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FLUKE PHILIPS

The new Fluke 45 has dual display versatility.
With 2multifunction
displays and 16 dif
ferent measurement
capabilities, the new
Fluke 45does virtu
allyeverything you
want ameter to do.
And forasurprisingly
affordable price.
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Get everything
you've ever wanted.

Dual displays.
16 functions. Even the
security of an optional
two-yearwarranty
extension for only $35.
For all the information
on the new Fluke 45,
contact your local dis
tributor. Or call toll-free
1-800·44-FLUKE,ext. 33.

The 5-digit,100,OOO count dual dis
plays give you more information in less
time - and with less effort. For example,
measure the VDC output of apower sup
ply while measuring the VAC ripple. Or
check the amplitude and frequency of an
AC signal. From asingle test connection!

And the Fluke 45 isdesigned to make
complexmeasurements easier,withstan
dard features likea1MHz frequency
counter,Min Max,limits testing (Hill o/
Pass). Touch Hold ~ and Relative modes.
There are 21 different reference imped
ances for dB measurements;in the 2n
to 16n ranges,audio power can be auto
matically displayed in watts.

Accuracy toget the job done right.
The Fluke 45 isatrue-rms meter,

with 0.02%basic de voltage accuracy
and 100,000 count resolution on both
displays. Basic de current accuraoy is
0.05%,making the 45 ideal for servicing
4-20 mA current loops. Closed-case
calibration simplifies the calibration
processand increases uptime.

Even an R8-232 interface isstandard.
Connecting the Fluke 45 to PCs,

RS-232 printers and modems isas easy
as attaching the cable. An IEEE-488.2
interface and rechargeable batteries are
available as options.

CIRCLE 121 ON FREE INFORMATION CARD

FLUKE 45 DUAL DISPLAY MULTIMETER
$595* Compareand Relative functions
""Du~al"'"Dis""pl-=:ay-- - - MinMaxand Touch Hol d~
;':Tru=e-=rm=sv.::l;olt:-ag:-ea-nd7':"c-urr:-en:-t, - functions
inciuding ac--dc ;;:;Dp7tio=na~1 P~C s-'of;:-tw-are"C7fo'-;rR""'S"""23=2
0.02%basic dcvoltage accuracy "",ap""pll:::ca:;:;;tio,*ns.-=""",==-
0.05%basicdccurrent accuracy OptionaIIEEE-488.2interface,
1MHzfrequencycounter ;;;:ba::.::tte:;.Lry""pa.:::.:ck---,- _
RS.232interfacestandard One yearwarranty
dB,with21reference ~rt~~~f6~wo yearwarranty $35*
impedances,andaudiopower
calculations.
*SuggestedU.S.List Price

John FlukeMfg.Co" Inc. RO.BoxC9og0MI S250CEverett.WA 9a206
U.S.:206·356-5400Canada: 416·B90·7600OtherCountries:206·356-5500

ClCopyrighf 19a9JohnFlukeMfg.Co" Inc.All rightsreserved.IBM PCisaregistered
trademark ollnternalional Business Machines Corporation.Ad No.0591-F45.
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BUILD THIS
35 ACOUSTIC FIELQ GENERATOR

Bring high-quality, mu lt ichannel surround sound into your living room .
Tod T. Templin

41 3-CHIP LOGIC ANALYZER
Build this 8-b it word-recognition log ic analyzer for only six dollars!
J.J. Robinson II

43 PHONE·ACTIVATED AUDIO MUTING CIRCUIT
Let your telephone's ringer automatically shut off the sound on your
stereo or TV.
Mark A. Vaught

TECHNOLOGY
45 WHAT'S NEW IN CD PLAYERS

A consumer's guide to the latest CD technology.
Josef Bernard

54 ELECTROSTATIC DISCHARGE
How to prevent ESD from damaging your components.
Dave Hollander

COMPUTERS
81 BUILD THE PORT·A-MATIC

Keep tabs on your expansion bus .
Robert Grossblatt
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ON THE COVER '
Chances are you've al re ady

joined the hoards of people who
have abandoned the long lines and
high prices of local movie houses fo r
the co nvenience and comfort of
their favorite armchairs? Now, if
onlythefilmsyou watch on yourVCR
sounded as good as they look. . .

Enter our Acoustic Field Gener
ator, which goes a couple of steps
past the standard surround-sound
decoder project. The apparent sepa
ration of the stereo image from the
front speakers is greatly increased,
while a center dialogue channel
keeps the actors' voices realist ically
near the screen. The AFG is simple
to connect into the pre-amp/power
amp loop of your home-enterta in
ment system, and the built-in 75-Hz
active low-pass filte r provi des a sub
woofer output. Turn to page 35 .

THE FEBRUARY ISSUE
GOES ON SALE

JANUARY 2.

BUILD A FREQUENCY PROBE
Our easy-to-build, 100-MHz frequency counter is the size of a logic probe.

THE PRIVATE EYE
All about a new miniature display that promises to revolutionize the
computer, videogame, and maybe even the TV marketplace.

BUILD A RADAR-DETECTOR TESTER
Is your radar detector working properly? Test it wi th our transmitter.

C IRCUIT COOK BOOK
How to use dual audio-preamplifier IC's for pre-amps, playback amps, audio
mixers, filters, and more!

tDMPUiEiliJ,GESi
Get the construction details for the Port-A-Matic.

As a service to readers, RADIO·ELECTRONICS publi shes available plans or inform at ion relating to newswortn y products ,
tec hniques and scie nt ific and techn ologi cal developm ents. Because of poss ible varia nces in the quali ty and condit ion of
materi als and work manship used by readers , RADIO· ELECTRON ICS disclaims any responsibility for th e safe and proper
functioning of reader-built pro jects based upon or from plans or information pub lished in th is magazine.
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No Better Probe Ever
at This Price!

DELUXE TEST LEAD KIT
Userscall TPI test leads The Absolute Best. The
TLS2000features the highest qualitycable in the
industry - with spring-loaded safety-sleeved
plugs. U.L. listed (file E79581). Kit: $29. Leads
& probes only: $19. Satisfaction guaranteed.
TEST PROBES INC. Call toll-free for catalog:
1-800-368-5719.
CIRCLE 251 ON FREE INFORMATION CARD
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B NC ATTENUATOR KIT
Contains 4 attenuators - 3dB, 6dB, IOdB,
2OdB; I feedthrough and I termination. Thick
film circuitry for low reactances. Rugged de
sign resists shock and lasts longer. Rectangular
shape stays put on the bench. Impedance: 5012
Frequency : 10 Hz. Maximum Power: IkW
peak, IW avg. VSWR 1.2:1. Attenuator
Accuracy:±0.2dB. Terminations Resistance
Tolerance: ±I%. $150.
TEST PROBES INC. Call toll-free forcatalog:
1-800-368-5719.
CIRCLE 252 ON FREE INFORMATION CARD

Shown here

Model SPl50 $49
Switchable lx-lOx ....

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

N, UHF, Mini-UHF, F and RCA
The TPI 3000A kit contains male and female
connectors of all 8 types, and 6 universal inter
faces. Simplyscrewanycombinationof24 con
nectors to one of the interfaces to create the
desired adapter. $150. ,
TEST PROBES INC. 9178 Brown Deer, San
Diego,California92121. Call toll-free forcata 
log: 1-800-368-5719.

CIRCLE 250 ON FREE INFORMATION CARD

CIRCLE 254 ON FREE INFORMATION CARD

TEST
PROBES,INC.

• 10 d a y ret u rn p olicy 
performance and satisfaction
g uaranteed
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• Universal - works with all
oscilloscopes

• Removable Ground Lead

• Excludes External
Interference - even on
scope's most sensitive range

• Rugged - withstands harsh
environments includ ing high
temperature and humidity

• Advanced Strain Relief - 9178 Brown Deer Road
cables last longer San Diego, CA 9212l

• Available in lOx, lx and Toll Free 1-800-368 -5719
switchable lx-lOx 1-800-643-8382 in CA

Call for free catalog and Distributor in yo ur area

Risetime less than 1.5 nsec.

ECONOMICAL SILICON

RUBBER TEST LEADS
Best value in moderately priced leads. High
quality, soft, silicon rubber cable. Banana plug
on measuring tip accepts push-on accessories.
Plugs have spring-loaded safety sleeves. Model
TLlOOO $14. Satisfaction guaranteed.
TEST PROBES INC. Call toll-free forcatalog:
1-800-368-5719.

CIRCLE 253 ON FREE INFORMATION CARD CIRCLE 123 ON FREE INFORMATION CARD
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WHAT'S NEWS
20 %-efficient solar module

SANDIA RESEARCHERS CLEMENT CHIANG AND ELIZABETH RICHARDS show the
experimental photovoltaic concentrator used to achieve a record-breaking 20.3 peak
solar-to-electric conversion efficiency.

Twenty-percent effic iency mi ght
not be conside red impressive in
most in stances, but w hen it means
th at 20% of th e solar ene rgy fall ing
on a so lar conce nt rato r module is
bein g converted directl y into elec
tr ic ene rgy, t hat fi gu re ta kes o n
new dimen sion s. The ph otovoltai c
con centrator modul e developed
by research ers at Sand ia Nation al
Laboratori es- an arra ngeme nt of
12 pl asti c lenses th at co nce nt rate
sun lig ht to 100 tim es it s norm al

CJ)
oz High quality AM sound
~ Th e N ati on al Associa t io n of
o Broa dcas te rs and th e Co nsume r
~ Elect ronics Gro up of th e Electronic
6 Indu stri e s Associa t io n h av e
o agreed to ente r a joint program to
ri p romote hi gh -qu ali ty AM sound

4

level onto 12 sil ico n solar ce lls
has achieved a peak solar-to -elec
t ric co nversio n of 20.3% .

The module in corporates a new
sil ico n conce nt rato r ce ll w ith up to
25% eff ic iency and a transparent
cell cover molded directl y to the
cells to redu ce grid li ne refl ecti on
losses. A new technique of solde r
ing cells directly to coppe r heat
spreade rs reduces costs and im
pr ov es p erform an ce an d re
liability, and an anti-ref lec t ive coat-

using the standards of the Nat io nal
Radio Sta nda rds Co m mi ttee or
NRSC. The N RSC sta ndards im
pr ove AM radi o t ransmissio n and
reception qu ality and reduce inter
ference between stat ions, thus im
pr ovin g the qu ali ty of sound.

ing improves lens effic iency.
The key to the module's eco no 

my is the lens, w hich can mult iply
the intensity of the sun several
hund red times and focus it on a
cell. The module uses an essen
t iall y module-ready, abo ut half-an
in ch sq ua re , low-resist ivity ce l l
that wa s devel oped by Martin
Green at the Univer sit y of New
South Wales J..n Aust ralia. A pri s
mati c ce ll cove r deal s wi t h t he
probl em caused by th e thin metal
gr id l i nes-whic h ca rry cu rre nt
from the cell bu t also block sun
ligh t from falli ng on the silico n cell
su rf ace - by bendin g su n l ig h t
away from th e grid li nes to the sil
icon surface. That allows th e use of
wider grid li nes th at carry current,
generated from cells, more easily.
A low- cost meth od was dev elop ed
for cleaning th e surfaces and sol
derin g th em togeth er, allowing th e
cells to be solde red directl y to the
heat spreade r beneat h th em , eli m
in ating a ce ramic in sul ator th at
sepa rates t he m in co nve nt io nal
modules. Finall y, an ant i-reflective
layer of magnesium f luo ride solu
ti on was appli ed to both surfaces.

According to Eldon C. Boes, su
pervi sor of Sandia 's Pho tovoltaic
Techn ol o gy Di vi si on , " In d us try
sho uld be able to duplicate most
of th ese features very qu ickl y."
Possibl e in it ial uses are in pil ot
power pl ant s at utility compa nies
and sma ll, 10- to 1000-k i lo wa tt
sta nd -alo ne pow e r syste ms. (A
1000-kW syste m w ill meet th e elec
tri cal requirem ents of about 300
hom es.) Bo es ex pects co nce n
t rator modules in corporatin g the
innovati on s to be on the mark et
w it hin abo ut th ree years.

The fi rst task for the groups is to
esta b lish a ce rt if ication mark o r
logo that wi ll be used on the face
place of high-quali ty AM receivers
that are equi ppe d to comp ly w it h
NRSC deemphasis and bandwidth
spec if icat io ns. R-E



WITH CIE,
THE WORLD

OF ELECTRONICS
CAN BE YOUR
WORLD, TOO.

r--------------------------------------------------
ARE-156

C IE Cleveland Institute of Electronics, Inc.
1776 Eas t 17th S t reet , C le veland, O h io 44114

MAIL
TODAY!

Zip : _

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

CIE's broad range of entry,
intermediate, and advanced level
courses in a variety of career areas
gives you many options. Start with
the Career Course that best suits
your talents and interests and go as
far as you want-all the w ay, if you
wish, to your Associate in Applied
Science Degree in Electronics
Eng ineering Technology. But
wherever you start, the time to start
is now. Simply use the coupon
below to send for your FREE CIE
catalog and complete package of
career information. Or phone us,
toll-free, a t 1-800-321-2155 ( in Ohio,
1-800-523-9 109). Don't w ait ask for
your free cata log now. Mer alL
there's a w hole world of electronics
out there w a iting for you.

CIE
Cleveland Institute of Electronics, Inc.
1776 E a st 17th S tree t . C le veland. O h IO 44114

MemberNHSC
Accredited Member National Home Study Council

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

Name (p rint) : _

Address: _

City: State:

Age: Area Code/ Phone No.: / _

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

such study demands, Programs that
giv e you the theory you need
backed with practical experience
using some of the most
sophisticated electronics tools
availab le anywhere, including our
Microprocessor Training
Lab oratory with 4K of random
access m emory. Of course, if you
ever have a question or problem,
our instructors are only a phone
callaway.

INDEPENDENT STUDY
BACKED BY PERSONAL
ATTENTION.

We believe in independent
study because it puts you in a
cla ssroom of one. So you can study
where and when you want. p.j your
pace, not somebody else's. And
with over 50 years of experience,
w e've d ev eloped p roven
programs to give y ou the support

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

N ow, try to nam e another field
that's grown faster in those 20 years
than electronics. Ev erywhere you
look you'll find electronics in
action. In industry, a erospace,
business.medicine, science,
government communicotions->
y ou name it. And as high
technology grows, electronics will
grow. Which means few other
fields, if any, offer more career
opportunities, more job security,
more room for advancement- if
you have the right ski lls.

SPECIALISTS NEED
SPECIALIZED TRAINING.

It stands to reason that you
learn anything best from a
specialist and CIE is the largest
independent home study school
specializing exclusively in
electronics, with a record that
speaks for itself, According to a
recent survey, 92% of CIE
graduates are emp loyed in
electronics or a closely related
fie ld. When you' re investing your
time and money, you deserve
results like that.
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VIDEO
NEWS

• Zenith sticks with TV. After a long and
fruitless effort to sell its consumer-electronics
business, Zenith, in a sudden move, agreed to sell
it s computer business to Groupe Bull of France.
Th e company said that th e move will enable it to
strengthen its "original core business" of making
and selling TV sets and its work on high
definition TV. The pioneering company now says
that it is renewing its commitment to TV and
video. Zenith plans to build on its longtime
strengths in "consumer electronics and display
technologies," according to President Jerry
Pearlman. Since the sale of the RCA and GE
television business to Thomson of France, Zenith
has been th e only major American-owned TV
manufacturer.

• LCD developments. Japanese
manufacturers and government agencies appear
convinced that the liquid-crystal device will be
the ultimate successor to the cathode ray tube as
the direct-view and projection-display system for
television. Two major Japanese-government
backed projects are aimed at that goal. JTV; a
consortium consisting of 17 private companies
with the backing of the Ministry of International
Trade and Industry ( MI TI) , has a goal of
developing a 40-inch flat-screen color display
with a r esolution of 6,000,000 pixels. The other
group, HDTEC, consists of five private firms and
the Post Ministry, and is charged with developing
a 50-inch rear-projection syst em with a
resolution of 2,000,000 pixels and a light source
four times the brightness of a CRT. HDTEC is
capitalized at $24,500 ,000; JTV; at $20,000,000.

• Pay to view as you fly. The an-lines have
figured out a new way to keep you spendin g while
you fly. Lockheed is demonstrating t o its aviation
customers an in-flight en t er tainmen t system
consist ing of a seat-back LCD color display-with
a slot for credit cards. The system can pr ovide
eight chan n els of m ovies or video games that can
be paid for by sliding a card through the slot. In
addition, the system includes special films
advertising products that can be ordered by
touching the screen at the proper time and using
the credit card. Before you can change your

mind-while the aircraft is still in flight-an on
board computer sends your order by satellite to
an on-the-ground sales center, which tallies your
bill for watching the movie and for any purchases
and dispatches it to your home by mail-perhaps
even before you land.

• EDTV broadcasting starts. "Clearvision,"
Japan's Extended-Definition Tele Vision ( EDTV)
system is now being broadcast for five hours each
day by many of that country's stations. The
compatible system results in an improved picture
on Clearvision television receivers without
affecting the image on standard sets. The current
"Phase I" Clearvision system, employing the
standard 4:3 aspect ratio, involves the following
improvements at the TV station: (1 ) better
camera performance through the use of high
definition or progressive-scan cameras, with the
improved signal downcoverted to a standard
interlaced NTSC-compatible signal; ( 2) gamma
correction to improve color, particularly at high
saturation levels; (3 ) picture sharpness and
signal-to-noise ratio improved by "adaptive
emphasis;" and (4) ghost-canceling reference
signal.

Clearvision receivers improve the signal by
using 3-D comb filters for Y/C separation, and use
digital memory to convert the interlace picture to
progressive scan. They m ight also have an
optional ghost-reduction circuit, which
eliminates ghosts by comparing the received
waveform with the transmitted waveform carried
on the reference signal ( sen t on line 18 of the
vertical interval). Ghost reducers, which work
with standard as well as Clearvision sets, are also
available as add-on "black -box" attachments. The
Japanese ghost-canceling system is one of several
being explored for use in the United States
(Radio-El e ct ron i cs, Video N ews, November
1989).

Phase II of Clearvision is expected to use a
widescreen 16:9 aspect ratio, extension of
chrominance- and luminance-signal bandwidth,
and PCM digital audio-without sacrificing
compatibility. There's no timetable yet for that
second phase. R -E



No matterwhere you go,
Tek's new222 isaperfect fit.

CIRCLE 145 ON FREE INFORMATION CARD

Introducing Tek's new 222 Digital Oscilloscope. Weighing
in at under 4.5 pounds, thenew Tek222 is an ultra-portable,
10-MHz digital storage scope thaI'sperfect for serv ice applications.
Sotough, rugged,and total lyself-contained, it cango just
about anywhere.And iI's incredibly easy touse- even in
extreme conditions.

Extraordinary capability and re liability at
a great price . The222 is adual-channel
scopethat can measure awide variety
of electronic instrumentationand
circuitry It has rechargeableon
board batterieswithafloating
ground to 400 volts, and
meets toughenvironmental
standards.

COpyflghl e,1988. leknomx Ire All ncns reser-eo
PnCts subject 10 Change wnncutnotice

Plus, the 222 letsyou pre-def inefront-panel setups, and call
them up with asinglebutton in the field. You canalso save
waveforms inthescope's memory, then transfer themto aPC for
analysisandhard-copyoutput whenyou get backtotheshop.

Best of all , the222 is yours for only $2350. And that includes
Tek's remarkablethree-year warranty
onparts, labor, andCRT

Get one to go! Pack ahandful of
.,.,.e>' ~ power with you wherever you go. To

.. ' .~ order your 222, or for afree bro-
1)0:\ " ..-..":"". .".'f' chure,contact your local Tek rep-

.' .... resentativeor authorized
........'.. v , • distributor.

Inahurry? Call
1-800-426-2200.

1ektron~
CO\I1 M ITTEO TO EX CELL ENC E

THH-911
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No other training
anywhere shows ou

service compu ers

LESSONS
Clea rc ut, illust rated

PACKARD BELL
COMPUTER
NEC V40 dual-speed
(4.77 MH z/SMHz)
CPU , M OK RAM,
360K do uble-sided
floppy disk drive.

Newvoice synthesis
training adds anexciting
newdimension toyour

computer skills
Now NRI even includes innovative
hands-on training in voice syn
thesis, one oftoday's most exciting
and widely applied new develop
ments in co mputer technology.

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

money-making career as an industry
tech nician, even start a computer
service business ofyour own.

HARD DISK DRIVE
20 me gabyte hard
disk drive you
install int ern ally for
grea ter disk sto rage
capacity and data
acc ess speed .

text s build your
understanding of
computers step by
step . SOFTWARE

Including MS-DOS,
GW-BASIC, word
processing,
dat abase , and
sp rea ds heet
p rograms.

DIGITAL
MULTIMETER
Professio nal test
instru ment fo r
quick and easy
circuit
measurement s .

NEW!
Hard drive and voice

synthesis training
included!

Only NRI gives you
a top-rated micro
with complete

training built into
the assembly

process

Your NRI hands-on
training continues as
you install the p owerful
20 megabyte hard disk
drive-today 's most-
wanted computer
peripheral-included
in your course to
dramatically increase your
computer's data storage capacity
while giving you lightning-quick
data access .

Having fully assembled yo ur
Packard Bell VX88, yo u take it
through a complete series of diag
nostic tests , mastering professional
computer servicing techniques as
you take command of the full
power of the VX88's high-speed
V40 microprocessor.

. In no time at all, you have the
conftdence and the know-how to
work with, troubleshoot, and
service every computer on the
market today. Indeed, yo u have
what it takes to step into a full-time,

then interface yo ur high
resolu tion monitor . But
that 's not all.

With NRI's exclusive han ds-on
training, you actually build and
keep the powerful new Packard
Bell VX88 PC/XT compatible
computer, complete w ith 640K
RAMand 20 meg hard disk drive .

You start by assembling and
testing the "intelligent" keyboard,
move on to test the circuitry on the
main logic board, install the power
supply an d 5- lJI " floppy disk drive ,

You get in-demand
computer skills asyou

train withyour own
Xl-compatible system

nowwith 20meg hard drive
and640KRAM

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

Only NRI, the leader in career
building electronics training for
more than 75 years, gives yo u such
p rac tical, real-w orld co mputer
servicing experience. Indeed, no
other training-in school, on the
job , anywhere-shows yo u how
to troubleshoot and service
computers like NRI.

OnlyNRI walksyou through the
step-by- stepassembly of a powerful
Xf-compatlble computer system
youkeep- giving you thehands-on
experience you needtowork with,
troubleshoot, andservice allof today's
mostwidely used computer systems.
With NRI at-horne training,you get everything you need
to starta rnoney-rnaklnq career, even a computer service
business of your own.



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

PC/XTand XTareregistered trademarksofInternationalBusiness
Machines Corporation

Your FREE
NRI catalog tells more

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

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

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

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

No experience
needed, NRI
builds it in

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

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

r~------------.,
I -..~. Schoolo! Forcareer coursesapproved I"'1'Wr'. ElectronICS under GI Bill

I
McGraw-HilI Continuing Education Center 0 check for details I

.j'j~
4401Connecticut Avenue, NW i~nfli
Washington, DC 20008

I trl CHECK ONE FREE CATALOG ONLY I
I

0 Computers and Microprocessors 0 SecurityElectronics I
o Robotics 0 Electronic Music Technology
o TVNideo/Audio Servicing 0 Basic ElectronicsI 0 Computer Programming 0 Telecommunications I

I Name (Piease Print) Age I
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DIGITAL
LOGIC PROBE
Gives you firs t-hand
expe rience ana lyzing
digit al cir cuit
ope ra tion .

DISCOVERY LAB
Com p lete
br eadboarding
system to let yo u
design and modify
circuits, diagnose and
repair faults.

TECHNICAL
MANUALS
You ge t " inside"
yo ur Packard Bell
computer system
w ith ex clusive NRI

I__-r-t- ---:"T~ra::.:in~in.g Kit Manu als
plus technical specs
direct from th e
manufacture r.

MONITOR
High -reso lution ,
nonglare , 12" TTL
monochrome
moni tor wi th tilt and
swivel base ,

Using your D/A converter along
with the exclusive text-to-speech
software also included, you explore
the fascinating technology behind
both digitized and synthesized
computer speech.

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

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

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



ASKR~E W RITE TO :

ASK R-E
Radio-Electronics
500-B Bi-Cou nty Blvd .
Farmingda le , NY "11735

BINARY CODING
I've see n lots of information on

how numbers are encoded in bin
ary and I've come across lC's that
convert one system to the other.
What is not clear to me is how
binary is used to represent the
characters of the alph abet. How is
it done and are th ere any lC's
around that can do thaH-N. Co
hen, Hagerstown, Maryland

You 're aski ng a rea l ly bas ic
qu estion , so it seems that yo u' re
a bi t co nfuse d abou t basic is
sues . There are quite a few boo ks
th at do a good job of int roduci ng
read er s to t he stan da rds t hat
have been adopte d fo r number
syste ms and how th ey're used to
encode data. Since you already
understand how numbers are
represented in binary, yo u wo n't
have any t ro uble understanding
how th e same thing is don e w ith
alphabeti c characters.

There's a direct relati on ship
between the decim al rep resenta
tion of numbers and their b inary
counte rpa rts . You can see that in
Tabl e 1.

In binary, only two symbo ls (1
and 0) are used whil e ten (0 to 9)
are used in decim al. The binary
symbo ls are referr ed to as "bits, "
and th e decim al symbo ls are re
ferred to as " numbers. "

TABLE 1
BINARY DECIMAL

0000 0
0001 1
0010 2

Cf)
0011 3~

z 0100 4
0 0101 5oc
I- 0110 6o
lJ.J 0111 7...J
lJ.J 1000 86
is 1001 9
« and so onoc

12

Somewhere back in pre-histo
ry, it was decided that eight bits
would be referred to as a " byte,"
and that a d iffe rent byte wou ld
be used to encode each of the
characters of the alphabet, the
num b er s, and t he st an d ar d
punctu at ion symbols. Each sym
bol was assig ned to a un iq ue
two-byte value-an uppe r-case
"A" wo uld be represented by the
two bytes 0100 0001 (or 65 deci 
mal ), the number "3" wo uld be
given the two bytes 0011 0011 (or
51 decimal), and so on. The stan
dard co des became known as
"ASC II" (pronounced "as -key,"
fo r Ame rican Standard Code fo r
Info rm ati on In terch ange), and
th ey are sti ll used as the basis of
all data t ransmi ssion and d igita l
techn ol ogy. .

Since the majo r use for the AS
CII standard was in itially in send
ing inform ati on over teletypes,
severa l places in the two-byte ta
bl e we re reserved fo r add it io nal
codes to co ntrol the te letype ma
ch ines as we ll as make sure that
i nfo r mat io n was tra ns m itted
w ithout erro rs. A " Line Feed" be
came a 0000 1010 (or 10 decim al),
and a "Carr iage Return" was a
0000 1101 (or 13 decimal).

You can f ind a complete ASCII
tab le in most co mp ute r manu als
or any good book on data tra ns
mission. W hat you' ll noti ce is
that on ly half of the table is used .
Even tho ugh the two-byte tab le
has room fo r 256 entries, on ly
th e f i rst 128 are used fo r the stan
dard symbo ls and t he co nt ro l
codes-the upper ha lf of t he
standard tab le is empty. The rea
son for t hat is t hat whi le on ly
seve n b its (128 p laces) were
needed to accommodate all th e
requ ired characters , most d ig ita l

tec hnology was built aro und th e
idea of eight- bi t data.

Wh en co mp ute rs started be
coming popu lar in th e late sev
enties, the eig hth bit in th e two
byte tab le was used by hardwar e
manufact ure rs to co nvey ext ra
informat io n. The Apple comput
er, for example, used th e eighth
bit to indicate how the characte r
woul d appea r o n t he screen
no rm al , in ve rse, o r f lashi ng.
Other manufacturer s, suc h as
IBM, used the top half of the ta
ble to hou se an "extended AS
CII" characte r set. Those include
some fo reig n-lang uage charac
te rs, g ra p h ics sy m bo ls, and
ot he r non-standard t hi ngs that
are un iq ue to th e IBM character
set.

O ne of th e things tha t's proba
b ly co nfus i ng yo u is th e di f
fe rence betw een a characte r's
sy m bo l and it 's va lu e. Th e
number 7, fo r examp le, has a
par t icu lar ari thmeti c value (one
mo re t han 6), bu t th e ASCI I
character set doesn't deal with
arit hmetic- it's only used to con
vey character symbo ls, not val
ues. The numer ical value of 7 can
be rep resented by usin g "7,"
"0111," or even "VII." The sym
bo ls may be d ifferent bu t they' re
al l bein g used to represent th e
same number.

Bi nary-t o-d eci m al n u m b e r
co nve rsio n is suc h a co mmon
job that there are several stan
dard lC's design ed specif ically
for that purpose; a 4514, 74154,
and ot he r chi ps wi l l take a bin ary
inp ut and give yo u a decim al out
put .

Co nve rt ing binary rep resenta
tions of ASCI I characte rs to al
phabetic sym bo ls mean s usin g
" Character Ge ne rato rs. " Th ey
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OUR 69th YEAR OF BARGAINS FOR BUILDERS!
Part s special-Order Hotline New! Battery Hotline Service

~ (4)

(4) 9·Cond. Double -Shielded
Cable. #278-775 : . Per Foot 590
25-Cond. Double-Shielded Ca
ble #278-776 .. . .. Per Foot 1.19
(5) RS-232 Tester. Connect in
line and dual-color LEDs help you
pinpoint line problems. D-sub 25.
#276·1401 14.95

Computer RS-232 Connections
~ ----

~o •

In addition to our large in-store stock, Radio Shack can now supply
almost any currently manufactured battery-even special types.There's
no postage or handling charge. Delivery to your nearby Radio Shack!

Fig. Description Cat. No. Only
1 D-Sub 9 Male 276-1537 .99
2 o-soe9 Fem. 276-1538 1.99
3 Metal Hood 276-1508 2.19
.. D-Sub 25 Male 276-1547 1.49
.. D-Sub 25 Fem. 276-1548 2.49
.. Metal Hood 276-1510 2.79

No Minimum Orde r
Your Radio Shack store manager
can special-order a wide variety of
parts and accessories from our
warehouse , including vacuum
tubes, ICs, microp rocessor s,
phono cartridges and styli, crys
tals , even SAMS Photofacts" .
There's no minimum orde r, no
postage or handling charges. Fast
delivery to our store near you!

Build it Better With Archer®Tools

(1) Nibbling Tool . Chassis holes and car stereo installat ion made easy!
Neatly cuts up up to 18-gauge steel. #64-823 10.95
(2) " Pro " Wire Stripper. Our best! This high-q uality tool gives you
perfect strips every time on 8 to 22-gauge wires. #64-1919 11.95
(3) 100-Watt Sold ering Gun. UL listed AC. #64-2193 10.95

Add ActiO"p

(1) (2) //3)
(1) Mini DC Motor. Requires
11/2 to 3VDC. #273-223 . . 990
(2) Mini Piezo Buzzer. Only 7
mA 12VDC. #273-074 . . 2.99
(3) Jumbo 5000 mcd LED.
Big, bright! #276·086 . . . 4.99

Tw o b lan k
boards, pen,
solvent, etch
ant, layout re
s is t st r ip s ,
tank, drill bit
and complete
instruct ions.
#276-1576

PC-Board Kit

995

Etch Your
Own Boards!

More Bargains!

(1) Box /Board. With 2 x 31/8" PC
board. #270-291 4.99
(2) SPDT 1A Micro Relay. 12VDC
coil. #275-241 1.99
(3) SPST Push On/Push Off
Switch. #275-011 1.39

Temp Module

Prewired, use " as-is" for a
thermometer or add sim ple
support parts to build a cont rol
ler or alarm. With circuit data.
LCD display. #277·123, 19.95

Chime/Alarm
I

2495 !
Mounts

On Door
Easy to install
and has two
modes: super
loud alarm or
a p leasa nt
chime to announce guests or
customers. Keyboard arming.
Battery extra. #49-422

Unusual Parts

I II
(1) (2)

(1) Low -pF Capacitor Kit. Set of
50. #272·8 06 Set, 2.99
(2) Thermistor. Range is - 50 to
+1100 C. #271-110 1.99
(3) 1:1 Audio Transformer. Z:
600-9000. #273-1374 .. .. . 3.59

79e;
Low As

Device Cat. No. Only

741 Op Amp 276- 007 .79
1458 Dual Op Amp 276-038 .99
LM324 Quad Op Amp 276-17 11 .99
555 TImer IC 276-1723 1.19

Factory-FreshlCsSolar values

(2)

(1) Solar Fun Kit . With solar
cell, motor and project book.
#277-1201 10.95
(2) 2 x 4 em Solar Cell . Top
quality! Rated 0.3A, 0.55VDC
in full sun. #276-124 . .. 3.95

Over 1000 item s in sto ck! Bind ing Posts, Books , Breadboards, Buzzers, Capacit ors, Cho kes,
Clips , Coax, Connectors, Fuses, Hardware, ICs, Jacks, Kno bs, Lamps, Mult itesters, PC Boards,
Plugs, Rect if iers, Resistors, Switches, Tools, Transformers, Transistors, Wire, Zeners, More!

Prices apply at participating Radio Shack stores and dealers

c....»z
c»
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(2)

!ladle Ihaek
The Technology Store SM

A DIVISION OF TANDY CORPORATION

(1) Deluxe Breadboard. Molded 2'/. x 6'/2"
board is mounted on a 7 x 4" steel base with
rubber feet. Features 640 plug-in points and
three binding posts. #276-169 19.95
(2) NEW! Breadboard Jumper Wire Kit. In
cludes 140 insulated, pre-stripped wires in a
snap-shut plastic box. #276·173 .. . Set 4.95

...- - - - - (1)

.Breadboard & Jumpers

Here is everything YOU'd
expect in a quality digital
volt -ohmm eter PLUS ca
pac ita nce and transistor
gain ranges! Easy-to-read
0.5" LC display. Measures
ACIDC volts and current, re
sistance, capacitance and
transistor gain. With probes
and manual. #22-194

Extra-Feature DVM

NEW! 7995

Cieneral Ham Course

Radio Shack's General Class FCC License
Preparation Package makes it easy to up
grade from novice or technician class. In
cludes sample questions, correct answers
and full explanations, two speed -b uilding
code cassettes and sturdy binder. #62-2404

CIRCLE 78 ON FREE INFORMATION CARD
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You Have Counted on Us for 15 Years

OPTOELEOTRONIOS

2N2222 AND GATE
I learned th e basic s of di gital

electronics in the navy, and have
eve n mad e basic gates from dis
creet co mpo ne nts. At the mom ent,
I'm try ing to hook up a third brake
light that will light up when the
othe r two light. I need an AND
gate to do the job but I'm not sure
how to build one with individual
compo nents . I haven't experi
men ted yet, but I don 't think I can
do the job with a pair of 2N2222's
and some resistors. Do you have
any ideas?-V. Sandoval, San Di
ego, California

I have seve ral id eas. I under
sta nd t hat yo u w ant to li ght a
third bra ke ligh t , but it seems to
me yo u' re makin g the jo b un
necessaril y co m p l icate d. Wh il e
there's no elec t ro nic reason w hy
yo u can 't build an AND gate out of
disc rete hardware, it seems lik e a
lo t of extra wo rk. Of co urse,
t he re's no rule abo ut that sort of
thing and one nice thing abo ut re
in ven t in g the w hee l is t hat yo u
really learn how the wheel works.

One way to do it is shown in Fig.
1. The t ransistors are operating as
simp le switches, and when both of
yo ur ex ist ing tail l igh ts are on,
yo u' ll w ind up w it h vo ltage across
th e t h i rd ta il li ght. I serio us ly
dou bt that you can get by with a

to rep resen t it- on e has nothing
to do with another. As a matter of
fact , t hat kind of co nfusio n can
only co me about when yo u ta lk
about number s since th ey're the
onl y memb ers of th e ASC I I
character set t hat have an abso
lute arithmeti c value. Th e letters,
punctuation marks, and contro l
codes that make up the rest of
the standard ASC II set may be
ab le to convey lots of mea ni ng,
b ut you can 't use them to bal
ance your checkbook .

And more and more of you are counting on
us, technicians, engineers , law enforcement
officers , private investigators, two-way radio
operators, scanner hobbyists, and amateur
radio operators, just to name a few.

You have counted on OPTOELE CTRONICS
Hand Held Frequency Count ers to be the
best quality, to be afforda ble and reliable.
We have been there for you with Frequency
Counters that are compact and ultra sensitive .

are just mem ory lC's that have
been p rogrammed w it h the AS
CII character set . They tak e b in
ary va lues at th eir i n p ut and
presen t t he ASC II eq u ival ent
co de at thei r output . Chips like a
4511 , o r othe rs design ed to drive
seve n -seg me nt LED di spl ay s,
co nve rt binary data to informa
t io n yo u can use to d irectly d is
pl ay ASCII characte rs.

Rem ember that the re's a dif
fere nce betw een the value of a
number and the character used

(f)
o
Z
o
a:
fo
UJ
--I
UJ

6
o
-c
a:

Hand Held Series Frequency Counters and Instruments
MODEL 2210 1300H/A 2400H CCA CCB
RANGE : FROM 10 Hz 1 MHz 10 MHz 10 MHz 10 MHz

TO 2.2 GHz 1.3 GHz 2.4 GHz 550 MHz 1.8 GHz
APPLICATIONS General Purpose RF Microwave Security Security

Audio-M icrowave
PRICE $219 $169 $189 $299 $99
SENSITIVITY
1 KHz < 5 mv NA NA NA NA
100 MHz < 3 mv < 1 mv < 3 mv < .5 mv < 5 mv
450 MHz < 3 mv < 5 mv < 3 mv < 1 mv < 5 mv
850 MHz < 3 mv < 20 mv < 5 mv NA < 5 mv
1.3 GHz < 7 mv < 100 mv < 7 mv NA < 10 mv
2.2 GHz < 30 mv NA < 30 mv NA < 30 mv
ACCURACY ALL HAVE +1- 1 PPM TCXO TIME BASE .

All counters have 8 digit red .28" LED displays. Alumin um cabinet is 3.9" H x 3.5" x 1". Internal Ni-Cad batteries
provide 2-5 hour portable operation With continuo us operation from AC line charger/power supply supplied. Model
CCB uses a 9 volt alkaline battery. One year parts and labor guarantee. A full line of probes, antennas, and accessories
is available. Orders to U.S. and Canada add 5% to total ($2 min. S10 max). Flor ida residents. add 6% sales tax.
COD fee 53. Foreign ordersadd 15% . MasterCard and VISA accepted.

Orders to U.S. and Canadaadd 5% to total ($2 min, 510 max). Flonda residents. add 6% sales tax. COD fee 53.
Foreign orders add 15% . MasterCard and VISA accepted .

OPTOELECTRONICS INC.
5821 N.E. 14th Avenue ' Fort Lauderdale, Florida 33334

1-800-327-5912 FL (305 ) 771-2050 FAX (305) 771 -2052

FIG. 1
pair of 2N2222's, because most au
to motive bulbs draw much more
current than can be handl ed by a
small-signal NPN. You can eit her
use beefier tra nsisto rs or, if you
want to complicate yo ur life even
furth er, you can have the tra n
sisto rs d rive a relay with contacts
rated for a high eno ugh current.

The relay isn' t such a bad idea
since drivi ng the bulb directl y w ith
the trans istors w il l leave you w ith a
worki ng vo ltage of some 1.2 vo lts
less t ha n battery vo ltage, Re
mem ber that yo u're go ing to lose
abo ut 0.6 vo lts through each of the
t ransisto rs. If yo u use a relay, you' ll
be able to power the third bulb
d irectl y off the battery.

co ntinued on page 99
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The CET Exam Book-2nd Ed.
by R. Crow and D. Glass
The CET Study Guide-2nd Ed.
by S. Wilson
Two-Volume Set (#5300C)
Yours for $35.90 (regularly $45.90)

Pass the Associate and Journeyman
Exams with Flying Colors and
Save $10 on the Set!

NEW
Computer Technician 's
Handbook-3rd. Ed.
by A. Margolis.
Repair componen ts a nd systems,
perform ro uti ne maint enance, and
diagnose defecti ve equipment wi th
th is com pletely revi sed ed ition of th e
popular best sell er on m icrocom
puters. 590 pp., 409 iIIus.
#3279H, $34.95

11AB1 The Electronics Book Source

Save 15% and Build, Build, Build!
49 Battery-Powered
One-IC Projects by D.T. Horn.
168 pp ., 153 iIIus.

49 Battery-Powered
Two-IC Projects by D.T. Horn.
126 pp., 125 iIIus.

Two-Volume Set (#5381 C)
Yours for $31.95! (regularly $37.90)

NEW
SAVE $15

Internat ional Encyclopedia of
Integrated Circuits by S. Gibilisco.
Take advantage of the latest foreign and
domestic IC technologies. Create circuits for
any job, project, gadget, and device imag
inable us in g over 4500 pinouts, diagrams,
and schematics. 1200 pp., Illustrated

#3 100H, $59.95 (regularly $75.00)

The 8088 Project Book by R. Grossblatt. Design
and construct an 8088computer and 17 hardware and
software enhancements! 264pp., 125 iI/us.
#3171H, $27.95

Troubleshooting and Repairing the New
Personal Computers by A. Margolis. Savetime .
earn hundreds of dollars! 416pp ., 350 iIIus.
#2809H, $27.95

Build Your Own Universal Computer Interface
by B. Chubb . Use your computer to control almostany
thing! 285pp., 224 iI/us. #3122H, $27.95

Build Your Own 80386 and Save a Bundle
by A. Pilgrim. Get power and efficiency at a down-to
earth price! 232pp ., 84 ii/us. #3131H, $24.95

General Radiotelephone Operator's
License Study Guide-2nd Ed. by T. LeBlanc,
NX7P. Get the edge you need to pass this important
test! 259 pp ., 125 iI/us. #3118H, $23.95

How to Draw Schematics and Design Circuit
Boards with Your IBM PC~ by S. Sokolowski. Per
form computer-aided engineering for a fraction of the
cost! 187pp ., 113iIIus. #3034H, $19.95

Build the Ultimate in High-Tech Projects
-Save 20% on the Set!
Experiments in CMOS Technology
304 pp . 249 iIIus., #3062H, $24.95
Experiments in Gallium Arsenide Technology
256 pp., 177 iIIus., #3052H, $24.95
Experiments with EPROMS 240 pp ., 218 iIIus.,
#2962H, $24.95
Three-Volume Set (#5356C) Only $59.88
(regularly $74.85)

BESTSELLERS
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City/State/Zip _

Offer good until March 1, 1990

Satisfaction Guaranteed-If you are not satisf ied, return the books for
a complete refund. RE 190

Address _

Signature _

Name _

Acct. No. Exp. _

TOTAL _

l' Check or money order enclosed (made payable to TAB BOOKS Inc.)
Charge my 0 VISA 0 MasterCard 0 American Express

(in PA and AK call 1-717-794-2191) or mail coupon to:
TAB BOOKS Inc., Blue Ridge Summit, PA 17294-0840

Please send me the book(s) below.

No.__ Price__ No.__ Price_ _ No. _ _ Price_ _

PA, NY, and ME residents add applicable sales tax
(Outside the U.S. add $5.00 shipping & handling.)

I
i.""~~ :
aRCUITS I

''-,..:;::'.-~
''-'-'-'-'-''
''-'-'-'-'
''-'-'-'-'-

Save Over $ 10 on the Complete Circuit Library!
Order Volumes 1 & 2 for Only $4 9. 95 (#5376C)

(regularly $59 ,90)

The Encyclopedia of Electron ic Cir cu its-Vol. 1 by R. Graf.
Get hundreds of different circuits in one handy guide!
768 pp., 1762 fIIus. No. 1938P, $29.95
The Encyclopedia of Elec tronic Circuits-Vol. 2 by R. Graf.
700 + circuits you'll use again and again! 744 pp ., 728 illus.
#3138P, $29,95
Troubleshooting and Repairing VCRs by G. McComb.
Save money or make money doing VCR repairs! 336 pp ., 200 iIIus.
#2960H, 527.95'-- --a _
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L.ETTERS
..eALJ/O- E L £ C TR ON / c S
500-8 m-COUNTY 80UL£VARD
FARMINGDALE, NY //735

HELPFUL HINTS
I wou ld li ke to offe r some com

m en t s and suggest io ns co n 
cer n i ng so me recent item s in
Radio-Electronics.

First, a better way to cont ro l a
pump than that prese nted in Ask
R-E (November 1989) is to use the
LM 1830 fluid -detecto r Ie. Its ad
vantages over a simple tran sistor
circuit are f ully describe d in the
Nat io na l Sem icon ducto r Lin ear
Databook, alo ng with typi cal cir
cui ts, etc. The most im por tant of
th ose advantages is th at th e LM
1830 uses a very low-l evel AC signa l
(typica lly 7 kHz) fo r th e sensing
f unct io n, whi ch e li m inates t he
" p lat ing" that can and does occ ur
ove r a lon g peri od with DC signals.
It can cont ro l a low-current relay
directl y, a larger relay via an inter
medi ate tra nsistor, and a t riac o r
q uad rac v ia simp le in term edi ate
circuit ry. I have used that IC and
associated co mpo nents to cont ro l
a pump that rem oves water from
an area subject to f lood ing during
heavy rains, and as a mu ch mo re
reli abl e alte rna t ive to t he high
pri ced (but poor qu ality) switches
sold to cont ro l 12-volt bil ge pumps
in boats.

Co nce rn ing th e in fr ared-con
tro l le d AlB sw itch (Rad io-Elec
tronics, Octobe r 1988) , rel ay
sw itching is enhanced by usin g a
double-pol e-double-throw RF re
lay that co nnects the input that is
not be ing used to a 75-o hm load
resistor. That both im proves iso la
tion and avoids any probl em s that

~ a mi smatch cou ld cause.
z The Rad io Shack 276-137 detec
a? tor module ($3.49) is convenientto
o use fo r IR contro llers . It inclu des
~ an IR ph otot ransistor, ampl if ie r, fi l
w
o ter, and detecto r in a sma ll PC-
o mountabl e package. The IR source
ri sho uld be t urne d on and off at a
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40-k Hz rate. That 40-k Hz sig na l
sho uld th en be pulsed at an audio
rat e. Th e o utp u t of th e Radi o
Shack detector is th e audi o rate. It
is detected by one or mor e 567
ton e-detecto r chips. The t ransmit 
te r is, co nve nie ntly, a 556 du al
time r. O ne half of it operates at 40
kHz to drive th e IR emmite r di od e
(or, preferably, two di od es in se
ries). The ot her half operates at the
audio rate and pul ses th e 40-k Hz
oscillator via it s reset pin .

I built a circuit that allows me to
select one of three sources (A, B,
or C) using two RF relays and small
SCR's fo r latching. Instead of sim
ply togg ling back and fo rt h be 
twee n sig na ls, the receiver has
three 567 to ne decod ers and the
logic to select th e desired source
co rrespo nd ing to the to ne sent by
th e IR transmitt er. The modulat ion
f requency in the hand-held t rans
mi tt er is selected by pressin g one
of three button s. All three buttons
tu rn on both halves of the 567; two
of them also co ntrol di od e switch
es to change the aud io -mod ula
t io n f requency. Simp le diode logic
allows th e use of sing le-po le pu sh
button s. Th e au di o-m odulatin g
fr equ en ci es are abo ut 700, 1000,
and 1300 Hz. When a butto n is
p resse d, t he one desired is se
lected by means of di od e switches
t hat change the capacitor valu e in
t he half of th e 556 used in th e
t ransmitter to gene rate th e aud io
to ne . Th e fre q ue nc ies are not
accurate ly adjusted; th e 567 to ne
decoder s are t uned to w hateve r
th e modulat in g frequenc ies hap
pen to be w it h th e capacitors used
in the tr ansmi tt er. L.D. TH O MAS
Geo rgetown, DE

NTSCIPAl VCR CONVERSIONS
I read a letter in a recent issue of

Radio-El ectronics t hat di scu ssed

the possibili ty of convert ing PAL
VCRtapes to NTSe. That is a major
dil emma fo r servicemen stationed
in Europe. Here we sit w ith Ame r
ican TV 's an d VC R's, un abl e to
watch EURO-TV o r rent PAL VCR
tapes. To do so we must purchase
ano ther TV and VCR in PAL fo rmat.

I have searched here in England
for a co nve rte r dev ice , as th e
EURO-TV prese nts America n TV
shows . There is such a " black box"
that has ext ras req uired fo r profes
sio na l b ro adcast ing (co lor and
sound mixin g, enhancers, etc.)
but it costs abo ut $2500. I wo uld
li ke to f ind one that ju st co nverts
eit he r the RF signal o r the video
and aud io sig na ls be twee n PAL
and NTSe. .

I have also fo und a M otorola
chip, th e M C1377P, that converts a
video RGB signal to a switc hable
NTSCIPAL composite signal. I have
t ried to f ind a way, but I can' t f ind
the solut io n to make it wo rk.

Co uld yo u possib ly run an arti
cle on the mer its or disadvantages
of do in g that , and maybe a design
fo r a do-it -yo urse lf kit?
CHA RLES MAY, TSgt USAF
RAF Alconbury, UK

AUTOMATIC TEST EQUIPMENT
I appreciate yo ur publi shin g my

art ic le, "Aut o m at ic Test Eq u ip
ment ," in the Oc to ber 1989 issue
of Radio-Electronics. How ev er ,
some changes made during edit
ing might give readers some er
ron eous impression s.

A computer and a cont ro lle r are
mention ed , on page 61, as be ing
separate part s of an ATE. Act ually,
they are one an d t he same, as
stated in my manu scri pt. The com
pu ter co ntrols th ings in the ATE.

Figu re 1 in t he art icle is mi s
labeled , giving the impressio n th at
the ATE is to the bottom of th e



d ashed lin es. The ATE is actually
t he por t ion that is show n above
t he dashed lin es. The porti on be
low the dashed lin es and the two
in terface rectangles is th e outsi de
world.

Finall y, th e next-to-I ast pa ra
g raph on page 62 states t hat f unc
t io nal testers test signals at UUT
inputs. In reality, they apply test
signals at UUT inputs, and then
chec k th e respon se at th e UUT
o utput.

Al th ou gh th e di fferen ces are
m inimal , I felt yo u and yo ur read
e rs would wan t to kn ow abo ut
th em .
ALLAN C. STOVER

CHEMICAL CONFUSION
I appreciate Robert Grossblatt 's

ser ies of articles on printed ci rcuit
b oard co nst ruct ion (Designer's
Notebook , O ct ober-D ecemb er
1989), and I'd li ke to pass on some
in form ati on th at mi ght ben efit
other readers. The Kod ak chemi
ca ls described in th e Nov ember
1989 column are no longer carried
by Kodak . Apparently Kodak so ld
th e division th at produces th ose
chem icals to Uni on Carbide, wh o
pl aced th em in the ir own KTI divi
sio n. KTI sells on ly th rou gh d is
t r ibutors and o n ly o ne of th ose
di stributors sells th e chemica ls in
small quantities.

The bottom lin e is that a compa
ny in Pennsylvania called PCE (w hy
do che m ic al co m pa n ies always
use initial s?) will sell to individu
a ls . Th eir phon e numb e r i s
215-296-8585. Th ey acce pt Ame r
ican Express o r sh ip UPS-COD .
The pri ces are ro ughly $61.00 for
one qu art of ph oto resist, $30.00
fo r the develop er, and $7.00 fo r th e
boo k let. The catalog numbers in .
the art icle haven 't changed. PCE
carries a wide vari ety of chemicals,
so it is important to have t he cata-

. Iog numbers in hand wh en pl acin g
an orde r.

Thank s for your effo rts to kee p
th e hobbyi st info rmed. I loo k for
wa rd t o f i na lly m ak in g q uality
p ri nted-circuit bo ard s. Keep up
the good wo rk.
DR. BARRY C. M EARS
Florissant, MO

FAX-MATE FACTS
It has co me to o ur atte nt io n that

there are a few erro rs co nce rn ing

t he Fax-M ate art icl e (Radio-Elec
tronics, Octobe r, 1989). In t he
schemat ic of Fig. 2, R3 shou ld be
moved into the feedback loop of
IC1, and th e prim ary (rig ht side)
and seco ndary (left si de) of T1
we re not labell ed . In the parts
placem ent di agram of Fig. 3, the
labels of the primary and seco nd
ary sides of T1 sho uld be trans
posed . That's because T1 is actually
bein g used in reverse; a vo ltage
inpu t to the secondary is step ped
up and output at the primary.
Editor

IR REMOTE EXTENDER
If yo u built th e IR remot e-con 

trol extende r (Radio-Elect ronics,
May 1989), and noti ced noi se or
snow o n yo ur TV screen w he n
using th e device, a 0.1-fLFceramic
di sc capacito r co nnected between
th e inte rsect io n of 01 and R6 and
gro und wi ll cu re th e p ro bl em .
Oth er problem swi th th e un it 's op 
eration may be caused by a poo rly
regul ated +9-vo lt D C su p p ly
(w hich is often true with many of
th e in expen siv e plu g-in power
adapte rs). The addi t ion of a 9-vo lt
Zener d iod e across th e + 9-vo lts
(cathode to positi ve , anode to
negative) will e l iminate the pos
sib i li ty of any power-supp ly re
lated probl em s.-Editor

DIGI-COMPASS
Certa in erro rs made th eir way

into th e Di gi-C ompass sto ry (Ra
dio-Electronics , November, 1989).
In th e schemat ic of Fig. 3, the la
belsVee and VDD sho uId be trans
po sed , and VD D sho u ld be 6.8
vo lts in stead of 6.5. Also, the two
vo ltages are out puts, and sho uld
the refo re have ope n ci rcles i n
stead of arrows. The labels fo r pi ns
2 and 3 of IC3 sho uld also be t rans
posed ; pin 2 is IN P and shou ld be
co nnected to IC2 pin 7, and pin 3 is
REF- and sho uld be connected to
IC2 pin 8. O n page 51, in the right
hand co lumn towa rd th e bottom
of the page, the tex t states that
"the number of data acq uisition
averages can be changed by pus h
ing the ' If' keys." It sho uld have
read " by pu shin g the "> " and "< "
keys. " And, last , on page 82, "TEX
TCOMPLPTn10" sho u ld co nta in
spaces b etw een arg ume nts; i t
sho uld be written as "TEXTCOM P
LPTn 10."-Editor R-E
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~H~ No previo us experience needed!

No cos tly School. No com m u ting to class .
The Original Home-S tudy cou rse pre
pares you for the " FCC Commercial Radio
te lep ho ne License". This va luable license
is your " ticket" to thousands of exc iting
jobs in Commu n ications, Radio-TV, Micro
wave, Com pu te rs, Radar, Avioni cs an d
morel. You don't n eed a co llege degree to
qualify, but you do need a n FCC License.
No Need to Quit Your Job or Go To School
This proven course is easy, fast and low
cost!GUARANTEED PASS - Youget your
FCC License or money refunded . Send for
FREE facts now. MAIL COUPON TODAY! '--r----------------------, ~
I co mmdnD PRODUCTiOnS I E
I FCC LICENSE TRAINING, Dep t . 00 I ~

: P.O. Box 2824, San Francisco, CA 94126 : ~
I Please rush FREE details immediately! I <0
I NAME I <0

I ADDRESS I 0
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Tek's new 50 MHz 2211 gives you more measurement power for the money than any

scope in its class. If you want the performance of an expensive digital scope, but not the cost, our new 2211 is

the perfect solution. It represents Tek know-how and quality at its affordable best.

It combines powerful 20 MS/s digital sampling with the familiar operation of an analog scope. In digital

storage mode you can capture and display single-shot events, see what happened before atrigger event, or compare

newly-acquired signals to astored waveform.

And ifyou need to analyze fast or complex signals in real time, simply switch

to analog mode with thepush of abutton.

Productivity-enhancing features are in abundant supply. For instance, all mea

surements and front-panel scale factors appear on the CRT Waveform cursors automati

cally calculate time and voltage. A4K record length and X50 magnification give you excellent

timing resolution, plus analog-quality displays. And trigger levels can be read directly on the screen.

Copyright @ Tektroni~ Inc.1969 "Prices subject tochange and validinU.S. only Edt.cationatdiscounts avaitalJle onrequest.
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•

1-800-428-2200

There'seven astandard hardcopy interface that letsyouconnect the 2211 to Epson printers orHPG L

compatib le plotters, such as the TekHC100, for convenient automatic 4-color documentation.

Of course, the true indication of why the 2211 is "best for low-cost test" is price: it'son ly $2495.Asum

that includesTek's remarkab le 3-year warranty on all parts and labor-eventhe CRT

Three Model Number 2211 2201 2225 2205
......-

Bandwidth 50MHz 20MHz 50 MHz 20 MHz

value-packed Storage Bandwidth 1 MHz 1 MHz N/A N/A

Sample Rate 20 MS/s/ch 10 MS/s/ch N/A N/A

• Vert. Sensitivity 500 f.LV/div 5mV/div 500 f.LV/div 5 mV/divcompanions Cursors/Readout Yes No No No

Hardcopy Interface Yes Option No No

starting at Record Length 4K/ch 2K/ch N/A N/A

VerticalResolution 8bit 8 bit N/A N/A

$695. Price' $2495 $1495 $1095 $695

-
For low-cost testing from 20 to 50 MHz, Tek has the best line-upin the business.

There's the 50 MHz 2225, which offers superb vertical sensitivity, de lay, and horizontal magnification up

to X50 for on ly $1095.The 20 MHz, 10 MS/s 2201is aneconomical introduction to digital storage at $1495.And

for rel iable, ultralow-cost analog measurement, get the 20 MHz 2205 for an incredible$695.

It's easy to get the best. To order your low-cost Tek oscilloscope or get more information, contact

your local Tek representative. Or call Tek direct at

COMMITTED TO EXCELLENCE
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EOUIPMENT REPORTS

Elenco Micro-Master
8000 Computer System

Course

Learn computer theory.
construction, and

programming with bends
on experience.

CIRCLE 45 ON FREE INFORMATION CARD

T HERE IS, PERHAPS, NO SEDER WAY TO

learn th e funda me nta l concepts of
co mputer operat io n tha n by bu ild 
in g and p rogramming a co mputer.
The best way to accomplish that is
throug h some sort of str uctured
co urse, such as the Micro-Master
8000 microprocesso r trai ning sys
te m fro m Elenco Electron ics, Inc.
(150 West Carpenter Avenue,
Wheel ing, IL 60090).

The MM-8000 offers a 14-lesson
course that covers the fundame n
ta ls of numb er systems through
the writ ing of practical machine
language programs. The heart of
the system is the Intel 8085 8-bit
mi cro processor. W hile the 8085 is
not t he latest and greatest micro
processor, it is a good cho ice to
demonstrate important concepts .

W hi le we exam ined an as
sembled vers ion of the trainer, the
co urse is most inst ruct ive in its kit
form, wherein the MM-8000 PC

~ board is bu ilt step by step as each
z lesso n progresses, and exper i
~ ments demonstrate the operationo of the various subsystems.
w
--l

6 Step by step
(5 The first lesson in the course de
C2 scribes the basics of number

22

systems. Spec ific attention is paid
to the deci ma l nu mber syste m
with w hich we are all fami liar, and
the hexadecimal and bi nary sys
tems used by co mp uters. The sec
ond lesson introd uces t he co n
cepts of co mp ute r data, and data
b uses, and gu ides t he st ude nt
thro ug h t he insta l lat ion of data
bus indi cato rs and switches .

Intel 's 8156 stat ic RAM IC with
I/O ports and timer is the subject
of lesson s 3 through 5. Various on
board switches are used to man
ually wr ite to and read f ro m the
RAM . Once that co ncept is de m
onstrated, 7-segment LED disp lays
are added, and the I/O ports of the
8156 are used to control the d is
play. The timer po rti on of the 8156
is also programmed and run. In
lesson 6, a 2816 mo nitor ROM is
added to the setup, and the dif
ferences between ROM and RAM
are demonstrated .

The 8085 microprocessor is the
topic of lesson s 7 and 8. Items dis
cussed include the chip's internal
registe rs, f lags, and interrupts.
The m icroprocessor's m em o ry
read and -wr ite cyc les are de
scr ibed w ith the help of t im ing d i
agrams, and t he functio n of each

pin is exp lained . Finally the com
plete in st ruct ion set of the 8085 is
detai led .

Lesson s 9 through 13 describe
w hat the mon itor program is, and
how it fits in the memory-al loca
t io n scheme of the MM-8000. The
mon ito r i s lo ad ed into a 2816
E2pROM one program at a time .
The main components include the
in it ia lization, d isp lay, keyboard
scan, and function-key sect ions.

In t he final lesson, the complete
system is used to exec ute an exter
nal program, add ing two numbers
and disp laying the result. That cer
tai nly doesn't sou nd li ke any great
feat to anyo ne w ho has ever oper
ated a pocket calculator-but then
again, most peop le have no con
cept of how a calcu lator performs
its magic.

The student w ho comp letes the
MM-BOOO co u rse, however, wi ll
understand the basic operatio n of
the 8085 microp rocessors, and of
m icroprocesso rs in general. He
wi ll also have an understand ing of
t he bas ic subsystems of micro
computers, and how they are pro
gram med .

W hi le a ded icated st udent
migh t f ind the MM-BOOO ideal as a
se lf-tra i ni ng cou rse, we fee l it
would be more usef ul in a school
labo rato ry co urse, where a teach
er and aux iliary texts co uld aug
me nt th e cou rse manua l. We fee l
that the man ual needs some sup
p lementation because it leaves out
what we th ink is important in fo r
mation. For example, the 2816 is
never referenced as an FPROM,
and t he functio ns of some of the
other lC's are not we ll detai led.
Granted, those points may not be
considered important in a micro
processor co urse, but they are im
portant nonetheless.

The Micro-Master 8000 kit costs
$129. We reco mmend it as an ex
celle nt in t ro d ucti o n to m icro
processors. R-E



Hameg HM8028
Spectrum Analyzer

Module

Convert any oscilloscope to
a SOO-MHz spectrum

analyzer

IF YOU'RE IN THE MARKET FOR A SPEC

tr um analyzer but need to keep
cos ts to a m ini mum , yo u mi ght
f ind that yo u can make substantial
sav ings by co nve rti ng yo u r os 
cilloscope to do t he job . One de
vice that makes it easy to do just
that is the HM 8028 spectrum ana
lyzer module f ro m Hameg (88-90
Harbor Road, Port Wash ington,
NY 11050).

The HM B02B is des igned as part
of Hameg's HMBOOO modular sys
tem series. It can be used , how
eve r, with any osc i l loscope that
offe rs an X-V operating mode. The
heart of the HM BOOOmodular sys-
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te m is the HM B001main frame. The
main f rame acco m modates up to
two plug- in modules, and.supp lies
t hem w it h power and a signal bus.

The HM B028 spectrum-analyze r
module offe rs a f reque ncy range
of 500 kHz-sOO MHz. Its fron t pan
el feat ures a clean layo ut, w hich is
do minated by a 3-d igit LED di spl ay
of th e centerfreque ncy. A te n-turn
potent io mete r is used to ad ju st
t he freq uency. Th e SCAN W IDTH

co ntrol, w hich is used to adj ust
how mu ch of t he spect rum yo u
want to observe aro und the center
freq uency, is an 11-pos it io n rot ary
switc h . It is adj ustab le fro m 50

kHz/d iv to 50 M Hz/div, and a ze ro
scan pos it io n is also availab le .

Othe r front-pa nel co ntro ls in
clude an RF gain potentio meter, a
4-p us hbutton inp ut attenuator,
and ba ndwidth and v ideo-fi lte r
switc hes.

Inpu t to the analyzer is p rovi ded
by a 50-o hm BNC co nnector. A
twin BNC co nnector, alo ng w it h a
spec ial cab le, p rovi des output to
the X and Y amp lifie rs of an os
ci lloscope.

Sett ing up t he spect rum ana
lyzer is quite easy. The analyzer's
out put is connected to th e X and Y
inputs of the scope, and th e scope
is set to its X-Y mod e. Both scope
channels are set to a sensitivity of 5
vo lts/d i v, t he i n p u t -co u p l i ng
switches are set to gro und , and t he
beam is adj usted so th at it is cen
tered on the grat icule . W hen the
sco pe 's inp ut co up ling is set to
DC, a trace wi ll appear across th e
bott om of the screen. Adju stm ent
of two t rimmers on th e analyzer
module is requ ired to match the
output vo ltages of th e analyzer to
the scope be ing used. When th at 's

With Just One Probe Connection, You Can Confidently Analyze Any
Waveform To 100MHz, 10 Times Faster, 10 Times More Accurately,

Absolutely Error Free, Guaranteed - Or Your Money Backl

se61 Waveform Analyzer ™
Patented

$3295

Call1-800-SENCOREto findout moreabout what the 5GB1
can do for your servicebusiness. In Canada call 1-800-851-8866 .

Set'-JCOR=

Othertime-saving features includeexclusive EGl synccircuits
thatallow you to lock quickly onto waveformsupto 100 MHz. Plus,
with 3000 volts of inputprotection , you neverhavetoworry about an
expensive front end repair job.

There areother digital readout osci lloscopes , but noneof
them comp letely eliminate graticulecountingandcalculations
liketheSGB1 Waveform Analyzer. The innovative, time-saving
AUTO-TRAGKINGTMdigital readoutautomatically gives you every
waveform parameter you need for fast troubleshooting.

The 5C61WaveformAnalyzer is atriplepatented high
performance scope thatprov ides you with adigital LCD read-out of all
key waveformparameters (DC volts, peak-to-peak volts, and
frequency) at the push of abutton, and all with one probe connection. 3200 Sencore Drive, Sioux Falls, SD 57107
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Try the

We support 300 and 1200 baud
operation.

(RE-BBS)
516-293-2283

The more you use it the more
useful it becomes.

RE-BBS
516-293-2283

ladiD-
Elellranils

bulletin board
system

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

Add yourse lf to our user files to
increase your access.

leave your comments on R-E with
the SYSOP.

Communicate with other R-E
readers.

comp lete, t he set up is ready to
make meaningful measurements.

The HM8028 spectrum-ana lyzer
mod u le co mes com plete w it h a
con necting cab les and a reason
ab ly we ll written manual. As we
ment io ne d p rev ious ly, the
HM 8028 is pa rt of a series of mod u
lar instrum en ts that are designed
to use the HM8000 mainfr ame. By
add ing a compan io n t rack ing gen 
e rator, t he spectrum ana lyzer be 
co mes a co mplete RF test set up.

The track ing generato r provides
a signal source that tracks t he tun
in g frequ ency of the analyzer. The
co mbination of analyzer and track
in g gene rato r makes it poss ib le to
measure the frequen cy response
and insertion loss of any two-port
netw o rk . O the r avai lab le accesso
ri es include sniffer probes to assist
in trackin g sources of electromag
net ic inter ference.

W hi le the HM 8028 won't de liver
some of the features of fu ll -b lown
spectrum ana lyze rs, it deserves
credi t for doi ng a good job at the
reasonab le price of $768 . The
HM 8001ma inframe costs $236. R-E

Our New and Highly Effective Advanced-Place·
ment Program tor experienced Electronic Tech
nicians grants credit for previous Schooling and
Professional Experience, and can greatly reo
duce the time required to complete Program and
reach graduation. No residence schooling reo
quired for qualified Electronic Techni cians.
Through this Speciai Program you can pull all of
the loose ends of your electronics background
together and earn your B.S.E.E. Degree. Up
grade your status and pay to the Engineering
Level. Advance Rapidly! Many finish in 12
months or less. Students and graduates in all 50
States and throughout the World. Established
Over 40 Years! Write for free Descriptive Lit
erature.

EARN YOUR \ r.,Ve
B~S.E.E. ,
DEGREE

THROUGH HOME STUDY
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5 WAYS TO STOP
WASTING TIME IN

ELECTRONICS.
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4 Stop wast ing your
time plugging-

•
in external power.
We've added the

power to the breadboard . And,
what power! Up to triple voltage
powe r, +5V, + 12V, - 12V, reg
ulated/current limited and DC.

Up to 2,250 tie points, with 24 IC
capacity and 14 pin DIPs. Now you

can create , test and modify TTL, CMOS,
Op-Amps and even microprocessor circuits. Plus,
there is the standard Global Lifetime Guarantee on
the sockets . And, wait 'til you see the modest prices!

5.t1'~~\

5-color coded
binding posts
and 17
sockets, for
over 4,560
contact
points.
Lifetime
guarantee.
American 
made .
Affordably priced.

Stop wasting time designing
computer circuits. Now you can
use your solderless breadboard
concepts for designing accessory
circuits. PROTOCARD®is a PROTO
BOARD Brand which fits any standa rd
slot in your IBM, PC/XT or PC/AT computer. Some
modules even include built- in basic decoder circuits
for memory and I/O addressing . Breadboa rd areas up
to 3,360 contact points . Buffered versions eliminate
~M loading of pc buses,'

~ ~17~'Nl#r

GLOBAL
SPECIALTIES

Global Specialt ies. An Interplex Electron ics Company .
70 Fulton Terrace. New Haven. CT 06512 .
Telepho ne: (203) 624-3103. C) Interplex Electroni cs 1989.
All Global Specia lties breadboarding prod ucts made in USA.

CIRCLE 156 ON FREE INFORMATION CARD A001 1

Stop wasting your

Call toll-free for details

1-800-572-1028

2. Stop wasting
your time
breadboard
ing. Here

are three popular PROTO ~ "

BOARD®Brand solderless
breadboarding systems that
meet any budget or time
sched ule. First the diminutive
PB-10's 840 contact points
and 3-color bind ing posts.
PB-102 has 1,240 tie points,
accepting up to 12 16-pin ICs.
Finally, PB-103, with 2,250 contact
points, and up to 24 16-pin capacity . . .
They're affordable, American-made' l - ::.,
lifetime guaranteed. You'll soon see . '.
why PROTO BOARD Brand is IJR07'O
Today's Standard3 .BOARD~
for Quality in
Breadboarding. BRAND

• Stop wasting your
time jury-rigging

large numbers of circuits. Here are two oversized
PROTO BOARDS Brand , with expanded area, tie
points , and more to keep your ideas together. PB
104 features 3,060 tie points , which can handle to 32
16-pin ICs with ease. Four color coded binding
posts , and roomy 9.2" x 8" metal panel make it
big ...but simple. The humungous PB-105 1ets you
load up to 48 16-pin ICs, and much more onto its
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NOISE-CANCELING HEAD
SETS . The aviat io n headsets
tested by Di ck Rutan and
l e a n a Ye ager o n t he i r
aro und-the -wo rld Voyager
fli ght , are now direct ly avail
able from Bose. Stemming
fr om Dr. Am ar C . Bos e 's
fru strat ion with passen ger
headsets o n a co mme rc ial
fli ght in 1978 (the in cessant
eng i ne n oi se interfered
w i t h li stenin g p leas ure),
and th e d irect resul t of te n
years of R&D , in part with
the U.S. Air Force, th e Bose
Av ia tion Head set featu res
patented elect ronic ci rcuit
ry that cance ls unwanted
noi se whi le allow ing desir
ed co mmunicat io ns to be
heard.

Th e head set is an inte
gra te d syste m th at co m 
bines patented physical and
elect ro n ic n oi se-attenu a
tio n syste ms and offers two
maj or imp rov em ents ove r
co nve nt io na l h ead set s.
Fi rst , th e "Clea r Co mfort"
cus h io ns o n th e ea rc u p,
which conform pr ecisely to
th e conto urs of th e head ,
seal o ut noi se without un
co mfo r t ab ly h igh fo rce .
Second, th e headset 's elec 
tronic circuit ry act ive ly can
cels mu ch of th e noi se.

A sound-p ressu re servo
(fee dback) system uses mi
cro pho nes in th e earcups to
moni tor th e sound at t he
user 's ear; th at measur ed
sound is co mpared with th e

PROGRAMMABLE POWER
SUPPLIES. CPIB capabi lity is
bu i lt i nto eve ry mode l in

(J) Beckman's PPS Series of sys
~ te m DC-power supp lies,
o eli m inat i ng t he t ime-con 
g: sum ing process of choosing
~ CPIB as an opt io n , in stall in g
u:J it , and getting it runnin g.
6 The series includes a 30-vo lt
~ DC/3.5-A , 40-vo lt s D0 7.5
a: A, 60-vo lts DC/10.0-A, and
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sou nd t he user w ant s to
hear-for exa m p le, radi o
co m m unicatio ns o r, i f no
signal is p rov ided , sil ence.
The difference be tween th e
ex is t i ng and th e d esired
sound is the n " p rocessed"
to create a co rrect io n sign al
that is op posite to th e un
wanted noi se and, w hen re
pr oduced by th e speaker in
t he ea rc up, ca nce ls th e
noi se. The process of mea
suring , creating a co rrection
signal, and usin g it to cance l
noi se is rap id and co ntinu
o us, all owin g the Aviatio n
Headsets to react to any dy
nami call y cha ng in g noi se
source.
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The Aviatio n Headsets of
fe r pil ot s, par ti cul arl y in
prop ell er-d ri ven aircraft
and hel icopter s, improved
co mmunicat io ns, redu ct ion
in fati gu e, and the preven
tion of perm anent hearin g
lo ss f rom amb ie nt noi se.
Simi lar headsets would be
effect ive in poli ce, fire, and
eme rgency vehicles, wh ere
radi o co mmunicat io ns mu st
be heard ove r th e sirens.

Th e Avia t io n H eadse ts
cost $965.00 each, and are
be i ng m arketed di rectl y
thro ug h a to ll -f ree number:
800-242-9008.- Bose Corpo
rat ion, The M ountain , Fra
mingham, MA 01701.

60-vo lts DC/1 7.0-A mod els.
Each offers full -rated power
from 100 to 1000 watts, re
mot e sensi ng to co mpen
sate for syste m wi ring loss
to th e load , and a back- li t
LCD w ith ad justab le co n
tr ast and illumination . The
power supplies feature mul
tiple o pe rat ing modes, such
as delt a V, delta T, and man
ual for in creased syste m

flexib ility. An intern al vo lt
meter and ammeter on each
mod el elimi nates the need
for an exte rna l d igita l multi 
meter, red uces overall sys
tem compo nent costs, and
can feed back information
via th e CPIB. Each unit also
offer s an automat ic pro 
grammable tim er mod e that
allows the user to p rogram
up to 200 voltage/current
limi t setti ngs and 200 time
intervals (one-seco nd mini
mum/ten -hou r maximum).

Th e PPS Ser ies of pro
grammable power supplies
start at $995.00.- Beckman
Indust ri al Corporat ion, In
strum ent ation Produ cts Di
visio n , 550 So uth Harbor
Boulevard , La Habra, CA
90631.

HI GH -SPEE D COMPARA
TOR. Co mbining a variety of
features th at simplify analog
ci rc uit design , th e AD79 0
from Analog Devi ces co n
sumes less than on e-third
th e pow er of othe r uni ts in
its class. It has a maxim um
50-n s propa gatio n d el ay
wh en ope rated from a sin
gle +5-vo lt o r du al ± 15-vo lt
supp lies . Wi th Sing le-sup
p ly o pe rat io n, pow er di s
sipation is a maximum 60
mW. It can handle ground
referenced signals, and of
fers a wi d e in put- si gnal
range, on-boa rd latch , TTL
and CMOS logi c o utp ut,
and 500-fLV input-hysteresis
vo ltage.

Th e A D790 i s th e f i rs t
comparato r that is manufac
tured w ith Analog Device's
hi gh-speed Co mp le me n
tary Bipo lar (CB) process. By
in cor p orat in g CB tra n 
sistors in th e IC design , the
comparato r can accommo 
date rai l-to-rail inp ut signals
an d de l ive r sy m me t rica l
outp ut sw ings . In sing le 
supp ly ope ratio n, th e input
signal can range from +5
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vo lts to gro und, perm itting
w ide dyn ami c rang e data
acquisi t io n in + 5-vo lt logic
sys te ms . Buil t- i n 500- fLV
hysteresi s e l im i n at e s u n
desirabl e osci llat io ns w hen
handling fast pu lses or slow
low-level signals. The com
pa rato r's output also mini
mizes cu rrent sp ikes , an
other source of osci lla tion
in many vo ltage co m pa ra
tors.

The TTL- and CMOS-co m
patibl e o u t p ut si m p lifies
co nnection to di gital logic.
An o n-c h ip latch ca n b e
st robe d t o reta i n o utput
d at a, m akin g th e A 0790
u seful in build i n g hi gh 
speed di scr ete ana log-to 
di gital co nve rte rs. Th e out -

pu t vo ltage is hi ghly sym
m et ri cal betwee n VLOGIC
and ground, ensuring hi gh
accu racy when po sitive- and
negative-slewi ng input sig
na ls c ro ss t he thresho ld
level.

The A0790 is avai lab le in
an 8-p in plastic or cera m ic
D IP and is specified for op
erat io n over th e 0° to + 70°,
- 40° to + 85°, and - 55° to
+ 125° operat ing te mpera
t u re ra nges . Tw o perfo r
mance grades are avai lab le,
w it h maximum offset vo lt 
age of eithe r1 mV or 250 fLV.
M aximum co mmo n-mode
voltage is f rom + Vs to - 2
vo lts; th e al lowab le inp ut
signa l range is ± Vs-

The A0790 co mpara tor
rang es in pri ce from $2.50
for th e jN grade to $7.95 fo r
th e SQ ve rsio n , in lots of
100.-Analog Devices, Lite r
ature Ce nte r, 70 Shawmut
Road , Canton, M A 02021.

100-MHz OSCILLOSCOPE.
Three different signa ls can
be observed at two t ime
base setti ngs on B&K-PRECI
SIGN's m o d el 2 190 os -

ci lloscope wi th t rip le input ,
six -t rac e o p e rat io n. Th e
hi gh- p erform an c e sco p e
provid es exce llent h igh-f re
que ncy t ri ggerin g, even on
signa ls we ll beyond its rated
ba ndwidth. Th e 2190 also
features 1-mV-per-d iv is io n
ve rt ica l sens it iv ity, V-mod e
fo r viewing two signals that
are unrelated in f req uency,
dua l ti me bas e , alte rnate
sweep fu nction, a 20-M Hz
bandwidth lim iter, and vid 
eo -sync separato rs.
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The 100-M Hz scope offers
users a cho ice of 23 cali
brated sweep-t ime ranges
from 2 ns to 50 ns per divi
sio n on th e main time base
and 20 calib rated ranges on
t he de laye d -swee p t i me
b ase . Eac h sweep tim e

range is fully ad justab le be
tween calib rated ranges. A
x 10 magnifier, which allows
closer examinatio n of wave 
fo r ms w h i le m ain t ain in g
d isp lay calib rat io n, is also
p rov id ed . In de layed -sweep
operat io n , the delayed sig
na l can be viewed as a sec
ond t race or supe ri mposed
on the non-delayed sig nal.

The 2190offers front -pan
el x-y ope ratio n , TTL-com
pat ib le z-axis input , signal
de lay lin e, Sing le-swe ep op
erat io n, and channe l-1 out 
pu t o n t he rear pan el fo r
d rivin g a f req ue ncy co unte r
o r ot he r in strum en t s. It
co mes w ith tw0 10:1 p rob es,
a user manu al , and sche
mat ic di agram .

The model 2190 100-MHz
osc i l losco pe h as a sug
ges te d r et ail pri c e o f
$16 45 . 00 .-B&K-PREC 1
SION, Maxtec International
Corp., 6470 West Co rt land
Stree t, Ch icago , IL 60635.

ANALOG INPUT MODULE.
A module design ed fo r use
w it h t he App le Macintos h
Plus, SE, and \I co mputers,

NAHTERoM

286 SupersPort Laptop by

Heathkif
Your logical source for quality computer and elec
tronic product needs, the FREE Heathkit Catalog

isyour key to afun and exciting hobby. The Heathkit

A
iii~;iii~ Catalog contains powerful kit laptop and desktop

computers, test instruments, weather equ ipment,
and home theater components, plus self-study
electronics courses. Order your FREE Heathkit

Catalog today! It's the logical thing to do!

8 volumes, over 2000 pages,
including all necessary math and
physics. 29 examinations to help
you gauge your personal pro
gress. A truly great learning
experience.

Prepare now to take advan
tage of the growing demand for
people able to work at the engin
eering level.

Ask for our brochure giving
complete details of content. Use
your free information card num
ber, or write us directly. $99.95,
Postage Included. Sat isfact ion
guaranteed or money refunded.

ELECTRONIC
ENGINEERING

Get A Complete Course In

1-800-44-HEATH
(1-800-444-3284)

State Zip
A subsidiary of Zenith Electronics Corporation-- -- -- -- -- -- -- --
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Send 10: Heath Company, Dept. 020-854
Benlon Harbor, Michigan 49022 ' I

I
___I

Address

Name

~ty__

Banner'
Technical
Books, Inc.
1203 Grant Ave.
Rockford, IL 61103
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R-E Engineering Admart
Rates: Ads are 2Y4" x 2W . One insertion S950. Sixinsertions S925.each Iwelve
insertions S895.each . Closing date same as regular rate card . Send order with
remittance to Engineering Admart, Radio Electronics Magazine, 500-B Bi-County
Blvd., Farmingdale, NY11735. Direct telephone inquiries to ArlineFishman, area
code-516-293-3000. Only 100%Engineering ads are accepted for thisAdmart.

6805 MICROCOMPUTER
DEVELOPMENT SYSTEM

The MCPM-l system allows the IBM PC and compatibles
to be used as a complete development system for the
Motorola MC6870SP3, PS. U3. US, R3 and RS single
chip microcomputers. The system includes a cross
assembler program, a simulator/debugger program and a
programming board that connects to a serial port.
Price-$449.00 VISA and MASTERCARD accepted.

1 ,. THE EKG/KEERSE C COLlA 8 0 RATlYE. /KC.

RR# 3, BOX 8C Barton, Vermont 05822
Phone (802) 525 -3458 FAX (802) 525-3451
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FCC LICENSE
PREPARATION

The FCChas revised and updated the
commercial license exam. The NEW
EXAM coversupdated marine and
aviation rulesand regulations,
transistor and digital circuitry.
THE GENERAL RADIOTELEPHONE
OPERATOR LICENSE - STUDY GUIDE
containsvital information. VIDEO
SEMINAR KITS ARE NOWAVAILABLE.

WPTPUBLICATION
979Young Street, SuiteA
Woodburn, Oregon 97071

Phone (503) 981-5159
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IMIDI
I Projocta ~ .., ,

MIDI
PROJECTS

~: .
JJ

BP182-MIDI interfacing enables any so
equipped instruments, regardless of the
manufacturer, to be easily connected to
gether andused asasystem witheasy com
puter control of these music systems .
Combine acomputerandsomeMIDIinstru
ments and you can have what isvirtually a
programmable orchestra. To getyour copy
send $6.95 plus $1.25 forshipping inthe
U.S. to Electronic Technology Today
Inc., P.O. Box 240, Massapequa Park,
NY 11762-0240.
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M etraByte's SCSI-BAIN per
for ms r eal -ti m e , h i gh 
sp eed , hi gh- resolu t ion ,
ana log in pu t tasks . The
eight-channe l, 12-b it analog
co nve r te r is accurate t o
w ithin 0.02%, with a co n
version time of 14fJ-s. With
12-bit resolution , the least
Signif icant-bit valu e is 4.88
mV in th e ± 10-vo lt range.
An instr um entation amp li 
fier provides gains of 1, 10,
100,200, or 500 correspond
in g to sign al spans of ± 10
vo lt, ± 1 vo lt , ± 0.1 vo lt,
± 0.05 vo lt , and ±0.02 vo lt ,
respect ively. The gain of th e
in strum entati on amplifier is
sele cte d by a fro nt -panel
DIP sw itch .
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Data is tr ansferred to or
f ro m t he SCSI- 8A IN o ne
byte at a ti me at a maximum
rate of 57 .6 ki lobyt es per
seco nd and support sample
rates of up to 28,800 samp les
per seco nd . One wavefo rm
can be d igit ized at 28,000

samp les per second , and
eight waveforms can be dig
itized at 3,600 samples per
seco nd. Th ose rates sup
po rt up to 8 analog input
chan ne ls simultaneo us ly,
makin g it capable of provid
in g osc i lloscope , chart-re
corder, and spect rum-ana
lyzer emulatio ns. A master
c l o c k syn c h ronize s a ll
SCSI-8A IN analo g-convert 
er activity, so that state info r
mat io n can be obtai ned at
fixed in tervals f rom mul t ipl e
channe ls.

Th e in clu d ed softwa re
drivers al low the modul e to
be contro lle d by a var iety of
software packages that run
on Ma cintosh compute rs,
includ in g seven high-l evel
programm in g lang uages
and f ive menu-driven ap
p li cation p ro gram s. Th e
SCSI-8A IN co mm un ic ate s
via t h e SC I A (Sm a l l
Co mp ut er Sy ste m I nter
face) port located o n the
back of th e M acintosh co m
puter. That bu s accepts as
many as six per ip herals to
be p laced in d ai sy- chai n
net w o rk . Custo m co nfig
uration s are very easy to de
velop fo r such applications
as digital signal processin g,
sig nal ave rag ing , ch ro ma
tography, spec t roscopy, and
mo re.

The mod ule comes w it h a
perip hera l unit ; calibration ,

test, and I/O software; one
SCSI cab le ; a 11 7-vol t AC
d e sk- t o p p ower tr an s
for mer; and also co m es
with hardware and software
manuals.

The SCSI-BAIN 8-chan nel ,
12-bit analog inp ut modul e
is availab le for $790.00 and
the SCSI-TERM te rmination
de vi c e c os ts $50 .00. 
MetraByte Corp., 440 M yles
Sta ndi sh Blvd ., Taun ton ,
MA 02780.

FUNCTION GENERATOR .
It s uniqu e front -panel de
sign coup led w ith eight dif
fe rent wa veform s, seve n
modulation modes, and op
ti onal arb it rary-w ave fo rm
gene rat io n capabi lity make
Fl uk e 's PM5138 10-M H z
funct ion generato r versat ile
and easy to use. Instead of
t he array of rotary swit ches,
knobs, and dia ls usua lly
fou nd o n functio n gener
ato rs, t he PM 5138 has a
large, back lit mul t ifun ct ion
LCD and f ive pair s of keys
for selec t ing the required
parameter. The frequ ency,
AC vo ltage, DC offs et , and
othe r num eri cally program
mabl e parameters are set by
pressi ng th e app ropr iate
key and adj usting the unit 's
o ne rotary kno b unt i l t he
correct read in g appears on
the scr een. Th e req u i red
wav efo rm and modu lati o n

CIRClE 30 ON FREE
INFORM ATION CARD

modes are selected from a
menu.

Th e f unction ge nerator
a lso off e rs A rb it ra ry
Wav e f o rm Ge n e ra tio n
(AWG), w hich i s u su all y
fo und on ly on spec ia lized
arb it rary gene rato rs with
few waveform and modula
tion modes. Inclu ded with
the GPIB/IEEE-488 interf ace
option, AWG features a 20
Mega-po ints/second sam
pl in g rate, 1024-po int hori
zo nta l resolut ion , and 1024
poin t vertica l resolu t io n .
Wav ef orm s ca n b e p ro 
grammed ove r the GPIB ei
ther from a co mputer or
directl y from a digit al sto r
age osci ll oscope.

Th e PM 5138 f u nc t io n
generato r has a sugg ested
l ist price of $3590.00, o r
$3990.00 fo r th e model with
the facto ry-inst alled arbi 
trary wav eform gene rat io n
opt io n .-John Fluke Mfg.
Co., ln c., P.O . Box C-9090,
Ev e r e t t , W A 98206;
800-443-5853, ext. 77.



EXPAND YOUR CAREER HORIZONS...

The CIE Microprocessor Trainer helpsyou to learn haw circuits with
microprocessors function in computers.
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the handy reply coupon or card below to:
Cleveland Institute of Electronics,
1776 East 17th Street, Cleveland, Ohio 44114.

Check box for G.!. Bill bulletinon Educational Benefits
D Veteran D Active Duty MAIL TODAY!

Just call toll-free 1-800-321-2155 (in Ohio, 1-800-362-2105)
31
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CIE ARE -157

I World Headquarters

I Cleveland Institute of Electronics, Inc.
I 1776East 17thStreet • Cleveland,Ohio 44114

I D Pleasesend your independentstudy catalog.

I
Foryour convenience, CIE will try to have a representative
contactyou - there is no obligation.

I
I Print Name - - - - --- - - - - - - - - - - -

I IIddress Apt. _

I City State Zip _

: Age Area Code/PhoneNo. _

I
I
I
I

Microprocessor Technology. Satellite Communications.
Robotics . Wherever you want to go in electronics...
start first with CIE.

Why CIE? Because we're the leader in teaching
electronics through independent study. Cons ider this.
We teach over 25,000 students from all over the
United States and in over 70 foreign countries. And
we've been doing it for over 50 years, helping
thousands of men and women get started in
electron ics careers. .

We offer flexible training to meet your needs.
You can start at the beginner level or, if you already
know something about electronics, you may want to
start at a higher level. But wherever you start, you
can go as far as you like. You can even earn your
Associate in Applied Science Degree in Electronics.

Let us get you started today. Just call toll-free
1-800-321-2155 (In Ohio, 1-800-362-2105)or mail in

START WITH CIE.



OZONE-SAFE AEROSO LS.
W he n possib le, ozone-de
pleti ng CFC's (O o roRuoro
Carbons) , w hi ch are typ 
ica l ly fo u nd in aerosols ,
have been total ly elimi nated
fro m Chemtron ics ' E-Series
of che mica ls . In al l o ther
cases, E-Seri es'formulas ex
ceed th e recom me nd ed
20% cut -back in regul ated
CFC's.

The E-Series co nsists of
fo u r products. Ultrajet is a
m i cr o sco pi call y c l ea n ,
m o istu re- f ree so u rc e of
"canned air " for app lica
t io ns w here " u lt ra-p u re "
clea ni ng is requi red . It fi l
ters it s co mpressed gas to
less th an 0.2 micron s and
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de livers a powerful 120 PSI
jet action that instantly re
moves du st, li nt , and ox id e
particl es from all k inds of
electron ic eq uipme nt , o p
ti cal surfaces, and precisio n
in struments. Freez-It qui ck
ly coo ls ci rcuits to - 96°F,
leavin g no resid ual f ilm, to
prov ide pos it ive d iagn osis
of t herma l intermi tten t s.
Fl ux-Off Plu s so lve nt re
moves f lux , soldering oi ls,
and prod u ctio n co n 
tami nants from electroni c
subassemb lies, PC boa rds,
and ot her elec tron ic co m
pon ents. It pe netrates even
ti ghtly packed co mpo nents
and evapo rates complet ely,
leavin g surfaces dry and res
idu e free. TF Plus is a mil d
cleanser and degreaser for
u se o n so lve n t -sens i t ive
equipme nt and preci sio n
inst ru m ents . I t re moves
dirt , grease, and mo ldi ng
compou nds o n co ntact ,
evapo rates co mp lete ly leav
in g no w hi te residue, and is
safe for use on deli cate pl as
t ics and elasto me rs.

For co nta ine r sizes and
pri ces of E-Series produ cts

co nta ct - H U B M at eri al
Company, 33 Spr ingda le Av
enue, Canton, MA 02021 .

DIGITAL STORAGE SCO PEI
MULTIMETER. A co mb ina
t io n 2-channel digita l stor
age osc i lloscope and di gi tal
mul ti meter f rom Leader In
st ruments, t he model 200 ,
al lows two-cha nn el co m 
pariso ns, addit ion or sub 
traction of two signals, and
X-Y capabi lity. The portable
2Y2-po und instrument ru ns
on batteri es or AC power.

T h e m o d el 200 '5 os 
ci lloscope sect io n has a 3
M S/s m aximum samp li ng
rate and is co mplete ly auto
rangin g. The opt imal wave
form is displayed by to uch
ing the aut o-ti mebase and
verti cal-sensitivity buttons,
and the standard printer in 
te rf ace allows waveforms
and sett ing condit ions to be
outp ut to an optional dedi
cated printer (model 710) for

.hard -copy docume ntation .
Sensit iv ity, ti me base , t ri g
ger source, slo pe, and di s
pl ay mod e are di spl ayed on
screen. The memory banks
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can store three waveforms
per chan nel; in addit io n ,
t he model 200 is battery
back ed for lon g-term stor
age of all six wavefo rms.

Th e autora nging DMM
has a manu al ove rrid e fea
ture as well as aud ib le con
tinuity and ove rloa d indica
tors. It offe rs ACIDC vo ltage
and curre nt measu rem en t
funct io ns, resistance, and a
low -pow er o hm m od e to
provid e a lower test vo ltage
for i n-c irc u it re sista nce
measurements.

The model 200 co mb ina
t io n dig ita l storage os
ci llos cop e/mu ltimeter has a
sugg ested pr ice of
$1,645.00; t he m o d el 710
print er co st s $480 .00.
Leader Instruments Corpora
tion , 380 Ose r Ave n ue,
Haup pauge, NY 11788. R-E
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100 Channels Low, Air,
High, UHF& 800MHz

Total Price , Fre iqht Pre pa id
(Express Shipping Opt ional)

COMMUNICATIONS
10707 E.I06th St. Indpl s ., IN 462 56

-. Toll Free 800-445-7717 63
:~i Visa and MasterCard ~
- (CO D slightly higher)
In Ind iana 317-849-2570 Collect FAX (317)849-8794
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MODEL 3002A

'.' 512500
Only

• 0-30 VDC at 0-2A • Excellent Regulation
• Ripple & Noise· 500 uV RMS • Built-in
Short·Circuit and Overload Protection

Model 3002A features continuously adjustable
current limiting and precision constant
voltage/con stant current operation with
"automatic crossover." This lab-grade unit can
also be used as a current regulated power
source. Options: 10-Turn Voltage and Current
Controls, $25.00 ea.

FREE SHIPPING - 48 STATES. Check,
MoneyOrder or C.O.D. (add $3.00). No cred it
cards. IL residents add 7% tax. 15-Day
Money Back Guarantee. Save on Quality Test
Equipment & Closeouts. Free Literature.

Salen Enterprises, Ltd.
P.O. Box 915, Morton Grove, IL 60053

Area Code 312-465-1424
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THE MONEY MAKING OPPORTUNITY
OF THE 1990'S

IF you are able to work with common small hand
tools, andare familiarwithbasicelectronics(i.e.able
to use voltmeter, understand DC electronics). . . .
IFyou possess averagemechanical ability, andhave a
VCR on which to practiceandlearn . . . .then wecan
teach YOU VCR maintenanceand repair !
FACT: upto90%of ALLVCR malfunctionsaredueto
simple MECHANICAL or ELECTRO-MECHANI CAL
breakdowns!
FACT: over 77million VCRs inuse today nationwide!
Average VCR needs service or repair every 12to18
months!
Viejo 's400PAGE TRAINING MANUAL (over 500pho
tosand illustrations) and AWARD-WINNING VIDEO
TRAINING TAPE revealsthe SECRETS ofVCRmainte
nance and repair-"real world" information that is
NOT avai lable elsewhere!
Also includes all the info you'll need regarding the
BUSINESS-SIDE of runningasuccessful service op-
eration! FREE INFORMATION

CALL TOLL-FREE 1-800-537-0589
Or write to: Viejo Publications Inc.

3540 Wi lshire BL. STE. 310
Los Angeles, CA 90010Dept. RE

CIRCLE 143 ON FREE INFORMATION CARD
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SIMPLYSNAP THE WAT-50 MINIATURE FM
TRANSMITIER on top of a 9v battery and
hear every sound in an entire house up to 1
mile away!Adjustable from 70-130 MHZ. Use
with any FM radio. Complete kit $29.95 +
$1.50S+H. Free shipping on 2 or more!COD
add $4. Call or send VISA, MC, MO. DECO
INDUSTRIES, Box 607, Bedford Hills, NY
10507. (914) 232-3878.

CIRCLE 127 ON FREE INFORMATION CARD

CALL NOW
AND

RESERVE
YOUR SPACE

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

ads.
• We typeset and layout the ad at no

additional charge.

Call 516-293-3000 to reserve space. Ask
for Arline Fishman . Limited number of
pages available. Mail materials to:
mini-ADS, RADIO-ELECTRONICS, 500
B Bi-County Blvd., Farmingdale, NY
11735.

mill
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CABLE TV CONVERTERS AND DE
SCRAMBLERS SB-3 $79.00 TRI-BI $95.00
MLD-$85.00 M35B $89.00 JRX-DIC $129.00
Special combos available . We ship COD.
Quantity discounts. Call for pricing on other
products. Dealers wanted. FREE CATALOG.
We stand behind our products where others
fail. One year warranty. ACE PRODUCTS,
P.O. Box 582, Saco, ME 04072 (207)
967-0726.

CIRCLE 75 ON FREE INFORMATION CARD

FINAL CLOSEOUT ON ZENITH SSAVI
STV-2 UHF used $38 ea.l100 lot; Oak N-12S
$45 ea.; MLD-1200s $39 ea.; Sylvania 4040
w/3 remotes $99 ea.; converters &more. Call
for list. RADAR SPEEDS GUNS & SyS
TEMS for car, snowmobile racing, skiing, etc.
Professional X & K band models. Low prices
and 90-day warranty. Makes a great gift! Pre
paid cash & quantity disounts. AIS SATEL
LITE, INC. 106 N. 7th SUE, Perkasie, PA
18944. Orders & catalogs: 1-800
AIS-2001; tech. info: 215-453-1400.
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ACTUAL
SIZE

The REGEN-I module maintains the volume
level of amateur, busin ess (Police , Fire,
Power, Fleet, etc.), CB, marine radios and
scanners. The REGEN-I will amplify signals
and attenuate a strong audio signal keeping
volume at a nearly constant level regardless
of incoming signal strength and reduce un
squelched FM hiss . Simple installation.
$49.95 phone orders OR $39.95 Pre-paid,
mail orders only. EMULATION ASSOCI
ATES, 520 GLENBROOK RD, STE 203-B,
STAMFORD, CT 06906 SALES: 203
356-1632 FAX: 203-323-9044
CIRCLE 161 ON FREE INFORMATION CARD

APPLIANCE REPAIR HANDBOOKS-13
volumes by service experts; easy-to 
understand diagrams, illustrations. For major
appliances (air conditioners, refrigerators ,
washers, dryers , microwaves, etc.), elec.
housewares, personal -care appliances.
Basics of solid state, setting up shop, test
instruments. $2.65 to $7.90 each. Free
brochure. APPLIANCE SERVICE, P.O. Box
789, Lombard,IL 60148. (312) 932-9550.

CIRCLE 84 ON FREE INFORMATION CARD

FREE CATALOG OF HARD-TO-FIND
TOOLS is packed with more than 2000
quality items. Yoursingle source for precision
tools used by electronic technicians, engi
neers, instrument mechanics, schools, labo
ratories and government agencies. Also
contains Jensen's line of more than 40 tool
kits. Send for your free copy today! JENSEN
TOOLS INC., 7815 46th St., Phoenix, AZ
85044. (602) 968-6231.

CIRCLE 115 ON FREE INFORMATION CARD

AMAZING POCKET REFerence.: 480
pages of tables, formulas, constants, con
versions and maps and it fits in your shirt
pocket! (3.2" x 5.4" x 0.6") Chapters include
Electronics,Computers, Math,Tools,Glues &
Solvents , Chemistry & Physics , Con
struction, Carpentry, Geology, Hardware,Au
tomotive, Air, Water, Welding , Plumbing,
Pipe, 1-800 Airlines, Area Codes, Money,and
much, much more. $9.95 + $2.00 shipping
(Colorado inc. 56¢ tax). Check/Visa/MC. Se
quoia Publishing, Inc., Dept. 950, P.O. Box
620820, Littleton, CO 80162.

CIRCLE 138 ON FREE INFORMATION CARD

THE MODEL WTI-20 ISONLYTHE SIZE OF
A DIME, yet transmits both sides of a tele
phone conversation to any FM radio with
crystal clarity.Telephone line powered- never
needs a battery! Up to Y4 mile range. Adjusta
ble from 70-130 MHZ. Complete kit $29.95
+ $1 .50 S + H. Free Shipping on 2 or more!
COD add $4. Call or send VISA, MC, MO.
DECO INDUSTRIES, Box 607, Bedford
Hills, NY 10507. (914) 232-3878.

CIRCLE 127 ON FREE INFORMATION CARD
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I
P~~~E ISf~E
740 200
825 200
1,145 150
1,670 225
2,095 355
2,565 535

• DC to l 00MHz
• Dual Channel
• Delayed Sweep
• CRT Readout
• Sweep Tim e
• Autora nging
• Trigger Lock
• 2mV Sens it ivity

LIST
$825
$940
$1,025
$1,295
$1,895
$2,450
$3,100

• DC to 40MHz
• Dual Chann el
• CRT Readout
• Cursor Meas
• DC Off set
• All Magnifi er
• Compact Size

D.T., 1mY sens, Delayed Sweep , DC Offset, Vert Mod e Trigger
D.T., 1mv sens , DC Offset Vert Mode Trigger, All Mag
D.T., 1mV sens, Delayed Sweep, DC Offset, All Mag
D.T., 2mV sens, Delayed Sweep, CRT Readout
D.T., 2mV sens, Delayed Sweep, CRT Readout , Cursor Meas
O.T., 1rnv sens, Delayed Sweep, CRT Readou t, DYM, Cou nter
O.T., 1mY sens, Delayed Sweep, Curso r Meas, DYM, Cou nte r

Y·223 20MHz
Y·422 40MHz
Y·423 40MHz
Y·660 60MHz
Y·1065 100MHz
Y·1100A 100MHz
Y·1150 150MHz

V-425 $849
List $1,070

List $595
Save $170 ~';;';";:"';':";;'''''';''' --L'';:;;';;';~';;'';;'';;' '''

20MHz Dual Trace Oscilloscope
All Hitachi scopes inc lude probes, sch ematics
and Hitachi's 3 year guaranty on parts and
labor. Many accessor ies availab le for all
scopes.

ELENCO PRODUCTS AT DISCOUNT PRICES

SCOPE PROBES
P-l 65MHz,t x,lOx $19.95
P-2100MHz,I X, lOx $23.95

• 6" CRT
• Built in

component tester

• TV Sync

35MHz Dual Trace Oscilloscope
$495

MO-1252
• High luminance 6 " CRT
• 1mV Sensitiv ity
• 6KV Acce lerat ion Voltage
• 10ns Rise Time
• X·y Operat ion ' Z Axis
• Delayed Triggering Sweep

Top qual ity scopes at a very reasonable price . Contains all desired features. Two t x, lOx probes , diagrams and manual. Two year guaran tee.

20MHz Dual trace Oscilloscope

$375
MO-1251

ST·265
$25

0-1000A AC
Works with
most DMM

5 Year
Warranty

AC Clamp-On
Current Adapter

Digital LCR Meter
LC·180o

$125
Measures
Coils 1uH·200H
Caps .1pf·200uf

P: .:.: Res .01·20M

Decade Blox
.........:. "·::=:-f.', #9610 or
="j': :i~.: , #9620
':.::-:::-::::::- . $18.95
#9610 Resistor Blox
47 ohm to 1M & 100K pot
#9620 Capacitor Blox
47pfto 10MFD

Provides sine,tri,squ wave
from 1Hzto 1MHz
AM or FM capability

~~====:::~1~50:w;!;powe r Supply
5/ 10MHz Motherboard 256K RAM
8 Expansion Slots Expandableto 640K
Math Compressor Slots Monochrome Monitor
360K Floppy Drive Monographic VideoCard
ATStyle Keyboard Parellel Printer Port

FREE sproadsheet and word processor
3.XXMS DOS and GW Basic add 75.00

10Mhz XT 100010 IBM® Compati b le

MODELPC-l000

$5952·20V at 2A
12V at lA
5V at 3A
·5V at 5A

XP-580

$59.95

3112 Digit Probe Type DMM

~:::r;~",:::::::--,,,,,,,,,,,,; M-190o
$39

Convenient one hand ope ration with batteries
Measures DCY, ACV, Ohm s and case
Audible co ntin ui ty check , Data hol d

GF-8016 Function Generator
with Freq. Counter

$249
,...·. ::!!ll!:k&....Sine , Square, Triangle

PUlse, Ramp, .2 to 2MHz
Freq Counter .l - 10MHz

GF·8015 without Freq. Meter $179

Fully regulated and
short circu it protected

XP·575 without meters $39.95

XP-765

$249

Wide Band Signal Generators
SG-900o $129

RF Freq l00K·450MHz
AM Modulation of 1KHz
Variable RF output

SG·9500 with Digital Display
and 150MHz bullt·ln FreQ Ctr $249

Four-Function Frequency Counters
F-l00 120MH

$179
F·l00o 1.2GH

Fre;-;nCy, Period, To;:;e, $259
Self Check with High Stabilized Crystal Oven
Osci llator, 8 d igit LED display

WE WI~L .NOT BE UN~ERSOLD! C & S SALES INC. 15 Day Money Back Guarantee
UPS Shipping: 48 States 5 / 0~~ 1245 Rosewood. Deerfield. IL 60015 2 Year Warranty Pncessubject to change

($10 Max) IL Res., 7% Tax~~ (800) 292-7711(708) 541·0710 WRITE FOR FREE CATALOG

Digital Triple Power Supply

0-20Vat lA
0·20Vat lA
5V at 5A

Full y Regulated, Short c irc uit protected with
2 Limi t Cont ., 3 Separate supplies

XP-660 with Analog Meters $175

PRICE BREAKTHRU True RMS 4lh Multlmeter with Digital Capacitance Meter
on Auto Ranging DMMs Digit MulUmeter Capacitance and

CM·1550Transistor Tester
3 to

$135
M-70oo

$55 CM·150oA $58.95choose
from: 9 Ranges

MDM-1180
.05% DC Accu racy .1pf·20,OOOufd
.1% Resistance .5% basic accy

$24.95 • with Freq. Counter Zero cont rol

MDM-1181
. and delu xe case wi th case

$27.95 Bench DMMS SOLDERING STATION

MDM-1182
Temperature Controlled

1" _"_ ' "H'~• • • • SL-30 9430
$29.95

-0 $99
1,100 pins $15

• 3 112 LCD Display I . .,. ._--, 9434
.27Functions

~
Digital display 2,170 pins $25

• Auto IManual Ranges [3 9436
M·3500 M·4500 Temprange: 2,860 pin s $35• AudibleContinu~y 300F·900F

• Data Hold (MDM-1182) 3 1,7 digit $125 4V, dig it $175 Grounded tip All have co lor

• .1% Accuracy (MDM-1181) .1% accy .05% accy Overheat protect code d pos ts
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IF YOU'VE SEEN A RECENTLY PRODUCED

motion picture presented in a modem
theater, then you are undoubtedly
aware of the stunning realism and dra
matic impact created by the use of the
Dolby-stereo surround-so und audio
process . The system was developed
by Dolby Laboratories for the mo
tion-picture industry to literally sur
round viewers with sound and place
them in the very midst of the action.

For anyone unfamili ar with the
concept, the Dolby-stereo surround
sound process works to increase the
sensation of " being there " by re
producing distinct sounds toward the
front, sides, and rear of the viewer. In
practice, it is accomplished by feed
ing the primary stereo soundtrack to
speakers located behind the screen on
the left, the center, and the right side
of the theater.

Simultaneously, an additional au
dio channel, decoded from within the
primary channels, is sent to a system
of smaller speakers located to the
sides and to the rear of the audience.
That additional surround channel is
used to re-create ambient sounds like
wind noise or "on location" street
sounds as well as spec ia l so und
effects intended to travel past the au
dience from front to rear, or even to
seem to circle overhead.

Since the mid 1970's , over 1100
motion pictures have been produced
with surround-sound tracks. Because
the process encodes the surround in
formation into a 2-channel stereo sig
nal, when the movies are transferred
to video tapes and laser discs, the
encoded information remains intact.
However, in order to enjoy surround
sound at home, at the very minimum,
a stereo VCR; some type of decoder,
and additional surround speakers are
required .

The basic principle of all surround
sound decoders, from the simplest to
the most expens ive, is the same. They
all reproduce the surround informa
tion by recovering the (L - R) dif
ference signal which is encoded into
the left and right channels of the
movie soundtrack. The decoder pre
sented here goes beyond the ca 
pabilities of a simple surround-sound
deco der. Besides the surround de
coder circuit, additional circuitry is

ACOUSTIC
FIELD GENERATOR

Our AFG will turn any livingroom into a
full-sized movie theater or concert hall.

TOO T. TEMPLIN
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SURROUND
OUTPUT

TO LEFT
POWER AMP

lFIG.6)

TO RI GHT
POWER AMP

lFIG.6i

7kHz
LOW PASS

FIG .5

LEFT
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OUTPUT
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J4
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J6

R32
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o
BYPASS

R29
150!l

RIGHT
WIDE

R25
l OOK R26

150!!

DELAY SECTION
FIGA

SUBWOOFER

75Hz LOW PASS LEVEL ~ J7
FIG.3 j

I SUBWOOFER
OUTPUT

R79 t)........'---- -->--- - J8

- i

R24
lOOK

o Sl

R80 MONO
lOOK NULL

R19
47K

Rl7 - 12V
47K

R22
lOOK

R20
lOOK

R23
lOOK

R12
47K

R16 -=
lOOK

Rl3
47K

Rl8
330K CENTERCHANNEL

r'tI<'I'r-...-- - -.JV\'I'r-+--l BANDPASS FILTER
IL+ RI FI G.2

8

- l 2V

BUFFERS

I
Rl0 ~
47K ~

i

J2
RIGHT(O't-U--<I>-=l
INPUT

.n
LEFT (rY.--U--<I>-4

INPUT

FIG. 1-THE AFG IS MADE UP OF 10 relatively simple circuit elements.

FIG. 2-THE CENTER-CHANNEL SPEECH FILTER is built by cascading a 3-kHz low-pass
filter with a 300-Hz high-pass filter to form a band-pass filter.

" Ac ousti c F ie ld Ge nerato r," but
we ' ll call it the AFG for short. This
ar ticle is not intended to provide an in
depth tuto rial or techn ical description
o f th e s u rro u nd-s o und sys te m.
Rather, it is intended to show you how
to con stru ct and install a high-quality.
multichannel sound decoder for use in
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(L+ R) R62
20KINPUT

FRO M R64
st 10K

R63 R65
10K 10K

RS7

C50 C51 8.06K

.012 .01 LOW PASS HIGH PASS R68
3kHz- 18dB 300Hz-18d B 9.53K

-=

used to create w ide -left, ce nter-d i
alogu e , wide -right , an d subwoofe r
s ig na ls. Pre senting th ose s ig na ls
through six properly arranged speak
ers result s in the acou stic al illusion of
a large, almos t boundless, three-di 
mensional li st ening en vironm ent,
even in a small room : henc e the nam e ,

TOS3
OUTPUT

R70
150l!

- 12V

your home .
The AFG offers t wo differen t

mod es of operation; " matrix" and
" conc ert. " In the matr ix mode, the
(L - R) difference signal is recovered
from surro und-encoded source mate
rial and is then passed throu gh a 2048
stage bucket-brigade delay line . The
delay is con tinu ously adju stable from
about 5 to 35 mi lliseconds, and has a
bandpass of 50 Hz to 15 kHz . That
ena bles the acc urate decoding and
present at ion of the surro und-cha nne l
information present within the source
mater ial . The (L + R) sum signa l is
also recovered to be sent through the
delay section of the AFG when the
conce rt mode is se lected . That im
part s the ambience and rea lism of a
live co nce rt-hall performance to mu
sica l mat eria l played th rough the
AFG. In either mode . the output of
the decoder/de lay sec tion is sent to a
pair of 10- wa tt-per-ch an nel power
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PARTS LIST
amplifiers, included on the main cir
cu it board, for driving a pair of sur
round-channel speakers .

The AFG also provides a means of
great ly increasing the apparent sepa
rat ion or "width " of the stereo image
presented by the front speakers . In an
ordi nary decoder, the left- and right
channel signals are sent to the front
speakers unaltered, and the center
channel, if present at all, is fed a
simple sum of the left and right sig
na ls. A ltho ugh that tec hnique pro
vides a very solid fron t so unds tage, it
severely limits the sys tem 's abi lity to
convincingly present extreme-left 01' 

right sound effects . And, because the
screen in most home-video syste ms is
re latively small, especially whe n
compared to the screen in a movie
theater, dialogue which sho uld be
confined to the screen, tends to appea r
off screen in the left and righ t speak
ers-particularIy for viewers seated
off center.

The AFG uses frequency-se lective
circ uitry to cancel some of the di
alog ue from the left and righ t chan
nels, but that creates a phanto m
"hole" in the center of the sound
stage . So, the AFG also creates a cen
ter dialogue channel to fill that hole
by summing the left and rig ht chan
nels and passing them throug h a band
pass filter with a res po nse curve
wh ich favors the range of frequenc ies
covered by the human voice . Feedi ng
the voice-only "dialogue" signal di
rectly to the speakers in the video
moni tor locates the dialogue firmly
on the screen without des troying the
spatial effec ts of the front sou ndstage .

Finally, the AFG incl udes a 7S-Hz
act ive low-pass filter for dr iving a sub
woofer setup. If you are not curre ntly
using a subwoofer as par t of your sys 
tem, you are missing out on the dy
namic impact and heightened level of
exci tement which is imparted by the
extreme low-freq uency sounds used
in motion pictures, primari ly as a spe 
cia l audio effect. The subwoofer out
put of the AFG has t ha t so nic
infor mation iso lated and ready to feed
to a power amplifier and speaker of
your choice. You may wis h to consult
wit h a local audio dealer for advice on
se lecting a proper subwoofer an d
power amplifier. Suffice it to say, that
a relatively high-power am plifier and
large subwoofer wi ll be required if
you intend to fill your roo m w ith
earth-shaking bass that goes far
beyond the capabi lities of mos t "full-

All resistors %-watt , 5%, except as
noted.

R1-1500 ohms
R2, R3, R54-22,000 ohms
R4, R5, R32, R33-1000 ohms
R6, R7, R61, R62, R74-20 ,000

ohms
R8, R9-1 ohm, Y2-watt, 5%
R10-R13, R19, R34, R35-47 ,000

ohms
R14-R17,R2D-R25,R47-R49,R55,

R56-1 00,000 ohms
R18, R57-330,000 ohms
R26-R31, R66, R70-150 ohms
R36-R43, R67-8060 ohms, 1%
R44-R46-16,000 ohms
R50, R51-5600 ohms
R52-2400 ohms .
R53-8200 ohms
R58-R60 , R63-R65, R71-R73-

10,000 ohms
R68-9530 ohms, %-watt, 1%
R69-1 02,000 ohms, %-watt, 1%
R75, R8Q-100,000 ohms,

potentiometer
R76-10,000 ohms, potentiometer
R77-50,000 ohms, PC-mount

potentiometer
R78, R79-1000 ohms, PC-mount

potentiometer
Capacitors
C1-C4-2200 fLF, 25 volts,

electrolytic
C5, C6-10 fLF, 35 volts, radial

electrolytic
C7-C12, C19-C22, C27, C28, C30,

C31, C45, C49, C58-0.1 fLF, 50
volts, metal film

C13,C14, C23, C24, C43-2.2 fLF, 50
volts , bi-polar radial electrolytic

C15, C16-22 fLF, 16 volts, bi-polar
radial electrolytic

C17, C18-0.22 fLF, metal film
C25, C26-0.047 fLF, metal film
C32-C34-3300 pF, polyester
C36, C37-2700 pF, polyester
C38-C41-270 pF, 5% ceramic disc
C42, C47-0.47 fL F, metal film
C44-120 pF, 5% ceramic disc
C46-0.56 fLF, metal film

range" speakers . It is preferable to
place the subwoofer toward the front
of the soundstage, although the exact
pos itio n is not cri tica l, due to the ear's
inability to accurately locate very low
freq uency sound . Thus , many sub
woofers are des igned to physically re
sem ble an end table or other piece of
furn iture, so that they can aesthet
ically blend into the other room decor.

The AFG was designed to be co n
nected into the pre-a mp /power-a mp
loop of your reg~lar home entertain-

C48-0.039 fLF, metal film
C5Q-0.012 fLF, metal film
C51 , C56-0.01 fLF, metal film
C52-1000 pF, 5% polyester
C53-C55-0.027 fLF, metal film
C57-5600 pF, 5% polyester
C58-4700 pF, 5% polyester
C59-470 pF, 5% ceramic disc
Semiconductors
01, 02-1 N5400 50 PIV3-amp diode
IC1-IC4-LF347 quad JFET
IC5-MN3008 2048-stage bucket

brigade device
IC6-MN3101 2-phase clock
IC7-7812T +12-volt regulator
IC8-7912T - 12-volt regulator
IC9, IC10-LM1875T audio amp
LE01-light emitting diode pilot lamp
Other components
T1-Power Transformer 25.2 Volt

Center Tapped 2 Amp.
F1-F3-1-amp fuse
J1-J8-8-pin RCA-style jack panel
J9-J12-4-position pushbutton

speaker-terminal panel
81, 82 , 85-8POT switch
83 , 84-0POT switch
Miscellaneous: speakers of your

choice, 5 14-pin IC sockets, 1 8-pin
IC socket, 1 heat sink (2 x 2 x 5%
inch aluminum angle stock), 2
TO-220mica insulators with mount
ing hardware, silicone grease, 3 in
line fuse holders, 3 knobs, chassis,
linecord, solder, etc.

Note: The following items are
available from T3 Research, Inc .,
5329 N. Navajo Ave., Glendale,
Wisconsin 53217-5036: An
etched, drilled, and plated PC
board, $15.00; a basic parts kit
consisting of all semiconduc
tors, resistors, and capacitors,
$55.00; a piece of aluminum
stock for the heat sink, $3.00.
Please include $2.50 for postage
and handling with your order.
Wisconsin residents please in
clude appropriate sales tax.

ment sys tem. Co nsequently, all the
functions of the AFG may be switch
ed to bypass and unity gain to effec
tively remove it from the syste m, if
require d . We believe , however, that
once you experience the added sonic
dimension that the AFG adds to mu
sic as well as movies, you' ll never
want to swi tch it off.

About the circuit
Whe n viewed as a whole, the AFG

circuitry is qui te co mplex. However,
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FIG. 3-AN ACTIVE CROSSOVER NETWORK for dri ving a high-power subwoofer system
is made from IC3-a and IC3-b.

SUBWOOFER
OUTPUT

R7S>-_-o
lK

LEVEL

C47
.47

s wi tc h ing purpo se s. E lec tri c a l
cha rges corresponding to analog sig
nals are tran sferred from one stage to
the next by a two-phase clock drive,
in the same manner that a fireman 's
bucket brigade tran sfer s a pa il of
water from one man to the next. A
signal presented at the input is trans 
ferred down the line of buck ets toward
the output at a speed controlled by the
clock frequency. The more slowly the
clock runs, the longer it take s for the
signal to travel through the circuit.
(See discussion of BBD theory in the
October 1986 Radio-Electronics .)

The amount of del ay required in our
system varies bet ween appro ximately
5 and 35 milliseconds , so our first
con sideration must be to select the
proper range of clock frequenc y. The
delay time of a BBD is equal to the
number of stages div ided by twice the
clock frequency. So, based on man
ufacturer's data for the MN310 I
clock-g enerator IC, value s were
chos en for R53, R54, R77 , and C44 ,
to produce a clock frequency, adjusta
ble via R77, which varies from about
30 kHz to 130 kHz.

Our next consideration deals with
the property of delay lines known as
aliasing . If the frequency of the signal
app lied to the input of a delay line
becomes higher than one half of the
clock frequency, the time available to
store the sample of that signal in the
capacitor becomes too short. The am
plitude of that sign al's frequency has a
value which changes during the time
of the sample , so the charge stored in
the capacitor is not an accurate repre 
sentation of that instant of time . To
avoid the problem and the resulting
distortion , a filter is placed ahead of
the BBD which limits the input fre
quenc y to one half of the lowest clock
frequen cy used . Given that we'd like
to run the cloc k at speeds as slow as 30
kHz, we must limit the maximum fre-
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The center-channel dial ogue filter,
or speech filter if you prefer (see Fig .
2), is built by cascading a 3-kH z low
pass filter with a 300 -Hz high-pass
filter to form a band-pass filter. The
freq ue ncy ch ar acte ri stic s of th e
human voice fall predominantl y with
in that range . As with all of the other
filters used in the AFG, those are of
the 3rd order Butterworth de sign .
That design was chosen because it
offers minimum peaking within the
passband . It has a sharp - 18 dBI
octave cutoff, a flat voltage and power
frequency response , and minimum
phase change within the passband .
The output of the bandpass filter is
routed to the high side of 53 . That
switch allows the center-channel out 
put of the AFG to be switched be
tween the dia logue filter and the by
pass mode .

As shown in Fig . 3, IC3 -a and IC3
b form an active crossover network for
driving a subwoofer. IC3-a sums sig
nals from the left -and right-channel
buffer amps , it inverts the summed
sign al 180 degrees, and it provides a
low driving impedance for the follow
ing filter stage . IC3-b and its associ 
ated RC network form a 75-Hz , 3rd 
order low-pass filter. Because the filter
inverts the signal another 180 de
gree s, the signal that appears acros s
R79 (which is the output-level con
trol) is back in phase with the original
input signal.

The delay section of the AFG ,
shown in Fig. 4, is built around the
MN3008 Bucket Brigade Device
(BBD) , made by Mat sushita (Pan
asonic), and the MN310 1 two-phase
variable-frequency clock generator.
The BBD is a P-channel silicon-gate
MOS LSI circuit comprised of 2048
bucket-brigade stages fabricated on a
single chip. Each stage con sists of a
small capacitor that stores an electric
ch arge and a tetrode transistor for

referring to the simplified schematic
in Fig. I, you can see that the AFG is
reall y made up of 10 relatively simple
circuit elements . ICI-c and ICI-d are
configured as unity-gain non-invert 
ing buffer amplifiers . They transform
the 47 -k ilohm input impedance,
which is set by RIO and RIl, to a low
impedance source which drives all of
the AFG amplifiers , filters, and by
pass outputs .

The summing (L + R) amplifier,
IC2-c, combines equal amounts of
the left and right signals, via RI4 and
R15, to develop a total composite sig
nal. Left - and right-channel signals
are applied equally through RI3 and
RI2 to IC2-d , the difference (L - R)
decoder. Any signal that's common to
both channels is canceled by IC2-d,
thus forming one signal which con
tains none of the common " mono"
information present in the original
stereo signal . Potentiometer R80 pro
vides a means of exact ly balancing the
inverting and non -inverting gains of
the amp lifier for a perfect null.

The stereo width-enhancement cir
cuit is made up from ICl-a and ICI -b .
It works similarly to the (L - R) de
coder, except that C25 and C26 have
been added in the inverting inputs of
each op-amp. Consider, for the mo
ment, just the " right wide" circuit of
ICl -a; C26 and R23 form a gently
sloping high-pass filter for the left
channel signal onl y. Thus, the amount
of signa l cancellation is dependent on
frequency and the relative amplitude
between the two channels. In other
words, the more a signal is the same
in both channels , the more it is re
moved from the output of the circuit;
the effect increases as the signal' s fre
quency rise s. If, however, the input
sign al appears on ly in the right chan
nel , no matter what its frequenc y or
amplitude , it doe s not cancel in the
difference amplifier and appear s at
the output unaffected.

ICl-b functions in the same way to
.develop the " left wide" signal be
cau se its inverting and non-inverting
inputs are connected to the left and
right channels in a manner opposite
that of ICI-a. The net effect of all that

(j) is to increase the apparent separation
~z between the left and right channels by
~ eliminating some of the material como mon between them . The output of the
~ width-enhancement circuit is routed
6 to 54 , which se lec ts e it he r the
o " wide" or the bypas s signal for feed
ri ing the front- channel amplifier.
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FIG. 4-THE DELAY SECTION OF THE AFG is built around the MN3008 bucket-brigade
device and the MN3101 two-phase variable-frequency clock generator.

FIG. 5-A 3rd-ORDER 7-kHz LOW-PASS FILTER is made from IC3-c and its associated RC
network.

the last even stage to reconstruct an
exact repli ca of the input signa l. The
purpose for doin g that is to self-cancel
any of the clock signal from the out
put of the device ; R48 and R49 are the
source-- Ioad resistors for the last two
BBD stages and R50 and R51 sum the
two o utputs. The del ayed signa l is
next applied to another 3rd-o rder 15-
kHz low-pass filter comprising IC4- c
and its associated RC network . TI1at
last filter is required to stop any re
mainin g clock signa l from reach ing
the output of the c ircuit. Potent iome
ter R78 is there to serve as the volume
control for the surround channels by
co ntrolling the am ount of delayed sig
nal that is applied to the power ampli
fier s.

To provide for increased high-fre-

C57 C58
5600pF 4700pF

<D
<D
o

'
}>
z
c
}>
JJ
-<

TO
S28

C59
470pF

quency noi se reduct ion in the sur
round channel and to more closely
comply with the Dolb y Laboratori es
standards for surround sound , a 3rd 
order 700kHz low-pass filter is included
in the AFG design . As shown in Fig .
5 , IC3-c and its assoc iated RC net
work form s the filter ; 52 then selects
bet ween the output of that filter and
the bypass mod e . If you refer back to
Fig . I , notice that the wiper of 52 is
connected to two circuits; it goes di
rectly to the left surround power am
plifier via R31, and to IC3-d , a unit yO.
ga in invert ing ampl ifier, via R32. The
output of IC3 -d dri ves the right sur
round power amplifier via R30 . The
reason for driving the power ampli
fiers out of phase will be explained
shortly.

R74
20K

R7S
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Rn
10K

R7l
10K

FROM
R78

quency that we apply to the BBD to 15
kH z .

If you refer back to Fig. I , 5 I se
lects the sig nal to be delayed ; eith er
the differen ce signa l (L - R) fro m
IC2 -d in the matrix mode or the sum
signal (L + R) from IC2-c in the con
cert mod e . The selec ted signal is fed
from 51 to the delay section (Fig. 4)
where IC4-d is configured as an inver-
ting amplifier; R75 adju sts the gain
bet ween unity and x 3 . Integrated cir
cuits IC4-a and IC4-b, along with
their associ ated RC net works , are
identical 3rd-order IS-kH z low-pass
filters. Cascading two filters produces
a very sharp cut off (- 36 dB per
octave) , which is con veni ent , as it
eliminates an y problem s th at may
arise with ali asing , while maint ainin g
a respec table IS-kHz band width for
the sectio n. Pot entiometer R7 6 is
used to adj us t the bias vo ltage re
quired by the BBD to exactly one half
the supply voltage; a requirem ent of
the device . Notice that both the BBD
and the clo ck IC run off of the nega
tive power-supply ra il.

Anothe r property of a BBD is that
clock ph ase I dri ves all the odd
numb er stages of the device and clock
phase 2 drives all the even stages .
When the signal reaches the end of the
line , the out put of the last odd stage
must be combined wi th the output of

39



FIG. 8- THE PROTOTYPE ACOUSTIC FIELD GENERATOR. It's a tight fit in this cabinet ,
but it makes for a neater finished unit.

The surround channel power ampli
fiers of the AFG , shown in Fig . 6 , are
designed around a pai r of LMI875
monolithic po wer- amplifier IC 's .
Chos en primaril y because they re
quire very few external parts to imple
ment , and they also offer very low
distortion , fast slew rate , wide power
bandwidth , and the ab ility to deliver
up to 20 watts into an 8-ohm load; all
in a 5-pin TO -220 package . Because
of limited heat-sink space in the AFG ,
we are running the LMI875 at about
half of its power cap ability. The cir
cuit configuration of the power amp is
essentially the same as that of any
ordinary op-amp operating in the in
verting mode . Notice however, that
there are two separate ground-return
lines to the power supply. That is nec 
essary because high currents flow
through the output ground-return
line. If a common ground-return line
were used for both the input and out
put signal, those currents could de
velop enough voltage across the
resistance of the return line itsel f to
effectively act as an input signalto the
amplifier, thus causing problems such
as high -frequency oscillations or dis
tortion .

The power supply of the AFG ,
shown in Fig. 7, is of conventional
design. A 25-volt center-tapped trans
former, along with diodes Dl and D2 ,
produces about ± 18-volts unregu
lated DC. Two 2200-f.LF filter capaci
tors are used in each leg of the supply
to provide ample energy storage to
meet the high -cu rrent demands of the
audio output ampli fier IC's during
high -output peaks. Integrated circuits
IC7 and IC8 regul ate the positi ve and
neg ati ve su pply rail s to plus and
minus 12 volts for use in the low signal
level circuits . The plu s and minu s 12
and 18-vol t ra ils are b ypassed to
ground by O.I-f.LF capacitors dis 
tributed throughout the entire AFG
circuitry. That keeps the impedance
of the supply rail s at audio frequen
cies as low as possible , thus reducing
the interaction between the various
circuits .

That' s all we have room for 'this
tim e . We 've gi ven you the list of
parts, so that you can at least gather
all of them together. Next month we 'll
give you the foil pattern and part s
placement diagram so you' ll be able
to bui ld your own AFG. You'll find
that more fun than j ust looking at ours
which , by the way, is shown in Fig . 8 .
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FIG. 7-THE POWER SUPPLY produces about e 18-volts unregulated DC.

FIG. 6-THE SURROUND CHANNEL POWER AMPLIFIERS are designed around a pair of
LM1875 monolith ic power-amplifier IC's.
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MICROPROC ESSOR SYSTEMS OFTE N
monitor several signals at once, like
address or data bus contents. That's
often difficult to duplicate with most
log ic probes, and logic analyzers are
too expensive for most hobbyists .
One solution is to build an eight -bit,
3-chip, word-recognition logic ana
lyzer for about $6. The low parts cou
nt keeps size and power demands low,
so it can run directly off the Cir
cuit-Under-Test (CUT).

3-CHIP
LOGIC

ANAL¥ZER

'»
z
c»
:0
-<
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If you have ever needed a simple logic analyzer,
or wanted to know more about how they work

or how to use them, then try our $6 circuit.

J.J. ROBINSON /I

Construction ~~~;;:~~i~:::::;~li~~!~::!~~~;ii~~~~~~The prototype, shown in use In

2 , was built on a PC board using wire
wrap IC sockets and a nine -element
SIP-resistor array. The test
should be about six inches 10nl~g~. ~Tfi~~!SSi~;;;il..=.....Oii""~=:;~~
push-on connectors are single:break-
apart, Molex IC sockets, covered with
heat-shrink tubing; you could also use

Principles of operation
The schematic is shown in Fig . 1. It

uses two cascaded four-bit 74LS85
digital magnitude comparators, ICI
and IC2, to monitor an eight -bit sig
nal in any TTL-compatible environ
ment. The digital word being sent is
entered on a group of DIP switch in
puts (SI -a-SI-h). If it's matched by
signals from the test device inputs
(TPO-TP7), the upper 74LS85 sets
pin 6 high .

The 74LSOO is a quad 2-inp ut NAND
gate; IC3-a and IC3-b make up an R-S
flip-flop, IC3-c is unused , and IC3-d
is used as an inverter to drive one flip
flop input. The two flip-flop inputs are
pin I on IC3-a, and pin 4 on IC3-b.
Pin I on IC3-a is kept high by being
tied back to + 5V through R3 -i.
Pressing the RESET switch, S2, mo
mentarily grounds pin I oflCI and pin
6 of IC2 , turning off QI and LEDI.

The high from pin 6 of IC2 sets the
flip-flop, driving pin 6 of the 74LSOO
high, turning on QI and LEDI until
the user presses S2. However, test
points TPO-TP7 shouldn't have
latched yet. A comparison ripples
through a 74LS85 in about 32 micro 
seconds (worst case), so each eight
bit word has to last about 64 nanose
conds for valid comparison . That
shouldn 't cause problems with 4-8 _
MHz microprocessor signals .



FIG. 1-SCHEMATIC OF THE 3-CHIP LOGIC ANALYZER. It 's made from two cascaded
74LS85 4-b it magnitu de comparators (IC1 and IC2), and uses an 8-switch SPSP DIP
switch S1and 8-res istor SIP array R3 to set the bit states compared against. The output of
IC2 is fed into inverter IC3-d, which feeds into RS flip-flop IC4-a and b, which drives 01 and
LED1.
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an IC test clip. The space between the
PC board and the tested circu it has to
be insulated with a sheet of plastic or
small block of wood. At high frequen
cies, use a shielded enclosure. The
prototype PC board operated reliably
when unshielded near a 16-MHz vid
eo PC board .

Testing
The circuit can be tested with a

static input word on the test leads.
W he n th e ana lyzer's sw itc hes
(SI- S8) match it, LED! should light.
If the switches are then changed so
they no longer match , LED! should
stay lit. If S2 (RE SET) is now pressed ,
LED! should go out. If that doesn 't
happen , carefu lly check your work
for wiring errors .

Applications
There are three tests for which the

analyzer is quite useful:
• Data bus: Connect the test leads in
th e correc t or de r to th e micro 
processor data bus , and check for the
desired eight-bit test word . They can
be elements of the machine language
program, data transmitted to the mi
croco mputer by another device , etc .
• Address bus: Co nnec t th e tes t
leads to the address bus; since it's
often 16 bits long , only half can be
monitored at once . The upper half
will usually be the most significant ,
and will show what parts of the ad
dress space the system is accessing
under program control.
• Con trol signals: Connect the test
leads to monitor a selection of control

PARTS LIST

All res istors are %-watt, 5%.
R1 , R2-10,OOO ohms
R3-a-R3- i- 10,OOO ohms x 9 SIP

network
Capacitors
C1, C2-0.1 f.l.F, ceramic disc
Semiconductors
IC1 , IC2-74LS85 magnitude

comparator
IC3-74LSOO quad NAND gate
Q1-2N2222 NPN transistor
LED1-light-emitting diode
Other components
S1 -a-S1 -h-8-switch DIP
S2-subminiature , momentary,

push-button SPST switch
TP1-TP8-Molex break-apart IC

pins
Miscellaneous: PC board, wire, sol

der, and heat-shrink tubing.

~~~~.:
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': ( rot

.. '"' ., \

' :' .J
FIG. 2-PROTOTYPE OF THE 3-CHIP logic
analyzer; note SPST DIP switch S1 and the
SIP resistor array R3 at upper left. The
eight pins covered with heatshrink tubing
are made from Molex break-apart IC pins.

signals, like chip-, write-, and read
enable (CE, WE, and RE) pins of memo
ry devices , I/O selects, etc. That can
show whether the CE, WE, and/or RE

are simulta neous ly active, whether
mu lti pl e memor ie s are s imulta
neously selected, and happens to be
very useful in debu gging address de
coding algorithms .

To use the ana lyzer, connect the
power and ground to the test circuit
points, and the eight test leads to the
appropriate signals. When a pos itive
match is found , the LED glows. For
the next test , enter a new searc h word
and press S2. R·E



ACTIVATED

Automatically silence your stereo or
TV as soon as your telephone rings.

MARK A. VAUGHT

of the dia l represents the num ber
be ing dialed. About five seconds after
the phone is hung up or stops ring ing ,
the audio resumes .

The reason for that delay is that
rota ry-dia l phones operate by making
and breaking a pho ne line connec
tio n, and the centra l-office equ ipment
would cou nt the number of pu lses for
each digi t of a phone number. If the
de lay weren' t pre sent , th e audio
wo uld be cut off when the pho ne
hand set is lifted up, but when a
number is dia led, the user would hear
the pul ses of the dial intermittently

Circuit description
The schematic of the audio-muting

circuit is shown in Fig . 1. A standard
phone line has abou t 48-volts DC on it
when open (on hook) , and about 5
volts DC when in use (off hook). The
ring sig na l is a low-frequ en cy AC
voltage superi mposed on the DC. Ro
tary pho nes dial by intermitten tly
making and breaking the phone-line
connect ion , togglin g it from 5 to 48
volts and back . That is , the number of
make/break pulses in a single rotation

cess ing like enha ncement or co m
pression prior to power am plificat ion .
If your equipment doesn 't have such a
jack, and if you're not using a sepa
rate preamp and power amp, you
might want to install the audio -muting
circuit in the tape loop.

IF YOU'RE USING A TELEPHONE. THE SOUND

from a rad io, stereo, or TV ca n be
annoyi ng. To avoid that nu isan ce ,
bu ild this phone-activated audio -mu
ting circuit. It cuts off the audio from
a radio , stereo , or TV when your
phone rings , or when the hand set is
picked up to make an outgoing call.
Abo ut five sec onds after a phone is
hun g up or stops ringing , the audio
resumes .

To use the audi o-muting c irc uit,
just co nnect it anywhere prior to the
speaker(s) of your radio , stereo, or
TV That app lies to low-power mono
or stereo aud io, whether from a radio ,
stereo sys tem, or TV For use with
high-power audio (above 20 watts),
place it between preamp and power
amplifier. Most recent stereo gea r has
a rear-panel j ack for audio -signa l pro-

AUDIO-MUTING
CIRCUIT

PHONE-

FIG. 1-SCHEMATIC OF THE AUDIO-MUTING CIRCUIT; RY1 switches audio inpu ts J1 and
J2 through J3 and J4, respect ively, or shorts J3 and J4 when the phone on PL2 rings or is
picked up. That continues for about five seconds after the phone stops ringing or is
picked up.
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PARTS LIST

FIG. 2-PARTS-PLACEMENT DIAGRAM for the audio-muting circuit. Note the spacing of
the pins of RY1, fo r orientation purposes.

between the audio .
The input stage, composed of Rl ,

10-volt Zener DI , and the base-emit
ter junction of QI , plac es a high-im
pedance loop acro ss the gree n (tip)
and red (ring) phone-l ine wires . The
current through the phone line should
be:

Iphone = (Vti(J-VD1-VBEl)/RI,
= (48 V-IO V-0 .7 V)/IOOK,
=373 f.LA.

That ca uses about a I-vol t drop
from the 48-volt level, that drives QI
into saturation at abo ut 200 millivolts.
If the phone rings or is picked up, Q I
cuts off and the inverting input of .
IC2-a goes to 12 volts . Next , voltage
divider R3-R5 biases the non invert
ing inpu t of IC2~a and the inverting
input 0 C2=o at:

VB IAS = Vcc X [R3/(R3 + R5)],
= 12 V X [20K/(20K + 10K)],
= 8 Y.

At that poi nt , the output of IC2 -a
goes low, discharging C3 . The output
of IC2-b goe s high, turning Q2 on and
driving it into saturation via R6 , and
activating relay RYI, breaking the au
dio path between J I and J2 , and 13 and
J4 . After the phone stops ringing, or
is hung up, the outp ut of IC2-a goes
high , charging C3 through R4 , with a
time consta nt of:

T= R4 X C3
= lOOK X 47 f.LF
= 4 .7 seconds.

If t he p ho ne r in g s before C3
reach es 8 volts as set by R3 and R5 ,
C3 discharges and the timin g cycle
restarts . After a ce rtain exponential
charging interva l , the potential across
C3 reaches 8 volts, and the output of
IC2-b goes low, turning off Q2 and
RYI and reconnecting the audio . The
final charging voltage in that case is
Ve=Ve e = 12 V, and the target volt
age is V, = 8 Y. Since T is known , the
charging interval is:

T=-2 .303 X T x LoglO[I- (V /Ve)l,
= -2.303 X 4 .7 seconds

X Log lO[ 1- (8 V!I2 V)),
= 5 .164 seconds .

~ When RYI energizes and the audio
z is cut off, aud io output terminals 13
~ and J4 are shorted through C4 to pre
o vent any hum introduced when the
~ audio-m ut ing circuit switc hes line
w6 level audio . Here , D2 prevents re-
o ve rse -bias spikes, ge nera ted by
-ca: switching RYI, from destroying Q2 .
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All resistors are %-watt, 5%, un-
les s otherw ise indicated .

R1 , R2, R4-100,000 ohms
R3-20,OOO ohms
R5, R6-10,000 ohms
Capacito rs
C1-47 fl-F, 16 volts, electro lytic
C2, C4-0.1 fl-F, 50 volts , non-

polarized (NP) ceramic disc
C3-47 fl-F, 10 volts, electro lytic
Semiconductors
BR1- NTE-5332 1-a mp, 600-voltPIV

4-pin DIP bridge rectifier
D1-NTE-140A 10-volt Zener diode
D2- IN4004 rectifi er
0 1, 0 2-2N2222 NPN transistor
IC1-7812 5-volt regulator
IC2- LM393N 14-pin DI P dual volt-

age compa rator
Oth e r'comp on ents
T1-120-volt/12 .6 -volt , 300-mA

transformer
RY1-5-volt, DPDT, 8-pin DI P Relay
PL1-AC line cord with plug
PL2-four-conductor modu lar te le-

Finall y, the grounds for J I- J4 in
Fig. I are separate from those of the
rest of the circuit . The ground symbol
for the main part of the audio-muting
circuit is the normal downward-point
in g , three-line , tr iangular arrow,

. whe reas the ground sy mbo l for J I-J4
is a downward-pointin g ope n tri
angle . The reason is that the rad io ,
stereo, or TV, shouldn ' t share a com
mon ground wit h the rest of the audio
muting circuit.

Also , the ground terminals aren 't
connected JI -to -13 and J2-to-J4, to
attempt to separate the channels and
avoid cros sta lk. The radio , stereo , or
TV wi ll have one common gro und for
all four terminals within its own ca b
inet , so joining all four gro und term i-

phone cord with plug
J1-J4-RCA phono jack
Mis ce llaneous: Case, AC line cord

grommet , two straight-l ine TO-3
transistor sockets, an 8-pin DIP IC
socket, wire, solder, and drill with
bits.

NOTE: A kit of parts is available for
$29.95 from Applitron Services,
2721 Creswell Road , Bel-Air, MD
21014. It includes an etched and
drilled PC board, but excludes
the AC line plug and cord PL1
with g rommet , modular tele
phone plug and cord PL2, and
the case. The PC board alone is
$15.00, should you wish to ob
ta in the pa rts locally. Please en
close $1.95 postage and han
dlin g; a llow 4-6 we e ks for
de live ry. Relay RY1 can be ob
tained separately from Ali-Elec
tronics Corp. , P.O. Box 567, Van
Nuys, CA 91408, (800) 826-5432 ,
fo r $2.50.

nal s of JI-J 4 shouldn ' t make any
difference . Simi larl y, you wo uldn' t
connect JI-to-J2 and 13-to-J4, since
that wou ld isolate input and output ,
preventing the speakers from be ing
properl y g ro u n d e d, and mi g ht
dam age whatever audio source is con
nected to J I and J2 .

You ca n also use the audio-muting
circuit wit h two mono sources', like
two TV 's , in s tead of one ste reo
source. but you have to isolate the
grounds for the two channels . In that
case , don 't connec t all four grounds
for J1-J4 together , or you mig ht get
one really nasty shock, and/or some
pretty spectacular fireworks . You can
co nnect the gro unds of J I and 13 and

continued on page 101
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Programmability
One of a CD player's big selling

points, after the quality of its sound , is <:0
its programmability. You can instruct ~

by bouncin g a laser beam off their
surfaces . It seemed only natural that
someo ne would eventually come up
with a sing le player that handled all
those formats, which are similar in
principle, and a quite a few compa
nies have done ju st that (see Fig. 4).

The devices are sometimes referred
to as " multi-disc players," (also as
"cornbi players") but the term " multi
disc" refers not to their ability to ac
cep t several discs at once, but to their
ability to accommodate severa l dif
ferent disc formats-c-one at a time, of
course . Even some portable units can
play both 5- and 3-inch CD 's without
the adapters that have some times been
necessary in the past.

Multi-disc players
There are now a numb er of diffe rent

disc form ats on the market offering a
num ber of different types of program
ming. There are conventional five
inch (actua lly closer to 4%- inches)
CD 's, the small three-inch discs that
offer a shorter " pop-size" playi ng
time , CD-V 's for music videos , and
8- and 12-inch laser discs for movies
and other visual materi al . What those
form ats have in common is that they
all involve spinning discs that are read

gra m caro usel changers to
play selections in a certain
order, or eve n to skip
some selections .

M a g a zin e-t ype
ch an g e r s accept c a r
tridges that can hold five ,
six, or as man y as ten
compact disc s (Fig , 2).
Aga in, the orde r in which discs an
selections are played is programma
ble , Magazines , which cost between
$ 15 and $30 each, from different
manufacturers are not interchangea
ble , although tho se used by Sony can
be swapped between their home and
car unit s, Mo st carouse l, and some
magazine players includ e a "single
play" dr awer for indi vidu al CD's .
And at least one magazine model has
twin drawers (Fig . 3) so you can re
load one while playing the other.

JOSEF BERNARD

WHE THER YOU 'RE BUYING A CD PLAYER

for the first time , or upgrading your
audio sys tem with a new one , 1990
has plenty in sto re for you, For one
thing , you' ll find that , as befits to
day' s political era, many of the new
players are " kinder and gentler."

CD players have changed a lot since
they were intro duced jointly by Phi
lips and Sony in 1983, For one thin g,
they cost a lot less tha n the $900 first
units , although you can still easily pay
that much and more if you put your
mind to it. For ano ther, the new play
ers are load ed with features and tech
nology that were barely a gleam in
designers' eyes ju st a few years ago,
Here 's what's new in the curre nt crop
of CD players ,

If you 're in the market for a new

CO player, you should familiarize yourself

with all of the new features available

Changers
It seems that the more we have , the

more we want. It isn 't enough to have
as much as 74 minutes of superior
sound recorded on an almos t inde
structible medium-now we don 't
even want to have to get up to change
d i s c s ! E nte r t he CD c ha nger,
Changers come in two varieties---ca
rousel and magazine , With a caro use l
changer (Fig , I) you load in as many
discs as it will hold , usually five , and
off you go, Whe n one disc is finished,
the next swings into place , Ass uming
that you always play a given set of
discs in the sa me order, you can pro-

WHAT'S NEW
IN CD

PLAYERS
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Take anyone of these HANDBOOKS
ELECTRONICS and CONTROL

• your one source for engineering books from
over 100 different publishers

• the latest and best information in your field
• discounts of up to 40% offpublishers' list prices

Publisher's Price $98.50
TELEVISIONENGINEERING
HANDBOOK
Edited by K. B. Benson
• 1,478 pages, 1,091 illustrations
• packedwith all the technical information

today's engineerneeds todesign, operate,
and maintain every type oftelevision
equipment

• extensive coverage ofreceivers, broadcast
equipment, video tape recording, video
disc recording, and the latest
technological advances

• providestelevision system and industry
standards for the U.S. and other countries

• the most comprehensive book on the
subject oftelevision engineering

287/35X

'-

Publisher's Price $114.50

ANfENNA ENGINEERING
HANDBOOK, SecondEdition
Edited by R. C. Johnson and H.[asik
• 1,408 pages, 946 illustrations
• covers all types of antennascurrently in

use with a separate chapter devoted
to each

• provides detailed data on physical
fun damentals, operating principles. design
techniques, and performance data

• up-to-the-minute information on antenna
applications

• a must for those involved in any phase of
antennaengineering

322/910

Publisher's Price $75.00

STANDARD HANDBOOK OF
ENGINEERING CALCUlATIONS,
Second Edition
By T. G. Hicks
• 1,468 pages, 793 illustrations, 499 tables
• puts more than 1,100 specific calculation

procedures at your fingertips
• every calculation procedure gives the

exact, numbered steps to follow fora
quick, accurate solution

• virtually allprocedures can beeasily
programmed on your PC or calculator

• uses USCSandSIunits in all calculation
procedures
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=
Publishers Price $89.95
MODERN ELECTRONIC CIRCUITS
REFERENCE MANUAL
ByJ. T. Markus
• 1,264 pages, 3,666 circuit diagrams
• a handy, desktop reference with 103

chapters organized by"family" grouping
• filled with predesignedand use-tested

circuitsto save you production time and
money

• includes concise summariesofall the
recent applications notes, journal articles,
and reportson each circuit, efficiently
organized andindexed for the practicing
engineer

Publishers Price $89.50

ELECTRONICS ENGINEERS'
HANDBOOK, Third Edition
EditedbyD. G. Fink andD. Christiansen
• 2,496 pages, 1,600illustrations
• the definitive reference to electronics

engineering
• fullyupdated to cover all recent advances

anddevelopments
• ranges from essentialprinciples anddata

to the latest designsolutions andpractical
applications - with an all-new chapter on
standards

• written and compiled by more than 170
contributors- allexperts in their fields

4 reasons
to join today!
1. Best and newest books from ALL pub
lishers! Books are selected froma wide range of
publishers byexperteditorsandconsultants to give
you continuingaccess to the best andlatest books
in your field.
2. Big savings! Build your library and save
money, too! Savings range up to 40% off pub
lishers' list prices.
3. Bonusbooks! You willautomaticallybe eligi
ble to participate in our Bonus Book Plan that
allows you savings up to 70% offthe publishers'
prices of many professional and general interest
books!
4. Convenience! 14-16 times a year (aboutonce
every 3-4 weeks) you receive the Club Bulletin
FREE. It fully describes the Main Selection and
alternate selections. A dated Reply Card is in
cluded. Ifyou want the Main Selection, you simply
do nothing- itwill be shippedautomatically. Ifyou
wantanalternateselection- or nobookatall- you
simply indicate iton the ReplyCardandreturn itby
thedate specified. Youwill have at least10days to
decide. If, because of late delivery of the Bulletin
you receivea Main Selection you do notwant, you
may return it for credit at the Club'sexpense.
As a Club member you agree only to the purchase
of two additional books during your first year of
membership. Membershipmaybe discontinuedby
either you or the Club at any time after you have
purchased the two additional books.

FOR FASTER SERVICE IN ENROLLING CALL TOLL FREE 1-800-2-MCGRAW'
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Name _

Signature _

I wish to order the following book:

o A,'ITENNAENGINEERING HAJ'iDBOOK (3221910)

o MODERNELECTRONICCIRCUITS REFERENCE~IANUAL (404/461)

o ELECTRONICS ENGINEERS' HANDBOOK, v«(209/820)

o TELE\1SIONENGINEERING HANDBOOK (0471790)

o STANDARD HANDBOOK OF Ei'\GINEERINGCALCULATIONS (28713;X)

McGraw-Hill BookClubs
Electronics and Control Engineers' BookClub®
P.O. Box 582
Hightstown, l'{J08520-9959

Please enroll me as a member of the Electronics and
Control Engineers' Book Club®andsend me the bookI
have chosen for only $14.95 plus local tax, postage and
handling. I agree to purchase a minimum of two addi
tional books during my first year as outlined under the
Club plandescribed in this ad. Membershipin the club is Address/Apt. #- - - --- - - - - - - - - - - - - - - - - - - -
cancellable by me or McGraw-Hillanytime after the two CIl}/StateJZlp -t-r-_ _ --::--::------,-----,-__-r-r- -r-r- ,-----_-----,-,-----,-------

book purchase requirement has beenfulfilled.Ashipping Thisordersubjectto acceptance bv~tcG,,"· fiJtl Offergoodonl, 10newmembers Foreign memberacceptancesubject10specialconditions
and handling charge is added to all shipments. ECGA-022

L ~
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FIG.1-A CAROUSEL CHANGER, such as Sony's CDP-CBESD, can accept up to five CD's
and play them in succession. It can be programmed to skip the tracks that you don 't
customarily listen to.

FIG.3-IF ONE MAGAZINE ISN'T ENOUGH, changers such as the Pioneer PD- T503 have
twin drawers so you can have two on line. You can also reload one magazine while the
other is playing. Sampling, f ilters, and ext ra bits

The first stage in converting an ana
log signal to a digital one , such as
what's used on CD's, is a process
ca lled samp ling. The ana log -to-digi
tal converter " peeks" at the analog
signal many times each second, and
the result of each peek is a number in
binary form , or a "sample," that rep
resents the instantaneous amplitude
of that signal-its level at the instant
of the "peek." The process is illus
trated in Fig . 5 .

To sample a waveform accurately,

information is stored in nonvo latile
RAM in the changer. When a maga
zine or, in the case of carousel players,
an assortment of discs is inserted into
the changer, the first disc is sca nned
and a manufacturer 's lD number
unique to it is retrieved from a sub
code (non-music) area . Programming
information for a given cartridge is
keyed to the ID num ber, and when a
par ticu lar number is sensed, the infor
mation pertaini ng to it is retrieved
from the changer's memory. If the
first disc in a cartridge is exchanged
for another, the program for that car
tridge has to be reentered . The
same also applies to disc assortments
for carousels . There 's one player that
can keep track of 226 discs at 20
tracks per disc , for a total of 4520
track s.

The recording format of compact
discs allows for index marks to be
included by the manufacturer to de
note poi nts on the disc of particu lar
interest. You ca n en ter the index num
bers as you wou ld track numbers to
ge t to those points immediately, or to
select certain port ion s of the disc dur
ing programming. Unfort unate ly, not
ma ny manufacturers take the trouble
to include indexing, and the feature is
largely un used .

A Custom Index feature on some
Sony players, though, permits you to
enter your own index point (as many
as six of them) into the player 's mem
ory. When you think you've marked
the proper place on the disc, you tell
the player; it then replays the three
second passage preceding the marked
point to allow you to review and, if
necessary, edit the index point. An
other touch of the button locks the
index point in memory. If you want to
adjust the position of the index poi nt
you can do so in increments of YlOo of a
second using the player 's FORWARD

and BACK buttons .

models can be programmed to auto 
mat ica lly insert a four-second pause
between se lec tions, so that you can
the n use the tapes on players wit h
automatic search functions . There is
at least one player on the market that
can scan a disc and find the loudest
passage, allowing you to se t the re
cording levels on your tape deck to
prevent distortion .

CD changers can be programmed
in the same way. The programming

a player to play some selections and
skip others (and even to replay ' the
same selections), or decide for itself
in what order to play the tracks (ran
dom- or shuffle-play) , and take it on
its ow n from there . Some players can
play tracks at random whi le remem
berin g to ignore the ones you don't
care for.

All players have a time di sp lay of
some sort , which is useful in making
up programs to transfer to tape. So me

FIG. 2-WITH MAGAZINE CHANGERS you can store your CD's in sets of five, six , or ten,
ready to play in pre-programmed order. The programming information is stored in the
changer and called from memory in response to the ID number of the first disc in the
magazine. This is JVC's XL-M401BK changer.
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FIG. 6-SIGNAL FLOW in a typical CD player. Much of the signal processing that takes
place in today's players occurs in the dig ital filter section .

FIG. 5-SAMPLING IS THE PROCESS of
recording the instantaneous values of a
waveform at specified intervals. The Ny
quist theorem states that, for accurate re
production , the sampling frequen cy must
be twice that of the highest frequency of
the signal sampled.

ket. As shown in Fig. 6 , the filter
pro ce sses the digital signa l almos t
immediately after it has been retrieved
from a disc . Oversa mpling s imply
means reading the digital inform ation
recorded on the disc at a mult iple of
the basic sampling rate of 44 .1 kHz.
That results in the frequenci es of the
harmonics being so high that most
aliasing products disappear (they are
filtered out , in effect) and those that
remain are far out of the way, where
they can cause little probl em and

where they can easily be removed by
an analog low-pass filter.

Oversampling can also increase the
accuracy of the information read from
a disc to some degree . It is not un
common to find CD players boasting
4 X and 8 x oversampling rates , rep
resenting frequencies of 176.4 and
352 .8 kHz. Generally speaking, the
higher the oversampling rate, the bet
ter the player.

Digi tal filt er s perform another
function. An analog signal that will
eventually wind up on a CD is first
recorded on magnetic tape in 16-bit
digital form , eventually winding up
on the disc as a stream of 8-bit digital
words that , in turn , represent 14-bi t
word s. (See "Compact Discs Bit-by-

the sampling frequ ency must be at
least twice that of the highest frequen
cy that is sampled . If it is lower than
that, the digitized signal will not be a
proper represent ation of the analog
one, and will be filled with distorti on
products . In the case of co mpact
di scs , the sa mpling freque ncy has
been standardized at 44.1 kHz, which
en sures reproduction of signals hav
in g frequencies up to (a nd a bit
beyond) 20 kHz, the theoretical limit
of hum an hearin g.

However, while that technique may
record the digit ized signal with con 
siderable accuracy, the process of
playing it back (converting the stream
of binary numbers back into an analog
waveform that can be amplified and
fed to a set of loudspeakers or head
phone s) introduces its own set of diffi
culties th at must be overcome if
accuracy is to be maintained.

In the sampling process used dur
ing playback to recover the data stored
on a CD , there is an interaction be
tween the frequency of the signal on
the disc and that of the sampling clock
(which sets the sampling frequency).
The interaction , which is known as
aliasin g, gives rise to sum and dif
ference frequ encies that repre sent ar
tificial (and erroneous) information
that never was on the disc . That infor
mation gives rise to distortion and can
also waste amplifier power.

To get rid of thos e unwanted har
mon ics, a tech nique known as aver
sampling is used. Oversampling takes
place in a section of the player called
the digital filter. In fact, as you shall
see, quite a lot happens in a CD play
er's digit al filter, and while the re
quired IC's used to be an expensive
high-end luxury, they are now found
on virtually every player on the mar-

FIG. 4-MULTI-PLAY UNITS can playa variety of laser-read discs containing audio or
video material. They include 3- and 5-inch CD's, CD-V's, and 8- and 12-inch laser discs.
This is the Philips CDV-487.

FIG. 7-THERE IS A SIX-DB DIFFERENCE
in signal strength repres ented from bit to
bit in the binary words used in digital re
cording for CD's. At the level of bit-O, the
least-significant bit, ambiguities in re
cording or decoding can result in an ar
tificial raising of a recording 's noise f loor.
Oversampling and other digital-filter pro 
cessing do much to reduce error at that
level and expand a player's effective dy 
namic range .

Bit" Radio- Electr on ics , August ,
1986 for details of the process and
information on what else is on a CD
besi des music .)

In the early CD players , it was con
sidered enough mere ly to deco de the
bit stream, con vert it back to 16-bit
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FIG. B-OVERSAMPlING ADDS EXTRA
data points to the waveform recon
structed from a CD's digital information.
The process yields a waveform that more
closely resembles the original one, and
also requires less processing.

sented by the first bit six dB above it.
Wha t's needed is so me extra bits to
smoo th things out and e limi nate any
ambig uity that may try to creep in
(that is part of what manufacturers
c laim as " im prove d linearity") .
Again, in early players , it was consid
ered sufficie nt to restore the dig ital
signa l to its origina l 16-bit form . As
the speed of D-to-A co nverter devices
increased , though , it became possible
for them to generate digital words of
even greater length than 16 bits in real
time from the information co ntained
on a CD.

Where do those ext ra bits co me
from'? They arise from the oversam
piin g process and from mathemat ical
ope rations that are perform ed on the
digital signal within the digital filter
which , as now become s obv ious, is
more than ju st a plain filter. Although
it is impracti cal to get into the math e
matics of the matter here, the Nyqui st
theorem , whi ch states that the mini-

that does not require as brutal an ana 
log filter. The addit ional data points
also make it possible to perform
(wi thin the digital filter, aga in) a pro
cess called noise shap ing, which re
d uces greatly the effects of a
phenomenon known as quantization
erro r, which is heard as noise .

Just prio r to the ana log output filter
is the circuitry that performs the digi
ta l-to -analog, or D-to-A co nversion.
A manufacturer ca n choose to ope rate
on any number of the bits generated
by the digital filter, but genera lly re
stric ts the number to 18. An 18-bit
D igital -to-Analog Co nver ter (DAC) is
abo ut as good as current manufactur
ing processes can produce at a reaso n
able cost. Some players advertise
" dual D-to-A co nverters." Using two
DAC's means tha t each has to work
less and is not being pushed to the
lim it of its performance; acco rding to
some it also adds extra separation be
tween channels .

FIG. 9-THE OUTPUT OF PHILIPS' one-bit, 256 x oversampling system is a string of
pulses of constant amplitude. The pulse density determines the signal's amplitude.

One-bit, 256 x oversampling
This year you will beg in to see CD

playe rs that offer 256 x oversa m
piing . That's a frequency of II. 2896
MHz , for those readers without their
calculators han dy, wi th one-bit ac
curacy ! "A ll right," you say, "what
happened to all the other bits '? " And
how can just a single bit tell you any
thing at all abo ut how a piece of mus ic
sounds'?

The answer depends on how you
un derst and the tech niqu e . In th e
MASH (multi-s tage noise-sha ping)
system patented by Japan's NTT, and
in another simi lar one developed by
Philips, all the bits reco rded on the
disc are used but, rather than bei ng
reorgan ized as they come off the disc
into 16-bit words, they are considered
as a stream of bits . one bit at a time .
(There is a good analogy to be made
with par allel and ser ial communica 
tion s in per sonal-com puter systems .)
The very hig h sampling rate ensures
acc uracy and smoot hness, and is the
equiva lent of sampling each bit of the
16-bit word 16 times .

Further accuracy is claimed to be
due to the use of a different D-to-A
con version system than is found on
conventiona l players . Tradit ionall y,
co nve rsio n of dig ital signals to analog
form has been done using comparator
networks weighted with resistors to
give a stepped-waveform output of the
sort de scribed earlier. As the bi ts
come off the line (as it were) in the

tfll.ll.LLLU..l.!4rt-'tt+futl- 11ME
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mum sampling rate must be twice the
highest frequency to be sampled, also
implies that if that rule is followed , all
the informatio n contained in the origi
nal analog waveform will be repre
sented in the digital samples . It' s then
simply a matter of knowin g how to
extract it.

Today's d igital filters have begun to
do ju st that, and from the 8-bit (actu
ally 14-bit) signa l stored on a CD it is
now eas ily possible to extract a con
siderably more accurate l8-bit one. A
few players go so far as to genera te a
45-bit dig ita l signa l! The extra bits
represent additional poi nts on the rec
onstruc ted wave form (Fig . 8), and
give a c lose r ap prox imatio n to the
orig ina l ana log sig na l as well as re
qu iring less analog filtering. The re
sult is, as Pres ident Bush might put it,
a "kinde r, gen tler " waveform-s-o ne
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analog form, and pass it throu gh an
analog low-pass filter to smoo th it a bit
and to remove the alia sed signals be
fore ou tputting it to an amplifier. The
resulting signal, though , was far from
idea l. It was not a very accura te repre
se nta tion of the original . Figure 7
shows how eac h step of the digit ized
waveform represent s a change in level
of six decibe ls (for a total dynam ic
range of 96 dB-sixteen steps mult i
plied by six deci be ls). For mid- and
high-level signals tha t does not pres
ent much of a prob lem. At very low
levels, though, way down at the level
of the least-significant bit, the six-dB
per-bit assignment becomes very sig
nificant.

Tha t first step is a lulu-there 's
quite a difference between the total
si lence of zero dB and the so und
level , low as it is, at the level repre-
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Philips system, they are used to
charge sma ll capacitors. It is those
charges that form the player's output
waveform. An example of that PDM
(Pulse Density Modulation) output is
shown in Fig . 9. Philips cla ims great
er accuracy for its system compared to
the resistor-comparator method . It ,
too , is " kinder and gentler. "

CD+G/M
There's lots more stored on the sur

face of a compact disc than just mu
sic . In fact , only about a third of the
information there represents sound ;
the rest is used for error correction,
indexing, and other purposes (see
Fig. 10). A sizable chunk of space is
reserved for the information known as
subcodes. Until now, the subcode
area has been pretty much ignored .
Aside from a few CD players that had
subcode outputs (the output of the
digital sub code information, what 
ever it might be), there were no sub
code standards to fol low and,
consequently, nobody did anything.
However, an industry doc ument
known as the Sony-Philips Red Book
has now set forth such standards for
the industry, and the result is a new
type of CD , known as the CD + G, or
sometimes CD + G/M . Players for
that new format are just becoming
available , the first being lYe's XL
G512BK shown in Fig. II.

The term "CD + G " stands for
"Compact Disc Plus Graphics. " The
graphics are stored , in digital form, in
the subcode area of a disc . They are
decoded by a CD + G player and con 
verted into a video signal that can be
fed to a monitor or TV receiver. The
video , while it cannot present any
thing like real-time-TV detail or ani
mation, does have the appearance of a
high-quality teletext signal.

One application of CD + G is to
have the subcoded graphics informa
tion accompany popu lar music as a
form of music video. One of the first
releases in that form is Donna Sum
mer 's Another Place and Time . For
classical music , the system can be
used to display scores and librettos ,
and can even provide an on-screen
commentary on the composition (Fig .
12). As the system becomes popu- c....

larized , new uses will no doubt be ~
found for it. In the meantime, CD + G ~
discs can be played on ordinary CD ~
players-you ju st won't see the " G" <0

part . ~

continued on page 56

SYNCHRONIZATION
4%

'AUOIO
32.7%

EFM BITS
41.8%

FIG. 12--A CLASSICAL CD + G DISC might contain not on ly the performance and a copy
of the score, but a commentary on the composition as well.

FIG. 11-THE FIRST CD+G/M PLAYER on the market is JVC's XL-G512. It decodes
information contained in a CD + G disc's subcodes to output a video signal, and can also
output MIDI control information for MIDI-equipped instruments and computers if that
information is included on the disc.

FIG.10-0NLY ONE-THIRD of a CD's capacity is used to store digitized sound. Much of the
rest contains error-correction information, and a substantial portion is devoted to the
subcodes that make up a CD + G disc's visual content. .
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Discharge
Fight ESO and keep your components healthy

DAVE HOLLANDER

INCREASINGLY POSITIVE

TABLE 1-SUSCEPTIBILITY
TO ESD

(felt as a slight tingle), no damage is
done if the potential is under 2 .5 kV
(the " disco mfort threshold" ). Levels
below that are bare ly noticeable, but

FIG.1- THIS DEPICTION SHOWS the rela
tive propensity of different common mate
ria ls to either lose ("INCREASINGLY
POSITIVE") or accumulate ("IN 
CREASINGLY NEGATIVE") charge.

ESD and MOS Ie 's
All MOS devices have an insulated

gate that 's subject to voltage break
down . The gates on Motoro la's de
vices are about 800 angstroms thick ,
and they break down at a gate-so urce
pote ntia l (VG S ) of abo ut 100 volts .

can disrupt equipment. Table I shows
the relati ve susce ptibility of various
semiconductor devices to ESD .

You might noti ce that you get elec
tro static shocks more often in the
winter than in the summer. That' s be
cause , in the summer, the relati ve hu
midit y levels are much higher, and the
bui ldup of moisture on a surface pro
vides a di sc harge path. By com
pari son, materi als that reject moi sture
exhibit the highest propensity toward
ESD. Above 65% relative humidity,
there 's no rea l ESD problem , whi le
below 20% , over 300 times more stat
ic charge is generated.

How much charge a hum an body
will accumulate is dependent upon on
the indivi dual's size and skin con
ductivity. Another example of re
du ce d hu m id i ty g ivi ng r ise to
electrostatic charging and ESD oc
curs when you put nylon and poly
ester clothing tog ether in a dr yer.
You've no doubt see n how you can
often generate as much as 650 volts by
doin g so , since the primary object in a
dryer is the removal of moi sture , and
the comb ination of nylon and poly
es te r are prime trib oelectric mate
ria ls. Typical ESD voltages are given
in Table 2 , for a number of common
confi gurat ions .0.1-0.2

0.14-10
0.25-2
0.3-2.5
0.38-7

0.5
0.68-1

RANGE OF ESD
SUSCEPT
IBILITY. kV

Power MOSFET
JFET
CMOS
Schottky Diodes, TTL
Bipolar Transistors
ECl
SCR

DEVICE
TYPE

AIR

HUMAN SKIN

GLASS

HUMAN HAIR

WOOL

FUR

PAPER

COTTON ----t------
WOOO

HARD RUBBER

ACETATE RAYON

POLYESTER

POLYURETHANE

POLYVINYLCHLORIDE (PVC) INCREASINGLY NEGATIVE

TEFLON

CONS IDER T HIS SCENARIO: YOU 'VE RE

ceived a MOS IC , removed it from its
black foam or pink foam pack ing , and
solde red it in place . Your proj ect
might work initially, but its perfor
mance falls far below expe ctat ions .
Your IC is probably a victim of elec
trostat ic discharge (ESD), and was
like ly dam aged by improper han
dling . ESD is one of the most com
mon causes of component failure , and
as the actua l transistor- device geo me
tries on board a silicon chip shrink, an
IC becomes more sensitive to it.

ESD ca n cause component failure
or performance degradation that 's dif
ficult or imposs ible to detect , and is a
major co nce rn in modern electronics .
The problem s of ESD can occ ur as
e rro neous data , incorrect instruc
tions , or system shutdown on operat
ing hard war e . T his a rt ic le w i ll
attempt to expla in the mech an ism s
behind IC failure due to ESD, how to
handle sens itive Ie's prop erl y, and
how to se t up a safe work area.

How ESD is generated
ES D is also ca lled trib oe lectric

charging . When two insu lato rs are
rubbed toget her, charge is transferred
by frictio n, like what occurs if you
run your feet across a carpe t. The

~ charge is a func tion of separation,
z extent of co ntact , rate of separation,
~ humid ity, and, of co ur se , the tr ib
o oe lec tric materi al itse lf (see Fig. 1).
~ ESD curre nt is pretty low, while
6 potentia l ca n exceed 300 kV. When
o charge is built up in a hum an body
<{
rr and discharges as a perceptibl e arc

54



The high-impedance gates are pro
tected by onboard resistor-diode net
works , but they don 't make an IC
immune to ESD . Laboratory tests in
dic ate that devices can fail after one
very high voltage discharge , or after
the cumulative effect of several lower
potential discharges.

ESD-damaged dev ices behave in
various way s . The mo st severely'
damaged devices are easiest to detect
because their inputs or outputs have
been completely destroyed; they're ei
ther shorted to YDD or YSS' or are
open , and the device no longer func
tions. In other cases , detection can be
more difficult because the device is
intermittent or de graded . From the
data in Fig. I and Table 2 , you can
ea sily see why MOS l'C's can be
damaged by improper handling.

ESD and Power MOSFET's
Being MOS devices , TMOS ™

transi stors (Motorola's trade name for
its power MOSFET's) can also be
damaged by ESD. However, they 're
not as susceptible as CMOS , due to
large input capacitances that let them
absorb more energy before breaking
down . However, at breakdown poten
tial, the re' s enough energy in the CG S
to totally perforate the gate-oxide.
With a typical YG S maximum rating
of ± 20 volts DC , and ESD potentials
typically reaching 100 volts-25 kY,

TABLE 2-TYPICAL
ELECTROSTATIC VOLTAGES

MEANS OF ELECTROSTATIC
STATIC GENERATION VOLTAGES, kV

RELATIVE HUMIDITY

10-20% 65-90%

Walking across 35 1.5
carpet

Walking across 12 0.25
vinyl floor

Worker at bench 6 0.1

Vinyl envelope 7 0.6

Common 20 1.2
polyethylene bag
picked up from
bench

Work chair 18 . 1.5
padded with
polyurethane
foam

you can see why speci al handling is
needed .

Curve-tracer plots of a MOS device
before and after ESD degradation are
shown in Figs . 2-([ and b. Where most
power MOSFET's have the ± 20-volt
DC ratin g, Motorola power
MOSFET's use the Bullet-Proof4TM
process , resulting in more.reliable de
vices with higher YGS breakdown lev
els. They're guaranteed to withstand
± 40 volts DC for a single, non-re
petitive pulse of 50-fLS duration or
less , achieved by control of gate-ox
ide thickness . With improved di
electric strength comes better resis
tance to ESD dama ge.

Classification of devices
Military specifications are used to

classify ESD sensitivity of semicon
ductor devices . Through measure
ments, the model of Fig. 3 closely
approximates the human body. Dis
charge of that network directly into a
device indicates that the model as
sumes that a "hard ground" is in con
tact with the part. Although all pin
combinations should be evaluated (six
different versions for a power
MOSFET), preliminary tests usually
show that gate-oxide breakdown is
most likely, and that reverse-bias
makes a junction about an order of
magnitude more sensiti ve than for
ward-bias . The damage mechanism is
usually gate-oxide punch-through or
junction melt-through . In other
words , when a semiconductor device
is subjected to unusually high volt
ages, the charges (holes and elec
trons) move apart in directions that
they were never intended to go .

Static protection
The basic method for ESD protec

tion combines prevention of static
build-up and removal of existing
charge. Charge-dissipation pro
cedures differ for insulators and con
ductors . Since charge can' t flow
through an insulator, it has to be re
moved by contact with a conductor. If
the item is an insulator (plastic box,
clothing , etc .) , ionized air is required .
If it 's a conductor (metal tray, con
ductive bag , person's body, etc.),
complete discharge can be accom
plish ed by grounding.

Man y methods are used to inhibit

10
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FIG.2 -CURVE TRACER PLOTS OF A
MOS device before (a) and after (b) being
subjected to ESD degradation.

ESD ; carp ets are made with antistatic
materials and coatings . Equipment
can be sprayed with antistatic solu
tions , materials with low triboelectric
propensity can be used, and clothing
can be made of triboelectrically in
sensitive fabric . Static-safe work sta
tions are also used . Components are
packaged in conductive or antistatic
packaging . In addition, relative hu
midity within the environment is
maintained above 65%.

How to prevent ESD?
You might find industrial-grade

precautions impractical , but if you're
educated in ESD and its effects ,
you'll have better control of your

R1 OUT

l.5K Sl

HV
C1

r
SUPPLY
0-15kV 100pF

FIG. 3-THIS MODEL CLOSELY approxi
mates the human body. Discharge of this
network directly into a device indicates
that the model assumes a "hard ground"
is in contact with the part.

c....
~z
c
~
::0
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~

<0
<0a
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FIG. 4-A TYPICAL ESD-PROTECTED WORK STATION,with a 1A6-inch metallic bench top ,
conductive floor mats and containers, ionized air blowers, wrist straps, and soldering
iron ground. Place all MOS devices on a grounded bench prior to handling.
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CONDUCTIVE SHEET

working enviro nment. A typical work
statio n is shown in Fig. 4 . The steps to

~
ATIENTION ""

STATIC SENSITIVE DEVICE ~ -:
SAFE PACKAGING '1'

AND HANDLING REQUIRED

FIG. 5-ALWAYS USE PACKAGING labels
like this one to indicate ESD-sensitive
parts, and that proper handling of the
parts is required.

be taken are listed below :
• Never exceed maximum spec ified
data-sheet ratin gs.
• Work benche s s ho u ld h ave
grounde d met allic to ps, conduc tive
fl oo r mat s a nd co nta ine rs , and
ionized air blowers .
• Use wrist straps in contact with the
skin.
• Use a ground strap on the tip of all
so lder ing irons.
• Pl ace a ll MOS dev ices on a
gro unded bench pr ior to ha nd ling,
since they can be stat ically charged
with regard to the surface of a benc h.
• Never use bru sh or spray cleaning
to remove solder flux from a MOS
populated PC board with the IC 's in
stalled . If you want to clean such a PC
board in this way prior to insta lling
the IC's , fine.
• Place co mpleted PC-board asse m
blies in antistat ic bags if they' re trans
ported to another locati on .
• Keep work benches free of coffee

STATIC NEUTRALIZER

~
GROUND

STRAP

cups and stirrers, paper, styrofoam ,
tobaceo ash, cellophane wrappers ,
and plastic.
• Never insert or remove an IC from
its soc ket with power app lied.
• Check all power supp lies for volt
age transients like ripple or spikes .
• All low-impedance equipment like
pulse generators should be connected
to MOS devices only after power up,
and disconnected before being shut
off.

MOS -devic e packaging is cr itical;
co mponents purchased for home proj
ects should come with antistatic or
cond uc tive packaging . Static-sen
sitive IC's are normally package d in
e ithe r black co nduc tive foa m, spe
cially treated pink plastic bags, or an
oi ly a nt is tat ic s tyrofoam . There
should also be packaging labe ls indi
cati ng ESD-sensitive parts , and that
proper hand ling is requi red, as in Fig.
5 . Never insert a MOS device into a
conventional plastic tray or piece of
styrofoam . Keep it in its original
packaging unt il ready to use .

All equipment should have a goo d
earth ground, but particularly if it's
ESD-sensitive. In a dry climate , at
tach a sma ll metal plate with a good
gro und to your desk/workbench . By
touch ing it to discharge any stat ic po
tential bu ilt up while walking across
ca rpet ing, your equipment might live
lon ger. R-E

CD PLAYERS

continu ed from page 53

The " M" in " CD +G/M " stands
for " MIDI, " which itself is an acro
nym for " Musical Instrument Digita l
Interface ." A MIDI signal is used to
store or transmit performance infor
mation, such as the out put of a music
synthesizer's keyboard , which might
consist of duration, pressure , and (of
course) whic h-keys-are- pressed data
as well as that for other performance
parameters. You could use the MIDI
signal to have your MIDI-equipped
instrument play along .

Gizmos, gadgets and gimmicks
As you browse (or plow, dep end ing

on th e inte ns ity of your interest)
throu gh the literature on the new CD
players, you' ll co me across ment ion
of lots of special features that may
tickle your fancy. Many of those fea
tures are intended to appea l to the
high-end audio phile, and their effect
on the quali ty of the final product (the
sound that comes out of your speak 
ers) may be so slight as to be un
noticeable to ordi nary people .

So me players use a sing le-beam
tracking system while others boast of
a three-beam one. Both use the inten
sity of the laser light reflected from a
disc to provide control information
that kee ps the bea m on track. Don ' t
let the termin ology confuse you. A
three-beam syste m does not use three
lasers; it just splits the output of a
single laser into three beam s. Indeed ,
all CD players contain just one laser
whose beam is used both for read ing
the digital information from a disc
and for tracki ng . A three- bea m sys
tem can react more quickly to a
" drift" situation, but you probably
won't notice the difference .

One or two makes of CD players
boast a speed stabilizer that sup
posed ly makes a disc rotate at a more
even speed than it otherwise would.
That feature is similar in purpose to
the stick-on stabilizer rings that are
so ld separately to be attached to the
outer per imeter of CD's to add to their
mass (and presumably speed sta
bility). In either manifes tation, that
may not be such a grea t idea.

First of all, the spee d of a CD is
co ns ta ntly cha ngi ng anyway, from
50 0 rpm down , as the laser beam
tracks farther from the center of the

continued on page 99
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Low Frequency

Converter(Sheets & Graf)
Transmitler(Nelson)

Low-Capacitance Scope Probe(Friedman)
Macrowave Oven(Hakemachi)
Music-On-Hold Adapter(Sokolowski)
One-Band Shortwave

Converter(Graf & Sheets)
Phasor Property Guard(lannin i)
Phonl ink II(McN abb & Roseth)
Plasma Display Globe(Caud ill)
Put a 386SX TIger in Your

Tank(Mcllhany)(CD) Jun 79,Jul 81,Aug 75
R-C Decade Box(Lashansky) Nov 39
REACTS(Bybee) Jan 65
RGB-to-NTSC Converter(Bek)( CD) Dec 81
Remote AiB SWil ch(Heil) oer37
Remote Cont rol Extender(Heil) May 41
Run MS-DOS on the PT-68K(Henry)(CD) Jan 96
68705 Microcontroller(Henry)(CD) Sep 82,Ocl 83
Solar Power Supply(Becker) Aug 47
Spectrum .

Analyzer(Baumgart ner) Sep 33
Monilor(Bau mgartner) Ocl 46

10-MHz Frequency Standard(Palmer) Feb 63
Universal Laser Power Supply(McComb) Mar 33
Video Scene Switcher(Sheets & Graf) Nov 33,Dec 42
Wireless FM Microphone(Spiwak) Mar 43

Wireless Security System(Becker) Apr 47

Contest is over, the(Grossblatt)(DB ) Sep 72
converter

Digita l to Analog Converter(Weber)(C)
Low Frequency(Sheets & Graf)(C)

Coprocesso r accelerator boa rd(Byers)(C D)
Counters. Working Wlth(Marston)

Custom-character generator.
A(Grossblatt)(DB)

' Custom' EPROM decoders(Grossblatt)(DB)

Data books( HH)
Delay circuit(ARE)
Designer. Micrografx'(SWR)(CD)(EW)

Designing PC boards(DB)
Desktop book publishing(Lancaster)(HH)
Detector. bug(R oss)(C)
Developing and Etching

a PC Board(Grossblatt)(DB )
Dialog information service(Lancaster)( HH)
Digi-Compass(Black)(C)

Dig ital
AUdio(HH) Ju l 66
Audio tront ends (Lancaster)(HH) Jun 67
Capac itance Meter(Lashansky)(C) Jul 38,(PCS)Ju l 84
Compass

Digi-Compass(Black)(C)
(Lancaster)(H H)

Meters(ARE)
Multimeters

Circuitmate DM27(ER)
Beckman 233( ER)

Peak Detector(Secura)(C)
Sinewaves(Lancas ter)(HH)
Storage oscilloscope.

Tektronix 222(ER)
-to Analog Converter(Weber)(C)(C D)
Trainer. Eienco XK-220(ER)

TUN~~'~~~~~~~ew Problems.
New Solutions(McClellan)

TV(AR E)

"Disco" circuit. A new
(Lancaster)(HH)

Disk
Drive Tester. Lynx 470(ER) May 17
Technician . Prime Solut ion 's(SWR)(CDH EW) May 77
Watcher. RG Software Systems(SWR)(CD)( EW) May 77

Dot programs(CD)(EW) Mar 90

DoubleCOM. D-G Electronic
Developments (HWR )(CD)(EW) Jan 88,Ocl 83

Down-Counter Cookbook(Marston) Feb 71

DRAWING BOARD(D)(Grossblalt) Jan 88,Mar 80,May 72
Ju l 28,Aug 73,Sep 72
Ocl 81,Nov 78,Dec 77Feb 51

Jul75

Apr 77
Jul73
Ap r 77

Jun79

Sep 77

Jun 79
Feb 96

Ocl83
Mar 90

Apr 77
Apr 77
May 77
May 77
Feb 96

Mar 90
Feb 96
Aug 75
Jul75

Mar 90

Ocl61
Jun 51
Ocl8

Jan 88
May 77

Dec 81

OCl33

Aug 80
Ju l73

Nov 43
Jul28

Jan 69

Dec 6
Nov 52
Nov 74
Dec 67

Nov 64
Aug 75

Nov 24
Jul 31,Aug 52

Jan 90,Feb 103,Mar 98

Aug 33
Feb 44
Jan 65

Mar 8,(LTR)MAug 12
Sep 8

Jan 87,Feb 95,Mar 89,Apr 77
May 77,Jun 79,Jul 73,Aug 75
Sep 77,OcI83,Nov 83,Dec 81

Feb 99

Book reviews

Atari ST. The(Yap)
Building an OmniView

Application(Toutongh i)
CeBIT(Endrijonas)
Computer Aided Video

(Morton & Scott) Mar 93,(LTR)Jun 14,Oc114
Digital to Analog Converter(Weber)(C) May 77
EDITOR 'S WORKBENCH(D)

(Holtzman) Jan 88,Feb 96,Mar 90,Apr 77
May 77, Jun 79,Ju l 83,Aug 75
Sep 77, Ocl 83,Nov 81,Dec 81

Feb 96,Mar90,Apr 77
Jul 75,Aug 75,Sep 77,Ocl 83

Boll System s Multiboot(SW ) Ocl83
Bortands Turbo PascaI5.0(SWR) Mar 90
ButtonWares PC-File:dB (SWR ) Aug 75
Camb ridge Direct's Z88 laptop( HWR) Feb 96
Comdex. Report From Aug 75
D-G Electronic Developments

DoubleCOM(HWR) Jan 88
Datastorm Technolog ies ProComm + (SWR) Jan 88
DG Elect ronic Development's

DoubleCOM (SW R)
Dot programs
Hayes Microcomput er Products

SmartCom liI( SWR )
Insel Systems' Hijack(SWR)
IQ Technologies' Smart RS-232

Data Meter(HWR)
Laptops
Laser-printer paper
Mace's Gold(SWR)
Micrografx' Designer(SWR)
Norton Ulil ites Advanced Edition

Version 4.5(S WR)
OS:2

Presentation Manager(SWR)
Standard Edition Version 1.1(SWR)

Prime Solution's Disk Technician(SWR )
RG Software Systems' Disk Walcher(SWR)
Tandy Model 100 laptop(HWR)
Teletek X-Bandit EMS 4.0

Memory Board(HWR )
Toshiba Tl 000 laptop(HWR)
Traveling Software's

Lapllnk(SWR) Sep 77
ViewLink(SWR) Jun 79

Turbo Pascal 5.0(SWR) May 77
Wilson WindowWare's Comand Post(SWR ) Dec 81
Windows. Microsoft (SWR) Dec 81

80386 Motherboard(Mcllhany)(C) Jun 79,Jul 81,Aug 75
Install a Tape Backup Unit,

How to(Fenton)
Inside Inters 80386

(Marg Ulis)
Intelligent Cable Tester

for Only $25 !(Barba rello)(C)
Omniview and a 386(Toutonghi)
PC Run Circles Around a Cray ?, A(Byers)
Progra mmable Arch itec tures: The

Next Breakthrough?(Reeve)
Put a 386SX TIger in Your

Tank(Mc llha ny)(C) Jun 79,Jul 81,Aug 75
Run MS-DOS on the PT-68K(Henry)(C) Jan 96
68705 Microcontroller(Henry )(C) Sep 82,Oc183

Condensers and tubes(Fitch)(AR) Jan 84
CONSTRUCTION

Active Antenna(Kreuter)

more on(Lancaster)(HH)

Comdex. Report From(CD)(EW)
COMMUNICATIONS CORNER(D)(Friedman)

Tunable preselectors Jan 82
COMMUNICATIONS(See also COMMUNICATIONS

CORNER)
Fax' Mate(Planl )(C)
ISD N Protolyping Telephone

(Tousignant & SlIger)(C) May 35,Jun 61
Light Beam Com municator(Son ntag)(C) Jul 31,Aug 52
Phonlink i1(McNabb & Roseth) Feb 44,Mar 46
Command Post. Wilson

WindowWare(SW R)(EW )(CD)

Communications Receiver
Ace Communications AR' 2515(ER)

Communicator. Light Beam(Sonn tag)(C)
Compacl d isc

Audio -video (Lachenbruch)(VN)
Players. How to Repair(Phelps)
the sound 01CD. Part l(Klein)(AUD)
Ihe sound 01CD. Part 2(Klei n)(AUD)

Compass
Digi-Com pass(Black)(C)

Complete Ci rcuit, A(Grossblatt)(DB)
Compound Op-Amps(Marston)
COMPUTER(See also COMPUTER DIGEST,

DRAWING BOARD)
-Aided Vldeo(Morton & Scott)

(CD) Mar 93(LTR)Jun 14,Oc114
Digi-Com pass(Black)(C) Nov 43
Interiace

Automatic Test Equipment(Stover)
Radiation Monitor Update(Jaffe & Sythe)

Monllor cotor remover(AFlE)
Musical Instrument Digital

Interi ace(Simonton)
Phonllnk i1(McNabb & Roseth).(C)
REACTS(Bybee)(C)
RFI solutions (ARE)
640K Rejection(ARE)

COMPUTER DIGEST

(j)
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Jan 65
Oct 52

Jan 88

Ap r 72

Jul 66
Jan 46
Jul 20

Jan 52
Jan 46

Dec 18

Feb 89

Dec 37
Feb 7

Jun 12

Jun 33
Dec 81

Sep 77

Mar 25
Dec 55
May 61

Nov 39
Oct 8

Ap r 59
Apr 6

Ap r8
Nov 39

Oct 65
Aug 6

Jan 62
Sep 6

Nov 64

Aug 64
Oct 65
Jan 12

Mar 33
Aug 47

Sep 47
Sep 43

Ju l 57,Aug 60

Jan 16
Jun 51,(LTR)OcI14

R

Q

Jun 4
Feb 14

,Nov 16,Dec 14
Monitor Update(Ja ffe & Sythe) Jun 51

RADIO(See also ANTIQUE RADIO, SHORTWAVE
RADIO , AUDIO UPDATE)
-Electronics Advanced Control

System(Bybee)(C)
FMX: Is it Good for FM?(Feldman)
International Frequency Coordinating

Committee( Leinwoti)
Low Frequency

Converter(Sheets & Graf)(C)
Transmitter(Nelson)(C)

New Radios, New Problems,
New Solutions(McClellan)

One-Band Shortwave
Converter(Graf & Sheets)(e} Oct 49

Radio-wave propagation (See SHORTWAVE RADIO)
REACTS(Bybee)(C) Jan 65
READER-HELP·READER(D) Jun 18

p

Questio n of reliability, the(Klein)(AUD)

Osc il loscope,
Getting an(Lancaster)(HH)
Probes, Understanding(Gordon)
Tektronix 222 digital storage(ER)

RAM increase(ARE)
R-C Decade Box(Lashansky)(C)
RF bug\ling devices

Tracking Down Bugs Using
a Spectrum Analyze r(Bowen)

RGB-to-NTSC Converter( Bek)(C)(CD)
Radalert(Sep 88)

Letters(LTR)
Radalert Update(Jaffe & Sythe)
Radiation

Awareness(Fenton)(ED)
(LTR)

PAL
INTSC VCR(Lachenbruch)(VN ) Jul 6
ISECAM conversions(ARE) Jun 12

PC boa rds(Grossblatt)(DB) Aug 73,Oct 81
Breakthrough(Lancaster)(HH) Dec 68
Developing and Etching(Grossblatt)(DB) Dec 77
Make Your Own Etching Tank(Lewis)(C) Dec 45
Photography(Grossblatt)(DB) Nov 78
Resource Iist(Lancaster)( HH) Dec 68

PC· File:dB, ButtonWare,(SWR)(CD)(EW) Aug 75
PC SERVICE(D ) Feb 110,Mar 74,Apr 69,May 59

Jun 78,Ju l 56,Jul 84,(LTR)Ju l 12,Aug 70
Sep 64,Oct 71,Oct 82,Oct 90,Dec 79

PC Run Circles Around a Cray?, A(Byers)(CD) Ap r n
PT-68K, Run MS·DOS on(Henry)(CD)(C) Jan 96
Parts tester

R-C Decade Box(Lashansky)(C)
Parts values(ARE)
Peak Detecto r, Digital(Secura)(C)
Personal video( Lachenbruch)(VN)
Phase

-cont rolled dimming(HH)
-locked loop IC's(Marston)
-plane plots(Lancaste r)(HH)

Phasor Property Guard,
Programmable(lannlnl)(C) Dec 37,(PCS)Dec 79

Phonlink i1(McNabb & Roseth)(C) Feb 44,Mar 46,(PCS)Feb
110

Picking IiIter capacitors (Lancaster)(HH}
Picture·in -picture(Lachenbruch)(VN)
Plasma Display Globe(Caudill)(C)
Portable LCD TV's(Lachenbruch)(VN)
PostScript video(HH)
Power

Sources, future(Lancaster)(HH)
Standards, international(Lancaster)(HH)
Supplies(ARE)
Supply

Laser Power, Universal(McComb)(C)
Solar(Becker)(C)

Precision Motion
20·MHz Logic Analyzer(ER}

Probes
Low-Capacitance Scope(Friedman)(C)
Understandi ng Oscilloscope Probes(Gordon)

ProComm + , Datastorm
Technologies'(SWR)(CD)(EW)

Programmable Architectures: The
Next Breakthrough?(Reeve}(CD)

Programmable Phasor
Property Guard( lannini)(C)

Pseudo-random sequences(HH)
Pulse shortener(ARE}
Put a 386SX Tiger in Your Tank(Mcllhany)

(C)(CD) Jun 79,J ul 81, Aug 75,(EW)Sep 77

Sep 6

Dec 18
Feb 91

Sep 22

Ju l75
Nov 16

May 17
Apr 25

Nov 64
Jul l 0

Se p n

Apr 74
Dec 45

Oct 49

Nov 64
Feb 96
Nov 64

Dec 68
Ju l51

Aug 33

Jul73
Aug 80

Apr 53,(PCS)
Apr 69

Jul 57,Au g 60

Aug 42,(PCS)Aug 70

Jul 31,Aug 52,(PCS)Jul 56
Sep 8

M

Solid-state vislble(HH) Oct 65
Laying out a PC Board(Grossblatt)(DB) Oct 81
Let's start programming!(Grossblatt)( DB) May 72
LET TERS(D) Jan 16,Feb 14,Mar 14,Apr 14

May 15,Jun 14,JuI 12,Au g 12
Sep 14,Oct 14,Nov 16,Dec 14

Mar 25Librari es, on-Jine(HH)

Li~~~m Commu nicator
(Sonntag)(C)

-control circuit(AR E)
Linear

stepper motors(HH)
-to-l oq converter(ARE)

Logic Circuit. Programmab le(Reeve)(CD)
Logic designer

Elenco XK-220 Digital Trainer
Logic Analyzer, 20-MHz,

Precision Motion (ER)
Loudspeakers and things(Fitch)(A R)
Low Frequency

Converte r(Shee ts & Graf)(C) Sep 47,(PCS)Sep 64
resources(Lancaster)(HH) May 61
Transmitter(Nelson)(C) Sep 43,(PCS)Sep 64

Low-Capacitance Scope Probe(Friedman)(C) Jan 52
Lynx 470 Disk Drive Tester(ER) May 17

Macrowave oven(Hakemachi)(C)
Make Your Own Etching Tank(Lewis)(C)
MarkoV SM-333

Surround Sound Processor(ER)
Mass-teleportation card(Lancaster)(HH)
Meditation Goggles,

AlphaiTheta(Worley)(C)

Jun 79,Jul 81,
Aug 75,(EW)Sep 77

Multiboot. Bolt System,(SWR)(CD)(EW) Oct 83
Multipath distortion( Lachenbruch)(VN) Nov 6
Music-On-Hold

Adapter(Sokolowski)(C)
Musical Instrument Digital

Interface(Simonton)

NTSCIPAUS ECAM
conversions(Lac henbruch)(VN)

NTSC Generator
B&K-Precision(ER)

Neon indicators(A RE)
New "disco ' circuit, A(Lancaster)(HH)
NEW IDEAS (D)

Cable Tester(Rowe)
NEW L1TERATURE(D)
NEW PRODUCTS(D)

Dec 18
Oct 8

Mar 25
Mar 73
Mar 73

Jul 27,Sep 27,Oct 28,Dec 35
Jan 26,Feb 26,Mar 22,Apr 22
May 22,Jun 22,Jul 22,Aug 22

Sep 25,Oct 24,Nov 26,Dec 28,(LTR)Dec 14
New Radios, New Problems,

New Solutions( McCle llan)
Norton Utilites Advanced Edition

Version 4,5(SW R)(CD)(EW)
Nuclear-waste management( LTR)

Microcomp uter Appl ications Workstation(ER)
Global Specia lties BOA Jun 16

Microcontroller, 68705(Henry)(CD)(C) Sep 82,Oct 83
Microphone, FM Wireless(Spiwak)(C) Mar 43
Micropower regulators(HH) Apr 25
Microsoft Windows(EW)(CD) Dec 81
MIDI , All About(Simonton) Aug 33
Mod el

-maki ng resources(Lancaster)(HH)
100 laptop, Tandy(HWR)(CD)(EW)

More on cold fusion(Lancaster)(HH)
Motherboard, Build an 80386

(Mcllhany)(C D)(C)

N

o
OSI2

Presentation Manager(SWR)(CD)(EW) Ap r 77
Standa rd Edition Version 1_1 (SWR)(CD)(EW) Apr 77

Omniview
and a 386(Toutonghi)(CD)
Application , Building an(Toutonghi)(CD)

One-Band Shortwave
Converter(G raf & Sheets)(C)

Optical reprint sources
(Lancaster)(H H)

Op-Amp Osciliato rs(Marsto n)
Op-A mps,

Basic(Marston) Mar 69
Compound (Marston) Jan 69
in Instrumentatio n(Marston) Sep 59
Working with ,(Marston) May 54

Opticcommunications .
Light Beam communcatortsonntaquc) Jul 31, Aug 52

Mar 84

Jun 16

Ap r 33
Apr 42
Dec 37
Apr 47

Apr 72
Oct 65

Ap r 70
Jan 43

Jan 43
Nov 6

Jun 16

Jun 75

Oct 78

May 6
May 12
Sep 77

Feb 96
Feb 96
Feb 96
Aug 6

Sep 6
Oct 65

May 70
Sep70
May 74
Dec 51

Feb 44,Mar 46
Jan 65

Mar 61,Sep 55

Mar 33,(PCS )Mar 74
Aug 75

Ju l 66,Aug 64,Sep 65
Oct 65,Nov 65,Dec 68

Jan 34
Jul66
Feb 78
Sep 65
Nov 64
Mar 25
Dec 68
May 61
Oct 65
Apr 25
Jun 67
Aug 64

May 35,Jun 61,
(PCS)May 59,(LTR)Sep 14

J

High-Tech Home Security (Friedma n)
Hijack, Inset Systems'(SWR)(C D)(EW)
History

and theory of the dynamic
10udspeaker(Kiein)(AUD)

Evolution of car stereo, the(Klein)(AUD)
How television got its star t(AR)

Holiday Gift Guide
Home Automat ion

Phonlink i1(McNabb & floseth)(C)
REACTS(Bybee)(C)

Hom e security System
High-Tech(Friedman)
Install a(Friedman & Fenton)
Phasor Property Guard(lannini)(C)
Wireless Security System(Becker)(C)

How
Important is slew factor? Jun 87
loud is real?(Klein)(AUD) Jul 8
television got its start(Fitch)(AR) May 74
How to Install a Tape Backup Unit(Fenton)(CD) Jun 79
to Repair CD Players(Phelps) Nov 52

Humidity senso rs(Lancaster)(HH) Sep 65
HX-Pro: A "new" and improved

cassette-deck circuit(Kle in)(AUD)

K

AID converter accuracy
Getting an oscilloscope
HDTV- an alternative viewpoi nt
Humidity sensors
More on cold fusion
New "disco" circuit. A
PC-Board Breakthrough
Phase-plane plots
Picking filter capacitors
Refilling SX toner cartridges
Soup cans full of chips
Try cold fusion for yourself!

HA RDWARE REVIEWS(Hollzman)( CD)(EW)
Cambridge Direct's Z88 laptop Feb 96
D-G Electronic Developme nts' DoubieCOM Jan 88
10 Technologies' Smart Data Meter Mar 90
Tandy Model 100 laptop Feb 96
Teletek X-Bandit EMS 4,0 Memory Board Jun 79
Toshiba Tl000 laptop Feb 96

High Definition Television (Feldman ) Feb 35
High-Power Hi-Fi Audio Amp for rur

Home or Car(Ross & Watts)(C Mar 51,(LTR)Apr 14,
(LTR)May 15,Nov 16

Apr 33
Mayn

L
LCD projection TV's(Lac henbruch)(VN)
LED Flasher, sequential(ARE)
Laplink, Traveling Software's(SWR)(CD)( EW)
Laptops

Cambridge Direct's Z88(CD)(EW)
Tandy Modell00(CD)(EW)
Toshiba Tl 000 (CD)(EW)

Large-size picture tubes(Lachenbruch)(V N)
Laser

-discs(Lachenb ruch)(VN)
Hacking resources(HH)
Power Supply, Universal

(McComb)(C)
printer paper(CD)(EW)

Keep Your VCR Heallhy( Hansen)

Jameco Electronics
JE680 IC programmer( ER)

Jamm ing
the end of an era? (Leinwoll)(SWR)
the Soviet system and the

future of(Leinwoll)(SWR)

IC Programmer, Jameco JE680( ER)
IDTV

Improved Definition TV(Feldman)
(Lachenbruch)(VN)
Importance of amp lifier

output current, The(Klein)(AUD)
Improved Definition TV(Feldman)
Install

a Home-Security System(Friedman & Fenton) Apr 42
a Tape Backup Unit(Fenton)(CD) Jun 79

Inside Intel's 80386( Margul is)(CD) Jan 90,Feb 103,Mar 98
Intelligent Cab le Tester

for Only $25!( Barbarello)(C )(CD) Apr 77
International

Frequency Coord inating
Committee(Leinwoll)(SWR)

Power standards( Lancaster)(HH)
ISDN Prototypi ng Telephone

(Tousignant & Slige r)(C)
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Nov 12
Mar8

Jan 96

Apr 25
Nov 59,Dec 59

Oc l 37,(PCS )Ocl 71
May 41,(PCS)May 59

Feb 87

Jan 46
Mar 33

Ocl61
Mar 61,Sep 55

v

u
Understanding Osci lloscope Probes(Gordon)
Universal Laser Power Supply(McComb)(C)

Mar 6, Nov 6
Jun 8

Mar 61,Sep 55
Jun 8

Mar 65
Jut6
Ocl6

Light Beam Communicator(Son ntag)(C) J ul 31, Aug 52
Low Freque ncy(Nel son)(C) Sep 43
Wifeless FM Microp hone(Spiwak)(C ) Mar 43

Transputer, INMOS Corp.'s(Byers)(CD ) Apr 77
TROU BL ESHOOTING (See also SERVICING)

Autom atic Test Equipm ent( Stover)
Keep Your VCR Healthy(Hansen)
New Radios , New Prob lems ,

New Solutlon s(McCle llan) Jul 57, Aug 60
Try co ld fusio n for yoursel f!(Lancaster)(HH) Aug 64

Tunabl e preselecto rs(Friedman)(CC) Jan 82
Turbo Pascal 5,0 , Bo rland(SWR)(CD)(EW) Mar 90,May 77
TV (See TELEVISION, VIDEO, VIDEO NEWS)

May 17
Nov 54

Nov 74
Dec 67
Sep 51

Ju n 67

Jun 8
Ocl65
Nov 64

Apr 6,J ul 6

Sep 33
Nov 24

Ocl 46,(PCS)Ocl 90,
(LTR)Dec 14

Probe, VldeOsmlth(ER) Aug 16
Speec h Synthe sizer(Dec, 88 CD) (LTR)Feb 14
Speed Up Your VCR Troubleshoot ing (Emerich) Mar 65

Start ing a technical business( HH) Ju n 67
State variable filters( Lancaster)(H H) May 61

Siereo (See also AU DIO)
TV (Lache nbruch)(VN)
wirele ss broadcaster(Lancas ter)(H H)

Stepper driver circuits(Lancaster )(HH)

Still video( Lachenbruch)(V N)
Sunrise and sunsetaffect

frequency propagation(Leinwol l)(SW R)

Surround Sound Processo r,
Mark-V SM-3 33( ER)

Switches , Bilate ral(Marston)

Soun d of CD , The
Part 1(Klein )(AUD)
Part 2(K leln)(AUD)

Sound Ret rieval System(Feldman)
Soup cans full of chips(Lancaster)(HH)

Soviet jammi ng sys tem and the
futu re of ja mming, The(Leinwoll)(SWR) Ocl 78

Speaker -cab le pertormance (LTR) Jun 14, Aug 12

Spectrum
Analyze r

(Baumgartner)(C)
AVCOM PSA-65A(ER)

Mon itor(Baumgartner)(C)

Apr 17
Jun 67
Nov 12

May 61
Jan 12

Ocl 83
Jan 52

Apr42
Ap r 47

Apr 33

s

Receivers
Carrier Current(Sheets & Grat)(C) Feb 55
Light Beam Communicator(Sonntag)(C ) Ju l 31,A ug 52
Tunable prese lectors(Friedm an)(C C) Jan 82

Rehlling SX toner
cart ridge s(Lancaster)(HH)

Relays, All About(Trietley)

Remole
AlB Switch(He il)(C)
Contro l Extender(Heil)(C)

Repair(See SERV ICING)
Re-wiring homes(ARE)
Robot , Timex(ARE)
Run MS-DOS on the PT-68K(Henry)(C)(CD)

Ocl 49,(PCS)Ocl 90
Feb 87,Apr 72,
Jun 75,Ocl 78

Shorlwave(See also SHORTWAVE RADIO)
Active Antenna(Kreuler)(C)
Antenna, Choosing the Right(Carr)
Converter, One-Band

(Graf & Sheets)(C)
SHORTWAVE RADIO(D)(Leinwoll)

Feb 51
Jul61

Jul75

Ocl72

Jan 88

Feb 87

Jun 79

Apr 63
May 54

Mar 43,(PCS)Ma r 74
Apr 47,(PCS)Apr 69

z

x
X-Bandit EMS 4,0 Memory Board

Teletek(HWR)(CD)(EW)

Walkman , Sony
Happy 10th Anniversa ry,(Klein)(AUD) Ocl 72

WHAT'S NEWS(D) Jan 6,Feb 4,Mar 4,A pr 4
May 4,J un 6,Jul 4,A ug 4
Sep 4,Ocl 4,Nov 4,Dec 4

Widescreen TV(Lachenbruch)(VN) Ocl 6,Dec 6
Windows , Microsoft(EW)(CD) Dec 81

Wi reless
FM Microphone(Sp iwak)(C)
Secu rity Sys tem(Becker)(C)

Working Wilh
Counters(Marston)
Working With Op-Amps(Marston)

May 45

Ju t6
Aug 16

Jun 79

w

Z-80 Hardware(ARE) Jan 12, Ma r 8
Z88 laptop, Cambridge Direct's(HWR)(CD)(EW) Feb 96
Zero crossi ng detection(Lancaster)( HH) Mar 25

Apr 25
Jul66

May 12

Jun 33
Ju n 67

Mar 90

Sep 77
Jun 79
Dec 81

Apr 72
Jun 75

Apr 77
Apr 77
May 77
May 77

Ocl78
Sep 22

Sep 8

Aug 47,(LTR) Nov 16
Aug 47,(PCS)A ug 70

International Frequenc y Coo rdinat ing
Com mittee

Jamming : the end of an era
Sunrise and sunsetaffect

frequ ency propagation
The Sov iet jammi ng system

and Ihe future of jam ming
Sibex FG-1 Handheld Function Gen erator(ER)

640K expa nsio n(A RE)
Smart Data Meter,

IQ Technologies'(HWR)(CD )(EW)
SmartCom III, Hayes Microcom puter

Producl s'(SWR )(CD)(EW)
SOFTWARE REVIEWS(Hollzman)(CD)(EW)

Boit System'sMultiboot Oct 83
Bor land's Turbo Pascal 5,0 Mar 90
Butto nWare's PC-Fil e :dB Aug 75
Oatastorrn Technologies' ProComm + Jan 88
DG Electronic Developm ent's Doubi eCOM Jan 88,Oc183
Hayes Microco mputer Products' SmartCom III Jan 88
Inset Systems' Hijack May 77
Mace 's Go ld Ju l 75
Microgr afx' Des igner Mar 90
Norton Utilites Advanced Edition

Version 4,5
OSI2

Presentation Manager
Standa rd Edition Version 1,1

Prime So lution's Disk Techn ician
RG Software Systems' Disk Watcher
Traveling Software's

Laplink
View Link

Wilson Windowa re's Command Post

Solar power
(Lancasler)(HH)
Supply(Becker)(C)

Sony Walkma n, Happy
10th Annive rsa ry(Kle in)(A UD)

(j)
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HARDWARE
HACKER

Chaos science resou rces

PostScript f racta l fern
Unusual cooli ng ideas

Thermoelectric modules
Chaos science resources
Superintelligent machines

DON LANCASTER

LET' S START O FF WITH SOME NEW up
d ate in fo for o u r previ ou s co l
umn s. The 38.4-k i lo he rtz crysta l
needed for th e ste reo broad caster
is avail abl e for around $3 fr om
Statek, who stoc ks quite a wide
vari ety of small and cheap low-fre
qu ency crystals.

Sin ce 38 .4 kHz is a standa rd
mod em valu e, it seems a better
choice th an your usual 38.0-kHz
ste reo-m ult ip lex fr equ en cy, and
should wo rk ju st abo ut as well.
Probably your best way to throw
the project to gether, though , is to
go to one of t he kits that are of
fered in th e Radio-Electronics clas
sif ied section.

One inte rest ing use for that chip
is to measure the torque on a rotat
ing shaft. A $1.50 part can easiIy
replace a $1100 telemetry system
here, at a lower power and small er
size.

Two additional sour c e s for
heavy water (de ute rium) are th e
Canadia n Atomic Energy Commis
sion and th eir Isotech reps here in
th e US. Price is in th e fo rty-cents
per-gram range.

A key co ld-f usio n paper appea rs
on pages 301-308 of Volume 261 of
th e Journal of Electroan alytical
Che mistry. The EPRI Journal (Elec
tri c Power Research Insti tute), Au
gust 1989, also has some interest
ing stuff in it.

A few of yo u calle rs o n o u r
hack er helplin e have suggeste d
fakin g th ose high-priced lin ear ac
tuators we looked at two co lumns
back. To do that , tak e an ordinary
ste ppe r and couple it to a pi ece of
threaded rod by using sh rink tub
ing. Th en add two nu ts and some

sort of platform to create a travel
in g sl ide r. Vari ou s tri ck s co u ld
e l i m i nat e b ackla sh , and yo u
sho uld be abl e to repla ce a $57 li st
pri ce actuator w ith a surplu s $2
ste ppe r.

As per usual, all of our nam es
and numbers have been gathe red
to geth er for you into one co mmon
side bar.

Thermoelectric coolers
There sure appears to be a lot of

h ack er int e r e st in t he ther
moelectri c cooling devices. We 'll
start off w ith th e bottom line-be
sides th eir very hi gh costs, those
devi ces are pretty mu ch useless,
since they are so incredibly and
horribly ineffici ent. They are only
workable for very specialized and
arcan e applicationswh ere nothing
e l se will do. Th e rm o el ectric
coo le rs will work on ly when you
go to ridi culou s ext remes on in
su lat ion and heat sink eff icie ncy,
and th en are capable of pumping
only tiny amounts of heat. And, to
furth er shatt er so me h ack er
dreams, no way w ill th ey make ice
in th e real world .

A t any rate, a the rmoelectr ic
module is a so lid-state coo ling de
vice. A ll yo u do is input a current,

NEED HELP?
Phon e or wr ite your Hardware
Hacker questions to:
Don Lancaster
Synergetics
Box 809-RE
Thatcher, AZ, 85552
(602) 428-4073

and heat moves th rough th e de
vice, coo li ng one side and heatin g
th e ot her.

'Figure 1 shows yo u a typ ical de
v i ce . Th at o ne 's t he Cambion
model 801-2007. A similar co mpo
nen t is also avai lab le throu gh
M elear. That dude measures some
two inches square and can move
up t o 22 watts of h eat w he n
powered by a 12-volt car batte ry at
7 amps. Cos t is in t he $20-$30
range.

Solid-state coo ling modules use
th e Peltier effec t. Figure 2 shows
you detail s. What yo u do is start off
with b ismu th te l lu r ide o r so me
ot he r sem icond uc to r. Th en yo u
cut it up in to bloc ks, while heavily
p dopi ng some of them and n dop
ing othe rs.

Wh en a current is appli ed in the
proper directi on , th e electron car
riers in th e n material and th e hole
carr iers in t he p mater ia l w i ll
" d rag" thermal ene rgy alo ng with
th eir motion s. In both cases, the
heat moves downward , creating a
hot side and a co ld side.

The amount of heat yo u do move
d ep en d s hi ghly up on th e te m
perature differential yo u have to
main tain . As Fig . 3 shows, th at par
t icular dev ice can p rovid e a 60°C
di fference between t he hot and
co ld side, provided that yo u p ump
no heat th rough i t. O n the ot her
hand , if yo u do m ain tain bot h
sides at the same temperature, yo u
can pump up to 22 watt s of heat
throu gh th e device.

In most uses, of co urse, yo u will
want both to coo l someth ing and
move heat, so yo u mu st use the
middl e of th e curve . Fo r in stance,
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NAMES AND NUMBERS

cold

FIG. 1-THERMOELECTRIC COOLING
modules are fairly cheap and easy to ap
ply, but they are so inefficient that they are
pretty much useless for any higher-power
heat pumping.

you could pump eight watts with a
40°C drop. To put that in perspec
tive, the module could, in theory,
make a very smal l ice cube i n
around one hour. .. under idea l
co nd itions .

The troub le is that condit ions
are never ideal for thermoelectric
modu les . There are a number of
nasty "gotchas" that will gang up
on you when you try to use them in
the real world.

Cambion
1601 N. Powerline Road
Pompano Beach, FL 33069
(800) 274-6748
Canadian AEC
34 Slater Street
Ottowa, Ont , CANADA K1A OS4
(613) 237-3270
Computer Shopper
One Park Avenue , 11th FL
New York, NY 10016
(212) 503·3500
DATArx
111 E. Drake Road , Ste . 7041
Fort Collins, CO 80525
(303) 223-2120
Edmund Scientific
101 E. Glouchester Pike
Barrington, NJ 08007
(609 ) 573-6250

Thermoelectric modules are
rather expensive, mostly because
they have not been improved one
iota in the last two decades. Worse

EPRI Journal
Box 10412
Palo Alto , CA 94303
(415) 855 -2370
Isotech
3858 Benner Road
Miam isburg, OH 45342
(800) 448-9760
Haygeman Machine
2225 South 170th Street
New Berlin , WI 53151
(414) 797-7520
Lightwave
Box 2139
Tulsa, OK 74101
(918) 835-3161
Melear
990 Spruce Street
Trenton, NJ 08648
(609) 393-4178

yet, all of them are horrib ly in eff i
cient. In a typical use, yo u'd have
to in put f ive watts of input power
to provide just one watt of coo ling.

CIRCLE 83 ON FREE iNFORMATION CARD
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FIG. 3-THE AMOUNT OF HEAT PUMPED by a thermoelectric module depends on the
temperature drop you require. Note that the heat transferred at the maximum temperature
differential is zero . Note also that the heat differential is with respect to the hot end of your
heat sink, and not to ambient.

FIG. 2-A THERMOELECTRTIC MODULE consists of blocks of bismuth telluride that have
been alternately n- and p-doped. The blocks are placed electrically in series and thermally
in parallel. When a DC current is appl ied, electrons in the n material and hol es in the p
material will tow heat along with them selves.
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Absolute Reset lie & lie
AppleWr iter /Laserwriter Utilities
Enhance I or II Compan ion Disk
App leWrlter CB or Assy CB Disk

FREE VOICE HELPLINE

HANDS-ON BOOKS
Hardware Hacker Reprints II 24.50
Ask The Guru Reprints I or II 24.50
CMOS Cookbook 18.50
TTL Cook book 16.50
Active Filter Cookbook 15.50
Micro Cookbook vol I or II 16.50
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Incredible Secret Money Machine 10.50
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Phil ips/Signetics
45 George Washington Hwy.
Smithfield, RI 02917
(401) 232-0500
Sanyo
7 Pearl Court
Allendale, NJ 07401
(201) 825-8080
SGS
1000 East Bell Road
Phoenix, AZ 85022
(602) 867-6259
Sprague
70 Pembroke Road
Concord, NH 03301
(603) 224-1961
Statek
512 North Main Street
Orange, CA 92668
(714) 639-7810

M ech ani cal air co nd it io ne rs are al
m o st fifty tim es more eff icie nt
t han th at ! Worse yet , yo u have to
app ly that ext ra heat to exac t ly
w he re yo u do not want it .

Th e heatsink yo u co n nect th e
hot side of the module to mu st be
abso lutely f lat, and be machin ed
to w it hin 0.001 in ch ove r its entire
area. It mustthen get caref u lly cov
ered with a thin layer of the rmal
grease. O bv io usly, those portions
of a modul e not co ntact ing t he
heatsin k can not del iver any useful
coo ling .

Th e real kill e r of m o st t he r
m oel ectri c-modul e appli cati ons
li es in t he th ermal drop between
the heatsink and t he ambi ent te m
perature. For higher power uses, a
fan or water coo ling is essent ial.

For in stance, a very large p lain
o ld heatsin k will have at bes t a1°C
p er-w att te mpe rat ure ri se above
t he am bie nt. Say you wa n t to
pump the 8 watts at a 40°C drop.
Th e heatsin k w i l l have t o si nk
t hose 8 watts, pl us an additional 32
watts or so of in pu t power fo r a
tota l of 40 watts. At 1°C-per-watt
h eat sin k rise, t he heat sin k wi l l
warm to 400sC above the ambient
roo m te m perat u re o And yo u 've
don e nothing but break even! The
coo ling module has a 40-degree
d rop across it. The heatsink has a
40-deg ree ri se across it. And the
net coo li ng is zero. You have
no th ing at all to show fo r all yo ur
effo rt.

O ne more tim e: In th e pr eviou s

Stock Drive Products
2101 Jericho Turnpike
New Hyde Park, NY 11040
(516) 328-3300
Synergetics
Box 809
Thatcher, AZ 85552
(602) 428-4073
Tektronix
Box 4600 MIS 94-860
Beaverton, OR 97076
(800) 426-2200
Texas Instruments
Box 809066
Dallas, TX 75380
(800) 232-3200
Vortec
10125 Carver Road
Cincinnati, OH 45242
(800) 441-7475

exa m p le , yo ur fin al coo li ng is
zero , because th e hot side of th e
heatsink ri ses ju st as mu ch above
amb ie nt as the amou nt of tem 
per ature drop yo u are tryi ng to
achieve! And a o ne -degree-per
w att h eat sink is a d arn good
one . ..and large, too .

So, an ext remely low t he rma l
drop f ro m heatsink to ambient is
abso lute ly essentia l. A lso essent ial
is an in cred ible qu antity of in sul a
t io n aro u nd wh at ev er yo u ar e
coo ling, for any net heat f lux into
yo ur area bein g coo led will on ly
mak e matter s mu ch worse than
th ey already are.

The modu les can get reve rsed
by reversin g th e current. Because
of th e ineff ic ie ncy, th e heatin g
mode is five tim es more effective
th an t he co oling mod e.

O ne side effect of t hat in eff i
cie ncy is that yo u mu st ru n the
modules off nearl y pure di rect cur
rent . The least amount of power
supply rippl e w ill dramatically cut
the coo ling abi lity, since the rippl e
t ro ug hs will heat yo u r load five
t imes be tte r th an the ri pple peaks
w ill coo l yo ur load.

A car batt ery is often the best
c ho ice t o powe r yo u r th e r
m oel ectri c modul es. You migh t
temporaril y dem on st rate a mod
ul e by holding yo ur module be
tween yo ur thumb and finge r and
the n co nnec ti ng th e module to a
sing le alkaline "0" cel l. Do not use
th e "0" ce ll for more than a few
seco nds at a tim e.

W hat good are t hermoe lect ric
modules? You defi nite ly can't buy
a 4 x 8 foot panel of the m and use
them to air condition yo ur hou se.
But t hey are lots of f un to p lay
w it h. They're a sure-fire top ic fo r a
w in n ing sc ience-fai r project or

·st u d e n t pape r. Besides t hat ,
thoug h, the rmoelect ric modul es
are limi ted to those specia l ized
and low-load uses w he re noth in g
else can do t he job. Importan t
uses incl ude coo le rs fo r infrared
det ecto rs, dew-poi nt humidity
senso rs, chi l le rs fo r mi cro scope
stages, and for th ermal-m an age
ment uses in satell ites.

I have ofte n won de red why th ey
are not used in sate ll ite -rece ive r
front ends. I guess th e answer is
that th e gain of the input amplifie r
drops fast e r wi th te m pe rat u re
th an the noi se f igure improves.

Both Cambio n and Me/co r have
lot s of interestin g tec h literature
on the rmoelect rics, so yo u migh t
want to co ntac t both for more in fo .

Other coolers
Th er e a re t h ree o t he r ap

proac hes t o unu su al coo li ng
techniqu es th at are hacker hacka
bl e. You ju st mi ght want to pi ck up
on th ose in stead .

First, Japanese air co nd it ioners
are rid ic u lo us ly be tte r than t he
American ones, and have be en for
th e past few years. It seems th at all
th e Am eri can manufacturer s re
f use t o pi ck up th e new tech 
nolo gy, bl amin g th e bui ldin g
co des, and claiming that a custom
er dem and does not ex ist.

The new air co ndit io ne rs have
EER's (Energy Eff ic ie ncy Rat in gs)
approach in g a value of 15, mean
ing that they use 33 percent less
electrical ene rgy th an o u rs d o .
That's $60 pe r mon th o r so. They
are also mu ch quiete r and far more
co mfortab le. Four of th e secrets
incl ude a new beastie ca l led a
scro ll compressor, a moto r with an
in fin itely var iable speed blower on
the air handler; and a total pro
gra mmed microprocesso r co nt ro l.

I guess yo u wo uld call th e sec
ond device a solid -state coo le r, al
tho ug h yo u do need a large air <

co mpressor across the room for a ~
power source. At least th e ext ra §;
heat is not generated at pr ecisely ~
th e wrong p lace, as is t he case w ith cD
the rmoelec t ric modules. ~
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FRACTAL AND CHAOS SCIENCE RESOURCES
It turns out that rapi dl y movin g

air accepts heat from slowly mov
ing air. Thermodynamics and all.
So, if you build a suitab le vortex
nozzle device havi ng o ne inlet for
shop air and two outlets, yo u can
arrange th ings so that cold air
comes out one end and hot air o ut
the other-wit h ze ro mov i ng
parts . Bel ieve it or not, you can get
as co ld as t he -40°Fahrenhe it d ry
ice temperatures, or else yo u can
optimize the f low rates to get max 
imum heat pumping at lower tem
perature d ifferentials.

One obvious use fo r those is as
need le coo le rs for ind ust rial sew
ing mach i nes . Any heat- cau sed
need le breakage can be almost
comp letely eli m inate d by using a
vortex nozzle .

The lead ing m anu f acturer of
vortex coo l ing nozzl es seems to
be Vo rtec. Bes ides o fferi ng
bu nc hes of free data and free au
d io -cassette tapes o n vortex coo l
ing, they also have a number of
othe r unusual nozzl es t hat can do
such t hings as air amplification .

As a th ird approach to effect ive
cooling, dry- ice ma chin es are
amazing ly low cost and si m p le.
Edmund Scientific is o ne source .
All yo u do is to co nnect the ma
ch ine to a carbon dioxide ta nk
(also cheap) from your local gas
suppl ier and tu rn it o n . Sl ig h t ly
over ha lf t he gas expands and bo ils
off, while the rest of it wi ll cool and
solidify into one so lid b lock. Pres
to -instant cold .

Nat ural ly, you do that o nly in a
we l l-vented area w hi le yo u are
wearing safety g lasses . You also
will want to avo id the instant f rost
bite caused by ro ugh ly handling
the f inished product, or otherwise
letting it co me in to ski n or eye
co ntact.

Another contest
In case you have not not iced ,

the bottom has once agai n fal len
out of the memo ry-ch ip market ,
eli mi nating t hat insane two-yea r
pricing b lip t hat was directl y

~ caused by some incredib ly stup id
is and mo nu mentally mi sdi rect ed
a: government medd ling in the free
I--
~ trade process . Your jellybean 1-
u:J megabyte dynam ic RAM chips can
o now be had in quantity for as l ittle
~ as $8 each. That t ra nslates to
a: around 800 microcents per bit.
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Beauty of Fractal s, by Peitgen and
Richter

Earlier text that is both a coffee
table book and a source of useful
algorithms. From the same publisher
that did the Science of Fractal Im
ages. (Springer-Verlag, 1986)
175 Fifth Avenue, New York, NY
10010 (212) 460-1500
BYTE Magazine

Occasional fractal articles and re
views. See A Better Way to Com
press Images, Jan uary 1988, pp.
215-223 in part icular.
1 Phoenix Mill Lane, Peterborough,
NH 03458 (603) 924-9281
Chaos-Making of a new Science,
by James Gleick

Interesting and easily read survey
of theentirefieldof fractals and chaos
science', Frustra tingly shallow at
times. (Viking, 1987)
40 West 23rd Street, New York, NY
10010 (212) 337-5200
Fractal Geometry of Nature, by
B.B. Mandlebrot

The or ig.inal "horse's whatever"
book that started it all. Mind-blowing
artwork in an otherwise unreadable
and excessive ly egoc entric text.
(W.H. Freeman Press, 1982)

.4419 West 1980 South, Salt Lake
City, UT 84104 (801)973-4660

An d hackers can o nce aga in re
jo ice . Yea team .

N ow, d ep endin g o n w h o i s
doi ng t he cou nting, th e hum an
brai n wi ll co ntai n th e eq uivalent of
fou r billi on mem ory bi t s o r so.
That's eq ual to a dozen CD-ROM
pl atters o r a small shoebox fu ll of 1
M eg x 8 SIMM strips . It 's also
eq ual to a mere eight of the 64 M eg
x 8 SIM M's just beginnin g to
eme rge from the ir preliminary lab
research stage.

Projecti ng th ese o ngoing mem 
ory t rends, in aro und te n yea rs o r
so, m achines w i ll de f in i te ly b e
sma rter than p eople. So, fo r t h is
month's co ntest, ju st write me a
short essay on exact ly w hat hap
pe ns when mac hines w ill in evi ta
b ly become the most in telli gen t
li f e fo rm o n earth .

We' ll have a l l t he u su al
Incredib le Secret Money Mach ine
book prizes for t he dozen o r so
best entries, with an all-expense
paid (FOB Thatch er, AZ) tin aja
quest fo r two go ing to the top en
try of all . As usual, al l ent ries have

Science of Fracta l Images, by M.F.
Barnsley et. al.

Outstanding collection of useful
hands-on fractal information. Good
starting place to extend your own re
search. Includes algorithms and a
good bibliography (Springer-Verlag,
1988)
175 Fifth Avenue, New York, NY
10010 (212)460-1500
SCIENCE Magazine

Occasional fractal and chaos sci
ence articles and reviews.
1333 H Street N vv, Washington, DC
20005 (202)326-6400
SCIENTIFIC AMERICAN magazine

Occasional fractal articles and re
views. See their Computer Recrea
tions column for ongoing info and
comments.
415 Madison Avenue, New York, NY
10017 (212)754-0550
SIGGRAPH Proceedings

Far and awaythe bestannual com
puter graphics show. Includes the
latest and best of fractal and chaos
science developments, on all three
levels-theoretical, tutorial , and
artsy-craftsy. (Siggraph-ACM Press,
annually)
11 West 42nd Street, New York, NY
10036 (212)869-7440

to be on paper, and should get
sent to me here at Syne rgetics,
rather than to th e editorial depart
me nt of Radio-Electronics.

Now, t here's a me mo ry effect
t hat n o b o d y talks abo ut very
mu ch , and its impl icat io ns fo r ma
ch ine inte l ligence are ge nui ne ly
scary. I li ke to call it t he threshold
effect. Your thres hold effect goes
like th is: If yo u doub le th e size of a
m em o r y, t he p erforman ce ca 
pabilities of tha t m em ory usually
w ill expand by much more tha n a
factor of tw o . Th at happen s be 
cause t he arra nge me nt and t he
use of yo ur mem o ry can now be
better o rga n ized, and can more
effect ive ly perf orm hi gher-l evel
functio ns.

Fo r in st an ce , some of yo u r
sma l les t m icr o co ntroll ers o n ly
have roo m fo r a sing le hand-cod ed
program. Add a littl e mem o ry, and
yo u ca n ste p up to a syste m
m oni tor t ha t g ives yo u m ore
power and co ntro l. More mem ory
and yo u step u p to some
in terp reted language. More sti ll,



Plug a Friend into Radio-Electronics
this Christmas ... and Save $11!

~. ~

0; This Christmas give an electrifying gift
.. . plug a friend into Radio-Electronics
and brighten his whole new year! Whether
electronics is his livelihood or his hobby,
your gift will sharpen his focus and
illuminate the whole spectrum of
electronics throughout the coming year.

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

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

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

t., .I t

PLUS . . . equipment troubleshooting
techniques 0 • • circuit design . .. reports on
new technology and new products .. .
equipment test reports . .. in-depth coverage
on computers , video, audio , shortwave radio
.. . and lots more exciting features and
articles .

SAVE $11 ...OR EVEN $22 .. . For each
gift of Radio-Electronics you give this
Christmas, you save a full $11.00 off the
newsstand price. And as an R-E gift
donor, you're entitled to start or extend
your own subscription at the same Special
Holiday Gift Rate - you save an
additional $11.00!

No need to send money . . . if you prefer,
we'll hold the bill till January, 1990. But you
must rush the attached Gift Certificate to us
to allow time to process your order and send
a handsome gift announcement card , signed
with your name, in time for Christmas .

So do it now ... take just a mome nt to fill in
the names of a friend or two and mail the
Gift Certificate to us in its attached, postage
paid reply envelope . That's all it takes to plug
your friends into a whole year of exciting
projects and new ideas in Radio -Electronics !
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FIG. 4-A SERPENSKI TRIANGLE STRANGE ATTRACTOR done using PostScript. While
you can enter this into any word processor on any computer, a printer that accepts
PostScript is needed for you r fin al output.

Iproblistcreate {ma rk Ic ounter 0 def probabilities {128 mul round cvi
{transform s cou nter ge t} rep eat I c ount er counter 1 add def} lorall
counttomark 128 sub neg dup 0 gt { [1 0 0 1 0 0] repeat} {pop} ifelse] Iproblist
exch def} bind del

Idoit {problistcreate 1 1 20 {problist rand -24 bitshift get transform 2 copy
moveto 0.001 10 rlineto} repeat newpath numdots {problist rand -24 bitshift
get transform 2 copy moveto 0.001 0 rlineto stroke} repeat} bind def

% III demo - remove before use. III

Inumdots 6000 def % increase for denser image; decrease to print faster

I t ransfor ms [
[0.5 0 0 0.5 0 0]
[0.5 0 0 0.5 1 0]
[0.5 0 0 0.5 0.5 0.5]
] def

Iprobabilities [ .33 .33 .34 ] def

1 setlin ecap 0 setlinewidth 200 300 transl ate 100 dup scale doit
showpag e quit

and you pick up a sophi sticated
operating system. The next level
gives you fancy toolboxes, and
integrated programs.

The level beyond that can give
you powerful n ew l ev el s o f
organizing t he p rogram s them
selves. HyperCard and its mu tants
are an obvious examp le her e .
Beyond that lies all the exp ert sys
tems, massively parallel architec
tures, and artificial intelligence.

Be cau se of th e thr e sh old
effects , going from a 4-m egab it
memory to a4-gigabit one will gain
you far more than a mere 1000:1 in
performance abilities. I feel tha t
something like a million to on e is
more like it.

It would seem to me that th ere
are probably three or four brand
new and previously unthought of
thresholds that li e between wh ere
we are today and where we will be
wh en we get up to rou tin ely bein g
human-brain sized a decade f rom
now. What are the thresholds and
when will they get cro ssed? Know
ing the correct answers to that on e
could make you filthy rich in a real
hurry.

Chaos and fractal resources
There is a new endeavo r out

there that is known as Chaos Sci
ence. Actually, it 's really a loosely
knit collection of all sorts of un
usual old and new stuff , mu ch of it
only weakly related, if at all. As a
general rule , i f som ething ca n
keep a math freak off th e street at
night and if it looks pretty in an
alien sort of way, then it probably
can be called chaos scienc e. Since
chaos science is futu ristic, utterl y
and totally bizarre, and mo re th an
eminently hackable, it sho uld be
of foremost interest to mo st of yo u
Radio-Electronics hackers.

Our Chaos Science Resources
sidebar will give you a quick sum
mary of a few of th e main places to
go for furth er info on thi s exc it ing
new fi eld . You'll pr obably wan t to
start off with James Gleic k's book
Chaos-Making a New Science . It

~ offers a th orough and easy-to -read
z but som etimes shallow in troduc
~ tion to th e f ie ld .
o The horse's whatever document
LUuJ on the subject, of course, is M an-
a dlebrot 's Fractal Geo me t ry of
~ Nature. Whil e more th an pretty to
a: look at, the text is pretty n igh un-
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readabl e and is both laug hingly
and po mpously egocent ric.

Th e bo o k I am curre nt ly th e
most impressed w ith is the new
Scie nce of Frac ta l Im ag es, es
peci all y in chapte r f ive . A good
summary appeared in the January
1988 Byte magazin e and it was un
der th e t it le A Better Way to Com
press Im ages.

O ne of the things that st ruck me
abo ut that great book and th e Byte
summary art icle was that th e sam
pl e BASIC and C programs were
foreve r makin g those complicated
t ranslate-rotate-scale transforma
t ion s. That's the kind of stuff that
PostScrip t does free, invisibl y, and
autom ati cally all of the t ime . Co n
t rary to all the d ire negati ve com
ments early in the red book, Post
Scr ipt sho uld end up nearly ideal
for fra ct al- geom etry uses, alo ng
with mo st anything else involving
chaos science .

An up-usual fractal fern
To test out th e theory, I trans

lat ed and th en upgrad ed th e
original code into the PostScr ipt
ro ut ines found in Figs. 4 and 5.
They wil l give you a typi cal chaot ic
beast ie known as a Serpe nski tri
angle, plus the fern , th e second
most popular fractal image of all
t ime. Of co urse, th e M andlebrot
Setis numero uno, and I am saving
it for sometime later.

Whil e yo u can run t he cod e
thro ugh any old word processor,
you do need a PostScript speaking
laser printer or a PostScript emu 
lato r to get your fin al copies. You ·
could rever se-engineer them back
into BASIC, or else use the original
listin gs as they appeared in the
Byte art icl e. -

Even though there'sstill an awful
lot of slop left in the cod e, I was
quite pl eased with both the final
results and their spee d under



quences appear to be a no-no.
Many more details are in my Apple
Assembly Cookbook.

Fourth, believe it or not, the
entire fern is coded as on ly 28
numbers in a tiny data array!
There's no difference whatsoever
between you r Serpensk i tr iangle
and the fern, except for t he 28
numbers.

Nor is there any other d ifference
between those and un to ld b i ll io ns
of other wi ld ly d ifferent images.
We thus have an abso lute ly in
credi bl e pictu re-com pact ion
scheme go ing on here . For a full 
page PostScript fern, t he data
compactio n can approac h
300,000:1! Unfortunate ly, t hough,
your image-regenerati on times do
get out of hand w ith compact ion
levels that are that high . You can
forget about real time. In theory,
by going to just a few more num
bers, we can create any image at
all. Which gets heavy fast .

Fifth, and f ina lly, t he image
really does look just like an au
thentic Black Spleenwort Fern .
Now, Black Spleenwort Ferns have

FIX
VCR's
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Over 75% of VCR
failures are due to

mechanical problems.
Ifyoufixormaintain VCR's, TENTEL offers fast,
universal, easy to use gauges for diagnosing
mechanical tape transportproblems. Powerful
toolsfor measuringtorque,tape tension,spindle
height,tapeguideheight,head protrusion, drum
eccentricityand more! You can't afford tojust
guess when your customers and your future
depends onprofessionalservice, done right the
firsttime. FREECATALOG, AlsoVideo

Training TapeNowAvailable·$24.95

(800)538-6894
In Calif.-(916)939-4005

• FOR ELIMINATION OF s eVERE INTERFERENc e
• FOR "CENSORING" OF ADULT BROADCASTS

• ATTENUATION - 45 dB TYPICAL
• BANDW1DTH-4MHzAT5dBPOINT$

• INSERTION LOSS - 2 dB

P.D.Box 9491 7
Las Vegas,N V 891 93-49 17- .

~ -eOO-433-63" 9

3 for $72 - 10 for $180 - mix & match
Ca ll Toll Free For C.O.D.or Send Check To Order

No Shipping Chargel>
• Shipped Within 3 Days • 30 Day Money Back Guara ntee

FACTORY DIRECT FROM

St41t~

band -stop filters

TUN ING FOR SHIPP ING I
M ODEL RANGE CHAN N ELS PASSB AND PRICE HA NDLI NG

23H 50 -66 M~z 2.3 (or 6 mete r ham) 50-300 MHz S30 FREE
46FM 66·108 MHz 4,5,6 (or anv FM) 50·300 MHz S30 FREE •
14 17 120 ·144 MHz 14(A) 15(8 ) 16(C) 17(0) 50 ·400 MHz S30 FREE
1822 144·174 M Hz ' 81E) '91F) 201G) 21IH) 22(11 50-400 MHz S30 FREE

7'3 174·2 16 MHz 7,8,9,10, 11,12 ,13 50·.400 MHz S30 FREE

leave yourcomments on
R-Ewith the SYSOP.

(RE-BBS)
516-293-2283

Communicate with other
R-E readers.

RE-BBS
516-293-2283

bulletin board
system

The more you use it the
more useful it becomes.

We support 300 and 1200
baud operation.

Parameters: 8N1 (8 data
bits, noparity,1 stop bit)
or 7E1 (7 data bits, even
parity,1 stop bit).

Add yourse lf to our user
files to increase your
access.

Try the....
Ileclranic.

PostScript. I elected to create a
custom probability table once
ahead of t ime, rather than making
slower individual probability se
lect ions on the fly. Providing for
128entries in the table, rather than
the expected 100, gives us some
further speedup and simplifica
t io n . But a lot more cr ies to be
do ne.

When you are experimenting
w ith them on your own, be sure to
cha nge t he n umdots variable to
someth ing in the high thousands
for yo ur original fast-printing sam
p les th at w ill im age in a few sec
onds to a m in ute or two. Later on,
yo u cou ld in crease numdots as
high as you need to for top-qual ity
f inal im ages that m ight take hou rs
to print in the ir larger sizes .

O ne othe r "gotcha:" The six-el
ement mat ri ces used by the origi
nal fractal peopl e and PostScript
d iffer sl ightly. To get from one to
th e othe r, simp ly interchange the
second and third numbers in the
array. Never mind why.

There are some amazingly bi 
zarre things about the fern image
of Fig. 5. First and foremost, larger
sizes of t he fern original are haun
t ingly beaut iful. In fact, I've never
see n any PostScript code image
anywhere t hat comes eve n re 
motely close.

Seco nd, th e sma ller pieces of
th e fern are defin ite ly not a small
er, or selfs imilar copy of your
w hole p ic tu re . U nl i ke ordinary
p ic t ures, as yo u magnify, addi
t io nal and uniqu ely d ifferent de
tail appears. But t hat is what fractal
stuff is all about.

Thi rd , although an appa rent ly
random process is used that picks
four tasks by using random proba
bi l it ies in random orders, you al
ways end up with the same final
i m age! Th at wil l happen re 
gardless of w hich random num
bers get used in w hich order.

That is a stunn ing example of a
s t ra ng eat t ract 0 r, 0 the rw i se
known as the holy grail of fract
aldo m . As yo u m ight expect,
others are seeking out the possi 
ble strange attractors thought to
un derli e the stock-market prices
and weather patterns.

Desp ite that, a sick random
number generator w iII defi nitely
not perform . You have to use a
good one. Short repetition se-
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bee n around for a rather lon g
ti me, and they sure are pretty, but
no b od y ever acc used t he m of
being very bright. Cou ld the exact
same process be used by the real
fern to teac h itsel f how to grow?

To me, t he odds are overwhe lm
in g that that does seem to be the
case. We t hus appear to be tam 
peri ng w it h some heavy-duty stuff
here.

W hat rea lly astou nds me over
t he fe rn, thoug h, is that you do not
really draw it. Al l yo u have to do is
let it out, and it leaps out of its cage
w it h a vengea nce. I guess that is
w here the "strange" in strange at
tractors co mes f ro m in t he f irs t
pl ace.

O h yes, i f yo u do fi nd t he
stra nge attracto r that unde r l ies
stock-ma rket prices and send it to
me, I'll be most happ y to send yo u
fi ve of my mon ey machi ne books. I
mi ght even cons ider a f ree ti naja
quest as we ll.

I prob listc rea te {mark Ic ounter 0 def pro babili ti es {128 mul round cvi
{ tra ns for ms cou nte r get} rep eat Icounte r counte r 1 ad d def} for all
counttomark 128 sub neg dup 0 gt { [1 0 0 1 0 0] repeat} {pop} ifelse] Ipr oblist
exch def} bind def

Idoit {probl istcreate 1 1 20 {problist rand -24 bitshift get transform 2 copy
moveto 0.001 10 rlineto} repeat newpath numdots {problist rand -24 bitshift
get transform 2 copy moveto 0.001 0 rlineto stroke} repeat} bind def

% III demo - remove before use. III

I numdots 6000 def % increase for denser image; decrease to rint faster

Ip robabilities [ .01 .07 .07 .85 ] def

1 setlinecap 0 setlinewidth 200 300 translate 30 dup scale doit
showpage quit

''You work with superconductors . ..
Did W)U know Leonard Bernstein? '

released a similar LaserWriter Se
crets test coveri ng my LaserWri ter
Corner co lumns ove r in Computer
Shopper.

As always, this is yo ur co lum n
and you can get tec hn ical help and
off-the -wall netw o rking per t hat
Need Help ? box. The best call ing
times are weekdays 8-5, Mounta in
Standa rd Time. Let's hear from
yo u. R-E

I

.:
'-

\ \

vo ltage supervisor chip.
Here we go again. Bright bl ue

li gh t -emi t t in g diodes have been
new ly annou nced by Sanyo. Is that
yet another fa lse alarm? Tim e wil l
te l l.

Stock -market quotatio n de
coders and support softwa re are
now availab le fro m DATArx. Light
wave is a new, free fiber-opt ics
trade jou rn al . A nd th e Quick
Shooter is a low- cost p last ic injec
t ion m ol d in g machine fro m
Hayg eman Machine. That one
uses a dril l press for an inj ecti on
ram .

Turni ng to my own p rod ucts,
I've rece nt ly upg rad ed and im
p roved my book-on-demand
pri nted Hardware Hacker /I re 
prints, covering al l of my hack ing
co lum ns t hat have appeared in Ra
di o-Elect ronics. I've also recently

I transforms [
[0 00 .16 0 0]
[.2 .23 -.26 .22 0 1.6]
[-.15 .26 .28 .24 0 .44]
[.85 -.04 .04 .85 0 1.6]
] def

New tech literatu re
Severa l manufactu rers are newly

t urn ing to videotape prod uct in
tro d uct io ns. Te k t r on i x h a s
bunches of scope and spect ru m
analyze r tapes availab le fo r yo u.
And Sprague has a f ree new "vid
eotec h pape r" o n a f ul l b ridge
moto r d river.

Speak ing of Sprague, th ey also
have a u n iq u e new UGN3055U
Hall -eff ect device . The $1.60 parts
are addressab le, w hich mea ns th at
up to thirty of t hem can share t he
same two-wire ser ies query line.

From t he Phi lips bra nch of good
old Signetics, a fat new data hand
book on RF Powe r Transisto rs and
a very detai led ap note on all those
pop u lar 74HC4046 phase -locked
loops.

Th e SCS people have a f ree
soapbox full of EPROM samples,
wh ile Texas Instrumen ts has a new
free eva luat ion pr inted -c i rc uit
board for t he ir TL7770-5 supply

Help wanted
How about yo u helping me fo r a

change? I'm havin g troub le find-
. ing some sources of chea p stock

p last ic metri c gears, espec ially th e
Module 1.0 size . Any suggestio ns?
Yes, Stock Drive Products carr ies
t hem, b ut at f ive ti mes w hat I wa nt
to pay for th em . A free book fo r
yo ur troub le.
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AUDIO
UPDATE
The Audio Answerman strikes agai n!

BECAUSE T H IS CO LU M N IS WRITTEN FOR

th e casual hi -fi user, rather than
th e dedicated aud io phile, all th e
co lumn topics-including the fo l
lowing Q 's and A's-are chose n to
be helpful and/or informati ve. For
t his mon th 's co lumn, I've chosen
two qu est ion s, one pr actica l and
t he other mostly t heoretical. Let
me know how yo u fee l abo ut this
fo rmat.

Recording Balance
Q. Whe n I'm recording a disc or

FM program on my cassette deck, I
notice that the right- and le ft-chan
nel recording-level indicators sel
dom read the same. So metimes
one is higher; sometimes the
other. Sho uld I try to balance the
channels using the recording-level
controls, or simply let things fa ll as
they may?On some of m y dubbed
tapes the right-to-lett balan ce
seems just fine; o n others, the
so und seems to come m ostly from
one side or the other. Is the re any
way to make sure that things are
adjusted correctly?

A. First of all, keep in mind that
properly adj usted stereo reco rd
ing- leve l i nd icato rs show exact ly
th e same read ings o n ly when
id entical signa l vo ltages are fed to
them by the source or by th e tape
be ing pl ayed . Given t he no rm al
signa l variat io ns between the rig ht
and left channe ls of a wide-range
stereo recording , t he read ings
should coi nci de f req ue nt ly, but
momentarily.

Over the years, I've occas io nally
encounte re d reco rdin gs and FM
pro grams th at, fo r one reason or
another, sounded off -ce nte r, and

I' m sure th at a recorder 's meters
wo u ld have co nf irmed w hat I
heard . But on the vast majori ty of
recordin gs, the signal levels in the
two ste reo channels w ill provide a
balance d sou nd stage and average
out to abo ut the same readin g on
both meters.

The re's an easy way to check the
internal balance of your reco rding
circu its . W it h yo ur reco rd-l evel
contro ls set simi larly, feed a mono
signa l sim u lta neously into both
chan nels and check for identi cal
meter ind ications. If yo u can't get
a mo no signal at the tape-output
jacks by switching yo ur p reamp to
mono , and if yo u can 't switch yo ur
tune r to mon o, yo u w ill need to
use a sing le-male/doub le-female Y
co nnecto r. W he n p lugged into
yo ur amplif ier's righ t o r left tape-

o ut put jack , it w i ll provi de th e
same mon o signal sou rce to both
tape -inp ut channels.

Assum ing that yo u f in d a bal
ance prob lem within your record
e r, clea n and demagnetize its
heads and, most important, t ry re
calibrati ng its recording-b ias con 
tro ls-assum ing t hat its inst ruc 
tion manual te lls you how. (I fixe d
an un b al an ced Nakam ic h i by
do ing just that.) If those sugges
tions don 't help, call o r drop a note
to your recorder's ma nufacture r
exp laini ng the prob lem and the
steps you've already take n to han
d le it. He may be able to assist you
ove r the phone, or at least provid e
the add ress of the nearest autho
rized repair sho p.

Altho ugh th e quest io n is abo ut
lack of recordin g b al an ce , it
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Official 1934
SHORT WAVE
RADIO MANUAL

Build
s imple, hi gh
pe rformance old 
tim e shortwave radiosl

All of the secrets are
here: the circuit di agrams ,
parts layou t , co il specifications, con
s truction details, operation hints , and
m u ch more!

This is a compilation of s hortwave
constructio n articles from "Sho rt Wave
Craf t" m a gaz in es publis hed in the 20's &
30's. It's wall-to-wall "how-to ."

Included are circ uit diagra ms , photo
graphs, and design secrets of a ll short
wave receivers being manu factu red in
1934 including some of the m ost fa
mous : SW-3, the SW-5 'Thrill Box" , the
deFo rest KR-l, t he ' Ha mmurl a n d
"Comet Pro" , and m any m ore.

Also included is a new chapter show
ing how you can use transistors to re
pla ce h ard-to-find vacuum tubes. You'll
even see the circuit that was lashed
together on a table top one n ight using
junk box pa rts , a h ai r curler and a lliga
tor cl ips . Attached to an an - fI
te nna stru ng across the ba se- 1--,'I
ment ce iling and a 9 volt bat- ~ ",,'

tery, s ignals s tarted popping
in like crazy. In a cou ple of
m inutes an u rgent message
from a sh ip's captain off Se- ~~~
attle over 1500 mil es away
was h eard asking for a naviga
tor to help him through s hallow water!

These small regenerative receivers
are extre mely simple, but do they ever
pe rforml This is a must book for the
experi menter , the survivalist who is
concerned abou t ba sic communication,
sho rtwave lis tener s , ham radio opera
tors who collect old receivers, and j u s t
about anyone interested in old-time
radio .

Great bookl Fun to readl One of the
bes t old -ti me radio books to tum u p in
years. Heavily illu s trated ! Order a copy
today! 8 1/ 2 x 11 paperback 260 pa ges
on ly $ 15.70 postpaid!

rLTndsay PUbi~tronSi
: Box 12-WA6, Bradley IL 60915 :
D Send a copy of Short Wave Radio

I Manual. Enclosed is $15.70. I
I

Chk , MC, Visa. Send a free cata- I
log of other books.

I Name I
I II Address I
• City St __ Zip •... iiiI.I

would n't hurt to po int out that an
aud ib le right- left system u nbal
ance can co me about through mis
adjustment of speaker-system
midrange co ntro ls. Beca use the
ear is most sensitive to mid fre
quencies (4 kHz or so), a pair of
speakers whose mi d range- level
co ntrols are ad justed diffe re ntly
wil l sound u nbalanced . Objec
tively, one w ill be play ing lo uder
tha n the ot her des pite the fact t hat
the same signal level is fed to both.

Reflected speaker sound
Q. I've rea d seve ral articles

abo ut live-end/dead-en d listening
rooms, in which the lou dspeaker
end of the room is heavily damped
with acoustical abso rption mate
rial and the listener's end is fa irly
re flective. That is said to improve a
speaker's response and imagin g
properties. Can such a setup be
used with speakers that inten 
tionally reflect sound fro m the rear
wa lls, s uch as e lect rostat ics,
planars, or conventional speakers
with rear-firing radiators?

A. I d e all y, a l oud sp e ak e r 's
sou nd -ra diation patte rn-wh ic h,
ind irectly, is w hat we aretalk ing
abo ut here-should be designed
w ith a parti cul ar reco rding-mic ro
pho ne setup in min d . Since that is
impract ical given t he variety of re
co rd ing p ract ices , the best that the
spea ke r design er can do is to de
sign a system that w il l p resent a
reasonab le ste reo i m ag e w ith
m o st pro gram materi al and in
most of the rooms in which it is
l i kel y to fi nd it sel f. In a co n
ve nt io na l l i st en in g roo m, th e
spea ker sound th at reach es a lis
tene r's ears co nsists of t he di rect
sou nd f rom the d rivers plus a large
amount of early- and late-arriving
re flec t io ns bou nced fro m t he
wa l ls, floo r, and fu rniture . If a
spea ker's immed iate env ironment
has sufficient aco ust ica l absorp
tion, most of t hose ear ly refl ec
t ions wi ll be soaked up o r severely
atte nuated. The late-arri vin g re
f lections f rom t he mo re d istant
wa lls wi ll be relatively unaffected.
The advocates of such an arrange
ment state th at its advantages in
cl ude the preservat ion of accurate
directio nal cues and instrumental
detail.

Speake rs des ig ned to rad iate
multi d i recti onal ly or with st rong

rear radiat ion obvious ly should n't
be insta lled in a non-reflective lo
cation, since they intent iona l ly
use the adjacent walls to deliver
large perce ntages of reflected
(and, the refo re, de layed) sound to
the listener's ears. As noted by
Germa n acoustic researcher
Helmut Haas in 1951,as long as the
in terval between the delayed and
d irect sou nds doesn't exceed 40 to
50 mi ll iseconds, the ear fuses the
two into a sing le event. The de 
layed sound is heard as an echo
on ly w he n the 50-m illisecond de 
lay is exceeded.

An un expected psyc hoacoustic
effect of de lays of between 5 and
30 ms is to "expand" the perceived
sound source. Not only does the
sound increase in volume, but it
also takes on-in Haas' words-a
" p seu do stereo p ho n ic q ua lity."
(That pseudo-stereo effect proba
b ly accou nts for t he w ide ned
sound stage p rovided by a popular
speaker design that employs eight
sma ll rear d rivers and o ne for
ward-fac ing o ne.) Inci den tall y, a
speaker system's sound refl ected
fro m a nearby rear wa ll has li ttl e in
co mmon w it h the refl ecti ons in a
concert ha ll f rom walls pe rhaps
50-100 f eet away-desp ite t he
efforts of some manufacturer s to
imply t hat t he ir de liberatively re
f lective speakers m im ic th e acous
t ics of co nce rt halls .

For good reasons, ope n-back di 
po lar and omnid irect io nal syste ms
(w hich have incl uded some of t he
best speakers on th e market) and
rear-radi atin g spea ke r systems are
necessar il y more p lace me nt-cr it 
ica l tha n co nve nt ional forward- ra
d iat ing types. The probl em is to
arr ive at a spac ing from adjacent
surfaces that enab les the ref lected
energ ies to ma ke a pos it ive
rather tha n destructive-i-contribu
tion to the sound and stereo image
perceived by the li sten er.

Wh ich type of speaker des ign is
t he best? My fee ling is that as long
as record i ng tec hn iq ues (and
room aco ustics) are not standard 
ized, most otherwise we l l-de
signed syste ms wi ll sou nd good
on most record i ngs . In t ruth,
speake rs t hat rad iate substa nt ia l
ene rgy rearward have spec ial in 
stallat ion constra ints, but their ad
voca tes wi ll tell yo u that they are
more tha n worth it. R-E



SHORTWAVE
RADIO STANLEY LEINWOll

The futu re of shortwave broadcasti ng
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gin s, in 5-kHz increments . It can
be seen that, during prime broad
castin g hours, virtually all frequen-
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The solid ho rizontal l ines show
act ual users, and the frequency is
shown verti cally along th e mar-

MORE THAN 130 CO U N T RI ES C U R

rent ly operate international short
wave broadcasti ng services . Many
of them use sho rtwave b roadcast
ing as an inst ru ment of their fo r
eig n pol ic ies . The United States ,
the Soviet Union , and Great Brit 
ai n alo ne carry approx imate ly
6,000 freq uency hou rs da i ly to
every cont inent on Earth in every
major langu age, and also many
min or languages.

In addition, a large nu mber of
co untries, includ in g Brazi l, Argen
ti na , t he Peop le's Repub lic of
Ch i na, Mex ico , th e USSR, and
many devel o ping cou ntries use
sho rtwave for domest ic b road
casts. Those nat io nal services are
aimed primari ly toward large rura l
and suburban audiences .

Because of the popular ity and
versatility of the shortwave spec
t rum , the number of freq uency
hou rs scheduled fo r Hi gh -Fre
quency (HF) broadcasting has
qu adru pl ed since t he e nd of
World War II, from about 8,500 fre 
quency ho urs to more than 35,000
today. An d as technology has ad- '
vanced , the standard transmitter
power has increased fro m 50-100
kW in the late 1940's to 250-500 kW
in t he 1980's.

Rapid ly growing demand fo r a
limited number of frequenc ies,
coup led with a power race, has re
sulted in increasin g ch aos in the
HF broadcast bands . The 9-MHz
band (9500-9770 kHz) has been
mon itored at four different loca 
t ions in Eu rope. Th e resu lts are
summarized in Fig. 1, wh ich shows
occupancy du ring the period from
February 13- 17,1989.
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For 23 years, your most complete source for electronics books.

J.2clloo'[lJQrn ~
All-TimeFavorite

Electronic Projects

IJ
Here's 15 Easy Electronic Projects
From Delton T. Horn

Projects you can build-some unique,
some old favorites-from the author's
vast treasury of electronics know-how.

(a $7.95 value!)

FREE when you join!
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An A bsolutely No-Risk Guarantee.

Phone

Blue Ridge Summ it , PA 17294-0810
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Please accept my membership in the Electronics Book Club" and send the 5 volumes listed be
low. plus my FREE copy of Delton T. Horn 's All-Time Favorite Electronic Projects (3105P). billing
me $3.95 plus shipping and handling charges. If not sat isfied. I may return the books within ten
days without obligation and have my member ship cancelled. I agree to purchase at least 3 books
at regular Club prices (plus shipping/handling) during the next 12 months and may resign any
time thereafte r.

· .··············•··········• Name·• Address·: City

·• State Zip·• Signature _

: Valid for new members only. Foreign applicants will receive special ordering instructions. Canda must remit in U.S.
• curr ency. This order subject to acceptance by the Electronics Book Club " . RE190· .

Membership Benefits • Big Savings. In ad
dition to this introductory offer, you keep saving sub
stantially with members' prices of up to 50% off the
publish ers' price . • Bonus Books. Starting immedi
ately, you will be eligible for our Bonus Book Plan, with
savings of up to 80% off publisher s' prices. • Club
News Bulletins. 14 times per year you will receive the
Book Club News, describing all the current
selections- mains, alternates , extras-plus bonus
offers and special sales, with hundreds of titles to
choose from. • Automatic Orde r. If you want the
Main Selection , do nothing and it will be sent to you
automatically. If you prefer another selection , or no
book at all, simply indicate your choice on the reply form
provided . As a member, you agree to purchase at least
3 books within the next 12 months and may resign at
any time thereafter. • Ironclad No-Risk Guar antee.
If not satisfied with your books, return them within 10
days without obligation ! • Exceptional Quality. All
books are quality publishers ' editions especially
selected by our Editorial Board.
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WARC-79
The less-developed countries at

WARC-79 opposed the loss of a
fixed shortwave spectrum but, at
the same time, wanted a high-fre
quency broadcast planning con
ference. Their position was that
the developed countries had con
trol of the high-frequency broad-

continued on page 100

conference was held in 1979; the
World Administrative Radio Con
ference (WARC-79) was convened
in Geneva for approximately ten
weeks .

150001- -

1955 1960 1965 1970 1975 1980

YEAR

o FROM INFORMATI ON PUBLISHED BY THE IFRB
FROM INFORMATION BASED ON WO RLD·WlOE MO NITOR1NGIBBC)

FIG. 2

TABLE I

Kilohertz 1979
Pre-1979 Kilohertz Implementation
WARe Bandwidth Spectrum Bandwidth Date

5950 - 6200 250 5950 - 6200 250
7100 - 7300 200 7100 - 7300 200
9500 - 9775 275 9500 - 9900 400 july 1,1994

11700 - 11975 275 11650 - 12050 400 July 1,1989
none 13600 - 13800 200 July 1,1989

15100 - 15450 350 15100 - 15600 500 July 1,1989
17700 - 17900 200 17550 - 17900 350 July 1, 1989
21450 - 21750 300 21450 - 21850 400 July 1,1989
25600 • 26100 500 25670 - 26100 430 January 1, 1982

Total Spectrum 2350kHz 3130kHz
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cies are occupied by at least one
broadcaster. In many cases, two or
more broadcasters use the same
frequency simultaneously.

For more than forty years broad
casters have been grappling with
the problem of increasing con
gestion in a severely restricted
spectrum. One method of alleviat
ing serious overcrowding is to ex
pand th e supply of the broadcast
frequencies . That can be accom
plished by an appropriate radio
conference with the authority to
re-allocate spe ctrum for the
broadcasting service. The last such

Write for our free catalog (see address
below), or phone us at toll-free
1-800-955-2527 (for catalog requests
only) and ask for our " degree catalog ."

Add prestige and earning power to
your technical career by earning
your Associate or Bachelor degree
through directed home study.

Grantham College of Engineering
awards accredited degrees in

electronics and computers.

An important part of being pre
pared to move up is holding the
right college degree, and the abso
lutely necessary part is knowing
your field . Grantham can help you
both ways-to learn more and to
earn your degree in the process.

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

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

Put Professional Knowledge and a

COLLEGE DEGREE
in your Technical Career through

HOME ~ ~I
STUDY ~JI: l!Cl

~I

(f)
()

z
~ GRANTHAMo
~ College oj Engineering
§ 10570 Humbolt Street
~ Los Alamitos, CA 90720
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DRAWING
BOARD

ROBERT GROSSBLATT

The world of video

WR IT TEN BY RANDALL LOGAN , 19 89

LISTING 1

THI S PROGRAM WILL GENERATE A 2048 BYTE BI NARY FI LE ( EPROM. DAT )
CONTAI NIN G THE DATA REQUIRED FOR THE EPROM IN THE
BIN ARY TO HEX/ DECI MAL CONVE RSION CIRCUIT AS SHOWN IN THE
SEPT EMBER I SSUE OF RADIO ELECTRONI CS , PAGE 72

DESCRIPTI ON OF VARI ABLES
B=NUMB ER BASE ( 10 OR 1 6 )
N=NUMB ER TO CONVERT ( 0 -255)
P= SELECTED DIGI T POSITION WITHIN NUMBER ( 0 -3)
D=DI GIT VALUE (0-9) FOR DECI MAL # 'S AND ( 0-15) FOR HEX #'S
V=TEMPORARY WORK ING VAR IABLE
S( )= CHARACTER SEGMENT DATA ( 16 ELEMENT ARRAY)
Z=USED TO DETERMINE IF LEADI NG ZERO BLANK ING IS REQUI RED

<D
<D
o

c....
>z
c
>
~

pl etely di ff eren t.
In go i'2B thro~gh th e mail I've

received recently, it's evide nt that
vid eo is a really popular subject.
Lot s of readers are fascinated by
th e hardware but haven 't gotte n
thei r hand s dirty because th ey're
not fami lia r w ith video signals, ter
minol ogy, and hardware require
ments. Over th e next few months
we ' l l go t h rou gh so me v ideo
basics toget her. We'l l take apa rt
th e NTSC standard and examin e
the individual parts of the wave
fo rm. O nce we know what we' re
looking at, we' l l see w hat has to be
don e to design vid eo ci rcu it ry. It 's

100 REM
10 5 REM
11 0 REM
1 20 REM
130 REM
140 REM
1 50 REM
1 60 REM
1 70 REM
180 REM
1 90 REM
200 REM
210 REM
220 REM
230 REM
240 REM
250 CLS
260 DIM S( 16)
270 REM READ SEGMENT DATA FOR ALL 16 CHARACTERS (O -F) INTO ARRAY
280 FOR I = 0 TO 15 :READ S(I) :NEXT
310 DATA 63,6,91,79,102,109,125,7,127,111, 1 19, 124,57,94 , 121,113
320 REM
330 REM NOW GENERATE BINARY FILE FOR EPROM PROGRAMMER (EPROM.DAT)
340 REM
350 OPEN " EPROM .DAT " FOR OUTPUT AS #1
360 FOR B 10 TO 1 6 STEP 6
370 FOR N = 0 TO 255
380 V = N
390 FOR P = 3 TO 0 STEP -1
400 D = I NT( V / (B - P) : Z = Z + D
41 0 V = V - D * (B - P)
415 REM LINE 420 BLANKS LEADING ZEROS (FOR DECIMAL VALUES ONLY)
420 IF Z = 0 AND P > 0 AND B = 10 THEN PRINT # 1, CHR$(O) ; : GOTO 4 40
43 0 PRI NT #1 , CHR$( S(D»;
440 NEXT P
450 Z = 0 : REM RESET ZERO BLANKING TEST VALUE
46 0 NEXT N
470 NEXT B
4 80 CLOSE # 1

th e EPROM dat a pin s. In any
event, you' ve got the ci rcuit and
now yo u've got a program to gen
erate th e data fo r th e EPROM .

As a last note on the subject, th e
pro gr am will create a f i le 2049
bytes lo ng. The ext ra byte comes
abo ut because BASIC (at least IBM
BASIC) adds an "end of f ile mark"
(1Ah) , w he neve r it w rites a data
file. It isn' t a big deal since the f irst
2048 bytes are the ones goi ng in to
the EPROM, but be ing aware of the
ext ra byte (aswe ll as knowing w hy
it's the re) means the re's ju st o ne
less thing to wo rry abo ut.

A nd now fo r someth ing co m-

BEFORE W E GET INTO C IRCU ITS AND

stu ff , th ere's a pi ece of foll ow-up
--6usmess r fiave to ta e care ocr

yo u're a regul ar read er, yo u' ll re
m emb er th at we ran a co ntest
so me month s ago to see w ho
co uld come up w it h a good way to
use the space lef t empty in th e
EPROM characte r ge ne rato r we
designed .

There we re lot s' of entries and
lots of id eas, but t he bes t one
came fro m Randall Logan of Britis h
Co lumb ia, Canada . He used the
remaining space in t he EPROM to
build an automat ic hex to decim al
co nverte r th at st i l l left eno ug h
ro om i n t he EPRO M fo r t he
characte r codes we wo rked out as
our ci rcuit was being developed .
The ci rcuit detail s are on page 72of
th e Septe mbe r 1989 issue of Radio
Electronics.

Since it's th e height of ted ium to
gene rate the code fo r the EPROM,
Rand all wrote a BASIC program to
create the data. He sent me a copy
of it and, as prom ised, I'm shar ing
it wi th all of yo u- it 's shown in List
ing 1. A lt ho ug h t he program is
w ritten fo r an IBM o r co mpatib le ,
it wo n't take a lot of wo rk to con
vert it to the BASIC di alect used by
ot he r co mp uters . The program is
we ll -commented so you sho uld n't
have any troub le figuring out how
it works and what yo u' d have to do
to change it.

Just about the on ly reason for
changi ng it wo uld be to match th e
data out puts of t he EPROM to yo ur
seve n-seg me nt d ispl ay. The seg
ment assignme nts (a, b, c, etc.) are
pretty mu ch sta n da rd ized, b ut
somet imes it 's easie r to lay ou t a
PC boa rd by sw itc h ing the orde r of
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FIG. 1

ser ies of repeated horizo nta l lines
of co ntro l and picture in form a
t io n. The NTSC standard allows a
tot al time of about 63.5 mi crose
co nds fo r each l in e, so a bit of
ar it hmetic te lls us t hat t he f re
qu en cy is about 15.75 kH z . I'm
usin g approxi mate numb er s be
cause t he exact value is di fferent
fo r co lo r and black and w hite . That
rate is referr ed to as the " ho rizon
tal scan f requ en cy," and du r ing
each cycle th e vi deo signal is co n
t ro ll ing t he placement of the im
age an d car ry i ng t he im ag e
in formation , as we ll.

The illust rati on in Fig. 1 shows
yo u exact ly w hat 's hap pen in g in
each horizo ntal lin e. The left-h and
side of the picture correspo nds to
the tra ili ng edge of the horizontal
sync pulse, w hich is labeled as !'2"
in the d rawi ng . As yo u can see,
abo ut 20% of th e lin e ti me is de
voted to co ntrol signals, and each
part of that section has it 's own
name and allowable durat ion .

Most te lev isio n sets "overscan "
the im age. That means that a b it of
th e left and rig ht edges of each li ne
take p lace o uts ide t h e screen
area-think of it as slightly zoom
ing in on t he lin e. That's don e for a
variety of reasons; mo st im por
tant, it makes sure that t he only
part of the im age yo u'l l see on the
tube is p ict ure informat ion-the
contro l data is always off screen.

If yo u're looking at a co lo r im
age, the fi rst important piece of
informat io n sent on each line is
the co lorbu rst signal. That is about
8 to 10 cycles of a 3.579545-MHz
clock, and it 's used asa standard to

co ntinued on page 91
The hor izonta l line

The whole video signa l is really a
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in a te levis ion set is co nstant ly
mov in g t he bea m aro u nd t he
screen f ro m left to right and top to
bottom, there's no way to gua ran
tee t hat the movem ent is go ing to
be at the precise rates requ ired by
t he NT SC sta nda rd. As we all
know, nothi ng is foreve r; co mpo 
nents age, va lues d ri f t , and it
wou ldn' t be lon g before a TV-no
matter how we ll made-would go
ou t of alig nme nt.

Most television sets move the
dot aro und th e screen at rates that
are close to the NTSC stan dard ,
bu t they have built- in slop facto rs.
That means that there's enough lat
itude in the TV's co ntro l circuit ry
to enable it to be adjusted to st rict
NTSC ti ming . Ol de r television sets
had horizon tal and vert ical hold
co ntro ls, but most of the new er
sets do it autom atically.

The horizon tal and vertica l co n
tro l of th e te lev isio n im age is t he
job of two com pone nts of the
NTSC signal known, app ro priate ly
enough , as ho ri zon tal sync and
ver tical sync. The forme r te lls the
elect ron beam to move back (or
flyback) to t he right edge of the
screen and t he latter causes th e
beam to move back to t he upper
right hand corner.

Befo re we look at the b ig p ict u re
(sorry about that), let 's take a loo k
at the most basic uni t of the video
signal-a hor izo nta l li n e. Th e
NTSC standa rd calls for 525 lin es of
video for each frame (the entire
p ict ure), and t he re are two fie lds
per frame.

co mplicated enough to be inter
est ing and just hairy eno ugh to be
fu n.

W ho cou ld ask for more?

Some video basics
Back in 1953, a gro up of relat ively

unk nown peo p le sat down to 
gether and made some decisio ns
that affected the lives of every per
so n in th is co untry (and so me
other co u ntr ies as we l l). Th at
so unds li ke t he beginn in g of a
trashy spy novel , but it 's not-it 's
th e begin ning of th e te levis ion
standard. The people w ho made
the d eci sion we re know n as t he
N at i on al Te l evi si on Syste m
Com mittee, and they estab lished
t he co lo r-TV sta ndard kn own as
NTSC. The re are lot s of jokes
about w hat th e ini tia ls stand fo r
(Never The Same Co lor, etc.), b ut
w hateve r yo u m igh t thi nk of it,
NT SC v ideo i s (i n t he U nited
States) the name of th e game .

All th e vi deo ci rcui try in a te levi
sio n set is design ed w ith one jo b in
mind-to co ntro l th e movem en t
of th e electron bea m t hat scans
across t he i ns ide of t he pi ctu re
t ube. The video signal tha t moves
t he dot on the screen and deter
min es how brigh t it w i ll be is one
of t he mo st com plex sig na ls in
co mmon use. Th e key to kn owing
how v ideo wo r ks and mak in g
sense o ut of video hardware is un
d er stan di ng al l t he co m ponent
part s of th e video waveform .

A l l v ideo, e it her b roadcast
NTSC or hi gh -resolut ion co mp ut 
er, is made up of th e same basic
elements . As a simp lif ied expla na
tion, the electron beam in the p ic
t ure t ube scans across t he scree n
fro m left to rig ht and back again.
W he n it reach es the bott om righ t
of the scree n, it moves to the up
per lef t and starts anothe r trip back
and forth across the screen. The
rate at w hich it travels left to right,
and how ofte n it moves back to t he
to p right of t he screen are all de
f ined in the NTSC standard.

The video signal fed to a TV set
has two basic jobs . The f irst is to
co ntro l t he beam's movem en t ,
and t he second is to co ntro l t he
br ightness of t he beam. The for
mer te lls t he TV where to put t he
pict u re and t he latt er te lls th e TV
what picture to put there.

Even t ho ug h t he video circuit ry
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What I've long been looking for
is a controller that allows three
internal drives and that also has
a DB-37 connector for an exter
nal drive-in my case, an Irwin
785 tape-backup unit.

Why do I want three internal
drives? I get review software in all
four of the standard formats
(360K, 720K, 1.2MB , and
1.44MB), so I need high-density
versions of both 3 .5-inch and
5.25-inch drives. However, for
trading files with friends and
business associates, I need a c

360K drive, because 1.2MB driv- ~
es can't reliably write to 360K dis- §;
kettes. (Actually, they can write ~

reliably enough; the problem is ~

track mis-alignment when one ~
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I Floppy Heaven

I just found the ultimate floppy
disk controller: the newly re

leased CompatiCard IV
(CC4)from MicroSolutions (see
Fig. 1). I've been searching for
something like it for a couple of
years; MicroSolutions has really
come through.

The PC bus
Since the Port-A-Matic lives in

one of the PC's expans ion slots
continued on page 84

have evolved, additional ports
were reserved. The devices using
those ports make the computer
more powerful , bu t they also
make it easier to configure some
thing incorrectly.

The Port-A-Matic makes it easy
to keep track of I/O operations be
cause it provides a real-time in
dication of which ports are being
accessed. The Port-A-Matic pro
vides a three-digit hex display of
the port address, and it lights a
discrete LED to provide a l-of-16
indication of which device is con
nected to the port. Another dis
crete LED tells you whether the
CPU is doing a read or a write to
the port. You can easily
customize the circuit so that the
discrete LED's light up for a desir
ed I/O port. Even though the
Port-A-Matic is a fairly complex
circuit, you s h ou ld be able to
build it for well under $75. PC
board patterns will be published
in PC Service.

Keep tabs on your expansion bus.

BUILD THE
PORT·A·MATIC

T h ere are lots of reasons' for the
PC's popularity, and if you

pop open the case you'll find eight
of them on the motherboard .
IBM's decision to provide rela
tively complete details on the ar
chitecture of the machine was an
invitation for designers to create
add-on hardware for the PC. As
things stand now, there are after
market products for the PC fam
ily that can do just about
anything you can imagine-and
a lot you can't.

No matter what kind of pe
ripheral you plug into the bus,
chances are that the micro
processor (8088, 80286, 80386,
even the 80486) will talk to it
through an I/O port. Peripherals
include video adapters, s erial
and parallel ports, the keyboard,
floppy- and hard-disk con t ro l
lers, and more. Since Intel micro
processors can a d d ress m any
ports (even the lowly 8088 can
address 65,536 different ones),
you'd think that port-address
conflicts would never occur.

Think again.
IBM has reserved specific ports

for specific purposes, and as PC's



Upgrading PC's and XT's
You can't use high-density

drive tries to read a disk format
ted on another drive . I've had no
problem trading either of the 3.5
inch disks.

Other controllers typically al
low two internal drives only. or
two in ternal and two external
drives. However, the latter supply
only the external DB-37 con
nector, so it's impossible to con
nect a third internal drive with a
standard 34-pin edge connector.
MicroSolutions sensibly solved
that problem simply by wiring an
additional 34-pin dual-row head
er connector in parallel with the
DB-37.

So connecting a third (and
fourth) drive internally is now as
simple as connecting the first
two drives ; Just attach a power
connector and a normal 34-con
ductor data cable and you're
ready to roll.

If that's all there were to the
CompatiCard IV, I'd be im
pressed, but there's more; several
items will be particularly inter
esttng for owners of older PC and
XT compatibles without built-in
support for high-density 5.25
inch drives or 3.5-inch drives of
either density.

Advanced features
The most innovative feature is

support for a new 2.8MB diskette
format. No, the format is not IBM
endorsed-but as of this writing
(early October), there are rumors
that IBM will soon introduce a
2 .8MB format using the same
vertical recording format as Mi
croSolutions'.

To handle the increased
amount of data stored on a
2 .8MB disk in a reasonab le
amount of time, the data transfer
rate has been quadrupled (com
pared with that of a standard
360K drive) to 1MbiUsecond. The
drives, however, are expensive
(about $450), as are the diskettes
(about $10).

No one knows if yet another
diskette format can catch on.

~ However, the CC4 is still a good
~ buy because not only does it look
g: forward to the future , it goes a
frl long way toward maintaining
u::J compatibility with past formats.
o
is
<t:a:
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drives on most PC's and XT's be
cause their floppy-disk control
lers work only at a single data
transfer rate (250 kHz) , and
high-denstty drives need 300
and 500-kHz rates .

Even with the right controller,
there may be software problems;
the BIOSes of older machines
don't know how to handle the ad
ditional tracks and sectors of
high-density drives. You may be
able to get around the BIOS prob
lem by installing a 360K drive as
drive A, and loading a software
driver via CONFIG.SYS to access
a high-density drive as drive B or
higher. But you wouldn't be able
to install the high-density drive
as drive A, unless you gave up the
ability to boot from A. The reason
is a classic Catch-22; you can't
load the driver until you've load
ed the driver to know how to load
the driver.

Anyway, the CC4 solves that
problem by including an on
board EPROM that occupies 2K
of the address space above the
video adapters; that EPROM can
be viewed as a BIOS upgrade for
older PC/XT models that allows
them to access the newer high
density floppy-disk drives . The
only limitation is that the
EPROM software applies only to
the first two drives; if you add a
third (or fourth) drive, you'll have
to load a device driver, which oc
cupies about 4.5K of memory.

The ROM allows another neat
trick, the ability to boot froin any
floppy drive attached to the card.
For example, I have a 1.2MB
drive-A, a 1.44MB drive-B, and a
360K drive-E (drives C and Dare
hard disks). If at any time I want
to boot from the 360K drive, all I
have to do is put a formatted
360K system disk into the drive
and the CC4 handles the rest. At
that point the 360K drive be
comes drive A, and the original
drive B remains as it was. To ac
cess the 1.2MB drive, I'd have to
load a copy of DRIVER .SYS
(which comes with DOS 3.3)
when booting.

The CC4 can also function as a
secondary controller. In that con
figuration, you'd leave your exist
ing floppy controller alone, and
move a jumper on the CC4 so that
data would flow via a different set

of I/O ports . A software driver
would then handle the dirty work
of transferring data in the usual
fashion .

Incidentally, if you've got an AT
compatible with a standard West
ern Digital combined hard/floppy
controller (model number
61-000107-00, as shown in the
upper left corner of the board) ,
you can disable the on-board
controller simply by moving the
shorting block from pins E2 and
E3 to pins E2 and E1. What
you 're really doing is assigning
the WD board to a different set of
I/O port addresses. I do that be
cause the Irwin controller must
work off the normal address
range.

MicroSolutions has bent over
backward attempting to make
the CC4 flexible and easy to con
figure . For one, the configuration
DIP switches are located at the
top of the card, so you don't have
to remove it from your PC to
change settings. Also, you can
choose from six interrupt levels ,
three DMA channels, four I/O
port ranges, two drive-speed set
tings, and seven EPROM address
ranges. A special set of jumpers
allows you to supply power to ex
ternal drives, if necessary. You
can even connect an 8-inch drive
to the CC4!

The CC4 also comes with sev
eral useful utility programs. One
allows you to format diskettes in
the background (i.e ., while run
ning your word processor or an
other application); another al
lows you to format high-density
disks if you're running an early
version of DOS.

In short, there's no doubt that
the CompatiCard IV is the most
versatile floppy -disk controller on
the ma rket. Highly recom
mended.---Jelf Holtzmantm.

Slick!
A Drawing-Management

System for AutoCAD

I f you 're a regular Au toCAD
user you know that it doesn't

take much time at all for your
hard disk to fill up with drawing
files. They can be completed jobs,
works in progress , or libraries of
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rectory's worth of files . And s in ce
you can select viewports while
you're looking at a drawing, you
can display the full drawing in
one window with three different
zoomed views of it in the other
windows at the same time (see
Fig. 2).

Don 't overlook the fact that
Slick! will display both AutoCAD
and AutoSketch slides , as well as
drawings, and you can zoom and
pan a rou nd slide files with the
same resolution you get with
drawing files. No matter how
much you zoom in on a slide file,
a s traigh t line stays straight and
tex t s tays readable-no jaggies .
That's really us eful for 3D draw
in gs s ince we all know about the
limitations of AutoCAD's HIDE
com mand . You'll wai t forever for
AutoCAD to remove hidden lines,
only to have the resulting image
disappear as soon as you issue
the n ext command.

If you make a slide of the draw
ing after AutoCAD has removed
hidden lines, you can u se Sli ck!
to view the SLD file. That will let
you pan and zoom to any part of
the image you want to examine
with n o loss in resolution. Try
doing that in Au toCAD!

Of cou rs e, being able to ge t an
im age like that on the s cree n isn't
as useful as getting it on paper.
That brings us to th e more ad-

continued on page 90
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• Sli ck! (Level 1, $95; Level 2,
$ 150; Level 3 , $ 19 5 ; Level 4 ,
$ 250 ), CAD Systems Unlimited ,
5201 Great Am erica Parkway
#443, Santa Clara, Cali fornia
95054 .

CIRCLE 47 ON FREE INFORMATION CARD

of the layers and blocks in the
drawing and have any of them
displayed on the screen as well.
Sli ck! also gives you the ab ility to
copy, rename, or delete files as
you're viewing them. That comes
in really handy when you're doing
di sk housekeeping s in ce it's nice
to look at a drawing before you
delete it .

One of Sli ck!'s neatest features
is b eing able to s croll through
drawing fil es on the graphics
screen . Choosing the files option
will give you a list of the drawings
in the current directory and
choosing one of them will cause it
to be immediately" drawn on the
screen in the cu r ren t window.
Slick! pu ts drawings on th e
screen from th ree to ten t imes
faster than AutoCAD so it doesn't
take long to s croll th rough a di-

ITEMS DISCUSSED
• CompatiCard N ($149), Mi
croS olu tion s, 123 W. Lincoln
Hi ghway, D eK alb, IL 60115.
(815) 756-3411.

CIRCLE 48 ON FREE INFORMAT ION CARD

bl ocks to insert in n ew-drawings .
The on e thing they have in com
mon is a that they all have to be
available all the time-e-tta a well
known .fact that the more draw
ings you produce , themore draw
ings you have to have on h and.

Managing your .store of draw
ing files gets to be a -fu ll-t im e job
s ince the DOS limitation of eigh t
letter file names can put a real
stra in on anyon e's imagination.
And while the difference between
TRANS 8 35 .DWG a n d
TRANT835.DWG may be remem
bered for about two minutes a fter
you've created the files : things get
somewhat obscure six months
down the line.

Although there are s everal
third-party Au toCAD u t ilities
around to h elp you manage draw
ings, none of them 'a re as ver
satile or convenient as Slick!. Not
only doe s it give you a painless
way of dealing with drawings,
but after you 've used it for a
while , you'll wonder how you ever
managed without it.

Slick! is available in four ver
s ions ranging in price from $95
for the most basic ve rs ion to
$250 for the top of the line. But
even the least-expensive package
can save you lots of time an d
brain damage as soon as you be
gin using it .

When you run Slick! , you're
presented with a graphic repre
sentation of you r disk-directo
ries on the left and files on the
right. As you scroll through the
directories , Slick! will list the
DWG and SLD files on the disk.
Wh en you find the ones you're
looking for, you can view as many
as four files on the screen at once
by moving. the cu rsor to the file
list and tagging the files you're
interested in . The tagged files can
be displayed in a variety of selec
table windows similar to the
viewports found in Au toCAD Re
lease 10. Once you get the files on
the screen ; all th e Slick! com 
mands are accessed through sev
eral pull-down win dows at the
top of the scree n .

You can zoom an d pan in any of
the drawings an d , if you 're look
in g at a 3D drawing, you ca n also
change the viewpoint just as you
would wit h AutoCAD's VPOINT
com man d . You can also ge t a lis t
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continued from page 81

a nd moni tors CPU activi ty, we
can't really talk about how the cir
cuit works without first under
standing the bus signals that
drive it-and that brings us to
the issue of "IBM compatibility."

We've all seen boards (and soft
ware) that come with a dis
claimer warning that they will
work only in Genuine IBM's and
100% compatib le computers .
The disclaimeris usually printed
in end-of-the-world type and
plastered prominently on the box
and in the manual. There are lots
of issues involved in determining
how compatible a given comput
er is, but what we're concerned
with is hardware-compatible ex
pansion s lots. As in BIOS-Ie'vel
compatibility, there are degrees
of compatibility at the hardware
level, as well, since signal timing
is just as important a considera
tion as the signal itself. A line
that goes active either too soon or
too late might as well not go ac
tive at all .

The Port-A-Matic was designed
to be tolerant of minor variations
in bus timing (within limits),
and has worked without problem
in several XT and AT machines
including those built around the
80386 . The Port-A-Matic does
not work in IBM PS/2 Models 50
and above (those with the micro
channel architecture ((MCA))
bus).

For non-MCA machines, the
62-pin bus (shown in Fig. 1) of
the original PC is IBM's standard
I/O channel. When IBM in tro
duced the AT, that bus was en
larged by adding another 36-pin
edge connector to accommodate
the additional lines needed by
the 80286. However, the Port-A
Matte uses only the original bus .
In Fig. 1, the lines that the Port-A
Matic uses are marked with an
as ter isk. You can plug the Port-A-

~ Matte into either an 8- or a 16-bit
z slot.
~ Since all standard IBM I/O de-
f-o vices , an d most peripheral cards
llJm as well, use only the first 2048
6 (0800h) I/O ports, the Port-A
~ Matic watches only address lines
a: AO-A9, the lower 10 addres s
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BACK OF COMPUTER
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TOP VIEW OF 8 BIT110 EXPANSION SLOT

PINS MARKED WITH AN ASTERISK (. ) ARE USED BY THE PORT-A-MATIC

Fig . 1. THE 8 -BIT B US CONNECTOR of th e original PC has 62 pinsfor address, d a ta ,
and cont rol lines.

ADDRESS PORT
DIGIT DISPLAY ,-, I-, ,-,

LINES INPUT LATCH ADDRESS BUFFER ANDAND BUFFERS
MULTIPLEXER ~ '_I. , '. , '.

w....
110 CD

<l: ....
EXPANSION Z<l:

PORT
PORT LED

PORT INDICATORw z DATASLOT a:'-" SELECTO R CONTROL AND LED 'Sw -I-'"
'"<l: t:E

t ~

CONTROL READIWRITE
LINES CONTROL LED DATA ACTIVITY LED'S

CIRCUIT f...- CONTROL CIRCUIT

Fig. 2 . BWCK DIAGRAM oj th e Port-A-Matic. It is d esigned to be as comp a tib le as
possible with IBM-type computers .
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li nes, which appear on expan 
s ion -bus pins A22-A31. Power
an d grou n d are su pplied to the
.b oa rd thro ugh p ins B29 and
B3 1, respectively.

The card also monitor s th ree
control signals. Pins B13 (Jow)
an d B14 (lOR ) a re ac tive-low lines
that indica te when the micro
processor is either wr i t ing or
reading an I/O port, respectively.
(Recall that the microproces s or
h as separate signals to indicate
reading and writ ing to and from
main memory an d I/O ports .)

Las t, the Port-A-Mati c needs
AEN (pin All), an active-high line
that lets expan s ion -card circuit
ry know that the compu ter is per
for ming a DMA (Direct Memory
Access ) operat io n, the speedy
transfe r of data from one plac e to
an other wi thout microprocess or
intervention.

PC an d XT com patib les (and
so me old er AT compatibles) nor
mally use the In tel 823 7 as a DMA
controller. However, mo s t of the
n ew AT compat ibles (both 80286
and 80386 va r ieti es ), u se VLSI
ch ip sets ins tead of discreet com
ponents ; the functions or iginally
performed by th e 8237 are ca r
ri ed out ins ide the VLSI's .

During a DMA op era tion , all
other con tro llin g devices must
relmquish their use of the bus,
otherwis e bus contention and
garbled data will result. The mi
croprocessor is put to sleep by a
signal that gets routed on the
motherboard, and any controller
on the expan sion bus gets noti
fied by a high on AEN .

Th e Port-A-Mati c is on ly a
monitoring circu it- it doesn 't
have to take control of the bus to
do its job . Even so , the Port-A
Matic still has to pay atten tio n to
AE N b ecause some DMA opera
tions involve I/O addressing, an d
they happen so frequently that
the Port-A-Matic's display wou ld
flicker without meaning if it de
co de d t he m . Wh en ever A E N

becomes active, the Por t-A-Matic
ignores whatever appears on the
bus. If that so u nds like a draw
back , it 's not. The board would
work perfectly if it didn't ignore
AEN, but the display would b e
meaningless. So the board was
designed to be selective abo u t the
ports it responds to .

PC PORT ADDRESSING

Even though IBM-compatible
PC's use I/O ports for many
types of operations, there's a
surprising lack of standards.
Most of the ports reserved by the
computer for basic operations
(keyboard, video, disk, etc.l, use
addresses that remain constant
from machine to machine, but
when it comes to printer and
communications ports, things
begin to get considerably less
consistent.

The first serial and parallel
ports (COMI and LPT1) are usu
ally located at 03F8h and
03BCh, respectively, and COM2
appears at 02F8h. However,
other ports are less clearly de
fined. LPT2 can be at 0278h,
0378h, or other addresses.
Ports COM3, COM4. and LPT3
are even less clearly defined.

In order for Port-A-Matic to
decode those ports. you must
find out exactly which ad
dresses are used by your hard
ware. You can usually obtain
those addresses from the docu
mentation that came with your
peripheral cards; alternatively,
various software tools can help.

The best program of that
nature is DIAGS.EXE. It was
written by Joan Riff and is in
the public domain, so you
should be able to find it by log
ging onto your favorite bulletin
board. It's a complex program.
but the accompanying docu
mentation (DIAGS.DOC) is well
written and covers every aspect
of ustng the program.

How it works
Now that we know what s ignals

the Port-A-Mati c u s es , le t's see
how it works . The block diagram
in Fig. 2 gives an overview of cir
cu it ope ration. The ten address
lines from the I/O slot are always
present at the Por t-A-Matic's in
pu t buffers , but the on ly da ta
that the board pays any attention
to is wh ateve r h appens to . be
there during an I/O operation . '
When the con trol circu it senses
that a port is being accessed , it
latches the address in the buff
ers , then checks t he a d d ress

against the table that is s tored in
the por t selector.

If there's a match , the control
circu it is notified, but that's not
the en d of the story. The Port-A
Matic still has to check the state
of AEN to make sure that it's not
looking at a DMA operation .

If the circ u it see's that there 's
n o DMA operation going on (AEN

is low), it asserts a master enab le
s ignal that causes the res t of the
Port-A-Matic to process the data .

The address in the input latch
is transferred to the display buff
er an d multiplexed out to the
three-digit h ex di splay. At the
same time, the master enable si g
nal will cause one of the two ac
tivity LED's ( READ or WRITE) to light
up. The data com in g from the
port selector will also be decoded
and the LED associated with that
port will also light up. All of that
ac tiv ity is controll ed by timers, so
the Port-A-Mati c will d isplay each
valid por t address for abou t a h alf
a second . A complete schemat ic
of the Port-A-Mat te is shown in
Fig. 3.

The in put buffers consis t of
IC3-IC5 . Those 74LS36Ts con
ta in two grou ps of buffers in a
singl e pa ckage , one four b its
wide and one two bits wide, and

. each sectio n has its own output- ·
enable pin. The four-bit sections
in IC4 an d IC5 handle the lower
eigh t address lines . The two -bit
section in IC4 is used as the buff
er for the lOR an d lOW signals com
ing from the PC bus. That leaves
the two-bit section of IC5; a l
th ough it's devoted to the two up
per address lines , A8 and A9, you
can see in the schematic tha t
they are h andled differently. The
reason for that will be come clear
afte r we exam ine the res t of the
circ u it; but in a nutshell, doing
things the way we did s implified
the des ign and reduced the parts
cou nt.

High address lines
Both A8 and A9 are con nected

to IC3 , a 74LS74 se t u p as a two 
b it data latch. When the Port-A
Matic detects a valid address , the
m a s ter enable s igna l cloc ks
wha tever happens to be on A8
an d A9 into IC3, and that data is
presented to the inpu t pins of the
two-bi t sectio n ofIC 5. Settingup



the address buffers that way rep
re sents a design com promise, be
cause the 74LS74 is just a pair of
D flip-flops, no t a true latch, The
price you pay for using it in th at
manner is that , con trary to what
everybody tells you, the data at
the input doesn't show up at the
output when the chip is clocked ,
Instead, that data actually ap
pears one clock pulse later.

That could have serious con
sequences for the Port-A-Matic
since it means that there's a pos
sibility of mi ssing a one-time
only port access by the computer.
Fortunately, as we'll see, there's a
relatively easy fix for that. For
now, it's important just to be
aware of the problem.

The control circuit is made up
of a handful of gates and passive
components, along with ICll ,
the EPROM con ta in ing the port
selection look-up table. The con
trol circuit's job is to issue the
master enable signal-a low-go
ing pulse at the output of IC2-b .

When an 1/0 operation takes
place, it causes the output oflC2
a, a NAND gate , to go high. That
signal is in turn fed to one leg of
IC2-b, another NAN D gate whose
job it is to issue the master en
able signal. It 's also inverted by
ICI -d, a NOR gate set up as a sim
ple inverter, and the resulting low
enables the outputs of the four
bit sections of IC4 and IC5,
which thereby causes the lower

DATA AND STATUS PORTS

Most I/O operations actually
involve the use of several se
quential port addresses for
data, status, control, etc. We
programmed the prototype to
respond only to data ports, The
reason is that if you pro
grammed the same LED
number into all addresses asso
ciated with COMI (for example),
the least significant digit of the
display would flicker so rapidly
that it would be all but impossi
ble to read. So unless you have a
particular reason to monitor
control and status ports. you'll
find it's more useful for Port-A
Matte to respond only to the
data port.

eight bits of the address bus to
show up at the cor respo nd ing ad
dress inputs of ICll , the port-se
lector EPROM. The same s ignal
from ICI -d also enables the out
puts of the EPROM .

We'll get into the details of the
look-up table later; for now it 's
only important to know that b it 7
of each tab le en try is used as the
en a b li ng to ggl e for p ort a d 
dres s es. In particular, tha t bit
will be cleared for a valid address
an d s et for an invalid address.

The 07 line of the EPROM is fed
back to ICI-a, one input of a NOR

gate ; the other leg of the gate is
connected directly to AE N from the
bus. If either input to ICI-a is
high, either the EPROM says to
ignore that address, or the com
puter is doing a DMA operation.
(Actually bo th may be true.) In
any case, the output of ICI- a will
be low and, since it 's con nected to
the other leg of IC2-b, no master
enable signal will be issued .

If, however, abtgh is issued
from ICI-a, that high is fed to
IC2-b, and since the other leg will
also be high (because IC2-a de
tected an I/O operation), the out
put of IC2-b will go low:

That is the master enable si g
nal that the Port-A-Matic has
been waiting for; when it's re
ceived the rest of the circuit will
be act ivated.

Before we continue, however,
let's take another look at what's
happening with AS and A9, the
two high-order address lines
from the bus .

If it's the firs t t ime a particular
I/O address has sh own up on the
bus, the s tates of AS an d A9 won't
be clocked through IC3 and then
show up a t the inputs of IC5.
That is because the 74LS74 is
clock ed by the master enable sig
nal , and that won't be generated
until a valid 1/0 address shows up
at the address pins of ICll, the
port s elector EPROM. In other
wo rds, we n eed the mas ter en 
able s ign al in orde r to produce
the master enab le s ignal.

The s ituatio n , h owever, isn't as
ridiculous as it seems. A circ u it
design, like most other things in
life, is the product of inspiration,
realization, a n d compromis e.
You begin with a list of design
cr ite r ia and , once there's some

working s ilico n on the bench,
you h a ve t o we ig h real -world
practicali ti es against breadboa rd
ideali sm.

It would certainly be possible to
redesign Port-A-Mati c to elim i
nate the problem, but the price
would be an increase in circ u it
com p lex ity, parts cou n t, a n d
cost. And th ose co n s ide rat ions
are just as important as circ ui t
opera ti on. Further, increasing
the parts count increases t he
possibility of unforeseen circu it
glitches, and raises the power re
quirements. And the more com
plex th e circuit, the more
complex the PC bo ard.

For all those reasons, we decid
ed to come up with a better sol u
tion. The solution involves mak
ing a relatively minor operational
comp romise in the circ u it, and it
involves usinga bit of creative
cons truction in building t he
look-up table. However, be fore we
can get into building the look-up
table, we have to know how the
rest of the circuit operates. So,
for now, let's just assume that an
I/O address has been put on the
bus , the Port-A-Matic has check
ed the port-selector EPROM , and
the master enable signal has
been generated .

The master enable signal
Once a valid ad d res s is d e

tected , the main job of the master
enable signal is to load the ad
dress data into the display buffer,
activate the display timers , and
turn on the display.

The master enable s ignal from
IC2-b is inverted by IC2-c, and
the resulting high triggers the
latch-enable input of IC6, a
74LS373 octal latch. The data
s tored there is then presented to
IC7, a 74LS257 quad two-input
multiplexer-th e el e c t ro n ic
equ ivalen t of a four-pole, two-po
si t ion rotary switch. By putting a
hi gh or low on the select con trol
(pin 1), one of the two s ets of in-
put lines will be routed to the out
pu t pi ns . You can tie the 25 7
directly to a bus because a low on
th e outp u t -e nab le (pin 15) ~

"floats" the outputs (effectively 2
removes them fr om the bus) . »

JJ
That feature is important b e- -<
cau se the display section ca n <0

(0

handle only eight inputs , but the 0
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CHOOSING EPROM'S FOR THE PORT-A-MATIC
circu it must deal wi th ten lines
(AO-A9).

S ince we're on ly u s ing three
seve n-segment digi ts for the dis
play, one question is : Why shou ld
we both er with di splay multiplex
in g at all? Mu ltiplexing is a good
way to reduce parts cou nt, but
the b rea k- even poin t is about
th ree digits .

The reason is that we need a
hex , rather than a decim al , di s
pl a y. Th a t m ean s u sin g a
characte r generator that can de
code all the numerals from 0 to 9,
as well as the hex digi ts A to F.
Unfortunately, s u ch ch a rac te r
ge ne rat ors a r e hard to fi n d.
Motorola makes one, an d HP has
some smart , s elf-la tch ing h ex
displays , but both solutions are
expensive, an d the parts a re h ard
to come by in small quanti ti es .
So we built ou r own; h ere's how.

The Port-A-Matic di vides the
te n a d d ress lines in to t h ree
grou ps : AO- A3 , A4-A7 , a n d
AS-A9 . The multiplexing control
ci rc u itry is com posed of lC8-b
(half of a 556 dual timer), lC12 (a
74LS1 38 decoder) , lC13 (a 4040
cou nter) , and several gates .

The basic multiplexing clock is
provided by lC8-b. It drives the
4040 a n d the resulting binary
cou n t drives the 74LS1 38 's select
pins . That puts a ser ies of se
quentiallows on the bases of the
di spl a y p ass tran si st or s
(Q4-Q6), and each of the di gits
will thus light up in turn. Gates
IC2-d an d lCl-b decode the b in
ary cou n t from the 4040 and pro
vide a res et puls e for the cou nter
wheneve r t he cou nt rea ches
three.

Multiplexing the di splay isn't
much u se u n less the data being
fed to the display is multipl exed
as well. The data and the dis play
mus t be synchron ized so that the
right da ta is presented to the dis
play in puts when the right dis
pl ay is illu m ina t ed. Th e two
outputs of the 4040 that d ri ve
the 74LS1 38 a lso cont ro l the

~ order in which the address data
z is fed to the di splay circ uit. As
~ long as the Ql ou tput of 1.h e 4040

. 0 is low, the outputs of lC7 (the
UJill data multi plexer) will be enabled.
o In add ition , the same line that
~ enables ICTs ou tpu ts is inverted
a: by IC'l-c . so the outputs of the

88

Much of Port-AMaucs opera
tion depends on the proper
function ing of ICI I, the port-se
lector EPROM. Every I/O opera
tion performed by the computer
is checke d by lC11 to see
whethe r the Port-A-Matic
should respond to the port ad
dress on the b us.

Not only does ICll play a ma
jor role in the circuit. it h as only
a lim ited amount of time to do
its job, an d the dur ation of that
time may be cr itical. The reason
is that even thou gh the 8088
takes b etween e ig ht a n d ten
clock cycles to perform an I/O
ope ration (u n less t.he ha rdware
or software slows things down
by add ing wait states), the ad
dress remai ns valid on the com
pu ter's b u s for even less t ime
than that.

Even though computer tim
in g is measu re d in mic rose
co n ds and E PROM tim ing is
m e a su re d in nanoseco n ds.
u s in g a standard 2716 (wit h a
45 0-ns access t ime) ca n cause
ins tability in the Port-A-Matic's
display. That's because the mas 
te r enable s ignal isn 't is sued
until lCll has approved the port
a d d ress, bu t t he com puter
do esn't wait aroun d patien tly
u ntil that judgment is made.

If the EPROM is too s low and

two-b it section of IC5 , the buffer
that h andles A8 an d A9, will be
di sabled .

When the first d igit is enabled ,
lC7 is enabled, IC5 is di sabled ,
and the lower four address lines
a re routed to the character gener
ator an d the display. When the
secon d digit is lit, IC5 remains
di sabled , and IC7 se n ds the sec
o n d g roup of ad dress lin es
(A4-A7) to the character gener-

ator. When the las t digtt ts lit , IC7
is di sabled an d IC5 is enabled ,
thereby causing the signals from
A8 an d A9 to be routed to the
character generator through 0 1
a n d 0 2 . T he two di odes a re
needed to isolate the outputs of
the two-bit sectio n of IC5 from
the outputs ofIC 7. That arrange
m ent is n eces sary because the

the computer is too fast , the
master enable signal could be
issued just as the computer was
beginning another I/O opera
tio n. That would cause the Port
A-Matic's display to change to a
second address after showing
the one that tr iggered it in the
first place. The second address
is usually related to so mething
like an interrupt req ues t. RAM
refresh, and so on,

T he problem can b e eli m i
nated by u sing a faster EPROM
for lCll , There's no hard a n d
fast formul a for calcu lating how
fast an EPROM you should u se,
but if the p roblem s h ows u p,
you can clear it u p by SWitc hing
to a di fferent EPROM.

The fastest 2716 th at's easily
available is a 27 16-1, with an
access ti me of 350 nanose
conds, If that's still too s low. you
cou ld switch to a 2732A, s ince
they're ava ilab le with access
ti mes as low as 200 n a n os e
co n ds, wh ic h s hou ld be fast
enough for even a real screamer
personal co mputer like a 33
MHz 386 machine.

You can plug a 2732 directly
into lCll 's socket. but the look
up table mu s t be burned into
the to p half of the EPROM, s ince
the ex t ra address pin is tied
high on the board,

4040 runs constan tly, whether or
not the Port-A-Mat ic h as detected
a vali d I/O address.

If the diodes weren't there a nd
the outputs of the two -b it part of
IC5 were co n nected directly to
the inputs of 1.he character gener
ator, the A8 and A9 inputs of the
por t selector EPROM would see
data from both IC5 and lC7 . That
might also cause it to ignore a
vali d address and okay an invali d
address .

LED selection
One really useful featu re of the

Port-A-Matic is its ability to as
s ign a par ticular LED to a par
t ic u lar p ort ad dress. It 's a lot
easier to see what you r computer
is doing by h aving the Por t-A
Mati c ligh t. an LE D you've la-



PARTS LIST

belled COM] than waste some
brain space by remembering that
COMI is assigned to port 03F8h.
The LED assignments are made
in the EPROM look-up table. If a
valid I/O address shows up on the
bus, the EPROM enables the con
trol circuitry and also sends the
stored LED number to lC14 , a
74LS154 four-to-sixteen line data
selector. When the master enable
signal shows up at lCl4's enable
inputs (pins 18 and 19), one of
lCl4's outputs will go low, thereby
triggering a one-shot that lights
the corresponding LED for half a
second.

All of the one-shots are built
using 558 quad timers. The 558
has open-collector outputs, so
pull-up resistors (R63-R78) are
used on all outputs.

1\\'0 additional LED's, LEDI
and LED2, indicate lIO activity,
lOR and lOW, respectively. The
LED's are controlled by separate
halves of lC9, a 556 dual timer.
The lIO activity data is stored in
the two-bit section ofIC4 (D4 and
D5); when the master enable sig-

Resistors _

All resistors are '/.,-w a t t. 5 %. unless
otherwise noted.
RI , R IO, R12-R30 2200 ohms
R2, R4, R7 5600 oh ms
R3 1 megohm

R5, R8, R31-R46 560.000 ohms
R6, R9, R47-R62 160 ohms
Rll 470 ohms
R63-R78 1000 ohms

Capacitors _

CI, C2, Clo-C14,
C16, C38 0 .1 f.lF, monolithic

C3 0 .001 fLF, s il ve r
mylar

C4, C6, C8,
CI9-C22, C24-C26,
C29-C32,C34-C37
...... . ...... •. .... ....... .... . . .0 .4 7 f.lF, 35 vo lt s .

Tantalum
C5, C7, C9, Cl5,
CI7,CI8,C22,C28,
C33 0 .01 f.lF,

monolithic

Semiconductors _

ICI 74LS02 quad
NOR ga te

IC2 : 74 LS OO quad
NAND ga te

nal appears, that data is passed
to the input pins of lC9. Since lOR

and lOW from the bus are both
active low, and only one can be
active during a given lIO opera
tion, a single low will be sent to
the corresponding half of lC9.

The master enable signal trig
gers a similar one-shot (lC8 -a),
whose output pulse enables
lC12, the 74LS138 that multi
plexes the three display digits.
The Port-A-Matic sends data to
the display circuit constantly,
but the digits themselves are only
illuminated when the master en
able signal triggers lC8-a.

The three one-shots (lC8-a and
both halves of lC9) are quite sim
ilar. The transistors that control
their inputs let an input trigger
interrupt the one-shot's internal
timing.

The one-shot (lC8-a) control
ling the display multiplexer is
more responsive than the ones in
lC9 because lC8-a's reset input
(p in 4) is also controlled by the
master enable signal. Every time
a new I/O address is validated by

IC3 74LS74 dual D
jlip:flop

IC4,IC5 74LS367 hex
buffer

IC6 74LS373 octa l D
latch

IC7 74LS257 quad 2
input multiplex er

IC8,IC9 556 dual timer

IClO 2 716 EPROM 2K
X 8.450 ns

ICll 2 716 EPROM 2 k
X 8. see textfor speed

ICl2 74LS1 381-0f-8
d ecoder

ICl3 .4040 binary
ripple cou n ter

ICl4 74LS154 4-to-16
line decoder

ICI5-ICI8 558 quad timer

DI, D2 1N91 4 small
s ignal diode

LEDI yellow light-
em i tti ng diode

LED2 g reen light-
em itt i ng diode

LED3-LEDI8 red ligh t-emitting
d iode

DISPI-DISP3 FND500 LED
display. co m mon-cathode

91-96 2N3906 sm a ll -
sig na l PNP transistor

ORDERING INFORMATION
A set of two double-sided

printed circuit boards is avail
able for $38.95 from Systems
80 Instruments Ltd., c/o CF
Liebert, Jnc ,; P.O. Box L,
Blaine, WA 98230. The two
programmed EPROMs
(2716-1,350 ns) as described
in the article are also avail
able from Systems 80 for
$19.95. All prices include
shipping and handling.

the port selector EPROM, the
master enable signal will reset
the one-shot.

The look-up table
As mentioned before, the lower

eight address lines are handled
in a straightforward manner, so
we can be sure that they will al 
ways be properly sent to the lower
eight address pins of the port se
lector EPROM . But there's no way
to tell what data will be at the
EPROM's two upper address lines
(A8 and A9, pins 23 and 22). But
since we 're dealing with digital
data, it's misleading to say that
the data there will be indetermi
nate. Actually, there are only four
possibilities, zero through three.
And we've already seen that con
fusion will exist only the first
time the address shows up on the
bus.

The reason that's not signifi
cant is that most lIO operations
involve accessing the same port
over and over. The trick to cor
rectly decoding the upper two ad
dress lines is to make sure we
take all the digital possibilities
into account when we build the
look-up table.

For example, suppose we want
to decode port 03F8h, and that
we want to assign it to LEDI2. If
there was no problem with the
address lines, we would put a
OCh at location 03F8h in the
EPROM. When the port is ac
cessed, the low state of bit 7 will
enable the rest of the control cir
cuitry and the C in the lower half
will be passed on to lC14, so
LED12 will light up.

In order to make that happen,
regardless of what data is present
at the EPROM's A8 and A9 inputs
during the first access of port
3F8h by the computer, we also
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Getting The
Most From Your
Printer

GETTING
THE MOST
FROM YOUR
PRINTER

BP181-lt is probablethat80%of dot-ma
trix printer users only ever use 20% ofthe
featuresoffered by their printers . This book
will help you unlock the special features and
capabil ities that you probably don 't even
knowexist. To order your copy send $6.95
plus$1.50forshipping intheU.S. toElec
tronic Technology Today Inc., P.O. Box
240, Massapequa Park, NY 11762-0240.

Rates: Ads are 2W' x 2'l's". One insertion $950. Sixinsertions S925.each .Twelve
insertions $895. each . Closing date same as regular rate card . Send order with
remittance to Computer Admart, Radio Electronics Magazine, 500-B Bi-County
Blvd., Farmingdale , NY 11735. Direct telephone inquiries to Arline Fishman , area
code-516-293-3000. Only 100%Computer ads areaccepted for thisAdmart, •

PROMPT 'DELIVERY!! !
SAME DAY SHIPPING (USUALLY)
QUANTITY ONE PRICES SHOWN for OCT. 22. 'i'i.. . . .,.

DYNAMIC RA M
SIMM AST Prem3B6/33Mhz 8300.00
SIMM (1) 256Kx36 80 ns 300 .00
SIMM I 1Mx9 80 ns 122.00
SIMM (2) 256Kx9 100 ns 35.00
1Mbit 1Mx' 100 ns 11.25
41256 256Kx' 60 ns 4.95
41256 256Kx1 80 ns 3.95
41256 256Kx' 100 ns 2.80
41256 256Kx' 120 ns 2.65
4464 64Kx4 120 ns 3.75
41264 (3) 64Kx4 100 ns 7.95

EPROM
27C1000 12SKxS 200 ns
27512 64KxS 200 ns
27256 32KxB 150 ns
27128 16KxS 250 ns

STATIC RAM
62256p-10 32KxS 100 ns
6264 p-12 SKxS 120 ns
6116AP-12 2KxS 120 ns

•• • • • I ,

SATDEUYERY M,uterCard.:VISA or UPS CASH COD
'NCLUDED ON MICROPROCESSORSUNLIMITED. INC.

FED-EXORDERS 2. 000 S Peoria Ave (918) 267 4961
RECEIVED BY: BEGGS. OK. 74421 ., •

lh: 1-2 M.2S411 No min imum order. PIe.H nola ptOCIHi $"tJr-e1IOCI'.t"ll"
"= 1'-1 '14.25111 ShlClOIng. '...' .....ec••xU"'pIOS"O<PKl''''Il'''''te....<s

WE SERVICE
AND REPAIR:

• IBM PCIXT

• AT Brands

• And Other
Compatible
Models

R-E Computer Admart

ExpertProfessionaf Service andRepairon:
• Motherboards • Keyboards
• Adapter boards • Power Supply
• CRT Display Monitors • Floppy Disk Drives

For More Information, Callor Write:

lB3JFElectronics
108 E. Main · P. O. Box338 • Hinton, OK73047

BOB & LEE FURROW (405) 542·3672

CIRCLE 151 ON FREE INFORMATION CARD CIRCLE 61 ON FREE INFORMATION CARD

h ave to store an OCh at every loca
tion in the look-up table that
m ight be checked . An d t hat
means programming OCh at loca
tions 00F8h, OlF8h, and 02F8h,
as we ll as at 03F8h .

The practical effect of doing
that will be that the Port-A-Matic
will co r rectly decode an access to
po rt 3F8h rega rdles s of what
states are pres en t at the port se
lector's A8 and A9 pin s. The con
sequence is that one d isplay digit
may flicker the first time a po rt is
accessed.

You migh t t h ink th a t tha t

would make it impossible for you
to d ecode two por ts whose a d
dress differs on ly in the u pper
digit-02F8h an d 03F8h, for ex
ample. Not true.

Remember that the reason for
putting the same data at four lo
cations in the look-up table is to
be certain that the master enable
signal will be generated n o matter
what d a t a is pres e n t at t he
EPROM's A8 and A9lines the first
t ime a por t address is put on th e
computer bus . Since the control
circuitry on ly cares about the
s tate of the EPROM's 0 7 line, the

master enable s ignal will be pro
duced whenever that line is 10\v.
The EPROM data in the lower
four bits only determines which
LED will light u p.

So , for example, if you wanted
any access of port 02F8h to light
LED 3 , a n d any access of port
03F8h to light LED 12, you wou ld
store 03h at EPROM loca tion
02F8h and OCh at EPROM loca
tion 03F8h. The values at OF8h
and IF8h can be anything as long
as the h igh bit is low:

Unfortu nately, we 're out of
space. See you n ext ti me.tm .
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WORKBENCH

continued fro m page 83

vanced versions of Slick!. Every
th in g d es c ri b ed so far, (a n d
m ore), is part of th e basic $95
vers ion . The other versions do
still more.

Slick! can use all the standard
display cards that are supported
by AutoCAD (CGA, EGA, VGA,
and He rcules), a n d h as s imple
command- line switches to d i
rectly support higher screen res
olution with more than fifty other
video cards. The Level-2 version
of Slick! will also support any AD!
display driver. If you run Auto
CAD with an AD! driver, S lick!
Level-2 will give you the same on
screen resolution as AutoCAD.

The Level-3 version of S lick!
($ 195) won 't support AD! dis
plays, but it will print your draw
ings (or s lides ) on either a n HP
Las erjet or an Epson-compatible
printer. The prin ts aren't j ust
sc ree n dumps-the p rogram
does the same type of vector to
raster conversion that AutoCAD
does when it prints a file. Slick's
printer setup screen lets you set
the plot origin, size, and orienta
tion, and ca n se nd the resu lt to
either the printer for a hard copy
or a file for storage.

The top-of-the-line version of
Slick! is Level-4 ($250), and that
one has both the AD! and printer
options.

You can run Slick! from the
DOS prompt, but the real power
of the program becomes evident

by run n in g it wh ile you're still
working in AutoCAD. The man
ual shows you how to m odify the
ACAD.PGP file so you can ru n
SLICK directly from AutoCAD's
com mand line, an d being able to
sc ro ll through a directory of
blocks means that you don 't have
to remember the difference be
tween TRANS385 .DWG and
TRANT385 .DWG-you can see it
on the screen .

S lick ! wo rks extremely we ll,
saves a lot of t ime, and CAD Sys
tems Unlimited is a great compa
ny to deal with on the phone. If
you only h ave the bucks to buy a
single AutoCAD accessory,
Slick!'s the one that you must
ge t. It's by far the m os t u s eful
CAD u t ility that you can possibly
own.-Robert GrossblatttCD.
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DAMARK PRICE:

Item No. B-1515-128686
Insured Ship/Hand.: $19.00

FACTORY NEW! FACTORY PERFECT!

Manufacturer's
Suggested Retail+ $8,499.00

I VISA I MasterCard liiIJ

• 80386 32-bit processor, 12/6 MHz (switchable).
• 40 MB (28ms) hard drive.
• One 3.5" 1.4 MB floppy disk drive.
• 2 MB RAM. • 100% IBM compatible.
• "Page-White" fluorescent backlit LCD display,

10.5" viewing area. • MS·DOS 3.21 included .
• Supports: MS OS/2 version 1.0, Xenix, and
also Microsoft Windows/386 environments.

• Zero wait state.
• Socke t for 80387 numeric co-processor.
• Internal Hayes 2400 baud modem.
• Serial and parallel printer ports.
• Resolution: 640 x 400 pixels.
• 79·key full function detachable keyboard.
• Real time clock and calendar. • AC adapte r.
• "Fast" charge NiCad battery pack includ ed.
• Dim.: 13.25"W x 14.75"D x 4.75"H.
• We ight: 14.7Ibs. • On e Year Warranty!

FOR FASTEST
SERVICE CALL

TOLL FREE

1-800-729-9000

m;t~ RUSH DEL IVERIES ONLY
~iei-~ $6.95 plus normal S/H. Ask an

--"- _ operator to "SHIP IT FED EX@
Delivery Service! "

•••• • • • • •DAMARK INTERNATIONAL, INC.
6707 Shingle Creek Parkway , Minneapolis. MN 55430

Customer Service • 612-566-4940

Please rush me:_ Zeni th Laptop Computer(s)
@ $2999 each , plus $19 .00 sIh each. Item
No.B-1515 -128686. MN res. add 6% sa les tax .

Oity.State.Ztp _

o Check/MO 0 VISA 0 Master Card 0 Discover
Card No. _

Due to a spec ial ar
rangem ent,we were
able to obtain a
large inve nto ry of
these portable corn
puters. As a result,
we can now offer
the m to yo u at
HUGE SAVI NGS!

Communicate with other R-E
readers.

Leave your comments on R-E with
the SYSOP.

RE-BBS
516-293-2283

Iladi -
Ell!llranils

bulletin board
system

We support 300 and 1200 baud
operation.

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

Add yourself to ouruser files to
increase your access.

Try the

The more you use it the more
useful it becomes.

O nce th e end of the p icture in
fo rmatio n is reached , th e elect ron
beam is turned off for about 1.5
m icr oseconds (the f ro nt po rch),
and then a hori zon tal sync pulse is
sent. The locat ion and duration of
th e pul se (4.7 mi cr o secon ds) is
crit ical to prop er pl acem en t of the
horizontal lin e on the screen since
that causes th e elect ro n to move
back to th e righ t side of the screen
and start a new lin e.

M essin g around with the hori
zon tal sync is a popul ar act iv ity
w ith th e peo pl e wh o dream up
ways to scramble TV pi ctu res. If
the pul se isn 't th ere at exact ly th e
right t ime, the television set has
no way to identify th e sta rt of a
new lin e of vid eo . As a result , the
TV will do horizontal retraces at
so mew hat rand om inter vals and
in stead of watchin g a recen tl y re
leased movi e, yo u' l l be loo kin g at
some im ages that really belo ng on
a var iab le intero ssiter (and how
many of you kn ow w hat that is?).

Wh en we ge t tog et he r next
time, we ' ll talk abo ut vertica l sync
and start to design so me v ideo
hardware. It sho uld be fun . R-E

(RE-BBS)
516-293-2283

DRAWINC BOARD

co ntin ued fro m page 80

determi ne both the hue and sat
uration of the co lors di spl ayed on
th e TV. The two elements, hu e and
sat uration, are usually referred to
as "chrominance" o r " chroma."

A separate co lo rb urst signal is
se nt fo r eac h line of v ideo and
th ey're all exact ly in ph ase wi th
eac h other. That 's o bvio us if yo u
rea lize th at in con sist enci es would
result in co lo r shifts from line to
line. (That mi ght make for some
interestin g pi ctures, bu t it's not
th e kind of stuff spo nso rs she ll out
bu cks to t ransmit.)

The pi cture in formation imme
diately fo l lows th e back porch
and , for th e next 52 m icro seconds
o r so, the elect ro n beam tr avels
across the screen painting a lin e of
va rying co lo r and brightness. The
co lor yo u see depends on th e rela
ti ve phase d ifference between the
v ideo sig na l and th e co lorb urst

. sig nal in t he back porch. Th e
brightn ess, refe rred to as the " lu
minance," is simply a fun ct ion of
th e voltage level.

If yo u look at th e vo ltage scale
o n Fig. 1, yo u can see how th e vo lt
age vari es during a line of v ideo.
NTSC v ideo cal ls for a peak-to
peak signal vol tage of 1 vo lt but,
instead of volts, th e video signal is
u sua lly ref erred to in IEEE (In
st itute of Elect ri cal and Electron ic
Engin eer s) , o r IRE (In stitut e of
Radi o Engin eer s) units . That scale
d ivides th e 1-vo lt ran ge into 140
parts with zero-IREcorrespo nd ing
to abo ut 0.3 vol ts. Th e fu ll scale
goes from - 40 IRE to + 100 IRE
un it s. When yo u hear a person re
f e r to 50 units of v ideo, th ey 're
usin g the IRE scale .

The reason things are don e li ke
t hat is that there has to be some
way to di stinguish between con
t rol signals and pi ctu re informa
tio n. Th e NTSC so l ut io n was to
reser ve t he area from 0 to 0.3 vo lts
fo r t he cont ro l signals and the rest
of the space (0.3 to 1 vo lt) fo r pi c
t ure . If the luminance is at 0.3 vo lts
or 0 IRE, th e pi cture w ill be b lack
100 IRE w ill give yo u w hite. Every
thing in th e middle will be seen as
va ry ing shades of g ray or co lo r.
Th e area below 0 IRE is usuall y re
ferred to as " b lacker th an black. "
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MARI{ET CENTER
FOR SALE

PHOTOFACT folders, under # 1400 $4.00. Others
$6.00. Postpaid. LOEB, 414 Chestnut Lane, East
Meadow, NY 11554.

SURPLUS ELECTRONICS. New giant wholesale
catalog. Hundreds of amazing bargains. $2. Box
840, Champlain, NY 12919.

2 3 4 5

6 7 8 9 10

11 12 13 14 15 ($46.50)

16 ($49 .60) 17 ($52.70) 18 ($55.80) 19 ($58.90) 20 ($62.00)

2 1 ($65.10) 22 ($68.20) 23 ($71 .30) 24 ($74.40) 25 ($77.50)

26 ($80 .60) 27 ($83.70) 28 ($86.8 0) 29 ($89 .90) 30 ($9 3 .00)

3 1 ($96 .10) 32 ($99.20) 33 ($102.30) 34 ($105.40) 35 ($108.50)

Weaccept MasterCard and Visa for payment of orders. If you wish to use your credit card to pay for your ad fill
in the following additional information (Sorry, no telephone orders can be accepted.):

CLASSIFIED AD ORDER FORM

Special Category: $25 .00

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.
(No refunds or credits for typ esetting errors can be made unl ess you c learly pr int or ty pe your
copy.) Rates indicated are for standard style classified ads only. See below for add itional
charges for sp ecial ads. Minimum: 15 words.

Radio-Electronics Classified Ads, 500-B Bi-C ounty Bouleva rd , Farmingdale, NY 11735

PLEASE INDICATE in whi ch cate gory of classif ied advertising you wish your ad to app ear. For
spec ial headings, there is a surcharge of $25.00.
( ) Plans/Kits () Busines s Opportunit ies ( ) For Sale
( ) Education / Instruct ion () Wanted () Satelli te Telev ision
( )----------------------

To run your own classi fied ad, put one word on each of the lines below and send th is form along with your chec k 10:

T.V.tunable notch filters. Free brochure. O.K. VID
EO, Box 63 /6025, Marg ate, FL 33063 . (305)
752-9202.

N.A.S. INTERNATIONAL
(800) 726-4.NAS

CABLE-TV AT ITS BEST

ENGINEERING software , PC/MSDOS. Hob
byists - students- engineers . Circuit de
sign $59 .00, FFT analysis $69.00, mathe
matics $49 .00, logic simulation $49.00,
circuit analysis $29.00. Free catalog , (614)
491-0832, BSOFT SOFTWARE, 444 Co lton
Rd ., Co lumbus, OH 43207.

DESCRAMBLERS. All brand s. Special: Comb o
Jerrold 400 and SB3 $165. Complete cable de
scrambler kit $39. Complete satellite descrambler
kit $45. Free catalog. MJM INDUSTRY, Box 531,
Bronx, NY 10461-0531.

TUBES: "oldest," "latest." Parts and schematics.
SASE for lists. STEINMETZ, 7519 Maplewood, RE,
Hammond, IN 46324.

LASER Listener II, other projects. Surveillance,
descrambling , fals e identificati on, inform ation .
Plans, kits, other strange stuff. Informational pack
age $3.00 refundable . DIRIJOIBOND ELEC
TRONICS, Box 212, Lowell, NC 28098.

SCIENTIFIC ATLANTA:
Mo dels 8500-8550-8580 . . $275.00 0

\0- SA'3 [Add'On Descramble r] . . $ 9900 1ii
Zen JERROLD: oil
::II- SB-3 [Inband Gate d Sync] ... $ 74.00 ziij
0-uz TRI-BI [Trirnoda/ Bi s tate . $ 95.00 I\ C:
cn::l --l

0 1\ OAK: °0v ",
",\I) M-35B [Combo WNari-sync l $ 99.00 c:o
~ v N-12 [Add·On WNari-sync ] . .$ 89.00 Z-_CIl

i3~ HAMLIN : -lO
CIlO

C MLD- 1200 [Add-On] .. .. . $ 89.00 c:
Z

ZENITH : [Z-TAC DescramblerJ. $ 169.00 -l
CONVERTERS: 180-Channels] .$ 95.00

GREAT buys ! Surplus prices, ICs, linears, transfor
mers, PS, stepping motors, vacuum pump, pho
totransistor, meters, LSASE, FERTIK'S, 5400 Ella,
Phila., PA 19120.

RESTRICTED technical information: Electronic
surveillance, schematics, locksmithing, covert sci
ences, hacking, etc. Huge selection. Free bro
chures. MENTOR-Z, Drawer 1549,Asbury Park, NJ
07712.

Card Number Expiration Date '

---------- / _ - - - - - - - - -

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBER FOR OURFILES. ADS SUBMITTED WITHOUTTHIS INFORMATION WILL NOTBE ACCEPTED.
CLASSIFIED COMMERCIAL RATE: (for firms or individuals offering commercial products or services)
$3.10 per word prepaid (no charge for zip code)...MINIMUM 15 WORDS. 5% discount for same ad in 6
issues; 10% discount for same ad in 12 issues within one year; if prepaid. NON-COMMERCIAL RATE: (for
individuals who want to buy or sell a personal item) $2.50 per word, prepaid....no minimum. ONLY FIRST
WORD AND NAME set in bold caps at no extra charge. Additional bold face (not available as all caps) 55¢
per word additional. Entire ad in boldface, $3.70 per word.TINT SCREEN BEHIND ENTIRE AD: $3.85 per
word. TINT SCREEN BEHIND ENTIRE AD PLUS ALL BOLD FACE AD: $4.50 per word. EXPANDED
TYPE AD: $4.70 per word prepaid. Entire ad in boldface, $5.60 per word.TINT SCREEN BEHIND ENTIRE
EXPANDED TYPE AD: $5.90 per word. TINT SCREEN BEHIND ENTIRE EXPANDED TYPE AD PLUS
ALL BOLD FACE AD: $6.80 per word. DISPLAY ADS: 1" x 2Y4"-$385.00; 2" x 2Y4"-$770.00; 3" x
2Y4"-$1155.00. General Information : Frequency rates and prepayment discounts are available. ALL
COPY SUBJECTTO PUBLISHERS APPROVAL. ADVERTISEMENTS USING P.O. BOXADDRESS WILL
NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER WITH PERMANENT ADDRESS
AND PHONE NUMBER. Copy to be in our hands on the 10th of the third month preceding the date of the
issue. (i.e., Aug. issue copy must be received by May 10th). When normal closing date falls on Saturday,
Sunday or Holiday, issue closes on preceding working day. Send for the classified brochure. Circle Number
49 on the Free Information Card.
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2 CH CompactDishSystem - 877.95
5 CHDish System- 893.95

12 CH Vagi (Rod) System - 8123.95
30CH Dish System-8163.90 Yagi-8183.90
SUN MICROWAVE INTl.INC. Send $1" lor
P.O. BOX 34522 catalog on these
PHOENIX. AZB5061 and other line
16021 230-0640 video products.

VISA /MC/COO QUANTITY DISCOUNTS UFETIME WARRANTY

CABLE TV converters bargain headquar
ters: Zenith, Tocom, Scientific Atlanta,
Hamlin. Jerrold 400-DRX3DIC w/remote
$135, Oak M35B $60.00. Quantity discount.
Visa-M/C-COD. Order yours today. 1 (800)
327-8544.
STEPPER motor drive & control with Commodore
64. Affo rdable hardware, interface, & softwa re.
Send for detailed literature & prices to: MASE, R.D.
# 2 Box 166, Mohrsville, PA19541.

Please Print Name Signature
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PERSONAUMISCELLANEOUS

HELP WANTED

I IOOR
UNIT MORE

2900 1800

9800 7900

8800 6900

16900 ,.'900

2900 18 00

199 00 13900

2900 18 00

99 00 6300

109 00 7500

9900 70 00

10900 7500

99 00 6200

109 00 65 00
145 00 105 00

69 00 4200

7900 4600

9900 6200

99 00 62 00
li500 12500

2400 14 00
119 00 65 00
119 00 85 00

Price TOTAL
Each PRICE

Output
Channel

'C ALL FOR AVAILABILITY

ItemQuantity

HAMLIN Mec sooo 36 COA DED REMOT E CONVER TER IC tl ;S1)llly ,

' SCIENTIFIC ATLA N1A ADD ·ON REPLACEMEN T DESCRAMBLER

'E AGLE PD·3 DESCRA MB l ER ICh 3 o u tpu t o n lyl

PANASONIC WIRELESS CONVERTER tour best bUYI

INTERFERENC E FILT ERS ICh 3 on ly.

' ZEN ITH SSAVI CABLE READ Y

STARGATE 2000

ECON OCOOE rmuucoce subsntu te r

"M LD - 1200 -3 IC h 3 outpull

JERROLD 400 HAND REMOTE CO NT ROL

ECON OCODE WITH VARISYNC

JERROLD S8-ADD-O N

°Ml D-1200 -2IC h 2 ou tp ul l

' MINICODE IN-121 WITH VARISYN C

'M IN ICODE VARISYNC WITH AU TO ON-OFF

' M- 35 B CO MBO UNIT WIT H VARI SYNC

' MINICODE IN-12,

'JERROLD SB-A DD-O N WI TH TR IMODE

°M· 35 B CO MBO UNIT ICh 3 o utp ut o nly .

.JERR OLD 450 HAND REMOTE CO N TRO L

'J ERROLD 400 CO MBO

•.."..:.

BE S T BY MAIL
Rates: Write National, Box 5, Sarasot a, FL 34~30

MONEYMAKING OPPORTUNITIES

LONELY? FREE SINGLES Lists! $1.00: Publishing, Box
24618(RE), Detro it , 48224.

CABLE TV descramblers, Jerrol d, Sc ientific Atlan
ta , Zenith , most major brands . Dealer inquiries wel
come. Visa-M/C accepted. E & 0 VIDEO, 969 1 E.
265th Stree t, Elko , MN 55020. 1 (800) 638-6898.

T EST eq u ipme nt p re-ow ned now at affordable
p rices . Sig nal gene ra to rs from $50 .00 . Os
c illoscopes fro m $50.00. Oth er eq uip me nt, incl ud
ing manual s ava ila b le . Send for Cata log . J .B .
E LECTRONICS, 3446 Dempster, Skokie, IL 600 76 .
(3 12) 982-1973 .

RENTAL mov ie stabilizer. Connect between VCRs
or to monitor. Satisfaction guaranteed . $69 .95 ,
$4.00 handl ing . 1 (800) 367-7909.

FEB 87 Triparts $59.00. Feb 84 SB parts $49 .00.
$3 .50 shipping. OCTE, Box 276 , Alburg, VT 05440.
(514) 739-9328.

EARN $2,000 PER 1,000 envelopes you process at home.
Easy plan . Free information send self -addressed
stamped envelope: Lincoln Enterprises, POB 752209,
Houston, TX 77275·2209.
EARN BIG PROFITS buyi ng seized vehicles, jewelry and
homes. Examples: 1985 Porsche $3,900,22' boat $1,400,
3 bedroom home $17,000. Buyers Guide: 1-800·727·7699,
Box 2000 .

FREE STAMPS WITH approva ls. Aldinger, Box 6061(REI,
Minot, N.D. 58702.

CRUISE SHIP JOBS. Hiring: MenWomen. $300-$900
Weekl y. Plus World Travel. Hawaii, Caribbean , South
Pacific. Call Now! 1(206)736·7000, Ext. 900 N.
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TOTAL

SUBTOTAL
Shipping Add
$3 .00 per unit

COD & Cred it
Cards - Add 5%

______ Zip _

o M on ey Ord er

California Penal Code #593- D forbid s us
from shipping any cab le descrambling unit
to anyon e res iding in th e state of California.

Prices sub ject to c ha nge w ithout notice.

FOR OUR RECORDS:
DECLARATION OF AUTHORIZED USE - I, the undersigned, do hereby declare under penalty 01perjury
that all products purchased, now and in the future. will only be used on cable TV systems with proper
authorization from local officials Of cable company officials in accordance w,ith all applicable fecleral and
state laws. FEDERAL AND VARIOUS STATE LAWS PROYlDE FOR SUBSTANTIAL CRIMINAL AND CM L
PENALTIES FOR UNAUTHORIZED USE.

PLEASE PRINT

MINIATURE electronics like Jam es Bond. Cata log
$3 .00 , ref undable . F & P ENTERPRISES, Bo x
51272, Palo Alto , CA 94303-L.

UNIVERSAL couplings to correct shaft misalign
ment. Insulated, available in two sizes, inexpensive.
JACKSON BROTHERS, Box 632, Paramus, NJ
07652. (20 1) 967-1309.

DESCRAMBLERS, Oak rem ot e $165 .00 , Tri-B l
$89.00, SA-3 $99 .00, MLD 1200 $5 5 .00 - 10 for
$450 .00 , remote Pioneer $199. 00, Pion eer add on
$129.00 , M35B $65.00 , Jerrold 400 $135.00, Mag
n avo x conve rter w lr $45.00 , To c om Re mot e
$199 .00 , same day shipping , CO D ok . MOUNT
HOOD ELECTRONICS, (206) 896-6837.

ELECTRONIC tes t equi pment, labor atory equip
m ent, - surplus and priced to go! Catalog $1.00.
LEHMAN, R.D. 1 Box 580, Wrig htsville, PA 17368.

PARABOLIC reflectors. 18" spun a lum inum dish
focuses RF, light, sou nd . $25 .00; PJC, 29 81 Tess
Ave ., Grang er, UT 84 119.

CABLE TV co nve rters : Jer rold , Oak, Scientif ic At
lan tic, Zenith & many others. " New MTS" ste reo
add-on : mute & vo lume . Id eal for 400 and 450
owners! 1 (800) 826 -7623, Amex, Visa, MIC accept
ed . B & B INC. , 4030 Beau-D-Rue Dri ve, Eagan ,
M N 55 122.



BUILD this five-digit panel meter and square-wave
generator including an ohms, capacitance and fre
quency meter. Detailed instructions $2.50. BAG
NALL ELECTRONICS, 179 May, Fairf ield, CT
06430.

IS it true.... Jeeps for $44.00 through the govern
ment? Call for facts! (708) 742-1142 Ext. 4673.

PRIVACY problem - need information? New elec
tronics surveillance, debugging, protection catalog
$5.00. Assembled - kits. TECHNOLOGY SER
VICES, 829B Ginette Street, Gretna, LA 70056.

CATALOG: hobby /broadcast ing /HAM/CB: Cable
TV, transmitters, amplifiers, surveillance devices ,
computers , more! PANAXIS, Box 130-F1, Paradise,
CA 95967.

ALARM kit for hom e, 12vD C, del ay and in 
stantaneous loop. Includes board and components.
$47.50 + $3.50 S&H. For purchase or free info:
K.E.P., PO Box 830123, Sto ne Mounta in, GA
30083.

SURVEILLANCE equipment desisn gives 58
schematics of Sheffield Electronics' SUI veillance de
vices. Circuits explained. Transmitters range from
pens to one-mile VOX's including crystal, subcarrier,
carrier current, infrared, firefly, automobile. Demod
ulators given. Cube tap and duplex mains powered
transmitters presented. Eighteen telephone trans
mitters are leech and battery types including crystal
and subca rrier. Countermeasures chapte r. Much
more.This 81 /2 x 11 inch 110-page book is illustrated
with photographs. Price $30.00 + $4.00 S & H. First
class mail U.S. & Canada. Overseas Airmail S & H
$9.00. One-day processing, pay with Money Order
or Cas hier 's Check. Send to : WINSTON AR
RINGTON, 7223 Stony Island Ave., Chicago, IL
60649-2806 .

TUBES - 2000 TYPES
DISCOUNT PRICES!

Early, hard-to-find, andmoderntubes.
Also transformers, capacitors and
parts for tube equipment. Send$2.00
for 24page wholesalecatalog.

ANTIQUE ELECTRONIC SUPPLY
688 W. First St. ·Tempe, AZ85281.602/894-9503

450 MHz Spectrum analyzer - kit - $459.95 or
assembled & tested $799.95. For more information,
send legal size SASE to A & A ENGINEERING,
2521 W. LaPalma, #K, Anaheim, CA 92801.

PLANS AND KITS

RADIO Astr onomy ! Monthly magazine, books,
components. $3.00 brings sample package. BOB 'S
ELECTRONIC SERVICE, 7605 Deland, Ft. Pierce,
FL 34951.

Project ion TV. Convert your TV to project 7 foot
picture Easy... Results comparable to $2,500 proj-
ectors Plans and 8" Lens $24.95... Professional
syst ems available... Illustrated catalog free...
MAC ROCOMA, 15GE Main Street, Washington
Crossing, PA 18977. Creditcard orders 24 Hrs. (215)
736-3979.

AUTO security - american made NU-1Auto Alarm.
Simple installation instructions. Complete system
$58.89 plus $4.50 S/H. P.O. & F, Box 10281, Killeen,
TX 76542.

DESCRAMBLlNG, new secret manual. Build your
own descramblers for cable and subscription TV.
Instructions, schematics for SSAVI, gated sync,
sinewave, (HBO, Cinemax, Showtime, UHF, adult)
$8 .95, $2. 00 pos tage. CABLETRONICS, Box
30502R, Bethesda, MD 20814.

DIAL drives for fine tuning variable capacitors and
potentiometers. Reduction ratios up to 10:1 avail
able. JACKSON BROTHERS , Box 632, Paramus,
NJ 07652. (201) 967-1309.

NEW HE NE
~ LASER TUBES $35
~ Dealer Inquiries Invited.

Free Catalog !
MEREDITH INSTRUMENTS: 6403N. 59th Ave.

Glendale, AZ 85301 • (602) 934-9387
"The Source for Laser Surplus "

COMM UNICAT IONS. Electronic eq uipment,
sales, se rvi ce, FCC li censed , free cata lo g .
RAYS, PO Box 14862, Fort Worth , TX 76117-0862.

T.V. converters, Tocom wlr, SA3, 400 wlr, M35B,
RTC-56, MLD 1200, Pioneer wlr, Pioneer add on, Z
Tac, all at wholesale prices, example - Tocom with
remote $199.00 or 5 for $175.00 each , TriMode
$89.00. S.A.C., (702) 647-3799.

INDUCTORS! Lowest prices available. Immediate
delivery on all types. ELTECH SALES, INC., 286
Colby Place, Paramus, NJ 07652. (201) 967-1309.

RECEIVE absolutely free 50 technical magazines!
Complete details $5.00. BALL , PO Box 1078-RE,
Snellville, GA 30278-1078.

CAB LE boxes, 400 wlr $135.00, RTC-56 $169.95,
SA-3 $99 .95 , Tocom wl r $199.00, Hamlin 1200
$45.00, Pioneer add on with free remote converter
$199.00, M35B $55.00, TriMode $99.00, 90 day
warranty, C.O.D. welcome. G.D. ELECTRONICS,
(602) 829-9441.

. TJ Serv ices is serving you! Quality products, de
pendable service, knowledgeable sales people and
low prices prove it! Not sure what you need? Call
(313) 979-8356, fax: (313) 795-4329. Prices quoted
are: 20/10/5/1 lot. Jerrold Data Reading Trimode
combo wire less remo te $109 /$1 19/$129 /$ 139 .
D R X - 3-DI C $ 6 9 / $ 7 9 /$ 8 9 / $ 9 9. DRZ-3
$49/$59/$69/$79. Tri-Bi-2 or 3 $69 /$79/$89/$95.
SB-3 $45.00 each. Oak M35B starting at $20 each.
Original N-12-3VS $65 each. Scientific Atlanta type
add-on $69 /$79 /$89 /$109. Combo's - call. Hamli n
CRX-66003M $89/$99 /$109 /$125 . CRX-6600-2
$39 /$49 / $59 / $69 . M L D - 1200-2 o r 3
$29 / $39 / $49 / $59 . Ea g le PD -3 or ig i na l
$59/$64 /$99 /$109 . Interferance Fil ters, we stock
all chan nels $12/$15/$18/$30. Pioneer ty pe add 
on $79/$89 /$109/$129 . Replacement remotes for
most converte rs - call. Many accessories and
par ts in stock .

. ACCEPTING new customers again for our monthly
picture flyer. Lots of quality surplus electronic parts
at low prices . STAR-TRONICS, PO Box 683 ,
McMinnville, OR 97128.

M.e.
VISA

1-$89.00 10-$69.00 l00-Call
Last channel recall-Favorite channel select
75 channel-Channel scan-Manual fine tune-
One year warranty-surge protection-HRC & Stand
ard switchable-- and much more. ,

*NEW STARGATE 2000
CABLE CONVERTER

ANTIGRAVITY GENERAlDR .
... LC7 - 40WAn BURNING CUnlNG LASER $2Q.00
!ii~RU84- HIPlM'ER PULSEDDRILLINGLASER $2Q.00
~~ B1C5 - 1MILLION VOLTTESLACOIL $2Q00
a:: MCP1 - HIVELOCITY COIL GUN $15.00
if a5LLS1- LASER LIGHTSHOW 3METHODS $20 00
en EH1 - ELECTRONICHYPNOTISMTECHNIQUES $800
:z EML1 - UDWERPOWERED COILGUN LAUNCHER $8.00
c:e JLJ- JACOB LADDER3 MODELS . . . .$10.00
....J SD5 - SEE INTHE DARK . .$10.00
c.. LEV1 - LEVITATIONDEVICE . . . . . . . .$10.00

iil FMV1K - 3MILE FMVOICETRANSMin ER . . . ..
5 PFS1K - HAND CONTROLLEOPLASMA FIRE SABER
;;: NIG7K - HIFWXNEGATIVEIONGENERAlDR .

~ iii! PG5K - PLASMA LIGHTNING GLOBE $49.50
z:i LHC2K - VISIBLESIMULATED 3 COLOR LASER $44.50
t;ja::HOD1K- HOMINGfTRACKINGBEEPERTRANSMITIER. .$44.50
en g LGU6K - 2.5MWHAND-HELDVISIBLELASER GUN $249.50
~ g: B1C3K- 250.000 VOLT TABLE lDPTESLA COIL $249.50
en IOG2K - ION RAY GUN, projectenergy without wires $129.95

. I- TKE1K - TELEKINETICENHANCER/ELECTRICMAN $79.50
52VWPM7K- 3 MILEAUlD TELEPHONETRANSMITIER . .$49.50

C ASSEMBLEDINOUR LABS
W UST10 - INFINITYXMTR Listeninvia phonelines . . .. .$199.50
-I IPG70 - INVISIBLEPAIN FIELD BLASTWAVE GENERAlDR$74.50
CCII ITM1D - 100,000 VOLTINTIMIDAlDRUP ro 20' $99.50
:E TAT3D- AUlDMATICTELEPHONE RECORDING DEVICE .$24.50
W PSP4D- PHASOR SONIC BLAST WAVEPISlDL $89.50
en DNE1D - ALL NEW 26"VIVIDCOLORED NEON STICK $74.50
en LGU20 - .5lD 1MW VISIBLEREDHeNe LASERGUN . .$199.50
c:e BLS1D - 100,00WAn BLASTER DEFENSE WAND . .. .. $89.50

EASY ORDERING PROCEDURE - lDLLFREE 1-800-221 -1 705
or 24HRSON Hl03-673-4730 orFAX ITlD 1-Q03-li72-5406

VISA, MC, CHECK,MO INUSFUNDS.INCWDE 10%SHIPPING.ORDERS
$100.00 &UPONLYADD $10.00. CATALOG $1.00 OR FREE WITHORDER.

10 Lot
JERROLD"" Tri-Bi Mode.8105.00 $85.00
JERROLD"" SB-3OR2 889.00 $65_00
Hamlin MLD -I200 .._.... $99.95 $62.00
OakN-12W/V.S.......... $99.95 $62.00
Oak-M-35-B W/V.S...... $99.00 $78.00
OAK E-1L.............. 899.95 $58.00
Zenith SSAVI............. 8185.00 $145.00
Eagle PO-L............. $120.00 $85.00

• Scientifi c Atlanta.......... $129.95 $105.00
SA -Combo'''' ............. CALL scsn
Tocom..................... $350.00 8295.00
OakN-12W/ Auto....... $140.00 8105.00
Jerrold Stercora CSV.... $139.95 Call

CABLE TV
DESCRAMBLERS

(fJ
o
Z
~ INFORMATION(402)554-0417
o Orders Call Toll Free
~ 1-800-624-1150w
o M.D. ELECTRONICS
o 115 NEW YORK MALL
~ SUITE 133E

OMAHA NE. 68114
CIRCLE 53 ON FREE INFORMATION CARD



CB Tricks II book. Power amplifier design and theo
ry, UHF CB tune ups. Send $19.95 MEDICINE MAN
CB, PO Box 37, Clarksville, AR 72830.
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$5.95

A1012 3/$ 1.00

100 /$25.00

C643 t S34.95
C453 0 S12.98
C4725 S28.9 5
C6356 S13.95
C3806 S14 .98
C6384 S12.00
C635 0 s 9.00
C6280 S 8 .75
C6374 S 6.25
C4743 $ 12.49
C6268 514.95
C6394 S 8.00
C6414 s 6.95

C6441

$59.95

SURFACE MOUNT CHIP COMPONENTS
1!~nOIS

m il m YOUI OIOIU· «»
390 2.ll III AHYOH! YAlU!Of
410 3.31 470« lf~nOIOI
SllI 1.21 CAlAOIOl~
110 121 21l/Sl.00.100/$4.00
1.21 151 IHOIIIXIHG)

Lightning Bolt Strob e Kit (l20VAC)
3 Chan nel Color Orga n Kit (12 0VAC)
10 Ch:mnei Light Sequencer Kit (12 0VAC)
Battery Operated BI:acklight Kit (6VOC)
Wheel of Fort une Kit (9VOC)
Logic Probe Kit (5VDC)
Ultr asonic Pest Repe ller Kit (9VDC)
Burglar Alum Kit (6VDC)
Jungle Bird Kit (9VDC)
Electro nic In terc om Kit (9VDC)
Micro Xenon Tube Flasher Kit (J.5VDC)
Simula ted u ser Kit (9VDC)
Batt ery Teste r Kit (Tests all T ypes)(9V DC)

Ulm.-b rillian t c lear SUPER BRIG H T LED
{~:;';~~ t c3a~~~~'h ~rd . =.O~

U"" ~(n~ l tiy.. sensor "nd elec tronic err
cuitry to ,«ponJ 1 0 all IYI'<',o(in frarN
TV. VC R. ..Ct. remo l.. coa rrclle rs and
LEOS by I' roJu~in, :oound and lighting
a l.lTigh t roo LED. GreAt for tn tin jt And
venfi earion of inf rared output K.....
what you can not ""e. Sma lllirc , 2.S"
x !..". Opcraru on 9V hltTe ry (nOl '--'>--\-------.J I
inclu ded ). Kit co mes .. i rh all r aru and
PC hoal'll.

INVERTER TRANSFORMER ..- .
rIllY 4Ieaddormer lorllSl wiIhSSSIC)ocOIlYertl 2VDC10O'fl( 2S0Yfor ~d

5Irobts,flor:rO~~~";f~r.duded. IT!

All of o~t~~~~~w~~~~~~fcd~~ ~X~~Ct~?N~~}£~a~a~I;~ pro vid.,
Th.. battery and U'll" (If dU lr.,d) . Kiu tha i ope ra le fro m 120 VAC . hou ld be h U,]1
by knowleJ g....ble bu ilJe~ only Ju .. to AC u(ely ~onculI ~.

MINI GEIGER COUNTER KIT
This uKful kit let l yo u de tect the raJ ialio n Ihl.l

ruO~ aJiar,"i~~ ":f.f"~~\~~~e~~.,~I~~I~~~;:~
I m!'"" t1 e~, raJloa., uve mlneral§, baekp-ound radi

a tlon, elC,. "'.il det ec ts a lpha, bera , .,am ma and
X:ra y radia tion and futur~ , en llt iw alpha ·
..... ,n dow GM lub e ..... it h IC Clrevil . f:miu clickl

'-'==':::;~===::::"'_J ~"II~~~~%O~".t~~~::~~?'ro~ ~~~i~t~o~~t~~:;
[n ot included} . Wu han parlS anJ y(;l>o ard .

CIRCLE 87 ON FREE INFORMATION CARD

SINGERS. At last, build your own vocal filter. Re
move lead voca ls from standard ste reo records,
CDs, tapes, FM broadcasts, so you can be the lead
singer of your favorite band. Theory, manual, sche
matics $6.95, WEEDER TECHNOLOGIES, 14773
Lindsey, Mt. Orab, OH 45154.

INVESTIGATORS, experimenters - Quality new
plans. Hard to find micro and restricted devices.
Free catalog. Self addressed stamped envelope to
KELLEY SECURITY INC., Suite 90, 2531 Sawtelle
Blvd., Los Angeles, CA 90064.

ELECTROLOCK programable keypad door release
sys tem , complete kit including electric strike :
$129.95. Assembled and tested: $149.95. Free bro
chure and orders: SYSTEMS ASSOCIATES INC.,
1320 Cranston Street, Cranston, RI 02920. (401)
943-2986.

DETECTION - Surveillance, debug ging , plans,
kits, assembled devices. Latest high-tech catalog
$5. DETECTION SYSTEMS, 2515 E. Thomas,
# 16-864F, Phoenix, AZ 85016.

FINALLY!
An interesting and worth
whil e p ro ject . This EASY
T~BUILD circui t l ot s you
use any regular TV set as
a s i mple OSCILLOSCOPE.
No modif icat io ns t o TVl
Tin y , sv battery powere d .
Goes anywhere! Order now!
Ask fo r our FREE CATAlOG
of other pl ans and kits!

~
~
DETAILED PlANS: $7. gS

TV-SCOPE
PENH RESEARCH, Box 3543
Wlll1 ....port , PA 17701

FM transmitter 88 to 108 MHz kit $12.95; power
supply 0 to 20 V 1 AMP kit $79.99; Flyback tester
assembled $95.99; shipping and handle 4% unit.
SASE for information. SIERRA ELECTRONICS,
PO Box 709, Elfers, FL 34680-0709.

STEREO FM transmitter!. Transmit your VCRICDI
Walkman to any FM stereo radio. One chip does it
all! Free schematic and info. Send a self addressedl
stamped envelope to: OJ INC., 847A Second Ave.,
Suite 11 3, New York, NY 10017.

ELECTRONIC kits ! Tran smitter s! Record ers!
Phone devices! Bug detectors! Surveillance items!
More! Catalog $1.00: XANDI ELECTRONICS, Box
25647, 60Y, Tempe, AZ 85285-5647.

SECURITY schematics, transistor, ultrasonic and
IC designs, $8.00. For large list of plans, send $2.00
(refundable) to SELECTRONICS, PO Box 08121,
Detroit, MI 48208.

COMMODORE-54 RS232 interface. Plans $5.00.
PCB and component s available. Details free.
HITECH INDUSTRIES, P.O. Box 690925, Tulsa,
OK 74169.

BUILD the "Invader," common construction mate
rials, electronic kits available, complete robot plans
$11.95, details free, ROBOT WORKS, Box 1979,
Co lorado Springs, CO 80901.
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AmericanRedCross

Pleasegive blood,

"When
you give blood

•youglVe
another
birthday

another laugh,
another hug,

another
chance.

FROM $895. US-made XT, AT, 386 in modern tower
enclosure. Aiso Commodo re serv ice, parts . TOP
TECH INTERNATIONAL, 111 2 S. Delaware Ave.,
Philadelphia, PA 19147.

COMPUTER SYSTEMS

VIDEOCYPHER II descrambling manual. Sche
matics, video and audio. Explains DES, EPROM ,
CloneMaster, 3Musketeer, pay-per-view (HBO, Cin
emax, Showt ime, adult, etc.) $13.95, $2.00 postage.
CABLETRONICS, Box 30502 R, Bethes da , MD
20814.

VIDEOCIPHER II manuals. Volume 1- hardware,
Volume 2 - softwa re. Either $32.45 . Volume 3 
projects/software - $42.45 . Volume 4 - repair 
$97.45. Volume 5 docum entation - $42.45. Cable
Hacker's Bible - $32.45 . CaDs: (602) 782-2316.
0100-032 software - cata log-$3 .00. TELECODE,
Box 6426 -RE, Yuma, AZ 85366-6426.

I '

P-C-13
Artwork Made Easy

1 •

PAY TV AND SATELLITE DESCRAMBLING
NEW. .. 1990 EDITION ... NEW

DESCRAMBLER: Build our low cost vi deo only,
sate llite TV desc ramb ler for most satellite channels.
Uses easy to get , everyday parts . Boards & plans
$35.00 US funds. Board, plans & parts $99 .00 US
funds . Wired & tested unit $189.00 US funds . Send
check , money order or Visa to: VALLEY MICRO
WAVE ELECTRONICS, Bear River, Nova Scot ia,
Canada BOS 180 or phone (902) 467 -3577. 8am to
4pm easte rn time. Note: educational project only.
Not to be used illega lly.

FREE catalog - Do-it-yourself save 40-60%. Lowest
prices worldwide, systems , upgrades, parts, all ma
jor brand s factor y fresh and warran tied. SKYVI
SION , 2009 Collegeway, Fergus Falls, MN 5653 7. 1
(800) 334 -6455.

The newest systems,parameters, turn-ons, harassmentand
countermeasuresbeing usedby and against cable, wireless
and satelliteoperators. New original information $15.95. Pay
TV Vol. 1 $14.95. Volume 2 $12.95. Experiences with VC
$12.95. MDS/MMDS Handbook $9.95. Build Satellite Sys
tems Under $600. $12.95. Any3/$2Bor 61$42. Scrambling
News Monthly$24.95/yr.Sample $3. Scrambling NewsYear1

(200) pa es$22.95. Year~2 $~212.~95~.~ca~ta~IO~gi$11°[ ca! l., I

SATELLITE TV

All Jerrold, Oa k , Hamlin, Zenith , Scientifi c
A tlanta, Magnavox and all spe cialized cable
equ ipme nt availab le for shipment within 24
hours. Fo r fa st se rvice MC / VISA or C .O.D.
tel ephone o rde rs ac ce pted (800) 648-3030
60 Day Guarantee (Quant ity Discounts)
8 A.M . to 5 P.M . C.S .T. CLOSED WEEK
ENDS. Send sel f-addressed Stamped enve
lope (60 ¢ postage) for Catalog.

m,t.E8·ti:~'Ftt~
PC Boa rds Layout Software takes the Hassleoutof

Creating P-C-13 Artwork.
• Advanced Features. Menu Driven

• Auto-Router & Schematic Program Available
Requirem ents: IBM PC orcompatible 384 KRAM, DOS 3.0or later

PCBoards $99.00 Demo $10.00

CABLE TV sec rets - the outlaw publication the
cable companies tried to ban . HBO, Movie Channel,
Show time , descram blers , conve rters , etc . Sup
plier's list included $8 .95. CABLE FACTS, Box 711
R, Pataskala, OH 43062.

MICROPROCESSOR alarm kit. For home, auto,
RV.8 zones . Delay, valet, continuous modes. $31.95
plus $2.00 S/H. Just add power supply, case , sen
sors. PRECISION ELECTRONICS, 4N306 Norri s
Ave., West Chicago, IL 60185.

CLOSEOUT "TV Frequency Standard" April 1988
R·E , kit/ante nna coil $55 .00, finished units $200.00,
PERSHING TECHNICAL, Box1 951, Fort Worth , TX
76101.

TOTAL
PRICE

SUBTOT.

~i~~~~
COD:

Add 5%

TOTAL

Signed:

OUTPUT PRICE
CHANNEL EACHITEM

CABLE TV CONVERTERS
& EQUIPMENT

OTY

NO CONNECTICUT SALES. It
is not the intent of VIDEO-L1NK f-7.:;::..;:.:.:.-\-- - --1
to defraud any pay tetevision
operator and we will not assist>-'-".:".,--\-----1
any company or individual in
doing so. 1-'----\--- --1

Daled:

PLEASE PRINT:

o CASHIER'S CHECK 0 M.O. 0 C.O.D.
NAME _
ADDRESS _

CITY/STATEIZIP _
PHONE _
SIGNATURE _

WAIVER. Since I, the undersigned, fully
understand that the ownership of a cab le decoder
does not give the owner of the decoder the right to
decode or view premium cabte channels without
proper authorization from their tocal cable company,
hereby dec lare under penalty of perjury that all
products purchased, at any time, will only be used
on cable TV systems with proper authorization from
local offici als or cabte company off icers in
accordance with all applicab le federal and state
laws. Federal and various state laws provide for
substantia l criminal and civil penalties for
unauthorized use.

(f)
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SCIENTIFIC ATLANTAWI TRI-BI . .
PANASONIC WIRELESS

CONVERTER 1403N 85.00 74.00
JERROLD 400COMBOW/ REMOTE

(DRX3DIC) 134.00 . .100.00
JERROLD400 OR 450 REMOTE

HAND UNIT 24.00 15.00
JERROLD JRX 3DIC 84.00 85.00
JERROLD SB ADD ON 74.00 55.00
JERROLD SB ADDON WITHTRI-BI 95.00 75.00
OAK M-35 COMBO 79.00 50.00
OAKMINICODE (N-12) 84.00 59.00
OAK ECONOCODE(E-13) 64.00 . . .40.00
HAMLINMLD 1200 64.00 55.00
SCIENTIFICATLANTASA-3 ADD ON . 109.00 80.00
INTERFERENCE FILTER

(CHANNEL 3 OR 6) 24.00 14.00
SCIENTIFIC ATLANTA83 CHANNEL

CONVERTER 95.00 80.00
PIONEER CONVERTER SA4500

SERIES 100.00 85.00
TOMCOM VIP Call for price and availability
ZENITH FLASHING Call for price and availability
ZENITH SSAVI Call for price and availability
EAGLE PD-3 Call for price and availability

VIDEO-LINK
Enterprises, Inc.
165W. PUTNAM AVE.
GREENWICH, CT 06830

(203) 622-4386
MONDAY· FRIDAY 10AM - 5:30 PM, E.S.T.

IMPORTANT: Have make and model
# of the equipment used in your area.

CIRCLE 64 ON FREE INFORMATION CARD
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EDUCATION & INSTRUCTION
MAGIC! Four illustrated lessons plus inside infor
mation shows you how. We provide almost 50 tricks
including equipment for four professional effects.
Youget a binder to keep the materials in, and a one
year membership in the International Performing
Magicians with a plastic membership card that has
your name gold-embossed. You get a one-year sub
scription to our quarterly newsletter "1T's MAGIC!"
Order now! $29.95 for each course +$3.50 postage
and handling. (New York residents add applicable
state and local sales tax). THE MAGIC COURSE,
500 -B BiCou nty Boulevard , Farmingd ale, NY
11 735.

LEARN IBM PC assembly language. 80 sample
prol;lrams. Disk $5. Book $18. ZIPFAST, Box 12238,
Lexington, KY 40581-2238.

LEAR N electronics the practical way.Build your own
kit or do tens of experiments with your own self
trainer. For free catalog: ARLI ELECTRONICS,
2155 Verdugo Blvd. #22, Montrose, CA 91020.

BUSINESS OPPORTUNITIES
EASY work! Excellent pay! Assemble products at
home. Call for information. (504) 641-8003 Ext.
5192.

MAKE $50/hr working evenings or weekends in
your own electronics business. Send for free facts.
INDUSTRY, Box 531, Bronx, NY 10461.

YOUR own radio station! AM, FM, TV, cable. li
censed/unlicensed. BROADCASTING , Box 130
F1 , Paradise, CA 95967.

INVENTIONS, ideas, technology wanted for pre
sentation to industry/exhibition at national innova
tion exposition. Call 1 (800) 288-IDEA.

BYOB Begin your own business. High profits. No
gimmicks. Free details. JSR ENTERPRIS ES, Box
249, Dept 2121, Orange Park, FL 32067-0249.

MAKE $75 ,000 to $250 ,000 yea rly fixin g IBM
monitors, no investment, start from home, (a tele
phone required). Information USA, Canada $1.00,
Europe, Middie East $8.00. RANDALL DISPLAY,
Box 2168-R, Van Nuys, CA 91404 USA.

PROJECTION TV... Make $$$'s assembling proj
ectors . Easy!... Results comparable to $2,500 proj-
ectors Plans, 8" Lens & dealers information
$22 .50 Professional systems availab le... llli s-
trated catalog free. MACROCOMA, 15GEX Main
Street, Washington Crossing, PA 18977... Credit
card orders 24 Hrs. (215) 736-2880.

LET the government finance your small business.
Grants/loans to $500,000. Free recorded message:
(707) 449·8600. (KS1)

LEARN gold, silver, platinum scrap recycling busi
ness. Free information. Write: RECYCLING, Box
11216RT, Reno, NV 89510-1216.

WANTED
INVENTIONS/new product s/id eas wanted: Call
TLCI for free information 1(800) 468-7200 24 hours/
day - USN Canada.

INVENTORS! Confused? Need help? Call IMPAC
for Free information package. In US and Canada: 1
(800) 225-5800.

ir ir ir ir irPRESENTING ir ir ir ir ir

CABLE TV
DESCRAMBLERS
ir ir ir ir ir STARRING ir ir ir ir ir

.JERROLD, HAMUN, OAK
AND OTHER FAMOUS MANUFACTURE RS

• FINESTWARRANTYPROGRAMAVAIlABLE
• LOWEST R£TAll/\XIHOLESAl.£ PRICES IN U.S.
• ORDERSSHIPPED FROM STOCKWITHIN 24 HOURS

FOR FREECATALOG ONL Y" : 8 oo-545- 89Z7
FOR A l l INFORMATION 1-818-716-5914

DESCRAMBLER MODULE
LATEST technology alternative to Jerrold SB-3 or
Radi o-El ectroni cs Feb. 1984 projec t. Featuring
electronic tuning, AGC, auto-on/off, AC/DC power,
mini-size, A&T, and more. For literature - SOUTH
TECH DISTRIBUTING , (813) 527-2190.

INVENTORS
INVENTORS! Can you patent and profit from your
idea? Call AMERICAN INVENTORS CORPORA
TION for free information. Over a decade of service
1 (800) 338-5656. In Massachusetts or Canada call
(413) 568-3753.

MASTERCARD AND VISA are now accepted
for payment of your advertising. Simply
complete the form on the first page of the
MarketCenter and we will bill.

c...»z
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CONSOLIDATED
ELEC T RO NIC S

COHSYAlER deJNOOS7RlAt EucrROlilCS CATAlOO .. '7TH EDfflON

Order your 260 page catalogue packed with over 10.000
money saving electronic parts and equipment. Send $3.00
check or money orde r. or ca ll 1-800-543-3568 today and
use your Mastercard or Visa. .
Consolidated Electronics. Incorporated
705 Watervliet Ave.. Dayton. Ohio 45420·2599

NAME

ADDRESS

I CITY

I STATE liP . I
~---------------~------~CIRCLE 70 ON FREE INFORMATION CARD

FREE CATALOG!
1-800-648-7938

For all information 1-702-362-9026
JERROLD HAMLIN OAK ETC.

CABLE TV
DESCRAMBLERS
• Compare our low Low Retail Prices!

• Guaranteed Prices & Warranties!
• Orders Shipped Immediately!

REPUBLIC CABLE PRODUCTS INC.
4080 Paradise Rd. #15 Dept. RE-90

Z Las Vegas. NV 89109 .....:-i

PROJECT CABINETS/
ENCLOSURES

RIGID1/16 aluminum shell, hardwood trim, contem
porary s tyling. Several s izes and sty les available .
$10.99 - $26.99, free brochures . PYRAMID ELEC-

··TRONIC PRODUCTS, 15020 La Gran ge Road ,
Suite 2100, Orland Park, IL60462 .

MULTI CHANNEL MICROWAVE ANTENNAS
• CRYSTAL CONTRO LLED MICROWAVE ANTENNAS

FOR OVER THE AIR CABLE SYSTEMS (WIRELESS
CABLE) ' .

• CAPABLE OF RECEIVING 30 CHANN ELS
• CONVER TERS AVAILABLE FOR ZENITH SYST EMS

CALL FOR PRICE (203) 622-4386

VIDEO·LlNK ENTERPRISES
165 W. PUTNAM AVE. GREENWICH. CT 06830

DIGITAL CAR DASHBOARDS
BUILD yourse lf complete electronic dashboa rds .
Information package: $2.00 (refundable). MODERN
LABS, 2900-F Ruiss eau, Saint-Elizabeth , oc,JOK
2JO, Can ada.

COMPUTER BOOKS
DISCOUNT computer books . All titles available,
including recent releases. Please ca llor writeforour
latest cata log. BOOKWARE, 147 Campv ille Road ,
Northfield, CT 0677 8. 1 (800) 288-5662.

CABLE TV
DESCRAMBLER LIQUIDATION!
• Major Makes & Mode ls!
• Will match or beat anyone's pr ices!
• Dealer disco unts at 5 units!
• Examples:

HAMLIN COMBOS . $44 ea. (Min. 5)
OAK ADD/ON $40 ea. (Min. 5)
OAK M35B $60 ea. (Min. 5)

WEST COAST ELECTRONICS
For Information: 818-709-1758

Catalogs & Orders: 800-628-9656

PRESERVATION...PLAN ON IT
Nat ional Trust for Historic Preservation
Dept. PA, 1785 Massachusetts Ave., N.W.
Washington, D.C. 20036

But What Do All These Good Ideas Mean?
Lower Prices!

•==

30 Days Money Back Guarantee
We will refund the fu ll Member ship
Fee of any new member of El ectronic
B uyers Club who wi thin 30 Days
aft er rec eiving the Membership
Binder, returns the Binder to EBC
and asks for the ca nce llation of
Members hip .

1803 N,W, Lincoln Way. Toledo, OR 97391
PHONE (All 50 States & Canada): 1-800-325-0101

FAX: (503) 336-4400 • Hours: 6:00 AM - 6:00 PM PST

~Iectronic. rn3u y e r s
.(tlu b

A Divi sion of Int ernational Components Corpo ration

12 Months Saving Gu arantee
We will refund the first year Membership
Fee of any member who has purchased
$300 or more worth of produc ts from
Electronic Buyers Club and has not
saved an amoun t grea ter than the first
year Membership Fee, if buying the same
items elsewhere.

For the past few m'onths we have been te lling you; among other things, that because we ask for a $35 a year Membership Fee
we do not force our customers to subsidize the cost of sending hundreds of thousands of Catalogs every few months to
eve ryone on our Mailing List, and because our Catalog isactua lly a 2-inch three ring binder we don not waste money in sending
the same old stuff to our custome rsover and over again. So what do all these co st saving ideas mean? Muc h lower price s than
anywhere elseon more than 10,000 items of elec tronic components. The following is a sample listing of some of these low prices:

* 1/ 4 Watt, 5%, Carbon Film Resistors: $0.77/ 100, $4.76/ 1000 * 1/4 Watt, 1%, Meta l Film Resistors : $0.32/10, $1.16/ 100, $8.25/1000* 74HCoo, 74HCTOO, 74LSOO Integrated Circuit s: $0.18/ 1, $144.00/ 1000 * LM741 Operational Amplifiers: $2.00/ 10, $165.24/ 1000* 78xx Positive Voltage Regu lators (TO-220): $0.38/1, $30.80/ 100 * 79xx Negative Voltage Regulators (TO-220): $0.48/ 1, $39.60/100* Cambion Low Profile 14-Pin Solder-Tab Sockets: $0.10/1, $73.92/1000 * Panasonic 15-Turn Rectangular Trim Pots: $1.10/ 1, $632.00/1000* Panasonic ECQ-V O.1 ~F, 50V Bypass Cap acitors: $0.93/ 10, $64.53/1000 * Panaso nic Dipped Tant alum 1O~, 25V Capacitors: $5.11/ 10, $354.67/1000* Package of 50, 3.0" Overall Leng th Wire-Wrap Wire: $0.60/ 1 . * AP Products (Associated Electronics/3M): 20% Off List* IN4oo 1 Rectifier Diodes: $0.42/ 10, $28.52/1000 * IN4148 Switching Diodes: $0.28/ 10, $19.44/1 000* 2N2222A Transistors: $0.32/1, $22.20/100, $185/1000 * 2N3906 Tran sistors : $7.20/100, $60.00/1000* Howard W. Sams and Hayden Books: 34% Off Cover Price * Hammond Manufacturi ng Cases: 20% to 30% Off List

These are not just a select number of items
that we have chosen as 'Loss Leaders'. In
fact we ' have been selling the se items for
the same (or lower) prices for the past 4
years! There .are no grouping or volum e
purchase requ irements to obtain these
pric es either! Becom e a Member today so
you can sta rt saving on a ll of the ' more
than 10,000 itemsthat we stock.
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co n tinued fro m page 14
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FORrc VALUe.

I N #/ 0--....-1

FIG. 2

A m uch easier way to do th e job
is shown in Fig. 2. I've gange d the
four AN D gates in a sing le package
in parall el to provide a b it of ext ra
drive fo r th e output tr ansistor (or
re lay ). You sho u ld use CM O S
part s, as th ey' re pe rfec t ly happy
working fromtwe lve volts. Using a
TTL part means havin g to add a 5
volt regu lator to th e circuit and
th at's a good way to mak e things
more co mplicate d . R-E

trans fer digital waveforms more accu
rate ly than more conventional hookup
techniques. Sep ara te power supplies,
too , promise cleaner operation, the
idea being that fluctua tions arising in
one power supply from the demands
'of one part of a player' s circuitry ~i ll
not affect the performa nce of the other
part s. So me chas sis are touted for
their ab ili ties to rej ect or absorb
vibratio n, thus mak ing it easier for a
player to track the disc it' s playing .
Fina lly, op tical/digita l outputs ca n
convey the output of the player- sti ll
in di gital fo rm-to an amplif ier
equipped with digital inputs , thus , in
theory, presenting it with a purer sig
nal for proce ssing and amplification.
Transfer ring the digi tal signal in the
form of light rather than electricity
a lso prevents co nta mina tio n in the
form of hum or other electrical noise .

The efficacy of any, or all, of those
features can be dem onstrated only if
the rest of an audio system is capable
of reproducing the suppo sed benefits,
and app recia ted only if your ears are
capable of discerning them . That , in
the end , will be the final proof of the
pudding. R-E

CD PLAYERS

continued from page 56

di sc . That reduction in speed ma in
tain s a con stant linear veloci ty 'and
co nstant rate of data flow as the disc is
played . In fact , adding mass to the
d isc may exacerba te an 'imagined
spee d problem by making it more dif
ficult for a player to cha nge rota tional
speed when 'it needs to . Furthermore ,
since da ta from a CD is buffe red in
memory before bein g acted on, the
'effects of any speed variations , rea l or
imaginary, disappea r anyway for all
prac tica l purposes . .

Quite a few players include such
feat ures as o ptoc oupling be tween
stages , separate power supplies, spe
cial chass is, and optica l/digi tal out
puts. The first three are intended to
keep one sec tion of a player from af
fec ti ng , and inte rferi ng with , the
workings of another. Op tocoupling
(converting an el ectrical sig nal to
light , and then back to electric ity
again to con vey it from one stage of

.the device to anot he r) is sa id to elimi
nate inte rs tag e interferen ce and to

YOU CAN ONLY FIND A WIDE RANGE SELECTION OF ELECTRONIC
KITS AT MARK V ELECTRONICS, INC.

... ind icates the level of difficulty in the assembling of our Products. ... Beginner ...... Intermediate ......... Advanced * Fully Assembled
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12.20
12.20

46.20

25.00
35.00

3B.80
150.00
B3.00
34.00
22.00

$82.50

SM-666

SM-48A

MISCELLANEOUS

DESCRIPTION KIT ASSEMBLED
BatteryFloorescentUglit Driver. $ 5.19
ElectronicTouch Switch . 7.15
ELer:tronic Lotto . 15.00
Mult"Functional Control Switch. 5.19

g~~~:;~~J:btr;;~lt eier ~: : : : :: : : : : : : ::::: :: : :: :: : : :: 1m
Electronic Shock • . . . .' . . . . . .. . . . . . . .. . .. . .. • • . . . • . . . .. 6.25
High Precision SoondControi Switch. ... . ..•. .. . . . .. ... . . 9.22
VShapeColor LedLevel Meter.. .. .. .. . .. . .. .. .. . .. .. .. 21.45
3 Cliannel Color Ught Controler • ••* 71.50
Stereo Loudspeaker Proter:tor • •• • .. .. .. • • • .. • .. .. .. • .. .. 12.65
FMWirelessMicrophone . 9.22
AC/ DC Quartz Digital Clock. 1B.OO
SoundlTooch Control Switch . .. . .. . .. .. . .. • .. . .. .. .. .. .. 12.00
lntraredRemote Control Unit.. . . • . • . . . . . . . . . . . . . . . . . . . 15.00
InfraredRemote Control Unit . . . .. . . . . . . . . . . . . • . • • . .. . . 20.00
Bar/Dot Level Meter . . 24.15
31'z Digital Panel Meter. 33.00
20 Steps Bar/Dot Audio Level Display.. . . • • • • • . .... ... • • 3B.45
Superior Eler:tronic Rou lette.. 19.46
7 Bands Graphic Equalizer • • • * 26.80
4 Channel Professional ColorLight Controller* .
AudiO/VideoSurroond Sound Processor•••* ............. 62.00
Dynamic Noise Reduction{; . . . . . • • . . . . .. 26.00
LCDThermometer Clock w/ifl-ootdoor sensor * .
LCDThermometerClockwi F& Cmeasurement * 19.80
ParrotTalkingClock * .
Mynah Talking Clock* ..

TR-355 A / B

SM-333

: ~ ~ .• • • • '" r'!- ~ ::

MODEL
lY-1A
lY-7
lY-8
lY-11A
lY-12A
lY-1 3
lY-1 4
lY-18
lY-20
lY'2 38
lY- 25
lY- 35 .
lY-36
lY- 38
lY-4 1M K111
lY-4 1M KV
lY-42
lY-43
lY-4 5
lY- 47
5M-222
SM-328
SM-333
SM-666
T-1
T' 2
" 8S01
" 8504

80.58

70.00

75.00

116.80
90.00

$ 40.00
16.58
17.71

TY-45

48.90
33.20 43.38
86.00 110.00

KIT ASSE MBLED
$ 5.07

6.90
, 11.20

8.20
30.00
11.84
12.65
31.25
20.00
50.00
35.50
29.50
59.95
28.00
68.00
60.92
45.94
48.00
59.69
73.70
93.30

AM PLIF IERS

DESC RIPTION
1W Mini-Amplilie r . . .
6WMini-Amplilier • . .
,12W Mint-Amplifier '" .
Stereo Pre-Amp. w/magnetic mic. amp .
Digital Voice Recorder .
Mull"Purpose Melody Generator . . .
Mult"Pu,pose Melody Generator .
Class "A" MainPower Mono Amp ..
30WMullH pose SilY,i~ Chi. ",el Airl> .
60W Stereo Power Booster••* ..
50W+ 50WICStereo Amp. wi ledlevel d~play • . . • . •. • • . . .
HQ 30W-t 30WStereo Amp .
FET Stereo Pre-Amp. ••• . .
40WSolid State Mo,", Amp. • • • . •. . .... • • • : .
120W Mosfet Power Mono Amp. •• . .... •
80W-t 80W DC Pre-Main& Pow Airl> .
80W-t 80WDCStereoMain PowerAmp. •• . . .
60W+ 60W OCL DC Pre-Main StereoAmp... . .
100WClass"A" MainPower Mono Amp. • •.. •.•. ..... . •. .
l 00Wx 2 CIass"A" DCSt...eoPre-Main Airl>. • • • . . . . . . . .. . .
Eler:tronic Echo& RevelationAmp. • • • * . . ..
HQ Pre-Amp. w/l 0 bandgraphic equalizer* .
H"FI B" Fet Pre-Amp. w/3 waytonecontrol .
StereoSiroolatOf , ~. . . . . . . .. . . . . . .. • . . •.
300WHOHi-Fi PowerMono Amp ..

MOOEL
TA-OD1
TA'OD6
TA'007
TA-10
TA-28MK2
TA-SOA/B
TA-50C
TA-120 MK2
TA-300
TA-302
TA-322I
TA' 323A
TA'377 A
TA-400
TA-477
TA-800
TA-802
TA-820A
TA'1000A
TA-1S00
TA-2400A
TA' 2S00
TA-2800
TA' 3000
TA-3600

TA-3600

CIRCLE 93 ON FREE INFORMATION CARD
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The future
Broad casters are now op erating

in portions of th e HF spect rum al
located to virt ually every ot he r ser
vi ce. It is fe ared that the trend
toward de facto band expansion
will co nt in ue. Th ere are several
reasons fo r that :
• Rel atively inexpe nsi ve sho rt
wave receivers w hich tune th e en
tire shortwave spect rum cont inu-

continued from page 78

SHORTWAVE RADIO

. '- -. - ~ '

--_.'. , • . r: ~

ASSEMBLE YOUR OWN
COMPUTER FOR LE$$

CIRCLE 137 ON FREE INFORMATION CARD

JINCO COMPUTERS INC.
5122WALNUTGROVE AVE.

SAN GABRIEL, CA 91776
Tel: (818) 309-1108
Fax: (818) 309-1107

IBM, XT, AT are registered trademarks of
International Business Machine.

*FMX·1 LONG RANGE (3 MI) ULTRA SENSITIVE
FM VOICE XMTR with fine tune, range control
plus $29.50

*TELX-1 TELEPHONE FM XMTR (3 MI) auto
matically operates when phone is used. Crystal
clea r clarity with fine tune and range control.
Non detectable $29.50

IBM XT 10 MHz Compatible Kit.. $379
.4.77/10 MHz Motherboard
• 256KB RAM (640KB max)
.1 flJW Power Supply
• Floppy Disk Controller
.One 5 1/4' 380KB Drive
• MonoGraph ics Card w/ P
.101 Key Keyboard
• Case (3LED,2Button ,Key)
.12' Amber Mono Monitor
• Installation Guide & Manual 1!2:::::::~!i2~~

will be necessary for it to find a
way of f itting a suffic ient number
of requirements into th e planned
porti on of th e spect rum. That, ju st

castin g spectrum , and formal a by itsel f, will be a formidable task.
priori plannin g wa s their o nly It is th erefo re likely th at neither
means of obtaining a fair share of th e broad caster s seekin g e qui -
shortwave frequencies. tability in th e planned po rti on of

Ultimately, WARC-79 arrived at a th e spectrum, nor those with a
so lut ion: the re would be a 33% subs t an t ia l numb er of assign-

IBM AT 12 MHz Compatible Kit.. $705 increase in the amount of spec- ments in the coordinated portion
.8/12 MHz Motherboard trum allocated to high-frequency of th e band s will find th e next
.512 KB RAM (4 MB max)
.200W Power Supply broadcasting in exchange for the planning exercise ent irely accept-
• Floppy Disk Controller f h h bI
.One5 1/4' 1.2 MB Drive convening 0 a two-session ig - a e.
• MonoGraphics Card w/P freq u en cy broadcast plan n i n g Figure 2 is reprinted from a Euro-
.101 Key Keyboard
• Case (3LED,2Button,Key) conference. pean Broadcastin g Union report
:~~t~~::~~~7~e~0~~~~aJ Table 1 indicates how th e high- ent it led Statistics of the Occupan-
Display Upgrade: Hard Drive Option: frequency broadcasting alloca- cy of the HF Bands for Broadcast-
CGAPackage$200 20MB w/CTRLXT-$275 AT-$315 tions were expanded at WARC-79. ing. It indicates, in daily frequ ency
EGA Package $455 30MB w/CTRLXT-$310 AT-$410
VGAPack age$500 40MBw/CTRLXT-$390AT-$415 The important 6- and 7-MHz bands hours, how HF broadcasting has

- MS-DOS with GWBASIC $75- - - - - - - - t- were-n·ot-expan·ded -ae all ;- in spite- -gro w n- betwee n 1954- and- 1981-.- -
~:~;"a.m~~:~~j:c~I~~~~t:~r:~~~:ShiP of the protests of the United States More-recent data, provided by the
Price & Quantity subject to change without prior notice and 21 other administrations. The BBC, also plotted on Fig. 2, indi-
15% Restocking Fee on All Items

little-used 26-M Hz band was re- cates that in-band broadcasting
duced by 70 kHz. has tapered off in recent year s.

WARC79 st ipulated that the use However, an analysis of out-of-
of the expanded bands would be band broadcastin g clearly indi-
regulated by provisions agreed to cates that it has continued to in-
at the broad cast-plann ing con- crease. Projected growth to 1995 is
ferences, fixing the dates of avail- shown with dotted lin es.
ability in two stages: Frequ encies At present, more than 60 coun -
above 10 MHz would become tries are operating out-of-band.
available on July 1,1989; frequen- The WARC-79 expan sion band sare
cies below 10 MHz would become already largely occupied. More-
availabl e July 1, 1994. However, over, about 50 adm inistrations are
some movement into the 1979 ex- broadcasting in portions of the 6-,
pansion bands commenced im- 7-, and 9-MHz bands allocated to
mediately afte r WARC-79, and has other services, including the aero-
co nt inued ever since. nautical and maritime mobile , the

Broadcast-planning con- amateu r, and the fixed services.
ferences were held in 1984 and Figure 2 is particularly signifi-
1987, and a th ird is expe ct ed to be cant b ecause it i nd icat es that
convened in the earl y 1990's (see broadcasters appear to have
WARC-84, Radio-Electronics , grow n impatient battling for relia-
November 1984; and HFBC-87, Ra- ble frequencies in the allocated
dio-Electronics , February 1988). portions of the spect rum. Instead ,
However, many formidable obsta- they are movin g out-of-band , in
c1es remain. search of clear channels in rela-
• The desires of smaller, less-de- tively non-con gested areas of the
veloped co unt ries to have guaran- spect rum. That may be th e mo st
teed protected access to th e HF disquieting aspect of our look at
broadcasting spectrum have yet to th e fu tu re of HF broadcastin g.
be sat isf ied .
• There is insufficient spec t rum
to sat isf y th e ne ed s of broad
casters, large and small alike. The
populari ty of th e medium has nev
er been greater, and mo re admin
istrat ions than ever before see it as
an essent ial adjunct to thei r fo r
eign-po licy goals.
• During th e next several years
th ere will be preparations fo r an
other broadcastin g confe rence . It

(f)

o
Z
oa::
I-- *ATR·1 AUTOMATIC TELEPHONE RECORDING
~ DEVICE tapes telephone conversation all
.....I automat ically $19.50
w6 ALL THREE OF ABOVE FOR $S9.50

is CALL OR SEND VISA, MASTER CHARGE ,
-c MONEYORDER, ETC.10AMAZING CONCEPTS,
a: BOX 716, AMHERST, NH 03031. (603) 673·4730.
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Audio-muting circuit's solder-side foil pattern

Construction
This is a very simple proj ect to

build. The parts-placement diagram
is shown in Fig . 2, and the foil pattern
is shown below. You might, however,
want to build the cir cuit on ei ther
breadboard or perfboard . Yo u can
stuff the PC board in any order, and
you might want to use sockets for Q I ,
Q 2 , and IC 2 , even thou gh th ey
weren 't used in the prototype. When
you 're finished building the circuit ,
check for mistakes like solder splash
es, or diodes, transistors, or Ie's in
se rted backwards . The comple ted
board can be installed in any suitable
c~e. ~E

ously, from 3 to 30 MHz, have
become availabl e.
• As sophisti cated communica
tions techniques (satellite, scatte r,
etc.) become less cost ly, their use
will expand into developing areas
of th e world. Consequ ently, th e
need for HF frequ enci es to carry
fixed services will decrease, en
abling some of the less-developed
countries to make mo re use of
out-of-band frequencies.
• Several Asian and European ad
ministrations, having little or no
amateur services of their own,
have found the amateur 40-meter
band to be fertile ground .

• There is no prospect of legal
band expansion taking place in
this century. Any re-allocation of
spectrum to the sho rtwave broad
casting service will have to await
the re-accommodation of services
currently using the spectrum.

The elements of a bandless HF
broadcasting spectrum are there
fore in place. Remed ial actions
taken by the next HF Broadcasting
Conference will , it is hoped, effec
tively stem the tide in the twenty
fi rst centu ry. R-E

AUDIO MUTE

continued fro m page 44

the grounds of J2 and J4 , but leave
both pairs separate.

That isolates the two channels , but
make certa in that there 's no acciden
tal short between the two channels,
like a solder splash . Thu s, onl y in the
case of two mono sources, should
there be three separate gro unds; the
main one for the audio-muting cir
cuit , the one for the J1-13 channel ,
and a separate one for the J2-J4 chan
nel. (Figs . 1-3 show the two grounds
that would normally be present for
stereo audio.)

J

o-Q

o-Q

c;
»z
c»
:Il
-<
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$24.80
(lO-up)

MADE IN USA

18" EMINENCE WOOFER
.&Ii -

$98.90 $89.50
#290-200 (1-3) (4-up)

TITANIUM COMPOSITE
TWEETER

$8.50
(1-9)

@ MOTOROLA PoIydax

@PIONEER'

With this kit you
can make spe aker
grill frames up to
30" x 40". Kit
includ es 4 comer
piec es , 2 "T"
brackets , and 7
frame bars. Grill
mounting kit
include d.

# 260-333

# 290-180

12" SUB WOOFER
Dual voice coil sub woofer.
30 oz. magnet, 2" voice
coils. 100 watt s RMS, 145
watts max. fs = 25 Hz. 6 olun
(4 and 8 olun compatible).
SPL=89 dB IWIlM.
Response: 25-700 Hz.
QTS =.31, VAB ~ 10.3 cu. ft..
Pioneer lI'A3OGU30-55D.
Net we ight: 6 lbs,

# 290-145 ~t~i80

GRILL FRAME KIT

R

$5.90
(lO-up)

$6.50
(1-9)#270-050

#260350 $22.50 $19.95
- (l-3) (4-up)

PIONEER HORN
TWEETER
Mylar dome. 2.93 oz.
barium ferrite magnet. 8
olun . Response : 1800
20000 Hz. 35W RMS,
50W max. fs = 2000 Hz,
SPL = 106 dB. Pioneer
lI'AHE50-5 IF

* 15 day money backguaretoe *$15.00 rninmJm ord« ·W e accep t
Mastercard, Vla, Di!ooYer,~ COD. orders *24boor shiRJirO
*ShippinQ'charge = UPS chart ra te +$1.00 ($3.00 minim wn charge)
*Hours : 8:30 am- 6:00 pm EST, Monda y - Frida y *Mail order
custo mers, please call for shippinq estimate on orders exceedinq
SIbs.

$34.50
(4-up)

$12.50

340E. First a, Dayton, Ohio 45400
Local: 1-513-222-0113
FAX.: 513-222-4&44

12 cIBIoctave rolloff.
800Hz, 5000Hz
cr ossover points . 8
olun. 100 watts RMS.

3-WAY 100W CROSSOVER WALNUT SPEAKER

CABINET KIT --

$9.95
(1-9) (lO-up)

SPEAKER CONTROL
PANEL

f£Ji113ss EMINENCE
a;iiiiiiiiiiiiiiiil=nte,=nati o=nal..ln c. 1-800-338-0531

CIRCLE 56 ON FREE INFORMATION CARD

Super duty , 40 oz. magnet.
100 watts RMS, 145 wa tts
max. 4 and 8 olun compa t
ible (6 olun). 2" voice coil .
fs =25 Hz. QTS ~.I66,

VAB= 10.8 cu fi.
Response: 25-1500 Hz. Net
wei ght: 9 lbs . Pioneer
lI'A3OGU40-5lD

#290-125 $36.80
(l-3)

Panel with 50 watt L-pads
for tweeter and midrange
and built-in LED power
meter. 5"x 2 112" 100

walt veman a~aII$i4.s0 $12.90
#260-235 (l-5) (6-up)

12" POLY WOOFER

#260-210

100 oz. magnet, 3" voice
coil. 250 watts RMS, 350
watts max. 8 ohm, 30 Hz
resonant frequency. 22
2700 Hz response.1------------.....------------...-----------...... Efficien cy : 95 dB IW/IM .
Paper cone, treated
accordian surround. Net
weight: 29 lbs .



Jameco®
~

Mail-Order Electronics
- - -24 Hour Order Hotline- - - 

415-592-8097--
. .

v _ "~. ~ •

SIP & SIMM MODULES MICROPROCESSOR COMPONENTS MISC. COMPONENTS

CD-CMOS

NEC V20 & V30 CHIPS
Replace th e 8086 or 8088 In Your IBM PC and

parI No Inc rease Its Speed by up 10 30 % price

UPD70108·5 j5MHZl V20 Chip 5 .25
UPD70108· 8 8MHz) V20 Chfp 6 .95
UPD70108·,O 10MHz) V20 Chip 10 .95
UPD70116·8 8MHz) V30 Chip 7 .95
UP D7 011 6· 1 0 10MHz) V30 Chip 13 .49

p art No Func tion pric e
512KIT' 18MP5n loons256K' 9S IMMI2each) 119 95
2MEGKIT" IBMP5n tm ns IMEG, 9SIMM12 each) 69 95
41256A9A·l0 262.1«.9 lOOns 256K x9SIP (Has leads) 49.95
. 1256MB·SO 262.14419 SOns 256Kx 9srMM _..•.•• ..•...•64.95
421000AS8·10 1.048.576x8 l OOns 1MEGx 8 SIMM•..••~_..•...•..164.95
' 21000A9A·eo 1.04a.57G,9 SOn, l MEG, 9 SIP(Ha' l ead, ) 16995
' 21000A98-eo 1.04a.576, 9 SOn, 1MEG , 9 SIMM 169 95

'UpgradelorModels 30. SOZand60

paONo 1·9 lOt
DS14C88 N...... . 1.19 1.09
l M1489 N..... .49.45
DS14C89N 1.19 1.09
l M1496N 69 .59
lM 1871N . .. 1.95 1.75
lMI872N 1.95 1.75
Ul N2003A 79 .69
UlN2004A 79 .69
26lS29 2.95 2.75
26lS31... 1.19 .99
26lS32 1.19 .99
26lS33 1.75 1.49
UlN2803A 1.19 .99
l M290I N 39 .29
l M2907N 1.29 1.19
LM2917N (8 pm) 1.75 1,49
MC3470P 1.29 1.19
MC3479P 3.95 3.75
MC3486P 1.29 1.19
MC3487P 1.29 1.19
lM 3900N .49 .45
lM3 905N 1.29 1.19
lM 3909N 89 .79
lM39 14N l .95 1.75
NE5532 .89 .79
NE5534 _ 89 .79
7805K 1.29 1.19
7812K 1.29 1.19
7815K .... .. 129 1.19
78051................. .49 .45
78 121.. 49 .45
78151....... .49 .45
78108 .35 .29
7905K 1.49 1.25
7905T .55 .49
75113 1.39 1.19
75150 1.29 1.19
75154 1.29 1.19
75174 2.95 2.75
7517 5 2.95 2.75
75176 2.25 1.95
75451 .45 .39
75452 .45 .39
75492 89 .79
MCI45406P 2.95 2.75

part No Price
74HC175 59
74HC221 89
74HC240 69
74HC244 ] 9
74HC245 _ , .79
74HC253 _ 49
74HC259 _ _ .49
74HC273 : .49
74HC373 69
74HC374 69
74HC595 1.29
74HC688 1.49
74HC943 .._ 6.95
74HC4040 .79
74HC4049 29
74HC4050 .29
74HC4060 69
74HC4511 99
74HC4514 1.79
74HC4538 1.19
74HC4543 1.19

74HCl139 39
74HClI 57 29
74HCT174 29
74HCT175 29
74HCl 240 : 69
74HCT244 49
74HCl245 .49
74HCl373 .. .49
74HCT374 .. ..... . .39

74HCTOO 17
74\-!CT02....... .17
74HCT04 19
74HCT08 17
74HCn4 29
74HCT32 19
74HCl74 29
74HCl86 25
74HCl l38 39

part No price
74HCOO 19
74HC02 , 19
74HC04 ..... .19
74HC08 19
74HC10 19
74HC14 29
74HC30 _ 25
74HC32 _ 25
74HC74 _ 29
74HC75 35
74HC76 35
74HC85 55
74HC86 29
74HCI23 59
74HCI25 49
74HCI32 ..... .49
74HCI38 45
74HCI39 39
74HCI 54 1.49
74HCl63 39
74HCI74 59

part No 1·9 lOt
ll071 CP 69 .59
Tl072CP .19 .69
Tl074CN 99 .89
ll081CP .59 .49
l l 082CP 59 .49
Tl 084CN .99 .89
lM307N ............ .. .45 .39
lM3 08N ........ .65 .59
l M309K 1.49 1.25
l M310 N 1.49 1.25
lM311N 49 .39
lM3 17T 69 .59
l M318N 1.09 .99
lM 319N l .29 1.19
lM3 23 K 3.49 3.25
lM 324N .39 35
lM 335Z 1.49 1.25
lM 336Z 1.09 .99
l M337T 1.29 1.09
lM 338 K.., .4 .49 4.25
lM 339 N .49 .39
l F347N l .49 125
l M348N 69 .59
lF351N .49 .39
l F353N... .59 .49
l F356N 89 .79
lF357N 99 89
l M358N 59 .49
lM3 80N. 89 .79
lM 385Z 1.2 1.75 1.49
lM3 86N-3 89 .79
lM393N 45 .39
l F398N 1.95 1.75
l F411CN 79 .69
lF412CN 1.29 1.19
NE555V _. .35 .29
XRl555 .75 .65
l M556N........ ...... . .49 .39
l M565N 99 .89
lM56 6CN 1.29 1.19
l M567V 75 .65
lM 723CN .49 .39

t~mg~::::::::: . ~~ j~
l M1458 N 39 .35
lM 1488 N .49 .45

74HCT-CMOS TTL

LINEAR

TANTALUM CAPACITORS
TM.l .1. f @ 35V...... .19 1 TM4.1 4.7.f@ 35V... .45

~~~.2 ~·~uf~53~V: : : .~~ I~~~~ ~~.tl't~iiL:. ~~
POTENTIOMETERS

Value s available (Insert ohms into space mar ked · XX-):
5000. IK. 2K. 5K. 10K. 20K. 50K. l OOK. 200K. I MEG

43PXXJ.·.. Watt.15Turn .99 163PXX 1t2 Watt, n urn .89

TRANSISTORS AND DIODES
PN2222 ' 3:'[ PN2907 ''If'N4004 10
2N2222A 29 2N4401... 15 lN4 148 07
2N3055 69 lN270 25 l N4735 25
2N3904 12 lN 75 ... ...... .15 Cl06B 49

SWITCHES
JMT123 SPOT.O nOn 1.25 1 206 -8 SPST, 16-p,n DIP 1.19
MPC121 SPOT.()).OI0I 1.25 MS102SPST.Mornentary .39

D·SUB CONNECTORS
OB25P Male. 25-pin .69 I OB258 Female . 25'pm .75

LEOS

XC556R T13-· , Red ' '.', 37 1 XC556Y Tp •• Yellow 17
XC556G Tp · , Green.. 71

74HC HI-SPEED CMOS

74C174... 39
74C175..._ .39
74C192 99
74C194.. _ .' 9
74C221 1.79
74C240 99
74C244 __1.49

74C373 ' 49
74C374 _ 1,49
74C911 595
74C912 7.95
74C915 1.19
74C917 3 95
74C92O 395
74C921.. 395
74C922 395
74C923 395
7'C925 '95
7.C926 595

74C/CMOS
74f:};1J 25
74C02 25
74(;04 25
74C08 25
74CIO 19
74C14 .._...• .. .49
74C32 5
74C74 _,__.49
74C85 _ 129
74C86-. 29
74C89 2.95
74Cro _ .. 99
74C151 1.75
74CI54 295
74C157 1.49
74C160 ' 9
74C161 49
74C1 62 9
7.CI73 9

pric e

8000SERIES Continued
port No Pdce
8155 ·2 _ 3.75
8I C55 4.25
8205 9.95
82C11 6.95
8212 1.99
8216 1.39
8224 " . 1.49
8228 _ 1.49
8237-5 __ 4.25
8243 1.95
8250A 4.95
8250B IF'" 18MI 5.95
8251 A 1.95
8253 1.89
8253 -5 ...... .. 1.95
82C53 -5 3.95
8254 4.95
8255A-5 2.95
82C55A-5 4.49
8256 11.95
8259-5 2.25
8272 3.49
8274 .... 4.75
8279-5 2.95
8282 2.95
8284A 1.95

12On5_._ 5.95
lSOns 5.49
150n' IMM5290N-2) 1.09
150n, (p~gyback) 49
100ns _ 2.75
12005 2.39
150ns 2.15
60ns 6.95
80ns. . . 5.75
100ns 3.95
12Ons ... . . 3.69
150ns..................... .3.25
120ns Video RAM 10.95
80n, 5.95
120ns........................... .. 4.49
150ns........................ . ,4.25
lOOns StateColumn 8.95
80n, 11 Meg) 13 95
lOOn,II Megl. .......... .. 12 95
lOOn, 11 Megl 14.49
100ns Stauc Column 26,95

12On5 _..•.... .2.95
350n5 89
450ns MOS _ ,2.49
450ns _ 99
200ns l owPower 1.49
2OOn, (CMOS)................ .. 9
'50 n' (CMOS) 1.95
lOOn, (16K)CMOS 3.19
l 5On' (16K)CMOS 2.79
IlIOn, (16K)l P CMOS 3.59
lIOn, (16K)l P CMOS 3.09
lOOn, 164K)CMOS 6.75
lIOn, 164K)CMOS 629
IlIOn, 164K)l P CMOS _ 6 95
I2On, (64K)l P CMOS 6.75
l IOn' (64K)lP CMOS 6.49
35On, CMOS _ _.. _.._ 3.25
100n5(256K)low Power _ 10.95
150ns (256K)l owPower 9.95
IlIOn,1256K)LPCMOS 11.95
I2On, (256K)LPCMOS _ 11 25
lIOn, (256K)l P CMOS 10.95

450n' 125V) 495
450n, 125V) 5.95
450n, 112 5V) 52 5
' 50n, {25V) 6.95
450ns (-5V, +5V, +12V) _.._.._ 6.49
2K(I.' ) _ 425
45Ons _ 6.95
450n, (25V) . 349
350n, 125VI 3 95
450n, 125V) CMOS : _ _ 4 25
' 50n, (25V) 3 95
2OOn, (21V) _ 3 95
450n, 125VICMOS _ _.. _ _.. 425
25On'(2IVI.... . .... . .. 3 95
200ns{12 5VI _..__.._ _.. 4.19
25005{I2.5V] 349
lIOn, (12 5VICMOS- ' .95
2OOn' 121V) _ 595
250n, (2IV) 5 25
lIOn, (12 5VI.. .......... .. . .. 6.95
200ns112.5Vl __ 475
250n, 121V)CMOS 5 95
150ns (12 5VI _.. . . _. 8,49
200n, 112 5V) _ 5'9
250ns (125V),_ _ _ _ 495
lIOn, (12 5VICMOS _ 7 25
250n, (12 5V) CMOS _._. 549
250n, (12 5V) ..._. 7 25
lIOn, 112 5V) CMOS _ 9 95
250n, 112 5VICMOS _. 7 49
lIOn, 112 5VICMOS (1 Megl 19 95
&4K4SOns (25V) {Chp Enablel_ 14 95
64K 350ns(25V) (Output Enable) 15 95

STATIC RAMS

2048x8
1024x1
256x4
1024x4
1024x4
1024x4
256x4
2048x8
2048,8
2048x8
2048,8
8192x8
8192,8
8192x8
8192x8
8192x8
1024x4
32.168,8
32.168,8
32,768x8
32,768x8
32,768x8

Function

2048x8
4096x8
4096x8
8192x8
2048x8
256x8
1024x8
2048x8
2048x8
2048x8
4096x8
4096x8
4096x8
8192x8
8192x8
8192)8
8192x8
16.384x8
16,384x8
16,384x8
16.Wx8
1 6 .~x8

32,768x8
32.768x8
32,768x8
32.168,8
32,768x8
65.536'8 .
65.536x8
65.536x8
131.072x8
8192x8
8192x8

EEPROMS

EPROMS

16,384x4
16,384x4
16.384x1
131,072x1
65.536x1
65.536x1
65,536x1
262.144xl
2£2,144x1
262,144x1
2£2,144x1
262,144x1
64Kx4
65.536x4
65.536,4
65,536x4
262,144x1
1,048,576x 1
1,048.576x1
262,144x4
262.144x4

DYNAMIC RAMS

28 16A·25 20 48x8 250n5 (9V·15V) 5V ReadlWrlte 5 49
28 17A 2048x8 350n5 5V ReadlWrJle." 6.95
286 4A a192xB 250n5 5V Re8dIWrile (P,n 1. No R'8)10 .95
2865A e192xe 250n5 5V AeadfWrlte 10 95

TMS4416-12
TMS4416·15
4116-15
4128·15
4164·100
4164·120
4164-150
41256-60
41256·80
41256·100
41256·120
41256·150
41264·12
414&1-80
41464·12
41464-15
51258-10
511000P·80
511OO0P·10
514256P-IO
514258·10

part No
2016·12
2102
2112
2114N
2114N-2l
21C14
5101
6116P-l
6116P-3
6116lP·I
6116lP·3
6264p·IO
6264P-I5
6264LP·I O
6264l P·12
6264lP-15
6514
43256·1QL
43256-15l
62256LP-IO
62256LP·12
62256l P·15

TMS2516
TMS2532
TMS2532A
TMS2564
TMS2716
1702A
2708
2716
2716-1
27C16
2732
2732A·2O
27C32
2764·25
2764A·2O
2764A·25
27C64-15
27128·20
27128-25
27128A·15
27128A·20
27C128·25
2n56 -15
2n56·2O
2n56·25
27C256·15
27C256·25
27512·25
27C512·15
27C512-25
27COIQ-1 5
6876'
68766-35

ZllO,ZllOA, ZllOB, SERIES
pert No Price
ZBO 1.25
ZBOA 1.29
ZBOA-ClC _ _.. 1.65
ZBOA·DARl 4.95
ZBOA-PIO 1.89
ZBOA-S IOIO 395
ZBOB _ _. 2.75
ZBOB-ClC 3.95
ZBOB-PIO 3 95
Z8400HB1cPU-eMHl. M ~ 3 .95

BOOO SERIES
8031 3 95
8OC31 8.95
8035 1.25
8039 1.59
8052AHBASIC 24.95
8080A. 1.95
8085A 1.95
8085A-2 3.59
8086 .................. .... 3.95

g~~_\5~~aH~j :·i~~~~
8087·2 ~MHZ) . ..... 129 95

~ggg~18~~ii : : : : g~
8155 ..: 2.49

.49 .39

.49 .39

.49 .39
1.29 1.19

.45 .35

.49 .39

.49 .39

.59 .49

.75 .65
89 .79
.45 .35
.39 .29
.39 .29
.59 .49
.69 .59
.69 .59
.69 .59
.69 .59
.59 .49
.59 .49
.59 .49
.79 .69
.49 .39
.99 .89
.89 .79
.49 .39
.49 .39
.79 .69
.79 .69
.89 .79

1.29 1.19
5 95 5.85
239229

74S188· ....... .. ' .49
74S'89....... .. 1.49
74S240 1.39
74S244.............. .99
74S287" 1.49
74S288 ' 1.49
74S373 .... .99
74S374 . .99
74S387" ... 1.29
745472· 2.95
74S571' 2.49

.19 CD405, 59

.19 CD4052 .59

.19 CD4053 . .59

.19 C04060 .. .65
25 CD4066 ... .. .29
.29 CD406 9.... . ..... .. .25

.~~ gg:g~t: : : .. .. . . .. :~~
::~ CD4072 ................. ... .19

.59 gg:g~~ :: :: : : : : : : : : : : : : : : ~ ~

.:~ CD409 3 35

.35 CD4094 ..................... ... .89
49 CD4503 .39
69 CD4511 _ 59
.35 CD4518................. ... .75
.65 CD4520 .. .69
49 CD4522.................. .. .75
59 CD4528 .......... ..... ..... .69
65 CD4538 _..... ... .... .79
65 CD4543 .................... .79
.29 CD4584 .................. ..... .49
.29 CD4585 69

.25
25
25
25

.25
1.25
.49
.29
75
.29
.39

74LS

7400

.26 .16 74lS139 .

.28 .18 74l S151 .

.28 .18 74l S153 .

.28 .18 74lS154 ..

.28 .18 74lS157 .

.59 .49 74lS16L ..

.59 .49 74l S 163.- ..

.28 .18 74lS164 ..

.28 .18 74l S1 65 .

.26 .16 74lS166 .
29 .19 74l S 173 ..

.49 .39 74LS174 ..
28 .18 74LSI75 .
29 .19 74lS191... ..
.35 .25 74l S192 .
.28 .18 74lS193.- ..
.28 .18 74lS19._ .
.35 .25 74l S221.....
.49 .39 74lS240 .
.85 .75 74l S241... ..
.39 .29 74l S244 .
.35 .25 74lS245 ..
.39 .29 74l S257 ..
.39 .29 74lS259 ..
.55 .45 74lS273..
.55 .45 74lS279 .
.29 .19 74lS367_ _ .
.49 .39 74lS373 .
.49 .39 74lS374 .
.49 .39 74lS393 .
.49 .39 74lS541 ..
.49 .39 74lS590 .
49 .39 74lS688.

1. 9 10 + Plrt NQ 1-9 lO t

.29 .19 7474....._..... .39 29

.29 .19 7475... .49 .39

.29 .19 7476. .45 .35

.35 .25 7483 _... .59 .49

.39 29 7485... . .65 .55

.39 .29 7486 .45 .35

.35 .25 7489... . 2.25 2.15

.29 .19 7490... .. .49 .39

.35 .25 7493... .45 .35

.49 .39 7495... .59 .49

.35 .25 74107 ... .29 .19

.35 25 74121...... .39 .29

.29 .19 74123 ... .49.39

.29 .19 74125 .49 .39

.29 .19 74147 1.99 1.89

.39 .29 74150... 1.35 1.25

.39 .29 7415 1... 39 .29

.4~~} r;U~i:: :::: 1.~~~§_

.89 .79 74174 ..... .. . .59 .49

.89 .79 74175......... .. .59 .49

.39 .29 74193 ... .79 .69

74S/PROMS'

CD40 01 ..
CD4002 ..
CD4007 .
CD40 1L .. ..
CD40 12 .
CD4013 ..
CD40 15 ..
CD40 16 _ .
CD4017 _..
CD4018 _ .
CD4020 _ .
CD4021 ..
CD4024 .
CD4027 .
CD4028 ..
CD4029 ..
CD4030 .
CD404 0 .
CD4042 .
CD4043 ..
CD4046 .
CD4047 ..
CD4049 .
CD4050 .

74S00 .
74S04 ..
74S32 ..
74S74 .
74S 112 ..
74S 124 ..
74S138 .
74S 153 ..
74S1 63 .
745174 .
74S17 5 .

part No

7400 .
7402 ..
7404 ..
7405 .
7406 .
7407 .
7408 ..
7410 .
7411 .
7414 .
7416 .
7417 .
7420 ..
7427 .
7430..
7432.........
7438 ... .. ..
7442 ..

7 44' .
7446 ..
7447 .
7473 ..

74lSOO .
74l S0 2 .
74lS03 .
74lS04 ..
74lS05 ..
74lS06 .
74l S07 ..
74l S08 ..
74l S09 .
74l S10 .
74l S1, ..
74l S1 4 ..
74l S2O .
74lS2L ..
74lS27 .
74lS30 ..
74lS32 _..
74lS38 _ ..
74l542 ..
74l 54 7 ..
74l S73 ..
74l S74 .
74l S75 .
74l S76 .
74l S83 .
74lS85 .
74lS86 .
74lS90 ..
74lS93 ..
74lS1 23 .
74lS125 ..
74lS132 .
74lS138 .

PARTIAL LISTING • OVER 4000 COMPONENTS AND ACCESSORIES IN STOCK! • CALL FOR QUANTITY DISCOUNTS
RAMsARE SU8JECT TOFREQUENT PRICE CHANGES
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No"" Avaiiable•••Jameco·s NEW
19 90 Catalog ""ith 80 pages of

Computer Peripherals. Components & More!

ltJ03VSR2J~1 69.95

IOll6VSRZ~189 95

RLl Hu dIFloppy

Part No. I Price

M9070S

JE 1 044 ~ I 09 95

tOll6VMM2r$t6995

ttJ03VMM2JSt49 .95

MFMHudlFloppy

Part No_/ Price

• Erases all EPROM's • Erases 1 chip in 15
Min . and 8 chips in 21 min.• Maintains
cons tant exposure distance of 1" • Specia l
conductive foam liner elimi nates static bui ld
up • Built-in safety lock ' UV intensity: 6800
UW/CM'

DE4 $69.95

UVP
EPROM
Eraser

SPECIALS

e

20'2WR OMS200S

DMS200S MousewDr"er &GraphStwr.&Pad $49.95
JE1061 RS232 hall card(PC'XTJ $24.95
JE1079A MuItI IC &360KbController (XT) $59.95
JE1198 Ur wersal PrinterStood $7.95
JE2010 vertcatCase w250WPower SUP!l'y .. $249.95
SCAN200 log,'ech 200DPIScanner $159.95
SMGC MonochromeGraprncs Card $34.95
UPS150 150W·U" merruptabiePowerSupply .. $149.95
2012WR M,,,Vert'cal Case w,1OOW SuP!l:y.... $129.95

RLL Hud

ltJ04A27X'$89.95

l003VSR1iS14995

l tJ06VSRt ,~ t 69 95

Part No. / Price

. ~

t Oll6VMM t ,~ 1 49 95

MFMH.ud

Part Nc. I Price

Hard & Hard/Floppy Disk Controller Cards

80286IAT,~@1:l lnteMeave

Computer Type

80286 (Al) /386@2:1Interlelve

8088(PCIXn@ 3:1Interieave

Soldering and
Desoldering
Stat ions

EPP $179.95

60 Watt Dig ital Display Soldering Sta tion • Electronic temperature control from 2000 to 878°F
• Temperature displayed on easy to read .560"H 3·d igit LED readout· Nichrome heat ing element

XY960 $99.95
60 Watt Analog Display Soldering Station • Electronic temperature contro l from 200 0 to 878°F
• Cart ridge heat ing eleme nt for a longer life of the solder ing tip

XY1683 $59.95
60 Watt Analog Disp lay Soldering Station • Electronic temperature control from 200 0 to 878°F
• Ceramic heating element tor a steady temperature and long life

XY2660 $89.95
30 Watt Elect ronic Temperature Controlled Desoldering Station' Electronic tempe rature con trol
from 212 0 to 842°F , Self-contained high rotary vacuum pump

XY999 $279.95

• Programs all current EPROMs in the 2716 to
27512 range plus the X2864 EEPROM ' May
be operated by any RS232 port wlterminal
emulation ' Fully inte lligent · ASCI I command
driven· Menu driven software included

A.R.T.
EPROM
Program mer

WM2

Display Monitors and Packages
A MBER 12" Amber Monochrome $99.95
HD55H 14" RGB 640 x 240 $249.95
M9070S 16" Multiscan Moni tor 1280 x 8DD $ 10 99 .95
TM51 54 14" EGA720x350 $369.95
J E1059 TM5154 EGA Mon itor & EGA Card $45 9 .9 5
T M5156 14" VGA 720 x 480 $399 .9 5
J E2060 TM5156 VGA Monitor & VGA Card $529.95
T M5157 14" Multiscan 800 x 600 $469.95
JE2057 TM5157 Mult isca n Monitor & EGA Card $ 5 59 .95

Jameco
5.25" 360KbHalf HI. Black $89.95
5.25' 360Kb Half HI. Gray $ 8 9 .95
5.25' 1.2Mb HartHI. Gray $ 9 9.95

Prototype
Design Stat ions

JE1 020
J E1021
J E102 2

F D 55B
FD55G

Sony
MPF1 1 3.5" 720Kb Internal Drive .... $ 6 9 .9 5
SMK 5.25" Installation Kit w/Facep late ••$ 14 .9 5

Toshiba
356KU 35" 1.44Mb Internal Drive $ 109.95

TEAC
5.25' 360Kb Half HI. $ 9 9. 95
5.25" 1.2Mb Half HI. $ 1 19 .95

JE2017
J E2015 84-KeyStandard AT Style

layout $ 5 9 .9 5
J E101 6 101·Key Enhanced Layout

With 12Function Keys ;.. .. $ 6 9 .9 5
JE201 6 111·KeyEnhancedWith Solar

Powered Calculator..... ... $79 .9 5
JE2017 104·Ke y Enhanced With Trackball

(140 DPI Resolution) .... .. $ 9 9 .95

3.5" and 5.25"
Floppy ~;;;;;;~
Disk Drives

JE1010 ~TopStar<Ia~ PC'XTCa se $39.95
JE1011 s StardardPCiXTCase $39.95
JE1018 S'lde BabyATCase $59.95
JE1030 150watt PCiXT """"'SuIJ!lly $59.95
JE1032 200 wattBaby AT """"' Supply $89.95
JE2011 VerticalCase wOOlWPYoT.SuppIy $279.95
JE2012 M,,,Ve<tcalCase w'200W Pwr.Soppy $149.95
JE201 4 R"TopBaby XT TL<boCase $69.95
JE201 9 Ffp-TopBabyATCase $69.95

IBM
Compatibl e J~2012 _
Cases and
Power Suppli es

WM1 & WM2 Features : • Removable so lderless bread 
board • Var iable and fixed DC power supply • Multi
frequency signal generato r ' Analog multimeter • 8 bicol
or LEOs (red & green ) • 8 logic switches ' Logic probe
• Ligh ted power switch • Fuse over load protected
• Stu rdy ruggedized case

WM1 Spe cia l Featur es : • 4 potentiometers • Built-in
speaker

WM2 Speci al Fea tu res : • Pulse Gene rator • Binary
coded decimal (BCD) to 7·segment decoder/d river ' DB25
connector' Frequency counter (1Hz to 1MHz)

WM1 Anal o g Pr ot otype S ta t io n $199.95
WM2 Digital Pr ototype Statio n $249.95

400 0 $4.95
B30 0 $6.95

1.360 2 $12.95
1,660 3 $17.95
2.390 4 $22 .95
3.220 4 $32.95

Contact Bind ing
points pos ts pr ice

Dim •
L" x W"

325 , 2.125
6.5 '2.125
6.5 '3.125
6.5 ,4.25

6.875 ' 5.75
725, 7.5

PROTOTYPING PRODUCTS
lam eco Solderless Breadboards

OOB
OOB

rometheus 9600 Baud
odem

lOOE

E21
E23
E24
E25
E26
E27

TEST EQUIPMENT
oldStar 20M Hz Oscilloscope
,d 1 GHz Frequency Counte r

........'fl~
GS7020

arge 6" rec tang ular display ' High
nsitivit y : 1 mV/div

, 7 02 0 Oscilloscope..... ..$3 99 .95

Vide measuring range· Measured
lue ho ld fu nction

:710 2 FrequencyCounter$299 .9 5

•rt
10

sctl loscope Probes
ttenuat ion : x1 I xl 0 1
apac itance ~
:180 ) : 180 pF e:;:' --~, ~
2pF; (LF2 10): .J
~F I 17pF .. ~-- .;1'

. ~-:-.--¥ w--"

:180 40M Hz Oscilloscope
Probe $ 19 .9 5

:2 10 1OOMHz Oscilloscope
Probe $ 29 .9 5

Metex Digital Multimeters
stex General Specs: I
landheld, high accuracy _
,C/DC Voltage, AC/DC •

:~tr~~h~.e~~~~~~~~r~~~es l f .
~anu.a l ranging w/overload ~ •• :
itectton IM4650 ._"
1650, 36508 & M4650 only:
.lso mea sure frequency and capacitance
1650 only: • Data Hold SWitch ' 4.5 Digit

3610 3.5Digit Multimeter $49.95
3650 3.5 Digit Muilimeter wlFrequency&

Capacitance $69.95
3650B Sameas M3650wIBargraph $79.95
1650 4.5 Digit wlFrequency, Capadtanceand

DataHoldSwitch $99.95

355 Shoreway Road $25.00 Min imu m Or der" U.S. Funds Only
elmon t, CA 9400 2 J ® ~ CA Residents Add 6%. 6.5% or 7% Sales Tax
4 Hour Order Hotline (415) 592"8097 ~ Shippi ng - Add 5% plus $1.50 Insurance

~I~; m~~~~2A~;0~~~~4J~~~~~-~?~i a~me..CO =-- (May va1:r~~r~~~C~~OS~bj~~~:oa~~a~~~~ii~~0~~~~~~)
ata Sheets - sac each fi~ illaII~ We are not responsible for typographical errors.
end $2.00 Postage fo r a FREE SO-Page Catalog I ~~ We res~rve the6!gh~ ~o SUb~t ih~r~ madUf~ctu re~s .
;~9i~OaJ~~i~~~r~~et~~~~~~ r~/~fO ~~~"~~l?3.':t;~\ . . ProduecTssp~~tJ~d ~::~~fy' ~l r:~re~~~~~~::
rternational Business Machines Complete hst of terrnswarrannes is available upon request.

24-Hour Order Hotli ne (4 15) 592-8097 • T he Following Ser vi c es Are A lso Ava ilab le Thro u g h (4 15 ) 592-8097 From 7AM - 5PM P .S.T.:
• C ust o m e r S ervic e · T e c h n ic a l Assista nce· Credit Depa rtm e nt. A ll O t h e r In quiries
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Part C19 ./VoU . Prk: . P2045 2,2 125 .34
No . I..Fl/O C 1 P2046 3 3/ 25 42
P201-'-f f i6'T - 31 P2047 • .7/ 25 54
P2(l12 6 8163 34 P2t)48 6 8 /25 65
P2013 10/63 .• 2 P2049 10125 1.06
P201. 15163 ,50 P2050 1~/25 1.19
P2015 22163 .60 P2051 22/2 5 1 68
P2016 33163 - .72-~·25=....U6
P2017 47/63 85 P2053 0.1135 27
P2018 6816 3 1.18 P2054 0.15 /35 27
P2019 100163 ' 1.82 P2055 0 22135 27
P2020 150163 3 60 P2056 0.33 135 27
P2094 220163 785 P2057 0 . 71]5 27
~_~ P2058 068/35 28
P2022 22 /10 28 P2059 1 .0 /3~ 31
P2023 3,31\0 31 P2060 1.5 /3 5 34
P202. 4.7110 34 P2061 2,2/35 42
P2025 68110 . 2 P2062 3.3135 51
P2026 10110 .50 P2063 . ,7/ 35 65
P2027 15110 60 P2064 6 8135 90
P2028 22!10 .72 P2065 10 /35 1.19
P2029 33110 85 P2066 15135 1 88
P203Q 47110 1.18 P2099 047135 43
P2031 68110 1.82 P2100 068/ 35 . 3
P2032 100/ 10 3 60 P2101 22/35 2.56
P2083 150110 6.98 P2102 33/35 • • 6
~P2J03471J51336

P2033 1.5 '16 23 P2067 O.l /SO 28
P2034 2.2116 .31 P2068 0.15/50 30
P203~ 33116 33 P2069 0 22/50 30
P2036 • .7/16 .2 P2070 O.33 / SO 30
P2Q37 68 ' 16 .50 P2071 0.• 7150 33
P2038 10116 60 P2072 068150 37
p20J9 15/16 .7'" P2073 1.0150 50
P2040 22116 88 P207. 1.5 /50 84
P2041 33 /16 1.18 P2075 22150 90
P2042 . 7/ 16 182 P2076 33/50 148
P204J 68 /16 3 60 P2W7 "'7150 1 89
P2Oll6 150116 9,08 P2078 68/ !iO 3,90
p 2Q9§ UXI' 16 6 98 P2104 10/50 5 40
P2044 15 /25 31 P200J 15150 8 37

Part C.p.lY olt . PTic. P45Q6 ,0027150 l. OS
No. l..fl /V AC 10 P4557 .0033/ 50 1.OS
P45s' - - OOi"'15if --------ros P.SSS 0039/ 50 1,OS
P. 552 0012150 1.05 P4559 C()47/ 50 1.OS
P"'553 0015 ' 50 I ,OS P4560 0056150 1.OS
P. 554 0018150 1.05 P45$1 .0068/ 50 105
P45S5 . 0022150 1 ,05 t.4~----l Q5

P.l29 1200!IK 2" ' <307 047 ..fJ25 79
P4130 1500il K 2" !"4JIL--1 ....U2:5---l..C,1
P.131 1000/ lK 2 25 P4418 10c0125 75
P4131 2200l l K 293 P4<l19 1500!25 .75
P.t33 270011K 293 ' ''20 22" "" .75
P. I34 lJOO' lK 793 P4421 3300'" 75
P. I35 Y.lOO / 1K .... ,.." .700125 .75
P.1J6 "'70011K '38 .«23 secc.zs "P.I 37 5oli(l(1 f lK '36 P442. 10000 '25 83
P.I 38 6llOOi lK ,.. ,.." 15000115 00
P.l39 8200 llK '« ,.." 22000'" ..
Pfl~lXOO!1.K __Jl.·· ' '''7 331/00,,, ..
P.1 61 lOO'X1 '50 66 ,"" . 7000!2!l 15~
P4162 22000 '''' .. ,..zs 68000115 1,73
P4163 47000'50 1 01 ~..JmlOlI.l.2:5._.1.3 1
P4164 10QlXK)150 1.13 ..." 1000 150 66
Wi6aL .fiOOlU5IJ _JlO ,"" 1500150 66
" 200 tooo noo sa ."33 2200150 66
..202 15001100 ee ...,. 3300'''' 66
"203 .79 •-cs .700/50 66
"205 .79 . «36 eeco.sc ..
..206 1.09 • ..,7 10000150 101,- _ J l . " 38 15OX1/ 50 1.01
.<3IlO se , .." 22000'''' 1 09,""' .022 ..1/25 .. ...., 331/00,,,, 1.73
P. 3O'i o..U"fl25 " ."" . 7000 150 1,73

,"'" 10/500 se ,- se.ecc 1,13

'«'/2 151500 .79 P4410 ee.soo 128..." 181500 .79 P4411 es.ecc 1.91,- 22'''''' .79 P4412 100150:) 1.91,"" 27/ 5(X) .79 P4413 120150:) 1.91.- 33' ''''' 98 P441. 1501500 203
• ..,7 39'''''' 98 P4415 180/ 5(X) 2.70

.""" . 71500 1.13 e.4i.~~O

PANASONIC' V SERIES
Stac.... d Meta l.z.d f ilm Capaclton

~:~ 1:,dJtJ-P1~' P45J5 0 68 /50 ' .83.'S38 082150 ~.74

P~O:oT!50--------'.23 e! 537 IC.rft! 6 62
P.51 . 0012/50 1.26 P013 0,0 11100 La l
P4~1~ 0015150 1.28 P471. 0 ,0121100 1.38
P·51 6 0018.' 50 1 32 P0 15 0.0151100 1.81
P4517 0,022/50 1.35 P.716 00181100 181
P4518 0027 / 50 1.38 P4717 0 0221100 185
P.5 19 0 033' 50 1.• 1 P. 718 0,0271100 1 89..'" 0 039'50 1." P4719 0033 1100 1.93
P"'521 0041r 5O ) ·47 P.720 0,0391100 1.96
"522 0 056150 15-1 P0 21 0.047 1100 2 03
P.523 0 068150 1.63 ~"-1.1l1
P452. 0 082/50 1.73 P.723 0,0681100 223
P4525 0.1150 1,69 p",n. 0,0821100 225
P~S26 C.121ft! 188 P.725 0,11100 2.30
P4527 0.1515(\ 1,95 P. 726 0.121100 2.57,,,,. 0,18150 201~-=..'" 022/50 210 P. 728 0 ,18 /100 2.75
"531/ 0 27ISO 2 "'5 P.729 0 22/ 100 2 "
~453L..~ P"'73O 0 27/ 100 334
.'S32 0,39 '50 310 P.731 0.33 /100 3,81
"533 0.7/ 50 3.5 P.731 0 39 1100 . 27..... (156/50 'J< P..m.l......JI~.,1L1QQ-i.1J

PANASONIC" 8 SERIES
Po ly. st er Cepa~lton

"7
P6317 2 1:i7
F'631J _ J .IIJ _
P63J< "P6315 27 "'17 . J<
P6316 za "'13 . J<
P6317 33 "'J< .16
P6318 " "'15 27
P6319 -e "'16 2<
. 6320 53 "'17 33
P6321 .73 "'18 "P6327 " "'19 .75
P6323 1.16 P6220 87
P632. 1.49 P6221 1.19

""" 1 86 P6222 162
'6326 2 65 ..223 231
P6327 379

"~"1ll_ -:;:4P6329 .27 P622.
P6330 .28 P6225 .15
P6J31 33 P6226 .te
P6332 zs P6227 "P6333 " ..ns ","" 63 P6229 33.633' 63 "'30 as
P6336 " "'33 sc
P6J3 7 1.13 "'32 95
P6336 1 .9 "'33 ' "P6339 175 "'>I 1 62
P6J.IO 2, 1. "'35 2.31

""'/ ' .0<
.m-t.2_ ----U6...
""'3 zt..,... zs "'36 .t e""', " P6237 .te

""" >I "'38 20
""'7 " P6239 27
P6348 .., "'«l 33

""" ." "''' "P63'" ee "''' so
P6351 89 "'<3 "P6352 1.35 "'.. 1,24

' P6353 1.71 "''' 1 74
P635-1 2.55 ee 2... 248
P6355 3 79
P.fi:J5§._ _• ..a5....

P614i:=:34F'6357.__"
P6358 zs "'48 . J<
P6359 " "'<9 20
P6360 35 " 250 zt
P6381 " P6251 23
P6382 ... eeesa .26
P6363 56 "'" """" " ..". 53
P638' .72 P625S 65
P6366 1.03 .. zee 97
P6387 1.71 ..,,7 1.7.
P6368 2,2 '" P6258 2.48
P6369 3<7
.fIiJ1Jl.~Jl8 ~ P6259---;- - jJ

eezeo- .13
P6261" .13

P6371 zt .""" . J<
P6372 21l eeaea- . J<
P6373 " .."." .16
P637< .35 P625S" 22
P6375 ." eeaee- 23
P6376 " ""7" "P63n .., ,621lII" 38
P6376 .70 P6269" 53
P6379 .79 "'70" 77
P63IlO .95 P6271" 00
P6381 1 38 P62n ' 1>1
P6382 2,52 P6173" 2 38
P6363 363
"""'_-<.1>-
~4P638' "P6386 ." "'75 . J<

. 6387 " "'76 .15
P6388 21l "'77 .16
P6389 " "'78 .16
P6390 .>1 "'79 .18
P6391 " P6293 "P6392 ." P621l1 27
P6393 " P6282 .,
..". 59 . P6283 53
P639S 78 "''' .77
P6396 92 "'65 97
. 6397 1.12 "'66 1.1.
'6396 1.75 "'87 1.74
. 6399 353"""----ill_

P628a~. ,,",1 "'''"'2 21 "'" 22.""" 26 ..'" 23

""'" " P6291 .2<.6-IOS >I P6292 ,.
.""" " P6293 33,6<07 48 """ .«l,- .5-1 P629, ...
""'" 57 P6296 52
P6410 " P6297 .81

"'" 122 P6296 109
P6412 15-1 . 6299 1 32
"'13 2.02 P6300 1 89
flilli _ -->.JlL

P6415- - ;:'

"''' ."P&417 27
P&418 .38
Pt>419 .37
P6178 "P6179 65
P61eo 65
P6181 1.13
..,62 1 25

---~--
~
P6184 «l
P6185 "P6186 <3
P6187 <3
"'66 61
"'89 87
" '00 66
P6191 128
.f6~J.19
P6193 "Ptil94 65
P6195 .73
"'66 .79
P6197 98
" '98 1,57

Part Cap .lV oU. Price P"'l .J8 1ooool !iO
Nl?' Ipf l / IVI. 10 P.I59 15OC()150 1.35
P4oc:o ~506 - -:7 1 ~:i.1 6(L.~
P4002 15 /50:) 64 P. l00 100/50:) 68
P40Q3 18150:) 64 P.I02 150/ 500 68
P4004 22150:) 64 P.I03 180/500 68
P4005 27150:) 64 P.l04 220/50:) 68
P4006 33150:) &4 P4105 271)/500 68
P4Q07 391500 64 P.l06 330150:) 68
P4008 .71500 64 P4107 390150:) 68
Po4O:)9 561500 64 P.1 0ll . 70/ 500 79
P4010 68/500 71 P.l09 560150:) .79
~~1l~..-J. 1 P4110 680 '50:) .79
P.l.l lC(()125 98 P4111 82'0/50:) ,79
P.142 1500:25 98 P4112 1C(()15O:) .94
P4143 2200125 98 ~_l~m __~
P"'l 44 3JCK)i25 98 P. 1l6 l 00I1K 1,28
P. l .5 . 700125 1.09 P. 1I7 120/1K 128
P. l 46 68IXI125 1.09 P-4118 l !lO/ l K 128
P. I. 7 10000125 1.13 P4 119 l eo l1 K 128
P4148 15000/25 120 ... 120 220IlK 128
P41.9 22C(()125 120 P4121 2701l K 12 8
~.150 33«~t25 __ 1.Hi P. I22 330IlK 1,99
P.l~ 10C(1i 50 1 09 P.t23 390IlK 199
P4153 150:)150 1.09 P412'" 470I1 K 1 99
P4154 2200 ,50 1.09 P4125 5OOI1K 199
P4151) 3JCK) '5O 109 P.l2ij 680 11K 199
P. I56 . 700,'50 1,20 P4127 820I1 K 2 2~

P.157 6800 150 12 . P4128 l000 /l K 225

35/.7
351100
35 /220
35 /330
35;. 70

35/ 1.C(()
35 /2. 200
35/ 3.3OCI
35/ 4.700

-""-""'--50/ 0 .7
SO/ l,O
50/ 2 2
50/3 3
SO/ 47
50 /10
""22sooa
50/. 7
501100
50,' 220
"" 330
501.70

50 / 1.000
5012.200
50 / 3.300

--"'L<.ll><L
6310,.7
63 110
63 '2. 2
63 133
63, 47
63 /1 0
63 '22
63"3
63/"'7
63 /100
63"20
63'330
6] /.71)

63 / 1.C(()
63 /2 .200

-""Ul<L
10010 .7
1001\ ,0
100122
10013 3
1001•. 7
100110
100/22
100133
100/ .7
100/ 100
100/220
100 / 330
100/ 470

JJiOill!llL
16010 .7
16011,0
160/22
160133
160 ' ''' ,7
160110
160122
160/ 33
1601. 7

1601100

-""'=250,' 10
250 '2 2
250/ 3 3
250/.7
250110
250121
250133
2501. 7

-"'lLIJl<L_
.5011,0
45012 2
. 50/ 3 3
.50/.7
450110
. 50/22.'

",.as
1 /

26 PH5136
17 '''5131
26 PN5139
35 ~N5U2

O' K ripti on Pk g . 1
00.1
00.1
0041 
00 41
00 .1
00.1
0 0 "'1

PANASONIC'" SU SERIES
Mln lat uN A lum inu m EJ. c tro lrtf c Ca~llo"

5'/. WIREWOUND REC. RESISTORS
A\tllll" b l. In 5& 10 W"tt

6% METAL OXIDE FILM RESISTORS
A\la llabl " In 1 & 2 Watt

Ax.... L. ad Radi , l Lead
WV/Cap. Digi ·Ke .., .ri<. ~-K.y

_.
(VDCIIl,. FJ Part No . 1 Part No . 1
- 6 3' ,(7- - P6301 "63 1100 P6302 " ..201 . 16

63 /220 P6J03 35 P6202 21
63 1330 ..,..

" P6203 22
63;·UQ P6305 ... ..204 23

6.3 1 1,000 P6J06 .. ""'" 38
6 3 '2 ,200 P6307 81 P620C 62
6 3/3.300 P6J08 " P6207 81
6 3' 4,700 P6309 1.13 P6208 1,01
6316.8CO P63" 148 P6200 1 22

Ho w To Ord.r: Take any s tand,l,d reseter value li e
3 2 t .1nd add .1n ·· e" for 1/8 .....au or a "O" for 11 att
o r an '"H" for 1/2wlI tt tr.e 32Q for 32Q 1/ attl,
t~I~!.:..K.!r:pE!..~~~r:.... ~__
PrI~il!sl 5 . 200 1. 000
U{l -"~~i! t\ --,~_ 5 ~0 25,00
U:4W,U1 .....2S _3 ~ .• 1;~ __
1l 2.W.1u ~ _~f19 _1 6,00 _

J/~ Watt R. s istor Anort m.,..te ,
RS1 12 se tof5eo1chof the73 s t,mda rd 5"1it •

118 watt carbo n film reSIst ors In the
SCflU 1.0. 12. 1.5, 18. 2 2. e tc.,
th rough 1.0 mego hm (365 tot al

_ ~ _ 'p,!!~s_,. _

RS 212 Set of 5 eac h ofth e72 51andiilrd 5"l1. ..
1/ 8 walt car bon film r""stors In the
sllrteS l .1. 1.3. 16 . 20. 2 4, e tc.,
~91 0 k,lohm l360 tot. l p,e c cs l .

1/. Watt R"i,tOf Assort m.nts
RS125 Sct'";f-5~'cl! ofth~ 73 $t ~;"dard 5"" ..

l / ...... att carbon him reSistors In thll
sc "cs l0.1.2. 1,5. 18,2,2. e tc,
thr ou gh 1 0 ml!9ohm 1365 tot al

-'~~~~~
RS225 S et of 5 each of the 72 sta nl:la rd5 "l1. " . 9.10

1/ 4 .....att ca rbo n film r(lSlstors in the
sc ncsl .l. 1.3 . 1.6. 2 ,0 2,"',ctc.,

__t~'P."!iJ..~J.!Q~.L3§Q~I.P'.!!ccs_'. _

112 Watt R. aist Of Anortmants
RS150 SC'l;;"{5--;; ~h-oilh-; 73 ·$tand.rd 5% • . . 9.10

1/2 .....alt ca rbon f,lm res,stor , In the
SCrlcsl .0, 1.2. 1,5. 1 8 . 22. etc.,
through \0 ml.l9ohms 1365 tot al

___..2'~l!$1, _
RS 250 Set of 5 eac h 01 th e 72 stand ard 5"l1. .'.10

112 .....an ca rbon f,lm ,eSl$tors In the
senes 1.1.1.3. 1.6.2,0.2., etc .•
th o h 910kloh (360t tl I

Ho w To Ord.r: TlIk., any stand.u d rcsutor veroe li e
7.5) lIndildd "WS" for 5w, u .or adda"Wl0" lo r l 0
watt tre . 7 .5W5 10' 7.5Q 5 wattl . uns is the Oigl KltY
pa rt nurnbe r. ~ _

P~' __ 1 _.10~10!L _ ~_~

5.Yt~36 3 25 2690 100.8Q_J 6;!,OO
~.~J_:LZ§_~~!)2.....l.!W

5 Watt Met a l R..i.tor An ortm ants
RS1OS5-;;~h'~31~;s-03OQ1 0'0-912 .~~ - . 20:10
__....~.!L_ ._._ _• _
RS205 . each o l \lalues 1,00 t0 9.12 •.. •.• •31.30
~. 1384101al pieces..L- _

RS305 4 each 01values 100 t09 12 •••.••••• " 1.30
~Q!!!!J:!i.e.feJ) ~ _

RS405 • each 01\lalultS l 00Qt 02 0KQ .••••• " 1.30
---.m!8..JQ!i!I..QI~W._~ _

10 Watt Res istor Assortm.nts

R110 - iellch of-all1O -;'otl st a n d~r~"mr.si:is
values list ed in the Digl·Key c' tlliog

.I.H79M05 63

.I.N79M06 63 63 '10 .000

.I.H19MOl 63 6 3115.000

.I.N19M08 63 6,3i Z2.000_

.I.'H'19M69 - 63 1~~El:it!I!:mm::tiImD.~ 10121.I.1119MIO 63 10133

.I.HI9MI2 63 101. 7
.I.N 19M15 63 10 ' 100
Ali19MIS 53 10 ' 220
.I.Il19M20 53 101330
.1.111910114 63 101. 70

~Memory 1 9 ;9:~
pjri_ ..p;rc; 1013.300
MM2141N 1150 101• .700
MIol 5i 57H- -r.0 10 16.000
iit2aOii '- .g-31
i'-C9; ON'- - '-' l
]UIS8N 110
14SIS91rl 110
145211N 1(1(1
14S281'4 11 0
j.S1B9H - - fI0
14S311N 195
14S412.1.N 48 0
1.S41 3.1.N 410
14S414AH 48 0
1 4 S41 5AN~ 10
74S51(1N 375
745571N 3 15
74S572N 4 50
"!4 5 513~.._4 ~0

- -Mk-;;-

~~02N -~'f;
COp410H 4 13
COp491H 531
COpf&9~538
OpI 212N 3 31
01'l216H 2.15
DP8214N 3 75
OI'l 216N 2 25
01'l11Iti -5 81
OP8138Jl-IiIS
01'1300111 61 1
~8303 .1.N 2 13
0"'304BN 181
OpI30 7.l.N 32 5
OP8.3.Q' .N_ 2.] 4
OP831ON 581
(11'8311/11 5 81
INSI 035lN63 50
INSI 035N 1I3 38
INSI 039H63 25
INSB03SH1 1 5-63
1N58154N 1150
tSjlifr~25]f0
MM58157ANI063
MM51114AN1025
NSCIOON 1125
HSC-BD01 - S25
(I~~34~ _J2 5

2N5416 20 0 MP53393 27
lN5457 50 M!'S355S 23
lH5550 3(1 MpS3631A 23
lN5519 2 55 MPS364l 30
2N5610 1 50 M' S3646 52
2/ill11 , tiC ""Sm.4 _ .27
2N5612 26 0 MI'S5112 23
2N5769 32 M'S5551 55
2N5771 125 M"S6514 24
2N5772 31 MpS5515 2B
2Jt.51J..L _ .~ /J p~ _ _ 14
2N5131 70 lllp56550 .1
2N5,n 75 MPS5S61 45
2N5961 51 MpS91B 45
2N6715 35 MPS.l.lO 27
l N6725 49 "",S.l.12 52
2N5127 35 1tt'~ljL__ Ji2
lN691 13 0 MpSA14 30
l.!ilW _IJ5 MpS.l.4 2 45
2NI I32.1. 20 4 MpS.I.43 45
2N1613 92 MpS,t,92 45
2NIB93 l. U ~P.1UJ..._~5
2N2211 95 MpStOI 36
l't2l m _j5 pN2m 24
lN2219 76 MpSt51 35
2N2219.1. 75 pH2222.1. 23
2N2221 80 PN2359 25
2N2211A 80 PNlJW ----------2}
2.'Il2.1L _~_ ~ PNH ' 4 30
2Nl122.1. 60 1'N2901 23
2N2369 50 l'N2901A 23
2frt 2369A 60 ' N]251 39
2NH05 1 45 l'/QUi......... _ 18
2HZU4 .L4 pN3556 31
21C29G4 95 1'/113557 21
2N 29~• .1. 95 pN3569 24
2N2905 .75 PN3639 30
2H2905.1. 761'1f.l6.!L _ .JO
llJ.2.iCi... _ _..HI 'N36 41 30
2N2906A 10 PH3543 23
2N1901 60'H3644 32
2H2907.1. 50 1'NJ645 32
lN3013 90~1_,J5

21r3Olt._UQ pN4122 32
2H3019 10 4pN4248 34
2frt3020 10 4 pH4H9 34
2N3053 10 4 1'N4250 34
2N3107 13 0 ~ljillO _.~
tIlliC. I __ l.JO 'N 4251 30
'! P.llWL..... .lJ PH4214 2&
" ' 5292. 35 'H42 15 29
.. PS3392 24 'N4 355 36

17
17,.

150
t s
135

1230

'"JOO
7<0
2 ~ 5

'"716
150
sc
eo

""39C
- 1 80

110
m
m
261

0 · -6 6
o 95

r s
(35
1 26..
'"""102

'""LM3905 N 18 0
(i.f3909N - C50
LM391 1N 2 25
lM391411 285
t M3915N 2 85

21 5- "....
- "-"
"- r 80

LMI3600 1 44
MFIOCCN 42 0
.I.N7805 -75
.I.N7806 75
.I.N1801 15
.I.N7101 15
.I.N7109 15
'\Nf 810 - - .15
.I.N7112 15
.I.N1815 75
.I.N78lB 75
.I.N1120 75
AN71l0( 43
.I.Il18t 05 43
.I.N71l06 43
.I.N 18l01 43
.I.N71l08 43
A"m09 - - - ~ 3 AID & CIA

~:m1~ s ~~]ri«
.I.N18115 43.1.0COI 03LCN 7 31
.I.N18LlB 43 .1.0COI04LCH 4 50
AH78t20 -~.3 .I.0COI05lCN500
.I.Il11t 24 43 AOCOI08CCHI13
.I.N71M05 63 ~O_I.O!C~.~
AIO I M06 63 .1.0COl1 5CCN 18 00
.I.N18M01 63 AOCOll1 CCNII 25
AN7IM08- "63 ~~0!3}C_C ~_5PO
.I.N7BM09 63 .I.0CIOOICCJ32 00
.I.N78MIO 53 AOC3511CCN1 25
.I.N71MI2 53 .I.0C3711CC1II 12 5
.I.N78MI5 63 .I.00350l CCH 888
AHIBMil - 6 3 A00370lCCNU I
.I.N11M20 63 0:'C0800LCNJ~85

AN71YH 63 OACOIOnCN 151
AN1905 15 0.l.CO'01l CN1 65
.I.N1906 75 0ACOl 30l CN 69 0
.I.N1901- - -)5 O.l.C0832tCN 3 88
.I.N 7901 15 0ACI020l CN750
.I.N1909 75 0.l.CI022tCN575
.I.N7910 . 75 MM5369A.l.N 163
.1.10912 ,15 MM5369EST 1 63
AN7915 15 ._
.I.N7SIS 15 Inte rfl u
" H 920 75 - -~- - -
.I.N7924 75 '..rt . _ _ ~ r~!

.I.N79L04 43 0S1418N 15

.I.N79105 430S14'9.I.N 120

.I.H19L06 43 051489N_ 15

.I.N19l07 43 75450N 11

.I.N79l08 4375451N 70
AH7Sl09 4375452N 70
AN-79l 10 - 43 15453N 10
.I.N79LI2 437 5454.N_ 10
.I.N79L15 . 3 7549111 1 00
.I.N79L18 . 3 75. 92N 1.12
.I.N79L20 43 1549311 131
AN19l2 4 ". 3 1549~N _ 131

Dil l Kty Pac
'.rlb 'ric:e
i Nfl!i 1 37
2N3055 147
2NJ439 I 7~

21113440 1 40
2N3700 1 00
l'ill14._1Jl6
2N3903 23
l N3904 23
2N3905 14
2N3906 23
2N3952 1.16
2N4030 112
2,1(4012- _\J 2
2N4033 12 4
2111 4036 1 40
2N4031 1 . 0
2N4113 2J
2"3 124 23
2N4125 23
l1J4lZi...- 1.3
2H4201 1 25
2N4209 210
2114234 2 10
lN4235 2 30
21t!l..J.i.•._ U O
2N. 237 2 30
2N4238 2 30
2NU3& 23 0
2N4400 23
2N4401 23
2.!ill.o..L.._ -----2J
2N4403 23
2N4410 36
2N4B96 2&0
l N5016 28
2N~011 28
2N5088 28
2H5089 21
2N5110 29
2X5l1"-_ J:4
2N5225 13
2frt5225 23
2N5211 23
2N5320 2.30
mlli-.l.60
2N5322 23 0
2N5323 11 4
'''5400 31
2N5401 31
m4l.L._ _1.IQ

" ~ l S B C '"
4 ~ 2 0 B C N

..~nBC '"
4$268C"
4~21BtN

4S28BCll
4529BCN
i S41BCN
4S438CH
4123BCN
41248C'"

- i inn r
~irl-~

l fj~ -,,

LF35Hl
l F353N
l FJ 5S"
LF356N
CiJsn.. - 
[f 3SI ...
I f .lI tN
lf 412C'"
Lf. " l eN SO
l,T4ic~- 1io
lf 13141Jr1 711
l MIOCLN 2 10
lMl 1Clll 255
l"'H el 600
l M3SCf - GOC:
l "l3D1A... 51
l MJ01J1 .15
l '-l308'" 90
lMJIIN54
l ll411i( - -.]5
lMJl1 tl 92
LM311M1' 8S
l "' J llT 99
lM311" 1 65
("1319"- -150
l MJ20US O 12
LhlJ1DU1 ] 60
l MJ20LZ15 n
lM320M!'S 225
lM1foMPlf'f9o
lhl320Mr1~ U s
l loll]2/i 2 40
lMJ2 3~ 1 25
(MJii"'-- ~54

lM325N 512
lloll 26'" 50 0
l MJ21N 33 8
l MJ2901 II
(M~Jml - - 5 25
lMJ341 1 65
l MJJ52 2 10
LM33622 5 1.20
l M3352 5 0 120
CMrnK - - 7:65
l 1ol331M" l ID
l M331T 1.95
llol331K 102 0
lM339~ ~ . ~ I

t M340KC52 10
l MHOKC I221 0
t M340KCI521 0
t M340T5 11
t M340T 12 17
umOY1~--'9
t M341p 5 90
lM341p12 1 00
LM341p 15 90
lM346~ 1 65
LM34I N'- -90
lM349N 1 35
l M350K 7 50
lM350T 4 95
lM351N ,51
CMJ5~-240
l M310N 1 50
l M310NI - -\ -50
t M311N 261
t M312N 1 86
t M383AT 4 05
lM384N 25 5
CM386''-I - - 81
lM311N 1 65
l Ml89H 1 38
lM390N \ 32
t M391N60 200
t M391N100240
lM392N 15
lM393N 51
lM395p 2 40
l~395 T - Yoo
l M395K 10 50
lM396K 21 00
tM555CN 75
LM556CN 90
LM565CN 195
lM566CN 15 6
lM567CN I II
l M709CN 75
lM123CN 75
(MYisCN 210
l M133CN 84
t M14ICIrl 51

o
enen
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3 to 6 Vdc MOTOR
with GEARBOX

Probably designed for ch ilds to y .
Lever selects 2 forward and one
reverse speed. 1st gear aprox.

~
120rpml6vdc,

•• znd gear aprox.
' . 300 rpml6vdc,

e Reverse aprox.
120 rpml6vdc.

3. 35 " X 1.75" X 3.25"
CAT# DCM-10 $6.00

4 AA BATTERY
PACK (USED)

Four AA nickelcadmium batteries

connectedin seriesto make a •
4.8 volt pack. Batteriesare in a '.
2 X 2 configuration witha 2 pin : _
connectorallached. The four .
batteries can be separated into
single AAsize solder tab nickel :
cadmium batteries or resoldered . :
into other configurations. .

SPECIAL SALE PRICE - WEHe-
~ Ul9 !ler !leeli NOW $3.00 per pack

CAT# NCB·41AAU

6 VOLT D.C.
9.5 AMP/HOUR

GEL-CELL

Elpower# 695 OJ
6 volt, 9.5 amplhour I
~~~c:~~:~::ry.
4.25" X 2.75· X 5.5".
Quic k co nnect terminals .

CAT# GC-695
$15 .00 each

12 VOLT DC MINI FAN

Howard Industrie.. ~
3--15-810. Operates on •
12V dc,0.10 amp ,1.0wan. . ,II
Compactplastic housing, ' I ,
0.35" square X 1.Z7S"1hid<. i
9 b ladefan. Two 9" pigtail leads.
CATt CF-121 $9.00 each

115 VA C CO OLI NG FAN

STANDARD SIZE ~
COOLING FAN. \ . •
Featuresdie cast metal housing . -
for strength and durability. . '-
IMPEDANCE PROTECTED J
.11116" square X 1 1lZ'deep.
Factorynew 120 Vacfans. CF1-N $9.50each

~, r.
~

WALL
TRANS

FORMERS
ALL PLUG OIRECTLY

INTO 120 VAC OUTlET

6 Vdc @ 200 ma.. CAT' DCTX-820 $2 .25

g Vdc@250rna. CAT' DeTX·US $2. 50

18 v~ @ 1 aJ'T1). CAn ACTX-118S $3 .50

SWITCHES
ITT PUSH BUTTON ~
ITTMDPL..... 3" . X . ,~

1/2" gray l'KUngular
key -. S,P.S,T. N.O.
P... htodoM. RATED: 0.1 ~awitc:tling . O.25

~ catTYC\l,*". P.C. rrount. CATI PB-I
65c NCh • 10 for $6.00 • 100 for $50 .00

10 POSITION MINI-ROTARY
G raykillt 56P36 -Q1-1- 1ON-C ~
Mini rotary switch. Non-shorting.
1 dtlCk, to podions. .125" dia.

>haltX .375·~. .377" behind •
tho poneI dep<h. P.C. pm.
CAli MRS-10 WAS $2.50 tKJW11.50 MCh

SPOT PUSHBUTTON
Marquardt' 1&43 ~
Rated 6~ 0 1251250 Vac .

Bla.ckpluticputhblAton . !
Swilda body : .gz' X .sM" X.65",
CAT' PB· lI $1.65 NlCh • 10 for $1.50 Nd'l

PUSHBUTTON SWITCH ,
GClThorna.nI ~20
S.P.S.T.. nonnally-.. momontary """,.
button .wlch. R.d plast k: .c1 ualor .5T dlL
Chrome bezel .88" diamet4H'. Threaded
bulhlng mount, In .50" diam . chual. ~.
Rated 3 arTl'@ 250 Vat;.Solder kxlp terminal••

CATt PB·20 $ 1.00 each

WOK WHAT $1.00 Will. BUY

200 ASSORTED ~

1/4 WATT RESISTORS rr-l
B~ 1eadI. carbon c:orrp. and carbon Um.

CAT' GRES $1 .00 per assortment

..oP\ 200 ASSORTED
~ 1/2 WATT RESISTORS
B~ '--6&. carbon c:on-p &ndeatbonfilm.
CAT' GRABRE $ U lO pef assortment

o 0 50 ASSORTED
n n DISC CAPACITORS
Molt are cut (p.c. '-adI). Sane to 500 votta

CAT' GRABOC $U X) pe r auortl'TI.nt

15 VALUES OF ----c:D--5;
ELECTROLVTleS ~

Conta.naboth axlaJand r.cf1aJ styl.Mfrom 1 Md .
CAT' GRABCP $1.00 per assortment

LED'S
STANDARD JUMB O
DIFFUSED T 1·31-4 siz.

~
RED CAT, LED·'

10fOf'$1 .50 • 10010($13.00

GREEN CAT' lED ·2
10 '0( $2 .00 ' 100 for $17 .00
YELLOW CATI LED-J
10 for $2.00 -l00 lorS 17.00

FLASHING LED ~

with bui. in lLashing cirOJit ~'
~ra.t.. on 5 vott•. .•

I RED S1.00 Ndl
CAn LEO-4 10 IOfSg.50
GREEN Sl .00Nd'l

CAlM l Eo....a 10 for Sg.50 ~
BI"POLAR LED

Lights RED OM direction.
GREENthe ctker . TwoINd••
CAT' LED~ 2 for $1.70

LED HOLDER ..,.
Twopteo. hokS«. 11.;::;;1t!
CAli HLED 10 'Of S5c

RELAYS
12 VOLT D.C. COIL S.P.D.T.
~ G2E·l S4P 4 Arr¥J contacts

335 ohm colt, e
Sugar cubesiz• •
.61- X .42" X .4.(" hitlh.
P.C. mountwith pins on DIP spacing .
CATI RLY-787 $1.50 eac h

5-5 VDC SIP REED RELA Y
i:lK1 rol
"Blue BaY"
BBS1 A05A 10
5-6 Vdc. 500 ohm coil.
S. P.S .T. normally open reed r. lay.
0.5.".., contacts. S IP c:onl~ralion .

1- X .375- X .:T.

CAT' RRLY ·SIP5
$1.10 each • 10I or $10.00

10 AMP SOLID
STATE RELAY

ELECTROL, S 2181 ~
CONTROL: ,, ' "
Roled 5.5 \9 10 Vd<:
(willoperate on 3-32 Vdc).
LOAD: 10 .".., @ 240 Vat:
2"4· X 1 3/4- X 718-

CAT.SS RLY. 10B $0 .50 each
OUANTITYDISCOUNT

10 lor $85 .00 • 25 lor $175.00
50 for $300.00 " 100 lor $500 .00

XENON TUBE

~
,. long lluhtlbe p<e<>ped wtth

3112" rad and black lead• • Ida&I tor
.-e:tronlc nuh or It rnbe project•.

CAli FLT·' 2Ior$1.00

I PHOTO FLASH CAPACITOR
Rubycon# FKX
200 mId. 330 volts. ~
0.79" diameter X t .t 1" high L'!J:!!
Solder loop terminals.
CAT# PPC-200 $3.25 each
10 for $30.00 • 100 fo r $275.00

22/44 PIN CONNECTOR

e;~III1I1II1IIiI"i"l>
.156" pin spacing.0.200" between double

rows, gold contacts, P.C. mounting.
SPECIAL Same as AMP# 2·530655-6.

CAT' EBC"l G $1.00each · 10 for $8.00

SOUND AND VIDEO
MODULATOR
n. UMl 381-1. Detigl'led fOfUN
~h T.I. ClCltT\'UI.,.,. Can be us-=!
withvideo cameras , games or

" >- audO>'Wleo ""'''''.Bu;k _.5':='C;"in AlB twitch enab'H UMI' to
twitch from T.V. antenna without
disconnection. Operates on channel
3 or4. Requ irM 12 Vdc . Hock up
dillgram ind~.

CATt AVMOD $5.00 each

LIGHT ACTIVATED MOTION
SENSOR
This devicecon tains a
ph otocell wtlictl se nses
s udde n change in
a mbie nt litlht. Cou ld
be used as a door
anunciator or modified
to trigge r othe r devices.
51J2" X 4- X 1". Operatos
on 6 Vdc. Requ ires 4 AA batteries (not j~uded)

CAT' LSMD $5.75 por unit

1/4 WATT RESISTOR KIT
IdNJ 10< the worbhop. It'I. ,

1/4 watt re&lstor Ic1t COl'ltUlI 10 ?-;:t " .
places eachof 42 of the molt

popular "'aluM (420~ to- ...' .
taI). IncludM a dlYlded box &nd ......

a parts locator .

VALUES In tN . kit are : )7',)
1 ohm. 10 ohm. 30 ohm. ..,/

47 ohm. 51 ohm, 68 ohm, 100 ohm. 130 ohm,
150 ohm. 180 ohm,220 ohm . 330 ohm. 470 ohm.
500 ohm. 680 ohm. lK, 1.3<, 1.51<, 2K. 2.2K. 2.7K.
31<•• •7)(,5.1><' 5.6K, 10K. 15K. 221<. _ . 331<. 39K,

47K. 56K, 68K. 100K. 1201<, 1501<.22OK. 4701<,
1 MEG, 5.1 MEG. 10 MEG

The rec il tcll'lalonewouId..1Itor $2 1.00.

COf1'4'Iele klt • CATt REKIT-14 $17.00

PIEZO ~
WARNING
DEVICE

Murata Erie . PKBB-..AO
High pitched audbMi alarm . Op
fH'at.. on 3 · 20 Vdc 0 2Orr-. 1"
high x 7M dia. P.o. board mount.

CAT. PBZ -84 $1 .75.ach

NICKEL-CAD
BATTERIES

(RECHA RGEA BL E)

SPECIALII AAA SIZE
Panuoniol P-18AM

1.2 voIl 0 180 MAh
CATI NCB-AAAX $1.50 each
10 lor $ 13.50 • 100 lor $125.00

~ m ~
AA SIZE $2.00 ..eh

1.25 ¥OIls 500 mIoh
CAT. NCB· AA

M SIZE $2.20 INCh
WITH SOLDER TASS

CAT. NCB·S AA

C SIZE $<.25 EACH
1.2 ¥OIl. 1200 m4h

CAli HCB-C
D S IZE $<.50_
1.2 volts 1200 n"Ah

CAli HCB·O

TRANSISTORS
OROERBY PART,

PN2222 NPN
T0-92 5 for 75~
PN2907 PNP
T0-92 5 for 75~
2N3055 NPN
T0-3 $1.00 each
MJ 2955 PNP
T0-3 $1.50each

MJE2955T PNP
T0-22O 75~ each

MJE3055T NPN
T0- 22O 75~ each

TIP31 NP N
T0-22O 75~ each

TIP3 2 P NP
T0-22O 75~ each
TIP121 N P N
T0-22O 75~ each
TIP126 PNP

T0-22O 75~ each

N·CHANNEL MOSFET
AF ·511 TQ.22CcaM ~

CATl IRF 511
$1.00each · 10 lor $9 .00

LARGE QUANTITY AVAILABLE

OPTO ISOLA TOR
~ ::.

Sigma' 30 11 1· 129 1. Signal appIed to the Input II
ooupIedby means of Ilghito Isolated photo con

dUdIY. cell. High rollabll~ .wttchlng. 12 \'Ott Input.
CAT' O P-301 $1.50 each

A.C. LINE CORDS
BI.ck 6tt., 1812.spt ·2

~ /~
NONPOLARiZED PLUG

CAT. LCAC 2 for $1.00 " 100 lor $45 .00
POLARIZED PLUG

CATI LCP-l 80c each • 100 for $50 .00

14.7 V OLT TRANSFORMER
Sprite lndustrie" ID
C5-S10A.14.7vo1t. . 1 - - .1
60hz, aB2 Va. . I ', . :1
1.61"highX1.95" X - .~__
1.4T. Mountingholes on 2.3T centers.
CATt TX-147 $3.00 each
10Ior$27.00 • 100lor $250.00

•
CALL OR

WRITE
FOR OUR

FREE
CATALOG

OVER
4000

PARTSI Now 60 pages!

MAIL ORDERS TO:

ALL ELECTRONICS
P.O. BO X 567

VAN NUYS, CA 91408

TWX-51 01 01 0163 (ALL ELECTRONIC)

OUTSIDE THE U.S.A.
SEND $2.00 POSTAGE

FOR A CATALOG!!

CIRCLE 107 ON FREE INFORMATION CARD

ORDER TOLL FREE
8 00·826·5432
INF O: (8 18)9 04-0524

FAX: (818)781 -2653
MINIM UM ORDER $10.00

QU A NTITIES LIMITED

C ALIF. ADD SAL E S TAX

USA: $ 3 .0 0 SHIPPING

FOREIGN ORDERS

INCLUDE SUFFICIENT

SHIPPING. NO C.O.D.
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.55

.89

.65

.75
1.39
1.45
2.25
2.35

IDC'S
IDE20
IDE34
IDS20
IDS34
IDB09P
IDB09S
iOB25P
IDB25S

• 62 BUS LINES
• USE UP TO 24 14·PIN ICS
• 1940 TIE POINTS
• DB25 D·SUB CONNECT.
PDS-604 $49.95

SOLDER STATION
• UL APPROVED
• ADJUSTABLE HEAT SETTING
• TIP TEMPERATURE READOUT
• REPLACEMENT TIPS @ $2.95
168-3C $59.95

FORXT
WITH +5V AND GROUND PLANE 27.95
ABOVE WITH 1/0 DECODING LAYOUT 29.95
PARTS KIT FOR JDR·PR2 ABOVE 8.95

FOR AT
BIT WITH 1/0 DECODING LAYOUT 34.95
PARTS KIT FOR JDR·PR10 ABOVE 12.95

FOR PS/2
32 BIT PROTOTYPE CARD 69.95
16 BIT WITH 1/0 DECODING LAYOUT.. .. 49.95
PARTS KIT FOR JDR·PR16 ABOVE 15.95
16 BIT FOR VIDEO APPLICATIONS 39.95

EXTENDER CARDS
SIMPLIFY PROTOTYPING AND TESTING

8·BIT FOR 808B MOTHERBOARDS .. ... 29.95
16·BIT FOR 286/386 MOTHERBOARDS .. 39.95
MICROCHANNEL 16·BIT 69.95
MICROCHANNEL 32·BIT 99.95

PC BREADBOARD-ON·A-eARD

SOLDER-eUp D-SUBS
FEMALE

.45 DB09S .49

.59 DB15S .69
1.49 HDB15S 1.59
.69 DB19S .75
.69 DB25S .75

1.35 DB37S 1.39
1.85 DB50S 2.29

IC SOCKETS/DIP CONNECTORS
SOLDERTAIL WIREWRAP ZIF SOCKETS
8 PINST .11 8PINWW .59 ZIF·14 5.95

14 PIN ST .11 14PINWW .69 ZIF-16 5.95
16PINST .12 16PINWW .69 ZIF-20 6.95
18PINST .15 18 PINWW .99 ZIF-24 7.95
20 PIN ST .18 20 PIN WW 1.09 ZIF·28 7.95
24 PIN ST .20 24 PIN WW 1.49 ZIF-40 10.95
28 PIN ST .22 28 PIN WW 1.69
40 PIN ST .30 40 PIN WW 1.99

FR-4 EPOXY GLASS LAMINATE WITH GOLD PLA TED
EDGECAR D FINGERS AND SILK SCREENED LEGENDS

CABLES AND GENDER CHANGERS
MOLDED ; GOLD-PLATED CONTACTS ; 100% SHIELDED

CBL·PRNTER 6 FT. PC PRINTER CABLE . .. 9.95
CBL-PRNTR-25 25 FT. PC PRINTER CABLE .. .. 15.95
CBL-PRNTR-RA RIGHT ANGLE PRINTER CABLE .. .. 15.95
CBL-DB25-MM DB25 MALE·DB25 MALE 6 FT 9.95
CBL-DB25-MF DB25 MALE·DB25 FEMALE 6 FT 9.95
CBL·9-SERIAL DB9 FEMALE·DB25 MALE 6 FT 6.95
CBL·KBD-EXT 5 FT. KEYBOARD EXTENSION . ... 7.95
CBL·CNT·MM 36·PIN CENTRONICS ·M/M ....... ... 14.95
CBL·FDC·EXT 37·P IN EXT. FLOPPY CABLE 9.95
CBL·MNT·9 9·PIN MONITOR EXTENSION 6.95
CBL-MNT-15 15·PIN MONITOR EXTENSION CABLE 9.95
CBL-MDDEM MODEM ·DB25·DB25 FEMALE 6.95
GENDER·VGA DB9·DB15 ADAPTOR __ 4.95
GENDER·9-25 DB9·DB25 SERIAL ADAPTOR 4.95

EXT·8088
EXT·80286
EXT·16
EXT-32

JDR-PR32
JDR-PR16
JDR-PR16-PK
JDR-PR16V

JDR·PRl
JDR· PR2
JDR-PR2-PK

JDR-PR10
JDR-PR10-PK

. " - ~'-~n' ", I

. -'
nlj'll 'II!!1'

200 WATT
• AT·COMPATIBLE · UL
APPROVED · 110·220V SWITCH
• +5V @ 20A. +12V@7A.

' 5V @ .5A, ·12V@ .5A

PS·200 $89.95
PS·250 250W SUPPLY $129.95

Oel'id't
HIGH-TECH
SPOTLIGHT

EPROMS
PASU SIZE SPEED Vpp PINS

2716-1 2048x8 350n5 25V 24
2732A 4096x8 250n5 21V 24
2764 8192x8 450n5 12.5V 28
2764-250 8192x8 250 n5 12.5V 28
2764-200 8192x8 200n5 12.5V 28
27C64 8192x8 250n5 12.5V 28
27128 16384x8 250n5 12.5V 28
27128A-200 16384x8 20005 12.5V 28
27256 32768x8 250n5 12.5V 28
27256-200 32768x8 zooos 12.5V 28
27C256 32768x8 250 n5 12.5V 28
27512 65536x8 250 n5 12.5V 28
27C512 65536x8 250 n5 12.5V 28
27C101-2O 131072x8 200n 5 12.5V 32

DATARASE" $39.95
• SHIRT POCKET SIZE!
• ALL SIZES UP TO 4 AT A TIME
• ERASES MOST EPROMS IN 3 MINUTE
DATARASE II

POWER SUPPLIES
135 WATT
• XT·COMPATIBLE· UL
APPROVED · 110·220V SWITCH
• +5V @15A. +12V @ 4.2A,

'5V @ .5A.·12V @ .5A
PS-135 $59.95
PS·150 150WSUPPLY $69.95
PS·200X 200W SUPPLY $89.95

SPECTRONICS Model Timer # of
CORPORATION Chi s

9
9
12
30

If you 've been thi nking about replaci ng you r XT mother
board with an AT, now 's the tim e! Prices on AT ty pe boards
are about as low as they' ll ever get. Your lnttla l investment
need be no more than the cos t of the motherboard itself.

If you have at least 512K of memory (using 41256 chips),
then all you r cu rrent periphera ls (with the possible except ion
of serial ports and keybo ard*) will be usable on a rep lacement
moth erboard. This inc ludes you r case, powe r supp ly , disp lay,
f loppy drives and hard di sk drives . To use your cur rent
mernory, you may have tc run at a slower cl ock settin g, but
even then you' ll get 4-5 ti mes your current throughput.

Board replacement is easy . Begin by unplugging the power
connector and all of the peripheral cabl es. Open the case and
remove the cards from their slots . Finally , remove the screws
ho lding the motherboard in place and sli de the board out.
Reverse this procedure to install the new beard."

Later, to enh anceperformance, you can replace some of
t he perip herals wit h their faster AT counterparts, like a 1:1
Inter- leave AT F/H controller, more andlor faster memory, and
a 16-blt d isp lay card .

Derick Moore, Director of Engineering
* Origi nal PC keyboards need replacemen t/some serial ports may be

too stow
"Borne case s may requ ire mino r modi fication s to acco mmodate the

add itio nal 1 inch of boa rd length and new mounti ng hol es.

PAL KIT
AN ENTRY·LEVEL
COMPLETE PAL
DEVELOPMENT
KIT FROM CUPL.
FULL SUPPORT
FOR 16L8, 16R4,
16R6, 16RB. 20L8,
20R4. 20R6. 20R8.
AND 20X8.
MOD·MPL-SOFT
$99.95

74LS245 .79
74LS273 .79
74S288 1.69
74LS322 3.95
74LS367 .39
74LS373 .79
74LS374 .79
74LS393 .79
74LS682 3.20
74LS688 2.40

PALS
16L8 2.95
16R4 2.95
16R6 2.95
16R8 2.95
20L8 4.95
2OR4 4.95
20R6 4.95
2OR8 4.95
2OX8 4.95

SPEED
120n 5
150n5
120n5
120n5
100n5

SPEED
150n5
120n5
l OOns
150n5
120n5
l OOns
150n5
120n5
l OOns
80ns
60ns

l OOns
80ns

120n5
l OOns
80ns

CRYSTAL
OSCILLATORS

1.0MHz 5.95
1.8432 5.95
20.0 4.95
24.0 4.95

MISC
DACOBOO 3.29
1793 9.95
COMe116 8.95
MC148818 5.95
MM58167 9.95
INS8250 6.95
NSl6450 10.95
LM317T .69
NE555 .29
LM741 .29
7805T .49
7812T .49
75150 1.95
75154 1.95
14411 9.95

SIZE
2048x8
8192x8
8192x8
32768x8
32768x8

SIZE
65536x1
65536x1
65536x1
65536x4
65536x4
65536x4
26214 4xl
262 144xl
26214 4xl
262144x l
262 144xl
262 144x4
262144x4
t 048576xl
1048 576xl
1048S76xl

STATIC RAMS

34.95
5.99
6.95
1.69
1.95
9.95
2.49
9.95
7.95
9.95

14.95

MATH COPROCESSORS
int-I' SYEAR
~ WARRANTY

4P ~
.It

• il\. 1\
INCLUDES MANUAL
& SOFTWARE GUIDE

7400 .19 74LS32 .18
74LSOO .16 74LS73 .29
74LS02 .17 7474 .33
7404 .19 74LS74 .24
74LS04 .16 74S74 .49
74S04 .29 74LSl38 .39
7406 .29 74LS155 .59
7408 .24 74LS163 .39
74LS08 .18 74LS240 .69
7432 .29 74LS244 .69

6S00
65C02' 7.95
6522 2.95

V·20

c.r.u.»
8000

8052AH
BAS IC

8088
8250
8251A
8253-5
8254
8255-5
8741
8748
8749
8755

74 SERIES LOGIC

PARTI
HM6116Lp ·2
HM6264Lp· 15
HM6264Lp·12
HM43256Lp·12
HM43256Lp ·10

8-8" COPROCESSORS
8087 5 MHz 89.95
8087-2 8 MHz 129.95
8087-1 10 MHz 169.95

18-8" COPROCESSORS
80287 6 MHz 139.95
80287-8 8 MHz 209.95
80287-10 10 MHz 239.95
8OC287 12 MHz 299.95

32-8" COPROCESSORS
80387-16 16 MHz 359.95
80387-SX 16 MHz 319.95
80387·20 20 MHz 399.95
80387·25 25 MHz 499.95
80387·33 33MHz 649.95

PARTI
41256A9B- 12
41256A9B-80
421OOOA8B-10
421OOOA9B-l 0
4210ooA9B-80
256KX9SIP-80
256KX9SIP-60
1MBX9SIP-80

PARTI
4164-1511
4164-120
4164-100
TMS4464
TMS4464-12
TMS4464-10
41256-1511
41256-120
41256-100
41256-80
41256-60
414256-100
414256-80
1 MB·120
1 MB·loo
1 MB·80

(f)
o
Z
o
a:
Io
W
...J
W

6
(5
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a:
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KITS
21.4MB$249

32.1 M B $279

8/12MHZ MINI-286 $249.95
8116MHZ286 $369.95
10/20MHZ 286 $429.95
STANDARD 4.77MHZ 8088 $8 7.9 5
4.7718MHZ 8088 $95.9 5
4.77110MHZ SINGLE CHIP 8088 $99 .95

25MHZ MINI 386 W/CACHE .. $1499 .00
8MB RAM CARD (0 K) $149.95
10/20MHZ 386 $799.00
10/25MHZ 386 . .. $999.00
8MB RAM CARD (0 K) $149.9 5

$19995

p@: LOGITECH MICE
..--;-, • THREE·BUTTON SERIES 9

lO GiHCK :~~ORf:~ ~~/~~~~~~IBLE.

LOGC9 SERIAL MOUSE .
LOGC9-C' SERIAL (NOT PS/2 COMPATIBLE) ..
LOGC9-P SERIAL MOUSE WITH PAINTSHOW
LOGC9·PC SERIAL MOUSE WITH PAINT/CAD
LOGB9 BUS MOUSE .
LO G B 9" P BUS MOUSE WITH PAINTSHOW ..
LOGB9·PC BUS MOUSE WITH PAINT/CAD .....

10MHZMINI-286

MOTHERBOARDS
20MHZ386 ,$699
" 16120MHZ
• 16 MB RAM CAPACITY · 8MB

ON BOARD(0K). 8 MB RAM CARD
• USES 256K OR 1MB SIP RAMS
• 8 SLOTS, 1X32-BIT RAM

2X 8-BIT & 5X 16-BIT
• MEMORY INTERLEAVING
• AMI BIOS" XT·SIZE BOARD
MCT·M386·20
MCT-C386-25
MCT·M386·M
MCT·386MB20
MCT·386MB25
MCT·386·M

HARD DISKS
21.4MB $1 9 9

32.7MB $219

42.8MB $339

65. 5MB $389

80.2MB $5 6

65»seagate

• ULTRA HIGH DENSITY
• READIWRITE 720K DISKS, TOO
FDD-1.44X BLACK FACEPLATE
FDD-1 .44A BEIGE FACEPLATE •
FDD-1.44 SOFT SOFTWARE DRIVER $19. 95 •

1/2 HEIGHT FlOPPY DISK DRIVES,
FD -55B 5-1/4" TEAC DS/DD 360K
FD -55G 5-1/4" TEAC DS/HD 1.2M
FDD-360 5-1/4" DS/DD 360K ...
FDD-1 .2 5-1/4" DS/HD 1.2M

SIZE Moon AVO. FORM DRIVE xr ATF/H
.PEED FACTOR ONLY II" IIrr

21.4MB ST·225 65 MS 5·114· $199 $249 $309
32.7MB RLL ST·238 65 MS 5·1/4" $219 $279 $379
42.8MB ST·251·1 28 MS 5·1/4" S339 $389 $449
65.5MB RLL ST"277· 1 28 MS 5-114· $389 $449 $549
8ll .2MB 5T-4096 28 M5 5·1/4" $569 $679
122.7MBRLL ST-4144R 28 M5 5-1/4" $699 $759 $859

21.4MB 5T"125 40 M5 3·112" $259 $299 $373
32.1MB RLL 5T"I38 40M5 3·1/2" $289 $339 $429

• AT COMPATIBLE · KEYBOARD SELECTABLE 6/10MHZ
• EXPANDABLE TO 4MB ON·BOARD WITH 1MB DRAMS (0K)
• SIX 16-BIT. TWO 8-BIT SLOTS ' AMI BIOS , LED SUPPORT

MCT·M286
• MCT-M286-1 2

MCT·M286·1 6
MCT· M286· 20
MCT-XMB
MCT·TURBO
M CT-T URB O · 10

$59 .95
$12 9.95
$139 .95

$59 .95
$49. 95

$149 .95
$1 69.95
$249 .95
$1 19 .75

$99. 95

$79 .95
$59 .95

$139. 95
$59. 95

$29. 95
$49. 95
$79. 95
$89 .95

$139. 95
$149 .95
$199. 95

I'~!:=::;:~~~~QUALITYL EYBOARDS

I EGA SPEC/ALI CARD & MONITOR-JUST $4 79 ,

EG A- MONITOR 14" RGB MONITOR $339. 95
NEC ·MULT I·3D DIGITAL 1024X768 RESOLUTION $649.95
JDR·M O NO 12" TTL MONOCHROME· GREEN $69.95
JDR-A MB ER 12" TTL MONOCHROME·AMBER $69.95

VGA COMPATIBLE
PACKAGE

$49995

• 720 X 540 MAX RESOLUTION,
640 X 480 IN 16 COLORS, 528 X 480
RESOLUTION IN 256 COLORS· IBM STYLE MONITOR
• VGA. EGA. CGA. AND MGA COMPATIBLE
VGA·PKG (INCLUDES VGA CARD AND MONITOR)

VGA MONITOR $359.95
• 14" ANALOG VGA • GLARE RESISTANT SCREEN · 720 X 480
• TILT/SWIVEL BASE · FRONT MOUNTED POWER SWITCH
VGA-M ON IT OR

RELISYS MULTISYNCH $429.95
• FULL FEATURED MULTISCAN MONITOR WITH UNLIMITED
COLORS , 1024 X 768 RESOLUTION. 14" NON·GLARE DISPLAY
• AUTO SWITCHING • TTUANALOG VIDEO INPUT
J DR-MULTI

• UP TO 400 DPI • 32 LEVELS
OF GRAY SCALE · SPEED
OVERRUN WARNING LIGHT
• INCLUDES SCANEDIT II,
PRODIGY OCR AND DR. GENIUS SOFTWARE
GS"4500

STANDARD KEYBOARDS,
BTC-5060 AUTOSENSE FOR XT/AT $59. 95
MAX·5 060 WITH TACTILE FEEDBACK $64 .95

ENHANCED KEYBOARDS'
B TC· 5339 AUTOSENSE FOR XT/ AT, AUTOREPEAT .. $69.95
K 103 ·A AUDIBLE "CLICK" STYLE .. . $84.95
MAX·5339 MAXI·SWITCH WITACTILE FEEDBACK $84. 95

~iScan 400 DPI

$19995

-F MODULAR CIRCUIT TECHNOLOGY
DRI VE CONTROLLERS'
M CT·FDC FLOPPY DISK CONTROLLER
MCT· FDC · H D 1.44MB FLOPPY CONTROLLER
M CT· HDC HARD DISK CONTROLLER
MCT· RL L RLL CONTROLLER
MCT-FH FLOPPY/HARD CONTROLLER
MCT-A FH 2861386FLOPPY/HARD
MC T-A FH -RLL 2861386RLL CONTROLLER

DISPLAY ADAPTOR CARDS,
MCT·MGP MONOCHROME GRAPHICS
MCT· CG COLOR GRAPHICS ADAPTOR
MCT-EGA ENHANCED GRAPHICS ADAPTOR
M CT·VGA·8 8-BIT VGA, ANALOG OUTPUT
M CT·VGA·16 16-BIT VGA, ANALOG OUTPUT
MCT·MGMIO MONOGRAPHICS MULTI I/O
MCT·MGAIO 286/386 MONOGRAPHICS I/O

MULTIFUNCTION CARDS,
M CT-MIO MULTI I/O FLOPPY CONTROLLER
M CT-IO MULTI I/O CARD
MC T-AMF 2861386 MULTIFUNCTION
MCT· A IO 2861386MULTI I/O CARD

MEMORY CARDS'
MCT·RAM 576K RAM CARD
MCT·EMS EXPANDED MEMORY CARD
M CT·AEMS 2861386EMS CARD

. $169 .9 5

. $259 .95

. $499. 95

UNIVERSAL
MODULE $499.95
• PROGRAMS EPROMS. EEPROMS. PALS, BI·POLAR PROMS.
8748 & 8751 SERIES DEVICES, 16V8 AND 20V8 GALS (GENERIC
ARRAY LOGIC)FROM LATTICE. NS. SGS • TESTS TTL, CMOS,
DYNAMIC & STATIC RAMS " LOAD DISK. SAVE DISK, EDIT,
BLANK CHECK. PROGRAM, AUTO. READ MASTER. VERIFY AND
COMPARE · TEXTOOL SOCKET FOR .3" -6"W. IC'S (8-40 PINS)
MOD·MUP

EPROM MODULE $119.95
• PROGRAMS 24-32 PIN EPROMS, CMOS EPROMS & EEPROMS
FROM 16KTO 1024K • HEX TO OBJ CONVERTER • AUTO.
BLANK CHECKiPROGRAMNERIFY • VPP 5,1 2.5. 12.75, 13, 21
& 25 VOLTS, NORMAL, INTELLIGENT, INTERACTIVE & QUICK
PULSE PROGRAMMING ALGORITHMS
MOD-MEP

MOD-MEp·4 4-EPROM PROGRAMMER ..
M O D-MEp·8 8-EPROM PROGRAMMER
MOD-MEp·16 16-EPROM PROGRAMMER

MINI UPRIGHT CASE
SMALL FOOTPRINT MINI·UPRIGHT FOR
8088 OR MINI 2881388 MOTHERBOARDS
• ROOM FOR 6 EXPANSION CARDS
• HOLDS 3 5-1/4 & 1 3-1/2 DRIVES (1/2 HT)
• 200 WATT POWER SUPPLY
• 2-DIGITL ED SPEED DISPLAY
" 12" HX16'LX8" W
CASE -120

UPRIGHT CASE $29995
SPACE SAVING DESIGN HOLDS ....---
ALL SIZESOF MOTHERBOARDS
AND INCLUDES, • 250W POWER SUPPLY
• MOUNTS FOR 3 FLOPPY & 4 HARD DRIVES
• TURBO & RESET SWITCH· LED SPEED
DISPLAY· POWER & DISK LED'S
• ALL HARDWARE. FACEPLATES & SPEAKER
CASE·1 00

CASE-FLI P FOR 8088 MB'S .......... $39.95
CASE-SLIDE FOR 8088 MB'S $39.95
CASE-70 FOR 286 MB'S $89.95
CASE-50 FOR MINI 286 MB'S $ 59.95
CASE-JR MINI-286 W/150W PS $149.9 5

• FAX TRANSMISSION ONLY
• 4800 BAUD FAX CAPABILITY

TO ANY GROUP III FAX
• 2400 BAUDV.22BIX DATA MODEM
• XT/AT COMPATIBLE HALF CARD
• MENU·DRIVEN SOFTWARE
• MULTIPLE FAX TRANSMISSIONS

TO GROUPEDADDRESSES
MC T-FAXM

• 240011200/300 BAUD
• FULL HAYES COMPATIBILITY
• CONFIGUREAS COMI . COM2, COM3
OR COM 4 • BUILT·IN SPEAKER ' AUTO
WAIT·FOR·DIAL TONE AND AUTO·REDIAL • PROCOMM
COMMUNICATIONS SOFTWARE · MADE IN THE USA
MCT·2 4 I
MCT-1211200 BAUD INTERNAL MODEM

OTHER MODULES
MOD·MPL PAL MODULE ..
MOD·MIC DIGITAL TESTER MODULE
M OD·MBP BI·POLAR PROGRAMMING MODULE ..
M OD·MMP MICROPROCESSOR PROG. MODULE .. .
MOD·MPL-SOFT CUPL SOFTWARE

4800/2400 BAUD
FAX/DATA MODEM

$11995

MODULAR PROGRAMMING SYSTEM
MODULES USE A COMMON HOST ADAPTOR CARD-
I SLOT PROGRAMS EPROMS, PROMS, PALS, MORE!

HOST ADAPTOR CARD $29.95
" UNIVERSAL INTERFACE FOR ALL
PROGRAMMING MODULES!
"SELECTABLE ADDRESSES
PREVENTS CONFLICTS
" MOLDED CABLE
M O D-MAC

2400 BAUD MODEM

$8995
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Free Information Number

$49995

EXPIRES 12/31/89

JIM'S BARGAIN
HUNTERS CORNER

IF NEW $79.95
720 X348 DISPLAY, SERIAL PORT OPTIONAL.
MCT·MG

35 MHZ DUAL TRACE
05CILL05COPE
• WIDE BAND WIDTH • VARIABLE HOLDOFF
MODEL·3500 (SHOW N)

20 MHZ DUAL TRACE 05CILL05COPE '389.95
• TV SYNC FILTER • COMPON ENTS TESTER

MODEL 2000

LOCAL (408) 559·1200 CUSTOMER SERVICE 800·538·5001
TECH SUPPORT 800·538·5002 FAX (408)559·0250

ORDER TOLL·FREE
800·538·5000

.::..JDR Microdevices '
--::-- 2233 BRANHAM LANE, SAN JOSE, CA 95124

MONOGRAPHICS
PRINTER CARD

3.5 DIGIT POCKET SIZE DMM '29.95
• BASIC DC ACCURACY ",0.5% • 14 RANGES
DMM-100

VALUE-PRICED TEST
EQUIPMENT ALL WITH A

2 YEAR WARRANTY!

3.5 DIGIT PROBE TYPE DMM
• AUTORANGING
• AC/DC 2V - 500V,
• RESISTANCE : 2K·2 M
DPM-1000 (SHOWN)

HIGH/LOWLOGICPROBE '17.95
• DETECTS TTUCMOS LOGIC STATES
• MEMORY FUNCTION FREEZES DATA FOR LATER USE

LP-2800

PULSER PROBE FOR qUICK DEBUGGING '19.95
• INJECTS PULSE INTO TES T CIRCUIT·VARIABLE WIDTH
• TTL , DTL, TRL, HTL, HINIL, MOS, & CMOS COMPATIBLE

LP-540

THE ULTIMATE
3.5 DIGIT DMM
• BASIC DC ACCURACY ",0.25%
• 34 RANGES
• TEMP . TRANSISTOR & RESISTANCE

FEATUR ES

DMM-300 (SHOWN)

3.5 DIGIT
FULL FUNCTION DMM '49.95
• BASIC DC ACCURACY ",0.25%
• 22 RANGES
DMM-200 $49.95

Jim Wharton
JDR's VP Safes

SAVE UP TO 63% ON
FACTORY REFURBS

MULTI·I/O WITH $3995
FLOPPY CONTROLLER
IF NEW $79.95
SUPPORTS 2 FLOPPIES, SERIAL, PARALLEL AND
GAME PORTS, PLUS CLOCK/CALENDAR.

MCT-MIO EXPIRES 12/31189
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I

o BPI8-POPULAR
ELECTRONIC CtR~

CUfTS. Book 2 ••••.
$5.95. Moreuseful or
cuits. None of these

~1~~t:e~

o IIPIO-I'OPULAR
ELECTRONIC ClR
ClKTS. Book 1 •••• $5.95.
Morecircufts b hoD
byists . Audio, radio , lest,
music. household and
rrcee.

o BP239--GETTING
THE "OST FROM YOUR
MllTU..ETER..... $5.95.
Covers .basics of analog
and digit al meter s.
Met.hods of componen t
testing (includes
trarysistors , ltl yJislors ,
resetcee, capacitors and
other active and passiw
devices.

o BP11I-PRACTlCAL
ELECTRONtC BUlL~

IHG BLOCKS. Book 2
.....$5.75 . Ampli .... ""
all kinds to ackl10 the
circu its from 8001( 1 of
this series .
O BP1__TO

GET YOUR COMPUTER
PROORAMS RUNNING
••••• $5.15 . Have youewr
wrinen )'OlK own pro-

~~~~~
book shows you how to
find tIf1'Of1.

"ea~~
ImllXl >ld l4o\lI>OSn :

o 1lM7--lC PRO.I
ECTS FOR BEGINNERS
•••.• $5.50. Witten es·
pedally b the less
experienced expe ri·
ment er. Cor'rlPete parts
layouts and wiring di
agrams.

o BP26G-CONCISE
INTRO TO OS/2 .....
$5.95. Learn how the
OS/2 ope rating system is
structured and how to
u~ it effect ively. lNritton
WIth tne non-expert busy
person in mind.

o BP117-PRACTlCAL
ELECTRONIC BUIL~

WG BLOCKS. Book 1
..... $5,75 . Bu+Id the
bk>d<s and tIlen combine
them \0 form almos t any
cu stom projec t of your
cIloice .
o BP77-MICA().
PROCESSING
SYSTE MS AND CIR
CUITS ..... $5.15. Guide
to the elemen ts of micro·

r=,~r:rl ~t~~a_
mentals .

o BP1~2S SI"PLE
AMATE UR BAND AN
TENNAS ..... $5.50. AN
kinds of antennas for all
kinds of amateur radio
reception .

~
o TElE-THE INVEN·
TION OF TELE VISION
..... $9.95. Everyt hing you
never learned about tele
vision from its start as a
dream in the 1800's to the
promise of tomorrow.

I:"~ l.r-'c:en.. ,. ,..."'--.........._-_..

o BP49-POPUUR
ELE CTRON IC PROJ 
ECTS ..... $5.95. A
COllection of a wide range
of electronic project s and
circuits lor the experi ·
menter.

o BP198-A N INTRO
DUCTION TO ANTENNA
THEORY $&.95
Basic concep ts relevant to
receiving and transmitt ing
antennas

o BP195
lNTRODUCTtON TO
SATELLIT E TV..... $9.95.
A defini tive introduct ion to
the subjectwrittefl for the
professional engineer,
~ronics enthusiast. or
othe rs who want to know
morebefore they buy, 8 x
10 in.

nces

o BP55-SINGLE IC
PROJECTS ..... $5.75.
All projects In thi s book
are based on one ic and
are simpM! to cons truct
Great way to get started
with IC~ .

o BptOf-ANTENNA
PROJ ECTS ..... $5.50 .
Practical radio antenna
_ thaI_good
peOormance and are rei
_~mple and
InexpensNe to bui ld.

[ _-_: L_i_.._...J l!;l:;;";;;'-.;...I I,,;;;"';';...;l:l:lll "Iou£_.l.!~
u BP256--INT RO TO 0 BP85--INTERHA·
LOUDS PEAKERS AND EN· TlONAL TRANSISTOR
CLOSURE DESIGN .•... EQUI VALENTS .....
$5.9 5. Explore all the aspects $7.50. Loca tes possibl e
of speaker design including subst itutes for a popul ar
speakers, enclosu res, and US8f-orien ted selection of
crossov ers. Wind up with a modem transistors . Jape-
description of a state-ol-the- nose , Europe an and
art spea ker system. American type s,

o BP182-MIDI PROJ·
ECTS ••••• $&.t5, Detail s
of how 10 interface many
popula r home .com puters
with MIDI mu SICsystem s.

o BP1.......NTRO TO
Z-eo " ACH INE CODE

.....";:~.~~~r
~towrite.but 't's
worth leami ng how.
Some demo prog rams
are included .

RADIO'S FIRST
TWO m :I:ADES

o RFTD-RADIO'S
ARST TWO DEC ADES
..... $3.50 . TNs story of

=~:.~~~ting
~~~~~~~
begin nings, and much
rroee.

CHECK OFF

THE BOOKS YOU WANT

o BP59-SECOHD
BOOK FOR CMOS IC
PROJECTS ••... $5.50 .
MuttivibratOfS, am~lIers ;

~s & gates ; specia l
devk:e s including reec
tiontimer, simpM!
electronic orga n, and

rrore. ...--------_.....1-_---------..

o BP110-H0W TO
GET YOUR ELEC
TRONIC PROJE CTS
WORKING ..... $5.75.
How to find the fau tls in
yoYf project s, repa ir themand get them _ .

............._..

o RADl o--100 RADI O
HOOKU PS ...•. $3.00.
Wonderfu l reprin t 01this
1924 boo k that presents
100 sche matics of radio
circu its of that era . The
antique radio lover will
label this one a "must

own" book. _ ,.IIIf" ...P":__..,.~I-----..---..---

PCP103--PRACTIC L
MIDI HANDBOOK .
$9 .95. Expla ins what

~\~~=~~
~~t:.e~n put It

Keyboa<ds. drum
madlines, sequencers,
mixers , guitars and
compu ter mustc.

o BP233-ELEC
TRONI C HOBBYISTS
HANDB OO K .....$9.95 .

~t~~~Cth~ t~si~rec .
frontes hobbyist needs in
hi~ day-to-d~y pursuit 01
thIS fascinating hobby .

o Bpt85-ELEC·
TRONI C SYNTH ESISER
CONSTRUCTION •••••
$5.95. Shows how to
build a rnonophonK: syn
thesi zer, section by
sect ion . Replace s BP81.

o BPl2-CRYSTAL
SET CONSTRUCTION
...•• $5.50. .....varie ty of
cry stal rad IO receivef'S tor
the experimenter and
hobbyi st.

u BptO&-MOOERN
QP-AMP PROJECTS •••••
$5,00 . Include s a SItde
Tmer. AF Signa l Gen.
Mike Pre-amp. Scratch
Filt8(, and much more.

o BP127-HOW TO DE
SIGN ELECTRONIC
PROJECTS ..... $5.75.
How 10 use standa rd o r
cuit I»emen ts to mak e
cu stom electronic proj
octs.

o BP2~TESI'

EQ UIPMENT CON·
STRUCTI ON ..... $5.95.
DetaHs the cons truction
of s imple, inexpensive,
yet extremety useful test
equipment, 10 different
krstruments are included.

o BP104-ELEC
TRQHIC SCIENCE
PROJECTS ..... $5.75.
Si~to compKtx,a
grou p of projects wTth a
strongly scien tific navar.

o PCPl l>l
ELECTRONICS BUILD
AN D.LE ARN $9',95; starts
off With const rocnon deta ils
of a circuit demonstrator
and shows a variety of
circuit s lor experimenters

~.... .......

o BP173--COM PUTER
..USIC PROJE CTS .....
M.85. Shows how to use
your home compu ter to
prodlJC8 electron ic mu sk: .
Ma ny circuns. Mostly jar
gon free .

o PCP107-DIGITAL
LOGI C GATES & FLIP
FLOPS ...•. $10.00. What
they do and how to use
the m. You'll probab ly
never need another book
on th is subject.

o BP13O-MICRO IN
TERFACING
ClRCUrTS-BOOK 1 ..••.
$5.75 . Practical add·ons
Ifanstorm your computer
Into cont rol or measure·
ment equipmen t.

p-------------------------------------------------
Electronics Paperback Books

I GREAT PAPERBACKS AT SPECIAL PRICES I

Total priceofmerchandise $ _
salesTax(New York State Residents only) $ _
Shipping (seechart) _.. _ $ _

SORRY, No orders accepted Number of books ordered D
outside 01 USA and Canada

SHIPPINGCHARGESIN
USA AND CANADA

Name _

ELECTRONICTECHNOLOGYTODAY INC.
p.o. Box 240, MassapequaPark, NY11762-D24O

$0.01to$5.00 $1.25
$5.01 to10.00 $2.00
$10.01 to$20.00 .$3.00

AddlJSS $20.01 to $30.00 .$4.00
C'ty St t Z' $30.01 to $40.00 .$5.00

I ----- ae rp $40.01 to $50.00 .$6.00 All payments must Total Enclosed $ _
R-190 $50.01 and above .$7.50 beIn U.S.lunds ..

~-------------------------------------------- - - - - -




