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FLUKE. PHILIPS

• Completely sealed against water.
dust and contaminants.
• EMI protected and measures

upto600 voltsrms.
• Rugged constructionwith

shock-resistant holster.
• Three-year warrantv

fromFluke.
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Simply Easy.
• Intuitivefront panellayout for
simple, straightforward operation.

• Pop-up menus andlivefunction
keys for easy control.

• Autosetautomatically sets voltage,
time and trigger functions,

• Safety-designedBNC connectors
and probes simplify Hoating
measurements.
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FLUKE IIll SEAlES SCOPE METEA SUECIIONGU10~

Goes Wherever YouGo.
• Runs onrechargeable NiCad saneues.

standard t-eens ortheincluded line
voltage adapter/battery charger.

• Adjustable tilt-stand comes inhandy
as ahanger, too.

• Compatiblewithawide rangeof
Fluke multimeter accessories.
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DoubleDuty.
· 50MHzdigital storage scope and

3000·count digital mullimeter in
one heldheld package.
• Precision MinMax Record and

40nsGlitch Capture make it easy
totroubleshoot intermittent failures.
• Simultaneous waveform and digilal

display onabacklit screen you can
read across the room.

Introducing SCOPEMETER.
There'sMoreThan OneReasontoReach for It.
In fact, there'severy reason to reach forScopebteter" Because onlyScopeMeter
combines the expertise01Flukeand Philips to bringyouadual-channel digital scope
alongwitheverythingyou've come toexpect fromFlukedigital multimeters.
The result: an integratedscope-ano-multlmeter that letsyousee awaveform and
digital meter display at the same limefrom the sameinput. Orswitch between
dedicated high-performanceScopeand Meter functionswiththe touch of a
key.That makesit faster and easier thanever to capture, store and analyze
precisely what you'relooking for. At aprice that looksgood, too.
To get your hands onaScoperdeter, contact your Flukesales office or your nearest
Flukedistributer.Formore product information, call 1·8DD·4H l UKE_

SCOPEMETER. Now there'sonly one toreach for.
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48 AM TRIES FOR A COMEBACK
Will the new AMAX receivers breathe new life into th e AM band?
Len Feldman

69 WORKING WITH LED'S
O ur in-depth survey of LED's continues with practical chaser and
barg raph circu its .
Ra y M arston

33 BUILD THE HYPERCLDCK
Di splay the time in eight eye-catching modes !
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42 SCANNER CONVERTER
It allows unrestricted coverage of the BOO-MHz band!
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53 SWEEP/FUNCTION GENERATOR
Measure sq ua re, tria ngle. and s ine waves with this inexpensive
bench top instrument.
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Add ana log inputs to the PC-based analog-ta-digital converter.
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ON THE COVER E/;;£;mn,£s.
The 800·1000 MH z band of UHF

frequencies cont ains many signals
of interstto the shortwave and scan
ne r e n thu sias t. Howeve r. ma ny
scanne rca n ' t receive those Irequ en
cie s, Our sca nne r conver te r reo
ceives signals from 800·1000 MHz.
and outputs them at 400·500 M Hz.
That a llows you to monitor frequ en
cies in the 800·1000 MHz range
using you r 40 0· 500 MHz scanner.
You can also use it to measure fre
quenciesas high as 1000 M Hz with a
SOO-M Hz counter. To find out more
about our conve rte r, turn to page 42.
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THE MARCH ISSUE
GOES ON SALE
FEBRUARY 4.

MIDI INTERFACE FOR YOUR PC
Your passport to the world of computer-controlled music .

BUILO OIGI·CALL
Keep tabs on phon e bi lls and client bill ing with thi s intelli gent telephone
lin e monito r.

SCANNER CONVERTER, PART II
Easy-to-build downconverter gives unrestri cted coverage of th e BOO-MHz
band.

ELECTRONIC TEMPERATURE MEASUREMENT
An overview of the components and ci rcui ts used to measure temperature
electronically.

k. ...Me. to ,ude.. , RADIO .ELECTRON ICS ""bl"M' ... il.blo pl.n. 0' Inlo...... loOn .." bng 1o n""' . ..o"'10~ p' od""," ,
' oc lon;queo . nd ..,i. nliM .nd ' o<:hnologicol d_ """". n,. , Boau.. 01.p"..ibl. n,;.nC.. I" lb. 1"'1;1)' .nd .....dlbOfl 01
.,.,. ",,1• • nd OfOoi<m.on. hip u••d by ... do," , RADlO ,ELECTRONICS d,.d.i", • • n~ ...pon "biloty '" 1M ..f• • nd prope'
"''' <1iOfling of ... dOf·b uill pmj. cto be . od upon", 1m", pl.n. '" 1""""'''_publl"'. d I" th , g..,,,• .

Si.....""'. 01the equi p", ..,,' end cln:ullry d..cnbo<l I" RADIO ·ELECTRONICS "'.., ..I to 0' be CO<orM b~ U.S. pol.n' . ,
RADIO-ELECTRONICS d i. cloi.,. on~ b. M"" ,'" Ih. I"'"ng. ...." ' oI .""h poo'.nto by 1M "'.~I"lI . u.lng . '" ..11,"'1 oI .n~ .uel,
"'l ul"",.nl '" ci",u<try.•" d .ugg. ... th., ."1""" Inl. ...,.din .u'" pml. ... .....wn. pol.n' . """,..,.

RADlO·ELECTRONICS .IIS$N OOJ3-7862J F. bn>.o,., 1lHl2. F\lbl,oked """,'h" byc.m.boc~ F\lbIic. t>on•. I 500 ·8 Bi.Cou nty
Ilo<ll_ d. F' '''''node l• •NY1173S So<:ond ·CIo.. I'ottog. po,d " Fonnl"gd..re ,NYon<!. dd,liOfIoI 'n."h .....oIl,c So<:ond.(;lo..
.... ,1 regi."""", NO. RI2S16lj280 . outhon ...d II T_ to. c.n , One.yo...ub,,"obOfl.... U.SA. . nd po ""'. 517,97.
c....... S2S .6S fj ...lud..G,S,T.Ce<Iod""n Good. ond SoMe.. T "ogl"'obOflNo , R12S1662 801. oilOlh o>bi•• $26 91. All
. ubscription Ofdo",~e in U.SA lund. on ly, vio ",,",,,,,,,,,,,,,I po.,.1 mPf>O)'",dOf OfcMc~ d,o..n on . U.S A bon'" Sing'"
copieo$2,9S. i: 199 2 by Gem . bod PubI" OI,ono, I... . All " gh'" .......d. Pri"'od In U.S.A.

POSTMASTER, Pl......nd e<Id.... c l\o.nge. to FIAOIO·ELECTRONICS. SUb....otiOfl Dept. , 80. $$IlS. Ilould.... CO
l10321·SU S

A. lo.,oed.." ·odd....od.nveIope "",01"''''''''pony'' .ubm,,,od ""'nu........ ondIo<.""""~ o< p/><Itog"oh. " ,10......tum i.
"""'redol>ould they be r-.joctod. W. di im .n~ reopono;1>ihty lOf the 10.. Of d.",ag. 01...... uoc,;"" . neII", • .......- '"
pI>OIog'.p/fo ..Me onOU'po.......... OfOlio ,

ART DEPARTMENT
An d ... Duzant . art di.&ctor
InJa e Lee. illu. tralor
Ru.... 11 C. True l. on, illustrator

PR ODUCTI O N DEPARTMENT
Ru b )' M. Vee. production directo r
Janice BOI.

editorial production
Karen S. Bro... n

adverb sing production
Marcella Amoroso

productionassistanl

C IRC ULATIO N D EPA RTM ENT
J a cqu.. lin .. P. Ch ees ..boro

circulation direcltl r
We nd)' A la n ko

eirculetion enalyst
T h.. resa Lo mba rdo

ci,culation assistan t

Mich.. le Tor ri llo . repr int bookstore

Typog,aphy by Mates Graphics
Cover plooloby Diyersified Photo

S.rvices

R a dlo · E le c tron lc .. is indele d in
App /jed Science & Technology Inde x
and R....ders Guide to Periodical liter
eture.
Microfilm & Mic'ofich . editions a re
a..aileb le. Contact ci,culation depa , t ·
ment for d. tail• .

A d ve rtis ing Sal.... Offices list..d
o n pa g e 10 6 .
Aadio·Elec tronics E>ecutivo and

Administrative Offices
1·516 ·293·3ooo.

Subscrib. rCu.tom. rSe....ice :
1·8 00·2 8 0 ·0652 .

Ord.r Entry 10, New SUbscrib....:
1·8 00 ·9 99 ·7139.

~
,...
At.d tl
&" eau

01 C"Culal"'"



You'lt receive CIE ookstor Qrivlleges a a 
ented learning method, accessJo GIE's stuB t
facu lty and alumni electronic b411ettn tJ ard a
a free issue of C1E's school newspaper 'Th
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 contlrure your elect ro
nics education in any 01CIE's
prog rams, you'll rece ive a
S100.00 CIE tuition credit
certificate.

Ali this knowledge and sup
port will put you on the road 10
unders tanding digital electronics,
mic roprocessing princip les,
computer systems, telecomrrumi
cations , and much, much, more.

in IE 56y'ear; li istof,Y;
enrollea t €t te,receive

I ri d I ctri it Ues on!Niodules.
a lta I 11 'te tim t nonjSludents

for Ule sliocking ly low mlroducfory price 01
only 599. 50.

With CIE's patented AUTO·
PROGRAMMED method of learning
you 'll quickly learn and then master
the basics of electronics and electri city
and then move on 10 ... soldering
techniques, appl ications of Kirchhoff's
law , voltage and power, printed circuit
boards ... and much , much, more.

Your com mitment to CIE end s wilh
your payment, but CIE's commitment
to your succ ess just begins when you
receive your lessons, exams, binder
and equipment. This specia l price
includes the benefits CIE normally
extend s to its students and g radUal~S.

• • tor'.. . -.-. ,JII!-::r:. - . .~' -iC::---~ ....

A ll This For• Free Issue of "The Electron "
• Build your personal burglar alarm
• Theory and hands-on train Ing $

lessons and exams covering
"current and voltage" through
"p rinted circuit boa rds "

• CIE Bookstore privileges
• Patent learning method
• Electronic Bulle tin Board priv ileges

, \' , '" ..... ' " "'" '.

• A $1 00.00 CIE TUITION
CREDIT CERTIFICATE
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------------------ -----------------o Yes , send me CIE's Int roduc tory
El ectron ic and Electric ity l essons
and Equipme nt. A7'J1J2

Name: _

Street: Apt #: _

City: _

State: Zip: _

Age: Phone (__ 1 _

BOOKSTORE
1776 East 17th Street
Cleveland, Ohio 44114

rctarMerchandise: $99.50
Ohio Residents add~Q Sa les Tax:
California Residents add 61 /2% Sa les Tax:
Total lhis order:
Shipping and Handling Charges: 55.00

Method of Payment: Amount Enclosed:__S _
" Pe rsonal Check or Money Order
.' Master Ca rd ,:l Visa

I
C~'~'ddEE~' P~;'~'~tiO~"~D~';;";'_============
Signalure~,=,.- =="'=
IC~I CHARG E BY PHONE ! l~ i ,~ I

9 AM to 4:3 0 PM eastern Time;
1·800-321-2155 ext. 7302; In Ohio 1-800-523-9109 ext. 7302
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WHAT'S NEWS
A review of the latest happenings in electronics.
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Device for multiple
a u to mo b ile a ir b ags

Researchers ct Sandia National
Laboratories (Albuquerque, NM )
have invented a low-energy ex
plosive igniter that could make it
easie r for automo bile manufac
turers to install multiple air bags in
their vehicles. The device. called a
semiconducto r bridge or SCB. re
quires much less energy than the
hot -w ire igniters that are t radi 
tionally used in air-bag systems .

Durin g the rapi d dec elera t ion
caused by a crash . air bags are elec
trically ignited by a hot-wire device
in an explosive cart ridge. As the de
vice heats. the sensitive explosive
material burns. A hot gas is pro
duced thai enters the stowed air
bag and ignites a gas-generat ing
propellant. which then release s a
burst of nitrogen gas that quickly
inflates the bag. That entire process
takes place in just thousandths of a
second.

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

SANDIA'S SEMICONDUCTOR BRIDGE,
which coul d be used in multiple air-bag
systems, is shown rest ing on a penny,
The penny's " C" letter gi ve An indicati on
of the eevtee's sue.

depleted battery is used. In such a
case, one ho t-w ire igniter would
consume nearly all of the battery's
remaining volt age 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 siliconwafer, the
chip can incorporate extra circuitry
for logic. timing, and safety.

Multimill ion dollar
interactive TV/satellite
contract

The introduction of nationwide in
teractive television is a step closer
with the sig ning of a multimillion
contract between lV Answer, a pi
oneer in real-time wireless Interac
t ive Video Data Service (IVDS )
technology. and Hughes Network
System s, Inc, (HNS), manufacturer
of interactive Very Small Aperture
Terminals (VSAT's). Pending FCC
approval. the TV Answer system
would allow television viewer to use
their TV's as co mmunicat ion de
vices to pay bills. order take -out
food, shop for groceries, do bank
ing transactions, and respond in real
time to game shows. lV 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 lV sched
ules and VCR programming . The
system would work with cable. sat
ellite, and roof-top antenna systems
and is expec ted to co st abo ut
$12.95 a month .

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

~4t~
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TV ANSWER 'S INTERACTIVE VIDEO
DATA SERVICE wou ld use Hughes Net
work Systems' satelli te per sona l earth
statio ns to provide direct tran smi ssion
paths between remote cell s ites and the
hub station.

Answer Headquarters via a Hughes
satellite, and a lV Answer radio re
ceiver/ tra nsmitt er that communi 
cates with lV Answer home units.
The data received via satell ite is
transformed at the cell site into a
radio signal thai is transmitted to
each home unit . Viewer responses
are relayed 10 the cell site and then
back to headquarters in the same
lN8y. There the responses are pro
cessed and appropriate collection, I

billing. and ordering activities are
performed.

The January 10. 1991 FCC Notice
of Proposed Rulemaking proposed
the allocation of lh-MHz of the radio
spect rum- betw een 218.00 and
219.00 MHz. which is the frequency
on which lV Answer's system oper
ates-for an Interactive Video Data
Service. The action is expected to
be finalized . and tec hnical stan
dards and licensing procedures is
sued, by mid-1992.

Under the initial phase of the con
tract between HNS and TV Answer.
HNS will bui ld and install 1000
VSAT units for use in cell sites
enough to meet the projected first
year requirement. The initial phase
includes a $2 .1 million hub and net
work control system at lV Answer
headquarters in Reston. VA. TV An
swer estimates that a minimum of
10,000 VAST units will be needed to
provide nationwide coverage for its
technology. R-E



don't be surpnsed to discoversome unusualtoolsintheirserviC€ ~ts

You GAN ALWAYSSPOT
THE nCHNICIANIHO

DOESN'T USE nITRONIX.

Ifyou're sending technicians and fSEs intothe fieldwith equipment other thanTektJOn~,
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Signal flares,for instance. Onthe otherhand,portabletest gearf10m Tekgets technicians to the lOOt of~l~

theproblem long before theproblemgets to them EveT)lhing fiomoscilloscopes and spedmrn analyzers to handheld DMMs.

As aresul t. your customers \\111 be back on theirfeet

happy for that Not to mentionawholelot nicer to

;:1""~ inwhat' ll seemlike no timeat all. Thevllbe
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" i e"'; (, work with.For youremployees' sake, get in

touch withaTektronixrepresentativetoday Or keepan eye peeled for signsofdistress, TAlK mnK/l,8DD·42B·22DD

Tektronix
Aes'and Measurement

CIRCLE 190 O"l fREE INFORIoIATIOIi CARD



VIDEO NEWS I

What!; new in the fast-changing video industry.

,,/;\i" ,'! ;'M:lg:l:ljliI3:_

•

• Compact D isc -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 w ere sell ing we ll. Philips
changed its mind ab ou t br and
name, and its first products were
issued under the " Philips" instead
of the "Maqnavox" brand. The list
price of the player was dropped to
$ 1000 from $ 1400 , but for all prac
tical purposes , players are selling at
about $800. and discs from $20 to
$40. Using the theme, " the Imag
ination Machine," Philips plans ma
jor adverti sing campaigns for the
system throughout 1992 . This is the
sec ond multimedia CD sys tem
aimed at the general public via at
tachm ent s to TV sets, th e first
being Commodore's CDTV (which
stand s for Commodore Dynamic
Total Vision). Oth er manufacturers
are competing with video and audio
CD-ROM sys tems designed as
computer peripherals.

• Z en ith moves TV. The last ma
jo r American-owned TV manufac
turer will end colo r-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 Spr ingfield ,
MO plant when its union cont ract
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
cutt ing efforts haven't been suffi 
cient. despite wage conces sions by
its union in Springfield.

Zen ith 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
o ther Am erican -owned TV as
sembler. Cu rt is M athis Corpora-

tlon. has a final assembly plant in
At hens. TX.Although the remainder
of TV manufacturer s are foreron
owned, many of them continue to
assemble their large-screen co lor
TV's in the United States. The lead
ers are Thomson Consumer Elec
tronics (French-owned), which as
semble s RCA and GE se ts in
Blo om ington , IN , and Phil ips
(Dutch). whi ch produces M aqna
vox, Sylvania, and Philips sets in
Greeneville, TN. Other final TV as
sembly is done in Huntsville, AL, by
Goldstar (Korean): by Japanese
manu facturer s in Anahei m. CA:
JVC in Elmwood Park , NJ : M it 
subis hi in San ta An a, CA and
Braselton. GA: Orion in Princeton,
IN: Sanyo in Forrest City, AA; Sharp
in M emph is: Toshiba in Lebanon.
TN: and Sony in San Diego and
soon in New Stanton, PA.

• "Stereo" T V debate. As it
promised more than ayear ago (Ra
dio-Electron ic s, 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
Consumer Electron ics, manufac
turer of RCA and GE brand sets,
has challenged cbx . saying tha t
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 off icially part of the
Mul tichann el TV Sys te m (MTS )
stereo standard.

Al t hough Th om son 's high er
priced sets do use dbx decoding ,
Thomson says that the XS sound
system , which uses phase shift to
proces s th e sound, qualifies as
" stereo" even though little separa
tion between left and right channels
shows up in te st s. dbx de mon
st rat ed tes t resu lt s tha t it says
shows that some RCA and GE sets
don 't reconstruc t the true sound

t ransmitted by the TV stations.
Thomson retorts that its XS sys tem
sounds better than dbx in lower
priced sets. Inaddition to Thomson,
dbx Technology found that some
Philips and some Sharp sets don't
use dbx deco ding in their stereo
sys tems. Both of those companies,
which use dbx in some of their sets,
say they plan to add dbx across the
board to all of their sets later this
year. Since there is no official defini
tion of "s tereo," the dispute is ex
pected to continue for some time.
Stereo systems using various types
of phase-shift techniqu es to en
hance the " presence" effec i in
clude 0 sound and SRS, the latte r
developed by Hughes Airc raft and
being used tin some high·end sets
by Sony and Thomson as an adjunct
to MTS stereo. dbx says that's okay,
some people may prefer processed
sound, but off icially MTS sound in
c1udes dbx encoding and decoding:
therefore, saying that a set included
" broadcast TV ste reo" or " MTS
stereo" is misleading.

• TV for co mputers . For years
we 've heard about the upcoming
merger of TV and the computer. The
CD -I system is one aspect of it
adding compu ter functions to the
TV set. Moving in the opposite di
rection, IBM and others are adding
TV functions to the computer. In
March, IBM will offer a TV accesso 
ry for its PS/2 computers. That is an
adaptor that permits the computer's
keyboard to be used to select from
among 70 TV channels as well as
the other normal TV functions. Of
course, other video devices may be
input as well , including laserdisc
players or VCR ·s. The TV picture
may be viewed full-screen or inser
ted in a window- th ere 's nothing
like watching MTV while working on
a spreadsheet! The IBM accessory
will carry a list price of $495 , which
may be cheap for a computer add
on. But in TV-land, the same amount
will be a 25-inch color TV set with a
remote control. R·E
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Some Breadboards Cost Less
Than PROTO-BOARDsbrand

.. . . They Should.
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GLOBAL SPECIALTIES '
70 Full"" Terrace. N_ HI""", CT06512
(\ 19'91 Inlerplc. EO>cuonic.
All GlOOal Spoc"' llie. · bloa~t>Mr~'''9 prtlducl.
a'e made ,n New Havon Cl

At Global Specialties ' we make only one kind of The others, they arrive from Taiwan. With good
breadboard , the very best , PAOTO ·BOARD' brand. reason, they are made cheaper!
American made and guaranteed lor life. So next lime you consider a cheaper breadboard,

Sure, save a few dollars today...buy cheap...but lhinktwi ce. You'll need too,because even afleryou have
remember. you only get whal you pay lor! Is it really worth worn out your second imported
it?? ? Askyourself...Dotheypertormlike PROTO·BOARD breadboard our PROTO·
brand? Are they as reliable? Will they lastlike a PAOTO· BOARD brand would have still
BOARD brand? been going strong.

How can we guarantee PROTO·BOARD ' brand PROTO·BOARD ~ brand.
breadboard lor 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
ca rds. Assuring every PROTO-BOARD' brand is built to are in stock at fine electronic
perfectionwhenit leaves ourUSAfactory.....backed distributors everywhere.

byour uncond~:'~:;i;:~a;;e • ~,=="",&al

Call Toll-Free GLOBAL
1-800-572-1028 SPECIALTIES'
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Plus you now go on to work with today's most
popular integrated software package, Microsoft Works,
lea rn ing to use its word processing, spreadsheet , data
base , a nd communications ut ilities for your own personal
and profes sional applications. But th at's not all .

-

NEWl
~- 386sx/20 MHz

Mini Tower
ComputerL.-_.., 1. ...._

Now you can cash in on this
exciting opportunity---either as a
full-ti me indust ry techni cian or in
a money-makin g computer servi ce
business of your own-s-once you've
maste red elect ronics and computers
the NRI way_

NRl's practical combinat ion oC"reason-why" theory
an d hands-on building skills starts you with the fund a
mentals of electronics, then guides you through more
sophisticated circuitry all the way up to the latest ad 
vances in computer tech nology.

Train the NRI way--and learn to
service today'» computers as ) 'OU build
your own 386sx computer system, now
with I meg RAM, 40 meg IDE hard
drive, and exciting new diagnostic
hardware and software!
J obs for computer service technicians
will almost double in the next 10
years according to Department of
Labor statist ics, making compute r
service one of the top growth
fields in the nation.

Learn to troubleshoot and
service today's com uter
s stems as ou bull a
3 6sx/20 mini tower
computer!

Train with an d keep a powerful 386sxl20 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 386sxl20 MHz mini tower computer. As you
assemble this 1 meg RAM, 32-bit CPU computer from the
keyboa rd up, you actually see for yourself how eac h section
of your computer work s.

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

Your ha nds-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.

Only N RI gives
}'ou hands-on
training with
the remarkable
R.A.C.E.R. plug .
in diagnostic
card and
QuickTech
diagnostic
sotrware from
Ultra-X
profeseionul,
sta te -of-the-art
diagnostic tools
that make
comp uter
troubleshooting
fa st and accu
rate.
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No experien ce n eeded ... NRI builds it in
NRI training gives you practical , hands-on experie nce
that makes you uniquely prepared to take advan
tage of today's opportunities in computer service.

You learn at your own convenience in your
own home. No classroom pressures, no night
school, no need to quit you r present job unt il
you're ready to make your move. NRI starts you
with the basics, building on that foundation
ste p by step unt il you have the know ledge and
skills you need for success.

And all throughout your training you've
got the full support of your personal NRI
inst ru ctor and the ent ire NRI technica l
staff, always ready to answer your questions
and help vou achieve your t raining goals.

FREE catalog tells more. Send today!
Send today for NRI's big, free catalog th at
describes every aspect of NRI's inno vati ve
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 Electroni cs, McGraw-Hill

Continuing Education Center, 440] Conn ecticut Avenue,
NW, Washin gton , DC 20008.

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

Only NRI gives you such confidence-bu ilding, real-world
experience. Only NRI gives you both the k nowledge and th e

professional tools to succeed as today's in-deman d computer
service technici an.

.(Check one FnEE cata log on ly

o lUlCl tOCOMPUTER SERVICING
o TVNidcwAud io Se rvicing
o Telecomm unica tions
o I ndu~t ri "l Elect ronics
o Secu rity Electronics
o Electronic Music Technolol,'Y
o lIasic Electronics
o Auto motive Servi cing

SEND TODAY FORFREE CATALOG

MR~
McGraw-Hili Conti nuing Educa tion Cen te r
·1401 Connecticut Aven ue, NW . '.,.

Schools Wash ington, DC 20008 11"11

, l'l)~
\

~~,~7;~~~

I
I Name

: Address

;,I'J. ,
•, ,,

Now you train with a nd keep the latest in
diagnostic ha rdware and software: the
ext raordinary RA C.E.R. plug-in dia gnost ic
card and QuickTech diagnostic software .
both from Ult ra-X. Using these sta te-of-the
art tools, you learn to
qu ickly iden t ify and
service virtually
any compu ter
problem on XT,
AT 80286180386,
and compat ible
machines.

You discover how
to use the R.A.C.E.R.
diagnostic curd to
ident ify individual
defective RAM chips, locate interfacing
problem s, and pinpoint defective support.
chips. Plus you learn to use your QuickTech
diagnosti c software to test the system RAM
and such peripheral ada pte rs as parall el

Your Nlll camllll l"r training includes a ll this: • NRI's unique Discovery I.ab~ for c irc u it d('/l ign cmd
testing » Hone ·held digital m u ltlmeter with "Ia lk -you -lh ro ugh " instructions on a udio eaesette » Dig ital
logic probe that let s you vi sually ex amine comp uter eireuits » Th e new West Coa8l386s~:I20 Mllz

comp u ter system. featuring a high.speed S038611x CPU, 1 meg RAM,
101-kL-y "inte lligent " keyboard. 1.2 meg high.dem~ilr. floppy

dri,,' '?, and high-resolution monitor» 40 meg IDE turd d ri ue »

!lS.DOS, e lf·BASIC, and Micr rJlw!1 Wor k s sofl wcln' •
R A .C.E.H. plug-in diagnostic ca rd and QuichTec1t m enu
driven diagnoetie sallwa re • Reference manuals w ith
g u idelines and schem atics

NOW! Trainin g n ow includes Ultr a-X
d iagnostic h a rdware a n d soft ware for quick,
accu rate troubleshooting!

,

I nlll
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FIG. t-THIS CIRCUIT WILL DRIVE a
small DC motor over a wide range of
speeds without stalli ng by contro lling
the duty cycle of the motor rather than
the supply voltage.

circuit you may want to generate a
printed circuit board for it so you can
easily use the circuit somewhere
else.

WATCH THE SPEED LIMIT
I have an Xl -compati ble com

puter and , while it works per
fectl y, it 's tu rn ing out to be much
too slow for some of the newer
software I want to use. Is it po s
sible to speed up the computer
by ju st ch anging the 14.1318
MHz crystal and are there limits
as to how much of a speed in
crease t h is will g ive me ?-F.
Geeben, Hunter, IN

Before we get into this, I want to
make sure you understand that any
increase in speed you can get like
this is going to be far outweig hed by
the amount of brain damage it takes
to do it. The theory is great but the
maximum speed of a motherboard.
like an automotive engine, is a con
seq uence of how it 's designed .
They both have red-line numbers.

At the most basic level. the parts
on your motherboard were chosen
to match the computer's original de
sign specifications. The memory. I/O
cont roller. interrupt controller, and
DMA <Direc t Memory Access) con
troller have maximum speed ratings
and the ones in your computer were
pic .ed to match the speed of the
board. The faster any chip's speed
rating, the more expensive it is. I
don't know who made your mother
board but it's a safe bet that the
parts on it are only as fast as they
have to be.

Changing the crystal changes the
board's master clock and the more
you step on the electronic acceler
ator. the closer you're going to get
to the point where these chips first
get flaky and finally fail completely.
The point where that happens is de
termined by th e speed rating
stamped on the chips and the de
tails of the design of your mother
board.

Memory chips have a maximum
speed rating as well and it's usually

2 J s
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Eve n t hou gh the sc he ma t ic
shows the supply volt age to the
motor and the circuit on two sepa
rate lines, there's no reason why
you can't use the 7.z-volr battery for
both of them. The battery is supply
ing a perfect vo ltage for CMOS
stuff like the 4049.

There's nothing critical about the
layou t of the c ircuit and you can
bui ld it using any technique you
want. Inactual fact. it's such a handy

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 et
tention to the fact that the power pin
on the 4049 is pin # 1-a departure
from the other IC's.

IN "I "

7

MOTOR SPEED CONTROLLER
I have a electric model boat

and I'd li ke 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 lu ck-particularly at low
speed. The motor is powered by
a 7.2·yolt batte ry pack. Do you
have any circuits that can help
me?-A. Balsys , Howell , NJ

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

Controll ing the speed of a small
DC motor is something I've talked
abou t several t imes befo re 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 fair ly inexpensive
commercial products that will do it
for you. In this case. particularly with
such a lowvoltaqe 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 re ferring 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. J think). without any stalling at
even the lowest speeds. The reason
it can do this is that the circuit works
by contro lling 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 determined by:

F = 1!1ARC
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
c lose to a 50-50 duty cyc le all
through its entire operating range.12
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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
effect s are just not all that notice
able, A much better solution to the
whole proble m 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

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

Y m can make life better for }\)t\r children
and for the future. Join me and plant a tree
Imlay for all the world Wshare.

For your In-c brochure,write :
Trees for America, The National
Arhor Day Foundanon.
Nebraska City, NE 6!H 10.

LearnalhomeInsparelime.
Nopreviouse.perience r.ee<:ledt

No cos tly sc hool. No co m m uting to crass,
The Ortgmal Hom e-Study cou rse prepares
yo u fo r t he " FCC CommerCial Radio '
telephone t.tcense'vrms valuable license Is
you r pro fessional " ti cket " 10 thousands of
exciting job s In Com mu nica t ions, Radi o ·
TV, Microwave, Maritime, Rad ar, Avionics
and m ore .. .even s tart you r own bus illes !:!!
You don' t need a coll ege degree t o qu a lify.
bu t yo u do need an FCC Licen s e.
No Need to Quit Your J ob o r Go To School
Thi s prov en co u rse is easy. fas t a nd tow
cost! GUARAl\"TEED PASS - You ge t yo ur
FCC Licen se o r money re funded. Sen d lor
FR EE foetll now, MAIL COUPON TODAYIr---------------------- ,, COmmanD PRODUCTions ,
I FCC l iCENSE TRAINING, Dept. 90 I
I P.O. 8 0 0 2824, San Francisco , CA 94126 I
: Please .....lIh FREE dela lls ;mmoxl ialelyl :
I NAU( I
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I C1TV STATE liP IL 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 original crystal. Probably the
easiest 'Nay to do that is to have
both the crystals on the mother
board and use a switch to select
one or the other,

stamped on the top of the IC right
after the chip number. A suffix of 20
mea ns 20 0 nan o se cond s . 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 of 4.77 MHz. This means
that your mothe rboard can operate
wit h 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
'Nayof reliability.

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

There are two cloc k 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 #820 is known
as the cue 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'll 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 (of which yours is a
clone). pin HB30was a buffered ver
sion of the crys tal freq uenc y
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 14.3181 8 MHz, When
you change the crysta l 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 prob lem will come
with floppy-disk controlle rs 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 formatt ing
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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VEHICLE GENERATORS
AND REGULATORS

Radio-Electronics and it s
predecessor, Radio -Craft. have
given me much pleasure for 50
years. Robert Grossblatfs articles
have been favorites. but he fell off
the track with his commen t. ..... (ve
hicle) genera tors and the regulators
that control the current they pro
duce are a really stupid charging
system _.," (D rawing Board. Ra
dio-Electronic s . De c e mbe r
1991).

low-cost. high-curren t s ilicon
rectif iers that made the superior al
te rnator available were not de
veloped until aft er the transistor
was invented in 1947. There hap
pened to be a lot of high technology
before that. Radio. TV, computers.
and automob iles all pre-date the
benefits brought by advanced solid
state 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 wo rd " stupid"
characterizes that use.

I suspect the author was just try
ing to inte rject so me ligh tness
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
modulated by a voltage-sensing re
lay that inserted various values of
resistance in the field circuit. not the
output lead. The varying field 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 generator-charging volt
age accordingly. The volt age req
ulator case usually co ntained a
current-limiting 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 alternato r, bul
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 engine compartment .
So the same old electromechanical
voltage regulator that had been
used for 40 years was used again
wilh the new alternator!

The rest of M r. Grossblett'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 w ithout contributing 10 its
technical excellence!
GEORGE W HAILS
Arlington Heights, IL

TESlA COil IMPOSTORS
I have been tempted several

times in the past 10 wri te to various
magazines afte r the appearance of
certain articles on the const ruction
of Teelecoils . 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 "fesla'' coi ls
are essentially nothing more than
glorified step' up transformers. The
Tesla COil. however. is meant to qen
erate its high-frequency high volt
age by taking advantage of the
special properties of the resonant
(quarter wavelength ) tran smission
line <also known, somewhat eso
terically. as the Ferranti effecO. It
can be shown that the vol tage
amplitude V. at the unloaded end of
an ideal u.e.. lossless. uniform. etc)
qua rter waveleng th t ransmissio n
line driven by a source of resonant
voltage of amplitude Vs- and of tm
pedance Zs at the resonant Ire
cceocy tessumed real for notational
simplicity) is V = (Zo/Zs)Vs. where
Zo is the characteristic impedance
of the line. This is different in nurner
ous ways from the standard voltage
multiplication of a transformer. as it
should be; these are quite distinct
physical phenomena .

Although the physics of the trans
former is pretty amazing. what is
more impressive is that a wire (or.
more properly. a transmission line)
may itse lf act as a " transformer." A
great experiment that shows this is
the construc tion of a mock trans 
mission line using disc rete compo
nen t s to model ( mock) the
distribut ed parameters of a real
transmission line.

In reality. a Tesla coil impos tor is
prettyeasy to spot. It will sufferfrom
a variety of maladies, some of which
include improper magnetic coupling
(making it a transformer instead of a
propagating transmission line) and a
marked insensitivity to resonant fre
quency tuning. Generally. even the
most heinously constructed "Ie ala
coils" will generate hefty attent ion
grabbing sparks, but they are often
missing the " magic and mystery" of
the physics of the resonant line that
makes it a true Tesla coil.
MATTHEW KLEMA
Schaumburg. IL

HERE'S TO HOW·TO ARTICLES
I'm writ ing in response 10 Alex

Fun k 's lette r ( R a d i o · E l e c
tronics. April 1991> titled ..Mao
Hack Attack... It might be true that if
you add up all the compon ents re
quired for a home-built co mput er
system. the final price tag wi ll come
close to a dealer-bough t sys tem.
However. there are quite a few peo
ple in this world who cannot afford
to shell out over $ 1000 at one time,
but who can afford to do it piece by
piece. Irs a lot easier to spend $2 5
or $50 at a time than it is to spend
siooo.

And how can you put a price on
your time when you are leaming how
to build something as useful as a
computer system? How much is
your time worth when you sit and
watch television?

Please keep pub lish ing th ose
how-to articles!
JOHN CULLIVAN
Niles, OH
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The'world's smallest 12-band receiver.,

Includes digital dock,
travel alarm , headphon es,
deluxe travel pouch,
and Grund ig guide hook.
Measures approximately
3 1h~ x 5s;.- 11 }lit- and
weighs a mere 14 ounus!

The world is at your fingertips with...

The Grundig WorldBandReceiver

CALL TOLL-FREE: 1-800-36 7-4534 Ext. 623-165

Address _
r l.fAlErIlINT OL\IlLY

Name ",:;;;",,,,,,,,,,,, _
Ceedir Card #

Cily/SratdZip _

Signature __"'=;::;;:;;;;-;;;;;:::;;;:;.,-__

o I l'«fC'f .... "'P"yhl'=dnanlhi.. i11 I". by <h<d..
EA:bcd iolltYditd fix 5159' plw $1 50 wrrin#
t.."dl",~. mt.ruiS I66,SOb <..mr<a:i, .

• •....,..,................. ... l>oJ<,l ..., .

- """"-lIroll'rfonl .....-.. <Lor.

CAlL TOLL-FR EE: 1·800·367·4 534
Ext. 623 ·165

Please send me__ Grundig RK,709
World Rand Rcccivcrfs}. lo r each receiver,
charge 4 instalbucurs of 541.63' to my
credit card:

D Masm Card D VISA
DDi~cO\'er D Am. Ex.

r------------
Wiu..~ & w....1 ~~~ SJli,f=io"
4i RichJ"I , A,,<:,,"c I:lI.Iumrcd.
StllWJlk, Conn,06857

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

You won't need it- this is better, The
RK·709 wakes you with the radio or
its ingenious " H umJlle Wake System"
-the TOne begins softly and gathers
volume until vou wake up !The digital
alarm clock featu res a sleep timer that
tu rns off the rad io 10 to 60 min utes
after you turn in!

Only S159!
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
C1rrying pouch and stereo headphones.
One year warran ty, 30 day money back
guarantee. Order today.

Don't beconfused bvother 4, 5, 7, or 9
band radios. Gnmdig's RK·709 is lO.b r's
best buyon a rca1 12bandreceiver;

Announcing a revolutionary break
through in world-band radios...from
Grundig, the leader in German short
wave electronics. T his miracle of
miniatu rization is not so ld in U.S.
stores or caralogsc- only Willabcc &
Ward has it!

Tun e in to eve nts around the globe.
The RK-709 is the worlds smallest 12
band receiver-AM, FM, FM Stereo
(with headphones, included), and nil 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 lcgcndJrYBBC
newscasts-the best in the world.
Hear what Radio Moscow is saying
about Gorbachev; Yelrsin, and President
Bush. Listen to the Vo ice o f America
when vou travelabroad. Follow a crisis
or breaking sto ry whe rever you are
and no marrer where its happening:
Baghdad , Panama , Beijing orTokyo.
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Most m ultim eters are
ready to use

right out of the box
but not the Kelvin lOOK.

If we were to tell you that this
review is about an inexpensive
multimeter; you'd proba bly be in

clined to tum to the next page. A ft er
all. multimeters are as common to
day as silicon chips. and the fea
tures found on inexpen sive ones
have been around for years . So
what can we tell you about the
Kelvin lOOK digital rnultimeter that
you couldn't already guess? The an
ewer is that it's available as a kit.

The Kelvin lOOK (Kelvin Elec
tronics. 7 Fairchild Ave.. Plainview
NY 11803) comes with a PC board
and all part s that mount on it, a case
with a backstand (that's alwa ys
handy) , a pair of test leads. an
own er 's manual, an assembly man
ual. an extra fuse. and even a 9·volt
battery. all for $29.95 . The lOOKs
features include a 31h·digi t LCD;
DC ranges of 2. 20. 200. and 1000
volts: AC ranges of 200 and 500
volts: resistance ranges o f 200
ohms . 2K. 20 K. 200K. and 2
megohms: and DC current ranges
of 2 rnA. 20 rnA. 200 mAoand 10
amps. There's no proa sjon for mea
suring AC current.

The lOOKalso hosts a diode test.
a low-battery indicator. and a battery
test-a handy feature for a qeneral
purpose multimeter. In the " battery
test" mode. the meter will display
the voltage of any l .s -volt battery
under a 100·mA load or the vollage
of any 9-volt batte ry under a 6·mA
load.

It's likely that not too many expert-

CIRCLE to ON FREE INFORM ATIONCARD

enced kit builders will be interested
in building the tOOK. mainly because
they almost certainly already own a
multimeter. However, the WOK kit is
perfect for any beg inner 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 anelec 
tronics lab manual: parts are in
stalled a small group at a lim e,
alternating with precautionary cir
cuit che cks. explanations 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 irritating . 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 beginners. But this is
where the kit's one flaw emerges:
the assembly manual contains more
than just a few typograph ical errors.
A seasoned kit builder should be
able to overcome these problems
but they may be ~ry confusmq 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
troduction to the meter and a table
listing all of its specificat ions. A

schematic of the meter's circuitry
and a parts list follows. Diagrams of
all of the parts are provided to help
you quickly iden tify everything . A
parts -placement diagram is next. at
th o ug h th e PC boa r d i s
stlksc reened with all of the compo
nent designations as well. Also in
c luded are c har ts to help yo u
identify resistor values by their co lor
codes and capacito r values by their
numbering . Pinout diagrams are
provided. of the 3Y2·digit LCD , the
7106 AI D converte r. and the quad
XORgale used in the meter.There's a
brief discussion on proper soldering
techniques and the proper handling
of IC·s. A list of all tools needed to
build the meter is also given. Circuit
theory is the last thing to be covered
before the actual assembly of the
board begins.

In the first assembly procedure.
certain resistors and capaci to rs
must be soldered to the PC board,
and some might find this step con
fusing. You are instruc ted to install
C14. 10 oF, and C 16. 0.01 ...F-but
the two capacitors are actually the
same value. And the fact that the
parts list shows capacitors C14 and
C16 to be "0.0 I1F" only adds to the
confusion.

Next you haveto install the 40-pin
7106 IC so that the AID cirCUitry
can be tested out, which also reo
quires the temporary installation of
the battery clip. the LCD , and the
rotary knob . The LCD and knob re
quire a bit of sub-assembling before
attaching them to the meter. and for
some reason the sub-assembly in
structions are found much farther
on in the manual. The assembly di
agram shows the back of the rotary
knob as having six plastic tabs over
which you are to snap on six metal
contac t clips-but the knob that
came with our kit had seven tabs.
After putting the clips on the six
oute rmost tabs, the AI D sec tio n
seemed to wo rk just fine.

For the voltaqe-reference circuit.
continued on page 90
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5821 NE 14th Ave. • F1.Lauderdale, FL 33334
5% Ship/Handling (Max. $10) U.S. & Canada .
15% outside continental U.S.A.
Visa and Master Card accepted .

Don't Waif .
This Offer Can't Last!

Reg. Price, $ 259

• Full range -10Hz to 3G Hz.
• LCD display (daylight visibility).
• True stal e-of-the-art technology with the

high speed ASIC.
• NiCads & Charger included.
• Ultra-high sensitivi ty. • 4 gate times.
• Extruded meta l cas e. • 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 l evel Indicator $100.

TCXO 30: Precision ±O.2ppm 20 to 4QoC temp.
compensated time base $100.

Universal .-~~-c:=
Hanoi

counter»
Model 3000 .

$375. and
Bench Model
8030, $579.

Both otter
frequency.

period, ratio
and time
interval.

R • '!!~"!!I "J !! ~1IIl.11"'"
C. .",..e • "'••,"'....., ~

Call for free cataloq - Factory Direct Order Line:

1-800-327-5912
FL (305)771-2050 • FAX (305)771-2052
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WHY CHOOSE CIE FOR YOUR mAJNINGl'
• 150.000 successfu l g raduates from every co un try <lround the w orld.

• O n ly ClE rew ard s you for fast st udy. CIE offers <In Assoc iate Degree
p rogr<lm b ased on act ua l stu dy time u sed . Th e fa ster you complete you r
degree t h e less your overa ll tu ition.

• State-of-t be-art laborato ry equipment Is you rs to keep an d it comes
assemb led, ready fo r han d s-on expe riments.

• Approved for ecucaucnat b en efi ts under t he G,I. Bill for ve te ran s an d other
eligib le pe rso ns ,

• Upon g radua tion, elE offe rs fr ee prep arati on t o pass th e Certified
Electronics Technici<ln Exams.

If you want to learn about etect rc n
res. and cam a good income w ith th at
knowledge then CIE is you r best
educational va lue.

ClE's reputat ion as the world
leader in hom e study electro nics is
b ased solely on t he su ccess of our
graduates. And w e've earned th at
reputenon with an unc onditiona l
commitmen t t o provide ou r st udents
w ilh the very best electronics
training,

Ju st ask
any o f th e
I S0.000-p lu s
qrad uates of
the Cteve tand
In st it ute of
Elect ronics
w ho are
working in
high ,p oilying
p ositions w i th
ae rospace.
comp uter.
mecncar,
au tomotive
an d ccmmurn
cation fi rm s
throughout t he
world ,

Th ey'll te ll you success d idn't
come easy ... bu t. it did Come .... th ank s
to CIE. And today, a career in elec
tronics o ffers more opportun ities oiln d
greater rewards than ever be fo re ,

ClE's COMMIlTED TO BEING
THE BEST... .IN ONE
AREA... .ELECTRONICS.
CIE isn't anot h er be-everytntnq-tc
everybody school, We teach only one
subject and w e believe we're th e be st
at w net we do. Also. ClE is acc rccncc
by t he Nation al Home Study Council ,
And with m ore than oil 1,000 qradu-

~ e tes each yea r, w e're th e loil rgest
home study school sp eci oil l izin g
exc lusively in electronics . ClE h as
been tril ining career-minded studen ts
li ke you rsel f fo r n early 60 yea rs and
w e're t he best at our SUbj ect .....
ELECTRONICS .. . BECAUSE IT S THE
ON LY SUBJECT WE TEACH!

CIE PROVIDES YOU WITH A
LEARNING METHOD SO
GOOD. ITS PATENTED.
ClE's Auto-programmed lessons are a
p roven leoilrning me thod for bu ildin g
varuaorc electron ics ca ree r skills. Each
lesson is designed to take you step-by
st ep and prtrmpre-by-p nnciple. And
w h ile a ll CIE lessons are desig n ed fo r
ind ependent study, ClE's instr uc t ors
are persona lly ava ilable to assist you

w it h just a 1011
fr ee call . The
result is pract ica l
training .•. the
kind o f expert
ence you can put
to work in tod ay's
ma rke tplace.

LEARN BY
DOING...WITH
STATE-QF·
THE-ART
FACILITIES
AND
EQUIPMENT.
In 19 69, CIE

pioneered Ihe first Elect ro n ics labora
to ry cou rse and in 1984, th e first
Mir coprocessor Laboratory cou rse.
Today. n o other h om e study school
can match CIE's state-of-t he-art equip
me nt and tra in ing, An d all you r
laborat ory equ ip ment. b ook s. and
lessons a re included In you r tuition.
Irs all yours to u se while you study at
h ome and for on -th e -job after
graduation .

PERSONAUZED
TRAINING .... TO MATCH YOUR
BACKGROUND.
While some o f ou r st udents h ave oil
work ing knowledge o f electronics
others are j ust sta rting out . That's
w hy we've de ve loped rwcrve career
courses and an A.A .S. Degree p rogram
to choose from, So, eve n i f your not
sure which electronics career is b est
fo r you, ClE can get you started with

core lessons applica ble to all areas o f
electronics. And every CIE course you
take earns you credit to w ards comple
t ion of your Associate in Applied
Scien ce Degree, So you can work
to w ard your degree in sta ges or as
fast as y ou wish . In tact, CIE is th e
only school t hat act ua lly reward s you
for fa st study, w h ich can save you
thousan ds ot dollars,

SEND TODAY FOR YOUR ClE CO URSE
CATALOG AND W E'LL SEN D YOU A
FREE 24 PAGE CIE ELECTRONI CS
SYMBOL HANDBOOKI

FINANCIAL AID AVAILABLE TO
QU ALIFIED INDIVIDUALS.

•••••••••••••••
I 0 YES! I want to get started, I
I Sen d me my ere SChoo l catalog rnc tud - I
I ing deta il s about t he Associa te Degree I
I Program. IFor your convenience, ere I
I will h ave a representative contact you - •

t here is no oblig<ltion ., A E32• •I Name: •

I Addres~ - •• •• City: State: I• •I lip: Age: I ~

I phone NO_I __ 1 Ii
I C/1e<k bo x for G.I_ Bulletin Ilenefll~ • -
I 0 Vete ran 0 Active Duty I ~

i 11II:1E!I3 /0" U
CLEVELAND '\ ~) 'lI

• INSTITUTE OF ~< • o~
•

"Q~.~
ELECTRONICS I ~.

•
1776 East 17th Street A ocllo<> 01 ,toou"""', • •
Cieveland,Ohio44 t14 " " ..,cr""",

• (216) 781. 9400 Since I ~H , •

•••••••••••••••21



NEW PRODUCTS .
Use the Free Information Card for more details on these products.
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S I 695.-Leader l nstru 
ment s Corporation , 38 0
Ose- Avenue. Hauppauge.
NY 11788 : Ph on e :
1-800 -64 5-5104 (in NY.
516-23 1·69000).

\ c. .

•.I> I>

~ 1? : ~ 9 ~ ~'
? : ;? ; f) : ':'"
~ * D- < c .i:i. . .
F>~ I?-~
!i -+- 5 -:- ,. -i!l
, -c- llI' "' ~ ,,<. - . .

SCHEM ATI C DRAW ING
SOFTWARE. Developed to
help en gin eers. te chn t
cians. and hob byists de
sign and draw elec tronic
c i rc ui t s on -sc ree n.
AutoSkem CAD Version
1.4 produces a high-Quality
printout. el im inating the
rough hand-drawn sketch.

cord, interface cables, lest
probes. user and service
manuals . and othe r ac
cessor ies. The ca rryi ng
handle and bumpers can
be removed for rack in·
stallation.

The HP 3440 l A digital
multtmeter has a U.S. list
price of $995.- Hewlelt
Packard Company, Love
land Instru ment Divi sion,
P.O. Box 30 1, Loveland,
CO 80539 : Ph on e :
1·800·538·8787.

maximum testing results,
storage of 512 readings,
au to matic -reading ho ld .
auto-ranging. display up·
dati ng, and almost In
stantaneous cont inui ty
readings.

The easy-to -use front
panel was designed in re
sponse to extensive user
testing. and a menu feature
allow s the user to easily
modify sec ondary fun c
tions. An optional strap-on
pouch can carry the power

DIGITAL MULTIMETER. The
lates t edition to Hewlett 
Packard's lineof digital rnul
t imeters is capable of mea 
suring up to 1000 volts with
6 '12 digits of resolution and
1000 readings pe r seco nd.
By provid ing the capacity
to go through SO-range!
funct ion changes per sec
ond. the HP 3440lA has
ten time s the th roughput of
other digital muhimeters in
its clas s. The instrument ot
fers bas ic 24-hour DC ac
curacy of 0.0015 percen t.
and the best AC accuracy
and widest AC bandwidth
in it s class. according to
Hewlett-Packard.

De signed for sys tem
and be nch app lications. the
HP34401A can be mcorpo
rated into existi ng systems
wi th no changes in soft
ware, and includes such
system DMM features as
dB. null. diode lest. and
co nti nuity. Hp·IB and
RS·232C interfaces are
standard. In addition, it pro
vides limit test, minimuml
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CABLEITV SIGNAL LEVEL
METER. Designed for mee
suring performance levels
durin g s y s t em c o n 
strucnon. installation, and
maintenance, Leader ln
strume nts' M odel 95 1
CATV Signal-level meter
can be used by the broad
cast·TV. FM . MATV. and
CATV industries. It has an
auto-scanning feature that
se lec ts 32 channels en
countered and di sp lay s
measurement resul ts that
are auto-renqed and auto
scaled for storage to (or reo
call from) four group s of
eight chennel- barqraph

data registe rs. Users can
also select and store four
memory-scans of pictu re
and/ or sound carriers, and
measured res ults. Single '
or multi-channel disp lays
can be selected . using dig
ital readouts and analog
bargraph indications on a
large. backlit. supertwrsted

CIRCLE 17 O N FREE
INFO RMATIO N CARD

LCD readout. The Model
951 provides co nti nuous
frequency coverag e from
48 to 870 MHz. It features
EEPROM look-up table s
for picture and sound car
riers in bro adc ast V HF.
UHF, and CATV standards
of 16 countries . The bat
tery-pcwered (8 "D't-size
ce ll s) un i t m e as u re s
8.4 x 4.75 x 7.9 inches and
weigh s just 10.5 pounds.
An optional RS-232 inter
face all ow s data to be
downloaded to a printer or
computer.

The Model 951 Cablel
TV stqnal-lecelmeter cos ts

Oraw in gs c an be co n
structed using lines, text,
and symbols. A software li
brary of more than 50 pre
defined elec t ron ic sym
bcls. Jcqtc gates. op-amps.
transistors. diodes, coils.
etc " is included. Users can
create their O'Nn symbols
and organize them into an
unlimited number of librar
ies of up to 100 symbols
each. Text can be rotated
and scaled to five sizes be
fore being placed in a draw
ing. Version 1.4 features
improved qrephtc s and
drawing features for EGA
and VGA systems: " rub
ber-banding" for drawing
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SPECIAL BUY
V-212 · 20MHz Scope $425

Hltochi Portable Scopes
DC II) 50MHz. 2· Ch onnel, DC oNsel lunc-

!I()tl, Allemale magnifier funcllon

V-525 • CRT Readout. Curso r Meas. 5995
V-523 • Delayed Sweep $975
V·522 - Basic Model $875
V·422 - 40MHz $775
V·223 - 20MHz delayed $waep__ $695
V·222 • 20MHz delux e $625

Hitachi RSO Serie s
(Portable Rea l_l ime OOg il . 1Storag e Oaoillo:ICopesl
VC-6023 • 20MHZ, 20M51s $1.695
VC·6024 • SOMHz. 20MS" $1,995
VC·6025 · SOM Hz, 20M515 $2 .195
VC-6045 · 10QMHz, 40M51S 52.995
VC·614 5· 100MHz, 100MSIs __ 54,495

RSO's l rom H,tac!l, lealul e <0/1 mooe. ave'eg,"ll. &a>'e
memOfY. smoothing. ,nlefllOlal,on, pretnggenng, ClJfSO'
meas u'e ments. These K Opes enaCle mo", accu rate ,
si~,e' obse"'a,ion 01 campi" waveform s. in ..cenon to
wen llJrICl>OnS as hardcopy via a ploller iOlell""" and
..m elerm trans!e' via lne RS·232C interlace, Enjov the
ro mlM 01ana log a nd t he power10d'gi!a!.

FLUKE
MULTIMETERS
AUModel, Availab le
Fluke 70-1! $65
Fluke 77·U _ $145
Fluke 79·11 $169
FlUke 87_ _ ' $289
Call 10 1 scecrcrceee

MUll lme lel with
cccccneeee a
Transistor Tester

$55 eM·15008
Roads Vo~s, Ohm,

Cunonl, Capatiiors,
Transislo~ and

Diodes Iwith ease

V·660 - 60MHz, Dual Trace $1,149
V,665A , 60M Hz, Dr. wlcutsor __ $1,345
V·l060 · 100MHz, Dual Trace__ $1,395
V· l065A . 100MHz, DT, w/curscr _ $1,649
V· l085 - 100MHz, OT, wzcurscr _ _ $1,995
V-tl00A - 100MHz, Quad Trace __ 52,195
V-1150 - 150MHz, Ouad Trace _ _ $2,695

HITACHI COM PACTSERIESSCOPES
Trws N nes~s IIIII.I'V ...... lunc:bOn$ wd'l as CRT
RlIIl<lOt1t. Cursor rnMSU",ments(y· loa5!1065A1U5Aj. Fre·
QUency Clf. (V.loa5l, S...." OlOll.. 1\l.1Cf8l>9'ng. o.l.Iyo<!
_ 0 and Tnpper Loel< USII'1g a &-tI'Idl CRT.You """" N :
1... CO"'P&C!"'9$S in terms gt pellOmll nc- _ ClP'I,al>Qn.

I' . :·1~ , ' ri~,

Big l ' O ispla~

S125
Uo, ,,, rn:

Coils luH-2OOH
Caps -' pl·200uf

Ros ,01·2OM

Dlg ilallCR Mei er
-'-~ l C·1 801
llIIl] I

Dig ita l Capacitanc e Meier

(t:!!!I!' ~ eM·1550B

1~
' 1;1 $58.95
1 '1 9 Raf\9os

,l pl·2O,OOOu ld

I .5% basic , tcy,
I ZlfOcontrol "'I Case
____ Bog l ' !Jis;lla,

B +K
TEST EQUIPMENT
AllModels Available

Call far specia l price
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True RMS4 112
_ Digit Multlmeler

M·7000

$135
.05%DCA,aHaey

. 1 " Ros"l~

.~h fr . q. ee..!llot

and D. lu. o Cu.

AM{FM Transistor
Radio Kit

with Training Course

Model AM.'FM108

$26.95
u t raO$isl~ • S [liodoos

loIa'os a grOllschod pt~

XK·500 DI9itai i Anatog Trainer
Acomplete mlnl·lab 101 buildIng, tu ll ng, plOIOlyplng analog and dlgil ll circuits
ElIonco', lligita I Analog TIi Onel Is sp&<::iaDy llesigllold tgrWIOOl projec1S, willi5 buill inPOW"
sLJPllli01, tnclI.odes , tuncIIoo ;en Ellator ",iltl CQ/11~, . arlabIa, lint, ulangular, sqUilt "'a' "
'orlllll. All powt r suppli8s ilt '9\jw llld and jlrOlec:llIdagml shant ,
po.... rSuppU..
• Varlabl.. Pow.., Supply
• . 1.25 to 2OVce @ .SAmp

(. 1.2S Io ' 5~DC @1 Amp)
• · 1,25 10 ·20VDC@ .5 Amp

(-1,25 to · l SVDC@ I Amp)
• .1 2VDC @ 1 Amp
• ·12VDC ill Amp
• . SVDC il l Amp
• 30VAC C..ntor ,apped @ 1 5~AC

@ I Amp
Anllog . S.cHon
• FUncl'OI"Ia.,n.,..lo< Sino, Triallgular,

Squ'" wa•., fOtml
• Fr. "". ney o",,,,,abl.,1n ro. .. 'MIg",

trom I to ' OOKHz
• Fill4l k0l;JJoney "'eli""
• .t.mpIaudo . ",u . 1
• OC oUltl1
.l,IoduIation f l,l ·Ml
DlgUal . Stc llon
• E'\l~t <!all.s-..ldles
• Two no bcun ulogo: . ""'ches
• Eig~ LED r..,lendS Tn. bu ~"'1td
• Clock IrlOqJ "" CY 110 , OOKHz
• Clod>. ampi,tU<lo 5VPP sqoJar.. wa' "
B,..dboardl
• 2 bt.ll<lbcarllS, oach wn1ain :

840 I;. points"olal \,ESO)

• • ....-:. I ·

Prov"'.. sin.., uiMlgl. , $QUi'''
",a, ,, f,g", 1Hz 10 IMliz

AM or FMt;ljlabi" l~

Wide Bond Signal
Generators

Triple Power Supply XP-620
Assembled $69

Kit $45
2 10 1 5~@l I A.

·2 10-15V@l IA
(or~ 10 30V@I ' A)

and5V@l 3A
AliI"" <l&silt<! to,,"," lordoOng o'lN"itn""l a,

FU M ", short grcuil ptCle<:lion, all~s

50·9000 $129
RF Froq lCOK-450MHzAlol lolodula ·

tion of 1KHz ~ariab la RF OUlp'"
SG-9S00wl DlgflaJ Oll pla, &
150MHz bulll ·ln CDunt • • S249

Quad Pow er Supply XP-580

$59.95
2·20V@ 2A

12V@ IA
5V@]A

.SV@.5A

l earn to Build and Program
Co mpute rs with this Kit

Indod..: All Parts, Asso"'bl~ ltIdLesson Uanual
Model

MM·BOOO

$129.00

~fl-om""a1Ctl)'Oll~.oomplo",)'S"", 0..0
!I4=.t,br;""' '''..... II>achaa )'Oll '" _ .. "'''' 1\0.",.
ROM> _ f\jfl a 808S mow, " or , ""' ich ....s
omlarmactl.... I__UIBM"''";'...,rr;

GF-8016 Function Ge nerotor
with Freq. ceumer

$249

jt::::::~f Sone,Squa'a, Triangl.PuIH. R, mp, .210 2MHz
F,oqCoum.., .1 • I~MHz
IntlExloperRl",n

GF-80 15 wl lh out neo.MeIer $ t 79
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straight or diagonal lines:
the ability to save the drew
ing configu ration file with
ancurrent program drawing
configurat ions: improved
mouse support: and inter
nal high-resolut ion printer
drivers for 9· and 24·pin dot
matr ix and HP LaserJet
printers. and HP Pen Plot
ters . Parallel as well as se
rial inte rfaces are sup 
ported . The program reo
quires an IBM PC. Xl Al
PS/2. or compatible com
puter running DOS 2.1 or
higher: 384K RAM : and
CGA. EGA. VGA. or Her
cules graphics.

AuroSkem CAD Version
1.4 cos ts $ 49 .- BSOFT
Soltware. Inc.. 444 Colton
Ro ad . Columbu s . OH
432 07 : Ph on e :
1-800-728-3805.

CA RTOON -A-OAY PR O
GRAM. A PC·calendar pro-

CIRCLE 19 ON FREE
INf O RMATION CARD

gram with a twist. the
Cartoon-A-Day Calendar
Plus from Individual Soft
ware offers DOS and Win
dows users a daily dose of
whim sical humor in the
form of the farcical drawing
of national ly synd icated
" Inside Out " cartoon ist
Kevin Pope . The daily car
loon can be added to per
sonal calendars. pr inted
correspondence. daily to 
do lists. or schedules. The
program di splays <and

prin ts) personal schedule
info rmat ion by the day.
week. month. 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 fists. Both
versions feature digital and
analog clocks; the Win ·
dows version also features
ti m e - sa ving " Quic k
Memo" and "QUick Fax"
funct iOns that generate a
memo or fax cover sheet
that incorporates the daily
computer right from their
computer. The DOS ver
sion runs on any IBM·com·
pauble PC with DOS 3.3 or
higher and 512K of memo
ry. The Windows version
requires Windows 3.0 sott 
ware.

The Cartoon ·A-Day Cal
endar Plus program (fo r
DOS or Windows) costs
S29 .95 .- lndividual Soll -

ware , 5870 Stoneridge
Drive, # 1. Pteasonton. CA
94 5 8 8 ; Ph o n e :
1-800-822-3522_

ROBOTICPROBE. Aimed at
the elect ronic service in
dustry. where low-volume
boards. vary ing device
technologies. and a wide
range of repair problems
exist. the Prober RP388 is
a compu te r-co nt roll ed .
electro-mechanical probe
thai automates the testing
process for component s of
various sizes and packag
ing . i nc luding su rface -
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Shortwave listening
Guidebook

On!y S16.95plus Lrr:
53_00 ' . 'pping H igg!..e_xI
(CA residents n.,...... ~

please include 71Zll ~Ii_Ro.i
sales fax). s..,l~ 1~L. 5.m Diogo.c.... 9ZIZ1

by Harry Helms
The world is lalking on shortwave radio.
and here's Ihe book that tells you how to
listen in! In direct, nontechnical tanguage.
Harry explains how 10 ge l the most from
your shortwave radio. li s 320 heavily
illustrated pages are tilled with pract ical
advice on:

antennas
wh en and where 10 tune
selecting Ihe ri g ht rad io fo r yo u
accessories
rec eptl o n lec hnlq ues

Learn how 10 hear
the BBC, Radio
Moscow. ham rad io
operators, ships at
sea, even Air Force
One! Indudes
hundreds of
frequencies for
stanons around lhe

~~~~~~ wo rld and the times
~ you can hear them .

NTSC Generator w it h RGB
• NTSCcolor bar pattern
• I Vp·p or variable composite video outpul
• RGB outputs on BNC or g.pin D-Iype

submini ature connector
• Compos ite sync. vertical syI'lc.and

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

NT5C Signal Genera tor
• NTSCcolor bars. with or wilhou t IWQ
• Unear staircase with high or low chroma
• Mu ltlburst
• EKternat video. external auec
• Interlaced scan
Model 1251 $1,195

PortablalC Color Patte rn Ge nera lor
• Ballery operal&d, compact portable unit
• 13 pallern! including gal&d rainbow
• CH 31CH 4 outpul crystal control led
• Composite video output to 1Vp-p
• Progre" ive scan
Model1211C $229

Deluxe NTSC Vide o Signal Generator
• High accuracy NTSC COlor bars
• TCXO master oscillator
• RGe. Gen Lock. Circle. and Black Burst
• Multibursl to 8M Hz. 100'10b/5Q%level
• Interlaced or progressive scan
Model 1260 $1.99S

Start 'NOl'king $fTlarttlf ! Fordetails on the complete line of a.K PRECISION
video generators or lor immediate delivery,con tact your local d'strlbutor or:

dt" BK ......~,...~. . Domestic and Inttlfn abonal Sales
,.. rr1.5~. 6470 W. Cort land SI. , Chicago. IL 6063S

~ 1lUl\!:!£ 1frIITUlNAn:JllUl,L CORP. 312-889-1448 • FAX: 3t2-794.974O

Fot lnlOfmation only
c:lrcle n on lree Intormallon eard.



mount devices. According
to Huntron Ins truments .
the robotic probe can set
up and test any kind of
component on a printed
ci rcui t boa rd faste r than
using a conventional "bed
or-nails" test system.

The Prober RP388 .
which requires the 51000S
troubleshooting system for
operation . cons is ts of a
precision electro-mechan
ical probe and a software
cont rolled video-imaging
system. The probe can be
driven to the test point with
approximately ::t4-mils ac
curacy. and the imaging
system shows a detailed.
real -t ime image of th e
board on the PC monitor.
Establishing a test routine
and troubleshoot ing is a
three- step process using
the co mbina tion of th e
5 1000S and the Prober
RP388: Teach the Prober

the l es t-point locati ons;
learn and store signatures
of good components; and
find faulty components by
automatically comparing
their Signatures to the sig
natures stored on the PC
hard drive. On average. a
PCB w it h 39 s ur fac e'
mount device s 0 4 to 20
pins per component> can
be tested in less than 10
minutes.

The Prober RP388 costs
$23.000; the 51OO0 S sys
tem required to operate it
st art s at $ I O.OOO.- Hunt
ron Instrum ents Inc.. 15720
M il l C ree k Blvd .. M ill
Creek, WA 980 12; Phone:
800 ·4 2 6 -2 965 or
206 ·743 -3 17 1: Fa x :
206·743·' 360.

DIGITA L VOICE CHIP SET.
Ele c t e c h El e c t ro ni c s'
VCS-1870 allows circui t
designers to easily add dig-
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rttzed voice to their de
signs. The set consists of
the 40 ·pin DIP VP- IB70
voice-processing chip and
the 21·p in SF·700 filter
module board. The chip
features CVSD encoding
at variable sampling rates
for natural-soundinq voice
digitization. Its 8-bit bi-di
rectional interfaces is com
patibl e with most micro
processors.Digitized voice
data is stored in external
RAM or ROM. The SF-700
is an ac tive ban d-pass
(300-Hz to 304·kHz) filter
module with pre-amp for

microphone or line input
signals. Specially designed
to work with the VP- ,870. it
provides good voice quality
and high reliab ility w it h
greatly reduced compo
nents count, board space.
and power consumption.
Operanc n requires a single
3- to 6-\IOlt DC power sup-
ply.

The VCS, ' B70 digi tal
voice chip set cos ts $16 in
quantities of 1000 .- Elec
tech Electronics. 1262 East
Katella Avenue. Anaheim,
CA 92805 ; P h o n e :
714· 38 5 -1 7 07 : Fa x :
714·385·'708.

DIGITAL MULTI METERS. An
enhanced line of Jaw-cost,
poc ket -sized digital multi
meters from Beckman ln
dustrial include features
ordinarily found only in
more expensive units. For
instance. Models OM5XL.

To h<i'11' \Ull g.... '~' "''ll on ,'our .,1lX.Ulon. Pcopl....
renege 1\,), rt'lh x .'(I t,,, t,o n '.11, ... ,1Ild ufi.·", 10.....
," onlhly P.l\ 'II,,·nl p l.ln, with nll (ill.IO[(' f,....., So
<.lun ·1 dot..\,. c..II m ",,,to· j", mOIl' i" tmmd lion
I,xb\'!

For COLOR CATALOG M.lil Coupon 01:

Call TOil FREE 1-80()-765·7247

I'l<w~ _""" O'Il1".f'd IU [.....,..l,o. """""R..-"
~od\ 'w~ I..J,,"'" (1b l ......"'" ".._ .. >Ilc.o//

0.., 1>fOt:'~m. ~ .Kol'd,!.od b,,' !til" A( cl<"d'l1nK
Com mi' ,""" oI t ~~hor..l , ........ Sl<.d~ C_,I

i X - - - - - - - - - - •• • • • -

1 nS! I ..ould l i~ 1" 10 ~_ ".,rl" . boul )ovr
, I r. i nin~ prOV....... Soond • U U",& 10:,
I N d mt' _

I Add r....' _,I Ci t) _

I 51. ' 1" lip _:" "-. ---,-- --

:~E~~o\~S9~~~
I 2J 3 Au dl"m) Drin · • P.O . 80\ 42 17&8
I ki....Ietmee, Fl 34742-17&8
, ,",:",,:,~II~.~ ~~• • ~~2.9~ _

Pt:o plt....CoIll'w' 'm'odlX· tr~ 'n ' lIlt ill "" l()

nul ,· ,our k>"m,"It {'~~ nu· mor.. c;ornple{e-:

• Act..k>r~'...d Ll"dm'lIg Sr-lt'fTl-" ",it..""j'CoII1.,.
pr 'otudy .,..., tlul .....11" ,-00 (('"rn i.a......
.uwI ..~ r tIYn blot",,".

• Vic..", TuTot lrd' II' ''It Tdl...... - It'.... you d
,"-rm.I"''''1. v;...",.l n,<:om 01 illhll rn.l ti, .. l..ctun"l
~nd ["_~up dl"moro..,rd tion'l .

• h~·rit·nt;.. ld n.. _ prol~"iondlly d~;ltned

'·~p'-... imt'l1" th.,t Io\i,'" you h.arxf....tln " bmc;h"
'·~I",,,,·nt;.. ·

• Ino.lu'>1'Y Ct't'I,f,[••!ion Tldilllllg Guid, ' - prm iO<.>d
w, th fuu' of OUI prow.,m". 1''''p." ,''1 yo u for
,·..,m;II.,Iton , you " " ' YI.,l t: fm YUll'prol........ion ..1
lit-.·II"· u r r emficauon.

h diisivr h1,.,
Th.II ErVunc(' Your Tr.inins

Choow from Five Proc, . ms 015'00'"

Ol"pending on ~ program you ....."''<1. you 'lI
po.orlEoct your ilh ...."It m i'>.......MIU'd l"QUIpmo'nl.
itlCludt'd in t pric:(' oI tu i'ion:

• IBM-Compd" h11" """',\o n.ll Coml""' ....
• Oi git.J1 Mullirm.....r

• D igit.J1 LOllic PnXll'

• EI,'fICo o..cillmcol" ·

• Po rtable C,·lIul.., T,·I,·phont:-
,·,.......,u ........~ ,.~ ........ ~

Train at HOME to bl]~a~n~TI~~
E~EL1r[)n~LS TELhn.L~i3n ~

~ !hl' dl·m.1!1d fur [ompul•.,., dnd mi( nlJ'ff)n .....
ill bu' ill.·...., mdllui,l[lurin lo\ dod [ommUlli[ .u;ur ...
colltillu~ to grow. w dot-'ltht> 1It......1fo' q u.,I,f,, '(1
tedlllici an ~. 1t'~ not UnU~Udr fo, {'~IJl''',''''n, t

t('(;hlli c i all ~ 10 ['drn Irom S30.000 to mor, · Ih.1II
S40 ,000 a Yl·.n. · Now th,ough P''l)I,I.... Co llo·g,·
01 IlId"[1<'M"1I1 5tud i,·~ ~'Oll (:.m I,.,in fn' th i,
..., cilillg neld without iolt'''o l'lill g YU lI' job ur
hom ,· iii,'.

• E k-ctron~ & Min oproc.....,.". T('( h""IOllV.'nd.....tnal Ek-ct,oniB & M'cr opr<><; ..........
Tl"ChIlOIOllY

• Commun ic:"loom. Ek-ctron iB .....,th M ' [ r<)

proc.....,.". Tl"Chnology

• Computl"l" St-n<ic:ing & Elec1ronin Tl"( hoolottv

• Spec~ri lt'd A,,'IO(~Il" Degree- 'n Eko<lronic:..
Tl"Ch1lO1ogy
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DM tOXL and DM 10XL
each offer t o-amp current
fusing to pro tect both the
user and the meter. safety
test leads w ith shrouded
input plugs and text points.
a warning beeper when the
test leads are placed in the
wrong input jacks. large
LCD numeral s. and in 
cre ased battery life . All
three meters measure DC
volteqe to 1000 volts. AC
voltage (to 500 volts for the
DM5XL and to 750 volts
for the other two). rests-

lance. and diode lest. and
have a continuity beeper.
ModelDM TOXL adds a fea·
ture call ed the " Safe l y
Tester." which detects and
di splays commonly e n
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
vo l ta ge level s . M odel
DMJ5XL also adds a loqtc
measurement function that
indicates the presence and
polarity of TIL pulses up to
20 MHz.
M odels DM5XL. DMTOXL.
and DM15XL digital multi
meters c os t $ 34 .95 .
$ 44 .95 . and $59.95. re
spec tively.-Beckman In
dustrial Corporatio n. 3883
Ruffin Road. San Diego.
CA 92 123·1898: Phone:
619·495-3218.

SEMIANALYlER SIGNAL
TRACER . The EDS ·59C
Semianalyzer fJ fmm Elec
tronic Design Specialists
allows the techn ician to
trace audio. video. digital,
or FG signals to the prob
lem area . wh ile simulta 
neously mo nitoring DC
voltages along the way on
i t s 3 ~-dig it volt mete r.
Once the technician 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. Dil
ferent to nes bee p to

IillillilllllliFS~
~
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indicate various problems.
The Semianafyzer 1/ also
checks Zener diodes for
the ir prope r voltages. as
well as neons . LED·s. and
capacitors fo r leakage .
noise. and voltage break
down up to 175 volts DC
using a bui lt-in "Hi-Pot "
tester. For repairing remote
controls . an opt io nal in
frared de tector probe is
av a ilab le . T h e
Semianalyzer IIcomes with
a three-year limited warren
ty and a 50-day mon ey
back trial period . It is also
available in kit form. without
the 6Q.day trial period .

The Semianalyzer /I
cos ts $399 fu ll y as
sembled. and $299 in kit
form. with cabmet .c-Hee
tron ic Design Specialists.
Inc•. 275 Rock Island Road.
N o r t h Lau de rd al e . FL
33068: Pho ne o r Fax:
305 -720·4497 . R·E
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GOL D C ONDITION ER
& PRE S ERVATIV E

Solid Gold Pro'edion
lor Audior Video &
Computer Equipmenr
• Protects Gold Surfaces

& Base Metals!

• Improves Condu~tivity!

• Reduces Intermittent
COM ection failures!

• Forml Protective
Coatinll:!

• Reduces Wear &
Abrasion!

• Reduces Ar~ inll: & Rm

--
16 744 West BetnardoDr.
R¥Jcho Bernardo. CA
92127·1904
16 191 451· 1799
fAX; 16191451·2199
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An ETCHED
circ u it board

{rom a
Prin ted PAGE

in j ust 3 Hours

The fR-4 PHOTO ETCW '" KIT gives yOYthe toots . materials and chemicals
to make your ow n CIrcuit boa rd s 'rom lhe artwork printed in magaz ines like
Ihis OOll. You can also do origina l I X ert using e e enclosed patterns. tapes
and dr alhng fil m. Or try the DIR ECT ETCH'''' system ratsc includedl to make
single c ircuit boa rdSw,' houlllrtwork.
'l'0011need a rellector photollood and a UV light source (o r sunlighll. Why
sea.ch?Gel an ER· 19 bu lb $8t w,th yOYr ER-4. Bulbs use an ordinary 120V
socket. The ER-4 and ER- I O are stocl<.ed by eIeclTon ic parts cllstributors or
~dlrecl. Add 1.4SOlorshlPOlOQ N V and CA res:idents mustildd salestax.
ER-4 PHOTO ETCH SE T .••••••••••••••• . . .. . . . . . . . . . . •• • • • S38 .OO
ER-19lIG HTBUlB SET _ _ 16.45

DATAKCorporation . S5Freeport Blvd.• Sparks.NV 89431
CIRCLE 117 Otl FREE INFQRWAT1()N CAR D



NEW LIT
Use The Free Information Card for fast response.

spec ial function meters.
c la mp -on testers , and
other specialized testers
for electrica l. elect ron ic.
and environmental applica
tions . In addition to that
equip ment. the catalog
covers spec ial-function
ohmmeters , voltmeters,
and ammeters; insu lation
and temperature teste rs ;
testers for microwave and
AC current leakage; and
sound- and noise-measure
ment instruments and tele
phone -industry test sets .
Capsule descript ions of
each item, along with lists
of features. ordering infer-

continued on page 87
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The New Code-Free Technicon License Is Here!

Amateur Radio
licenseTraining "~,

I'Q Box 26348 AOO~! SS

Sanfrancisco CITY

CA 94126
Sl AT! '"

When you pass a 55 question multlple-dtcke testyou can:

*Transmit over hundreds ofmileswithhandheldtwo-waymdies.
Whypay cellularcharges fo ryourpersonaloremergency com
munlmticns.

* Enjoy all Amaleur privilegesabove30 MHz all thewayup tothe
unrhertedfrontiers of microwave andnmeleurlelevisioll!

* A«esssatellite communication-talktocsnennufs inorbit. _.
make friendsthrough afleet of omcteursate llites.

* Talktofriendsnearby andill fa raway places using fM voice
repealers.

* Useyourpersenel computer end radiomodemto talk 10other
ho rns orexchangecomputerdata and much more!

Sendfor fREE delailson how youcan pass
theAmateur Radioexam . .. fast!

_ JV!~~_~O!_~~!!!~!~~~~~~~_~~~~l~ _

708-697-2272; tree.
This 44-page. four-color

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

Plymouth Meeting, PA 19462;
PhODe: 21 5-941-2400; Fax:
215-828-5623; tree.

The 240 pages of this
catalog are filled with anas
sortment of tools , tool kits,
and test equipment that in
clude s more than 18,000
items from 850 manufac
turers. Electronics profes
sionals and hobby ists will
find items ranging from
electro-mechanical and as
sembly devices to elec
tronic, telecommunicat ion.
and field-service tool kits .
Also featured are full lines
of tools . equipment. and
accessories for compute r
maintenance and for the

fast-growing field of sur- ~r.i~;i~~~~;~~;;~~~;i1Iface -mount techno logy.
Static con tro l and c1ea n-
room items are included.
Several new items are high
lighted, including l aO-MHz
monolith ic oscilloscope
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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 ; PhOD e :
70 8-697- 2 260 ; Fax:

from electronic compo
nents to test and measure
ment equipment. from ca
bles to complete computer
systems. Other features of
the catalog include educa
t ional information and a
RAM c ross -refe rence
guide . To further ass ist
custom ers in making pur
chasing decisions . Jameco
offers 24 -hou r to ll-free
order placement and to ll
free fax and BBS service.

YOUR NATURAL RE 
SOURCE:1992 ANNUAL CAT
ALOG; from Jameco El ec·
Ironic Components and
Computer Products, 1355
Shoreway Road, Belmont,
CA 94002 : Phone:
800-831 -4 24 2 : Fax:
800-237-6948; free.

This year's catalog from
Jameco . pr inted on re 
cyc led paper, carries the
theme " Your Natura l Re
source." Inte nded as a
comple te source book for
electronics hobbyists and
computer enthusiasts, the
gO-page. full-color catalog
includes descriptions of
more than 3000 products ,

TECHNI-TOOL CATALOG 41 ;
from Iaehnl-Iaul Inc., 5 Ap·
0110 Road , P.O. Box 368,
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RADIO SHACK
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NEWl Now You ' re Talk ing!
This book will help you earn
your first Amateur Radio h
cense and get on the air. It in
cludes all the questions on the
new codeless Technic ian class
exam and the Novice wnuen
exam. The book also provides
helpful l ips on equ ipment and
antennas . Ill ust rated . Over
300 pages. lr62-2414 .. 16.95

Special-Orde r Hotline. Your
loca l Radio Shack stocxs ove r
1000 popular elect ronic com
ponents. Plu s. we can special
order over 10.000 items from
OUf main warencuse -ctcs.
sermccncuciors. tubes. erys
tals.evenSAMS· manuals .No
poslage charges or minimum
req lJiremenlS lor this service .
Come in lor details!

NEW! PC/Xl Experimenter's
Circu li Card. This premium
quality prOlotypin g board fits a
computer's Xl expa nsion bus
connector. Features durable
epoxy glass constructiOn and
plated·thrOugh holes on stan
dard 0.100· centers. Accep ls
u-see connecto r shown at
right. 3'. x 10 '1,. )( ' Iu,":
1276· 1598 ....•.. ... 29.95

(1) NEWt Right-Angie D
Sub 25 Female Connector.
Ideal lor use with PC/ XT circuit
card at left. ,0;276-1504. 2.49
(2) Box /Boa rd Combinat ion .
Molded box al1Cl 2)( 3'111 - err
cuit board. ' 270· 291 .. • 4.99
(3) 2- Slim Alligator Clip s.
' 270·340 ... Pkg . of 812.19
(4) Cordless Phone Hand set
Ant enna . ' 270· 1411 .. • 2.99

0 1

Mercur y Bu lb Switch. Just
lhe lh ing lor monon detec tors.
a la rm s. exper im ent s and
school science projec ts. Rated
2 amps aI 12VDC. Compac t T·
1'12 size envelope.
11275· 040 . . 1.29

(I ) Two-Tone Plezo Buzzer.
Extra· loud. Operates from 8 to
16VDC. ' 273·070 . .... 10.95
( 2 ) E l ec t ro mec h a n ica l
Buzzer. Loud 12VDC buzzer in
a sturdy metal case is great lor
alarms. ' 273·051 2.49

(1) Sl ackable Banan a Plugs.
Jack permits " chain" hook
ups. '274· 734, Set 01 2 /1.59
(2) Nylon Binding Pes ts .
~274·662 .. . . Set 01 2/1.59
(3) Mlcro·Cllp Jum pers. 20"
long. 11278·017 ... Pair / 3.49

Sup er- Bright Si robe Tube.
Pertec t lor photo reptacemem.
hobby project s and expeei
ments. Trigger: 4 kYo Anode:
200V min. Bulb is about 1'/2
long and has 1"{. ~ leads.
11272·1145 . . 3. 29

,

(1) High- Speed 12VDC Mo
tor. Up 10 15.200 RPM! About
2 8 long . ' 273·255 ..... 2.99

(2) low-Voltage Molar. For
science projects and solar
power demos. Requires 1'17 10
3VOC. ' 273·223 99c

(1) l ead-Free Solder. 96%
tin. 4% silver.0.032 8 size. 0.25
oz. ,11 54·025 1.99
(2) Rosin SOldering Pasl e
Flu x. 1 oz. '64·021 .... 1.79

Over 100 ao lde ring Item, and
100 1. lor elec llonlu are In
. toc k now a l Radio Shackt

11) HI·Prec lsion Thermisl or.
Resistance changes in proper
tion to temperature.
1271· 110 ... .. .. .•... . 1.99
(2) sOO-Plece Resislor Sel .
'/. ·watt , 5% tolerance. In
cludes 54 popular values.
'271·312 Se1 7.95

Car Eleclrical Syslem Tesl er.
Spot problems before you're
~1randed! Plug this analyzer
InlO yo ur ve h ic le 's li ghter
socke!. Color-coded LEOs pin
poinl problems in your battery.
alternator and regulator.
' 22·1635 5.95

Sino;, 1921 Radio Shac k has be en the place to obta in up ·to · dale eteet rente
part a at wen as quality tools . te sl equ ipment and ao; o; u ao ries at low price , .
Our near ly 7000 locallo na are rea d y to serve you -NOBODY COMPARES
~Io#rl! ""'~ _ S/Iot'1I<1'n ""'01..... _S/lac' " _ 01 T~ Co<wI""
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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 GO LEOs arranged In a circle
to display seconds or an approx
Imatlon of the current tide level
Inyour locale . TheLEDsactasa
ltgh t chaser sweeping through
the seconds of a m inute. They
can also show the relative tide
level by mov ing fr om the 12
o'clock posit ion at high (Ide to

BUILD THE

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. uu was thirteen minutes to
twelve (or 11 :471. the di splay
would look like Fig. t-c. You
cou ld read that literally as "th ir
teen before twelve."

On the hour. the clock j ust

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

T HE TEC HNOLOGY TO PR ODU C I-:

low-cost digital clocks has ex
is ted for years. Unfortunately.
the style In whic h these clocks
h ave displaye d th e time has
been mostly limited to four dig
its (representing h ou r s and
minutes). Few dtgttal clocks. If
any. have taken full advantage
of the great capabilities of to
day's microprocesso rs to p ro
vide a more novel display . . .
that Is until the HyperClock.

T he Hy p er Cl o c k h a s a
custom-programmed micro
controller that generates all the
s ignals necessary to d isplay
time In eigh t eye-catchi ng (yet
easily readable) modes. Among
its fea tu res are the ability to
s imulate a sweep second hand
with a ring of 60 LEO s: It ca n
gra ph ically displ ay th e level of
ocean tides : It ha s a "fadtng"
d isplay mode that causes the
LED's to graduallychange whe n
updated: It has a hourly chime/
alarm output: supports 50- or
GO-Hz powerll ne operation: It
has a battery backup: and an
intelligent date display that
knows the last day of each
month. Lets take a look at those
features In greater depth.

The digital display
In fou r of the Hypes-Clock's

eight modes It can display time
with a clever twist that those of
you that grew up befo re the "dig
Ital-clock revolution" Will appre
elate. You may recall that It was
fairly common for folks to speak
of how many minutes H was till
th e next hour. For exa mple. peer
pie wo uld say "it s ten be fore
five" rather than "Ita four-fifty"
Well. th e Hype rClock can actu
ally "display" the time in that
manner.

1b help explain how that is
done. take a look at Fig. t -a; it
shows the stx seven-segment
LED displays that are used to
form the clocks digital display.
Durtng the first 30 minutes of
each ho ur. the two middle digits
signify the hour and the rtght
most digits indicate minutes
past the hour {like most digital
clocks]. and the two digits on
the left are blank. Figure l -b
shows how eleven fourteen (or
literally "fourteen after eleven"
would look In this mode.



the 6 o'clock position at low
tide. Th e liming of th e tide-in
dica tor mode is se t to di splay
two complete tide cycles in
24 .5 1 hours just as it shou ld.
(For more on th is subject see the
si debar en ll tled "A Bit About
Tides.")
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co ntin ue while b lanking the
d isplay to conserve backu p-bat
tery power.

The 8749 has 2 K of EPROM.
128 bytes of RAM. 24 va pins . a
programmable 8·blt tim er. and
an In ter ru p t-cont rol structu re.
The custom-program placed In
th e processor to create Hyp er
Cloc k 's special effects exten
s ively exercises all of the chips
features : Fig. 2 con ta ins a si m
plified now cha rt for the Hyper
Clock program. The program is
s how n d ivided In to two sec 
tlons: an Interrupt routine and
a main loop.

The In ter ru pt ro u ti n e Is
ma inly respo ns ib le for tak ing
the segmen t data from the scg
merit-data buffer in the micro 
con troller and placing It on th e
d isplay-cont rol lines in a mul ti 
plexed fash ion. The in terrup t
th at Init iates th e rou tine comes
from the 8749's Internal timer.
wh ich has been progra mm ed to
execu te the in terrupt ever)' 1.83
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cycle of th e segmen t en able s ig
nal s . When a seve n- segmen t
display is enabled. the segment
data lines spend part of the time
In states cor respond ing to th e
curren t d igit to be d isp layed.
and the rest of the time In s ta tes
correspond ing to the next or
"fu tu re" d igit that will be dis
played. Each time the digit Is
enabled . the du ty cycle will favor
the future-digit data more and
more. until on ly the new digit is
displayed . a nd the process re
peats ea ch time th e di sp lay
must be updated.

The microcontroll er
At the hear t of the HyperClock

Is an Intel 8749 microcontroller.
It Is programmed to perform a
variety of functions . n amely:
di s play mult ipl exing . ti me 
keep ing. recei ving switch In
put. coord inati ng the hour and
alarm chime. and ini tia ting a
power-fail mode that permits
the time-keeping functions to

FIG.l HYPEACLOCK S TIME DISPLAY (a) Is un ique in that It not only disp lays lime
normally (b). but It can indi cate mi nutes left to the next hour (c). and blank s the minute
displays on the hour Cd).

Fading-out the dig its
The HyperClock also differs

from other clocks in how it up
dates Its dis p lay. In typ ica l
c lo c ks. t he d ispl a y di gi t s
abruptly change as time passes .
However. In four of Hyp er'Clock's
eight modes whe n a d igit must
be updated . the LED segments
represen ting its old value are dt
mmed as the segments for the
n ew va lue become brigh ter.
likewise. each LED in the ligh t
chase r fades off rather tha n
turns off. This animation Is
rather relaxing to watch .

These di spl ay effects are ac
compllshed by a mixture of mul
uplexmg a nd duty-cycle modu
lation . Th e seven-segment d is
plays are a ll common-a node
types. so each d igit has its own
anode-driver trans ist or. In typ
Ical multip lexed -d isp lay fash
Ion . the ca thodes ofco rrespond
Ing segments of each digit are
connected together and sha re a
common d rtver,

Like a ny other multiplexed
d isplay when the segmen t data
for a digit Is placed on the seg
ment data lines . the anode driv
er for that digit is activated . and
the s ev en -segme nt d isp lay
ligh ts to exhib it the appro pr ia te
digi t. All the other digits arc off
at th is time. After a short per iod
of time (1.83 ms) the segmen ts
arc tu rned off vta th e segmen t
lines and the anode driver Is de
activated . The anode d river for
the next digit Is then ac tivated.
the segment data for that digit
is placed on th e segment lines .
and the process continues u ntil
all the digits have been li t. S ince
th e hu man eye is too s low to see
the d igits tu rn on and off. It ap
pea rs as though they a rc all on
stmultaneo us ty, Mulnptextng
the dtgtts in this fashion re
duces th e n umber of pins on th e
microcontroller needed to con
trol the LED displays .

Hyp erClocks fad ing effect is
created by modulating the d uty34
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t he outp u ts lab eled OED-DE"

(pins 21- 24 an d 35 ) con trol the
anode drtvers for the dt splayvt a
d e m u ltiplex er c h ip s . which
wel l d iscuss la ter.

Th e pi ns labeled 5 1-57 (pins
27-34 ) a re u sed as function
switch inputs . T h e switch es
co n n ec te d to t h ose In p u t s
(t>ISI'LAY a omc. DIS PLAY DATE. DIS
!'LAY ALAMM . INC R EM E NT 1I0 U W

MONTIiIMO l>t: . INCIU:MENT M INtrrEl
DAY. SNOOZt:tTID t : ADVANCE. and
ALARM TOGGU: . res pectively} ac 
tivate various ch ip functions by
grou n ding those pins . A com
plete explanation of the switch 
es' functi ons wlll be presented
la ter.

Low-going pulses fro m t he
p in labeled C I IlM t; (pin 34) acti
vat e th e ch ime ci rcu it , wh ich is
com posed of di scret e compo
ncnts. The m lcrocon tro ller trig
gers the ch ime c ircu it wit h a
12.8-ms wide low-going pulse at
one-second In terva ls . When not
in a larm mode. the ch ime sig
nals the hour by ch iming an ap
propr iate number of times , a nd
s ignals each ha lf-hour by ch im
tng once .

Wh en the m lcrocontrolJer Is
In the " alarm ' mod e, the chi me
circ u it ry is used as an ala rm an
nunci ato r. In this m ode the
clock does no t chime on the
hour a nd half hour. That per
mits you to u sc the HyperClock
as an a la rm clock without the
ch imes dis turbing you until the
appointed time.

FIG. 3-THE PINS ON THE 8749 micro
cont ro ller are assigned various func
tions by the HyperClock program .

UPDATE LEO SEGMEtlT
DATABUffER

lIlPUT It;EY SWITCH ROUTIIIES
fOR PROGRAMMIIlGa.OCIt;

OPfRATION

mode. In that m od e 11 shuts off
tile dis play a nd a llows the m t
crocon troller to "t nvtstbly ' keep
track of time via a 6-MHz c rys
tal. T he m a in loop a lso p ro 
ress cs input from the d ock's
s witc hes [we'Il ta lk more abou t
tha t la ter).

For a ll tha t goes 0 11 ins ide the
ml crocon tro ller. the fu nc tions
assigned to its pins by the Hy
perClock program (sec Fig . 3 1
a re relatively eas y to under
st a n d . Le t 's ta k e t h e m o ne
~roup a t a time.

The pins labeled 1\ through G

and U P (p ins 12-19) In Fig. 3 a rc
the ou tpu ts for the di splay-seg
ment data . They Ind irectly con
trol th e ca thode dri vers for th e
mult iplexed di splay. Sim ila rly.

SlARTINTERRUPT ROUTmE
AfTER EVERY1.83m$

SEGMENTDArA
fROM BUFFER---,,,,,,,,,,,,,,,r-------,

I SEGMENT I

~NO : DATA :
RETURrl TO MAINPROGRAM I BUH1R I

L----r- -- J
,,,
L _

S£GMENT DATA
TO 8UFfER

INTERRUPT ROIJTltlE

FIG. 2-HYPERClOCK'S SOFTWARE can be broken down Into two distinct code
segments : a clock-scheduled Interrupt routine, and a main -program loop.

m s . Us ing an In terrupt -pro
gra m segme nt In th is way al
lows til e di splays fading effec t
to a ppear gradual because the
process of updati ng the d is play
occ urs a t regula r in terva ls . Th is
routine is a lso respons ible for
checking a powcrnnc-Ireq uc ncy
Inpu t on the micmcont roller to
determin e if a powerl tnc cycle
h as passed. If so. It informs th e
main loop of the program.

Th e ma in loop keeps track of
the number of cycles that pass
so It knows wh en to u pda te the
segm ent-data buffer or in it ia te
t h e al a rm o r c h i m e . If n o
powerl tnc cycles a rc detec ted.
the m ai n lo op a s su m es AC
power has been termi n a ted a nd
puts t he d ock in power-fail
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AG . 4-THE HYPERCLOCK DISPLAY is controlled by on ly 13 dala lines from the
microconlrolfer.

The LINE Input (pin 6) is used
by the Ie to accep t a 50- or 60
Hz s q u are wave. The square
wave is used for tim e keeping
and to detect AC-power failure
a s m en tioned e a r li e r. T h e
50Hz/60Hz Input (pin II, tells
the 8 749 what freq uency to ex
pect at the line input. If pi n 6 Is
low. the 874 9 assu mes the line
signal Is a t 60 Hz. but If that pi n
Is hi gh the 8 749 prepares for
50-Hz opera tion.

As Its name Im pli es . the
RE SET input (pin 4) initializes
the mtcro controller. A low at
th a t Input wHl erase all modes
and settings previously en tered.

The XI and X2 inputs tprns 2
a nd 3) n eed to be con nec ted to
the 6-MHz crys ta l. XTALI. men
ttoned previously Las t. b u t ce r-

tainly not least. a re the fi-volt
power Inputs (p ins 5 . 26. an d
40) an d the grou nd s (p ins 7 an d
20). Those Inputs of cou rse. are
self explanatory.

The display c ircuit
While the mlcroco n t roll e r

does a great de al. the Hyper
Clock req ui res some additional
Circu itry to mak e It a complete
timep Iece. For exa mple. the mi
croco n t rolle r can n o t p rovtd e
nearly en ough curren t to drive
the LED display. For that reason
add it ional a no de a nd ca th ode
drtvers were Included In th e de
s ign . Th ey are show n along with
the ot her d isplay com ponents
In Fig. 4 .

The con tro l s ignals for the
LED cathodes originate from

the A-G and ur-ptns of'the micro
con troller. The A-G s ignals arc
sen t to a ULN2003 buffer/driver
(IC7 ) wh ich co n ta ins seven
high-curren t drivers . Each ou t
put Is capable of providi ng 500
rnA of peak d rive cu rren t. S ince
the ULN2 003 co n ta ins on ly
seven of the eigh t ca thode driv
ers requ tred . a Darlington drtv
er was made out of two 2N2222
transis tors to dr tve th e ut- line.

The D ED th rough DE4 outputs
ge n e r at e d b y t he m i c r o 
con tro lle r are de coded b y two
74LS145 d ecoder/drtve r IC's
(IC5 an d IC6 !. Only one decoder
ou tpu t Is d riven low a t any tlmc.
Each 74LS1 45 ou tpu t su pplies
curren t to a 2N2907 drive tran
s is tor that so u rces cu rren t for
the anodes of a grou p of LEOs
or a display digit .

Note that there a re additional
LEDs to provide an AM/PM In-
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FIG. 5-THIS SCHEMATIC DIAGRAM FOR THE HYPERCLOCK circuit (less the disp lay
components) shows the support circui try required by the microconl roller.

dlcatlon (LED6 1). tell you if the
alarm-mode Is active ILED62J,
a nd provide a wtn kmg seco nd
disp lay (LED63 t o LED65 ).
Thais all there Is to the disp lay
circuit .

The remainder
Th e most noteworthy of the

c lock 's r emain ing c i rc u it r y
(shown in Fl~. 5) Is the ch im e
c i rc u it . Wh en th e m i c ro -

co n t ro ller ge nerates a low-go ing
pu ls e o n pi n 3 4 . It activates
g 19. That transi stor then pro
vide s s u fficien t curren t to d ri ve
Q I In to sa tu ra tion.

Wit h Q I on . Ih c nega tive s ide
of C13 Is effecuvety gro u nded.
wh ich causes it to c ha rge. When
Q I Is turned off. C I3 d ischarges
Ih ro ugh a -t70K resi stor (RI31.
T he resisto r/capac ito r com 
b tnauon has a time consta n t of

0 .4 7 s ec o nd s. The exponen
tia lly decaying s ignal produced
by the di s c harge Is bu ffered
through a unity-ga in a m plifier
lIC3 -a ) to a IN914 diode (03 ).

The ca thode o f D3 Is con
nected 10 the out pu t o f a 50%
du ty cycle 5 -k Hz s quare-wave
os c il la tor co nsisting of IC2-a .
H7. C W . a nd Q2 . Transistor Q2
s e rv es to provide a dynamic
pull-up for that oscillator since
Ihe LM393 is a n o pe n-collec to r
ty pe co m para to r. The 5-kHz 37
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All res lslors are Y..-watt, 5'Y., unless
otherwise Indi cated.

RI . R5-R8. R10-R12. R16, R17
47,000 ohms

R2, R3. R5. R14. R15. R18-R32,
R41-R57--47oo ohms

R4. R13, R58-470,000 ohms
R9-27oo ohms
R33-R4D-330 ohms, \;- wa", 5%

Capacilors
ct.C2-20 pF ceramic
C3-1ooo IIF. 16 volts. electrolyllc
C4. C5, C15, Cl6--0.1 I1F, ceramic
C6-22 11F. 16 volts. electrolytic
C7-2.2 IIF. 16 volts. electrolytic
C8, C9-0.01 IIF. ceramic
Cl 0, C14, C17-Q.003311F. ceramic
Cl 1. C12-560 pF. ceramic
Cl 3-1 IIF, 16 volts, tantalum

Semiconduct ors
ICI-LM340T·5 s-een regulator
IC2-LM393 dual-comparatOf

sq ua re wa ve pres ent a t t he
emi tter of g2 Is cla mped in a m
plitu de by the buffered expo
nential waveform from IC3-a . so
the 5-kHz signal d ecays In am
plt tude In s tep wit h the dis
charge of C13.

Th e decayi ng 5-kHz sign al Is
fed through C l4 to a second 
orde r low-pass filter tu ned to ap
proximately 5 kHz. The filter is
composed of a LM324 op-amp
(IC3-d l, cu.C12, C14. RIO. and
HI1. It removes the hi gh -fre
quen cy compone nts contained
In the decaying square wave to
smoo th It ou t. From there the
s ignal Is passed to two more op
a mps lIC3 -b and IC3 -c l t ha t
form a pu sh -pull amplifier.
which provides the ptezo trans
ducer with a to-von pea k- to
peak d rive signal.

While the outpu t sign al Is not
exactly a pure s ine wave. the au
dlble result sou nds pretty much
like a small bell. If you feci the
ch ime is too loud. you can elimi
nate half of the push-pull ampli
fier byju mpe rlngone side of the
transducer to Ihe 5-volt supply.
wh ich Is ava ilable via J U2.

The en ure ci rc u it rece ives
power from a 9-VACwall-mou n t
tra nsformer. The 9-VAC su pply
is fed to a fu ll-wave bridge rec
t tflcr and fil tered by C3 to act as
an un regu lated tz-volt DC sup-

PARTS LIST

1C3--LM324 quad-co-amp
1C4---a749 microcontroller with Hyper

CIcx:k program
IC5. 1C6-74LS145 1-01-8

eecccer.dnwr
IC7-lCLN2003 high<urrent driver
0 1. D3-1N914Adiode
D2-1N4001 diode
01 , 02, 017 . Ql 8-2N2222 NPN

transislor
0 3-016. 0 19-2N2907 PNP transistor
BAI-1-amp. 50 voIlS PIV bridge

rectifier
0 lSP1, DlSP3-Panasooic LN524RA or

similar 7-segment display (fo r the
smaller digits)

DISP2-Panasonic LN526RA or similar
7-seqment display (lor the larger digil)

LE01-lED65-1ight-emming diodes
Other compo nents
XTALl-6-MHz crystal
Tl- 9-VAC SOO-mA wall·mount

transformer
BZI-piezo transducer
S1-S7-minialu re momenlary-contac l

pushbutton switch
Bl -9-Wl t battery

ply. The 12-volt supply powers
the d ispl ay circuitry. op-amps.
t he compa ra tors. a n d an
LM340-5 ncII 5-\'01t regulator,
The regu la tor in tu rn powers
th e 5-\'011 supply line .

If AC power Is Interrupted. a
9-volt batt ery co n nected to J l
sou rces cu rrent to th e regulator
to keep the HyperClock Iu nc
tlon ing. If you plan to u nplug
the clock for any len gth of time,
the batt ery shou ld be d tsc on
nected to conserve Its life.

A BiT ABOUT TiDES

Predictingthe tides In any given locale
is nota simple job. 'ro es are enecteeby
many cyclic astronomical rcrces: the
declination in the orbits 0I1he moonand
sun relative 10 a point on the Earth, and
the local geography 01 the coastline in
the area in which you~. to namea few.
Hy'pefC1ock predICts the tidal levels from
the most predominate 01 these lorees.
the moon . The moon requires 29 .53
days to Ofbil Earth, and thai combined
with the 24-hour SOlar day causes a high
and low tide in every 12 hour and 25.5
minute interval. HypetCtock tracks the
moons primary aflect on the tide. You
can find out about the level oIlocal lides
in your area from your newspaper or
library. The inlormation can be used to
initially set the tide indication on your
HyperClock to a lowor high pOint.From
then on the graphic display will be an aid
in the determination 01 the relative level
of the tides in your locality.

Miscellan lous: T-m style hea tsink,
PC board or periorated construction
board, ba"ery clip. shorting blocks.
solder. etc.

Note: The following items are avail
able from Ski Tro nix, P.O. 9685 ,
Spokane. WA 99209:
• A pre-programmed HyperClock
8749 microcontroller with firmware
neense-cstc.oo,
• An e t c hed and d rill ed PC
board-$25.00.
• The lo ll pattern artwork suitable
' or conversion 10 film--$3.00.
• Soltware on fl oppy disk-$5.00
postpaid
• A co mp lete kitof parts inc luding
th e PC board, programmed 8749
IC, LED's , d i splays , ele ctronic
componen ts , and the wall -mount
translormer- $70.00.

A detail ed draw ing of th e HyperCloc k
wood case , will be sup plied with an
orders . Please Include $3.00 for
sh ipping and hand li ng . Wash
Ington residents must inc lude an
additiona l 7.9% sales tax,

The line Input (pi n 6) of the
mtcroconr roller ca nnot be d riv
en di rect ly from the 12-VAC wall
trans former. So the tra n s 
former signal Is cond itioned by
a Sch mttt-trtgger ctrcutt to gen.
crate a suitable sq uare wave.
First the signal's a mplitude is
reduced by a volta ge di vider
cons tsu ng of R! a nd R58 . and
lis posi tive excurs ions a re lim
ited to abou t 5 volts by OJ. The
Ihn lled s igna l Is then sen t to the
tn vert tng Inpu t of th e LM39 3
co mpara tor, Pos itive feedback
Is applied to the comp arator's
non-In verti ng In pu t by H4 to
prevent It from generating false
s igna ls. The compa ra tor d rives
the mlcrocontroller's line Input
with the resulting square wave.

Co nstruction
In orde r to build a Hyp er

C lo ck. you' H n e ed a p ro 
gmmmed 8749 microcontroller.
A prep rog ra mmed a nd tested
m icrocontroller is ava ilab le
from the s upplier mentioned In
the part s lis t. The executable
co de to program a n 8 749 Is
ava ilab le from the RE -BBS
1516-293-2283. 12 0 0 /2 40 0 .
8N I) , as a f il e ca l le d
HYPEH.HEX. The file Is su p
plied In In tel's Hex forma t.
wh ich Is di rect ly co m patible
with most EPROM program -



FIG. 6-OISPLAY-SIDE PART5-PLACEM ENT diagram can be used 10 locate most 01the
HyperCl ock's component s.

mers . The software Is also ava il
able on floppy d is k from the
sou rce mentioned In th e parts
lis t.

A 6 ,5- x 6.S-lnch octagon
shaped PC board Is also avail
able from that su pplier to help
you assemble a HyperClock of
you r own . If you wish, you ca n
make your own double-s id ed
pri nted-circuit board from the
fall patterns Included in this ar
ticle or us ing artwork from the
supplier lis ted In the pa rts lis t.
Of course, you cou ld even use a
pof nt -t o -potn t Wiri ng tech-

ntque. so we'll d iscuss tha t
brlelly later on .

Fig ures 6 and 7 show the
parts-placement diagra ms for
the HyperClock (6 s hows the
d isplay si de and 7 s hows th e
solder side ) for those ofyou that
wlll use a PC board. All compo
ne n ts , exce pt fo r t h e wa ll 
mou n t transformer, are s hown
mounted on the circu it boa rd .
Note that the switc hes ca n be
placed on eit he r s ide of the
board , depending on the ca b
tnet you wish to place the clock
in . There arc so me additiona l

con nector pads on the board so
you ca n run wires to the swttch
es shou ld you r cabine t des ign
require that they be located off
the PC boa rd . Figure 8 shows a
comple ted HyperClock boa rd.

The des ign readily lends itse lf
to many d ifferen t project cases.
However, make su re that the
ca b inet you choose has s ome
openings In the back to a llow a
lit tle cool a ir to flow around the
clock 's 5-volt regulator a nd heat
s in k. Ifyou like the case used for
the p rototype, you can build one
ou t ofa leng th of wood molding
as the au tho r did. 39
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FIG. 7-THIS PARTS-PLACEMENT DIAGRAM should be used to position the regulator.
banery. a capacitor. and the switches.

"m inutes b efore the h our "
mod e.

It Is also suggested that you
don 't place the display compo
ne nts on th e same side of the
board as the heats ln kJregula tor
assem bly. C3 . a n d t he a -von
battery. Doing s o would tn
crease th e profile of the display
s ide of the board . forcing you to
place th e LED lens at a n u n
desirable d is tance from th e dis
play compone n ts.

Aside fro m those sugges
uons.fayout Is not critical. so If
you observe good construction
and wiring tec h niques you
should n ot h ave any probl em
getting the clock to fun ction .
However. If you sho uld encoun
ter so me difficulty. the following
hints ought to help:
• If no LED's are illu min ated
whe n yo u a p p ly power. firs t
check the unregula ted su pply
for a minimum of 10 volts DC.
While only 2 to 3 volts of over
head are requtred to operate the
5-volt regulator; at least 10 volts
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Is required to drive the LED's
sufficIently.
• If the power-supply circu it ry
Is o kay. c heck t he wir ing
a rou nd the LM393 (lC2) from
the bridge rectifier a nd goi ng to
IC4 pin 6 : th e mrcrocontroner
looks at that lin e and If the re Is
no line frequency at th a t Input.
the clock will sh u t down th e
LED drivers (as we expla ined
ea rlierL

Si nce most of th e wiring In
the clock runs between the LED
d rivers a nd the LED's. It Is likely
that vou cou ld have made an er
ror In one or more of those con
nections. Ifyou observe that any
active LED segments do n ot
fonn numbers. then you should
check the connections from IC4
to IC7 a nd the corres pon ding
connections to the ca thodes of
the LED displays . A mistake be
tween IC4 to IC5 and IC6 will
make th e di spl ayed digits and!
or seconds appear ou t of order.
An error In wiring from the ou t
pu ts of the 74L$1 45 's to the
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Polat-tc-potat wiring
Working with perforated con

struction board a nd poi n t-to 
point wiring gives you the free
dom to des ign you r own display
layou t. One n ice a lte rnate de 
s ign would be to place the 60
LED's In th e form of a full cycle
of a s ine wave. especially If you
set th e clock to display the tide
level.

An ea rly prototype of the clock
was built using wire wrap. Re
ga rdless of the wi ri ng tec h 
ntque . you shou ld inves t In a
large enough piece of perforated
const ruction board (at least 6 x
6 Inches ) so that you can make
you r custom display with plenty
of room to spare for all the sup
port electronics .

Furthermore. when you a re
sho pping for the hour an d min 
ute displays . selec t minute dis 
p lays thaL a re some h ow di s 
tinctly di fferent than th e hour
di spl ay. That will make the dis 
play more easily readable In the

The PC board was designed to
work with many diffe rent dual
digit displays. so you don't nec
essar ily have to restrict yourself
to the Pa nasonlc units men
tioned In t he pa rts list. Just
make sure that whatever you
usc Is a p tn -Ior-ptn same-size re
placement. Ifyou do use the rec
ommen de d un it s . be s u re to
rai se th e two mi nute displays
up from the boa rd so that th eir
viewing su r faces are flush with
th at of th e hour display.

Lastly. the PC board provi des
some ho les for wire ties to hold
the 9-volt battery and the wall 
mount transformer leads. You
should take advantage of them.
Remember to Install the 9-\'01t
backup battery a nd co n nect
J Ut and J U2 to select 50- or 60·
Hz opera tion and the volume of
the chi me. respectively.

When you con nect the clock
to power It sho uld come up at
12:30 AM and will be ready to
accept the cu rren t time. alarm
time. dat e. a nd the -ude level If
desi red . Ifyou run Into any dt ffl
culty. you may find sonte of the
trou bleshooting tips p rovided
In th e following section useful.
However. If all Is well. you can
proceed to the "opera ti ng" sec
tion to prepa re th e clock for use.

4.



TABLE l -MODES AND THEIR FEATURES

FIG.8-A FINISHED HYPERCLOCK. The
PC board makes assembly neat an d
straIghtforward.

Mode
Feature

0 1 2 3 4 5 6 7

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

..... INCHES

THE DISPLAY-SIDEFOIL PATTERNcan be used to generate one
side of the clock's PC board .
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THIS FOIL PATTERN can be used to generale the solder sIde of
the clock 's PC board.

driver t ra nsis to rs . wh ich con
n ec t to the LED a n odes . will
cause the same effect.

Operation
The functions perfonned by

54 a nd 55 In the HyperClock
depend on the s ta te of the three
d isplay s witches (SI through
5 3 ). If n o n e o f the d is p lay
switc hes are depressed . press
ing 5 4 advances the cu r re n t
hour d isplayed an d pressing 5 5
advances the minute d isplay.
That Is how you set the time.

Press ing a n d holding down
5 1 (the Display-Mod e button)
causes the clock to display the
number of the cu rrent opera t
tng mode. whi ch ca n be altered
by p ress ing S4 155 will d o
nothin g). The var ious operating

mod es and the featu res they
s u ppo rt are lis ted In Thble 1.

Ifyou depress and hold swltch
52 (the Disp lay -Date bu tt on )
the cu r ren t mont h an d day are
displayed. With th at swi tch de
pressed. the mont h and day ca n
be advanced by pressing S4 and
S5. respecnvety

Activa ting switch S3 \\' 111
ca use the clock to di s play the
ti me the alarm Is se t for. By
pressing 53 along with S4 you
ca n alter th e hour setting. a nd
by press ing 53 a nd S5 s tmul ta 
neous ly you can change t h e
minute sett ing.

Mov ing on to the las l two
s w itches . t he Ala rm Tog~le

s wi tc h IS7) de termines t he
state of th e alarm and th e hou r
chtmeoftheclock . For example.

on power-up the h ou r ch ime Is
en abled a nd the alarm Is dts
abled. If 57 Is pressed once. th e
alarm Is tu rn ed on and the hou r
ch ime is disabled. Depressing
the switch again will tu m off
bo th th e alarm and th e hourly
chi me.

The Snoozetrlde Switch (5 6)
has a dual purpose. If the Hype r
Clock 's alarm was a rme d a nd
goes off. th a t button will s ilence
the alarm for an add itional ten
minu tes . You can fores tall th e
alarm In th ls way as many times
as you like. If th e alarm Is dts
ablcd. an d the clock Is In a mode
that s uppor ts the u oc-level dis 
play (modes 4 through 71. press 
In g S6 w ill a dva n ce the tide
Ind ica tion on the SO-LED d rs
play to set Its position . R-E 41



.upgrade your sea er to receive signals
in the 800-900 or 900-10 0 0 MHz bands!
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WARNING!
Please note that unautlIOnzed wire and
electroniC ccmmuncatens eterceeucn
andInterception 01 oral commu'licatlOns
is Illegal under Federal and Stalelaw. In
additIOn Federal Law renders Uleoal llle
intentiOnal manutacturing. assembling.
possessing. or selling any eenmnrc.
mechanical. orother device, knowingor
havingreason toknow matthedesign01
such device renders it primarily useful
forthepurposeorsurrepunous intercep
lion orwire. oral , or electronic commu
nications. Federal lawimposesboth civil
and criminal penalties lor violations 01
theapplicablesraiutes. Thus. the use01
the Scanner ConverterdeSCribed in this
al1icJe is intended lor and should bere
stricted 10educational, scienlific. and or
informational purposes. This is not in
lended 10 constitute legal advice and
readers are advised 10 obtain Indepen
dent advice as to thepropriety of their
use tnereot based upon their individual
c ncumstances and jurisdiC1iOns.

WILLIAM SHEETS and RUDOLF F. GRAF • •

~

I
I· ao

42

'rux HUO· IOOO MII Z BAN D O F F lU; ·
qnen ctcs . lying In the porti on of
th e ra d io s pec t ru m k now n as
th e UHF band. h as recently be
come popula ted with many slg
nals of Interes t to the sh ortwave
lis ten er (SWLI an d scan ner hob 
byi s t. Originally. the 800-890
MHz por tion was allocated to
UHF lV broadca sung. Lack of
Intere st in these frequ enc ies
(formerly TV chan nels 70-8 3 )
and a press in g need for spec
rrum space was largely respon
s ib le fo r r c-a flo ca t to n . T h e
por ti o n of s pec tru m now In
d udes business rad io. public
safely (police. fin' , etc.I and gen
c ra t-pu rposc two-way rad io .
The low er po rti o n Is largely
used by cellu lar mobile radio
telep hone se rvices. The upper

por tion (above 900 MHz) is used
for two-way rad io. ind ustria l ra 
d to. a mate u r rad io . a n d mr s
cella neous purp oses . such as
wireless video a nd aud io lin ks .
stu d io t o tran smitter (S TL)
links . and various Part 15 a p
phca uons (low-powe r ltcens e
free usesl. a nd even more! Fig
ure J summarizes th e cu rre n t
frequency alloca tions.

The frequencies are a lmost In
th e microwave re~loll . Unttl re
cen tty receivers lor t h is ban d
were scarce an d u sually special
purpose types . In till' pas t few
years . a number ofcomm u nica
tion s receivers have been made
ava ilable. coveri ng from around
25 MHz or so u p to over 1000
MHz. Some of the more expen
s ive scanners cover po rtions of

th e 800-1000 MHz ra nue. wh ile
oth ers block out the ha-nds.

Now you can bu ild a converter
th at w ill allow till' reception of
signals from 800-1000 MHz on
a ny sca n ne r tha t covers fre
quencies In the 400-500 MHz
range. Th e availab ility of h igh
performance rran s tstors a nd
Monolith ic Microwa ve Inte
grated Circu its (MMIC·s). to
get he r wtth very small compo
nents such as ch tp capa citors
a nd prepackaged m ixe r nssem
hiles . have made th is feasible.

The a nten na s hown In the
opcnmg phot ograph is cu t spe
culcally for the 800-I\H1z band.
It's ava ilable from the Cellular
Sec u r ity G rou p . ,1 Gcr rl n g
Road. Glo ucester. MA 01 930.
Contact them directly for tnfor-
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matron on that and other vari
ous UHF a ntennas .

The conver ter described In
this article offers excellen t per
forrnance (about 0 .15 ~VlI2dB

SINAD-signal-to-noise-and
dtstortton-ratto-csenstuvtty for
s tandard 5-k Hz FM). having an
NF (noise llgure) of about 2 dB.
a gain of 20-25 dB. a nd an out
put frequency of 400-500 MHz.
By s imple tuning adj us tmen t it

can be set up for SDO-900 or
900-1000 MHz ranges and op
timized for any 30-40 MHz seg
menl In the ra nge . It wtll work
well over the en ti re 100-M Hz
range If ci rcuit s are stagger
tuned. with on ly s lig h tly re
duced sensitivity. Applications
of th e converter are as follows:
1. Monitoring 800-900 o r
900-1000 MHz ranges .
2. Amat eu r usc for reception of

902-928 MHz band. downcon
vert tng to the 420-450 MHz
range .
3. Reception of 902-928 MHz
Amateur l V. using a standard
TV receiver t ha t covers UHF
channels 20-23. and reception
of wtreless TV links operating In
the gOO-MHz ra nge.
4 . In conjunction with a 500·
MHz coun ter. the measurement
of frequencies In the 800-1000
MHz ra nge.

Referring to the block di
ag ra m (Fig. 21. the converter
u s es a low- noise dual-gate 43



TABLE 1--800 TO 1DO-MHzCONVERTER SPECIACATION

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

LO Freq 400 or 500 MHz. internally selectable

Noise FlQure < 2dB typical

Sensitivity gives 0.15 ....,,12dBSINAD. 5 kHz deviation
with typical scanner

Power Gain. RF to IF +22 dB typical
~N = 900 f'JuI = 500 MHz
Rs = RL =50ll

RFBandwidth 40 MHz @ 3dB typical @ 900 MHz

Maximum Input Level - 40 dbm @ 1dB compression

Tuning Range 800- 1000 MHz

Dynam ic Range Approx 90 dB (0.1 uc to 3000 ....v)

Voltage and Cunent + 15-25 VDC @ 10QmA. Neg ground or
12-16 VAC @300rnApeak.canbe
mod ified for + 12 VDC regulated

Freq Control 01 L 0 XTAL controlled .005%

Fine Tuning Range ± 7 kHz typical

PC Board (finished) size 31h~ x 5~ x 1 ~ high

RF to IF Feedthrough > 60 dB @ 400 MHz
Isolation {IN-otJn DB

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

Switching Built-in

..

GaAsFET (ga lli u m-arsen ide
field-effect transistor) as an RF
preamplifier. That feeds a dou
ble-tuned filter and a secon d RF
a mp lifier using a MMIC. The
MMIC feeds a second double
tuned filter. The overall RF gain
Is abou t +27 to 30 dB and the
bandwidth Is around 30 MHz.
That provtdes good rejection of
out-o f-band signals and h elps
minimize the fee d through o f
u nwa n t ed signa ls in the
400--S00 MHz range. The RF
am plifie r feeds a double bal
anced mixer. or DBM. The DBM
Is also fed with a local-osclllator
signal of either 400-MHz (for
800--900 MHz co nversion) or
SOO-MHz (for 900--1000 MHz
conve rsion}. The mixer ou tpu t
Is therefore kept In th e 400-500
MHz range covered by m ost
scan ners. The receiver should
be s u itable for the type of trans
mission to be received. A sca n
ner Is ge nerally set to receive
nar rowband frequency modula
tion (NBFM) slgl).a ls commonly
used In this range In steps of
12.S kHz. 2S kHz. etc . A 1V re
ce iver tuned to th e lower UHF
ch an nels (14-23)can be u sed to
rece ive 1V s ignals in the 90()..
MHz range. such as amateu r 1V
(ATV) and t he n ew 900-MHz
wirel ess video links . Converter
out pu t Is at S0--7S oh ms.

The local oscillator (LO) Is a
SO-MHz crystal-based overtone
oscilla tor. The second harmonic
of the oscillator circuit (at 100
MHz) Is u sed . A fine -tun ing con
tro l is provided to compensate
for any 800-1000 MHz signals
not fitting the popular 12.S-kHz
chan nel s pacing used by many
scan ners. The LO can be shifted
at least : 6 kHz to act as a fine
lu n ing control. If needed. Nor
mally. the fine tu ning is left set
to cen ter position .

The IOO-MHz oscillato r signal
Is fed to a multiplier stage u s ing
a UHF large-signal transistor as
a quad rupler t x 4) or a qutn 
tu pler {x S )stage. Theapproprl
a te harmonic (4 th or Sth l Is
se lec ted by a triple tuned filter
and the signal at 400 or SOD
MHz Is delivered to the mixer.
The ftlter can selec t either s ignal
depending on the s e tti ng of
three variable ca pac itors. A di 
ode detec tor samples the outpu t

of the filter so that a YOM ca n be
used to align the filter s lmplyby
"peaking" the tr im mer ca pact
tors for maximum output.

It Is possible to Jus t use th e
40 0-MHz signal. However. for
reception of 9OD-l000 MHz. a
re ceive r c a pab le of tuning
S00--600 MHz wou ld be needed .
Most scanners cover only up to
SI2 MHz or thereabouts . There
fore. the Sao-MHz s ignal Is nec
essary with these scan ners for
reception of freq u encies ove r
9 12 MHz.

The converter board conta ins
a switch ing n etwork for switch 
Ing the converter In or ou t. In
th e "ou t" pos ition. the input
jack . J 1. si mply connects to th e
outpu t jack . J2. and all freq ue n
cies from DC to SSO MHz are
passed. In this pos ition . the DC
line to the converter circu itry Is
also opened . thus disabling th e
converter.

The converte r board also con
tains a rectifier and a regulator

tha t delivers + 12 volts DC to the
con verte r c irc u it ry. Either a
+ 14.S- to + 24-volt DC. or 12
volt AC supply can be u sed.
S uitable s u pplies are eithe r a
wa ll transformer or one that
mounts Ins ide the converter
case.

Refer ring to Fig. 3 . let's go
over a de ta iled d escription of
t h e circu it. S ignal s en te r JI
from the a n te n n a a n d a re
routed to S I, a DPDT s witch
with on lyone s ide used. With SI
In the "orr posit ion (converte r
om. signals from 51 are routed
to 52-a. another DPOT switch.
(Slide switches 5 1 a nd 52. a l
though mounted at different lo
ca tion s on t he PC boa rd. a re
mechanically linked by an actu
ator rod assembly, so that cor
rect s witching Is matntamed.I
Next. sig na ls a re ro uted
through 52-a to low-pass filter
Ll6-CIS. and th en to J2. The
low-pass filter rejects s ignals
above 600 MHz. A 50-0hm tm-



PARTS LIST

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

Al-l00,OOO ohms, 1A!-walt
A2-470,OOO ohms, 1A!-walt
A3-l 80 ohms, Ye-watt
A4-l 80 ohms
A5--390 ohms, %I-watt
A6--1000 ohms
A7-10,OOOohms, trimmer potenti-

ometer with shaft
R8-10.000 ohms
A9--15.000 ohms
A1Q.-3900 ohms
A11-330 ohms
R12- l 00 ohms
Rl 3-l5,OOO ohms
Rl 4-2200 ohms
Rl 5-l 0 ohms, 1A!-watt
Rl6-47 ohms
R17-1 megohm
Rl 8-15 ohms, lit-watt
Al9--390 ohms, 1A!-walt
R20-10 0hms
Capacitors
cr,ca, C9, C13, Cl 4-1- 5 pF

trimmer
C2-C7, Cl~12, C16, C28, C3l-

100 pF, 50 volts, chip
Cl5-5.6 pF NPO ~ 0.25 pF
C17- 100 pF NPO, 5%
Cl 8--39 pF NPO, 5%
Cl 9--22 pF NPO, 5%
C2{}-2.2 pF NPO. ~ 0.25 pF
C21, C29--470 pF .~ 20%, disc
C22, C30. C32. C35, C36-0.01

I!F,50 'KItts. GMV disc'
C23-33 pF NPO ~ S%

C24-56 pF NPO ~ S%

C25-C27-2- l 0 pF trimmer
C33--10 ~F/1 6 volts, electrolytic
C34-470 I! Ff25 volts. electrolytic
SemIconductors
IC1-MAR-l UHF amplifier
IC2- 7812 + tz-volt regulator
D1-MV2107 varactor diode
D2-HP5082-2800 hot carrier

diode
D3-1N4Q07 rectifier diode
01-25137dual-gale GaAsFET
Q2-2N3563 VHF NPN transistor

peda n c c level Is m a in ta in ed
through t he converte r In th e
"orr' posit ion to red uce VSWH.
(voltage s ta n d in g-wave ratio)
and lin e losscs. so tha t a scan
ner co n nected to J 2 has normal
reception wh en the converter Is
swit ched off. S wit ch 5 2 -b
breaks th e 12-\'0It supply line In
thi s position to di sable the con 
verter clrcuitrv.

In the co nve r ter "on " post-

03-MPS3866 VHF NPN
transistor

l ED1-green light-emitting diode
(optional)

l ED2-red light-emilli ng diode
(optional)

Inductors
l1-L5 , l1G-112-part of Pc -board

etching
L6, l15-ferrite bead
L7--o.2-o.32 ~H (910; turns # 22

enameled wire)
L8-0.05-0.1 ~H (3lb turns # 22

enameled wire)
19-0.05-0.1 flH (310; turns #22

enameled wire)
l 13-1.0 I! H RF choke
l1 4-ferrite bead on A20
l 16--lh-turn #22 enameled wire, V.

-lnch diameter (see text)
Other components
J1. J2-femaJe BNC connector
MOD1--MCL SBl·IX mixer 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 3S0·rnA transformer
(see text), hardware as required.
brass rod or wire, 2Y.-inch rubber
grommets, line cord if required.
solder, etc.

Not e: The f ollowing ite ms are
available from North Country
Rad io, PO Bo x 53. Wykagyl
St ation , New Rochelle, NY
10804:
• Converter kit InclUd Ing al l
par ts except case and trans
former -$67.50 +$3.50 S&H
• PC board o n ly-
$13.50 +$3.50 S&H
• Tl ansformer- $9.SO + $3.50
SOH

New York State residents must
add appropriate sales tax.

non . sign a ls fro m J I in t he
800- 1000 MHz ra nge are fed
through 5 1 to Ll (<1 11 Inductor
that Is Incorpora ted In the PC
board e tc h ing a n d acts as a
s hort ci rcuit to tower-freq uency
s ignals) and CI. which are reso
n an t at 900 Mliz.

For match ing purposes . at
900 MHz. C I and LI must form
a resonan t c ircu it as well as an
im pedance tra nsfo rmer to step

up the 50-oh m Impedance to
somewhere between 800 and
1000 ohms. The input Imped
ance of the gate of RF a mplifier
g l Is abou t I to 2K or higher.
a nd s h u n ted by abou t I pF ca
pac it ance. T he output Impcd
un ce of QI Is be tween 1000 an d
2000 oh ms with 0 .5-1pF shunt
ca pac itance. The voltage gai n of
g l Is abou t 7.5 from gate I to
drain. or about 17.5 dB.

There Is about 1.5 dB loss In
the ou tpu t-cou pli ng n etwork
and abou t 0 .5 dB loss In LI. so
th at a total of abo ut 15 dB gai n
Is observed . The device Is ra ted
a t 1.I dB n oise figu re. b u t a llow
Ing I dB (approximate) loss in
Ll and 5 1. an actua lNF of abou t
2 dll will be obtained . Th a t Is
adequa te si nce cable losses In
the typ ical antenna system wtll
be a rou nd 6 dB anyway.

Transt stor Q I Is a dual-gate
gallium a rsenide fle ld effec t
trans is tor (GaAs FET I b iased to
abou t 5-10 rnA drain cu r rent ;
H3 provides a self b ias for g l.
Chi p capacitors C4 an d C5 a re
Rle-bypa ss capac ito rs solde red
di rectly 10 the solder s idc of the
PC board for low In duc tance.
Th ey arc the on ly type of capaci
tor that provid es reliable by
pass ing a t 900 MHz. Resistors
RI and R2 bias gate 2 ofg l .

The drai n of g l feeds double
tu nc d filter CB-L2 and C9-L3.
an d H4 feeds bias to the d ra in of
g l. Typically. the tu ned circu its
In th is RF' amplifier a re tu ned to
900 MHz wit h abou t 2.5 p F ca
pacit ance. an d LI-L5 h ave an
equivalent In ductance of 0.0 12
m icro hen ry. a lthough these val
u es are typ ical and ca n not really
be Isolated or meas u red . Induc
tors 1.2 an d L3 a rc prtnted on
the PC board a n d a re p ropor
tio ned to give the des ired cou p
ling and In duc tance . T hei r
layout Is cr iti ca l and can not be
ch anged .

The s igna l fro m L3 Is co upled
through ch ip-capac itor CIO to
ICt, a monolithic microwave Ie
(MMIC) amplifier with 50-oh m
Inpu t a nd output. Res istor H5
provtdes about 17 rnA operating
b ias for ICI. wh ich gives about
13 to 15 dB gai n at 900 l\.1Hz.
The output of ICI Is coupled via
CI2 to filter L4-C13 a nd LS-CI4.
The five tu ned ci rcu its In th is 45
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FIG. 3-CONVERTER SCHEMATIC. A 5O-ohm Impedance level is maintained th rough
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conver te r yield an overall RF
bandwidth of 40 MHz at the 3
dB points . The s ignal from LS.
about 28 to 30 dB stronger than
th e signal at J I. is applied to a
mixer module (MODI). a n Me l
5 Bl-lX. wh ere it Is mixed with
th e W signal a t 400-500 MHz.
The IF ou tput Is th en fed to 52
a. wh ere it Is con nec ted toJ2 via
low-pa ss filter LI6·CI5.

An LO signal of eithe r 400 or
500 MHz Is requi red by mixer
!VI OD I. It Is ge ne ra ted as fol
lows : Q2. a 2N3S63. Is config
ured as a n overtone crys ta l
oscillator. Em itter s tab iliza tio n
is provided by RII. a nd Ho9-RIO
provtde base bias . Res isto r RI 2
s u pplies the collector voltage fur

Q2 through L7 and LS. Compo
nents L7 an d CI8 are nominally
tuned to 50 MHz. the frequency
of XTAL I. Componen tsC19 and
L8 form a resona n t circ uit at
100 MHz an d therefore h ave a
low impedance to 50-MHz sig
nals . Bypass capacitor C2 1 RF
grou nds the bottom (cold end)
of LS.

There ex is ts a feedback ca
pacitance (about 3 prj be tween
the collecto r an d emit ter of Q2 .
Th at. In conjunctio n with C17.
form s a n oscilla tor : the osc illa
tion of Q2 would tend to take
place at the resonant frequency
ofCl8 (pluss lrays) and L7 (L71s
var iable by means of a ferrite
slug). Th e base of g2 must be

RF gro u n ded . whi ch ca n only
occ u r a t the ser ies- res onant Ire
quency of XTAU . L13. a nd
va rac tor-d todc 0 1: 0 1 acts as a
capacitor whose va lu e ca n be
varied via the applied DC volt
age from potentiometer R7. Re
s is to r R6 li m it s t he low est
voltage to abou t 1 volt . a nd R8
provtdes RF isolation for 0 1.
Varying R7 h a s the effect of
varying the effective frequency
of th e crystal plu s and m inus
1000 Hz. When L7 is nomtnatly
tu ned to 50 MHz. the crys tal as 
clllator c trcut t produces a s ignal
of 50.000 MHz. However. we
need 100 MHz.

S ince Q2 ope ra tes as class -C
a nd produces harm on ics. filler
L8- C19 Is tuned 10 100 MHz.
Tha t transfers 2 n d harmonic
ene rgy (6-10 d B below th e fu n
damental 50 MHzI via coupling
capacitor C20 to a second 100-



NEXT MONTH INl]p~

PICK UPBw~ AT YOUR FAVORITE
NEWSSTAND. CONVENIENCE STORE, OR SUPERMARKET..

47

• ELECTRONIC TRACKING
FOILS CAR THIEVES
Get the tacts on the new higM ech
crime-stopping systems

And there is more!
PRODUCT REVIEWS-Bang & THINK TANK-Apo_ mof auto-
Olufsen Compact Music System. motive circuits
Mem orex Su bwoole rl Satellite HAM RADIO-Design and build
Speaker System. and many more Ioaded-dipole antennas

OX LISTENING-TheChanging SCANNER SCENE-Monitoring
face of Russian shortwave move-set communications
COMPUTER BITS--t.owpriced. CIRCUIT CIRCUS-Some un-
high speed modems usualuseslor common regulator IC's

Exciting Features, Projects, Reports, & Columns
• THE CLASSIC • BUILD A

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·w ltage generator drive, and lurn-on thumps

• BUILD THE
PRINTER SENTRY
Use il to keep labs on all 01 your
printer's functions

Mllz tu ned circu it IC23 . C24 .
a nd L9J. Ca pac itors C23 and
C24 arc chosen so as to match
the osc lllalor to the base of fre
qu e n cy mu lt ip li e r g3. an
MPS3866. Thai ~enerates har
monics of 100 MHz In the base
circu it of Q3. Capacitor C24 Is
chosen 10 have a low impedance
at htgher frequencies to enco u r
a~e the flow of ha rmon ic cu r
rents In the base circuit of Q3 .

Ind uclors LIO. Ll l , and LI2
form a fil ler tu ned to eithe r 400
or 500 MHz by adjustment of
CZ5. CZ6 . a nd C27. There Is
su fficien t tunt ng ra nge to cover
ellher 400 or 500 MHz. The fil
ler Is triple-tuned and LIO. Lit.
L1 2. a nd th eir cou pling coeffi 
cien ts are determined by the PC
board layout wh ic h Ihe y a re
part of. HF ene rgy a t 400 (or
500)MlIz Is tak en from a tap on
LI2 and fed 10 mixer MODI.

Withou t the righ t tes t equ ip
men t. It would be difficult to al
I~n C25. C26 and CZ7. However.
th e problem Is solved by d iode
detect or D2. C31. and R17. Re
sist or H.17 slightly fo rwa rd
b ias es DZ 10 p rod uce about
+ O.ZV at tesl poi n t TP2 .

When RF drive Is applied from
LIZ. a ncgattve voltage is pro
duccd at TP2. When the tri ple
tuned filter Is co r rec tly -t u ne d
a nd Q3 Is opera ting properly.
abou t - 0. 3 volts Is produced by
D2. s ince abou t 300 millivolts of
HF Is presen t from LIZ. This .
when added to the + 0.2V bias
on D2. produces - O. IVat TP2.
Diode D2 Is forwa rd-b iased to
Improve lis sens itivity at low RF
levels . Thn lng of C25 . C26 . a nd
C27 simplyconsis ts of monitor
Ing the DC voltage at TP2 . and
ob taining the most nega tive
volt a ge poss ib le by pcak lng
C25. CZ6. a nd C27.

Regula tor ICZ. a 78 1Z. pro
vides 12-volls DC power to the
circu it: C3 2 and C33 and C34.
C35 help st abilize IC2. Rectl ficr
D3 acts as a protcction device in
case a negative DC voltage is ap
pllcd 10 th e circu it. and C36 re
duces 60-Hz b u zz caused by
switch ing transients in 0 3. At
lea s t 14-volts DC is rcqulred
across C34 for IC2 to fun ction.

When we con tin ue next time.
we'l l b u ild the co nverte r a nd
show you how to align It. R·E
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Will new standards bring
of AM radio?

IT MAY COME AS SOM ETI IlNG O F"A SURPRISE TO THOSE OF

us who pay little attention to AM ra dio that thi s
oldest of all broadcast se rvices Is due for some up
grading. After all. the FMradio service has been the
prefe rred Conn of radio broadcasting In this coun
try for at least two decades. now. a nd even FM radio
may so me day be obsoleted by dl~ltal audio b road
castin g. or DAB. In fact. more than a dozen pro
posals for DAB are cu r ren tly eithe r on the d rawing
boards or have been dem onstrated In prototypes .
So why bother with AM radio at this lat e date?

The AM stereo de bacle
Back In the mld·1 980s . the Federa l Communica

tion s Commission cons idered several systems for
AM stereo broadcasting. Many AM b road cas ters felt
then that the reason for the decline of AM radio
audie nce was the fact that FM could offer stereo
whereas AM could not. Ini tially. the FCC selected
one of some six systems. the Magn avox proposal. as
a "s tandard." Faced wi th allsorts of threats otuuga
tlon by other propone nts. th e FCC reversed Itself
shortly therea fter and In effect. said. "let the mar
ketplace decide." Since the n. th e field of proper
nents has narrowed down to two-the Motorola C
guam system (by far th e most popular) and the
Ka hn-Hazelttne sys tem. Man y exper ts matntatn
that by not coming down In favor of a specific sys
tem . the FCC has discouraged both manufacturers
of receivers and AM radio broad casters from mov
ing to s tereo.

Wtth AM broad casting audience on the decline
for many years, ma nufacturers of high quality AMI
FMtuners and receivers have paid I1ttleatten tlo n to
the AMcircui try that they Incorpo ra te In their prod-

ucts. Figu re I shows the actual frequency re
sponse measu red for the AM section of a
h tghly reputed AMIFMstereo receiver. Nowon 
der lis teners accustomed 10 playing d igit al
compact discs and FM ra dios are "tu rned off'
by thts kind of AM reception ! This "afte r
though t" approach by rece iver manufacturers
fu rther exacerbated the problem . Another
problem of AM has been adjacent channel In
teriercnce-a problem th at Is parti cularly tn 
tense during even ing listening. Many profes
s ionals blame the FCC for that problem as
well. main ta in ing that the granting of b road
cast licenses by the FCC has been a poorly
administered "pork barrel" affair with Uttle
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NRSC to the rescue!
As the AM broadcasters s it ua tion became worse

and worse. the National Ass ociatio n of Broa d
casters (NAB) and the Electron ic Indus tries Associ
a tion lElA) finally dec ided to address so me of the
probl ems In wh at a mounted to a major cooperative
effort between organ iza tions th at. up until th at
time. had pretty well Ignored each other. The two
organtzattons formed a sepa ra te committee known
as the Na ti onal Radio Sys tems Co mm ittee. or
NRSC. In a series of meetings . the NRSC came up
with two standards reco mmen dations. known as
NRS C·l a nd NRSC-2 . A p ro posal to make NRSC-l a
national voluntary s tandard was issued In January
1990. and In March 1991. the EtA published the
contents of NRSC·I as an Interim standard lEW
lS.so) entitled "Audio Bandwidth and Dis tortion
Recommendations for AM Broadcast Recei vers. "
On a parallel track. th e FCC issued a repo rt and
orde r on April 27. 1989 In which com pliance with
NRSC· I was made mandat ory as of June 30. 1990 .
while measurement of co mpliance with NRSC-2
was postponed until June 30 . 1994 . Both NRSC-I
an d NRSC·2 were designed to address the problems
of aud io fidelity and Interference mentioned above.

a ttention pa id to the technical problems that have
inevit ably res ul ted from an overc rowd in g of the
broadcast band .

NRSC·l and EWIS80
Lets take a look at the ElAStandard developed for

rece iver manufacturers first . Radio rece ivers that
satisfy the technical requ ire me nts of this spectftca
tlon must have a freq uen cy res ponse of n ot less
than 50 Hz to 75 00 Hz. with lim its of +1.5 dB a nd
- 3.0 d B. referred to 0 dB at 400 Hz. Since "open ing
u p" the bandwidth to this extent m ight well tn
crease inte rfe rence from adjacent cha nnels-c-es 
pecl ally In c rowded metro-
politan areas and durin g ntght
time listening-receiver man
u facturers may choose to offer a
switch on their products that
would. a t the user 's option . re
duce bandwidth. As long as a t
least one of th ose switch post
tions resul ts In the frequency
response Jus t state d. t he re
ceive r will be considered to com-

~ COMEBACK

'back the good 01' days



FIG. l-AMPUTUDE VERS US FREQUENCY. Th is Is the response of the AM tuner
section 01a "hi·'i" AM FM stereo receive r!

FIG. 2- BY STANDARDIZING THE PREEMPHASIS CHARACTERISTIC used by AM
broad casters. AM receiver man ufacturers are able 10 incorporate standa rd deem
ph asls networkS In their produc ts to achieve the desired llat response to 7.5 kHz or
be tter,

TY PICAL fflEtM)C Y REsPOHSE OF AM Tt.t.'EA SECTI ON Of ' HIGH FIDELITY ' RECEIYER

t o .OOO
Ap

8 .00OG

6.0 000

" .0000

2 .0000

0 .0

/' '\
- 2 .000

/ 1\
- " .000

- 6 .000

- B.OOO

-re.ec

" 100 " ,GO '"

k llz . Hesult s s hown in Fig . 3
pre suppose th ai th e appropr i
ate prcemphas ls network Is In
s ta lled between the aud io gener
at or and th e a mplitude modu la
tion Inpu t terminals of th c HF
s ignal genera tor. If such a pre
emphas is network Is not used
In th e test . results sh ould he as
sho wn In Fig. 4 .
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deemphasrs network s . In mea
suring the frequen cy response
of a n AM radio con forming to
thc new s tanda rds . ;:1 labora tory
wou ld expe ct to ob ta in a fre
quency response such as that
shown by the dashed line In Fig.
3 . The solid It n es rep resent tlie
allowable devtauon or tolerance
over the range from 50 Hz to 7.5

ply with th e new s ta ndard.
The second part of the NHSC

s ta nda rd deals wit h ha nnon lc
d istorti on . It s tates t hat rc
ce tvers des igned to satisfy the
s tanda rd shall no t exh ib it more
Ihan two percent {2.0 %llotal
harmon ic dtstortton plus noise
(THD + NI at all measured fre
q uen cie s between 50 Hz a n d
7500 Hz. Twopercent d istortion
may sou nd like a hi~h number
to those of us accustomed to the
d is tortion levels of mod ern au
di o a mplifiers and Ffo,t tu ners.
but . In fact. many cu rren t non
con form ing AM tuners exh ib it
far higher di st ortion levels tha n
tha t!-partlcularl yat higher au
dio frequencies .

A third recommendation of
th e s ta ndard Involves the Incor
poratio n of circu it ry in to AM re
ceive rs t ha t a tte n ua tes 10.0 
kH z adj ac en t-cha n ne l carr ier
freq uencies by 30 dB. or 20 dB
when t he mea su rements arc
made wi th preemphasts cha ruc
terls Llcs Inserted at the AM In
pu t of the HF tcs t s ig n a l
genera tor. To clarify th a t la s t
point . we sho u ld no te that In
recent tim es . recognizin g that
AM radios had very poo r htgh
fr equency res ponse. b road
cas ters began boos ting the au
d io t reb le respon se o f t h eir
transmission chains In an at
tempt to overcome the h igh Ire
fluency a ttenuation present in
nearly allAM radios and tu ners.
Unfo rtu nately. no two statio ns
used t he s a me boos t o f p re
emphasis cha racteristic . fur
thermore. an overly extreme use
of h igh -frequency prccmphast s
made the p roblems of In te r
ference be tween adjacent chan 
nels even worse. So. Included in
the NRSC-l recomme ndation Is
a fix ed preemphasis c ha rac
teristic t hat AM radio broad
casters are requ ired 10 use. The
preemphas ts c ha rac ter ta u c .
not unli ke the one used by FM
broadcaste rs In the U.S .. Is
shown in Fig. 2 .

Assu ming t hat broadca sters
con form (and as of th is wr iting.
well over half the AM broad
ca sters In t he United S tates
have embraced NRSC-l s ta n
dardsl . manufacturers ofAM ra
d ios are expected to voluntartly
Incorpora te s tan da rd. fixcd50
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FIG. 3-FRECUENCY RESPONSE of AM ci rcuitry Ihat is required 10 eentorm to the
NRSC-1 slandard. The dashed line represents an ideal response, with the solid lines
representIng the tolerance limits. (Presumes proemphasls In the RF test generator.)
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FIG. 4-FRECUENCY RESPONSE 01 AM cireullry that Is requ ired 10 eentc rrn to
NRSC-1. with no preemphasis In the RF test generalor.

FIG. 5-AMAX lOGOS will loentify AM radios that meer tne NRSC requIrements.

NRSC·2 by 1994
Durtnu the mtertm pr rl >Jrt

fro m . Jllnf" 1990 tn.hl'll ' I'I·U .
the FCC Is goln~ to Pr"..tl!~ l f"

that If a s tation confo rms to
NRSC-l, It Is also In com plia nce
with NRSC-2. The chief reason
for the delay Is the lack ofa ppro
prtate. Inexpensi ve test equ tp
men t n eeded to con fir m com 
pliance with a ll the provis ions of
NHSC-2 , Those provis ions man
d a le tha t. NRSC-2 d ea ls pri 
m aril y w it h att e n u at io n o f
ca rrier em issions rat h er than
tn dt recuy wit h aud io respo ns e
and performance. Accord tn g to
th e NRSC-2 rules , em is s ions
between 10.2 kHz and 2 0 kHz
removed from the can-ter's fun 
damental RF frequency mu s t be
atten uated at least 25 dB below
the u n modulat ed ca rr ier level.
Emiss ions between 20 kHz and
30 kHz away from the car rier
frequency m us t be a uen u a ted
by a t lea st 3 5 d B below the un
modula ted ca rrier level. Em ts
s tone th at a re between :m kHz
a nd 60 kHz away from the ca r
r ter frequency must be a tten u
ated by at lea s t 5 + IdRIkH z
below the u nmdodu tat ed ca r
rier level. (For exam ple . emts
slons that are 50 kHz away fro m
t he ca r ri e r fre quency would
have to be a ttenuated by 5 -l- 50,
or 55 dB relative to the level of
the u n modula ted ca r r te rj. Fi 
n ally. em issio ns betwr en 60
kflz a nd 75 kHz mu st be a t ten u 
ated by at lea s t 65 d n.

More breathing room
Whi le t he N H.SC - I a n d

NRSC-2 provi sions w il l r-er
ta lnly help a llevia te some of rb e
probl ems of Inte rfe rence b e
twee n stations. It canner do the
whole Job In view of the con
gesuon of the AM band that now
exis ts In some ~eo~ra phl('a l

areas. Accordingly. as of .Inty l.
19 9 1. the FCC o fftcta flv f'~ 

pan ded the AM ba nd by an :u irl l
t fona l 100 kHz. The ha n d now
exte nds from 5 3 5 kHz to i 70 ')
kHz.

T hi s a d d i t io na l s p er-t r um
spa ce Is exp ected to accommo
da te a t lea s t 200 AM s ta t ions,
n ationa lly. Ra ther than Increase
th e number oftrcenses to h m:ui ·
casters. however, It Is expected
that th ose stations ('a ll <; i n~ the 51
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most severe Interference will be
asked to move up In to the new
frequencies. In orde r to retaIn
th eir audiences . however. It Is
likely that those stati ons whose
Irequenctes are reallocated to
th is n ew po rti on of the band will
be allowed to "s imu lca s t" on
their existing Irequenctes for
some ti me until a s ufficient
number of new AM ra dios are
purchased by the listening ptrb
lie. Manufa cturers (a n d par
ticu larly makers of ca r aud io
sys tems) have already Incorpo
rated the new swa th of frequen
cies In their p roducts and It
turns ou t that th e cos t of doing
so Is minimal.

A new symbol of eeeeueeee
As these atte mpts to Improve

AM transmission and reception
were being formulated, the NAB
and the EtA ca me u p with the
Idea that It would be ni ce to
ha ve some visi b le me ans of
Identificatio n displayed on rad i
os that meet the requiremen ts
of the new s ta nda rds . After
nearly two years of agon iz ing
over th e design of a symbol. the
organ izations have com e up
with a decal to be called th e
"AMAX" symbol. whi ch s tands
for "AM Radio at Its maximum
potent tal . " The ce r ti fic a tio n
logo could be a ffixed to radios
that meet basic eligib ility crite
ri a Including the equaliza tion
s tandards, variabl e bandwid th
a n d othe r requirements de
scr ib ed earlier. Two types of
logos w111 be ava ilab le. The sec
ond one, reading ~AMAX Ster
eo," wtll be applied to Improved
AM radtos that also have stereo
capab ility. Illustrations of both
logos appear In Fig. 5.

The "AMAX" program d oes
not mandate a particular stereo
AM format-only that the radio
be capable of recetvtng and de
codi ng some kind of AM stereo
t ransmission. Of cou rse. the
decision to market AMAX cer
tl fied radios is at the d iscre tion
of Individual manufacturers , as
Is t he dec is ion to a pp ly the
"AMAX" or ~AMAX Stereo" logo
to the sets themse lves . In ter
es t tn gly, we recently learned
tha t the lates t DelcolBose ca r
audio radios. a s In stalled in
s o m e 19 92 m odel General

Motors autom obiles . do in fact
meet the AMAX criter ia but for
reasons of aesthe tics , the ca r
maker elected not to apply the
logo to the radios. a t least for
th e present ,

The NAB plans to publtctze
the logo through Its member
s ta tions , who will be encour
aged to develop promotional tie
Ins with local audio ret ail ers .
NAB Is also expected to unveil a
major campaign by the time you
read this , promoting enhanced
AM radio to consumers . In addi
tion to the Imp rovements that
we have already mentioned. eli
gib ility of a radio to bear the
AMAX symbol must also include
prcvtston for an external anten
na, noise blanking for pulse
type Interference a nd the ex
panded AM band.

Wlll improvements help?
While both the EtA and the

NAB a re enthusias tic about
these atte mpts to Imp rove AM,
the q uestion that remai ns Is
whether or not AM ca n attract
enough of a n aud ience to re
main a major broadcasting for
mat In the years ahead. Even
though it Is s t ili uncertain
wh ether or n ot the Improve
ments In AM broadcasting and
reception will attract new lis
teners to the band. the many
Improvements are certa in to be
welcomed with open arms by
those who have been lis tening
to AMfor quite some time. While
many AMbroadcasters speak of
a "level playi ng field" (aga in s t
FMI. the fact Is that even with
res ponse extending to 7.5 kHz.
sound quality can no t compa re
with thequality ofFM. to which
so many listeners have become
accustomed .

Still. when you hear an AM
broadcast that has ex te n de d
frequency response of this kind,
It 's amaz ing how good It does
sound when compared With th e
"typ ical" AM radio sound we
have endured for many years.
Perhaps AMradio ca n be given a
new lease on life- even If It's
only a tempora ry reprieve until
digita l a u di o b roadas tj ng
(which some now prefer to call
digital aud io radi o. or DAR) re
places both of o u r cu r re n t
modes of radio. R-E



Let's build our benchtop
function generator

and frequency counter!
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FIG. 7-1NTERNAL PHOTO OF the aUlhor's prototype. Start construct ion by con
necting 811 cable assemblies to switCh-potentiometers mounted on the front panel.

FIG.~NSIDE VIEW OF the author's prototype . A l ran sparent red acrylic sheet was
used for the fro nt panel. A co pper tab Is soldered to the ground plane of the daughter
board and contacts a gYlby 3~inch conducti ve Shield, which Is glued to the Inside 01
the bcttcm case (not shown).
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erator now fu nc tion ing. build
th e si ne-shaper c ircu it (com po
nen t nu mbers 3XX)and vertfy a
s ine wave at the ou tput of le 9 .

Adjus t R3 23 fo r a two-volt
peak-to-peak s ine-wave outpu t
at le g pin 12. The a mplitude of
the square wave Is con trolled by
R324, which s hould be set to
give a clean squa re wave with 
out a ny overshoo t or rounding
on the edges .

The outpu t amplifier shou ld
be built next. Th at section uses
the 4XX n u mbertng scheme.
Set to R423 to Its cen ter post-

tlon and adjust it only If th ere Is
no ou tpu t. Next. put your os
cilloscope on DC cou pling and
observe the DC level of the out
pu t. adjust R422 unt il the out
p ut wave fo r m Is ce n te re d
arou nd zero. Ver ify the open-cir
cu it s ignal swi ng of 20 volts
peak-to- pea k a nd the - 20-dB
altenua tor switch .

The las t work on the moth er
board is to build the freq uency
cou nnng section and to mou n t
the d isplay board . The s ix d is
play LEOs a re solde red to the
d isplay hoa rd . which Is ca n -

nected to th e motherboard by a
9O-degree . 14-pln s tr ip header.
With the di splay a nd compo 
nent s In place. observe the d is
play. Selec t the MHz ra nge and
make sure that all the digits are
funcuontng. If not. go back a nd
do ub le check the circu it . Use a
freque ncy cou nte r or scope to
calibra te the cou n ter by adjus t
Ing C50 4 so th at the di splay
readi ng Is the correc t frequen cy
se lected .

The daughter board . wh ich
holds the cou n ter Input amp li
fier and sweep generator is as-
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AG. &-CABLE ASSEMBLIES show the potentiometers that are connected to each of
the functIon switche s.

se m b led n ex t. T h at par t s
placement diagram Is shown In
Fig. 10. The frequency-co u nter
Input circuit mus t be tested
wUh an external s ignal or by se
lec ti ng the ex te r na l-s igna l
sou rce fu nction and Jumping
the genera to r ou t p u t to the
cou n ter In pu t. 'Ies ung consis ts
of verifying the opera tion of the
switches. 511-514 and the In 
pu t a mplifier.

The In pu t a m plifie r ca n be
tes ted by varying the a mplitude

ofa n inpu t s ignal from about 25
mill ivolts to 50 volts peak-to
peak (If no test s ignal Is ava il
ab le. use the genera to r Itself)
a n d observing the frequ ency
read ing on th e di spl ay. The fre
quen cy should remai n the same
for a ll amplitude con d itio ns .
When s elect I n~ the prescale
fu nc ti on. the d isplay s ho u ld
sh ift two decimal places to th e
r tgh t If working correctly.

All th e boards were desi gned
to use tra ns istors wit h an emit-

te r-collector-base pin a r range
ment. and the rectang u lar pads
a re configu red to accept that . If
you choose to use the al ternate
t ra ns istors Indica ted In t he
parts list . they a re Amer ica n
made. and use an emltter-base
co ll ec to r pin a rra n g e m ent.
When the substitutes are used .
a small circ u lar pad Is placed
between the emitt er and collec
tor of the recta ng ular pads. This
circu lar pad Is used for the base
pin an d the collectors a nd emu
ters remain co n nected to the
rec tangu la r pads . "
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All resistors are V,·watt, 5% un-
less otherwi se Indicated.

R101- 2700 ohm s, 1%
Rl02. Rl04, R10S. Rl09, Rl11-

100 .000 ohms, 1%
Rl 06-33,200 ohms. 1%
A10? , Rl08, RllG-l000 ohms , 1%
R112, R114-3010 ohms, 1%
Rl13-49,900 ohms, 1%
R115. Rl20-4990 ohms, 1%
R116. R121- 7150 ohms, 1%
Rl17, Rl 22-348 ohms, 1%
Rn 8. Rl23-75,OOO ohms. 1%
R119, R124-750,OOO ohms. 1%
R125, R126, R826. R827-10,OOO

ohms, potentiometer
R1 27. R128-SOOO ohms. potenti

ometer (part 01 $ 101 and $102.
respective1y)

Rl29. R8~20.000 ohms,
potentiometer

R201. R210, R220-10,OOO ohms
R202. R222--470 ohms
R203-390 ohms
R204, R206, R219-1000ohms
R205, R21 6. R217- 2700 ohms,

1%
R207. R208--4020 ohms. l%
R209-511 ohms
R211-30,OOO ohms
R212-2000 ohms
R21 3. R214-13,OOO ohms
R215-91Q ohms, 1%
R218-7500 ohms
R221--47 ohms
R223. R828-SOOO ohms.

potentiometer
R224. R225, R228. A229-2000

ohms, potentiometer
R22&-10,OOO ohms. potentiome-

ter (part of 5201)
R227---4700 ohms, potentiometer
R301-49,900 ohms, 1%
R302. R303-11,300 ohms, 1%
R304, R306-12,l 00 ohms, 1%
R305-309 ohms, 1%
R307-200 ohms, 1%
R308, R309-24,900 ohms. 1%
R31l)-127 ohms , 1%
R311-63.4 ohms, 1%
R312. R313, R320-1000 ohms
R314-5100 ohms
R315-680 ohms
R31~150 ohms
R317-6800 ohms
R318. R319-10,SOO ohms. 1%
R321- 2000 ohms
R322-12 ohms
R323, R324-1000 ohms,

potentiometer
R325-SOO0 ohms, potentiometer

(part of 5301 )
R401, R402, R503, R504-10,OOO

ohms
R403 , R404-22,OOO ohms

R405-170 ohms, 1%
R406-12,OOO ohms
R407-1200 ohms
R408-2000
R409-18.200 ohms 1%
R41l)-270 ohms , 1%
R411-100 ohms, 1%
R412, R414, R502-3000 ohms
R413-24,3000 ohms, 1%
R415, R418---4 7 ohms, 1W
R416, R417- 7.5 ohms
R419-SO ohms, YlW
R420----499 ohm s. YZW
R421- 56.2 ohms. 1%
R422. R424-10,OOO ohms, poten-

tiometer (R424 is part of $401)
R423-200 ohms, pctenuometer
R501- 100,OOO
R505--10 megohms
R701-10.000 ohms
R702- 100,OOO ohms
A703-1 megohm
A704-50 ohms
A705, A718-150 ohms
A706, A712- 220 ohms
A707-470 ohms
A708, R715-51 ohms
A709-R711, A713, R714, A716.

A717-510 ohms
R719-36 ohms
R720-1000 ohm s
R801-7500 ohms, 1%
A802-33,OOO ohms . 1%
R803-33 ohms , 1%
R804, R805, A807- 5100 ohms,

1%
R80 6, A810, A816, A817. A819,

R820. R822- 10,OOO ohms. 1%
AB08--510.000 ohms. 1%
A809-2200 ohm s, 1%
A81'- 22,OOO ohms, 1%
A812- 2400 ohms. 1%
A813-100 ohms, 1%
A815-1SO,OOO ohms, 1%
A818-15,SOO ohms, 1%
A821-2000 ohms, 1%
R823-15,OOO ohms, 1%
A824-18,OOO ohms, 1%
R830. A831-5000 ohms . potenti·

ometer (part of 5801 and 5802.
respect,,",>,)

Capacitors
cior, Cl02, C204, C205-O.1 IJ.F

ceramic
C103. C2Q3-100 pF, ceramic
ClO4--O.001 IJ.F. Mylar
C105-0.01 IJ.F, Mylar
C106--0.1 ....F, Mylar
Cl 07-1 ....F, Mylar
C108 , C504-15-60 pF, variable

capac itor
C201--68 pF, ceramic
C202-{).047 ....F. ceramic
C301. C303-O.1 IJ.F. ceramic
C302. C304 . C502-39 pF,ceramic

PARTS LIST

C305. C401-4.7 pF, ceramic
C307-15 pF, ceramic
C308, C406-5-35 pF. variabl e

capacitor
C402-120 pF, ceram ic
C403-2.2 pF, ceramic
C404. C406--6.8 IJ.F, tantalum,

20 volts
C40S, C407-Q.047 IJ.F, ceramic
C501-33 pF, ceramic
C503-10 pF, ceramic
C601, C602- 1000 IJ.F, electrolytic,

50 volts
C603, C6Q4-100 IJ.F, electrolytic,

50 volts
C605-1 ....F, tantalum, 20 volts
C701, C704-C706-0.11J.F,

ceramic
C702. C707-100 pF. ceramic
C703 10Utantalum 16 VOlts C801-

22 ....F, tanta lum, 16 volts
C802, C803-220 pF, ceram ic
C804, CB05-100 pF, ceramic
CB06-500 pF, ceramic
Semiconductors
0101 - 0 10 8 , 02 01 -0204,

0 20 6- 0 2 2 6 , 0 3 01 - 0 3 12 ,
0 315-0318. 0 401, 0402, 0 701.
0702, 0 801-1N4148 diode

0 205-1N751, s.t-von Zener d iode
0013, 0 314-1N746, 3.3-voll Zene r

diode
BR1- W02M bridge diode
0 1, 04. 0 12. 013. 0 21- 2SC1815

or MPSAOS NPN transistor
02.03, 06, 07. 0 11. 019, Q2O

2SA1015 or 2N4403 PNP
transistor

OS, 0 17-2N4416, N-channel FET
0 &-2N3904, NPN transis tor
09 , 0 10 . 0 14-2SC 1923 o r

MPSH34, NPN transistor
0 15-2N2219, NPN transistor
0 16-2N2905, PNP transistor
0 18-PN5139, PNP transistor
IC1, IC2-LM741. op-amp
1C3, lC4-lM308, op-amp
IC5, IC6 , IC2D-CA308 6, NPN

transistor IC (Harris)
IC7-7420, dual4..jnpul ANDgate
lC8--4011. quad NAN[) gate
IC9----CA3030. co-amp
IC1G-4066, CMOS quad b nateear

switch
IC1' -7216B, frequency co unter

and LED driver (Intersil)
IC12-7815, +15-volt voltage

regulator
IC13-7805, +5-volt voltage

regulator
rCl 4-7915, - 15·volt voltage

regulator
ICl5-MC1011 6, ECl triple-line re

ceive r wit h Schmitt trig ger
(Motorola)
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own boards. place the potenti
omete rs on th e componen t s ide
and make your adjustments be
fore the board Is con nected to
the moth er board .

Once aga in you l l need an os
cl1loscope to verify proper align
ment. Set R82 8 to Its midpoint.

•

•

• •

• •

• •

Th e sweep generator Is built
next. If you 're using the boards
supplied with the k it, mou n t
potentiometers R825-R828 to
the solder s ide of the bo a rd .
That wlll make adjustments
eas ie r when the unit Is as
sembled . If you 're maktng your

f------------9:1 I NCH E S----~~~~~::::-_.;
COMPONENT SIDE FOIL panern of the moth er board.

1--- - - - - - - - - - - 9'h INCHES- - - - - - - - - - - 

SOLDER SIDE FOIL PATTERN of the mother board.

tC16-SP8629, presceier (Plessy)
IC17-LM324, quad up-amp
IC18--MC1458, dual op-amp
IC19-CA31 40, op-amp (Harris)
SR801-1000 ohms, thermistor
OISP1-DISP&-common-cathode

LED (FND357)
Other components
Sl -S7-4POT-O switch
$8-0 POT switch
S9-S l1-DPOT-D switch
S12-514-DPDT-1switch
S15-DPDT on/off switch
S101- DTDP swi tch used wit h

R127 (5K potentiometer)
S102- DTDP switc h used with

R128 (SKpotentiometer)
S201-SPDT switch used with

R226 (10Kpotentiometer)
S301-0 PDT switch used with

R325 (SK potentiometer)
S401-SPOT switch used with

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

R830 (SKpotentiometer)
S802- DPDT switc h used with

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

O.l- inch centers
J6- S·position female/male, 0.1-

inch centers
J7, J1 2- 2-position female/male
J8. Jl 3---6-position female/male
J9-J l1, J1S, J16-4-posilion

female/male, 0.1-inch centers
XTAl1-1O-MHz AT/CUT crystal
T1 -11S/40 volts AC, O.S-amp

transformer
F1-o.5-amp fuse
Mlscellaneous:Case (CTP-l by

Global Specialties), three 1.75-
inch standoffs, four 2-inchstand
oils, two T0-5 heatsinks, three
TO-220 heat sinks, thr ee PC
boa rds , int ern al wiring ,
fuseholder, 3-co nducto r 18
gauge power-supply cord, and
strain relief.

Note: The fo llowing Items are
avail able from Trlstat Elec
tronics, Inc" 66A Brockington
Cres., Nepean, Ontario, Cana
da, K2G 5L1,(613)226--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-
fini shed front panel)-$300.
• Cut and silk-screened front
panel-$10.

Add $17 for shipping and han
dling, Send check or money
order only.
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A G. 9-THE DUAL·PRIMARY TRAN SFORMER ca n accommodate t ts-ven operation
by connecting the two primaries In aeries : 1 to 3 and 2 to 4. For 22O-voft operation.
connect pins 2 and 3 In series. AI-o. the tnInslstors have an extra base pad tor
different packages.

• •

FIG. lG--PARTS PLACEMENT OF DAUGHTER BOARD holds lhe Input ampllflef and
62 sweep generator circuit.

Using your unit
Table 1 shows a complete list

ce n te r position a nd a djust 
ments can be made by observ 
Ing the LED display with the
counter set to th e in ternal 
cou n t mode.

If everythi ng Is working prop
erly. you ca n Insta ll the com
pleted boards Into the case . The
top of th e case uses four 2-lnch
standoffs. The front and back
panels supplied with the case
a re of O.065-ln ch a lu mi n u m
and are not recommen ded for
use as a front panel. Acomplete
cu i and silk-screened panel Is
ava ilable from the sou rce men
tioned in th e parts lis t. or you
can make you r own usi ng trans
parent red acry lic . Secu re the
mother boa rd In place {top half
of easel and fina lly Ins ta ll the
daughter board uses three 1%
In ch s ta n doffs . You 're now
ready to power up and use you r
co mbina tio n func tio n gene r
ator and frequency counter.

•

IC19 pin 2 and R827 will se t the
maximu m swee p wid th . If a
scope Is not available. mos t po
tenttometers can be se t to their

,,0>

u ~o 05

r
,.~- ",

Ra' ." 0Tl
0

a nd adjust R825 to give a good
log ou tput (when se lected) and a
linear outpu t Adjus t R826 to
ac hieve a good Input signal to



TABLE 1-FUNCnON GENERATOR SPECIFICATIONS

FUNCTION MIN MAX UNITS

Sine Wave 0.1 2.5 Mega H,
Triangle Wave 0.1 2.5 Mega H'
Square Wave 0.1 2.5 Mega H'
Pulse 0.1 2.5 Mega H'
Ampil ud e

Main Oulput 3.0 20 Vp-p
- 2OdB 0.5 6 vp -p

TTL Pulse 50 5 Vp
CMOS Pulse 0.5 15 Vp

Duly Cycle 10 90 %

DC OHsel 10 + 10 VOC

Sweep Generator

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

Frequency Counter

Input Sensitivity 20 100 Vp-p
Inpul Range 0.1 150 Mega H,
Inpul Impedance 50 1 Mega Ohms
Gales Times .01 10 Seconds
Error z.LSD
Stability 50ppmrc

of fun ctions and specifica tions
of the unit.

The square wave out pu t Is in
ph ase with the s ine wave a nd
th e tr iangle wave. but Is 180 de
grees out phase with th e TIL
and CMOS pu lse ou tpu ts . That
feature is usefu l for creating a
two-phase clock ing sys tem if
you happen to be working with
digital eq uipment . The unit is
calibrated to g ive a freq ue nc y
range of 0.1 Hz to 2 .5 MHz. The
upper frequency limit ca n be ex
tended by adjus ting var table ca
pacitor C108 and/or R129. WHh
the componen t values that we
have given. the upper freq ue ncy
lim it ca n reach as hi gh as 4
MHz.

Cha ng ing t he values of t he
nmtng res ts tors RI I5-RI19 and
Rl20-R124 w ill produce ou tpu t
frequencies as determined by
the formula l IRe . That method
will achieve a maximum s tne
wave out pu t of 10 MHz with an
a mplitude of I volt pea k-to-peak
above 2 MHz. R·E
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Just fill out the ord er c ard
in thismagaZine a nd mall
It in today.

SUBSCRIBETODAY

FOR FASTERSERVICECALL TODAY

1-800-999-7139

Now you can subsc ribe to the best e lectronicsrno c c zme. The only one
tha t bringsyou artic leson-electronics projects, technology. c ircuit
des ign. communica tions. new productsa nd much more.

Radio·Electronics looks to the future and showsyou what new video.
audio a nd computer productsa re on the horizon. wncrs more vouu
find help ful, monthly departmentssuch a sVideo News. Equipment

Reports. Ha rd ware Hacker. Aud io
Upda te. Drawing Boord. ciJ
CommunicationsCorner. All go
desig ned 10 g ive you lnsfruc- .~
non. ucs.a nd fun. "'"
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GET THE LATESTADVANCES IN ELECTRONICS
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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 nt-tech indus try. or a novice
seeking entry into an honorable.
rewarding field of work in
countersurveillance, you must
view this video presentation again
and again.

U"t" .h liP! You ffiJ.)' be rhc vketm uf
srolcn words-e-prec icu s ideas rhar wou ld
have made you very wealthy! Yes. protcs 
siunJ ls. even rank J.ffiJ.( l"Un, rna)' he lis
renin g l O yo ur mo st pri va tc co n
vcrsano ns .

\f :'h liP.' I f }"OU an: noe (he victi m ,
rbcn ) 'OU are surrounded by coondess \"ic
rims who need your help if rou know how
to J i~O\·t"r telephone ups. loc ate bugs, or
"sweep" a room clean.

There is a th riving profl'ssional serv ice
sncpcd in high-rech techniques rhar you
can bec om e a pd f[ of~ But first , ~'ou must
know and unders tand Cccnrcrsurveilancc
Tl'Chnolog)·. Your \T I')' firsr insis:hl into
this h i~h ly ITwardmg tield is made possi
ble by a video VI-IS pn-senta t ion that ) 'OU

cannor view on bn ...dcas r rclcvision, sat
clfite, o r cable , It presents an inform;u ive
pmgram prepared by pmfc'Ssiona ls in rhe
til'ld who know their inJustf)', irs rcch
niques , kinks and 100I'holl'S. M en who
G in tell rou more in ,1') minu tes in a
suaightfor....·JrJ. exd usivt' ralk rhan W,lS

t'vcr attempted before,

Foiling In fo rm a t ion Thie\'C: s
D isco\'er t he tars: e t s p rofe ss ion a l

snoopers seek ou r! The pn'y i R: slock
brokers. a rbiuage firms. manufanun:rs.
h igh-u-c h co mpan i!;"s . anr com pct il h 'l'

~ indusl l')'. or l...·c·n small husinnl'Ssc'S in dll"
- s;une communiry. 111l' valuable informa·
~ rion ther filch may ht' market ing strM
jl eg ies . customer liSls, prod uCt formulas,
;f m;lnufaclUr ing rlochnigues, e\Tn adver
] t ising plans, Information Ih ie\'es ('",lVCS
~ d rop o n cou rt decis ions , b idding
~ informarion. financial data, 11lC' lisr is
w un lim ited in t he mind of m an - es 
.Q peciaUy if he is a rhier.
~ You know th ar the Ruuians St'CR:t1 y

install ed countless microphones in th e
concrete work of rhe Americ,lo Embassy

54 build ing in Moscow. 111ey co nve rte d

CALL
TODAY

TOLL
FREE

1-800-522-6260
HAVE YOUR

VISA or MC CARD
AVAILABLE

"",1};Ir was to hi: an crnlcssy and ptl \';L[t'
residence into rln- most soph isrirnn-d re
nJ rJ ing sr udio rhc world had ever
known . T he hu i ld i n~ had [() I'll" rom
down in ordee 10 remove all the bu~s ,

Stolen In format ion
The open taps fn,m where rhe informA

tion pours nu l may hi: from FAX;' , com
poll'r communica rions , telephone ca lls.
and eve ryday bu siness m ecri ng s and
luncht ime encou nters. Businessmen need
cOllnsdli n~ on how (0 el imin ate rhis in
format ion drain . Hasic Id l'phune usc cou
pk d with rbc use:t 's undcrs randing rllar
suml'l.lne may lx, lislcnin!: or n '(urd ing
vita l data and informat ion gre-,ltl ~· ' n:duu..s
th e oppu rt uniry for or hers to pu r lo in
mt:"anin~ful informa t ion,

---------------------------,
RAUIQ.U.lCTROS ICS \ "U)fO OfFE R RE
'I4ll-ll 1I,.e-,- 111.-.1
f • •m ~"'I~, NY 1I7n

..I,· · rm.h mt' Ct.,. ,~ 'Ilt- 1 ~...n'......"'"'l1."'~ T" hn,~....
V"I", ViiSr""'I<'''' (,,, $ N ,'n pi.., $ ,j ,Il l t". I" ""~< .",1
h..r.Jlin~,

...." . ,i c...1<"n '>N<noJ _
A........n' .,j M ......' $ _

11,11 my 0 VISA0 M..,<r<:"d
(:..J S " . -;- :
F.• I"..~ , _ _ _ ,,

s.~ ......~=~~~~~~~~~~~~~~ ,
N_ ,
MJ~ ,
( :0. , "...~ ;rJ" :

All M 'mmn In US A t-h C...ttUrl ...... ..Jd S l l . , r<' :
VIIS<......« , :-;" lnn-I~n "cdo.n , New " ,rl S........ oJt-n.. I
.odd al'l"li,.bl...In In :

---------------------------.

111e professional J iscussions seen on
rhe 1V screen in ~'Our home reveals hov.'
to detec t and d isab le win-raps. mid~et

rallio. fn'lul'ncy rransmitters, and orh cr
bu~s . plus when to use d isinformat inn to
confuse rhc unwanted Ilstc·nl" r. and the
technique of voice scramblinJ: telephone
(Ommunicatio ns, In fan . do ~'ou kOO\1:
how' 10 look for a bu~. where ro look for a
buJ: . and what 10 do when )'00 find it?

Bu~s of a ve ry small size are C"aSy 10

build ancl the~' can be placed quickly in a
mat ter (If seconds, in an)' oh jcn or mom ,
Today you may have used a telephone
hand w r that was bugJ.: t-d. It pnlb;lhly
contained rh rcc bugs , O ne was a phony
bug to foul you in to belit'ving ) 'OU found a
bug and secured rhe tell'phone, TIll' St'C

end bug placates the i n vt'Sti~a lor when
he: finds the real rhing ! And the: th ird bug
is fou nd on ly by the pniessiolUl. who
conrin ucd to search JUSt in case rbere were
more bu~s ,

The prnfcss ional is nor wirhour his
tools, SJ't"Cial equipmcm has been de
s i~nl-J so that rhe pn i ession;)1can swc-ep
a room so thai he can de tec t voice-sed
varcd (VOX) and rcmore-acnvared bu~s ,

Some of this equipment can he ope rated
by novices, oehers requ ire a trained coun
rersurveillance professional.

The proft'SSiona ls viewed on your tel e-
vision scree n 1't'"'TJ.1 infotmalion on the
latest t«hnolo~ ical advances like laser
beam sooope:rs [ha l are insulll-d hu n
dreds ei feet awa)" from rhe mum Ihe)"
snoop on . Th e pnlfessionals J isclllSl' th ar
computers yidd informat ion 100 l-;lsily.

111is adve rriscmcnr was nor wr irrcn by
a cou me rsu rvcilla nce protes sicnal , but by
a beJ.: lnner whOSl" only l'xpt:ricnce caml'
from \,ie..... i n~ Ihe video lape in Ihe pri M
\'acy Ii his homC'. Aflet )'ou ft"Vie:..... th c'
\'id l'O ca~fully and und erstand ' irs con·
renrs, ~'OU ha\'C' ul en the first imponant
n ep in ei lht'r acquirin8 professiona l help
v,.·ith )'om su[\'Cillance problems, or ~'()l1

may \ '1:ry well consider a cal't"C"( as a coun
tersurv(:illann ' pnic'Ssional .

T h e Doll a rs ' ( IU 5 01\"1"
To obtain rhe informat ion conrai nl-..l in

th e video VH SCilSSt'rte. you "',ould attend
a professional sem inar cllS r i n~ $,\')o·no
and possihly pay hundm.ls ofdollars mo~
if yOll had to tra\'C"1 to a di stanr cir)" to
an end , N ow. for on l}' $-19.95 (plus
$4.00 P&:HI ~'OO can vi",' Cf/lmUNII'"

l ~iJLm(r "l« h" iqllrs at home and take
refreshe r views ofr t'n , To obtai n your
ccp~', complt' te Ihe coupon belo"', o r ca ll
roll fn.-e,



JAMES J. BARBARELLO

cha rged meta l p lates . As the
smoke goes u p th e smokestack ,
It passes by those pla tes : the
pla tes "pun" the suspended par
ticles to them . removing pollu -
tion that wo u ld otherw ise be
released to the ou tside a ir. Par ti-
cles accu mu late on the pla tes .
a n d eventu ally have to be re 
moved . To "clean" the p lates .
rappers (like g ia n t solenoids )
provide qutck. hard jolts to the
plates . breaking tra pped partl- ;V
cles free In huge sheets that fall .~.
to the bottom of the smoke- ....
s tack . Our task was to deter
m ine t he ch a rac ter is tics o f ~
ex is ti ng co m me rcial rappers . ::D
a n d then determine whether ~

ou r customers rapper cou ld be Y

made better than the com pet t- ~
uons. g

Our tes t in st r u me n tation a'
cons is ted of an 8-blt NO con
ver ter hooked u p to a com pu ter.
an d fed by a rectilinea r potentt- 65

shown In that ar ticle was built
a rou n d the base-collector j u nc
tion of a s ilicon transistor. With
the p roper se tti n gs for a m pli
fication and DC offse t. a severa l
hu ndred mtlltvolt change over a
IOOoreeC tem pera t u re range
produced a d igita l o u t put
spread over th e fu ll In pu t ra nge
of th e ADC0804.

In genera l. a n N O converter
an d a PC ca n p rovide very low
cos t so lu tions to measurement
problems that would ord inarily
req uire cos tly test equ ip men t .
Followi ng are some Ideas. prac
tical circu its, an d software for
In ter fac in g other types of de
vices . Th es e Ideas cove r the
three most co m mo n types of
sensi ng : mechanical. elect rical.
an d acous tic .

Mechanical sensing
As an example of mechanical

se ns in g . t h e aut ho r a n d a
fr iend were contrac ted to mea
su re the d isplacem ent . Impact
force . a n d velocity of e lec
tromechan ical rappers used In
the po llu tion-con t rol Ind us t ry.
Factory smokesta ck s have en
vironmen tal controls tha t con
tai n huge . elec t ros tat tca lty

PC-BASED TEST INsrnUM £ NTAT IO N

has turned out to be a popu lar
to p ic a mo ng readers . We co n
ti nue this ongoing ser ies by in
terfacing new sensing devices (a
lin ear displacement transducer.
a piezoelectric tra nsd ucer. an d
a microphone) to the analog-to
di gita l co n ver te r lADe ) dis 
cussed In the J anuary 1992 15
sue. Ifyou 'reJust gel ling s tarted
wit h th is ser ies. here's a brief
review of progress thus far.

Quick review
The hea rt of th e system Is a

PC 110 expan de r ca lled the PC 10
th at adds 24 lines of d igital 110
by means of an 8255 Parallel In
put/Outpu t (PIOI, all on a st ngle
8 ·blt expansion ca rd . In the
January 19 92 Ins tall men t. we
added a n ou tboa rd a nalog-to
digit al converter fADe ). based
on an ADeOao'!. Th e ADC al
lows you to measure and cap
tu re any o-s volt a nalog s ignal
(e.g.• tempera ture. d ispla ce
men t. an d audio). Th e circu it
Includes a va riable-gai n a mplr
Iler for low-level In pu ts. and a
DC-offset adjustment for Inpu ts
w it h u n wan ted DC co m po
n ents . A te m pe rat u re p robe

EXPERIMENTING WITH
ADC FOR
YOUR PC

Add a variety of analog inputs to
the PC-based analog-to-digital convertor.
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AG. 1-1NTERFACE A l iNEAR displace
ment transdu cer to the PC 10 as shown
here. The wiper 01 the LOT drives the
ADC0804 directly. so remember to dis
connect the up-a mp output (pi n 7) fro m
the AOe 's Input (The original circu li was
shown In Fig. 2 In the January 1992 in
stallment )
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FIG. 3-1NTERFACE AN AUDIO SOURCE as shown here. The nonsequential part
numbers occur 10keep numbering cons istent with the original circuit,

'/1· PIlONE
PLUG

A G. 4-GRAPHICAL OUTPUT from GRAFDATA.BAS (Li sting 2), which allows you 10
display as many as 1000 data po ints captured by ADC.BAS (LIsting 1~

Electrical sensing
The temperature probe d e

veloped las t time is one exa mple
of elec tr ical sensing. An other
good s ens ing de vtcc is p iezo
elec tric ma ter ial, ava tlabtc In
both film and crystal fonn. An
inexpensive so u rce o f p tczo
electrtc crys ta l Is Radio S hack's
Piezo Transduce r (2 73 -073).
Simply break open Ih e plas tic
case, a nd you have a circu lar
piezoelect r ic t ra nsdu cer wit h
red and black leads . When flex
ed In a ny way, th e transducer
produces a voltage that var ies
proporti onally to th e amount of
Ilextn g.

A pt eao transdu cer ca n he
used to measure force or Im
pact, or the amount or bcndtng
and Hexing. Figure 2 shows how
to con nec t a ptczo tra nsducer to

give a true indication of di s 
placement. This type of setup
would also be useful for measu r
Ing the movem en t of so lenoi ds,
pis tons, ca ms, and s imilar de
vtces.

Us ing t hat circuit, we ob
ta ined a series of outputs that
sh owed exact ly h ow th e rapper 's
plu nger moved a quarter of a
second a fter It tr iggered . Eight
bit s of digital da ta made It easy
to ca lcula te the ra te ofcha nge of
displ acem en t (velocity), as well
as th e max im u m displacement.
We d etermi ned impa ct fo rce
us in g stra in gages .

The only prob lem we had was
In d etermining just when to
read the I.OT's res ist a nce. The
s o lu ti o n t u r n ed o ut to b e
stra ig h t forwa rd . as we'l l s ee
momen tarily.

A RE.
0"'BlA""CK'-------l~

PIElO
l AANSDUCER

ometc r (also ca lled a linear d is 
placement transducer. or LDT).
LDT's arc precision pot entiome
ters that move lin early. rathe r
than circularly. Even at su rp lus
p ri c es . LDT's a re n't c h ea p
($20-550 ). but they do a great
job . Figure 2 In t he J an uary
1992 Issue sh ows the complete
ADC circu it: we s imply supplied
It wit h th e input sh own here In
Fig. I. Note that we powe r th e
LOT directly with a 5-\'oH DC
supply. so neuher a mplifica tion
nor DC offse t were req u tred . In 
s tead , we drtve the ADC0 804
(IC2 ) d irectly; as sho wn In the
figu re.

lf you use thi s type of'arrange
mcnt. be sure to discon nect th e
op-am p's out p ut (pi n 7) from
the ADC's Inp ut (p in 6). In add i
tion . make sure th e po tentiome
ter has a resista nce of a t leas t
IK, so as not to d raw too m uch
cu r rent from yo u r PC's power
sup ply. Also . the mechanical
linkage betwee n the LOT an d
the rapper must be firm so there
is Ill tle 01" n o s li ppage at the
s peed s enco u n te red . Othe r
wise, the poten tio meter will not

AG. 2-1NTERFACE A PIEZOELECTRIC
tran sducer as shown here . Make sure
the red lead goes to the t1pand th e black
lead 10the ring 011M plug. Al so, to avoid
feeding DC voUage Inlo the transducer,
disconnecllhe J1 end of Rl.

50
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LISTING 1

200 LOCATE 4 , 1: ?P.IN'T ' Sun,' ; ISTAAT : LOCATE 5, ) , PRIlIT ' End ,- ;
I FIN
210 LOCATE 20 . 1 , FRUIT - e r e s s <ESC> " , LOCATE 21, a , PRIm- - TO
End •• . •
220 LWE 1138, 01 -1138. 1901 ' LHlE tUB, 1901 -(639. 19 0 1, J. 139
230 FOR 1.01'0 1 52 STEP 38: LINE tI28, 1) ·(137, 1) , !l£XT
2 40 LOCATE 1. 13, FRINT ' 5 . 0', LOCATE 24, 16 , PRIl:o:' ' 0 ';
250 LOCATE 12 . 12, PRUIT ' VOLTS' ;
260 FOR I .. I START TO I FIll ST EP iltp
270 LINE 1,J, III I I - (J . YUlc. I II • i stpl l' ,J .. ,J . VI h"C, IIEXT I
280 AS " ItIKEYS' IF A$ .. .. THEIl 280
290 IF ASCt ASI • 27 THDI $CREEIl 0, END ELSE BEEP, GOTO 28 Cl
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put s ignal. adjust Rll for max
Imum ga in, and Rl2 so ou tput
Is about 2.5-volts DC. (The lat
ter setting allows the ptezo volt
age to vary from that qutescent
level.) You might also want to
adjust the value of R3 so that
the piezo sensor produces max
Imum Indication a t Its max
Imum output.

1b test the circu it . use a p iece
of masking tape to sec u re the
ptezo se nsor to a flat surface.
making sure you aren't flexing
it. 'Iap the surface Onnly and
not e the respo nse. In ac tua l
use. you wou ld mou n t the sen
so r us tng a clamping device or
flexible ad hesive. This type of
device Is useful for measuring
applied Impact . osc illatio n afte r
Impact . or a mo un t of flex or
bend.

Acoustic sens ing
You 've probably seen audio

signa ls di s pl ayed on a n os
cilloscope. Now Imagine "freez
tng" those signals-I.e.• storing
them In digital fonn. Scientists
ca pture digitized aud io In this
way to s tudy the sounds that
wh ales . b irds. a nd ot he r an t
mals make. In digit ized form.
It's easy to compa re a nd co n
trast d ifferen t sounds to deter
m ine which have si m il ar
ch a racte ri stics. or to look a t
othe r fac tors that wouldn't oth
erwise be obvious .

To accom modate a m tcro
ph one Inpu t, we mod ified th e
ADC circuit as shown in Fig. 3,
Th e changes allow us to tn 
crea se the ga tn of IC1·a to a
maximum of 100. and to attenu
a te h igh -level Inpu ts . Gai n Is de
te rm ined by the ra ti o R14!
R6 = 106 /104 = 102 = 100. If the
part numbering in Fig. 3 seems
strange, Its because we tr ied to
stay consistent with the main
circu it shown In Fig. 2 In .Janu
ary Note that In the Jan uary
version , R6 was l OOK: here we
decreased lis value 10 10K. Also.
we no longer use Rl-R4.

In operation, first se t R12 to
mid-value. Then adjust RI4 for
maximum range. as descr ibed
last time. Las t, readjust R12 as
necessary to se t the quiescent
level to abou t 2.5-volts DC. For
example. a microphone migh t
provide a ma ximum ou t pu t

of RI . shown In Fig. 2 las t time
(HI provided +5-volts DC to th e
temperature probe). With no In-

1 !<D'l •• •• • •• • •• • •• ••• • •••• ••• •• •••• • • • • • • • • •• •• •• ••

2 k£M" AtlC.8AS - '1910 80 3 • ,J,J 9arb.are n o •
) REM " Capture/ St o r e Ana l 09 Data vit h PeA/D-KATE •... REM····· ·········································
10 CLS , DEr Ih~ A. x, DIM AlI OOOl: GOSV9 370 : LOCATE 1. 23
20 PRUrr 'pe MC CATA C'OLLECTI Ol:l SYSTEM', LOCATE 2 . 1: PRI m
S1'RINGS l7 9. 2201
)0 LOCATE S. 1 : PRINT SPACES! 791 : , LOCATE 5. 10
40 LI NE U: PU'r 'Enter TilM' 10·HiOO seconds) ceeveee SamP l e s ••• ':
inte rva l S
50 i nterva l c VALlin tervalS)
60 IF i nter va l < 0 OR int e rval> )600 THEIl BEEP : cere 30
70 LOCATE 7 . 10, PRurr ' Pr e ss <Enter> to bvgin. or <Esc> t o
a bor t ••• • :
80 GOSUB 350, IF ~S = CHR$( 27l THEN CLOSE : END
90 LOCATE S. 1 0 , PRIt:T SPACESI601, LOCATE 7 . 10, PRUIT SPACES l60 1
100 LOCATE 10. 2;< , FRIln' ' DI GITAL DATA 10-2 551 : " LOCATE 12. 19
n o IF i nterva l > 0 niDI PRUIT 'SECOtlDS BEno"EDl SA!'!PLES' -. rneerve i
120 LOCATE 13. 2 9 , PRINT ' SAMPLE t1UHBE!l : •
130 LOCATE 1 6 . 2 0, PRINT 'Pr e ss <Ese> to End S"""' l i n\1 •• . ·:
1 40 acount .. 1 : xsampla .. l
15 0 told .. VA LI MI D$I T IMES. 4 , 2)) • 60 • VAL (RI GHT$ (TIMES, 2ll
160 IF interva l .. 0 THEIl GOTO 210
170 T .. VAL lMI DS (T IMES . 4 . 2 11 • 60 • VAL(RIGHTS(TIMES . 21)
180 I F T .. 0 AlID (told - T > intervllll THEN tOld . to ld· 3600
190 IF IIlUYS .. CHRS(27 1 THEN GOTO 260
200 I F T - told> 0 THEIl told = t old. intervlll ELSE GOTO 170
210 OUT ADD. 2, 0 , OUT ADD . 2. I
220 x .. INP\ADD I , LOCATE 10 , 44 : PRIm- USING ' , U ' : x
230 LOCATE I), 44, PRI NT xsample: : x samPle = xSllmpl e • 1
240 I F acount < 1001 THEN A (acount } .. x, acount = lIcount • 1
2 50 IF ItIKEYS <> CHM I2' ) THDI GOTO 160
260 BEEP : LOCATE 16 , 1 5
270 PRIm- ' Pres s <Enter> t o s a ve d a t a, <ESC> for ll O s a v e ••• ·;
280 ccsoe 350 , IF ASC IAS I = 27 THEN CLS , DID
290 LOCATE 16, 15
300 LINE I NPUT 'Ent er Fi le flame TO Sliva Data l e x , TESTOl.ADDl ••• · ; t s
310 OPEN -e". 1. es. 2 , FIELD 1. 2 AS d I S
3 2Cl LOCATE 18. 20, P~INT -Savinq Do&.t", ••• ·,
33Cl FOR i .. 1 1'0 a c ount , LS ET dIS. KXIS IA ( l l l, PUT t . LOFl l) I 2 •
1, 1/EXT
34Cl PRINT · Oooe. Pre s s M"Y key.' : , A$ " IN PUTS ll ) : CLOSE: CLS :

"m350 AS " INKn'S' IF AS = • • THEN GOTO )50
360 IF ASCI AS I = 13 OR ASCI AS) = 2 ' THEN RETURN ~SE BEEP, GOTO 35 Cl
370 OPEN · R" . 1. · W~CRES . OAT · , 4 , F: ELD I , 4 AS AS
380 GET I, 1 : ADD" VALlAS) , CLOSE, DEF SEG .. 6 4 : cur ADD· 3 , 146,

'Ere'"1 REM " GRAFOATA. BAS
2 REM" Crllp h PeA/D-Hate . ADD Fi le Do&.t a (Requi r e s Gr aphics ~~nltorl

3 R~~· · '191 0802 - J,J a arbarell0
4 REM"
10 CLEAR , DEFIltT I-,J. V, KEY OFF : CLS
20 COLOR 0 , 7, LOCATE 3 , 27, PRI m- • GRAPH Pe A/D- MATE DATA ': : COLOR
, . 0
) 0 LOCATE 10. 20 : U lpUT " Ent er Fi I e N4I!\ll (e x , TESTI. ADDI ••• • I DruS
-1 0 Op Dl ' R' , 1, DFtIS. 2, FIELD 1. 2 AS OS, I F LOF(l) > 0 THEIl GOTO 80
50 CLOSE , KILL OFt, S : aEEp : LOCATE 2 5 , 1 3
60 pRINT 'Thllt FU e DOeSn' t exi st. Press AlIT ke y t o try "'''' Ilin • •• ·'
70 A$ .. I NPUTS (I ), CLS , GOTO 20
80 LOCATE 21. 34, COLOR 16, 7 , PRI rIT • Rell din", dll t a " , COLOR 7 , 0
90 DIM IltLOFn) 1 2) • II
100 FOR 1 .. 1 TO LOF nl 12 , GET I , I, III ) " 1 90 - CVIIDSl, NEXT
110 LOCATE 2 1 . 34 , PRINT SPACES( 20J
120 LOCATE 12 . 20 , PRIm 'File HollS ' , LOFn) 1 2 ; · SlI:t(l l e s . ·
1)0 LOCATE 14. 2 0 , INPVT 'Enter St a n Sa~le To Vi ew .. • ·; ISTART
140 LOCATE 1 5 . 2 0 , INPUT ' Ent e r End Sa mpl e To View': I FIN
150 I F IFIN - ISTART > 1000 THEIl IFnl • ISTART • 999
1601 (1 1 . III - I I: I II. 1 1 c I et l ; 111 . 2/ .. I II • 11
110 YInC .. 500 I II FIII - I$TART I
180 IF I I FIN • ISTART) > 499 THEN lst p • 2 ELSE lstp = 1
190 SCREEN 2: LOCATI: 2 . 1 : PIUllI' 'SAMPLES" : LOCATE 3 . 1, PRIllI' ' •• ---

ou r circu it. We wa nt on ly the
voltage generated by the prezo
sensor, so d isconnect thc J l cnd



LISTING 2
1 REM " GRAFDATA. BAS
2 REM " Graph PcA /D·Mate .ADD FUe D.\t a l Requi r e s Graphic s. MOnitOr)
3 REM " V91 0e02 - JJ Barbarella
~ REM "
10 CLEAR : DEFI~7 I -J. Y, KEY OFF, CLS
20 COLOR O. 7: LOCATE 3. 27: PRI!lT • GRAPH PCA/D-MATE DATA " : COLO~

r. 0
30 LOCATE 10. 20, IllPtrT 'En t e r F i l e ll<\rne (ex: TESTl .ADDl ••• · , DFUS
40 OPEN ·R ·. 1. DFNS. 2: FIELD 1. 2 AS OS : IF LOFlll > 0 niDI GOTO eo
so CLOSE: KILL OfNS : BEEP : LOCATE 2S. 1 3
60 PRIln '~hat FIl e Doe sn ' t exist. Press A!N key to try aga i n •.. ·:
70 AS. UlPU'I'Sl1 l: CLS ; GO'I'O 20
80 LOCA~E 21, 34: COLOR 16. 7: PRUn · Re a d i ng data '; ; COLOR 7. 0
90 DI M Ii!LOFO) 1 2 1 • 31
100 FOR I . 1 TO LOFO) 1 2 : GET 1. I: I (I I : 190 - CVI IDSI: JIEXT
110 UXW:'E 21, 34: PRINT SPACESt20l
120 LOCATE 12. 20: PRINT ' Fil e Hall '; LOF111 1 2 ; · Samp l e • • •
130 LOCA7E 14. 20: INPU'I' 'Enter Start ~le To VIew ... · ; ISTART
140 LOCA'rE is. 2 0: INPUI' 'Enter End S4:::ple To View ': IFlN
ISO I F IFIN • I START > 1000 THEIl I FIN : I STAP:T • 999
160 IIIl ,. III - 11: I II • 1) . 1 111 : ICI • 2) : ICI • I J
170 YUle. SOO I IIFIll - ISTARTI
180 IF lIFIN - ISTAR1'1 > 499 TH~I 1STP : 2 ELSE ISTP • 1
UO SCREElI 2, LOCATE 2. 1: PRINT ·SAMPLES-: LOCAT£ 3. 1: PRINT

200 LOCATE 4 . 1: PRUlT •Stan: ·; ISTART: LOCATE S. 3: PRUn • E:ld: ' ;
IFW
210 LOCATE 20. 1: PRI NT -eeeee <ESC>': LOCATE 21, 3: PRINT 'To
<:no:!. _.'
220 LIlIE 1138. 0)-0)8 . 190): L III E (1 38 . 19 0 1 - 1639 . 1901: J . 139
230 FOR 1.0 TO 152 STE P 38: Lure 1128. 11- 11 37 . I I : flEXT
2 40 LOCATE 1. 13, PRan ·S .O ·, LOCATE 2L 16: PRINT ' 0 - ,
250 LOCATE 12. 12: PRINT 'VO LTS ';
260 FOR I • ISTAR1' TO IFIN STE P ISTP
270 LINE IJ . IIIlI-lJ • nNe. I II • I STP I ) : J. J • YIrlC: NEXT I
2 80 AS • UtK£YS: IF AS • • • THEN 2S0
290 IF ASCIASI • 27 THEN SCREEN 0: END ELSE BEEP: OCTO 280
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aga in . data Is abandoned and the
program ends. Ifyou press Enter.
the program request s a file name
for stortng the data. Specify the
com plete file name. includin g
a ny pat h a nd extension te.g..
C:\SUB l\TESTOl. ADO.) If yo u
don 't specify a complete path . the
file wt ll be stored In the current
directory. If the file already exists.
current data will be appended to
the end of the file.

GRAFDATA.BASallows you to
plot you r data on-screen. When
you run the program, it asks
you to spec ifya data file. As with
ADC.BAS. speci fy the fu ll file
pat h If the file is not in the cu r-

(Con tin ued on page 761

ORDERING INFORMATION
The following Items are available

from JJ aereereue, 817 Tennent
Ro.ad, Manalapan, NJ 07726.
• Complete PC 10 Board with PC
board a nd all components (part #
PCI0.......S39.95
• An ADCOB04 and a calibrated
PN222A temperature sensor tran
sistor (pa rt # ADC)-$8.00
• PC 10 software, Including com
plied and source code versions
with contin uous and Interval sam
pl in g and data log glnglll sllng .
Specify di sk size. 3.5' or 5.25' .
(part I ADC·S)-$8.00.
• Software from this Installment.
Including a menu-driven. comp iled
program (with source code) . ex
panding on the Identlfled functions
and adding di screte data li sting,
graphed data sample setecucnr
value display, and other features
(part # ADM-S)-$10

Specify part number(a) and send
check or Money Order.

The author will be glad 10 answer any
questions. but they must be ac
companied by a selt-addressed
stamped return envelope.

FIG. ~IGITAL TRIGGER CIRCUIT al
lows the PC 10 to start reading data
based on the appearance of a predeter
mined signal. Connect th is cin::uit be
tween that signal and an unused PC 10
Input, and mod ify the softwa re accord
Ingly.

address (640). create a one-line
file that con tai ns "6400 " (with 
out the q uotes ) followed by a
car r iage ret u rn .

Con nect the ADC circ u it to
you r PC an d run ADC.BAS. It
In itializes the PC 10 card . th en
asks you for the in terval (In sec
onds ) to wait be tween samples .
Ifyou wan t continuous samples
(with no de lay). enter O. Othe r
wise. you can en ter a ny number
between 1 and 3600 (one hour).
When you press En te r. sa m
pling begins.

The program di splays t h ree
pieces of Information: cu rrent
data (line 100 ). time between
samples (line 110) . a nd cu r ren t
sample number (line 120 ). Press
Esc at any time to end samp ling
(Hne 130).

Lines 150-200 tak e ca re of In 
terva l limin g. The sam pling
program showed las t time used
a timing loop that was system
dependent: the current version
reads the system clock . hence Is
system- In depen dent. Sampling
takes place In lines 210-250: as
many as 1000samples are saved
In a rray A.

When you press Esc to end
sampli ng . execution con tinues
at line 270. if you press Esc

Software
We wrote two programs for

data capture and d isplay. List
ing 1 s ho ws the ca ptu re pro
gram IADC.BAS). and Listing 2
t he di splay p rogram (GRAF·
DATA.BAS)-both are available
on the HE-ElBS 1516·293-3000.
1200/2400. BNl) as a file ca lled
PCADMAT2 . LST. F igu r e 4
s h ows s a m ple o u t put fr om
GRAFD ATA. E n ha nced ve r
sions of both p rog ra ms a re
available on d isk from the au
thor for a n om in al fee: see th e
s ideba r for details.

ADC.BAS IS a ge ne ral -p u r
pose data captu re and storage
u tility. To use It. you must create
a d a t a f il e c a ll e d HWAO ·
ORES.DAT In the same d irecto
ry as the program. The file con
tains the decimal address of the
PC 10 ca rd . You ca n crea te the
file with a ny text editor or word
p rocessor capable of stori ng
text In ASCll for mat. Ass u ming
you r card is set to th e defau lt

voltage of 0 .5 . Adjust R14 so the
maxim um Is about 4 .0 volts .
Then rea djust R12 so th e n o-sig
nal (q uiescent) value Is abou t
2.5·volts DC. Now you11 get the
best resolution from the circuit.
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staying high for one full clock
cycle. The CARRY OUT goes h igh
for one clock cycle out of every
10 clock cycles, and It ca n be
u s ed to ri pple -coun t m ore
CD40l7B's In a mul ti -deca de
co u nti ng a p p lica tio n . Th e
cou n ting cycle Is Inhi b ited by
sett ing C LOC K INruurr h igh . A
h igh on the RE."'ET Input clea rs
the cou nt er. and sets th e "0 "
output hig h .

CD4 017B chaser c ircuits
Figure 3 s h ows a practical

CD40l7B IO-LED chaser. with
ICI. a 555 astable mulnvibrator;
which Is used as a va riab le
s p ee d cl ock gene rator. Th e
CD4 0 I 78 becomes a d ecade
cou nter by grou n ding p ins 13
(CLOCK INHm rr) and 15 (R ESET).
The visual display will appear as
a moving dot sweeping from left
to r igh t (or from LEDs "0 "_ "9 ")
in 10 st eps . as the outputs go
h igh and tum the LEO's on se
quentially. They can eit her be
arranged In a straight line. or
con figured circularly. so that
the dol appears to rotate.

The LEO's shown In Fig. 3
aren ' t cu r ren t-l trnn ed. Ma n 
u fa c t u rers d on 't give a max 
Imum short-circu it cu rrent for
th e CD40178 . but practical ex
pe rlence dictates a value some
wh ere !)Je tween 10-15 milli
amps. The max imum dissipa
tion per utput on so me data
sheets Is 100 mil liwatts . so u p to
7 volts DC can be d eveloped
safely across a CD40 178 output
stage at maximu m curren t.

Each LED Is onnec ted be 
tween ou tp u t an grou nd . a nd
can have a maxi mu m su pply of
9 volts DC. for a z-vo tt DC drop
across each LED thart lit. Above
9 vo lts DC , use the version
shown In Fig. 4. which n tains
a cu rrent-limiting resistor. and <1l
Is capable of being used wit h .~.
supplies up to 12 volts DC. "'C

Ftgure 5 s h ows a possib le
equivalent of the circu it In Fig. ~
4. that uses a IS-volt DC supply,
that also Illustrates a major de- .~
sign flaw. When one LED Is on .
the anodes of the o thers are [!!

grounded, so RI reverse-biases ~~
them. Due to low LED reverse- _
voltage ra ti ngs. you l l often find
that an LED that's off will act
like a Zener d iode at about 5 69

DECOOOl
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. 1" 2
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"7" 6
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-e- 11

CARRY 12
OIIT

16

<.
COQ17J
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13 a.OCK
INHIBIT

15 1tES£T

14 a.OCK

used In a chaser or sequencer
LED d isplay of a ny d s ire d
length.

Figure 1 sho ws the pin ou ts of
a CD40178. with decoded out
puts In ar ithmetic order. Figure
2 Is Its ti m in g di agram: the
CD40178 is a 5·stage J ohnson
cou n ter wtth ci.ocx. RESET. and
CI..ocK INHIBIT Inputs . The cou n
ters a re a dva nced wit h each
pos itive-g o i n g c lock p uls e.
when the C LO C K INHIBIT a nd
RESET in puts are low. At any
time. nine of the 10 decoded
ou tpu ts are low, while the re
maining one is high.

The 10 outp u ts go high se
quentially In s tep with th e
clock , with the selected ou tput

+3-15V

FIG. l-PINOUTS OF THE C04017B d&
ClIde cou nter/div ider, with its decoded
ou tputs shown In ascend ing arithmetic
ord er. The clock is inhibited by a high on
pin 13, and the countar Is reset by a high
on pin 15 and advlnces on a poslt l.....
goIng clock transi ti on.

RAY MARSTON

We continue our survey of optoelectronic
principles and systems, with an in-depth

look at practical LED cHaser
and bar-graph displays.

WORKING WITH
lED'S

LAST MONTI-I . WE B EGAN INTRODUC 
ing the gene ral subject of op
toelec tronics . and we examined
ligh t -emit ti n g d todes (LEO"s)
and several pract LED flash
ers In detail . In this article. well
examine severa l practical LED
chaser {or sequencer}, dot . and
ba r-gra ph displays .

Chaser principles
One of the most pop ula LED

displays is known as a ch ser;
also ca lled a sequencer. Thais
when an Ie drives an LEDarra~

so tha t each LE D lo r emaif
grou ps thereon tums on and off
In a fixed. per iodic seq ue nce.
that appears as a ripple of light
running a long a chain . The
LEOs do n't necessarily h ave to
be ar ranged linearly. and ca n be
placed in any desi red geo metric
pattern . to a lte r the visua l
effect.

The most popular CMOS rc
whi ch Is used for that purpose
Is the CD4017B. wh ich Is a de
cade counter/d ivide r IC wit h 10
decoded ou tpu ts . each capable
of d irectly driving an LED dts
play. If desi red . th e outputs can
be coupled ba ck to the IC con
trol terminals to make the de
vice cou nt to (or divide by) any
number fro m 2-9. and either
stop or recycle.

The CD40 178 Is easily ca s 
caded for use In multi-decade
frequency d ivision. or for use In
counters with a ny number of
decoded ou tputs. It's extremely
versatile. and It ca n eas ily be
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volts DC. an d poss ibly destroy
ing a CD40 17B output s tage.

Wh e n a CD40 17 B dri ves
LED's In moving-dot mode. th ey
can be con nec ted d irect ly to the
IC ou tpu ts If sup ply values a re
n o more th an 9 volts DC. For
h igher su pplies . you l l need cu r
ren t-ltmt u ng resisto rs. Several
such d isplay ctrcu tts are shown
In Figs . 6-12.

Alte rnative LED displays
Th e ou tput s t a ges of the

C040 17B can eithe r source or
si nk curren ts equally well. Fig 6
s hows IC2 used in s in k-mode in
a moving-hol e LED d isplay ;
nine of th e 10 LED's are on a t
any gtven time. while one turns
off sequentially. If the LEO's a re
ar ra nged Circu larly. they seem
to rot ate. S ince all LEOs excep t
one are on at a time. th ey all
need cu r ren t-limit ing resis tors .

Mov in g-dot di spl ays a re
m uch more popu lar than t he
movin g-h ole va r ie ty. The type
shown In Fig. 3 can be des igned
to use fewer LEOs jus t by om it
ting t he unwanted ones. b ut
th en the dot moves In termlt
tenUy or scans . s ince IC2 takes
10 clock steps per sequence.
and all the LED's wtll be off dur
ing the u nwan ted st eps .

If a con tin uously-moving drs 
play with fewer than 10 LED's Is
need ed . con nec t the fir s t un 
used C040I 7B output to pin 15
(RES ET), as Ind icated in the 4·
LED version shown in Fig. 7. To
ach ieve a n in termittent di splay
us ing a con trolled number ofoff
st eps. just con nect the des ired
u nwan ted ou tput to p in 15 (
RES~;TI. Or. in other words , move
th e con nection going to p in 10

FIG. 5-A POSSIBLE eQUIVALENT 10
fig . 4, which use s up to a 15- volt·DC
supply.
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AG. 4-A l a-LED CHASER, WHICH USES up to • ra-ven DC suppl y.

A G. 3-A la-LEO CHASER OR SEQUENCER that C8n be used with aup plyvoltages up
to only 9 volts DC, and which produces a "movlng-dot" display.

FIG. 2-WAVEFORM TIMING DIAGRAM OF THE CD4017B, with lis RESET and ClOCK
INHIBIT terminals (pi ns 13 and 15) g rounded.
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FIG. 8-A 4-LED, S-Sl EP SEQUENTlAL TURN·OFF DISPLAY. <;
m

one line a t a lim e: if you wan t. s tep. 20- LED chaser: th e four Ii"
a

you ca n expand th is vers ion s tl1l LEO's are In series in eac h of the ,
fu r the r to control a Io-ltne. 100- live CD40l7U ou tpu ts . so four

~.

LED. matrix d isplay. LEOs are lit a t anyone time.
Figu re 12 shows a 4-bank. 5- Each lit LEDd rops abo ut 2 volts 21

FIG.7-A4-LEDCONTlNUOUS" MOVING-ocr DISPLAY. l o get an Inlerminent - mov
Ing-dot" disp lay using a 50% " blanklng" pe riod. lust change pin 10 lor outpu t "4"') to
pin 9 lor output "8" ).

FIG. 6--A 1G-LED " MOVING-HOLE" DISPLAY.

-0' "I -

14 a.OCK
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ofl C2 to pin 9 . In that type ofan
in termitten t di splay. the LEOs
wlll ltgh t for four cycl es. go
blan k for four cycles. a nd the
sequence the n repeats.

FI~ure 8 shows a visually at
t racti ve 4 -LE D. 5 -s te p s e
quencer. In it ially. all fou r LEOs
a re on. and t he n turn off se
qucnually un til they're all off in
th e fifth step. as shown in the
accompa nytng ta ble, The LEOs
a re effect tvely In ser ies. and the
bas ic circu it ca n 't drive over
fou r LEO's ,

Ftgu re 9 shows anoth er ver
s ion: here. th e C0 4Ql78 docs a
10-s tep seque nce. with LED I
on from s teps "0"-"3 ."' LED 2 on
for "4"'-"'6:' LED 3 on for " 7""
a nd "8."' and LED 4 on for s tep
"9 ." The display will accelerate
from LED I- LED 4. not Just
swecp tng s moo t h ly from one
LED to the next. and th e cycle
then repeat s ad Infin itu m.

Fi~ure 10 shows such a cir
cuit modified to produce an In 
termitten t d isplay. whe re the
visua l acceleration occu rs for lO
clock cycles . the LEOs all bla nk
fo r 20 cycles. a n d t hen the
counting cycle repeats . When
IC2 Is in a + lO mode as shown
In FI~s . 9 and 10 . pin 12 (CAH:H:Y

OUT) produces an ou tpu t each
time IC2 does a deca de cou n t.
wh ich is u s ed to clock IC3
(whi ch Is con nec ted in + 3
mode). with Its "0" ou tput fed to
Q I.

For the firs t 10 cycles of a se
que nce. th e "0" ou tput of IC3 Is
high . and QI is biased on . so
IC2 acts as shown In Fig. 9 . wit h
the LEOs turn ing on seq uen
tially through Q I. After the 10th
clock pulse. th e "0" output of
IC3 goes low. tu rni ng 91orr; th e
LEO's ca n no longer light. but
IC2 keeps cou n ti ng. Afte r t he
30th clock pulse. the "0" output
o f IC3 aga in goes h igh a nd
tu rns Q I on. reenabltng the di s
play.

Figu re 11 Is a simple multi 
plexed display. where IC3 a nd
Q3 enable or disable a ban k of
LEOs. Figu re I I is yet a no ther
example of a mul tfplexed di s
play. wh ich uses three lines of
s ix In termi tt ent ly-s equ enced
LED's , Th ey 're each seq ue n
tia lly ena bled via IC3 and indi 
vid ua l gall ng transistors . only



AG . 9-A 4·LED CONTINUOUS "ACCELERATOR" DISPLAY, where the patte rn 01the
dots appea rs 10 accelerate from left 10rlghL
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can use th e LED's as either a
bar- or dot-graph d isplay. In a
bar-graph d isplay. th e Input val
ue Is In d icated by th e to tal
number of LED's that are Ill. In
the dol di splay. the Input value
Is Ind icated by the relative posi
tion of just one lit LED.

Spectal Ie's are available for
building LED analog displays.
th e most useful exa mples being
the U2X78 family fro m AEG.
and the LM3914 fam ily from Na
ti onal Semi conductors . T he
U2X7B family cons ists of sim
ple . ded icated devices . which

.9V
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"I< , •

1 14 a cx
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,.51< ••'55
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• CI",
~

18
CARRY OUT 12
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ClOCX INH IIIT 13
"8" "9" v~

9 11 8 3

""I<
1

AG. lQ-A 4-LED INTERMITI ENT ''ACCELERATOR'' DISP LAY, where the "acce lera
tIon" occurs lor 10 out of every 30 clock steps.

R6,'"
03

"''''

RES£T 15
a.OCI( 13
INHIBIT 8

' 2" "3- v.

ca n be u sefully casca ded to
drive up to 10 LED's In bar"
graph mode only, the members
being th e U2 378 , U2478.
U2578 . a n d U2678 . T h e
LM3914 family Is more complex
and versatil e by compa r ison .
and are eas ily cascaded to drive
u p to 100 LEDs In either bar
graph or dot -graph mode. Both
varieties of Ie 's are cons idered
to be bar-graph drivers .

Bar-graph displays
Anot her mu lti-LED Ind icator

circu it Is the analog version.
whi ch drives a cha in of ltn early
spaced LED's. The number of
LED's that arc lit is proportional
to the volt age app lied to the
LED-driver. so the circuit acts
like a n a nalog voltmeter. You

Q1
L-fll--f'L-fll--f!L--t~--I---~"!!!3ttl4 ~"I<

.9V
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DC; that's 8 volts DC for each
LED bank that's on. so the su p
ply volta ge must be greater than
that for the circu it to work. A
grea ter number of LEOs ca n be
used in each LED ban k if the
s u p ply voltage Is co rrespon
dingly increased to handle th e

72 added load.

~
~ FlG. 11-A MULTIPLEXED 6-l ED x 3-U NE MOVING-DOT DISPLAY. In which the dot
~ moves intenntttently . Iong the li nes.

I
w

i



TABLE 2-U237B INTERNAL STEP VOLTAGES

FIG. 12-A 4-BLANK S-STEP 2G-LEO CHA SER, lor use with a supply above 9 volts DC.

into t ra ns istor switches . The
th resholds are fixed by the tap-
ping points on voltage d ivider
RI-R6 , wh ich is powered us ing
a b uil t-In vo ltage regu lato r:
each compara tor input is con
nec ted to pin 7.

All four IC:S also con tain an
Internal 20-mll llamp cons ta nt
cu r ren t sou rce. an d the five ex
ternal LED's go In series be
tween It and grou nd (pin I ). as
sh own . Gro ups of LED's are
tu rned on or off us in g the Indi
vidual switch ing trans istors. If
g31s tu rned on , It si n ks 20 mil
liamps via LEOs I an d 2 , so they
tum on , an d LEOs 3-5 tum off.

The U2X7B family has s tep !'
voltages spaced at 2DO-mlllivoit .~.
DC intervals. and Table I lis ts -e
the states of Its five in ternal
t ransistors a t va r io us Input i8
voltages . At 0 volts DC Inpu t , all N
five transistors a re switched on . &
so 9 1 sink s the full 20 m tl lt - • .
amps. and all five LED's are off. ~
At 200 millivolts DC, g l turns ~

off bu t all ot her trans istors are ~.
on. so g2 s in ks the 20 mill i
amps via LED I. driving LED I
on a nd tu rnln~ all others off. 73

TABLE 3-U237 IC FAMILY
MAJOR SPECIFICATIONS

Parameter Minl- Typ- Max
mum lcal mum

Supply 8V '2V 25V
vohage

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 - ' 00 K -
resistance

0u1put - - 1V
saturation
vohage

•
RES£T l S

V51 II

a.OCK lNHllfT 13
.~. -".

d r ivers to e ith e r sou n d a n
alarm, nash the display, or both.

The lin ea rity of suc h a bar- or
dot-graph meter Is cons iderably
better than that of mos t analog
meters, an d Is general ly abou t
0 .5 %. The resolution depe nd s
on th e number of LEO's that a re
used: a lO-LED version has ade
quate resolu tion for mos t hob
byist purposes ,

Basics of the U2X7B IC family
The AEG U2X78 IC family Is

composed of fou r dlfferen t B-pln
DIPs . each capab le of d rivi ng
five LE D's . T he U2 3 7 B a n d
U2478 pair produce a linea r
d isplay. and are used togeth er
when drivin g 10 LEO 's , The
U2578 an d U267B pai r produce
a logarithmic display, and a re
also used together when driving
10 LEOs . Allfou r ICs In the fam
lIyuse the same Int ernal circ uit
ry. In block di agram form. as
sh own In Fig, 13 ,

All fo ur IC 's co n ta in fiv e
Schmitt voltage co mparato rs
with u ni que thresho lds feeding

...9V- I2V

R1 16
,-'" • • V~

7 " IC2
CllA0118., .,. .,. -a-... 2 •

• C1",
~

Device Step 1 Step 2 Step 3 Step 4 Step 5

U237B 200 mV 400 mV 600 mV 600 mV 1.00 V

U247B 100 mV 300 mV SOO mV 700 mV 900 mV

U257B 0.18VI 0.53V1 0.84V1 1.19VI 2.0VI
- 15 dBW - 6 dBW - 1.5 dBW + 1.5 dBW + 6 dBW

U267B 0.1VI 0.32V1 0.71V1 1.0Vl l A 1V1
- 20 dBW - 10 dBW - 3 dBW o dBW + 3 dBW

V.HoV 0 ' 0 2 0 3 04 05

1.0 Off Off Off Off Off

0.8 Off on O1f Off On

0.6 Off on on On On

0.4 Off Off On On On

0.2 Off On On On On

0.0 On On On On On

TABLE l-U2X7B INTERNAL
TRANSISTOR STATES AT

VARIOUS INPUT VOLTAGES

IC-dr lven ba r-graph d isplays
are Inexpen sive. su perior alter
natives to analog meters . They
don 't s t ick, they 're fa s t. a n d
th ey 're unaffected by b o th
vib ration a nd a tt it ude. Thei r
scales can have a ny desired
sha pe. they can ha ve m ixed
LED colors to hi ghlight special
s ec tio n s . a n d t hey ca n b e
equ ipped with over-ra nge detec
tors that a re acti va ted by the
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pie ), th en P has th e unit s of
watts , a nd the un its in dB a rc
ca lled d 13V, s in ce they' re ex
p ress ed rclallvc to a fixed va lu e
of poten tial.

Likewis e, If you wan ted to ex
p ress dB In te rms of power. th en
th e pro pe r te r m inology wou ld
be d BW. or a s im ilar unit for any
fractional unit of power; Th e
number of dUV Is a lways double
the n umber of d BW, s ince tak
ing the log lo of both sides of the
powe r rela tio n gives

Iog(P) _ 1og(P IA),
- 2 x Iog(E) -+ Iog(R).
., 2 x !oglE) -+ 1og(1).
_ 2 x !oglE).

For that reason ,
1 dB W _ 2 dBV.

For exam ple. In Table 2 . for
the U26713 an d s tep 5, th e entry
given is 1.41 volts DC, or +3
dBW On squar tng that, you get

R1

" '" 1+ ~.

FIG. 16-METHOD OF REDUCING the
sensitivi ty of the bar-graph meter show n
in Fig . 14, for use in a c-ts-vctt DC, S
LED, linear-scale, bar·graph meter usin g
a U237B.

FIG. 17- SIMPLE USE OF A transducer
to show the value of a ph ysical qu antity.4 3 2

5 61 8
V,. Va:

ea
U241B

mlD

ca n be us ed to make a IQ-LED.
t -vol t DC lin ea r me ter. The 10A
ur tt h mt c-s cal e U2 5 7 B a n d
U267B pai r of Ie 's can be used
to make a 10 -LED loga rit h mic
meter wit h a fu ll-scale value of
2 .0 volts DC. or + 6 dBW.

The reason for the correspo n
de nce be tween those two values
Is justified as follows . S ince

P =E:liR.

where P is powe r. E Is m ilage.
a nd R is resista nce. then th e as 
su m ption. for pu rposes of can
ventence. is that :

R =l ohm.

If so, the n to conver t voltage s
on the loga rit h m ic-sca le meter
In to a quan tity proportional to
power (a nd n cr In to power it
self], jus t s quare the voltage in
d icated , ta kc t he 10g lO of th e
res ult. and mult iply by 10. If E
has the u n it of volts las opposed
to some fractiona l or m ultiple
u n it, like m illivolts , for exa m-

FIG. 1S-A o--1-VOLT DC, l o-LED, lin ear
sca le bar-graph meIer using a U237B
and a U247B connected as a pair.
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AG. 13-BLOCK DIAGRAM OF a U2X78
bar-graph driver, showing the bas Ic ea
lemal co nnections .

FIG. 14-A O..-1-VOI.T DC, 5-LED, linear
scale bar-graph meter using a U237B.

With an inpu t of I volt DC. a ll
transistors a rc off. th e 20 m illi
a m ps go to g rou n d via t he

&l LEOs . so all five LEOs a re on .
.~ Th e Ie curren t is Independe nt
~ of the number of LEDs tu rned
~ on . so min imal RF Int erference
~ IRFI) Is produced as It sw itches
. transistors and LED's.-i The fou r Ie 's In the U2X7ll

family differ on ly with regard to
~ their step voltages. wh ich a re
.Q fixed by RI- R6 as s h own In Ta
~ blc 2 . an d the va lues for which

a rc a lso given In dBW (or dB rel
ative to a wat t). The linear-s cale

74 U237B and U247B pai r of ICs
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What is me principal disadvantage
01 neon lights?

What are out-et-phase signals?
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pace with four, 60-minutevideo tapes. Know
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DC RfCTROMCS. Coverselectron move
ment to troubleshooting and repairing a
simple electronic circuit. EV-3101-A.
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coursewithamplifier configurations, biasing,
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DC. b u t you'll have to rem ember
the cons tra in ts previously men 
tioned . Figu re 14 sh ows a 0-1
volt DC, 5 -LED, linea r-scal e
me ter us ing a U2X78, and Fig.
15 shows a U237 8 and U247U
pai r used In a Oc- f-vol t DC, 10
LED, linear-scale meter. The la t
ter circu it op erates each IC as
sh own In Fig. 14 . with su pply
voltages tha t are app roprIate to
five LEOs , but their in put ter
minals are tied together. and
t he LED 's a re a lte rna te d , to
achieve a IO-LED display.

Figure 16 shows how th e full 
scale scnstt tvtty of the meter Is
red uced by feedi ng the Inp ut to
ICI via HI-R2-R3 . usIn g a ra tio
of 15 : 1. a n d gh'In g fu ll-sca le
senstnv ny of 15 volts DC. Fig
ures 17 and IB show how th e
circu it sho wn In Fig. 14 can be
used to display a physical quan 
tity like ligh t Intensity or h eal.
as represen ted by th e a nalog re
s is ta nce H3 of a transducer. In
both , the transducer Is fed by a
cons tan t-cu r rent source, so th e
inpu t voltage to IC I is di rectly
prop orti onal to th e transducer
res is tance.

As show n In Fig. 17, const an t
transducer cu r re n t is d erIv ed
from regu la ted su pply via RI 
R2 , s ince regula ted su pply volt
age Is large relative to the J-volt
DC fu ll-scale meter sens tttvny
By con tras t. as shown in Fig.
18 , cons tan t cu r ren t is en sured
vta DI-g l. finally. Fig. 19 shows
the U26713 used In a 5-LED log
arithm ic aud io- level me ter. A
IO-LED meter ca n be made
us ing a U257U and U267B pa ir
as sho wn In Fig. IS. R-E

FIG. 19-A S-LED LOG-SCALE audio
level meter : a 10-LED version Is made
usin g a U257B and U267B pair, in a fash
ion similar to the version shown in FI:J.
15.

101
U231B

+12-25V

01
1H5235

6.8V Rl

",
(SET FOR
SPECIFIC
DEVICE)

2 volts". so 10 times its log IC) is
+ 3 dBW. a n d d oubli ng tha t
gives +6 dB\V. Of cou rse . whe n
ever you take th e logarithm of a
quanti ty like voltage or power.
you always operate on the nu
mer ical part a lone. and ignore
th e unit s . If you ever hear of a n
a udi o or n oise level tha t's ex 
pressed in d B alone . wit h no
un it appe nded to Ind ica te "d B
with comparison to what." such
a spec ifica tion is n on sense.

l b express an am plitude In dB
rela t tve to a unit of poten tla l or
power with a muill-le tt er abbre
viation. just append th e wh ole
u nit . like dBmV for dB relative
to a m illivolt . Some ti mes . th e
term dBm is used as an abb re
via tion for dBmW. or dB relative
to a mill iwatt.

Table 3 11sts the s pecifica tions
of the U2X7 B family. When drtv
Ing five red LEOs . each with a 2
volt DC forward drop. the rrun t
mum s u p p ly va lu e req u ired
mus t be 12 volts DC. Differen t
colored LEOs wit h d ifferent for
ward d rops ca n be u sed to 
gether. If the su pply voltage is
adeq uate.

Althoug h the IC inpu t tmp ed
a nce Is lyplcally lOOK, th e IC be
comes unstable If the sou rce
Impedance is above 2 0 K. It
sh ou ld Ideally be kep t u n der
10K: If it 's not. place a O.OI-IJ.F
capacitor be tween pins 1 a nd 7
for added stab ility.

Practical U2X7B circuits
Figu res 14-19 show practi cal

U2X7B-family circu its : In all of
the m. the su pply Is 12- 25 volts

FIG. 18- AN ALTERNATIVE USE of a
tran sduce r to show the value of a phys
ical quantity.



ADC FOR YOUR PC

con tinued {rom p;J.~e 68

rent di rectory. If the file ex is ts.
th e program the n tells you how
many samples It con ta ins, and
asks s ta rt and s top poin ts for
the plot ; the maxi mum nu m ber
is 1000 .

Th e prog ram (line 170 ) s ca les
the graph to produce th e wides t
pos s ible g ra ph : lines 220--270
graph the data . Press Esc to ter
m tnate th e program. 1b "magn t
fi' a lim ited po r tio n of the da ta
set. run th e program again . and
enter a ppropriate start and end
values (e.g.. 350 and 4501. You
ca n prin t you r g r a p h s by
runni n g t he DOS program
G R A P H ICS . C O M be fo re
GRAFDATA.BAS. When the de
s ire d graph a ppea rs o n the
screen. press Prl nt S crn . (Yo u
must have a com patible prin ter
In order to pr in t out any of th e
gra phs. I

Triggered sam pling
Now with the software u nder

ou r belt . Its lime to fini sh the
"rapper" story begun ea rlter,
The rapper was triggered by a n
elect roni c co n tro l c ircu it . We
tried to t rl ~~c r sa m plt ng by
hand , b ut It was Impo ssible to
tell when the rapper was abo ut
to ene rg ize. a nd reac t ion li me
wa s to o s low and u nau re for
accu ra te t r igge r ing . Ou r solu 
tion was to crea te a trigger in 
pu t. We ta pped a di gital s ignal
from the con trol c ircu it Ih a l
changed Ju s t before the rapper
tr lMered.

The ADC circu it u ses only8 of
the 24 In put Jines on the PC 10 .
What we did Is usc bit Oofport D
as a trlggc r in p ut. Then by
addi ng a s ingle line of code, we
cou ld tr ip on eith er a low-to
h igh s ignal:
145 IF (INP(ADD + 1) AND 1) '" 0 THEN

GOTQ145
or a h tgh -to-low s ignal:
145 IF (INP(ADD + 1) AND 1) = 1 THEN

GOTO145

If you wan t 10 add a s ligh t delav
between the tr igge r a n d the
start of sampling:

146 FOR I '" 1 TODELAYTIME : NEXT
However; the delay time in thi s
case wou ld vary with the speed
of you r PC. In add itio n . make
s u re th e tri M er s ignal is TIL
compatible 1I0gic low =: OV. and
logic high = 5V). If It isn 't. or
you want 10 buffer the trigger
s igna l fro m you r sys tem. you
can use the circu it of Figu re 5.
Remember, th is ci rcu it Inverts
the incoming Ir igger signal. so
a pos tuve-gotng tr igger will be
nega tive-going when it exits the
buffer c irc uit. Adju st added line
145 accord in gly.

Conclusions
The analog world of na tu re is

not so di s ta nt from the d igit al
world of com pu ters. S imple ct r
cu itry ca n allow you r PC to func
tion as a d igita l eye. car, or hand
on the exlernal world. The cir
cu its and so ftware shown here
are on ly th e beginn ing. R·E
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HARDWARE HACKER
Caller 10 update, new wavelet shareware, perpetual motion again ,
common lab test pitfalls, and Lumeloid and Lepcon films.

DDN LANCASTER

Wavelets. We have got lots
of wavelets. You qetcher
wavelets here. As we've

discovered a number of time s be
Fore, wavelets are a stunning new
math concept that is profoundly
changing virtually all the advanced
electronic topics. A failure to learn
wavelets 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 defmately one fine
commercial wavelet study and de
velopment program.

But the big news is that I've just
posted futl working PC shareware
copies of the Wavelet Packet Li
brary from Digital Diagnost iCs on
GEnie PSRT as #365 WAVE·
LET.PS.

Those of you into satellite dishes
and microwave elec tron ics are now
probablyfamiliar with Smith Charts ,
a handy graphical method of doing
things like impedance matching and
tuning. I have written a PostScr ipt
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
pub licat ion . Ch eck GEnie PSRT'
#367 S MITHC HT.PS for severa l
freeware samples. Your download 
ing cost on this is around twenty
one cents .

P erpetual motion a gain
I get an average of three to five

helpline calls a week on " free ener
gy" and ot her perpetual-motion top
ics . As we have seen in the past.
perpe tual motion is defi nitely real as
a historic and ongoing socie tal phe
nomenon. We have also seen that
two ongoing sources of perpe tual
motion books, videos . and papers
are High Energy Research and
Lindsay Publications.

Now, I personally feel that looking
fo r any Iree-ener qy systems is
rather dumb . First. because the de,
sirabmty of any free energy ranks
somewhere betwee n Herpes and
AIDS. Why? Because this wo uld
obviously hasten the already onqo
ing entroprc heat death of the plan
et. If someone does in fact find a
Iree -enerqy system. they should be
spanked and sent to bed without
any supper. Or. bet ter yet. chopped
up and fed to the cows.

Second. because the odds of
your acco mplishing anything that's
even remotely useful involving free
energy are stupendously low. Third.
because your credibility starts out
as le ss than ze ro and qu ickly
plummets . Owing to pre v iou s
scams. the " not even wrong" reo
search. and the "few-clups-shy-ot
a-full-board" guilt by association.

And. finally. because there 's so
much bette r to be doing. We 're sit
ting on the greatest moun tain of
new hardware hacking chips. tools.
info, and concepts anywhere ever.
Stu ff that's crying for hacker use,
and stuff that is nearly certain to
result in lots of interest ing and proftt
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 expert s in
gathering incorrect. misleading. or
meaningless lab data. I though t we
might briefly focus on a few of the

NEED HELP?

Phone or write your Hardware
Hacker questions directly to:

Don Lancaster
Synerget lc s
Box 809
Thatcher, AZ 85552
(602) 428-4073

ways that casual meas urements
may not end up what they appear to
be

In general. you'lI always want to
assume that all meter pointers and.
especially, all of your digital numeric
displays are ly ing 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 bet ter job
than the meters or digital displays at
showing you what is really coming
down. Even here. an unco mpen
sated probe . the wrong sett ing. im
proper sync. an inviSible glitch. any
outband Signals. or just a ground
d ip 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
pe ople under d ifferent ci rcum,
stances that you can even remotely
begi n to trust you r instruments.
Even when repeated , that trust
should only apply to the exact mea
suring conditions.

A ferinstance: Figure 1shows you
a seemingly simple method to mea
sure AC power. You connect your
new motors-end-maqnets perpetual
motio n 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 mutliply your
two read ings together and you 'll
have the input power. Right?

Wrong . Dead wrong .
Let's temporarily forget about

an y noise. spi ke s . bac k- EM F
effect s . ha rmonics . and non 
lmeenues that are certain to be
present with your new motors-and
magnet s 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 n



Motor s and
Magnets
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$e"es Regulato' Motors and
Magnets

Load

J.
FIG. 2- WHEN IS A REGULATOR not a
reg ulator? Any time th at yo ur load tr ies
to source (rather th an sink) power. a typ
ica l ic voltage regulator will shut down
or else become unstable . There is no
current path to ground.

ore- chip or a special RMS power
calculating circuit. Analog Devices
is one leader in low-cost power
chips of this type.

Or graphically. you can take plots
of all the exact voltage and current
waveforms. split them up into time
slices so narrow that the voltage or
current does not change much, mul
tiply the results of those slices and
then sum the results.

Note that you must multiply first
and then add. Never vice versa.

But you still do have to be careful.
Ncnhneantres. pulses. harmonics.
motor back-EM F effects . and noise
require specialtreatment. And most
power measurement schemes have
a crest factor limit which ruins their
accuracy on strong but narrow
pulses. Especially Ihings like spikes
and glitches.

For these reasons. it is extremely
difficult to accurately measure your
input power to a motors-and-mag-

4 amps

110
Volts

AC
power

line

FIG. 1-WHAT IS THE REAL POWER being consumed in th is lest circuit? There's no
way 10 tell with the setup shown. But you can safely be l tha t it is probably not
anywhere near 440 wallS

Me a suring re al power
So how do you measure real and

reactive power? The trick is that you
have to multiply the instantaneous
voltage and current together. Then
you sum to find the total power.

The power of any arbit rary wave·
form is equal to the DC continuous
power that would give you exactly
the same amount of total heating In

a purely resistive load.
You can do th is measurement

with a real wattmeter, or by meesur
ing the rotational speed and direc
t ion o f a wettbour meter. The
watt meters and wanhour meters
are etten available through Fair Ra·
dio Sales or Herbach and Rademan.

Electronically.you can use a multi-

phase angle. A math freak will tell
you the full cycle cross product of a
sine and its cosine is zero. lntu
itively, on the first quarter cycle. you
have positive voltage and current.
On your next quarter cycle, you will
have positive voltage and negative
current. On the next, negative volt
age and negative current. And fi
nally, negative voltage and positive
current. 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-end 
forth reactive power that can give
you rea! fits. And hack off your elec
tric utility. But your net real power
jnto a pure inductive or capacitive
load is precisely zero.

Thus.as far as power goes. all the
voltmeter and amme ter readings
are totally meaningless. And they
are even less so in the presence of
noise, back EMF·s. sparking, or har
monics.

HARDWARE HACKER STUFF
Karltw. " tbck~, ~p ,lnl' U0' III 2• .50
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with a purely resist ive load. In a
purely inductive load the vo ltage
would lead the current by 90 de
grees. In a purely capacitive load.
the voltage will lag the current by 90
degrees.

Good old ELI THEICEMAN. The
voltage is ahead of the current in the
etrs L inducto r; the current is ahead
of the voltage in hrs iCe capacitor.

And if you have any purely active
load such as anoth er 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 volt meter
reads 110 and your ammeter reads
4, your actual circuit power will be
440 wa tts to a purely resistive load.
ZERO to any purely inductive or ca
pacitive load, and MINUS 440 watts
to any purely active load. Or any
thing between. depend ing upon
your phase angle.

Why is the power zero to a purely
induc tive load? Becau se of the
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FIG. 3-OUICKLY CLOSE THE PERFECT AND lOSSLESS SWITCH. And half of your
ci rcuit energy will vanis h without a trace. Whe re did Ihe energy go?

(open)

1oo vl~o v
1001lFI I 1OO~IF

-=- -:

Energy :: 0.5 Joules

nels perpetual motion macbme. If
you do not know exactly what you
are do ing , al l yo ur re sult s are
gUc1rcmteed to be wildly 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 10 ignore. A
voltage regulator is always a voltage
regulato r. right?

Wrong. Dead wrong.
Most popular voltage regulators

are only capable of sourcing cur
rent. If the load starts sourcing any
power even briefly. there is no place
for the current to go. and the req
ulator either shuts down or starts
oscillating.

Thus. if you have a motors-end
magnets load. there could be times
when the back·EMF effects. srakes.
commutator noise. or whatever. will
try to source power back into your
supposed power source.

Put in another way. typical power
supplies and most regulators have
wi ldly di fferent impedances be
tween when they source and sink
power;

Not e that any norma lly co n
nected Zener diode will behave pre
cisely the opposi te-they are great
power Sinks but poor sources.

An output hlter capacitor on your
regulator is essential for grabbing
and smoothing out hiqh-frequency
load sourcing variations.

Beyond prope r output fil teri ng.
two ways around load sourcing
effects are to hang enough of a re
sistive load on your regulator that
the regulator will always output a net
sourcing current. Mosl batteries
are usually capable of sourcing and
sinking any reasonable amount of
current.

Figure 3 shows you yet another
way to go astray. All bets are off if

(Closed)

50 V~50V

100llFT Tl OOIlF

Energy :: 0.25 Joules

there is any sparking or arcing. It is
physically impossible to instant ly
change the voltage across a circuit
capacitor or the current through an
inductor. The usual result when you
try this is sparking or arcing.

Take a 100-microfarad capacitor
and charge it up to 100 volts . Your
energy in any capacito r is...

E = O.5CV2
or. in this case. 0.5 Joules of stored
ene rgy. N ow. you c lo se your
lossless switch so you have two ca
pac itor s in parallel. The voltage
must, of course. drop in half. since
the same charge is now spread
across twice your plate area. And by
the same formula. you 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
resistor as heal during charging .
But go through the charging math,
and you'll find that the loss of half
the stored energy is a con stant
which is totally independent of the
value of R!

If R equals zero. then you have to
get a spark and radiated energy. But
you still lose half of it. regardless of
hOo"l good the switch is.

Thus. if there is any sparking or
arcing whatsoever in your machine.
your read ings are once again
absolutely certain to be wrong.

Always think carefully about your
measurements and how they could
be wrong or misleading.

Lumeloid a nd Lepcon films
We sure had a bunch of helpline

calls over the new materials stuff I
announced a column or two back
and in our Hardvvare Hacker J1I re
prints. I've picked up some more
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search area.
On the other hand, working pro

totypes do not jet exist. And there
are just enough " penny stock" and
" media hype" aspects to all this
that I have lowered my rating from
"solar breakthrough" to " an inter
esting potent ial so lar deve lop
rnent." But you co uld judge for
yoursel f, just by picking up on the
resources in our sidebar.

The key individual behind all this

ion

' On

250 vol t
varistor

;;
0-

;; J ;;
0- U S- O
;; .!! J

Ua m a m
0

~
;;

J s ~ 00- m 0 0E c 0 ~

'" E :I: ~ e>
c 0; 6 ;;; m

a: c
t- V) w

600n
3.58 Mhz Xtal

phone
line

CH1845DAA

FIG. 4-A FCC PART 68 INTERFACE is required any l ime you connec t any c irc uit of
your own to the phone line. While th is interf ace ca n be both s imple and chea p, the
required submission and app roval process Is not.

Phone Une
Inputs

+ 5 V -!-

info, and have summarized where to
go for more in our Lumeioid and
Lepcon Solar Resources sidebar.

Let's start off with the bottom
line: Yes, this 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
Marl fabric department and staple it
to your roof. Yes, this is a great topic
for a school paper or a science fair.
And an inc red ible emerging re-

AG. 5-PRE-APPROVED PART 68 INTERFACE HYBRIDS are avail able, but th ey are
rat her expensive. Here Is a eener-m c ircuit that uses the Cermetek CHl 845 OAA
interface an d the Sierra SC11211 caller 10 chip.



oreucet Let you r efficiency drop too
low and there's no V!Ia'I that solar
can be co mpeti tive . Get under the
bottom-line efficiency of seven per
cent or so . and you will ne.er be
able to pay for your ins tallation and
land . owing to the time val ue of
money. The longer it runs. the more
it cos ts you for the financing.

But, alternatively, the nickel-per
kilowat t-hour incom ing solar energy
on a 220 0 square foot house roof

Serpac
612 Commercial Avenue
Covina, CA 91723
(818) 331-0517
CIRCLE 316 ON FREE INFORMATION CARD

Sony
10833 valley View Street
Cypress, CA 90630
(714) 229-4175
CIRCLE 318 ON FREE INFORMATION CARD

Sierra Semiconductor
2075 North Capitol Avenue
San Jose, CA 95132
(408) 263-9300
CIRCLE 317 ON FREE INFORMATION CARD

NewTek
215 SE 8th Avenue
Topeka. KS 66603
(800) 765-3406
CIRCLE 315 ON FREE INFORMATION CARD

Lindsay Publications
PO Box 538
Bradley. Il 60915
(815) 935·5353
CIRCLE 313 ON FREE INFORMATION CA RD

Motorola
PO Box 1466
Austin, TX 78767
(800) 521-6274
CIRCLE 314 ON FREE INFORMATION CARD

Jones & Bartlett
20 Park Plaza
Boston, MA 02116
(617) 482-3900
CIRCLE 312 ON FREE INFORMATION CARD

Hughes
500 Superior Avenue
Newport Beach, CA 92658
(714) 759-2665
CIRCLE 311 ON FREE INFORMATION CARD

NAMES AND NUMBERS

High Energy Enterprises
PO Box 5636
Security. CO 80931
(719) 475-0918
CIRCLE 310 ON FREE INFORMATION CARD

Dallas Semiconductor
4401 Beltwood ParkwaySouth
Dallas. TX 75244
(214)450-0400
CiRCLE 305 ON FREE INFORMATION CARD

Aware
One Memorial Drive
Cambridge, MA 02142
(617) 577- 1700
CIRCLE 302 ON FREE INFORMATION CAR D

Benn et l aserBrite
720 Fourth Street. SW
Rochester. MN 55902
(507) 280-9101
CIRCLE 303 ON FREE INFORMATION CARD

Analog Devices
One Technology Way
Norwood. MA 02062
(617) 329-4700
CIRCLE 301 ON FREE INFORMATION CARD

Cermetek
1308 Borregas Avenue
Sunnyvale, CA 94089
(408) 752·5000
CIRCLE 3G4 ON FREE INFORMATION CARD

Direct Imaging
2 Technology Drive
West l ebanon, 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

Hello Direct
140 Great Oaks Blvd
San Jose. CA 95119
(800) 444-3556
CIRCLE 309 ON FREE INFORMATION CA RD

Digital Diagno stic s
1025 Sherman Avenue
Hamden, CT 06514
(203) 288-9444
CIRCLE 306 ON FREE INFORMATION CARD

heat. And. before Marks. any photo
synthesis scheme was well under
six percent efhctent.

Efficiency is everything in sola r
power. On a good day. you have one
incoming kilowatt per square meier
to work wit h. 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, you r bot tom-line efficiency will
usually be much less than your the-

is one Alvin Marks and his company
of Advanced Research Develop 
ment. Their OTC pink sheet stoc k 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 credible. experienced.
and independent researcher wit h a
long history of successful energy.
optical-film, and pollution-c on trol
developments . Among other things.
he deve loped the che ap g lasses
once used for 3· 0 movies.

And EPRI. that ultra-conserva tive
Elect ric Power Research Insti tut e
elec tric utility consornum 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
volved in this are # 4. 4 4 5. 0 50
Device for Conversion of Ligh t
Power into Elec tric Power , and
# 4 ,574.161 An Ordered Dipo lar
Light-Electric Fbwer Converter.

There is very liUle .published to
date . And afl of it is Single sourced .
None appears to be peer reviewed
or critiqued. A collection of reprints
is now available free on request
from Advanced Research Develop
ment . One original paper has shown
up as Lumeloid Solar Plastic Films
and Lepcon Submicron Dipolar An·
tennae on Glass, fro m the 19 9 0
International New Energy Teen
nology symposium published by the
PlaneraryAssociation for Clean En
ergy, located in Ottowa. Ca nada.

As we 've seen a number of times
in the past. you can quickly research
any technica l topic by us ing the
Dialog Information S ervice at your
local library, and then can get any
reprint by using either interlibrary
loan or the UMI repnnt service.

So what is the big deal here and
how does it work? Your traditional
methods of generating electricity
from the sun are seriously flawed .
The old mirro rs-and-bolters method
involves a thermody namic cycl e
wi th a Camot thermodynamic effr
crency limit around 35 percen t. Be 
sides not downsizing very well.
Silico n solar cells at a theoretica l 26
perce nt are even less effici ent. It
seems that they can only accept
"whole lumps" of quantum energy.
and have to throw the res t CNVaY as
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UMI
300 North Zeeb Road
Ann Arbor, MI48106
(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

Electr ic Power Research Inst.
PO Box 10412
Palo Alto. CA 94303
(415) 855·2000
CIRCLE 321 ON FREE INFORMATION CARD

Planetary Assoc Clean Energy
191 Promenade du portage, #600
Hull PO, CANADA JBX 2K6
(819) rrr-9696
CIRCLE 323 ON FREE INFORMATION CA RO

Key Info Packet :
From Advanced Research De

velopment below.

Key Players:

Advanced Research
Development
359R Main Street
Athol. MA 01331
(50B) 249·4696
CIRCLE 319 ON FREE INFORMAnON CARD

Key Paper:
Lumeloid Solar Plastic Film and

Lepcon Submicron Dipolar Anten
nae on Glass. 1990 International
New Energy Techn ology Sym 
posium. pages201-210. FromPlan·
etary Association for Clean Energy
below.

LUMELoro & LEPCON SOLAR RESOURCES

Key Patents: Dialog
#4,445.05O--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.

~ -------------------,NOCOMPLICATED ELECTRONICS,NOEXPENSIVE INSTRUMENTS:

Home study course shows you how
to make good money in VCR repair.

An amazing fac t: you ca n ,---,
do more than four out of five
VCR repairs with ord inary
too ls 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 ofVCRs.
With no expensive instru
men ts .Nocomplicated elec
tronics .No fancy workshop.
The step-by-step texts and
close personal atte ntion from your instructor make learning easy.

I
Texts. course ma ter ials. and tool kit are sen t to your

.. home. Graduate ready to make up to $50.00 or more

:-~ .~ S~~d tOd~yWio~ay~;re i;~~-t~~;~,~n;"
. booklet. Or call 800-223-4542

City ---,,-__ Stale _ ---,_ Zip __-;- _

The School of VCR Repair
2245 Perimeter Park, Dept.v B342,Atlanta. Georgia 30341L ~ ~

add s up to over $3000 a yea r.
Which is fats more than usually get s
used underneath as electricity. So
eff icien t solar ele ctric conversion
could completely blow away coal,
nuclear, and even most hydro.

Ma rk s has developed two dif 
ferent solar-to -electnc systems that
seem to have rather high theoretical
efficiencies.

Rad io waves are elect ro mag
netic. Solar energy is elect romag
netic. The main difference between
orange light Cat 600 nanometers)
and telev is io n cha nne l two ( 6
meters) is a 10.000:1 size factor.
Those light wavelengths may seem
tiny. but we are start ing to routinely
handle submicron distances in inte
grated-circuit manufacturing,

There's this thing called a crys tal
set that you might have heard of.
Just shove some electromagnetic
energy into an antenna. recti fy it
so mehow. and out comes DC
power. The se days. we call the
same thing a rectenna . So why not
use light waves instead of rad io
"W'iWes?

An antenna is any subsystem for
con ve rt ing radia ted elect ro mag
netic energy into condu ct ed wire
electromagnetic energy. Or vice ver
sa. As a transmitter, 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 ante nnas are line ar and re
ciprocal devices. if you input any
electromagnet ic energy well inside
of the antenna's effective area. near
Iy all of it will get converted into
conducted electricity. So. a prope rly
matched antenna can be 100 per
cent eff icient. And a recti fier nearly
' 0 .

Now. an optical antenna is tr ivial.
Just make it any old color so long as
it is black. Even a black felt tip pen
will do. The trick lies in rect ify ing and
gathering all the received solar elec 
tromagnetic elect ricity, rather than
burning it up as heat.

The Lepcon panel is the older of
Marks' two new development s. In a
Lepcon panel, tiny rectenna ele
ments are created on glass using
more or less convent ional but very
advanced microhthog raphy. These
are basically a conductive channel
ending with a metal barrier diode.
The photo ns in the incoming solar
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energy are used to accelerate elec
trons. which jump the barrier diode
to become a DC current . Unlike a
tradit ional solar cell. there are no
" w ho le lumps o nly " quantum
effec ts involved. and nearlyallof the
available energy gets converted.

The antenna/rectifier combrna
non only work s With one polanza
non of light. It converts the one
polarization with up to a theoret ical
80 percent eff iciency. and passes
the remainder on through. You could
put a second Lumelcd panel under
neath that is oriented 90 degrees
from the first to convert the other
polarization.

Or. you could use a sneaky trick
consisting of a quarter IoVcNe plate
and a minor to rotate your rejected
polarization by gO deg ree s and
shove it back up through the original
film. Your combined efficiency ends
up around a theoretical 72 percent.

The projected costs of the Lep
con process is around $250 per
panel. and the panels should last 25
years.

The Lumeloid film process uses
chemicals instead of very expensive
micro lithography. The che mica l
techniques in theory lend them
selves to low-cost and high-volume
production. The chemicals attempt
to mimic the first half of the long
photosynthesis process. A rather
long chain carbon molecule. such as
polyacetylene. is attached to some
electron donor acceptor complex.
such as porphyrin and quinone.

The long chain molecule acts as a
conductive antenna. changing the
input optica l energy into electron
energy. The tunneling gap effect be
tween the large donor and small ac
ceptor rings act s as a rect ify ing
diode for DC conversion.

For all this to work. the molecules
have to be carefully oriented while
the sheet is being created. Mark's
work has centered on suitable bulk
processes to do the orientation in a
low·cost and high·volume process.
Projected costs are five dollars per
meter and three cents per watt .

At present. the Lumeloid films are
only expec ted to last a year in
strong sunlight . Once again. Lep
con panels use conventional micro
l i t ho gra phy o n g las s . wh il e
Lumeloid use oriented films that
mimic photosynthesis.

Interestingly. the Lumelord pro 
cess is totally reversible. You can
input electricity and get light out as
well. Which could lead to new- light
ing and display technologies.

For any of this to become real. we
will need working prototype panels.
credible third party research. and
the proper peer review-. My " usual
sus pects" of Science . Nat ure.
Science News, and the technology
page of the ~f1Street Jouma/have
been suspiciously silent to date.

My O'Nn feelings are that short
and open circuits in production pan
els are going to lead to the very
same type of yield problems that
have held back and restricted de
velopment of large area flat-panel
TV displays.

Because of the lack of even lab
prototypes, their efficiency and cos t
projections at this time would ap
pear totally meaningless.

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
potent ially great projects here. So
my caller-IO project may take a
while.

Caller 10 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
10 . you might want to check #2239
CALLERID.CAP on the GEnie RA
DIO RoundTable.

If for no ot her use, the con
venience of having a no-charge. no
hassle list of everyone that called
you whileyouwere out is just flat out
wonderful.

Motorola has just announced a
brand new MC 145 447 caller 10
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 SCtt211.

An FCC Part 68 in terface is
shown in Fig. 4. Which is what nor
mally has to go betweenyou and the
phone company. Key points include
an except ional ly well -balance d
transformer with a 15oo·volt isola
tion capability. VV'hile such an inter
face is fairly cheap and sim ple .

getting the needed approval is not.
Several companies now offer

some read y-to-go Part 68 inter
faces. These are priced well above
what you could build your CM'O for.
But they come pre-approved. ehm
inating most legal hassles. Dallas
Semiconductor and Cermetek are
two typ ical sources. An interface
be twee n the ne w C e rme tek
CH1845 and the Sie rra SC 11211
caller ID chip is shown in Fig. 5.

Both Cermetek and Sierra have
free caller-H) ap notes available.

As we've seen before. a number
of ready-to -use caller-H) produ ct s
are available from Hello Direct.

N ew t ech lit
From Sony. a new Laser DiOde

Guidebook. And from Hughes. a
free brochure on their Nonvolatile
Serial Programmable Devices.

The Best ofAnalog Dialogue is a
three decade compilation of the
very best in analog linear integrated
circuit design info. From the compa
ny Analog Devices.

In a startling development. real
thermography is now available for
toner-based desktop publish ing .
O ne new so urc e i s B e nnet
LaserBrite .You spray on chemical A
to so ft en your to ne r. dust o n
powder B, and then apply heat from
desklamp C. Presto. Instant raised
letters. Even Braille.

Free stuff this month: A video on
a high-end printed circuit prototyp
ing system from Direct Imaging. A
free video on the Toaster. the IO'N
cos t broadcast -quality vide o pro
duction system from New Tek. And a
great new- sample A-42 plastic elec
tronic case from Serpac.

A reminder that I do have a full
co llect ion of rep rints available.
These include Hardware Hacker II &
III. my Ask. the Guru I & II & 1If, the
Blatant Opportunist I. LaserWriter
Secrets. and our brand new- Book
on-Demand Resource Kit. Just give
me a call on our no-charqe tech
helpline (per the box> for more de
tails. Or call me at my Synergetics.

You can also reach me via GEnie
PSRT(80m 638 ·9636. Besides that
wavelet freeware and the Smi th
Chart package. you' ll f ind lots of
Hardware Hacker and Midnight En·
gineering hard-to -find re source
stuff. R-E



AUDIO UPDATE

More from t he mail bag

LARRY KLEIN

isopropyl alco hol in " NF" purity:
that will work fine for heads, pinch
rollers, and fo r general internal
cleaning of your machine.

S lam d amage
I've notICedthat when I close the

trunk lid the cones of the woofers
installed;n my cars 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 nrq- 85

Costly repai rs
My receiver recently went dead in

one channel, and I brought it to a
local authorized service center.
They charged me $ 75 to repair a
unit that cos t $300 when new. My
frie nds have had simila r experi
ences. Ate the repair-shop OVfllers
trying to get rich at our expense
and why don't the manufacturers do
something about it ?
K.u.
Boston. MA

We live in a time when very com 
plex electronic devices are man .
ufactured by automated machinery
controlled bycomputers. That is the
reason why you can buy a digital
watch or a pocket AM/ FM radio for
well under $ 10. But the elimination
or reduction of the expensive hand
labor element in many of todey's
electronic devices is of no help
when the device needs repair. The
repair process continues to be labor
intensive, and uinvolves skilled, ex
pensive labor at that. In short , al
though electronic products are built
by the most sophisticated auto
mated techniques available to the
20th century, they are repaired one
at a time by the equivalent of an
18th-century hand icraft app roach,
As you have found, that's not cheap! ~

!
~
~

~

i

Alcoholic a nxiety
Some tape-cleaner ads seem to

say that alcohol may be injurious to
the insides of recorders. But maga
zines seem to recommend alcohol
as a cleanser. \'Vhich information is
correct?
NW
Covingt on, LA

You should avoid solutions sold
as " rubbing alcohols" because they
are likely to include a skin lubricant
(usually glycerin) tha t could be
tra nsferred 10 the tap e and the
pinch roUer. Ask your pharmacy for

Syste m im bala nce
After a long struggle to find the

reason for my having to operate the
balance control on my preamplifier
at the 3-0 'clock position, I traced
the difficulty to my speakers .~t

Vt.Ould accoun t for the fact that a
readjustment of the midrange con
trol on one of my speakers cured
the problem?
JW
Freeport, TX

The frequencies that contribute
to the perception of "loudness" are
mostly in the midrange. CYou can
confirm this for yourself by noting
the small effect on the overall loud·
ness of music produced by the out
ermost con t ro ls of a te n-band
equalizer) Hence, any control that
boosts or cuts the mid-frequencies
ina speaker system will also neces
sarily influence its relative " efficien
cy" or loudness.

nons. I see nothing wrong with using
signal processors to help minimize.
ameliorate . or eliminate the various
ill effects. l've long since given up
any hope of reproducing the precise
sound of any original musical perfor
mance in my home. But whe n I
achieve plausible reproduction, then
I'm satisfied that I've achieved high.
if not absolute, fidelity.

Last month. I answered several
hi-fi 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.

Overpriced sig nals ?
I'm appalled by the proliferation of

signal proces sors-particularly
eq ualizers-in the audio marke t
place. \rV1lat ever happened to the
notion that a hi·f; system should be
a "straight wire with gain" ?
A.T.
McA/ester. OK

The idea is alive and well, but be
set by philosophical co nfusio ns.
VJhite the concept has validity for.
say. power amplifiers. it really can't
be applied to the entire recording
reproduction chain. Straight-wire
wi th-gain audiophiles- for whom
tone controls of any kind are aneth
ema-appear to assume that wha t
ever signal co mes ou t of their
carefully chosen disc player or tape
machine somehow perfect ly em
bod ies an original performance.
Any one naive enough to harbor
such a belief has. at best. a very
unclear notion as to how sound is
recorded and reproduced .

Assuming that you had a perfect
stereo recording of the sound field
(at a speci fic location) of a live must
cal eve nt-and a ll th e elec
tromechanical and elec tron ic ele
ments in your playback system
were perfect-your speakers would
still have the task of replicating the
acoustics of a concert hall within the
comparatively cramped space of a
conve ntional li stening roo m . In
short, the chances of exactly du
plicating an original live sound field
in your list ening room are about
zero.

Given the aberrations in frequen
cy balance. noise level. and dynamic
range likely to be introduced. plus
the loss of rear ambience and reftec-



FM bandwidth
Vv1Jat is the purpose of a narrow/

broad bandwidth switch on an FM
tuner?
R.A.
Bay Shore . NY

As far as I know, the only justifica
tion for a narrowband switch is the
rare case when a listener is located
between t'NO transmitters of com 
parable strength that areedrecent to
each other on the FM dial. In any
case, a rotatable directional antenna
will probably be of more help in sep
arating the two stations than the
tuner's ability to narrow its IF band
width . The narrow bandwidth set
ting may be helpful If the conRicting
stations are in approximate ly the
same direction. or possibly when
there are severe noise conditions.

Off-frequency FM
Many of the rock stations in my

area advertise themselves as being
located at. forexample. " ' OO on the
FM dial. " But my digital tuner won 't
tune to etten numbers : It sets itself
for 99.9 or tOO.I . Does something
need adjustment?
RP
S an Diego. CA

Yes-the thinking of those who
like to reduce all communication to
the short. punchy. and simple-mind
ed. In the U.S.. all broadcast sta
tions are assigned odd-numbered
operat ing frequencies, 2-mega 
hertzapart. Even if you could tune to
100 MHz. youwouldn't find anything
there but a lot of noise and distor
tion. But. come to think of it, that
may be pretty close to what some
statons are really broadcasting!

gedne ss of the woo fer-cone sus
pensrcne. the size and air leakage of
the trunk. and the velocity of the
slam. To determine whether there is
a po tential problem. watch the
woofer cone (wi th its protective
grille removed. if possible) during a
typical slam. If the forced outward
excursion exceeds a quarter inch or
so. it might be best to close jour
trunk a bit more gently in the future.
However; I expect that the better
manufacturers of the larger car ster
eo speakers, who knew where they
would be mounted. have designed
their cone suspensions to with
stand large pneumatic shocks.

I I I I

CREATE INTELLI GENT PROJE CTS WITH
THE VER SATILE Z8 PROGRAMMAB LE
MICROCO MPUTER. This powerful comput
er wasdesigned lor ne~ibility and canbe used
lor various electronic projects . 10 Inlensive.
Up to 20MHz aperation. Download programs
or run EPROM code . Special hardware lea
teres included . Prices 'rom $125.00. Battery
backed RAM. x-eeeerrorec and olher opbons
available. CALL FOR FREE BROCHURE.
MJS DESIGNS, INC., 1438 W. Br oadwav
Rd., SuIte 8 185. Tempe , AZ 85282_ (602)
956-8 618.
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121....
C A B LE T V CO NV ERTE RS AND DE 
SCRAMBLERS 58-3 S79.OO TRI-SI 595.00
MLO -579.0 0 M 35B 569 .00 D RZ· DI C
$149.00_Specia l combos available . We shtp
COD. QuantIty oscccnts. Calltorpncing on
other products. Deaterswarued.FREE CATA·
lOG. We stand behind our products where
others fall. One year warranly. ACE PROQ.
UCTS. P.O. BOll 582, seee, ME 04072
1 (800) 234-0726 .
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GET YO U R RE CHA RG E C ATA LO G
FREE.,.EAR N B IG SS IN YOUR SPARE
TIME- AU supplies and Do-It -Yourse lf kits
with complete instruct ions avai lable. Sup
plies cost 'rom 59.95 in qty and youcan sell
rech arged toner cartridg es lor $40 .00 to
$55.00 each. Printers include HP laserJet
and Senes II, Apple laserWnter, OMS, etc .
Canon PC-25 Copie r also . CHENESKO
PRODUCTS, 2221 Fifth Ave., Su ite # 4,
Ronkonkoma, NY 11779, 516-467-3205 .
FAX 516-467-3223, 1-800-221-351 6
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FREE CATALOG OF TE ST IN STRU
MENTS & TOOLS is packed with thou
sands of products lor tesllng . repainng.
and assembling eiee trcmc equipment.
Featured are brand name inslruments
such as Fluke, TektfOni ~ . 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 Wi ll ow s i , No.
Andover, MA 01845. (508) 682 -2000,
Fa.: (508) 688-7829.
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WO RL D' S SM ALLES T FM TRAN SMIT
TER S! New Surface Mount Technology
(SMT) makes all others ob sol ete ! XSTSOO
Transminer--powertul 3 transistor audiOam
phher, transmits whispers up to 1 mile .
XSP250 Te lephon e Tran smille r - Ii ne
powe red. transmits conversations up to Y.
mile. Both tune 68-108 MHz. Easy 10 assem
ble E-Z K ITS (S MT co mponents pre
assemb led to circu it boa rd) ! XST500
$39 .95, XSP2SG-S29.95, VISA/MC. COD
add $5. XA NOI ELECT RONI CS, 201 E.
So uthern Ave., Suite 111, Tempe, AZ
85282 . 1-8~336-7389.
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R-E Engineering Admart
Rates: Ads are 2Wx2W. One insertion $995 each. SIx insertions $950 each. Twelve
insertions$925 each. Closing dale same as regularrate card.Send order with remittance 10
EngineeringAdmart, Radio-Electronics Magazine, 500·8Si·County Blvd .•farmingdale, NY
11735. Direct telephone inquiries 10 Arline Fishman, area code·' -516-293-3DDO. FAX
1-516-293-3t15. Only 100%EngineeringI ds 8ft IClepted for thisAdma" .

Small
Budget??

6805 Microcomputer
Development System

t£C1"tUCPU-1SJ'l"" y\uIUl PC""'~1ll
!Ie _IS I CllI'ftllIeII~ symm10< IIIc UolOl'Ql.l
6805!amIJ al """" dlop~ MM'I\' bmr UO'O'IQ
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AI"" ,.....ble-PrCl'l"mm!'l' lar 6IUtC05. ,"~rCO'1 ~m~lIlo,.

W m.l rly :Ml"WoI " l\lOIllQh~ p vou Call ie' I COmpletl catalcg
and IeluSl>elp yGU stltcI yOu' l00 IL~_,J"

TEClw
TIl, ( ",Inee" CeIl.bo.lIl,o, Inc,

Rt# 3. In Ie 1.111010. VT0SIl2 USA
ru.: IWI ~:IOloli ' A. , IlIltl ut-:IO~l ' to _ loll , .... (1I011»1U '
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_CUrlMUNICA11OOS SPfCIAtJSrS.lNC._
... mW1lS1TaIlA.. . o,. .. CA926M-(296

• LocaI(1Uj 99S-3021· FAX{7,aj g14.:J,(20

Entire USA 1-8 0 0-8 5 4 -054 7
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FCC LICENSE
PREPARATION

The FCC has revised and updat ed the
commercial llotnse el&lTl. The NEW
EXAM cowrs updated mati ne and
avlation rule. and regulatlons.
transistor and dig ital Circuitry.
THE GENERALRADIOTELEPHONE
OPERATORlICENSE- STUDY GUIDE
contains vttaIlnforrnatlon. VIDEO
SEMINAR KITS ARE N(ffl AVAIlABLE.

WPT PUBLICATIONS
7015 N.E. 61s1 Ave.

Vancouver. WA 98661
Phone (206) 750·9933 Dept. 50
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NEW LITERATURE

continued from page 27

mauc n, co mple te specifi
ca tions . and o perating
range data. are provided for
more than 50 models. A
fivepage summary of spec
ifications and ranges is or
ganized by instrument type
to help the reader make
mode l -by -mode ! co rn
partso ns. Besides bein g
chock full o f test mst ru
menta. th e catalog de
scrib es protective cases
that are tailored for individ·
ual models. and a complete
li ne o f acc e ssory te s t
probes. cabl es. and test
lead kits.

THE HIDDEN SIGNALS ON
SATELLITE TV: THIRD EDI
TION; by Thomas P. Har
rlnglon. Un iversal Elec
tronics, Inc., 4555 Groves
Road, Suite 13, Columbus,
OH 43 23 2; Ph on e:
614-B66-460S; 519.95. plus
53.00 shipping and han
dling .

Everyone knows that you
can pick up video signals
w ith a satellite dish. and
most satelli te owners know

CIRCLE 37 ON FREE
INFO RMATION CARO

that they can also receive
au dio c hannels o n re
ce ivers equipped with
tunable audio subcarrier
sec ti ons. Howeve r. not
many people are aware of
the var iety of non-video
and data services that are
also carried on satellites.
Those services include au
dio news. stereo subcar
ners. telephone systems.
world news and press ser
vices . t el e te xt, sing le
c h an n el · p e r- c a r ri e r
(SCPC) sys tems. stock
market reports. financi al
news services. and busi
ness data channels . This
book covers all phases of

this expanding side of the
satellite busine ss. 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 sys tems transmi tting
hidden signals. It describes
each system and how it
wo rks . ex plai ni ng w ho
uses it and how the reader
can receive it. The book
also includes glossaries of
data-com munrcattons and
satellite-system terms .

THE ARRL HANDBOOK FOR
RADIO AMATEURS 1992; Ed
ited by Charles l. Bulehln
son, K8CH and Joel P.
Kleinman, N1BKE. American
Radio Relay l eague, 225
Main Street, Newington, CT
06111; 525.00.

Every thin g yo u ever
wanted to knON about am
ateur rad io-and th e n
some-can be found in the
more than 1100 pages of
this book. Aimed at hams.
technic ia ns . and engi 
neers. the book provides a
thorough introdu ction to
the basics of amateur ra
dio. including electrical fun-

CIRClE 3ft ON FREE
INFORMATION CARD

damentals. the techniques
and terminology of radio
design. and the basics of
so lid-state and vacuum
tube sets . A comprehen
sive section on radio princi
ples covers power sup
p lies . audio and v id eo
co mmunications. digital
basics. modulation and de
modulation. AF oscillators
and sy nthesizers. princi
ples of radio transmi tt ing
a nd re c e iv in g . tra ns
ceivers. repeaters. ampli 
fiers. antennas. and trans
mission lines. Modulat ion
methods for voice. digital.
and image commu nic a-

continued on page 102 87



DRAWING BOARD

Our long-lost discussion on digital scopes.

FIG, 1 BLOCK OIAGRAM of our oscilloscope. The baSIC structure Is the same lor
ellery scope there is .
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W ell. it's been a while com
ing but. at long last. we're
fin ally back to talking

about digi tal scopes. There have
been so me interruptions in the
meantime but that 's the way life is
it somet imes 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 fu ture reference. You never
know.

Just to refresh all our memories.
we had been talking -abo ut 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 gelling started it makes
sense to approach things from the
beginning.

The design criteria for the scope
we are going to be putti ng together
are the following:
1. The scope will have a maximum
bandwidth of at least 1 MHz.

~~ 2. There wi ll be eight select able
c sweep speeds.E3. There will be eight selectable gain
~ levels.

.
~_. 4. There will also be a variable gain

control.

ml 5, The display will be in a twenty'by
... twenty matrix .
.9 The block diagram of the scope
~ we're talking about is shown in Fig,

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 rs. 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 circu it and add any
thing you want to it. But we 're get
ting ahead of ourse lves,

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. Whe never you want
accurate timekeeping. the answer
is a crystal-based circuit , and that's
what we'll use here.

There 's no sho rtage of circui ts
when it comes to building a crystal
oscillator, and the schematic shown
in Fig. 2 is as good as any. If you
need frequencies up in the many
megahertz or even the gigahe rtz
range. you'd have to devote a lot of
time to this part of the scope, 'but
since we're keeping everything to
under one measly megahertz , this
schematic is a simple answer to the
problem.

I've picked one megahertz for the
basic crystal frequency because it's
a nice even number to work with and
l -MHz crystals are readily available.
You shouldn't have any trouble get·
ting the 4049 's to work at 1 MHz
even if you 're only operating the cir
cuit at 5 volts . If you have any prob
lems, up the voltage to 9 volts or so
(working with C MOS st u ff is
great!>, and that should take care of
the problem.

Should you want or need to stay
down at 5 volts and you find that the



FIG. 3-THE 4520 DUAL SYNCHRONOUS BINARY COUNTER will provide us WIth a
series o" requencles thai are accurate enough for Ihe kind 01encun we're designing.

s.

possible to do a lot bet ter; but the
stuff you have to worry about has
nothing to do with the basic deSign
of the scope itself.

The lowes t sweep speed that
makes sense for the scope we're
working on is about a tenth of a
second per co lumn. The major fac
tor here is that when you get much
slower than this. it get s increasingly
hard 10 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 severalof the columns lit
at the same time.

Once we gel 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 elect ronics but the bot
tom is determined by considering
the persistence of the reuna and
other biological factors. If you want
to drop the sweep speed to one
second per division because you
havea particular need 10 do that it's
re'envely simple to set the elec-
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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 il 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 wayof 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 wavefo rm is
being displayed.

Stand ard oscilloscopes use a
5·2·1 counting sequence for divid
ing the swee p f requenc y. That
means, at a basic level, that it lakes
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 si nce there are ce rta in
limitations to LED tntenstty. con
struction methods, and so on. It's

e
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FIG. 2 A CRYSTAL OSCILLATOR lor
our scope. For frequencies below 1 MHz,
Ihls schemati c is a simple solution.

oscillator isn't self-staruoq at that
vonaqe . use an equivalent high
s peed C M O S p ar t li ke t h e
74HCT4Q49. 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 restrictions
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
organized.

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 particular
length of time. 'vVhen we refer to the
sweep speed, we have to dis
tingu ish whether we 're ta lk ing
about how long it takes 10 sweep
across the entire twenty columns or
how long each of the twenty col
umns is enabled.

If you look at the sweep-speed
se tt i ngs o n a s t a nd ard o s
c ill os cope, you ' ll see that i t' 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 lowof a tenth
of a second (10 Hz) to a top of 10
micro seconds 000 kHz) per divi 
sion-we can decide what the re
maining six sweep speeds should
be . Generating divisions in the stan
dard 1-2-5 sequence is certa inly
possible but it's also a pain in the
neck to do.

We can cut this part of the design
way down and reduce the needed
parts to a bare minimum if we let the
relationship between th e swee p
speeds follow the standard 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 whole

EQUIPMENT REPORT

continued from page 16

the manual says to install C40, a 22
pF. 16-volt elect rolytic, but the ectu 
al part, as shown in the parts list, is
22 ~F. Also, a spring must be in
stalled to the lef t 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 inc luded R43,
one of four t -meqohm resistors to
be installed. but the parts list shows
only three t .meqchm resistors and
R43 as l 00K-also, the l OOK reo
srstor was missing from our kit. Re·
sister 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 our kit . Ukewisewith R8:
it's installed as l OOK but listed and
included as 100 ohms. Another 100
ohm resistor, AX, 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 A43.
Resistors AOO and A17 are to be
installed as 9 ohms each but listed

numbers, are close enough for the
kind of circuit we're designing .

Remember that the resolut ion of
the scope we're building isn't all that
great in the first place.

Feeding a standard CMOS part
like the 4520 with a clock as high as
I ·MHz is an iffy busmess-c-es
pecially as we discussed a while
ago, if you're running off a supply
that's down in the range of only five
volts or so. If you have such a prob·
lem. the ways to get around it are
the same as the ones we talked
about earlier: you can either raise
t he s u p p ly vol tage o r u se
74HCT4520 's instead of the stan
dard 4520.

The two 4520's in the circuit give
you a choice of sixteen clock fre
quencies <seventeen if you count
the basic crystal frequency), so you
have lots of sweep-speed choices ,
When we get together next time,
we'll finish the horizontal circuit and
go through the design of the vertical
amps and driver circuit as well. R-E

as 8.98 ohms. Neither of the two
remaining resistors were color-co
ded for 8.98 ohms. but they mea
sured abo ut 12 o hms , C lo se
enough we decided . and the meter
seems to work just fine.

You never know exactly what 's in
side something unti l you take it
apart , so you can't help but be famil
iar with the basic insides of any mul
timeter once you build the lOOK.
The finished lOOK is a sturdy, capa
ble meter, and certainly worth its
price. And although we feel that It's
a pretty decent meter and a great
project for someone new to elec
tronics. the help of someone more
experienced might be necessary.
HO'NeVer, we've already pointed out
the kit's sore spots so if you plan on
building one you should save this
review as a guide.

If you 've read this review and
would like to own a lOOK but don't

•want to build it yourself, the lOOK is
available preessembled. And the as
sembled tOOK mulumeter actually
cos ts ten dollars less than the kit
<$19 .951 That's because it costs
more to package the unit in pieces.
and the kit includes a 47-page as
sembly manual. R-E



COMPUTER CONNECTIONS
Pen-Based Computing

JEFF HDLTZMAN

FIG.l-THIS PEN·BASED PC from GRiD leatures wireless RF connect ivity to Novell
networks.

P en-based comput ing is one
of this year's hot topics. At
first glance. this new class of

device seems to be more gadget
than com puter. On closer examina
tion, however. it looks more like a
glimpse of the future .

As with many hot topics in todays
computer world . pen-based co m
puting got its start at Xerox PARe
(Palo Alto Research Cent er), a re
search division of the corporation
mostly famous for photocopying,
but whose basic research has fu
eled much of the personal com puter
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 mod el
of something he called the Dyna
book. Kay didn 't call it a co mputer:
he intended to suggest something
far larger, more grandiose. more
connected . and more accessible
than any mere data-processing ma
chine. The original design called for
a notebook with a me gapixel
screen. multiple CPU's. and wired
and wi reless networking. Since
then Kay realized that the hardware
alonewas not enough; a user-friend
ly (Maci ntosh-like) user interface
would also be required. Even more
important , a cooperating system of
software " agents" would assist the
user in gathering information and
perfo rming 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
compute r 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 destqns bearing the title Dyne
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 reo
lease of a spate of new machines by
other vendors. This first generation
of commercial machines illustrates
several points: (l) 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 a nd 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 generat ion
typically has a 286 or 386SX pro
cessor. a few megabytes of memo
ry. a floPIJI drive. possibly a hard
drive. and a slot or two for special
credit -card sized me mory cards
(these cards have now been stan
dardized: more in a future install
ment), Usually there's no keyboard.

althoug h there are " convert ible"
units that allow both keyboard and
pen input . So me units . such as
Grid's GridPad RF (shown in Fig, 1>.
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, wri te, and
edit direct ly on the display sur
face-it's like an intelligent Etch-A
Sketch , one that allows you to store
and recall text and qrephtc s . It's
what some call a direct-manipula
tion environment (DM8.

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 famtl
tar 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 cos t and power in
service of specialized applications .

Microsoft , as might be expected.
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•
FIG, 2-PEN-BASED GESTURES differ between Microsoft 's Windows for Pen Com
pu ting (a) and GO Corp.'s Penpoint ( b~

Deferred I/O is another interest
ing capability of PenPoint. It allows
you to " send" documents to other
people. regardless whether you're
plugged into the company network
or riding a camel in Riyadh. If the
hardware can't physically send the
file when you make your request , it
adds it to a queue and sends it when
the req uired resou rces become
available. Likewise with modem out·
put. fax output, and printer output .
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from the ground up to support Em
bedded Docum ent Architecture
<EDA>. Wi th EDA. you just grab
something and start working on it. If
it's text, a text-edrtirq 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
mak e pe n PC 's attract ive to
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 <WPC). This en
vironment is scheduled to be re
leased in the first quarter of 1992,
right after Windows 3.1. W PC has
al ready garn ered suppo rt fr om
some three dozen hardware ven
dors, including AS T. Dell. Grid/Tan
dy, NCR. Zenit h. Sharp. Sony.
Toshiba. Tusk, Momenta . NEC.
Samsung. Sanyo. and many more.
Currently Grid owns more than 50%
of the market , but in fiveyears that 's
expected to drop to about 10% of
the cu rrent leve l. wit h Son y.
Toshiba. and Sharp acco unting for
about 36%. and IBM and Apple to
gether for about 30%. Hundred s of
so ftware developers have also
shown support for W PC.

A company called GO Corpora
tion has pursued the second option
with a product called Per-Point. the
chief compet itor 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 shONO it running on a to-be
released pen machine. Apple is
evaluating use of PenPoint versus
its ow n intema lly 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 reo
qulred. 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 drew a line
through unwanted text. It's more di

~ teet . more natural. more eff icient .

.~;:: more comprehensible by computer
novices. This is the tack taken by

~ PenPoint .

_~ A related area is compound docu
e ments, documents that include text.
~ graphics , possibly other media.

a:
al Windows is just about to the point

where build inq compound doc u
ments is reliable and efficient. By
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Ge sture s
Both PenPoint and WPC make

use of gestures, pen motions that
signal an intent to do something,
and depending on the ope ration.
the data to which it is done (e.q..
striking a line of text>. Ge stures
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 (PenPointJ. <This is equivalent to
the once -heated argument about
whether the Delete key should work
on characters 10 the right or left of
the cursor. The vast majority of
users simply didn't care. as long as
usage was consistent from program
to programJ

PenPoint demonstrations are ex
tremely compelling. But Microsoft
is Microsoft, and WindaNS is Win
dows . Do es PenPoint have a
chance? It's simply too soon to tell.
The Windows juggernaut is rapidly
crushing everything in its path; GO
is working hard on data portability,
so there's a good chance it will at
least survive. In any case, most
hardware vendors are playing it eafe
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, WordPerfec t and
Lotus are converting and develop
ing applications. and several other
companies are developing new ap
pli cat io ns , in clud ing telecom
mun ication, wo rd processor,
sp readsheet , net work inte rface,
outliner, PIM, and more.

Some developers are targeting
applications for both environments .
Slate is one inte res ting example.
The company has introduced a
product called PenBook that allows
you to take any file in PostScript
format and convert it for use ina pen
environment. The software allows
you to build a table of contents and
link specific pages to it. It also in
dexes the text. Rathe r than 45
pounds of manuals, imagine being
able to take a notebook with all rele
vant service information on a house
call. and instantly locate the desired

information with a few taps and
flicks of the pen. There's potential
here.

Who c ares?
Companies marketing pen prod

ucts see two initial focu: highly
mobile personnel (e.q.. doctors and
nurses, delivery people, sales peo
ple, insurance sales people and ad
justors, etc.) and professionals who
travel a lot.

Mobile usage is already happen
ing. For example, a major pharma
ceut ica l company rece ntly pu r
chased 1000 pen units from Grid for
on-site sales: the San Jose Police
Depart ment 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 little 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 bi t s
Last time I talked about the sig

nificant effect that multimedia will
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 receive televi
sions Signals across a token-ring
network simultaneously with normal
network trattrc. thereby setting the
stage for real-time 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-en allows digital record
ingJ The basic technology is Inters
DVI <Digital Video Interactive); the
board, though it may sound expen
sive, is about half the cost of the
previous version. occupies half as
much space, and reported ly pro-

vides about twice the performance.
In addition, the company released a
rather weird multimedia PC (the
M57SLC) that includes a high·per
fo rmance CD ·ROM drive, XGA
graphics, 16-bit audio capture/play
back, and a souped-up 386SX pro
cessor that sounds like a 486SX
crammed into a l fi -bit package.

Af ter years of promises. Philips
finally unleashed its CD·I (Com
pact Disc Interactive) techno logy
on the consumer market under the
name Imagination Machine. It costs
in the neighborhood of $800, but
does only one thing. Co nversely,
you can upgrade your PC with a CO
Ra M drive and a slew of useful soft 
ware for that amount of money. have
change in your pocket, and have a
general-purpose 1001 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 lmaqtna
uon is in the amount of sales CD·'
will generate.

On the software front, IBM has
delayed release of a fully functional
(i.e., Windows compatible) version
of 05/2 2 .0 until the end of the
first quarter of 1992. In the mean
time, Microsoft will sell another cou
pie million cop ies of Windows.
However, Microsoft also slipped its
ship date for WindeM's 3.1 until 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 you 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 four
years ago would have been a great
competitor to DESOview. R·E
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CABLE TV converters: Jerrold. Oak, Scientific
Atlantic, ZenHh & many others. "New MTS' stereo
ado-on : mulO & volume. Ideal IOf 400 and 450
own ers! 1 (800) 826·7623, Amex, Visa, MiC ec
ceptcd. B & B INC., 4000 eceo-o.aee Olive,
Eagan, MN 55122.

T.V. notch fillers, phone recording equipment ,oro
chure $1.00 . MICRO THine. Box 6:1,6025, Mal '
gate, FL J3063, (305) 752·9202.

CIRC UIT Boards - Compl ete Pfinled circurtlab·
ncal lon I,om single sid ed 10 proeucncn muili'
layers, Twenly - fouf hour turnaround available .
CIRCU IT CENTER, PO Bo~ 128. Addison. IL
60101. (708) 54 3-0671.

.~ Quality MicrowaveTV An~nn..
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CABLE TV Equ ipmen t. Most type ava~able.

Speoaf: Oak M356 539.95. Noeatalog. COOQt.

ders only, 1 (800) 822·9955.

.. .. .... PRESENTING ........

CABLE TV
DESCRAMBLERS
.. .. .. .. .. STARRllIIG ..........

.RROI.D. HAMUN. OAK
AIWOO...-It ."'"""OolA ~a-I
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OSCtL1.OSCOPE 50 MHz. Hew1ett·Packard. s0l
Id Sl allr ca librated. manual $290.00 1 (800)
8JS-8335 X-l59

PHOTOVOlTAlC sola. panols atlordably priced.
CataIo!:I sz.oo.SOlAR DEPOT. 99R washinglon
St. Meloose. 1M 02176.

CABLE TV de scramblelS . converters . Oak
RTC-56 $99.00. 5500 Tocom $225.00. Sylvania
4040-0 rC replaces Je.roId 400-01C $49.00. Oak
M·35·B $25.00. All brands in stoc k. MOUNT
HOOD ELECTRONICS. (206) 260-0 107.

CAB LE equipment Oall. Tocorn Zenith
J errold S.A. wholesale 10 all. Ex ample Oak
RTe-56 $89,00 . 1.1-35-6 $25.00, S.A.C .• 1 (600)
622·3799.

, ,
Jij[.ll ...."loOl."O<$H~'i;' I ..
JHHIK)D IJfTt ~... SYSf[" 1TJU lI
.JICHCRYSI.ll. COIIlROlUDSYSTUl 129O 9S
~_.1't _I\._ "'10 11.fOA
u ,tGu,.m tl,UU15011 TH1U
JHlIIIIIJ. Il,_J UOOTMtR ' Ill!
''121 U"1111 _II f'IlOlIUCrl
OILUnIT_1I
_fII •••_ ..,_ c:otltm

: ....
We specialize in a wide variety ot tectmtcat
inla/malion, pans and se.....ices for CB radios,
!I)-Meter and FM conversion kits. repair books,
plans. high-performance accessories.Thousands
ot satisfied customers since 1976' Catalog 52

JERROL D, Tocom I nd Zl nlth ..t."~ c hip • •
Fu lly I cllvl te. un it. SSO.OO. C.b l e d e
I c r l m b l er. from $40.00 . Order. 1 (800)
4S2·7090 . ln fonnatlon (:l13186N I081.

T£ST equip ment prlKJWnOd tON at aItonSabIe
pr ICes . SIgnal generators from $50.00. es
CIIo5copes from $50.00. OCher equipment. indud
Ing manuals ava,lab le . Send $2 .00 U ,S . for
CalaloQ. re lul'lded on t st order. ,J.B . ELE C·
TRON rCS. 3446 Dempsler. SkoklO. n,60076 .
(708) 982·1973.

DESCR A MB L ERS : Oak SIgma. Varisync .
Haml Wl. Soentific Alla nta, Jerrold. Pioneer. S)+
vanoa, Catalog $5 .00~ (credlted forst
ordef ). service manuals. schemabcs, SURPWS
ELECTRON ICS. PO Bo. 1000 9. C olorado
~C080932.

PREVENT d~C1amble. detll(; li on & damage'
Orda. Toch-BIod< todayl Simple to-~no connec
tion. Only $19,95 P.P.O. TH E STAGE DOOR VID
EO, PO Bo. 518. Belleview. FL 32620. For
C ,O,O.'s 1 (800) 395-4557 .

OUR mon thly picture Ilye. lisls quality surp lus
paris at low prices. Swap meet IM)'Y mont h.
STA R·TRO NIC S, Box 683, McM InnvIlle. O R
97128.

PHOTOFACT folders unde. 11 1400 $5.00. Olhers
$7,00. Postpaid. LOEB, 414 Choslnut Lane. East
Meadow, NY 11554. (516) 481.4380.

OESCRAMBLERS cable TV convertors. lowest
prices, guaranteed. best quality. all typos avail
able . CNC CONCEPTS, INC., Box 34503. M'n
noapcOis. MN 5S434 , I (800) 535- 1843,

SPEAKER repair,All makes model , . Stereo&
proIessional . Kits available . Retoaming $18.00.
ATLANTA AUOIO LABS. 1 (800) 568-6971.

ENGINEERING software andhardware. pC!
MSDDS. Circuit design and drawing. PCB
layout, FFT analysis, Mathematics, Circuit
analysis, etc. Dataacquisition, generation.
110 PCB's,etc. Call orwritelortree catalcq.
1 (6141 49Hl832. 8S0FT SOFTWARE.
INC., 444 Collon Rd.• Columbus, DH
43207

APllfMllR C__,

The re are our 17,000 Item s
stocked and reid, lor nut dOl '
delhery. including: semiconductors,
connectors, aUdio and VCR parts
and accessories, lelerlsion paris,
IIa rd. are, t est equlpllen t,
cbemlcals, tools end lIlanr name
brand Ilems.

M CM ELECTRONICS

Because needs in tile electrnnlcs
Industry are conslanllr changing,
MCM Electro nics c:ontinuallr
researches the market andreacts 10
themarket's changIng needs.

MCM Is conslantlr in touch with
nalional and Inler nall onal
manufact urers to bring both
commonlr used and hard·lo·find
prnducts to its customers.

Call Today For Your
FREE Catalog
Subscription!
1·800·543·4330
FAX 1·513·434·6959

ALL THE PARTS YOU'LL
EV NEED...
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DESCRAMBLER kits. Complele cablekit $-44.95.
Comp lete salellite kit $-49,95. Add $5.00 shipping.
Free brochu re. No New York sa les . SUMMIT RE.
BoK 489, Bronx. NY10465.

SATELLI TE TV eeecramtae r, BUild your own.
Easy to follow instructions. parts list. circuit boa rd,
wiring d iagram, $9 ,95. ABG ENTE RPR ISES,
27081A. Halofax. NS, 83 H,4M8.

SURVEI LLANCE transmitter kit s tune lrom 65
to 305 MHz. Mains powored dupleK. telephone.
room, comb4nalio n toiephO<1e/room. Catalog with
Po p ul ar e ommuerceucns . Po pular l: l ec
tro nlc s and Rad iO-Electron ics book reviews 01
" Elect ro nlc Eavesdro pping Eq uipmen t De
s ign," 52.00 . SH EFFIEL O ELE CTRON IC S,
7223 StO<1y Island AI/fJ .. Chicago , IL 6064 9·2806.

ROOM surveuranee telephone $175,00. Room
and telephone monitor $275, 00 . Remote tete 
phon e recorder 5479.00. $3.00 catalog . LISTEN
ELECTRONIC S, 603 Elgin , Muskogee , OK
74401. (918) 683-9589 .

IlLOId .... ~l b '"'dor $!iO"'"<il
,__ I.d _II. tam Ilondorll
_ 00'_, CC'.. _ ", f '"
l><oe<I<ao• . Eot, -.-...:IS ., ..,"""._oro _00. POI_

.... .. '" " ot>d.O'''''''''' y... ...

... toe I on;or .. """ IIYCriIO
bor>d. 00111 1'1... . $01.115

WeederTKhrw>logleoo
14m LIndH)' Rd.

UI. ( hb, OhIo .51 ~f ro", Roeords &Ctl's

REMOVE
LEAD
VOCALS

PRINTEO circui t art WOfk, Low cost. tor free infor
mation WrIteNEGRON ENGINEE RING, 159 Gar.
field Place. Btooklyn. NY 1t215. FiIll or call (7t8)
768·4028.

VlDEOCIPH ER lIiscanner lcablei sate lli te modi
ncaucnsboo ks. Catalog - S3,00. TE LECOOE,
PO BoK6426·RE, Yuma. AZ 85366-6426

OIGITAL reco rder. Digita lly record any audiO
source With Special effects. M,croptocessor con·
lrolled device, Detailed plans. S9.75: T. ZURAW,
BOK 341, Dearborn Hls, 1.1148127.

PCB and schemahc CAD, S195.00 IBM EGACGA
Multilayer. rubberband. aUlovia, NC dl ill. laser, dot
matrix , planer, library. Gerber. AUTOS CEN E,
t0565 Blueb ird St..Minneapolis, MN 55433. (612)
757 ·8584 rree demo dis~ .

HOBBYlbroadcasting/HAMICB/surVll illance
transmitters, ampliters. cable TV. science . bugs.
othe r great prOjoos! Catalog S1.00. PANAXIS,
BoK130-F2. Parad ise, CA 959 67.

REMOTE CONTROL KEYCHAIN

mu: CQmp~lo w!mlnl;;;tn nlmltU'l'
' ••¥•.•*..•s '..,e.",:,,,,,. :·;" . nd ..S vdc Rf roeelv......j """'" FtJllv u ..,mbled tneluding pl ...

,,-.' IobtJild your own •.., o . lJrm
"; , ," o.. ,nij rydi. ellUnl$ Ulil.b1e

" : $2495 Check,.Ylu or"'C
" • Add $3 -'lIpping

V IS IT EC T INC. 6QK 1<\.1 $8, F.emo~CI. g(53i
(510) 651- 1425 b:,< Fax (510) 651-8454

1-800-222-5620

PIONEER l or Warner system. Digital insert !Of
your SA·3. Changes WIItI their signal. S15O.00
WTth simple instructions and guaranle(l. NEEDY'S
ELECTRONICS, US Hwy 23 South. Weber City.
VA 24290. (703) 225 ·3334.'rax (703 ) 225 -3296 .

LONG play cassette recorder RQCOlds 12
bours on a sJngle standard cassette. vcee-ecn
vated Also miniature long play recorders. mini
microphones. telephone record conlloll6fS, stun
guns. su r ~oi llan C(l/count ll rmeasures devices.
Catalog $2.00. PRODUCTIVE ELECTRONICS,
Box 93002 4·R, Norcross, GA 30093.

FREE
CATALOG

$19~~j ,

$3~

(1·9)

REMOVE VCR copy protection PCB PAl instruc
tions $16.50 wf'&H NORM HOGARTH, 955 NW
Ogden, Bend. OR 97701.

TOUCH ton e deco der displays dialed number.
Store and retl iew up 10 256 numbers, Input from
phone. scanner. tape . SASE for brochure. WINO
ESIGNS, Box 20009 1R. Denver.CO80220-0091.

Subwoofe r Inpul/Output Terminal

# AC· 260-308

This__..ad lermi nal

PB" e1 I\aIlnpvts f()( l ighr
andle~ channel$as well
as oulpull 10' right and
IeIlCI'3M eI. l0 'CUI" to
your1lZIIItl lP"""''''' • .
G'IWIy .;~fie1

lI'-'b'l>«ll&r hOOk·up.
CM s'dodimen$;ons:
3·71/1' ~ 5-:119"

Famous Maker 3·1/2" Speaker Pair
DualCC/'IlI3·112" l pe&1<e'
pat t()(upg,aa.,g 11ed<

da.h lpeak...rl . G'''P!'i'e 1:1'
fll...r COrfl)O$ ~'" woeIo,COn" '.:t
providesasmoolh e>Tondod .
, ...ponlO.II all power Ie....!!.
The h'lih 1t8Q'Jtlllq lad..ucr
(wlliuet) lakeseve, t'em 111oo weere, .II /1,000 Hzanc
greaIl1 1. lend. tho rel-POft'...pasl 20 KHz, Sl'onlium
l...rrM magnol. :lId- high le""",ralurevo iee coil.
1"l"'d11lCfl: 4 oh m, Powe' hand l ing ,apabj~lt : 25 wan.
connnllC<4, 70 Wall' poal<, F""luenq 'MllOnu: 120
21,oro Hz, Equ'ppadWTlh d>nl. CrOO1l. "' ada in !lie U.S.
by a <::lltf'P&ft1 witll (7010( 40 yea,. " 'periI"," i~ ltle al,110
10IInd ITIrI rkO!.

# AC-26 5-275

1-800-338-0531

CALL TOLL FREE

NOW build you r own Regul at ed 12V DC 10
120VAC, 300W to 500 W Inverter. a must for
cam pers or emorgencies. Inc ludes completo
schematics, part s and manufactu rers hats and
more! Send 519,95 to INVERTER SCI ENTIFIC,
BoKn 8. Suffern, NY 10901.

~'QPan I Uonglh Dia_IOI (14) tl lklp)
. RC-26(1'320 2318- 1·:1'4- .40 .37
. RC-260'321 4· 1·7i/l- .GO ,55
. RC·26G-;l22 5- 2'" .65 .ss
. RC-26G-;l23 1- 2·7//1- ,40 .37
I RC.26G-324 5- 2·7//1" .GO .55
' RC·260--326 :t 2·7!l!" .52 .<Ill
I RC-26G-327 2,112" :I·7ill- ,56 .53
eRC-26G-328 5- 3·7//1- ,64 .5i

No mlli" g IQr 'lUI"I ~y p,lci" g.

n-" allfa<;:l....prll1ormed lL.ned
pen, allowlhe bad<. preslu,,, ,a·
dialedf,omlh" 'oar0/ ltle woo/er
10 ,e i~ro,,,", lhe . ou" d Ie...., i"
lront MM ' cl blade j)ta$li(:.

12 Gauge Neon Wire
Theo;orT'QO!ltion"loday'. r-:'~-""
'viOIoOvna co~te,11 4'O

I08 "e tnat g:>o<:l l ound
alone is n01 ...no~g h 10
will . M()(e and fTllre
"' lIaI le~ areW;"ing Ie
m.>J<' loo t insl&ltalion
mota pleasifIQ tolhe l ye.
PMI E'll l"" nOW$toel<$
12gauge speakel wt e in viblar.1 neon colors. ThOs wile is
the samahighqual~y, madeInIh...U.S.wi'e \'OIf have
ullld belote.but flOW 111M Ilashy. nliO"colored "" ulaling
jad<et• • Availablei~ ..-. piM., neoogrIM". and""""
orang". Sol:! by It-.1001 on or~It. opooIa.

# R C·100- 162 (N eo n pInk) 4ge
# RC- l00- 166 (Neon o ran g e) IF!.
#AC -1 00 -170 (N eo n green )

Tuned Port Tubes

$3990

(2· up)

..

- 30 daymoney t>aek gva'anlM - 520,00 minimumOrdo, " W...
atalll Maslo" "3Id, V,. a,Dlaoov.'. _ C. O. O.ord-.. " 24 "oIIr
mippO.... - ShioPi.... <;!>argo . UPSChall r~" . 51.QO (S3,50
rMJrrom, tla1l" } - Hau'. 9:30arn- 7:00pm EST.Mo<>day · FrO;lay
" gOO am· 2:OO pm Sal~rday. Mail o'der c;ustoma",.plaAse all for
. hlpping8$llmato on ordor. e.oeedlng5 lb•. • Foreignde'l lnalion
C;U.loma,. ploa.oo lend 55,00U,S. l und. f()(carafog pllI tago-

$4900

Each

'Fparts
';;'XPr!!.~~

#AC-34CJ-431

# ACo262 -100

Ferro Fluid
P,...TIICh lerro f1uO;l I$<;Qrrmcnly
u.ad onvcial cois 10lubslanlially
irTl"ovOf,"'I"o""y 'O' ponu.
ina03... 1ran' ''nl 3ndconllnuou.
p<>WOr harld~ng capa.bl'liesand
recuce, accndand thi'd Older
llalmcnic d,"on;On. ft radLJalIlt\e
o and lowe", too l~anoa peal<

alr"""",,,",ewilhoula .ign~ i,anl 1... ' '. '" -J
reduCllon InSPL. Gene'.:lI ~
PlJ~o l rt.ldlor lWOOlen; andrrid,anges only.
5<X:benle.

light Oak Speaker CabInet
P,emiumpenad. peakercabO
nO!made cl aeoualiea] g,ade
PB~;ge t>car dandcove'adwilh
a l;glnoak .,;nyllamo-oale. PI.
QJl Wllhan 11·114" holef()(use
";lh """.t 12'" """,I...", . The
baIlie beard ha. flO _", 0'
mid 'angelIoesloraesig"lie.·
ll lrt" The :1,'4- Ihl:k parld...
beardensu,o. low panel ,<ISO
na-ce.Dimanl ion': 11- . 15-.
ar -, Voluma: 2.5 CU fl. Gri l
and I8rminal indudeo'. Sold
fldMd~.1lIy .

PLANS AND KITS
FASCINATING electronic devices! n aaers!
Lasers l FMIAMipho ne transmitter s! Detectors!
Kits/assembled! Catalog S2.00. QUANTUM RE·
SEARCH, 16645-113 Avenue, Edmonton, AB.
15M 2X2.
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ANTIQUE RADIO CLASSIFIED
Free Sample I~

Ant ique Radio 'S . ~

largest Circu'atiOn Monthly. _e °
Articles. Ads & Classil ieds. •
6-Monl h Tr ial: $15. t-vr: $27 ($40· 151Class).
A .R.C., P.O. Box 80 2.l9. Car lis le. MA 01741

lOA ""'" Ka>MMON
""'" ce """"

1-512-250-5031;\!t~_~'::..

CABLE TV
"BOXES"

Converters-Descramblers
Remote Controls-Accessories

* Guaranteed Best P ri ce s *
* 1 Year Warranty - C.O.D.'s *

* Imm ediat e S hi ppi ng *
* FREE CATALOG *

Call 0 ' Wri..

NASITRANS-WORLD CABLE CO.
3958 North Lake Blvd. • s uite 255

Lake Park. Florida 33403
1-800-442·9333
l ..aGO-848-3997

SATELLIT E TV Do it yourself systems. Up
grades. Paris. Major brandS discou nted 40% 
60%. We'll beat eYOr;<lne"sprice. LJ.H. INC.• ca ll
Larry(609) 596 -0656_

CABLE TV Secre ts the outlaw pu blication the
cable companies tried 10ban. HBO. Movie Chan
nel. Sho wtime. doscrambler s. converters, e tc.
Suppliers lis t inclUded. $9 .95. CA BLE FACTS,
aox711·R. Pataskala . OH 43062.

12 DESCRAMBLERS
CABLE T.V. EQUIPMENT

Whel" Sa... Pricing F",: Jorrold. Sciont' ,,: AHanla..
Pia""",. Tocom. Z",, ~ h. Oa~. Bas.. Band, E1C.vLoweal P, I ~.. GUl rl nl ...d oJ Fr" Cetllog
ORDERS CALL 1·800·835·233111411 2·331_3228

Or Wrll e MULTI_VISION ELECTRONtCS el :
2130 Soulh 123rd Ct. ' 126 Om. hl NE. S8 1U

CABLE TV
CONVERTERS with 2 year warrant ies. Scienh!ic
Atlanta - Tocom - Jerrold 8560 & 8590"s. Test
modules lor Star Comm 6 & 7"s. Al l Tocoms and
Sciantific Atlan ta. (712) 323·9445.

SATELLITE TV

PROJECTION TV ... Convort ~ur TV to projac::l a
7-100t pOcture... Easy !... Resu lts comparable to
$1.500.00 proj!lClors... Plan a an d lens $29.95 ...
Professional systems avaIlable ... Illustrated cata
log tree..• MACROCOMA. 15GF Ma in Sireet.
Washington Crossing. PA 189n... Cred'tcard 01'
cers 24hrs . I (800) 955-3979.

GAMBLING : build min iaturo computer-dock rcc 
lotte whools, play certeo blac kjack - Z·80 based ;
software ava,lable. For detailed plans and info
sond $15.00 10 G.R. ENTERPRISES, PO bo x
424, Port land , OR 97207.

FREE catalog LoweSI prices worldwide, Savo
40 - 60%. Systems. upgrades. pa rts, all major
bran ds factory lresh and warrantied . SKYVISION,
1012 Frontier. Fergu s Falls. MN 56537. 1 (800 )
3)4·6455.

ZAPPERl etecnonc fun,simple and inexpensive.
banery powered. Plans $2,00 to: PAR, 417 As so
ciated, Suite A·313, area. CA 92621.

RECEIVING TUBES
OVER 3000 TYPES INSTOCKl
Alsohard.tn-tmd transformers,cacaci
torsandparts fOI nee equipment.
Send52.00for our32 pageCilta/oll

ANTIQUE ELECTRONIC SUPPLY
6221 S. lIaple we-rernce. A1. 85283' 602·820-541 1
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TrE MOST ADVANCED
TEQ-lNOLOGY IN CABLE EQUIPMENT:

" BASE BAND " JERROLD
" PIONEEA • TOCOM
• HAMUN • ZENITH
• SCIENTIFIC ATLAN TA . OAK

VCR tapes by college instruClO' covering eiec
noorc topics. Send 'or hee demo $3,50 P&H
O,C.S" PO292. sort Mi ll, SC 29715.

NEW boo k, Go1tingStarted In NI)CICM Physics.
Easy to fol low with >llustrat lVII foolnofes and ad
vancec practical procedures. $19,95. FARAH
FARAH, POBox 2464, Samla. Onla'io. N7T 7T1
Canad a,

Tri-Mod e Tutorial.. .. .... ••.••S9.95
Incluoe, ,, O"l. oy !I.... " ua y Cl Ine Core"'laII<i flu
UOIJDI"""QOI,nQ /\In"

Cable TV
Descrambler Kits
Univer sal Ki t.. S55.00
InC!~a 8$ .... ~"'l ~t>Cl P C BUlCl NO! U>C'YOell
il In" I e alll" 'ot or . ",, 10"" "

SB·3 Kit... ••••.••.••..•.••...... .S29.00
InCluOU a~ part" PC 80ara an<l AC '>'<lap lot . Not
i""',,,ae a II lne .""Ios.....

Universal Tutorial $9.95
InOI\l<l•• an 'n a ea ln >lUOy 01In. I.cnon~ogy usea
ana nallrOuol...., oCllOnQ n'01I ,

Tri-Mode Kit.. S39.00
InCluoeo aJI pan t , PC Boara ana AC ,>, o I P IC/ . NOI
Incluo ell 111n••n~ IO''''.

:• •

For out of this wo r ld prices ca ll
WORLDWIDE CABLE

1 800-772-3233
FREE CA TALOG AVAILABLE

Call Toll Free 1-800-258-1134

COD Only

BUSINESS OPPORTUNITIES
YOUR own rad io slalionlliccn sod/unlicensed
AM, FM. TV. cable, Information $1.00. BR OAD
CA STING, Box 130· F2, Paradise. CA 95967 .

LET the governmenl linance your small business.
Granls/Ioans to S5OO,ooo. Free IlIOOl"ded meso
sage: (701) 449-8600. (1<51).

7491 C5 N. FErERAl. HVVY ., am 142
8CCARATCX\J. A. 33487

Me I CIlOI V1SA t.aJ R.CRQo>. 5AI.£5

M & G Elec tronics, Inc .
72 Ora nge SI. , Suite 216
Pro vid enc e , RI. 02903

EASY world Excellenl pay' Assemble product s at
home. Call toll 'me 1 (800) 467-5566 Ext 5192.

MAKE S$$r Become an Ame,ican eiecrromcs
de aler! P,ofit opportunit ies sinc e t9 65, Call
SCOTT PRUETT, I (800) 872·1373.

CIRCLE 191 ON f REE II'l FOR"'ATIONCARD
CIRClE:!OO ON FF;EE INFORMATION CARD

HOME assembly work availab le! Guaran feed
easy fI'lOl'\(l'j! Free details! HOMEWORK-R, Box
520 . Danvi lle. NH 03819.

EDUCATION & INSTRUCTION
F.C.C. CommerCIOI Genera l Radioteleph one H_
cense. Eleclro nics home Sludy. Fast. mexpert
slve ! " Free" dotails . CO MMAND, 0·176. Box
2824, San Francisco. CA 94126,

BE a record ing eng inee r; Train at home lor high
paymg-e~cillng careers . Free in formatIOn. AU·
010 If'llsmlITE. 2258-A Union sc. Swte K. San
Francisco. CA 94123.

COMPLETE co urs e in electron ic engineering.
Elghl llOlurnes. Includes all necessary math 3nd
phys ics. Free brochure. BANNER TECHNI CAL
BOOKS, 12Q3Granf Avonuo, Rockford. IL 61103,

Be a TV/VCR
Repair Specialist

New100 tan I'a" at heme '0 spa,e I,me fer a mcoey·mal,u,'l
~ ea re.-r as a TV,VCR Repaor 5pec,all$l Ne prevcus e cen-
~ eoce necessary, Neneed tc QU,I y(lUr fOIl cr scheel. heryl~' '''l

0$e. pl<l lned '0 eas1·to· "na~' stan1 bngua'le wrl~ pleflly 01 draw·e ,n'l5, d,agrams andphotos We s~O'/l' you !low 10 t,ou!NeSllOOI

~
!!l: and 'epa" vide<l·tassette recO'de'Sand TVsets , Ilow tocandle
c teose ca~s andShQp 'epaor5kI' almost anymako! of!elevlSlOn 0'

VCR. reets are ," eluded w ,t~ ~ou r ccurse S<l you can get
~ ·'hands·on" o'atl,,;easyou loIc1<I' YOUIIessons stell t>y 5teo

Send tor free lads aOOut me e.at,ng0W0ItuM"lS 10 TVVCR
.~ ~lr andlind OUT how 100 caosta' t mai<i"ll mcne'/ '0 thts
c 'l,eat(aret< MAIL C O UPON TODAY -=
s r,[g SCHOOlOF lVNCR iiEpAiA~~DiOi2S I:rl ' ..~ 9250 ak Street. SCranton.PA 185t 5
W I Please senCme lull ,nlormallonandtoler b'ocllureonhowl (anI
6 learn I V/VCA Repa" at !lome on my spare.~me. f unCerstand
'5 I IMree eocbI1gatron andno salesman ""RvlS>t me I
~ I:::'1 "+J~; I

I CllJl$lItl Zip I
98L.~L-I---- =.1

CABLE TV
DESCRAMBLERS
ALL TYPES 800-582-1114
FREE CATALOG
M.K. ELECTRONICS _7958 Pine sBlvd
Suite 276 - Pembroke Pines, FL 33024

MAKE a thing... make a living ... Sl lJd)' InduSl r lal
Des ign Teehno logy and bring your kleas to life.
learn to problem -solve . sketch, render and de
sign. Deve lop modols, create prosfhelic appl i
ances. Build your M um in movie and theate r
specat enecu. toy and product , exhibll, transpor
teton , fumilure,1Ixlu re, architectural and amuse
menl envi fQnmental design at The Art Instl lu leS
01 Pltl$burg h, Fort Lau derda le, seeme or The
Colo rado Institu l o of Art . For mlormat l(l(l M il e
526 F'ennAvenue, Dept. 61, Pittsburgh. PA t 5222.
0 , call 1 (800) 525-1000.

BIOMEDI CAL 101l0r covers medical electronics ,
anatomy, equ ipment function , eiecmcat safety.
Iroubleshootlng , PNP PUBLIS HING, Box 333 .
Brooklyn, NY 11204, (718) 637-9349 Edension
ss

PAYTV .U DumUTE DESCFLUlBllNG
ALL NEW ' " HOmDN O\U NEW

Il. "' IO ......r.."., ArI_ .....,."""",..._""' .._ .,,,rn"'"
t,-p,l<= ,",,,,,," , <I>~P"'ll , -". ""q" Decree, l ;cony 000,w..·•. 0."
-'."' OQ't-........,..OI"<l ""' ''''''''.lU b<s:y<l.!W,- S'\9S oo. l" ~'
"""'l ....... ,gg,., iltl9._cnolblaj$159S_".,,_
S9!l5~""""' '''''~ $ ' 7 9> __ '''''J,m !l5...6s.o1!l5 v_
$7195 SoIJ-.,,_ .........,SZ.!I5o'r'.5.l""fl'tSJ 1a_<>l>iOIj$ '---SCramllllOll N.... 1552"-l a.."

BII!IlIIo 1l1', I-tt1. Voice""' (7161I7HOIi
PIlI ..... . . .

SNOW? Thriving. fully equipped . eooo-voec re
pair shop. $1301(+ this j'earl Prow-n 40% + gross
resuteee j'eals. $70,000 .00 cash . AUOIOTECH,
25&8 NOllh Highway 101, Encinifas, CA 92024.
FAX (6t 9) 944·0345. Phone (619) 944-9048,

MONEYMAKERSI Easy l One man CRT rebui ld
ing machinery. 56.900.00 rebuilt $15,900 .00 new,
CAT, 1909 Lccee. Crys lalake, II 60014. (815)
459-0666 . Fax (815) 477-7013.

LEGmMATE $$S opportunity $$$ weekly com
plete lepor1 $19.00 , OME, 1317 N , Sao Fernando
#325, Dept 02W4. Burbank. CA 9t 504.

CAB L E TV OE SCRAMBL ER S I

C ABLE K INGDOM !

*JERO L D* *OAK* *HAML IN*
*ZEN I T H * * P I ONEER *

* SC I ENTI F I C AT L ANTA*

IN STOCK

6 MON TH WARR AN TYl WE SH I P COD
A BSOLTLEY L OWEST

WH OLESALE/RETAI L P R I CE S !
* * * * * * F REE CATA~ OO * * ** ***

::I . P . Vl: O'::O
1 4 7 0 OLD COUNTR Y RO

SUITE 3 15
PLA I NV I EW . N Y 116 0 3

NO N .Y. SALE S
CALL NOW! 1 (800) 950-9145



EASY ORDER
1·800-582-4044

iiiIP. P. in E

EASYFAX
1-800-582'1255

.
- "~

. CI _ ...

Standard Features Includ e:
·So lid state Integrated circuit provides excellent regulation
-Output voltage ma;ntained up to 95% of no load value
·Hlgh quai<lV 1,~eri ng for low noise operation
' Heavy duly power transformer lor complete ~ ne isoranon
·QrliQll indicator l;ghl and rugged on/oil switch on taceplate
' 3 conducto- grounded cord on 10 Amp and larqer models
' CuIl M! lim ling electronic fOldback to r auto overcu rrent protect ion

PR4.5

-P""'- - - _c
";, .
.. ." ......,- .....-- -

PR25

583220-
O0, D"

5 8830 .-

Fealure s . ' .
-Golo-r COOrdinates lor eas y recognItion
' Insertion wire: 20·29 AWG (0.3 _ 0.8 mm) I I I
-Over 10,000 inse rtion cycles 581660 582390
-Accecrs allsta ndard components

Tripp Lito DC Power Supp lies Are Des,gned For Rmiability and Superior Performance .

ICS' Conli nuous Ripple
91!le£...' J .rIce--!amp-"LDuly (ampsl.-.El,l s ing Voltage HlWl D--!lI!.c!les}__\:'!'e.lghJ_
PR4.5 32.95 4.5 , 3 J nIElmal . ...0.1 Vol! Mal . , 3.125 x 4.75 x 8.25, 5 Ibs.
PR7 44.95 7 , 5, Chass is Mounl 0.15 Volt Max, ..3.75 x 6,5 x 7,5 7 100.
PR10 64.95 10 7.5 Chassis Mounl 0.15 Volt Max, ..4.5 x 6,625 x 7.625, 10 res.
PR15 89.95 15 12 Chassis Mount 0.15 Volt Max, .4.75 x 7.5 x 8.25 13 100.
PR25 125.95 25. .... " ,20 ..__ .Cnassis Mounl .." 0.15 Voll Max" 5.125 x 12.5 x 10,5", 20 lbs.
PR40 179.95 40 32 Chassis Mount 0.15 Voll Max 7.25 x 12,5 x 10 26 100.
PR60 249.95 60 ,48 ..•••........Chassis Mount 0.15 Voh Max 8.5 x 12,5 x 10 29 100.

' lnlerm!tlanl Communications Duly (50% Duly Cycle)

~IC:mYil'JI9illl~%"ioo~ I
. - - _.1
,o rd!J r...!'~_,o!ga!llz!JJion s~

256x9-60 19.95 2£2,144x9 , 80ns
h9-BO 57.00 l ,048,576x9 eons
4x9·8_0__~1 0.00 4,194.304.9 80n5

2917 Bayyiew Drive 1'151
Fre monl, CA 94538 ' ,- .

Easy Order: 1-800-582-4044
Easy Fax: 1-800-582-1255

Inlernational Fax: 1-510-770-2346
(u,lomer Servile: 1-510-770-2345

Moodo,· Fridoy. 1_ · Sp.. (PSTl/ IO__Sp.. (Est)

Ell COD-No personal lhelks, USlunds ($5.00Sunhorge)

6lJ USPS 6lJ UPS ElJ Federal Express 50 Airborne
Add 5%of lotol lor shipping UPSGround 153.00 min.).

Adual shipping (harges basedonweight.
Color wrill todey lot , I UtIt" ,op, 01our II 1000g.

t=~z:,:=.,,_Io0O_.._ _-- --

PriCe Price Dime nsio ns (In.) Dlsl. ore. Terminal Terminal Binding
Order' 1-9 10~ L x W I-':~ Sl,r,lps p o!!'.I, 5_1~lps Polnls Posls
SB200 2.99 2.49 6.5 x 0.37 x 0,4 2 roo , 2 0 0 0
5B4oo 4.89 4.39 3.3 x 2.2 x 0 4 2 ,,>0 , 300 0
5 B630 5.45 4.95 6.5 x 1.4 x 0,4 0 0 , "0 0
5B830 6.49 ' ,99 5,5 x 2.2 x 0,4 2 200 , "0 0
581360 12.49 11,99 8.5x 3.9x1 ,2 , '00 2 1,260 2
581660 17.45 16.95 8.5x5.1x l ,2 , " 0 2 1,260 3
582390 22.49 21.49 9.1 e e.s, 1.2 s '00 3 1,890 ,
583220 31.49 30.49 9.5x 8,3x 1,2 7 "0

, 2,520 ,

Ovflf 700 pages 01 data """"ts end olher technical inlormatlQrl On z,1O-;J's 0313 commo"ocations ICs,
Pan numbef:s OOnlainec! in thIS booI< 3re lhe ZI6C30 i31 13:J.135--50. Z53-80. Z8523O, ZSOC30, Z85C30,
Z8030, Z8530, Z80 181, Z84013, Z84015 , Z84C 13, Z84C 15, Z8440 . Z84C40 a nd Z85C80. Atso
included are "Plll icalion noles,

Ofder II Z2503 13.95 Cataoom tCs . Weight: 2100.

Mlcroconlrol1ers

n ,s 338 page manual coma ;n. the archl1e-cture, ~In <lescnpIIOn , t1m i"ll, instruC\lOn se t. Inw uC!ion
dll'>Cf'puon, Inle<",pl ,.....,nse and ha rdwarelsollware implemenlatlon e'amples 01!he Z80 CPU.

O,der/l Z29 9,95 Z50 CPU TewnlcalManual....... .. . ...."""Woight: 1 lb.

Intelligent Peripheral Controllers
Cher 700 p,oge. 01 data sheel ' , apphca llon nole. and lect\ nocal ,nlorma t;"" on Zd<>g'S Inle1lige nl
P'lfopheral co nllolle". The pa<1 no mbe ,s co nla ;ned in lhis boo~ ar e Z84OO, Z84COO, Z84C0 1.
Z8~ 1 0iC l 0, Z8420,'C20, Z84 301C30. Z844 011l2·4. Z84C4 01 1 1 213 .'~ . Z84C50, Z847 0. Z84CSO.
Z84011:Cl l, Z84013:15. l84C1:J.'C15. U0180. Z80181 and 1280

Ordor /I Z2480 13.95 tntolligent Peripheral Controllers ".Weight: 2 tbs .

Datacom ICs

O;e< 1300 p.'II"S 01~"ta stle..ls. appltc.1hQn noles a'l<!'een nical inklrmal"'" on Zitog's mictoconlrollers.
The pa rt numb e rs cOnla ine d tn this boo k ar c Z6600101102103104111112113171181182191 ,
Z86OO101120122,Z66COOiC06iC08IC09 'C1OiC 12iC191C20iC211C27iC30'C 401C501C6 11C621C691CSOI
CS1IC93,'C94.'CS6iCS7, Z86E08.'EIS .'E2 1IE30 -'E40, Z88COO, Z86127, Z86126. Z76M, Z5380 a nd
zsacse
Order II Z8275 16.95 crocontrollers . Weight: 3 1bs.

"Books are not returnable. We carry the newest versions available.
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Your Natural Resource for Wide
Test/Measurement and Prototype Equipment

•

Plk.

• f.m n ill f.I'RO~". · f.w n 1<h;p in
l'i minu'...nd 8 chi!" in 21 min

• UV in.. n,;!}" 68UO L~IIO.l :

D I-:4 $89.95

UVP EPROM Eraser

MSIO.j $24. 95

• M.~ F"'l".n'r 80.\11 j, . ~ I il\im"m
d<I«I.hl<I''' [''': 10m · 120K1 l inpul
iml"-.I.n ,• • M... , upply ""I,.~",: .t2'i\'
• T1llh nhold:(wi.O.S\' !jl.1\ ' . (Hi )
.2.3\' -e.av-C\tOSlh'MulJ, U.,j 30%
veell ll%. (Hi) 7f1'>i,\'(C!.10'lb

2764-20 S3.95
2761.25....•.•..•..•.•3.75
2764,\ _20 ;' .75
27M A.25 3. 19
27CM. 15 3.95
27C64-25 3.25
27 1280 Tl' 2.49
27 128-20.•...........7.95
27 128-25 7.75
2712 8A-15 .4.95
27 128A-20 .4.49
27 128A· 25 3.75
27C I28· 15 5.75
27C I28-25 7.95

272 560TI' ......•.$3.75
2725(. -15 .5.<19
2725 6-20 4.95
2725 6-25 4.<19
27C256- IS 5.95
27C 256·20 A.95
27C256-2 5 A .25
275 1201'1· 4.95
275 12·20 6.75
275 12-25 5.95
27C5 12·1 5 6.75
27C5 12-20 6.<l9
27C512-25 5.95
27COI0-15 9.95
68766·35.•.•.........1.95

• Partial Listing • Over 4000 Electronic
dud Comp uter Components ill Stock!

• (:" tnp",ible",i,h 11'1..IHI. RTt, Int,
uxn, noso acuos IC.
• 1.\111 S}'nc;np'" impcdon<c · 1',,1...,
",,>d. OUlp'" current: 1Om.~ · Sq"",,, w::I"C

cnrcru ou' put: 'im~ · AuJ ibl. IOn.

U ·5·iO $16.95

A.R.T. EPROM
Programmer

Pri~c fin"'",•. -"·"ri~{ <1'•• ""'", -'_

TMS 2516 $4.2 5
TMS2532A 6.95
T MS2SM 5.95
T MS271( 5.95
1702A 3.95
270K..... .......•......A.75
271(•....................3.39
171(.· 1.... .....•.......3 .75
27CI6 4.25
2732 4.95
2732 A.20 4.49
273 2A·2 5 3.49
2732A-45 2.95
2702 ·l.75

• 1''''F-",m• •11 culfrnl f.l' RO.\ls in ,h. 2il6
,n 2i5 12 "ng<> p1u. I"" X1M..l EEPRO~l

• ItS!.!2 port· Sof"mc induJcJ

£1'1' $ 199.95

EPROMs • for your programming needs

W CC IOO

GS7010 S399.9 5

The peIrce, uni, fOf ">d,,,~"

""t i ,,~ . nJ n""UI<'mem
"",..I,! Fo.''''''' ;".,1".1•• 6"
CRT di,plJ)". Jn,l h.nu,,'iJ,h
from DC 10 20 Mfit. Th.
GolJSw O",illO'O>1'" com",
wjth 1\<" 4 n ~ lI b pmh<.., 1>\"

["S<";. p'"'''' ",n!. op<m ion
m.n". !. .... h.n", io . nJ hlod.
•nJ ", i';n~ (Ii.~",,, , II'.
l i l:l"",.i~h l JnJ !",'I.b k ",;,h
• 1\\.0')...., "'.",01)' .

• 5u \I:'.u T.mp. w u« Cnnu nllcJ
ll"".kk ri"l:SI.l ion

• Ik>o.>lJ<ri"l(h••d i. I<mp<fll"f<
«>nu<>lI..-J In 800'F

· 1",,·m.;m.nm,.. '·. c""m 'p l<m

Weller Soldering and
Desolderlng SIatlons

DS(,(lO 1),·''' [<!n;nl: .'iwi,,,, ••S549.95

,
• T<ml'<ulUf• • dju,ubl<f",m 3'iO'

loH'ifl°F
· 1...." ,'"h,~. circui, p'"I''''' ""n,ili,..

' '' ml'"nrn l<from d.,,,,, j."<
• l.i~I\l<J on/off ,,,,ilch

WCC I OO S"ldnjn~ .'01",;"" •••.$89 .95

Pl. .... refer 10
~h;ll\." 2

,,·h.n
ol<trring

1 ~~-=-c; l
~1l - __I

JM1ECO'
"""""'" """"""'"'

COMPUT ER Pl'IOOllCTS

24 HourToll-Free Order Hod ill ~

1 ' 8 00 ' 8 3 1- 4242

GoldStar 2 0 MHz Dual Trace Oscilloscope

BNC Cable A..e mblles
for 017020

n NCI l\:\OMlm I \~q.\tl RG'j8
AlU0 9"L) S3.95

UNC 2 lI:-:a~lllo ,\ Ii"o Hook

RGli 4 .'?"l .l••••••••••••.3.?5

IINe 3 1\:-:0,\1)10 M."o Ih .,k
RCI74 (.l'I"U ... .,••••••.3.95

'm Di m. CoOne. " lli nJ in!: I'... Di m. l ",n'.c, RinJing
t'!Q. L~ x W: 1'.9inI1-&>l1l..J nu liv. l." x \V" j·oimL.&>Jll.....fiig

J Ell J ,~<; , 2.12<; -too " $1.95 JElS 1>.\ 011\ 4 ,2' I , (>I~) , 17.95
j E2J ("jOd.IH X,1,l ' " 6.95 l EU; (,.875, S.7' l , .l '~) 4 22.95
jE24 ("SO ' ,l,lIS I. .\W , 12.95 JE27 7.2<;11 , 7. <;0 .U 20 4 3 1.95

J,lnW'''', l"nt:·J."j n~ b,~.J"'lJIJ, (com", ""<rn-primrJ mlo.<00 ,..1'11>'''' . n,l Jr' su;ubkfur
Ir",ny kind, of prolol) 'pinj: .n J circuit ooip'_L",~...r m"Jd . f""lUre. h,..· ~·.J u 'Y . Iuminum
N,kin~ .. jlh mlL:lj(c .nd l:f{\UnJjn~ pom .

~

.Iameeo Sold. rI••• Breadboard.
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Selection & Competitive Prices
Computer Upgrade Products and Electronic Components

Upgrade your existing computer system! ]ameco will belp you upgrade easily and econo mically:

Jameco a0386SX Motherboard Fulltsu 1 0 I -Key Enhanced Keyboard

FKB4700 S79.95

Toshiba 1.44MB 3 . 5"
Intemal Floppy Disk Drive

· I B ~ l roxT/AT .nJ romp.t ibln

• C-"ml'" ihk .. ilhDOS '1",~,n, 3,3m high..
• lnd udc1 . n ""''''''''';'in.ullJ,iunh.,Jw. ..
• IA4.\ lBfmm.nrd highJ.",i"i' InO<k
• n OKB fmm.urJ InwJ.....ilV moJ.
• 5i,<: I"H . 4"'W" . 5.9"1) (.'w.1J,i,••i.. )
• On' ·re., .\ I. nuf. " ", ,,·, \l'. ,u nly

3 56 KU $99.95

il l,my more
Upgrlldr Products

liMitable!

JE3516SN...........•S299.95

· !6MH. pro<:""ng 'f""<I
· I\.hy mOl h.d'oa,J (8.')", 13")
' 1..,,,,or " n. w, i, ,,,Ie of'<'wion
• SUI'I""" up '0 8MB of Rt\)..!
• 1",<1 8(1 j 87SXJcomp.,ibl. math WP'OC"'"" ,,,,hi
• A~jIIl!OS
• Si, l (,·hi, onJ ' wo) g·bi, exp.mion hu• .Iou
•0""-)".,, \l:',rr . nty

Conner IDE Hard Drives
This~,;" "f high'p<,fornun.x Unrl<f di,kd,i'n ;. Jc;ignal {or ufl(e
\(0 "[:1' al"city.
CP3000 40.\tl\ ]5" 1.,..' 1' ,,,fik .....$249.95
C P3 0084 80.\\11.'15"1.,,,"1' ,,,lil•......5399.9 5
C PJ OI04 110,\ 111 J5" I., w l' rufil. ...S479.95
CP3204 21)/),\ 11\ .l .~ ' 111 1••••••••••• ••5699 .95

AOr20 16. bil l l,,' r AdJlllor •••••••••• •S29.95
A""i,iM~1 110" ~J."p lm ~, '~i!Jbk'

TI..082CI' $.59 $.49
1.1.13 l IT 65 .55
L\1321N 35 .29
1.1.1336 Z 1.05 .95
1.1.1339N 39 ..l 5
1"F.555V 29 .2S
L\1556 N ,49 ..J?
L\l72,lC N .19 .39
1.1.t 74 ICN 29 .25
LMI 458N 35 .29
LM I488N ,45 .39
LMI 489 N 45 .39
UI.1'J2003A 69 .')<)
lM3914N 1.95 1.7S
NE5532 1.19 1.09
7805T ,45 .1 1
78 12T 45 .4 1

• (~IIfor ~ {(I"'f'klr f'Jli,,!. of /(,j

Inte g rated Circuits·
l'.1n1:lQ. 1·2 12.t

7400 $.29 $. 19
7402 29 . 19
7404 29 . 19
7406 3; .2;
7407 .3; .2;
7408 35 .25
74 10 29 . 19
74 17 .35 .25
7420 29 .19
7432 3; .25
7447 89 .79
7474 J 9 .29
7476 45 .35
7486 45 .35
7489 2.95 2.75
7490 59 .'19
74 121 49 .39
74 192 79 .69
74 193 79 .(,9

T<1m" 1'" ,uh"", to.h.n]:" "',hoo, n,~.:<

hom, , "hj , ,~ ""Ioh;l ; 'r .nJ p''''' ...It
Compl<<< 10" lor ,<o mll. '",.o,;", " .,.,ibhlt
up"n ''' I"''',

24-Hour Toll-Free Order Hotline:

1-800-831· 4242
Call or Wri rc for a

FREE 90-Page 1992 Catalog!
SJO.OO Minimum O rdcr • Dala Shccn - 50c cach

JAMECO®I355 Sh" " w" Ro,d
Bclmont, CA 9·HH12

ELECTRONIC COMPONENTS FAX: 1'800'237.(,')48

CO MPUTER PRODUCTS BBS Suppo n , 4 15-637-9025

Intcrnational Sales ' Customer Servicc ' T«hnical As, i. tancc
• CrcJ il DCI'. rlmcnt • All Ot hcr Inqlliri..., 4 15-592·11097 ' 7AM - 5r M r .s.T.

Connectors Ie Sockets
~.(~[jp liQ " I' ria: l<>!!:.fufi!<.-WiI<-.Wu p(GoldL.L<!d..tl
Dlll51' M.llc, 25-pin $.65 8U ' S. IO 8WW S.49
DU25S !'<·,m lc.2S'pi" .75 l UI' . 11 " WW .69
DlU 5H 11"".1 .39 16LI' . 12 16WW .79
D U25MII Mct. ll-h,<1 1.35 2U I' . 19 " WW 1.15

LEDs 2SLI' .22 28WW l.J9

XC209R 'n. (RnI) 5.14
401.1' .28 40WW 1.119

XC5 5(,G Tl 314, (Gr" n) .16 .'WrUm..iI S""IJurJ
XC556 R TI 314. (Redl .12 ~~J"win N,,! .'Ww,
XC556Y TI 314. (Yellow) .16 A~AI'J,LlrIt

Dynamic RAMs

Switches

Transistors And Diodes
I'N 2222 $. 12 IN751 $. 15
I'N2907 .12 C I06 HI .(,5
I N4004 .10 2N44 0 1 .15
2N 2222A .2; IN4148 .07
IN4735 .25 2N30SS .69
2N3904 .12 IN270 .25

Miscellaneous
Components-

Potentiometers
V.lu", . v.il.bl. (in", ,,,ohm, inlO 'I'''''
"wh-d ' XX') :
';IXlll. lK. 51<:. 10K, 10K. SOK. lOO K, lMH :

13 1'XX 314 Wan .15 Tum $.99
631'XX 112Walt. I T urn 119

fi r! No. Douivti9.1l.-1·ri{~

4164. 100 100m. 64K XI $1.119
4 1&1- 120 120111. M K X 1 1.69
·j l64- 150.•..... 150m . (.4 K . I 1.49
41256-60 60ns. 256K . 1 2.49
4 1256·80 80n<. 2S6K • I 2. 19
41256- 100 100m. 256K . I 1.9S
4 1256- 120 120m. 256 K . I 1.79
4 1256- 150 ISOn', 2S6K . 1 1.69
5 110001'·80 80 ns. l .\ tB. I 5.99
5 110001'-10 .. mo-, l.\ lIh 1 5,49

J MT I23 SI'DT. On -On 1T,~I<l 5 1.15
206·8 SI'ST. 1(>-pin IllI Pl .. .. .. .. 1.09
MI'Cl 21 SPDT.

O,,_Off-(ln (Tol'fl<) .. . .... 1.19
MS102 SPST. M"m<nwy

(l'",h-B""on) l 9
·Additional wmf',mm" ,,,'ailt"',

10 .1· 9

Linear ICs·
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•
• CABLE T.V. BOXES - ALL TYPES ·
• LOW PRICES · DEAL ER PRICES ·

.... ACE PRODUCTS ....
• 1~800-234-0726 •

INVENTORS

PATENTS & INVENTIONS

INVENTORSI Con fused ? Need help? Call IMPAC
lor rree information kll. USA'CANADA: 1 (800)
225 ·5800 (24 haurs!~

INVE NTORSl Can youpaten t and ploh t rrcrnyour
idea? Call AMERICAN INVENTORS CORP. 10f
rrce inrormahon. SeMng in"",ntors since 1975. 1
(800 } 338-5656 .

INVENTORSl Your firsl stec is importanl. For free
ecvc e. call ADVA NC ED PATENT SERVIC ES ,
Washingl on. DC. 1 (800l 45800352.

CABLE TV DESCRAMBLERS*CONVERTERS*
andACCESSQRI::;ES~....~~~

l aser Pen
Pen $izedlaSl!l , 9reatfOf mo";es.
dIM!' ins.pointer Ready 10use, \\Ith
ban'$. LAP" 1 Laser Pen . $1 49.50

Pocket Laser Kit
3mw OfSmw~. W1th said stl: e
670nm eeee. CaullOn. Class lilaitem.
VRL3KLl 3mw Laser K~ •• • 599.50
VRUKM Smw Laser Kil • • $119.50

MORE Laser Kits!
LAS1KM lmw Laser, 632nm. HeNe
Easy to BuildKII . •• . ..• . 569.50

LAS4KI.! 3mw Version, Kil 599.50

LATOSLow~st HeNeLaserTube!
.5mw Tube& Plans • • only 524.50

Other pans a.ailalJ.le separately.
Great Low Budget Science I'l'oject!

WANTED

utfi
TV & FM Joker/Jammer
POd<el SIzedevice lets yooremotely
O$lUpl TVQ( raM receptJOll. Great
gag' [);SClelJOn required, Easy-wld
electrl)flil; k~. EJK1KM .. .. $19.50

PRINTED CIRCUIT BOARDS

Asmember ecse Marlian
Space Ships in~HG Wells ..,.~
Wlr aliM WorldS? _

MYSTERY

Levitating Device
Otljeds float onairand Il'IOYII toee
touch. Defles 9'a¥ItJ" Amaling 90ft.
conversatlOn ~. mag(:tr'd< or
9'eat soen~fw; Pfll,eel.
AtITlK Easv-An 'y KilPIanSS19.50

[]}j 3 MILE

FM Wireless
Microphone!

Crystal clear, u~,a-serlSdi~e pickup
transmitsvoices,scurestoanyFM
raco . F()(SOOJ nly, rTlOI"itOling
cIlild'en, invallCls. Be lhlI local OJ'
ld VPl P"n s •• . . .. . . . . $7.00
J.lVP1KKitPI."' • • • .• . . .. $39.50

100.000 V- 20· Range
Intimidation Device!
Eiectfonic module. may be enclosed
for handheld. poc1allle. 0< fixed lISl!S.

lTM2 Plans (credi!able to lo:itl $10.00
lTM2K KitI. Plans $49.50

3MILE tr READY·To-USE,AlITDMATlC Shocker Force Field
Telephone - - Phone RecordingtT\tT\~veh iC le EJectrifier
Transmitter! System '0''0' , €; ...at
Aulomabcaltytransmts2 seesof CofrllIet&II'lh etleroed p1av tape ~
~ COflIlefSabOn to <Ill)'I'M radio rBCClfd&r &kne In'erlacasll'lCh ~
TUMble easyasseml:lly PCboard Automabcallyrecords bothsidesof --'='
Operates on!}'whe~ phone is in use COIl'I'erSaMn Check Local Laws011
VWPM7Plans . •. .. • . $1.00 Pt()p(Jf USe' Ready toUseS,stem Make hand sn~ balls shock wares
VWPMK7Kit,Plans . •... • $3950 TAP20X System. . . . . $149 50 electll!}' obIe1;ts ,;!la'ge capactors

_1""':::\ Great paybackforthosewse guysl

INFORMATION UNLIMITED~J SHKIKM EIS~ ·AssemblyK~$24.$O

OepIAE-4 Box71 6 Amhersl NH03031 '-.Ofdef byUalk Of by , , •
Phone 603.6734730 ' FAX 603.672.5406 24HI Ordef F'tlont: with many more items!
MC, VISA, COD, CheekAccepled. ADD$5 S&H. 800-221·1705 fREE wrth Of~. or send $1 P&H

HAVE a requirement for \o<!ur project or profes
sion? Small runs O.K . Call or writ e to : SHORE
PRINTED CIRCUITS, 36 Fairview AW rluo. Little
Sillllll, NJ 07739-1594. 1 (600 ) 752· 1574 Fa~ 
(908) 747-63 01 In NJ (9OB) 747-6300.

INVENTI ONS! new produc tsfld eas wanted : cal l
TlC I for tree iolormal>onlinycnlors new sletter, 1
(800) 468· 7200 24 tlOurs/day - USA/C anada.

INVENTORS: We subm it ideas to industry. Find
cot what we can do ror you . 1 (800) 288- IDEA.

MILITARY SURPLUS
TELEVISION, rad io, radar. fa~. antenna. navil'
tion and scope surplus equipment. Full sa es
catalogs . Send $6.00 VLSI. 4960 Jasper Avenue
North, l ake Elmo, MN 55042.

102

NEW LITERATURE

continued from page 87

tions are described, along
with some special modula
tion techniques. Radio fre
quencies. propagation, and
space communications are
covered.

Almost half of the book
foc uses on construction
and maintenance of ham
equipment. and getting on
the air. It provides practical
advice about construction
techn iques , te st equip
ment, measurements, trou
bleshooting and rep ai r.
Instruct ions are provided
for building your own power
supplies: audio and video

equipment: modems: HF,
VHF. UHF. and mtcrcwave
equipment: antennas: and
accessories. PC board
patt erns are incl uded, as
are parts lists . Tips are pro
vided about how to assem
ble a station, monito ring
and direction finding, and
coping with interference.

EQUIPMENT, TOOLS& SUP
PLIES FOR ElECTRONIC
MAINTENANCE & SERVICE
1991-1992; from Print Prod
ucts International , 8931
Broo kv ille Ro ad, Sliver
Spring, MD 20910; Phone:
800- 638 - 202 0 ; Fax :
800-545-0058; 52_00_

The 64 pages of this cat
alog are filled with product s

iii _.
~

CIRCLE 35 ON FREE
INfORM ATIO N CARl)

from major manufacturers.
including power-protection
gea r f rom Triplett : tes t
equipment from Beckman.
Leader. B&K, Soar, Global
Specialti es, Hitachi, Ken-

wood. Simpson, and Vec
tor Viz; Pace so ldering/
desoldering and surface
mount rework and repair
equipment ; program mers
from Logical. C .S .T., and
American Reliance: and
Print's own custom tool kits
and cases. New to this cat
alog are service monitors
and radio tes t equipment
fro m He lp er ; Landmark
PC·troubleshooting gear:
AEMC test equipment and
power-demand analyzers:
Ung ar solde ring irons .
Fiel d piece fie ld -service
equipment : stanc -de tec 
tron meters from Stanctde:
and spe ct rum analyzers
from Avcom. Penntek. and
B&K. R·E



• V. ,lable DC o ulpu l
- 5 · 10 · 15 VOC (li: 0.5 amp, ripple -,.,

• Freq u~nct 8~n.'.IOt
1' '''luoncy ,o"Oe·. 0 1 Hz (0 100 KHz in 6
,anges
ou tp Ul>oIlag<>:0 10 ~ 10V{2O VP-PI
ou tpu t ,mpe(laf\C(l: 600 (" >",, pl TTl-)
ou tpu l cU"""I' lOrnAm..... ""Oft cirQj,t
pro ltlCle<l
ou tpu l w• ....,IOfIM .,ne. SQuar". t,," nge.
TIC
Sine W' ve. d,s lo,'M" 3' (10 Hz to 100
KHz)
TTL pu''''. "... aM ,.,1t ,me 2Sns
d""" 20 TTL Ioa<lS
Squa,e wave' ,i"'Ond 1011 11"'" ~ 1.5 $

• Logic:l"dlcal ort1
S l ED'• . aCl,vo ~ i g h. 1.4 "0 11 (no mi03I)
Ih' oshOld , Input, p,olocled 10 ~ 20\1<1I15

• Debounce<l pu shb,,1I0n' (puis" ", )
2 pu,h· butlon ope,alCd. ope n-co llec lo r
oulput pu l...,., o.e~ w,t~ 1 no ,mally
open , 1 tIOrmoUy-closod OU lput. Each
OUlpu t can " n~ "p to 250 mA

• Pol enl lomo te l1l
1 - 1K • 1 10K ,011 " aC5 aYailal>e
."" uncomm'lle<l

• S~ conneclon
2 B~ connectors p,n ava,IOble ond
u""om m,tled sI>olIconnecled 10 9'O<Jnd

• Spe.k....
025 \'1.8 11

• S ,""",bOlo,(linll . "'.
2520 utlCOmml1te<lI,o po;" ts

• OI"",,,. lon.
11.5" loti<} x 16' v"de " 6.5- ~,g~

. Inpu l
3 wire AC10"" ,,, put (117 V. 60 Hl
typica l)

• W. lghl
7 1b"

• Thu IOlal des,g n we, k, lal ion - mc lud ," g
e>pa Me<l inst , umcnl .lIOn. bre'dboa rd
and po we' su pply

• Ide.1I", all. 'og , d ig'la i arId mic ro
p,oc esso, c"cuit,

• a log ic proDocoreL""
• Funct,on gene'a lO' Witheon t"' ue u. 'Y

va" .bln SOlO. SQu.re. Ir ia~g l" wave
lo rms. phlS TTL pu l..,.
T" ple po wor su pply ollers 1",,,,1 5 VDC
5uWly plu> 2 >anab.. O<JtpulS - _5 - 15
VDC and -S · IS VOC

• S TIL compa l,b4cILED Inclo:<lt~. s...-'lehes
• Pul'E!rs
• Potootoomcle"
• AI><! IO"'1"''''''''''''1''''' speak""
• Mu" ,ple l('l1lufl)5 ,n one camp'''le test

"'5t'"""",1 lOvesh"""""'s 01dollars
ne<><loO IOf ,1><1,,,<1,,,,1"nol.

• Unllm,led hlctimc!9ua r. nloo on brea d·
boa,Cl\OCkCI,

• Fiu <lDC ou lpul
-5 VOC (o i> 1.0 .mp, "pplu - S mV

• Var!llblo DC o ulp ul
_5· to - 15 voe @ O.S amp."ppl,, ,m'

..: ,

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!

1 M pon mOChanis m in 
c luaed wll h l~e robo l al low s i,
10 draw In addil ion lo drawl ng
51r3Ig hl IHlCS, II con a lso accu '
131011 dr a w CIfCI<>" and "" en
d,. w o ul wo, d , a nd sh o , l
pi" " ",, WN:! II comes with
128> 4 b,t. flAM an d 2K ROM,
. "d I' p rog' am med d '," c l'y " i.
1M keypa d 3t1'C~ed 10 ,I. W,th
,Is bu,K·in co,m oct", pon,WM)
II.. 'l.\IId1 to commun lcale w,m
yo,,' compulC<. W,th lhe
opl>Ona' ,nterlaoo k'l. yo u can
conr>(H;1 \'IN:) II lo . n Ap~le II.
110.0' 'I- compule'. Edlling . nd
I..nslent>g 01 an y movemen l
p"O{IlIm. 8-S well as sav'ng and
1<)8(hng a prog r.m can be
perlormed by lhe 'nle fface k,t
T ~e kit inClu de, .o!lwa ,e.
cable, ca rd. al><l instruClions
T~o prog'am ming langua ge I,
BAS iC,

. .

(
( )

•

)

10010 Ca noga A"O , Un.! 8 -8
C~aI5wQ r1~ , C A 9131,

CORN
ELECT RO N ICS

•

(

• Power Source· J AA batteries (nOl ;nclucca)

I , • I I

STOCK . MFG.
WAVE· OUTPUT OPER, OPEn , 1_24 2$-99 ' 00'LENGTH POWER C URRo VOLT.

l S922D rOSHII}A 650nm , .W 85 m'" 2.5 V 1:1'9.99 123.49
l S9201l TOSH IBA 610n m ,.W 85 m'" 2.3 V 49,99 47.99
l S\l201 r OSHIS... 610nm ' .W 80 mA UV 59.99 56.99
LS9211 TOSHI BA 610nm ' .W SOmA aav 69.99 66.49
l S921S TOS H IBA 610nm 10 mW 4S m4 2.4 V 109 ,99 104.49
l SJ200 "'C 670nm ,.W 8S mA aav 59.'}9 ~.OO,=, SHARP ,,"'. ' .W 8SmA 1.15 V 19,99 18.99
S810 S3 PHIll iPS .~. 10 mW 00 • • 2.2 V " 00 10.44

MV9E1
WIIAP

WAO 1/ Pro grammable RobotiC Kif
l",e,lace K'l Fo' Apple 1/. nt. 1/.

79 .99
39,99

75.99
37,99

68.39
341 9 P8S03 Pro loboo ,d [);Jsign Slal io/! 256.49

IDC BENCH ASSEMBLY PRESS I COLLIMATING PEN II LASER DIODE MODULE
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PRICE
5<13.9'9

" '9.99 17000 15089
' 119 99 11:"" 9 ,"' ..
' 0999 '89 99 1/0.99
20999 199' 9 1795'

STOCK I
MV912

" ,

T... l l)l,O 135 "''''0'"''''' ...
.....tIl. <00....'00 01 • "'"
,,_. <"'<na1,"9 OplOCll . ""_"'""""""'" "''''''' ........
~, ......."9 P.-oauoeo •
_ ..... <IOI ..~""'-"•..-....-"".. _,..
eon_ ro. OC _ ""'P'y
"-'3 ro ~~vT""""" ....-•• ,...,..".,.._ __... ,... b:aI length

(a<l_ ~ "_ ,"___., 10• ....,

$'"," y , ""'"' .nO .."-<on·
"'_. ''' l O'"' '35 ...o""""",,
='.:.~~~~::'''.o~
~.

An ""oI1<lIe'" ' obo/ ,.., " 'O W> """
'0 . . ..d .. ,,'... wall•. Ttuo '0 ,,"'
.m ,to .n ,n" . ·,'" .... m whocn
dolO<:I> • • oOolO<" '" 'mn' att>eo
...lOfnoloCOltr ,"",. '"" """""0_ ",,

' ...... _ 832n<n ........ _

...... '''''O'''Il ...... .5mW !O 3mw
1""' <'--I_IO<tIO/>t>tft..10< ....... _ .. -.....,01_......... _ OU'C__. _ """""

- ,- ....-""' -......._ 01h_ 01..-- oM........._ -
'0 ,,,0,1'00 . , m• • u'a"",."
....-',""'''''''

5 ,.,WL_ ,DioM Moo" ..
, mW /-0...0- ,",""""
~ mW t . ... 0.000 '"'"""'"
JmWl_o.ooo_

IT' OO'

PRICE
5<lU9

Nc...-..,...... ,,"" ""'o ""tr ·~·'"0.....,"" •• •- _ ..
""-7"','/0,"", "'_ '- '
",w .._. 6 mm-...7
....'1< 10<""'"'_"""'",
..," '(0 ......._1""' '''''......... '--'1 ~ AM. ..._,...,.....- ........... _,-..."..,.,.

STOCI( •
vc

. .

~_.. ""'0"'" , ,,,••<100"",.,.,.,.,,,,,,,,,, ,,,,,,,... , ,.w""' ,,,,,,,'re
""~Ofm' .g _"". , Of 1"''''''Il
"'~""" como"" 1""" ''''', ' ol>"hc.are ',"d'n(> ,,..,,, w" '0'. _ • •"d
,"",. ;"00" """ Tno ~""""c A' m ~ ".. "" oouca' ,"", ,,' 'hot 'OU_
bMo<:,ot>o<",.,m'"_men"",,""'"
~~';j .~~~;;;. ;:: .:.:~.

..

. , : ,

PRICE
519.99

Tn.. ec~ <","no' ''O
""" as>em<l'y """"... "' ••"" ''' 0''' '. '' .1""""",,,
..., .. ..... 0<.........' ..0.
_ • gl _ leO. ""m • rO<Ol
rx>-"I OI ,."'"'~ '. ','•-..9mm .... _

- -'- """""" '"._ ..- s.""" ."...,,_ __ .

"'Y ".. _ .,!O -.....'''''''', ,.-

STOCK '
PS100J

" 0 ,,"' "51~V

_ ( lui ,," , · ~ @ J' 5A

· ' 2v@ 1 5A
- ' 2v r/t .' A

' $" . rl • • '.-W . ~".' H

Tn. p.", ,, .. P\I~ I,. '00"",""., 'OC to"", • • •.-01,"..,....._. p-o<,............
""0' '00' ."'0""'" "•• '."'",,"..... .,. .. '. "'''0'' '00 0'
.....,.,. 'OC <;<Irno<1... on ... ,
,""""' '''' .·_ "'y ", a_,~

"'.."""""""""• &>0 ...... ,. ...
'Ola"'" 90' ''" "" ........,,,,....,,,,y

• Bose ""',eo .C"""'9 0<C'"""' ... ,,· '1"<·'Y<...,...,
.""",,,' '"I""'" '''''II'''''• MO"""'"' '''"'''''''''''''' ''''....• s.'" - '(I"' w•• '~· O . 9""

• ""'9", .'" ""

ORDER LINE (800) 824-3432 • INTERNATIONAL ORDER S (818) 341-8833 'I'll'"
FAX ORDERS - (818) 998-7975 • TECHNICAL SUPPORT - (818) 341-8833 -

• 15,00 MINIMUMDRDER • 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 S·.... SAlES TAX • CALL FOR OUANTITYDISCOUNTS ' CALL FOR FREE CATALOG(FOR 1ST ClASS DEliVERY OR

CATALOGSDELIVEREDOUTSIDE HIE U,S. _ SEND 52.00) • WE CARRY A COMPLETE l iNE OF ELECTRONIC CD MPONENTS
· NO SHIPPING CHARGES ON PRE. PAID ORDERS DELIVEREDIN THE CONTINENTALU.S.

CIRCLE 194 ON FREE INFORMATION CARD
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LED CENTER
SPECIAL SPEClitt SPECIAL So ld er in g ~,

~;~;~~o ~~~~~'~~f ~~._~~,
5~ .. '000.~ ~.50e:"'"' /~

JUMBO '" ." " _I~'L EO S pea k er
r .• OM>, .' w",

SCOPES

BATTERIES.-

NEW! ScoPEMETER'" SEAlES

HAND HOlD. '" ...... DUA~ C""NNH

FLUKE 93 •••••..•..••.••. ' 109 5
FLUKE 9 5 ' 1395
FLUKE 97 ''''''"0 . ' 1695

TYPE · T, U . s.-.

..""".,> _ ., "''''''''''''.- '....~UOO:ZO Aed '.06 u ·'oo. '.05••
:ffi0021 0..." · .oa ... ,oo . ' .07.. p.'U· 'Z' E' A' I
2&0026 y."_ '.oa •• ,,,,. ' .07.. Z

LED HOLDER ~ ~;1i~~~· . ~IIII
"" Tl U !;l.lE. 8~"CK ' I

FLUKE 70So,... . S,... ... , ""'" $1.3 9 .. 110. 01y
c. ' W I¥ l jJ i ' " ' .10 •• ; ,00. ~ ~

' ·~!M~~~!.~j~':1!:f~1I 1 ' 06 " " OOO' ~' ~ ~AFlRNM ~
FLUKE 70 _ . __' 6 3 0 37" .. ~=":'=,-' '.
FLUKE 73 _ . __ , 89 iSEGMENT ' '.75 III 9V DC
FLUKE 75 _ •. _ ,' 127 LED READOUT ~ , .69 .. l lo..OIy
FLUKE n _ . ' 149 .,""" .., ..... ..... 1>•• ""
FLUKE 79 - - ' 16, 260012 "'- '.95. ' .75. p••,.~~~T.~.O,,~,,;.,~• •.s.no.. __.... 260090 Co,.- ' U !5. ' .99 . __ . I~

~LUKE 83 •..•..•...•..•.••:199 0.6" 7 S EGMENTfiJJl.~ ;·~5~. I :ZO . 01,·510 6VDC
LUKE 8 5 ...•..•...••.•..• 229 LED READ OUT!f ~

FLUKE 87 ,~ .... _ ' 269 " 0« ",,, Ano<l. Jumbo I XENON STROBE ,,;\\
2&0021 <OS' ' 1.15 . S'oc""". TUBe '

FLUKE 86 .u,,_ ,~, _ '367 ... .,., • .99 .. ...:..;~ - 7Y
FLUKE 88 ,",,,,,,,n,, _ ' 423 ~~~ ~~§Oa" I :ZO . 01' Y

r
"

RE D LED I"""~k I 11FLUKE 45 ..•.••.••..•.••.•' 579 DISPLAY 11 .>i11l TRIGGERCOIL
Bar Graph . W':" _ ... __ s"_ T.-
, ,,,,,•.., <- ........... 'Oo"" s""'".... 32Oln'
26OlJ'S8 Rod ' 1.99 .. ' 1.79 .. ' 1.25 .. ~

" .. ac 160088 c..... ' 1.99.' 1.79 .. '.89." 20. Oty
30.97 160089 ' _ ' 1 99 .. ' 1.79 .. FRARED LE ~;M 3. MOVING S IGN DISPLAY ~~P" ,.lED l nlll~~, ~ :'=--1\ ~~=,~. Ilh

_ , 010- COLOA COST 25. ~ f"'C"No.~" =c.
tiO' 110 BLACK : .65 •• : .50 .. .9 9 .. ..~"

::~~D ~'65fl~.50 •• ~~F~:~L - I

LEAD S ET ' .99 ..
SCOLOACODED I Sla· LUOS WITH PUSH·BUnON W I T C H
_ ",..."""" .... PuSH-OH,PuSH-Off &
'-'''0''''_ SIOCO ... uau, ~
5 1..0 No 'OUA COS T :0.~ ' .55 eo

20 MH l: SC O P E ••.... ' 345 tiO' ilI '8 ,951:. ' '8.2 ' · ' .49 •• , 100. Oly
Du.oI T'0<0 2 .r .. . M • .,' .""". . ....... DOUBLE I
...... No ' ''''''' BANANA I I SUB· M,NlATU RE MOMENTAFlY

JA CK I ~J:'~.r~l "' .3Se8
=~No, ~~"o~ST l2.b? . ' .28 •• ,,00. 0,y
FEMALE c: I.tll-/IATURETOGGLE SWITCH
BNC TO s""'"No 2100,. C\

SC,JPE ioDUAL ~.90 a. T, oo· SPST '\";,
PR O BES ........ BANANA .79 •• , SO. OIy ~' .

" '=--d." ' "'o "'" PL UG -
>BOOn ' 18 " \ " 1 $Ioc . No 'OUR COST :10~ .

;:'0;:);,. 'V iiU~L "~ &DIllBANAtl A • • ..:
BINDING

POST TO J. ' : I~j~

~~~~~:;~~~~r.
SNAP;o;HO LDER '" MAt ETO MALE VlS • • ".~TE·R·CORO OCCEPTEO
Sna p '.15 •• '.10 . ...100. S'..ON• . 'OURCOST 1.:,.,' .. S20 MII-/IMUMORDER
Holder ' .20 . , ' .10 . , "00. t9Q ,O' '3 .45 . . -~ S M,N IM UMFRE IGHT S5

'ki.<U.NC_ccu,1l1l
TOl(Mf,l n .... fO'I
TlO.a.E 5t<XlT"fG
"oc:..o..l~IWQS
N;OCC!.A'EIiT"""""S
' '''ll'OUI:K: VIWG S
~ DJ>.ocrr ANCefW<GES
lOGlC TEST
CO'll'...." . '..'.,.......".
!lOOIXCt*: 0<
TlWiSSTORnFfTESl
ue trst« .... <>=:>"'"
O<SP\AV.' ,.? OC,rH CO
ACCUl\ACv • O ~..
"' ''H),WeE· '"_0''''
K f LVIN PRO 400

' 69.95

',_ ...."...' "oop....
0""_"''''_
An • • c• ..." ~'"""l ''''''
'''''.''"11 '00"" '" M~"

s< _

,,_ S<r<>o' 'fIoo.__ ,&eoo_

DO. KEL' J'1'A' _ Call: 1(800) 645·9212
~~B Vj'~ 1(516)756-1750

10 Hub Drive, Melville, NY 11747 Fax 1(516) 756-1763

. ~.. 11
-'.CGolo<lO _ . " ,,, ,,,,,,,

SOO ....... • 4."
640 ' 5 ..
1380 ' 11."

680100 4 2390 ' 22."
WIREJUMPER KIT~
p_"~ P,..S",p_ ~"Zf
330289 140 Plece se' •.. · 4."
:J.3OO'9O 350 Piece se, ... ' 7."

;;C ',01. '"""
ACVQ.TAGf
oeC~~T

ACCURRP.-r
""""'TAl«;[
C"P. W A..a
CO'<' INIJ" V
ToO L " w
~E l[ST

T......SISTOR.. '

~~~lNEc,R.
ACCUAM:Y

" " .... "''''KEL VIN
200 "",.nee<
$39.95

DC.01.''-''.
AC \IQl T.t.t:;E
DCCIJ""f ~T
RESIST...""",c;oN",,,"TY 
' " 0... ""OOOOE lEST
' ......S<STQIl ...
OOnERYl ES'

~~~g[c,p,.
"-CCUAACV..,.... ."....

KEL VIN
150 Baslc+
$29.95

DC .·"" ......
ACveo.l.lGl'
oe~~T
fl£StS'.oJtC[
CCI<.". ....n ·'''' ...,~
OIOOEIfS'
OUTER'1[S1

~~\1tr'ACROv
ACCURACY. ,....."""
KEL VIN
100 Bu lc
$19.95

CIRCLEl aG ONFREE 'OlfORU"Tl01iC" RO

.",c_.., "" ,,_
220069 9VOCl4O ..A _ .$ 3 .9 5 ••
22006II 'l'Vpc."'OmA . _ , S4 .25 ~.

UAlE J ACK ,,--A _
i;:: ~m,"MaIt i.[~
, .49 •• •_. ' .39 '0•..,

-"-"
63Oll41 2N2222 18 ...
630383 PN2222 ••.••...•• •08 ...
600023 780~ """'..... ..,, · .36 ..
SUCOOI COtITAOlUO AfCTlfIlA
!SO..... ,aCE C'06C'jOO .. ..... ' 00 '"
6000 1. ' .89" '.79 " )00
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HALL EFFECTSENSORS

Spoague • UGN307iILT
Ope'al e1 on • .5 -24 Voll
Ca.nIln~ 10 rna. Wl h lu Uble"".,UI
pUI Up.oan t>'I lISod di'ec11)' ¥rlIh
b_poI.. o, Cl,lOS logc CilCllltl .
ElpeCially . UI&d 10' .lo<:l,onC co....
n'llIlaliOn in bnJ.h less e,c. ITCI",. u. 
ilg "",10le nr>g mapll . V. "!ln y
l urtace """,r:t paCl<31l"'0,175' X
O.l)9 ·X000'" 1~id<.

CAT . HESW-li 2\or' $1.00
1001"'$45.00

LARG E eUllN71T1ES A VA/LABLE

Mo;roeWdo;tl 'SS41
T'''J'. lOIod 'lal,"~cn ===[j
"",al .. . lanII)r 10
pro. 'lTMIy CIT magnelic 1.. ld.
Ope,a te. al e.lr."",~ high1Peed•.
UP 10100 1<lI:. Caoe 1" .: 0,12"X
O.lr X 0.06"" Ihid<. 4 5 Vdc10 24 We
I UPPly vallag.. 10 ma os;n~ ' ''''''
<l9~a1 0<ITPU1 , Ol>etalong llaull •
151040. f' ,C.lea d•.

CAh HESW·2 7Se.""h
10 10<$$ 50 • 100 10<S60,00

SURFACE MOUNT STYLE

oSWITCHES

DIP RELAYS

Pushbutton Switch

SW( Manulaol","'g
O.4J"'SqU3" ~
blac~ pushb-unon. ~"'i

SPST OOftT'aIIy
open ,~ p.e:.P'''' Io<mounl
ng. Ideal 10' law Clmonl
1'M1",lng appIicII""," .

C AT. PB·2I1
5 T"'$1 ,00 · 10010' $15.00

lol"oat"'. R....Y' Wl h POl
Co<II'IlU'aliotl To Frt 1. Dlf'.

~
5 vac-S.P.S. T.

GlClare . f'RMA·1A05B.
Nonnaly-open 'eed ,alay.
5OCohmco l . U.L listed,

DiodaP'OIec1ed.
CAT. ORLV·57 SI.50.a::h

12 vee-S.P.S. T.
o~""" BA6A 4 12

575ohm ool. SeoJod.
Internal o'at!l>ingd<01e

CAT.OALV·12 $ I~ ea::h

24 Vdc ·S.P.D.T.
0 1Cla,a . PRl,l" lC24

2, I50 ohm oo<1.
10 • .40 . ..lo lling f'ONIII .

CAT. DRLV·1C2& $1.00_
48Vdc · S.P,D.T,

Arom3!' DS1E·A·OCISV
5.750 ohm coil.
2 ""ll conlact••

CAT. RLV-711t $1.00 • .u:h

.'

A TTENTI ON
NIN TENDO '"

USER$!!1

INFORMATION (818) 904·0524

CAM ERICA' F'eedom Conne<1ion''"
Tumo yOO' .... Id NWtlando'" con1ro1 paddl. into a rerno:. oon~oI unit I, I',,-, ed 'emol.1i<e
1t>oI . ... od on TV o a l'd VClh e1m nalel """.Y ........ A"",," ~a,.... rmt e rmblty . T"",
p1ayera """ us. on. _. ~nl ••eep!"" 11- _ .lhey p1"y oimJII"""""'lr. In lI'>OS.
~rnn IWO ' F'-.r> Connection. ' unl. "ra ' equited. A _ 1·knONn n31ionaldlooount to)'
Ch"lI'I lei l t~<l$I 10' mo'a I ~..n :v."", 0... p' ce. Ope ,a:"" on ~ AM bane, ... (no! rICklded),

CAT. IA· , $9.95each
Sel 014 AAA bana' ie1 CAT. IIAT..-AAA$2,~O persel

t;I#?#M~
Co<omo ""'.
2O""ll RFIIE MI ~g.n", "1purpose '
CO/MlOl1·mor:le
Me'. Conlroil
1i...·tOilround no...,
SIt\lJI0" ' . law 163l<3g•.
:},46" X 1.16' X2.1I1 ' .
ULandCSA k tod.

CAT. RFI-201 sa,50.ac;!:'

Highest Quality METAL CASSETTES

•

1413 UNE CORD

",.mum 'l'Ialtv "",!,>I 1.- inC-6O I/ yle casoen.. (30 0<'""'" per """l. ~
0"" ol lha I,n..., "'b,and·na"",·I_ on I'" ma"'lI. in 0"'111>.... a .aI plastic
l'an$pO~ medlanlsml. RKOrde<l and I>J I~ erased . tl>e 'OCOrd·pfOlecl l:bs O eLlO
h..... be"" ,er"". 1d and tha,al", •• need to be taped ",.., to re·' ecord,
Audiophile. w~1 "PP,ociol. lha "",':I. dynamic ,anll&01 .th" I~. It you' .. .- " .. ..r~

caslet:. ced<""• • '"",lar U lI""" you ...-ll lle.v l11e d'~&'aOOll. ...",alba,gaSinl =
6Om",I_ - CAT. C-alOM $1,25 _ ' 10 10<510.00

• •CASSETTE STORAGE CASE
Illao!<, Ur"Oreakallle plaslic.ud" = I. ne . torag. case
CATtCBOX 5To'$ I.00 · \OOt"'$ 15,00

S' BLACK SJ T 1413

12 Vdc 500 rna.
2.1rMlD,C , powe '
plug wilh OIInt",
M1lnl~" WM. o... e. ~~"'~
CAT.OCTX·125W $4,50ea.ch
12 Vdc 200 rna.
2.1 rMl D,C. _ plug W'th 0lI01_ neoa·
live. CAT.DCnl·1 22 53.00....ch

l .ooo olvnsbn;;""'1lhl :::!"'(
16Kor".. dar.. I
0,182'" cJa.X.OS·high. 0.19' long I63ds .

CAT. PRE·7 210' $1.00
100 10' $45 00 ' 1000 10' $400.00

H....vy dulY A.C. p"".... cord . S:anC-a'd:}
P"O"ll grourdod p1vg""• • nd. bare "" re the
oppos,te ""d. B"'•. b'own. g'ee n ""W ipe
";11 ""re, coda.0.3 r nom. o,d.
CAU AOAC·HOG $4 ,50 oach

Minimum Ordar $10.00 • All Ordars Can Be Chargad To Visa, Mastercard
OrDiSCOVf!fcard ' Checks and Money Orders Accepted By Mail · California. Add
SiJlesTaJ(' Shipping And Handling $3.50 for /he 48 Coorinental United States
All Others Including Alaska. Hawaii. P.R. And Canada Must Pay Full Shipping

Ouanri~'es Limited · No C.O.D. • Prices Subjecf to change without notice.

•

LED HOLDER

AAASIZE $1.50each
1.2 .o~. 160mA~

CAT. NCB·AAA

AASIZE $2.00 ....:1>
I.2S"'O/tl500mM

CAT.NCD·AA

AA SIZE $2.20 each
W/1H SOL DER TAliS

CAT. NCD-SAA

C SIZE $4.25 ea Ch
1.2 valli 1200 mA.~

CAT.NCB-C

oSIZE $4.!JO each
1.2 vall. 1200 mAn

CAT. NCD.O

<-=:
RED $1.00 a"""

CAT. LED~ 10 10' $9,SO

GREEN $1,OOa"""
CAU LED..-O 10 10<$9.50

rELLOW $I.OO -eh
CAli LEO..-r 10 10<$9.50

Sta ndard JUMBO
DiTic-sed T l .3I1 11: . (5 """)

-=RED CAT. LEO·l
1010' 5\ .50 ' l00 I"' $ t3.00

GREEN CAT.LED-2
10 lor $2.00 ' 1001"' $17.00

r ELLOW CAT. LED-3
10 1o, S2.00 · 100 10, $17,00

FLASHING LED
WI b.l tl ln lialhOlgCOQJrt
SvoI(lJl<>Ialioll, T 1· 3-a

'''''''

FAX (818) 781·2653
Call Or Write For Our
Free 64 Page Calalog

OJtsido the U.S.A. sand $2.00
postago lor a catalog.

' MAX" al'olos you to ..a~ch and a>n:rol
a . "'9" VCRl' crn ot/lerlOc::llions in
tl>e 1>OuI. , T'an'mls al.'d;o,yi<!eo

and IRsignals lIP to 100 1_ I ~fOIIQh

minl-<:abl• . WO' O$ on lIP 10 4 lel. vi.ion.
3J ati"", . I>JI D ' <>pa'ate 'MAl(",8C<lIve'

is ' OQU"ed Tor"""h lV. C:onaloobec_ ....h orl>e,Inkatod oont,oIle, deY"'"
suen as CO M "rs 0<ste'lOI. 8ec;I.U$I
~ is "-_ed, s;gnalltansmil siorl"

(:INJeI lharl more . -.:pensiw "",,·I\ard'w; ,od
u n ~s. Indud•• lransrntTer, rec...... ,. 100"cabI • . _ ·up cabl... and ...I I,,,nslo,,,,,,,.

Thes. new un~1 o<iglnwly. 00d To, 01"" $100.00.
CAT. MAX $40,OOeach 40' more 53S.00 .""h

DPTCJ.SENSORS

TOUCH DIMMER

RechBl'flsbltl BstteriftS
SU~ 2PACK

as.e-c
nldo."cad mium
b.l.n..... ...-ilh
l ol:ler tab • .
Connec1ed in 1.,i. l.
Thil . ire ban• ..,.II
typicaly lound in
_ I0OI• • ",mole oomrolmo<Iell.
.Iect' icS""_" and 01"",, P>orno
lQPIivIc... Eac h ba~.'l' ""","u' '''
0,6r cia"",:" X 1.66" ~ll'

CAli NCD·2C $3,r.o~, pao~

TAW!OI'Ir<>n . OP95447·2
lR .rMle'/.enso, pai' "
'ecI'""l1ulal pa<;kage ""Ih
2" <:oioI mdecl lead•.

CAT.OSR~ 21O<C'~':."C:Il~~~

Th. ~.< gPilrt 0I1~.
'UTE
TOUCh'"
touch dl.......,. .
.men co<",ected
'0 '''J'~.
",,( 1I.0n ( on and oITand chanQ.,IIe
btigM""u I.~ when any molal part ..
toud>od. We donl ",,-v. lh.wi'ing hal·
oe,"thol"' iglnall)'oonn_ this10th.
"""". bu: .... can p<OYId•• I "Pl. hooi<·
UPdiag' am and "'lIuClion ' ''-I. Tile
.0Iod·lta1. orcu~..,. is comaiflOod In " ' ......
"'O--Plastc boo I.g1' X 3.11' X 0.835',

CAli DMR_I U 50 eac h

MAIL ORDERS TO: ALL ELECTRONICS CORP· P,O, BOX 567· VAN NUYS. CA 91408
CIRCLE 101 ON FREE INFOAMAnO N CARO
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WilIabt.'l· & Wa rd
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Xandi E1,"('trunics . .
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ADVERTI SINC SALES O FFIC E
Gemsba ck Public ati on s , Inc .
SOO·O Oi·County Blvd .
Farmingdale, NY 117 35
1-(516) 2 9 3· 3 00 0
Presid~nt: La rry S tec kle r
For Adv e rt is ing O NLY
5 16 ·293·30 00
Fa- ' ·516·293·31 15
Larry S teckle r

publish.er
Chri stina Estrada

....islanl to the Pn!siden l
Ar line Fishman

advertising directo'
De nifle Haven

ad.ertisin9 assista nt
Ke lly McQuade

c~dit manag er
S ubscriber Custo me r S ervic e
1·800·288·0652
Order Entry for New Subs cribers
1·800·999· 7139
7:00 AM . 6:00 PM M·F MST
S ALES OFFICES
EAST/SOUTHEAST
S tan ley l e vitan , Eastern Sales Manager
Radio·Electro nics
I Overlook Ave.
Great Neck. NY11021
I·516·467·9357. I·SI6·293·3OOO
Fa. 1·516·487·8402
MID WESTfTe xa s /Arkans a s / Okla .
Ra lph Be rg e n , Midwest Sales Manager
Radio·Electron ics
One Northfield Plaza. Suite 300
Northfield.IL60093.1214
1.708·446·1444
Fa. 1.708· 559-0562
PA CIF IC COA ST/Mou nta in Slate s
Ma rvin G re e n , Pacific Sa les Manager
Radio·Elect ronics
5430Van Nuys BI.d,Suite 316
She,m..n Oaks. CA 9 1401
1·818-986·2001
FII. 1·818·986·2009
RE S ho pper
J oe S he re. Nat ional Represent"ti.e
P.O. 80' 169
Idyll.. ild. CA 925<19
' ·714·659·9743
Fa.l .714·659 .2469
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LAKE SYLVAN SALES. INC.
SORRY, NO MINN ESOTA SALES

<" S ~a ' ' ' '' , ~ ,.~, 0' lA~ E S'lY" " S" l.ES ,a aE ' ~"UO
AI" CABl f ' n E"S IO'< O ~EO Al OO FEOEo" " AI.o SU Tf
VOWS ~"<l V 'O E ~ U B S T" ~T1 "' PE" " l "'ES 'ao ' .. E" a '
COBLE 'ElEv,s.a " S f OV'CEs

CIRCLE 188ON FREE INFORMATION CARO

All major brands carried
-J ERROLD, - TOCOl\l, - ZENITII
- GENERAL INST RUMENTS
-SCIENTIFIC ATLANTA, - OAK
- IIAI\IL1 N, - EAGLE, - PIONEER
7th Year in business. Th ank You
Member of Omah a Chamber of Commerce
1 Year warranty on new equipment
30 Day money back guarantee
Orders shipped from stock within 24 hours

CABLE BOXES
BELOW WHOLESALE
GUARANTEED STOCK - COO'S

DESCRAMB LERS ·
(OTY) (10) (20) (50) (1001
T8 2·3 45 40 36 33
SA3·B <15 40 36 33
XN12 + <13 38 3<1 29
5 B 2·3 43 38 3<1 30

60 CH REMOTE CONVIDECOOER
ORX·OIC 90 75 70 65
SYL OIC 75 60 50 <15
• CON VERT ERS WIREMOTE5 ·

PAN ASONI C TZPC145
s YR. W AR. + PARENTAL + 86 CH

TI MER + MEMO RY + CH 2 OR 3 +

NEW 70 65 61 57
REFURB 60 CH WIREMOTE

5·4040 38 36 34 31

HAM LIN·ZENITH·TOCOM·CALL

CALLTODA\'FOR AFREE CATALOG

1-800-624-1150
- :-, l .rJ~ !W. .~ - C.O.D.

Q.....S>MD"t'b

" 't£ M;D;1ECECTRONICST
~ ~ 875 SO. 72nd St.o., .•<> Omaha.. HE 68114

""aWl).-r

106

CIRCLE 199 ON FREE INFORMATION CARD





WHAT YOUR TOOLS
SAY ABOUT YOU.

Tektronix
h SIand Measuremenl

They're JUSt 4 Y.> pounds. V,L certified. And start at 52450. 220 Series
handheld oscilloscopes-all with 'IcksexclusiveIsolatedr .bannel"
archirccrure- arc the servicetools the professionals use. Theres one

with you written a ll over it . To order, contact your Tck representative
or distributor. Or JUSt call Tekdirect: 1-800-426-2200

"ULTIMATE PROFESSIONAL'
Heres [hene....'t'ST familymember: the60 MHzTck 224.
Its as rugged, reliableand easy to useas the rest of the
220Series- andextended bandwidth makesit thelogical
choicefor computer service professionals.

"ACE TROUBLESHOOTER"
The Tck 222 is everything a service scopeought to be.
Lightweight. Rugged , Fully programmable. Floatable
ro ± 400V. Teo channels, 10 MHz, Auco Scrupand
AUla Triggt·[ make it easy fi nJ ing trouble-fast.


