTERRUPT ROUTINE

SEGMENT DATA
FROM BUFFER-- -.,

I
I
I
I
I
I
I
I
I
I

I
I
I
Ir---- .... - - -,

1 SEGMENT I
END : DATA :

RETURN TO MAINPROGRAM I BUFFER I

L--- -r - -- J
I
I
IL _

SEGMENT DATA
TOBUFFER

START INTERRUPT ROUTINE
AFTER EVERY 1.83ms

m s . Using an in terrup t-pro
gram segme nt in this way al
lows the display's fading effect
to appear gradual becaus e the
process of updat ing the display
occurs at regular intervals . This
routine is also responsib le for
check ing a powerline-frequency
in put on the m icrocon troller to
d etermine if a powerline cycle
h as passed . If so , it informs the
m ain loop of the program.

The ma in loop keeps track of
the number of cycles that pass
so it knows when to update the
segment-data buffer or init iate
the a lar m or chi m e. If n o
powerline cycles a re detec ted ,
t he m a in loo p assumes AC
p ower has been terminated and
put s the clock in power-fail
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FIG. 4-THE HYPERCLOCK DISPLAY is controlled by only 13 data lines from the
microcontroller.
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The LINE input (pin 6) is used
by the IC to accept a 50- or 60
Hz square wave. The square
wave is used for time keeping
and to detect AC-power failure
as mentioned earlier. The
50Hz/60Hz input (pin 0, tells
the 8749 what frequency to ex
pect at the line input. Ifpin 6 is
low, the 8749 assumes the line
signal is at 60 Hz, but if that pin
is high the 8749 prepares for
50-Hz operation.

As its name implies , t h e
RESET input (pin 4) initializes
the microcontroller. A low at
that input will erase all modes
and settings previously entered.

The X l and X 2 inputs (pins 2
and 3) need to be connected to
the 6-MHz crystal, XTALl , men
tioned previously. Last, but cer-

tainly not least, are the 5-volt
power inputs (pins 5 , 26, and
40) and the grou n ds (pins 7 and
20). Those inputs of course, are
self explanatory.

The display circuit
While the microcontroller

does a great deal, the Hyper
Clock requires some additional
circuitry to make it a complete
t imep iece . For example, the mi
crocontroller cannot provide
nearly enough current to drive
the LED display. For that reason
add it ional a n ode an d cathode
drivers were included in the de
s ign . They are shown along with
the other d isplay com ponents
in Fig. 4.

The contro l s ignals for the
LED cathodes originate from

the A-G and D P pins of the mi .
controller. The A-G s ignals
sent to a ULN2003 buffer/dr
(lC7) which contains s e 
high-current drivers. Each (
put is capable of providing!
rnA of peak drive cu r rent. S i
the ULN2003 contains 0

seven of the eigh t cathode d
ers required, a Darlington d
er was made out of two 2N2:
transistors to drive the DP 1J

The DEO through DE4 outp
g e n e r at e d b y t he mi c
con t roller are decoded by ,
74 LS 14 5 d ecoder/driver I
lIC5 and IC6). Only one deco
output is driven'low at any ti:
Each 74 LS145 outpu t supp
current to a 2N2907 drive tr
s is tor that sources cu rrent
the anode s of a grou p of LE
or a di splay digi t.

Note that there are addit ic
LED 's to provid e an AMlPM
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FIG. 5-THIS SCHEMATIC DIAGRAM FOR THE HYPERCLOCK circuit (less the display
components) shows the support circuitry required by the microcontroller.

d icati on (LE061), tell you if the
alarm-mode is active (LE062),
an d p rovide a winking second
display (LE063 to LE 065 ).
That's all there is to the display
circuit.

The remainder
The mos t noteworthy of the

c l ocks remaining c i r cu i try
(shown in Fig. 5) is the chime
c i r c u i 1. When the m icro -

controller generates a low-going
pulse on p in . 34, it activates
Q19 . That transistor then p ro
vides sufficient current to drive
QI into saturation.

With QI on, the negative side
of CI3 is effectively groun ded,
which causes it to charge. Whe n
QI is turned off, CI3 di scha rges
through a 470K resistor (RI3).
The resistor/capacitor com 
bination has a time constant of

0.4 7 secon ds . The exp on en 
tially de caying s ignal produced
by t he dis charge is buffered
through a unity-gai n amplifier
(IC3-a) to a IN9I4 diode (03).

The cath ode of 0 3 is con
nected to the output of a 50%
duty cycle 5-kHz s quare-wave
oscillator consisting of IC2-a,
R7 , ClO, an d Q2. Transts tor Q2
se rves to provide a dynamic
pull-up for that oscillator s ince
the LM393 is an open-collector
type comparator. The 5- kH z
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All resistors are Y4-watt, 5%, unless
otherwise indicated.

Ri, RO-R8, Ri 0-Ri2, RiB, R17
47,000 ohms

R2 , R3, R5, Ri4, Ri 5 , R18- R32 ,
R41-R57-4700 ohms

R4, Ri3, R58-470,OOO ohms
R9-2700 ohms
R33-R4Q-330 ohms, Vl-watt, 5%

Capacitors
ci , C2- 20 pF ceramic
C3-1000 lJ.F, 16 volts, electrolytic
C4, C5, C15, C16-<l.1 lJ.F, ceramic
C6-22 f.l.F, 16 volts, electrolytic
C7-2.2 lJ.F, 16 volts, electrolytic
ca, C9-0.01 f.l.F;ceramic
Ci0, C14, C17--<l.0033 f.l.F,ceramic

_C1i , C12-560 pF, ceramic
C13-1 lJ.F,16 volts, tantalum

Semiconductors
IC1-LM340T-5 5-volt regulator
IC2-LM393 dual-comparator

square wave present at the
emitter of Q2 is clamped in am
plitude by the buffered expo
nential waveform from IC3-a, so
the 5-kHz signal decays in am
plitude in step with the dis
charge of C13 .

The decaying 5-kHz signal is
fed through C14 to a second
order low-pass filter tuned to ap
proximately 5 kHz. The filter is
composed of a LM324 op-arnp
(lC3-d), cu.C12 , C14, RIO, and
R11. It removes the high-fre
quency components con ta ined
in the decaying square wave to
smooth it out. From there the
s ignal is passed to two more op
amps (IC3-b and IC3-c) that
form a push-pull a m p li fi e r,
which provides the p iezo trans
ducer wi th a IO-vol t peak-to
peak drive s ignal .

While the output signal is not
exactly a pure s ine wave , the au 
dible result sounds pretty much
like a small bell. If you feel the
chime is too loud, you can elim i
nate half of the push-pull ampli
fier byjumpering one s ide of the
transducer to the 5-volt su pply,
which is available via J U2.

The en ti re c irc u i t recei ve s
power from a 9-VAC wall-mou nt
trans former. The 9-VAC su pply
is fed to a full-wave bridge rec 
tifier and filtered by C3 to ac t as
an unregulated 12-volt DC su p-

PARTS LIST

IC3-LM324 quad-op-amp
IC4-8749 microcontroller with Hyper

Clock program
IC5, IC6-74LS145 1-of-8

decoder/driver
IC7- ICLN2003 high-current driver
D1, D3-1N914Adiode
D2- 1N4001 diode
0 1, 02, 017, 018-2N2222 NPN

transistor
03-016, 0 19-2N2907 PNP transistor
BR1- 1-amp, 50 volts PIV bridge

rectifier
DISP1, DISP3-Panasonic LN524RA or

simi lar 7-segment display (for the
smaller digits)

DISP2-Panasonic LN526RA or similar
7-segment display (for the larger digit)

LED1- LED65-light-emitting diodes
Other components
XTAL1-6-MHz crystal
T1-9-VAC 500-mA wall-mount

transformer
BZ1-piezo transducer
S1-S7- miniature momentary-contact

pushbutton switch
B1-9-volt battery

ply. The 12-volt su pply powers
the display circuitry, op- amps ,
t he comparators , a n d a n
LM340-5 (lCI) 5-volt regulator.
The regulator in turn powers
the 5-volt su pply line.

If AC power is interrupted, a
9-volt battery connected to J1
sources curren t to the regulator
to keep the Hyp erClock fu nc
tioning. If you plan to u nplug
the clock for any length of time,
the battery should b e d is con
n ected to conserve its life.

A BIT ABOUT TIDES

Predicting the tides in any given locale
is not a simple job. Tides are affected by
many cyclic astronomical forces: the
declination in the orbits of the moon and
sun relative to a point on the Earth, and
the local geography of the coast line in
the area in which you live, to name a few.
HyperClock predicts the tidal levelsfrom
the most predominate of these forces,
the moon. The moon requires 29.53
days to orbit Earth, and that combined
with the 24-hour solar day causes a high
and low tide in every 12 hour and 25.5
minute interval. HyperClock tracks the
moons primary affect on the tide. You
can find out about the level of local tides
in your area from your newspaper or
library. The information can be used to
initially set the tide indication on your
HyperClock to a low or high point. From
then on the graphic display will be an aid
in the determination of the relative level
of the tides in your locality.

Miscellanious: T-220 style heatsink,
PC board or perforated construction
board, battery clip, shorting blocks,
solder, etc.

Note: 'Ihe following items are avail 
able from SkiTronix , P.O. 9685,
Spokane, WA 99209:
• A pre-programmed HyperClock
8749 microcontroller with fi rmware
Iicense-$10.00.
• An etched and drilled PC
board-$25.00.
• The foil pattern artwork suitable
for conversion to fllm-$3.00.
• Software on floppy disk-$5.00
postpaid
• A complete kit of parts including
the PC board, programmed 8749
IC, LED 's , displays, electronic
components, and the watl-mount
transformer-$70.00.

Adetailed drawing of the HyperClock
wood case, will be supplied with all
orders. Please include $3.00 for
shipping and handling. Wash ·
ington residents must include an
add it ional 7.9% sales tax.

The line input (p in 6) of t
mi crocontroller cannot be dr
en directly from the 12-VAC w
transformer. So the trar
former si gnal is condit ioned
a Schmitt-trigger circu it to gc
erate a s u itab le s quare wa:
First the signal's amplitu de
reduced b y a voltage d ivic
consisting of R1 and R58 , a
its positive excursions are li
ited to abou t 5 volts by 01. T
limited s ignal is then sen t to t
inver ti ng input of the LM3
com parator. Positive feedba
is applied to the comparatc
non-inverting input by R4
prevent it from generating fa
s ignals . The comparator drf
the mt crocontrollers line inj
wit h the resulting squ are wa

Construction
In order to build a Hyp

C loc k , y o u' ll n e ed a p i

gram me d 8749 micro control
A preprogrammed a n d tes i
microcontroll er is ava ilal
from the su pplier mentioned
the parts lis t. The execu ta1
code to program a n 8 749
ava ilab le from t he RE -B:
(5 16 -293-2283, 1200/2 4C
8N 1) , as a fi le cal l
HYPER. HEX. The file is s i
p lied in In tel's Hex form
wh ic h is directly co m pati1
wi th m ost E PROM progra



FIG. 6-DISPLAV-SIDE PARTS-PLACEMENTdiagram can be used to locate most of the
HyperClock's components.

mers. The software is also avail
able on floppy disk from the
source mentioned in the parts
list.

A 6.5- x 6 .5-inch octagon
shaped PC board is also avail
able from that supplier to help
you assemble a HyperClock of
your own. If you wish, you can
make your own double-sided
printed-circuit board from the
foil patterns included in this ar
ticle or using artwork from the
supplier listed in the parts list.
Of course, you could even use a
point-to-point wiring tech -

ntque, so we'll discuss that
briefly later on.

Figures 6 and 7 show the
parts-placement diagrams for
the HyperClock (6 shows the
display side and 7 shows the
solder side) for those of you that
will use a PC board. All compo
nents, except for the wall
mount transformer, are shown
mounted on the circuit .board.
Note that the switches can be
placed on either side of the
board, depending on the cab
inet you wish to place the clock
in. There are some additional

connector pads on the board so
you can run wires to the switch
es should your cabinet design
require that they be located off
the PC board. Figure 8 shows a
completed HyperClock board.

The design readily lends itself
to many different project cases.
However, make sure that the
cabinet you choose has some
openings in the back to allow a
little cool air to flow around the
clock's 5-volt regulator and heat
sink. Ifyou like the case used for
the prototype, you can build one
out of a length of wood molding
as the author did.
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The PC board was designed to
work with many different dual
digit displays, so you don't nec
essarily have to restrict yourself
to the Panasonic units men
tioned in the parts list. Just
make sure that whatever you
use is a pin-for-pin same-size re
placement. Ifyou do use the rec
ommended units , be sure to
raise the two minute displays
up from the board so that their
viewing surfaces are flush with
that of the hour display.

Lastly, the PC board provides
some holes for wire ties to hold . '" ' , -=.;.-

the 9-volt battery and the wall- . '" ,.-' : .. ,- -4 . ~ .. ~ . : ' i . ...!••• .,'

t t c. I d Yi ... . .. \ . '. 1** ... • .--,-.-., \moun ransrormer ea s. au :..; : : . ~ ~r~ OJ!. r _i__ jrtJ..! '<,- ,!,/ ~ ,
should take advantage of them. ! m !!~ .~ : T l ';;)+;~~,! .: . - " ' :~" ~ . "'i:i . :c.; i$:W~..
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backup battery and connect U/'~" " '···'" • .:>,:. - " . .
JUI and JU2 to select SO-or 60- ',::,:,,,,.;/,~... •• ..: ;:;
Hz operation and the volume of "::~\~;~.~"'''''\ ' @ 3 : ; B1 ,)~;:rj!:::--
the chime, respectively. "::':~~'."••;'" '. I / ••'f .;::/;:'-'

When you connect the clock ".:..,........ !·.i: · le1 .- ~ ,• . .' ;;/
to power it should come up at ·,~~W... .:.:i"- .~ - , II-. C :. .. . . /.: :J~>/
12:30 AM and will be ready to -,~~~~~\:..,; : ' • . ~ .~~-:t. ,. ,:' ~~ , .-::£~/
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• HEATSINK
culty, you may find some of the '-.r'

troubleshooting tips provided TO
in the following section useful. J2
However, if all is well, you can FIG.7-THIS PARTS-PLACEMENTDIAGRAM should be used to position the regula
proceed to the "operating" sec- battery, a capacitor, and the switches.
tion to prepare the clock for use.
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Point-to-point wiring
Working with perforated con

struction board and point-to
point wiring gives you the free
dom to design your own display
layout. One nice alternate de
sign would be to place the 60
LED's in the form of a full cycle
of a sine wave , especially if you
set the clock to display the tide
level.

An early prototype of the clock
was built using wire wrap. Re
gardless of the wiring tech
nique, you should invest in a
large enough piece of perforated
construction board (at least 6 x
6 inches) so that you can make
your custom display with plenty
of room to spare for all the sup
port electronics.

Furthermore, when you are
shopping for the hour and min
ute displays, select minute dis
plays that are somehow dis
tinctly different than the hour
display. That will make the dis
play more easily readable in the

"minutes before the hour "
mode.

It is also suggested that you
don't place the display compo
nents on the same side of the
board as the heatsinkJregulator
assembly, C3, and the 9-volt
battery. Doing so would in
crease the profile of the display
side of the board, forcing you to
place the LED lens at an un
desirable distance from the dis- .
play components.

Aside from those sugges
tions, layout is not critical, so if
you observe good construction
and wiring techniques you
should not have any problem
getting the clock to function.
However, if you should encoun
ter some difficulty, the following
hints ought to help:
• If no LED's are illuminated
when you apply power, first
check the unregulated supply
for a minimum of 10 volts DC.
While only 2 to 3 volts of over
head are required to operate the
S-volt regulator, at least 10 volts

is required to drive the LE
sufficiently.
• If the power-supply circui
is okay, check the wiri
around the LM393 (lC2) In
the bridge rectifier and gotng
IC4 pin 6; the microcontroJ
looks at that line and if then
no line frequency at that inp
the clock will shut down 1
LED drivers (as we explair.
earlier).

Since most of the wiring
the clock runs between the Ll
drivers and the LED's, it is lik
that you could have made an
ror in one or more of those Cl

nections. Ifyou observe that c
active LED segments do r
form numbers, then you shot
check the connections from I
to IC7 and the correspondi
connections to the cathodes
the LED displays. A mistake '
tween IC4 to ICS and IC6 ,
make the displayed digits a i
or seconds appear out of ore
An error in wiring from the 0

puts of the 74LS14S's to j



TABLE 1-MODES AND THEIR FEATURES

Mode
Feature

0 1 2 3 4 5 6 7

Fading Updates • • • •--
Plain Updates • • • •
Before-The-Hou r Display • • • •
Plain Display • • • •
Tide Light Chaser • • • •
Seconds Light Chaser • • • •

FIG. 8-A FINISHEDHYPERCLOCK. The
PC board ,makes assembly neat and
straightforward.
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THIS FOIL PATIERN can be used to generate the solder side of
the clock's PC board .

I' - 8Y! INCHES .,

THE DISPLAY-SIDE FOIL PATIERN can be used to generate one
side of the clock's PC board.

driver transistors, which con
nect to the LED anodes. will
cause the same effect.

Operation
The functions performed by

S4 and S5 in the HyperClock
depend on the state of the three
display switches (Sl through
S3). If none of the display
switches are depressed, press
ing S4 advances the current
hour displayed and pressing S5
advances the minute display.
That is how you set the time.

Pressing and holding down
Sl (the Display-Mode button)
causes the clock to display the
number of the current operat
ing mode, which can be altered
by pressing S4 (S5 will do
nothing). The various operating

modes and the features they
support are listed in Table 1.

Ifyou depress and hold switch
S2 (the Display-Date button)
the current month and day are
displayed. With that switch de
pressed, the month and day can
be advanced by pressing S4 and
S5, respectively.

Activating switch S3 will
cause the clock to display the
time the alarm is set for. By
pressing S3 along with S4 you
can alter the hour setting, and
by pressing S3 and S5 simulta
neously you can change t he
minute setting.

Moving on to the last two
switches, the Alarm Toggle
switch (S7) determines the
state of the alarm and the hour
chime of the clock. For example,

on power-up the hour chime is
enabled and the alarm is dis
abled. If S7 is pressed once, the
alarm is turned on and the hour
chime is disabled. Depressing
the switch again will turn off
both the alarm and the hourly
chime.

The Snooze/TIde Switch (S6l
has a dual purpose. If the Hyper
Clock's alarm was armed and
goes off, that button will silence
the alarm for an additional ten
minutes. You can forestall the
alarm in th is way as many times
as you like. If th e alarm is di s
abled, and the clock is in a mode
that supports the tide-level dis
play (modes 4 through 7), press
ing S6 will advance the tide
indication on the 60-LED dis
play to set its position. R-E



WARNING!
Please note that unauthorized wire and
electronic communications interception
and interceptionof oral communications
isillegal underFederal andStateLaw. In
addition Federal Law renders illegal the
intentional manufactu ring , assembling,
possessing, or selling any electronic,
mechanical, or other device, knowing or
having reasontoknowthat the design of
such device renders it primarily useful
forthe purposeofsurreptitious intercep
tion orwire, oral, orelectronic commu
nications. Federal lawimposesboth civil
and criminal penalties for violations of
theapplicablestatutes. Thus, the use of
the Scanner Converter described in this
article is intended for and should be re
strictedtoeducational, scientific, and/or
informational purposes. This is not in
tended to constitute legal advice and
readers are advised to obtain indepen
dent advice as to the propriety of their
use thereof based upon their individual
circumstances and jurisd ictions.

,Upgradeyour sea er to receive signa/..
in the BOO-900 or I~ Oo-1000 MHz ban,

WILLIAM SHEETS and RUDOLF F. GRAF
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T HE 800-1000 MHZ BAND OF FRE

quencies . lying in the portion of
the radio spectru m known as
the UHF band. has recen tly be
come populated with many sig
nal s of in teres t to the sho rtwave
listen er (SWL)and scan ne r hob
byis t. Or igi nally. the 800-890
MHz port ion was allocated to
~HF TV broadcas ting. Lack of
in teres t in th ese frequencies
(formerly TV ch an ne ls 70- 83)
and a pressing need for spec
trum space was largely respon
sible for r e- alloca tion. The
po r t ion of spectrum now in
cludes business radio. public
safety (police . fire. etc .) and gen
e ra l-purpose two-way radio.
The low er por t ion is largely
used by cellu la r mob ile radio
telephone services . The upper

portion (above 900 MHz) is used
for two-way radio. indus trial ra
d io. amateur radio. and mis
cellaneous purposes. such as
wireless video and audio links .
studio to transmitter (STL)
links . and various Part 15 ap
plications (low-power license
free uses). and even more! Fig
u re 1 summarizes the current
freque ncy allocations.

The frequenc ies are almost in
the microwave region. Until re
cen tly. receivers for this band
were scarce and usually special
purpose types. In the past few
years. a number of communica
tions receive rs have been made
available. covering from around
25 MHz or so up to over 1000
MHz. Some of the more expen
sive scanners cover portions of

the 800-1000 MHz range. wF
others block out the bands.

Nowyou can build a conve
that will allow the reception
signals from 800-1000 MH
any scanner that covers
quencies in the 400-500 M
range. The availability of hi ]
performance transistors a
Monolith ic Microwave In
grated Circuits (MMIC·s ).
gether with very s mall com]
nents such as chip capacitl
and prepackaged mixer asse
blies, have made this feas ib I

The antenna shown in
opening photograph is cut s
cifically for the 800-MHz ba l
Its available from the Cellu
Security Group. 4 Ge rn
Road. Gloucester. MA 019'
Contact them directly for inl



902-928 MHz band. downcon
verting to the 420-450 MHz
range.
3. Reception of 902-928 MHz
Amateur TV. using a standard
TV receiver that covers UHFi
channels 20-23. and reception
of wireless TVlinks operating in
the 900-MHz range.
4 . In conjunction with a 500
MHz counter. the measuremen
of frequencies in the 800-1000
MHz range.

Referring to the block di
agram (Fig. 2). the converter,
uses a low-noise dual-gate

can be set up for 800-900 or
900-1000 MHz ranges and op
timized for any 30-40 MHz seg
ment in the range. It will work
well over the entire 100-MHz
range if circuits are stagger
tuned. with only slightly re
duced sensitivity. Applications
of the converter are as follows:
1. Monitoring 800-900 or
900-1000 MHz ranges.
2. Amateur use for reception of

FIG. 2-BLOCK DIAGRAM. A GaAsFE'r feeds a double-tuned filter and a MMIC RF
amplifier that feeds a second double-tuned filter. That feeds a double balanced mixer,
or DBM. The DBM Is also fed with a local oscillator signal of either 400-MHzor 500
MHz.

mation on that and other vari
ous UHF antennas.

The converter described in
this article offers excellent per
formance (about 0.15 J.LVlI2dB
SINAD-signal-to-noise-and
distortion-ratio--sensitivity for
standard 5-kHz FM). having an
NF (noise figure) of about 2 dB.
again of 20-25 dB. and an out
put frequency of 400-500 MHz.
By simple tuning adjustment It



TABLE 1-800 TO 10o-MHz CONVERTER SPECIFICATION

Freq Range
RF Input 400-500 MHz -IF Output 800-900 or 900-1000 MHz

LO Freq 400 or 500 MHz, internally selectable

Noise Figure < 2dB typical

Sensitivity gives 0.15 t-J12dBSINAD, 5 kHz deviath
with typical scanner

Power Gain, RF to IF +22 dB typical
~N = 900 foUl = 500 MHz
Rs = RL = 50 n

RF Bandwidth 40 MHz @ '3dB typical @ 900 MHz

Maximum Input Level - 40 dbm @ 1dB compression

Tuning Range 800-1000 MHz

Dynamic Range Approx 90 dB (0.1 ILC to 3000 ILv)

Voltage and Current + 15-25 VDC @ 100mA, Neg ground or
12-16 VAC @ 300 mA peak, can be
modified for + 12 VDC regulated

Freq Control of L 0 XTAL controlled .005%

Fine Tuning Range ± 7 kHz typical

PC Board (finished) size 3W' x 5" x 1" high

RF to IF Feedthrough > 60 dB @ 400 MHz
Isolation (IN-OUT) DB

Insertion Loss in dB with -1dB typical @ 400 MHz
converter off - 0.3 dB typical @ 30 MHz

Switching Built-in
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GaAsFET (gallium-arsenide
field-effect transistor) as an RF
preamplifier. That feeds a dou
ble-tuned filter and a second RF
amplifier using a MMIC. The
MMIC feeds a second double
tuned filter. The overall RF gain
is about + 27 to 30 dB and the
bandwidth is around 30 MHz.
That provides good rejection of
out-of-band signals and helps
minimize the feed through of
unwan ted signals in the
400-500 MHz range . The RF
amplifier feeds a double bal
anced mixer. or DBM. The DBM
is also fed with a local-oscillator
signal of either 400-MHz (for
800-900 MHz conversion) or
500-MHz (for 900-1000 MHz
conversion). The mixer output
is therefore kept in the 400-500
MHz range covered by most
scanners. The receiver should
be suitable for the type of trans
mission to be received. A scan
ner is generally set to receive
narrowband frequency modula
tion (NBFM) signals commonly
used in this range in steps of
12.5 kHz. 25 kHz. etc. A TV re
ceiver tuned to the lower UHF
channels (14-23) can be used to

.receive TV signals in the 900-
MHz range. such as amateur TV
(ATV) and the new 900-MHz
wireless video links. Converter
output is at 50-75 ohms.

The local oscillator (La) is a
50-MHz crystal-based overtone
oscillator. The second harmonic
of the oscillator circuit (at 100
MHz) is used. A fine-tuning con
trol is provided to compensate
for any 800-1000 MHz signals
not fitting the popular 12.5-kHz
channel spacing used by many
scanners. The La can be shifted
at least ± 6 kHz to act as a fine
tuning control, if needed. Nor
mally. the fine tuning is left set
to center position.

The 100-MHz oscillator signal
is fed to a multiplier stage using
a UHF large-signal transistor as
a quadrupler ( x 4) or a quln
tupler ( x 5) stage. The appropri
ate harmonic (4th or 5th) is
selected by a triple tuned filter
and the signal at 400 or 500
MHz is delivered to the mixer.
The filter can select either signal
depending on the setting of
three variable capacitors. A di
ode detector samples the output

of the filter so that a YOMcan be
used to align the filter simply by
"peaking" the trimmer capaci
tors for maximum output.

It is possible to just use the
400-MHz signal. However. for
reception of 900-1000 MHz. a
receiver capable of tuning
500-600 MHz would be needed.
Most scanners cover only up to
512 MHz or thereabouts. There
fore. the 500-MHz signal is nec
essary with these scanners for
reception of frequencies over
912 MHz.

The converter board contains
a switching network for switch
ing the converter in or out. In
the "out" position. the input
jack, .Jl , simply connects to the
outputjack. J2. and all frequen
cies from DC to 550 MHz are
passed. In this position. the DC
line to -the converter circuitry is
also opened. thus disabling the
converter.

The converter board also con
tains a rectifier and a regulator

that delivers + 12volts DC to
converter circuitry. Eithe
+ 14.5- to + 24-volt DC. or
volt AC supply can be us
Suitable supplies are eithe
wall transformer or one tl
mounts inside the conver
case.

Referring to Fig. 3. let's
over a detailed description
the circuit. Signals enter
from the antenna and:
routed to SI. a DPDT swr
with only one side used. With
in the "off' position (convei
off). signals from SI are rou
to S2-a. another DPDT swit
(Slide switches SI and S2.
though mounted at different
cations on the PC board.
mechanically linked by an ac
ator rod assembly. so that (
rect switching is maintairu
Ne xt. s ignals are roul
through S2-a to low-pass fi
LI6-CI5. and then to J2. ~

low-pass filter rejects sign
above 600 MHz. A 50-ohm



PARTS LIST

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

R1-100,OOO ohms, 1I6-watt
R2-470,000 ohms, 1I6-watt
R3--180 ohms, 1I6-watt
R4-180 ohms
R5-390 ohms, Va-watt
R6--1000 ohms
R7-10,OOO ohms, trimmer potenti-

ometer with shaft
R8--10,OOO ohms
R9--15,OOO ohms
R1o-3900 ohms
R11-330 ohms
R12-100 ohms
R13--15,000 ohms
R14--2200 ohms
R15-=10 ohms, Va-watt
R16--47 ohms
R17-1 megohm
R18--15 ohms, Va-watt
R19--390 ohms, Va-watt
R2o-10 ohms
Capacitors
C1, C8, C9, C13, C14-1-5 pF

trimmer
C2-e7, C1G-C12, C16,C28, C31-

100 pF, 50 volts, chip
C15--5.6 pF NPO ±0.25 pF
C17-100 pF NPO, 5%
C18--39 pF NPO, 5%
C19--2~ pF NPO, 5%
C2o-2.2 pF NPO, ± 0.25 pF
C21, C29-470 pF .±20%, disc
C22, C30, C32, C35, C36--0.01

fJ-F, 50 volts, GMV disc'
C23--33 pF NPO ±5%
C24-56 pF NPO ± 5%
C25-C27-2-10 pF trimmer
C33--10 fJ-F/16 volts, electrolytic
C34--470 fJ-F/25 volts, electrolytic
Semiconductors
IC1-MAR-1 UHF amplifier
IC2-7812 + 12-volt regulator
D1-MV2107 varactor diode
D2-HP5082-2800 hot carrier

diode
D3--1N4007 rectifier diode
01-25137 dual-gate GaAsFET
02-2N3563 VHF NPN transistor

pedance level is maintained
through the converter in the
"off' position to reduce VSWR
(voltage standing-wave ratio)
and line losses, so that a scan
ner connected to J2 has normal
reception when the converter is
switched off. Switch S2-b
breaks the 12-volt supply line in
this position to disable the con
verter circuitry.

In the converter "on" post-

03--MPS3866 VHF NPN
transistor

LED1-green light-emitting diode
(optional)

LED2-red light-emitting diode
(optional)

Inductors
L1-L5, UG-U2-part of PC-board

etching
L6, L15-ferrite bead
L7-0.2-Q.32 fJ-H (91/2 turns #22

enameled wire)
L8--0.05-0.1 IJ.H (31/2 turns #22

enameled wire)
L9--0.0S-O.1 IJ.H (3112 turns #22

enameled wire)
L13--1.0 IJ.H RF choke
L1<t-ferrite bead onj=l20
L16--1/2-turn#22 enameledwire,1/4

-inch diameter (see text)
Other components
J1, J2-female BNC connector
MOD1-MCL SBL-IXmixer module
S1, S2-DPDT PC-mount slide

switch
XTAL1-50-MHz 3rd overtone

crystal
Miscellaneous: PC board, small

diameter 50-ohm coaxial cable,
project case, 14.5-24-volt DC or
12-volt AC 350-mA transformer
(see text), hardware as required,
brass rod or wire, 2V4-inch rubber
grommets, line cord if required,
solder, etc.

Note: The following items are
available from North Country
Radio, PO Box 53, Wykagyl
Station, New Rochelle, NY
10804:
• Converter kit including all
parts except case and trans
former -$67.50 + $3.50 S&H
• PC board only-
$13.50+$3.50 S&H
• Transformer-$9.50 + $3.50
'S&H

New York State residents must
add appropriate sales tax.

tion, signals from Jl in the
800-1000 MHz range are fed
through SI to Ll (an inductor
that is incorporated in the PC
board etching and acts as a
short circuit to lower-frequency
signals) and Cl , which are reso
nant at 900 MHz.

For matching purposes, at
900 MHz, Cl and Ll must form
a resonant circuit as well as an
impedance transformer to step

up the 50-ohm impedance to
somewhere between 800 and
1000 ohms. The input imped
ance of the gate of RF amplifier
Ql is about 1 to 2K or higher,
and shunted by about 1 pF ca
pacitance. The output imped
ance of Q1 is between 1000 and
2000 ohms with 0 .5-1 pFshunt
capacitance. The voltage gain of
Ql is about 7.5 from gate 1 to
drain, or about 17.5 dB .

There is about 1.5 dB loss in
the output-coupling network
and about 0 .5 dB loss in Ll , so
that a total of about 15 dB gain
is observed. The device is rated
at 1.1 dB noise figure, but allow
ing 1 dB (approximate) loss in
Ll and SI, an actual NF of about
2 dB will be obtained. That is
adequate since cable losses in
the typical antenna system will
be around 6 dB anyway.

Transistor Q1 is a dual-gate
galliurn arsenide field effect
transistor (GaAsFET) biased to
about 5-10 rnA drain current;
R3 provides a self bias for Q1.
Chip capacitors C4 and C5 are
RF-bypass capacitors soldered
directly to the solder side of the
PC board for low inductance.
They are the only type of capaci
tor that provides reliable by
passing at 900 MHz. Resistors
Rl and R2 bias gate 2 of Q1.

The drain of Ql feeds double
tuned filter C8-L2 and C9-L3,
and R4 feeds bias to the drain of
Q1. Typically the tuned circuits
in this RF amplifier are tuned to
900 MHz with about 2 .5 pF ca
pacitance, and Ll -L5 have an
equivalent inductance of 0.012
microhenry, although these val
ues are typical and cannot really
be isolated or measured. Induc
tors L2 and L3 are printed on
the PC board and are propor
tioned to give the desired coup
ling and inductance . Their
layout is critical and cannot be
changed.

The signal from L3 is coupled
through chip-capacitor ClO to
ICl , a monolithic microwave IC
(MMIC) amplifier with 50-ohm
input and output. Resistor R5
provides about 17 rnA operating
bias for ICI, which gives about
13 to 15 dB gain at 900 MHz.
The output of ICI is coupled via
C12 to filter L4-C13 and L5-CI4.
The five tuned circuits in this



S2-3
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R4 Cll 800-1000MHz
180n J100PF ON

MIXER
SBl-1X
MOD1

SECOND RF -= R19SECTION 390n
TP3

R18
15n

C16
FIRST RF
SECTION R3 -= 100pF

l 7
C4 180n
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0- C20 IC2

2.2pF lM7812
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FIG. 3-CONVERTER SCHEMATIC.A 50-ohm impedance level is maintained through
the converter with S1 in the "off" position so that a scanner connected to J2 still has
normal reception. Switch S2-b breaks the 12-volt supply line in this position to disable
the converter circuitry.
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converter yield an overall RF
bandwidth of 40 MHz at the 3
dB points. The signal from L5,
about 28 to 30 dB stronger than
the signal at J1, is applied to a
mixer module (MODI), an MCL
SBL-IX, where it is mixed with
the La signal at 400-500 MHz.
The IF output is then fed to S2
a, where it is connected to J2 via
low-pass filter Ll6-C15.

An La signal of either 400 or
500 MHz is required by mixer
MODI. It is generated as fol
lows: Q2, a 2N3563, is config
ured as an overtone crystal
oscillator. Emitter stabilization
is provided by Rll, and R9-RlO
provide base bias. Resistor R12
supplies the collector voltage for

Q2 through L7 and L8. Compo
nents L7 and C18 are nominally
tuned to 50 MHz, the frequency
ofXTALl. Components C19 and
L8 form a resonant circuit at
100 MHz and therefore have a
low impedance to 50-MHz sig
nals. Bypass capacitor C21 RF
grounds the bottom (cold end)
ofL8.

There exists a feedback ca
pacitance (about 3 pF) between
the collector and emitter of Q2.
That, in conjunction with C17 ,
forms an oscillator; the oscilla
tion of Q2 would tend to take
place at the resonant frequency
ofC18 (plus strays) andL7 (L7 is
variable by means of a ferrite
slug). The base of Q2 must be

RF grounded, which can or
occur at the series-resonant f
quency of XTAL1, L13, ar
varactor-diode 01; 01 acts as
capacitor whose value can
varied via the applied DC vo
age from potentiometer R7. F
sistor R6 limits the lowe
voltage to about 1 volt, and I
provides RF isolation for [
Varying R 7 has the effect
varying the effective frequen
of the crystal plus and min
1000 Hz. When L7 is nomina
tuned to 50 MHz, the crystal (
cillator circuit produces a stgr
of 50.000 MHz. However, '
need 100 MHz.

Since Q2 operates as class
and produces harmonics, fil l
L8-C19 is tuned to 100 MI
That transfers 2nd harmor
energy (6-10 dB below the fu
damental50 MHz) via coupli
capacitor C20 to a second 1C



And there is more!
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THINK TANK-A potpourri of auto
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HAM RADIO-Design and builc
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CIRCUIT CIRCUS-Some un
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• ELECTRONIC TRACKING
FOILS CAR THIEVES
Get the facts on the new high-tech
crime-stopping systems

PRODUCT REVIEWS-Bang &
Olufsen Compact Music System ,
Memorex Subwoofer /Satel lite
Speaker System, and many more

OX LISTENING-The changing
face of Russian shortwave

COMPUTER BITS-LOW priced,
high speed modems
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PRINTER SENTRY
Use it to keep tabs on all of your
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INDUCTION COIL SPEAKER PROTECTOR
Make a spark ring and more when It saves your expensive loudspeak-
you experiment with this powerful ers from amplifier shorts, excessive
high-voltage generator drive, and turn-on thumps

MHz tuned circ u it (C23, C24,
and L9). Capacit ors C2 3 a n d
C24 are ch ose n so as to match
the oscillator to the base of fre
qu en cy multipli er Q3 , a n
MPS 3866. Tha t generates har
monics of 100 MHz in the bas e
circuit of Q3 . Capacitor C24 is
ch osen to have a low impedance
at higher frequencies to en cou r
age the flow of harmonic cur
rents in the base circuit of Q3 .

Inductors LlO, r,u. an d Ll2
form a filter tuned to either 400
or 500 MHz by adjustment of
C25, C26, and C27. There is
sufficient tuning range to cover
either 400 or 500 MHz. The fil
ter is triple-tuned and LlO, Lll ,
q2, an d their coupling coeffi
cients are determined by the PC
board layout which they are
part of. RF energy at 400 (or
500) MHz is taken from a tap on
Ll2 and fed to m ixer MODI.
. Without the right test equ ip
ment, it would be difficult to al
ignC25, C26 and C27. However,
the problem is solved by diode
detector D2, C31 , and R17 . Re
sistor R17 slightly forward
biases D2 to produce about
+ 0.2V at test point TP2.

When RF drive is applied from
L12, a negative voltage is pro
duced at TP2. When the triple
tuned filter is correctly-tuned
and Q3 is operating properly,
about - 0.3 volts is produced by
D2 , since about 300 millivolts of
RF is present from Ll2. This,
when added to the +0 .2V bias
on D2, produces - O.IV at TP2.
Diode D2 is forward-biased to
improve its sensitivity at low RF
levels . TIming of C25, C26, and
C27 simply consists of monitor
ing the DC voltage at TP2, and
obtaining the mos t negative
volta g e possible by peaking
C25, C26, and C27.

Regulator IC2, a 7812 , pro
vides 12-volts DC power to the
circuit; C32 and C3 3 and C34,
C35 help stabilize IC2. Rectifier
D3 acts as a protection device in
case a negative DC voltage is ap
plied to the circu it , and C36 re
duces 60-Hz buzz caused by
switch ing transi ents in D3 . At
least 14- volts DC is req u rred
ac ross C34 for IC2 to function.

When we continue next time,
we 'll build the converter and
show you how to ali gn it . R-E



Will new standards Ii
ofAMrad.

LEN FELDMAN

AM TRIES FO
IT MAY COME AS SOMETHING OF A SURPRISE TO THOSE

us who pay little attention to AM radio that tl
oldest of all broadcast services is due for some u
grading. After all. the FM radio service has been t
preferred form of radio broadcasting in this cou
try for at least two decades. now. and even FM rae
may some day be obsoleted by digital audio bros
casting. or DAB. In fact. more than a dozen pJ
posals for DAB are currently either on the drawl
boards or have been demonstrated in prototyp]
So why bother with AM radio at this late date?

The AM stereo debacle
Back in the mid-19805. the Federal Communic

tions Commission considered several systems 1
AMstereo broadcasting. Many AMbroadcasters f
then that the reason for the decline of AM rae
audience was the fact that FM could offer ster
whereas AM could not. Initially, the FCC select
one of some six systems. the Magnavox proposal.

. a "standard." Faced with all sorts ofthreats ofIiti
tlon by other proponents. the FCC reversed its
shortly thereafter and in effect, said. "let the rru
ketplace decide." Since then. the field of proj
nents has narrowed down to two-the Motorola
Quam system (by far the most popular) and t!
Kahn-Hazeltine system. Many experts mainta
that by not coming down in favor of a specific s~

tern . the FCC has discouraged both manufacture
of receivers and AM radio broadcasters from mt
ing to stereo.

With AM broadcasting audience on the dedi
for many years. manufacturers ofhigh quality P:.
FM tuners and receivers have paid little attention
the AMcircuitry that they incorporate in their pr<o

ucts. Figure 1 shows the actual frequency 1
sponse measured for the AM section of
highly reputed AMlFMstereo receiver. No wo
der listeners accustomed to playing digi l
compact discs and FM radios are "turned 0

by this kind of AM reception! This "aftl
thought" approach by receiver manufacture
further exacerbated the problem. Anotli
problem of AM has been adjacent channel I
terference-a problem that is particularly I
tense during evening listening. Many profc
sionals blame the "FCC for that problem
well. maintaining that the granting of bros
cast licenses by the FCC has been a poo:
administered "pork barrel" affair with lit



tack the good 0/' days

COMEBACK
attention paid to the technical problems that have
inevitably resulted from an overcrowding of th e
broadcast band.

NRSC to the rescuer
As the AM broadcasters situation became worse

and worse. the National Association of Broad
casters (NAB) and the Electronic Industries Associ
ation (EIA) finally decided to address some of the
problems in what amounted to a major cooperative
effort between organizations that. up until that
time. had pretty well ignored each other. The two
organizations formed a separate committee known
as the National Radio Systems Committee. or
NRSC. In a series of meetings. the NRSC came up
with two standards recommendations. known as
NRSC-1 and NRSC-2. A proposal to make NRSC-1 a
national voluntary standard was issued in January
1990. and in March 1991. the EIA published the
contents of NRSC-1 as an interim standard (EW
IS-80) entitled 'Audio Bandwidth and Distortion
Recommendations for AM Broadcast Rece ivers."
On a parallel track, the FCC issued a report and
order on April 27, 1989 in which compliance with
NRSC-1 was made mandatory as of June 30. 1990.
while measurement of compliance with NRSC-2
was postponed until June 30. 1994 . Both NRSC-1
and NRSC-2 were designed to address the problems
of audio fidelity and interference mentioned above.

NRSC-l and EIAJIS80
Lets take a look at the EIAStandard developed for

receiver manufacturers first. Radio rece ivers that
satisfy the technical requirements of th is specifica
tion must have a frequency response of not less
than 50 Hz to 7500 Hz, with limits of + 1.5 dB and
- 3.0 dB. referred to OdB at 400 Hz. Since "opening
up" the bandwidth to this extent might well in
crease interference from adjacent channels- es
pecially in crowded metro-
politan areas and during night
time listening-receiver man
ufacturers may choose to offer a
switch on their products that
would, at the users option, re
duce bandwidth. As long as at
least one of those switch posi
tions results in the frequency
response just stated. the re 
ceiver will be considered to com-
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kI-lz. Results s hown i~ Fig .
presuppose that the' approp
ate preemphasis n etwork is :
stalled between the au dio gen
ator and the amplitude modu
tion input terminals of the :
s ignal .generator. If such a p
em phas is n etwork is not U E

in the test . results sh ou ld be
shown in Fig. 4 .
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TYPICAL FREGUENCY RESPONSE OF AM TUNER SECTION OF ' HIGH FIDELITY ' RECEIVER
10.000

-6.000

-4.000

- 2 .000

2.0000

4 .0000

0 .0

6.0000

- 10.00

- 15.00

- 20.00
20

15.000

-5. 000

deemphasis networks. In mea
suring the frequency response
of an AM radio conforming to
the n ew stan dards. a laboratory
would expect to obtain a fre
quency response such as that
shown by the dashed line in Fig.
3 . The solid lines represent the
allowable deviation or tolerance
over the range from 50 Hz to 7.5

10.0 00

5.0000

FIG. 2-BY STANDARDIZING THE PREEMPHASIS CHARACTERISTIC used by ,
broadcasters, AM receiver manufacturers are able to incorporate standard des
phasis networks in their products to achieve the desired flat response to 7.5 kH2
better.

0 .0

PREEMPHASIS CHARACTERISTIC USED BY AM STATIONS, ACCORDING TO NRSC-1
20. 000

50

ply with the new standard.
The second part of the NRSC

standa rd deals with harmonic
distortion . It states that re
ceivers designed to satisfy the
standard shall not exh ib it more
than two percent (2 .0%) total
ha rmonic distortion plus noise
(THO + N) at all measured fre
quencies between 50 Hz and
7500 Hz. Two percent dis tortion
may sound like a high number

- to those of us accustomed to the
dis to rtion levels of modern au
dio amplifiers and FM tuners.
but, in fact . many current non
conforming AM tuners exhibit
far h igher dis tortion levels than
that!-particularly at higher au-
dio frequen cies. -B.OOO

-----,A-th ird-recom m en da t ion-of-- -
the standard involves the incor- -10.00
poration of circuitry into AM re- 20 100 11: 101: 21
ce tvers that attenuates 10 .0- FIG. 1-AMPLITUDE VERSUS FREQUENCY. This is the response of the AM tu
kHz a djacen t-channel carrier section of a "hi-fi" AM/FM stereo receiver!

frequencies by 30 dB . or 20 dB
when the measurements are
made with preemphasis charac
ter istics inserted at the AM in
put of t he RF test signal
ge nerator. To clarify that las t
point. we shou ld note that in
recent times. recognizing that
AM radios had very poor high 
freq uency response . broad
casters began boos t ing the au 
d io treb le response of the ir
transmission chains in an at
tempt to overcome the high fre
quen cy attenuation present in
n early all AM radios and tuners.
Unfor tu n ately. no two stations
u s ed the same boos t of pre
emphasis characteristic . fur
thermore. an overly extreme use
of high-frequency preemphasis
made the problems of inter
ference between adjacent chan
n els even worse . So. included in
the NRSC-1 recommendation is
a fixed preemphasis charac
teristic that AM radio broad
casters are required to u s e. The
p reem pha s is characteristic.
n ot u nli ke the one us ed by FM
broadcasters in the U.S ., is
shown in Fig. 2 .

Assuming that broadcasters
conform (and as of th is writing.
well over half the AM broad
cas ters in the Un ited States
have embraced NRSC-1 stan
dards ), manufacturers of AMra
dios are expected to voluntarily
incorporate s t a n d a rd, fixed
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FIG. 5-AMAX LOGOS will identify AM radios that meet the NRSC requirements.

More breathing room
Whi le t he NR S C - 1 a n d

NRS C-2 p ro vision s will cer
tain ly h elp alleviate some of the
p rob lems of interference be
tween stations. it cannot do the
whole job in view of the con 
gestion of the AMband that now
exists in some geographi cal
a reas. Accordingly. as of July I.
19 91 . the FCC offici ally ex
pan ded the AMband by an addt
tional 100 kHz. The band now
extends from 535 kH z to 1705
kHz.

This additiona l s pectrum
space is expected to accommo
date at leas t 200 AM stations.
nationally. Rather than increase
the number oflicenses to b road
casters, h owever. it is expected
that those stations causing the

NRSC-2 by 1994
During the interi m pe r t d

from June 1990 to June 1994 .
the FCC is goin g to pres I i e
that if a station conforms to
NRSC-I. it is also in compliance
with NRSC-2 . The chief reason
for the delay is the lack of appro
priate, inexpensive test equ ip
ment neede d to co nfirm com
pliance with all the provisions of
NRSC-2. Those provis ions man
da t e that. NRS C-2 deal s p r i
marily with attenuation of
carrier emissions rath er than
indirectly wi th audio respons e
and performance. According to
the NRS C-2 rules, emissions
between 10. 2 kHz and 20 kHz
removed from th e carrier's fu n 
damental RF frequency must be
attenuated at leas t 25 dB below
the u n modu lated ca r r ier level.
Em issions between 20 kHz and
30 kHz away from the carrier
frequen cy must be attenuated
by at least 35 dB below the un
mo dulated carrier level. Emis 
s ions that a re between 30 kH z
an d 60 kHz away from the car
r ier frequency must be attenu
ated by at leas t 5 + IdB/kHz
below the unmdodu la ted car
r ier level. (For example . emis 
s ions that are 50 kHz away from
the car r ie r frequency would
have to be atten uated by 5 + 50.
or 55 dB relat ive to the level of
the unmodula ted carrier). Fi 
n ally. em issions b etween 60
kHz and 75 kHz mus t be attenu
ated by at leas t 65 dB.
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RESPONSE OF DEMODUlATED OUTPUT FOR SETS CONFORMING TO NRSC- 1 STANDARD
5. 0000

-20.00

- 15.00

0.0

-10 .00

-25.00
20

RESPONSE OF DEMODULATED OUTPUT FOR SETS WHEN NO MODULATION PREEMPHASIS IS USED
5.0000

- 15.00

-10 .00

- 5. 000

0.0

- 25.00
20 100 1~ 10k 20k

FIG. 3-FREQUENCY RESPONSE of AM circuitry that is required to conform to the
NRSC-1 standard. The dashed line represents an ideal response, with the solid lines
representing the tolerance limits. (Presumes preemphasis in the RF test generator.)

FIG. 4-FREQUENCY RESPONSE of AM circuitry that is required to conform to
NRSC-1, with no preemphasis in the RF test generator.
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most severe interference will be Motors automobiles. do in fa
asked to move up into the new meet the AMAX criteria but J
frequencies. In order to retain reasons of aesthetics. the c
their audiences. however. it is maker elected not to apply t
likely that those stations whose logo to the radios. at least J
frequencies arc reallocated to the present.
this new portion of the band will The NAB plans to publici
be allowed to "simulcast" on the logo through its memb
their existing frequencies for stations. who will be enCOl
some time until a sufficient aged to develop promotional t
number of new AM radios are ins with local audio retailer
purchased by the listening pub- NAB is also expected to unvef
lie. Manufacturers (and par- major campatgn by the ttme yr
ticularly makers of car audio read this. promoting enhano
systems) have already incorpo- AM radio to consumers. In adr
rated the new swath of frequen- tion to the improvements th
cies in their products and it we have already mentioned, e
turns out that the cost of doing glbtltty of a radio to bear tl
so is minimal. AMAXsymbol must also tnclui

AM It- provision for an external ante------- n---}------- A new symbOlof excelle:=':n=cc=e::--- -na. noise blanking for puIs
As these attempts to improve type interference and the e

BI-Il1lon AM transmission and reception panded AM band.
.f were being formulated, the NAB

and the EIA came up with the Will improvements help?

Dollar idea that it ~o~ld be nice to While both the EIA and tll have some VISIble means of NAB are enthusiastic aboi
identification displayed on radi- these attempts to improve M

SUrplUS os that meet the requirements the question that remainsl of the new standards. After whether or not AM can attra
nearly two years of agonizing enough of an audience to r

Eachllear? over tt:e d~sign of a symbol, the main a major broadcasting fc
organtzations have come up mat in the years ahead. Eve

- with a decal to be called the though it is still uncertai
''AMAX'' symbol, which stands whether or not the improv

. for 'J\M Radio at its maximum ments in AM broadcasting ar
potential." The certification reception will attract new li
logo could be affixed to radios teners to the band, the mar
that meet basic eligibility crite- improvements are certain to 1
ria including the equalization welcomed with open arms 1
standards. variable bandwidth those who have been listenir
and other requirements de- to AMfor quite some time. Whi
scribed earlier. Two types of many AM broadcasters speak .
logos will be available. The sec- a "level playing field" (again:
ond one. reading ''AMAX Ster- FM). the fact is that even wi1
eo," will be applied to improved response extending to 7.5 kH
AM radios that also have stereo sound quality cannot compa
capability. Illustrations of both with the quality ofFM. to whi<
logos appear in Fig. 5. so many listeners have becon

The "AMAX" program does accustomed.
not mandate a particular stereo Still. when you hear an A
AM format-only that the radio broadcast that has exteride
be capable of receiving and de- frequency response of this kin
coding some kind of AM stereo it's amazing how good it dot
transmission. Of course. the sound when compared with tl
decision to market AMAX cer- "typical" AM radio sound v
tified radios is at the discretion have endured for many year
of individual manufacturers, as Perhaps AM radio can be given
is the decision to apply the new lease on life-even if i1
''AMAX'' or ''AMAX Stereo" logo only a temporary reprieve urn
to the sets themselves. Inter- digital audio b ro adas t i n
esttngly, we recently learned (which some now prefer to cs
that the latest Delco/Bose car digital audio radio. or DAR) r
audio radios, as installed in places both of our curret
some 1992 model General modes of radio. R



Let's build our benchtop
function generator

and frequency counter!
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FUNCTION
SWITCHES

COPPER lAB CONTACTS
CONDUCTIVE SHIELD

ON BonOM CASE

FREQUENCY
RANGE SWITCHES

DAUGHTER BOARD

COMPONENT SIDE DAUGHTER BOARD
foil pattern.

F1
D •

FIG. 6-INSIDE VIEW OF the author's prototype. A transparent red acrylic sheet w
used for the front panel. A copper tab is soldered to the ground plane of the dauqh'
board and contacts a 9~ by 3~inch conductive shield, which is glued to the inside
the bottom case (not shown).

USE SHIELDED
LEADS FOR J1- J4

D

SOLDER SIDE DAUGHTER BOARD
foil pattern.

R127/ R226/ R831/
8101 S201 S802

FIG. 7-INTERNAL PHOTO OF the author's prototype. Start construction by cc
necting all cable assemblies to switch-potentiometers mounted on the front pan
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erator now functioning. build
the sine-shaper circuit (compo
nent numbers 3XXj and verify a
sine wave at the output of ICg.

Adjust R323 for a two-volt
peak-to-peak sine-wave output
at ICg pin 12. The amplitude of
the square wave is controlled by
R324. which should be set to
give a clean square wave with
out any overshoot or rounding
on the edges.

The output amplifier should
be built next. That section uses
the 4XX numbering scheme.
Set to R423 to its center post-

tion and adjust it only ifthere is
no output. Next. put your os
cilloscope on DC coupling and
observe the DC level of the out
put. adjust R422 until the out
put waveform is centered
around zero. Verify the open-cir
cuit signal swing of 20 volts
peak-to-peak and the - 20-dB
attenuator switch.

The last work on the mother
board is to build the frequency
counting section and to mount
the display board. The six dis
play LED's are soldered to the
display board. which is con-

nected to the motherboard b
gO-degree, 14-pin strip heac
With the display and com]
nents in place. observe the c
play. Select the MHz range a
make sure that all the digits ;
functioning. Ifnot, go back a
double check the circuit. Us
frequency counter or scope
calibrate the counter by adju
ing C504 so that the disp
reading is the correct frequer
selected.

The daughter board. whi
holds the counter input am]
fier and sweep generator is
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FIG. 8-CABLE ASSEMBLIES show the potentiometers that are connected to each of
the function switches.

sembled next. That parts
placement diagram is shown in
Fig. 10. The frequency-counter
input circuit must be tested
with an external signal or by se
lecting the external-signal
source function and jumping
the generator output to th e
counter input. Testing consists
of verifying the operation of the
switches. Sll-S14 and the in
put amplifier.

The input amplifier can be
tested by varying the amplitude

of an input signal from about 25
millivolts to 50 volts peak-to
peak (if no test signal is avail
able. use the generator Itself]
and observing the frequency
reading on the display. The fre
quency should remain the same
for all amplitude conditions.
When selecting the prescale
function. the display should
shift two decimal places to the
right if working correctly.

All the boards were designed
to use trans is tors with an emit-

ter-collector-base pin arrange
ment. and the rectangular pads
are configured to accept that. If
you choose to use the alternate
transistors indicated in the
parts list, they are American
made. and use an emitter-base
collector pin arrangement.
When the substitutes are used,
a small circular pad is placed
between the emitter and collec
tor of the rectangular pads. This
circular pad is used for the base
pin and the collectors and emit
ters remain connected to the
rectangular pads. '
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All resistors are Y.-watt, 5% un
less otherwise indicated.

Rl01-2700 ohms, 1%
Rl02, Rl04, Rl05, Rl09, Rl11-

100,000ohms, 1%
Rl06-33,200 ohms, 1%
Rl07 , Rl08, Rllo-1000ohms, 1%
Rl12, R114-3010 ohms, 1%
R113-49,900 ohms, 1%
R115, R120-4990 ohms, 1%
R116, R121-7150 ohms, 1%
R117, R122-348 ohms, 1%
R118, R123-75,OOO ohms, 1%
Rl19, R124-750,OOO ohms, 1%
R125, R126, R826, R827-10,OOO

ohms, potentiometer
R127, R128-5000 ohms, potenti

ometer (part of S101 and S102,
respectively)

R129, R825-20,000 ohms,
potentiometer

R201 , R210, R22o-1O,000 ohms
R202, R222--470 ohms
R203-390 ohms
R204, R206, R219-1000 ohms
R205, R216, R217-2700 ohms,

1%
R207, R208--4020 ohms, 1%
R209-511 ohms
R211-30,000 ohms
R212-2000 ohms
R213, R214-13,OOO ohms
R215-910 ohms, 1%
R218-7500 ohms
R221--47 ohms
R223, R828-5000 ohms,

potentiometer
R224, R225, R228, R229-2000

ohms, potentiometer
R226-10,OOO ohms, potentiome-

ter (part of S201)
R227--4700 ohms, potentiometer
R301--49,900 ohms, 1%
R302, R303-11 ,300 ohms, 1%
R304, R306-12,100 ohms, 1%
R305-309 ohms, 1%
R307-200 ohms, 1%
R308, R309-24,900 ohms, 1%
R31O-127 ohms, 1%
R311--e3.4 ohms, 1%
R312, R313, R32o-1000 ohms
R314-5100 ohms
R31e--eso ohms
R316-150 ohms
R317--e800 ohms
R318, R319-10,500 ohms, 1%
R321-2000 ohms
R322-12 ohms
R323, R324-1000 ohms,

potentiometer
R325-5000 ohms, potentiometer

(part of S301)
R401, R402, R503, R504-10,OOO

ohms
R403, R404-22,000 ohms

R405-170 ohms, 1%
R406-12,000 ohms
R407-1200 ohms
R408-2000
R409-18,200 ohms 1%
R41o-270 ohms, 1%
R411-100 ohms, 1%
R412, R414, R502-3000 ohms
R413-24,3000 ohms, 1%
R415, R418--47 ohms, lW
R416, R417-7.5 ohms
R419-50 ohms, Y2W
R420-499 ohms, 'I2W
R421-56.2 ohms, 1%
R422, R424-10,000 ohms, poten-

tiometer (R424 is part of S401)
R423-200 ohms, potentiometer
R501-100,OOO
R505-10 megohms
R701-10,000 ohms
R702-100,OOO ohms
R703-1 megohm
R704-50 ohms
R705, R718--150 ohms
R706, R712-220 ohms
R707--470 ohms
R708, R715-51 ohms
R709-R711, R713, R714, R716,

R717-510 ohms
R719-36 ohms
R72o-1000 ohms
R801~7500 ohms, 1%
R802-33,OOO ohms, 1%
R803-33 ohms, 1%
R804, R805, R807-5100 ohms,

1%
R806, R810, R816, R817, R819,

R820, R822-10,OOO ohms, 1%
R808-510,OOO ohms, 1%
R809-2200 ohms, 1%
R811-22,OOO ohms, 1%
R812-2400 ohms, 1%
R813-100 ohms, 1%
R815-150,000 ohms, 1%
R818-15,500 ohms, 1%
R821-2000 ohms, 1%
R823-15,OOO ohms, 1%
R824-18,OOO ohms, 1%
R830, R831-5000 ohms, potenti

ometer (part of S801 and S802,
respectively)

Capacitors
C101, Cl02, C204, C205-0.1 fLF

ceramic
C103,C203-100 pF, ceramic
C104-0.001 fLF, Mylar
C105-0.01 fLF, Mylar
C106--0.1 fLF, Mylar
Cl07-1 JLF, Mylar
Cl08, C504-15-60 pF, variable

capacitor
C201--e8 pF, ceramic
C202-o.047 JLF, ceramic
C301, C303-0.1 fLF, ceramic
C302,C304,C502-39 pF, ceramic

PARTS LIST

C305, C401--4.7 pF, ceramic
C307-15 pF, ceramic
C308, C408-5-35 pF, variable

capacitor
C402-120 pF, ceramic
C403-2.2 pF, ceramic
C404, C406--e.8 JLF, tantalum,

20 volts
C405, C407-o.047 fLF, ceramic
C501-33 pF, ceramic
C503-10 pF, ceramic
C601 , C602-1000 JLF, electrolytic

50 volts
C603, C604-100 fLF, electrolytic

50 volts
C605-1 JLF, tantalum, 20 volts
C701 , C704-C706--0.1 JLF,

ceramic
C702, C707-100 pF, ceramic
C70310u tantalum 16volts C801-

22 JLF, tantalum, 16 volts
C802, C803-220 pF, ceramic
C804, C805-100 pF, ceramic
C806-500 pF, ceramic
Semiconductors
0101-0108, 0201-0204 ,

0206-0226 , 0301-0312 ,
0315-0318, 0401, 0402, 0701
0702, 0801-1N4148 diode

0205-1 N751 , 5.1-voltZener diode
0313, 0314-1N746, 3.3-volt Zenei

diode
BR1-W02M bridge diode
oi. Q4, Q12, Q13, Q21-2SC1815

or MPSA05 NPN transistor
Q2, Q3, Q6, Q7, Qll , Q19, Q2~

2SA1015 or 2N4403 PNP
transistor

Q5, Q17-2N4416, N-channel FEl
Q8-2N3904, NPN transistor
Q9 , Ql0, Q14-2SC1923 01

MPSH34, NPN transistor
Ql5-2N2219, NPN transistor
Ql6-2N2905, PNP transistor
Ql8-PN5139, PNP transistor
IC1, IC2-lM741, op-amp
IC3, lC4-lM308, op-amp
IC5 , IC6 , IC20-CA3086, NPN

transistor IC (Harris)
IC7-7420, dual 4-input ANDgate
IC8--4011, quad NAND gate
IC9-CA3030, op-amp
IC10--4066, CMOS quad bilateral

switch
IC11-7216B, frequency counter

and lEO driver (Intersil)
IC12-7815, + 15-voltvoltage

regulator
ICl3-7805, + 5-volt voltage

regulator
ICl4-7915, -15-volt voltage

regulator
IC15-MC10116, ECl triple-line reo

ceiver with Schmitt trigger
(Motorola)



SOLDER SIDE FOIL PATTERNof the mother board.
I·

own boards, place the potenti
ometers on the component side
and make your adjustments be
fore the board is connected to
the mother board.

Once again you'll need an os
cilloscope to verify proper align
ment. Set R828 to its midpoint,

•
• •

• •
•

°:°11°11°1
•• 00

The sweep generator is built
next. Ifyou're using the boards
supplied with the kit, mount
potentiometers R825-R828 to
the solder side of the board.
That will make adjustments
easier when the unit is as
sembled. If you're making your

I-

COMPONENT SIDE FOIL pattern of the mother board.

IC16-SP8629, prescaler (Plessy)
IC17-LM324, quad op-amp
IC18-MC1458, dual op-amp
IC19 CA3140. op-amp (Harris)
SR801-1000 ohms, thermistor
DISP1-DISP6-common-cathode

LED (FND357)
Other components
S1-S7-4PDT-D switch
S8-DPDT switch
S9-S11-DPDT-D switch
S12-S14-DPDT-1switch

r S15-DPDT on/off switch
S101-DTDP switch used with

R127 (5K potentiometer)
S102-DTDP switch used with

R128 (5K potentiometer)
S201-SPDT switch used with

R226 (10K potentiometer)
S301-DPDT switch used with

R325 (5K potentiometer)
S401-SPDT switch used with

R424 (10K potentiometer)
S801-DPDT switch used with

R830 (5K potentiometer)
S802-DPDT switch used with

R831 (5K potentiometer)
J1-J4-BNC connector
J5, J14-8-position female/male.

0.1-inch centers
J6-5-position female/male. 0.1-

inch centers
J7, J12-2-position female/male
J8, J13-6-position female/male
J9-J11, J15 . J16-4-position

female/male. o.t -lnch centers
XTAL1-10-MHz AT/CUT crystal
T1-115/40 volts AC, O.5-amp

transformer
F1-o.5-ampfuse
Miscellaneous:Case (CTP-1 by

Global Specialties). three 1.75-
inch standoffs. four 2-inchstand
offs. two TO-5 heatsinks, three
TO-220 heatsinks, three PC
boards, internal w iring ,
fuseholder, a-conductor 18
gauge power-supply cord, and
strain relief.

Note: The following items are
available from Tristat Elec
tronics, Inc., 66A Brockington
Cres., Nepean, Ontario, Cana
da, K2G 5L1, (613)228-7223:
• A set of three etched and
drilled PC boards-$76.
• All components without the
PC board and case-$250.
• Complete kit of all parts (un
finished front panel)--$300.
• Cut and silk-screened front
panel-$10.

Add $17 for shipping and han
dling. Send check or money
order only.



FIG. 9-THE DUAL-PRIMARY TRANSFORMER can accommodate 115-volt operation
by connecting the two primaries in series: 1 to 3 and 2 to 4. For 22o-voit operation,
connect pins 2 and 3 in series. Also, the transistors have an extra base pad for
different packages.

FIG. 1O-PARTS PLACEMENT OF DAUGHTER BOARD holds the input amplifier and
62 sweep generator circuit.

and adjust R825 to give a good
log output (when selected) and a
linear output. Adjust R826 to
achieve a good input signal to

IC19 pin 2 and R827 will set the
maximum sweep width. If a
scope is not available, most po
tentiometers can be set to their

R802

•

o

center position and adju:
ments can be made by obse
ing the LED display with t
coun ter set to the in tern,
count mode.

If everything is working pre
erly, you can install the co
pIeted boards into the case. T
top of the case uses four 2-in
standoffs. The front and ba
panels supplied with the ca
are of O.065-inch alumtm,
and are not recommended j

use as a front panel. A compk
cut and silk-screened panel
available from the source me
tioned in the parts list, or y'
can make your own using trar
parent red acrylic. Secure t
mother board in place (top h
of case) and finally install t
daughter board uses three 1:
inch standoffs. You're nr
ready to power up and use yo
combination function genl
ator and frequency counter.

Using your unit
Table 1 shows a complete 1:



TABLE 1-FUNCTION GENERATOR SPECIFICATIONS

FUNCTION MIN MAX UNITS

Sine Wave 0.1 2.5 Mega Hz
Triang le Wave 0.1 2.5 Mega Hz
Squa re Wave 0.1 2.5 Mega Hz
Pulse 0.1 2.5 Mega Hz

Ampitude

Main Output 3.0 20 Vp-p
- 20dB 0.5 6 Vp-p

TTL Pulse 50 5 Vp
CM OS Pulse 0.5 15 Vp

Duty Cycle 10 90 0/0

DC Offset - 10 + 10 VDC

Sweep Generator

Sweep Width 1 1000 X Initial Freq.
- Sweep Time 1 20- - - Seconds-

Frequency Counter

Input Sens itivity 20 100 Vp-p
Input Range 0.1 150 Mega Hz
Input Impedance 50 1 Mega Ohms
Gates Times .01 10 Seconds
Error ±LSD
Stability 50ppmJOC

of functions an d specifications
of the unit.

The square wave output is in
phas e with the sine wave and
the triangle wave, but is 180 de
grees out phase with the TTL
and CMOS pulse outputs. That
feature is u seful for creating a
two-phase clocking system if
you happen to be working with
digital equipment. The u nit is
calibrated to give a fre quency
range of 0 .1 Hz to 2. 5 MHz. The
upper frequency limit can be ex
tended by adjusting variable ca
pacitor C108 and/or R129. With
the compo nent values that we
have given, the upper frequency
limit can reach as high as 4
MHz.

--Ch an gin g-th e_va lu es_oL th e
tim ing res is tors R1l5-R1l9 and
R120-R124 will produce output
frequencies as determined by
the formula lIRC . That method
will achieve a maximum sine
wave output of 10 MHz wit h an
amplitu de of 1volt peak-to-peak
above 2 MHz. R-E

Just fill out the order card
inthis magazine and mail
it in today.
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Countersurveillance
Never before has so much
professional information 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.

\\:lake liP! You may be the vict im of
srolen word s-precious ideas that would
have made you very wealthy! Yes, profes
sionals, even rank ama teurs, may be lis
tening to your most private co n
versations .

\Vake liP! If you are not the vict im ,
th en you are surrounded by countless vic
tims who need your help if you know how
ro discover telephone taps, locate bugs, or
"sweep" a room clean.

There is a thriving professional service
steeped in high -tech techniques that you
can become a part of! But first, you must
know and und erstand Counte rsurveilance
Technology. Your very first insight into
th is highly reward ing field is made possi
ble by a video VHS present ation th at you
cannot view on broad cast television , sat
ell ite, or cable. It presents an inform ati ve
program prepared by professionals in the
field who kn ow th eir industry, its tech
niques , kinks and loopholes. Men who
can tell you more in 45 minutes in a
st raightforward, exclusive talk th an was
ever atte mpted before.

Foiling Information Thieves
Di scover the t ar g ets professi on al

snoopers seek out! The prey are stock
b rokers, arbi trage firms , manufacturers,
h igh-tech companies , any compe t it ive

~ industry, or even small bus innesses in the
~ same com munity. Th e valuable informa
~ t ion they filch may be marketing st rar
~ eg ies, cusro mer lists , product formulas,
~ manufacturing techniques, even adver
~ t ising plans . Information thi eves eaves
'§ drop o n court d eci si on s , bi dding
U inform ati on , financial data. The list is
~ unl imited in th e m ind of man-es
.Q pecially if he is a thief!
~ You kn ow that th e Russians secretly

installed countless microphones in th e
concrete work of th e Am erican Embassy

64 building in Moscow. Th ey conve rte d

CALL
TODAY

TOLL
FREE

1-800-522-6260
HAVE YOUR

VISA or MC CARD
AVAILABLE

what was ro be an embassy and private
residence int o the most sophist icated re
co rd ing s t udio the wo rl d had ever
kn own . Th e building had to be torn
down in order ro remove all the bugs .

Stolen Information
The open taps from where the inform a

t ion pour s out may be from FAX's, com
puter communicat ions, telephone calls,
and eve ryday bu siness m eet in gs and
lunchtime encounte rs. Busines smen need
counselling on how ro elimi nate th is in
formation drain. Basic telephone use cou
pled with th e users understanding that
someo ne may be listening or recording

.vital data and informati on g reat lyreduces
th e opport u ni ty for othe rs ro purloin
meaningful information.

---------------------------~
RADI O-ELECTRONICS V ID EO OFFER RE
~ OO-B Bi-Counr y Blvd .
Farmingdale, NY 11735

Please rush my copy of the Countersurvcillancc Techn iqu es
Video VHS Cassette for $49 .9 5 plus $4 .00 for postag e and
hand ling .

No . of Cassette s ordered .
Amo unt of paym enr $ _

Bill my 0 VISA 0 Masrcr'Card
Card No . _

Expire Dare I _ _ . _

Sign atu re _
N ame _
Address _

City Stare Z IP _

All payment s in U .S.A . fund s. Canad ians add $4 .00 per
VHS cassette . No foreign orde rs. Ne w York State resident s
add applicable sales tax.

~---------------------------I

Th e professional discussions set
the TV screen in your home reveals
ro detect and disable wiretaps, m
radio-frequ ency transmitters, and
bugs , plus when ro use disinformati
confuse the unwanted listener, an,
technique of voice scrambling relep
communicat ions. In fact, do you i
how ro look for a bug , where ro look
bug , and what to do when you fin

Bugs of a very small size are ea
build and they can be placed quickl
matter of seconds, in any object or r
Today you may have used a telep
hand set that was bugged. It prol

. contained three bugs . One was a p
bug ro fool you int o believing you fOI
bug and secured the telephone. The
ond bug placates 'the investigaror '
he finds the real thing! And the thirc
is found only by the professional,
continued to search just in case there
more bugs .

Th e professional is not withou
rools . Special equipment has beer
signed so that the professional can s
a room so th at he can detect voice
vared (VOX) and remote-activated ~

Some of this equipment can be ope
by novices, others require a trained c
tersurveillance professional.

The professionals viewed on your
vision screen reveal information or
latest technologica l advances like I
beam snoopers that are installed
dred s of feet away from the room
snoop on. The professionals disclose
computers yield information too e:

This advertisement was not wrirte
a countersurveillance professional, bi
a beginner whose only experience t

from viewing the video tape in the
vacy of his home. After you review
video carefu lly and understand 'its
tents , you have taken the first impo:
step in either acquiring professional
with your surveillance problems , 01

may very well consider a career as a c
tersurveillance professiona l.

The Dollars You Save
To obtain the information cont ain ,

the video VHS cassette, you would at
a professional seminar costing $3 50
and possibly pay hu ndreds of dollars J

if you had ro travel ro a distant cit
attend . N ow, for o n ly $4 9. 9 5 (
$4 .00 P&H) you can view Counter
ceilla nce Techniques at home and
refresh er vie ws often . To obtain
cepy, complete th e coupon below 01

roll free.



JAMES J. BARBARELLO

charged metal plates. As the
smoke goes up the smokestack,
it passes by those plates; the
plates "pull" the suspended par
ticles to them. removing pollu
tion that would otherwise be
released to the outside air. Parti
cles accumulate on the plates.
and eventually have to be re
moved. To "clean" the plates.
rappers (like giant solenoids)
provide quick, hard jolts to the
plates. breaking trapped parti
cles free in huge sheets that fall
to the bottom of the smoke
stack. Our task was to deter
mine the characteristics of
existing commercial rappers.
and then determine whether
our customer's rapper could be
made better than the competi
tion's.

Our test instrumentation
consisted of an 8-bit AID con
verter hooked up to a computer.
and fed by a rectilinear potenti-

Mechanical sensing
As an example of mechanical

sensing. the author and a
friend were contracted to mea
sure the displacement, impact
force. and velocity of elec
tromechanical rappers used in
the pollution-control industry.
Factory smokestacks have en
vironmental controls that con
tain huge, electrostatically

shown in that article was built
around the base-collector junc
tion of a silicon transistor. With
the proper settings for ampli
fication and DC offset. a several
hundred millivolt change over a
1000reeC temperature range
produced a digital output
spread over the full input range
of the ADC0804.

In general. an AID converter
and a PC can provide very low
cost solutions to measurement
problems that would ordinarily
require costly test equipment.
Following are some ideas. prac
tical circuits. and software for
interfacing other types of de
vices. These ideas cover the
three most common types of
sensing: mechanical. electrical.
and acoustic.

Add a variety ofanalog inputs to
the PC-based analog-to-digifal convertor.

EXPERIMENTING WITH
ADCFOR
YOUR PC

PC-BASED TEST INSTRUMENTATION

has turned out to be a popular
topic among readers. We con
tinue this ongoing series by in
terfacing new sensing devices (a
linear displacement transducer.
a piezoelectric transducer. and
a microphone) to the analog-to
digital converter (ADC) dis
cussed in the January 1992 is
sue. Ifyou'rejust getting started
with this series, here's a brief
review of progress thus far.

Quick review
The heart of the system is a

PC I/O expander called the PC 10
that adds 24 lines of digital I/O
by means of an 8255 Parallel In
put/Output (PIO), all on a single
8-bit expansion card. In the
January 1992 installment. we
added an outboard analog-to
digital converter (ADC), based
on an ADC0804. The ADC al
lows you to measure and cap
ture any 0-5 volt analog signal
(e.g.. temperature. displace
ment. and audio). The circuit
includes a variable-gain amplt
fier for low-level inputs. and a
DC-offset adjustment for inputs
with unwanted DC compo
nents. A temperature probe
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FIG. 1-INTERFACE A LINEAR displace
ment transducer to the PC 10 as shown
here. The wiper of the LDT drives the
ADC0804 directly, so remember to dis
connect the op-amp output (pin 7) from
the ADC's input. (The original circuit was
shown in Fig. 2 in the January 1992 in
stallment.)
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FIG. 3-INTERFACE AN AUDIO SOURCE as shown here. The nonsequential
numbers occur to keep numbering consistent with the original circuit.

NO CONVERTOR
(JAN 1992FIG.21

LINEAR
DISPLACEMENT

POTENTIOMETER

IfB" PHONE
PLUG

FIG. 4-GRAPHICAL OUTPUT from GRAFDATA.BAS (Listing 2), which allows yo '
display as many as 1000 data points captured by ADC.BAS (Listing 1).

Electrical sensing
The temperature probe

veloped last time is one exam
of electrical sensing. Anotl
good sensing d evice is pie
electric material, available
both film and crys tal form.
inexpensive s ou r ce of pie
elec tr ic crys ta l is Radio Shar
Piezo Transducer (273-0i
Simply break open the plas
case, and you have a ctrcr
piezoelectric transducer w
red and black leads. When fJ
ed in any way, the transdu
produces a voltage that Val

proportionally to the amou n
flexing.

A piezo transducer ca n
used to measure force of I

pact, or the amount of b end
an d flexing . Figure 2 s h ows 11
to con nect a piezo transduce

give a true indication of dis
placement. This type of setup
would also be useful for measur
ing the movement of solenoids,
pistons, cams, and s im ila r de
vices.

Using that circuit , we ob
tained a series of outputs that
showed exactly how the rapper's
plunger moved a quarter of a
second after it triggered. Eight
bits of di gital data made it easy
to calculate the rate of change of
displacement (velocity) , as well
as the maximum displacement.
We determined impact force
u sing s train gages.

The only problem we had was
in d etermining jus t when to
read the LOT's resistance. The
solution turned out to b e
s t r a igh tforwar d , a s w e'll see
momentarily.

ARED

G~6~LA:..eC,""K --....I~
PIElO

TRANSDUCER

ometer (also called a linear dis
placement transducer, or LOT).
LOT's are precision potentiome
ters that move linearly, rather
than circularly. Even at surplus
prices , LOT's aren't cheap
($20-$50), but they do a great
job. Figure 2 in the January
1992 issue shows the complete
ADC circuit; we simply supplied
it with the input shown here in
Fig. 1. Note that we power the
LOT directly with a 5-volt DC
supply, so neither amplification
nor DC offset were required. In
stead, we drive the AOC0804
(IC2) directly, as shown in the
figure.

If you use this type ofarrange
ment, be sure to disconnect the
op-amps output (pin 7) from
the ADC 's input (pin 6). In addi
tion, make sure the potentiome
ter has a resistance of at least
lK, so as not to draw too much
current from you r PC's power
supply. Also , the mechanical
linkage between the LOT a n d
the rapper must be firm so there
is little or no slippage at the
speeds e n co u n te r ed . Other
wise, the potentiometer will not

FIG. 2-INTERFACE A PIEZOELECTRIC
transducer as shown here. Make sure
the red lead goes to the tip and the black
lead to the ring of the plug. Also, to avoid
feeding DC voltage into the transducer,
disconnect the J1 end of R1.
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LISTING 1 put signal, adjust Rll for max
imum gain, and Rl2 so output
is about 2.5-volts DC. (The lat
ter setting allows the piezo volt
age to vary from that quiescent
level.) You might also want to
adjust the value of R3 so that
the piezo sensor produces max
imum indication at its max
imum output.

To test the circuit, use a piece
of masking tape to secure the
piezo sensor to a flat surface,
making sure you aren't flexing
it. Tap the surface firmly and
note the response. In actual
use, you would mount the sen
sor using a clamping device or
flexible adhesive. This type of
device is useful for measuring
applied impact, oscillation after
impact, or amount of flex or
bend.

Acoustic sensing
You've probably seen audio

signals displayed on an os
cilloscope. Now imagine "freez
ing" those stgnals-s-t.e.. storing
them in digital form. Scientists
capture digitized audio in this
way to study the sounds that
whales, birds, and other ani
mals make. In digitized form ,
it's easy to compare and con
trast different sounds to deter
mine which have similar
characteristics, or to look at
other factors that wouldn't oth
erwise be obvious.

To accommodate a micro
phone input, we modified the
ADC circuit as shown in Fig. 3 .
The changes allow us to in
crease the gain of ICl-a to a
maximum of lOa, and to attenu
ate high-level inputs. Gain is de
termined by the ratio R14/
R6 = 106/104 = 102 = 100. If the
part numbering in Fig. 3 seems
strange, it's because we tried to
stay consistent with the main
circuit shown in Fig. 2 in Janu
ary. Note that in the January
vers ion , R6 was lOOK; here we
decreased its value to 10K. Also,
we no longer use RI-R4.

In operation, first set R12 to
mid-value. Then adjust Rl 4 for
maximum range, as described
last time. Last, readjust Rl2 as
necessary to set the quiescent
level to about 2.5-volts DC. For
example, a microphone might
provide a maximum output

of RI, sh own in Fig. 2 last time
(RI provided +5-volts DC to the
temperature probe). With no in-

1 REM* · ~ * · · * * * * ~ * * * * * ** *** *** * * · * * ** * ** * * * **· · * · * · *

2 REM" ADC. BAS - V910803 - J J Ba r b a r e ll o '
3 RID4** Capture/Store Analog Data with Pc A/ D-MATE -
4 REM** ·*- *** ·** ·**··-·· ··*· **_·* *·****** * * · *·**· **
1 0 CLS : DEFINT A, X: DIM A( 1000): GOSUB 370 : LOCATE 1 , 23
20 PRINT " Pc A/ D DATA COLLECTION SYSTEM " : LOCATE 2 , 1 : PRI NT
STR ING$ (79 , 220)
30 LOCATE 5 , 1: PRINT SPACE$(79) ; : LOCATE 5, 10
40 LINE INPUT "Enter T i me (0-3600 s e c ond s ) b etween samples .. . " ;
i n t e rva ls
5 0 int e r val = VAL (i n t erval$)
60 I F i nterval < a OR i n t erv al > 3600 THEN BEEP : GOTO 30
70 LOCATE 7, 10 : PRI NT 'Pre ss <Enter> to begin , o r <Esc> t o
a b o r t . . . ";
80 GOSUB 3 5 0 : I F A$ = CHR$ (27) THEN CLOSE : END
90 LOCATE 5 , 10 : PRI NT SPACE$(60) : LOCATE 7, 1 0: PRINT SPACE$(60)
10 0 LOCATE 10, 22: PRINT "DI GI TAL DATA (0 -255) : ' : LOCATE 12, 1 9
110 I F interva l > 0 THEN PRINT "S ECONDS BETwEEN SAMPLES : ' ; interval
120 LOCATE 13, 29 : PRI NT "SAMPLE NUMBER: "
130 LOCAT E 16 , 20 : PRINT "p r e s s <Esc> to End Sampling ... " ;
14 0 acoun t '" 1 : xsample = 1 .
1 5 0 told ", VAL{ MID$( T I ME$, 4 , 2)i - 60 + VAL {RIGHT$ (T I MES, 2 i )
160 IF inter ,a l '" 0 THEN GOTO 210
17 0 T '" VAL (MID$ {TIME$ , 4 , 2 ) i • 60 + VAL (RIG HT$(TIME$ , 2»
180 I F T '" 0 AND (to ld - T > i n t e r va l ) THEN tol d ", told - 3600
1 90 I F I NKEY$ '" CHR$ (2 7) THEN GOTO 260
200 IF T - tol d > 0 THEN t old", told + i n terval ELSE GOTO 1 7 0
210 OUT ADD + 2 , 0 : OUT ADD + 2, 1
220 x '" INP (ADD) : LOCATE 10 , 44 : PRI NT USI NG "lfU" ; x
23 0 LOCATE 1 3, 44 : PRINT x s a mpl e ; : x s a mp l e = x s a mp l e + 1
240 IF acount < 1 001 THEN A (acount) '" x : a c ount = acount + 1
2 50 I F INKEY$ <> CHR$ (27 ) THEN GOTO 1 60
2 60 BEEP: ,LOCl>.TE 16 , 15
27 0 PRINT "Pres s <En t e r> t o s a ve d ata , <Esc> f or n o s a v e . , . ";
2 80 GOSUB 350 : IF ASC(A$i '" 27 THEN CLS : END
290 LOCATE 16, 1 5
300 LINE I NPUT "Ent er File Name To Sa ve Data (e x : TESTOl. ADD) ... · ; f $
31 0 OPEN "r " , 1 , f$ , 2 : FIELD 1 , 2 AS d IS
32 0 LOCATE 18 ,20 : PRINT "S aving Data ... " ;
3 30 FOR i '" 1 TO acount: LSET d l $ '" MKIS(A {i ) i : PUT 1, LOF (l ) / 2 +
1 : NEXT
3 40 PRINT "Done . Pr e s s ANY key ." ; : A$ '" I NPUTS ( l ): CLOSE : CLS :
END
350 AS = I NKEY$: I F AS '" " " THEN GOTO 35 0
360 I F ASC(A$) '" 13 OR ASC (AS } = 27 THEN RETURN ELSE BEEP : GOTO 3 50
3 70 OPEN "R" , 1. "HWADDRES. DAT · , 4 : FIELD 1, 4 AS AS
380 GET 1, 1 : ADD = VAL(AS) : CLOSE: DEF SEG '" 64 : OUT ADD + 3, 146 :
RETURN
1 REW ' GRAFDATA. BAS
2 REM' * Gr aph Pc A/ D- Mate . ADD File Data (Re quire s Graphic s Moni tor )
3 REM ' - V9 10802 - JJ Barbarel l o
4 REM'-
10 CLEAR : DEFI NT I-J , Y: KEY OFF: CLS
20 COLOR 0 , 7 : LOCATE 3 , 2 7 : PRI NT " GRAPH Pc A/D- MATE DATA "; : COLOR
7, 0
30 LOCATE 1 0 , 20 : INPUT "Ent e r File Name (e x : TESTl. ADD ) ... " ; DFNS
40 OPEN "R", 1 , DFN$, 2: FIELD 1 , 2 AS D$ : I F LOF( l) > 0 THEN GOTO 80
5 0 CLOSE : KI LL DFNS: BEEP : LOCATE 25, 1 3
60 PRINT "That Fil e Doe sn' t exi s t , Pre ss ANY key t o t ry aga i n . .. " ;
70 AS = I NPUT$ (I ): CLS : GOTO 20
8 0 LOCATE 21, 3 4 : COLOR 16 , 7 : PRINT " Reading d a ta ' ; : COLOR 7 , 0
90 DIM I { (LOF ll ) / 2) + 3)
1 00 FOR I '" 1 TO LOF {l ) / 2 : GET 1, I: 1 (1 ) = 1 9 0 - CVI(D$ ) : NEXT
1 1 0 LOCATE 21 , 34 : PRINT SPACE$(20 )
1 20 LOCATE 12 , 2 0 : PRI NT "File Has " ; LOF(1 ) / 2; 'Sample s ."
13 0 LOCATE 1 4 , 20 : I NPUT "Enter Star t Samp l e To Vi ew . . ,"; I START
14 0 LOCATE 15 , 20 : I NPUT "Encer End Sa mpl e To Vi ew " ; IFIN
1 50 I F IFIN - I START > 1000 THEN IFIN '" I START + 999
160 I ( I i '" I ( I - 1 i : I (I + 1 ) '" I (I): ,I ( I + 2 ) '" I ( I + 1 )
17 0 YINC '" 500 / (IFIN - I START)
180 I F ( I FIN - ISTART) > 4 99 THEN istp '" 2 ELSE i s t p '" 1
1 90 SCREEN 2 : LOCATE 2, 1 : PRINT "SAMPLES" : LOCATE 3 , 1 : PRINT "

2 0 0 LOCATE 4 , 1 : PRI NT "St a rt:" ; I START: LOCATE 5, 3: PRI NT "En d : " ;
IFIN
210 LOCATE 20 , 1 : PRINT "Press <ESC>': LOCATE 21, 3 : PRINT "To
En d . . . "
220 LINE (138 , 0) -(138 , 190): LI NE (138 , 1 9 0 i - (6 39 , 190): J '" 13 9
230 FOR I '" 0 TO 152 STEP 38 : LINE (1 2 8, 1 ) -( 1 37 , I i : NEXT
240 LOCATE 1,13 : PRINT " 5 .0 " : LOCATE 24,16 : PRINT "0 ";
250 LOCATE 12 , 12 : PRIN T "VOLTS " ;
260 FOR I = ISTART TO IFIN STEP ist p
2 70 LINE (J , I( I i) -(J + YINC , 1( 1 + istp » : J = J + YINC : NEXT I
280 A$ '" IN KEY$ : IF A$ = ".. THEN 2 8 0
290 IF ~SC(AS) '" 27 THEN SCREEN 0 : END ELSE BEEP : GOTO 280

our circuit. We want on ly th e
voltage generated by the piezo
sensor, so disconnect the JI en d



LISTING 2 +5V
1 REM' - GRAFDATA.BAS
2 REM' - Graph PcA /D - Ma t e . ADD File Da t a (Requi r e s Graphics Mon i t o r )
3 REM" V9 10 802 - JJ Barbarel lo
4 REM"
10 CLEAR : DEFINT I - J, Y: KEY OFF : CLS
2 0 COLOR 0, 7 : LOCATE 3, 2 7 : PRINT " GRAPH Pc A/ D- MATE DATA " ; : COLOR
'I , 0
30 LOCATE 10, 20 : INPUT "Enter File Name (ex : TEST1 . ADD). , , " ; DFN$
40 OPEN "R ", 1. DFN$, 2 : FIELD 1. 2 AS 0 $: IF LOF (1) > 0 THEN GOTO 8 0
50 CLOSE : KI LL DFN$: BEEP : LOCATE 2 5 , 1 3
60 PRI NT "Tha t File Doesn ' t exist . Press ANY key to t ry again" . " ;
70 AS = I NPUTS(l }: CLS : GOTO 20
80 LOCATE 2 1 , 34 : COLOR 16 , 7 : PRI NT " Readi ng data "; : COLOR 7 , 0
90 DIM I « LOF (l } I 2) + 3 )
100 FOR I = 1 TO LOF (l ) / 2 : GET 1, I : 1 (1 ) = 19 0 - CVI (DS ) : NEXT
11 0 LOCATE 2 1 , 3 4 : PRINT SPACE$( 20 }
12 0 LOCATE 12 , 20: PRINT "F ile Has "; LOF(l } I 2; "Samples . '
13 0 LOCATE 14, 20 : INPUT ' Enter Start Sa mple To Vi e w.. . ' ; ISTART
140 LOCATE 15 , 20: INPUT "Enter End Sample To v i e w" ; IFI N
150 I F I F IN - ISTART > 1 000 THEN IFIN = I START + 99 9
160 I ( I ) = I ( I - 1 ) : I (I + 1) = I (I ) : I ( I + 2 ) = I ( I + 1 )
17 0 YINC = 50 0 I ( I FI N - ISTART)
180 IF (IFIN - I START) > 49 9 THEN ISTP = 2 ELSE I STP = 1
190 SCREEN 2 : LOCATE 2 , 1 : PRI NT "SAMPLES " : LOCATE 3 , 1 : PRI NT

200 LOCATE 4 , 1: PRINT "Start :" ; I START: LOCATE 5 , 3 : PRINT "End: ";
IFIN
21 0 LOCATE 20, 1: PRINT ' Pres s <ESC> " : LOCATE 21. 3 : PRINT "To
End ... '
220 LI NE (1 38, 0 }-( 1 3a, 1 9 0 ): LINE (1 3 8, 19 0 }-(63 9 , 19 0 ) : J = 13 9
230 FOR I = 0 TO 152 STEP 38 : LINE (1 28, I }- (1 37, I ) : NEXT
24 0 LOCATE 1 , 13 : PRINT " 5 .0" : LOCATE 24, 16 : PRINT "0";
250 LOCATE 12 , 12 : PRINT "VOLTS " ;
2 60 FOR I = ISTART TO IFIN STEP I STP
270 LINE (J , I (I } }-(J + YI NC , 1 (1 + I STP »: J = J + YI NC: NEXT I
280 AS = IN KEYS: IF AS = " THEN 28 0
2 90 I F ASC (A$ } = 27 THEN SCREEN 0 : END ELSE BEEP: GOTO 2 8 0

R2
10K

TRIG'
OUTI

Rl
10K

TRIGGER
INPUT

ORDERING INFORMATION
The following items areavailati

from JJ Barbarello, 817 Tenne'
Road, Manalapan, NJ On26.
• Complete PC 10 Board with Ii
board and all components (part
PCI0)-$39.95
• An ADC0804 and a calibratE
PN222A temperature sensor tra
sistor (part #ADC)-$8.00
• PC 10 software, including cor
piled and source code versior
with continuous and interval sar
piing and data loggingllistln,
Specify disk size , 3.5" or 5.2f
(part #ADC-S)--$8.00.
• Software from this Installmer
including a menu-driven, compll(
program (with source code), e
panding on the identified functlor
and adding discrete data Iistin
graphed data sample selectlo
value display, and other featun
(part #ADM-S)-$10

Specify part number(s) and ser
check or Money Order.

The author will be glad to answer ar
questions, but they must be a
companied by a self-address(
stamped return envelope.

FIG. 5-DIGITAL TRIGGER CIRCUr
lows the PC 10 to start reading ,
based on the appearance of a pred,
mined signal. Connect this circuil
tween that signal and an unused P
input, and modify the software ace
ingly.

again, data is abandoned and
program ends. Ifyou press En
the program requests a file na
for storing the data. Specify
complete file name, includ:
any path and extension (e.
C:\SUBl\TESTOl.ADD.) If)
don't specify a complete path,
file will be stored in the curr
directory. If the filealready exis
current data will be appendec
the end of the file.

GRAFDATA.BAS allows yot
plot your data on-screen. WI
you run the program, it a:
you to specify a data file. As w
ADC.BAS , specify the full
path if the file is not in the c

(Continued on page

address (640), create a one-line
file that contains "640D" (with
out the quotes) followed by a
carriage return.

Connect the ADC circuit to
your PC and run ADC.BAS. It
initializes the PC 10 card, then
asks you for the interval (in sec
onds) to wait between samples.
Ifyou want continuous samples
(with no delay), enter O. Other
wise, you can enter any number
between 1 and 3600 (one hour).
When you press Enter, sam
pling begins.

The program displays three
pieces of information: current
data (line 100), time between
samples (line 110), and current
sample number (line 120). Press
Esc at any time to end sampling
(line 130).

Lines 150-200 take care of in
terval timing. The sampling
program showed last time used
a timing loop that was system
dependent; the current version
reads the system clock, hence is
system-independent. Sampling
takes place in lines 210-250; as
many as 1000 samples are saved
in array A.

When you press Esc to end
sampling, execution continues
at line 270. If you press Esc

Software
We wrote two programs for

data capture and display. List
ing 1 shows the capture pro
gram (ADC.BAS), and Listing 2
the display program (GRAF
DATA.BAS)-both are available
on the RE-BBS (516-293-3000,
1200/2400, 8Nl) as a file called
PCADMAT2.LST. Figure 4
shows sample output from
GRAFDATA. Enhanced ver
sions of both programs are
available on disk from the au
thor for a nominal fee; see the
sidebar for details.

ADC.BAS is a general-pur-
pose data capture and storage
utility. 10 use it, you must create
a data file called HWAD
DRES.DAT in the same directo
ry as the program. The file con
tains the decimal address of the
PC 10 card. You can create the
file with any text editor or word
processor capable of storing
text in ASCII format. Assuming
your card is set to the default

voltage of 0.5. Adjust R14 so the
maximum is about 4.0 volts.
Then readjust R12 so the no-sig
nal (qutescent) value is about
2.5-volts DC. Now you'll get the
best resolution from the circuit.
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staying high for one full clock
cycle. The CARRY OUT goes high
for one clock cycle out of every
10 clock cycles, and it can be
used to ripple-count more
C040l7B's in a multi-decade
counting application. The
counting cycle is inhibited by
setting CLOCK INHIBIT high. A
high on the RESET input clears
the counter, and sets the "0"
output high.

DECODED
DECIMAl
OUTPUTS

"0" 3

"1" 2

"2" 4

"3" 7

"4" 10

"5" 1

"6" 5

"1" 6

"8" 9

"9" 11
CARRY 12

OUT

16

IC1
CD4D17B

8 V
55

13 CLOCK
INHIBIT

15 RESET

14 CLOCK

FIG. 1-PINOUTS OF THE CD4
cade counter/divider, with its dllCodEld
outputs shown In ascending arit melle
order. The clock Is Inhibited by a high on
pin 13,and the counter is reset by a Hgh
on pin 15 and advances on a posltiY
going clock transition.

GWITH
'5

Chaser principles
One of the most popula ED

displays is known as a chaser,
also called a sequencer. Thdt s
when an IC drives an LED arra
so that each LED (or smal
groups thereof) turns on and off
in a fixed, periodic sequence,
that appears as a ripple of light
running along a chain. The
LED's don't necessarily have to
be arranged linearly, and can be
placed in any desired geometric
pattern, to alter the visual
effect.

The most popular CMOS IC
which is used for that purpose
is the CD40l7B, which is a de
cade counter/divider IC with 10
decoded outputs, each capable
of directly driving an LED dis
play. If desired, the outputs can
be coupled back to the IC con
trol terminals to make the de
vice count to (or divide by) any
number from 2-9, and either
stop or recycle.

The CD4017B is easily cas
caded for use in multi-decade
frequency division, or for use in
counters with any number of
decoded outputs. It's extremely
versatile, and it can easily be



volts DC, and possibly destn
ing a CD40l7B output stage

When a CD4017B driv
LED's in moving-dot mode, th
can be connected directly to t
IC outputs if supply values a
no more than 9 volts DC. F
higher supplies, you'll need ci
rent-limiting resistors. Seve)
such display circuits are shov
in Figs. 6-12.

Alternative LED displays
The output stages of tl

CD4017B can either source
sink currents equally well. Fi~
shows IC2 used in s in k-mode
a moving-hole LED displa
nine of the 10 LED's are on
any given time, while one tun
off sequentially. If the LED's a
arranged circularly, they see
to rotate. Since all LED's exce
one are on at a time, they ;
need current-limiting resistor

MOVin g-dot displays a
much more popular than tl
moving-hole va r ie ty. The t y]
shown in Fig. 3 can be design.
to use fewer LED's just by om
ting the unwanted ones, b
then the do t moves interm:
tently or scans, since IC2 tak
10 clock steps per sequenc
and all the LED's will be off di
ing the unwanted steps.

If a continuously-moving di
play with fewer than 10 LED's
needed, connect the fir st u
used CD4017B output to pin :
(RESET), as indicated in the
LED version shown in Fig. 7. '
achieve an intermittent dispi;
using a controlled number of (
steps. just connect th e desln
unwanted output to pin 15
RESET ). Or, in other words, mo
the connection going to pin :

FIG. 5-A POSSIBLE EQUIVALENl
Fig. 4, which uses up to a 15- volt
supply.I·

-,

:~.:

C2
llJOl,lF

+9V

RESET 15
CLOCK

ICl INH IBIT 13
C040178 Vss 8

"0" "1" "2" "3" "4" "5" "6" "7" "8" " "
3 2 4 7 10 1 S 6 9 11

LEOl LE02 LE03 LE04 LE05 LED6 LE07 LE08 LED9 LE010

14 CLOCK

4 8 RESET lS
7 14 CLOCK

CLOCK 13
3 IC2 INHIBIT

(;040178 Vss 8
ICl "0" "1" "2" INa" "4" u5" "6" "7" "8" "g"
555 3 2 4 7 10 1 5 6 9 11

LEOl LE02 LED3 LE04 LEOS LED6 LED7 LE08 LE09 LEO
10

+6-12V

16

.:.::::.:::.:-;;;:.:.•-....:.~ ~ ~ : :.:.:: : .: ~: .,'. -::.:"::.:-.-.~:":" '": :';.: . .:.:.;.:: :0' :-v-:-;: "::'..: ".".:-v -.' -: ':.: '",::.: : / : .',~. :.' ;.::: ,':"' : : ::.;:;':: :1:':': :::' ." : :" '~ ~':' : ' .: :' : :: : ::.:': :.•~~:

CLOCK ~
INPUT I

"0" nl----;!----i---T--+----!--+---+--~ :~
I ' i ,
I , I ,

"1" ! II, : r-1
~ ll------i---l----!--+--+-........--!---I-I_I L "
1 1 I I.

"2"1 ~ ! r ~j
I I I "::

"3"1 n I r
I I ! {
I I I I

"4": n :
1 I i
I I I I

"S"! n ' I
I I I

: ' I

"6" ! nl--+I--+-....;...----
_ I : I

"7"i n: ,I.--i-
,
-....;..----

I '

"8": nI . ,....-....0---__
I , ,

"g"l, n, ,1--_--

C~:yj I

FIG. 4-A 1D-LEDCHASER, WHICH USES up to a 12-volt DC supply.

FIG. 3-A1D-LEDCHASER OR SEQUENCER that can be used with supply voltages up
to only 9 volts DC, and which produces a "moving-dot" display.

FIG. 2-WAVEFORM TIMING DIAGRAM OF THE CD4017B, with its RESET and CLOCK

INHIBIT terminals (pins 13 and 15) grounded.
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FIG. 6-A 10-LED "MOVING-HOLE" DISPLAY.

+

+

C2
100J.lF

V 16
DD

RESET 15
CLOCK
INHIBIT 13

"v§s 8

LED4
~

step, 20 -LED chaser; the four
LED's are in series in each of the
five CD40I7B outputs, so four
LED's are lit at anyone time.
Each lit LED drops about 2 volts

L...-__~;-_~~~_~~ ---J C2

100f.!F

ICl
555

+9V

16
8 VDD RESET 15

14 CLOCK IC2 CLOCK 13
3 CD4017B INHIBIT 8

ICl "0" "1" "2" "3" "4"
555 3 2 4 7 10

II LEDl II LED2 II LED3 II LED4 G2J100f.!:

'='

r:ST~~R 1 2 3 4 5 6 INUMB

LEDl ON OFF OFF I OFF I OFF ONrLEa2 ON ON OFF OFF OFF ON 1
LED3 ON ON ON OFF OFF

1

ON

~l ON I ON ON ON OFF ON 1

+9V

Rl
1.5K ,;.4:u......--l-::'"

7

one line at a ti me; if you want,
you can expan d this vers ion still
fu rther to control a lO-line, 100
LED , matr ix display.

Figure 12 shows a 4-bank, 5-

R1
1.5K 7 ,;:4~-I..::"

FIG. 8-A 4-LED, 5·STEP SEQUENTIAL TURN-OFF DISPLAY.

FIG. 7-A 4-LED CONTINUOUS" MOVING-DOT" DISPLAY.Toget an intermittent " mov
ing-dot" display using a 50% " blanking" period, just change pin 10 (or output " 4" ) to
pin 9 (or output "S").

of IC2 to pin 9. In that type of an
intermittent display, the LED 's
will light for four cy cles, go
blank for four cycles, an d the
sequence then rep eats.

Figure 8 s hows a visually at
tractive 4 -LE D , 5 -step se 
quencer. Initially, all four LED 's
are on, and then tu rn off se
quentially until they're all off in
the fifth step, as sh own in the
accompanying table. The LED 's
are effectively in series , an d the
basic ci rc uit can 't drive over
four LED 's .

Figu re 9 shows an other ver
s ion; here, the CD40 I7B does a
lO-s tep sequence, with LED 1
on from steps "0"-"3 ," LED 2 on
for "4"-"6, " LED 3 'on for "7"
an d "8," and LED 4 on for s tep
"9 ." The di splay will accelerate
from LED I-LED 4, not just
sweep ing s m oo th ly from one
LED to the n ext, and the cycle
then rep ea ts ad infinitum.

Figure 10 shows su ch a cir
cu it mod ified to produce an in
term ittent display, where the
visual acceleration occurs for 10
clock cycles, the LED 's all blank
fo r 20 cycles, a n d then the
counting cycle repeats . Wh en
IC2 is in a -i- 10 mode as shown
in Figs . 9 an d 10, pinIz (CARRY

OUT) produces an output each
time IC2 do es a decade cou nt,
w h ic h is u s ed t o clock IC3
(w hich is connected in ..;- 3
model. with its "0" output fed to
Q I.

For the first 10 cycles of a se
quence, the "0" output of IC3 is
high, and QI is biased on, so
IC2 acts as sh own in Fig. 9 , with
the LED's tu rning on sequen
tially th rough Q1. After the 10th
clock pulse, the "0" output of
IC3 goes low, turning QI off ; the
LED's can no longer light, but
IC2 keeps count ing. Aft er the
30th clock puls e, the "0" ou tp u t
of IC3 again goes high and
turns QI on, reenabling the dis
play.

Figure 11 is a s im ple multi
plexed di splay, where IC3 and
Q3 enable or d is able a bank of
LED's . Figure 11 is yet another
example of a mult iplexed d is
play, which u ses three lines of
s ix interm itte n tly-sequenced
LED 's . They're each seq uen
tially enabled via IC3 an d in d i
vidual ~atin~ t ransistors, on ly



FIG. 9-A 4-LED CONTINUOUS "ACCELERATOR" DISPLAY, where the pattern of the
dots appears to acce lerate from left to right.

ICl
555

+9V

RESET 15
CLOCK
INHIBIT 13

~s~ 8

can use the LED's as etthe
bar- or dot-graph display. I
bar-graph display, the input
ue is indicated by the tr
number of LED's that are lit
the dot display. the input va
is indicated by the relative Pi
tion of just one lit LED.

Special IC's are available
building LED analog displs
the most useful examples be
the U2X7B family from AI
and the LM3914 family from
tional Semiconductors. 1
U2X7B family consists of s
ple, dedicated devices, wh

+ 9V

7

GARRY OUT 12 14 CLOCK

RESET 15
GLOCK INHIBIT 13
"8" "9" Vss

16
r-- -T-- - - - - - - - ---t- - ---- --- - -....-- -----:qEcl

100
RESET 15
CLOCK 13
INHIBIT 8

"3" Vss

FIG. lO-A 4-LED INTERMITTENT "ACCELERATOR" DISPLAY, where the "accelera
tion" occurs for 10 out of every 30 clock steps.

+9V

16 16
8 Voo CARRY OUl 12 14 CLOCK Voo RESET 15

14
GLOGK IG2 RESET 15 IC3 CLOCK 13

3 CD4017B CLOCK INHIBIT13
CD4017B INHIBIT 8

"0" "1" "2" "3" "4" "5" Vss "0" "1" "2" "3" Vss
3 2 4 7 10 1 8 3 2 4 7

C
1III

can be usefully cascaded
drive up to 10 LED 's in b:
graph mode only, the membe
being the U237B, U247
U257B , and U267B. T I
LM3914 family is more compl
and versatile by cornpartso
and are easily cascaded to dri
up to 100 LED's in either b
graph or dot-graph mode. Bo
varieties of Ie's are consider
to be bar-graph drivers.

Bar-graph displays
Another multi-LED indicator

ci rcuit is the analog vers ion ,
which drives a chain of linearly
spaced LED's. The number of
LED's that are lit is proportional
to the voltage applied to the
LED-driver, so the circuit acts
like an analog voltmeter. You

~ DC; that's 8 volts DC for each
'2 LED bank that's on, so the sup
e ply voltage must be greater than
~ that for the circuit to work. A
~ greater number of LED's can be
~ used in each LED bank if the
a: supply voltage is correspon-

dingly increased to handle the
72 added load.

~ FIG. ll-A MULTIPLEXED 6-LED x 3-LINE MOVING-DOT DISPLAY, in which the dot
~ moves Intermi"ently along the lines.

..Q

~



+9V- 12V

TABLE 2--U237B INTERNAL STEP VOLTAGES

Parameter Mini· Typ- Maxi-
mum ical mum

Supply 8V 12V 25V
voltage

Input -- -- 5V
voltage

Input current -- -- 0.5
mA

Max supply -- 25 30
current mA mA

Power -- -- 690
dissipation mW
(at 60°C)

Step - 30 -- 30
tolerance mV mV

Step -- 5 mV 10
hysteresis mV

Input -- 100 K --
resistance

Output -- -- 1V
saturation
voltage

into transistor switches. The
thresholds are fixed by the tap
ping points on voltage div ider
RI-R6, which is powered using
a built-in voltage regulator:
each comparator input is con
nected to pin 7.

All four IC's also contain an
internal 20-milliamp constant
current source, and the five ex
ternal LED's go in series be
tween it and ground (pin 1), as
shown. Groups of LED's are
turned on or off using the indi
vidual switching transistors. If
Q3 is turned on, it sinks 20 mil
liamps via LED 's 1and 2, so they
tum on, and LED's 3-5 tum off.

The U2X7B family has step
voltages spaced at 200-millivolt
DC intervals, and Table 1 lists
the s tates of its five internal
transistors at various input
voltages. At 0 volts DC input, all
five transistors are switched on,
so Ql sinks the full 20 milli
amps, and all five LED's are off.
At 200 millivolts DC, Ql turns
off but all other transistors an
on, so Q2 sinks the 20 milli·
amps via LED I , driving LED]
on and turning all others off.

TABLE 3--U2371C FAMILY
MAJOR SPECIFICATIONS

+

7 1 5

RESET 15
Vss 8

CLOCK INH IBIT 13
"3" "4" "0"

16

Basics of the U2X7B Ie family
The AEG U2X7B IC family is

composed of four different 8-pin
DIP's, each capable of driving
five LED's . The U237B and
U247B pair produce a linear
display. and are used together
when driving 10 LED's . The
U257B and U267B pair produce
a logarithmic display. and are
also used together when driving
10 LED's. All four IC's in the fam
ilyuse the same internal circuit
ry, in block diagram form , as
shown in Fig. 13.

All four IC's contain five
Schmitt voltage comparators
with unique thresholds feeding

drivers to either sound an
alarm, flash the display, or both.

The linearity of such a bar- or
dot-graph meter is considerably
better than that of most analog
meters, and is generally about
0 .5%. The resolution depends
on the number of LED's that are
used; a lO-LEO version has ade
quate resolution for most hob
byist purposes.

14
3

IC1
555

4 8

Device Step 1 Step 2 Step 3 Step 4 Step 5

U237B 200 mV 400 mV 600 mV 800 mV 1.00 V

U247B 100 mV 300 mV 500 mV 700 mV 900 mV

U257B 0.18VI 0.53VI 0.84VI 1.19VI 2.0VI
- 15 dBW -6dBW -1 .5 dBW + 1.5 dBW + 6 dBW

U267B O.1VI 0.32VI 0.71VI 1.0VI 1.41VI
-20 dBW - 10 dBW - 3 dBW o dBW + 3 dBW

V1N,V 01 02 03 04 05

1.0 Off Off Off Off Off

0.8 Off Off Off Off On

0.6 Off Off Off On On

0.4 Off Off On On On

0.2 Off On On On On

0.0 On On On On On

TABLE1--U2X7BINTERNAL
TRANSISTOR STATES AT

VARIOUS INPUT VOLTAGES

IC-driven bar-graph displays
are inexpensive, superior alter
natives to analog meters. They
don't stick, they're fast , and
they're unaffected by both
vibration and attitude. Their
scales can have any desired
shape, they can have mixed
LED colors to highlight special
sections, and they can be
equipped with over-range detec
tors that are acti vated by the

FIG. 12-A 4·BLANK 5·STEP 20·LE~ CHASER, fo r use with a supp ly above 9 volts DC.



ICl
U237B

IGl
U237B

R3
l -lOK
TRANSDUCER

+12-25V (REGULATED)

Rl ,........;8C;l---,
10K Vee

R2
lOOK
(SET FOR
SPECIFIC
DEVICE)

Rl
150K 7

+ ~N

VIN
0-15V

8 +12- 25V

Vee

ple), then P h as the units (
watts , an d the units in dB at
calle d dBV, s ince they're e)
pressed relative to a fixed valu
of potential.

Likewis e, if you wanted to e)
press dB in terms of power, the
the proper te rm inology wou l
be dBW, or a simila r unit for an
fr actional unit of power. Th
number of dBV is always doubl
the n u mber of dBW, s in ce tal
ing the 10g lO of both s ides ofth
power relation gives

10g(P) = log(E2/R),
= 2 x 10g(E) + 10g(R),
= 2 x 10g(E) +10g(1),
= 2x log(E).

For that reason,
1 dBW =2 dBV.

For example, in Table 2 , fc
the U267B and step 5 , the entr
given is 1.41 volts DC, or +
dBW On squaring that, you gt

FIG. 16-METHOD OF REDUCING tI
sensitivity of the bar-graph meter shov
in Fig. 14, for use in a D-15-volt DC,
LED, linear-scale, bar-graph meter usir
a U237B.

FIG. 17-SIMPLE USE OF A transduct
to show the value of a physical quantit

FIG.15-A D-1-VOLTDC, 10-LED, Iinear
scale bar-graph meter using a U237B
and a U247B connected as a pair.

can be used to make a lO-LED,
l -volt DC linear meter. The log
a ri t h mic-sca le U2 5 7 B and
U267B pa ir of IC's can be u sed
to make a lO-LED logarith m ic
meter with a fu ll-scale value of
2.0 volts DC, or +6 dBW

The reason for the correspon
dence between those two values
is justified as follows. Si nce

P =E2/R,

where P is power, E is voltage,
and R is resi s tance, then the as
su mpt ion, for purposes of con
ven ience, is that:

R =lohm.

If SO, then to conver t voltages
on the logarithmic-scale meter
into a quantity proportional to
power (and not into power it
self), just square the voltage in 
di ca ted , take the 10g lO of the
result, and multiply by 10. If E
has the unit of volts (as opposed
to some frac tional or multiple
unit, like millivolts, for exam-

LE05

5 4

6 3
IGl

+ U237B
VIN 7 2

(O- lV) VIN

-.:L- a
+ lZ::25V Vee GND 1

FIG. 14-A G--1-VOLT DC, 5-LED, Iinear
scale bar-graph meter using a U237B.

FIG. 13-BLOCK DIAGRAM OF a U2X7B
bar-graph driver, showing the basic ex
ternal connections.

With an in put of 1 volt DC, all
trans istors a re off, the 20 milli
amps g o t o g r ou n d via the

~ LED's, so all five LED's a re on .
.~ The Ie current is independen t
~ of the n umber of LED 's turned
j on , so minimal RF in terference
~ (RFI) is produced as it swit ches
~ tr ansistor s an d LED's.
'c The four IC's in the U2X7B
~ fa mily d iffer only with regard to
&J their step voltages , which a re
6 fixed by RI-R6 as sh own in Ta
~ ble 2 , an d the values for which
a: are also give n in dBW (or dB rel-

ative to a watt). The linear-scale
74 U237B an d U247B pair of Ie's
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7 V
IN

R3
56K

C2
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DC, but you 'll have to re me mber
the cons train ts previously men
tioned. Figure 14 shows a 0-1
volt DC, 5-LED, linear-scale
meter u sing a U2X7B, and Fig.
15 sh ows a U237B and U247B
pair used in a O-l-volt DC, 10
LED, linear-scal e meter. The lat
ter circu it operates each IC as
shown in Fig. 14, with supply
voltages that are appropriate to
five LED's, but their input ter
minals are t ied together, an d
the LED 's are a lternated, to
achieve a lO-LED display.

Figure 16 sh ows how the full
scale sensitivity of the meter is
reduced by feeding th e input to
IC1 via R1-R2-R3 , using a ratio
of 15:1, and giving fu ll-s ca le
sensitivity of 15 volts DC. Fig
ures 17 an d 18 show how the
circuit shown in Fig. 14 can be
used to di splay a physical quan
tity like light inten sity or heat ,
as repres ented by the analog re
s is tance R3 of a transducer. In
both, the transducer is fed by a
cons tan t-cu r rent source , so the
input voltage to IC1 is directly
proportional to th e transducer
resistance.

As shown in Fig. 17, constant
transducer curre n t is derived
from regulated s u p ply via R1
R2, s ince regulated supply volt
age is large rela tive to th e I-volt
DC full-scale meter sensit ivity.
By contras t , as sh own in Fig.
18, constant curren t is ensu red
via D1-Ql. Finally, Fig. 19 shows
the U267B u sed in a 5-LED log
a r ith m ic audio-level m eter. A
lO-LED m eter ' ca n be m ade
u sing a U25 7B an d U26 7B pai r
as s hown in Fig . 15. R-E

FIG. 19-A 5-LED LOG-SCALE audio
level meter; a 10-LED version is made
using a U257B and U267B pair, in a fash
ion similar to the version shown in Fi3.
15.

+

n01
1"4148

RlI 1.2K

VIN R2
56K

2 volts" , s o 10 times its 10g IO is
+ 3 dBW, a n d doubli n g t h a t
gives +6 dBW Of cours e, when
ever you take the logarithm of a
quanti ty like voltage or power,
you always operate on the nu
merical part alone , and ignore
the units. Ifyou ever hear of an
a u d io or nois e level that's ex
pressed in dB alone, with n o
unit appen de d to indicate "dB
wi th comparison to what," su ch
a specification is nonsense.

Toexpress an amplitude in dB
relative to a unit of potential or
power with a multi-letter abbre
viation, just appe n d the whole
unit, like dBmV for dB relative
to a millivolt. Sometimes, th e
term dBm is used as an abbre
viation for dBmW, or dB relative
to a milliwatt.

Table 3 lists the specifications
of the U2X7B family. When driv
ing five red LED's, each wi th a 2
volt DC forward drop, the mini
mum supply value required
must be 12 volts DC. Different
colored LED's with different for
ward drops can be used to
gether, if the supply voltage is
adequate.

Although the IC input imped
ance is typically lOOK, the IC be
comes unstable if the source
impedance is above 20K. It
s h ou ld ideally be kept under
10K; if it's not , place a O.Ol-J.1F
capacitor between pins 1 an d 7
for added stability.

Practical U2X7B circuits
Figures 14-19 show practical

U2X7B-family circuits; in all of
them, the supply is 12-25 volts

FIG. 18-AN ALTERNATIVE USE of a
transducer to show the value of a phys
ical quantity.



If you want to add a slight d
between t h e trigger and
sta r t of sampling:

146 FOR I = 1 TO DELAYTIME : NE
However, the delay time in .
case would vary wi th the sp
of you r PC. In addition, m
su re the tr igge r signal is T
compat ib le (logic low = OV, ;
logic high = 5V). If it isn't

. you want to buffer the tri~

s ignal from you r sys tem, :
can use the circuit of Ftgur
Rem ember, this circuit tnv
the incoming trigger signal
a positive-going trigger will
negative-going when it exits
buffer circuit. Adjust added :
145 accordingly.

ADC FOR YOUR PC

continued from page 68

Triggered sampling
Now wit h the so ftware under

our be lt. it's time to fin ish the
"rapper" sto ry b egun ear lier.
The rapper was tr iggered by an

rent di rectory. If the file exists, electronic control circui t. We
the program then tells you how trie d to t r igger sampli ng by
many samples it contains, and hand, but it was impossible to
asks start an d s top points for tell when the rapper was abou t
the plo t ; the maximum number to energ ize, and reaction time
is 1000. was too slow an d unsure for

The program (line 170) scales accu rate triggering . Our s olu -
the graph to produce the widest t ion was to create a trigger in-
possible graph; lines 220-270 put . We tappe d a digital s ignal
graph the data . Press Esc to ter- from the control c ircu it that
minate th e program. To"mag n t- changed just before the rapper
fy' ' a limited portion of th e data trigge red.
set, run the program again , and The ADC circ u it uses only 8 of
enter appropriate s ta rt and en d the 24 input lines on the PC 10.
values (e.g. , 350 an d 450). You What we did is use bit 0 of port B

---c a'n-p r i n -t-y o ur-g r a ph s-by-as-a- tr igger-in p u . Then-by-Conclusions
running th e DOS program addi ng a s ingle line of code, we The analog world of natur
G RA PHI C S . COM b e f or e cou ld trip on either a low-to- not so distant from the dig
GRAFDATA.BAS. When the de- high signal: world of computers. Si mple
sired g r a p h a p pears on t h e 145 IF (INP(ADD + 1) AND 1) = 0 THEN cu it ry can allow your PC to fu
screen, press PrintScrn. (You GOTO 145 tion as a digital eye, ear, or h:
must have a compatible printer or a high-to-Iow signal: on the external world. The
in order to print out any of the 145 IF (INP(ADD + 1) AND 1) = 1 THEN cuits and software shown l:
graphs.) GOTO 145 are only the beginning.
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HARDWARE HACKER
Caller ID update, new wavelet shareware, perpetual motion again,
common lab test pitfalls, and Lumeloid and Lepcon films.

DON LANCASTER

Wavelets. We have got lots
of wavelets . You getcher
wavelets here. As we 've

:Jiscovered a number of times be
'o re, wavelets are a stunning new
rrath con cept that is profound ly
::hanging virtually all the advanced
electronic topics . A failure to learn
-vavelets now is the same as volun
teering for early retirement.

We've already seen that Jones
and Bartlett has published THE
great new wavelets book, and that
the Ultrawave Explorer from the
Aware folks is definately one fine
commercial wavelet study and de
velopment program.

But the big news is that I've just
posted full working PC shareware
copies of the Wavelet Packet Li
brary from Digital Diagnostics on
GEnie PSRT as #365 WAVE
LET.PS.

Those of you into satellite dishes
and microwave electronics are now
probably familiar with Smith Charts ,
a handy graphical method of doing
things like impedance matching and
tuning. I have written a PostScript
Smith Chart generator that lets you
instantly create all your own Smith
charts in any quantity, any size, any '
resolution, and any where in your
publication . Check GEnie PSRT'
#367 SMITHCHT.PS for several
freeware samples. Your download
ing cost on this is around twenty
one cents .

Perpetual motion again
I get .an average of three to five

helpline calls a week on "free ener
gy" and other perpetual-motion top
ics . As we have seen in the past,
perpetual motion is definitely real as
a historic and ongoing societal phe
nomenon. We have also seen that
two ongoing sources of perpetual
motion books, videos, and papers
are High Energy Research and
Lindsay Publications.

Now, I personally feel that looking
for any free-energy system s is
rather dumb. First, because the de
sirability of any free energy ranks
somewhere between Herpes and
AIDS . Why? Because this would
obviously hasten the already ongo
ing entropic heat death of the plan
et. If someone does in fact find a
free-energy system, they should be
spanked and sent to bed without
any supper. Or, better yet, chopped
up and fed to the cows .

Second , because the odds of
your accomplishing anything that's
even remotely useful involving free
energy are stupendously low. Third ,
because your credibility starts out
as less than zero and quickly
plummets . Owing to previous
scams, the " not even wrong " re
search, and the "few-chips-shy-of
a-full-board " guilt by association .

And, finally, because there's so
much better to be doing. We're sit
ting on the greatest mountain of
new hardware hacking chips, tools,
info, and concepts anywhere ever.
Stuff that 's crying for hacker use,
and stuff that is nearly certain to
result in lots of interesting and profit
able things . Why should you ignore
the obvious?

Several of the recent callers were
making measurements that were
just plain wrong . Since I am one of
the world's foremost experts in
qatherinq incorrect, misleading , or
meaningless lab data , I thought we
might br iefly focus on a few of the

NEED HELP?

, Phone or write your Hardware
Hacker questions directly to:

Don Lancaster
Synergetics
Box 809
Thatcher, AZ 85552
(602) 428-4073

ways that casual measu rements
may not end up what they appear to
be .

In general, you 'll always want to
assume that all meter pointers and,
especially, all of your digital numeric
displays are lying through their
teeth. Or, if they are giving you a
correct reading, the odds are over
whelming that the meaning and the
underlying reasons for that reading
are not at all what you had in mind.

Oscilloscopes do a far better job
than the meters or digital displays at
showing you what is really coming
down. Even here, an uncompen
sated probe, the wrong setting , im
proper sync , an invis ible glitch, any
outband signals , or just a ground
clip that is slightly too long can
cause you wildly incorrect results.

It is only when the same tests are
run over and over again by different
people under' different circum
stances that you can even remotely
begin to trust your instruments.
Even when repeated, that trust
should only apply to the exact mea
suring conditions .

A ferinstance: Figure 1 shows you
a seemingly simple method to mea
sure AC power. You connect your
new motors-and-magnets perpetual
motion machine load to the AC
power line through.an ammeter and
then separately measure the line
voltage. Since power equals volts
times amps, you just mult iply your
two readings together and you'll
have the input power. Right?

Wrong. Dead wrong .
Let's temporarily forget about

any noise , spikes, back-EMF
effects, harmon ics, a n d non 
linearit ies that are certain to be
present with your new moto rs-and
magnets load. Assume a pure sine
wave voltage and a similar current
waveform . You have to take the
phase of the current into account.
You would get a zero phase shift



FIG. 2- WHEN IS A REGULATOR n
regul ator? Any tim e that your load 1
to sou rce (rather than sink) power, a
ical Ie vol tage regul ator wi ll shut d
or else become unstable. There ls
current path to ground.

+V

plier chip or a specia l RMS po
calculating circuit. A nalog Dev,
is one leader inlow-cost po
chips of this type .

Or graphica lly, you can take p
of all the exact voltage and cur
waveforms, split them up into t
slices so narrow that the voltaq:
current does not change much, r
tiply the results of those slices
then sum the results.

Note that you must mult iply '
and then add. Never vice versa

But you sti ll do have to be care
Nonlinearit ies, pulse s, harm on
motor back -EM F effec ts , and nc
require special t reatment. And rr
power measurement schemes h
a crest factor limit which ruins t
accu racy on st ro ng but nan
pulses . Especially things like spi
and glitches .

For the se reasons , it is extren
diff icult to accurately measure :>
input power to a rnotors-and-rr

4 amps

FIG. 1-WHAT IS THE REAL POWER being con sumed in th is test circuit? There '
way to tell with the setup shown. But you can safely bet that it is probably
anywhere near 440 watts

Measuring real power
So how do you measure real and

reactive power? The trick is that you
have to mult iply the instantaneous
voltage and current tog ether. Then
you sum to find the tota l power.

The power of any arbitrary wave
form is equal to the DC continuous
powe r that would give you exactly
the same amount of total heating in
a purely resistive load.

You can do thi s measurem ent
with a real wattmeter, or by measur
ing the rotational speed and direc
t io n of a watthour meter. The
wattmeters and watthour meters
are often available through Fair Ra
dio Sales or Herbach and Rademan .

Electronically,you can use a multi-

phase angle . A math freak w ill te ll
you the full cycle cross product of a
sine and its cosine is zero . Int u
itively, on the first quarter cyc le, you
have pos it ive voltage and current.
On your next quarter cycle, you wi ll
have positive voltage and negati ve
current. On the next, negative volt
age and negative current. And fi
nally, negat ive voltage and pos itive
curren t. Add them all up and aver
age them all out and you end up with
zero real power.

Yes, you will get lots of back-and
forth reactive power that can give
you real fits. And hack off your elec
tric util ity. But your net real power
into a pure induct ive or capacitive
load is precisely zero.

Thus, as far as power goes , all the
voltmeter and ammete r readings
are tota lly meaningless. And they
are even less so in the presence of
noise, back EMF's, sparking, or har
monics .

AC
po wer

line

BOOK-ON -DEMAND STUFF
Book-on-demand resource ki t 39.50
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with a purely resi stive load . In a
purely inductive load the voltage
would lead the current by 90 de
grees. In a purely capacitive load,
the voltag e will lag the current by 90
degrees.

Good old ELITHE ICE MAN. The
voltage is ahead of the current in the
eli's L inductor; the cur rent is ahead
of the voltage i'n his iCe capacitor.

And if you have any purely active
load such as another generator,
your current could end up phased by
180 degrees. Sourcing, not sinking.

Your actual power will end up as
the voltage times the current times
the cosine of the phase angle be
tween the two. If your vo ltmeter
reads 110 and your ammeter reads
4, your actual circuit power ,«ill be
440 watts to a purely resistive load,
ZERO to any purely induct ive or ca
pacitive load , and MINUS 440 watts
to any purely act ive load . Or any
thing between , depending up on
your phase angle .

Why is the power zero to a purely
inductive load? Because of the

POSTSCRIPT STUFF
Ask The Guru Reprin ts I, II or III 24.50
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PostScript Show & Tell 39.50
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PostScript Beginner Stull 39.50
PostSc ript Cookbook (Adobe) 16.50
PostScript Ref. Manual II (Adobe) 28.50
PostScr ipt Program Design (Adobe) 22.50
Type I Font Format (Adobe) 15.50
LaserWrlter Reference (Apple) 19.50
Real World Postscript (Roth) 22.50
PostScript Visual Approach (Smith) 22.50
Thinking In PostScript (Reid) 22.50
Undst PS Pgrmmg (Holtzgang) 26.50
The Whole Works (all PostScript) 349.50

78



FIG. 3-QUICKLY CLOSE THE PERFECT AND LOSSLESS SWITCH. And half of you r
circuit energy will van ish without a trace. Where did the energy go?

(open)

100Vl~ov
1OOJlFJ J1OOJlF

Energy = 0.5 Joules

nets perpetual motion machine . If
you do not know exactly what you
are doing , all your resu lts are
guaranteed to be wi ldly wrong . And
so, of course , will be all of your con
clusions .

Figure-2 shows-you a-second
measurement pitfall that the recent
callers have all decided to ignore. A
voltage regulator is always a voltage
regulator, right ?

Wrong . Dead wrong .
Most popular voltage regulators

are only capab le of sourcing cur
rent. If the load starts sourcing any
power even briefly, there is no place
for the current to go, and the reg
ulator either shuts down or starts
oscillating .

Thus, if you have a motors -and
magnets load, there could be times
when the back-EMF effects, spikes,
commutator noise, or whatever, will
try to source power back into your
supposed power source.

Put in another way, typica l power
supplies and most regulators have
wildly different impedances be
tween when they source and sink
power.

Note t hat any norma lly con
nected Zener diode wi ll behave pre
cisely the opposite-they are great
power sinks but poor sources .

An output filter capacitor on your
regulat or is essential for grabbing
and smooth ing out high-frequency
load sourcing variations .

Beyond proper output filtering,
two ways around load sourc ing
effects are to hang enough of a re
sistive load on your regulator that
the regulator wi ll always output a net
sourcing cu rrent. Most batteries
are usually capab le of sourcing and
sinking any reasonable amount of
current.

Figure 3 shows you yet another
way to go ast ray. All bets are off if

(closed)

50V~50V

100JlFJ J100JlF

Energy = 0.25 Jou les

there is any sparking or arcing. It is
physical ly impossible to instant ly
change the voltage across a circuit
capac itor or the curren t throug h an
inductor. The usual result when you
try th is is sparki ng or arcing.

--Take_a 100-microfarad capacltor,
and charge it up to 100 volts . Your
energy in any capac itor is...

E = O.5CV2
or, in this case, 0.5 Joules of stored
energy. Now, yo u c lose your
loss less switch so you have two ca
pacitors in paralle l. Th e voltage
must, of course, drop in half, since
the same charge is now spread
across twice your plate area. And by
the same formu la, yo u now have
only 0.25 Joules of stored energy.

Question: Where did the rest of
your energy go? If you have a non
lossless switch of resistance R, the
answer is easy. In the process of
charging the second capacitor. the
extra energy got burned up in your
res istor as heat during charg ing .
But go through the charging math,
and you 'll find that the loss of half
the stored energy is a constan t
which is totally independent of the
value of R!

If R equals zero, the n you have to
get a spark and radiated energy. But
you still lose half of it , regard less of
how good the switch is.

Thus . if there is any sparking or
arc ing whatsoever in your machine,
your readings are once again
absolutely certain to be wrong .

A lways think carefully about you r
measurements and how they could
be wrong or misleading .

Lumeloid and Lepcon films
We sure had a bunch of helpl ine

cal ls over the new materials stu ff I
announced a column or two back
and in our Hardware Hacker 11/ re
prints . I've picked up some more
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designs in use today.
the reader can und
stand the principles

t::===~ volved.

o BP265-MORE
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OF THE MULTI
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tronics is needed.

o BP263-A CON 
CISE INTRO TO
dBASE ..... $6.95. The
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_~Io

Number 01 books ordered 0SORRY No orders accepted
outside 01 USA & Canada

Totalpriceof merehandise S _
Sales Tax (New York State Residents only) S _
Shipping (see chart) S _

o BP92-eRYSTAL SET CONSTRUCnON.....$5.SO. Everything you need to knc
about building c~tal radio receivers.

o BP45-PROJECTS IN OPTOELECTRONICS.....$5.SO.lnclud es infra-red dete
tors, transmitters. modulat ed light transmission and photographic applications .

o BP185-ELE~RONIC SYI
THESIZER CONST DON ..... $5.9
Use this book lo!I.l~al 'flow to build
reasona b ly 1 0W-..xq:/~· wor thw hi
monophonic synthesize am a I
about electronic music synt ~iS in II
process.

o BP42-SIMPLE LED CiRCUiTS.....$5.SO.A large selection of simple applicat io<
for this simple electronic component.

o BP122-AUDI0 .....PLlFIER CONSTRUCnON.....$5.75. Construction details f,
preamps and power amplif iers up through a l 00-watt DC-coupled FED amplifi.

o BP127-HOW TO DESIGN ELECTRONIC PROJECTS.....$5.75. Helps the read
to put projects together from standard circuit blocks with a minimum of trial ar
error.

CHECK OFF

THE BOOKS YOU WANT

SHIPPING CHARGES IN
USA AND CANADA

Name _

o B~INI-""'TRIX BOARD PROJECTS..... $5.SO.Here are 20 useful circu its
that can be built on a mini-mat rix board that is just 24 holes by ten coppe r-foil strips .

ELECTRONIC TECHNOLOGY TODAY INC.
RD. Box 240, Massapequa Park, NY 11762·0240

o BP179-ELECTRONIC CIRCUITS
FOR THE COMPUTER CONTROL OF
ROBOTS ..... $7.50. Data and circuits for
interfacing the comput er to the robot's
motors and sensors.

o BP117-PR...CTIC...L ELECTRONIC BUILDING BLOCKS-Book 1.....$5.75.
Oscillat ors. TImers . Noise Generator s, Rectifiers , Comparators , Triggers and more.

o BP234-TRANSISTOR SELECTOR GUIDE.... .$10.00. Compa nion volum e to
BP235 . Book covers more than 1400 JEDEC , JIS , and brand- specific devices. Also
conta ins listing by case type , and electron ic parameters. Includes Dartington
transistors, high-voltage devices, high-current devices. high power devices .

o BP184-lNTRO TO 68000 ...SSE..BLY LANGU...GE..... $6.95. The 68000 is a
great new·breed of microproce ssor. Programming in assembly language increases
the running speed of your programs . Here's what you need to know.

SO.01to S5.00 S1.50
S5.01to S10.00 S2.50
S10.01to 20.00 S3.50

Address S20.01 to 30.00 S4.50
en St t Z' S30.01 to 40.00 S5.50

80 I Y ae Ip S40.01to 50.00 S6.50 All payments must Total Enclosed S _
• R292 S50.01and above S8.00 be In U.S. tunds . .

~ J



IGITAL VIDEO STABILIZER
ELIMINATES ALL VIDEO COPYGUARDS

The transformer is 1:1
600 Ohms, with a 1500
volt breakdow n rating.

The zener diodes are
3.9 volt devices, such

as a type 1N5228. trr . 0 0 ~

UScable'ilJka
: +\.#y~~~:~ rf!£~
::'AdvertISed iii
:' thill Mag~liik !
::;:::;::::::::: 0:. --::::::; ":::::::::;. ::::

FEATURES

• Easyto use and a
snap to install

• State-of-the-art
Microchip technol-

•~80% automatic
• Compatible to all

t<J>ses of VCRsand

• The best and most
exciting Video Sta
bilizer In the
market

• Ught weight (8
ounces) and com
pact (lx3.5x5")

• Usesa standard 9
Volt battery ( last 1
2 years)

• Fast UPSdelivery
• Air shipping avail

able
• UNCONDITIONAL

30 day money
back guarantee

• 1year warranty

(Dealers Welcome)
FREE 20P Catalog

No Florida Sales !

While watching rent
al movies, you will
notice annoying pe
riodic color darken
ing , color shift,
unwanted lines
flashing or jagged
edges. Ttiis is
caused by the copy
protection jamming
signals embeddea
in the video tape,
such as Macrovislon
copy protection. THE
DIG ITAL VIDEO STABI 
UZER: AXil COMPUETELY
ELIMINATES ALL COPY
PROTECTIONS AND JAM·
"lING SIGNALS AN D
BRINGS YOU CRYSTAL
CLEAR PICTURES.

WARNING
THE DIGITAL VIDEO STA
BILIZER IS INTENDED FOR
P RI VATE HOM E USE
ONLY . IT IS NOT IN
TENDED TO COPY RENT-
AL MOVIES OR
COPYRIGHTED VIDEO
TAPES THAT MAY CON
STITUTE COPYRIGHT IN
FRINGEMENT.

To Order: $59.95 ea +$4 for p & h
Visa, M/C, COD Mon-Fri: 9-6 EST

1-800-445-9285 ext. 63802
SCO Electronics Inc. Dept. 63802
581 W. MERRICK RD. VALLEY STREAM, NY 11580

. -- - ---- -- -------- --
Bullet Proof

CIRCLE 177 ON FREE INFORMATION CARD

j-

1 Un it 5+
!lEST Super Tri -Bi Auto!
Va r, Gain Adjustment $119.95..$85
Jerrold Super Tri-Bi ... $109.95..$79
ScientificAtl anta •........ $109 $79
Pioneer $109 $79
Pan asoni c TZPCI45..•. $99.95 $79
Star gate Convert er $95 $69
Digital Video Stabilizer. $59.95.•..$29
Wir.less Video Se nder..$59.95....$49.95

30 Day Money Back Guarantee
FREE 20 page Catalog

Visa, M/C, COD or send money order to :
U.S. Cable 1V Inc. Dept. 53802

4100N. Powerllne Rd. , Bldg. F-4
Pompano Beach, FL 33073

1-800-772-6244 ext. 53802

Date: _

Signed: ;:-;-~~;-;::;-;--;- _

For Our Record
I, the undersigned, do hereby declare under penalty of perjur
that all products purchased, now and in th e future, will only b
usedon Cable lV systems with proper authoriza tion from
local officials o r ca ble company officials in accordance with al
applicable federal and stat. laws. FEDERAL AND VARIOUS
STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL
AND CML PENALTIES FOR UNAUTHORIZED USE.

user

2200 pf

search area.
On the other hand, working pro

totypes do not yet exist. And there
are just enough " penny stock" and
"media hype " aspects to all th is
that I have lowered my rating from
"solar breakthrough" to " an inter
esting potent ial solar develop 
ment." But you could judge for
yourself, just by pick ing up on the
resources in our sideba r.

The key individual behind all this
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phone
line

Phone Line
Inputs

~.;::::
CH1845 DAA

FIG. 4-A FCC PART 68 INTERFACE is required any t ime you connect any circuit of
your own to the phone line. While this interface can be both simple and cheap, the
required submission and approval process is not.

FIG. 5-PRE-APPROVED PART 68 INTERFACE HYBRIDS are available, but they are
rather expensive. Here is a caller-ID circuit that uses the Cermetek CH1845 DAA
interface and the Sierra SC11211 caller ID chip.

info, and havesummarized where to
go for more in our Lumeloid and
Lepcon Solar Resources sidebar.

Let's start off with the bottom
line: Yes, th is looks like it someday
could be real. Maybe. At least in the
lab. No, you cannot yet buy the stuff
by the yard through your local K
Mart fabric department and stap le it
to your roof. Yes, this is a great top ic
for a school paper or a science fair.
And an incredible emerging re-

CIRC LE 178 ON FREE INFORMATION CARD



oretical. Let your efficiency drop t
low and the re's no way that sc
can be compet itive. Get under t
bottom- line eff iciency of seven p
cent or so , and you will never
able to pay for your installation a
land , ow ing to the time value
money. The longer it runs, the me
it costs you for the financing .

But, alternatively, the nicke l-p
kilowatt-hour incom ing solar ener
on a 2200 square foot house re

Serpac
612 Commercial Avenue
Covina, CA 91723
(818) 331-0517
CIRCLE 316 ON FREE INFORMATION CAR

Sony
10833 Valley View Street
Cypress; CA 90630
(714) 229-4175
CIRCLE 318 ON FREE INFORMATION CAR

NewTek
215 SE 8th Avenue
Topeka, KS 66603
(800) 765-3406
CIRCLE 315 ON FREE INFORMATION CAR l

Sierra Semiconductor
2075 North Capitol Avenue
San Jose, CA 95132
(408) 263-9300
CIRCLE 317 ON FREE INFORMATION CAR

Lindsay Publications
PO Box 538
Bradley, IL 60915
(815) 935-5353
CIRCLE 313 ON FREE INFORMATION CARl

Motorola
PO Box 1466
Austin, TX 78767
(800) 521-6274
CIRCLE 314 ON FREE INFORMATION CARl

Jones & Bartlett
20 Park Plaza
Boston, MA 02116
(617) 482-3900
CIRCLE 312 ON FREE INFORMATION CARl

Hughes
500 Superior Avenue
Newport Beach, CA 92658
(714) 759-2665
CIRCLE 311 ON FREE INFORMATION CARl

NAMES AND NUMBERS

High Energy Enterprises
PO Box 5636
Security, CO 80931
(719) 475-0918
CIRCLE 310 ON FREE INFORMATION CAR l

Direct Imaging
2 Technology Drive
West Lebanon, NH 03784
(603) 298-8383
CIRCLE 307 ON FREE INFORMATION CARD

GEnie
401 North Washington Street
Rockville, MD 20850
(800) 638-9636
CIRCLE 308 ON FREE INFORMATION CARD

Dallas Semiconductor
4401 Beltwood Parkway South
Dallas, TX 75244
(214) 450-0400
CIRCLE 305 ON FREE INFORMATION CARD

Hello Direct
140 Great Oaks Blvd
San Jose, CA 95119
(800) 444-3556
CIRCLE 309 ON FREE INFORMATION CARD

Bennet LaserBrite
720 Fourth Street, SW
Rochester, MN 55902
(507) 280-9101
CIRCLE 303 ON FREE INFORMATION CARD

Digital Diagnostics
1025 Sherman Avenue
Hamden, CT 06514
(203) 288-9444
CIRCLE 306 ON FREE INFORMATION CARD

Aware
One Memorial Drive
Cambridge, MA 02142
(617) 577-1700
CIRCLE 302 ON FREE INFORMATION CARD

Cermetek
1308 Borregas Avenue
Sunnyvale, CA 94089
(408) 752-5000
CIRCLE 304 ON FREE INFORMATION CARD

Analog Devices
One Technology Way
Norwood, MA 02062
(617) 329-4700
CIRCLE 301 ON FREE INFORMATION CARD

heat. And , before Marks, any photo
synthesis scheme was well under
six percent efficient.

Efficiency is everything in so lar
power. On a good day, you have one
incoming kilowatt per square mete r
to work with . Say a nickel an hour
"avoided cost " income for a perfect
conversion. Or two cents a day al
lowing for night and weather. Natu
rally, your bottom-line efficiency wi ll
usually be much less than your the -

is one Alvin Marks and his company
of Advanced Research Develop
ment. Their OTC pink sheet stock is
traded under the name Phototherm.
This is strictly an unregistered blue
sky security, and trading remains il
legal in Massachusetts , the issuing
state.

Marks is a credib le, experienced ,
and independent researcher with a
long history of successfu l energy,
opt ical-fi lm, and pol lution-control
developments. Among other things ,
he developed the cheap glasses
once used for 3-D movies.

And EPRI, that ultra-conservative
Electric Power Research Institute
electric uti lity consortium has seen
fit to fund Marks with a modest re
search grant. Albeit a paltry one by
EPRI standards . Coffee money.

The two key patents that are in
vo lved in th is are #4 ,445 ,050
De vice for Conversion of Light
Power into Electric Power, and
#4,574,161 An Ordered D ipolar
Light-Electric Power Converter.

There is very little .published to
date . And all of it is single sourced.
None appears to be peer reviewed
or critiqued. A col lection of reprints
is now avai lable free on request
from Advanced Research Develop
ment. One origina l paper has shown
up as Lumeloid Solar Plastic Films
and Lepcon Submicron Dipolar An 
tennae on Glas s , from the 1990
Internat ional Ne w Energy Tech
nology symposium published by the
Planetary Association for Clean En
ergy, located in Ottowa, Canada.

As we 've seen a number of times
in the past, you can quickly research
any technical topic by using the
Dialog Information Service at your
local library, and the n can get any
reprint by using either interlibrary
loan or the UMI repr int service .

So what is the big deal here and
how does it wo rk? Your traditional
methods of ge nerat ing electric ity
from the sun are seriously flawed.
The old mirrors-and-boilers meth od
involves a t hermodynamic cycle
with a Camot thermodynamic effi 
ciency limit around 35 percent. Be
sides not downsizing very w ell.
Silicon sola r cell s at a theoret ical 26
percent are even less effic ient. It
seems that they can only accept
"whole lumps" of quantum energy,
and have to throw the rest away as82
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UMI
300 North Zeeb Road
Ann Arbor, MI 48106
(800) 521-3044
CIRCLE 324 ON FREE INFORMATION CARD

Home Power
PO Box 130
Hornbrook, CA 96044
(916) 475-3179
CIRCLE 322 ON FREE INFORMATION CARD

Planetary Assoc Clean Energy
191 Promenade du portage, #600
Hull PO, CANADAJ8X 2K6
(819) 777-9696
CIRCLE 323 ON FREE INFORMATION CARD

Electric Power Research Inst.
PO Box 10412
PaloAlto, CA 94303
(415) 855-2000
CIRCLE 321 ON FREE INFORMATION CARD

An amazing fact: you can
do more than four out of five
VCR repairs with ordinary
tools and basic fix-it proce
dures. Our home study pro
gram shows you how.

Learn all of the systems,
mechanisms, and parts of
almost all brands of VCRs.
With no expensive instru
ments.No complicated elec
tronics. No fancy workshop.
The step-by-step texts and
close personal attention from your instructor make learning easy.
'~I Texts, course materials, and tool kit are sent to your
Ij home. Graduate ready to make up to $50.00 or more

per hour in your own spare-time or full-time business.

Send today lor your Iree career
booklet. Or call 800·223·4542

Key Info Packet:
From Advanced Research De

velopment below.

Key Players:

Advanced Research
Development
359R Main Street
Athol, MA 01331
(508) 249-4696
CIRCLE 319 ON FREE INFORMATION CARD

Key Paper:
Lumeloid Solar Plastic Film and

Lepcon Submicron Dipolar Anten
nae on Glass. 1990 International
New Energy Technology Sym 
posium. pages201-210. FromPlan
etary Association for Clean Energy
below.

LUMELOID & LEPCON SOLAR RESOURCES

Key Patents: Dialog
#4,445,05Q-Device for Con- 3460 Hillview Avenue

version of Light Power into Electric Palo Alto, CA 94304
Power. (415) 858-2700

#4,574,161-An ordered Dipolar CIRCLE 320 ON FREE INFORMATION CARD

Light-Electric Power Converter.

Name _

Address _

City Sta te Zip _

The School 01 VCR Repair
2245 Perimeter Park, Dept.v B342,Atlanta, Georgia 30341L .

~--------------------I NOCOMPLICATED ELECTRONICS, NOEXPENSIVE INSTRUMENTS:

I Home study course shows you how
I to make good money in VCR repair.
I
I
I

adds up to over $3000 a year.
Which is lots more than usually gets
used underneath as electricity. So
efficient so lar e lectric co nversion
cou ld completely blow away coal,
nuclear, and even most hydro .

Marks has developed two dif
ferent solar-to-electric systems that
seem to have rather high theoretical
efficiencies .

Radio waves are electromag 
netic. So lar energy is electromag
net ic. The main difference between
orange light Cat 600 nanometers)
and television channe l two C6
meters) is a 10,000:1 size factor.
Those light wavelengths may seem
tiny, but we are starting to routinely
handle submicron.distances in inte
grated-circuit manufacturing.

There 's this thing called a crystal
set that you might have heard of.
Just shove some electromagnetic
energy into an antenna, rectify it
somehow, and out comes DC
power. These days, we ca ll the
same thing a rectenna . So why not
use light waves instead of radio
waves?

An antenna is any subsystem for
converting radiated electromag
netic energy into conducted wire
electromagnetic energy. Orvice ver
sa. As a trans mitter, if your antenna
is now properly matched to the rest
of your circuit, nearly all of your input
energy will get radiated. And , since
most antennas are linear and re
ciprocal devices, if you input any
electromagnetic energy we ll inside
of the antenna's effective area, near
ly all of it will get converted into
conducted electricity. So, a properly
matched antenna can be 100 per
cent efficient. And a rectifier nearly
so .

Now, an optical antenna is trivial.
Just make it any old co lor so long as
it is black. Even a black felt tip pen
wi ll do .The trick lies in rect ifying and
gathering all the received solar elec
tromagnetic electricity, rather than
burning it up as heat.

The Lepcon panel is the older of
Marks' two new developments. In a
Lepcon panel, tiny rectenna ele
ments are created on glass using
more or less conventional but very
advanced microlithography. These
are basically a conductive channel
ending with a metal barrier diode.
The photons in the incoming solar



84

Caller 10 update
Time sure does fly when you are

having fun. As a result, I've gotten
hopelessly far behind on a bunch of
potentially great projects here. So
my caller- ID project may take a
while .

Caller ID should be available in
most parts of the country very soon .
The controversy is dying down,
since the benefits so totally and lu
dicrously outweigh any potential
problems . To see what dozens of
others are now thinking about caller
ID, you might want to check #2239
CA LLERID.CAP on the GEnie RA
DIO RoundTable.

If for no other use , the con
venience of havinq a no-charge, no
hassle list of everyone that called
you while you were out is just flat out
wonderful.

Motorola has just announced a
brand new MC145447 caller ID
chip. Free sample kits are available.
This one is supposed to include in
ternal ring detection. But, as near as
I can tell so far, the chip of choice
remains the Sierra SC 11211 .

An FCC Part 68 interface is
shown in Fig. 4. Which is what nor
mally has to go between you and the
phone compa ny. Key points include
an exceptionally we ll -ba lanced
transformer with a 1500-volt iso la
t ion capability. While such an inter
face is fairly cheap and simple,

getting the needed approval is
Severa l companies now (

some ready-to-go Part 68 il
faces . These are priced well al
what you could build your owr
But they come pre-approved, '
inating most legal hassles. 0
Semiconductor and Cermetei
two typica l sources . A n inter
between the new C e rrn e
CH1845 and the Sierra SC1
caller ID chip is shown in Fig. E

Both Ce rmetek and Sierra
free caller-ID ap notes available

As we 've seen before, a nur
of ready-to-use caller-ID prod
are available from Hello Direct.



AUDIO UPDATE

More from the mail bag

LARRY KLEIN

Slam damage
I've noticed that when I close the

trunk lid the cones of the woofers
installed in my car's rear deck seem
to jump forward. Can the woofers
be damaged by my slamming the
trunk shut ?
E.G.
Chicago,IL

Possibly, but not probably. The
variables in the situation are the rug-

isopropyl alcohol in "NF" purity;
that will work fine for heads, pinch
rollers , and for general internal
cleaning of your machine .

L ast month , Ianswered several
hi-f questions from readers,
but ran out of room before

getting to them all. This month, we 'll
get to the bottom of the mail bag.

tions, I see nothing wrong with using
signal processors to help minimize ,
amel iorate, or eliminate the various
ill effects. I've long since given up
any hope of reproducing the precise
sound of any original musical perfor- Costly repairs

Overpriced signals? mance in my home. But when I My receiver recently went dead in
I'm appalled by the proliferation of achieve plausible reproduction , then one channel, and I brought it to a

sigrral-processors -=particularly -I'm·satisfied·that-l've achieved high-,- local authorized service center.
equalizers-in the audio market if not absolute, fidelity. They charged me $75 to repair a
place. What ever happened to the unit that cost $300 when new. My
notion that a hi-fi system should be System imbalance .friends have had similar experi-
a "straight wire with gain " ? After a long struggle to find the ences . Are the repair-shop owners
A. T reason for my having to operate the trying to get rich at our expense--
McAlester. OK balance control on my preamplifier and why don't the manufacturers do

The idea is alive and well, but be- at the 3-0 'clock position, I traced something about it?
set by philosophical confusions. the difficulty to my speakers. What Ki).
While the concept has validity for, would account for the fact that a Boston, MA
say, power amplifiers, it really can 't readjustment of the midrange con- We live in a time when very com-
be applied to the entire recording- trol on one of my speakers cured plex electronic devices are man -
reproduction chain . Straight-wire- the problem? ufactured by automated machinery
with -gain audiophiles-for whom J. W controlled by computers . That is the
tone controls of any kind are anath- Freeport, TX reason why you can buy a digital
ema-appear to assume that what- The frequencies that contribute watch or a pocket AM/FM radio for
eve r signal comes out of their to the perception of " loudness" are well under $10 . But the elimination
carefully chosen disc player or tape mostly in the midrange. (You can or reduction of the expensive hand-
machine somehow perfectly em - confirm this for yourself by noting labor element in many of today's
bodies an original performance. the small effect on the overall loud- electronic devices is of no help
Anyone naive enough to harbor ness of music produced by the out - when the device needs repair. The
such a belief has, at best, a very ermost controls of a ten-band repair process continues to be labor
unclear notion as to how sound is equalizer) Hence, any control that intensive, and it involves skilled, ex-
recorded and reproduced. boosts or cuts the mid-frequencies pensive labor at that. In short, al-

Assuming that you had a perfect in a speaker system will also neces- though electronic products are built
stereo recording of the sound field sarily influence its relative " eff icien- by the most sophisticated auto-
(at a specific location) of a live musi- cy " or loudness. mated techniques available to the
cal event-and all the elec- 20th century, they are repaired one
tromechanical and electronic ele- Alcoholic anxiety at a time by the equivalent of an
ments in your playback system Some tape-cleaner ads seem to 18th-century handicraft approach.
were perfect-your speakers would say that alcohol may be injurious to As you have found , that's not cheap!
still have the task of replicating the the insides of recorders. But maga-
acoustics of a concert hall within the zines seem to recommend alcohol
comparatively cramped space of a as a cleanser: Which information is
conventional listen ing room . In correct?
short, the chances of exactly du- N. W
plicating an original live sound field Covington , LA
in your listening room are about You should avoid solutions sold
zero. as "rubbing alcohols" because they

Given the aberrations in frequen- are likely to include a skin lubricant
cy balance, nois e level, and dynam ic (usually glycerin) that could be
range likely to be introduced, plus transferred to the tape and the
the loss of rear ambience and reflec- pinch roller. Ask your pharmacy for



Oft-frequency FM
Many of the rock stations

area advertise themselves as
located at, for example, " 100 (
FM dial. " But my digital tuner
tune to even numbers; It sets
for 99.9 or 100.1. Does some
need adjustment?
RP
San Diego, CA

Yes-the thinking of those
like to reduce all comm unicat i.
the short, punchy. and simple-r
ed . In the U.S., all broadcast
tions are assigned odd-numb
operat ing f requencies, 2-m
hertz apart . Even if you cou ld tu
100 M Hz, you wouldn't find any
there but a lot of noise and d
tion. But , come to think of it,
may be pretty close to what ~

stations are really broadcastin

FM bandwidth
What is the purpose ofa na

. broad bandwidth switch on a
tuner?
R.A.
Bay Shore, NY

As far as I know, the only jusl
tion for a narrow-band switch i
rare case when a listener is lor
between two transmitters of
parable stre ngth that are adjace
each other on the FM dial. Ir
case, a rotatab le directional ant
will probab ly be of more help in
arating the two stations thar
tuner's ability to narrow its IF l
width . The narrow bandwidth
ting may be helpful if the confli
stations are in approximatef
same direction, or poss ibly ,
there are severe noise condit

I I I I
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CREATE INTELLIGENT PROJECTS WITH
THE VERSATILE Z8 PROGRAMMABLE
MICROCOMPUTER. This powerful comput
er wasdesigned for flexibility and can be used
for various electronic projects. 1/0 Intensive.
Up to 20MHz operation. Download programs
or run EPROM code. Special hardware fea
tures included. Prices from $125.00. Battery
backed RAM,X-assembler,andother options
available. CALL FOR FREE BROCHURE.
MJS DESIGNS, INC., 1438 W. Broadway
Rd., Suite B185. Tempe, AZ 85282. (602)
966-8618.

liiiiiI
CABLE TV CONVERTERS AND DE
SCRAMBLERS SB-3 $79.00 TRI-BI $95.00
MLD-$79 .00 M35B $69 .00 DRZ-DI C
$149.00. Special combos available. We ship
COD. Quantity discounts. Call for pricing on
other products. Dealerswanted. 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.
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FREE CATALOG OF TEST INSTRU
MENTS & TOOLS is packed with thou
sands of products for testing, repairing,
and assembling electronic equipment.
Featured are brand name instruments
such as Fluke, Tektronix, Leader, Weller,
3M plus many more. Also included are
DMM's, hand tools, power supplies, tool
kits, test equipment, static supplies plus
many other new products. Orders placed
by 4 PM are shipped before we go home!
CONTACT EAST, 335 Willow St., No.
Andover, MA 01845. (508) 682-2000,
Fax: (508) 688-7829.
CIRCLE 55 ON FREE INFORMATION CARD
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GET YOUR RECHARGE CATALOG
FREE ...EARN BIG $$ IN YOUR SPARE
TIME-All suppl ies 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 Copier also . CHENESKO
PRODUCTS, 2221 Fifth Ave., Suite #4,
Ronkonkoma, NY 11779, 516-467 -3205.
FAX 516-467-3223,1-800-221-3516
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WORLD'S SMALLEST FM TRANSMIT
TERS! New Surface Mount Technology
(SMT) makes all others obsolete! XST500
Transmitter-powerful 3 transistor audio am
plifier, transmits whispers up to 1 mile .
XSP250 Telephone Transmitter-line
powered, transm its conversations up to Y.
mile. Both tune 88-108 MHz. Easy to assem
ble E-Z KITS (SMT components pre 
assembled to circuit board)! XST500
$39.95, XSP250-$29.95, VISA/MC. COD
add $5. XANDI ELECTRONICS, 201 E.
Southern Ave., Su ite 111, Tempe, AZ
85282. 1-800-336-7389.
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TWO FOR THE PRICE OF ONE! 5 MIN
UTE ASSEMBLY! MONEYBACK
GUARANTEE! Attachany 3V-12Vbattery
and have the most stable , sens itive,
powerful roomtransmitter you can buy. Or
attach to telephone line. Hear all tele
phone conversations-crystal clear
over 1 mile away without batteries! Use
any FM radio or wideband scanner.
80-130 MHZ. 100mW output! VT-75 rni
crotransmitter chip $49.94 + 1.50 S&H.
VISA, MC, MO. COD's add $4.00. DECO
INDUSTRIESG, Box 607, Bedford Hills,
NY 10507. 1-800-759-5553.
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1----.~m~r!~rI----T-------:---------l gedness of the woofer-cone
pensions , the size and air leak,
the trunk, and the velocity c
slam. To determine whether th
a potential problem , watc]
woofer cone (with its prote
grille removed, if possible) du
typica l slam. If the forced ou
excursion exceeds a quarter ir
so, it might be best to close
trunk a bit more gently in the fl
However, I expect that the l
manufacturers of the larger cal
eo speakers, who knew wherE
would be mounted, have des
their cone suspensions to
stand large pneumatic shocks
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6805 Microcomputer
Development System

TECl's MCPM-1 system allowsyour IBMPC and Compatibiesto
be usedas a complete development system for the Motorola
6805family of single chip microcomputers. Many time saving
features at an affordable price.
MCPM-l Programmer for Motorola MC68705P3. P5, U3,U5,
R3, R5

MCPM-l w/dnver. assembler. simulator/debugger $449
MCPM-l w/driver program only $349

Also available-Programmer for 68HC05, in-circuit emulators
and many softwaretools tohelp you. Call foracompietecataiog

and letus help yousTEe/51 ar
The Engineers COifaboralive, Inc.

Rt #3. Box 8C Barlon, VT05822 USA
T£L: (802)52$·3458 FAX: (B021 525-3451 1Coli T.IIFr.. (800) 336·8321
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CC-1 Capacitor Kitcontains365pieces.5ea.ofevery
10% value from 1pf to .33pf. CR-l Resistor Kit contains
1540pieces; lOea.ofevery5%valuefrom100 1010megO.
Sizes are 0805and 1206. Each kit is ONLY $49.95 and
available for Immed iate One Day Delivery !

Order by toll-tree phone. FAX. or mail. We accept
VISA. MC, COD, or Pre-paid orders. Company P.O.'s
accepted with approved credit. Call for free detailed
brochure.

-- - _COMMUNlCAnOOS SPECIALlSTS,INC.
.~•• 426WestTaftAve. • Orange. CA92665-4296
_ Local (714)998-3021' FAX (714)974-3420

Entire USA 1-800-854-0547
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FCC LICENSE
PREPARATION

The FCC has revised and updated the
commercial license exam. The NEW
EXAM covers updated marine ami
aviation rules and regulations,
transistor and digital circuitry.
THE GENERAL RADIOTELEPHONE
OPERATOR LICENSE - STUDY GUIDE
contains vital information. VIDEO
$EMINAR KITS ARE NOWAVAILABLE.

WPT PUBLICATIONS
7015 N.E. 61st Ave.

Vancouver, WA 98661
Phone (206) 750-9933 Dept. 50
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NEW LITERATURE

continued from page 27

mation, complete specifi
cations , and operating
range data, are provided for
more than 50 models. A
five page summary of spec
ifications and ranges is or
ganized by instrument type
to help the reader make
model-by-model co m
parisons . Besides being
chock full of test instru
ments , the catalog de 
scribes protectivecases
that are tailored for individ
ual models, and a complete
line of accessory test
probes, cables, and test
lead kits .

THE HIDDEN SIGNALS ON
SATELLITE TV: THIRD EDI
TION; by Thomas P. Har
rington. Universal Elec
tronics, Inc., 4555 Groves
Road, Suite 13, Columbus,
OH 43232; Phone:
614-866-4605; $19.95, plus
$3.00 shipping and han
dling.

Everyone knows that you
can pick up video signals
with a satellite dish, and
most satellite owners know

CIRCLE 37 ON FREE
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that they can also receive
audio channels on re
ceivers equipped with
tunable audio subcarrier
sections . However, not
many people are aware of
the variety of non -video
and data services that are
also carried on satellites .
Those services include au
dio news, stereo subcar
riers . telephone systems,
world news and press ser
v ice s , t e le t ext, sing le 
c han n e 1-p e r- car r i e r
escPC) systems, stock
market reports, financ ial
news services', and busi
ness data channels . This
book covers all phases of

this expanding side of the
satell ite business. Begin
ning with an explanation of
the transmission and re
ception of satellite signals ,
the book goes on to pro
vide details about each of
the systems transm itting
hidden signals. It describes
each system and how it
works, explaining who
uses it and how the reader
can receive it. The book
also includes glossaries of
data-communications and
satellite-system terms.

THE ARRL HANDBOOK FOR
RADIO AMATEURS 1992; Ed
ited by Charles L. Hutchin
son, K8CH and Joel P.
Kleinman, N1BKE. American
Radio Relay League, 225
Main Street, Newington, CT
06111; $25.00.

Everything you ever
wanted to know about am
ateur radio-and then
some-s-can be found in the
more than 1100 pages of
this book. Aimed at hams,
technicians , and engi
neers, the book provides a
thorough introduction to
the basics of amateur ra
dio, including electrical fun-

CIRCLE 36 ON FREE
INFORMATION CARD

damentals, the techniques
and terminology of radio
design, and the basics of
solid-state and vacuum
tube sets . A comprehen 
sive section on radio princi
ples covers power sup
plies , aud io and video
communications , dig ital
basics, modulation and de
modulation , RF oscillators
and synthesizers, princi 
ples of radio transmitting
and receiving, trans
ceivers , repeaters, ampli 
fiers , antennas, and trans
mission lines. Modulation
methods for voice , digital,
and image communica-

continued on page 102
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Our long-lost discussion on digital scopes.

ittl :JH iiIHjJ'Ffi :)!,ii

FIG. 1-BLOCK DIAGRAM of our oscilloscope. The basic structure is the same
every scope there is.

W ell. it's been a while com
ing but , at long last, we're
finally back to talking

about digital scopes . There have
been some interruptions in the
meantime but that's the way life is
it sometimes interferes with living.
This subject got put on hold for a bit
because of the business of voltage
regulators . Sorry about that but ,
even if you don't have any particular
interest in cars or motorcycles, all
that information should be put away
for future reference. You never
know.

Just to refresh all our memories,
we had been talking -about the
things to be considered in designing
a circuit that would serve as the
beginnings of a digital scope. All
scopes, even the one we're going to
design , have certain basic things in
common and any project you have in
mind that involves scope design has
to start out life around these funda
mentals . Your ultimate goal may be
to construct something that's big
ger, faster, or (to use my favorite
phrase) , "feature rich ," but no mat
ter what you have in mind, when
you're just getting started it makes
sense to approach things from the
beginning .

The design criteria for the scope
we are going to be putting together
are the following :
1. The scope will have a maximum
bandwidth of at least 1 MHz .

~
~ 2. There will be eight selectable
~ sweep speeds.
2 3. There will be eight selectable gain
~ levels.

4. There will also be a variable gain
11''c control.
B 5. The display will be in a twenty-by
~ twenty matrix.
6 The block diagram of the scope
'g we 're talking about is shown in Fig.
a: 1. While you 're looking at it keep in

mind that, even though we're only
88 talking about a demonstration cir-

cult, the basic structure is the same
for every scope there is. Once you
go through the design of a simple
scope, it'll be much easier to under
stand the workings of more com
plex ones .

There are all sorts of interesting
things that can be done with the
scope we're building and there's no
reason whatsoever why you can't
take the basic circuit and add any
thing you want to it. But we're get 
ting ahead of ourselves.

One of the major players in the
accuracy of a digital scope is the
timebase . Ordinarily, in a simple
scope such as ours, the timebase is
an RC-type circuit that gives you.. .
well, RC-type accuracy. But just be
cause we're not building the world 's
most complex scope, there's no
reason why we have to settle for so
so accuracy. Whenever you want
accurate timekeeping, the answer
is a crystal-based circuit, and that's
what -we'll use here.

There 's no shortage of circu i
when it comes to building a crys
oscillator, 'and the schematic sho,
in Fig. 2 is as good as any. If y'
need frequencies up in the ma
megahertz or even the gigaher
range , you 'd have to devote a lot
time to this part of the scope, 't
since we 're keeping everyth ing
under one measly megahertz , H
schematic is a simple answer to t
problem .

I've picked one megahertz for t
basic crystal frequency because i
a nice even number to work with a
1-MHz crystals are readily availab
You shouldn't have any trouble gl
ting the 4049's to work at 1 MHz
even if you're only operating the (
cuit at 5 volts . Ifyou have any pre
lerns, up the voltage to 9 volts or
(working with CMOS stuff
qreatl), and that should take care
the problem.

Should you want or need to st
down at 5 volts and you find that t

TJY£/VTY BY TWENT Y
I1AT,{'I X OF I-£D '5



3 Z # s

6"1P;

/,z9,J-<$

2S.ps

91'12p..-$

/6,384p..-$

32J68p..-s ·

6S,5~h"u.s

A 3 51Z;t5

I02"'fp.s

ZO"l8fLS

'1o".p..s

/ 5

poss ible to do a lot better, but the
stuff you have to worry about has
nothing to do with the basic design
of the scope itself.

The lowest sweep speed that
makes sense for the scope we're
working on is about a tenth of a
second per column. The major fac
tor here is that when you get much
slower than this , it gets increasingly
hard to visualize the waveform on
LED's. Remember that the scope
will be enabling one column at a
time and only one LED in each col
umn will be lit. If the sweep speed is
too slow, the eye won 't be fooled
into seeing several of the columns lit
at the same time.

Once we get the circuit working,
you can experiment with the range
of sweep speeds and see what the
outside limits are. The top limit is a
function of electronics but the bot
tom is determined by considering
the pers isten ce of the retina and
other biological factors. If you want
to drop the sweep speed to one
seco nd per division because you
have a part icular need to do that it's
relat ively simple to set the elec-
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FIG. 3-THE 4520 DUAL SYNCHRONOUS BINARY COUNTER will provide us with a
series of frequencies that are accurate enough for the kind of circuit we're designing.

columns, we can translate that into
seconds per column . Therefore ,
we 'll arrange our sweep speeds
around the time each column is en
abled , and not how long it takes to
cycle through all the columns . That
is important to keep in mind be
cause we want to be able to get a
rough idea of frequency when we're
viewing a waveform on the scope ,
and the standard way of doing that
is to count the number of divisions
covered by a complete cycle. Since
each division relates to a particular
amount of time, you can estimate
the period and calculate the fre
quency of whatever waveform is
being displayed.

Standard osci lloscopes use a
5-2-1 counting sequence for divid
ing t he sweep frequency. That
means, at a basic level, that it takes
the trace five, two, or one second
(or some fraction of a second) to
cover each division . The maximum
sweep speed we can reasonably ex
pect to have is about 10 microse
conds s ince there are certain
limitat ions to LED intensity, con
struction methods, and so on. It's
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FIG. 2-A CRYSTAL OSCILLATOR for
our scope. For frequencies below 1 MHz,
this schematic is a simple solution.

oscillator isn 't self-starting at that
vo lta ge, use an equ ivalen t high
speed CMOS pa rt l i k e the
74HCT4049 . Most of the mail
order houses carry the 74HCT fam
ily and you'll find that they're all fast 
er than the 4000 series and just as
reliable . Just about the only restric
tion you 'll have is that 74HCT parts
have the same voltage rest rictions
as TIL. They want a supply voltage
of 5 volts and going any higher than
that is a sure way to cook the chip.

Once we have the timebase cir
cuit working properly, the next step
is to do some straightforward fre
quency division to generate all the
sweep speeds we need. First, how
ever, we should decide what those
sweep speeds are going to be and.
even before that , we have to work
out how the horizontal part of the
display is going to be conceptually
organ ized.

Our display is going to be, as we
specified, a twenty-by-twenty LED
matrix. There are twenty columns of
LED's and each column is going to
be enabled in turn for a part icular
length of time. When we refer to the
sweep speed, we have to dis
tingu is h whether we 're ta lking
about how long it takes to sweep
across the entire twenty columns or
how long each of the twenty col 
umns is enabled .

If you look at the sweep -speed
settings on a standard os
cilloscope , you 'll see that it's
marked in seconds/division. Since
our display is made up of separate
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tronics to do it. The best way to get
an idea of what it would be like is to
sit in front of a real scope and play
with the sweep-speed control.

Now that we know the sweep
speed range-from a low of a tenth
of a second (10 Hz) to a top of 10
microseconds (100 kHz) per div i
sion-we can decide what the re
maining six sweep speeds should
be. Generating divisions in the stan
dard 1-2-5 sequence is ce rtainly
possible but it's also a pain in the
neck to do .

We can cut this part of the des ign
way down and reduce the needed
parts to a bare minimum if we let the
relationship between the sweep
speeds follow the sta ndard 1-2-4-8
binary sequence. By doing that. we
can choose from a wide variety of
standard binary counters and , as
you can see in Fig. 3, that's exactly
what I've done. The 4520 is a dual
synchronous binary counter and will
provide us with a series of frequen 
cies that, while not exactly who le

EQUIPMENT REPORT

continued from page T6

the manual says to install C40, a 22
pF, 16-volt electrolytic , but the actu
al part , as shown in the parts list. is
22 f.LF. A lso , a spring must be in
stalled to the left of the 7106 IC to
ground a metallic shield in the back
of the meter housing; the instruc
tion manual does not clearly show
where the spring goes.

Other problems included R43,
one of four t -rneqohrn resistors to
be insta lled, but the parts list shows
only three 1-megohm resistors and
R43 as 100K-also , the lOOK re
sistor was missing from our kit. Re
sistor R7 is said to be installed as
900K but the parts list shows it to
be 898 ohms and that's what was
included in ou r kit. Likewise with R8;
it's installed as 100K but listed and
included as 100 ohms . Another 100
ohm resistor, RX, was not among
the parts included in our kit ; but they
did include an unnecessary 75K re
sistor-perhaps it was intended to
be close enough in value to R43 .
Resistors R09 and R17 are to be
installed as 9 ohms each but listed

numbers, are close enough for I
kind of circuit we' re designing.

Remember that the resolution
the sco pe we 're building isn't all t l
great in the first place.

Feeding a standard CMOS p
like the 4520 with a cloc k as high
1-MHz is an iffy bu siness- E
pec ially, as we discu ssed a w~

ago, if you're running' off a sUPI
that's down in the range of only f
volt s or so. If you Eave such a pre
lern, the ways to get around it c
the same as the ones we talk
about earlier; you can either rai
the supply voltage or u :
74HCT4520's instead of the sts
dard 4520.

The two 4520's in the circuit gi
you a choice of sixteen clock f
quencies (seventeen if you COL

the basic crystal frequency), so y,
have lots of sweep-speed choice
When we get together next tirr
we'll finish the horizontal circu it al
go through the des ign of the vertic
amps and driver circuit as well. ~

as 8.98 ohms. Neither of the tV'
remaining resis tors were color-e
ded for 8.98 ohms, but they me
sured about 12 ohm s. Clo s
enough we decided, and the met :
seems to work just fine .

You never know exact ly what's i
side something until you take
apart, so you can 't help but be fam
iar with the basic insides of any rm
timeter once you build the TOOl
The finished TOOK is a sturdy, cap
ble meter, and certainly worth i
price . And although we feel that it
a pretty decent meter and a qre
project for someone new to ele
tronics. the help of someone moi
experienced might be necessar
However, we've already pointed 0 1

the kit's sore spots so if you plan c
building one you should save th
review as a guide.

If you 've read this review ar
wou ld like to own a TOOK but dor

• want to build it yourself, the TOOK
available preassembled . And the a
sembled TOOK multimeter actual
costs ten dollars less than the ~

($19.95). That's because it cos
more to package the unit in piece
and the kit includes a 47-page a
sembly manual. R·



COMPUTER CONNECTIONS
Pen-Based Computing

JEFF HOLTZMAN

FIG. 1-THIS PEN-BASED PC from GRiD features wireless RF connectivity to Novell
networks.

Pen-based computing is one
of this year's hot top ics. At
first glance, this new class of

device seems to be more gadget
than computer. On closer examina
tion, however, it looks more like a
glimpse of the future .

As with many hot topics in today 's
computer world, pen -based com 
puting got its start at Xerox PARC
(Palo Alto Research Center), a re
search division of the corporation
mostly famous for photocopying,
but whose basic research has fu
eled much of the persona l computer
revolution-but that's another story.

In 1968, a fellow by the name of
Alan Kay, now a researcher at Ap
ple, put together a cardboard model
of something he called the Dyna
book. Kay didn't call it a computer;
he intended to suggest something
far larger, more grand iose, more
connected, and more accessible
than any mere data-processing ma
chine. The original design called for
a notebook with a megapixel
screen, multiple CPU's, and wired
and wireless networking . Since
then Kay realized that the hardware

.alone was not enough; a user-friend
ly (Macintosh-like) user interface
would also be required. Even more
important, a cooperating system of
software "agents" would assist the
user in gathering information and
performing routine tasks . Agents
are not yet ready for prime-time.
User interfaces have evolved con
siderably since 1968, but still havea
long way to go. Perhaps not sur
prisingly, as in most areas of the
computer business , the greatest
strides have been made in hard
ware.

Since portable computers , laptop
computers, and notebook comput
ers first started to appear, several
companies have released subop
timal designs bearing the title Dyna
book; however, it is only the very

latest generation of pen-based ma
chines that even dignify the con
cept. NCR released the first of this
new breed in the spring of 1991; fall
COMDEX in Las Vegas saw the re
lease of a spate of new machines by
other vendors . This first generation
of comme rcial machines illustrates
several points : CD The Dynabook
concept is valid, but (2) current
hardware and software have not
fully achieved the vision; even so (3)
there is a light at the end of the
tunnel.

Hardware and software
The typical pen-based machine is

about the same size as a notebook
PC (8.5" x 11 " x 2", less than five
pounds). The current generation
typically has a 286 or 386SX pro
cessor, a few megabytes of memo
ry, a floppy drive, possibly a hard
drive, and a slot or two for special
credit-ca rd sized memory cards
(these cards have now been stan
dardized; more in a future install
ment). Usually there 's no keyboard,

although there are "convert ible"
.units that allow both keyboard and
pen input. Some units , such as
Grid 's GridPad RF (shown in Fig. D,
allow wireless connection to stan
dard networks. Overall, the most
interesting thing about pen-based
machines is that the screen is used
for both input and output. Using a
special stylus , you draw, write, and
edit directly on the display sur
face-it's like an intelligent Etch-A
Sketch, one that allows you to store
and recall text and graph ics . It's
what some call a direct-manipula
tion environment COME).

If there's no keyboard, how do
you use the thing? There are three
basic approaches. The first simply
glues a pen-input interface on famil
iar operating environments (DOS or
Windows). The second creates a
rich new envIronment (GO 's Pen
Point operating system). The third
creates a limited new environment ,
one that restrains cost and power in
service of specialized applications .

Microsoft, as might be expected ,



b

Gesture Mean ing

FIG. 2-PEN-BASED GESTURES differ between Microsoft's Windows for Pen Co
puting (a) and GO Corp.'s PenPoint (b).

. Places the insert ion point or selects where you tap the pen.

- Selects all characters under the line.

II, Fxtends ths selscticn to tho location w horo you draw the gesture.

J ' Deletes the cu rrent selection or the character to the right of the insertion
point.

~ Deletes words or objects underneath the gesture.

, Backspaces and deletes the character to the left of the insertion point.
IOptionall

.h- Inserts space at the insertion point. (Optional; can also be positional)

--;!J Inserts a new line (Return) at the insertion point. (Optional; can also be
positionall

r- Inserts a Tab at the insertion point. (Optional; can also be positional)

vi Places the checked word or selection in the Edit Text dialog box.

y Cuts the selection and places it on the Clipboard.

c.:: Copies the selection and places it on the Clipboard.

/\.
Pastes the contents of the Clipboard at the insertion point. (Optional; can also
be positionall

b' Reverses the previous action.

a

Gesture Meaning

Tap . Select/Invoke

Press-hold (!) Initiate drag (move, w ipe-throu gh)

Tap-hold a(i Initiate drag (copy)

Flick (four directions] I Scroll/Browse

Cross out X Delete

Scratch out ~ Delete

Circle 0 Edit

Check <:/ Options

Caret /\ Insert

Brackets [ ] Select object, adjust selection

Pigtail (vertical) y' Delete character

Down-right L Insert space

Deferred I/O is another lnters
ing capability of PenPoint. It allo
you to "send" documents to otl
people , regardless whether you
plugged into the company netw
or riding a camel in Riyadh. If 1
hardware can't physically send 1
file when you make your requesl
adds it to a queue and sends it wI
the required resources becot
available. Likewise with modem 0

put , fax output, and printer outpi

from the ground up to support Em
bedded Document Architecture
(EDA). With EDA, you just grab
something and start working on it. If
it's text, a text-editing window pops
up; if it's graphics, sizing/shaping
handles appear. This focus on the
document. rather than the applica
tions used to produce it, is what will
make pen PC 's attractive t o
novices, and to the those of us tired
of fighting the battle for integration.

has adopted the first course. The
company has defined a set of pen
oriented extensions to the Win 
dows environment, called Windows
for Pen Computing CWPO. This en
vironment is scheduled to he re
leased in the first quarter of 1992.
right after Windows 3.1. WPC has
already garnered support from
some three dozen hardware ven
dors , including AST, Dell , Grid/Tan
dy, NCR, Zenith, Sharp, Sony,
Toshiba, Tusk , Momenta, NEC, '
Samsung, Sanyo, and.many more.
Currently Grid owns more than 50%
of the market, but in five years that's
expected to drop to about 10% of
the current level, with Sony,
Toshiba, and Sharp accounting for
about 36% , and IBM and Apple to
gether for about 30 %. Hundreds of
software developers have also
shown support for WPC.

A company called GO Corpora
tion has pursued the second option
with a product called PenPoint, the
chief competitor to WPC. PenPoint
has not achieved as much support
as WPC (yet), but the support it has
achieved is quite meaningful. IBM,
for instance, has licensed PenPoint.
and has shown it running on a to-be
released pen machine. Apple is
evaluating use of PenPoint versus
its own internally developed pen
based operating system for a soon
to-be-released pen machine.

Although extending an already
popular environment has some ad
vantages, some feel that a whole
new way of looking at things is re
quired. This new paradigm returns
to square one in the process of
thinking about how people can best
interact with a computer. For exam
ple, the select-do paradigm (e.q. ,
select text, press Delete) of Win
dows may not make sense in a di
rect-manipulation environment. In a

~ DME you might simply draw a line
c through unwanted text. It's more di
tll rect, more natural, more efficient,2

..Q more comprehensible by computer
~ novices . This is the tack taken by
~ PenPoint.'2
e A related area is compound docu-
~ ments . documentsthat include text,
~ graphics, possibly other media.
~ Windows is just about to the point
a: where build ing compound docu -

ments is reliable and effic ient. By
92 contrast, PenPoint has been built



Gestures
Both PenPoint and WPC make

use of gestures. pen motio ns that
signal an inten t to do something,
and depending on the operation ,
the data to which il is dune (e.q.,
striking a line of text) . Gestures
come in several sizes and shapes,
depending on the system; and spe
cific gestures tend to be inconsis 
tent from system to system , as
shown in Fig. 2-a (WPC) and Fig. 2
b (Penl-olnt). (This is equivalent to
the once-heated argument about
whether the Delete key shou ld work
on characters to the right or left of
the cursor. The vast majority of
users simply didn't care, as long as
usage was co nsistent from program
to programJ

PenPoint demonstrations are ex
tremely compelling. But Microsoft
is Microsoft, and Windows is Win
dows . Does PenPoint have a
chance? It's simply too soon to tell.
The Windows juggern aut is rapidly
crushing everything in its path; GO
is working hard on data portabi lity,
so there's a good chance it will at
least surv ive . In any case, most
hardware vendors are playing it f'afe
and supporting both operating sys
tems. Phoenix has even released a
dual-mode BIOS that provides low
level support for both.

Theoretically, anything that runs
under Windows should run under
WPC. PenPoint is in a more pre
carious position regarding applica
tions; however, WordPerfect and
Lotus are converting and develop
ing applications , and several other
companies are developing new ap
p lications . in c ludi ng te lec o m
mu nication , w o rd processor,
sp readsheet, network interface ,
outl iner, PIM. and more. .

Some developers are target ing
applications for both environments.
Slate is one interesting example.
The com pany has introdu ced a
product called PenBook that allows
you to take any file in PostScript
format and convert it for use in a pen
environment. The software allows .
you to build a table of cont ents and
link specific pages to it. It also in
de xes the text. Rathe r tha n 45
pounds of manuals, imagine being
able to take a notebook with all rele
vant serv ice information on a house
call . and instantly locate the desi red

information with a few tap s and
flicks of the pen. There 's potential
here.

Who cares?
Companies markctlnq pen prod

ucts see two ini tial focii : highly
mobi le perso nnel (e.q., doctors and
nurses , delivery peop le, sales peo
ple, insurance sales people and ad
justors , etc J and professionals who
travel a lot.

Mobile usage is already happen
ing. For example, a major pharma
ceutica l co mpany recent ly pur
chased 1000 pen units from Grid for
on-s ite sales; the San Jose Police
Department is evaluating use of
Grid machines to reduce paperwork

Some industry veterans feel that
pen computing is just another over
hyped technology, with little main
stream application . More informed
sources . those with a littl e historical
perspective, see the potential. It will
take a few years , but by the end of
the decade, most of us will be carry
ing "pentops" and wondering how
we ever got along without them .

News bits
Last time I talked about the sig

nificant effect that multimed ia wi ll
be having on the computer industry,
the publishing industry, and society
in general. At the time, I wondered
how IBM planned to get involved.
Shortly after my deadline, Big Blue
announced a wide variety of prod
ucts and services under the banner
"Ultimedia." The software (dis
cussed last time) is in some ways
the most interesting part of the an
nouncement ; however. there are
some interesting hardware goodies
as well. including a device that lets

.you broadcast and rece ive televi
sions signals across a to ken-ring
network simultaneously with normal
network traffic, thereby setting the
stage for real-t ime video-conferenc
ing. IBM also co-released with Intel
a $2000 NTSC video board, called
the ActionMedia II, that allows play
back of digitally recorded video. (A
$900 add-on allows digital record
ingJ The basic technology is Intel's
DVI (Digi tal Video Interactive); the
board , though it may sound expen
sive, is about half the cost of the
previous vers ion, occupies half as
much space, and reportedly pro -

vides about twice the performance.
In addit ion, the company released a
rather we ird mult imedia PC (t he
M57SLC) that includes a high-per
fo rmance CD-ROM drive , XGA
qraphics, 16-bit audio capture/play
back, and a souped -up 386SX pro
cessor that sounds like a 486SX
crammed into a 16-bit package .

After years of promises, Philips
finally unleashed its CD·I (Com
pact Disc Interactive) technology
on the consumer market under the
name Imagination Machine. It costs
in the neighborhood of $800 , but
does only one thing . Conversely.
you can upgrade your PC with a CD 
ROM drive and a slew of useful soft
ware for that amount of money, have
change in your pocket , and have a
general-purpose tool that's truly
only limited by your imagination . I
think Philips' marketeers inadver
tently hit on the right name. but for
the wrong reason.The only imagina
tion is in the amount of sales CD -I
will generate.

On the software front. IBM has
delayed release of a fully funct ional
G.e.. Windows compatible) vers ion
of OS/2 2.0 until the end of the
first quarter of 1992. In the mean
time, Microsoft wi ll sell anothercou
pie million cop ies of Windows .
However, Microsoft also slipped its
ship date for Windows 3.1 unti l the
first quarter of 1992, but has pub
licly shown a fairly robust version of
Windows NT (New Technology) ,
betas of which will be shipping to
developers by the time yo u read
this. Digital Research released DR
DOS 6.0, the major addition to
which is RAM -based task switching
and some utilities. It seems like a
good product. and three or fo ur
years ago wou ld have been a great
compe titor to DESQview. R-E

Nifty. huh? . . . I built
this new drive out of a toaster.



BUYER'S MAR·T
FOR SALE

TUBES: "oldest," "latest. " Parts and schematics.
SASE for lists . STEINMETZ, 7519 Maplewood
Ave., R.E., Hammond , IN 46324.

RESTRICTED technica l inform ation : Elect ron ic
surveillance , sch em atics, locksm ithing, cover t
sci ence s, hacking, etc. Huge selection. Free
brochures. MENTOR·Z, Dr awer 1549 , Asbury
Park, NJ 07712.

• CABLE T.V. BOXES - ALL TYPES·
• LOW PRICES - DEALER PRICES·

.... ACE PRODUCTS ....
• 1-800-234-0726 •

FREE catalog . Books, periodi cals on techn
in , out of print. BRIAN MCMILLAN, BO
(319) 478-2360.

ELECTRONIC supermarket surplus p
Transformer spe cials, railroad ers, builders
neers , experimente rs, LSASE, FERTIK'S ,
Ella , Phil a., PA 19120.

TUBES, new, up to 90% off, SASE, KIRB'
West Carm el Drive, Carmel , IN 46032.

WIRELESS CABLE - IFTS - MMDS - Amateur TV
UltraHigh Gain 50db(+) . Tuneable 1.9 10 2.7 Ghz.

• 36-Channel System Complete 5149.95
• 12-Channel SystemComplete51 14.95
• Call or write(SASE) for "FREE" Catalog

PHILlIPS·TECH ELECTRONICS
P.O. BOI 8533• 5collsdale, AZ85252
(602)947·7700 ($3.00Credit allphone orders)
MasterCard. Vin • COD's . Quantity Pricing

CLASSIFIED AD ORDER FORM

To run your own classified ad, put one word on each of the lin es below and send thi s form along with your chec l

Radio-Electronics Classified Ads, 500-B Bi-County Boulevard, Farmingd ale, NY 11735

PLEASE INDICATE in wh ich ca tegory of clas sifi ed advertising you wish your ad to appear.
spec ial headings, there is a surc harge of $25.00.
( ) Plan s/Kits () Bu sin ess Opportunities () For Sale
( ) Edu cation / Instru ct ion () Want ed () Satelli te Television
( ) - --- - - - - - - - - ----------

Special Category: $25.00

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.
(No refunds or c redits for typ esetti ng errors can be made unless you clearly print or type y
copy.) Rates indi cated are for standard style classified ads only. See below for additio
cha rge s for specia l ads . Minimum: 15 words.

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHO
NUMBERFOROURFILES.ADS SUBMITIED WITHOUTTHIS INFORMATION WILL NOTBE ACCEPTI
CLASSIFIED COMMERCIAL RATE: (for firms or individuals offering commercial products or servic
$3.10 per word prepaid (no charge for zip code)...MINIMUM 15 WORDS. 5% discount for same ad i
issues; 10% discount for same ad in 12 issues within one year; if prepaid. NON-COMMERCIAL RATE:
individuals who want to buy or sell a personal item) $2.50 per word, prepaid....no minimum. ONLY FiJi
WORD AND NAME set in bold caps at no extra charge. Additional bold face (not available as all caps) !
per word additional. Entire ad in boldface,$3.70 perword. TINT SCREEN BEHIND ENTIRE AD: 53.85 1
word . TINT SCREEN BEHIND ENTIRE AD PLUS ALL BOLD FACE AD: $4.50 per word. EXPAND
TYPE AD: 54.70 per word prepa id . Entire ad in boldface, $5.60 per word.TINT SCREEN BEHIND ENTI
EXPANDED TYPE AD: $5.90 per word. TINT SCREEN BEHIND ENTIRE EXPANDED TYPE AD PL
ALL BOLD FACE AD: $6.80 per word. DISPLAY ADS: 1" x 2W'-$410.00; 2" x 2W'- $820.00; 3'
2W'- $1230.00. General Information: Frequency rates and prepayment discounts are available. ~
COpy SUBJECTTO PUBLISHERS APPROVAL. ADVERTISEMENTS USING P.O. BOXADDRESS W
NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER WITH PERMANENT ADORE
AND PHONE NUMBER. Copy to be in our hands on the 5th of the third month preceding the date of
issue. (i.e., Aug. issue copy must be received by May 5th). When normal closing date falls on Saturc
Sunday or Holiday, issue closes on preceding working day. Send for the classified brochure. Circle Num
49 on the Free Information Card.

Expiration 0

Please Print Name

Card Number

2 3 4 5

6 7 8 9 10

11 12 13 14 15 ($46 .5C

16 ($4 9.60) 17 ($52.70) 18 ($55.80) 19 ($5 8.90) 20 ($62. 0C

21 ($6 5.10) 22 ($68.20) 23 ($71.30) 24 ($74.40) 25 ($77. 50

26 ($80 .60) 27 ($83.70) 28 ($86.80) 29 ($89.90) 30 ($93 .00

3 1 ($9 6.10) 32 ($99 .20) 33 ($102.30) 34 ($105.40) 35 ($108.5(

Weaccept MasterCard and Visa for payment of orders. If you wish to use yourcredit card to pay for your a,
in the following additional information (Sorry, no telephone orders can be accepted.):

CIRCUIT Boards -: Compl ete print ed circuit fab 
rication from sin gle sided to production mul ti
layers. Twenty-four hour turnaround available .
CIRCUIT CENTER, PO Bo x 128 , Addison, IL
60101. (708) 543-0671.

T.V. notch filters, pho ne recording equipment , bro
chure $1.00. MICRO THine. Box 63/6025, Mar
gate , FL 33063 . (305) 752-9 202.

INEXPENSIVE
GEIGER COUNTER

Probably.... bwesl pncod Geigctr
Ccu'ltfll' k~ ~allal:>le n 110 WOf1d
belay l FeallJros $M$I\ivo Ihirl waIIod
Goioof .Muolor tub. Mld speak or
tJaterT1lts ckk snproporton lO'tlo
radb<1lion 1ovoI. Delocts Beta W'ld

~~ery(:d= l~~
1.88'

C6447 $39.95

SURFACE MOUNT
TECHNOLOGY KIT

~~br~~~~~~ r---I-+----..,
tny surface m:xndovicos,(SMD) as used n
akn:;lct al lale rrodol soptllstc ntlld oIoctronc
Pl'(XiJcts.SIz'M~ l ~·ll30'4'.~IotOWiltl
AI parts . PC board and n SII\.c h::n s

C6465 $5.00

CABLE TV convert ers : Jerrold, Oak, Scient ific
Atlant ic, Zenith & many others. "New MTS " stereo
add-on: mut e & volume. Ideal for 400 and 450
owners! 1 (800) 826-7623, Amex, Visa, M/C ac
cepted. B & B INC., 4030 Beau-D-Rue Drive,
Eagan, MN 55122 .

94
CIRCLE 183 ON FREEINFORMATION CARD



OSCILLOSCOPE 50 MHz, Hewlett-Packard, sol
id state cal ibra ted, manu al $290.00 1 (800)
835-8335 X-159.

••••PRESENTING • • • •

CABLE TV
DESCRAMBLERS
••••• STARRING •••••

.JERROLD, HAMUN, OAK
AN D OTHER FAMOUS .......NUFA CTURERS

• FINEST WARRANTYPROGRAM AVAILABLE
• LOWES7 RETAIl/WHOLESALE PRICES IN U.S.
• ORDERS SHIPPED FROM STOCK W ITHIN24 HRS.
• AU MAJ O R CREDIT CARDS ACCEP7ED

fOR fREE CATALOG ONLY 1-800-345-8927
fOR AU INfORMATION 1-81.709-9937

CABLE TV EqUipment. Most type available.
Special: Oak M35B $39.95. No catalog. COD or
ders only. 1 (800) 822-9955.

PHOTOVOLTAIC solar panels affordably priced.
Catalog $2.00. SOLAR DEPOT,99R Washington
St., Melrose, MA 02176.

TEST equipment pre-owned now at affordable
pric es . Sign al ge nerato rs from $50.00, os 
cilloscopes from $50.00, other equipment, includ
ing man uals avai lable . Send $2 .00 U.S. for
oata log , rofu ndod on tst orde r. J.B. ELEC
TRONICS, 3446 Dempster, Skokie, IL 60076 .
(708) 982-1973.

JERROLD, Tocom and Zenith " test" chips.
Fu lly activates unit. $5 0.00 . Cable de
scramblers from $40. 00. Orders 1 (800)
452-7090. Information (213) 867-0081.

PHOTOFACT folders under # 1400 $5.00. Others
$7.00. Postpaid. LOEB, 414 Chestnut Lane, East
Meadow, NY 11554. (516) 481-4380.

OUR monthly picture flye r lists quality surplus
parts at low prices. Swap meet every month .
STAR-TRONICS, Box 683, Mc Minnville, OR
97128 .

SPEAKER repair. All makes - models. Stereo &
professional. Kits available. Refoaming $18.00.
ATLANTA AUDIO LABS, 1 (800) 568-6971.

ENGINEERING software and hardware , PC/
MSDOS. Circuit design and drawing , PCB
layout, FFT analysis, Mathematics, Circuit DESCRAMBLERS: Oa k Si gm a , Varisync ,

analysis,. etc. Data acqui~ ition, generation , ~:n~~~nC~t~~~tif~~.~ga~~~;~~~~r rc~~d~~~ ~r~i
I/O PCB s,etc. Call orwnte forfree catalog . order), service manuals, schematics, SURPLUS

_1 (614) 491-0832,. 8S0FT SOFTWARE, ELECTRONICS, PO Box 10009 , Co lorado
INC. , 444 Colton Rd. , Co lumbus , oH--_s_pr_ln_gs_~_C_O_'80_9_3_2. _

43207
PREVENT descramb ler detection & damage!
Order Tech-Block today! Simple in-line connec
tion. Only $19.95 P.P.D. THE STAGE DOOR VID
EO, PO Box 518, Bellevi ew, FL 32 620. For
C.O.D.'s 1 (800) 395-4557.

DESCRAMBLERS cable TV converters, lowest
prices, guaranteed , best quality, all types avail
able, CNC CONCEPTS, INC., Box 34503, Min
neapolis, MN 55434 . 1 (800) 535-1843.

WIRELESS CABLE RECEIVERS 1.9 TO 2.7 GHz
30CH PARABOLIC DISH SYSTEM $173.90
30CH ROD ANTENNA SYSTEM $193.90
30CH CRYSTAL CONTROLLED SYSTEM$294.95

SUN MICROWAVE INn. INC. SEND$1.00 FOR
P.O. BOX #34522 CATALOGON THESE
PHOENIX, AI. 85067 ANDOTHERFINE
16021 230·1245 VIDEOPRODUCTS
OUANTI7VOISCOUNT$
.CRDERSONLY 1·800-434-4190 CODE 97~

CABLE TV descr am blers , converters. Oak
. RTC-56 $99.00, 5503 Tocom $225.00, Sylvania
4040-DIC replaces Jerrold 400-DIC $49.00, Oak
M-35-B $25.00. All brands in stock . MOUNT
HOOD ELECTRONICS, (206) 260-0107.

CABLE equipment. Oak - Tocom - Zenith 
Jerrold S.A . whol esal e to all. Exampl e Oak
RTC-56 $89.00, M-35-B $25.00. SAC., 1 (800)
622-3799.

A PREMIER Company

MCM ELECTRONICS

There are over 17,000 items
stocked and ready for next day
delivery, includinQ: semiconductors,
connectors, audiO and VCR parts
and accessories, television parts,
hardware, test equipment,
chemicals, tools and many name
brand items.

Because needs in the electronics
industry are constantly Changinr'
MCM Electronics continual y
researches the market and reacts to
the market's changing needs.

MCM is constantly in touch with
national and international
manufacturers to bring both
commonly used and hard-to-find
products to its customers.

ALL THE PARTS YOU'LL
EV EED...
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DESCRAMBLER kits. Complete cable kit $.
Complete satellite kit $49.95. Add $5.00 shi
Free brochure. No New York sales. SUMMI
Box 489, Bronx, NY 10465.

SATEL LITE TV descrambler. Build your
Easy to follow instructions, parts list, circuit I
wir ing diagram, $9.95. ABG ENTERPR
27081A, Halifax, NS, B3H-4M8.

Build this kit for lKlder ~

remcvesleed vocal" fran
stereo records, CD's, ta~

broadcasts. Easily conne
home component eteeec
live .....th the background'
be tle leo.d singer of yo
band. Detailedptans. $4.

Weeder Technol!
14773 Lindsey I

Mt. Orab, Ohio4~From Records& CD's

REMOVE
LEAD
VOCALS

SURVEILLANCE tra nsmi tte r k its tune In
to 305 MHz. Mains powered duplex, telec
room, combination telephone/room. Catalo
Popu la r Com mu n icat ions, Po p ul ar
tronics and Radio-Electronics book revil
" Electronic Eavesdropping Equlpmer
s ig n," $2 .00. SHE FFIE LD ELECTROI
7223 Stony Island Ave., Chicago, IL 60649-

ROOM surveill anc e telephone $175.00.
and telephone moni tor $275 .00. Remote
phone recorder $479 .00. $3.00 catalog. LI
ELECTRONICS, 603 Elgin , Muskogee
74401. (918) 683-9589.

VIDEOCIPHER II/scanner/cable/satelli te mod i
fications books. Catalog - $3.00. TELECODE,
PO Box 6426-RE, Yuma, AZ. 85366-6426.

PRINTED circuit art work. Low cost, for free infor
mation write NEGRON ENGINEERING, 159 Gar
field Place, Brooklyn, NY 11215. Fax or call (718)
768-4028.

DIGITAL recorder. Digitally record any audio
source with special effects. Microprocessor con
trolled device. Detailed plans, $9.75: T. ZURAW,
Box 341, Dearborn Hts, M148127.

PCB and schematic CAD. $195.00 IBM EGA CGA
Multilayer, rubberband, autovia, NC drill, iaser, dot
matrix, plotte r, library, Gerber, AUTOS CENE,
10565 Bluebird St., Minneapolis, MN 55433. (612)
757-8584 free demo disk.

HOBBY/broadcasting/HAM /CB /s urvei llance
transmitters, amplifiers, cable TV, science, bugs,
other great projects ! Catalog $1.00. PANAXIS,

. Box 130-F2, Paradise, CA 95967.

1-800-222-5620

PIONEER for Warne r system. Digital insert for
your SA-3. Changes with their signal. $150.00
with simple instructions and guarantee. NEEDY'S
ELECTRONICS, US Hwy 23 South, Weber City,
VA 24290 . (703) 225-3334/fax (703) 225-3296.

LONG play cassette recorder - Records 12
hours on a single standard cassette. Voice-acti
vated. Also miniature long play recorders, mini
microphones, telephone .record controllers, stun
guns , surve illa nce /cou nte rmeas ures devices.
Catalog $2.00. PRODUCTIVE ELECTRONICS,
Box 930024-R, Norcross, GA 30093.

PLANS AND KITS
FASCINATING elec tron ic devices ! Dazers!
Lasers! FM/AM/ph one tra nsmitters! Detectors !
Kits/assembled! Catalog $2.00. QUANTUM RE
SEARCH , 16645-113 Avenue, Edmonton, AB.
T5M 2X2.

NOW bu i ld your ow n RegU lated 12VD C to
120VAC, 300W to 500W Inverter, a must for
campe rs or emergencies . Inclu des comp lete
schematics, parts and manufacturers lists and
more ! Send $19.95 to INVERTER SCIENTIFIC,
Box 778, Suffern, NY 10901.

REMOVE VCR copy protection PCB PAL in
tions $16.50 w/P&H NORM HOGARTH, 95
Ogden, Bend, OR 97701.

TOUCH tone decoder displays dialed nu
Store and retrieve up to 256 numbers. Inpu
phone, scanner, tape. SASE for brochure. ~
ESIGNS, Box 200091R, Denver, CO 80220-

$19~~

~
~

This recessed terminal
panel has inputs for right
and left channels as well
as outputs for right and
left channels to route to
your sateilhs speakers.
Greatlysimplrt ies
subwoofer hook-up.
Outside dimensions :
3-7/S" x 5-318".

#RC-260-308

$395

(1-9)

Subwooferlnput/Output Termir

#RC-265-275

Famous Maker3-1 /2" Speaker F
Dual cone 3-1/2" speaker
pair for upgrading stock
dash speakers. Graphite
fiber composite woofer cone
provides a smooth extended
response at all power levels.
The high frequency radiator
(whizzer) takes over from the woofer at 6,000 Hz ~

greatly extends the response past 20 KHz. Stront
ferr~e magnet. 314" high temperature voice coil.
Impedance: 4 ohm. Power handling capability: 2
continuous, 70 watts peak. Frequency response:
21,000 Hz. Equipped with dust screen. Made in t
by a company with over 40 years experience in th,
sound market,

1-800-338-0531

CALL TOLL FREE

Theseattractive,preformedtuned
ports ailow the back pressure ra
diated from the rear of the woole r
to reinforce the sound level in
lront. Made of black piastic.

12 Gauge Neon Wire
The competit ion in today's
auto sound contests is so
fierce that good sound
aione is not enough to
win. More and more
installers are striving to
make their installatio n
more pleasing to the eye.
Parts Express now stocks
12 gauge speaker wire in vibrant neon colors. This wire is
the same high quality, made in the U.S. wire you have
used before, but now ~ has flashy, neon colored insulating
jackets. Available in neon pink, neon green, and neon
orange. Sold by the foot on or 50 ft. spools.

#RC-100-162 (Neon p ink) 49¢
#RC-100-166 (Neon orange) 1Ft.
#RC-100-170 (N eon green)

Tuned Port Tubes

Price
Part # Length Diameter (1·9) (10-up)

#RC-260-320 2 31S" 1-314" AD .37
#RC-260-321 4" 1-7/S" .60 .55
#RC-260-322 5" 2" .65 .59
#RC-260-323 1" 2-7/S" AD .37
#RC-260-324 5" 2-7/S; .60 .55
#RC-260-326 3" 2-7/S" .52 .48

$3990 #RC-260-327 2-112" 3-7/S" .5S .53
#RC-260-328 5" 3-7/S" .64 .59

(2-up) No mixing for quantHy pr ic ing.
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·30 day money back guarantee" $20.00 mlnlrnurn order · We
accept Mastercard, Visa, Discover, and C. O. D. orders. " 24 hour
shipping· Shipping charge =UPS chart rate + $1.00 ($3.50
minimum charge) " Hours S:30 am - 7:00 pm EST. Monday - Friday
·9:00 am - 2:00 pm Saturday. Maii order customers, piease call for
shipping estimate on orders exceeding 5 lbs.• Foreign destination
customers please send $5.00 U.S. funds for catalog postage·

#RC-340-431

340 E. First St., Dayton, Ohio 45402
Local: 1-513-222-0173
FAX: 513-222-4644

#RC -262-100

Light Oak Speaker Cabinet
Premium ported speaker cabi
net made of acoustical grade
particle boardandcoveredwith
a light oak vinyl laminate. Pre
cut wfh an 11-1/4" hole for use
with most 12" woofers. The
baffle board has no tweeter or
midrange holes for design flex
ibility. The 314" thick particle
board ensures low panel reso
nance. Dimensions: 11" x 15"x
27". Voiume: 2.5 cu ft. Grill
and terminal included. Sold
individually.

Ferro Fluid
Pro-Tech ferro fluid is commonly
used on voice coils to substantially
improve frequency response,
increase transient and continuo us
power handling capabilit ies and
reduce second and third order
harmonic distortion. It reduces the
Q and lowers the impedance peak
at resonance without a significant
reduction in SPL. General
purpose fluid lo r tweeters and midranges only.
5ccbottle.
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RECEIVING TUBES
'. OVER 3000 TYPES IN STOCK!

Also hard-to-find transformers, capaci
tors and parts for tube equipment.
Send $2.00 for our 32 pagecatalog.

ANTIQU E ELECTRONIC SUPPLY
5221 S. MapleAve.· Tempe, AZ 85283' 602-820-5411

GAMBLING: build miniature computer-clock rou
lette wh eels, play perfect blackjack - Z-80 based ;
softwa re availab le. For detailed plan s and info
send $15 .00 to G.R. ENTERPRISES, PO box
424 , Port land, OR 97207 .

ZAPPERI elect ron ic fun, simple and inexpensive,
battery powered . Plans $2 .00 to : PAR, 417 Asso
ciated , Suite A-313 , Brea , CA 92621.

PROJECTION TV ... Convert your TV to project a
7-foo t picture... Easy!. .. Resul ts comparable to
$2,500.00 projectors... Plans and lens $29.95...
Professional systems available ... Illustrated cata
log free ... MACROCOMA, 15GF Main Street,
Wash ington Crossing, PA 18977 ... Creditcard or
ders 24hrs. 1 (800) 955-39 79.

----CABt E-TV----- --- - .
CONVERTERS with 2 year warrant ies. Scientific
Atlanta - Tocom - Jerrold 8580 & 8590's. Test
modules for Star Comm 6 & 7's . All Tocoms and
Sc ien tific Atlanta . (712) 323-9445.

SATELLITE TV
FREE catalog - Lowest prices worldw ide. Save
40 - 60%. Systems, upgr ades, parts, all major
brands factory fresh and warranti ed . SKYVISION,
1012 Frontier, Fergus Falls , MN 56537. 1 (800)
334- 6455 .

CABLE TV
"BOXES"

Converters-Descramblers
Remote Controls-Accessories

* Guaranteed Best Prices *
* 1 Year Warranty - C .O .D .'s *

* Immediate Shipping *
* FREE CATALOG *

Canor Write
NAS/TRANS-WORLD CABLE CO.

3958 North Lake Blvd. • Suite 255
Lake Park, Florida 33403

1-800-442-9333
1-800-848-3997

SATELLITE TV - Do it yourself - systems . Up
grades . Parts . Major brands disco unted 40% 
60%. We'll beat everyone's price. L.J.H. INC., call
Larry (609) 596-0656.

CABLE TV Secrets - the outl aw publication the
cable companies tried to ban . HBO , Movie Chan
nel , Sh owtime , descrambler s, converters , etc.
Suppliers fist ind uCleCl. $9:95: 'CAB l:E-FACTS,
Box 711-R, Pataskala, OH 43062.

Q DESCRAMBLERS
CABLE T.V. EQUIPMENT

Whole Sale Pricing For: Jerrold, Scie nt ~ ic Atlanta,
Pioneer, Tocom,Zenith. Oak, Base Band, Etc.

..J Loweat Pricea Guaranteed ..J Free Catalog
ORDERS CALL 1-800-835 -2330/402-331-3228

Or Write MULTI-VISION ELECTRONICS at:
2730 South 123rd Ct. 11126 Omaha NE. 68144

CALL TO FREE
1-800-228-7404

~~,
~& 'lUIa1111l Nft lOB II CQI NAHIB
';( ~ CN6H All MAJOR BRANDS

BEST PRICE BEST
DIE CDICNECTlOlil

•• : '?
F'Oll MORE NORMAI1ON

CALL OR WRIIE .

1512 250:5031 NU-TB< '\{'
_ _ .,14 IIlUXlIe WOOD DA. .....

_ CB'. 291 NJIllH TEXAI 7.7M

ANTIQUE RADIO CLASSIFIED
Free Sample! ~~~~V!i~

Ant ique Rad io's '-!
Largest Circu lation Monthly.
Articles, Ads & Classifieds . '--"--'~-.

6-Month Trial: $15. 1-Yr: $27 ($40-1st Class).
A.R.C., P.O. Box 802-L9, Carlisle, MA 01741

333
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KIT ASSEMB.

•

.... i~dicates~thelevel of ~ff~.;ssembling of our Products. ....Beginner ........ int ermediate ... ........ Adv anced * Fully Assembled

I " . ' It ,.I,
. : ""- -,i :,...'~" TA~1000A ct r:

'.' f " ,1 I:' t" TA·4 77 \. . ~~TA~'~'~5~00~~~~;~~~~~~~!!~~!~J~lili.~iSpeci al offe r will be given to the purcha se of Amplif ier + Metal cabinet
r

+ Power Transformer!

AMPLIFIERS KIT ASSEMB.

0·15V 5ARegulated DCPowerSupply (no case & x former) . .....•. $1565 S21.76
0·30V3ARegulaled DCPowerSupply (no case & x former) • ..• .... .. ..... 15.65 2176
0·50V 3A Regulated DCPowerSupply (no case & xformer) 16 75 2365

REGULATORS

OESCRIPTION
3 Channel Color l ight Controller * .. ...S
Stereol oudspeaker Protector A .. ....14 85
FMWireless MIcrophone . _.. ....•.._.•.._.. 11.25
ACmCQuartzOlgllal Clock A . ..._. 19 00
Sound/ Touch Control SWitch A . . ... ... ... t 2 00
InfraredRemereControl umt (w/Casel .A. . ... 2200
Bar I Dot level Meter A. . 24.15
311, Digital PanelMeter • .." _ . _ . . .. _ 2900
20 Steps BarI DolAudmI eve!Display. . .. . 3B45
Superior Electrcr nc Boulette • • .......... ...............•......................... . ...•... 19.46
10.000 ut BOV DCCapacitorj l A.3600. TA·477. TA·l000A. lA 'B02) ..••.....•....

~.~g~ ~fe~~yo~.~~~:~~~~ to~t~~2(T1~3~~~~fl!4if ·iA:·looo;(iA~ i·2jjMK2 )
Alps nesetcr . DualVol Conlrol {l A·377A.l A·802. TA-2200I ... _....••....

H" , W· , 0" MATCH ING

565 00
1085

1610

35 00
33 81
3800
46.14
1714
1300
13 00
' 1 00
11.00

PRICE
_... $ 13 85
........ 1850

......3450
.......... 38.00
.. 30 50

MATCH ING PRICE
TA-8ooMK1. TA-801. TA·l ooM . TA·, 500 _$18 00
TR-503. TA-313A.TA·'oo.TA·3oo. TA-3m _ _ 13 00
TA-477 .._.••...••.•_._. .....•._..._....... __•.••.•_ •....•_30 00
TA-120 MK1 _.._................... .. _ 1300
TR-355B .. .. 1700
TR·355A _.... 17 00
TA·3600 ....4500

POWERTRANSFORMERS

7" TA·2800. l A·377A. l A·2200 ....._•._.
8' TA·313A. TA·377A. TA·11oo _ .. ..
111,'.1 l A·802. TA·1500.TA·120MK 2. TA·BOO MK2. lA ·l ooM
1 11~ TA-477. 1A·800 MK2. TA·15oo. lA -l0 ooA. TA·3600
8' TA·377A. TA·18oo. TA-2100. TA-,10MK1 .

OESCRIPTION
28Vx 2 6At o30Vx2 6A
36Vx 23A
40Vx 2 6A
24Vx 2 6A
26V x2 3A
18Vx 25A
53Vx 28A

METAl CABINETS WITHAlUMINUMPANEL

3' 11'
4" 16"
4' 19'
5' 19'
2 ' ," 19'

MOO EL OESCRIPTION MOOEL
TA-28MK2 DIQllal VOIceMemo ...... 5 30 00 TY-13B
l A-SOAI B Mulll-Purpose MeJodyGeneralor ... 1284 1720 TY·15

TY-35
l A-SOC Multi-Purpose Meloay (HappyBirthday WeOdmo March ere1Generator " 1365 18 71 TY·36
TA-120MK2 35WClass'A' Main Power Mono Amp ...... 3150 41 80 TY-38
TA-3oo 30W Multi-Purpose SmgleChannelAmp ... 1000 1900 TY-41MKV

SM-301 60W + 60WStereoPower Amplltler IWlth Mit mpul )"' . 73 00 8500 TY·42
TY-43

TA·323A 3aw X 2 Stereo Pre-mainAmp ... 3150 42 80 TY·45
TA·377A State of theArt FullyComplementarySymmetricalFETPre-Arne A.A .. 5995 75 00 TY-47
l A-400 40WSolid StateMono Amp A 1800 3493 0'6
l A-477 120W Mosfet PowerMono Amp AA ..... 6800 8500 0'7

01'SM-720 120W • 120WACiDCStereo H.·F. & Pre-MaIO Amp AA . 75 00 8900 011
lA -800MK2 120W . 120W l ow11m Pre-Main StereoPower Amp A. _.__•.. .. 63 91
l A-802 BOW. 80W PureDCStereoMain Power Amp. • A . 4594 59 71
l A-l 000A 1QOW DynamicClass'A' Main PowerMono Amp•• S{)OO 6500 TR-355Al A-1500 100W X 2 Class "A' DCStereo Pre-MainAmp ••A ... _•.. 73 70 9581 l R-3558
TA-1100 DCFet SuperClass -A' DCPre-Arne AAA . .. . 47 70 5824 TR-503
lA· 2500 HQPre-Amp 1'1/10 bandcraphrcequalizer * 7800
lA -2800 BH ETICPre-Amp wl3 waytonecontrol A. 48 90 6357
TA-30oo StereoSm utarcr (For Mono TVor Any Mono Source) A. 1700 3850 MOOEL
TA-36oo 300W HQHI-FI Power Mono Amp . A. ...._85 00 110 00 l G·1273
SM-121 7 BandHI-FI Grapruc Equaleer ••• .16 80 3880 lG·1684
SM-333 AudloNldeo Surround SoundProcessor .AA* ... 6500 7500 l G-'914
SM·666 DynarmcNarseReoucucne 16 00 3400 lG'1915

l G-' 983
SM·888 UniversalAudloNideo KARAOKEMixer. Pre-Amp * 155 00

DIGITAl METERS ANO COUNTER KIT ASSEMB. MOOEL

3 "J Mulll -FunCllOnal l ed0 PM (wfABS p1ashc caseI• • $ 3450 $ 43 00
001

SM-'3 002
SM-48 41' J HI-PreCISion 0 P M ••• _. 38 00 4800 003
SM-48A 4...,HI-PreCISion 0 P.M {wfABS prasnc case)• •• .....••. .. 41 20 51 00 004
SM-49 3 1~ Muttl-FuncllOnal l CO0 M P. {wIHOJd FunCllOnj•• _...3600 44_50 005

006SM-loo 150MCDigital FrequencyCounter••• .. .... 79 00 90 00 007

'Ill' ]( Cl'P' "".10' C'('OI Col'Cl ~ '.'O".., O<Ol" !o Cn,,<:,,!. aoc C 0 D 0-001 $ CO O 1t.>\,' .S S6 50 I.t n m",mo. (Jel 'S S2000 • Wo !,h(ltly UPSO'OUnc:l oeee US 1m " S4 aD ol"C2 stopOy us mol l BUSIness & Showroom hours (Paclflc T Im e )
1)~ ' !>Cl"U5 P"l ,'C ,l 0 ' s,ll·.. 04!P-l'·,.'.·..tlo'O·oef$O~"" 2 Ds 0'10'~'9" orOl' S · Atl .l ..st·m!>t.,o ...nl';n,J.C olJOd.1y...... olfl.l rl . · 0... .1 IyO' '1o " mcd SCOV'1' ol.,J 'dtrt'uPO<' 'Nl",f>S' · Rt.·..o(k·rl .. Man thru Fn 930 am to 500 pm
C' C A o...... JOO S,H.'· t12~ • P'lPdCl 000>' '0' ' .:IS" " 5 "0-.' ''' p,,,,..,..!t' $ ,,01\.,<:1 10 Cf'l.l "Q<' .... '''01'1P':JI ocrce W .' ,)'1;' ''01 f,·-.por.SO t>'0' ' ~OO9' .lI' 1;,) "'''0' $ Sat 10 00 am to 5 00 pm

MARK V ELECTRONICS INC. -8019 E. Slauson Ave, Montebello, CA 90640~ElR
CIRCLE 93 ON FREE INFORMATION CARD



• JERROLD
• TOCOM

THE MOST ADVANCED
TECHNOLOGY IN CABLE EQUIPMENT:

• BASE BAND
• PIONEER
• HAMLIN • ZENITH
• SCIENTIFIC ATLANTA • OAK

For out of th is world prices call
WORLDWIDE CABLE

1 800·772·3233
FREE CATALOG AVAILABLE

7491 C-5 N. FEDERAL w«: SUITE 142
8CCA RATO\J, FL 33487

M C / coo/ VISA N:l FUJRCIA SAlES

CIRCLE 191 ON FREE INFORMATION CARD

EDUCATION & INSTRUCTION
F.C.C. Commercial General Radiotelephone li
cense. Electronics home study. Fast, inexpen
sive! " Free" detai ls . COMMAND, D-176, Bo x
2824, San Francisco, CA 94126 .

BE a recording engineer; Train at home for high
pay ing - exciting caree rs. Free infor mation. AU
DIO INSTITUTE, 2258-A Union St. , Suit e K, San
Francisco, CA 94123.

COMPLETE course in electron ic eng ineering .
Eight vo lumes. Includ es all necessary math and
phys ics . Free brochure. BANNER TECHNICAL
BOOKS, 1203 Grant Avenue, Rockford, IL 61103.

Be a TV/VCR
Repair Specialist

Now y.ou can trainat home in spare time fora rnoney-rnakinp
~ careeras a TVN CR Repair Specialist. No previous experi
~ ence necessary. No needto Quit your joborschool. Everything

is explainedin easy-to-understand language with plenty of draw
C ings, diagrams and photos. We showyou how to troubleshoot
<1l and repair video-cassette recordersand TV sets, how to handle
~ house calls and shop repairs for almost anymakeof televisionor
- VCR. Tools are included with your course so you can get
~ "hands-on" practice as you follow your lessons step by step.

- Send tor free facts about the exciting opportunities in TVNCR
~ Repair and find out how you can start making money in this
'2 great career. MAIL COUPON TODAY K03C .

~ r~ SCHiiiiLOF TVNCR REPAiR:-Depi.ADEo12S
~ I~ 925 Oak Street, Scranton, PA 18515 I
[jJ I Pleasesend metull informationand color brochure onhow I canI
6 learn TVNCR Repair at home in my spare time. I understand.- I thereis no obligation and no salesman will visit me. I
~ Hame Age__1
a: IAddress Apt # _ _

ICity/State zip 1
• Phone ( ) _ _

98--- - ---- ...

Cab le TV
Descrambler Kits
Uni ve rsal Kit $55 .00
Inclua es all p an s and PC Board . Not Included
is the ac adap tor or enclosure.

Tri-Mode Kit.. $39.00
Includes all p an s. PC Board and AC Ada p tor . Not
Includ ed is tho enclosure.

SB-3 Kit.. $29.00
Includes all pa ns . PC Board and AC Adap tor. Not
included is the enclosure.

Universal Tutorial.. ........ ..$9.95
Inclu d es an in depth study at the recnonoloqy used
and has troubl eshoollng hints.

Tr i-M ode Tutorial. $9.95
Includes a gate by 9ate study of the circuit and has
tro un leshoollng hints .

Call Toll Free 1-800-258-1134

COD Only

M & G Electronics, Inc.
72 Orange St. , Suite 216
Providence, RI. 02903

CIRCLE 200 ON FREE INFORMATIO N CARD

CABLE TV
DESCRAMBLERS
ALL TYPES 800-582-1114
FREE CATALOG
M.K. ELECTRONICS. 7958 Pines Blvd
Suite 276 • Pembroke Pines, FL 33024

MAKE a thing ... make a living ... Study Ind ustrial
Design Technology and bring your ideas to life.
Learn to problem-solve, ske tch , render and de
sign. Develop models, create prosthetic app li
ances. Build your future in movie and theater
special effects, toy and produ ct, exh ibit, transpor
tation, furnit urelfixture, arch itect ural and amuse
ment environme nta l design at The Art Institutes
of Pittsburgh, Fort t.auderdate, Seattle or Th e
Colorado Institute of Art. For inform ation write
526 Penn Avenu e, Dept. 61, Pittsburgh , PA 15222 .
Or call 1 (800) 525-1000.

BIOMEDICAL letter covers medical elec tronics ,
anatomy, equip me nt funct ion, electrical safety,
troublesh ooting . PNP PUBLISHING, Box 333,
Brooklyn, NY 11204. (718) 837-9349 Extension
55.

PAY TVAND SATELLITE DESCRAMBLING
All NEW 1992 EDITION ALLNEW

It'sup to theminute. All new updateon cable, wirelessandsatellite. 'lum-ens.
bypasses, circuits, chipping, bullets. bags. Decree, Liberty One. ECM's, Data
Readers. programming,andlots more.Our best yet.Only$15.95. Other (alldif
ferent) editions1991. 1989.VolumeOne(Basics)$15.95each. MDSHandbook
59.95. satellitesystemsunder$600$12.95.. Arrj31$29.95 or 61$49.95.Video
$29.95. Scrambling News Monthly S24.95/yr. Sample$3. All newcatalog51.
Shipping costs included,

Scrambllnq News. 1552Hertel Ave..
Bullalo. NY, 14216. Voice/Fax (716)874 -2088

cooSARE OK ADO$6

VCR tape s by college instructor coverlru
tro nic top ics . Send for f ree demo $3.5(
O.C.S ., PO 292 , Fort Mill . SC 29715.

NEW book, Getting Started in Nuclea r Pt
Easy to follow with illustrative footnotes al
vanc ed practica l proc edures. $19.95. F,
FARAH, PO Box 2464 , Sarn ia, Ont ario, Ni
Can ada.

BUSINESS OPPORTUNITI
YOUR own radio station! Licensed/unlic
AM, FM, TV, cable. Infor mation $1.00. Bf
CASTING, Box 130-F2, Paradise, CA 959 '

LET the governme nt finance your small bus
Grantslloans to $500,000. Free recordec
sage : (707) 449-8600. (KS1).

EASY work! Excellent pay ! Assemble prod
home. Call to ll free 1 (800) 467-5566 Ext.

MAKE $$$1 Become an American elect
dealer! Profit opportunit ies since 196:
s c a n PRUEn, 1 (800) 872 -1373 .

HOME assembly wo rk available! Guars
easy money! Free details! HOMEWORK-I
520 , Danville , NH 03819.

SNOW? Thrivin g, tully equipped, audio-vic
pair shop. $130K + this yea r! Proven 40% +
last three years . $70,000 .00 cas h. AUDIO'
256 -B North Highway 101, Encinitas, CA!
FAX (619) 944-0345, Phone (619) 944-90l

MONEYMAKERS! Easy! One man CRT r,
ing machinery. $6,900.00 rebuilt. $15,900.C
CRT, 1909 Louise, Crystalake, IL 60014
459-0666. Fax (815) 477 -7013.

LEGITIMATE $$$ opportunit y $$$ weekl~
plete report $19.00. DME, 1317 N. San Fer
# 325, Dept. 02W4, Burbank, CA 91504.

CABLE TV DESCRAMBLERS !

CABLE KINGDOM !

*JEROLD* *OAK* *HAML I N~

*ZENITH* *P I ONEER*
*SCIENTIFIC ATLANTA*

IN STOCK

6 MONTH WARRANTY! WE SHIF
A8S0LTLEY LOWEST

WHOLESALE/RETA IL PRI I
******FREE CATALOG***~

J.P. V I DE O
1470 OLD COUNTRY R!

SUITE 3 15
PLAINVIEW, NY 11 80~

NO N.Y . SALES
CALL NOW ! 1 (800) 950-



EASY FAX
1-800-582-1255

(iif:n~r:a~;~~~a1r=h;~.
30Mt moneybotk guaronlet.

WereseN.!he righllosu bs~tuIe monuflldurtrs.
PrictsSlIbjectto(hlll'lgewithOlrl ncric•.

-----------------
l~r~'©~fV;l~ill:@f~11J~@=@lMIMJ
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MICROS DRAMS
Order # Price Order # Price Des
6242 8.95 MK4027N2 .75 .4:
6502 2.95 4116·20 .85 16:
6522A 3.75 4416·1 2 2.95 16:
6821 1.75 4164·10 1.95 64:
6845 2.45 4164·15 1.55 64
8080A 2.75 4164·20 1.25 64
808SA 2.95 41464·12 2.75 64
8086 4.45 41256·80 2.75 256
8088 .4.25 41256·12 2.15 256
8237A5 4.15 51258·80 4.95 256
8250 5.75 514256·10 6.95 256
8251A 2.25 514258·80 9.95 256
8253·5 2.25 511000 ·80 7.25 1M
8255A5 2.75 511000·10 6.95 1M
8275 18.95 511001 ·80 8.25 1M

STATIC RAMS EPROMS
Order # Price Ord er#- - -Price Pre
2101 1.65 2708 4.75 2!
2114L 25 1.39 2716 3.45 2:
2147·3 3.75 2732 3.95 2:
6116LP3 2.75 2732A25 3.45 2
6116· 3 2.25 2732845 4.25 12.
6264LP10 4.95 2764·25 3.75 2
6264LP15 3.95 2764A25 3.25 12.
6264·10 4.75 27C64A15 3.95 12.
6264-15 3.75 27128A25 3.95 12.
62256LP10 6.75 27256·25 4.75 12.
62256LP15 6.25 27C512·15 6.95 12.
628128LP8 34.95 27C010·15 9.95 12.
628128LP10 32.95 27C020·15 24.95 12.

LINEAR LINEAR
Order # Price Order # Price Descripti
MAX232CPE..4.55 CA3161E 1.95 Decoder Dri-
LM311N 49 CA3162E 6.25 Conve r
LM324N .35 78L05 .35 5V Pas. Reg. TO
LM339N 39 7805K 1.25 5V Pas. Reg. T'
LM555CN .29 7805T .45 5V Pas. Reg. TO-:
LM741CN 29 7812T .45 5V Pas. Reg. TO-:
LM1488N 45 79L05 .29 ..5V Neg. Reg. TC
LM1489N .45 7905T .49 5V Neg. Reg. TO-:

. ._-------------
&£.clij~,,~/~ CQ(flliY.~ir'0)!~~[§jfrIT~,

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

Easy Order:
Easy Fax:

International Fax:

PR25

2917 Bayview Drive rA.Iii.ii
Fremont, CA 94538 ~

1-800-582-4044
1-800-582-1255
1-510-770-2346

Customer Service: 1-510-770-2345
Monday·Friday, 10m' Spm (PST)/lOam-8pm (EST)

Ii] COD-No personal checks, US funds ($5.00 Surcharge)

Ii] USPS Ii] UPS Ii] Federal Express Ii] Airbol
Add 5% oftotal for shipping UPS Ground ($3.00 min.).

Actual shipping charges based on weight.
Can or write todaylor yourIree (apy01 our(atalog.

- .

.....
* . o· _~ _~

-

. I
~

rmplete Line of DC Power Supplies to Convert 120VAC to 13.8Voc ±O.5Voc .
PR4.5

andard Features Include:
l lid state integrated circuit provides exce llent regulation
rtput voltage maintained up to 95% of no load value
gh qual ity filtering for low noise operat ion
lavy dut y power transform er for complete line isolation
110ft indicator light and rugged on/oft switch on faceplate
conductor grounded cord on 10 Amp and larger models
ment limiting electroni c foldback for auto overcurrent protection

- _ .. - -- - -- - -~ -- - - - -

EASY ORDER
1-800-582-4044

'pp Lite DC Power Supplies Are Designed For Reliability and Superior Performance.

ICS' Continuous Ripple
der # Price (amps) Duty (amps) Fus ing Voltage HxWxD (Inches) Weight
14.5 32.95 4.5 3 lnternal 0.1 Volt Max 3.125 x 4.75 x 8.25 5Ibs.
17 44.95 7~.7:..5= Chassis Mount = .0.15 Volt Max:-==3.75-x 6.5 x 7.5 7Ibs.
110 64.95 10 7.5 Chassis Mount 0.15 Volt Max .4.5 x 6.625 x 7.625 10 Ibs.
115 89.95 15 12 Chassis Mount 0.15 Volt Max .4.75 x 7.5 x 8.25 13 Ibs.
125 126.95 25 20 Chass ls Mount 0.15 Volt Max 5.125 x 12.5 x 10.5 20 Ibs.
140 179.95 40 32 Chass is Mount 0.15 Volt Max 7.25 x 12.5 x 10 26Ibs.
160 249.95 60 .48 Chassis Mount 0.15 Volt Max 8.5 x 12.5 x 10 29 Ibs.

,term ittant Communications Duty (50% Duty Cycle)

O ' I.". ~'

. ~. ..
atures
olor coordinates for easy recognit ion

't . I i
isertion wire: 20·29 AWG (0.3 - 0.8 mm) -..... .....
ver 10,000 insertion cycles 581 660 5 82390 583220
ccepts all standard components

Pri ce Price Dimensio ns (ln.) Dis!. Dis!. Termi nal Te rm ina l 8inding
rder # 1·9 10+ LxWxH Stri s Points Stri s Points Posts
8 200 2.99 2.49 6.5 x 0.37 x 0.4 2 100 x 2 0 0 0
8 400 4.89 4.39 3.3 x 2.2 x 0.4 2 100 1 300 0
8 630 5.45 4.95 6.5 x 1.4 x 0.4 0 0 1 630 0
8 830 6.49 5.99 6.5 x 2.2 x 0.4 2 200 1 630 0
8 1360 12.49 11.99 8.5 x 3.9 x 1.2 1 100 2 1,260 2
81660 17.45 16.95 8.5 x 5.1 x 1.2 4 400 2 1,260 3
8 2390 22.49 21.49 9.1 x 6.9 x 1.2 5 500 3 1,890 4
8 3220 31.49 30.49 9.5 x 8.3 x 1.2 7 700 4 2,520 4

BOCPU Technical Manual
lis 338 page manual contains the architecture, pin description, timing, instruction set, instruction
scription, interrupt responseandhardware/software impiementation examples of the Z80 CPU.

rder # Z29 9.95 Z80 CPU Technical Manual Weight : 1 lb.

Itell igent Peripheral Cont rollers
' er 700 pages of data sheets, application notes and technical information on Zilog's intelligent
uipheral controllers. The part numbers contained in this book are Z8400, Z84COO, Z84C01,
141 O/C l 0, Z8420/C20, Z8430/C30, Z8440/1/2/4, Z84C40/1I2/3/4, Z84C50, Z8470, Z84C90,
140111Cl 1, Z84013/15, Z84CI3/CI5 , Z80180, Z80181 andZ280.

rder # Z2480 13.95 Intelligent Peripheral Controllers Weight: 2 Ibs.

atacom ICs
l er 700 pages of data sheets and other technicai information on Zilog's Data Communications ICs.
srt numbers contained in this book are the ZI 6C30131/33/35/50, Z5380, Z85230, Z80C30, Z85C30,
3030, Z8530, Z80181, Z84013, Z84015, Z84C13, Z84C15, Z8440, Z84C40 and Z85C80. Also
eluded are applicationnotes. .

rder # Z2503 13.95 Datacom ICs Weight: 2 lbs.

Iicrocontrollers
ver 1300 pages of data sheets, application notes and technical information on Zilog's microcontrollers.
ne part numbers contained in this book are Z8600/0 1l02/03/04/1 1/12/ 13/71/81/82/9 1,
3800/01/20/22,Z86COO/C06/C08/C09/C1O/CI 2JC19/C20/C21/C27/C30/C40/C50/C61/C62JC89/C90/
911C93/C94/C96/C97, Z86E08/EI 9/E211E30/E40, Z88COO, Z86127, Z86128, Z765A, Z5380 and
;3C80.

'rder # Z8275 16.95 Microcon tro liers We ight : 3 lbs.

Books are not returnab le. We carry the newest versions available .
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Your Natural Resource for Wi~
Test/Measurement lind Prototype Equipment

UYP EPROM Er

• Erases all EPROM's · Erases I
15 minutes and 8 chips in 2I l

• UV intensity: 6800 UW/CM2

DE4 .

• Max Frequency 80MHz • Min
detectable pulse: l Ons « 120KQ i
impedance • Max. supply voltag
• TT L threshold: (Lo)+0.8V ±O.
+2.3V ±0.2V • CMOS threshold
VCC ±100f0 , (Hi) 700f0VCC±10'

MS104 ..

2764-20 $3.95
2764-25 3.75
2764A-20 3.75
2764A-25 .3.19
27C64-15 3.95
27C64-25 3.25
271280 TP 2.49
27128-20 7.95
27128-25 7.75
27128A-15 4.95
27128A-20 4.49
27128A-25 3.75
27C128-15 5.75
27C128-25 7.95

3.5 D igit Muhim eter w/Frequency
& Capacitance $74.95
4.5 Digit w/Frequency& Capacitance
& Data Hold Switch.. .. ....$99.95

272560TP ..
27256 -15 .
27256 -20 .
27256-25 .
27C256-15 ..
27C256-20 ..
27C256-25 ..
275120TP ..
27512-20 ..
27512-25 ..
27C512-15 ..
27C512-20 ..
27C512-25 ..
27C010-15 ..
68766-35 .....

• Partial Listing> Over 4000 Electronic
and Computer Components in Stock!

Jameco Logic Pulser

~~.-::=iiiiiiii .:"
~

A.R.T. EPROM
Programmer

M3650

M4650

• Compatible with TT L, DTL, RTL, HTL,
HNIL, MOS and CMOS ICs
• IMQ Sync input irnpedance > Pulser
mode output current: 10mA • Square wave
current output : 5mA • Audible tone

LP540 $16.95

Part No.

Metex Digital Multlmeten
• Handheld, high accuracy · ACIDC voltage,ACIDC current,

resistance, diodes, continuity, transistor hFE (except M3900)
• Manual ranging wioverload protection
• Comes with probes, batteries, caseand manual

M3650 & M4650 only:
• Also measures frequency and capacitance

M3800 3.5 Digit Mu ltimerer $39.95
M3610 3.5 Digit Multimeter $59.95
M3900 3.5 Digit Mulrimeter

with TachlDwell $59.95

EPROMs • for your prOgramming nee

TMS2516 $4.25
TMS2532A 6.95
TMS2564 5.95
TMS2716 5.95
1702A 3.95
2708 4.75
2716 .3.39
2716-1 3.75
27C16 4.25
2732 4.95
2732A-20 4.49
2732A-25 3.49
2732A-45 2.95
27C32 4.75

• Programs all current EPROMs in the 2716
to 27512 range plus the X2864 EEPROM

• RS232 port· Software included

EPP $199.95

GS70 20 $399.95

The perfect unit for roday's
testing and measurement
needs!Features include a 6"
CRT display, and bandwidth
from DC ro 20 MHz. The
GoldStar Oscilloscopecomes
with two 40MHz probes, two
fuses, power cord, operation
manual, schematicsand block
and wiring diagram. It's
lightweight and portable with
a two-year warranty.

DS600 Desoldering Station ..$549.95

Weller Solelerlng anel
Desolelerlng Stations

• 50 Watt Temperature Controlled
Desoldering Station

• Desoldering head is temperature
controlled to 800°F

• Low maint enance vacuum system

WCCIOO
• Temperature adjustable from 350°

ro 850°F
• Zero voltagecircuit protects sensitive

components from damage
• Lighted onloff switch

WCC 100 Soldering Station....$89.95

Please refer to
Mail Key 2

when
ordering

JM1ECO®
ELECTRONC COMPOtENTS

COMPUTER PRODUCTS

24 HourToll-Free Order Hotline
1-800-831·4242

(C~ I~~C; I

Jameco Solelerless Breaelllloareis

GoleiStar 20MHz Dual Trace Oscilloscope

BNC Callie Assemlllies
for 057020

BNC1 BNC(M) to BNC(M) RG58
NU (39"1.) •••••••••••••$3.95

BNC2 BNC(M) to Micro Hook

RG174 39"1.) .3.95

BNC3 BNC(M) ro Macro Hook
RGI74 (39"1.) 3.95

Part Dim. Contact Bindi ng Part Dim. Contact Bindin~
No. L"xW' Points Posts Price No. L"xW" Po ints Po sts rice

JE21 3.25x2.125 400 0 $4.95 JE25 6.500 x 4.25 1,660 3 17.95
JE23 6.50 x 2.125 830 0 6.95 JE26 6.875 x 5.75 2,390 4 22.95
JE24 6.50 d .125 1,360 2 12.95 JE27 7.250 x 7.50 3,220 4 31.95

[ ameco' s long-lasting breadboards feature screen-printed color coordinates and are suitable for
many kinds of prorotyping and circuit design. Larger models feature a heavy-duty aluminum
backing with voltage and grounding posts.



Selection & Competitive Price
Computer Upgrade Products and Electronic Components

Upgrade your existing computer system!]ameco will help you upgrade easily and economically.

Jameco 80386SX Motherboard Fuiitsu 101 -Key Enhanced Keyboard

FKB4700 $79.'

Toshiba 1.44MB 3.5"
Internal Floppy Disk Driv

o IBM PC/XT/AT and compatibles
o Compatible with DOS versions 3.3 or higher
o Includes all necessary installation hardware
o 1.44MBformattedhigh density mode
o n OKB formatted low density mode
o Size: I "H x 4"W x 5.9"D (actual drivesize)
o One-yearManufacturer's Warranty

356KU $ 99 .'

Many more
Upgrade Products

available!

This keyboard features 12 function keys, separate Cllrs~r and numeric keys.

o IBM PC/XT/AT and compatiblecomputers ----"'J
o Automatically switches between XT or AT
o LED Indicators for Num Lock, Caps

Lock, and Scroll Lock
o Tactile Feedback.
o Manual included 0 One-year Warranty

o 16MHz processingspeed
o Raby motherboard (8.5"xI3")
• Zero or one wait state operation
o Supports up to 8MBof RAM
o Intel80387SXlcompatibie math coprocessor socket
o AMI BIOS
o Six 16-bit and two 8-bit expansion bus slots
o One-yearWarranty

_ JE3516SN $ 299. 95

Conner IDE Hard Drives
Thisseriesof high-performance Conner diskdrives is designed for large
;torage capacity.

CP3000 40MB 3.5" Low Profile $249.95
CP30084 80M B 3.5"Low Profile $399.95
CP30104 120MB 3.5" Low Profile $479.95
CP3204 200MB 3.5" HH $699.95

ADP20 16-bit Host Adapter $29.95

Additionalhostadaptersavailable!

rL082CP $.59 $ .49
:M317T 65 .55
:M324N .35 .29
:M336Z 1.05 .95
:M339N 39 .35
~E555V 29 .25
:M556N 49 .39
:M723CN 49 .39
:M741CN 29 .25
:M1458N 35 .29
:M1488N 45 .39
:M1489N .45 .39
ULN 2003A 69 ..59
:M3914N 1.95 1.75
~E5532 1.19 1.09
7805T 45 .4 1
7812 T 45 .41

'Call fora completelisting ofICs

Integrated Circuits·
'art No. 1-9 10+

'400 $.29 $.19
'402 29 .19
'404 29 .19
'406 .35 .25
'407 .35 .25
'408 .3 5 .25
'410 29 .19
'417 .35 .25
'420 29 .19
'432 35 .25
'447 89 .79
'474 39 .29
'476 45 .35
'486 45 .35
'489 2.95 2.75
'490 .59 .49
'4 12 1 49 .39
'4 192 79 .69
'4 193 79 .69

Miscellaneous
Components·

Potentiometers
Valuesavailable (insert ohms into space
marked "XX"):
soon, 1K, SK, 10K, 20K, SOK, lOOK, IMEG

43PXX 3/ 4 Wa tt , I5 T urn $ .99
63PXX 112 W att, I T urn 89

Terms: Prices subject to changewithout nc
Items subjecttoavailabilityand prior sale.
Complete list of terms/warrantiesis avai lab
upon request.

1-800-831• 4242
24-Hour Toll-Free Order Hotline:

Callor Write for a

FREE 90-Page 1992 Catalog!
$30.00 Minimum Order 0 Data Shee ts - 50¢ each

J AMECO® 13 55 Shoreway Ro ad
Belmont, CA 94002

ELECTRONIC COMPONENTS FAX: 10800.237-6948

COMPUTER PRODUCTS BBS Support: 4 15-637 -90:

Internati onal Sales 0 Customer Service 0 Technical Assistance
o Credit Department 0 All Other Inquiries: 4 15-592 -8097 0 7AM - 5PM P.~

e /992 ;",1/((0 2/92

CA ResidentsAdd 7.25%,7.75% or8.25%Sales TaxPl Shipping, handlingandinsuranceare
additional.

Connectors IC Sockets
Part No. Description Price Low Profile WireWrap(Goldl Lev!
DB25P Ma le, 25-pin $.65 8LP $.10 8WW $.
DB25S Female , 25-pin .75 14LP .11 14WW
DB25H H ood .39 16LP .12 16WW
DB25MH Metal Hood 1.35 24LP .19 24WW 1.

LEDs 28LP .22 28WW 1.

XC209R Tl , (Red) $.1 4
40LP .28 40WW 1.

XC556G Tl 3/4 , (G reen) .16 SoldertailStandard
XC 556R Tl 3/4, (Red) .12 and Header Plug Sockets
XC556Y Tl 3/4, (Yellow) . 16 AlsoAvailable

PriceD escription

Dynamic RAMs

Transistors And Diodes
PN2222 $.12 1N751 $.15
PN2907 .12 C 106B1 .65
1N4004 .10 2N4401 .15
2N2222A .25 1N41 48 .07
1N4735 .25 2N3055 .69
2N3904 .12 1N270 .25

Switches
J MT123 SPOT, On-On (Toggle) $1.1 5
206-8 SPST, 16-pin (DIP) .... .. ..1.09
MPC 121 SPOT,

On-Off- On (Toggle) .... .. .1.1 9
MS102 SPST, Momentary

(Push-Button) 39
'Additional compontlltsauailable

Part No.

4 164-100 lOOns, 64K x I $1.89
4164-120 120ns, 64K x I 1.69
4164-150 150ns, 64K x I 1.49
41256-60 60ns, 256K x I 2.49
41256-80 80ns, 256K x I 2 .19
41256-100 IOOns, 256K x I 1.95
4 12 56-120 120 ns, 256 K x I 1.79
41256-150 150 ns, 256K x I 1.69
511000P-80 Sa ns, 1MB x I 5.99
511000P-10.. lOOns, 1MB x I 5.49

10+

Linear ICs·
1-9>art No.

CIRClE 114 ON FREE INFORMATION CARD



INVENTORS! Can you patent and profit trot
idea? Call AMERICAN INVENTORS COl
free information. Serving inventors since 1
(800) 338-5656.

... ACE PRODUCTS
• 1-800-234-0726

INVENTORS

INVENTORS! Yourfirst step is important. FI
advice , call ADVANCED PATENT SERV
Washington, DC, 1 (800) 458-0352.

PATENTS & INVENTION~

INVENTORS!Confused? Needhelp? Calli
for free information kit. USA/CANADA: 1
225-5800 (24 hours!).

• CABLE T.V. BOXES - ALL TYPE

• LOW PRICES - DEALER PRICE

CABLE TV DESCRAMBLE*CONVERTERS
and ACCESSORIES._.........~

PANASONIC, JERROLD, C
PIONEER, SCIENTIFIC ATLA

AND MORE. LOWESTPRICES. FREECATA'

C~~L~~AE~~\,DY (800) 234.10

with many more items!
FREE withorder, or send $1 P&H I

WANTED

TV & FM Joker/Jammer
Pocket size device letsyou remotely
disrupt TV orradio reception. Great
gag! Discretion required. Easy-build
electronic kit. EJK1 KM .... $19.50

PRINTED CIRCUIT BOARDS

Remember those Martian
Space Ships in~HG Wells 'OC~
War of theWorlds?

MYSTERY

Levitating Device
Objects float on airand move tothe
touch. Defies gravity! Amazing gift,
conversation piece, magic trick or
great scientific project.
ANT1K Easy-Ass'y KiVPlans$19.50

rii··. 3 MILE
'. . . - FM Wireless

Microphone!
Crystal clear, ultra-sensitive pickup
transmits voices, sounds toany FM
radio. Forsecurity, monitoring
children, invalids. Bethelocal OJ!
MVP1 Plans $7.00
MVP1K KiVPlans $39.50

670nm diode. Caution, Class Ilia item.
VRL3KM 3mwLaser Kit ... $99.50
VRL5KM 5mw Laser Kit . . $119.50

MORE Laser Kits!
LAS1KM 1mwLaser, 632nm, HeNe

100,000 V_20' Range Easy to Build Kit $69.50
LAS4KM 3mw Version, Kit $99.50

Intimidation Device! LAT05 LowCostHeNe Laser Tube!
Electronic module, may beenclosed .5mw Tube& Plans . . only $24.50
for handheld. portable. orfixed uses. Other parts available separately.
ITM2 Plans(creditable tokit) $10.00 Great LowBudget Science Project!
ITM2K Kit & Plans $49.50

3 MILE ~ READY·TO·USE,AUTOMATIC Shocker Force Field
Telephone - - Phone Recording(IV'f\ rehiCle Electrifier
Transmitter! System IQIIQI' ~;tI.
Automatically transmits 2 sides of Complete with extended play tape
phoneconversation toany FM radio. recorder & line interface switch.
Tunable, easy-assembly PC board. Automaticallyrecords both sides of -----=-
Operatesonlywhen phone is inuse. conversation. Check Local Laws on
VWPM7 Plans $7.00 Proper Use! Ready-to-Use System. Make hand shock balls,shock wands
VWPMK7 KiVPlans $39.50 TAP20X System $149.50 .electrify objects, charge capacitors.

~ Great pay back forthose wise guys!

INFORMATION UNLIMITED~)------i SHK1KM Easy-Assembly Kit$24.50

Dept RE-4 Box 716 Amherst NH 03031 ,"-Orderby Mail,or by • • •
, 24HrOrder Phone:

Phone 603-673-4730 FAX 603-672-5406 800-221-1705
MC,VISA,COD,Check Accepted. ADD $5 S&H.

HAVE a requirement for your project or profes
sion? Small runs O.K. Call or write to: SHORE
PRINTED CIRCUITS, 36 Fairview Avenue, lillie
Silver, NJ 07739-1594. 1 (BOO) 752-1574 Fax
(90B) 747-6301 In NJ (908) 747-6300.

INVENTIONS/ new products/ideas wanted: call
TLCI for free information/inventors newsleller. 1
(800) 468-7200 24 hours/day - USNCanada.

INVENTORS: We submit ideas to industry. Find
out what we can do for you. 1 (800) 288-IDEA.

MILITARY SURPLUS
TELEVISION, radio, radar, fax, antenna, m
tion and scope surplus equipment. Full
catalogs. Send $6.00 VLSI, 4960 Jasper A·
North, Lake Elmo, MN 55042.

eq uipment; modems; HF, wood, Simpson, and \
. NEW LITERATURE VHF, UHF, and microwave tor Viz; Pace solderi
continued from page 87 equipment; antennas; and

-~
desoldering and surfs

accessories . PC board --- mount rework and re--1~¥ ___ "111lC

tions are described, along patterns are included, as --- equipment; programrr.-0;.-.".""_
with some spec ial modu la- are parts lists. Tips are pro- ....-- from Logica l, C.S.T.,
t ion tec hniques. Radio fre- v ided about how to assem - American Reliance ;
quencies, propagation, and ble a station, monitoring . '-- Print's own custom tool

~
space communicat ions are and direction find ing, and and cases . New to this
covered . coping with interference.

.. _. _....
alog are service moni

~

c- A lmost half of the book and radio test equiprr
til focuses o n construction EQUIPMENT, TOOLS & SUP- from Helper; Landm2

..Q and mai ntenance of ham PLIES FOR ELECTRONIC :::7":-::=-- PC-troubleshooting gl
d: ~

equipment, and getting on MAINTENANCE & SERVICE
_e.

AEMC test equipment
vi CIRCLE 35 ON FREEu the air. It provides practical 1991-1992; from Print Prod- power-demand analyz'e INFORMATION CARDe advice about construction ucts International, 8931 Ungar so ldering ira
t5

techniques , test equip- Brookville Road, Silver from major manufacturers, Fieldpiece field-senQl

m ment, measurements, trou- Spring, MD 20910; Phone: including power-protection equipment ; static -de l6
'6 bleshoot ing and repa ir . 800-638-2020; Fax: gear from Triplett; test tion meters from Statict'<l
a: Inst ruct ions are provided 800-545-0058; $2.00. equipment from Beckman, and spectrum analyz

for bui lding your own power The 64 pages of this cat- Leader, B&K, Soar. G lobal from Avcom, Penntek,
102 suppl ies; audio and video alog are filled with products Specialties, Hitachi, Ken- B&K.



CORN
ELECTRONICS
10010 Ca noga Ave., U n it 8- 8

C ha tsworth , CA 9 13 11

SINCE 1983 - YOUR I.C. SOURCE - AND MUCH MORE!!
NO SHIPPING CHARGES ON PRE-PAID ORDERS!*

NO CREDIT CARD SURCHARGE!
SCHOOL P.O.'s WELCOME!

STO CK # MFG.

TOSHIBA
TOSH IBA
TO SHI BA
TO SHI BA
TOSHIBA
NEC
SHARP
PHIL LIP S

( )

( )
• Power Sour ce - 3 AA batte ries (not incl uded)

1-24 25-99 100+

129.99 123.49
49.99 47.99
59.99 56.99
69.99 66.49

109.99 104.49
59.99 56.99
19.99 18.99
10.99 10.44

The pen mechani sm in
clu ded with the robo t allo ws it
to draw. In addit ion to draw ing
straight lines, it can also accu 
rately draw circ les, and even
draw out wo rds and sho rt
phr ases. WAO II co mes with

-128 x4 5ils HAM and 2K ROM,
and is programm ed directly via
the keypad attached to it. With
its bui lt - in connecto r port, WAO
II is ready to co mmunica te with
yo u r com put er. Wit h th e
opti onal interface kit , you can
connect WAO II to an Appl e II,
li e, o r 11+ co mp uter. Ed iting and
transfering of any movement
prog ram, as well as saving and
lo ad in g a program c an be
perf o rmed by th e interface kit.
T he k it in c ludes software,
cabl e, card, and inst ructio ns.
Th e programmi ng language is
BASIC.

• Variabl e DC ou tput
- 5 - to - 15 VDC @ 0.5 amp, ripp le 

5mV
• Frequency generator

frequency rang e: 0.1 Hz to 100 KHz in 6
ranges
output voltage: 0 to ± 10V (20 Vp-p )
output impedance: 600 (exce pt TT L)
output current: 10mA max., sho rt circu it
protected
output waveform s: sine, square. triange,
TTL
sine wave: disto rt ion 3% (10 Hz to 100
KHz)
TT L pul se: rise and fall tim e 25ns
drive 20 TTL loads

• The total design workstation - inc lud ing Square wave: rise and fall t ime ± 1.5 s
expanded instr umentat ion, breadb oard • Log ic ind icators
and power supp ly, 8 LED's, act ive high , 1.4 vo lt (nominal)

• Ideal for analog, digital and mic ro- th reshold , inputs prote cted to ±.20 vo lts
processor circuits • Debounced push buttons (puls ers)

• 8 log ic pr obe ci rcuits 2 pus h-bu tto n operated , open-col lector
-. FUii ct ion generato r-with co ntinuo usly - - - output pursers, each with 1 normally-

variable size, square, triang le wave open , 1 normally-closed ou tput. Each
forms, plus TT L pulses out put can sink up to 250 mA

• T riple power suppl y offe rs fixed 5 VDC • Potent iom eters
supply plus 2 variab le ou tpu ts - +5 - 15 1 - 1K , 1 10K , all leads availab le
VDC and -5 - 15 VDC and uncomm itted

• 8 TTL compat ible LED indicators, switches • BNC connectors
• Pulsers 2 BNC co nnectors pin available and
• Potentiom eters unc ommi tted shell co nnected to gro und
• Audio experimenta t ion speaker • Speaker
• Mu lt iple features in one complete test 0.25 W, 8 n

instrument saves hundreds of dollars • Breadboarding area
needed for indi vid ual unit s 2520 uncomm itted tie po ints

• Un limited lifet ime gua rantee on bread - • Dim ensions
board sock ets 11.5" long x 16" wide x 6.5" high

• Fixed DC outpu t • Input
+5 VDC @ 1.0 amp, r ipple - 5 mV 3 wire AC line input (117 V, 60 Hz

• Variable DC ou tpu t typical)
+5 - to +15 VDC @ 0.5 am p, ripp le - • Weight

5 mV 7 lbs.

MV961
WIIAP

WAO // Programmable Robot ic Kit
Interlace Kit For Apple II, //E, //+

79.99
39.99

· 75.99
37.99

68 39
34.19 PB503 Protoboard Design Slation 299.99

I '

284.99 256.49

I IDC-BENCH-ASSEMBLY-PRESS II COLLIMATING PEN I LASER DIODE MODULE

PRICE
$43.99

69.99 66.49 5984

179.99 170.99 153.89
189.99 180.49 162.44
199.99 189.99 170.99
209.99 199.49 179.54

The LDM 135 integrated as
semb ly con sist ing of a laser
d iode, colli mating optics and
drive electro nics within a single
compa ct housing. Produces a
bright red dot at 660-685 nm. It is
supplied complete wi th leads for
connection to a DC power supply
from 3 to 5.25 V.

Though pre-set to produce a
parallel beam, the focal length
can readily be adjusted to focus
the beam to a spot.

Sturdy , small and self-con
tained, the LDM135 is a precision
device designed fo r a wide range
of applica tions. 0.64" diam. x 2"
long.

An intellig ent robot that knows how
to avoid hitt ing walls. Thi s robot
emits an inf ra-red beam wtuc r
detects an obstacle in front and ther
auto matically turns left and coo
tinues on.

STOCK #
MV912

New, tested 632nm He-Ne laser
tubes ranging from .5mW to 3mW
(our cho ice). Perfect for hobbyists
for home projects. Because of the
variety we purchase, we cannot
guarantee specif ic outputs will be
available at time of order. All units
are new, tested, and guaranteed
to fu ncti on at manufact ur ers
specifications.

- , : ,..

.5 mW Laser Diode Module
1 m W Laser Diode Module
2 m W Laser Diode Module
.1 mW Laser Diode Module

PRICE
$43.99

49.99 47A9 42.74

199.99 189.99 170.99

..
New shmfine laser poi nter is only '// ' • • • • • • • • a1!:~[i!I]]I::1•••••••in diameter x 6'1." long and weighs
under 2 oz.. 670 nm @ less than 1
mW produces a 6 mm beam. 2
switches, one for continuous mode,
and one for pulse mode (red dot
flashes rapidly) . 2 AAA batteries
provide 8+ hours 0f use. 1 year
warranty.

Robots were once confined to science

fic tion movies. Today, whether they're • • • • • • ~i!.C~~lJl:iI!!EiJ:IliJ•••••perfor ming dangerous tasks or putt ing
together complex products, robotics
are finding their way into more and
more industnes. The Robot ic Arm Kit
is an education al kit tha t teaches
basic robotic arm fundamentals aswell
as test ing yo ur own moto r ski lls .
Command it to perform simple tasks.

STOCK #
Y01

..

- , : ,
Dual Mode Laser Poin ter

Infra-Red Coll imator Pen

LP35

A low powe r co llimator pen con tain
ing a MOVPE grown gain GaAIAs laser.
This collimator pen del ivers a maximum

~
CW output power of 2.5 mW at 820 nm.

The operating voltage of 2.2-2.5v @
90-150mA is designed for lower power
app licat io ns such as data retr ieval,
telemetry, alignm ent, etc.

," The non-hermetic stainless steel case
is specifi cally designed for easy align
ment in an optical read or wnte system,
and consists of a lens and a laser diode.
The lens system col limates the diverg
ing laser light .18 mrad. The wavefront
quality is diffrac tion limited.

The housing is circu lar and precision manufac tured measuring 11.0
mm in diameter and 27.0 mm long. Data sheet included.

As wi th all special buy items, quantity is limited to stock on hand.

SB1052

PRtCE
$19.99

24.99 23.74 21.37

This economical co lli mating
lens assembly consists of a
black ano d ized al uminum
barrel that acts as a heat sink,
and a glass lens with a focal
point of 7.5 mm. Designed to fit
standard 9mm laser d iodes.
this assembly will fit all the
above laser diod es. Simp ly

place diode In the lens assem- ~mZIl•••:mlmllillm••••II.IlIZ.E!II~bly, adjust beam to desi red
focus, then set With adhesive.

STOCK #
PS1003

• Input: 115/230V

• Output: - Sv @ 3.75A
"'12v @ 1.5A
- 12v @ AA

• Size: T' L x 5~'~ " W x 2W' H

The Panavtse PV505 1/4 ton
manual IDC bench assembl y
press is a rugged , practical instal
lati on too l des ign ed fo r low
vo lu me. mass term inati on of
various IDC connectors on flat
ribbo n cable.
• Assembly base & standard

platen included
• Base plate & platen may be

rotated 90° for maximum
versatility

• Base plates & cutti ng acces
sories are qu ickly changed
without any tools requi red

• Additional accesscnes below
• Size - 10" W x 8.75" 0 x 9" H
• Weight - 5.5 lbs.

,

Coll imating Lens Assembly

..

Panavise Bench Assembly Press 149.99 142.49 128.24

LSLENS

II.. ORDER LINE (800) 824-3432 • INTERNATIONAL ORDERS (818) 341-8833 I VISA ~
FAX ORDERS - (818) 998-7975 • TECHNICAL SUPPORT - (818) 341-8833 ...

• 15.00 MINIMUM ORDER • UPS BLUE, RED & FEDERAL EXPRESS SHIPPING AVAILABLE. OPEN MON ·FRI 9:00 AM • 6:00 PM, SAT 10:00 AM • 3:00 PM PDT
• CA RESIDENTS ADD 8'1,% SALES TAX • CALL FOR QUANTITY DISCOUNTS. CALL FOR FREE CATALOG (FOR 1ST CLASS DELIVERY OR

CATALOGS DELIVERED OUTSIDE THE U.S. - SEND $2.00) • WE CARRY A COMPLETE LINE OF ELECTRONIC COMPONENTS
' NO SHIPPING CHARGES ON PRE-PAID ORDERS DELIVERED IN THE CONTINENTAL U.S.

CIRCL E 194 ON FREE INFORMATION CARD



8~~ KEL1'1'.' Call: 1(800) 645-9212
.00 V~.~ 1(516)756-1750

10 Hub Drive, Melville, NY 11747 Fax 1(516) 756-1763

OVER 10,000 ITEMS
IN STOCK

ELECTRONICCOMPONENTS
& TECHNOLOGYACTtVITIES

VISA & MASTERCARD ACCEPTE
$20 MINIMUM ORDER
MINI MUMFREIGHT.$5

LED CENTER

SCOPES

NEWI SCOPEMETER ,. SERIES

HAND HELD, 50 MHz, DUAL CHANNEL

FLUKE93 $1095
FLUKE95 $1395
FLUKE 97 ' ULLHOAOEO $1695

~~~;~~ECIAL SPECIAL ~~~~7~~:E ~~: .' ..
5" StockNo. 990098 ' ct.'.'-

,.. ••11 000. Oty $4.50 ea ~.

JUMBO "0"" •
LED ~,~o~~..~;a[. I
~;~~~ 1..~.~~:..~~~UR COST 1000+ Oty StocS9o.;50009 ,

260020 Red ' .06 eal1 DO. ' .05 ea
260027 Green $ .0 8 ea/100+ $. 0 7 ea P r o~ e C t I
260026 Yellow ' .08 eal100. '.07 ea B U Z Z E R mO
LED HOLDER fJ ~;o~~~I~D~8gg8~b IIIII
for T1 3/4SIZE, BLACK I ' 1,59 ea
StockNo. 2500'9 $1 .3 9 ea 110+ Qly
$ .10 ea 1100+ OW

"''-U-'II.•'''''-#l;'@4'' $ .06 ea 11000+ Oty , H a R N
BEST BUy NEW Series /I A L ARM ~

FLUKE 70 Senesll .. .. $ 63 0.37" ~~~~/~~,e~:g~8,sound ,
FLUKE 73 Senes II. .. $ 89 7 SEGMENT ' .75 ea 9V DC
FLUKE 75 Series II . . $127 LED READOUT $.6 9 ea 110+ Qly ..
FLUKE 77 Senes lt v.; $149 STOCKNO TYPE COST ",. Oly DC MOTOR~
FLUKE 79 $169 260022 Anode ' .95 . '.75. - .

Series II 260090 Cathode ' 1.25. ' .99. ~~~~~~~RI:5~~~,TlC -' .

FLUKE 83 $199 0 .6" 7 SEGMENTII ' .50 ea 151 6VDC
FLUKE 85 $229 LED READOUT $.45 ea 120+ QlY~o
FLUKE 87 TN 'RMS $269 STOCK NO. Anode Jumbo XENON STROBE ,r~

260021 COST ' 1.15 •
FLUKE86 AUTOMOTIVE $367 ""O'Y " 9~9. ~i~~~~o . TUBE , "

FLUKE 88 AUTOMOTIVE $423 ~ - ;~~§Oaea 120+ Qty~'
$ RED LED

FLUKE 45 579 DISPLAY ~ TRIGGER COIL
Bar Graph 11), 111'20 PIN for XenonStrobe Tube
STOCK NO. Co lo r YOUR COST 10+ aly Stock No. 320037
260058 Red ' 1.99 . ' 1.79. ' 1.25 ea
260088 Green ' 1.99 . ' 1.79. $ .89 ea 120+ Qly
260089 Yellow ' 1.99. ' 1.79. INF R

MOVING SIGN DISPLAY IRpa/L~~?nf~;1;;~~

~"'I\ i~::~;"' 7f~ff'5.95. 2.79 ea I /;
'5.45 .. "". NEON LAMP ?

' NE2, long Le.d. ~

~
• Stock No. 260003 t /

• '.15 sa /~

ICCLIPS I S.1 2 ea/ 100+ Oty •

~~~[I.~RLW8E~ __ ~A~~JM~E~~~~~
Stoc k No. COLOR COS.T 25+ Oty Stoc k No. 260017
990'04 BLACK : .65 ea : .50 ea $ .9 9 ea 0 c

::':5E~; .'~5 ea .~ea r.u~~~1~26~0~~L
LEAD SET . .. ~ $.99 ea

~8S~~'i~~W:i~ . . PUSH-BUTTON S WIT C
"'.INI ATURE HOOK.ON PUSH-ON, PUSH-OFF .&.
PROD AT 80TH ENOS Stock No. 270021 ~~

~~~~~:o. ~3.~~~~ST ~8 .~S ea $ .55 ea ~.
20 MHz SCOPE .. .. .. $345 $ .49 ea 1100+ Qty
DualTrace 2 Yr warranty-Parts& Labor DOUBLE E:,'Stock No. 740085 BANANA SUB·MINIATURE MOMENTA

JACK SWITCH ~
Stock No. 990002
' ,35 ea

~~~~~~o . ~~.~~~~ST ~2 .%~ ea $ .2 8 ea 1100+ Qly
FEMALE MINIATURETOGGLE SWITI
BNC TO t£ Stock No. 270034 ~

SC0PE~ DUAL ' .90 ea 'rvpe . SPST
PROBES BANANA $ .79 ea I 50+ Qly . • '/
60 MHz, Xl & Xl0 '- PLUG

SPECIAL ~"
700072 ...$18 .95 Stock No. ~OUR COST ~+ Oti'
150 MHz X10 990103 2.95 ea 2.75 ea &l1li
700073 .:.$3 9 .

95 g~~~NA :iP ..
: • • BINDING

POST TO _
Duracell l !=veready MALE BN C PLUG : . " •• . , .'"
9V Alkaline Battery Siock No. YOUR COST 3. 0 1 . ,. • •

' 1.95 ea 600058 '5.95 ea ' 4.95 ea
$ 1.75 ea/10+~~ BN~ TEST CABLES 3 FT.

9VBattery;Ir" ~~~~
S NAP & HOL DE R~ MALE TOMALE
Snap s .15 ea s .10 ea /100+ Stock No. YOUR COST 3+ Oty
Halder '.20 ea ' .10 ea/100+ 99010' '3.45 ea ' 2.95 ea
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FREQUENCY COUNTER
TO 20M HZ IDEALFOR
TROUBlESHOOTING
ACIDCVOlTAG E RANGES
ACIDCCURRENTRANGES
5FREQUENCY RANGES
5 CAPACITANCERANGES
LOOICTES T
CONTINUITY TESTERSUlZER
DIODE CHECK
TRANSISTOR hFE TEST
LEDTEST VERIFYGOOQ.'BAD
DISPLAY- 3112DIGIT LCD
ACCURACY - 0.5%
IMPEDANCE. 10~Ctm

KELVIN PRO 400

$69.95

T ra in e r Manual (10 0 Pgs)

gives detailed instructions.
An excellent training tool
covering tOPiCS for High
School (Bog mner . Advanced),

Tra de Schoo l (Beginner
In te rm ed ia te) & College .

680098
Stock No. Post
680093 0
680091 0
680098 2
680100 4 2390 ..... $2 2.9~

WIREJUMPER KIT~
Pre-cut , Pre-St rip ped~
330289 140 Piec e Se t $ 4 .75
330290 350 Piec e Set $ 7 .75

DC VOLTAGE
AC VOLTAGE '
DC CURRENT
AC CURRENT
RESISTANCE
CAPACITANCE
CONTINU ITY ·
Test. Buzzer
DIODE TEST
TRANSISTORhFE

rd~ ~AUJ!r~CR~
ACCURACY 
+1· 0 s'%o ROG

KELVIN
200 Adva nced

$39.95

DC VOLTAGE
AC VOLTAGE
DC CURRENT
RESISTANCE
CONTINUITY ·
'r est . BUZler
DIODE TEST
TRANSISTOR hFE
BATIERYTEST
3 1f2 Digit LCD
LOWBATTERY
ACCURACY ·
+1- 0 S,. ADG
KELVIN
150 Basic+ ·
$29 .95

~~B KELVI Electronics

DCVOLTAGE
AC VOLTAGE
DC CURRENT
RESISTANCE
CONTINUI TY -
Test c Buzze r
DIODE TEST
BATTERY TEST
3 112 Digit LCD
LOW BATIERY
ACCU RACY ·
+J- 0 5'%.RDG

KELVIN
100 Bas ic
$19 .95

~
~

2
.Q

~
ui'o
'c
Q
ts 600018
CI>m 600026
6 630041'6
Cll 630383

CC

104



• •

"MAX" The Remote VCR Controller WIRELESS REMOTE CONTROL FOR NINTENDOTM

' MAX" allows you to wa tch and cont rol

::i
a single VCR Irom other locatio ns in

~
b the house. Trans mits audio, video
~ and IR signals up to 100 feet th rough

- ~~ mini-cable . Wor ks on up to 4 tele visions
- at a time, but a separate 'MAX" receiver

~~, .~ requ ired for eac h TV. Can also be

0
- ~n~~ used w~h other infrared controller dev ices
~~~ such as CD players or stere os. Because

it is hardwired, signal transmission is
dearer thanmore expensive non-hardwired

units. Includes transmitter, receiver, 100 cable , hook-up cables and wall transformer.
These new un its or iginally sold fo r over $100.00.

CA TIl MA X $40 .00 each 4 or more $35 .00 each

ATTENTION
NINTENDO'"

USERS!!!

CAME RICA ' Freedom ConneClion" '"
Turns your w ired Nintendo '" control paddle into a remote control unit. Infrared remote like
those used on TVs and VCR' s elim inates messy wires . Allows players more mobility. Two
players can use one remote un~ except on game s where they play simultaneous ly. In those
games two "Freedom Connections" units are required. A well-known nationaldiscount toy
chain sells these lor more than tw ice our price. Operates on 4 AM batter ies (not Inciuded).

CATilI R- l $9.95 each
Set of 4 AAA batteries CA TIl BAT-4AAA $2.40 per set

TOUCH DIMMER L.E.D.'s 14/3 LINE CORD DIP RELAYS RFI/EMI LINE FILTER

Highest Quality METAL CASSETTES

SURFACE MOUNT STYLE

oSpra gue II UGN3075LT
Opera tes on 4.5 - 24 Vo~s

Can sink 10 ma W~h su itab le outp ut
pull up, can be used direct ly w~h

bi-polar or CMOS logic circuits.
Especially su ited lor electroni c com
mutat ion in brushless D.C. motors us
ing multiple ring magnets. Very tiny
surface mou nt package 0.175' X
0.09" X 0.06" thick.

CAT II HESW- S 2 for $1.00
100 fo r $45 .00

LARGE QUANTITIES AVAILABLE

HALL EFFECTSENSORS
Mlcroswitch IISS41
Tiny , solid state swit ch ===lJ
reacts instantly to
proximity of magne tic field .
Operates at extremely high spee ds,
up to 100khz. Case size : 0.12' X
0.17" X 0.06" th ick. 4 .5 Vdc to 24 Vdc
supply Voltage . l O rna. sink type
digital output. Operating gauss -
15 to 40 . P.C. leads.

CATII HES W-2 75¢ each
10 fo r $8.50 • 100 fo r $60.00

co rcorrs 20B6

20amp RFI/EM I ~
genefal purpose
common-mode
filter . Cont rois
line-to-ground noise.
Sma ll size, low leakage.
3.46" X 1.16" X 2.81".
UL and CSA listed.

CATII R A -201 $8.50 ea<;b

SWITCHES
Pushbutton Switch

Miniat ure Relays W~h Pin
Configuration To Fit 14 DIP.

SMK Man ula ctur lng
0.47" square ~
black pushbutton.~
SPST norma lly
ope n. 4 p.c, pins for mount 
ing. Ideal lor low current
switching applications.

CA TII PB·29
5 for $1.00 ' 100 lo r $15 .00

~
5 Vdc • S.P,S,T.

G I Clare II PRMA-1A05B .
Normally ope n reed relay.
500 ohm coil. U.L. listed.

Diode pro tected.
CA TII DRLY-57 $1.5 0 each

12 Vdc - S.P.S.T.
GordOSI/ 846A -4 12

575 ohm coil. Sealed .
Internal clamping diode .

CA TII DRLY-12 $1.25 each

24 Vdc - S.P.D,T.
GI Clare 1/ PRMA l C24

2,150 ohm co il.
10 vA swhching pow er.

CATII DRLY-1C24 $ 1.00 ea.

48Vdc - S.P.D. T.
Aroma t 1/ DS l E-A-DC48V

5,750 ohm coil.
2 amp contact s.

CATII RLY-788 $1.00 each

INFORMATION (818) 904-0524•

12Vdc500ma, ~
2.1mmD.C.power 0
plug wi th center L-
negative. White case.
CA TII DCT X-125W $4.50 each '. "'

12 Vdc 200 me.
2.1 mm D.C. pow er plug whh cent er nega·
tive. CA TII DCTX- 122 $3.00 each

CASSETIE STORAGE CASE
Black, unbreakable plast ic eudjo cassette storagecase.
CATII CBOX 5 for 51.00 • 100 lor $15.00

WALL TRANSFORMERS

1,000 ohms bright light. ~

16K ohms dark. TI
0.182" dia . X .08"high. 0.18" long ieads.

CATII PRE- 7 2 for $1.00
100 for $45 .00 ' 1000 for $400 .00

8' BLACK SJT 14/3

Heav y duty A.C. powe r cord . Standard 3
pro ng grounded plug one end , bare wire the
opposite end. Blue, brown, green w/str"e
wire col or code . 0.37" nom. o.d.
CA TII RDAC-HD8 $4 .50 each

Minimum Order $10.00· All Orders Can Be Charged To Visa, Mastercard
Or Discovercard· Checks and Money Orders Accepted By Mail· 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.

AAA SIZE $1.50 each
1.2 volts 180 mAh
CATII NCB-AAA

AA SIZE $2.00 each
1.25 vo lts 500 mAh

CA TII NCB -A A

AA SIZE $2.20 each
WITH SOLDER TABS

CA TIl NCB-SAA

C SIZE $4.25 each
1.2 vol ts 1200 mAh

CAT II NCB- C

D SIZE $4.50 each
1.2 volts 1200 mAh

CATII NCB· D

Standard JUMBO
Diffused T 1-314 size (5 mm)

..-=
RED CATII LED-l

10 for $1.50 · 100 for $13.00
GREEN CATIl LE D-2

10 for $2.00 ' 100 for $17.00
YELLO W CA TIl LED-3

10 for $2.00 ' 100 lor $17.00

FLASHING LED
WI bui lt In flashing circuit
5 volt operation. T 1-314

(5mm) ~-=

RED $1.00 each
CA TIl LED -4 10 lor $9.50

GREEN $1.00 each
CATII LED-4G 10 for $9.50

YELLO W $1.00 each
CA TII LED-4Y 10 for $9.50

LED HOLDER

FAX (818) 781-2653
Call Or Write For Our
Free 64 Page Catalog

Outside the U.S.A. send $2.00
postage for a catalog.

TRW/Opt ron II OPB5447-2
IR emitter/sensorpair in
rectangular pa ckage with
28' color coded leads.
CA TIl OSR-4 2 fo r $1.00.................

OPTO·SENSORS
GE H13 81

U-shaped apto w~h ~
0.125" gap between
emmiterand sensor.
0.75- mounting centers.
CAnOSU-ll 2for$1.00

IIRS405L
4 Amp 500 piv
Epoxy package.
In-Lin e leads
CA n FWB-40S
8se each

Rechargable Batteries
SUB-C 2PACK

2 soe-c
nicke l-cadm ium
batterieswith
solder tabs.
Connected in series.
This s ize battery is
typ ica lly found in
power tools, remo te control model s,
eleClric shavers and other home
appliances. Each battery measures
0.87" diameter X 1.66" long .

CATII NC B-2C $3 .50 pe r pac k

The "brain' g
part of the .
"LITE
TOUCH' .
touch dirrmer,
when connected
to any lamp,
will turn ~ on and off and chan ge the
brightness level When any metal part is
touched. We don't have the wirin g har
ness that orig ina lly connected this to the
lamp , but we can provide a simple hook 
up diag ram and instruct ion sheet. Th e
solid-statecircuitry is contained ina ther
mo-plasticbox 1.91' X 3. 11" X 0.835 ".

CATIl DMR- l $3.50 each

MAIL ORDERS TO: ALL ELECTRONICS CORP· P.O. BOX 567· VAN NUYS, CA 91408
CIRCLE 107 ON FREE INFORMATION CA RD



ADVERTISING INDEX
RADIO-ELECTRONICS does not assume any responsibility for errors that may app:
in the index below.

Free Information Number

Unicorn .

People's College .

Radio Shack .

R-E Video Offer .

The School of VCR Repair .. . . .

Parts Express .

SCO Electronics .

194

178 U.S. Cable .

177

196 TECI. .

92,190 Tektronix 5, C

197

78

56Page

.. ... .. 90

.. . 86. 102

.. . .. .. . 24

Ama zing Concepts 102

B&K Preci sion . . ..

C & S Sales 23

ClE 3. 18

All Electr onics 105

Caig Laboratorie s 26

AMC Sales .

Ace Products . ... .

Cable Warehouse 76198

107

108

109

77

50

75

All major brand s carried
*JERROLD, *TOCOM, *ZENITH
*GENERAL INSTR~ENTS

*SCIENTIFIC ATLANTA, *OAK
*HAMLIN, *EAGLE, *PIONEER
7th Year in business. Thank You
Member of Omaha Chamber of Commerce
1 Year warranty on new equipment
30 Day money back guarantee
Orders shipped from stock within 24 hours

CALL TODAY FOR AFREE CATALOG

1-800-624-1150
aEJ II] [II C.O.D.

*,~MD~<,>

:P ~
<Q a
~ M~aONIC$r"
~ ~ 875 SO. nnd st.

V";: . •..is Omaha, NE 68114
""'O'wa""
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CABLE BOXES
BELOW WHOLESALE
GUARANTEED STOCK - COD 'S

. DESCRAMBLERS .
(QTY) (10) (20) (50) (100)
TB 2·3 45 40 36 33
SA3·B 45 40 36 33
XN12 + 43 38 34 29
SB 2·3 43 38 34 30

60 CH REMOTE CONV/DECODER
DRX·DIC 90 75 70 65
SYL DIC 75 60 50 45

. CONVERTERS W/REMOTES .

PANASONIC TZPC145
5 YR. WA R. + PARE NTAL + 86 CH

TIMER + MEMORY + CH 2 OR 3 +

NEW 70 65 61 57

REFURB 60 CH W/REMOTE
S·4040 38 36 34 31

HAMLlN·ZENITH·TOCOM·CALL
IT 1$ NOT TH E INTENT OF LAKE SYLVA N SALE S TO DEFRAUD
AN Y CA BLE 7ELEV1SION OPERATOR, i=EDERAL AND STATE
LAWS PROvIDE SUBST ANTIA L PENA LTIES FOA THEFT OF
CABLE TEL EVISION SERVIC ES

LAKE SYLVAN SALES, INC.
SOR RY. NO MIN NESOTA SALES

106

179

181

55

187

127

182

183

121

176

86

114

180

199

200

87

188

184

93

117

7I

195

Chenesko Products 86

Command Productions . . . . 13, 27

Communications Specialists . . . . 87

Contact East 86

Datak Corpora tion 26

Deco Industries 86

EasyTech 99

Electronic Goldmine 94

Electronic Tech. Today 80

Electronics Book Club 28

Fluke Manufacturing CV2

Glob al Specialties 7

Grantham College 79

Heathkit 75

HighText Publications, Inc . . . . . 24

ICS Computer Training 90

Jameco 100

Kelvin I04

Lake Sylvan Sales, Inc !06

M&G Electronics 98

MCM Electronics 95

MD Electronics !06

MJS Design 86

Mark V. Electro nics 97

Mouser 76

NRI Schools 8

NTE Elect ronic s CV3

Optoelectronics 17

192,193 Viejo Pub lication s 13,

185 WPT Publications .

Willabee & Ward .

191 Worldwide Cable .

186 Xandi Electronics .

ADVERTISING SALES OFFICE
Gernsback Publications. Inc.
500-B Bi-County Blvd.
Farmingdale. NY 11735
1-(516) 293·3000
President: Larry Steckler
For Advertising ONLY
516-293·3000
Fax 1-516-293-3115
Larry Steckler

publish.er
Christina Estrada

assistant to the President
Arline Fishman

advertising director
Denise Haven

advert ising assistant
Kelly McQuade

credit manager
Subscriber Customer Service
1-800-288 -0652
Order Entry for New Subscribers
1-800-999-7139
7:00 AM - 6:00 PM M-F MST
SALES OFFICES
EAST/SOUTHEAST
Stanley Levitan. Eastern Sales ManagE
Radio·Electronics
1 Overlook Ave.
Great Neck, NY 11021
1·516-487 -9357, 1-516-293-3000
Fax 1-516-487 -8402
MIDWESTITexas/Arkansas/Okla.
Ralph Bergen. Midwest Sales Manager
Radio-Electronics
One Northfield Plaza. Suite 300
Northfield, IL 60093-1214
1-708-446 -1444
Fax 1-708-559·0562
PACIFIC COAST/Mountain States
Marvin Green. Pacific Sales Manager
Radio-Electroni cs
5430 Van Nuys Blvd . Suite 316
Sherman Oaks, CA 91401
1-818-986·2001
Fax 1-818-986-2009
RE Shopper
Joe Shere. National Representative
P.O. Box 169
Idyllwild, CA 92549
1-714-659-9743
Fax 1-714-659 -2469
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(U.S. funds only.)

o YES, PLEASE SEND ME THE FOLLOWING NUMBER OF COPIES OF
"QUICKCross" SOFTWARE ON FLOPPY OISKETIES
_ 5V." (1.2M) 15.00 ea. _ 3V2" (120K) 16.00ea.
_ 5V." (360K) 17.50 ea.

Enclosed please find my check or money order for S _



WHAT YOUR TOOLS
SAY ABOUT YOU.

''ACE TROUBLESHOOTER"
TheTek 222 iseverything a service scope ought to be.
Lightweight. Rugged. Fully programmable. Floatable
to ±400 v. Two channels, 10MHz, AuroSetupand
AutoTrigger makeit easy finding trouble-fast.

4OW-l

Tektronix
h st and Measurement

They're just4Y2 pounds. U.L, certified. And start at $2450. 220 Series
handheld oscilloscopes-all with Teks exclusive Isolaredt.hannel"
architecture -are the service tools the professionals use. There's one

with youwritten allover it. Toorder, contactyourTekrepresentative
or distributor. Or just callTek direct: 1-800-426-2200

Copyright C l991, Tektronix, Inc.

"ULTIMATE PROFESSIONAL"
Heresthe newest family member: the 60 MHz Tek 224.
Its as rugged, reliable and easy to useas the restofthe
220Series-andextended bandwidthmakes it the logical
choice forcomputer service professionals.


