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The NewSeries 10.
A Small Price For A Fluke.

Forhigh perlormanceat Fluke'slowestprice, get
your nanesonthe newSeries 10. Stop by your
local Fluke distributer and feel whalapowerful
uuterence the righlmullimeler makes- at the"phI price.For afreeproduct brochureortnename
o yournearest distnbutor,call 1·800·87·FLUKE.
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New! MinjMaJ recordwilh relative
lime stampand ContinuityCapture '":
Makes intermittent problemseasier to
lind,Recordshighsandlows-and
"limestamps" when theyoccurred.In
cont inuitymode, opensor snorts asbrief
as 250usare captured and displayed.

i .",""I",,.,., from
,00lI1F to999911F. No need tocarry
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/

Large, easy-Io-readdisplay:
4000 cocntdigitalreadout.
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thedisplay,
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and diode test.

Flukequality: Made inmeUSAby Fluke,
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usIheworld leader indigital mullimeters.
Count onhard-working higheenemance-.
and a two-yearwarranty to back il up.

Actual size: Easy to carry, \
easvtouse~

New! VCllek'": For fast accurate
checks on rower sources and
supplies, se t your meter onVChek­
and lei it do therest. VChek will
determinecontinuity/ohms: it voltage
is present. II will automatically
changemodes 10measureIt. or DC
volts,whicheverisdetected. For most
inilial lroubleshootingchecks. here's
theonlysell ingyou needtomake.

Auloranging wilhmanual opllon:
Your choice. dependingon yOUI situation.

SleepMode: Shuts ilself~~
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Newl Slido swilchanda
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EDITORIAL
EVERYTHING CHANGES
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We live in a world 01change. Nowhere is that
more true than in the world of elect ronics.
Although this magazine has always changed
to keep pace with the changes in electronics.
our name has remained unchanged for 44
years.

When Reaio-Crstt became Radio-Electronics
in 1948, we thought it was a final choice for a
new name. But earlier, in 1929, when we
changed from Radio News 10 Radio-Craft we
also believed that we had made a final
change.

And so, we now do il again. The name Radio­
Electronics no longer adequately describes
what this magazine is all about. As we
continue to change and evolve. we welcome
you to the era of Elec t ronics Now.

If you take a few moments 10 think about it,
you can see that Electronics Now is what we
have really always been. l ooking back I see
us having covered the very first days of
radio-evolving from our start in 1908 as
Modern Electrics to the Electrical
Experimenter in 1912. Yes, even then we were
Electronics Now. Even before the word
"electronics" had been coined.

In 1919 we started covering the birth of
commercial radio and told our readers how to
build their own receivers-crystal radios with
headphones, of course.

In 1927 we introduced the birth 01television in
the pages of All About Television. In 1930
Radio-Craft listed 27 experimental TV stations
and in 1931, Television News came into being.
In 1937 Radio-Craft showed readers how to
build their own television receivers.

Then came FM radio, the consumer
electronics revolution-color TV, computers,
CB radio. high-fidelity, stereo, surround
sound, satellite TV, The VCR. videodisc, CD,
OAT, projection TV, cellular telephone. and

Radio-Electronics wasalways ther~and
always will be.

Today we continue our evolution to the future.
Today we become Electronics Now. But
most important of all, even as we change, we
continue to be what we have always been:
your source of everything new and wonderful
that the modern world of electronics has
created for us. No matter where tomorrow
takes us. Electronics Now will be there, just
as Radio-Electronics, Radio-Craft, The
Electrical Experimenter, and Modern Electrics
have always been there----bringing you every
word of every new happening.

When the first ham operator transmits from
Mars. when the first solid-block electronic
device is sold. when the first 3-D holographic
display is ready for your video room.
Electronics Now will bring you the news.
Electron ics Now will explain how it works.
Electronics Now will help you build your own.
Elect ron ics Now will continue to be your
magazine. That is my promise. Thai is the
promise of our entire staff-the editors.
artists, production. circulation, advertising and
clerical people that bring this publication to
liIe.

So join with us now and come along with us
on our continuing journey into the 21st
century. Adventure with us from today into
tomorrow. We carry the banner of a proud
new name, but we also follow the dream and
tradition 01 the great magazines we have
always been. Come along with us on our
quest, our never-ending quest through the
world of electronics-from yesterday, through
today and on into tomorrow. Welcome
Electronics Nowl

~L~HFICET
Editor-in-Chief and Publisher
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WHAT'S NEWS
A review of the lates t happenings in electronics.
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Tandy's new retail format
Tandy Corporation (Fort Worth.

TX) , parent company of Radio
Shack and Computer City stores.
will introduce a new style of retai ling
this fall at two of its "Incredible Uni·
verse " electronics stores located in
shopping malls. The stores will sell a
large sel ection of competitively
priced products from more than 50
leading manufacturers . Included will
be home-entertainment compo­
nents and systems. auto elec­
tronics, appliances . computers. and
softw-are. The first two stores will be
loc ate d near Port land. OR. and
Arlington. IX , with others locations
promised . .

As stores go, these will be
large-about 100,000 square feet
of selling floor space at each loca­
tion . The center of each Incredible
Universe store will havea rotunda, a
kind of arena for hands-on demon­
strations. entertainment, and edu­
cationa l presentations by manufac­
turers' representatives.

Customers will have an oppor­
tunity to try out the products right in
the store. Tandy will try to ovecome
comp laints it has heard in the past
about sales personnel being either
too pushy or indifferent as well as
having incomplete knowledge of the
product available.

Tandy said that Incredible Uni­
verse salespersons will be salaried
so they wo n't have an incentive for
being pushy to earn commissions.
Moreover, the company says that
the sales people will spend at least
10% of their workday in the store 's
training center learning about the
products and keeping up with the
latest in technoloqy

In its attempt to make shopping
for electronics a " positive" experi ­
ence Tandy will provide repair, in­
stallation , delivery, tra ining in the
use of the products. child -care facili­
ties and a restaurant at each store.
Customers have also been prom­
ised an advanced efficient check-

TAND Y' S " INCREDIBLE UNIVERSE"
mall-style sto res will carr y consumer­
electronics, appliances, and computers.

out system. Direct computer links
between each store and each man­
ufacturer will provide daily sales in­
formation to manufacturers, en ­
abling them to keep up with
customer demand.

Self-healing integrated
circuits

" Self-healing chips" have been
developed by scientists at the GE's
Research and Development Center
(Schenectady, NY). According to
GE, the advanced integrated cir­
cuits will monitor themselves for er­
rors caused by any malfunction ing
elements and produce signals that
will compensate for those errors .

Fault-tolerant chips are seen as
having applications in circuitry
aboard satellites and unmanned
spacecraft that cannot be repaired
or replaced. Errors in processed
data caused by faulty circuitry can
cause failure of the mission . Inter­
mittent errors introduced by elec­
tromagnetic interference and other
transisent phenomena, as well as
erro rs caused caused by perma­
nently damaged or destroyed com­
ponents , will be detectable and
correctable.

GE reports that us methodology
is applicable to both digital and ana­
log fault-tolerant IC 's whose perfor­
mance can be representated by
state-variable equations. Included in
this c lass of circuit are filters and
controllers for diverse control and

signal-processing applications.
Error detection and correction in

the GE approach are carried out by
a small, built-in " checking circuit."
The checking circuit is coupled to
the chip's primary circuitry at strate ­
gic locations.

The checking circuit computes
"checksum codes" -specified
weighted linear sums of the terms
on both sides of the state equations
that the primary circuit solves while
performing its function. If there is a
fault. the check sums do not agree,
and an error is signalled. The check-

ENGINEERS MANUEL D'ABREU AND
ABHIJIT CHATIEAJEE set up a taun- ter­
erant circuit breadboard for test ing et
GE's Research and Developm ent Center.

ing circuit then error checks itself,
and if okay, it computes the error
value and automatically feeds that
value back to the main circuit for
error correction.

GE scientists see the Fault-toler­
ant chips as two or three years away
from their first practical applica ­
tions. GE is currently working to ex­
tend the technology to the design of
complex fault-tolerant circuits that
exhibit nonlinear behavior. Their
present efforts are limited to the de­
sign of linear systems. R-E
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If YOIire serious
About a Future in

Elec:tmnics, Ensure that
Future with the Best
Educational D-aining

~ Available.



WHY" CHOOSE ere FOR YO UR TRAINING?
• 150 ,000 successfu l graduates from every country around the wor'd.

• Only C1E rewa rds you for fast study. ( IE o ffers an AsSOCiat e Degree
program based on aetua1study time u sed. The faster you complete your
degree the less your overa ll tuition.

• Stare-er-me-are laboratory equipmen t is yours to keep and It com es
assembled , ready for h ....nds-on expe riments.

• Approved fo r educ ....ncnat benefi ts under the G.I . 8i ll for ve terans and o ther
eligible person s.

• Upon graduation, (IE o ff ers free preparation to po'Iss the Certified
Electronics 'recnnrct....n Exams .

I f you w ant to 'earn about ele<tron­
ics. and earn a good incom e wi th that
know ledge then ere Is your bes t
ecucanooat value.

CIE·s reputation as the world
leader In h om e study erect romcs is
based solely on the success of our
graduat es. And we·ve earned that
repurancn with an unconditional
commitment t o provide our students
w ith the very best erecncntcs
traIning.

Just ask
any o f the
I S0,OOO·p lu s
gr<tdua tes of
the Cleveland
Ins t itute o f
Electronics
who are
working in
h lg tl-pa yin g
pos i tions with
aeros pace,
computer,
med Ical.
automotive
an d commun i­
cation fi rms
throughout th e
w orld.

They"u tell y ou success dldn't
com e easy... bu t. it d id co me .... thanks
to ClEoAnd today. a carcer in elec­
tronics offers m or e opport unities and
grea tor rcwards tMn ever be fore.

CIE's CO MMITTED TO BEING
THE BEST....IN O NE
AREA. ...ELECTRONICS.
CIE isn't another be-everytrnnq -to­
everybody sch ool. W e teacn on ly one
subject and we believe we're the best
at w ha t w e do. A lso, ( IE ISaccred ite d
by the Nancna1Home Study Counci l.
A nd with more th<tn a 1,000 gradu -

, ates each year, w e're the largest
h om e study schoo l seeer....Uzing
exc lu siv ely In erectrcnrcs. ( IE has
bee n training career-mlnded students
like yourself for n ea rly 60 ye rs and
w e're the best at our subject ..
ELECTRONICS .__ BECAUSE ITS THE
ONLY SUBJECT WE TEA(H!

CIE PROVIDES YOU WITH A
LEARNING METHO D SO
GOOD. Irs PATENT ED.
C1E's Auto-program med lessons are a
proven tearn in g method for building
val uable electro nics ca ree r skills. E....ch
lesson Is des igned to rake you step-by­
ste p and pr ln clpl e-by-prlnciple. And
w h ile aU C1E lessons are des igned for
Independent st udy, (IE's instructors
are personanyavaua orc to a sstst you

with just a eon­
free call. The
resu lt is practlca l
tr.... ining ... th e
k ind of experi­
ence you can put
to work in today' s
marxetptace.

lEARN BY
DOING...WTTH
STATE-QF­
THE-ART
FACILmES
AND
EOUIPMENT.
In 1969. ClE

pIoneered the fi rst Electronics labo ra­
tory course and In 1984. the f irst
Mircoprocessor Labor<ttory course.
Today. n o other home study SChool
c....n miltch (IE's ste re-cr-u-e-art equip­
ment and training. And all your
laboratory equipment. books. ....nd
lessons ....re included in your tuition .
In aU yours to u se while you study at
h ome and for on -th e -job after
gradu.... t lon.

PERSONAUZED
TRAINING ....TO MATCH YO UR
BACKGROUND.
While some of our st ude n ts have a
worki n g knowledge of electronics
o thers are just starting out. That' s
w hy w e've developed twelve caree r
courses and an AAS. Degree program
to choose from . So. even if your not
sure w hich elect ro ni cs caree r Is be st
for you. C1E can ge t you sta rted with

core lessons applicable to a ll a reas o f
electronics. And every ClE cou n e you
take ea rns you cred i t tow ards comple­
tion o f your Assccete In Applied
Science Degree. So you can work
t ow ard your degree in stages or as
fa st as you wish . In fact, ClE Is the
only SChool thai aetua lly rewe ros you
fo r fas t study. w hi ch c....n save you
thousan ds of dollars.

SEN D TODA Y FOR YOUR ClE COURSE
CATALOG AND W E'll SEN D YO U A
FREE 24 PAGE (IE ELECTRONICS
SYM80L HANDBOOK!

••••••••••••• • •
• 0 YES! I w ....nt t o ge t started. •
• Send me my C1E sch ool ca Io'I 'og inclu d - •
• In g details about the Associate Degree •
• Program . IFor your ccovcmcnce. CIE •

•
w ill have a representative contact you _ •
there Is n o obligation .,

• AE41 •
• N<>me' •

• Addrcu: •• •
• City. St<>1e: .• •• l~ "". •

• Phone No. r__ J •
• Che<k box lor Gr. & Jfle\ln ecoerns •
• 0 Veler"n 0 Active Duly •

:. Illl.'_;;~ .._~ :.
-2..L=j tt-'! j'CL EV ELAND 'l '

• INSTITUTE OF v,........... •
• ELECTRONICS •
•

1rtsEast 17t1t Street II _ of """""""" •
Cleveland . Ohio 44114 lI<I.1nof......

• (2 16)781-9400 $n:.. '9)4 •

•••••••••••• • • •



What!; new in the fast-changing video industry.
"iN1.1!;!3:13:I:1;1 113:
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• Ghostbuster c o m p romise .
There's peace at last in the ghost­
busting arena. Develope rs of the
two leading sys tems have gotten
together and merged their systems
Into one that should sat isfy the
needs of broadcaste rs and cable
operators alike-as well as viewers
plagued with ghosting problems.
Tests by the National Association of
Broadcasters (NAB) had found the
ghost-canceling system developed
by Philips to be superio r. but a rival
system by the David Sarnoff Re­
searc h C en ter and bac ked by
Thom son Consume r Elect ron ics
was favored in tests by Cable TV
La bo ra t o r i e s ( H e d t o- E l e c ­
troni c s, July 1992),

The Philips sys tem perfo rmed
better in eradicat ing the w idely
spaced ghosts generally found in
broadcast signals, while Sarnoff's
technology did better wi th the more
closely spaced ghosts developed
within cable systems. In a model
cooperative effort , both proponents
got together and developed a third
system that combines the best ele­
ments of both . The ghost-canceling
sys tem uses a reference Signal
t ransmitted duri ng the verti cal
blanking interval to direct specially
equ ipped receive rs to eliminate
ghos ts. Ghost -cancelin g circuits
are expected to add at least $ 100 to
the cost of TV sets, and will be mar­
keted for the current NTSC system.
HDTV sets are expected to use a
different method of dealing w ith
ghosts.

• S t and ard s- conv erti n g
VCR' s. An answer to a common
question-how to swap tapes with
fr iends and relatives in countries
with different TV standards- is in
sight. Aiwa, which has been out of
the video field in the U.S. for several
years, this summer will start mar­
keting a reasonably priced VCR that
can play NTSC tapes on PAL re­
ceivers and vice versa. The stan­
dards-converting VCR will cany a
sugges ted lis t price o f ab out

$500-far below previous s tan­
dards converte rs-and is sched­
uled to be available this month. At
the same time , Aiwa will offer a
stand-alone standards converte r,
that will adapt any tape or videodisc
to a different standard, at $4 00.
That model has three input and out­
pu t termina ls , a s te re o-m ono
switch, 500-kilo byte-pe r-second
field memory, and a 7-blt AID con­
verter. It provides 240 lines of hori ­
zontal resolution and will operate on
NTSC. PAL. and SECAM.

The first VCR model will have no
tuner. but a tuner-equipped version
(for tuning NTSC broadcasts) is due
early next year. A model wi th a PAL
tuner is already on sale in the U.K"
where one expert judged the picture
quality not as good as the original.
but " quite good enough for most
viewe rs wanting to watch family
tapes from abroad."

• TV Data Syst em. Next year's
TV receivers could have vastly ex­
panded on -screen graphic ca­
pabilities, thanks to a new "TV Data
System" approved by an EIA engi­
neering committee for submission
to the FCC. The system is an ex­
pan si on of the tec hnolo gy de­
veloped fo r c lo se d cap t io ning ,
whichwill be required by law in allTV
sets 13 inches and larger made
afte r June 30, 1993. The new data
system adds a second field to the
single field in the vertical interval line
reserved for captioning. That addi·
tional allocation will make possib le
clos ed captions in a second lan­
guage and add new options. includ­
ing a variety of background colors
for the captions.

It will also permit broadcasters
and cable operators to develop new
graphic and labeling ideas. including
pro gram ide ntification serv ice.
which would offer on-screen label­
ing of program titles at the push of a
remo te-control button-a featu re
es pec ial ly us ef u l t o ch an ne l
browsers. With additional software
in home TV's and VC R's, the sys-

tem would permit such features as
automatic on-screen weather warn­
ings for emergencies. Perhaps the
choicest feature would be stations'
transmission of their advance pro­
gram schedules. Receivers could
be programmed to seek and sto re
that information.

• VCR p rog r amming s ys­
tems. While the system described
above cou ld be used to program a
VC R to tune to a single channel. a
multi-channel on-screen program­
selection system is scheduled to be
introduced next year in sets made
by Zenith, which has a one-year ex­
clusive license. This system was de­
ve lop ed by InSig ht Teleca st , a
Califo rnia fi rm whose backers in­
c lude t he ca ble prog ramme r
v tacom. the Japanese trading com­
pany C. ltoh, and several other com­
municati on s and ente rt ainment
firms. InSight plans to use a portion
of the vertical blanking interval of
the PBS network (w hich reaches
90% of TV sets in the U.S,) to send
out a detailed program guide grid.
Zenith TV sets equipped with the
system will be able to call up those
grids, as well as detailed descrip­
tions of each program and even list­
ings of programs by type (sports,
talk. drama. etc .). The on-screen
grid would be used to set up VCR's
by program name rather than time
and channel. The TV set contains an
" IR blaster." an infrared transmitte r
at the end of a cable that sets up the
VC R through its remote-control re­
ceiver. Future VCR's are expected
to have InSight built in. InSight plans
to offer the service by subscription,
and its goal is to supply it for about
half the price of a subscription to TV
Guide .

TV Guide also is experimenting
wit h a programming system, in con­
junction with major cable interests.
That system apparently is similar to
InSight. except that it would be car­
ried on cable TV sys tems . TV
Guidee goal is for the service to be
supported by advertisers. R·E
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Genlleml"ll: I'\Cenclosed $19.9; infullpJ~menl. Pleasesend my "The
Gre-Jt Two for One Groc ""'';\)-- bnoklt'l of40 coupons andcualog.

o OW'Ckt:Jld<Nod 0 \ No 0 "'~

to outline all of
the details, but
don 't pass this up!
Send us your name,
address and $19.95
so we can send vou ;~ I

ofthe information , in­
cluding your catalog
and 40-coupoll book
today. Masterf harge and
Visa arc accepted.

Were ....ill it be? lIa\\~Jii? las Vegas? Mexico?The Ba­
hamas? II's up10 you. We'regoi ng 10 send you a free
coupon for lip 10 sixdays and five nights offree lodg­

ing at the destination ofyour choice. Now did we gel your at­
tention?

Here's how it works: We sell hooks, and instead of adver­
tising our program on TV (at great expense) we decided to
pass the savings alongtoyou.

whenyou decide to participatein our program, we'llsend
youa bookletof40 coupons and a catalog listingour current
book offerings. Purchase one book and include one of the
coupons Cor your second book. In all, YOU'llget 40 booksfor
your S19.95Investment.

whenwereceiveyour fi fth coupon, there's a bonusfor you
in the form ofafree membership inthe GrocerySavers ofAmer­
ica.This will entitle you 10 S:1\'C up 10 $50 or more on your
monthly grocerybill.And on receipt ofyour 15thcoupon, you
automatically gel a free membership in The Great American
Traveler; entitlingyouto receive a 50%savings on hotels, mo­
tels and car rentals. On receipt ofyour 20th coupon, Bingo!
You get that bigfree lodging forsix days andfin nights at your
choice oflIa",aii , Mexico, Las \'ega." or theBahamas.

You're going 10 be veryimpressed with the book selections
aswell. Thl'SC are notallpaperbacks, bUI the same, high-quai­
ityvolumesyou see inbookstores al man}' timesyour own pur­
chase price. Frankly, there just isn't enoughroom on this page

(Gip roupun muIMajJ Ioda)'!Do not snu/aub through lbe moil)



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

FIG. l-POWER SUPPLY BLOCK DIAGRAM, II can automatica lly provide the same
output voltage lor a wIde range of input voltages.
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any trouble at alL I think your prob­
lem is elsewhere-part icularly wit h
the output of your pocket stereo,

The LM 386 is a vi rt ually bul­
letproof IC that can put out about
300 milliwatts into an B-ohm load. It
can drive a small speaker at a re­
spectab le level. but only if you feed
it with the right levels at it's input.
and give it enough supply power to
operate without clipping,

The overall gain of the chip is con­
trolled by the resistance between
pins 1 and 8. The LM386 has an
internal 1350-ohm resistor across
those pins to give the chip a gain of
about 20 dB, The maximum gain you
can get from the chip is about 45
dB. obtained by bypassing the inter­
nal resistor with an externa l 10 ~F

capacitor. That's what you did in the
circuit you sent in.

Assu ming you have enough avail­
able DC power for the LM386 to
operate properfy, the only thing that
can be causing a problem is too
much power being supplied to its
input. Although you have a trimmer
betwee n the stereo 'soutput and the
input of the LM386, remember that
power is a product of both current
and voltage, and you haveto becon­
trot each of these separately. That
means you need a resistor in series
as well as a trimmer to ground.

To give you an idea of how easy it
is to use the LM386, look at the
circuit shown in Fig. 2. This is a
min imum amplifie r ci rc uit built
around an LM 386 and, as you can
see, the component count is very
low. Because there 's nothing be-

8.
TO eoo
VOI-TS
AC1N

It is most important to know that
the preregulation of the voltage is
done afte r the input voltage from the
wall outlet has been reduced to a
manageable level by the front-end
transformers . Trying so me brute ­
force approach to the problem at
the main input transforme r is cer­
tainly possible, but it would involve a
tot more circuitry.

You could have the preregulator
control the input transformer so that
it would switch among several sec­
ondary windings but. off the top of
my head, I think this approachwould
result in a much more complicated
circuit. A des ign for chopping the
DC voltage is a more straightfor­
ward way,

If you sta rt experiment ing with
that idea, or any other approach to
the problem, don't ever forget that
you're dealing with some very high
voltages .

POCKET·STEREO AMP
I've been experimenting with

the LM386 amplifier, and I'm
wondering if itean be used as an
audio amplifier. When I play my
pocket stereo through the en­
closed ci rcuit, the sound is dts­
tcrted-ceven at low volume. Do
you have any suggestions
about what's wrong?-R. Mar­
cachen, Algonquin, IL

I'm really surprised at your ques­
tion because the LM386 was de­
sig ned specifically for use w ith
audio. The circ uit you've sent me is
one that usually shows up in the
data books and should work without

AUTOMATIC VOLTAGE SENSING
I'm interested in learning the

basic approach for designing a
power supply th at can be
plugged into any outlet with a
vol tage from a low of 85 to a high
of 270 volts. Those supplies,
found on some TV's and VCR's,
automatically sense the input
vol tage and supply the correct
output voltages needed by the
devices they're powering. How
do these things work?-R .
Llanes, Curacao , Netherlands
Antilles

There's always more than one
way to approach a proble m like
yours . I can't say howanyone sup­
ply like that works. but I do know
how I wou ld go about designing
one.

The first thing to realize is that it's
much more useful to think about the
output voltage supplied by the cir­
cuit than it is to think about the volt­
ages being supplied to the circuit.
What we want to design is a supply
that can provide 5, 12, 24, or some
other DC voltages. Once you think
about the device in that way, the
design of the front end that " sees"
the AC outlet voltage becomes a bit
simpler.

The basic block diag ram for a
power supply that can automatically
provide the same output voltage for
a wide range of input voltages is
shown in Fig. 1. As you can see , the
on ly th ing that makes it di ffe rent
from a fixed-input supply is the box
labelled "voltage limiter." The job of
that sect ion of the circuit is to take a
range of DC voltages at its input and
provide a constant DC voltage at its
output.

This isn' t a diffic ult circuit to de­
sign because we are really talking
about a "prerequlator" for the last
secti on of the supply that generates
the final output. The parts of the
preregulator can include Zener di­
odes. fixed output regula tors . or
other devi ce s. In fact. the pre­
regulator is really the same as a
standard regulator circuit ,14
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Lots of people have stereo tape
heads for sale but I haven't been
able to f ind replacement heads
wi th multiple tracks for t-tncn
recorders. Any idea s?-T. Hold­
er, Coshocton, OH

I'm alwaysin favor of anyone who
wants to tum old scrap equipment
into usable products. I'm surprised
you' re having so much trouble get­
ting the tape heads.

con tinued on page 90

CIRClE 1M ON FREE INFORMATION CARD

Electronics Workbencn
The electronics lab in a computer­
Powerful software to build
and simulate analog and
digital circuits .

Building and testing dmIil$ ls fastand
~ \\i th Electronics wlribrndJ.Just
dick-and-drag wnha mouse to add parts,
ron wtres,and adjUSt lnsUumf1llS.. The
traceson the Simulated instnlmenlS are
thesameasyou'dgeton realequlpmenl

E1edronfa worilbend: reaIJy tsan
e1eclronJcs lab In a computet. Irs lde2l for
learning about electroniCS, experimmtlng.
and ptotoryping dmJilS.

"EJedrrmks WoribencA Is pretty

amazInS-" -hW'-'-'·'*·~ "!/fU·~-"'_"""",":'=""=""""' "

1·INCH RECORDER HEADS
I'm currently building a multi­

track recording system and I'm
putting it together by rebuilding
several multitrack reel to reel re­
corders. I have lots of broken
ones at my disposal and I'm able
to steal parts from several dead
machines to make a good one.
The only problem I'm hav ing is
th at I can't seem to find a so urce
for the heads on the machines.

~----AG. 2-THIS AMPUAER CIRCUIT will
gi ve you a 2o-dB gain at the output.

INPUT + CfV

tween pins 1and 8. the Ie will give
you a20-dB gainat the output. Con­
sidering the signal level that usually
comes out of a typical pocket ster­
eo's headphone jack. a 20 dB gain
should be more than enough to
drive a speaker at what is usually
referred to as a "comfortable listen­
ing level."

Notice the resistor on the input
line that's in series with the stereo's
output and the LM386's inpu t.
That's what cuts the current level of
the signal, and it's also what's miss­
ing from the circuit you sent in. The
valueof the resistor to use depends
on the output power from the ear­
phone jack , but you should start
your experiments with a value in the
area of 10K or so. You'll know when
you have a good value because
you'll get a clean sound at the
speaker regardless of how you set
the volume control on the stereo.

The frequency response of the
LM386 is pretty flat. but the specs
show that harmonic distortion will
exceed one percent THD when the
input signal gets much above 12
kHz. Even with that limitation, the
LM386 is the ideal chip when it
comes to building a power amplifier
for a small speaker.Breadboard the
circuit shown in Fig. 2, and use it to
determine the value of the resistor
you'll need. Once you've found the
right number. you can put it in your
circuit.

If you decide that the LM386 cir­
cuit in Fig. 2 provides enough gain
and suitable sound quality, you
might consider scrapping the more
complex circuit you sent in favor of
the simple one. One of the goals in
electronic design, as in other fields,
is to keep things simple.



Plus you now go on to work wi th today' s most
popular integrated software package, Microsoft Works,
learn ing to use its word processing , spreadsheet, data­
base, a nd communications utili ties for your own persona l
and profeseionalupplicationa. But that's not all.

Train the NRl way--and learn to
service today's computers as you build
your own 386sx computer system, now
with 1 meg RAM, 40 meg IDE hard
drive, and exciting new diagnostic
hardware and software!

J obs for computer service tech nicians
will almost double in the next 10
years accord ing to Department of
Labor statistics, making com puter
se rvice one ofthe top growth
fields in th e nati on.

Now you can cash in on thi s
exciti ng opportunity-cither as a
full-time industry technician or in
a money-mak ing computer service
business of your own-once you've
mastered electronics and computers
the NRI way .

NRI's practi cal combination of "reason-why" th eory
and hands-on building skills sta rts you with the funds­
mentals of electronics, the n guides you through more
sophistica ted circu itry all the way up to the lates t ad­
vances in computer technology.

Learn to troubleshoot and
service today's computer
sy~temsas ou build a
386sx/20 mini tower
computer!

Train with and keep a powerful 386sxl20 MHz
co mputer system plus popular Microsofte
Works software!

Only NRI gives you ha nds-on training with the finest
example of sta te-of-the-art technology: the powerful new
West Coast 386sx!20 MHz mini tower computer. As you
assemble th is 1 meg RA..\1 , 32·bit CPU computer from th e
keyboa rd up, you actually see for yourself how each section
of your computer works.

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

Your hands-on trainin g continues as you install a
powerful new 40 meg IDE hard disk drive-now included
in your course to dramatically increase the data sto rage
capacity of your computer while giving you hghtning-qulck
data access.

Only NRI givetl
you. haJ1dt1·on
tra ining with
the remarka ble
R.A.C.E.R. p lu.g .
in d io.gnOtlt ic
curd und
Quick Tpch
diagnostic
tloftware (rom
Ultra·x­
p rofessi on a l,
state-or-the-art
d iagnostic tooltl
thut mahe
computer
tro ublellh oot ing
fWlt and accu­
rate.

16



No experience needed .._NRI builds it in
NRl t ra ining gives you practical, hands-on expe rience
that makes you un ique ly pre pared to ta ke ad va n­

tago oftoday's opportunities in compute r se rvice.
You lea rn at your own convenience in your

own home. No classroom pressures, no night
school, no need to quit your pre sent job u ntil
you're ready to make your move. NRI starts you
with the bas ics, building on that foundation
step by step u ntil you have the knowledge a nd
skills you need for success.

And al l throughout your training you've
got the full support ofyour personal NRi
instructor and the entire NR I technical
sw ff, always ready to answer your questions
a nd help you achieve your training goals.

FREE ca talog tells more. Send today!
Send today for NRfs big, free catalog that
describes every aspect.of NRrs innovative
compute r training. as well as hands-on
training in other growing high-tech
career fields.

Ifthe coupon is miss ing, write to :
NRI School of Elect rnnice, McGraw-Hill

Contin uing Educa tion Cente r, 4401 Connecticut Avenue.
NW, Washington , DC 20008.

printe r ports, aerial commun ications ports, video display
memory, floppy dri ves, a nd hard disk drives .

Only NRI gives you such confidence-building, real -world
expe rience. Only NR I gives ) 'OU both the kno wledge and the

pro feseicncl tocls to succeed as today'a in-demand compute r
service technician.

NOW! Training now includ es Ultru-X
d iagnosti c h ardware an d soft ware for q u ick,
accurate t roubleshootin g!

Your N R I computer Ir ninin/: in l'lud ,.. a ll thi.: • NRI'" uniquf' Diacovery LD.bo(ur circu it de.igtl and
' ed ing • Hand·hf'ld d ig ital mullimet,.r with "talk-Yt,u·through " in s truction" on audio cau l'll,. • Digital
logiC' p robe that Id . ,)'OU l ,jllua ll, ex am ine comp uter eireui,• • Til,. neur West Cocut 386axJ20 MH%

comp uter~tf'm. {ro turing a high."peM B0386ax CPU, 1 m.f'g RAM,
101.key 'in/elligf'lI' " keyboard. 1.2 mrg high-dl'lUity floppy
drit'f'. fm d h igh,""oI"';on monitor » 40 flIP/( IDE hard d ri oe •

MS DOS. GW·BAS1C, and Microsofl Work . lIofl u.'fI1Y •
R.A.C.E.R. p lug·in diagnw tic card and QuickTrch menu­
dril'f'n diagnostic 1I0 /lworP • Rf'ff'rTn~ manual. lI,.'ith
guid,.l;n,.. and U'h f'rna l ic.

I CityiS taw'Zip .Aetn<lito<l M.m""" S.tionllillom.. Study Council I
'....: ---.J

N1iR t#
McGra w-H ill Cont inui ng Educa tion Ce nte r

S
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Now you train with and keep the latest in
diagnosti c hardware a nd software: the
extraordinary R.A.C.E.R. plug-in diagnostic
curd and QuickTech diagnostic software,
both from Ultra-X. Using these state-of-the­
art tools, you learn to
quickly identify and
service virt ually
any computer
problem on XT,
AT 80286180386.
and oompatible
machines.

You discover how
to use the RAC.E.n.
diagn ostic card to
iden tify individual
defective RAM chips. locate inte rfacing
problems, a nd pinpoint defect ive support.
chips. Plus you learn to use your QuickT("Ch
diagnostic softwa re to test the syste m RAM
and such peri pheral adapters as parallel
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IGITAl VIDEO STABILIZER
ELIMINATES ALL VIDEO COPYGUARDS
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GET THOSE NUMBERS STRAIGHT!
Iam very impressed by the quality

of the " Build This ... " articles that
have appeared in Radio-Elec­
tronics over the past decade, and I
have built or adapted many of the
devices that contro l AC power

Yet I am annoyed by the frequent
referenc es to " 110," " 115," and
"220." when describing household
AC receptacle voltages. Although
some old-timers can be forg iven for
using such terms, there is no ex­
cuse fo r seeing them in Radio­
Electronics!

" 1101220" voltage does not exist
anywhere in the United States, and
has not for more than 30 years. In
the mid -1950 's . " 115 / 230" was
co mm o n , b ut cha ng ed to
" 1171234" brief ly before becoming
the now-st andard " 120/240" in
1970. The American National Stan­
dards Institute publi shes a docu­
ment entitled: "America n National
Standard for Elec tr ic Power Sys­
tems and Equipment- Voltage Rat­
ings <60 Hertz)." This St and ard
<ANSI C84.1) specifies that the
Nominal System Voltage shall be
1201240 VAC in three-wee systems
commonly found in residen ti a l
areas. The great majority of electric
utilities try to keep receptacle volt­
ages at 120 ± 3 volts AC .

Some appliances might carry a
nameplate voltage rating of 115 or
230 volts. but that considers the
wiring voltage drop under load and
is correctly termed " Utilization Volt­
age." It is expec ted that the no-load
voltage will be 120 or 240 volts.
ERIC G. LEM M ON
Lompoc, CA

more tes ts should be duplicated to
be sure that the results are correct.

I hope to see continued inquiries
into the nature of audio for those of
us who read and enjoy Klein's Audio
Update."
RAYMOND H. GRIESE. K6FD
S anta Clara. CA

Write to Leiters, Electronics Now, 500-B Bi-County Blvd.,
Farmingdale, NY 11735

DOUBLE-BLIND AUDIO TESTS
I'd like to comment on "double­

blind audio tests." that have been
discussed recently in Larry Klein's
A udio Up date <R a d i o - E l e c ­
tronics . June 1992) column.

Abo u t 10 o r 12 ye ars ago ,
Scientific American magazine had
an articl e on the physical processes
of hearing. As I recall. the article
stated that the ear generated a se­
ries of electrical pulses that were
intercepted by the bra in and de­
coded into sounds as we " hear"
them. The article showed that the
electrical signals were a family of
short-duration pulses that varied in
spacing, amplitude, and polarity. An
illustration showed a sample that
looked like nothing recognizable as
a "signal" by electrical standards .
As I recall. the article said that the
complexity of the coded signal from
the ear was beyond anyone's ability
to understand wit h the state-of-the­
art technology at that time.

The article also said that the sig­
nal seemed to be primarily gener­
ated by " cross ings o f the zero
datum lme" of the sounds in the
ampli tude realm. Time between
crossings entered into the encoding
scheme as well. To me, this indi­
cates that frequ ency. ampli tude,
and phase will all contribute to the
" encoding process of the ear." That
being the case, it is unders tandable
that the need for " double-blind" au­
dio tests exists. It also explains the
rather strange results between indi­
vidual responses to the sounds.

There is no reason to believe that
every ear " encodes" sou nd exactly
as all other ears. Proof of that state­
ment can be deduced from " normal
aging" of the ear through life. result­
ing in the loss of high-frequency re­
sponse in the elderly.

In vie w of the prev ious co m­
ments, it seems to me that " double­
blind" tests are quite useful. In fact.
in view of all of the variables in­
volved, it would seem that ten or
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and have experienced no interrup­
tions. The caller just gets a ringing
with no one answering and can call
back later with his voice call. That
does not interrupt the data transfer
via modem. If the modem call is "in­
bound." then the " *·7-4" command
will not work to defeat the call wait­
ing, so I always try to be the one to
initiate the call.
JOHN CALLAHAN
Houston, TX R-E
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That defeats call waiting for one call
and then resets. (Other phone sys­
terns havesimilar features. Call your
local phone company 's business ot­
Ice for details. Some phone books
also explain hCJI,Y to defeat call wail ·
ing) This feature is a part of call
waiting. and-at least in Houston­
you do not have to pay extra for it.

I use the modem on my PC a lot. I
have programmed that " prefix"
ahead of the number I want to call
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DRIVEWAY ALARM SOURCE
In A sk R-E (Ra di o - Ele c ­

tronics . May 1992). the solutron
given to D. lngebright's request for a
driveway alarm will work. I installed
that system in my driveway about
ten years ago. and it is in operation
now.

The manufact ure r of th e A ir
Switch is Acme Air Appliance Co.
Inc., 203 Newman Street. Hacken­
sack. NJ 07601. Ask for Air Switch
Control No . 118.
RALPH MARSHALL
The Rock. GA

CALL-WAITING SOLUTION
In A sk R-E ( Ra d i o -E le c ­

tronics . May 1992) the "Can-wan­
ing Dilemma" was discussed.

In Houston, to defeat call waiting
(for one call). you enter " *-7-4."

MORE ON MICROPROCESSORS,
PLEASE

I'm writing to commend you on
the " Build This Microprocessor De­
velopment System " art icle s (Ra ­
dio-Electronics, April and M ay
199 2) , con ce rn ing t he C MOS­
based 1802 microprocessor. During
the mid-1970's. your sister maga­
zine, Popular Electronics, ran a se­
ries of art icles dealing with the
1802. Many of those older article s
can be photocopied at local public
libraries.

The two new articles, as well as
the older ones. point to a very inter­
esting fact-namely. that the 1802.
in its use of chip pins and design
philosophy, is a very useful compro­
mise between a gene ral.purpose
micropro ce ssor and a micro ­
controller. Some other inte resting
things to note are that as a CMOS·
based device it can easily be used in
batte ry-powered projec ts. and it is
one of the few microprocessors that
will operate within the full military
specification temperature range of
- 55 to + 125°C . That last feature is
also due to the processor's CMOS
construction.

I wou ld very much like to see
mo re art icles in Radio-Elec­
tronics about small mic ro­
processor-based projec ts. es­
pecially those that use the 1802.
JIM PARSONS
Rapid City. SD



EOUIPMENT REPORTS
Gage Applied Science CompuScope Lite PC Oscilloscope

Put a DSO in your PC!

There's no ques tion thai PC·
based lest equipment is the
leading areaof growth for test

and measurement. Ir s easy to un­
derstand why: Compu ters make it
easy to custom- program the equip­
ment for specific lest or series of
tests. And nothing beats a comput­
er at being able to store and track
measurements. Along with the ben­
eht s of programmab ility. Pc-besed

CIRCLE 10 ON f REE INFORMATION CARD

equipment should have a price ad­
vantage over stand-alone instru­
ments because there's no need to
manufacture a front panel. display.
or other input/output devices. Un­
fortunately. it doesn't always seem
to work out that wcry. PC-based test
equipment often carries a hefty
price tag.

A Canadian-ba sed company.
Gage Applied SCiences. Inc. (5465

Vanden Abeele. Montreal . Quebec.
Canada. H4 S 15 1) is mak ing an
effort to offer the advantages of PC­
based equipment at a price that's
competitive with low-cos t stand
a lone in st rum en t s . G ag e 's
Co mpuScope Lite is pri ced at
$59S.

CompuScope Lire requires. as a
minimum. an IBM XT (or compati ­
ble) with an available full-lenqth slot,
512K RAM, a single 360K floppy
disk drive. and a Hercules- or EGA·
compatible qraphtc s adapt er and
monitor. The scope has a full-power
analog bandwidth of 7 MHz and a
smaj-sjqnal analog bandwidth of 50
MHz. It can accept inputs between
~ 1 volt . (larger inputs require a
x 10 probe.I If used as a smqle­
channel scope. the card can sample
signals at a rate as fast as 40 Ms/ s

dirtiest part of you r '
". Clean Without CFCs

or 1,1,1-Trichloroethane
With New HCFC Blend

,.. Use Envi-Ro-Tech'
Precision Duster' For Pure

Cleaning with No CFCs

To ternove particlel flom senli tive equ ipment without ha rmful solventl, use
Te<hSpray'Se Fe·free Envi-Ro-Te<h'''' Precil ion Duster·".

Envl_Ro-Tech Precilion Duster (1668.Q FS) is a moisture-free inert gal. which il
quad- filtered 101 ultimate purity. It is odor less and non-abrasive, and il I.1le 101
use on mOlt surtaces to remove miC'OICOpic contaminan tl, lint, dU~I. metallic
o~ide depolits and limila. soill.

The PrecisionDester Kit(1668-QFK)
comes with a Chrome Trigget Sprayet
22 for preci!.l' dusting. The ChfOmt
Trigget Sprayt'f is a convenient and
!<Ill' atuchment that can be removed
and feplaced without loss of product .

Tech Spray also offen a totally new
du~ting gas lormulated with HfCs.
Envi-Ro-Te<h'" Du~tl'l 1611 (1611).
which has an0l0fll'depletion potenti.ll
of ltfo.

for a sample of Envi.RQ.Tech
Precision Dustet (1668-OFS). conlXt
our Techno Assistance Departrnent
tCllllfl'l'at 1-800-858-4043. EtM-Ib-TIOClt'" P.-a..mr"'Kff

"...cno

Te<h Spray hal developed a fall -aclirlg and highly ettecuve cleaner oiled
Envi·Ro·Tech'''' 1677 (1 677) that uses a formulation of HCFCs and other
eco-crc chemical!.

This utremely pure prod uct is non-ccecsve. making it safe lor use on most
electronic equipment. Envi.Ro·Tech 1677 il eftectlve in removing oils. qreases,
dirt,silicllf1l'. nu_eund similar soils.

Although Envi·Ro-Tech 1677
hal univetsalcleaning power, iU
low lurlace tension makes it
idul 10' pf«i~ion and
micfOSCopic cleaning .

For a sample of this. or any
Tech Spray cleaner. deftu ~et.

dustet or freeze lpl"ay. conlKl.
OUf Tec hn ica l Au ista nce
Dep af tm e nt lo ll fr ee at
1-800-858--404] .
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(megasamples per second). If both
channels are used. a maximum rate
of 20 M s/ s per channel is available.
The memory dep th of the card is 16
kilobytes (8K on each channel). A
64K version is available from Gage:
it's priced at $995.

Compu$cope Ute provides sev­
eral trigger options. Either channel
can be cho se n as the t rigge r
source. as can an external signal. or
a keystroke . The scope uses reel­
tim e sampling. Equivalent -t ime
sampling, where a signal is " built
up" with successive samples is not
used. (Equivalent-lime sampling re­
quires that the signal being mea­
sured is repetitive; t ransie nts or
glitches are usually missed by dig­
ital scopes that use this sampling
method)

Installing CompuScope Lite
The installation of CompuScope

Ute is relat ively straightforward.
The most difficult part is selecting
the memory and I/O addresses that
the card wi ll use. The card uses 4
kilobytes of memory space in the

a,

THE COMPUSCOPE SCREEN conslsls
ot four main areas. Along Ihe top edge Is
the pull-down menu bar. The lelt edge
conlal ns sen lng Inlo rmatlon, while Ihe
eertcm edge holds the command-line In­
formation. Most ot the screen holds the
actual scope display. The non-repet it ive
sig nal shown here could not be di s­
played properly on a scope that used
equivalent-time sampling.

PC's memory map, and two con­
t ig uo us I/ O addres se s . Unfor­
tunately. if you run into problems
with conflicts wi th other cards in­
stalled in your PC. you' ll have to rely
on your own troubleshooting skills .
The manual assumes that installing
an expansion card is second nature
to any user. and it does a poor job

explaining what to do if something
goes wrong.

Software installation requires that
you simply copy files from the single
disk ette to a directory of your
choice. Before the soft ware and
hardware can work together. you
must run an installation program to
enter the mem ory and I/O ad­
dresses that you chose for the hard­
wara.

U sing the sco pe
Pull-dowo menus are used to con­

figure and operate CompuScope
Lite. When making measurements ,
it 's also possible to use the function
keys to change the timebase, ver­
tical amplifiers. input coupling, and
more. The system should be easy
enough to figure out for anyone who
has previous experience wit h a dig.
ita! os cilloscope and menu-driven
software . That' s fortunate: here
also. the operating manual co uld
use some improvement.

A host of features. too numerous
to mention here. areprovided by the

continued on page 90

job just got cleaner
T he makers 01 Blue Shower are bringing you a sophisticated

line of new formulations and accessories to make your cleaning
and defluxing jobs easier.

Tech Spray has expanded its proven line of cleaners and
detluxers by adding the non-CFC Envi-Ro-Iecb'v series, new
products formulated with HCFCs, HFCs and other non·CFC
chemicals. These innovative formulas have been engineered to
clean quickly and thoroughly, matching and in some cases
surpassing the performance of comparable CFC·based products.

In addition, Tech Sprayhas added to itsline of
brushes, swabs and wipes to accommodate
the wide variety of cleaning tasks
found in the electronics service
indusUy today.

Ask for a sample of theseor anyTech
Spray product or a copyof techSpray's
full·line catalogby contacting our
TechnicalAssistance Department toll free
at 1-800-858-4043.

~
. , TECH SPRAY

P.O. Box949
AmariBo. TX 79105-0949
(B06j372·8523
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A~dT~"'. T-..t>lI"' _
T~"'~

Whether you're (,lckling the dirti~t job. or c1eJning J precrston piece 01
equipment, Tech Spray hJS J d eJning product that ma~es the (,lIt easier.

Tech Sprayh.u espanded its line of brushes, ~abs Jnd wipes to coverthe wide
variety of du ning Jnd mJintl'Nnce needs in the tlectrooic indultry.

All Tec/lBrush~"', Techlwabi '"
Jnd Techclu n ' " Wiptl are
precisely manufactured undl'f Tech
SprJy's rigid lptCiflUtiOllI .

Tech Spray Llk~ sptCial cafe
throughout the manulJcturing
proc~s ,md in its packaging to
maltimizt clunlintn and
protection against etecucueuc
djsc:hugt.

For a u mplt of thnt. or any
Tech Spray product. CMUd our
Technical AsliSLlnCt Oepanmtnt
toll free at 1-800-858-40 43 .

,.. Every Cleaning Task Made
Easier with New

Brushes, Swabs £i'Wipes



Use the Free Information Card for more details on these products.
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printers . as well as pen
plotters . Utility prog rams
are available for generating
Gerber files for photoplot­
ting and Excellon files for
generating drill tapes.

The CAD/ CAM Profes·
sional Sys tem can be pur­
chas ed as a comple te
package o r as separate
mo dules. The price for
Professionaf Lay ou t is
$ 1500 ; Des;gnWorks is
$995; and AutoRouter is
szoo.
Douglas Electron ics. Inc••
2777 Alvarado Street. San
Le a ndro . CA 9 45 7 7 :
Phone : 510 · 483 -8 77 0 :
Fax: 51 0-483·6453.

RS-232C and other cables.
Cab le M ast er fr o m
Houst on Compu te r Ser­
vices sorts out and identi­
fies the wiring in cables
with up to 25 conductors
and finds sho rts. opens
and rmswees.

,.
CIRClE 17 ON FREE
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necessary information for
routing.

The CAD/ CAM Profes­
sional Syst em includes a
communications program
that allows users to dQY.In­
load their co mpleted de­
signs via modem to Doug­
las' manufa c tu ring plant.
Price quotes and orde r
for ms are provided auto ­
mat ically. Do uglas says
boards can be completed
and ready to ship in as few
as three days . For those
who wan t thei r boards
made by another vend or.
the Professionaf Sy stem
also provides direct output
to dot -matrix and laser

MACINTO SH CAD /CAM
SOFTWARE SYSTEM . The
easy-to -use M ac intosh
co mpu ter, supported by
the Douglas Electron ics'
CAD/CAM Professional
System. is a low-cost alter­
native for the design and
manufact ure of c ir cu it ­
board s. The enhanced
software package for the
M ac intosh con si sts o f
three separate programs
covering all phases of the
design of PC boards up to
those with with multilayers
measuri ng 32 x 32 inches .
The package provides for
schematic ent ry. dig i tal
simulation. component po­
sitioning. and autorou ting.

The DesignWorks pro­
gram performs schematic
entry. extracts net-list and
parts-list data. creates and
edits cus tom parts . and
carries out ongOing digital
ci r cui t simulation . The
Protesstooet Layout pro­
gram does board layout.
edit ing. and co mponent­
pos ition ing, Edit ing done
wit h Professional Layout
program can be automat­
ically merged into the De­
signWo rks prog ram . The
AutoRouter program com­
pletes circuit connections
auto matically. The net-net
and parts-list data captured
in DesignWorks. and the
parte-placement data cap­
tured by the Professional
Layout program provide the

PC·BASED CABLETESTER.
Anyone inspecting. pur­
chas ing. install ing . and
troubleshooting computer
cables will find that this PC·
based cable tester is a val­
uable helpmate in analyzing
an d docu men ti n g24



or for transferring those
designs to other systems.

A cable data base can be
developed and kept up­
dated on diskette or hard
disk to retain information
about cables as they are
designed. purchased. or in­
stalled . So ftware is in­
eluded for searchi ng a
cable data base for suitable
matches.

The Cable M aster is
priced at S395.-Houston
Co mputer Services, Inc.
3 20 7 A shf ield Dr i v e .
Ho ust o n . TX 77 0 82 ;
Phone: 713-489-9900.

CONDUCTIVE PEN. A con­
ductive pen from Planned
Products has an improved
tip and bett er silver con­
ducting ink for drawing fine
conduct ive traces on PC
board s. The Micro Tip
2200 Circuit Work s. In­
tended primarily for the reo

CIRClE 18 ON FREE
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pair of traces on leaded­
part and surface-mount cir­
cuit boards. also works on
membrane and flexible cir­
cuits. The pen can also be
put to use in circui t pro­
totyping. modification. and
component shielding.

The silve r-based con­
ductive liquid in the pen
dries in 5 to 10 minutes at
ro om te mperatu re and

reaches its maximum con­
ductivity when air-dried for
20 minutes. The repair of
circuit traces takes about
15 minutes. The resistance
of the traces is given as
0.01 ohms or less. Max­
imum conductivity and ad­
hesion occur after a heat
cure at 2500 10 300°F for
f ive minutes . The cured
conductors can be sol­
dered at temperatures be­
IO'N 350°F with lead-tin or
silver solder. The pen con­
tains enou gh con ductive
ink to drawup to 100 feet of
traces. jumpers. or shields.
An unopened pen has a
shelf life of 18 months.

The Micro Tip 2200 Con­
duc tive Pen is priced at
$ 10.95.- Planned Prod·
ucts. 303 Potrero Street.
Suite 53. Santa Cruz. CA
9 5 0 60 : Ph one :
4 0 8 · 4 5 9 -8 0 8 8 : Fa x :
408-459-0426.

TI ME ZONE MAP DECAL. A
deca l illu strating ti me
zones of the world gives
the radio amateur or any­
one with a need to know
local time elsewhere in the
world a handy reference .
World Time Zone Map De­
cats from Time & Again.
drawn as Mercator pro]­
ecttcna are available in two
sizes.

CIRCLE 19 ON fREE
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The deca ls. made of
polyester with a seff-adhe­
sfve backing. can be ep­
plied to any surface such
as the front panel of an am­
ateur radio. Sizes are 2Y~

x 4 :Y~ and I Y~ x 3%
inches.

Stale Zip

The School 01 VCR Repair
2245 Perimeter Park. Dept.VJ 342,Atlanta. Georgia 30341~ ~ 25

OACl.E 1n OM Al EE..FQA.....TIOHCARD

r--- ---- - - - - - - - - - - - - ~NOCOMPUCATED ELECfRONICS,NO EXPENSIVE INSTRlJMENfS:

Home studycourse shows you how
10 make goodmoneyin VCRrepair.

An amaz ing fact : you can - - .....
do more than four out of five
VCR repairs with ordinary
tools and basic fix-it proce­
dures . Our home study pro­
gram shows you how.

Learn all of the systems.
mechanisms. and par ts of
almost all brands 01VCRs.
\Vith no expensive instru­
ments .No complica ted elec­
tronics .No fancy workshop.
The step-by-step texts and
close personal a ttention from your instru ctor make learning easy.

Texts , course mater ials. and toot kit are se nt to your
home. Graduate ready to make up to $50.00 or more
per hour in your own spare-time or full-time business .

Send today lor your lree career
booklet. Or call 800·223·4542

DRCLE toe OM FREE IHFOA.....TIOHCARD



Large World TIme Zone
decals are priced at $2 .00
and small decals are$1.50:
one of each is $3 .00. Pay­
ment and self-addressed
stamped envelope are re­
quested WIth each order.­
Time and Again. P.O. Box
306. Dickinson. TX 77539:
Phone: 713·337·531 9.

DI GITAL UNIVERSAL COUN­
TERS. These line-powered
digi tal counters offe r en­
hanced performance in the
1- and 2·GHz range . The
Mode' S- WOO and Model
8-2000 from ProteI< mea­
sure frequency. period.
total event. ratio. lime. and
interva l. and they have a
self-test feature-all avail­
able with switch setting.
Disp lay hold and reset
functions are also switch­
activated.

Th e 1-GHZ M o d e l
8- 1000 and the 2-G Hz

I ~'j~ 1.10 ' ~ .--..- ~- -- _..... ..
> >
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Model 8 ·2000 have eight
LED displays and LED in­
dicators for annunciato rs.
function selec tion, and
gate timing. They permit
the user to read results at a
single glance. Key features
include 10·MHz basic fre­
quency output via a rear­
panelBNC. Channel A and
B outputs with 1:10 at ­
tenuatcrs. AC or DC coup­
hnq-selecttcn swi tches ,
and a low-pass filter for
accura te low-f requency
measurements. The coun­
ters are intended for design
and service as well as for

monitoring signals.
The ModeIB-,ooodigital

counter is priced at $330
and the 8 -2000 is priced at
$ 425 .-Protek, P.O . Box
59. Norwood. NJ 076480
Phon e: 20 1·7 67 -724 2 :
Fax: 201 -767-7343.

RECEIVE R DD WNCD N­
VERTER . This 800-MHz
downconverter co nverts
signals in the 806· to 900­
M Hz f reque ncy range
down to 406 to 500 MHz.
Ace Communications' DC
89 is a compact amplifier
measu ring 3 x 2 x t 'h
mches. Frequency is eta­
bilized by a surface-mount
prescater/ synthesizer that
is referenced to a precision
quartz crystal clock. The
downconve rte r has two
BNC connecto rs and an
on/off switch. An internal
battery permits it to oper­
ate on handheld receivers.

-

~
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The amplifier can extend
the performance of test
equipment and UHF com­
munications receivers.

The DC 89 800-MHz
downconverter is priced at
$89.-Ace Communl ca­
lions, Monitor Division.
10707 East 106th St reet.
Fishers. IN 46038: Phone:
3 17 -8 42 · 7 115; Fa x :
317-849·8794. R-E

PLUS: The Introduction 01the All New EtA Curriculum
for Consumer Electronics

For more information, contact NPEC '92
2708 West BGfry St.. Fort Worth TX76109 * (8l7) Q21-Q06 l; Fcx (8In Q21·3741

• JERROLD· TOCO" • ZE~1TH •
• OAK· PIOSEER • 1lA.\lU S •

• SCIEto.i'IFIC ATtA.''TA •
24 HOUR SHIPMENTSI

QUANTrTY DISCOUNTS!
MONEY BACK CUARANTEEl

FREE CATALOC & INf ORMATION

EE II [:1
Nmftrf:anl- Amtrirall f:Xp"u • Vi<a • c.o. n .

HAVE r.wa: AI{) 1.lO00 l M.N81Af1 [ Ill.I'MHIT USEe N'I'aJlAALI

1..800- 2 8 4 - 8 4 3 2
1'0 01 OOlO~R$ O"ll't

For lechnk al & customer srrl'k ..: 305-149·3 /22

--i' . , . ,

'Digital Compact Co ssette
Ove rvIew '
- f!h':p.s Consuner Elec tronics

'Swltch Mode Power Supplies'
-sencore Inc.

' LN-1 TV Chassis' -SOO y Corp.
' PIP In the X90-E TV Chassis'

- Toshiba America

Courses FREE wnen fegiStered at the

National Professional Electronics Convention
August 3-8. 1992 * WOrthingto n Holel * Fl. Worth DC

Full $275 Registrati on Includes:
* ANTechnical seminars * neoa-to-reoa Meetings vAth
* All Ma na gement and scsoess Man ufoclurOfS' Representatives

seminars * NESDNISCfTAssocia tion
* Continuing Education Units tor all Meeln gs

seminars attended * PflcG Discounts Available for
* AllSponsored Meals and Pre·Registration

Functions * Daily Registration Available

'CO SChool' -flA/CEG
' Mlc roproce ssor SChool' -EW CEG
'Comcorder SChool' -Hitachi
' Cor Audio CD' - Kenwood USA
'Mlc rowa ve Oven School'

-MatsUShffa services Co.
' Cellula r Telephones'

- MitsublshJ Electron/cs America

HA NDS-O N TECHNICAL SEMINARS
For Professionals

Z6
OACL£ 171 0f0I FREE IfolfOA.....TJOH CARD



DRAWING BOARD

Let's explore the mysteries of video scrambling.

ROBERT GROSSBLATT

I 've been looking around for a
source for prewired LED ma­
trixes to use in our home-made

oscilloscope but. so far at least. I
haven't had a whole 101 of luck. A
few places had them but they were
fairly expensive and. to make mat­
ters even worse. there were mini­
mum quantit ies and mini mum
orders . The problem is that the mini­
mums for each order are usually
more than you or I would normally
spend on electronic parts over the
next six months.

I can' t believe that some supplier
somewhere out there doesn't have
a barrel or two full of those things
hanging around. If anyone out there
knows of a source for an LED ma­
trix . please drop me a note and let
me know about it so I can share it
with everyone. I'll put it in the col­
umn and post the address as a mes­
sage on the E-Mail section of the
RE·BBS (516-293-2283) , as welt.
(It's hard toget on the bulletin board
because it's always in use, but a bit
of perseverance will win out)

I'm still waiting to hear from any of
you out there who have done some­
thing terrif ic and ingenious with the
scope we designed over the last few
months. The contest is still on, and
the prizes are still wailing for a few
winners .

On a different subject entirely.
I've been getting lots and lois of mail
about video in general and
scrambled video in particular. For
some reason a lot of you really get
enraged because some cable com­
panies insist on scrambling certain
premium channels. Before we go
any further on this, let me tell you
that I don' t see anyth ing wrong with
it Now, wait a minute-before you
wnte me off as a stooge of the cable
industry, let me finish.

The cable companies have every
right to scramble whatever they

want. alth ough the ru mors that
some com panies are sc rambling
everyth ing they transmit-including
the standard VHF channels-is go­
ing much, much too far. Premium
stations and the pay-per-view
shows are okay to scramble, 'lYhat's
not okay are some of the regula­
tions that a lot of the cable compe­
rues insist are their God-given right
to impose on you.

To begin with, hitt ing you with an
extra fee for putti ng in another out­
let is ridiculous. Some years ago the
ph on e co mpany did the same
thing-anyone who added an exten­
sion phone on his own was risking
life imprisonment or. even wo rse.
being regarded as a not-nee person
in the eyes of Ma Bell. That all went
out the window years ago , and I
think it 's only a matter of time before
the same thing happens in the ca­
ble-TV business. And . as far as I am
concerned, the sooner the better.

The mos t annoying part of the ca­
ble sys tem is the whole business of
sending me scrambled signals, and
then telling me I csm't do anything
with them! As I said, if the cable
companies don't want me to get a
particular channel (because I'm not
paying for it . or some other perfectly
legitimate reason), then don 't send
it to me. Trap it out of the line before
the cable comes into my home . The
addit ional cos t of the traps has to be
offset by the reduced cos t of the
cable box needed for the system,
and the cost of installation should
be the same because anyone with
an opposable thumb and finger can
put a trap on the line.

I agree that the signal coming into
my home is the property of the ce­
ble company but, and this is impor­
ta nt, at a certain time the real
ownership of the signal becomes
less clear. VVhen the RF has been
reduced to baseband video and has

spent lots ot milliseconds running
around the inside of my TV set. I
think things are a bit different and
the cable compan ies' original claim
of ownersh ip is a lot weaker. And if I
wo rked out a way to re cord
scrambled signals and then de­
scrambled them on playback, what
then?

If I built a box that sc rambled
some of the channels currently sent
to me in the clear, the cable compa­
ny would look at me in a funny way,
but I really doubt they 'd care one
way of the other.

Now that you know how I feel
about this stuff, I'd like to show you
hO'N to descramble signals, but I
can 't because the re are several
ways that signals can be scrambled.
It's sad but true that being able to
descramble one system is no guar­
antee that you can descramble any
othe r system.

The scrambling methods can be
broken into two basic categories.
The method you have in your home
depends on the kind of cable ser­
vice you have, how it's sent to you,
and the economics of your viewing
region. That last reason is important
because the cable companies have
to pay for the decoder boxes ; the
more soph isticated the way the sig·
nal is scrambled . the more the box
costs . A cable company that has its
franchise in a large city with lots of
customers needs lois of boxes . and
that translates into some serious
numbers for the purchase of the
boxes. And don't fo rget that the
more extens ive the sc ra mbl ing
method , the more expensive the
equipment needed 10 scramble the
signal in the first place.

Taking apart the video signal and
turning it upside down and inside
out is pretty simple , but putting it
back together correctly is adifferent
matter altogether. And the FCC 27
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FIG. 1-THE MOST COMMON APPROACH 10 sc rambli ng video in vol ves manipulating
th e InlarmaUan in the hcrucntallntervel, For examp le, w ith out a sy nc pul se, th e TV's
horIzontal ci rcuit ry will freewheel.
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f, :

\ I :

ke eps a careful watch on how close
the reconstituted signal comes 10
real video. If the new signal is too
messy. the FCC will give it a big
thumbs down.

The most common approach to
scrambling video involves mamp­
ulating the information in the hen­
zontal interval . In the beginning .
every cable company use d the
same method-they suppressed
the horizontal sync pulse. which
meant that the TV had no idea
where each line of video started and
ended. Thesync pulse can be seen
in the video waveform shown in Fig.
1. Without a sync pulse. the TV's
horizonta l circuitry will freewheel
and you'll most likely see the hori­
zontal weaving down near the cen­
ter of your screen rather than being
located discreetly off to the side,
That also means that the TV won't
see the transmitted burst signal in
the right place, and the colors will
be off as well.

To descramble the video, a de-
coding signal was sent. buried in the

} audio , It wou ld res tore the sync
"" pulse at the proper time and for the

proper Interval. I do n't want to
spend a lot of time on this because
there 's as much chance of seeing
this as there is of seeing a mast­
odon, Once upon a time they were
everywhere. but they're long gone
today.

The best way to get a good han­
28 die on the whole business of video

scrambling is to get into the theory
and the circuitry needed to tum the
theory into practice. I have to stress
at this point that you're not going to
get much out of this unless you un­
derstand how video works in the
first place. Some time ago I did a
series of columns on this subject. I
strongly suggest that you get your
hands on them, read them, and then
keep them handy for reference. I'll
assume that you understand the
basics of a clear video signal as we
go through the methods that are
often used to mess it up.

Every scrambling method de ­
pends on altering some or all of the
control pulses that are included in
the definition of the standard video
waveform. That means that the
most basic operation of any scram­
bling /unscrambling system is the
separation of the control informa­
tion fro m the picture information.
That isn't such a complex job be­
cause the NTSC standard was de­
vised with a strictly mathematical
timing relati onship betwe en every
individual part of the signal. there­
fore , loo king at a video signal is
somewh at like reading a st reet
map-if you know exact ly where
you are. you automatically know
where everything else is. Or. in the
case of scrambled video, just where
everything else is supposed to be.

Splitting the sync signal from the
video waveform is, as I said, a very
common job. After all. every TV

does exactly that over and over as
long as it's turned on. Most semi­
conductor manufacturers with lines
of video IC 's have several sync-sep­
arator ch ips in their catalogs, al­
though irs usually hard to buy them
in single quantities from suppliers,
And they're not the cheapest IC's
around either. Iwonder if that means
anything.

Ove r the next several install ­
ments we'll be tooking at various
sc ramb li ng method s commonly
used by the cable companies . I'll go
through the theory and show you
how you can find out what your ca­
ble company is shipping to the back
of your TV set. And yes, we'll be
looking at the circuitry needed to
descram ble the signals-prac tical
examples with component values.

I'll be using standard IC 's that
meet all our usual criteria of price
(low) and availability (everywhere),
but this is one area where you're
rea lly going t o need an os­
ci lloscope, If you 're serious about
electron ics you should have one of
these things anyway, be cause
they're just about the most basic
and essential piece of test equip­
ment you can own,

When we get together next time
we 'll sta rt things out by building
some stuff that will scramble a stan­
dard video signal. That may seem a
bit strange, but remember that the
first step in defeating an enemy is to
learn to think like he does. R-E



TUNABLE SOdB NOTCH FILTERS-lor TV.
Can be tuned precisely 10required frequency,
Mod el 23H-Ch 's 2·3 (SO-66 Mhz) Mod el
46FM.(;h's 4-6 plus FM (66-108 Mhz) Model
713·Ch's 7-13 (174·216 Mhz) Model 1417-eh's
14·17 (120-144 Mhz) Model 1822-Ch's 18-22
(144-174 Mhz) $30 each. includes shipping.
Visa. MC, or check. (C.O.D. $5 e:dra~ Fasl
delivery. 30 day money back. Quan tity prices
10 $16. STAR CIRCUITS, P.O. Bo x 94917,
La s Vegas, Nevada 89193, 1·800-535-7827.

TWO TRAN SMITIERS IN ONE! 5 MINUTE
ASSEM BLY! MONEYBAC K GUARANTEEl
New Law Enforcement grade device 00 a
single chip is the most sensitive. powerful,
stable room transmiller you can buy. Uses
any 3V·12V battery. Or attach to telephone
bne 10 rroenor art telephon e conversations
over 1 mile away wilhout batteries! 100mW
oUlput! ao-l3Q MHl. Receive onany FM radio
or widebandscanner.VT·75 mcroeaesrerrter.
549.95 + 1.50 S&H. VISA. MC, MO. COO's
add 54.00. OECO INDUSTRIES, Box 607,
Bed fo rd Hills, NY 10507. 1-800-759-5553.
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­C A B LE T V CONV ERTER S A N D DE.·
SCRAMBLERS SB-3 $79 .00 TRI-81$95.00
M LD -$79 .00 1.4 3 58 $6 9.00 DRl · O IC
$149.00. Specia l combos available. We ship
COD . Quan tity cscoonts. Callier pricing 0n
other products. Dealers wanled . FREE CATA·
LOG. we stand behind our products where
others fair. One year warranty. ACE PROD·
UCTS, P.D . Box 582. se ee. ME 0407 2.
1·800·234·0726.
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GET YO UR RECHAR GE CATA LOG
FREE...EARN BIG 55 IN YOUR SPARE
TIME- All supplies and n c-n-vcorseu kits
with complete instructions available. Sup­
plies cost from 59.95 in qty and you can sell
recharg ed loner car tridges lor $40.00 to
$55.00 eecn. Prinlers include HP LaserJel
and Series It. Apple LaserWnler. OMS, etc.
Canon pe·2S Copier also . CHENESKO
PRODUCTS, 2221 Fifth Ave., Sulle # 4,
Ronko nko ma , NY 11779 , 516· 467· 320 5.
FAX 516-467-3223. 1-8QO.221·3516

_..
~ ~~§"--

TOOLPAK BY PAKTEK. Save lime, effort.
and fruslration by organizing your most lrn­
pcrtant tools, in over 100 specially designed
tool pockets and panels. made ' rom durable.
Cordura nylon . Patent pending. • Three zip­
pered compartments hold 100 toots • Sil(
panels that fold -out lor easy too/ access •
Large map diag ram pockel • Ouick·release
trouble-hghtloop . Two outer pockets . Back·
pack straps . All ache handles for carrying
unzipped. $89.97. Credit card & COD orders
cart1·800-258·84 58 or send $89.97 + $4.00
S&H to PAKTEK INC.•7307 82nd SI. Ct. SW,
Tacoma, WA 98498.
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NOWYOUCAN PURCHASE ALL OF YOUR
BATTEAY PRODU CTS from one dis­
tributor ... and be assured 01 the lowest
prices available anywhere. NPS is also a
leading supplier of cellular telephone ac­
cessories, suchas leather bags. batteryenm­
Inators, and camcorder accessories . We
accept COO"s. VISA & MASTERCARD. Add
53.50 lor shipping & for COO additional
54.00. Call 1-80().4S3-6655 .

CIRCLE 185 ON FREE INFORMATION CARD

f-- --- - - .J.-

~

~
$4 95 FO R A PROGRAMMABLE DC ~
POWER SUPPLY IS NOW A REALITYI
• GPIB Interface Standard . Output Voltage! !j!
Current ProgrammIng & Readback . Local & 2
Remote GPIB Operanons • Remote Sense ~.
Function . Programmable Overvollage and I,Ij

Overcu rrent Prorecuc n e Solt ware Calibra- z
lion . Superior Li n e/ Lo ad Reg ul ati on ~
• Ou tpul ~nable/D isable • 3 Year Warranty.
FREE Orientanon Video available . For de­
ta ils. call : AMERICA N REL IANCE INC.
800-654-9838 FAX: 818-575-08Ctl. 29
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WORL D'S SMALLEST FM TRAN SMIT­
TERS I New Surface Mounl Techno log y
(SMn make s all others cbsctete! XSTSOO
Transminer---powerful 3 transistor audio am­
plifier. transmits whispers up to 1 mile.
XS P250 Te lep hon e Transmitter-line
powered. transmits conversations up to V.
mile. Both tune 88·108 MHz. Easy 10 assem­
ble E·Z K ITS (S MT compon ents pre ­
assemb led to c ircuit board)! XST500­
539.95, XSP25D-$29.95, VISA/ MC. COD
add 55. XANOI ELECTRONICS, 201 E.
Southe rn Av e., Su ite 111, Tempe, AZ
85282_1-600-336-738 9.
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CALL NOW
AND

RESERVE
YOUR SPACE

FAX: 516-293-3 115

• 6 x rate $940.00 per each insertiOn.
• Fast reader service cycle.
• Short lead time for tho placement of

ads.

• we Iypeset and layout the ad at no
aontonar charge.

Call 516-293-3000 10 reserve space.
Ask 'or Arlina Fishman . Limned number
of pages available. Mail materials to :
mini·ADS, ELECTRONICS NON. 500-B
Bi-Coun lYBlvd.. Farmingdale. NY
11735.
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TE LEVISION ENGINEERING
HANDBOOK: REVISED EDI­
TION;byK. BlairBenson; re­
vised by Jerry Whitaker.
McGraw-Hili . Inc .• 1221 Av­
enue 01 the Americas, New
York. NY 10020; S99.9S.

Since this boo k was first
published 35 years ago,
television engineering has
undergo ne many changes.
One of the most fudamen­
tal chang es was th e re­
placem ent o f vac uum
tubes by transistors and
IC·s.
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Other mil e st on es in ­
clude the worldwide accep ­
tance of co lor TV . the
int roduction of cable TV,
and the use of satellites as
rel ay s . The new t ech ­
nologies that have im­
pacted televis ion engineer­
ing du r ing that period
Include dig ita l recording
and transm ission, hand­
held Video cameras . and
the Video cassette reco rd­
er (VCR). The video cas­
sett e and its fo rmat has
been standardized and the
lase r disk has appeared .
On the horizon is hiqh-defr­
muon television (HOTV).
W hat sys tem w ill be se­
lected . will it be accepted.
and how will it affect exist -

ing transmission and reo
ceiving methods?

The origina l handbook
has been completely reo
written by a team of 70
con tributors. each a spe­
cialist in his field. In more
than 1500 pages. the hand­
book provides comprehen­
sive technical information
and reference data for engi·
neers who design. develop,
service, and opera te televi·
ston sys tems.

The topics covered in­
clude the fundamenta ls of
telev ision. signal genera­
tion and processing. trans­
missi on , reception , and
picture reproduction. Ad­
vance d TV sys te ms are
discu ssed and reference
data is included. Opening
chapters contain sufficient
tutorial content to provide
the reader w ith a back ­
ground for unders tanding
the principles involved in
the subjects cove red in
subsequent chapters.

Those tut orial subj ects
include reviews of the pnn­
cfples of color vision. pho­
tometry. and optics as they
relate to television engi­
neering. Lat er chap ters
cover broad cast ing . cable
and satell ite distributi on.
signal and image sto rage
on videotape, video disks.
and Mm. The latest tech­
niques for digital signal pro­
cessing and tran smission
are also included . Other
chapters diSCUSS graphics
generation . picture manip­
ulation . and TV standards
conversion.

A thorough coverage of
the TV standards in the
United States and the rest
of the world is presented . A

chap ter is devoted to data.
equations. and defin itions
not generally found in tete­
Vis ion-eng ineering hand­
books . Finally. a detailed
survey of HDTV contains a
discu ss ion of the digital
and analog HOTV pro ­
po sal s f rom competi ng
leams of corporations and
laboratori es. It expla ins
their operat ing princ ipals
and benefi ts .

THE SODER-WICK SYSTEM;
from Chemtronics Inc.,
Soder-Wick Fine-Braid, P.O.
BOI 1448. Norcross, GA
30091-9931 ; free.

This slx.page . full -color
bro chure exp lain s t he
Sod er-Wick Fi ne -B ra id
desoldering sys tem . It is
said to be useful in the re­
moval of both leaded and
sur face- moun t co mpo­
nents from all boards.

CIRClE 38 ON FREE
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Ch emtronrcs says i ts
desol der ing bra id s are
mad e f rom oxygen-free .
high -conduct ivity <OFHC)
copper wire braided in a
geometric pattern that effi·
ctenuy wicks molten sot­
dee The braid is cleaned to
prevent the contamination
of parts being desoldered .
Braids are available in nine
width s from 0.022 to 0.210
inch. The braid is available

flu xed (pure water whit e
rosin or no-clean) and un­
fluxed .

Seder-wick Fine-Bra id
will remove accidental sol­
de r br idges and excess
solder from all location s
and correct poor solder
joints. It is said to be helpful
in the removal and re­
mounting of all circuit com­
ponent s.

HOW TO ETCH YOUR OWN
PRINTED CIRCUiT BOARDS;
by Neil PetrucellI. Cover to
Cover Desktop Publish ing,
All.: PCB Book. P.O. Box
B064 , Wesflle ld , MA
II10B6·8064; S9.95.

This s tep-by-s tep in­
struc tion manual is fill ed
wi th valuable information

CIRClE37 ON FREE
INFO RMATION CARD

for anyo ne interested in
e tc hi ng printed c irc u i t
bo ards. 1t lead s readers
through the ent ire process
from analyzing the circuit to
laying out the correspond­
ing traces and pads. A pho­
tograph ic process forms
the circuit board mask that
is then posi tioned against
the copper-clad board and
exposed to light.

The author says the pro­
cess produces PC boards
comparable to those from
in dus t ria l ve ndors . He
keeps the hobbyist in mind



by providing a list of readily
available and affordable
equipment. The PC board
manual is fully illus trated
with computer-aided de ­
sign drCl'Nings.

EA SY PC MAINTENANCE
AND REPAIR ; by Pbll
Lapl an te . Windcre s tl
McGraw·Hil l, Blu e Ridge
Summi t, PA 17294·0850;
514.95.

This guide contains clear
instruct ions that make it
easy and inexpensive to
troubleshoot and maintain
your person al co mputer.
No technical experience is
needed to lake advantage
of the diagnostic advice
given in this book; the only
too ls necessary are a
screwdriver and a pair of
pliers. Ha.vever. the reader
who wants to do his own
servicin g shou ld at least
havea basic understanding

of how personal computers
work.

The book applies to all
IB M· com pa t ible PC 's
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ba sed o n Int el 8 088 .
80286, 80386, and 80486
m i cro pro ce s s o r s ,
Laplante 's book exp lains
the fundamentals of com­
puter architectu re and in­
troduces PC terms and
concepts. It explains how
to perform the most fre·
quently needed repairs and
carry out routine mainte ­
nance procedures. Those
procedures are illustrated

wi th many helpful pho­
tographs. drawings, and tao
bles . The book tells you
how to prevent common
hardwar e fail ure s. dis ­
cusses Ihe latest upgrade
options. and reviews vital
so ft ware tools that can
help you to optimize your
PC's performance.

TELECOMMUNICATION
WIRING; byClydeN. Herrick
and C. Lee McKim. Prentice
Hall, Eng lewood Cliffs, NJ
07632; S34.00

Written for the telecom­
munications professional.
this book covers the impor­
tant issues of wiring sys­
te m s . It is a valu able
reference for decis ion mak­
ing in cable design. materi­
als. writing the job p re­
poser, documenting exist­
ing systems. and establish­
in g main t e na nce pro ­
cedures. Topics includ e
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specialized wiring for com­
puter installations.

Wi ri ng design. power
sources . alternative power
supplies. and expansion of
exis ting facilities are de­
cussed. and maintenance.
and troubleshoot ing pro­
cedu res are given. A tu­
tor ial guide to the 1990
Nat ional Electnc Code is
included. This book giveS
the reader an outline for
successful pla nning. in­
stallation. and testing of ca­
ble systems. R·E
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Cable TV
Article Parts

We stack the exact Parts & PC
Board tar an articl e pUb lish ed In
Rad io Electronics Maga%lne on
bu ild ing a Snooper Stopper.

Snooper Stopper KIt. S19.95
IncIUlIn d iM eng""'l PM' & EICMcI. C\nI..d
SiIIc ..ser-..cl PC 8oan:l .

Snooper Stopper•••••••••••.••.•S39.00
TI.... . n ....mll..d _ l_.d It• .cl l.-o.-ncy
101l.~ $ _ _• $11lP1I.,11If mOIl J em>la 'V........

Protect you rsel f from de scrambl er
detection and st op the Bu lle t with
on e of our Snooper St oppers.

Macrovision••now you see It,
now you don't.
Macrovls ion Klt.. ••.••••••••••••••S29.00
IntlUCl n 1ll11M CO'lO...., P M ' " EICMCl. Dnll
$illl..ser-..cl PC e.o.to . Ono mallV Pull~_ In
"'-d ill EJ.ct......,. IMO......

Call To ll Free 1· 800-886· 869 9

Visa , Ma sterCard o r COD

No rtheast Electronics, Inc.
PO Box 3310

N. Attleboro, Ma . 02 761
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I.Hnl eI "-'t In~ lIfne.
No~ tlpenetICII neetltdl

No CO!I lIy scnocr. No commuting to du5.
The On glnal Home-Study course preperee
yo u l o r the " FCC Commerel;o l Radio.
telephon e Licen se.MThis va luableUcen~ls
your profcsslonal ..t1ck e t" to thousandS 01
exctue g jobs In Comm un ications, Radi o­
TV. Microwave. Ma nUm it. Radar. Avionics
and more .•. even s ta rt your awn bU!llnessl :to.
You don·t need a college degree to quali fy• .a
but you do need a n FCC License. a
NoNeedto QuitYo ur Job orGoTo School ­
This proven ccuese Is easy. ru t a nd low i£
co st! GUARANTE ED PASS-You get your !\)
FCC License o r mon ey rrfund t'd , S.nd for !!!
FRE E f. c ls no... MAil COUPO N TODAYI :'lr----------------------, ~, commere PRODUCTiOnS • s
I FCC l ICENSE TRAINING. o.pt. 90 I ti-
I P.O. eo. 2824. S.n Francisc o. CA 94126 I ~
: P1e_rush FREEIlktaiI.Im-.dIa1~ : i
I .......[ I
I ADORlSS I
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GET THE LATEST ADVANCES IN ELECTRONICS
WITH A SUBSCRIPTION TO

NOW

Electronics Now gives you
exciting articles like:

EN.of THE WORLD OF ELECmONICSEACH MONTH!

Subscribe to the best electronics magazine.­
the one that brings you the latest high-tech
construction projects. feature articleson new
technology. practical troubleshooting
techniques. circuit design fundamentals. and
much more.

ElectronicsNow looksto the future and shows
you what new video. audio and computer
productsare on the horizon. What's more
you'll find helpful. monthly departmentssuch
asVideo News. Equipment Reports. Hardware
Hacker. Audio Update. Drawing Board.
Computer Connections. New Products. and
more. All designed to giveyou instruction. tips.
and fun.
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• Buyer's Guideto Digital
Oscilloscopes

• Build AScanner Converter
• Sing le-Chip Voice Recorder
• Build AMIDI Interface for your PC
• Troubleshoot Microprocessor

Circuits
• Build A High-PowerAmplifier for

your Car
• Add Music On Hold to your Phone
• All About Binaural Recording
• VGA-to-NTSC Converter

FOR FASTER SERVICE CALL TODAY

1-800-999-7139

DON'T DElAY SUBSCRIBE TODAY!
Just fill out the order cord in this magazine and moil it in todov,
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Battered by a noisy world? Create your own soothing sound
background with SurlMan.

LISTEN. IT'S A NOISY WO IU .D . WH E N T H E KID 'S 1VIS GOING UPSTAIRS. AND TilE 111­
fi is on in the livi ng room. it can be ha rd just trying to th in k. If you 'd like
something to block out irritating. di s tracting sounds. here 's someth ing
youll like: S u rfll'la n. It 's a gadget that's small enough to fit in your s h irt
pocket and uses Walkman-s tyle head phones to provide a sooth ing per­
sonal audio ambiance of rain. crash ing s u rf. or u n modula ted pink noise.
We like to thi nk thai the s u r f sou n d is someth ing like
Hawaii 's Waimea with the Banzai Pipeli th u n dering in
the background. and we hope that you gree .

Fighting n oise with noise
For a cas ua l definlt ion of unwanted n ise , let's say

that it is random sou nd occurring i 1 the back­
gro u nd which . des p ite your best intentl ns . still gra b
your a tten t ion from ti me to time. Yo' can however.
mask unwanted noise with a nother.k l d of noise.

Noise comes in colors . White noise .' ueh as the
hi s s h ea rd between FM s ta tions ha uniform
d istribution of a ll au d io frequencie mixed to­
get her-just as white light co n tai ns II colors .
Pink noise . like the co lor pink. is we i lh ted to ­
ward the lower-frequency end of the s ectrurn.

Noise has in teresting psycho-aeons [c prop­
erties . Experiments have
shown that ex pos ure to
pink noi se increa s es
learn ing u nder cer-
t ain c o n t ro l le d
co ndi li ons . bu t
the effec ts a re
t ra ns ie n t
a nd lea r n ­
ing soo n
r e -
turns
to
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AG. l-SURF MAN SCHEMATIC. The circu li produces re13l lng surl-Ilke sound s.
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th e base rate observed wit hout
th e noise . White noise has also
been used Instead of local anes­
th etic by dentists . but whether
posit ive res u lts were from actu­
al analgesic properties or s imply
placebo effects Is debat able.

In th e old spy movies the he­
roe s lvllla in s wo uld d is cu s s
their plans to save/control the
world In the bathroom with the
s howe r runn in g . You might
think that this was Just some
kinky qut rk that accompanies
the Bond mentality. but in real­
tty th e sound of water from a
shower Is a kind of pink noise .
and Its unlfonn distribution of
freq uen cies Is q uite effec tive at
masking speech and d isabling
hidden electronic bu gs .

A lot of natural sounds a re es­
sentially noise-rain on a roof.
for example. Is white noise. And
others. like wind and su rf. are
"voiced " noise. which means
tha t t heir a mplit ude a nd fre­
quency spec tru m a re m od u­
lated over time .

Generating noise
A number of methods have

been commo nlyused to produce
random n oi s e . StrrfM a n d e­
pends on the noise produced by
electronic components for truly
random noise ge neratio n . All
electronic componen ts produce
some nois e. mainly because
th ey're not working at absolute
zero temperature. and the heat­
Induced movement of electrons
th rou gh th e part resu lts In ran­
dom voltage and cu r ren t fluc­
tuations. In most compone nts.
the noi se level is just enough to
be a so u rce of aggravation In
cr itical circu its . but not enough
to be u sefu l fo r what we 're
doing.

When Its reverse-voltage toler­
ance Is exceeded , a se m ico n­
ductor Ju nc tion breaks do wn
and produces just the kind of
noi se that we're lookin g for.
Zener diodes do that. bu t so me
are specificallydes igned to min­
im ize the random fluctuations.
Th e base-emitter j unc tion of a
s ilicon transistor tha t has been
reverse b iased to th e poin t ofav­
alanching produces the kind of
noise we're a fter. and It hasn't
been des ign ed out. So tha t's
what we'll usc.

How it works
A minor complication with

usi ng a transistor for the noise
sou rce Is that Its rare to find a
base-emtuer Junc tio n that will
avalanc he at less than about 10
volls-not qu ite low enough to
be produced reliably with a g­
volt battery. We cou ld usc two
batteries ofcourse. but the n the
battery s ize would get to be a
problem. The solu tion Is to usc
a voltage do ubl er.

Look at the schematic In Fig.
1. One s tage of a 74 HC14 hex
Sch mitt lr l~er Inverter (lei -c)
Is configu red as a square-wave
osc illator whose freque ncy Is se t
to about 40 kHz by feedback re­
s is to r RlO a nd ca pacito r eG.
When the o u t put of the os­
c illa to r is low. C7 c h a rges
th rough OJ so th at theJunc tion
of the d iode a nd ca pacitor Is
positive with respect to the out­
pu t of the a mplifier. When the
out pu t switches high , th e volt­
age on the capacito r is add ed to
the ou tpu t. a nd Ih e resu lting
voltage charges C8 through 02
to roughly 18 volts. Whe n that

voltage IS applied to the reverse­
biased base-emitter junction of
9 1 by way of Rll. th e junction
ava lanches a nd noise appears
across the res istor. The IS-volt
su p ply on ly b ia ses the noi se
sou rce and docs not power any
othe r circu it ry.

The low-level noise Is cou pled
by C9 to the non-Inver ting in­
put of op-amp IC2-a , a 5532
dual low-noise op-arnp. Because
the op-amp Is b illed as a low­
noise compone n t for audio ap­
plica tions . It might not make
much sense to use It in an ap­
plication whe re noise Is ou r cb­
jecnve. But th e part was chosen
for Its drive ca pabilities because
It will dr ive low-Impedance
headphones .

The 5532 Is Intended for bt­
polar operation . bu t here we
have only a s ingle-e nded su pply.
the a -von battery. To co mpe n­
sa te for the lack of a bi-polar
su pply. we provide a 4 .5-volt re f­
erence u sing voltage divid er
HIS-H I6 . Ev ery p oinl that
wou ld normally be con nected to
ground Is retu rned to that refer-



FIG. Z-PARTS PLACEMENT DIAGRAM. To conserve space, stand reslstcre on end
and moun t tall electro lytic capacitors on the solder side 01the board so they lie flat.
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refe ren ce volt age sou rce men­
tioned ea rlier so tha t the con­
t rolling voltages ca n both for­
ward- a nd revers e-b ias them.
Control voltages are coupled to
t h e d iodes t hrough R20 a n d
R2 1 with poten ti o meter Rl 7
and fixed resistors RIB an d RI g
provtd tng a con tro l of th eir fixed
bias . As the control voltages for­
wa rd b ias their re spective d i­
odes . the d ecrease in Im ped­
ance pulls the corner frequen­
cies of the filters back so that
h igh e r fr e q u e n c ies a re by­
passed to ground .

Finally. th e outpu t of the filter
appears ac ross volu me-con tro l
R27. which sets the amoun t of
sign al applied to th e fina l out­
put amplifier tha t Includes IC2­
b. The ou tput of th e am plifier is
cu rren t-lim ited by R26 before
ap pearing a t the h eadph one
jack Jl. Whtle th e wtrtng of J I
might look stra nge. It is done
that way so that the two h ead­
phone elements a re In ser ies.
This Is not a s tereo sys tem and
dou bling the impedan ce of the
h eadphones makes It easier for
th e op-amp to d rive th em ,

Building SurfMan
If you're n ot concerned abou t

the si ze of the finished u n it .
on ly th e s tan dard construction
precau tion s a pply: be carefu l
about orientation of polarized
com pon en ts such as IC·s . di­
od es. elec trolyti c ca pacito rs .
and tran s is tor g l. The 74 HCl4
is a CMOS part a nd s u bject to
dam age by elec trosta tic d is­
ch a rge. Avoid s h u ffh n g along
on a nylon car pe t wh ile h an­
dling th e part. There are no pa r­
ti cularly h igh frequen cies In­
vo lved. so a ny co ns t r uc ti on
technique w ill wo rk Jus t fine.
Because o f some fairly h igh­
gain stages. keep wire lengths
as short a possible to prevent
hum picku p.

If you're In terested In build­
in g a compact SurfMan such as
th e one you see In th e photos.
you're going to have to pack a
good n u mber of compone n ts In
a relatively s mall s pace. Figure 2
Is the parts placem ent d iagram,
1b make m axi mu m u se of th e
circ u it b oa rd a re a. s ta n d re­
s istors on en d a nd mount all ta ll
elect rolyti c capac it ors on the

JI

----------,

'"

produced through R3 . R6 . and
R9. whose values were selected
as powers of two to p roduce
eig ht differen t co nt ro l-voltage
levels. They ca n be thought ofas
repres en t ing the In d ividua l
waves with in the set. The volt­
ages produced are s moothed by
In tegra ti n g t h em wit h capact­
tors C4 and C5.

l\vo volt age-con trolled filters
IVCF"s ) convert the control volt­
ages Into a changi ng frequency
spectrum . Ord inar ily. VCF's use
transconductance a mp lifie rs .
FET's. or optocouplers as con­
trol clem en ts . but h ere we use
diodes. It's not com mon to see
diodes u sed th is way In au d io.
but they fu nction vel)" well a nd
they're h ard to beat wh en low
cost a nd a small si ze are tm por­
tant. The bas le Idea Is to con trol
the effecuve Impedance of the
diodes wtth a DC cu rrent wh ile
AC coupling the signal of inter­
est to them. As long as the AC
sig nal level Is much less than
the DC con tro lling cu rren t. the
cu r rent works well.

The filter consists of two "L"
section ci rc u its compris ing
R22. R23 . C12. and C13. with
D3 an d D4 as the tuning ele­
ment s . Notice that the anodes of
the diodes are ret u rned to the

ence point . thereby fooling the
amplifier's Inputs Into th in ki ng
that there are postttve an d nega­
tive supply ral ls. Capacitor CIO
bypasses th e reference voltage
source so th at it appears as a
ground for au dio signa ls .

Su rfM an 's " w av e actio n "
sound effec t Is p roduced by
three separa te low-freq ue n cy
oscill ators runn ing asynchro­
nously. The oscillators a re s im­
Ila r to the one that d rives the
voltage dou bler. but their oper­
a ting frequencies a re set at a
only one cycle every few seconds
with la rger resi s tor valu es (RI .
R4. R7) and ca pacitors (CI. C2 .
C3 1. When added together. th e
three oscillator ou tpu ts form
chaot ic voltages that a re an elec­
tronlc a p p rox imatio n of s u rf
sou nds.

1\vo separate control voltages
a re ge nerated . T he fi rst is
through resis tors R2. RS. and
R8. Because those resistors are
of eq u al val u e. onty four dif­
fere nt con trol-voltage levels can
be generated . The voltage level
depends on h ow many of those
ou tputs a re hi gh . a n d n o t
wh ich ou tpu ts they a re. You ca n
th in k of th is volta ge as repre­
senti ng t h e "se ts" o f ocean
waves . The s econ d volt age is

,,,,,,,,,,,,,L _



FIG. 4-TO CONNECT SURF MAN to your hi-ii setup, use this capacilivety
coupled voll age divider. The " Y" connector lei s SurfMan drive stereo Inputs.

The five Jumpers on the circu it
board should be made with
insu lated wi re to keep them
from sho rting against adjacent
compone nt leads.

Snap a 9-\'Olt battery into the
co nnector a nd plug a pair of
headphones in to Ji . The gener·
a lly les s expe na tve 32-o hm
headphones are preferable to 8 ­
oh m p hones b ecaus e t hei r
h igher impedan ce is more ea isly
driven by the outpu t amplifier.
Turn on the uni t transfer by ro­
tattng th e shaft of th e volume
con t rol fu lly clockwis e. You
won 't hea r any noise because Q l
has not been ins talled . but you
can perform a q u tck test by
touchi ng your finger to pin 3 of
IC2. You s hould hear a fairly
loud bu zz as environmental
electromagne tic fields are cou­
pled in to the amplifier. If there is
no hum, you have a clear tnd tca­
tlon that someth ing is wrong.

Wit h tha t test s u ccess fu lly
completed you're ready to Install
the no ise tra ns is tor. Almos t a ny
NPNs ilicon tra nsis tor, such as a
2N27 12, 2N2222, or 2N3904. Is
a good ca nd idate for Q l. You
mi gh t not like the firs t tran­
s is tor you pick because smooth
noise is what we're a fter. You
may run into a device that emits
a lot of "popcorn" noise. wh ich
youl i recognize if you hear It.

Turn on the un it a nd set Rl 7
fully clockwise. Press the em it­
ter and base leads of the tra n­
s ls to r t hat you ' re testi ng
against the pads o n the PC
board . You migh t have to hold
the device In place for a second
or two so that voltages can sta­
bil lze. Also be ca refu i not to
to uc h a ny of the transi s tor

con tin ued on page 79

~ I

USE THIS FOIL PATTERN 10 make your
own PC board lor SurfMan.

o

s t ili allow the board to fit into
the case arc ava ilabl e, but
they're more expensive a nd they
are not rea lly necessary.

You can etch your own board
with the foil pattern provided or
buy a read y-to-use boa rd from
the sou rce given in the Par ts
Lis t. Even ifyou sk ip the circu it
board and build the S urfMa n on
a pi ec e of p erfora ted c o n ­
s t ruction board , It is recom ­
mended that you follow the
ge neral component layou t In
Fig. 2. fA lot of effort went Into
m in imizing trace length and
pla ci ng com po ne n ts . so you
should take adva n tage of th is
work.I

Fully assemble the ci rcuit
board by mounting all resistors .
diodes, ca pac ito rs . and ICs . Do
not install the noise transis tor
(Q lI yet. Use 22-gauge or sma ll­
er s tranded wire to make con­
nections from th e circu it board
to the volu m e cont ro l (R27) .
power switch (5 1, which Is part
of R27 l. and pho ne Jack {d l l.

'""----21/4 ItICHES----+j

PARTSLIST

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

Rl - 2.2 megohms
R2. AS, AB, R9-100,OOO ohms
sa. R19-47.000 ohms
R4-1.Smegohms
R6--220,OOO ohms
R7, A13, R25-680,OOO ohms
R1Q----33,OOO ohms
R1l-l megohm
A12, R24-1S,OOO ohms
R14. R20-l 50,OOO ohms
A1S. Rl 6--2200 ohms
A17-10,OOO ohms, trimmer poten-

tiometer
Rl 8-39.000 ohms
R21-l00,OOO ohms
A22, A23-l000 ohms
A26l20 ohms
R27- SO,OOO ohms, audio taper

potentiometer with onioff switch
(51)

Capacitors
C1 , C2. C3, C1G-l0 IJ.F, 16 volts.

electrolytic
C4. C5. C16-33IJ.F, 16volts, elec-

trolytic
C6-470 pF, ceramic disk
C7, ca.C9-0.01IJ.F, ceramic disk
C11-4.7 flF, 16 volts, electrolytic
C12, C13-0.05 j.1F, ceramic disk
C14. Cl5-220 pF, Mylar or poly-

styrene
Semiconductors
ICl-74HC14 hex Schmitt trigger

inverter
IC2-NE5532N dual op-amp
D1-D4-1N4l 48 silicon diode
Ql -NPN silicon transistor se-

lected lor noise (see texl)
Other components
J1-miniature stereo phone jack
Sl-SPST switch (part of potenti-

ometer A27)
Miscellaneous: a-vert battery and

connector, case, PC board, knob,
headphones, wire, solder, etc.

Note: The following are avalalble
from PAIA Electronics, Inc.,
3200Teakwood Lane. Edmond,
OK 73013(405) 340-6300:
• Etched. drill ed and
s llk ser een ed PC board
(9160pe)-S6.9S
• Complet e SurfMan kit tn­
eluding PC board. case, and
select ed noise transistor (no
headphones) (916()K~$27.75

Please add $3.50 shipping and
handling to each order.--so lde r s ide 01 the boa rd to allow

them to lie flush with the board.
Ca pac itors t ha t a r e s ho rt
enough to s tand up on the corn­
po nen t si de of the boa rd and36



Protect your confidential telephone calls
against intrusion with this easy-to-build
telephone-voice scrambler

DAN AOSENMAYEA

1- -1

u ___ 0
___ 0

___ 0
___ 0

T E LEI'I ION E·VOI C E S CRA.\l ALING IS
the most effective method for
eli m inating u n wa n ted eves­
dropping on your confidential
phone ca lls. It sho u ld be cons td­
ered If you have reason to be ­
lieve that u nau lho r lzed pe rso ns
are or could be listening In on
you r telepho ne convers a tions. A
system cons is ting of hila com­
pati bl e t el ep ho n e - v o i c e
scramblers wl1l pe rmit norm al
convers ation be tween you a nd
you r In te nded li s te ner, while
making all s peech u n intelligib le
to anyone lis ten ing on exten­
s ions at eit her end of the line.
On ly a person wit h a compatible
u nscrambler will be able to un­
derstand what Is being said.

Many ci rcuits are ava ilab le
that can mon itor your phone
line and detec t Intentional or
unintentional removal of hand­
sets from their hooks on any ex­
tension. Because they're eas ily
d efea ted , those circuits cou ld
lull you in to a false sense of se­
cu r ity. Even Ifyou detect an u n­
a u thorized listener " hornt ng

In, " you have only t"..'O cho ices:
hang up or be on guard agains t
saying anyt h ing that you do n 't
wa n t to be hea rd by a n u n­
authorized th ird party

Ma tc hed te le ph one vo ice
sc ra mblers enable you to ca rry
o n c o n ve rs a tio ns with out
gu a rd ing yo u r s peec h. T hey
also eliminate th e threat of wire­
ta ppin g a nd covert ta pe record ­
Ing , unless the Intrude r has th e
necessary circu itry to unscram­
ble you r ga rbled conversations.

In the past. factory-made tele­
phone voice scramblers were ex­
pensive and d ifficult to find . 'Io­
day scra mblers are more readily
available a nd their prices have
fallen because of thc availab ility
of low-cos t voice scra mb ler/de­
sc ra mbler IC's. However, those
sc ra mb lers might Include cer­
ta in fea t u res t hat you do n ' t
want such as a b riefcase 11OU S­

Ing . This artlclc will permit you
to build Inex pe ns ive, compact ,
and effec ti ve voice scra m ble rs
In the for m of load ed ci rc u it
boa rds.

Figu re I sh ows the 1VS250
voice sc ra m ble r co u p led be­
tween the headse t and base of a
s tandard telepho ne. It Is half of
a com plete telephone secu r ity
sys tem. Con nec tions between
the scra mb ler circu it an d tele­
phone are ca s tly made with
s ta nd a rd telephone cords ter­
mlnatcd with s tan da rd modu­
lar plug s . A s eco n d vo ice
scra m bler wo u ld be s tmtla rly
con nected to another telephone
to form the secu re telep hone
system shown in Fig. 2,

Theory of operation
The hear t of the TVS250 Is

t he CO M9046 , a v o i c e
scra mbler/descra mbler IC made
by Standard Mlc rosyste ms
Corp. Figure 3 Is a s implified
block d iagram of that ded ica ted
chi p. The IC conta ins two Ide n­
tical speech chan nels th a t per­
mil fu ll-duplex operation when
co n nected belween two tele­
ph on es . Eac h chan nel Is capa­
ble of scrambling and descram­
bltn~ voice comm u n ica tions. 37



FIG. 2-COMPLETETELEPHONE SECURITY Is obtained with a TVS250 at bot h ends of
the phone lin e tormlng a duplex scramblerldescrambler system.

a n d t ran smns It, t h e ot h e r
cha n nel accepts the incomi ng
Inverted s ignal. normali zes and
s ends It to the h andse t speaker.

Circuit design
T he C O M9 0 4 6 vo i c e

s cra mble rzdescra mble r Ie co n­
ta ins a crys tal osc illa to r th at
con trols system timing. The on­
ch ip os cilla tor requ ires an exter­
n al 3. 5B -MHz crys ta l tha t Is
commonly u sed in TV color-bu r­
st a p plica ti ons. The ch ip a lso
co nta in s s wtt ched-ca pa cn c r fil ­
ters. s o in pu t s peech mus t be
filtered by a n a n n- alt astng s in­
gle-po le. low-pass filter before It
is a pplied 10 the aud io Input at
pin s 5 and 11.

The filter -a 3· dB cutoff poin t is
determ in ed by the resis tors and
capac itors connected to pi ns 5
a nd 11. T he va lues of those co m­
ponen ts were s elec ted s o t hat
the cutoff poin t ts les s than 20
k l-i z . As s h own in the s ch e­
ma tic. Fig. 4, both H5 and H6
have valu es of 3.9 K. and bot h
C I I an d CI2 have values of 2200
pF: Applying those RC value s to
the cquauo n for filter cu toff fre­
quency. 1"0 = (2;rHC )/2 . yields a
3 dB cutoff frequency of abo u t
IB.5 kHz.

The COM9046 was designed
to ope ra te on :::!: 2. 6 volts (+ 2. 6
volts a t pins 9 a nd 7. and ~2 . 6

volts a t p ins 3 a nd B). T h is op er­
a ting voltage Is measured with
res pec t to a grou nd reference a t
p in 4 of the IC. However, the
TVS250 operates from a s ingle
n-von tra nsi sto r ba ttery so It is
neces sary to ob ta in t he re ­
qut red :::!: 2.6 volts from a u n i­
polar 9-voll t ra ns is to r battery.
Those voltages a re m easured
with respect to the IC's analog
reference a t Inpu t pin 4 .

The 9 vol ts ca n be reduc ed to
5 volts by IC4. a 7BL05A low­
voltage regul a tor. as s hown in
schc ma tlc Fig. 4. The 5-volt In­
put Is a pplied to a voltage divid­
er consis ti ng of R I6 and RIB.
Pins 7 a n d 9 o f ICI arc co n­
n ected to til e 5·voHsource. Pins
3 a nd 8 a rc con nec ted to th e
s u p ply grou nd (0 vol rsl. Th e
m idpo int of the two res is to rs
RIBand HI6 Is co n nec ted to pin
4 of the IC. Because the two re­
s istors a rc of equal va lu e. thei r
junction produces +2.6 volt s .

TVS250 USER

~
11

4

~g g
•

HANDSET SPEAKER

POWER SWITCH (Sl )

twJOSET MICROPHONE (MIC)

POWER: GREEN LEO

SCRAMBLEitJORMAL: REO LEO

ADJUSTMENTCONTROL KNOBS
RI (IIANOSET SPEAKER VOLUME)
R2 (HANDSET MIC. SENSITIVITY)

nUPHmJ[ BASE UNlT

band m od u la tor. Wh ile o ne
channel accepts th c normal fre ­
qu ency s p ec t r u m fro m t he
h a ndset m icrop h on e . inverts

HANDSET JACK

T£L£PHO '~E CORO- l '.---'= = = <0",."-=,,,=1lI\PPROX. 5 Hq

,,

SCRAMBLE~
•

SCRAMBLED

TVS250 USER

~

SCRAMIlUINORMAl ./
SElECT SWITCH

(S2l

HANDSET INTERFACE {
SWITCHES(S3TO S6)

"lo re n de r t he s peech chan­
nels unin telligible . the tn com ­
tng audio s ignal is inve rt ed by
the Ie's in te rnal double-side-

FIG. 1-0NE END OF A SECURE TELEPHONE SYSTEM. a TVS250 sc rambler circun
coupled between the handsel and the base ot a telephone with standard jacks and
cord .
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SCRAMBLE

- 2.6v

FIG. 3-SIMPLIFIED DIAGRAM OF THE COM9046 SCRAMBLER! DESCRAMBL ER IC
and some per ipheral components that are the heart 01each TVS250 voice scrambler.

the telephone base passes ICI . II
drtves th e handset spea ker. The
aud io o ut pu t signal from pin 6
ofl C I is filte red by a n ac tive low­
pass filter cc ns ts unu of IC3-b .
R14. H15 . C13. an d C14 .

ln sertmg those RC values in
the low-frequen cy cutoff equa­
tion gtven ea rlier will s how that
the filter can pass all frequen­
cies below 3. 1 kHz. The filter
greatly reduces h igh -frequency
noise. especially that produced
by clock feed th rough from ICI 's
internal usclllato r.

The o utput fro m t h is low ­
pass filte r Is a pplied to the aud io
amplifie r IC2 wh ich ac ts as a
low-power di ffe ren ti a l d ri ver
co n nec ted t o t he h a nd s e t
spea ker. Poten tiometer IU s reo
s is tance value of 100 K w ill per­
mit volu me adjustmen t of the
handset speaker.
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The eq u ivalen t circuli for the
handsel microph one is a po ten ­
ttome ter that changes Its resis ­
ta nce wit h applied Inpu t audio
s ignals . In q u ie t periods . Its
effec tive res is ta nce Is cons tan t.

The scrambler/desc ra mbler
l e i ca n be in ter fa ced wit h a
s ta nda rd telepho ne . The aud io
out p ut from the base of the tele­
phone Is AC cou pled to ICI via
C5. After the audio s lAnal from

°
c

<.
mes it -sv

. 1.. ~ RlJ

"'-1 ,,:=,,' <R' ""0'lid' I(),U GRHN

'-----,----_.- \\

Now. with respect to pin 4. pins
9 a nd 7 a rc at + 2 .6 volts . a nd
p ins 3 a nd B are at -2. 6 volts as
show n In Fig. 3 . Bot h of those
values a rc within the acceptable
limits for ICI.

FIG. 4-SCHEMATIC DIAGRAM FOR THE TVS2SO voice scrambler.
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Co nstruction
Because of the complexity of

the telephon e voice sc ra mbler.
the doubl e-stded PC board
mad e with th e fa it patterns
shown In this a rticle is recom­
mended . The finished PC board
Is ava ilable both as a separate
Item or as part of the complete
kit ava ilab le from the so u rce
given in the Parts List.

Begin th e assembly of the tele­
phon e voice sc rambler by Inser­
ti ng a nd solder ing fixed re­
s istors R3 to R21 where shown
on parts pl acemen t d iagram
Fig. 5 . (FIgure 61s a photograph
of the loaded circuit board.) In­
se rt a nd solder potentiometers
Rl a nd R2. Do the same for non­
polarized ca pac itors CI to C15.
Next. Insert and solde r polar­
Ized capacitors CI6 to CIS. not ­
tng their pola rity.Trtm all excess
lead lengths.

o

o

o

81o

o
o 0

+ +
AG. ~PAATS PLACEMENTDIAGRAM for the TVS250. voice sCfambler.

circu it permits the user to ad­
just the transistor drive as well
as compensate for In ternal err­
cult diffe rences in telephones.

FIG. 6- PHOTOGRAPH OF LOADED
BOARD fer the TVS250.

but wh en audio input Is a p­
plied . Its resistance changes lin­
ea r ly wit h the va ryt ng Input
freq uenc ies.

Because the microphon e ca n
be consi dered as equivalent to a
poten tio meter. a voltage divider
ca n be formed with Rl7 as one
res isto r and the handset micro­
phone as the other one . As the
rm c r o p h o nes r e s ist an c e
changes . the voltage at JU4 witt
follow. That voltage is AC cou­
pled by C3 to the amplifier err­
cu ll th at Includes IC3-a .

Filter resi s tor R21 and capac r­
tor CS form a high -pass RC fil ter
for the amplilier clrcull that will
attenuate low-freq uency noise
and preven t DC bias am pltflca­
tlon . Applying the values of this
filt er to th e cu toff frequency
equation yields a htgh-Ircquen­
cy cutoff point of312 Hz. Below
tha t frequ ency CB witt ac t as a n
open circuit. effectively remov­
Ing R2 1 so that th e s ignal will
not be amplified. At frequencies
higher than 312 Hz. CB will ac t
as a short. and amplification
will be determined by th e values
of feedback potentiometer R2
and filter res is tor R21. The out­
pu t of the amplifier s tage Is then
AC coupled to tCI via coupling
ca pac ito r C4.

The aud io Inpu t from the
ha ndset mic rop hone goes to
ICI . and the output aud io at p in
10 of that Ie must be Int erfaced
wit h the telephone base . This Is
done by applying It to th e base
of transistor g 1. The curre nt to
g l Is limited by R20 to prevent
satu ra tion. As the applied base
voltage changes . gl 's collector
cu rren t will vary accordingly.

A change in collecto r cu r ren t
causes a direct change In collec­
tor-t o- emitte r voltage a cross
the tra ns is tor. This volt age Is
s lm illa r to the volta ge a t J U4
wh ich was derived for th e hand­
set Interface. Lines from both
collector and emitter of g l con­
nect the microphone Input to
the te lephone base. The tele­
phone base sees transistor g l
as a microphone.

Th e resistance of potenuome­
ter R2 was selected as 500 K to
permit varying the a mpl tftca­
tlon of th e audio input . That po­
tenttometer va r ies the a ud io
applied to the base of g l. The4D



All resistors are V....watt. 5 %, un­
less otherwi se noted

Rl- 100.000 ohms. PC-mount pc­
tentiometer, screwdriver adjust

R2-SOO ,OOO ohms, PC-mount p0-
tentiometer, screwdriver adjust

RJ t R4-10,OOO ohms
RS. R6-3900 ohms
AB. R9-1 00.000 ohms
R1Q-Rl3-1000 ohms
R7. R14. Rl5-51.000 ohms
Rl6-Rl8-2200 ohms
Rl9-10.000.000 ohms
A20-150,QOO ohms
R21- 5100 ohms
Capacitors
ct.C2- 15 pF, ceramic disc
C3-Cl0-0.1 ILF, metal film
e l l , C12-2200 pF, ceramic disc
Cl3-C15-0.001 J1. F, ceramic disc
Cl6-1!J.F, 35 verts. tantalum
C17, Cl8-10 ",F, 16 volts. elec­

trolytic. polarized
Semiconductors
IC1--eOM9046 voice-scrambling

IC. (Standard MicfOsys1ems)
IC2- MC341 19. audio amplifier

driver (t-Aolorola or equiv.)

PARTS LIST

IC3-lM358 dual operational am­
plifier, single supply

IC3- 78LOSA, a-von regulator
(Texas Instruments or equiv.)

Ql -2N2222A, NPN transistor
l ED1-green light·emitting diode.

T1. 5mm
lED2-red light-emilting diode, Tt ,

Smm
Other components
Sl-SPST slide. PC-mount. side­

actuated switch
S2-SPST slide, Pc-mount. top­

actuated switch
S3-S6-STS2400 PC. 2P4T slide,

PC-mount, lop-actuated (Augatl
AJcoswitch or equiv.) switch

J1, J2- telephone jack, 4·4. Type
616, Pc-mcunt

JU1-JU4-two-post jumper, ~
inch-on-centers with insulated
shorting clips(see texl)

XTL1-<: rystal 3.579545 MHz, met­
al case (In 4183or equiv.)

B1-9-voll transistor battery, al­
kaline, standard

Miscellaneou s : TVS250 PC
board, 5-inch length of telephone

cord terminated with standard
telephone plugs, s-votttransletor­
battery Clip-ty pe holde r (Key­
stone No. 79 or equiv.) with two
2-56 screws and nuts. 9-volt tran­
sistor battery terminal snap with
leads, four rubber Of plastic PC
board feet (see text), and solder.

Note: The following parts are
available from Securico m, P.O.
Box 5227, Chatsworth, CA
91313-5227 (818}-nD-0110
• COM9046 seremblerrde­
scrambler IC only-S18.00
• Double-sided, sttk-sc reened
and drille d PC board-$20.00
• A comp lete kit Includi ng PC
board, all com ponents, and S­
inch plug-term inated ph on e
cord-$59.95
• Assem b le d and tested
TVS250 with user 's manual­
$79.95

Check, money order, and Master·
card orders accepted. Please
add 53.75 lor postage and han­
d ling. Californ ia residents
must add 8.5% sales tax.
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so to arra nge th e switch ac tu­
ato rs to accom mo date varia ­
t ions In cord wiring . The eas ies t
m ethod for co n necti ng the
lVS250 to your particular tele­
phone is as follows :
I) Set the midpoints of potenti ­
ometers RI and R2 by turning
thei r cont rol knobs wit h a
screwd river so that thei r arrows
point toward the bottom of the
PC boa rd.
2) Switch S l to Its OFF pos ition.
Attach the terminal clip to the9­
volt transis tor battery a nd s na p
the battery In to its sp ring hold­
er on th e circui t board .
3) Connect the TVS250 to your
telepho ne by plugging one end
of the five-Inch ph one cord in to
the tele p ho ne ba se a nd t h e
othe r end In to phone Jack J I.
The n plug the ret ractile co rd
that norma lly con nec ts the
handset to the base tn to jack J 2
a nd hang up the phone.
41 Remove the s ho rti ng clips
from posts J Ui to JU4. Th is re­
moves switches 54 a nd S5 from
the circuit (see Figures 4 . 5. 6 .
a nd 71.
5)Cautlon: Be sure that n on e of
theactua tors of the fou r switch­
esS3 toS6are In the same posl­
tlons (sec Fig. 9). If the jumpe r
post s ho rti ng clips remain In
place and two of the switc hes
a re In th e same position . the
unit wi ll mal fu nc tio n . Mo re­
ove r. power In dicato r LED I
(green) might not light. Th e re­
moval of the fou r shorti ng clips
preven ts this ,
6 ) Move S ls actuator ON a nd
green LEDt shou ld ligh t. Move
S2's actuator back and forth
a nd red LED2 should tu rn on
a nd off. Wh en red LED2 Is il­
luminated . the sc ra mbler Is in
t he scra mbled mode. Before
conti nui ng . be sure red LED2 Is
off(nonnal mode). When config­
ured properly. the actuators of
S3 to S6 wt ll be In one of four
possible pos itions as shown in
Fig. 9 . Remem ber that no two
switch ac tuators should be set
In the same position. Switches
S3 and S6. which con trol th e
handset speaker connection.
shou ld be adjusted firs t. To find
the proper switc h settings for
the handset speaker. lis ten for
the phone's d ial tone .
7) Set S3's ac tuator to pos ition

FIG. 8- FUNCTIONS OF THE FOUR
SWITCHES S3 to S6 that adapl th e
TVS2S0to a spec ific telephone_
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elther the color coding or func­
tion of those wires .

The four two-po le. four-t hrow
swttches (S3 to S6) control the
handset wtrtngordcr.Bycha ng­
Ing the actuator positions of
these switches. a ny eord wiring
configuration can be accommo­
dated by the TVS250. Figure 8
shows the fu nctions of eac h of
those fou r switc hes.

After so me experime n tation.
It shou ld take on ly a min ute or

FIG. 7-SHORTlNG CLIPS ON JUMPER
POSTS are removed while adapIIng the
TVS250to a seeciue lelephone.

Connecting the scramble r
Con nections to th e telephone

Hne are well defined a nd stan­
dardized . bu t th ere are no stan­
dards for the wi r i n g t hat
co nnects a s pecific te lepho ne
h a n d s e t to its base . T he
lVS250 was designed to adapt
to a variety of telephones. The
four wires Insi de the retracti le
te lephone co rd that co nnects
the handset to the base a re usu­
allycolor coded b lack . red . green
and yellow. 1\\' 0 of these wires go
to the handset speake r. and two
go to the handset microphone.
Un fortunately. telephone ma n­
u facturers have not ag reed on

Then Insert the jumper pos ts .
switches. LED·s. crystal. and
te lepho ne Jac ks whe re s hown
on Fig. 5. (Place the shorti ng
clips (see Fig. 7) on the Ju mper
posts JUI to JU4 to preve nt los­
Ing them.) All switches can be
Inserted In on ly one position.
Orientation Is not critical for tn­
serttng the crystal XTALI. Note
tha t the fla ts at the baseofLE DI
and LED2 are next to thei r cath­
odes. Solde r all leads or wires
and trim excess length s .

Assemble the 9-voll battery
hold er to the PC board with
sc rews and n u ts . Insert the red
a nd black Insu lated wires of the
battery terminal snap In th e PC
board with th e black wire In the
hole marked "-" and th e red wire
In the hole m arked " +" as
s hown In Fig. 5 . After so lder ing
the wi res . trim th eir ends.

Inser t all semiconduc tor de­
vices (lCI to IC4 and transistor
Q Il where shown In Fig. 5 las t.
Be sure to note the dots o r
notches that Indicate the pin I
positions on ICI to IC3 . a nd th e
orientation of IC4 and g l. Ob­
se rve all precautions necessary
to p revent electros tat ic d is­
charge damage of these devices.
Solde r thei r leads and trim ex­
cess lengths .

Make a ca refu l visual exam­
Inatlon of the so ldered side of
th e PC board to be sure that all
co n nect io ns a re sou n d and
clea n and that no s tray solde r
has s horted any of the traces to­
gether. Remove any unwanted
"b r idgi ng" by standa rd deso­
Ider lng techniques or a sha rp
kni fe blade.
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l , pick up the ph on e. and listen
normally Now move S6's actu­
ator In sequence to pos itions 3.
4 and then 5. If you hear a d ial
ton e In any of those actua tor po­
sUlons . leave U there. If no tone
Is heard . move 53's actuator to
pos itio n 2 and agai n try S6's ac­
tuator In the othe r th ree pOSI·
lion s. Con tinue th is procedu re
until the dial ton e is heard.

While the complete procedure
should take only abou t a rrun­
u te . rememb er that If a handset
Is left off of its base (hook) for
more tha n about 15 seconds.
the d ial tone will automatically
turn off. Hang up the phone be­
tween actuator sett ings to be
sure that a d ial tone Is present
when the righ t combination Is
found.
8 ) With the dial tone presen t.
adjust poten tiometer HI to the
des ired volume.
9 ) Turn the TV5 250 off (green
LEDl Is am. Place the shor ting
clips on all fou r Jumper post s .
After th e dial tone Is heard . the
hands et mi crophone switches
54 and 55 can be adjusted. For
this step as k someo ne to assist
you by lis ten ing In on a n exten­
s ion to your phone.
10 ) Set the actuator of 54 to one
of the pos itions not used by S3
or 56. and se t 55's actuator to
the las t available position . Thm
the TV5250 on after making
su re that it Is set for normal
mode{red LED2 Is om. Ask your
assi s ta nt on the ex tens ion to
pick up the handset and key In
a ny number to elim inate the
d ia l tone before proceeding.
Then speak normally In to the
handset. Your assis tan t can tell
you if the so und volume Is with­
In normal lim its . Then adjust
potentiometer R2 for the bes t
speech quality.

If. after adjusting H2. you
ca nnot obtain quality speech . it
is probable that the actuators
for switches S4 and S5 a re In
reversed positions. (Th is ca n be
determined If you r a ss ista n t's
voi ce see m s di s ta n t or i n ­
comprehens ible even a fter you
have turned R2 both completely
clockwise a nd co u rue rc loc k­
wise. Asc reechi ng sound migh t
also be heard.)If this Is the case.
s implyswitch the act ua tor post­
tlons of 5 4 and 55 and repeat

th e adjus tme n ts to R2 while
speaking to your assistan t.

The position ing of act uators
of S3 and 56 is cr itical. If you
stili cannot get quality speech
from you r phone afte r pe rform­
ing the previous procedure. the
positions of act uators ofS3 and
5 6 a re reversed . Exc ha nge the ir
pos it ions and repeat s tep 10.

Although the 1VS250 is rug­
ged a nd will not requ ire special
handling. th e unprotected cir­
cu it board must not be placed In
any position wh ere conduc tive_.
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SliDe SWITCHES-_....
FIG. 9-FOUR POSSIBLE ACTUATOR ·
SETTINGS 01 the two- pole. four-throw
sl1de switches S3 to S6 thai adapt the
TVS250 to a specific phone.

surfaces cou ld short out un­
protected soldered connec tions
on the underside of th e board .
The Ins u lati ng feet a t the cor­
ners of the PCboard 's underside
will help to prevent da ma ge
from th is cause by elevating It
above any fiat surface on which
It Is positioned. However. you
migh t also wan t to enclose you r
scrambler In an Insulated pro­
tective case for more protection .

Arter the fin e a dj us tmen ts
have been made. you r voice
scrambler will be ready for usc .
bu t. of course. two scramblers
a re needed to form a sys tem.
Make the following s imple tes t :
• Turn on the TVS250 with 5 1
noung that green LED) Is on.
• Pick up the handset and lis­
ten for the dial ton e.
• Swit ch S2 to the scra mbled
mode (red LED2 is onj.

• Listen for the scra mbled d ial
ton e.
• Cha nge back to nor mal mode
and pho ne so meo ne.
• Speak n o rm ally tnto the
phone with th e scra mbler mode
off (green LEDI Is a lways on
when using th e ph one j.
• Sw itch the u nit in to the
scra mb led mode (red LED2 Is
on j.
• As th e ot her party speaks.
you will h ear hi s scra mbled
speech and he will hear yours.
• Switch back a nd forth from
th e sc ra mb led to the normal
mode as often as necessarv to
check out a single un it . .

Whe n two tested scramblers
on the same line a re In the
scra mbled mode. bo th "our
voice and that of the person you
ca lled will so und normal. Any­
one lis ten ing on extensions to
eithe r phone will o n ly h ea r
garbled speech.

Scramblers should be turned
off when a call has been com­
ple ted to co n s e r ve b attery
powe r. In co n ti n uous opera ­
tion. a g-volt alka line battery
will provi de abou t 30 hours of
scra mbler operation .

Answering and call waiting
The scrambler ca n leave se­

cu re messages on a n automa tic
a nswe ring machin e. nun on
you r sc ra mbler a nd spea k nor­
ma lly 10 a ny telep ho n e with
bot h a compa tib le s cra mble r
and ans wering machine. When
a rccetvtng party plays back
you r mes sage a n d he ars the
garbled speech . he turns on h is
sc ra mbler a nd listens to you r
nonnallzed speech th rough h is
handset.

The TV5250 can be switched
back and forth from sc ra mbled
to normal mode at a ny ttme dur­
i n~ a conversation. If you haw
call wait ing. you could be In a
secu re co nversation wit h a n­
ot her pa rty whose telephone
ha s a co mpa ti b le scra mb le r
when you are Interrup ted by a n­
other caller. To answer the call
wa iti ng signal. s imply switch
you r sc ra mbler to Its normal
mode a nd a nswer the ca ll as
usual. After th e can Is com ­
pleted . return you r unit to the
scrambled mode and con tinue
you r secu re conversation. R-E 43



OPTOCOUPLER
DEVICES

Learn to use optocouplers in circuits that require high
electrical isolation between input and output.

FIG. 1-GUTAWAY VIEW OF AN OPTOCOUPLER with a phototranslstor output.

IR SOURCE
LED

be tween the device d ies and a p­
propria te leadframe pins . the
region around both devices Is
enca psu lated In an tp- r-a n s­
parent resin th at ac ts as a "ltgh t
pipe" or optical waveguide be­
tween th e devtces. The assem­
bly Is then molded In opaque
epoxy resin to fonn the DIP. and
the leadframc p in s a re bent
downward .

Figure 2 Is a pin diagram of
the most popul ar Sing le-chan­
nel. 6 -pl n phototranst stor op­
tocoupler DIP. It Is called a n

BONO
WIRES

OET£CTOA
PHOTOTAANSISTOR

Mos t co m me rc ia l o p to­
couplers are made by mou n ting
the IRED a nd photor ra nststor
on a dj a cent a rms o f a lead­
frame. as shown. The leadframe
Is a stamping made from thi n
co nd ucti ve s heet metal wIth
many bra nch-like co n tou rs.
The Isolated su bs t rates that
su ppo rt the dev ice ch ips are
fo r me d f ro m t he Inn er
branches . and the multipl e pins
of the DIP are formed from the
ou ter branches .

After th e wire bonds are made

RAY M. MARSTON

OI 'TOCQUI'LE RS O R OPTOISOLATORS

have applications In many sn­
uatlon s where s ignals or data
must pass between two c ir­
cuits . but high electrical Isola­
t ion must be maintained be­
tween those circu its. Optocoup­
ling d evi c e s a re u s eful In
cha nging logi c levels between
the c irc uits. bl ocking n oi s e
transmission from one circu it
to another. Isolating logic levels
from AC-lIne voltage. and elim­
tnaung ground loops .

DC level as well as signa l In­
for mation ca n be t ransm itted
by a n opt ocoupter whtle It mai n­
tains the h igh elect rical Isola­
tion between In put and output.
Op tocouple rs ca n also replace
rel ays a n d trans formers In
many digital interfaces . More­
over. the frequency respon se of
optocouplers Is excellen t In ana­
log circu its.

Optocoupler basics.
An opt ocoupler consi sts of an

Infrared-emitting LED l typ ­
Ically made from gallium arse­
nide ) opllcally co u p le d to a
s il ico n photodetector (p hoto­
transi s tor. photod lode or other
photos ensitive device) In an
opaque ligh t-shielding pa ck­
age . Figure 1 Is a cu taway view
of a popular single-channel. six­
p in dual-ln -line-IDIP) packaged
op tocouple r. The lg-em ttttng
LED or IRED emits in frared ra­
diation In the 900- to 940­
nanometer region when for­
wa r d b ia s ed cu rre n t Flows
through It . The ph otodetect or Is
a n NPN pho to transistor sen­
s itive In the same 900- to 940·
nanomet er region. Both IRED
and phototranststor a re In ch ip
or die form.44



50

for each milliampere of cu rren t
to the IHED. Minimum values of
CTR for a phototranslstor-out­
put op tocou pler s uch a s that
s hown In Figs . I and 2 can be
expec ted to vary from 20 to 100
%. CTR depends on the Input
an d ou tput operati ng cu r ren ts
a n d on t he p ho to t rans tstors
s u pply voltage.

Figure 3 1sa plot ofpho tot ran­
s istor ou tpu t cu r rent (leu) VS.

input cu rren t (I!-,) for a typ ical
phototra nsl s tor op toco upler a t
a collector-t o-base voltage (Ven)
of 10 volts .

Ot her Important optocou pler
s pecifications in clu de :
• Isolation voltage IV I S O ) ' The
maximu m pe rmi ss ible AC volt­
age tha i can cxts t between th e
Inpu t and ou tput c ircuits wit h­
ou t d estruction of th e dev ice .
T hose va lues ty p ica lly range
from 500 volt s to 5 k ilovo lts
RMS for a phototranststcr-out­
put cou pler.
• Vn : . The maximum DC volt­
age permitted across the pho­
totra nslsto r out put. Typica l
va lues for a photo tr a n s tstor ­
ou tput coupler range from 30 to
70 volts .
• Ip The maximum continuous
DC forward cu r ren t permi tted
to now In the IRED . Typical va l­
ues for a phototranststor-out ­
put cou pler range from 40 to
100 milli amperes.
• Rise/rid l time for a phototran­
sis tor-ou tp u t coupler Is typ ­
really fro m 2 to 5 microseconds
for both rise a nd fall. T hose de­
termine dev ice bandwidth .

muill-channel op tocou ple rs .
There a re. h owever; photodiode­
ou tpu t optocou plcrs opttmtzed
for the wide r bandwidth a nd
hi gher s peeds needed In data
com mu n ications. bu t they are
far less efficien t as cou plers .

La rge-volume prod u ce rs of
co m mercial optocou plcrs In ­
clude Motorola . S h a r p E lec ­
tron ics Co r p .. a nd S ie mens
Com ponen ts. Inc. Optek Tech­
nology co nce n tra tes on optotn­
ter rupters and op to ref'lecto rs
while Hewlett -P a ckard 's o p ­
tocou plers are focused on hi gh­
speed co m m u n ica ti ons and
specia l applications.

Optocoupler characteristics
One of the m os t important

c harac te r is ti cs of t h e o p ­
tocou ple r is Its light-coupling
efficiency speci fied as cu rrent
transfer ratio. CTR. That ratio
is m aximized by matching the
IRED's IR emission s pec tru m
closely with Its detector/output
devtce's detection s pectrum .
CT I{ Is the ratio of output cur­
ren t to In pu t current. a l a s pec­
Ifled b ias . of an optocoupter; It Is
given as a percent :
CT R. = (1<:1::0 )/(11"1 X 100%

A CTR of 100% provides a n
ou tpu t cu rren t of I mill ia mpere

4

6

5

3

,

optocoupler because o n ly In­
fra red energy or photons co uple
the Input IRED to the outpu t
photot ransistor. T he device Is
a lso a n optoisolator because no
elec tr ic cu rrent passes be tween
the two ch ips: the emitter and
det ect or a re elect r ically Insu­
la ted an d Isolated . These d e­
vices a re also known as phot o­
cou pler or photon-coupled iso­
lators.

The base termi nal of the pho­
to translstor Is available at pin 6
on the s ix-pi n DIP. bu t In nor­
mal ues It is left open-c ircu ited .
Also . n o connec tio n INC) Is
made to p in 3 . Th e phototran­
ststor ca n be co nver ted to a p lio­
todlode by shorti ng to get h er
base pin 6 a nd emi tt er pin 4.
That op tion Is not available In
four-pin optocou pler DIP's and

'OOr- - - - - - - - - - - ----::7L

FIG. 2- TOP VIEW SC HEMATIC 01 a
phototransisto r-o utput optocoupl er.
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FIG. 3-TYPICAL OUTPUT CURRENT vs. input cu rrent fo r a photot ransis tor-output
oplocoupler with a Vco 0110 vol ts.

Industry-standards
A wide variety ofoptocouplers

is produced by many manufac­
turers th ro ugh ou t the world .
Some of the suppliers of com­
m odity optocou p lers In clu de
Motorola . Sharp Electronics.
Toshiba. and Siemens. In add i­
tion to the Indus try s ta n da rd
six- p in DIP shown In Figs . 1and
2 . some trans is to r-ou tpu t op­
tocouplers a re pa ckaged In four­
pi n DIP 's and s ur face-mou nt
packages .

Multt -ch annel co n figu rati ons
of the po pula r op tocou plers are
a lso avattable with dual and
quad em it te r-detec tor pairs per
package. T hose op tocou p le rs
repea t the bas ic sche ma ti c of 45



FIG. 4-CIACUIT for phototran slstor-
46 output optocoupler.

FI~ . 2 except that th ey lack ex­
ternal base pins . It is importa nt
to note, however. tha t ce r ta in
elec tr tca t a nd therma l cha rac­
teristi cs a rc d erated in those
packages because of the closer
spac tng of the semico nd uct or
d ies .

T he lowest cos t Ind u s t ry­
standard photot rans tstor op­
tocouplcrs with s ingle ch a nnels
h a ve been desig na ted by t he
J EDEC prefix "4N" a nd Include
the 4 N25 to 4 N28 and 4N35 10
4N37. However. many su ppliers
ha ve d eveloped their own pro­
prie ta ry parts with unusual fea­
tures which a re sold under their
own designa tions. Popu lar pho­
to tra ns ts tor optocouplcrs arc
now ava ilab le in s ma ll quan­
tit ies for less than a dollar each .

Beca us e optoco u plers are
used in AC-Iine powered ci r­
cu its. th ey a re subj ect to safety
tes ts s uc h as those o f Under­
wr iters Laborator ies Inc. (ULI
a nd Ca nad ia n S ta ndards As­
sos la tlon (C5A). Mos t suppliers
arc offering UL-Recognlzed op­
tocouplers and many make cou­
plers that conform to the tighter
Ve rba n d De ut s c h E le c t ro ­
technlker (VDE) spec ifications.
Compliance wit h those spec ifi­
ca tions or the eq u ivalent na­
tional spec lficalions Is a man­
datory requ ire men t for thei r
use in Eu rope.

Figure 4 illust rates a si mple
opt ocoupler circu it . The con­
duc tt on cu r ren t of th e phc ­
to tra ns ts to r ca n be con tro lled
by thc forwa rd bias curren t of
the IIU~D although the two de­
vices arc sepa rated. When 5 1 is
open no cu r ren t flows in th e
IHED so no Infra red energy falls
on thc pho to tra ns ls to r; ma kin g
It a vir tual ope n-ci rc u it wit h
zero voltage dc,eeloped acros s

ou tput res is tor H2. Whcn 5 1 Is
closed . cu rren t flows through
the IREDa nd Rl. a nd th e result­
ing IR emi ss ion on the pho­
to t ra nststo r cau ses it to con ­
duct and ge nera te a n ou tp ut
vol tage across R2.

The s imple optically-coupled
circu it shown in Fig. 4 will re­
spond on ly to on-offsignal s . but
It can be modified to accept a na­
log In pu t s ignals a nd provide
ana log ou tpu t signa ls as will be
seen later. Thc phototrans lstor
p rovi des ou tput gain.

The schematics of six ot he r
op toco u ple rs wit h diffe ren t
combinations of IRED and ou t­
put pbot odc tecto r are presen ted
as Figs . 5 thru 10 . Figure 5 is a
sc hema tic for a b idirectional ­
Inpu t photo tr ans istor-output
optoc ou ple r wit h two back -to­
back ga lliu m-arsen ide IRED 's
for cou pling AC signals or re­
verse polarity in pu t pro tection .
A typica l minimum CTR for thi s
devtcc Is 20%.

Figure 6 Illus trates an cpto­
cou ple r wit h a s ilico n pho­
todarll ngton a mplifier output.
It provides a high er ou tpu t cu r­
ren t tha n that available from a
phototranslsto r co u pler. Be­
cause of t h ei r high cu r ren t
gain , Photodarlington cou plers
typ ica lly have minimum 500%
CTR's a t a collcc tor-to-emtt ter
voltage of 30 to 35 volts . Th is
value is about ten times that ofa
ph oto tra ns ls tor optocou pler.

However. there Is a speed-ou t­
pu t c u rre nt t radeoff wh e n
us in g a photodarlington cou­
pler. Effectlvc bandwit h Is re­
d uced by about a fac to r of ten.
Indus try s ta nda rd vers ions o f
those devices include the 4N29
to 4N33 and 6 NI38 and 6N139 .
Dual- a nd quad-chan nel pho­
todar llngton co u plers are also
avanabte.

The sche mati c of Fig. 7 illus­
trates a b l-d lrectlo nal linea r­
output op tocou pler co ns isti ng
of a n IRED a nd a M05FET.
Th ose cou plers typ ica lly have
Isolation voltages of 2500 volts
RM5 . b reakdown voltages of i5
to 30 volts . and typi cal risc a nd
fall ti mes of 15 microscconds
each.

Figu re 8 is the schematic for
one of two basic types of opto­
thyris tor-ou tpu t optocouplers .
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AG. 5-AC INPUT PHOTOTAANSISTOA·
output optocoupler schematic.

FIG. 6-PHOTODARLINGTON-OUTPUT
cptccoupte r schematic.

FIG. 9-PHOTOTAIAC-OUTPUT cptc­
coup ler schematic .

FIG. 7- BI-01AECnONAL LINEAR out­
put opt oco up le r sc hem ati c showi ng
MOSFET output.

FIG. 8- PHOTOSC A-OUTPUT optc­
coupler schematic.
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th ai a reverse voltage cou ld be
applied acciden tally ac ross the
IRED.

Th e opera ting cu rren t of the
couplers photot ransrstor can
be conve rted 10 a volta ge by plac­
tngan extern al res istor in ser ies
wi th the transis to rs collcc to r or
em ttter as shown In Ftg. 13 . The
collector option Is shown In fa}
and the emitter option Is shown
in fb}. Th e sensit ivity of the cir­
cu it will be d irectly proportional
to th e value of eit her of th e se­
ries resis tors .

A photot ra ns ts to r-ou tpu t op­
toco upler In a s ix-pin DIP can be
converted to a photod todc-ou t­
pu t opt ocouplcr by us ing the
base p in 6 as shown In Fig. 14
a nd Igno ring the emt tter pin 4
(or shorting it to the base). This
connection result s In a greatly
inc reased Inpu t s ig na l r ise
time. but It s ha rp ly reduces
CTH to a value of abou t 0.2%.

Digital in terfacing.
Opt ocouplers are Ideally su it ­

ed for in terfacing digital s ignal
circu its that are driven at dtf­
ferent voltage levels. They ca n
interface digit al ICs with in the
same TTL. ECL or CMOS Iami lv;
a nd the}' ca n In terface di git al
IC's between th ose families . The
d evices can a lso In terface the
digital ou tpu ts of personal com­
puters (or o ther ma in frame
computers . workstations an d
prog ramma ble con trolle rs ) to
motors . relavs . soleno ids a nd
lamps . -

Ftgure 15 shows how to In ter­
face two TTL circu its. The op­
toc ou p ler IRED a nd cu rrent ­
lim iti ng resistor HI a re con ­
n e c ted betw een t h e fi-vo f t
pos it ive su pply bu s a nd the out­
pu t d rtvtn g termi nal of the TTL
logic gate. This con nection is
made ra ther tha n between the
TTL gates ou tpu t and grou nd
because TTL ou tpu ts can s in k
fairly h igh cu r ren t (typ ically 16
m illia mperes ). However; TTL
ou tputs ca n on ly source a very
low cu r ren t [typ ica lly 400 mt ­
croa mpercsj.

The open-circu it output volt­
age of a TIL IC falls to less than
400 millivolts when In the logic
Ostate. bu t It ca n rtsc to on ly2.4
volts In the logic 1s ta te if the Ie
docs not have a su itable In ter-

. v

Couple r applications
Op tocou plers function In cir­

cuits the same way as discre te
emit ters a nd detect ors . The m­
pu t cu r ren t to the optocou plcr's
IRED mus t be lim ited with a se­
ries-con nected external res istor
whi ch ca n be con nected In one
of tile two ways shown In FI~ 10.

one wtlh an SCH. ou tput. Op­
loSCH.cou plers have typ ical iso­
la tion voltages of 1000 to 4000
volts ID.tS . minimum blockmg
voltages 0( 200 to 400 volts. a nd
maxim um t u rn-on cu r re n ts
(I~,.) of 10 millia m peres . T he
sch ema tic in Fig. 9 Illus tra tes a
photot rtac-out put coupler. Thy­
rtstor-outpu t cou plers typically
have forward blocking voltages
I VI>I~M ) of 400 volts.

Sch m itt -trigger out pu ts a rc
ava ilab le fro m optoco u plc rs .
fl~ure 10 Is the schc ma llc for
an op tocoupler that includes a
Sc h m tt t-trtgge r Ie capab le of
producing a rectangu lar output
from a s tne-wavc or pu lsed In­
pu t s ignal. The IC Is a form of
mult tvtbrator circu it . Isola tion
voltages a re from 2500 to 4000
volts . maximum. tu rn -on cu r­
rent Is typi ca lly from I to 10 mil ­
liampe res . the minimum a nd
maximum ope rati n g vol tages
are 3 to 26 volts. and the max ­
Imum data rate {NRZI Is 1 MHz.
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FIG. l D-SCHMITT·TRIGGER-QUTPUT
optocoup ler schematic.

FIG. 12-1RED IS PROTECTED against
reverse voltage with extema l diode 01.

FIG . 14- PHOTOTRAN SI STOR-TO­
pholodi ode co nversIon wit h base pIn
connecllon .

FIG. 11-SERIES RESISTOR must !lmit
IRED current. It can be Rl at (a) or R2 at
Ib,



Analog interfacing
An op tocou pler can in ter face

analog s igna ls from one circu it
( 0 a no t h e r by sett ing up a
"standi ng" curren t through Its
IRED and the n mod ulating th at
cu r ren t with the a nalog s ignal.
Fig 18 shows this meth od ap­
plied to aud io cou pling. Th e op­
erational ampUlier IC2 is COIl ­

nected In a u nity-gai n voltage­
fo llo w er m o d e . T he o p ­
tccoupters m ED Is wired In to
the op-amps negative feedback
loop so that the voltage across
H3 land th u s t he c u r re n t
through th e IRED) precisely fol­
lows the voltage applied to non ­
Inverting Input pin 3 of the op­
a mp. This pin is DC biased at
half-supply voltage with the H.I­
R2 voltage d ivider. The op-amp
can be AC modulated with an
aud io s ignal applied at CI. The
qu iesce nt II-lED cu rren t is set a t

.,
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FIG. 16--CMOS-GATE INTERFACE provided bV a phototran sls tor-oulput optocoupler.

FIG. 15-TTL-GATE INTERFACE provided b V a phototranslst or, output optocoupler.

FIG. 1B-AUDIO INTERFACE provided bV a photolrans lstor-output optocoupler.

FIG. 17-COMPUTER TO DC-MOTOR INTERFACE prOVided bV 21 phototransistor-out­
put oplocoupter.
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1 to 2 milliamperes with R3 .
On the ou tput s ide of the cou­

pler a qu iescen t current is set
up by Its transi st or. Tha t cur­
rent creates a voltage ac ross po­
tentiomet er R4 which shou ld
have Its value adjusted to give a
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bot h off. so th e motor Is tu rn ed
onbyQlandQ2. When the com ­
puter ou tput goes low. th e IHED
and phototransls tor arc driven
on. so QI. g 2 and th e motor are
turned off. Note t he t-ampere
cu rren t limita tion .

na l pull-up resi stor. In that
case . the optocou ple rs IRED
curren t will not fall to zero when
the TTL output Is at logic I. Th is
drawback ca n be overco me with
exte rnal pu ll-up resis tor H3
shown in Fig. 15 .

Th e optocoupler's phototran­
sistor should be connected be­
tween the Inpu t a nd ground of
the ITL IC as shown because a
ITL Input must be pulled down
below 800 millivolts at 1.6 milli­
amperes to ensure correc t logic
o operation . Nole that the cir­
cuit In Fig. 15 provides non-in­
ver ting optocoupltng.

CMOS IC ou tpu ts can source
or si nk cu r rent s Up to seve ra l
mtlliamperes wit h equal ease.
Consequen tly. these IC's can be
Interfaced with a sink co nfig­
uration similar to that of Fig 15.
or they can be In th e source con­
figura tion shown tn Fig. 16. In
eit he r case. R2 must be large
enough to provtde a n output
voltage s wing that switches
fully between the CMOS logic 0
and 1 s tates .

Figure 17 shows how a photo­
tra nsistor-ou tp ut optocoupler
ca n In terface a compu ter's d ig­
tta l ou tput s ignal (5 volts. 5 mil­
liamperes ) to a I2-\'0It DC motor
whose operati ng cu rren t is less
than I amp. With th e compu ter
output h igh . t he op tocou p ler
IRED and photo transistor are48
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is an idea l a pp lication for the
optocouplcr. (It is advisable tha t
one s ide or lis power s u p p ly be
g ro u n ded .) That a rra nge m ent
s hown in FlA. 19 ca n co n trol the
powe r to lamps . hea ters . m otors
and o ther loads .

Ftgu res 20 a nd 2 1 s how prac­
tica l con trol c irc u its. T he Tr iacs
s houl d be s elec ted to m a tch load
re q u ire m ents . T h e c i rc u it in
F ig. 19 pro v tdes n on- s yn ­
chronous sw itch ing in wh ich
the Tri a c 's In iti a l s wnc h -o n
point is no t synch ro n ized 10 the
60 -HI. vol ruuc waveform. Here.
R2 . D I Ze ller diode D2 a nd C I
d ev e lop a to -vol t DC s u p p ly
from the /l.C line . Th is volt age
ca n he red 10 the Triac ga le wi th
Q I. which tu rns the Tria c o n o r
orr. Th us. when 5 1 is open. the
optocou pler Is orr. so zero base
drive Is a p p lied to 0 1 (keep ing
Tri ac a nd load oro. When S I is
cl os ed . the op toccu ple r dri ves
Q I on a nd con n ec ts th e to-von
DC s u p p ly to the Tr iac ga te with
R3 . th us applynu; Iull line m il ­
a ge to the loa d .

The c ircuit In Fl/.! . 20 includes
a silicon m o n olithic ze ro -volt ­
age s wt t c h . t he CA3059J
CA3079. so u rced by Motorola
a n d Ha rr is Sem ico n d uc to r.
That Ie with a photorrans tstor­
output optocouple r p rovides
synch ro nous powe r sw itchi ng.
The gate cu rre nt is applied to
the Tr ia c o nly w he n th e In ­
stanta neous /l.C 1I IIe volt age is
wit hin a few vol ts or the zero
c ross -oyer val ue . T h is sy n ­
ch rono us s w itch ing m et h od
p er m it s p ower lo a d s t o b e
swi tc hed on wi thout ge nerati ng
s ud d en power s u rges (a nd con ­
seq uen t ra d io frequency Inter­
ference (HFIJ in the power lines ).
This s chem e is used In manv
fa c to ry-made so lid- s tate relav
modules . -

Pb otoSCR's an d PhotoTriacs
Both p hotoS CH a n d photo­

Tr iac-o u tput op tocou plers have
rather Iimitcd o ut p u t-cu rren t
ratings . Howev er. In com m on
with ot her s e m ico nd u cto r de­
vi ces . (h e ir s u rge-cu rren t ra t­
tngs a re fa r greater tha n their
JU..1S val ues. In the case o r the
SCR til e s u rge curre nt rati ng is
5 am ps . but th is n ppltcs to a lOa
m icrosecond pulse Wid th a nd a

111
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Triac interfacing .
ln ter fuc tn g the o u tpu t or a

low-voltage control crrcu tt to the
in pu t o r a Triac powe r-control
ci rcu it d r iven from the AC line
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qu iescen t out pu t equal to half
the supply voltage. The audto­
ou t p u t s ig n a l a p pea rs ac ross
potenuometer R4. and It Is de­
cou pled by C2.
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FIG. 23--1NOUCn VE LOAD CONTROL with Trlac-d nver ou tput oplocoupler and Tnac
sl ave.

FIG. 22- HIGH-POWER LOAD CONTROL with Trlac-elriver outp ut oplocouple r.

FIG. 2O-SYNCHRONOUS TRIAC power sw itch with oplocoupled Input.

FIG. 19-NON·SYNCHRONOU S TRIAC power switch with optocoupled input.

FIG. 21- INCANOESCENT LAMP CONTROL with a Tnac-dnver output oplocoupler.



AG. 25-0pnCALLV-COUPLED REFLECTOR MODULE (a) and revolution counting
applicat ion (b).

,

,

de tec t the presen ce of moving
obj ec ts tha t can no t be eas ily
passed through a th in slot. In a
typical a pplica tion. a reflec tor
module can cou n t the passage
of large objects on a conveyor
belt or s lidi ng down a feed tube.

Figure 25-b Illu s trates a revo­
lution co u nter based on retlcct­
InglR from the IRED back to the
phototranslstor with reflec tors
moun ted on the face of a s pin­
n ing dis k . T he module-disk
separation Is equal to the 5-mm
focal length of the erru t ter-detec­
tor pa ir. The reflecuve surfaccs
can be met allic paint or tape.
Other a pplica tions for the re­
tlecuve module Include tape-po­
sition detection. engine-shaft
revolution co u n ti ng. and en­
gine -s haft speed detection .

Photot ntcrrupters a nd photo­
reflectors are a lso available
w it h pho tc dartf nuton . ph o­
toSCR a n d phot o'Ir tac oup u t
s tages . R-E

•

•

mm (0. 12 Inch) Wide. and th e
module h as a phototransls tor
ou t p u t that gives a n "open "
m inimum CT R of a bo u t 10%.
The schematic for th is devi ce is
s im ila r to th a t ofFt gure 2 excep t
that the IRED and photodetec­
tor a re en closed In sepa rate
boxes .

Figu re 2 4-b ill u st r a t es a
method for cou n ti ng revolu­
tio ns with the In terrupter. Each
time a tab on the wheel blocks
the optical path . a co u nt Is
made. Other Interrupter uses
Include end-of-tape detection.
limit switc h ing. and ltqu td -level
detection.

A reffecnve optocoupler mod­
ule is shown In Fig. 25-a. Direct
Infrared emiss ion from the
IRE D Is b locked fro m the pho­
totransts tor by a wall wit h in the
module . but b oth IRE D and
phototrans lstor Ieee a common
foca l point 5 111m (O.2-lnch)
away. ln terruprcrs a re u sed to

FIG. 24-0PTICALLV-COUPLED INTERRUPTER MODULE (a) and speed-eounling ap­
plication (b).

duty cycle of less than I %. In the
case of the Triac. the s u rge ra t­
In~ Is 1.2 amps. and this applies
to a 10 microsecond pu lse wid th
a nd a maximum duty cycle of
10%.

Th e Input IRED of opto­
cou pled S CR's a n d Trt ac 's Is
driven the s a me way as In a
ph ototransistor-output op­
tocoupler; and t h e photoSCH
a n d pho toTrlac perform the
same way as their conventional
cou n terpa rts with limited cu r­
rent-handling capacity. Figures
2 1. 22. and 23 Illustrate p rac­
tical applica tions for the phot o­
'Ir tac-ou tpu t optocoupler. In a ll
ci rcuits HI s hou ld be selected to
permit a n IRE D forward cu r­
rent of at leas t 20 milli amperes .

In Fig. 2 1. th e phcto'Trtac d i­
rectly a c tiva tes an AC-lIne­
powered Incandescen t la m p .
wh ich s hould have an Rl\1S rat­
Ing of les s than 100 milli ­
am peres a n d a pea k Inr u s h
curren t rating of less than 1.2
amps to work In this ct rcu u .

Figure 2 2 s h ows how t h e
photo'Trt a c op to cou p te r can
tr igger a slave Trtac. thereby ac ­
tiv ating a load of any desired
pow er rating. This circuit Is
on ly s uitable for u se with n on­
Inductive (I. e . re sistive load s )
s uc h a s In candescent lam ps
and h eating elements .

Finally. Fig. 23 s hows how the
circuit In Fig. 22 ca n be modi ­
fied for Induct ive loads s uch as
motors . The ne twork made up
of H2 . C t . a n d H3 s h ift s th e
phase to the Triac ga te-d r ive
net work to ensu re correc t Trtac
t r lMerlng action . Resis tor R4
a nd C2 form a s nu bber network
to s u ppress s u rge effects .

Figures 24 and 25 s h ow two
ot her variations on the opto­
co uple r theme. A slotted cou ­
pl er-Inte rrupter m odu le Is
s hown In Fig. 23 -a . The s lot Is
a n a ir gap between the IRED
a nd t he phototranslstor. In ­
frared en ergy passes across the
unobstructed s lo t wit hou t sig­
nificant a nen uatton wh en the
Int errupt er Is "on". Opt o­
cou pling ca n . however. be com­
ple tely blocked by opaque ob ­
ject s such s pokes of a wheel or
u npunch ed tape moving ac ross
the slot .

A typ ica l s lot width Is abou t 354
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two-PC home offices (0 corpora­
tions with literally thousands of
computers. peop le wan t to con­
nec t. Peop le wa n t to share data
and peripherals (laser prin ters
a nd large ha rd d isks ). People
wanl eff'lcten t ways to sc i up.
confi gure, a nd ma in ta in so ft­
ware. People want to send mes­
sa g es to i n d ividu a ls an d
groups. People want to tap in to
corpo ra te da tabase s and ou t­
s ide sources .

If your da lly work involves
compu ters. cha nc es a re good
tha t you arc us ing and mal n­
tat n tng a Loca l Area Network
(LAN). Even If you' re not now.
chances are you wl1l be soon . as
more a nd more compan ies d is­
cover the benefi ts a LAN has to
offer.

In th is firs t of a three-part se­
ries we provide background on
LAN bas ics and important ter­
minology. In Part II, we wiII dis­
cuss tools a nd tes t equi pment.
along with useful trou bleshoot­
Ing techn iques. Last . rn Part III.
we'll discuss several case h is to­
ri es , tnclud tng di scuss ions of
actua l LAN faults , how they
were located. a nd how they were
repai red .

The re are many career oppor­
tunities in LAN's; this se ries wi1l
give you a good taste for the ser­
vice s ide of the bu s iness . You
should know that Indus try ex­
perts predict th at new LAN In­
s talla tio ns will peak In 1994,
with lots o f s e rvi ce o p po r­
tun it ies following. LAN usc is
s prea d ing from Fortu ne 100
compa nies in to legal and med i­
ca l clinics . a nd many o ther
kinds of sma ll businesses. This
means that th ere wlll be plenty
of work for people who can In­
s tall and mainta in computers.
software. peripherals. and LAN
cabling. So keep reading. and
get in on the action!

LAN origins
In the early 19 70 ·s . some

smar t people at Xerox Corpora­
nons Palo Alto Research Center
(PAR CI rea li zed t hat t he
centralized model of computing
In force a t the time was unsuita­
b le for some tasks and some
users . The cen tra lized model In­
eludes a big. expens ive ma in -

frame servicing several "d umb"
termi n al s . whic h were lit tle
mo re tha n TV's with bu rlt-tn al­
phan umeric ch a ra cte r uener­
a tors . Instea d . the revolution­
ar ies at PAHC developed a
dist r ibu ted model in wh ic h
eac h local machine contai ned a
fair a moun t of tntelltgc ncc of lis
own . The problem was tha t each
local mach ine was isolated from
th e others. Thus, in ~ol n~ from
a ce n trali zed to a d is tr ibu ted
model. somethi ng was los t : the
ability to share data . Hence the
PARC folks (primarily Bob Met­
calfe. founder of ne twork ing pi­
oneer 3Com. now an editor at
InfoWorld magazi ne). had to in­
vent a new form of communIca­
tion. and that 's how the Xerox
Network Sy s tem (XNS) came
into exis tence. XNS was a pre­
cursor to Ethernet.

In the ensuing twen ty or so
years. Et hernet has evolved and
s e ve ra l n ew n e two rk te ch ­
nologies have become popu la r.
The rema inder of th is a rticle
ouUines these technologies. For
more detailed in formati on . see
the books. magazrnes, and cata­
logs listed In the s ideba r.

Basic terms
Netwo rk i n g invo lves four

basic concepts : cab le type . to­
pology. acce ss method. a nd s ig­
na l type . It 's Im po r ta nt to
unde rstand that each of those Is
Independent of the ot he rs . Most
protocols can run on different
k inds of cables In several to­
pologies . For exa mple. Ethernet
can run on coaxial cable. tele­
phone wire, or fiberop tle cables.
In both bus and s tar topo logies.
However. thi s docs not mea n
that one can ru n any protocol
on any cable ac ross any network
topology

Topology LAN's come In three
bas ic topologies : bus. s ta r. a nd
ring. as shown In fig. I. In a bus
topology [a}, a ll machines (or
nodes) are connected In parallel
th rou gh a common cable. In a
s tar topology (bl. a separate ca­
hie connects each mach ine to a
common devtce called a hub or
conce n tra tor. In a ring topology
(cl. Media Access Un its (MAU's)
con nect a nd di sconnec t par­
ticular devices fro m the mai n
ring, at all times mainta ining a

conti nuous elect rical loop.
Bus an d ring systems usc less

cable. so they can be cheaper to
Ins ta ll. A sta r co nfig u ra tion
u ses more ca ble . but offe rs
hi gher relia b ility. becau se a
broken con nection to a give n
node canno t br ing down the en­
tire net work. Cable for modern
ri ng-based topolog ies is ofte n
la id In a star co n fig u ra tio n
us ing shu t-ou t relays or special '
connectors that help ensu re in ­
tegrity of the net work if a s ta ­
tion on It develops tro uble.

Cable : LAN ca bling systems
today Inc lude thi n and th ick
coax . sh ielded and unsh ielded
twist ed pa ir. a nd ftbe ropttc.
T hick coax offers hi g h re­
liabil ity and bandwidth. bu t Is
expens ive and awkward to in­
stall. Thi n coax is eas ier to In­
stalla nd less expensive. but has
limited dis tance a nd number of
works tations .

The ab ility to run network
protocols on unshielded twis t­
ed -pa ir (UTP) wir in g was de ­
veloped to lake a dvantage of
existing telephone wir ing. How­
ever. due to lack of sh ieldi ng.
existing telephone wire Is often
unreliable. so sh ielded twisted ­
pair (STPI Wi ri ng Is often in­
stalled in new buildings. and It
Is Increas ingly used In retrofit­
ting existing s ites .

Mos t ex ts ting LAN in stalla­
tions usc some form of copper
cable. but fiberopt lc cab le pr ices
havc d rop ped in recent years .
making fiber an Increas ingly at­
tractive op tion. Compared wit h
copper. fiber offers much highe r
bandwidt h. total immunity to
EM!, and total Immu nity to
"snooping " or "eavesd ropping."
Fiber Is mos t often used to in ter­
connect networks in separa te
buildIngs . citi es . a n d eve n
countries .

Signal Type: There a re two
basic s igna l types : broad band
a nd baseba nd . A baseba nd
sch em e allows only a s ingle
communica tions s ignal on a ca­
ble a t one ti me . A broadba nd
scheme allows several. For ex­
ample. a broadband cable might
s imultaneous ly ca r ry netwo rk ,
video . and voice s ignals.

Access Method: There a rc
two basic access m et hods :
token pass ing and Ca r r ier
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FIG. 1-BAStC NETWORK TOPOLOGIES: bus (a). star (b) , and ring (c~ Bus nets
typically offer lower cost and simpler tnstatlanon ; star and ring offer Increased re­
liab ility and 'l exlb ltil y at higher co sl .

Sense Multi ple Acces s/Collision
Detec ti o n (CS MNCD) . both of
wh ich dea l with how va r ious de­
vices o n th e wi re co mmunicate .
One way to u nderst and token
pa ssing Is to think of a railroad
t ra in with a n engine . severa l
b oxcars . a n d a cab oose (the
token ). As the train moves from
sta tion to s ta tion through th e
net work. " ca rs" arc a dded to
a nd re m oved from f lo Add ing
a nd removing ca rs ca n not ha p-

h a ppen a t rando m . bu t only
when the tra in is a t a staUon.
On e story has It that the idea of
token pas sing da tes fro m th e
la te 1800S. It s eems there we re
two trut ns tha t hau led cargo
over a br idge and back aga in .
Un fortu nately. there was on ly
one set of tracks . so the trains
would collide if th ey tr ied to use
th e b r idge a t the sa me time.
Someo ne developed t he Idea of
placing large hooks at each end

of the bridge. When one train
wa nte d to cross. a large. rou nd
metal d isk (the toke n ) was reo
moved from the hook a nd It
crossed the bridge. Upon reach­
Ing the ot her s ide. the train
placed the token on the second
hook a nd con tin ued on Its way.
Wh en t h e ot he r tra in ca m e
along, It picked u p the token.
crossed the bridge. replaced the
token on the firs t hook. and de­
par ted . The poi nt Is that tra ins 57
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tom two layers. wh ich provide
InternatlonaJly recogni zed s tan­
dards for the access methods
we 've been d iscus si ng. Note
that 802.3 is the officia l s tan­
dard correspon di ng to E th -

. em et . a nd 802 .5 Is the official
s ta n da r d cor re spond in g to
Token Ring. The remai n ing pro­
tocol. 802.4 , puts a token-based
protocol on a broadband bus .
General Motor s at one time tried
to make 802.4 a broadly accept ­
ed standard for ma nufacturing.
bu t 802,4 provided little perfor­
ma nce advantage a t su bsta n­
tiallygreater cos t th an the other
pro toco ls, wh ich ge nera lly
turned out to be good enough ,

What doc s all th at mean In
terms of real-w orld products ?
The layered a pp roach a llows
vari ous htgb- Ievel soft wa re
pa ckages to run rega rdless of
the low-level protocol. So, for ex­
ample, you can run most maj or
n e two r k operatin g sys tem s
te.g.. Novell's NetWare or Micro­
sorts LAN Manager) on Token
Ring or Et he rn et.

Et hernet is a particular im-

802.4
PIIVSICAE

IOKW

BROADBAIID
aus

CSMAiCD

802'.3-

8f.10ADBAIlO
BUS

1

FIG. 2-THE 051 STACK is an Internationally accepted seven-layer reference model
that def ines a set of options for imp lementing network communicatio ns. Layers 1and
2 were hotly contended at fir st, but locus is now shifti ng to hig her level Issues.

3
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of Information . and tn terwork­
Ing services conce rned with the
structu re and meaning of th at
Information .

The reason for using layers is
to Isolate and a llow indepen ­
dent implem entation of ea ch
layer. Any two layers separated
by at least one in terven ing layer
need know nothing about how
physi cal co mmun ications arc
per formed . When two OSI-com ­
pilant machines a rc commu­
nicating. cor respond ing layers
on the two machines perform
the commu nicatio ns Ie.g. . layer
fou r talks to layer fou r).

Application software (e.g.. E·
mall) res ides in layer seven. Pro­
tocols like NetBIOS and Novell's
IPX occupy layers two through
s ix. One widely held miscon cep­
tion Is th at layer on e. the phys­
Ical layer. refe rs to cables,
co n n ecto rs , a n d In te r fa c e
cards. In sp ite oft ts name, layer
on e refers toastream of bits and
how they move on a cabl e, not to
the paraphernalia itself.

In th is ser ies of articles. we
are most Interes ted in the bot -

The OSI stack
Due to the proliferation of tn­

compatible network communt ­
cations protocols In the 1970s
and 1980's . the Inte rna tio nal
Standard s Orga n ization (ISO)
defined the well-known Open
Systems In terconnect (OSIJ ref­
erence model. The OSI model
defines a seven-layer "stack" of
software modules th at provides
a clea n way of Interconnecting
different kinds of compu ters .
Deta ils of the model a re beyond
the scope of thi s ar ticle, but Fig.
2 shows Its essen tial featu res.

The seven layers cons is t of
two main groups of services :
transpor tation services con ­
cern ed with th e reliable transfer

were forbidden to cross the
bridge without the token.

In -a CSMN CD sys tem . any
machine can begin transm is­
s ion at any time (assuming no
other mach ine is a lready "talk­
tng"). However, there Is a proba­
bility that severa l machines ca n
beg in s pea k ing at the sa me
time. in which case the re Is a
collision . In that even t. each
m ac hin e wa lts a ra n d o m
a mou nt of time and attempts to
beg in transmiss ion aga in .

Th e r el ati ve m e r i t s o f
deterministic (token-pass in g)
vs . probabl/istic (C S MA/C D)
schemes have fueled many spir­
ited deba tes In the network
community. However, few would
d ispute that small Installations
without constan t h igh -volume
traffi c perform similarly us ing
eithe r token pass ing or CSMA.
or that very busy networ ks func­
tion better with token-pass ing
than CSl\1NCD.

Access methods are typically
implemented on a network in­
terface card that plugs into a
personal computer or worksta­
tion . The card gathers s ignals
from the wire, conver ts them to
digit al format. then decodes
th em . High er- le vel s o ftwa re
then takes over to per form error
detection a nd gradually ad d
more usefu l Information to the
message. The end result is that
a n a nalog s ignal on a wire is
converted to a format that can
be unders tood by a computers
ope rating sys tem a nd the ap ­
plicati on s that run on It.

"



FIG. 3-REPEATERS. bridges, routers. and gateways work at progressively higher
levels 01 the 051slack.
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plementatlon of a CSMNCD ac­
cess method. Et he rnet ca n (and
does) run on thi ck coax, thin
coax. twis ted pa ir. a nd fiber. all
of which ca n be Implemented in
bus a nd s ta r topolog ies . You
migh t also have heard of IBM's
Token Ring. It too ca n ru n on
var ious types of cab les (twisted
pa ir and fiber) and topologies
(bu s and ringl.

Connecting networks
Agroup of con nec ted comput­

ers-a net work-must a ll use
the same low-level protocol. But
It Is also possible to connec t sev­
er al g ro ups of compu te rs to­
ge the r by means of spec ia l
devices (presented In Increas ing
order of in ternal in telligence ,
circu it complexity. and cost) : re­
p e a te r s . b r idge s . ro u ters ,
brouters (combina tion br idge
and router). a nd gateways. Fig­
u re 3 s hows the 051 level at
which each functions.

Repea ters a nd bridges a re
fai rly dumb . Inexpen s ive de­
vtces . A repea ter Is littl e more
than an a mplifier th at allows ca­
ble-l ength a nd number-of-s ta­
tion limitations to be overco me.
Repeat ers work at 051level two.

A bridge works a t 051 level
three to connec t networks that
use d ifferent access protocols.
or different high -level protocols.
For exa mple. you would usc a
bridge to connect a NetWare seg­
ment runn ing Et he rnet to an­
ot her NetWare seg me n I ru n­
ning Token Ring. Bridges typ­
Ically con tai n Intelligen t filters

that on ly pass networ k tra ffic
from one segment to th e other If
It really needs to pass. Modern
bridges can even convert h igh­
level protocols such as Netware .
TCPIIP, a nd OSI.

A router contains even more
Intelligence. a nd It work s at OSI
level fou r to help route network
data In the most efficien t way
possible. A brou ter function s as
a combined br idge a nd router.

A gateway allows connectio n
between totally dissimilar sys­
tems (e.g.. a PC running Net ­
Ware t o a m ain f r am e) . A
gateway functions at 0 5 1 layer
seven .

Net types
Now let's look at so me of the

practicalities of common net­
works. Wel l d iscuss the basic
Issues (cable. topology, access.
s ig nal) for Et he rnet. Token
Ring. and ARCnet.

Et h ernet : E th e r ne t (a n d
IEEE 802.3) uses a CSMNCD
access met hod that runs at 10
megabits per se co n d (Mbpa l.
Ethe rnet can run on two types
of coax. Wit h th ick Et hernet
(IOBase5 ). a th ick backbone ca­
ble runs throug h a plant or of­
fice. The backb one Is typically a
yellow-jacketed coax ia l cab le
about one-ha lf inch In diameter.
Attach ed to each end of the
backbone Is a 50-oh m termtna t­
Ing res istor. Typica lly you will
find bac kbone cable Insta lled on
the wall of the bu ilding locat ed
between Ihe ceiling pan els and
the roof.

Every 8 .2 feet a transcei ver
can tap In to the backbone . a nd
from the t ransceiver a cable
d rops dow n to a n attached
workstation . file server; PC. or
ot he r device. Most thick Eth­
ernet LAN's use RG-58 coax
with BNC connec tors as drop
cables. However. there Is a grow­
ing tendency to use twisted-pair
cable with RJ-45 modular con­
nectors in more recent Et he rnet
Installations .

The maximum length of a
th ick Ethe rnet segmen t is 164 0
feet; the max imum number of
trans ceivers per segment Is
100. To extend th at maximum
di s tance or add units . a re­
peater must be used .

Th in Etherne t (so metime s
called Cheapernet) uses RG-58
coax (l OBase21 that snakes d i­
rectly from machine to machine
usi ng T connec tors. In this set­
up, the transceiver mounts di ­
rectly on the network Interface
card In the PC or othe r device.
The max imum length of a th in
Et hernet segmen t Is 607 feet.
with a maximum of 30 devices
per segment.

Et h ernet al so runs on u n ­
sh ielded twisted pair (IOBaseTl
In a star topology. The m ax­
Imum length of a ny segmen t
from hub to workstation Is 328
feet. IOBaseT is growing In pop­
ularity due for the most part to
Us low cost and easy configu ra­
tion wit h mod ular telepho ne­
style connectors .

Last. Ethernet runs on fibe r
ca b les . Includ in g 50-, 6 2. 5-.
a nd 100-mic ro n du p lex a nd
plen u m d uplex cables . Cu r­
rently (unless cost is no object) .
fibe r Is used mos tly to lin k Ind i­
vid ual networks s epa ra ted by
some d is tance.

Token Ring : Token Rin g
(IEEE 802 .5 )uses a toke n-pass­
ing protocol. and runs a t 4 or 16
Mbps. A given network (or sub­
net) runs at either 4 or 16 Mbps.
bu t It is possible to bridge Token
Hlng nets running at d ifferen t
speeds.

'Ibken-rmg topology Is some­
what more co mplic ated than
the na me migh t s ugges t. as
shown back in Fig. I. Nole that
the ring really consi sts of a ring
of Media Access Un its (MAU's},

Con tin ued on pag e 66 59
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I N Til E EARLY EIQH T IES

there was no easy way for
personal computers and
control Circuitry to Inte r­
act with eac h othe r. The
Interfaces that were avaIl­
able were cu mbe rsome
and expensive . Today.
however. real-world Inter­
faces like our TI003 let
you r PC receive and send
both analog a nd d ig ital
s igna ls. The T lO03 Is ca­
pab le of24-bl t digital 110.
eight channe ls of8- or 12­
bi t analog-to-digital con­
version . and a single 8­
bit digttal-t o-analog con­
vers ion .

The TI003 comes with
easy-to-use so ftwa re that
allows you 10 quickly con­
figure every aspec t of the
unit. As an example of
what the TlO03 can be
used for. the so ftwa re in­
c lu des a sto r age-os­
cilloscope program that
lets you mon ito r eigh t
low-freque ncy voltages
graph ically and save the
results to disk.

steps. 1b achieve 1·mIl11­
volt resolution (grea te r
than 12 bits) . the reference
multiplexer Is set to pass
2.5 volts to the VRf:FI2 pin.
The reference DAC which
is connected to VIN_ Is set
to 0 volts. The analog mul­
tiplexer Is set to connect
one of Its 8 channels to VIN
+ . The AID co nve r te r Is
s ent a s ta r t co nve rs io n
pulse and . a fter 100 micro­
seconds (convers ion time),
It is ready to retu rn the val­
u e m eas ured . The va lue
mea s u red Is th c n read
back In to the software.

The refere nce multiplex­
er Is now re-addressed to
pass 128 millivolts to theN
Dconver ter's VR E F12 pin . so
full-scale Is set to 256 milli­
volts. Since our NO con­
verter has a to ta l of 256
coun ts (0-255), the Tl003
Is now set to a resolu tion of
1 m illivolt per coun t. How­
ever. we arc not yet home
free. If we arc measur ing 3
volts . then we a re. in es­
sence . measur ing 3000
millivolts . JfVIN_ls still se t

24-bit I/O port to Ovcl ts . then we wtll over-
Look a t the block dl - .. run our NOs capability by

agram In Fig. I. The VO The T1.003 has 24-b,t digital 274 5 mlillvolls . T hat
section is compos ed of .. would yie ld a read ing of
one IC {an 8255 program· I/O, 8 channels of 8 · or 1.2 ·b,t 255 which . In th is case.
mabie pe ripheral Inter- .. .. would mean overrange . In­
fa ce. or PPll. The IC Is AID convers,on, and a s,ngle s tead. we will set the refer-
conftgurable as three 8- 8 bOt ft/Jl .. en ce DAC sec tl o n two
bit por ts or two 8 -bit - I 11111 conversion. cou nts (40 m illivolts ) be-
ports and two a -b tt ports . low wh a t we mea s ured
Additionally. each po r t STEVE WOLFE u s ing the 20 m illivo lt
can be configu red for et- mode.
ther inpu t or output using the th e AID co n ver ter Is 12 8 TheVI N_ls now 20 to 60 mllll-
softwa re Incl u ded with the (10000000) . the voltage being volts below the actual voltage
T1003. measured at VIN+ Is 2.500. This being measured . While in the 1-

The output DAC(D to A Con - assumes that VIN_ is se t to 0 millivolt mode we a re able to re-
verter) section consi sts ofa data vo lt s . V1N_ is sim ila r to the so lve255 mtillvolts in I-millivolt
latch. a DAC IC (a DACOBoo or ground lead of a voltmeter. It Is s te ps. T he AID co nve rte r Is

~ DAC08 ). and an ope rational g rounded duri ng operation . agai n told to start conversion.
_ amplifier. Any byte sen t to the The NO converter measu res the The result ant reading Is the
~ DACsection will be output as a diffe rence between VIN+ a nd number of millivolts to be added
e- voltage between 0 and 5 volts at V1N_. The a nalog multiplexer to the voltage we are producing
'<t pin 33 of the terminal b lock section is software addressable. a t t he reference DAC (V1N _ ).l (TBI-33). Address values of 0 th rou gh 7 First. we did a 20-mlllIvolt con-

The N O section uses th ree cause channels 1 through 8. re- version to dete rmi ne a rough

""
i~ a nalog s ignals : V'U:FI2' V1N_· spect tvely, to be connec ted to value of the voltage being mea-

a nd V1N+. VRy.Fn is used as a the NO converters VIN+ pin . su red . Next. we adjusted VIN_ to
refere ncevoltagebythe NDcon- The ND converter used in the a value Jus t below th e meas u red
verter, From that voltage the A'D T l003 (an ADCOB03) is an 8-blt voltage and d id a I-m illIvolt con-
establishes fu llscale. IfVREFn ls device. A 5-volt Bvh lt device Is vers ion. V1N_ plus th e I-m illivolt
2 .500 volts. full scale is 5.000 typically capa ble of approx l- result equals the l -mtllrvolt res-

60 volts. If the byte read back from mately 20-mllllvolt resolution olutfo n final value .



is the LSB of the add ress lin es .
The ch ip-select section Is made
u p o f l e l - IC S a n d IC I9.
(IC I - IC4 a re 74 HC T 138's;
whenever G2A and G2B a re low
a nd G l Is h igh. one of eight out­
puts will go low, depend ing on
the address present a t the A. B.
a nd c tnp u ts.IChi p ICl ls active
when B EN is h igh an d S fo:ND is
low, If IC I Is In ac ti ve then
IC2- IC4 are also Inactive .

IfICI is ac tive and the address
value Is less than 8 , then ICI pin
IS ac tiva tes IC2. If the address
In use is between 0 an d 3 th en
ICI9 activates fCB {the 8 255J.
Therefore. ICB Is active durin g
writes and reads in the address
range of BAS + O to BAS + 3 . If
the address is BAS + 4. the n the
C HIP S E LECT line of the NO con­
verter is ac tivated. al lowing it to
respo nd to read or write pulses.
IflClls aetlvean d the address is
between 8 and 15 . then ICI pin
14 becomes active. If the func­
tion Is read, a nd the add ress Is
8 . IC3 pin IS becomes active
caus ing ICW to move Its la tched
data to the data bus.

Ch ip ICW h olds seven hard ­
wired bits that arc used to deter­
mine whether the TW03 Is a t-

V,..
AID ANAlOGSECTIDrl MUX

DATA ,
SfCTION

VRrF,1

FROtlT DATA BUS OUll'UT
ENO 0"SECTION

TO EVERY TO OAe's
SECTION & REF. MUX

'"PORT
SECTION

CH. REFERENCE
SELECT VOLTNlE

SECTION SECTION

FIG. 1- 11003 BLOCK DIAGRAM. The 110 section contains an 8255 programmable
peripheral Interla ce (PPJ), which Is config urab le as three a-bit ports or two a·bit port s
and two 4·bil ports. Each port can be configured for either Input or output.

n003 PARTS LIST
Detailed operation

As was the case with th e pre­
vious 11000 peripherals . we 'll
co ntinue u s in g BAS IC la n ­
guage. The first s tep in control­
lin g a ny 11000 peripheral is to
estab lish a base address and se­
lect the des ired peripheral. The
first bit of code will be:
BAS = 768 : out BAS + 31,3
768 (hex 300) is th e factory-pre­
set base address of the 11000 . As
noted ea rlier. the address is DlP­
switch selec table. Next, we have
an OUT to BAS + 31. As you
might recall that address Is re­
served for peripheral selecti on ,
The TW03 has a un it o r pe­
r ip heral ad dres s of "3:' Con­
seque n tly, If I send an OUT to
BAS +31wit h a data byte of "3 ,"
the TI003 will be read ied for fu ll
liD op eration.

Look at th e schematic in Fig.
2. Address lines A 5 through A9
are used by the n ooo only, and
A D through A4 (32 bytes ! a re
used by the peripherals to ad­
dress their ICs . Address linc AO

All resi stors are ¥,-watt, S%, un less
otherwise noted

Al-2200 ohms
A2, A4-10,OOO ohms
R3-33ohms
A5-not used
A6, Alo-2320 ohms, 1%
A7. All , Al6-l000 ohms
AB, A12-511O ohms. 1%
A9. Al3-20SO ohms
A14-1100 ohms
Al 5-240 ohms
R17-l0.000 ohms. mull iturn

potentiometer
R1B-l000 ohms, multiturn

potentiometer
A19, A2o-SOD ohms. mu!titum

potentiometer
A2l -S000 ohms, potentiometer
ca pacitors
c r . C2, CS. G1 7. C24, C2S, C3l, C32,

C3S, C36, C4~49--notused

ca C4. Cl 0. C12-el S, Cl9--0.l5 1lF.
ceramic

C6, Cll , C38, C41. C43-100 IlF. 2S
veils. electrolytic

C7--G9. C16. C1B, C2O-C22, C28, C29,
C39, C40, C42, C44, CSO, CS1-10
."F, 35 volts. electrolylic

G23, C26. C33. C37. C52. CS3--2.2 ."F,
50 volts, electrolytic

C27-1S0 pF. mica

C30. C34-36 pF, mica
semiconductors
IC1-IC4- 74HCT138 a-to-a line de-

multiplexer
IC5-74HCT54Q octet inverting buller
lC6-82S5A programmable peripheral

interlace
IC7-IC9-TlOB2 dual JFET.inpul oo­

amp
IG10, IC12, IC15, IC17- 74HCT573 oc­

tal O·type latch
ICl l -ADCOB03 a-nn AiD converter
IC13. IC14- 74HCT40Sl 8-c hannel

multiplexer
ICt 6. ICl 8-0AC0800 CIA converter
ICl9-74HCT20 dual 4-input NAND

gate
IC2O-lM336-2.5 reference diode
IC2l -lM317T adjustable vol1age reg­

ulator
IC22- l M340K-S.Ovoltage regulator
IC23-lM790ST neceuve S-volt reg-

ulator
Dl -1N4002 diode
Other co mpon ents
TB1- two ta-pcsmon terminal blocks
TP1-TP4, TP6-PC-mounl test point
TP5-not used
Miscell aneous: te sockets. T0 3·type

heatsink, instrument case, wire. scr­
der, ere.
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OUTs and INs In the range of

BAS +0 to BAS +3 acti vate ICG
(the 8255~ "OlIT BAS + 3.BYfE"
Is used to configure th e 8255
where " BYTE" is the Inpu t!
output con ngu ra n on . BAS+0
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t ton is a write. and the address
Is In the range of 16 through 18 .
then IC4 p ins 15 th rou gh 13 be­
come ac tive. The signals pass
through IC5 wh ere they are in­
verted. The th ree Inverted sig­
n a ls a re used to load three
lat ch es : ICI2.ICI5. and IC17 re-
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lached to the 11000. It Is a lso
used to che ck the NO INTE I{ f( UPT

line . The line Ind ica tes whether
the N D ha s finished Its co n­
vers ion process . If lei ts active
and the add ress Is In the range
of 16 through 23 . then lei pin
13 becomes active. If th e fun -

FIG. 2-TlOO3 SCHEMATIC. The ch ip-se lect sectio n is made up ol lC1-lC5 and 1C19. 11
le t Is Inactive then IC2-lC 4 are also Inactive.
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por ts I th roug h 3 respectively.
If th e 8 2 5 5 Is co nft g u red
wit h port 1 a n Input. port 2 an
ou tp u t. a nd port 3 an ou tpu t.
the n a n " OUT BAS + 2.B5 ··
woul d pla ce a lte r-nat in g ones
a nd zeros on TBl pins 17- 24 .
T h e line "A ::::: INPIBAS + 0) :
A ::::: INPlBAS + 0) " woul d rea d
Into the compu ter the byte p res­
ent on Till pi ns 1-8. As vou
might reca ll from the previo us
a rticles. two Input s tateme nts
a re used to read data . The first
s ta temen t moves the data from
the pe r ipheral to the 11000 . The
secon d s ta teme n t moves the
dat a from th e 1I000 to the COIll­

pu ter -s memory (variable a ).
The voltage -reference sec tion

gene ra tes the reference voltages
used by the DAC and NO con­
verte r sec tions. Five volts is ap­
plied to R l and su bsequen tly
IC2 0 . a n LM336 vol tage reg­
u lator. Poten tiometer RI 7 is ad­
justed for 2 .5 volts a t TP6 : the
2.5 -volt reference Is buffered by
IC7 -a . ICB-a . and ICg ·a. a n d
(hen sent to IC I4. IC16. a nd
IC IS. The reference volt age Is
also sen t through H2. RIB . IC7·
b . and across C26 a nd R3 IRIB
Is adjusted for 128 mil livolts at
ICI4 pin 1 3 ~

Th e ou tp u t DAC section Is
composed of ICI 7. ICI S. an d
IC9-h. An MOlIT BAS+ 17.BYfE"
\ViII cause a dat a byte to be load­
ed Into IC I7. The data byte Is
converted to a cu r ren t In ICIB.
T h c c u r re nt is fed to IC9 -h
where Il ls conver ted to voltage.
Th e voltage Is ava ilable to the
user on TOI pin 33 . Potenuome­
te r R20 Is used to adjust th e full­
scale voltage out p u t to 5 volts .

As for the NO sectio n . wel l
ju m p right to the explana tion of
the 12·blt mod e because it tn ­
c1udes t he B-b it exp lanation.
Lees assume that we want to
measure th e voltage on TBI pin
25 ustng the tz-bn mod e.

Firs t. we will do an "OUT to
BAS + 16 " with a data byte of B
(OlIT BAS +16 .8). That causes
2.5 vol ts to pass through ICI 4
an d be applied to NO con verter
ICII p in 9 (V H E Ff2 ). It also ap­
plies a n add ress of 0 to IC I3
wh ich con nec ts TB I p in 25 to
JC ll p in 6 (VIN + ). Next. we will
"OUT ' the valuero" to BAS + i B.
That causes the reference DAC



• • N ij•••••

~
• •••••••••• •••• •••••• • •• •••• • • • •• •••• • •••••• • ••• • ••

~
• • • •• • •• • • •• • •• • • •I • • •• • • •I • • ••

• • •• • •
.~..... ~

•
• •• • ••••••• • •••••• •••••• • • •••• •• • •••••• • • . 1••••• w••••• • Ii••• •• •• a

• . 1 S-
o

•• •••

••
~• ••

~
• ••

•
••

~ • •
}

.:J~
~

~z
. ~ •2
.!i
w •

.. SOLDER SIDE 01th e T1003 boa rd.

to apply 0 volts to lell pin 7
{VIN_I. Now we arc ready to s ta r t
th e AID co nver ter. That is ac­
com plished by doing a n "Otlf"
to OA5 + 4. The data byte Is ir­
relevant when sending a st art
pulse so you can use a ny value
you like (as long as It Is In the
ra nge from 0 10 2551.

Next, we w ill read Ie10 to sec
If the N O In terrupt lin e has
gone low (end of conversion). If
it Is still h igh. th en the NO has
not fin ished . and we will read
rcio agai n . When rc io» LSB
goes low the ND converter is
ready to be read. Apa ir of Inputs
to BAS +4 brtngs the measured
by te ba ck Into th e com pu ter. We
now have an g-bn measurement
oCthe volta ge under tes t. We will
ca ll ou r resu lt byte I.

To get a 12-b lt rea d ing. we
must continue from where we
left off. An "OUT" to BAS+ 16
ca rryi ng a byte of 0 Is done•
whic h changes VRF.~-12 to 128
millivolts . We are s till connected
to TBI p in 25 as be fore . Next . a n
"OUT" to BAS +18 1s done ustng
the byte received during the 8·
bit measure ment (BYT E I )
m in us two co u n ts. In other
words . if the byte was a 100. we
now OUT a 98. That causes the
VIN_ to be 20 to 60 millivolts be­
low the voltage rece ived fro m
the termtnal block . We are agai n
ready to start th e AID converter
us in g a n OUT to BAS + 4 . We
read BAS +8 u nt il th e AID con­
ver ter fini shes Its conversion
a nd then read back th e new val­
ue (BYTE 2) . S ince VB F.F I2 Is
presen tly eq ua l to 128 m llll­
volts . BYTE2 Is eq ua l to t he
number of mill ivolt s above VIN_ .

VIN_ is equal to lBYTEl - 21 x
(51255 ~ Therefore. the value of
the voltage at p in 25 Is equal to
IBYrEl - 21 x 1(51255) + BYrE21 1

Power supplies
Regu lator IC21 makes usc of

the com puter's + 12-volt supply
to p roduce t he + 7 volt s re­
qu ired by IC7-IC9 . Regu la tor
IC22 makes usc of the com put­
er's +12-voll su pply to produce
th e +5 volts required by all of
the ot her IC's. Regulator IC23
makes usc of th e co mp u te r's
- 12-volt supply to produce the
- 5 volts requ ired by IC7. ICB.
IC9. ICI 3 . ICI4. ICI6 . a nd ICI B.
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FIG.3-TI003 PARTS-PLACEMENT DIAGRAM. Youcan either buy a PCboard or make
your own from the fall patte rns we've provided. The Front End parts are shown with a
dark line around them.
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agram of Fig. 3. The re is also a
se parate Parts Lis t for the Fron t
End. (The Fro nt End circu itry
was d iscussed In det ail In the
J u ne tssue.I Do not confuse the
two list s of parts , or whe re th e
parts go on t he boa rd . Also,
nollce th at there are three holes
on the board for many of the
ca pacitors, with two of t hem
clcctrically the same. The ho les
can acco mmodate capacitors of
d ifferent s izes. Use the pa ir of
holes that bes t fits the capac i­
tors that are ava ilable to you .

Fou r voltage regulators a rc in
the T IO03: IC20-IC23 . Three of

FIG. 4- THE 08-25 CONNECTOR at­
taches to the board with a length of rib­
bo n cab le and a 26·pln header and
matching connector. The lM340K reg .
ulator mounts on the back panel of the
TI003 case along with a heatslnk.

you r own from th e foil patterns
we've p rovided . Note tha t the
part s for the Fron t End are con­
ta in ed o n t h e T l0 0 3 boa rd
shown wit h a dark line arou nd
them In the Pa rts -Place men t d t-

FRONT-END PARTS LIST
• 11000 klt-$6S.oo
• 11000 PC board only-$35.oo
• 11000, assembled an d tes ted­
sn.oo
• 6-loot Interl ace cable (08-25-6)­
$12.95
• T1001 kit (Includes PC board, all
li sted parts, project case, and pre­
assembled front and rear panels­
$149.00
• T1001 PC board only-s49.oo
• T1001 , assembled-S179.DO
• TIOO1 software (Included free with
T1001 Order)-$10.00
• Capacitor kit (unmea sure d) ­
$21.00
• Capacllor kit (measured to with in
1%)--$26.00
• T1003 kit (Includes PC board, all
li sted parts, project case, and pre-
assembled front and rear panels­
$159.00
• 11003 PC board only-$59.~

• n 003, assembled and tested­
$189.00
• T1OO3 software (InCluded free with
T1oo3 Order)-$10.00
Add S5.00 S&H to any order.Check or
money order only. Flor ida residents
must add 6% sales tax.

Resistors
R1-33 ohms, 16-pln DIP resistor
R2- 2200 ohms, 10·pin SIP resistor
R3--1000 ohms, 10·pin SIP resistor
Capacitors
Cl-e7-Q.15....F. 50~l!s, monotythlcor
polystyrene
C8-C11, C2O-C28--1 500 pF, 63 volts,
polystyrene
C12-G19--220 pF, 100 vcns. ceramic
disc
Semiconductors
ICl - 74l S573D octal latch
1C2- 74l S688D a·bit magnitude com­
parator
1C3-74LS245D octal transceiver
1C4-74L502D quad 2-input NOR gate
ICS, IC6--oc tal buller
IC7-74lS08D quad 2·inpul AND gale
Other components
Jl-16-pin male header
J2-1B-pin male header
J3--26-pindual-rowheader withmatch­
ing IDC connector, ribbon cable, and
male IDC DB25 connector
Miscellaneous : 17 shorting blocks (lor
J1 and J2)
Note: The following Items are even­
able Irom TSW Electronics c crc .,
2756 N. University Drive, Suite 168,
Sunrise, FL 33322(305) 746-3387:

Construction
To b u i ld t h e T I 0 0 3 p e ­

npheral. a PC board Is recom­
mended . You ca n either buy a
PC boa rd from th e sou rce men ­
lIoned In the Pa rts List or make



•

runs at 2 .5 Mbp s over RG-62
coax or UTP. ARCnet has a flext­
ble topology con figu ra tion . In­
cluding daisy chained coax (like
thin Ethernet). coax star. an d
twisted pa ir star. With proper
n etw or k In t e rfa c e ca rd s .
ARCnet also su p po rts hybrid
b us /s tar topolog ies . as shown
In Fig. 4_

ContIn ued on page 71

STP). and Type 9126 AWG STP1.
Unsh ielded Type 3 Is not recom­
mended for 16-Mbps opera tion.
Types 6 and 9 are more flexib le.
hence con venten t . than Types 1
and 3. Types 1 and 3 are often
u sed for the main r ing . a n d
Types 6 or 9 for runs from a wall
plate to a PC or device. Type 1
was the first type offered . a nd Is
s ttll most popular.

AR C n e t: ARC net u s es a
toke n-pass tng pro tocol, an d It

•
•

•

TROUBLE SHOOTIN G

contin ued (rom page 5 9

each of whtch has one or more
connectors for cables that drop
to Individual workstations. If a
s ta tion drops off the networ k .
the l\.1AU takes on the respon­
s ibillty ofensu rlng that the r l n~

maintains elect r ical con tinu ity
th rou ghout.

Calcu lati ng max imum cab le

lengths is straightforward. but
It Is a littl e bit more complicated
than the simple maximums for
80 2.3 .

Toke n rin~ runs on severa l
types of cable: com mon types
include 1)'Pe 1 (22 AWe STPJ,
Type 2 122 AWG STP plus fou r
unshielded pai rs for phone. e.g.
RS·232). Type 3 124 AWG UTP).
Type 5 I ftber -l. Type 6 126 AWG

FIG. 4-ARCNET oNers a hybrid . tar/bus topology that run s on tw lsled·pa ir cab ling.
Note that the middlecluslerof PC'sIs wired as abus, which Is li self connected loa hub
that services another PC and clu ster In a star configuration.

PC-BASED TEST BENCH

conti n ued (rom p rrcedlng JJ.'I~e

th em mount d irectly on th e PC
board, but one of them (l C22) is
an LM34QK In a TO-3 case that
must be mounted on the back
panel of the T lOO3 case. Mount
the regula tor. a long with an ap­
propriate heat s Ink . on the back
panel and hardw lrc It to the
board. Figu re 4 shows the corn­
plctcd T lO03 boa rd .

Software
Each peripheral . Including

the 11000. has Its own so ftwa re
program to co ntrol Its own oper­
a tio n. All of th e p rograms end
up In one direct ory as more pe­
riphe ral s a re added . Software
for th e 11000 an d the en ti re se ­
rl es of pe ripherals . including
th e Tl003 . can be downloaded
all at once from the RE-BBS
15 16·293·2283 . 1200/ 2 4 00 .
BNl) as a self-u na rc h tvtng zip
file ca lled IIOOO.EXE. Both com­
plied and uncompiled software
Is Included . S oftware Is In ­
cluded free wit h the purchase of
any per ipheral from the sou rce
In the Pa rts Lis t. (Software can
also be pu rcha sed from that
sou rce withou t purchasi ng a ny
hardware Items Ifyou have no
way of downloading It from the
RE·BBS.)

The TIO03 peripheral mus t
be ca libra ted preci sely If you ex­
pect It to work properly. You 11
need a DC volt me ter for elec­
trica l testing . The hand too ls
you l l need Include a non-con­
ducnve al tgnment tool to se t the
potentiometers. a s mall nat ­
blade jewelers sc rewdriver. a 5K
calibratio n poten tiometer li n ­
c1uded with the T lOO3). and a
~U" shaped wire (also supplied
with the TlOO31. The ma in . or
~TSW" menu allows you to select
"NO. D/A. 110." Th at sta rts the
TIO03. Select "C" from the next
menu to calib ra te the T I003 .
and carefully follow all of the in ­
s tructions th at you arc g iven .

The Tl003 wl1l provide you
with a relatively s imple method
for obtaining real-world data
and gett ing it Into you r PC. With
practice you wtll be able to gen­
era te you r own custom applica ­
tions for this projec t. R-E66





CJ

MISSING CORtl{R

co nce rn ing those s pecia lize d
instru c tions.

A number of grou nd ing wires
must be passed through holes
In the boa rd a nd soldere d on
both s ides to co n nect the top
and bott om grou nd planes to­
gethe r; All of those points a re
des igna ted on the board with a
"G." A short length of exces s
co mpon en t lead ca n be u sed .
Wrap a len gth of :V16-inc h co p­
pe r-foil tape arou n d all fou r out­
s ide edges of the PC board . fold
It over. and th en completely sol­
der It on both s ides.

Variable ca pac itors CI and C4
mus t have thei r leads bent at
900 a n gles a nd s olde re d n a t
aga inst the boa rd . However. In ­
ser t the leads of va r iable capac i­
tors C2 and C3 1h rough h oles In
the boa rd a nd solder them on
each s ide. The leads of potenti­
ome ter RI mus t a lso be ben t at
90 0 a ngles a n d s oldered n at
a ga in s t t h e board . Bend t h e
leads of elcc trolyucs C6 an d C8
a t righ t a ngles so they a re flush
with t heir cases. and so lde r
them to the PC board . Trim the
leads as s hort as poss ible.

Ca ll L2 Is actu a lly just on e
lea d of R2 (a 6.8-oh m resi stor)
fanned tnt o a 2'h -tum in duc­
to r. Wrap Ih e lea d 21h ti mes
around a n 11K-inch thick nail or
simila r form . Wh en solderi ng it
to th e b oard . ma ke sure that
you raise the coil pa rt of the lead
s ligh tly above the board so that
It doesn 't touch the copper tra ce
below It.

Two chi p capacitors a re u sed

'1l, ·lUGH CCPP{R RllIBOII

C4
2- 18pf J2

'lk ~

LJ ~~~I IO- 15WAn S 50U
C3 420- 450M Hz
2- 18pf

~

FIG. 2-PART5- PLACEMENT DIAGRA M. All components are mounted on th e lop
surface of the board ,

pies. as a re the mounting pa ds
for CI. C2. C3. and C4. which
offer significant capacitance to
grou nd. Therefore. It is Impor­
tan t that you do not modify the
foil patte rn provid ed . You can
buy the PC b oa rd fro m t h e
sou rce given in the Parts List.

Figu re 2 Is the parts -place­
ment diagram. All compo nen ts
are moun ted on the com ponen t
s ide of the boa rd and so ldered to
their res pective pads wit h zero
lead lengt h . exce pt as in the spe­
c ia lized In s tru c tions that fol­
low. Refer to Fig. 3 for deta ils

l 4 II
BEAD ::

CHOKf 'I

"MAfSs.c

R2
6.8U

""

11
(PARTOf

PC BOARD)

cs l • III

*I ~ "000'1 lH4lln1 C7 I
.001ll--'-+ ~

C6 I R4
lO~F 11(-- :iI

"
R6 L" + 13.2V

• .2 03
CO '"AI 47~f

1N4007 1N4007

'SEETEXT -e- 100" -

J1
1.5- 2.0

WATTS ltlPUT
sec

PC board foil a rou nd Qt . Ca pac­
Itors C5 and C6 provide broad­
band bypassing of D1. a nd L2
and R2 feed DC b ias In to the
base of g I . Co li L2 Is a low.g
b roa dband choke that preven ts
pa ras itic oscilla tion .

Potentiomete r Rl is adjusted
so that. In the absence of an In­
put signal to Jl, th e amplifier
draws about 125 m illiamperes
from a 13 .2-volt DC su pply. Ca­
pac it ors C7 a nd C8 perfo rm
broadband bypass ing In th e col­
lector c ircu it . an d D2 and 1)3
provide reverse-pola rit y prot cc­
lion In th e event of power-s u p­
ply s pikes or acc iden tal rn tscon­
n ec ti on . A a-a m p fu s e . n o t
incl uded on the PC board . is de­
s irable in the pos it ive lead of the
power s upply.

Construction
The linear a m plifie r is co n ­

s tructed on a G-IO O.062-tnch
epo xy fiberglas s double-sided
PC board. Note that one s ide of
the PC board is a grou nd plane
wit h no componen ts or traces
on It. That Is absolutely essen­
tial to the operation of Ihls c ir­
cu it. The PC board traces have
cap ac ita nce an d induct ance
that arc Inco rporated In to the
des ign of th e a mplifie r. In duc­
tors LI and L3 are two exa m-

FIG. 1-UNEAR AMPUAER SCHEMATIC. The ampllfler has a single Motorola MRF654
RF power transistor (0 1) as ils aclive element.
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INSTAllGAOUNDlNG
WIRES IIIAll l OCATlON5

MARKED "G'IN FIG.2
ASSHOWNHERE

PCoOARD

SOLDER Al L
RESISTORS, DIODES, rrc..

LIKE TH IS

I COPPER

~,:f7tPJpr.
PC BOARD

SOLDER

ALLOW
CLEARANCE UNDERLYINGTRACE

HERE

WRAP COPPER·FOILTAPE
SOLDER OVER Al L FOUREDGES Of 1l0ARO

~ABOT HSIOES

SOLDERSliOULDBESMOOTHAND
f ULLYBONDED TO CHIP

CHIPINSTAl lAllQN

CENTER LEAD
SOLDERED AT 90·

THETWO GROUNDING
lEADSOFC2AND C3

GO STRAIGHTT,-fROUGH
THE BOARDANDARE

SOLOERED ON BOTH SIDES

fORM AND
SOLDER LEADS
Of ct ANDC4

LIK ETHIS

FIG. 3-CONSTRUCTION DETAILS. Because 01the high frequencies Involved, certain
aspects 01 the design are very crltlcar.

In this p roject (C5 and en To
Install th em p roperly. first tin
the a rea where the ch ip is (0 b e
Insta lled . a nd then place the
ch ip on the board. Hold the chi p
down with the ti p o f a s m a ll
s crewd rive r a n d lack solder one
s ide to the ti nned s u rface. After
one s ide is tacked in place. lack
solder the othe r s ide. After both
sides are tacked In place. per­
manently so lde r bo th s ides as
shown In Fig. 3 .

Now Install Q I. Note th at a
hole Is drllled in the boa rd for
QI. la rge eno ugh so that no part
of QIs case touches th e board .
Look for th e lead that's missi ng
a corner. and position th at lead
as ind ica ted in Fig. 2. There are

two larger holes ncar each emit­
ter lead of QI. Thread a short
length of co ppe r fal l. I/uJ- lnch
wi de (c u t f r o m fo i l t ap e )
through those holes and so lder
Ii to both s ides ofthe board after
QI is Installed. Th e coppe r so l­
idly grou nds both emit ter leads
to the top and bottom grou nd
planes (sec Fig. 4 ).

After Ql Is so lde red in place.
mou nt the PC board ins Ide the
case. as show n in Fig. 4 . so th at
th e bottom ofQ lls level with the
ou ts ide su rface of th e case. Use
a metal case for prope r shi eld­
Ing. Mount th e board with the
four corner moun ting holes and
4-40 or 6-32 sc rews . Use wash­
ers or available spacers th at wlll

allow the proper fit forQI . Drill a
hole In th e heatslnk for Q i s
8-32 threaded s tud, and deburr
the 110ie so th at th e bottom ofQ l
mounts flush . Secu re the heat­
s ink with a n a pp rop rIa te nu l
and lockwashc r,

Make su re that Q l fits in Its
mounting hole and th at no part
of It , except for the four ribbon
leads . touches the PC board .
There must be no mech anical
s tress on QI's leads. If Qlls off­
cen ter or cocked at an angle to
th e PC board , th e s tud might
b reak off wh en the mounting
nu t Is tigh ten ed .

Th e heats ink for Ql sho u ld be
at least a V16- or 1/t<- l nch alu m i­
num plate measuring abo u t 3 V:.l 69



PARTS LIST

STUD

FIG.~THE AUTHOR'S PROTOTYPE. A metal case provides superior shielding.

All resistors are Y.-watt, 5%, un-
less oth erwi se noted.

R1- 100 ohms. potentiometer
A2-6.8 ohms
R3-A6-1000 ohms
Capacitors
C1-C4-2-18 pF trimmer
C5, C7-Q.OO1 j.l-F.50 volts. chip
C6-10 j.l-F. 16volts. electrolytic
CB-470 j.l-F, 16volts. electrolytic
Semiconductors
D1-D3-1N4007 diode
Q1- MAF654 transistor
oth er components
L1 . L3-part of PCB etching
L2---one lead of A2 wrapped 2'12

times around a%lh-inch thick nail
(see text)

L4- VK200 -19-4B bead choke
(Ferroxcube)

J1, J2-BNC connector
Miscellaneous: PC board. meter

case, heatsink, hardware, 15
inches of copper-rontape. coaxial
cable, wire, solder, etc.

Not e: The following it em s are
available from North Country
Radio, P.O. Bo x 53 Wykagyl
Station, New Roch ell e, NY
10804:
• Linear ampli fier kit (includes
PC board, all parts, case, heat­
si nk, hardware , copper-foil
tape, coa xial cable, and con­
nectors)-S79.50
• Linear amplifi er PC board
only-S11.50
• ATVtransmitter kit (Includes
all parts . case, 439.25·MHz
cry stal , and all connectors)­
$125.00
• ATV transmitter PC bo ard
only-$12.50
• Additional crystals for the
ATV transmi tter (channels 14,
15,16,17, or 18)-$7.50 each

Add $3.50 shipping and handling
to any order. New York rest­
den ts must add appropriate .
sales tax.

PC BOARD

E

CERAMIC CASE

MISSING
CORNER-

COPPER
STRIP

c

FIG. 4-0115 INSTALLEDso thai no part of itscasetouches theboard. Heatsinking is
very Important.

FIG.6-THEAMPLIFIERcan bemonitoredlor linearity with this vldeo-detector circuit
and an oscilloscope.

10 0 warm. replace the hea ts in k
wit h a larger one. A suitable
heats ln k is included wit h the
k it available fro m the so u rce

given In the Parts Lis t.
Con nectors Jl and J2 can be

BNC- or N-type. Do not use type
F co n nectors because the tm ­
peda nce is not satisfac tory a t
400 to 500 MHz. Use a s hor t
length of min iature coax ial ca­
ble to con nect Jl a nd J 2 to the
PC board . Figu re 5 shows the
Ins ide of the aut hors prototype.

Alignment
After carefu lly rnspccnng th e

board . set Rl fu lly counterclock-

VIDEO OUTPUT
TO

---~O SCOPE WITH

t OW·CAPACITAN CE
PROBE (O:; l11pF)

lNPUTo--I(- - ll
2.2 f 2-lOpF

P TUNE FOR
h440MHz "'=' MAXIMUM
~ VIDEO

3 TURfJS OF m "1
TlUNEO WIRE 51182-28110

TAPPED AT 1 TURN
.14·1.0.x ,3· LQIIG

x 5 inches. The heats tn k tem­
pe ra t u re s ho ul d n o t ex ceed
140°F (60"Cl dur ing a m plifier
opera tion . If th e a mp lifier runs70
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COMPONENT SIDE for th e li near amp.

",;;::171
12 10 14'JDC

I
I I

J1
AN lIflf AR

TRANSMIT IER JI AMP

i 1 \
AUDIO III 6-12 INCH

VIDEO IN "'AX
FIG. 7 THE TRANSMlTIER connec ts to
the linear amplllier with a short coaxial
cable, and the antenna Is connected to
the amplifier.

wise and connect a regu la ted 3­
a m p. 13 .2-voll DC s u pp ly, ob ­
serving proper polarity. An am­
meter must be ins tall ed In
series with th e positive lead u n­
less the pow er s u p ply h a s a
but lt-tn meter; Con nect a su it­
able wa tt meter (0-25 watt s)
and a 50-oh m dummy load to
J2. (Do not usc an a n ten na. be­
cause th e circu it m igh t radiat e
in terferen ce during tests .)Make
s u re yo u r wa ttmet er a n d load
a re both fu nc tional at -tOO-500
MHz (many ce and ham-rad io
meters a re unsa ti s fa ct ory a t
th ose freque ncies ). Do not yet
connect a nyth ing to J I. Adjus t
Ri so that the ampillier d raws
100 to 125 milli amperes (do th is
very quickly).

Next, apply HF d rive of 1.5 to 2
watt s to J I and slowly tu ne C I
a n d C2 u n tt t th e am plifie r

draws abou t I a mpere. Quickly
adj ust C3 and C4 for maximu m
RF ou tpu t. Now go back and ad­
just C I a nd C2 for max im u m RF
out pu t. Now rea djus t C3 a nd
C4 . Hepcat tha t proced ure u n til
a maxim u m RF ou t put Is ob­
ta in ed . You shou ld obta in 10 to
15 watts or more from J 2 , and
the a mplifier w ill draw abou l l .5
to 2.2 a mperes. Check to see If
a ny pa rt is overhea t tn g. Now
vary the drive to Jl ; the RF ou t­
put shou ld smooth ly foll ow the
Inpu t. If it is correc tly tu ned .

For amateu r 1V use. th e am­
plifier can be mon itored for lin -

ea rt ty with a video detec tor on
the ou tp ut a nd an oscilloscope,
Fig . G shows a s u itab le de tector
for thai pu rpose.

Figu re 7 shows how to con­
ncct the transmitter (from th e
June a nd July 1989 issu es of
Radtc-Blectrontcs ) to th e lin­
ear a mplifier. The best per for­
mance is ob ta ined by adjusling
R33 In the transmitter so that
Initia lly th ere Is a n output of 3
to 5 watt s from J2 with no video
Inpu t. Check to see tha t the ou t­
p ut va r tes s mooth ly wit h R3 .
T hen adjus t R32 a nd H:33 for
t he best vid eo perfo rm a nce
without sync clippi ng or white
clipp ing. Sligh t adjust me n ts of
HI III th e linea r a mplifier migh t
b e n eeded fo r op ti m u m li n ­
ea rity. Do not overd rive the a m­
plifier, or sync cl ippi ng and de­
gra ded video wl11 occ u r. R·E

TROUBLESHOOTING LAN'S

con tinued from page 66

T he c h ie f att ra c tion s of
ARCnet have always been low
cost and ease of network expan­
sion (to a li m it of abou t 100
users ). For exa m ple. ARCne t
n e twork In te rfa ce cards fro m
brand-name dealers cost about
$ 15 0, h a lf that of com pa rable
thin Ethernet ca rds . In co m­
par is on , 4-Mbps Token Ring
ca rd s fro m th e sa me vendor
cos t a b out $ 40 0 . Offs ho re­
made ARCnet ca rds sell for u n ­
der $100.

Conclusions
Th is whirlwi nd tour of n et­

work cabling. topologies , signal
sch emes, an d access protocols
wlll not make you a full-fledged
network wizard. But Ifyou mas­
ter the concepts presented h ere.
eve ry th ing else wlll fall into
place eas ily. Next time well delve
Int o what todo wh en these won­
d erfu l beas ts d on 't d o what
they're s u pposed to do . See you
then . R·E

RESOURCES
Following are reference matenars .

equi pment suppliers. and network·reo
tated standards organizatiOns. We es­
pecially recommend TheBlackBoxLAN
Catalog.
Referen ces:
• The Practical Guide to Local Area
Networks. Rowland Archer. Osborn e­
McGrawHill. Goodintroduction 10 cable
types.topcloqie s. and access mei bocs.
• Networking IBM PCS. Michael Durr,
Que Ccrporanon. Chapter 14 contains
good overview 01bridges, routers, and
gateways.
• LAN Magazme. 600 Harrison Street.
San Fran cisco. CA 9 4107 (4 15)
905-2200.
Suppl iers :
• Black Bo ll. Corporahon. P.O. Boll.
12800. Pillsburgh. PA 15241, (412)
74&-5530.
• JDR MlCfOdevices. 2233 Samari tan
Dr ive. San Jose. CA 95124 , (800)
538-5000 .
• cable Ell.pre5S Corporation. 500 East
Brighton Avenue. Syracuse. NY 13210.
(315) 47&-3100.
Sta.ndard. Organizations:
• Arnertcan Nallona l Sta ndard s tn ­
eutute. 1430 Broa dway. New York.
NY 10018. (2 121. 64 2-4900.
• [EEE Headquarters. 345 E. ·17 th
St reet . New York , NY 10017·2394,
12 121705-7900.
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A quickie update before we
begin; We 've found out that
most of those popular FM

wirel ess broadcaster circu its w ill no
longer work because nearly all of
the newer synthes ized receivers
posi tively demand exactly on -chen ­
net frequencies. In recent columns ,
we 've seen hCMt that Pioneer CO·
FM ·1 can easily be modified into a
fine cry stal-controlled and high ·
quality FM stereo broadcaster.

At the time , 1didn 't really believe
that a plain old thi rd-overtone crys­
tal couldreally get pulled that far and
still provide a CD -quality result. 50, 1
asked an outs tanding VCXO de ­
s ig ne r by t h e na me o f J im
FitzSimons to do a circuit analysis
for me. The bottom line: Yes. you
can pull an ordinary third-overtone
crysta l far enough and linearly
enough to do the job .

But just barely.
Some other fallout from the

VCXO analysis : The temperature­
compensated t .a -volt supply is
quite critical for linearity. and you
should not try and raise the voltage.
And the varactor modulator does its
work by shift ing the series resonant
point of the crystal.

Do let me know if you need any
further information on this . Now let
us go on to some new stuff that
involves ...

Electronic correl ation
This is one top ic that can get real

hairy fast. but let us try it anyhow
Many fancy electronic application s
need correla tion techniques of one
sort or another. A few of the zillions
o f possi b le exam ples in c lu de
spread-spectrum communications,
machine vision. radar, GPS naviga­
tion , speech recognition. video
com press ion, radio astron omy,
planetary probe s. fuzzy logic con­
cep ts. pattern recognition. neuron
comput ing. etc ...

Well. correlation is simply looking

for a match. A match against some
original signal. Or any replica of that
signal. Or against some expect ed
pattern. And the longer you look for
your match. the deeper the noise
you can extract it from. Wit h luck
and a decent ccrrelator. all your
noise and interfe ring signals will
cancel out or.at the least. pile up far
more slowly.As a general rule. if any
electronic sys tem has to push the
limits of what can be done. correla­
tion often will end up playing a big
role.

A t rivially simple fertnstance of
co rrelation is the Morse Code. You
(or some machine) receive a pattern
of short-lonq-short -sho rt . You can
then compare that pattern against a
stored list of all of the acceptable
characters and numbers. A begin·
ner might note that it sounds like "j­

no-le-u m" and linoleum starts with
an "L." With practice. you can do a
near-immediate correlation . rather
than having to go and compare each
and every possible pattern. You slm­
ply " hear" the code as letters. in the
same way a musician "sees" notes.
But , inside your brain. a very elegant
wetware corre la tion is com in g
down.

Let's see how co rrelat ion can
help push the detection limits of a
simple problem. Say you havea very
long driveway and want to know
whenever anyo ne shows up. You
put a brigh t LED on one post and a
photoce ll on the other and build an
"electric eye." And it works just fine
at night .

NEEO HELP?

Phone or write your Hardware
Hacker question s directly to:

Don Lancaster
Synergetlcs
Box 809
Thatcher, AZ 85552
(602) 428·4073

But when the sun comes up, the
photoce ll sa tu ra tes and noth ing
seems to wo rk . You next try some
obvious non -correlation cure s to
see if they help. You raise the LED
power. add a deep red filter and
some focu sing opt ics to improve
your signal and reduce the noise.
You amplify only those received sig ­
nal changes that are in the expected
frequency range of a passmq car.
And you even use some so rt of
AGC loop to keep the sensed light
in the linear detector range.

Any of those stunts should wo rk
in a plain old driveway sensor. but
let's pretend that , afte r trying every­
thing you could think of to improve
your linearity. noise rejection. and
signal-to-noise rat io. that things still
aren't quite reliable enough.

Now what?
Figure 1 shows you one of the

o ldest and simplest of the elec­
tronic correlation techniques. It is
called a .synchronous demodulator.
and may still even go by its ancient
name of a lock-in amplifier. You
chop your LED at an audio rat e,
tum ing it on and off at. maybe. 1000
times a second. You design a reo
cetver that ampli fies only signals
near 1000 Hertz.

Now for the tricky part . Jnstead of
just detecting your 1000 Hertz . you
take a coPT of }Our origina l signal
and route that to a specially crafted
demodulator which follows the rule
" amplify when Iam posi tive. but am­
plify and inYert when I am negative."

Well. neglecting any phase shifts
or delays <theycan be easily qot ten
around), your real received signal
will always match your signal copy
and it should nicely pile up. But any
interferi ng signa ls will sometimes
add and sometimes subtract. So ,
the interference cancels. At least
some of it some of the time.

By corretatmq. or looking for an
exact match for an expected input
signal. you have quite dramatically



FIG. 1- A " LOCK-IN AMPLIFIER," or synchronous demodulator Is an older and sim­
pler example of electroni c correlation . In this dri veway detector, thedesIred " no cars"
signal can easily be extracted from sunlight or other Interference.
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answers the question " How many
bits match?" The answer will be a
four-bit word ranging from - 8 to
+ 8.

For any sixteen-bit parallel digital
corre iato r, simply precede a dif­
ferent 2716 EPROM with four quad
XOR gates. Oruse a device such as a
PLAor PLD.

Co rrelation could also be done in
softwa re . For i n s t a n c e , in
PostScript, just do an exclusive-or­
not sequence, followed by a table
loo kup which co nverts a bina ry
number to the number of ones in the
word. Fast and fun.

1 kHz demod rererence

1 kHz chopped IIghl beam
routed across driveway
from LEDto photodiode r

1 kHz

.-S~
1 kHz synchronous

square wave narrow band - demodulator
generator L.- amplifier

I I

CPU chips.
Several Simple correlator circuits

are shown in Fig. 2. For linear cir­
cuits, a diode bridge or any four­
quadrant multiplier should work jus t
fine. For high-frequency RF work.
the Signetics NE60S is a great
choice. .

But my favorite lower frequency
linear synchronous demodulato r is
the gated gain amplifier of 2-a.lf the
mask signal is low, the gain is plus
one. If it is high then the gain is
minus one. This is a synchronous
full-waverectifier that does all of the
multiplying for us. A followtnq
integration stage will do the addition
for us. Often the addition can be
done with nothing but a series re­
sis tor and sto rage capacitor.

The fundamental digital correla­
tion circuit is the compare gate. oth­
erwise known as an exclusive NOR ,

shown in Fig. 2-b. A compare gate
gives you a one out if the inputs are
identical and a zero out if they are
different. For serial use. one com­
pare gate can be followed by an up­
down co unter. For parallel use,
bunches of compare gates are fol­
lowed by a special pile of adders
configured as a " how many ones
are In this word?" circuit. Figure 2·c
shows the details .

Yes, you can go out and buy dig­
ital correla tor ch ips . but they do
tend to be specialized and expen­
sive. TRW and Stanford Telecomm
are two big sources for these chips.
A second more popular route is to
use firmware and a digital signal pro­
cessing chip.

On your own, you can easily and
cheaply hack up an eight-bi t digital
correla to r out o f any plain-Jane
2764 EPROM, following the details
from Fig. 2-d. Your truth table simply

improved your ability to reject nearly
all types of potential interfe rence or
conflicting signals.

You can also view a synchronous
demodulator as an extremely nar­
row bandpass filter that automat ­
ically and exactly tracks your input
signal. Even if your input signal is
varying. But synchronous demod­
ulation goes one step further than a
simple filter. Note that signals of the
wrong phase get more or less re­
jected . For instance. any interfering
signal that happens to be at a phase
angle of plus or minus 90 degrees
gets completely rejected. Oth er
phase angles might only get par­
tially rejected. but they will still be
reduced.

Go through the math, and you'll
find that a synchronous demod ·
ulator offe rs a "free " addi tional
three decibels of signal-to-noise
ratio improvement over the best de­
tector you can come up with that
does not use correlation. And three
decibels at or near a digital detec­
tion threshold can mean a big world
of difference in reliability. From er­
rors per second to errors per hour.

Build ing a c o rre lato r
In general, you do a correlation by

multiplying and then by adding. You
first find out how well a smaller
piece of your received signal can
match. You might assign a +1 for
" agree" and a - 1 for "disagree."
Then you add up (or integrate) each
individual agreement or ctseq ree­
ment to get some overall tota l. The
summed tot al is cal led your
correlation coefficient. If your final
correlation coefficient ends up high
enough. you vote "yes." Or else
you simply pass the correlation val­
ue on to more circuitry that wants to
knO'YV relatively how well you hap­
pened to do this time around.

Co rrelation can be done by using
analog, digital. or mixed signals. In
the digital world , you can correlate
in either a serial or parallel mode.
Serial is slO'YV and low in cost. while
parallel is fast and complex . But se­
rial might not be nearly fast enough
for many real-world uses. A special
class of microprocessors we know
as digital signal processors are ar­
ranged to do many correlation tech­
niques faster and easier than can
the tradition al personal compute r



NAMES AN D NUMBERS

FIG. 2- HERE ARE FOUR POPULAR METHODS for doing electronic correlations.
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match
bit out

o 0
o 0

o 0
o 1

o 0
o 0

o 0
1 0

-1 +1 -~ 0

+1 +1 -~ 4

+1 -1 -~ 0

+1 +1 -~ 0

signal
bit in

1 0
o 1

1 0
o 1

1 0
1 0

mask 1 = same
bit in 0 = different

1 0
o 0

-1 -1

- t +1

· 1 +1

+1 +1

(6) Serial digital correietor uses
an exclusive-NORgate.

Here we are not adding. We are
comparing two vertical bits at a
time, and putting down a " + 1" if
they are identical and a " - 1" if they

acquiring a lock. Until you have your
local clone reference precisely lock­
ed to the incoming data. you can' t
receive any useful information.

By far the most unique autocor­
relation function occurs with the se·
quence 1000. Like so,..

malch

'"'

I

(A) An analog corretator using a
"plus or minus one" amplifier,

signal in 10K

10K I . ........
. / >..L<>

4.7K 1. 4.7K cp-amp

r - -1 analog switch
I 1/4 4066, etc.
o ~

mask in

Co rrelation functio ns
An exact match against your ini­

t ial signal is cal led an ac to ­
correlation. Attempt ing a matc h
against anything else is a crosscor
relation , Should you try a match
against some shifted or delayed ver­
sion of your initial signal, you are
now performing a shifted auto­
correlation.

Ideally, your autoco rrelations will
always strongly agree, and most of
your crosscorrelat'ons will more or
less cancel to zero, But those shift­
ed autocorrefatrons get interest ing
in a very big hurry.

For instance, say you now have a
planetary probe f lying past Nep­
tune. The extension cord needed to
deliver an exact copy of your auto­
correlation signal tends to end up a
tad on the long side. Not to mention
asteroid breakage. The trick , in­
stead. is to take a focal shifted auto­
co rrela tio n signal and move it
around until you get a strong match
to your incoming data. This is called74



FIG. 3--SHIFTED AUTOCORRELATION FUNCTIONS appear when you correlate a
dig ital word again st a time-shifted or bit -shift ed replica of li sell. Those func tions get
important In a hurry whenever you are trying to loc k onlo an Inco ming digital data
stream. These examples are ' rom GEnie PSRT download 6 427.
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1000ooo101 110011 ooסס0 1 0011 1 01 01

yo u are using a long co rrelation
cod e. you'l l often have to settle for
one that is simply " we ll behaved,"
rath er than the best possib le.

On any longer digita l codes. most
cro sscorrelatlo n values will be very
low. For any code length . you could
easily predic t how badly a random
in terfer in g n o ise c o de might
crosscorrelate. Just use a messy
piece of mathematics known as the
btooomiel co efficien ts . For in­
stance. on a fairly short cod e of 20
bit s. only one crosscorrelatron will
total to + 20 and one other to - 20 .
A mere twenty wi ll sum to a value of
+ 18.

Why twenty? Because there are
only twenty possible places in a 20­
bit wor d for the one-bit errors. How
many possible errors of two bits ?
Go through the binomial math and
the answe r is a scant 190 cases that
sum to + 16. Of the 1048576 possi­
ble 20-bit crosscorre lat ions . a huge
772616 will sum to + 4. + 2. 0 . - 2.
or - 4 . Put another way, a tad over
three quarters of all of those poser-

oo1000100סס1 101 1

U>OO 100010 10001 01 1001 01 01

J.......J
1001 0 101 01 0

W
1 oo101סס 01 ooסס1 1 100 1 '

U 1M J I
1 0oooooo11סס 10010010' 010 ' o00ooo1 0100 1

10000001011001

LJJ-y-l L~W

are different. On ly then do you add
up the totel results. Note that the
second. third. and fourth examples
represent shifts of one. two. and
three bits in your target wo rd.
Amazingl y. ellof the shift ed autocor­
relation results are preci sely zero!

Very sadly. this is the onlyknown
digital sequence that gives a " per­
Iect " shift ed autocorrelation . The
longer codes will do all sorts of
we ird things with the shifted sum­
mations. Most of which can end up
as less than useless. Some of the
more interes ting (and more useful)
shorter autocorrelat ion codes are
shown in Fig. 3.

There are far fewer autocor rela­
tion funct ions than there are pos si­
ble bit combina tions in any wo rd .
Why? Because shifte d bit patterns ,
mirror pattern s. and co mplemen­
tary pattern s wi ll all end up generat­
ing identical functions.

The bes t possible autocorre lat ion
code s are called Barker Codes.
Sadly, these are all short . and are
few and far be tween. Instead. when



correlation in some future columns.
Especially if we do get into more on
spread-spectrum communications
and GPS navigation. I just wanted to
give a bare bones intro to a tricky
topic here. Those shifted autocor­
relation functions are lots of fun to
play with (and a winning school pa­
per topic) just because they are
there.

Let's wrap this up by looking at
two wildly different examples of an
electronic correlation in Fig.4-one
simple, one elaborate.

Say you want to build up a low­
voltage, high-current power supply.
maybe 5 volts and 100 amps. If you
try using plain old silicon diodes for
your outputs , you'll get a volt or two
of forward drop across your diodes.
And lots of waste heat and terrible
e ff ici ency. W hile th e newer
Schottky diodes help some. even
those are very inefficient at higher
currents.

But a properly chosen and driven
power transistor could have a much
lower forward drop than a diode. So,
instead of using diodes. use field­
effect transistors as switches set
up as synchronous rectifiers. You
tum your transistor on only when
you desire conduction and turn it off
otherwise . The forward drop can be
much lower and the efficiencies
much higher.

The synchronous rectif ier is most
likely to be your least elegant cor­
relator example. Solar energy con­
verters are another area in which
high rectificat ion efficiencies are
super important.

Shortly after World War II, pulse
radar systems hit their limits. The
resolut ion of a traditi onal pulse
radar is inversely proportional to its
pulse width : the range is propor­
tional to the energy inside the pulse
area . Ideally, you want a super
powerful yet ultra-narrow pulse
waveform.

The trick is to conjure up some
method of sending a long pulse that
still gives you acceptable resolution.
And the solution was called chirp.
By sending a long linearlyswept FM
pulse out and then by routing the
received swept waveforms through
a linear delay vs. frequency network
(a fancier example of a correfator).
the individual bits and pieces of that
swept waveform would pile up and

-vout

and not reported. And you can easi­
ly extend the technique to quickly
and accurately find autocorrelation
functions as long as 65536 bits! It's
writte n in PostScript. of course.

The trick is to put all your ones
and zeros into a string. Then play
around wit h the st ring. That by­
passes the precision limits of any
convent io nal dig ital arithmet ic .
Sneaky. huh?

We will be seeing much more on

linear time delay
-vs- frequency

correnatcr

Switchmode
driver

- vin

In a SYNCHRONOUS RECTIFIER, power switches are tumed on only
when conduction Is desired. Because of the lower forward drop of a
switched transistor, the etncencres can be much higher than using
ordinary silicon diodes in low vcrtaqe, high current supplies.

l- ~----------J"

FIG. 4-AS THESE TWO WILDLY DIFFERENT EXAMPLES show us, there Is now an
Incredible number of applicatio ns lor electronic correlallon techniques.

In a CHIRP radar system, a frequ ency swep t pulse Is transmitted that
permits both high power (for long range) and narrow time resolut ion (lor
closer largel separation.) A linear delay-versus-frequency ccrretatcr
converts the received target swept phase hIstories back into actual
viewab le or recordable target maps .

ble 20·bit interfering signals will be
strongly attenuated by your co r,
relator. As you go to longer codes.
the odds of noise interference be­
come astronomically low.

I've now posted a quick-and-dirty
autocorrelation generator to GEnie
PSRT as my f ile # 43 5 A UTO­
CORR.PS. As is. it will generate alf
of those unique autocorrelat ion
codes up to 20 or so bits in length.
Yes, duplicate codes are discarded76
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Both of those products suffer a
common flaw: They both expect a
differentia l transfer to take place
reliably in the real world. You first
ask all of your toner to slick loosely
to the transfer film. Later, you ex­
pect all of your toner to adhere
stronqly to the board. leaving zero
residue on the film.

The differential transfer problem
has been solved in spades by a
brand new Toner Transfer System
offe red by DynaArt Designs and
available from All Electronics and
DC Elec tron ics . The sys tem is
basically a polye ster film coa led
with some high-tech sugar water.
There are two different ways to use
the film, called the cold method and
the hot metho d. Bot h method s
open all sorts of new hacker oppor­
tunities.

The hot method is best for hacker
circuit boards. With the hot method.
you will laser print a backwards but
posit ive image by using an SX
printer with a good grade of graph­
ics refill toner. As with the previous
films, you then iron the toner onlo a
supe r-clea n bare printed circuit
board. You now have toner that is
very tightly stuck to both the PC
board and the film.

Soak your board in warm water
for a few minutes, and all the high­
tech sugar water dissolves, floating
away the backing sheet . And leaving
pretty near all of the loner on your
circuit board nearly all of the time.
Gently wash the board in warm
water to remove any residue. Then
etch as usual.

The cold method is best for cir­
cuit-board component-callout over­
lays , di al plates. and ordina ry
decals.Print the normal and pos itive
image to the film. Then spray the
image using several light coats of a
clear lacquer, urethane, or epoxy.
Cut out all your images slightly over­
sized and soak them in warm water.
Then transfer the images just as you
would any model-railroad decal. You
can either remove the lacquer with
alcohol to get at the bare toner, or
add additional and more protecting
clear sprays for extra durability.

Those cold method results look
especially impressive when you use
a Canon color copier. Note that you
can now t ransfe r ton er o nt o
anything.The cost of the lntroducto-

Printed-circuit u pdate
From time to time in the past. we

have looked at the new direct-toner
method for making printed circuit
boards. The new direct-toner meth­
od promises to revolutionize hacker
PC boards, doing the job in minutes
for pen nies w it h ze ro dark room
worle: or other special techniques.

The two key secrets to the direct­
toner method are that laser-printer
toner does make an outstanding
etc h res is t , and that the great
PostScript compute r la nguage
makes printed circuit layout excep­
tionally fast. fun, and easy to do.
From any compuler, using nothing
but your favorite word processor.

One early transfer film sheet was
t h e T E C - 2 0 0 f i lm f rom
MeadowLake. Sadly. many hackers
swore at this new product, rather
than by it . Even though many of the
part ial-transfer problems were
caus ed by improperly cleaned
boards, not doing a pre-etch or pre­
heat. by using any old copier (in­
stead of an SX laser printer). and
trying to use an iron (instead of a
Kroy Kolar machine or suitable heat
press of some sort>. As we saw last
month, a very much improved trans­
fer film is now offered by Technics
Inc as its PCBF-l 000.

generate a narrow target pulse.
The exo tic coherent radar sys­

tems even went one step further,
especially those that were side­
look ing. The swep t tran smitted
chirp pulses were suitably record­
ed, generating what were known as
target phase histories. Those phase
histories were converted into view­
able data by using linear deley-vs­
frequency network s, opti cs that
made a Fourier Transformafion, ho­
lography techniques, or electron ic
digital correlators. All of those tech­
niques perform a correlatio n in one
way or another.

Chirp may sound really complex
and hairy. But bats have done it for
eons. Compactly and elegantly in
wetware. And the bat's " figure of
merit " for their radar beats out our
best and newest military radars by
some ten orders of maqnttude.
That' s 10,000.000,000:1. And not
half bad for amateurs!

But, in all fairness. they did havea
head start.
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aviation rules and regulations,
transistor and digital circuitry.
THEGENERAL RADIOTELEPHONE
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PROJECTS

BP182-MIDI interlacing enables an y so
equippedInstruments, regardless of theman­
ufacturer, to be easily connected together and
used as asystem with easy computer control
01 these musicsystems. Combineacomputer
and some MIDI instruments andyou can have
whatisvirtuallyaprogrammableorchestra. To
order your copy send 56.95 plus $2.50 lot
shippinginthe U.S . to ElectronicTechnology
TodayInc., P.O. BOI 240. Massapequa Part: ,
NY 11762-0240.

TONER RESOURCES
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ry kit with five sheets is $9 .95.
For the first of our two contests

this month, just show me something

All Electron ics
P.O. Box 567
Van Nuys. CA 91408
(818) 904-0524
CIRCLE 323 ON FREE INFORMATION CA RD

Black Lightn ing
Riddle Pond Road
West Topsham, VT 05086
(800) BLACK99
CIRCLE 313 ON FREE INFORMATION CARD

DC Electronics
P.O. Box 3203
Scottsdale , AZ 85271
(602) 945·7736
CIRCLE 324 ON FREE INFORMATION CA RD

DynaArt Designs
3535 Slillmeadow Lane
Lancaster. CA 93536
(805) 943 ·4746
CIRCLE 314 ON FREE INFORMATION CARD

The Flash
Riddle Pond Road
West Topsham. VT 05086
(800) BLACK99
CIRCLE 315 ON FREE INFORMATiON CARD

Kepro
630 Axminister Drive
Fenton, MO 63026
(800) 325 ·38 78
CIRCLE 316 ON FREE INFORMATiON CA RD

new, different. or off-the-wall that
you can do using either the hot or
cold method of the DynaArt transfer

Lazer Products
12741 E Caley Ave # 130
Englewood. CO 80155
(800) 843·5277
CIRCLE 317 ON FREE INFORMATION CARD

Meadowlake
Box 497
Northport, NY 11768
(516) 757-3385
CIRCLE 318 ON FREE INFORMATION CARD

Midnight Engi neering
111 E Drake Road Ste 7041
Fl Collins, CO 80525
(303) 491·9092
CIRCLE 319 ON FREE INFORMATION CAR D

Recharger
101 Granite Street Ste F
Coro na, CA 91719
(714) 371·8288
CIRCLE 320 ON FREE INFORMATION CARD

Suppli es Unlim ited
101 Granite Street Ste F
Coro na, CA 91719
(714) 371·8288
CIRCLE 321 ON FREE INFORMATiON CARD

Techniks, Inc
45 J. Ringo Road
Ringoes, NJ 08551
CIRCLE 322 ON FREE INFORMATION CARD

system.
As this month 's resource sidebar,

I havegathered toge ther a few of the
be tter known direct -toner re o
sources. Besides the three films we
just looked at, Kepro is your leading
source of hacker printed circuit sup ­
plies . M ore on the direct -toner
method is likely to appear in The
Flash or in Midnight Engineering
magazines. My two very favorite
toner sources remain Leser Prod­
ucts and Black Lightning. wh ile
others advertise in the Recharger
and Supplies Unlimited magazines.

I've recently pos ted my share·
ware PostScr ipt printed circuitry
layout package over to GEnie PSRT
as our file # 401 PRNCRCT.GPS.
Plus a new summary tutorial on the
new hacker prin ted circuit tech­
niques as file # 419 NUTS3 .PS.
There will be bunches of exciting
new stuff on toner in general as
# 435 TON ERTRX.PS.

A sec o nd contest
Our big-time name-brand cab le

company here in the Gila Valley has
stupidly discontinued all of its FM
broadcast services . And it's in an
area where any decent and useful
FM stations are extremely hard to
pull in otherwise.

What really saddens me is that
the reception on top of the mountain
in my front yard is exceptional. Take



any old $4 receiver up the moun­
tain , a nd a Tucs on FM s ta tion
comes in loud and clear. Tilt the an­
tenna s lightly, and the EI Paso sta­
tion on the same channel frequency
booms in, again loud and clear. The
same goes for Phoen ix and Albu­
querque at 93 .3.

So, J guess this month's contest
is in that "Don't get mad ... get
even" ca tegory. Just tell me all
about any favorite tricks. circuits,
a nte nnas. or othe r prod uct s you
know of which really work for relia­
ble long-range FM reception .

With both contests , there will be
the usual dozen or so newly revised
Incredible Secret Money Machine II
book prizes, plus an all-expense­
paid (FOB Tha tc he r, AZ) tinaja
quest for two going to the very best.

As usual. se nd your written en ­
trie s directly to me per that Need
Help? box, rather than to Radio­
Electronics editorial.

New tech lit
Two reliable sources for foreign

s e miconduc to r repla cements are
MCM Electronics and Consolidated
Elect ronics . Both s end free cata­
logs .

A free video on laser-printer re­
pair training is now available from
Don Thompson. Don is regarded as
having the finest training services in
this field , and s tocks hard-to-find re­
placement parts.

Two environmental trade journals
are Environmenta l Protection and
Pollution Equipment News. The lat­
ter has plenty of ads for interesting
and unusual senso rs .

For lots more information on San ­
ta Claus Machines , check out the
brand new stereolithography use r's
group on GEnie UNIX. And a good
tutorial on wavelets has appeared
on page 16 of Dr. Dobbs Jouma lfor
April 1992.

Two free s oftware s ources for
this month: Iterated Systems has a
free demo dis kette on its new real
time fract a l decompres sion soft­
ware . And Burr-Brown now has a
new freebie Active Filter Design
disk available .

If you are inte rested in active fil­
te rs , be sure to check out my clas­
s ic Active Filter Cookbook . It' s
available by itse lf or as part of my
Lancaster Classics Library. as per
my nearby Synergetics ad. R·E

SURFMAN

con tin ued from page 36

leads with you r fi ngers or all
you'll hear Is h um. Listen to the
no is e p roduced ; it s hou ld be
loud and s mooth. If It's not , try
another tra nsis to r. If you find a
trans is tor that produces good
quality noise. but the volu me is
no t lou d enough, the gain ofthe
preamp s tage IC2-a ca n be In ­
crease d by decreasing the value
of R12. But don't go below 10K.

Drill holes for the volu me con­
trol and earphone Jack In th e
front panel of the case (no tice
that th e ci rc u it bo ard is
notched to a llow space for thes e
part s) and moun t them. Install
the c irc u it board as s hown in
Fig. 3. No hardware mounts the
circ uit board directly: instead ,
the two large mounting holes In
the co mers of the board lit over
the mounting posts In th e case
so tha t wh en the top Is Ins tall ed
It h old s the circuit bo ard In
place.

Using SurfMan
Trimme r R17 con trols rain!

surf/pink n ois e s elec tio n. By
set ti ng R17 fully clockwis e. yo u
turn the fillers off a n d obtai n
white n ois e (ra in ). When R17 Is
fully cou n terclockwise, the fil­
ters a re fully on for pink noise.
At intermedia te se ttings, the fil­
lers will b e modulated by th e
c h ao ti c vo ltage generato rs fo r
various s u rf so u n ds.

If you wa n t to con nec t S urf­
Man to your ht-f setu p, the sim­
ple ce pactt tvely cou pled voltage
di vider s h own in Fig . 4 wlII is o­
la te a n d a ttenuate the signal so
that It can be plugged in to a n
a ux iliary input of your a m pli­
fier. A "Y" con nec tor can be u s ed
as s hown to drive both s te reo
Inputs . If you're re a lly adve n ­
turesome, build two Su rfMans
for s te reo .

A word of cau tion: S u rfMan
real ly blocks outside nois e a nd
puts you In a kind of sound clos­
et. Nothing s ho rt of a Scud a t­
tack will a ttract your attention.
Don't u se It while you're s u p­
posed to b e baby-sitting the
kids. Don't use It wh ile jogging
down the boulevard , and please
don't us e It wh ile d r iving. R-E
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ADVANCE YOUR
ELECTRONIC
INTERESTS

WITH A NEW SUBSCRIPllON TO:
THESPEC-COMJOURNAlJ

Getling your FCC Amateur Radio U­
cense is easier th an ever before
(NO-CODE requlre ment . see R.E.
April 91 issue, page s 27·28). SCi is
an 80-page per issue HAM RADIO
ma;lazine that covers ALL the eoe­
ciallzed modes. Modes like HAM·TV,
Radlote letyp e, Satellite s, WXFAX
and Comp uter Data Transmissions.
Current issue - just $3.75 ppd.

Annual Subscriptions (6Issues):
$20 USA $25 Canada/Mexi co

$30 Foreign (Surface)

The SPEC-COM Journal
P.O. Box 1002 ,

Dubuque, IA 52004-1002
(319) 557-8791
BBS (319) 582-3235



· COMPUTER CONNECTIONS

A User Manifesto

JEFF HDLTZMAN

FIG.1-EXCEL 4.0 gil/es new meaning to the phr ase user-friendly. Mult iple cuetomtee­
ble too lbars let you set up lo r the way you work ; automatic table generating, for mat­
ting, and charting features make faat work 01 common ope ration s; po_rful macro
toots aimpJify developm ent of custom function s and operation s.80

I get excited when a new tool
comes along that provides me
with a better way of doing my

work. I am disappointed wh en the
1001lets me dawn. In the software
industry these days. there is a lot of
excitement: there is also a lot of
disappointment.

In analyzing the causes of this dis­
appointment, I came up with the
Software User Manifesto (SUM)
shown in the sidebar. It includes ev­
erything I could think of , but it un­
doubtedly misses some things. If
you think of additions, send the m to
me c/o the magazine: ..-,.e·1I publish
an update later. For this project. I'm
looking for general rules . not com ­
plaints abou t specific products.

The purpose of the SUM is as
follows: If you haveever been or are
now disappointed by a software
product. make two photocopies of
the SUM. Send one to the CEOand
the other to the marketing depart­
ment of the vendor of the offending
product, along wi th a cover note ex­
presslnq yo ur displeasure. Add a
spec ific explanation of the circum­
stances that raised your blood pres­
sure. Then put your money where
your mouth is.

Windows p roduct watch
In all the hoopla surrounding the

release of Windows 3 .1. it's easy to
lose sight of the fact that Microsoft
has also released sign ificant up-

dates to numerous products. includ­
ing Excel. Project. Visual BASIC.
and the C compiler. The Excel up­
grade is part icularly significant, be­
cause neoN features typically appear
there fi rst and subse quen tly mt­
grate to other products .

There are far too many new and
improved features to cover here.
Among the most interesting are the
user-int erface im provements. in­
cluding fully customizable toolbars.
r ight -button mouse usage. drag­
and-drop table building, auto-fill. and
automatic table formatting .

Toolbars have become required
on mos t serious Windows prod­
ucts: Excel pushes the concept in
new ways. Typically a tool bar adds a
rem of " buttons" somewhere near
the top of the screen. You click a
button to execute a built-in corn­
mend or custom macro. Most prod­
ucts allow you to add and delete
buttons. change the icon assocl­
ated with a button, or change the
associated command or macro. Ex­
cel 4 .0 doe s all that and quite a bit
more. It comes with seven toolbara
covering common functi ons such as
formatti ng, charting. creat ing, and
debugging macros: you can create
your (1oNf1 at will . A toolba r can float
over the current document. or dock
along a screen edge .

NON the right button works con­
sis te ntly throughout the program.
Select an object (cell . range. chart .
graphic>. press the right button. and
up pops a menu of actions appropri·
ale to that object. Typically you'll
see cut. copy, and paste. format
changes such as font. color. and
border.

Dreg -end-drop allows you to se­
lect a rectangular range. then drag it
with the mouse to a new location.
Often this is much more convenient
than the old method of cutting to the
clipboard, going to a new location.



Software User Manifesto

Dear
I am a user of personal computer
software, and I am dissatisfied. The
following statements express my
needs. If you do not pay attentionto
my needs, I will not pay attention to
your product.
Produ ct Functionality
The tool should extend the range of
tasks that I currently perform, while
providing a smooth transition into
new user features. The 1001must
not be underpowered : I want as­
surance that I can use all the retest
and greatest features-when I'm
ready. But I don'twant them toge t in
the way until I am ready.
Integration With Other Tools
I want your tool to integrate smooth­
ly with the others in my toolbox, and
Iwant your tool to won< like my other
tools.
I want plug-and-play functionality. If
I break a W socket wrench, Ican go
to any hardware store and get a re­
placement. I want the equivalent
with software. Include a mini graph­
ics editor with your word processor,
but let me substitute my fUll-fledged
editor seamlessty.
I want your tool to share data easily,
and to read the various files in the
various formats I've collected over
the years reliably.
I want to be able 10 automate your
tool and make it workwith my other
tools.
I want your tool to overlap the func­
tionality of my otner tools so I can
get by with just it in an emergency.
Butl don't want to be penalized for
using more capable tools when it is
necessary.
Inner Workings
I don'l care what'sunder the hood. I
don't care whether it 's object-ori­
ented or structured; I don't care
whether irs written in COBOL or
C+ + . Go ahead and use whatever
you think is best. II you make a mis­
take, you lose. But don't try to con­
fuse me with technology. All f want
is a solution.

and past ing.
Auto-fill is special. Type " janu­

ary " into a cell, drag the lower right
co rner of the cell across eleven ad­
jace nt co lumns, and Excel fills in the
remaining months for you. It can do
the same wi th other labels and arith­
metic series .

Automatic table forma tt ing allows

Custom lzation And Aut omation
I want to be able to customize your
tool, even in trivial ways like chang­
ing colors or icons , just to prove
who's master-me, not it.
I want you to leave room in your
menus and toolbars for two,three or
four of my most important items so I
can automate my most important
tasks without drowning in macro
lan gu ag es o r comp le x cus­
tomization procedures.
User Interface
I want your tool to faithfully mimic
the real world, and where that's not
possible, to extend current meta­
phors in non-arbitrary ways con­
sistent with mainstream directions.
Don't create whole new interfaces
buill around small incremental im­
prcvementsin limited areas. Let en­
gineers design the engi nes; let
writers, graphic designers, and
users create the interfaces,
Product Support
Give me a built-in. on-line tutorial,
with begi nning and advanced
lessons, for every facet of your tool.
Provide context-sensitive help for
every dialog box and screen item.
Give me all reference information
on-line and on paper. I need de­
tailed. integrated, hyper-linked en­
line reference information when I'm
under deadline pressure. I want de­
cent paper documentation when
I've time 10browse (e.g., for toilet­
side or air-travel reading~
For paper documents. provide con­
cise , comprehensive , well-orga­
nized manuals, not six or eight
separately, bound booklets with no
obvious relations between them.
Put as much effort inlo designing
the document as the product-it is
part 01 the product. Use spiral or
loose-leaf binding. Provide quick­
reference chartsand keyboard tem­
plates, including blanks for creating
my own manuals.
Product Updates And Upgrades
Provide regular upgrades and easy
access to updates. I'd ratherwait for
bug-free code than waste time on
buggy early releases. Post bug

you to selec t a range , choos e a
menu nem . and automa tically for­
mat the range in one of several at­
t rac ti ve p re -defined styles . A l­
though the styl e-s elec tion d ialog
box allows you to preview styl es,
)'Uu cannot modify them or add your
own .

There 's also lots more hors e-

fixes and driver updates on Corn­
puServe or some other accessible
public forum.
Product Performance
Both maximize speed and minimize
storage. II you must choose, go lor
speed. Storage continues to get
cheaper, but God has shown little
willingness to give us more time.
Product InstaHatlon
Provi de simple ins talla tio n and
complete un-installation routines.
For the tetter, remove every file and
every setting in every system lile.
Provide separate initialization files.
Don't muck around wi th system
files. Don't require your tool 10be on
the path; keep all its setup filesin its
startup directory.Don't put any files
in the root directory. Use the main
product directory as the root lor all
support files.
Document every file included with
your product , and minimize the
number 01 them. Provide a list of
files required for a minimal installa­
t ion, and a set up procedure to
quickly clone a minimal installation
lrom an existingone (for last-minute
traveling).
Run your installation routine in the
background, letting me accomplish
something in the meantime.
Network Support
Don't stow customizalion files in a
common network directory, Better
ye t. store organi zational level
customization files on the network.
and user-specific overrides locally.
In General
Make designers listen to me, not to
the engineers building my tool. If
your management doesn't support
that philosophy, kiss your company
goodbye.
Provide smooth transitions. I will
prob abl y never acce pt drasti c
changes to totally new ways of
doing things. Evolve me gradually,
Apply this to both hardware and
software.
Signed

A (satisfied) (disgrunUedl (former)
user.

power under the ho od , including
workbooks that allow you to save
severa l spreadsheets in one file ,
spelling checker, better prin ting ca­
pabilities, voice annotation (if you
have a sound card), rotated text,
and text cen tered over multiple co l­
umns. Many new analysis features

Continued on page 86 81
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Specified, You'l have a t least 10 days to decide. '!bur only
obligation is to purchase3 more books during the next 12
months. after which you may cancel your membership at
any time. ~ ""-Sf><MnI"" . e _ l llC

Your most complete
and comprehensive
source for the finest

electronics books

'<d.• _ E.p. DBtB _



es

COMPUTER CONNECTION'
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for science and engineering . im­
proved graphing. and quite a bit
more are included as well.

Ind us t ry leadershi p
Microsoft shows true leadership

with Excel 4.0 : I look forwa rd to
seeing these improvements in other
product s. particu larly Word for Win ­
dows. The gripers wh o co mplain
about Mcrosott's domination of the
industry should understand that the
company is doing so not by legal
wrangling but by paying increased
attention to user needs and deliver­
ing quality products to meet those
needs .

In fact . Microsoft's domination
appears like ly to increase even
more. We are headed toward the
day wh en the wo rd compute r
doesn't refer just to hardware. but
to a complete solution that includes

•• ESnlilp to $ 1,000 P e,. w_" ••
Proven Turnkey Operation: Your own
business In less than 30 days.

• Big Money Malclng Opportunity .
MlUions of VCR's are sold each year. There
is P . e riou. short a ge of trained VCR
technicians. Leam to serves and repair the
moSt popu lar appliance in Ame riCa, No
complicated electroecs. No expenswe
instrumerlts. No laney woritshop
lEARN VCR REPAIR wilh easy . tep- b y ·
. te p video instructJon. Video tra Ining
aI\ows you 10 learn fa~te" Wlth

hlghe,. ,..t.n tion
a VCR R....lr T..,h.. I..... ..

ae-porWo" Aepoolr T.....ftieLII ..
:Jo.euo..lc s.e..my Tech.. 1daft

e.-.u.. TOll. FREE: 2" HAS · 1 DAYS

1 -800-824-7761, ed. V14

or wri te to:
$.JD VIDEO LEARNI NG CENTER

72100 Crenst>.w &u,-,,_..l. Sull_m
TorntIOI . CA IlO5OS

C1RC1..E 1" ON Al EE INfO RIu.T1ON CARD

both hardware and software. And
M icrosoh is gearing up to provide a
complete software solution. every­
thing from operating sys tem <DOS,
Windows, NT> to 'NOrd processing,
sp reads heet. dat abase (to be re­
leased this year), Email (Iikev-tise),
and more.

When you buy a car you don't just
buy an engine, you buy a solution for
the problem of traveling. Sure, the
engine is important, but for most
people, even more important are the
seats, the console, and the body
style . Microsof t already dominates
engines and is in the process of
mastering the rest.

When you buy a car, you don't
buy the engine here, the transmis ­
sion there, the body elsewhere: You
buy a complete solutio n. Computer
buyers have never had that luxury.
Soon , though, you' ll be able to buy a
single CD ·ROM with a complete
suite of applicat ions under your fin­
gers . You won't think of them as
separate applications, they'll work

toget her as if they were made to.
M icro soft w ill be the Gen eral

Motors of the In forma tion Age ;
Borland will be Ford. some com­
bination of Novell, Lotus, and Sym­
antec will be Chrysler; pieces of the
remainderwill end up as suppliers to
the big th ree . Enthu siastic users
may buy racing stripes and fancy
carburetors from specialty houses,
but most will slick with stock factory
offerings.

OS/2 update
Shrink-wrapped copies of OS/2

2.0 finally hit the shelves . IBM has
done a nice job with all the basic
pieces. As reported here in the April
issue, 2.0 does a better DOS than
DOS. However, it still does not do a
better Windows than WindO'Ns. AI·
Ihough you can now run Windows
apps on-screen simultaneously with
OS/2 apps. do ing so is slow; in fact.
slower on the same hardware than
simply running Wi ndows. In addi­
tion, the product currently supports
Wi ndows apps on ly in standard
VGA mode . Windows 3.1support is
absent, and hard-disk requirement s
are two to four times that of Win­
dows . HCM'eIIer, IBM promises a 3.1
compatibility update in early sum­
mer, and Stac Electronics has con ­
firmed deve lopment of an OS/2
version of Sl acker.

OS/2 is still missing significant
driver suppo rt. and sys tem com­
patibility issues keep cropping up.
However; IBM promises better driv­
er support soon, and I have seen
concrete evidence that IBM is trying
to resolve OS/2 's compatibility is­
sues expedi tiously.

Windows 3.1 promised to elimi­
nate UAE's, and has not made good
on tha t promise. O S/2 stands a
good chance of providing a more
stable environment than Win31, but
still asks too many compromises in
the way of speed. resolution. disk
space, and device support . For now.
I still prefer W indows to OSI2. and I
think the vast majority of Windows
users will too . IBM 's best bet might
be to position OS/2 against Win­
dows NT. which makes more sense
anyway. Then they should try to re­
solve current difficulties before NT
rolls out. At least we'll have an ap­
ples-to-apples comparison. As they
say in Michigan. go Blue! R·E
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SECRET cable c1eser.mblertl Build )011" own
desCJambler lor less lhan $12.00 In 68Vllfl easy
s teps. Complete mstruencns SIO.OO. Radio
Shack. parts list and lree t:lescrllmbling methods
lhal COSl nothIng to try included. HAR RYWHITE,
PO Box 1790 0 . Baytown, TX n 52O.

T.V. notch M ars. phone IVOOfding equipment, bee­
chure $1.00. MICRO Tli lnc. 80. 63 '6025. Mar­
gale. Fl 33063. (305) 752·9202.

CABLE TV COI'1Wr1GIS: Jem:lId . Oak. Scientific
AIlanbC.leMh &many oItlefs . ' New MTS" stereo
add-on: rftlle & 'oOU'ne. Ideal lor AOO and 450
owners! 1 (BOO) 82&7623. Ame., VIla. M.e ac­
cepted. B & B INC~ 4030 BelllJ-O-Aue Dri'Ye.
Eagan, MN 55122.

RESTR ICTED lechniUI infOl'lnallon: Elec1ronic
sulWillance. IldIematics. Iod<S4Tlilhing. COYer!
scereee, hacking. ell: . Huge ..lec:tJon. Free
brochures. MENTOR·Z, Di_ 1 ~9, Asbu ry
Park.NJ 07712.

CABl~ TV Equipmen t. Mosl lype ava ilable.
Spe<:sa/.Oak M356 S39.9S. Nocatalog . COO or·
den; only, 1 (BOO) 822 ·9955.

SPEAKER repair. AI makes models. Steroo&
PQlessional. KIts _ilabIe. Ro~ S1a.00.
AnANTA AUDIO LAS S, 1 (BOO) 11.

ENGI NEERING softwareand hardware, PC!
MSDOS. Circuit design and drawing, PCB
layout. FFT analysis, mathematics. circuit
analysis, etc. Data acquisition,generation,
va PCB's, etc. Call orwrite for free catalog.
(614) 491 ·0832, 8S0FT SO FTWARE,
INC•• 444 Colton Rd ., Columbus, OH
43207.

ORDt:1l 'r ou, t 'Rt:t:
1-800-228-7404
DON'T FORGET TO ASK " SOUT CIUI?

FREE CA1AI.OO WI1H auYlNG GUIDE

FRIENDLY, PROFESSIONAL SERVICE
30 DAY MONEY BACK GUARANTY

BEST PRICE - BEST SERVICE

~ t w., IflD'll [c.o~
.. 1m """"" MHEJ( BB:lIO«:S

1-512·25G-5031~W~~~

WIRELESS CABLERFr.FI\lFR5: 1 II rn '-7 GHz
..""",

CLOCK, 1-32t.4H.1: variable square ...- genet­
8110:. Aequn! $pee:$, pnce. 1'ROLEX, 1292Mear­
I'IS Rd .• warminsler. PA 18974.

TOCOM-J errold Impuln ·Sc: lenllflc AUanla
CorNeners. two ~ar warranbes. also test InOd­
u," 1oryourc:omoetters. Conlact NATlOHAL CA­
BL£. 1219) 935-<t128 lull dutUs.

FOR SALE
TUBES: "oldest, ' "lal8'Sl," Partsand sdlema1Jcs.
SASE: for lists. ST£INM ETZ, 7519~
Ave., R.E•• Harm'lond. IN 46324.

TUB ES, new. up to 9Cl"4 oft, SASE. KIRBY. 298
'Nes' Carmel Dow. Catmel IN 46032.



CABLE converters- 'descramblers all makes , all
bullel proof, full mode test chips for Tocom arw:l
Zen ith $29 .00 ea. S.A-C. I (600) 622· 3799.

LA SERS, light shows , plans, books, .5mw to 2(l
watts. fnte cata log call 1 (600) 356- 7714 or write
MWK INO., 198 Lewis 0 ., Corona, CA 91720.

SUBWOOFER design software. Com puter de­
signs all subwooter enclostIresl Free 24 hour in­
/omIalion ; (503) 754 ·605 1 ext. 2 .

FREE catalog lnNest prices worldwide . Satis­
fact IOn guarantoe on everythi ng sold - Systems.
upgrades. parts. all maiOf brands tact Ol'y tresh
arw:l warranlled. SKYVl SION, 1012 Frontier. Fer­
gus Falls. "IN 56537. 1 (600) 334-6455. Outside
US (218) 739-5 231.

ELE CTRON IC engl neer ln!. 8 volumes com ­
ple te. $109.95. Noprior know edge required , Frna
brochure. BANNER TECH NICAL BOOKS. 1203
G,ant AVllnue, Rocll.ford. IL 61103.

VlDEOCIPHER II, descrambllng manual. Sche­
matic:s, video. and audoo. Explatns DES, Eprom.
CloneMa ster. 3Musketeer. Pay· pe,-view (HBO ,
Cinemax. Showtime. Adul t, elc .) $16.95, $2.00
postag e. Schematics lor Vldeocy pher Plus,
$20.00 . scoemetce Iof Vldeocypher 032, $15.00.
Collection of software to COW and altef EproITI
codes, $25.00. CABLETRONICS, Bo~ 30502A.
Bethesda. "10 20824.

g c .c. Commerci al Geneflll RadIotelephone II·
cense. Electronics horne study. Fast , inexpen ·
sive ! - Free- details. COMMAND, 0 -176 . Bo~
2824. San Francisco, CA 94126.

EDUCATION & INSTRUCTION

SOFTWARE for IBM PC elecl ronics, program­
ming. math, signal processing. Fractals. chaos
and calculus too ! Send SASE to MICRO AP •
PUCATIONS, Box 1583 , Suisun, CA 9458 5.

ZENITH turned on from $125.00. Also testjum-on
kits lot Zenith , lrom $12.95. SA 8580 tum-errs
available at lowes t prices. We also buy. sell afld
!fa de all models cable bo xes. (305) 425-4378.

CABLE descramb lers, roccms. Oak. Hamlin,
Jenold. Pion lltlf; 8clentitic Atlanta, Zenith, all bol­
let proo f. Full warranty. Free catalog . KABLE
KO NNEC TION (702) 433·6959.

SATELLITE TV

OESCRAMBLERS, co nverters. all makes and
models , Zen ith wlr $199,00 , Pioneer add on
$99.00. Oak ATC-56 $99.00. Hamlin MLD-l 200
539.00 . Super SA add on $89 ,00. add 00 bul let
busler $39.00, Tocom 5503- A $199.00. Tocom
5503-5507 VIP· Zenoth test chips $29.00, ccm­
plete line of JelfOkl . all items buuet groof. full
warran ty. C.O.D. OK , MOUNT HOD ELEC·
TRONICS (200) 260-0107.

PREVENT descfan'Oler damage. Don't bite the
bulletl srooeer stoppe r data blocker $29.95. VID­
EO CONNECTIONS, 1 (600) 933-3038.

SQ;amll,.. lIown, 1m IIIml"' ,
8uU. la. NV. 14218 Yalt:e/fn (71&1 814 20118

~l Allf Ol .ooo 14

ANTIQUE RADIO CLASSIFIED
Free Sample !~

Antique Rad io's
largest Circulat ion Monthly. a ..
Articles, Ad s & c tassaees. •
6·Mo nth Tr ial : $15 . 1·Y r: $27 ($40·151Class).
A.R.C .. P.O. Box 802·L9 , Car lisle, MA 017 41

• • t • •

PROTECT ~rself and equipment trom electrical
shocks. Comp lete unit $98.95. SA FETY· UN ­
U MITED , 1743 Baldwin Road. vorktown, NY
10598 . &1-f $5.00 .

lDW cos t logIc analyz&r - A musl lof compa·
r aesand senccs hobbyists: 6 digital inputs, sam­
pling rete lrom 50 nsac to I msec. Connects to PC
or alI11pallble via AS-232. Only $250.00 US. fof
inlo: OPENTEK, PO Bo, 71, Sorel. Oue bec . Can·
ada, J3P 2T6.

JERROLD Toeo m and Zenith " l " , t .. chips .
Fully a ctlyale s u nit. $ 50.00 . Ca b l e d e­
sc r l m b le rs Ir o m $40 .00 . Orders 1 (800 )
452-7090 . In lonnallon (310) 867-0081•

CABLE teet ch ip s S·A 6550, S·A 8500 310.
311, 320 , 321 (specily) - $33 .95. g ·A 858OJ338
- $69.95. Tocom 5503':07 VIP - $33 .95. Sta r­
com 6 - $33.95. Starcom 7 - $49.95. TELE·
CODE, PO Bo~6426-RE. Yuma. AZ85J66.-6426.

OSCILLOSCOPE 50 "1Hz, Hewten-Packarc, sol­
id state calibra ted, man ual $290.00. 1 (800)
835-8335 X·159•

POWER inverter 100% portable 115V AC lOOW
trom buill in rectlargable battery 13 Ibs $185.00
plus $10.00 SiH . Circui t end brochure only $10.00.
PROGRESS TECH, 13222 Carolyn SI., ceeecs,
CA 90701.

C AB LE cooweeec-emerere. P ion eer, Oak,
Zenith, Jerrold, SA, Hamlin, r cccm. most models
in slack , all bullet proal. e~amples - Pioneel' add
on ceecremuer $99.00, Oak ATe ·56 589.00 ,
'rceem-z ennn lest chips $29.00. full warran ty.
C .O,D. OK. catalog 'orders. ULTIMATE CABLE
PRODU CTS, (702) 646-6952.

TEST-AId a lor testing units in fu ll "",Ive mode.
Starcom VII. $40 .00: SIafOOm VI. $30 .00; Star­
com OPBB. $50 .00; Pionoo( $75.00: Tocom VIP
550315507, $25 .00; S A call;Zenit h. $25.00; H.E.
ENGINEERING, (617) 77().3830.

8OC52-Basic mic:meontroUer board . Basic inte,­
preter 32K RAM . 16K Eprom. Epromprogrammer,
RS232. expansion connector. Ba re boa rd w ith
manual, scoemencs $22.95. 8OC52-Basic micro­
processor c hip $25 .95. Assemb led and tested
$124.95. PROLOGIC DESIGN S, PO Bo~ 19026 .
Balli more. "10 2t204.

FIBER o pllce k ilS. E~pe r imen t ers $24 .50 ,
Datahnk w.. PCB $36.25. HILL ELECTRONICS,
Box 47103, Phoenix , AZ85066-7 103.
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PLANS AND KITS
FASCINATING eleClronic devices ! Dazers!
Lasers' T' a nsm ineB ! DelllClors! Free e nergy'
TesIa! Kns:assembIedl CalaloQ $4 .00 (1U1unda·
b1e~ QUANT UM RESEARC~. 17919·17 Ave..
Edn'Ior*ln. AB. 15T 2S1.
HOBBYibroadcasll ng HAM 'CBI$tl ......earenee
lrilflSlMlors,~. cable TV. sceece.buQs.
OCher guat pn;ljeds! Ca!aIog $1.00 . PANAXIS,
Boxl JG.F 8 . Paradlse , CA 9S967.

CABLE TV PESCRAHBLERS!

CABLE KI NGDOM !

.JEROLD* *OAK. .HAMLIN_
.ZENITH. . PI ONEER.

. SCI ENTI FI C ATLANTA*

REMOTE CONTROL KEYCHAIN

m Comp l<t",,,",mini-lrano.millOt'
o " and.5 nle!lF ,""elY'"

Ful ly ....mbleolr>d..m r>gplano
fa buld J OUt o wn al,110 al l nn

.. >.. $24 95 c t>tQ.V,u or Me;. ,.,' • Add S 3 ohiPP'''ll
:' S @$19.95, 10 @ 51 ·U S

vteneeune. 00. 14 156, fr emont, CI. 94539
(51 0) 651w1425 Fa x (510) 651-8454

OESCR AMB LER kits, Comple te cable kit $44,95.
Complete satellite kJt $49.95. Add $5.00 sh'pptn9
FlIlo brccbure. NoNow York sales. SUMMIT RE.
SO. 489, Bronx, NY10465.

DESCRA M9UNG. New secet manual . Build
jQJr C1oWI'I descfamblefS lor e.ble .nd Silb$etlp­
lion TV. lnstr\.lclions. schematies lor SSAVI, gated
sync. Slnewave. (HBO , CInema• . Sr.owlll'ne.
UHF, AduU ) $12 .95 . $2.0 0 po sl ag e ,
CABLETRONICS. Box 30502R. Elelhesda. MD
20'"
CREDIT card encoding standard eXpiainod in
ptaln Engll$h.lllustralr.oee~ induded. send
$5 .00 esc,Box 1841, Alexandria. VA 22314.

CELLULA R hackers bib le Theory hacks
rnodihcallOflS - $53.95. TELECOOE. PO Box
6426·XX. Yuma, lIZ B5366-6426.
WIRELESS guitar Iransmission system. BUild
your own lor $39.9 51 (ki l l RADIOA CTIVE
TRANSMISSIONS 1 (800) 263,9221 Ext. 2587.

IN S TOCK

6 MONTH UARRANTYl WE SHIP COO !
ABSOLTLEY LOWEST

WHOLESALE/ RETAIL PRI CES !
• • •••• ~~~E CATA~OQ.* • • ***

~ . P . v t oc:o
1470 OLD COUNTRY RD

SUITE 31 5
PLAI NVIEW. NY 11803

NO N.Y. SALES
CALL NOW! 1 (800) 950-9145

S URVEILLANCE Irlnaml" llI" kil s tune 110m65
to 30S MHz . Mains powellKI duplex, telephone.
room . combinat.oon lolephone'roo m. CataloQ with
Popul l r Commun lcl Uons . Popular Elec ­
tronics . nd R.cl lo-ElectrOfllcs book reviews 01
" Elec t ronic: e.. ves dropping Eq uipm enl De­
sign, " $2.00. SHEffiELD ELECTRONICS, PO
Box 3ma5-C. Chicago. IL 60637-nB5.

HAND helel d lgitll reeorder . nnouneel'. New
technology pornlllS PEl'"manenI slorage ofPEl'"son­
aI recordIngs and messages. Plans $9.95. Kil
$49.95. Send check Of money order 10 CO&....
303 Nor!hv«Kls 0rMl. Ballground. GA 30107 .

VIDEOCIPHER ltl s,lellitolscannerlcablel .ma·
teur/cellu~lmpair manuals, mOllificationbooks &
software.eataIOg- $l oo. TELECODE. PO Box
642'6-AE. Yuma. lIZ 8536&6426.

KENWOOD & ICOM sewee bulle tins. 175 ..­
pages covermg l1li models. $39.95. CataIoQ ­
$3 .00 . COOs (602 ) 78 2·23 16 I FAX (6021
343-2141_TELECOOE. Bo. 642'6-AE, Yuma. At.
""""26.
FFlEEI CataIoQ ollanlastic eIec:trtnc kiIs. LN S
TECHNOLOG1ES. 20993 Fooltlill BlVd.. Surte
307R. Hayward. CA 9454 1-1511.

S14~

S49~

FREE CATALOG

CALL TOLL FREE

1-800-338-0531

39'.....,

CIRCLE56 ON FREE INFORMATION CARO

Piezo Super Tweeter
n. .<1,.............­_d~
ecIYanIa\IM oIpero_"'0.
...... pacIlage ,..1- " ......
~~~~' ~~~:r=
hardoncI eo~ flMS."""""_
WIth• £.7 rnicn:>I~tad capacd<lf. SoI<l ;n
pairs. Nel _oghl: 1/2lb.

ItRH·265-267 $24'"' $2250
(1,3) 14"",,)

12 Ga. Speaker Wire
E.dI1lIll 'OO oeuoe
_ .er "" 0 ' ''' UN....m Vllry l'ugh powo<
_ CVSItOnI _ Ior ...~
... ...olterTlely lonQ-- -;.;
<;able runt C)"G<2~ """-~

~~~.J:; M:_..­
_In ",ulllpile.d._
'Atf. 1~1 S1

340 E. Flrst St ., Doyton, Oh io 454 02
Local: ' -513- 222-0173
FAX: 513-222-4644

TeChniCian.sour ble
Turntal* 10~
...... '" VCAa. Tlr s_mont. l -.,--lum \nl lOl
~_.20" .
While CCIIDr. Nel weighI : 5 1;1&

_RH·360.425 $19~ach

Super Horn Tweeter



continued from page 23

EQUIPMENT REPORT

I' ll assume that you' ve already
tried gett ing in touch with the origi·
nal equipment manufacturers and
found them to be either no help or
out of business. There are several
companies that make new tape
heads and also have tape-head reo­
onditioning services.

Here are two companies in the
tape-head business and ifthey can't
help you, the chances are they' ll be
able to direct you to someone who
can.

International Electro Magnetics, Inc.
Eric Drive and Cornell Avenue

Palatine, Illinois 60067
(312) 358·4662

Nortronics Company, Inc.
8101 Tenth Avenue

Minneapolis, MN 55427
(612) 545-0401

There's no guarantee that either
of those companies will haveexact ­
ly what you need. but I'd be sur­
prised if they can't supply some­
thing similar that wi ll work just as
well. R·E

ASK R-E

continued from page 15

CompuScope Lite card and soft­
ware. At $595, the produc t is a
price / pe rforman ce leader. How ­
ever, many sophisticated users will
find it inadequate for their needs.
The $995 64K version adds consid­
erable measurement power, as do
five GageCa fc software modules,
each priced at $100. One module,
for example. lets you add, subtract .
multiply, and divide signals, and ere­
ates a dual-channel dig ita l vol t­
meter. Anothe r lets you differentiate
and integrate any signals displayed
by CompuScope, while yet another
lets you use the card as a frequency
counter. Even without the add-on
modules. you are free 10 wri te your
own custom programs to manipu­
late and measure signals. And that's
the real beauty behind PC-based
test equipment. R·E

WANTED

DEFEAT videola pe a"li-mpy. PC B. PAL, inslruc­
ecos wiP&H S17.5O.NORM HOGARTH, 955 NW
Ogde", Bend. OR 9nOt
VIDEOTAPE dubbing e" l\anoor. Complelo kit
$39.00. add S5.00 &'H. Plans and lnsuuctcns
$5.00. Froo brochure. C·TRAN, 1757 W. Sa"Car·
los St. , Suite117, Sa" Jose, CA 95126-5205.

CAMPALERT - Backpackable perimeter alarm
ki1$39.95 + S3,oo.Sefldslamp -i"Io PROTEC­
n ONCONCEPTS, 340ToffaflCO Ave" Vestal. NY
13650,

INVENTIONS! new products.'ldeas w.mled : call L _
TLCI tor tree informali onli"venlors "owslelter. 1 r
(800) 468-720024 hours/day - USA'Canada.

INVENTORS: We submit ideas 10indus lry, Find
out what IYlI can do fOf you. 1 (800) 288·IDEA.

CABLE TV DESCRAMBLERS
*CONVERTERS*

and ACCESSOR I;oE~~~r:r~

FREE Cat al og
1ol"' ~' '''''011 (402}331.3 228 800 · 8 3 5 · 23 30
£1... "0111. . .. 2H(I so.t:utd c.. '1 26 0"..4 ~'E 6.ll~

PANASONIC,JERROLD, OAK,
PIONEER, SCIENTIFICATLANTA

AND MORE. LOWeST PRICES.FREE CATALOG.

c~~~:":v"y (800)234.1006

INVENTORS
INVENTORSI Can youpetent and pro!itlrom your
idea? Call AMERICAN INVENTORS CORP. lor
tree i"formation . Servingnwentors siflCO 1975. I
(800) 338 ·5656 .

fL;A;;c;,;p~i;s~
Home sludy. Be-I come a personal I

I
computer expert at
hoo \l.' and ill bust- I
ness. Le arn 1\1 y"urI ........T1 pace. Excit ing I
and easy 10 Iollow.I Send or call toda y I

I
for tree Ilteratuee, I
BO().2234542

I ~=;=~~= I,\d, lre••

I City S I~ le Zip I
I SCHOOL~~P~~::e~:r~~rrRAINING I
L Depl. KJ342 Atlanta. Gt'Orgia 30.34 1 .J--------

' HH l OF $~~ VoCE 15 . (:Fl,". ""SIAl.\.I"O . .. . Of~E

W" HOUT P£A.. ,S!IICl1< .... SUBJEel .OU 10 CM L OR
CR''' ' '' .L . EN.LTIES , ou ..USI CHEC. WllH 'OU~

LOCALC.BLE CO" . . .. , . "0 • • , FOil . LeSERvICE . ou
lISE II I$ NOI r HE l.. rE N. O' ' ......E S,"W. N rOOE'Il.uO
. .. , I H EVISIOH0Pf ....!t)Fl .~OWEWIll Nor . ssrsr . ....
CO....... Oil INOIVIOO. l ' N OCI.. Q THE S."E

. DESCRAMBLERS .
(OTY) (10) (20) (40)
NEW TBI·3 70 55 CALL
ra 2 or 3 45 40 CALL
SA·3B 45 40 CALL
OAK N-1 2 43 38 CALL
SB 2 OR 3 43 38 CALL

COMBINATION UNITS
DRX·DlC 89 CALL
SYL DlC 59 CALL
PIONEER 295 275 CALL
. CONVERTERS WIREMOTES .

PANASONIC·
TZPC145 65 60 CALL

STARCUEST·
E·Z550 65 60 CALL
E·ZY550 75 65 CALL

LAK E SYL VA N SA L ES , IN C.
SORRY NO "' 1 ~NEsor .... S ....lES

All major brands carried
•JERROLD, · TOCOl\I, · ZENITII
· GENE RAL INSTRUMENTS
"'SCIENTIFIC ATLANTA, · OAK
"'IIAMLIN, "EAGLE, - PIONEER
7th Year in busines s. Thank Yo u
Member of O m aha Chamber of Commerce
1 Year warranty on new equ ipment
30 Day money b ack guarantee
Orders shipped f rom stock within 24 hours

CALLTODAY FOR AFREECATALOG

1-800-624-1150
Q!i = III C.O.D.

:t'QMD~.? .,.
o 0
~ M~L'ECTRONrosr
~ .;r. 8 75 SO. T2nd St.
V.yawQ~(): Omaha. NE 68114

90
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MCM Electronics
Has a Constant

Flow of New
Products for

You to
II Choose

From

CAU.TCU ....
~- ..._-

MCM
~._--­._---­------.._-­._-

So call our experts toillree
at 1-800·543·4330 or FAX
1-513·434·6959. They're ready
to keep the parts you need
flowing to guarantee a steady
c stream of work.

And ask lor
our new MCM
Electronics
catalog while
you 're on the
phone.

TOday's tough marketplace
makes the ready availability
of qualityelectronic parts
more important than ever.
That's never a concern
when you deal with MCM
Electronics. Just go with
the now-our constant
flow 01 new products lor
audio, video, computer and
telephone repair 'M:lrk.
With each catalog , we add
hundreds 01 new products to our
current stock 01 over 17,000 top­
Quality items. And since they're
stocked they'reready lor immediate
Shipment, wilhin 24 hours from
your telephone order.

e

•

MASTERCARD AND VISA arenow accepted
for payment 01 your advertising. Simply
complete the form on the first page of this
section and wewill bill.

WHY pay retail? Ordor yo:;ll,lf computer equ ipment
fn:wn the same wholesale suppliers as dealerS!
retaIlers. fell' a list01 oY9I' 100 wholesale suppl Iers.
send $10.00 check or money ordor to CRM, 2615
Ede nbom. S uite B. Meta irie. LA70002. A11ow 41o
6~s lor deIiYefy.

•
ACE PROOUCTS ...
1-80 0·23 4-0 7 2 6 •

• CABLE T.V. BOXES · ALL TYPES ·
• LOW PRICES · DEALER PRICES.

MAKE $75.000.00 10$250,000.00 yearty ormom
hmg IBIA color monItorS. No Inves1men t. start
dom9 n from }OUr homo te lelephOf1e required).
Information. USA. Canada $2 .00 ca sh lor bee­
ch~Htl. other COUntries $10.00 US 'unds . RAN·
DALL DISPLAY, Bo x 2 158·R. Van Nuy s. CA
91404 USA. FAX (818) 990· 7803.

BUY BONDS

MONEYMAKERSI Ellyl Oneman CRT rebtlild­
ing~. 56.900 .00 rebuilt. $15.900.00 new.
CRT, 1909 l ouise. Clvstalal<e. n, 60014 . (8 15)
4n ·86SS. FAX fB15) 4n ·7013.

« « « « ,,*SlNTING« « .. «
CABIFTV

DFSCRAMBLERS
« « « « « STAA'IllNG « « « « «

.IaRROLD. HAMUN. OAK
IWOOTHl. '''''''OU!i~~

• ~••UT~~-...AEU
• U),l(FS\'~I~ NICB r.I us
• ()III[)(I!li~'''''''9\XIC""""","14.-s
• .-.u u.vtlIt CllfCft~ ACct:"tO

fOO AU INfOR MAOON
1-100-3-45-1927

BUSINESS OPPORTUNITIES
YOUR own rad io statoon! uceoeec.voncensec
AM, FM. TV. cable. lnlormali on $1.00. SROA[).
CA STING, Bo~ 130- F8. Paradise, CA 95967,

LETthegtlVVfM"lElflt 'inarce IQIr small bu$oiness.
Granl s10ans 10 5500.000. Free recorded mes o
sage; (707) 449-8600. ( KS1 ~

EASY WOfk! Excel lent pay! Assemble products at
home. Call ton bee '(800) 467 '5566 Ext 5192.

HOME assembly wo rk avail able! Goaranl eed
easy money! Free details! HOMEWO RK-R, Box
520. Danville. NH 03819.

CIRCLE n ON FREE INFORMArlO N CARD



AMonumental Selection

I'art NQ, Prj

272 56-25 ..••.•••.•.$4.8
27C256-12 6.'1
27C256-15 5.9
27C2S6-20 5.'1
27C2 56-2S .'I.9
275120 1'1' .'1.9
27512-20 6.7
27512-25 .5.9
27C51 2-12 7.4
27C51 2-I S••..•.....6.9
27C512·20 6,4
27C512-25 5.9
27COI0- 15 9.9
27C0 20- 15 17.9
27C020_20 15.9
68766-35 .'1.9

• E,,,-,,,, . 11 EPRo).,r, · Ero..., I <hi p in
15mioute. , nd 8 ,h ipsin 21min

• UV inre",i!)" MOO LWIO I!

DE4 S89.~

UVP EPROM Eraser

I.'m No ['riu
2764A· 20 ••••••••••$3.75
2764A-25 3.49
27C64 -15 3.95
27('.64-25 3.49
27C6445 2.95
271280T l' 2.49
27 128-20 7.95
27 1211-25 7.75
27128A· 15 .4.95
27 128A_20 4.75
27128A-25 3.75
27C I28 ·15 5.75
27C I2 11-2S 7.95
272560 T[> 4. 19
27256-15 5.49
27256-20••••• .••• ..••5.29

.1. 5 n i~i, Muh im<I<' wl h "ltKl\<.Y

6: (:' 1""' ''"'''' •.,., ,57<1.95
~. 'j fl ip' wl ffC'<l ~, 6: Uf"",.nu
6: [h u UulJ 5"i" h•.•.. ...$99.95

M,}650

M4650

• l'~"nu,JI "'".", El'ROM, io ,he 271(,
I" 27512 !.ng. plul theX~8(,4 EEPROM

• R.~23~ pon · Softw.,e indouW

EP1' SI99.95

A.R.T. EPROM
Programmer

• Parti" l Listill$ • OVtT -/000 Elu tror,;( ,/lid Computer
Compo,,,nts III Stodl! • GIll fo r quantity discounts.

Jameco IC Test Clip Series
• T~, Clipsaredn igncd for lempowy
coon«, ;" m III011'pJCluge (OffiponCol'
• Heavy-du ty ' pring 1000ded hinge provides
po,i,i"e ccmacr
Pw No, DnuWI;on Pri< ,
J1'C 16 t6-piu (fo,8, 14 ~ 16'r in IG )..$5.~
j 1'C20 20·piu (f", 18~ ~O'pin IG) 6.~

J1'C24 H·pin 7.9
j T C28 28· pin 8.9
J1'CAO 40'1';0 II .~

EPROMs .. for your programming needs

Metex Digital Multimeten
• ll.ndhdd, high~((U "''J ' ACIDC ,-o1f.go.ACme

,,,"em, resistance. diodes. continuity,{rami'lor hFE
(mer t ~139(0)

• ,\ bnual ranging ....Io~c rlold pn.llel:r ion
• Com~ with "wk.. h. nr ,it$, ,= and m. nu.1
~13650 &. M4650 only:
• AI", measuresfrrqucnc}' andcapacaance
M3800 .H Dip' Muhim 539.95

M 3610 3 ~ !l iW' Muhim<I<' ••...•.559.9;

M390 0 3.5 D ; ~" Muhi m" <t
~;,h T",h lDwdl ••••••••.•••5 59 .9 5

faJ:1llu Pri,c
TMS2516 S·1.25
TMS2532.-\ 6.95
TM S2564 5.95
TMS27 16 5.95
170 lA 3.95
27011 .'1.95
2716 3.95
27 16. 1 .j.25
27C I6 .'I.25
2732 .'1.95
2732A-20 .'I.49
2732.-\-25 3.49
2732A45 2.9 5
2702 .'1.75
2764 -20•....•••.••• .••3.95
2764 -25 3.75

.l S17.95
4 24.95
4 32.95

The p<ff«l unil f", 1<><L..V·j
l",ing.nd me.. ul<mcnl
n«d.~ F<>'ur<1 indudc 3 6'
CRT di'pby. •nd l»ndwidlh
frum IX:In20 Mlh. The
GoldS:;n OsciUu""'l'"come<
wilh~u 40).,IH. prol>el, """
NIn, powa COld. operJ,i""
n,.nu,l, ",hem., i" , nd bl,,,k
~"d ,,'ilingduSum. It·,
1;p,......;p., JOO po,uhk " ilh
• "" '0-)'<''' ,,'.fUnIY.

400026 :-;~,ionil Gena ..!1\ " f'O'"
Lin<>r l:k>i,<o DOI. bo<>k.•19.95

40003'.1 N., irln, ll "f:ic n",book ...19.'.1 5

400015 :-;>\iOni[ l>JU" "1.ui,;, ion
Lin..r o.,. i, <o Dm bo<>k••11.9 5

400104 N..ionil Sf'<"iJ.l l'u,pmc
Lin.., Devi, .. DOI. bo<>k.. 11.9 5

400044 N.,ion. I I.SISml .
1J,,.oo,,k 14.95

230843 10,01 MemOlYDJubool<•••24.9 5

270645 10Id f mhc<JdedConuoller
P,occ" o,..Dmbook.. ...... 24.95

GS7020 ••.•.•••••S399.95

National and Intel
Databook.

Q S4.9 5
o 6.9 5

12.9 5

pk..", ref... '0
Mail KcyOO2

when
ordering

BNC Cahle Assemhlies
for GS7020

JAMECO·
~~

COMPI,IU R PRODI,I~

24 Hour Toll-PreeOrd er Hotline

1-000 - 0 31 - 4242

GoldStar 20MHz Dual Trace Oscilloscope

Jameco Solderless Breadboards

jame<:o', long.lm ing h,cadh",,,,1s f'Jlllte "" ern,printed col", wOld in.lles .ociare
miublc fornuny kind> of I'Mol"pingandcircuitdesign, urger modd. fe.tllte.
hQ,)'.J"l}' . luminumbacking ",hI!,...,[uge 3nJ groundingpom.

I'~" Dim. C",u~e' Ilindinll . 1'." n im. ConlU'! Binding
NQ. I " J W' I'Qin11..-&!.1Lfiiu No, I " J W ' " ointl I·oll l......ftkc

B~C 1 BSC( ~I J m BSQ M) RG5 ~

AlU (3'J" l.l $3 .95

DND excou.,),,1;"0 Ilo"k
RG l74 Y,-U•••• .••••••••3. 95

8 NO BSC(MIIO M,,,,, li"" k
RGl74 U?"l.1 3. 9 5

J El l j.~S .2 IH 400
jezs r, _~ , 2.l 2 S 8.10
j E24 6,lo ,j,1 2S I. jW

CIRCLE 114 ON fREE INfORMATION CARD



at Competitive Prices
Computer Upgrade Products and Electronic Components

Upgrad~your ex;st;'lg comp" ter systn,,! }ameco wi/llulp you "pgrade easily alld eco"o mit:ally.

Fulitsu 1 0 1-Key Enhanced Keyboard
!'hi> k,-bo.l nl k,m"t> I~ ful><fi<>tl k,.. !oCJ'U.tu",,",,, .....l numcTic kty>.

' 111\ 1I'O:\T IAT .nd """P'liblc ......P"'=
• Au"'....,icaJly•...,cd>n bmo..... XTor AT
• lID lndialon fer~um L>ci.Ups

I.od. anol Saul1.o< ~
•T'""liltFttdNd
• \ w....I indudN• Ono-!Qf '11"~

Jameco 80386SX Motherboard
• 1 6~nlt pmcn>inJ..pt'td
· f\.Wr~nl (8Yd3·1

• 7....... 01 .........."...., ( "J'C'3Iioon
• Suppon. Uf',o 16\1BofR."-\1
· l...d !IIH87SX/colllfWlbIo .....h ""f'fO'I""O' Mdt!
· " MI BIOS
• SQ 16-bit...d""" 8-bir npanoOon bus .s...
• Ont-lftl 1C.nmcy

JEIlUO

l W',X'm I'CtXT r Supply ••••_•••••••••••••••••••S69.95

.roo 1,1;'." AT I· Supply••••••••••••••••••••••••••••••$89 .95
JElO.Jl)
1E10,}6

J;6KU.__. .••••_._.•.•••"~•.•.•.•••_.•.•..._•._ _.5')9.95

,\fJ II) m ort u/,gra,lr proJuctJ a /lt iLlbI..!

FKB4700..__ 579 .9 5 JE36 16SN__ • __ .S249. 9S

Toshiba 1.44MB 3 .5" Inlemal Jameco IBM Compatible PoWIH" Supplies
Floppy Disk Drive JElOjO: JEI036:

• I!>Jot PCJXTIATmJ """1"'& • OUlput: . ~v l!' I ~A. -s\' (# O.SA. OOutpu t: . sv ~ 20A. •sv l!i'
• Comp.ariblo .nlh DOS........ }.301 h;p... . I! \' l!i' 5.V•• _1!\'@ 0.5A O,V ... I1V @ SA. · 1 2V ~O_5"

' 1..duJ.. >II~im<,dI.,t_ hu"" .... • 1'joO ',X'.lt ' 20(1 1;1", "
• L....\I5 ro..m."'cd hiP drn.~,.....x • 110/! .'OV ...icclubk • 1100!!OY ,,,-i,, h. hk
• 7.!lJKB fi>rm..l.«dIawdcmin" lIlOoX • Ouilt-in f>n ° Ruih-in f. n
• Sin: I·H . ~T.U-D(~drM""'l ° SiU": 9Sl. 5.5;1' . 4.6! ')-H ° S" .., 6.S-l. 5.88· ',X' .6-H
• o ......~= .\ lJnuf:aoum-·, ',X......nty ° Ont-ynr ',X'....nty o On(.~..... ',X' u u n,y

1' ,10 No.

Transistors And Diodes

fAX: 1·l1OOo23].(>948 <1_ ,
fAX: 4 1505n·2~J '1---.1'

J. mn:o SnvictLinc'" K.-.-. ...,...~

1·8(1(1.831 ·8020
Tedmjcal SUf'l'On: !·ROO-S31000S4
BBS Suppon: " 1~J7·9025

COMPUTER PROOOCT$

135; Shcrewa y Road
Belmont, CA94002

Call or Wri re for you r
FREE Spring Catalogs
[·800·637·8471

For In,,:nu,iorul~. CU" OmclSr,,·i« . Cmlif O,,,Ollm(n,.r>d AllOlhn
Inquiriel.: Cill"ISo'i92·M97 bmoft'n 7A.\I·5r~1 r .S.T.

CA~pl<_.odd~"' ''' T..- rr- ......... <L"...itloooo-a.

•"'...~~~lwdo.s l_ ......t.~.... p->&I<.
e...:."~ . ...,j ---.- ~1ooI"...-I..""""'io ...WbIt
I--' od4-.l.~_

Ol~!J-o IV'J! .u...~_~tndrourU ol. ......_~

24-Hour Toll-Free Order Hotline:

1-800 - 8 31 - 4242
JAMECO®' 31>.00 M'.'m"mn~.

<UCmONOC C<lMPOO«>m>

Connectors IC Sockets
rmb:'" I>no.ri"ti,,~rio;( LmPrv6k llii .. \l'" I"GoIoIL1cd.!Z
D825r ~ I. I~. 25·pin $,65 'Lr S. IO sww 5.>'IlB25S l', m. Ic. 25-pin .7S HLf' .11 14WW .79
D82 511 lI..oJ J ' 16Lf' .12 16W\'(' .es
IlB2 5MII ~1rul l t"od I.J S H Lf' .19 aeww 1.39

LED. 2SLP .22 asww 1.69

XClO')R T 1. ( R~.I ) S.H
",ol P ." -tcww 1.89

XC556G "1"1 3/4. (Gr«nl .16
XC556R 'n 3/4. (Rro) .12
XC55(,Y T I J/4, (Ydl"w) . 16

S. I S
.6S
.15
.07
.69
.25

Mo"""Y

Miscellaneous
Component.-

Potentiometers
\'.11"" .. ",labl< (in.... ohm.imo 'f'O't nwktd
'">..\"1:
'\(IOU. II\. ~ t;. lilt;. ! ot;. <,(I I\.. 1 ~)1\.. uoc

4.3I'XX 3/4 W.".1 5 Turn S.99
63 rXX 1/2 W~ll , I Tu", .._ 89

1':"02222
r N2907
IS 4004
2:"1:2222A
IN47J S
2S3904

S.12 1 ~7S I

. 12 C I06 BI

.10 2S ....0 1

.25 IS 4H H

.25 2:"03055

.12 1:"0 270

Switches
JMT12J srfl T.o...( lnlT,,",,1 SI.I ;
206-8 \ I'\T. 16-1"" lOll') •••••_.1.09
MPC121 \ 11H.

o.. .t)ff-o..lT.~ld .._... 1. 19
MSI02 SI'\T. M"""",~

(l'Moh. _ J J'

UZ56-I :!O
t U~I '\(I

511ooor.ao
511000P· IO
t IZ5M9IU O
UlOOOM'\ -80
d IOO(),\'/lI ·60

U lOOOA911-i O
U IOOOA911·80

Integrated Circuits­
·~o. I 9

4lSOO _••_••••••••••••••••_••••••••_5.25
4L502 25
4LS04 _ __••25
4lS08 29
4LSI4 •.•••• .•••• .••• .•••.••••.•••.•••.••• •J9
4LS3O ••••••••••••.•..•••••.._ 25
4LS32 25
4LS74 29
4L~76 _ .49
41.5l'l6 25
4LSI 12 J5
4LSI23 J9
41.5IJl'l J')

'4LS175 J')
'4LS19J 59
'4LS24-i 69
'41.5245 69
'4LS373 ,(,9
'41.5374 69

Linear ICs-
~o. I '
:L082 c r S.59
~"U I7T _ _ 59
~..U24 S _..•...._ _......•.._ .35
.M336Z 1.0"
....U39S_ __ _ 45
.;E555V _ _..._.._ _ _ 29
~\t5S6N _.._ ...•..__ 49
~\f723CN _. _._ .49
~\f74 1CN _._ _ _ 29
....' 1458:>0 _.._ ._.•_ ._ ._.._._ .39
~""488S_. .45
~\f1489N_..__._.._ _..•.._ .45
JL...-2003A... ._..__ .69
~..U9 14S _2... 9
~"E55J2 .._ _ _...•._1 .19
'805T .n
'8 I lT__.._ ._ _ ._._ ." S

•Cdj.<.~1blJ., .rIO

QRCU 114 DH FREE I<IFOfU(ATIOff CARD



St op Sm ok i n g .
•V AmericonHeo rt Association

Laser Pen
PenSlledIaWl. 'lut tor1l'OOYItS.
dri¥9- ns.llQl'I1eI'. ANo11 kIuse. '"'"
llan o LAPH1 U_ PIn • $IU ..50

TV & FM Joker/Jammer
PocktI5leoew:e ltls yOJ remotely
~ 1\1orr»o recepllOn . Greal
Oill' Doscmon~. E.isy-tuld
tIIcWOticM. EJKtKW ,. • • $19-50

Pocket Laser Kit
Jmw orSmw kIS. .. til 50kl~
61OM100dt. CM!Otl.Om 1~ "'"'
YAl3KW 3tnw l..awf Kit .•• J99..50
YRL5XM Smw t...-1tlI •• J11I..50

MORELaser Kits!
LAS1KM l.... lastr.632nm. ....

100,000 V• 20' Range Easy to8uIId IOl ~.50
LJ.S.lQl 3tnw VIfIiotI,!til m .50

Intimidation Device!
EIIc1rrnC 1I'CXUe. -., ee Inilsell LATOSlo>oCoIl HeNe la_ T. l
b" .sn..T.' PlInf, • • 0I'IlyS24.50

fWdleId . pc:rtallII. orbed uses. ~ PoW "'a.labiIl5e\laI"ate/y
mt2 P\arIsI~ kIklI} J10.oo GrNllow BlIdgIIso-. ProjICl!
ml2J( KI ' PlInf, ... . ... $.lil.50 I ~""""""""-"'".-"''''''

3 WilE tr READY·To-usE, AUTOMATIC Shocker Force ReId
Telephone - - Phone RecordingfTV!\e=ehiCle Electrilier
Transmitter! System '0''0' ' ?-A
~ R\SIllII$ 2SdM 11 ~ ..t!I~ pQy liPe I ~
phone~ kI iWIJ F\l .ado. r«ordel , Int i'll8rt.ce SVOIt:h.
TlNrlle. NSJ·~ PCbo.Yd ~ reo:wds bollI~ ot ---
~1e$orty "/OftelI~ IS1'1use ~ C1I«/l /.«:IIU>tS01 •
VWPr.t7 P\arIs •• • •••• $7.00 P70pst uw Ready.to-tI5e System. Make ha..., !JIOct, DaIs. !JeD; --.d$
VWPWIC1 KitP\arIs , ••••• m .50 U P2CX Sy.wm •• •••• •• $149.50 e'«Snlyob,eds.CNrve~·

7""::::\ Greal paJ' bD. b" hlse_~'

INFORMATION UNLIMITED~l 51"". Euy" """, ,"u. ,,
D-eplAE-4 80.716 , Amherst NH 03031 '-~ lry w-. lIf lry , , •
Phone 603-673-4730 FAX 603-672·5406 soo.~.~S: with manymoreIIM'st
MC, VISA, COO, CllecJi; Atceflttd. ADD $5 S&H. FREE witll 0fdK . Of send $1 PI"

Remtrl'lbef ll'IOSf Idartlarl

Space Shpsin~HG Wills or" '
Wit 01tht Woril1l7 -

MYSTERY
Levitating Device
Cll,ecls bl on1It and _ kIh

lOu:!l Defles graorty' A1l'IaMO Il'It.
~ 1*8, maoc W;k or..."""'"...,
.lHT1K Easy'.l$S'y IUtPllnsJII..50

[jji 3r.ulE
FM Wireless
Microphone!

Cry$laI ciNr. ulri'~ pOu.Q
lriIf\$IlIlS _ .~ kI"" fl,l
13lkI. Forseo.my.1I'IOI'IkIIln;
~ rw*l$ e.h II:M3 OJ'
IM'I P\an1; , ,. • " J7.00
IM'IK KtPllns ,. •• " 5390$0

PLEASE~NT BELOW

SUBSCRIPTIONORDERFORM

Enter AWorld or Excitement with 0 sunscnpnon to

---------------------------------------------------,
Pop-lilar Electronics'

1''' u.. , .u ... '11. 'l. om.lI...1'0:>1

YESI I -..an I \(l~he lo 1-'o'l'Ubr F.I«trt>lllC5 M
1 f ull jear\12~.)fonl~ 51 11.95. Th"fi a~inll:S

<J S?J .05l)/fthe~ ~
IIIMi<~_ 1tiU-1)...CI !lSI

r:J F'a}mmt~ :J lllD _ iaIo....
f"k_~my: ':) \'.... '::J~

A<ct_1 t ! I I I I ! I ! I I I I

:&lvularElectroniCS
Get Ihe jctest electronic technotogyond Information monthly!

Popular Electronics brtnas you inform<ltiw nc....\' prod­
uct and literature listings, featu re articleson test
equipment and tools-call designed lu keep }'OU tuned
in to the latest developments in elect ronics . So ifyou
love to build fascinatinp; electronics. just till out the
subscr iption form helw.' to subscribe 10 Popular
Electronics ... It'sa power-house 1I(fun (or the
electronics enthusiast.
EXCITING MONTHLYFEATU RES LI KE: umCIAlCOlUMNS

':l CO NST l1UCIION ':J HATUl1~S ':.J" ANO$-ON· l1(POl1TS

FOR FASTE RSERVICE CAll TODAY

1·800·827·0383
(7 :30 AM·8 30 PM-EASTERN STA~DARO liME)

lID srm zr
AlIoo<6C. ~ .......... _ry JImt l'-S. r...w. on!)-.

I cc._" III C......J.o ».I SI>.t>II Pl_'I..., l;S.TJ.ulOtho-r
I "'f<I ....= E>;p. [),M., r"..... .o.J.l S• .su ftJot4.. 4">02'
L ~ •

• antennas
• selecting the right radio
• accessories
• reception techniques

Learn how 10 hear the UBC. Radio
Moscow. ham~ralors. ship". even
spies and"pirate' r.xlio !>l;.Llions! Includc..~

hundredsof \lation frcqucnciesandthe
times you ca ll hear them,

Only516.95 ar radioequiprremd.'aI..es,
or ooocr dirccr from HighTeltl! Add 53
shipping ($-I C31Iada. SS elo;.eY.- here).CI\
add~ta\. U.S. furxh (Jnly~.

7128 Mir.un;u- Rood, Suhe 15L
San Dic-go,CA92121

Shor twave
Listening
Guidebook
by Harry Helms

a re's yourguide
to gelling lhe most
from a shortwave
radio! ln clear,

nontcchnical language. Harry
explainshow. when.an d where to listen
in. Its 320 heavily-illustrated pages arc
pach'll Y.-llh advice on:

94



Electronic FLASH • ~ , o .

"'-~l

)ff'

~I-~

3w; '.p;e, o
. I• ........t.
Ta;yoV_Co.
• CB35BBKIl-I
S. I ·... e;'O(jP<lIO
,*,ric:d,,,,,,,",,,,,,
1.' O"d_ ",.
0,021' ....d<,
R..onanl "" " t. n", : . OO
""...... 5' <oIor-<:odO<l ....d.,

CAT. PE· 12 51.00 _
10 lor sa .50· 100 f". 165,00

Powe'_d !OIabove .....cII,"Il po-we'
",c>PI" CAT. LCAC-el S3.00each

Plezo Element

Rogu""O<l . .... dI<r.g_ supply.
1f'QVl; 111V""

OlIt..... , . 5I1dc@6_
·5 Vde @ I an'C)

. 1 2 Vde@ 3 .~

. 12 '1de @ 3enm
o-.~""" and o/Ior1·cifCloOl prol",<>n.
Vollageadj"",,,-, lJirrme<. F " .
9.62'".3,5' .2,22' """I"'; 01 ,, '"""a..... ROoQ" ' " ."""'a'" lEe .., 100
powe,,,,,,d rnel '"","ded) .

CAT.P'S--SO = 00 ...."

H'gh etl",,,,,,,y.,,,,,,,l­
d"OCl'Cl<'&l. "'~.atu, .
. 1e<:I1.......d.n...'
rric,epl'lo'" . t."",n!. L ,..",. nt
d'ain.~,;gnal to ..,,; i ... OptI ' ·
.... .... 2 to1 0V dc. ld lor ,.,..;...
"" ..ted . :armo IMpho !apo ' ••
o:>,d.... I nd OIh., O;OQl i 0 ,3ll'"
dia KD,31· h;gh. 85'
CATIIoolIKE_,O T
200 pet $150.00 ellch

(USED)

'''~ A,
>old .,al. ...::::ilL
,elayo. ,.....",..,.j

r,om OoQllip.....nl and ,..'od .
C""I," . ..u.ga: 250 _o~. AC
a1 10 _ . Sla roja ,d -.........
"1'-p.ocO.· . a. , 2.27' X 1.72'
• O.gS·. ULand CS A1" 'eeI.
CAU SSRLY·I IU
$11 ,25_' 10 1or 580.00

N..., 17 Vdc.~
210 "", ...31 . ...
.. "".formers. ,: '
6 h. oord.
U"". ual
...... .atO"i<: . .... . ndct
a>rd e... boo C\lI 011 and "Nd
101 .""he,appIic.ol<>n.

Larg. ~uan"J' a.a ;I.1t>'• .
CAT. DeTX· H ZI 51,50 ea.

I00 fo< $ l.25 e.xh
, OCO 1o< 51.00 ...-.eIl

Thi. ;"I rarood .......,t. COI'Ilrold.-c. lei. YOlIl urn ""'oIl la~. "",I..",,• •
01..h", 120 V"" d..".. 1I.;"g an IR" ar",..~", oi tArto "'- _ OIl1"""
TVor VCR. O,~"""Y deo ;gflood tor " .. .... h . Ioyd r"...ag. ,,"". ,,,...•
Ir. nOlMl_ and "", rswil oppa 'onUy cc>." a10 mosI ,t"C.d_ .. lh
2 P"'''Il ron·~lar'r plug•. Nol ,ooom..-dO(j 10' ",. w;'h h.... ro. R.·
~ u;'-' • g .... ban• ., (nor includ..., .

S ·llla< kA,C. _ o:>rd. , SP T·I in.u'''...... Po la"led pi.... Honked.
CAT_ LCAe-7 2 lor 51.00 ' 100 r", $.45.00 ' lOCO lor $.400.00

A.C. Une Cord

INFORMATION (818) 904·0524•

2 r", $17.00

~

r,'" ~('. :, Ji (-....::: .
~ H I (:. --, 1:
'I i"; til·:··..

,
11.I I ,. ,',' 'I '

" I I . .-'( I ','
; ~ ," .., "" - ,

CAT' RC-l

*9?l.h
_.

"'_I.,,'" ~~ ,.. .'-,,~ ,,- 2.5""" ...... neg"'''' DeTX~70 " 00
6Voc "' "' 2.1 mm ......

_..
DCTX-632 $2,75

6.3 lIde 10 rna. bone., . n... DeTX-6310 $1.50
Qlld e 300 ".... 2. lmm ...... poo~.. . DCTX.Qn U. OO
12 vee 100 ...,"- 2.1""" ....u tIO\l"''''. DeTX,UIO ,,~

12Vdc
""~ 2.1""".,.,. .. negal '" De TX·12S U "'

12Vde ..~ M •• DCTX·121 se.so
14 vee 700 ..... 1.3""".,.,... neg o'''. DCTX·I UD 15,25
15 vee .00 rna. 2.Sm'n .,.,... ~...... DeTX·nOll " .~

D.C. Wall rmnsfann"", t.20 Vac INPUT) Electret MIKE

w., .«.nl" ,""'""""" . k>.>d 011..... PC
beards wtl iol'lcon'a;n. among o'h er Inlng• .
• RF ~lIIalO<. W' h . in.. d....,..e<i"l1
_ • ....,.. boo at>:. ,.. lbera! • •~

"nJ (rom ,lie boord. At"" """,..... I 7805T
"'~'go '''II'',.tor ..,ttI • co\Ql. 01l1ea1$ink• .
20 'C.. e.>p;u:ilOl• • ,.,..;.lor',diorl... and
00Il"""'0I• . No _ 'lIP intO'''''''<>n""... _
OIlu., mod"laior.
CAT. VMIl·1 '2.75.ach

ELECTROLUMINESCENT
BACKUGHTS

A.l laol( A low =0 ....,'ollI """g'ow
","l> aM """,'i.'.n..... b, and· " nl.

....... d..;gnod te backl'llM."",11LCD TV.
made by tl>o C. " . n Watch COI"J'ol'ly. TI>o
in",,~.. cOte,,"<:n;>ng.. 3 or 6 Vde l~_

prOC ......i. 'y 100 V"" . "'" ""'age 'OoQuo.,.; to
I;gM 1". I)I<>wotr", Luminooc.nl .u ~ac.

area is 1.7' X 2,25' . Tile so,;' ;• • • a....",
.......... ~. 011.tal<>. and g"",," """ .. """­
.-got.... Tho> ci", ,", booud . 2.2" X I'.
G'ow '1r;Pand e ' e"",e,," be ' . _

..."',!)' (,om p "" lic lIOlIS; ng. " oaIlor
weO.aI ligl'lM Q ell""' •.

PC Board With RfModulator
(and tots ofotherpans)

COOl. n'lI2TA _ o'•• on 3-6Vde
C AT' BLU.9 2

LARGE QUAN n TYAVA ILAB LE

S
1010, $32,00*3 0h 10010($275,00•••

Minimum Ordor $10.00' All Ordors Can Bo Charged To Visa, Mastercard
Or Discovorcatd · ChecJ<.s and MOfley ardors Accvpled By Mail . CalifomUJ, Add
Sa les Tax · Shipping And Handling $3.50 for the 48 Continental Umtod Slates ·
All Others InclUding Alasi<a, Hawaii, P.R. And Canada Must Pay Full Shipping

Ouantilies Limited · No C.O.D. • Prices Subjccl lo change withoul notice.

REDUCED PRICES
FLASHING LEO

W I bu•• in tl;u/ling COI C\I~

5 ... . Ope<.h...., T 1·3-'.
(5mml

RED $OC . ach
CAli LED~ 10 (011-1.75

CREEN 75<: • .>cI>
C"T. LEl).,.lG 10t0l 57.00

YELLOW 7i\c_h
CAT. LEo",V 10 101 $7 ,00

LED HOLDER
T_ p.... -.... ~ ~

CAT. HLED L~ bI
IO I",~

Sur/aCt!moun t ,""%
LED chip. 'L­
ClIla, whl n el!.or.."wt>en II.
Ve ' y liny • "' l\Ole "n~ • 0,115"
X 0.055' • n,os'IhC;' 1.....,
(0.0011"01 <1. . .....,... Go'';'
pl,oled """" oling . u~.o.. ''''
1Ull<J' ''' condu<:l ;.~V.
CAr.$MLED·~ 10101 5200

10010<118 .00
\000 fo, 1 1<0,00

Standard JUMBO
o." uwd T ' .:1.4 oil_ ($ "",,)o-=eoo

RED CAT_LEO·!
10 lor $1.50 • 100 '0<$13.00

GREEN C" " LEO·2
\0 1",$2.00- 100 1",$17,00

YEl LOW CAT.L ED·3
10 1", S2.OO • 100 10' $17.00

~~ -=- .. .
!<CO·A"" $1.50 513.50
NCO·AA 52.00 $18.50
NCB·S AA "" ,,",00
NCB-SC ,,~ 1-10.00
NCB-C 1-1,25 1-10.00
HDNCB-C 55,25 1-12.50"",. ,, ~ $.42_50
HDNCB·D "M $65.00

•

,.

,
- ­1.20 180mAh

1.20 500mAh
1.20 500 ""'"
1.20 12001I\ol1l
1.20 \200mAh
1.25 l&OO mAh
1.20 1200 mAh
1,25 .0000 mAh

FAX (818) 781-2653
Call Or Wr ite For Our
Free 64 Page Calalog

Outside the U.S, A. send $2,00
postago lor a cata log.

••

FLASHUNITS

In "' ag"'l... h. Or;g;n.1yde,ig""" '" P"I.~
On. Slep loci P' ....10ca""",,". Nice~M ' . lth
can be 1''90'" "''' by . ....naI3 Vdc pus • . ep.,.,••
.... 8 Vd.. . M ".:10 ( I'>CII ~, Uorul '",
' pee l,. .tl .c! . of Ilun l;ghling.C'''''''~ ''J' inc....d• •
I II.-y d..;' ab l. 6OO"~ 330 Vp/Iclol l...h __.c<
\Ohi<ll ""by ~..~. _ Ih l... Plc.d llle " nl .

CAT.fSH·2 S6.I0~

C"''''E RC A"F,oed. ", C<>/!f\6Cl.... . ,~

f ur", your _0<1 Ni", . odo' " ~01I>"d'

d<e in' " a '.""". COI'~01 uM. IIIr,...., '.
lftOll Il.,el/'lo oed On TV. and VCR"•
• I.... ""' y ..... , AI....... p1. y....
........ "...,...y. T_ pl.ay...~ ""."...
-. ,,"" • • cooPl .... g_ _ . ,ho>'
pl., o;mulan_. ly. In Iho.. g..... lY.o
· F' '''';OmC .... n ·''nl . ar. ,.Q"'''''. " -'~ ntl.ll~ d,_n1
loy <!lain ' . '_ '01 ...... than _
CIY' pO"" 01*.... on . M" bon",i$o
(n"'in<:llldodi. C"T .IR·l $g.g5

"EW~na. h u.._ ('om a
ca a ""","lad u•• ,. Operat... on
3 Wc 11'.. 2 112" X 1\14'. .. e3l
101 "" as a ,"obe." """"lI I;gte 01art...,.
I..... ll"'!&'. Ind..... . I10oI<.""1' diag' am

C"T.f~·1 $3.75 .....
10 101 135.00 ' 10010, $ns.oo

.....
" " WlSoldor Tabe
SUb C WlS-. Tobe
c
C Hooo.., Duly,
D,,"0'" Duly

1"::"1"::"1"'="1'=

MAIL ORDERS TO: ALL ELECTRONICS CORP. P.O. BOX 567· VAN NUYS. CA 91408
CIRCLE 107 ON f REE INFORM"nON CARD 95



•
Gave us our past . ..

It can give us our
future

CABLETRONICS

CONVERTERS

TOTAL

ADD-ON DECODERS Help protect
America's
soil and water
today.$239.00

$249. 00
$215.00

$89,00
$99,00
$30.00
$44.00

TOTAl

P

$149.00
$259. 00
$225,00
$105.00
$115.00

$35.00
$ 44. 00

PRICE

$88. 00 $75.00 $70.00
$79.00 $69.00 $65.00
$2 5.00 $19.00 $15.00

$ 50.00 $45.00 $43. 00
$45.00 $39.00 $35.00
$56.00 $5 0.00 $4 5.00
$6 5.00 $55.00 $5 0.00
$49. 00 $45.0 0 $40.00
$49. 00 $40.00 $35.00

$165.00 $1 49.00 $125.00
$159.00 $139.00 $125.00

OUTPUT

N

COMBOS
$299. 00
$3 19. 00
$299.00
$16 5.00
$175. 00

$4 5.00
$50.00

-Refur bIshed as New

ITEMOlY

CaIiIOfnl. P...,aI Code . 51K1·D Fo,bld , \11"001 I~SU~B=T~O~TA~l+ 1
, hipping . ny ellbl. cr l"~'''''bll ng unillo SIIlpplng Add

"" 0"" fe,lding In th" I lale Of ~all fo,nl... l:;;'.~OO~P~'~'"~"~"::t----1
P,le", l ublecl lo ~hang" ....l!Ioul noUe" . DICfeditC&rd

Add 5'"

Please Print

JERROLD OPV7
JERROLD OPBS
SASSeO COMBO
*JERROLD DRX-3-DIC
JERROLD DRZ-3-DIC
· OAK M3SS
HAMLIN SPC COMBO
ADD $1o.00 FOR VA AISYNCH

PANASONIC TZP 145
STARGATE 2000
·Me c 3000

58-3 (NEW)
· S8 ·3 FACTORY
SA-3
DTB-3
KN I2A·2 or 3
*HAMILIN MLD 1200-3
*ZENITH SSAVI
SA-OF

Dale' Slgned' _

We owe it to our
children.
Find out what you can do.
Call I·SOO-THE SOIL 10 gel your free kit.

96

Cabletronlcs
9800 D Topanga Canyon Blvd., Suito 323,
Chatsworth, CA 91311
For Free Catalog, or to place an order call
(800) 433·20 11 · FAX (8 18) 709·7565

United Stales
Department of
Agr iculture

Soil
Conservation
Serv ice



STOCK . MFG.
WAVE· OUT PUT OP EA. OPER. 1_24 ,.~

LENGTH 'OW" CURRo VOLT,
lS92ZO TO SHIBA ""'m 'mW 85 mA 2.5 \1 129.99 123,49
LS!I200 TOSHIB.o\ '~m 'mW ..- 2.3\1 49.119 47.99
LS9201 TOSHI BA 67o..m 'mW 80 mA ae v SUS SU9
l S9211 TOSHIBA 610nm 'mW

~-
aav 69.99 ~"

LS9215 TO SHIlIA '~m 10 mW ,, - ae v 109.99 10U 9

'= 00 "" 670"'" 'mW ,,- aav 59.119 ~.~

LS022 SHA RP '~m 'mW "m' 1.75 V 19,99 18.99
SB10S3 PHIWPS """'" 10 mW

00_
aav ,." 10,"-

I

o v.....ble DC oo.otpul
~5 + to - 15 VDC @ O,S amp."pple -, m'

• Freq uency gene.a1or
treqUen(;y, .nge: 0 .1 Hl to 100 KH: in 6
ranll'lS
cutpul ,ollo ge: 0 to : tOV (~'Ip-p)

outPUI ,mpe<lllnce : 600 (eKo;f'pt tn!
cutput cu rrent: 10mA ma. " sh<>rt CircUit
prOlecled
outp ut w. ""forms: s ,ne , sq uaro. u ,ange.
rn
I,ne wa"": di.tortion 3'lll (10 Hl to 100
KHl )
TTL pulw : ris.eaM t.1Ilome 25nl
driye:lOTTL load.
Squa", wave, " s.eaMlaUtime : 1.5 •

• Logic Indlcalo,"
8 LEO's, acti"" high. 1.4 y~1 (nom;nel)
th,...hold. In1lY1. protec led to : 20 vollS

• ~boIlnc'" pushb utlOno (pul.....)
2 1lYl/l -t/utton operale<l . open~lle<:to,

output pulse... eac h wilh l nor mally­
open. 1 normlllly-<:looed OUlput. Ead>
outpu t cM Oink up lu 250 mA

o POI...._ I....
\ - IK .1 10K .ol lle"" .available
and u,-.,:;ommitle<!

• SOC conneolo..
2 BNCconnectors pin ava,lab", and
uncom mitted sh all con nected 10 lI'CUM

• Spe ake.
025W.8U

• B.udboa,dlng",eft
2520 uncommitted lie point.

• Dlmenolons
1 t .5·· lOnlI K 16 + wi<le K 6S fIJOh

• Inpu l
3 wire N::, Ii"" input (117V. 60 Hl
IYPtCll I)

• Welghl
,,~

• • I

o The lOla ' <leSign workstahon _ ,ne!ua".g
e,panded inS!fumenlation. ~",adbo. ,d

and POWIlr supply
• Ideal 10' ana log. d lll'la land m,c,,,.

prec e••o. circuils
o 8log><: prObe ci'eu ,IS
o Funct'on gonOf.lor w ,t~ conlonuou. ly

variable . ,ze. aquar•. Inangle w8>o1l
forms. plu, TIL pul....

o T"pl<:l po"e, l upply offe.. Ii. ad5 'IDC
su pply plu. 2 ..nable OUlpull - _5 - 15
VDCand -S-1S VDC

o 8 TIL compahble LED 1n<!""lOI"S, S"'I I~he$

• Pulsers
o Potenbo,"c"'..
o Aud,o c,pc'imonlat,on $pCa"c.
• Muiliple lefttures in onecomplel e 1"1

mslrum""t ... ""s hundred s 01dolla..
fIO.'e<Je<! lor ''''',,;dual unill

• Unlim,led I,fetime gua ranlee on b' oad·
bOard lOCkets

o f in d DC ""1I>ul
·5 VDC@l I.Oam p,,,p ple - 5m'l

• Vanable DC culpul
' 5 - 10 _15 VDC @ ll Samp" PP'e _

'm'

SINCE 1983 - YOUR I.C. SOURCE - AND MUCH MOREll
NO SHIPPING CHARGES ON PRE-PAID ORDERS!'

NO CREDIT CARD SURCHARGE!
SCHOOL P.O:s WELCOME!

. .; .
1M I'en meellani, m ,n·

elude<! with the ,<>bot 8110.... it
10 df. w Inadd ,!'on 10c,aw,ng
stra' lIht lone•. ,I can al.o accu­
ralelv dra... "lie,"", ."" ....en
draw oul wo,d . and snor!
pltr• ..,•. WNJ It comes w~n

128.4 bdSRAM aM 2K ROM,
and is programmed di'''''l ly ,"~a

the key pad all aCI>ed 10 .1. W,lh
its buil1·lnconneclo. port. \fIN)
II ~ ready to commun~te w,m
you. com pu ter. With I~ C

ophOO.1 ,""'rface . 'l you ell"
coonect \fiN:) li to 3n Apple 'I.
lie. O. II ' cC>mPUte•. Editing and
t,a n. I"" n9 nl any movement
o,og.am. as well as ..,ingand
10ad, ng a o, 09,am ca n be
pe 'fo.med by t~e inte,lace 1" 1,
TM k,t ,neludn .oltwa'e .
cable. ca 'd.•nd instruc tinns
Too p.og ramming language '.
BASIC

•LASER

l lX110 Carmg a Ave., U '\I 1B ·8

Cl;al~ ...or1n. CA 91311

• Po",e , SooJrCOl-3 AA ban"," (not inc!l,I()e(l)

£:,\~j ," CORN
\ t;;, El ECT R O N ICS

MV961
WlIAP

WAO II p,ogrBmmablo> RobotiC Kit
Inletlge K" f or Appie l'. li E, II -

7999

""
75 99
37,99 ~ "34 ,\9 PB5C3 see ss 28499 2564 9

IDC BENCH ASSEMBLY PRESS ,I COLUMATING PEN I LASER DIODE MODULE '

PRIC E
$43.99

'/t.9'/ H09\l 'SUl9
"11I99 .80. '~ tl\2••
' 9\19\1 ' 899\1 ';o !/9
2O'lW ' !/9'9 '19."

l ... l 0t0 'llI_,,,,, ..­
"",o 'y cO""''''Q 0' • '.'"
d_, «01,....,'''9 OO>"C' o~d
,."... elo<:!nIn1<O ,'I t.... 0 ""'Il'O
OQoOfIO<1_PrOd<JCOO o""I'"__.. EoOO-oMS " '"

"'''''''"'' "."'~. ",t" ''''e-onnocI"", 'OOOC__

'_3ICS;!S V
T"'-""II" 0'"'''' '0 . r-.co •.,....... -. ...........­con _ be 00,,,,,,,,, to Io<:us

,... ~to._1

Slu<Oy ....... . ... .....-a>f>­
..._ , ' ,," lOM 'J$ " 'P<1JC'~""

~-="::'~::''";1!
."

STOCK B
MV912

, : ,
M'"...''OOrI'~ '''"' ._.''"'''1O _ ...."'II w T",, _
. "' ,,, . " lo' ,. ·r"" '" ",,,,on_ ......__..,,"",.nd_
ou_ to<oIty _ lel! """ c_
M on ""

'1...-, 1..1ed <l3<nm ....... .. ...
,..- '""'l""l ,_ ~W 10 3mW

r:-r~:o.:.::r=."oeI)- _ pu~. _ eonnol

flU.'"".... __,,'" "",,,"tt """ ...
.. . ""bI<I '" "ms'" "'""' A' .......... .....,-,--­
' 0 'un,",o" . , "'. "u'"""'~"

--""""'''''''
U1OO'

PRICE
$43.99

'9'/ !/9 18U'9 110.!/9

_ "_fIO '-_ <t""'Y "'-
~"":~.'o!~-:&~=.":
"'w 1"_ ' & """_'" ~•w,'< ,""" '",c"",,"u ws """'"_ "" __ 1_ 001

......... " "' ''' vl, ~ U A _ ...
o'o,o... s·""""o' u.. , ......
,..",""'"

STOCK _

'0'

R""".. ..... """0 """'1nO<l1O tc<en<o
r~_T_. __......·"
0«I"' ''' ' ''Ii ... o..... ous ... .. '" ,,"n,oQ'OVOI.... <_, """"".. ,_".'''''"'''11 '__ '"'0''''''._
"""" "'""''' .... ThOR¢t>Ol '" ",mKIt•• on -.co,,,,,,., 0 " '''"' ,__

-..0'''''''''''"'''''''''''''..........._
•• 'n'," u you' own """ 0' "" ill>
~.'o_"'_ .....

..

.: .LPl S

PRICE
S19,99

Th .~ <:0 ,......"'9- --.-....-.. "'.• '.c ' ."00"0 0 . ,u..,inu..,.......... """..._'..n.
;:;','om"",':"O::;':" ,,;:,t,........... _'-­
'"'' - ..,b/y "',' ," .,, ,"".-. ,.... 0_ SomoI,

l::"'=~":~=
locuo . ......, ... """' --..

STOCK .
PS10GJ

' (}u !j>.O · "' @'3.1$A
+1201 @'$A
_.201@ .. ...

' S re r l . S'.- W . ~' .· t-I

. 'nQUI t1S/13ll11

T.. Po",.. .. PvW .,. 'o~

"'00"," ' 'DC be"'h n","' b t,
pt<JM " 0,_, p 'ael",", ,n".Il·
'0""" 100 ' on ,un"" '''' IC..
_OIu"", . "'u. '&1 "'''", '00 o t,,"<>u. icc _ _ ,"', on ' ''',-""...•_"'ybo.. a"""",,"
-~· _ ""'.. a _ ........rota,,,,, 9C" '''' "," " mu ",-.• _ ""'....a "'''''''9oeco>o._". ouO<·lyC_....-.. .....'OCIiS '__

· _ '_ -..oWo"
• Sou _W W ,a.IS·O,9'"H

• """""" - S5 It>S

_ ORDER LI NE (800) 824-34 32 • INTERNATIONAL ORDERS (818) 341-8833 'l:lr ~
_ FAX ORDERS - (818) 998-7975 • TECHNICAL SUPPORT - (818) 341-8833 -

• 15.00 MINIMUM ORDEII • UPS ISlU E. RED & FEDERAL EXPRESS SH IPP INO AVAILABLE ' DPEN MON ·FRI i:0(I AM - $:0(1 PM. SAT t ~O(I AM · 3,00 P M PDT
• CA RES IDENTS AOD e-....SALE51AX • CALI. FOR OUANTITY DISCOUNTS ' CAU FOR FIIEE CATALOG (FDR 1ST C LASS DEl iVERY OR 97

CATA~OGS DE ~ IV EREO OUTS IDE THE U.S. _ SE roD S2.1lO) • WE CA RRY A CD MPLETE LINE O F ElECTRO NIC CO MPQNE NTS
' '10 SHIPPI roO CHARGES ON PRE -PAID DRD £RS D£ lIVER£O IN THE CONTI NENTAL U.S.
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. .. 20

. . . 77

. . . 78

. 78

. 22

Viejo l'u blicatlons .

WI'or l'ublicati ons .

U.S. Ca ble .

Tech Sp ray . .

TECI .

The SPEC·COM Jou rnal . . .. 79

Th e &:hool orVCR Repai r . ... 25

Ze ntek Corp. 20

Xand i Elc~t ronics . . . . . . 29

w eath er port . . . . 31

Unicorn .

PACI FIC COAS T/Mo untai n State.
Marvin Grllll n , Pacific Sal.a Managa.
Electronica Now
5430Vn Nuya Blvd. Suit.31B
Van Nuye . CA91401
1·618·986-2001
Fa. '·8ta·9S6·2009

ADVERTISIN G SALES OFFICE
Gernsbac k Publlcatlona , Inc.
1500·8 BI·Co unty Blud .
Farmingdal e, NY 111 35
1-<5161293·3000
President: Larry S teckle r
For Ad "ertls ing ONL Y
516·293-3000
Fa. 1·516-293 ·3 115
Larry S te<:kle r

publiahe,
Ch rist ina Est rada

aas;stonlto the President
Ar line Fishman

advertising director
Denlae Ha"en

.dvertising s..istont
Kell y McQuade

credit manager
Sub..,rlber Cus lo me r Service
1-800-28a·0652
Order Ent ry fo r Ne w S ubscribe...
1-800-999·1139
7:00 AM- 8:00 PM M·F MST

SALES OFFICES

EAST/SOUTHEAST
Stanle y Levitan. En tem Sarn Manager
EI~trDnics Now
1 Ovarlook Ave.
Great Neck. NY t1021
' -516-481-9357.1 ·516-293-3000
Fa. 1·516·487-8402

MIDWESTrrllllaslArkans../ Okla .
Ralph Be rg .n, Midwest Salas Manage'
ElectronicS Now
One Northfi. ld Pta: a . Suite 300
Nerthfield. IL60093· \214
1-708·446-1444
Fa. 1.108·55g·0562

EN S hoppe r
J oe S he re . National ~presentotive
P.O. Box 169
Idvllwild; CA92549
\.714-659·9743
Fa. ' ·714·859·2469

187

'"
177

197

190

194

18'

19'

''''
189

16

.26

Page

.. . 77

. . . 29

. . . 26

. ... 29

. .. . 29

.. . . 96

. . . . 29

. . CV4

. 7

.. . . . 95

. . . .. . . 21

. .. 75

. . . . . . . . . . 29

.. . .. . .. 92.93

. ..... .. . . . 5

.. . . . . . .. . . .. . .. 79

Nat'J r-,IIU & Service . .

Kelvln .

NESUA ..

NRI Sch'" lls .

Oploelectronics . . . . . . CV3

,\ !\IC Sales 25

Inter active Image Teeh 15

MouM!r..

Northra'i Electron ics .... _. . .. 31

Pa rt.\ Exp ress . .. . . 89

Mark V. E I~tronlcs 88

Golds la r Prectston.

Gra nlha m College ..

Amal in~ Co ncepts 94

American Reliance Inc.

C & S Sa les

Are Produd s

C IE . .. . . .. . .8

Electronics Book Cluh . . . 3.82

Hu ke Manurat·tu ring .... . CV2

Ca hle wa rehouse .

,\ 11 Electron ics .

Dec o Ind usl rk s . . . . . 29

CLAGGK. Inc. . . .• . . . . . . . . 13

Comma nd l>roductln ns 31

Cabte tronks _

Beckm.ln Ind ustrial. ,

Chenesko l 'roducts . .

ISCET .

1\1C1\1 glec rrumcs . . . 91

1\1)) .:I~tron ics . . . . . . . . 90

[ I«tronic Gold mlne . . .. 98

Lake Syhlln Sa les, Inc, 90

1\1&G Electrunles . . . . '.Ill

Jameco .

Sla r Ci rcui lS .

1II~"Te:d Pu blkatlons, Inc, .. . . 94

Sea Ja)' Uenloprnent .. . 86
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Elect ronics Now does not assume any responsib ili ty lor errors that may appear In the
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CIRCLE 181 ONFREE IN FORMATION CARD

Call Toll Free
1-800-258-1134

C.O.D.

Cable TV
Descrambler Kits
Universal Klt .. .•...•...•...••••$S5.00
Inc!ucl," all p artl . nd PC ao.rd, NC1'I\C!ucl ' d
" ,nt.c . dtjllC<" Ot . ncl_'

M & G Electronics, Inc .
301 Westminister Street
Pro vidence , RI. 02903

Universal Tutorial ••••••.••••••S9.95
I nclu~" en ,n <l aeln llU~y el Ine , aOnOtlCM cg y Ult<l
_ """ II'CUtlItSllOCl"'O """"

58·3 KIt.. S29.00
Inc lu<l.. ell p artl. PC Board an~ AC Ad'Ple•. NO!
meluClt<l 1\1 1M tnclOWl.

Tr l-Mode Tutoria l $9.95
Inclu<l.. . gale bVgale S1Udy ef lila C,rc"," end "" .
UeutlleOlloetrno """".

Trl-Mode Klt ••• .••••••••••••••••S39.00
Inc)"'d" .~ I p arts , PC Board .1'd AC A<l tjl 'Ot. NetIncluded 1\1 1M _,_

Snooper Stopper•...••••...•S39.00
PnllKt Vr;>Ul$Ol~ lrom e It$OtI.ITlblt' <I.ltc"''''' . 'Id
S1ep I'" "tIu"t l'

98 '--========::-..J



You want a
bargraph & a full
range counter ­
Optoelectronics

can deliver!
Now lor a limited lime only, $160.
off the list price. for our Full Range
Model 2810 with bargra ph - plus:

o Full range -10Hz to 3GHz.
o LCD display (daylight visibility).
o True state-of-the-ar t technology

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

Sug gested options
TA100S:
Telescoping Whip Antenna...... ..S 12.

CC30
Vinyl Carry Case 5 15.

BL28:
EL Backnqhttcr use in rooml ighl and low
lighl. .s 45.

TCXQ 30:
Precision :l:O.2ppm 20 to 4QoC temp.
compensated l ime base $100 .

Universal
Handi·Counter' '''
Model 3000, $375. and
Bench Model 8030, $579.
80th oller frequency,
period. ratio and time
jnterval .

5821 NE 14th Ave. • Flo Lauderda le. FL 33334
5% ShipIHandling (Max. $10) U.S. & canada.
15% outside con tinental U.S.A.
Visa and Master Card accepted.

CIRCLE 1" ON FREE IHFORIoIATJON CARD



TheDMMour
Cl)sjDmers desigqed:=_

5perifa oons 9Jb,M to ctunge 9l--t/>(>J1 nc<i<1o.
C 1992 B«lut»n 1rdJ.<lrii: Corp

Made in the USA

An Affi liate of Emerson Electric CO.
CIRCLE 98 Oli fREE Ili f OR"' ATIOtl CARO

TIle Beckman Industrial Series 2000, priced
from 5209 to 5279 offers you the best pcrfor­
nunce for yourdollar Look againat thesefeatures:
• .j Digit. 10,(0) Count Resolution
• Basic M 11.1r:ICY 10 0.1%
• True R\lS. AC or AC on DC
• 0.010 Resolution
• Automatic Reading Hold
• luis Peak Hold
• Fully Aurorangmg Relative and ,\ lin Max Modes
• Intermittent Detector
• Ll.124-t IEClO lO Design
• Three Year Warruntv

'111e Series 2CXlO offersthe most solutions for your
everyday h.'Sl and measurement needs. The only
ml~ls designed by the peoplewho usethem. You.

For more information on these new D~I~ l s

call (outside CA) 1-flOO-85~ - 2708 or
<inside CAl 1-800-227-9781. Beckman 81
Industrial Corporation. 3883 Ruffin Rd..
San Diego, C\ 921 23-1898.

Becktnan Indu5triar

Before we buill the new generation Bec kman
Industrial Series 2000 mt\b, we asked people
like you what YOU realiv want.
y~u want more. :\ Io~c test and measurement

capabilities. More troubleshooting features. All
ill an affordable hand-held Il\l\!. '111C Series 2(XX)

features the widest r:mgc Freq uency Counter in
any professional 1),\1.\1, a full-range Capacitance
vtcrer. True R.\IS measurements. Intermittent
Detection SOns Pulse Detection . and Peak
xtcasurcmcnr capabilities. Plus. the Series 2000
is the only meter to offer uurorangfng :-'lin!:\lax
recordingand relative modes.

You want a D:\I:\1 that's easier \0 use. The
Series 2000's display is 25% larger, with bigger
digits and backlighting for easier reading. even
in the worst light. Plus the fast 4 digit dtsplay
provides the high resolution needed for :ldjll~tillg

power supplies and generators down to tmv
And only the Series 2000 features a mcn ulng
system for fast. simple feature 3.rt"t.'.~s.


