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FLUKE AND P HIL IPS - THE GLOBAL ALLIAN CE I N TEST & MEASUREMENT

F L U K E PHILIPS

Great Choice.
More professionals in moreindustries
make Fluke their first choice in
multimeters.
Fluke DMMs. Reliable.Accurate.Powerful.
Tough. Versatile.Easyto use and simple to
operate.Backedby the longest,most
comprehensive warranty in the business.
Made in the U.S.A. Inshort, Fluke makes
meters youcanbet your reputation on.
More choice. No matter what the job,
there's aFluketo handleit.
There'sthenew80Series-the most
powerful, most complete test and
measurement systemavailable in a
handheld package.

The popular 70 Series-simply put, the
most requested DMM in the world,with
nearly 2million units in service since
1984.And the Fluke 21 and 23-70 Series
simplicity in high-visibility yellow.
The Fluke 25 and 27-the most rugged
meters ever built, totally sealed against
water, dust and other contaminants.
Andthe precise 8060 Series-with the
versatilityof atest lab, the accuracy of a
benchinstrument, and the convenience
of ahandheld.
Smart choice. CompareFlukeDMMs
withany otherhandheld. Nooneelse gives
youas much meter for yourmoney.And
no other metercosts lessto own.
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Your choice. For the name of your
nearest Flukedistributor, call toll-free
1·800·44·FLUKE, ext. 33. And make a
great choice.

John Fluke Mfg. Co.•Inc. P.O.80xC9090MIS250C Everett.
WA 98206. U.S.: (206) 356·5400. Canada:(416)890-7600.
Other Countries: (206) 356·5500.e 1989 JohnFlukeMig. Co..
Inc. All righls reserved. Ad No.0491-F70

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS
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BUILD A PROGRAMMABLE PHASOR PROPERTY GUARD
This high-tech deterrent creates a field of high sound pressure acoustica l
ultrasonic energy that will send any burglar running!
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Wh i le v ideo camcorders have

surged in popularity over the last
couple of years, home video movies
have become a hard sell. Camcor
ders make it so easy to record
events that most people end up
shooting much more tape than any
one is willing to watch . Only careful
editing can bring those boring vid
eos to life.

Our Video Scene Switcher helps
the editing process providing a wide
variety of wipes and fades that
gracefully_hide_the_glitches_that 1

arise as you sw itch from one scene
to another. To find out more about
how you can make your home videos
look like professional productions,
turn to page 33 .
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WORKING WITH RELAYS
How to select sol id-state relays and how to design your own . .

As a service to readers , RADIO ·ELECTRONICS publi shes available plans or info rmation relating to newsworthy produ cts.
tec hniques and scie nti fi c and technological developments. Because of possible variances in th e quality and condition of
materials and workm anship used by readers, RADIO-ELECTRONICS disclaims any responsibility for the safe and proper
fun ction ing of reader-bui lt projects based upon or from plans or information published in th is magazin e.

Sinc e some of the equ_ipment and ci rcuitry descri bed in RADIO·ELECTRONICS may relate to or be covered by U.S. patents.
RADIO-ELECTRONICS disclaims any liabilityfor the infringement ofsuch patents bythe making, using, or se lling of any such
equipment or circuitry. and sugges ts that anyone interested in such proj ects consult a patent att orney.
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Boulevard, Farmingdale, NY 11735 Second-C lass Postage paid at Farmingd ale, NY and additional mail ing off ices. Second -Class
mail regist ration No . 9242 authorized at Toronto , Canada. One-year subscript ion rate U.S .A. and possessions $17.97, Canada
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READY-TO-USE
INSTRUMENTS FROM HEATH

Backed by the expertise that makes our instruments famous

• An engineering department that insists on honest value in
every product.

• Rigorous quality assurance inspection.
• Full one year warranty.

• Outstanding manuals with complete specifications,
operating instructions, schematics, and more.

• Technical assistance hotline: (616) 982-3315.
• Our own factory service department.

A POWER
SUPPLY
FOR EVERY
WORKBENCH

DELUXE
SCOPES ARE
A PLEASURE
TO USE

ONLY
$12.47

To order, call TOLL FREE 1-800-253-0570
Use order code 217·320

for credit card orders, 24 hours a day

For your free HEATHKIT catalog, caill-S00-44·HEATH

•

HALF
PRICE
SPECIAL!

Order any product from this ad and get our popular shirt pocket
. miniature DMM, Model SM-2300-A, for only $12.47 - half

our regular price.
Spec:lIcatlona: Autoranglng 3-1/2dlghDMM. DCvolts: 2000mVto 450V.±1.3%±4
counts. AppI'Ol(. 11Mn Inputr4Mllatll/lOll. Max Input.45O VDC.N::, volts: 2000mVto
450V.±2.3%±8counta, 50to 400Hz.Approx. 11Mn Inputresistance. MaxInput,450
V. Realatance: 2000n to 2 Mn ±2% ±4 counts.PREMIUM

QUALITY COAX
CONNECTORS

Make different types of coaxial connector adapters with gold plated
pins and Teflon insulation. Just screw the required connector onto
one of the interfaces - no crimping or soldering is needed. In just
seconds, you'll have that special coaxial connection you require. Kit
contains male and female N, F, RCA, BNC, UHF, SMA, TNC, and
mini UHF connectors. A handsome, padded, zippered case is in
cluded with your deluxe kit to protect your connectors and to keep
them looking new after years of service.

HCA-3001 .••••• ••••••••••••••••.••••••••• $79.95

HANDYBNC
CABLE SET

Our new BNC cable set provides you with 10 handy coax cables for
connections to instruments and other equipment. Included are two
3 ft. BNC male/dual E-Z hook connectors, three 1-112 ft. BNC male/
BNC male connectors, two 2 ft. BNC male/BNC male connectors,
and a rack that you can mount on your workshop wall for convenient
cable storage. An outstanding value at less than $3.00 a cable.
HCA·5002 .•..••••..••••••.•••.••••.•••••• $29.95

spocificatioua: Oulplt vol....: 0-30 VDC cmtinuoualy vlriablc. Coone and flllCCOIlIroI•. 0uIput

lood: 0-3 A c:oaIinlI.OWI. Oulplt impodmce: Typica1ly lou 1bon 0.2 n to 10 kHz. Rippl.: To 10 Idh,

Ioubn5mVp-p(0~mVnmtypiClll). Loodrcplatioo: ±O.15'llo±3mV,I.100'll0 of .....d.~LiDo

rcplatioo: ±0.25'llo±2 mV for±1 O'llo lino Vlriation. Cumlntlimitina: 0-3 A. _iable,Po-: llOVAct

:MO VAC , ±10'll0 . 50-60 Hz, 180 wlttl.

- - Here's an excellentvalue.in anall::around bench wer sUPE!~,-;-'-;;:Dua1.....,~l_-s-Th_es_e-c0scilloscopesoffer the measurement capability you need, plus
meters let you continuously monitor voltage and current, and 0-30 luxury features lliat maxe tliem a joy to own. TV triggersr lmV/div - -
volt 3-amp output fills most conunon power supply needs. Use the sensitivity, differential and X-Y measurements, plus beam fmder,
constant current mode to charge rechargeable batteries, limit power component tester, graticule illumination, and other features many
to circuits under test, and operate devices that are current dependent. manufacturers omit . Enjoy a top-quality 25 or 40 Mllz'scopebacked
8P-2762 ••.••.••••••••••••••••••••••••..•• $169.95 by a reliable name, full warranty, and complete specifications.

25 MHz: 80·4552 ••••••••••••••••••••••••• $399.95
40 MHz: 80-4554 •••••••••.••••••••••••••• $599.95
Spocificatioua: Vertical: I mV/div-5 V/div. Bmdwidthlou all mV/div . Accuracy±3'llo all kHz,±5'llo
all mV/div. Ownboot: 1o.1bon 5'llo. Max inpu1: 0100V. Modo., CHA, CHB, dual. add. Horizomal:
.2 •• .1...,div.pluoXIO.....,w;... Trigor: CHA, rnB, LiDo,Ext, Auto. Norm, TV·V. TV-II, +/"
Power: 90-132/198-264 VAC, 5O/fIJ Hz. 45 W. W.iaht 16.711».

We guarantee every specification we publish on every product we sell.

Heath Instruments _
· PO Box X5X9

Benton Harbor. \ II )0 __
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WHAT'S NEWS
Analytical softwa re

Analyt ical sof tware t hat el im i
nat es mu ch of t he tim e- and
mon ey-con suming guesswork in
designing molds fo r forming pl as
tic parts is reported by engi nee rs
at th e GE Research and Develop
ment Center at Schenectady, NY.
The advanced softwa re packages
are used in developing part s mad e
by blow-m oldin g and th erm o
f o rmin g. Contain ers for milk ,
soda, and othe r liquids are among
the fam i l iar produ ct s m ade by
blow-moldin g. Lin er s f o r re
frigerators and instrument panels
for cars are amon g th e produ cts
made by thermoforming .

The new softwa re was designed
primarily for predicting wall thick
ness. "The plastic gets very thin
where it has to stretch a lot , and
t here was no way of predi cting ju st
how thin it would get," says one of
th e eng inee rs. "You 'd hav e to
mak e a mold and produce a par t to
f ind o ut."

The analysis is mad e afte r a de
signer has generated a compute r
model of a proposed mold. The
user inputs data t hat describes th e
e levate d -te m pe rat u re "s t ress vs
st rain" behavior of t he pl asti c

OAT update
Last month w e rep orted t hat

di gital audio tape (DAn decks
we re li kel y to hit t he co nsumer
market in th e near fu tu re, after
ga in i ng recordin g-indu stry ap
proval th ank s to the add ition of a
b uilt- in co py -p rotectio n device
calle d So10eopy. A few days afte r

~ th at issue went to press, two sepa
z rate DAT ann ouncem ents p roved
~ us right-and wrong.
:) O n Jul y 28th, t he Electron ic
:l Indu s tr i e s Associa t ion's
lJ
:) Co nsume r Elec t ronics Gro up (EIN
:5 CEG) said that th ey wou ld join the
<:I:
:r: Recording Industry Assoc iat io n of

4

GE ENGINEERS, Dr. Horst G. Delorenzi
and Dr. Herman F. Nied examine test parts
made with the help of the new advanced
software that makes it possible to simu
late the molding of a plastic component,
using a mold that exists only in the com
puter's " mind." The computer simulation

. of the part (shown on the screen in the
background) shows variations in its wall
thickness, and points up any too-thin
parts .

bein g used, and the compute r per
fo rms its "thinning" analysis. Spe
cia l algor ithms h ad to be de 
velo pe d to so lve t he equat io ns
used .

Ame rica (RIAA) in supo rti ng legis
lati on fo r a new co nsume r DAT re
co rder system that allows copying,
b ut l im it s subseq ue nt rep rodu c
t io n of t hose cop ies. Th at same
day, in Lon don , leaders of the in 
ter nat io na l record ing an d co n
sumer-electronics industries an
noun ced a joi nt recommen dation
to gove rn me nts call ing fo r the irn
pl em en ti on of t hat syste m- no t
Solocopy, b ut the Seria l Copy
Ma nageme nt Syste m, or SCMS .

As its name imp lies, the system
is a meth od fo r co nt ro ll ing "se rial"
d igital copyi ng, w hich high -speed
pirat ing operations wo uld use. Es-

sentially, SMCS wil l allow any or ig
in al pre record ed work to be
copied indefin itely onto different
b lank DAT cassettes, bu t limits the
number of d igi tal-to-digital copies
that can be made fro m the first
generatio n cop ies. The circuit ry
that cont ro ls th e DAT deck 's fun c
t io ns w ill be programmed to deter
mine w hethe r the m usic to be
reco rded is ente r ing via t he re
corde r's d igital o r ana log inputs
and to read ce rtai n co des co n
tai ned in the materi al's subcodes.

All d ig ita l record ings and broad
casts have digital subcode chan
nels that co ntain th eir "category
co des" as w ell as a "co py r ight
f lag ." The DAT machine uses a
co mbi nation of the two to te ll if
copying is permi tt ed. If the source
an d m at er ial are id ent i f i ed as
being protected , an " ide nt ificat io n
code " of "1,0" is w ritten onto th e
copy as it is bein g recorded ; the
"1,0" code prevents direct di gi tal
co py ing from that copy. If th e
source is ide ntified and the mate
ria l is not co py-protected, a "0,0"
code wi l l be assigned and future
co py ing w i ll not be li m it ed . Be
cause th e tec hno logy does not ex
ist at this ti me for the DAT dec k to
deter m i ne i f m usic en teri ng
through th e analog in puts is copy
protected , any mate ria l reco rded
via th e analog in pu ts wo uld gener
ate a "1,1" code that wo uld indicate
t hat o nly one add it io na l di gital
copy co uld be made from the fi rst
gene ration copy.

Besides the EIA- RIAA support,
SMCS is expected meet the ap
proval of important co nsumer and
reta i le r g ro ups , in cludin g t he
Ho me Recordi ng Rights Coa lit io n,
the Co nsu me rs Unio n, and t he
Na tio nal Assoc ia t io n of Retail
Dealers of America (NARDA). The
in ternati on al gro up was made up
of leadin g Japanese and European
elect ro n ics m anu facturers t he
RIAA , an d t he In t ern ati on al
Fede ratio n of the Phon ograph ic
Indu st ry (lFP/). R-E



WITH CIE,
THE WORLD

OF ELECTRONICS
CAN BE YOUR
WORLD, TOO.

r------- ----------------------------- --------------
ARE -149

C IE Cleveland Institute of Electronics, Inc.
1776 E a s t 17th S t r e e t , C le v eland, O h io 4 4 114

MAIL
TODAYI

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 way, if you
wish, to your Associate in Applied
Science Degree in Electronics
Engineering Technology. But
w herever you sta rt, the time to sta rt
is now. Simply use the coupon
below to send for your FREE CIE
catalog and complete package of
career information. Or phone us,
toll-free. at 1-800-321-2155 (in Ohio,
1-800-523-9109). Don't wait ask for
your free catalog now. After all,
there's a whole world of electronics
out there waiting for you.

CIE
Cleveland Institute of Electronics, Inc.
17 76 East 17th S t ree t , Cleveland, O h io 4 4 114

M ember NHSC
Accredi ted Member National Home Study Counc il

YEs... I want to learn from the specialists in electronics-CIE.
Please send me my FREE CIE school catalog, including details about
CIE'sAssociate Degree program, p lus my FREEpackage of home
study information.

Nam e (p rint): _

Address: _

City: State:

Age: Area Code/Phone No.: / _

Check box for Gl Bill bulletin on educational benefits:
o Veteran 0 Adive Duty

such study demands. Programs that
g iv e you the theory y ou need
backed with pradical experience
using some of the most
sophisticated electronics tools
available anywhere, including our
Microp rocessor Training
Laboratory with 4K of random
access memory. Of course, if you
ever have a question or problem,
our instructors are only a phone
call away.

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 employed in
electronics or a closely related
field. When you're investing your
time and money, you deserve
results like that.

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

Now, try to nam e another field
that's grown faster in those 20 years
than electronics. Ev erywhere you
look you'll find eledronics in
action. In industry, aerospace,
business, medicine, science,
government communications
you 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 skills.

INDEPENDENT STUDY
BACKED BY PERSONAL
ATTENTION.

We believe in independent
study because it puts you in a
classroom of one. So you can study
where and when you want. At your
pace, no somebody else's. And
with over 50 years of experience,
we've developed proven
programs to g ive you the support

CIRCLE 60 ON FREE INFORMATION CARD



VIDEO
NEWS
• Ghostbuster. Fifty years after th e start of

regular electronic t elevision transmission,
broadcasters and TV-set manufacturers are about
to tackle the single most troublesome reception
problem-multipath, or "ghosts." The National
Association of Broadcasters ( NAB) has proposed
to the Advanced Television System Committee
(A TSC) a crash program to develop a ghost
elimination system, an idea that has been
enthusiastically seconded by the television
receiver industry. Most of the proposed high
definition TV systems included ghost
cancellation, accomplished by various means. The
first anti-ghosting system to go into effect is
being implemented this fall in Japan with
Clearvision extended-definition TV ( EDTV)
broadcasts, but there is no reason why anti
ghosting can't be accomplished on the standard
NTSC signal without EDTV or HDTv.

The Japanese system uses an invisible
"training pulse" that is broadcast in the vertical
blanking interval. It is very inexpensive for
broadcasters to implement, although there are
other anti-ghosting systems that act alone in the
receiver without a broadcast pilot signal. The
ATSC will examine all the proposed systems with
a view to starting tests as soon as possible-and
perhaps instituting an anti-ghosting program
within the year. Although the system obviously
would aid broadcasters, the cable system isn't
immune to ghosts either. Many cable systems
have difficulty in picking up clear signals off the
air. In addition, there's the problem of ghosts
generated internally within cable systems-not
to mention direct-pickup ghosts in cities, where
the signal reaches the antenna terminals directly
from the station as well as from the cable system.
Whatever, the ghostbuster will be welcome
nationwide. Let 's have it soon!

• IDTV problems. While the NAB loves the
ghostbuster, it's n ot so sure it likes improved
definition TV ( I DTV) sets. The latest hot products
on the TV market, those sets convert interlaced
scan to progressive scan, in effect doubling the
number of lines in the picture. It's very obvious

DAVID LACKENBRUCH,
CONTRIBUTING EDITOR

that when the two fields are displayed at the same
time-c-as they are in IDTV-there could be some
problems. TV stations transmit odd lines (1, 3 , 5 ,
and so forth ) and then go back to the even lines
( 2, 4, 6, etc. ). Progressive-scan IDTV sets
rearrange the order of that presentation, deriving
additional lines and presenting the lines in
numerical sequence. They all use various means
of compensating for motion that results from
rearranging the timing of the picture elements.
Because of the rearrangement of lines, the NAB
complains that in some cases IDTV sets might
cause distortion-particularly in cases where
graphics are superimposed on the picture or in
cases of rapid motion, as in ice hockey. In other
cases, IDTV might present too good a picture; its
redundant lines appear to show up poor-quality
broadcast equipment. Set makers insist that .
there's nothing wrong with their IDTV sets-but
the broadcasters want to talk it over.

• Dwindling monochrome. Black-and-white
television is nearing the end of the line. In the
first five months of 1989, sales were down 38.1%
from the same period in 1988. For January
through Maor, sales to dealers totaled only 619,000
sets, according to the EIA. That's below the total
for any good single sales month in the 1960's.
Dealers are quick to saor that the slump isn't due
to any lack of customers but to the shortage of
sets. With color prices declining and
monochrome prices rising due to the scarcity of
picture tubes, the black-and-white TV set now
certainly appears to be a vanishing breed.

• 2-headed VCR. Go-Video, the Arizona
company that filed suit against most Japanese
VCR manufacturers, says it will market a double
deck VCR by Christmas. (The lawsuits charged
that the VCR manufacturers were refusing to sell
finished products or parts for the dual decks.)
The double-deck unit, made for Go-Video by
Korea's Samsung, will list at $995 and contain
two VHS decks for dubbing and editing. The deck
will have special circuitry to prevent the copying
of Macrovision-encoded cassettes. R-E



No matterwhere you go~
Tek's new222 isaperfect fit.
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Introducing Tek's new 222 Digital Oscilloscope. Weighing
in at under 4.5pounds, the newTek222 is an ultra-portable,
10-MHz digital storage scope that'spertect for service applications.
Sotough, rugged,andtotallyself-contained, itcango just
about anywhere. And it's incrediblyeasy to use-even in
extremeconditions.

Extraordinary capability and reliability at
a great price . The222 isadual-channel
scope that can measure awide variety
of electronic instrumentation and
circuitry. Ithasrechargeable on
boardbatteries withafloating
ground to 400 volts, and
meetstough environmental
standards.

CODynghl 'C1988. Tektrontx lrc. AJI rrghts reserved
Pl'lctSsubjecllOCl1angewllhoutnollce.

Plus, the222 lets you pre-define front-panel setups,and call
them up withasingle button in the field. You canalso save
waveforms in the scope's memory, then transfer them to aPC for
analysis andhard-copy output when youget backtothe shop.

Best of all, the 222 is yours for only $2350.Andthat includes
Tek'sremarkablethree-year warranty
on parts, labor,andCRT

.... Get one togo! Packahandful of
"...' '

." power withyou wherever you go. To
..' .~ order your222, or for afree bro-...~.': . ~f' chure, contact your local Tek rep-

.eJO resentative or authorized
..."...,... '. distributor.

Inahurry? Cal l
1-800-426-2200.

Te.ktron~
COl'v'IMITnD TO EXCELLENCE

THH-911



You assemble and test
your computer's "intelligent"
keyboard, install the power
supply and 5Y4" disk drive,
then interface the high-resolu
tion monitor. But that's not all.

Your hands-on training
continues as you install a
powerful 20 megabyte hard
disk drive-today's most
wanted computer peripheral
now included in your course to
dramatically increase the data
storage capacity of your com
puter while giving you light
ning-quick data access. Plus
you work with exclusive word
processing, database, and
spreadsheet software, yours to
use for your own professional
and personal applications.

As you build your com
puter, performing key demon
strations and experiments at
each stage of assembly, you get
the confidence-building, real-

'Ib give you hands-on training
with the absolute in state-of
the-art computer technology,
NRI includes the powerful
new Packard Bell VX88
computer as the centerpiece
of your training. As you
assemble this fully IBM XT
compatible micro from the
keyboard uIJ,you actually see
for yourself how every section
of your computer works.

Train With a Powerful
XT-Compatible 

Now With 20
Meg HardDrive
and640K RAM!

Jobs for computer service technicians willalmost double in the next
10years according to Department of Labor statistics, making
computer service one of the top 10growth fields in the nation.

Nowyoocancashinonthisexcioog~portuni~

either as a full-time industry technician or in a computer
.service business of your own-once you've mastered elec
tronics and computers the
NRlway.

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

Train the NRI Way- and
Earn Good Money Servicing
Any Brand of Computer

Learn to troubleshoot and
service today's com uter

.T-compati le micro,
complete with 640K RAM and
powerful 20 meg
hard drive .
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o Air Condit ioning, Heating, & Refrigeration
o Smal l Engine Repai r
o Electrician
o Locksmithing
o Travel Caree rs
o Paralegal
o Computer Prog ra mming

FREE IOO-Page
Catalog Thlls More

I£lM is a regi s tered
tra demark of
Intern at ional Busines s
Machines Corporation

McGraw-Hill Continuing
Education Center
4401 Connecticut

Avenue,NW
Washington , DC 20008

Send today for NRI's big, 100-page
catalog that describes every aspect of
NRI's innovative computer training,
as well as hands-on training in other
growing high-tech career fields. If the
coupon is missing, write to: NRI
School of Electronics, McGraw-Hill
Continuing Education Center,
4401 Connecticut Avenue, NW,
Washington, DC 20008.

6AI~~School of
~I'W'~ Electronics

prepared to
take advantage

oftoday's
oppor

tunities in
computer service.

Youlearn at your
own convenience in
your own home.

No classroom
pressures,no

night school, no need to quit your
present job until you're ready to make
your move. And all throughout your
training, you've got the full support of
your personal NRI instructor and the

- NRl teehnicaI staff.alweys'ready to
answer your questions and help you
whenever you need it .

Accredited Member National Home Study CouncilWe'll glve you tomo rro w.

No Experience Needed,
NRI Builds It In

City/Stale/Zip

McGraw-Hill Continuing Education Center 0 check for details.
4401 Connecticut Avenue. NW, Washington. OC 2()(x)8 L...:=====....I
Iv! CHEC K ONE FREE CATALOG ONLY 0 Telecommunications
o Com puter Electronics 0 Industrial Electronics
o TV/ Video/Audio Servicing 0 Electro nic Circuit Design
o Roboti cs 0 Basic Electronics
o Electroni c Music Techn ology 0 Bookk eeping & Accounting
o Security Electron ics 0 Building Construction
o Digital Electronics Servicing 0 Automotive Servicing

This is the kind of practical, hands-on
experience that makes you uniquely

Your NRI computer training includes
all thls.> NRI's unique Discovery
Lab®for circuit design and
diagnosis. NRI's hand-held
digital multimeter featuring
"talk-you-throuqh"
instructions on audio
cassette • A digital logic
probe that lets you
visually examine
computer circuits
• The new Packard
Bell VX88computer
with "intelligent" keyboard,
360Kdouble-sided, double
density disk drive, 640K
RAM, 16K ROM. 20 megabyte
hard disk drive • Bundled
software including MS-DOS,
GW·BASIC, word processing,
spreadsheet, and database
programs. Packard Bell reference
manuals with programming guidelines
and schematics.

Now NRI also includes innovative
hands-on training in voice synthesis,
one of today's most exciting and wide
ly applied new developments in com
puter technology.

You now train with and keep a
full-featured 8-bit D/A converter that
attaches in-line with your computer's
parallel printer port. Working with the
exclusive text-to-speech software also
included with your course, you explore
the fascinating technology behind
both digitized and syn thesized com
puter speech.

NRI's new hands-on training in
voice synthesis is just one more way
you get the confidence-building
experience you need to feel at home
with the latest advances in computer
technology.

world experience you need to wo
with , troubleshoot, and service today's
most widely used computer systems.

New! Explore the Latest
Advances in VoiceSynthesis
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job done by spending a couple of
bucks on a small photoflash and an
AC adapter.

AUTOMATIC SEPTIC PUMP
Our town sewer drains to the

south, and my home is on a north
slope. I have a septic tank and each
day I have to manually turn on a
sw itch to pump the liquid up the
hill to the sewer. Is it possible to use
some sort of sensor to turn the
pump on automatically every time
the tank is full? I'd like to have
indicators to show whether the
tank is full or empty, when the
pump is operating, and so on. I
can't use relays because the tank
produces explosive gas.-M.
Craghead, Jetmore, Kansas

There are several commercial
systems available that will more
or less do the job you 're describ
ing. The problem with most of
them , however, is that they use a
float system with a mechanical
switch . That means that there's
the possibility of a spark near the
tank on the one hand, and, o n
the other, having to do the worst
job in the world if (or, more cor
rectly, when) th e float sinks.

You said that yo u already have
an SCR-triac setup to control the

r V

2.2K.
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If you do build your own circuit
to power the tube, be very careful
putting it together. Not only are
you playing around with the line
voltage but you 're also stepping it
up to over 200 VAC. Make sure ev
eryth ing is properly insulated, and
be sure to put a fu se on the line.

While you're free to get the job
done any way you want , re
member that the original idea was
to let you know when someone is
entering the room, not learning to
build a power supply for the
st robe. It's a lot easier to get the

FIG. 1
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FLASH POWER
I spend a good deal of my work

time in front of a computer terminal
and, because of the way my office is
laid out, I can't see the front door
while I'm working. Since I'm deaf, I
haveno way of knowing when some
one is knocking on the door or has
entered my office. I'd like to rig up a
strobe light that will flash to alert me
to the visitor. I've purchased a Xenon
Flash Tube, but I don't have any idea
how to power it. Can you provide me
with a circuit to power and trigger a
strobe from a 120-VAC source?-S
Anthony, Tulsa, Oklahoma

Although there are several ways
to trigger a flash tube , all involve
generating high voltages. Com
mercial flash units either step up
the AC line voltage to whatever
voltage the tube needs or use a
switching supp ly to get the re
quired AC voltage from a low
powered DC supply. The latter is
the basis of most of th e battery
powered flash units used in pho
tography.

While it's certainly possible to
build a circuit to drive the tube, it's
not really worth it sinc e commer
cial photographic flash units are
available for less than th e total
pri ce of the part s needed to build
one . If you 're really into building
your own stuff, you can use the
circu it shown in Fig. 1 as a starting
point. The 200-300 VACcan be got
ten from a standard ste p-up tran s
former. If yo u can 't find one of
them, you can try a tr ansformer
based voltage co nverte r that lets
yo u use 120-VAC appli an ces in
co unt ries that have 220 VAC.

Make sure you get a co nverter
that's built around a tran sformer
and not on e that uses di od es. Just
use it backwards as a ste p-u p
transformer.
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CIRCLE 250 ON FREE INFORMATION CARD

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

N, UHF, Mini-UHF, F and RCA

The TPI 3000A kit contains male and female
connectors of all 8 types, and 6 universal inter
faces. Simply screw any combination of24 con
nectors to one of the interfaces to create the
desired adapter. $150.
TEST PROBES INC . 9178 Brown Deer, San
Diego, California 92121. Call toll-free forcata
log: 1-800-368-5719.

CIRCLE 254 ON FREE INFORMATION CARD

- N.o-Better-Probe-Exer
at This Price!

Shown here
Model SPl50 $49
Switchable l x-lOx ....

BNC ATTENUATOR KI T
Contains 4 attenuators - 3dB, 6dB, IOdB,
20<1B; 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. Impedanc e: 50n
Frequency: 10Hz. Maximum Power : IkW
peak, IW avg. VSWR 1.2: I. Attenuator
Accuracy:±O.2dB. Terminations Resistance
Tolerance : ±I %. $150.
TEST PROBES INC. Call toll-free for catalog:
1-800-368-5719.
CIRCLE 252 ON FREE INFORMATION CARD

DELUXE TEST LEAD KIT
UserscallTPI test leads The Absolute Best . The
TLS2000 features the highest quality cable in the
industry - with spring-loaded safety-sleeved
plugs. U.L.listed (file E79581). Kit: $29. Leads
& probes only: $ 19. Satisfaction guaranteed.

__T_ES_~PROB~S INC. Call toll-free for catalog:
1-800-3l)g:"571 9.
CIRCLE 251 ON FREE INFORMATION CARD

CIRCLE 123 ON FREE INFORMATION CARD

C a ll for fr ee catalog a n d Distributor in you r-area
~
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z
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9178 Brown Deer Road
San Diego, CA 92121

T oll F r ee 1-800-368-5719
1-800-643-8382 in C A

TEST
PROBES, INC.

• 10 day return policy 
performance and satisfaction
guaranteed

• Universal - works with all
oscilloscopes

• Remo vabl e Ground Lead
• Excludes Extern al

Interference - even on
scope's most sensitive range

• Ru gged - withstands harsh
environments including high
temperature and humidity

• Advanced Strain Relief 
cables last longer

• Available in lOx, lx and
switchable lx-l Ox

Risetime less than 1.5 nsec.

CIRCLE 253 ON FREE INFORMATION CARD

ECONOMICAL SILICO N
RUBBER TEST LEADS
Best value in moderate ly priced leads. High
quality, soft, silicon rubber cable. Banana plug
on measuring tip accepts push-on accessories.
Plugs have spring-loaded safety sleeves. Model
TLl OOO $14. Satisfac tion guaranteed.
TEST PROBES INC. Call toll-free for catalog:
1-800-368-5719.

13



You Have Counted on Us for 15 Years

OPTOELECTRONICS

All counters have 8 dIgit red .28" LED drsplays. Aluminum cabmet IS 3.9" H x 3.5" x 1", Internal Ni-Cad batteries
provide 2-5 hour portable operation With continuous operation from AC nne 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, $10 max). Florida residents, add 6°,i) sales tax.
COD fee S3. Foreign orders add 15% . MasferCard and VISA accepted .

Orders to U.S. and Canada add 5% to total ($2 rrun. $10 max). Florida residents, add 6% sales tax. COO fee $3.
Foreign orders add 15% . MasterCard and VISA accepted.

cuit in aweatherproof enclosure,
alo ng with a transfo rm er and rec
t ifier, and bu ry it in th e ground
next to th e power leads fo r the
pu m p itse lf. Th e transformer
rectifier circuit can ta p power
from th ose leads, so that yo u can
power th e ci rc uit locall y.

The circui ts will drive Se R's o r
re lays . And whil e I do under
stand yo u r co nce rn about ex
p losive gas, the circu it ry doesn't
have to be in the tank itsel f, so
there's no reaso n w hy yo u can't
use relays. Whatever yo u use to
co ntro l t he motor, mak e sure
that it can handle the amount of
power need ed by th e pump. R-E

RE-WIRING
~:=;ii';:iJjli1- - I've recentl y lioughTallouse in tne

country, and I plan on rewiring it
because the original wire is quite
old. Since the wirin g is buried in the
walls, I need some way of locating
them. I'd like to be able to do tha t
without knockin g lots of holes in the
walls. Is there some easy, inexpen
sive, way to do thaH-B. MacDon
nell, New York, NY

If you hunt th rou gh lotsof maga
zines and catalogs, you' ll p rob ably
fi nd some ex pe ns ive pi ece of
equipment that can locate w ires
bur ied in the walls . But there's an
ot her way to do the job that's ju st
as accurate, costs nothing, and
uses equipment that you probably
have around the hou se anyway.

All you need to find th e wires is
an o ld , noisy, elect ric app liance
and a small t ransistor radio. The
app liance can be any motor-dri ven
dev ice such as a hair dryer, dr il l,
food p ro cessor, and so on. The
on ly requi rement is that it have a
moto r wit h brushes, and the more
it arcs and spits, the better it is.

The reason yo u want a noi sy
motor is that' it generates inter
fere nce that can be picked up on a
portable radio (or any other radio
or TV for that matt er). Turn on the
app liance and run the radio across
the area of the wall w here you ex
pect to fi nd w iring . The louder th e
noise from the radio , the closer
you are to the w ires.

Don't be under the impress io n
that this is ju st a jury rigged way to
get the job do ne . Most of the dedi 
cated equipment that's designed
to find buried w ir ing wo rks on ex
actly th e same princip le . R-E

in t he sept ic ta nk, yo u shou ld
choose a met al t hat won't be af
fec te d by any of th e co rros ive li q
ui ds fo und the re. The cheapest
alte rnative is to make the probes
from stain less stee l, b ut an y
other co nd uctive mat eri al that
isn 't affected by corros ive liqu id s
can be used.

Try to locate the detector ci r
cuit fai rly close to the septic tank
to keep th e probe length as short
as possib le . You can p ut th e cir-

And more and more of you are count ing on
us, technic ians , engineers, law enfo rcement
officers , private investigators, two-way radio
operator s, scanner hobbyists. and amateur
radio operators , just to name a few.

CIRCLE 185 ON FREE INFORMATION CARD

OP TOe LECTRONICS INC.
5821 N.E. 14th Avenue· Fort Lauderdale, Florida 33334

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

Hand Held Series Frequency Counters and Instruments
MODEL 2210 1300HfA 2400H CCA cca
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 Secur ity

Audio-Microwave
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 + f - 1 PPM TCXO TIME BASE.

You have counted on OPTOEL ECTRONICS
Hand Held Frequency Counters to be the
best quality. to be affordable and reliab le.
We have been there for you with Frequency
Counters that are compact and ultra sensitive.

pump, so the o n ly p iece yo u're
m issin g is a circ uit to trigger th e
syste m. What yo u' re looking fo r
is a liq u id -leve l d et ect o r t hat
meets th e requi reme nts of low
vo ltage and mi nimal curre nt
d raw.

Figure 2 co nta ins two simple
d et ec tor c i rc u its t ha t sho u ld
work perfectly fo r yo u. Beli eve it
or not , th e most criti cal part of
t he w ho le thing are the probes.
Since yo u' re burying th em down
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Select 5 Books
for only $395

(values to $141.70)
and get a FREE Gift!

Your Source for time- and money-saving
ideas, practical projects and expert guidance.

An ahsolu te lv no-risk guarantee.
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CIRCLE 188 ON FREE INFORMATION CARD

City

State

Name

Six Easy Home-Improvement Projects

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

FREE when you join!

1'. " DOW-TO BOOK C:LUB
~ Blue Ridge Summit, PA 17294-0800

Please accept my memb ership in the How-To Book Club and send the 5 volumes listed
below , plus my FREE copy of 6 Easy Home-Impro vement Project s (343P), billing me $3.95
plus sh ipping and handling charges . If not satis fied, I may return the books within ten days
without obligation and have my membership cancelled . r agree to purchase at least 3 books
at regu lar Club prices (plus shipping/handling) during the next 2 years and may resign any

.~'".~~

Membership Benefits • Big Savings. In addition to this introductory
offer, you keep saving SUbstantially with members' prices of up to 50% off the
publishers' prices. • Bonus Books. Starting immediately, you will be eligible for
our Bonus Book Plan, with savings of up to 80% off publishers' prices. • Club
News Bulletins. 14 times per year you will receive the Book Club News, describ
ing all the current selections-mains, alternates, extras-plus bonus offers and
special sales, with scores of titles to choose from. • Automatic Order. 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
2 years and may resign at any time thereafter. • Ironclad No-Risk Guarantee.
If not satisfied with your books, return them within 10 days without obliga
tion! • Exceptional Quality. All books are quality publishers ' editions especially
selected by our Editorial Board.

Sign ature _

Valid for new me mbe rs only. Foreign app licants wilt rec eive spec ial o rde ring instru ct ion s . Cana da
must remit in U.S. currency. This order subject to acceptance by the How-To Book Club.

RPIH1189. .... ........ ... ................................

................................ .
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NUCLEAR-WASTE MANAGEMENT
I have been wo rkin g in th e elec

tronics field fo r over 50 years, and
have bee n a reader and subscriber
of Radio-El ectroni cs fo r many
years. I've never w ritten to any
pub licat io n before, but now I fee l
compelled to do so.

In th e Au gust 1989 issue, Don
Lancaster seems to have bee n car
ried away by the more radi cal eco l
ogy n ut s. H i s di atr i b e aga inst
nu cl ear pow er is a very sho rt
sighted condemnat io n of one of
t he cleanest sou rces of power
avail abl e t od ay. Hi s id ea fo r a
wa ste-disp osal site is too face
ti ou s. Some people feel th at solar
power wo uld be a better source of
power, but he condemns that out
of hand.

I fee l t hat w hat is need ed to
make nu clear power really pr ac
ti cal is very carefu l monitoring of
all pl an t co nst ruc t io n- no short
cu ts to save mon ey. The n , fo r
waste sto rage, the federa l gove rn 
ment co uld locate an isolated bowl
in t he weste rn m oun tain s and
main t ain we l l-superv ised fac i l i 
t ies. O ne day, some bri gh t scien
tist will f igure out a way to make
good use of the waste. Then, all
too soo n, there w il l be a sho rtage
of suc h material ! It has happ ened
before. Co nsider what happ ened
to the left -over sludge fro m early
oil refin eri es: Someone processed
it and got paraffin . Tod ay, very li ttl e
waste is left to throwaway. That is

~ the way to go- instead of co n
z demn in g thi ngs out of hand , think
a? const ructive ly!
o EWA LD HANSEN
~ White Plains, NY
w
6
o Perh ap s yo u're correc t. But
Ci. whe n we consider that the waste

16

gen erated would have to be super
vised for a period of time that will
be much longer than any govern
m ent has h el d po wer-indeed,
longer than recorded history-we
shudde r.-Editor

SELLING SOLAR POWER SHORT
I fo und Don Lancaster 's " Hard

ware Hacker " co lumn conce rn ing
cold fusion (Radio-Electronics, Au
gust 1989) to be interestin g, but I
take exception to his view on solar
cells .

Hi s analysis of th e hidden costs
is wrong, since he is basin g it on
th e pr emi se that it wou ld be too
cost ly for a utility or a small power
sup p l ie r. Phot ov ol t ai cs are ap
plica ble to hom eown ers, not ut il
iti es, so costs fo r real estate and
majo r suppo rt st ructures do not
ente r into th e pi cture. (And the
fin ancin g is con siderably lower for
th ose free cells he mentioned .)

The effic iency of modern cells is
mor e like 14%, with stacked cells
yield ing 28-30%. I un derstand th at
the re is a photovo ltaic that uses a
unique approach that can obtain
efficiencies betw een 40-60%

P.S. Do yo u need my fu ll add ress
fo r my truck loa d of "free " so lar
cells?
JO E ZU IS
Brockton, MA

HDTV: A PESSIMIST VIEWPOINT
I have been very interested in

yo u r rece nt art icles (Radio-Elec
tronics, Janu ary and February 1989)
co nce rn ing Hi gh Def inition and
Im p roved D efini ti on TV (H DTV
and IDTV).

I recent ly ret ired after a lifetime
spent as a profession al engi nee r in
elect ro nics, mostl y m il itary and
space related . My interest in TV

goes back to 1945, wh en I de
signed and built my own 10-inch
rece iver. I also designed and built
my own co lor receiver in 1954. I am
probably more aware than mo st
people of the sho rtcomings of th e
NTSC syste m. I am also aware of
what a won derful achievement it
was, more than 35 years ago, to
co me up with so me t h ing that
good .

As far as HDTV is conce rne d,
un fortunately, I have a pessimi stic
viewpoint , wh ich is not help ed by
the many competi ng syste ms. I am
co mplete ly abl e to accept that ex
celle nt HDTV system s can be de
sig ne d an d buil t. I can eve n
bel ieve that it w il l be possibl e to
agree up on o ne syste m, as was
don e wi th NTSC. I do not beli eve,
however, th at jt can be sold to a
mass mark et.

If on e goes into any appliance
sto re that has op erating TV sets on
di splay, o ne is amaze d by th e
dreadful qu ality of the pictu res on
many of those rece ivers. That is
usuall y the result of in competent
adjustme nt by th e sales person 
nel , and is ofte n made wor se by
poor incoming signals. Since th e

.appliance sto re is in bu siness to
sell TV sets, one mu st concl ude
that the poor pictu re qu ali ty does
not bother prospective custom ers.
(If it did , t he sto re would take
steps to improve it , to avoid loss of
sales.)

O ne can observe t he same thi ng
in many peopl e's homes. The pic
ture wi ll often have gross ly w rong
co lor, o r ot he r majo r defects,
w hich co ul d be greatly improved
by simple ad just me nt. However,
most people do not notice, or care
abo ut, the poor picture qu ality.

A minority of people, myself in -



Now1esting Is
SevenTimes Easier

Beckm a n Indu§tria/ '"

© 1989 Beckman Industrial Corporation
Specificationssubject tochange without notice.

andAudible Readout allow youto
spend less timefiddlingwith your
meter.

AudibleReadout •
Logic PulseDetector •
Fast Auto-Ranging • •
Self-Resetting Fuse • •
Auto-off Battery Saver • •
DC Voltage Accuracy 0.5% 0.25%
Warranty 2years 2years
Price $129.00 $149.00

The 200 Series.Multimeters that
take the workout ofwork. Call
or writefor completeinlormation
1-800-227-9781 InsideCalifornia.
1-800-854-2708Outside California.
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bleed-off isheard loud andclearwith
the200 Series' Audible Readout.

s. Find LogicStuck-Ats.
Using standard leads,a fast Logic
PulseDetector lets you easilydetect
pulsesdown to SOns.

6. Adjust Voltage Levels.
Whenadjusting audio or video
response,anaudible tonethat changes
pitch as measured signals increase or
decreasepermits faster and easier
adjustments.

1StopThird Hand Problem.
Tilt stand andSkyhook" auto-ranging,

1. End Blown Fuses.
The new200 Series multimeter is
protectedfrom excess voltage orsurges
witha self-resetting fuse.

2. Keep YomEyes OnYomWork.
Quicklyprobeacircuit boardlistening
for audible tonechanges thatpinpoint
the problem without glancing at
the LCD.

3. Detect Intermittents.
Hear a distinctivecrackling sound
whenan intermittent occurs.

4. Find Dead Capadtors.
Capacitor voltage build-up or
~..~
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____AnJntegrated_couoterLtimeLaod_voltmeterJet __

the 2247A perform more than adozen voltage and time

measurements automatically. And provide the crystal

controlled accuracy.you need to debug digital systems in

applications such as logic design, communications,

manufacturing, and field service.

But that's just a

hint of the time-saving auto

mation built into the 2247A.

You also get Auto Setup,

for one-button signal acquisition. The ability to store up to 20 front-panel setups, and recall them

instantly. On-screen display of automatic time and voltage readings. Plus our unique SmartCursors~ M which give you

virtually hands-off measurement of + peak, - peak, peak-to-peak, Model Number 2247A 2246A

Bandwidth 100 MHz 100 MHz
dc and gated volts. No. ofchannels 4

This is the most extensive set of capabilities ever assem- OualTimeBase Yes Yes
Trigger Level Readout Yes Yes

bled in alow-cost portable scope-the 2247A is only $2995! And it's Auto Setup Yes Yes

Store/Recall Yes Yes

backed by Tek's standard 3-year warranty on all parts and labor. SmartCursors Yes Yes

TimeNollage Cursors Yes Yes
So if you want to findtrouble fast, there's one Voltmeter Yes Yes

sure way to do it. Look into the new 100 MHz 2247A from Tek. Counter/Timer Yes No
Price ' . $2995 $2595

Find trouble fast viith the new 100 MHz

2247A from Tek. The new 4-channel 2247A packs more

troubleshooting power for the money than any scope you

can buy.

(/)
o
Z
o
CI: ,o. Copyright © Tektronix.I"" 1989 'Price;subject toclmge and valid inU.S. only Edocatiornldiscountsavailableonreqoosl
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I Two more ways to
find trouble.

Tek's 2246A and 2245A offer many of the performance

features you'll tindin the 2247A, at even lower prices.

Both are 100 MHz, 4-channel scopes

with 'Auto Setup, time and vo ltage cursors, CRT readouts,

dual time bases and versatile triggering. They're light

weight, rugged, and built to tough environmental stan

dards for temperature, shake, shock and humidity.

Plus, they each have the easy-to-use front

panel that's made Tek's 2200 Series the world 's best

selling oscilloscopes.

Tektron~
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And beyond the features, both have

one more important thing in common with the

2247A-value. Because at $2595 for the 2246A

and $1995 for the 2245A, you won't find better

performance for the dollar.

Start looking for trouble today.

Peerless troubleshooting power is only aphone call away:

To order your 2247A, 2246A or 2245A or for more information and applications assistance, contact your

Tek representative. Or call us direct at:

4

No

No

No

No

No

Yes

Yes

Yes

$1995

2245A

100 MHz

. !!t 1-800-428-2200
-----------------'...,.'"

COM M ITTE D TO EXC EU£NCE
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Earn up 10
$30 an hour

o III and mora!
.. _ 0 1"'==~4

~
\ J -~ ~~~
r 1/~~ Learn at home In spare time.

~H~ No previous exper ience needed!

No costly School. No comm uting to class.
T he Original Hom e-Study cou rse pre
pares you for the "FCC Commercia l Radio 
telep h one License". This valua ble license
is you r "ticket" to thousan ds of exci ting
jobs in Com m unications, Radio-TV, Micro
wave , Computers , Radar, Avionics and
more! You do n't n eed a college degree to
qualify, but you do need an FCC License.
No Need to Quit Your Job or Go ToSchool
T his proven cou rse is easy, fast and low
cost! GUARANTEED PASS - You get your
FCC License or money refunded. Sendfor
FREE facts now. MAIL COUPON TODAY!r-------- --------------,
I commdnD PRODUCTiOnS I
I FCC LICENSE TRAINING , Dept. 90 I
I P.O. Box 282 4, San Francisco, CA 94126 I

: Please rush F RE E details immediately! :
I NAME I
I ADDRESS I
I CITY STATE ZIP I
L ~~_~_ J

If You Fix VCR's,
Ask Yourself

These Questions
mAre Most VCR Problems Mechanical?

[A] Yes,most agree more than 3 out of4
VCR problems are due to amechanical
malfunction.

mAreThere Universal TestTools Available
OrDoYou Have ToBuyAllThe Different
ToolsShown In Service Manuals?

[A] TENTEL provides easier to use, universal,
more powerfulgauges than allfactory
toolscombined.

mWhat Mechanical Measurements Should
Be Made ToProperly Check OutAVCR?

[A] Holdback tapetension, tensionsetvo
check, reel tableheights, carriage align
ment, tapeguideheight, takeup torque,
restoring torque, braketorques, FFIREW
torques &videohead wear.

t! III(lll
~e~ , TENTEL~Co rporat i on
.1ote SS ' 4475 Golden Foothills Pkwy

~o EI Dorado Hills,CA 95630
(800) 538-6894 / (916) 939·4005

("'C. li;)rnia)
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c lude d , d o ca re abo ut pi ctu re
qu ality. When I watch TV, I often
f ind myse lf paying a lot more at
te ntion to th e pi cture qu ali ty th an
to th e progr amming. (Perhaps that
is ju st as we ll , given the co ntent of
many of th e p rogr ams! ) However,
HDTV w ill only be eco no mically
feasi ble if it can appeal to a truly
mass market. I do not beli eve that
mass market ex ists . Peopl e w i ll
bu y gim micks and co nve n ie nce
feat ures- remote co nt ro ls, VCR's,
sim ultaneo us v iew ing of two or
more p ictures, etc. - b u t mo st
people do not reall y care about
quality.

That is also evide nt if one re
members th e failure of th e so- '
cal le d 1,000-lin e hi gh-d efin ition
syste m that was broadcast in the
Pari s, France regi on for seve ral
years. TV sets th at use the VI RS
sig nals broadcast by major net
works to adju st t he rece iver con
tinu ou sl y, largel y ove rco m ing
many propagati on defects, have
not caught on. That is despite the
fact t hat they can and do often
co nside rab ly- improve quality at a
very low cost . Ste reo TV sound has
been much less than a great com
merci al success ; many rec eiver s
t hat do use it em ploy dreadful
loudspeakers.

Improved definiti on , usin g pre s
ent-day NTSC signals, has some
very severe limitati on s; but it has
th e overwhelming virtue of bein g
possible without a truly mass mar
ket . A market of a few hundred
th ou sand IDTV receiv ers per year
would mak e it co m me rcially via
bl e. HDTV needs a mark et of at
least 10 million rece ivers per year,
in addition to a si ng le agreed
up on system and a ve ry large in
vestm ent by broad casters.

I'm sorry to have to take t his pes
sim ist ic viewpoint, bu t I fear it is a
very valid one.
L.D . THOM AS
Georgetown, DE

IOTV is already a lim i ted com
mercial success. North Ame rican
Philips, fo r one, has been sell ing
more 10TV sets than they can man
ufacture. Roughly 40 p ercen t of all
TV's being sold today are stereo
eq u ip p ed . Th at 's n ot un su c
cessful. Wait until sports fanatics
see th e Sup er Bowl on a wide
scre en with high-quality aud io,

which HDTV will provide. Don 't
wo rry. It will sell .- Ed ito r

DE-MYSTIFYING MIDI
I enjoyed read ing your art icles

on M IDI. I've been interested in
kn owin g more about the subject,
but I always fo u nd the ex p lana 
ti on s to be too co mplic ate d . The
arti cle, " M usical Instrumen t Di gi
tal In terf ace," (Radio-Elect ronics,
Au gust 1989) has been a great help,
as it was both in formative and
more important-it was also very
easy to co mprehend.
MATTHEW KREVAT
Brooklyn, NY

ALTERED AUDIO' AMP
The March 1989 issue was up to

Radio-Electronics' usual ver y high
standards. I espec ially enjoyed th e
articl e ent it led " High-Powered Hi
Fi Audio Amp fo r Your Home or
Car." .

What caug ht my eye was th e
power converter used to ste p up
the vol tage fro m 12 vo lts to 75 vo lts
fo r th e f inal stage (page 53). Wind
in g th at t ransforme r may prove di f
fi cul t. (O f course, you can always
break down and bu y one, but that
isn't as much fun .)

M y altern ative method , show n
in Fig. 1, borrows a page from the
old-t im e rad io power su p p l ies
used in cars in th e 1920's and '30's.
Th e heart of t he supply is two
DPDT rela ys that are rat ed at 5
volts. You mi ght have to fool with
some of th e valu es to get it to work
properl y, bu t th e design is very for
giving , and if yo u know yo ur P's
and Q 's w ith a VOM yo u might not
need a scope .

Each relay is w i red as a free-run
n in g asta b le osci llato r, and be
cause yo u can just abo ut pi ck the
co il resistance yo u like best , get
ti ng th e righ t value for th e co m
mu tating capac ito r is not a rea l
problem .

Note that thi s -co rnrnutat ing ca
paci tor is made from th e two 100
IJ.F elect ro lyt ic capacito rs w ith the
IN4001 di od es acro ss th em. Thi s
co m bi natio n si m u lates a n on
po lar ized (NP) capacitor. Note that
th e catho des of th e d iod es, and
th e positive (+) ends of th e capac
itors face one another.

The frequency of osc i llat io n is
usually abo ut 1 kHz, which causes
th e rel ays to hum faintl y. Th at
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humm ing is usually not very loud ,
and if the circuit is used in a car, it
can be pl aced under th e ho od o r
in the trun k.
JIM PARSONS
Rapid City, 50

RESPONSE FROM THE RIGHT
Please stick to pu re science and

tec hno logy in yo ur " Lette rs" co l
umn . Please don ' t print letters the
li ke of Paul Schick's on HDTV (Ra
dio-Electronics, July 1989).

We ge t eno ug h so u r grapes
from th e liberal ai r-heads in th e
ed itorial pages of o ur newspapers.
Those k inds of stateme nts have
the ir hidden agenda passed off as
to ngue-in-chee k humor.

That kind of garbage is o ut of
pl ace in a p restig io us magazin e
such as Radio-Electronics.
DO NALD C. RO SS
San j ose, CA

RECOMMENDED READING
I have bee n a subscriber to Ra

dio-Electronics fo r a lo ng ti me . I
serve d in t he U .S. Navy fo r 30
years, both as an enlisted man and
as an off icer, but always in some
fie ld of electronics .

A series of art icles tit led "Annals
of Radi ation " recently app eared in
the June 12, June 19, and June 26
issues of th e New Yorker maga
zi ne . Please look that series of arti
cles over and, if yo u t hink it is
wa rra nted, recommend it to al l
your readers. I fee l that everyo ne
wh o is pl anning a caree r in th e
elect rica l fie ld, th ose al ready in
the fie ld, and every yo ung person
w ho is pl ann in g to start up a home
and a fami ly sho uld be aware of th e
ex t re me ly va luab le i nfo rm atio n
that is p resented in those arti cles .

I was exposed to heavy doses of
RADA R microwave rad iat ion dur
ing my many years in th e Navy, and
I recentl y had a b rain tumo r re
moved . Readin g th ose art ic les
made me wonde r.
ROY A. NORMAN
LCoR USN, Retired
Brunswick , CA

We have read those articles and
are very concerned abo ut some of
the issues they raised. We fee l that
they should be required reading
fo r not just some peop le, but fo r
everyo ne .- Editor

COMMUNICATIONS - REPLACEMENT
• Mobilel2·way/Channel Elements
• Pagers
• Marine
• Aircraft
• Telemetry
• Monitor5lScanners

AMATEURS
• CB
• Hobbiest
• Experimenter

COST EFFECTIVE
MODERATE PRICING

FAST DELIVERY

The Pulse of Dependable Communications
CrvstekCrystalsofferstheir new16pageFREEcatalog of crvsels
and oscillators. Offering state-of-the-art crystal components
manufactured by the latest automated techroloqv. Custom
designedor "off theshelf," Crvstek meetsthe need, worldwide.
Write or cal/ today!

CRYSTEKCORPORATION
DIVISION OFWHITEHALLCORPORATION

2351/2371 Crystal Dr. • Ft. Myers. FL 33907
P.O. Box 06135 • Ft. Myers. FL33906·6135

TOll FREE 1·800·237·3061
(813) 93 6·2109 - TWX 510· 95 1·7448
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EOUIPMENT REPORTS

ACE Communications
AOR AR-2515

Communications
Receiver

One radio for scanner buffs
and SWL~ !

SHORTWAVE LISTEN ERS AND SCA N N ER

enthusiasts have always been d i
vi ded in to two' camps. One is in
terested in DX-in g and in getti ng
news and views f rom around the
wo rld . The othe r is loo king fo r the
fa st er-pac ed ex c ite me nt t hat
comes f rom hearing real-t im e ac
t ion on th e local police, fi re, and
other public-service band s. But a
new piece of eq uipment may bring
the two camp s closer together :
th e AOR AR-2515 communication s
receiver from ACE Communica
tion s (10707 East 106 St. , Ind i
anapolis, IN 48256). It is on e of the
few receiv ers that give s th e sho rt
wa ve li st en er the frequ en cy
cove rage and performan ce he de
si res , w hi le deli ver in g spee d ,
coverage, and memory capabili ty
to th e scanne r-buff .

The AR-2515 boasts a frequency
coverage from 5 M Hz to 1500M Hz ,
whi ch in clud es inter n at i on al
sho rtwave broad cast s, amate ur
band s, TV audio, FM broadcasts,
VHF air craft, vario us gove rn me nt
co mmunicat io ns, NOAA weathe r
b roadcasts , VHF aircraft , cellu lar

~ telepho ne , and more. (We should
z point out that recepti on of various
~ f req ue ncies cove red by th e re
b ceiver, incl uding cellular fre quen
~ cies, is fo rb idde n by th e Elect roni c
6 Communicati on s Privacy Ac t of
is 1986.) Three ope rati ng mod es are
ii supporte d: AM, Wide-band FM ,

24
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(W FM ) and Nar row -ba n d FM
(NFM).

The memo ry capabi li t ies of th e
receiver are impressive. Sixty-two
banks of 32 f requencies each pro
vide a total of 1984 scannable fre
qu enci es. Any number of bank s
can be linked fo r scanning . So, fo r
example, yo u can scan one band
of 32 frequencies, o r yo u can lin k
all 62 banks and scan through the
almost 2000 f requencies in mem o
ry. An addit ional 18 banks are pro
vided for search pair s; bank s 63
through 79 can co nta in th e upper
an d lower f re q ue ncy l im it for
searching out new and unknown
frequenci es t hat are in use in yo ur
area.

The scanni ng spee d of the re
ceive r is, at best, abo ut 36 chan
nels per seco nd . That decreases if
the frequ encies in a scanning bank
are wi de ly separated , o r if mode
ch an ges are requi red , etc . I f
yo u're wi l li ng to ig no re t he de
crease in scanni ng speeds , yo u
can create some in teresting and
useful ban ks. For exam p le, we
fi lled o ne ban k with some fre
quencies in w hich we we re often
interested . It incl ude d t he loca l
National Weathe r Serv ice b road 
casts , WWV sho rtwave b road 
casts, and a co up le of local FM
broadcast stat io ns . Whil e th ose
mi ght be co ns ide red to be un
usual scanne r fr equ en cies, t hey

do po int out the versat i lity of th e
AR-2515.

Alte rnat ive ly, in search mod e,
the scanner can be used as a con
vent io nal receiver. Tunin g can be
accomp lished by direct-frequ ency
key pad entry, tu rn ing the rotary
tun in g ' kn ob , o r pu sh in g up o r
down tuning bu tt on s. Eachcli ck of
th e tuning kno b, o r each pu sh of
the-tuning buttons/changes the
receive f req ue ncy by a user- se
lected increm ent of 5, 10, 12.5, o r
25 kHz.

The rece ive r is built into a com
pact gray case that measures abo ut
7 x 5-1/2 x 2-1/2 inches (alt ho ugh
it 's not rea l ly rect an gular ). Th e
f ro nt p an el , w h ic h measures
about 3 x 5 inc hes , t i lts up ward
and is crowded .w ith 23 pu shbu t
to ns, th ree rotary knobs, an LCD
frequency di splay, and an LED sig
nal- stren gth meter. Despi te t he
crowded appearance, th e co ntrols
are surprisingly easy to use.

Computer interface
One of our favo rite features of

the AR-2515 is it s computer in ter
face. The rece ive r can communi 
cate w it h any personal compute r
th at offe rs an RS-232 inte rface.
Rates of 300, 1200, o r 9600 baud are
suppo rted . Wh ile ACEdoes have a
co m m unicat ions p ackage avai l
able, any genera l communicatio ns
software is adequate .

The interface allows you to con
tro l all of the functio ns of the re
ce ive r fro m yo ur co mpute r key
boar d , except for vo lume and
squelch. You can upl oad complete
banks of frequencies, change op
erat i ng mod es, switch scan n ing
banks, and even turn on the LCD
light.

Per haps t he mo st u seful at
t ri bute of the commu nications ca
pability is that it allows the receiver
to send important in formati on to
the compute r. O ur favo rite co m
mand puts the receiver in an auto -

continued on page 32
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In NORM mode, the PSA-65A dis
p lays a f requency spect rum , being
calibrated w hen the VAR SPAN knob
is in the CAL po sition. As it 's rotated
toward ZERO SPAN , the obse rve d
spect rum segme nt on the CRT ex
pands horizo ntally abo ut t he cen
te r frequ ency, narrowing in band 
w id th. The ZERO SPA N + XSC SETTIN G

O F THE VA R SPAN knob is an ideal,
because the time waveform on the
CRT is neve r a pure sinuso id , since
the horizon tal SPAN control has a
finite non zero bandwidt h f ilter for
each sett ing (more be low).

The AUDIO mod e automatically
gives a Z ERO SPA N di spl ay. The
MOM EN mod e mom entarily does
so, to let th e user alte r th e center
TU NI N G frequency easily. In N O RM

moder there's-a 0:5 seco nd-lag be
tween moving the TUN ING knob,
and the co rrespo ndi ng update of
the LCD.

In the AUDIO and M OMEN modes,
no such lag exists, and any TUNING

kno b rotat io n is in stantl y refl ected
on th e LCD. The cente r frequ ency
is cont ro lle d by tw o potentiom e
ters, one a10-turn version for main
TUN IN G , and a sing le-turn FIN E TUNE

cont ro l . The FINE TUNE appears to
have a range of abo ut 7 MHz, but is
asy m met r ic and nonlin ear i n
effect.

For each horizon tal SPAN setting,
th ere's a non zero fi lte r bandwidth
reso lut io n, wh ich gives rise to the
time effects observed at ZERO SPA N

(d iscussed sho rt ly). The resoluti on
is 3 MHz at 100 MHz/div, 1 MHz at
50 MHz/di v, 300 kHz at 10 MHz/di v,
150kHz at 5 MHz/di v, and normally
75 kHz at eit he r 1 M Hz/d iv or 200
kHz/div. The user can also opt fo r
an additional 10 kHz fi lter for the
200 kHz/div sett ing, if desired .

O ne good way to observe the
effects of those fi lters is by observ
ing a TV station spect rum. The AM
video is always 4.5 MHz below th e
FM aud io. If yo u center th e video
on th e CRT w it h th e VAR SPAN con
t rol set to CA L, and then rotate it to
ZERO SPA N , yo u'd see t he act ua l
t ime wavefo rm, ju st as if you we re
using an osci lloscope.

That wavefo rm wo uld be com
plete ly visi ble as the VA R SPAN is
rotated toward Z ERO SPA N . In the
CA L pos ition, yo u'd see th e spec
tr um, but possibl y also see a spu
riou s rep rese ntat io n of th e t ime

co ntinued on page 32

Horizontal and tuning controls
The main fun cti on switc h on the

PSA-65A is Z ERO SPA N , w hich deter
mines w hethe r the in strument is
ope rat ing in AUDI O , N ORM, o r
MOMEN mode. In AU D IO mode, the
PSA-65A d isplays an AM o r FM
broadcast by q uadratu re detec
t io n, at the freq uency indicated on
the 4-d ig it C EN TER FREQUE N CY M H Z

LCD. The qu adratu re detecto r is
mainly for FM, bu t also de modu
lates AM intelli gibly.

Vertical amplitude controls
The CRT is located in the upper

left of the fro nt panel, and th e grat
icul e is cali brated vert ically in dBm
and d BmV, and hori zontall y in
dBmV. Those two uni ts are dB rela
ti ve to a milliwatt (mW) and a mill i
vol t (m V), res pec t i ve ly. The
PSA-65A has VERTICAL PO SITI O N and
REFERENCE LEV EL k no bs , and a
VERTICA L SENSIT IV ITY sw itc h to selec t
between 10 d B/di v o r 2 dB/d iv (for
bo t h d Bm a nd dB mV ). T he
reference level allows vertica l ex
pansion by vertica lly movin g the
signa l-no ise f loor, and is calibrated
w it h th e vert ical sensitivity set to 10
dB/div, but not 2 dB/d iv.

General controls and jacks
Th e PSA-65A has num er ou s,

convenient , and we ll- labe led co n
t rol s. They' re all o n th e fro nt pan
el, an d gro uped accordi ng to
funct io n in a co lo r-co de d gray
and-white fo rmat. The PSA-65A is
powered by 120- vo lt, 60-Hz AC,
but can run usin g an interna l gel
cell battery wi t h rech arger. The
POWER sw itc h has BAT, STANDBY, and
LIN E positi on s. The batt ery charge r
(BAT C H G ) can ope rate in any POWER

SW ITCH positi on , and need s abo ut
three hou rs to charge suff icient ly
fo r prolonged use.

Th e A U D IO DE M OD pot-
entiometer is th e vo lum e cont ro l
for listening to AM or FM broad
casts, and has a bu ilt- in SPST O N/
OFFsw itch. However, th e PSA-65A
won 't let yo u obse rve a spec trum
and li sten to aud io simultaneously.

An in exp ensive, quality
spectrum analyze r from 2

M Hz- 1 GHz.

AVCOM PSA-65A
Spectrum Analyzer

VERY LIKELY, MANY OF YOU_ HAVE AL- That wo u ld require hav in g two
ways wanted a p rofession al spec- separate tuners, one to be swept
t rum analyzer, w hether for t rou- thro ugh the observable spect rum,
bl eshooting, o r expe rime ntat io n. and th e oth er t uned to th e cente r
H ow ev e r, eve ry t im e yo u've frequency.
looked at a catalog and seen pri ces An earp ho ne jack is prov id ed

--t h-at- sr a-rt- in- t he-$10=20 rarrge;:--("AU DlO·O OT ) , nd-an-Aox-jack-is-fo
your jaw drop s. Unless yo u're in a p resen t and f ut u re o ptio na l ac-
large co rpo rate f i rm wi t h mega- cesso ries. The SW EEP RATE co ntro l
b uck bud get s, yo u 've p robab ly var ies the spee d of th e sweep-rate
had no chance of getti ng one un til generato r. For maximum accuracy
now. in ver ti cal amp litude m easu re-

With th e Mo d e l PSA- 65A 2 ments, t he swee p is set as slow as
MHz-1 GH z Spect rum Analyze r possibl e. A BNC jack is used fo r RF

fr om AVCOM Co rp. (500 Sout h- IN PUT from 2 MHz-1 GHz range,
lake Blvd ., Richmond , VA 23236), and a maximum power of 15 dBm,
th at probl em is over. Th e basic o r 31.6 mW.
cost is $2,675, and many reason 
ably pri ced accesso ries, like an FM
demodul ator ($185), hi gh-perfo r
mance attachab le log-peri odic an
ten nas (abo ut $239), and carry ing
case ($89.95) are availab le. At 11.5
x 5.5- x 13.5 inc hes and a we ight
of 18 pounds, it 's as portabl e as a
standard portabl e osc il loscope .
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The MBC-DAC provides
tw o ind ep end en t , 16-b i t
ana log -o utp u t cha n ne ls,
whi ch are capab le of pro
cessing data at 100,000 sam
ples per second to voltage

-~--..~
CIRClE 12 ON FREE
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16-BIT CONVERTER
BOARDS. Designed to pro
vi de a fu ll-featu red, low 
cost alte rnat ive to custo m or
microcom puter-based sys
te ms, M etraByte 's M BC
GAD and M BC-DAC plu g-in
daughter boards for Macin
tosh II 's and SE's offe r high
resolut ion d ata samp li ng
and co nversio n.

The MBC-GAD perf orms
a 16-bi t N D co nve rsio n at a
rate of 16,000 samples per
second, with a resolution of
1 part in 65,536 and 0.003%
measurement accuracy. The
di ff erenti al ana log input
may be co nf igured fo r vo lt
age ranges of ±2.5, ±5, or
± 10 vol ts; °to 5 vo lts; o r 0
to 10 vo lts . The analog input
is accessible via a standard
RCA ph on o co nnecto r or a
10-pin ribbon-cabl e co n
nect or. Two MB C-GAD 'S
can be in stall ed o n o ne
moth erboard to create mul
t ichannel subsystems.

The mod el 408 video test
s igna l ge ne ra to r cos ts
$3,395.00.-Leader Instru
mentsCorporation , 380 Ose r
Ave n ue, Haupp au ge, NY
11788.

with an LCD reado ut is used
to set up channe l f requen
cies and video-signal-d riven
spec if ic at io ns . Co nt ro l of
key v ideo -s ig na l lev el s
suc h as sync, burs t, lu mi 
nan ce, chromi nance, and
set up- is prov ided , alo ng
w it h RF-fr equ en cy se lec
tion. As many as 100 sets of
video- level spec if ications
and channels can be sto red
in memory and instantl y re
called as needed .

library of saved wavefo rms.
Know n -goo d wavefo rms
can be sto red fo r reference,
and un kn own wavefo rms
can be captured in th e f ield
and sto red for later analysis.
An RS-232-C interface o p
t ion lets such waveforms be
transferred by mod em .

The 2232 portable digi tal
sto rage osci lloscope has a
li st p rice of $5,495.00. The
RS-232-C and GPIB interface
opt io ns cost $300.0 0
each.-Tektro nix, P.O . Box
1700, Beaverto n, OR 97075;
1-800-426-2200.

samp ling, th e DSO is a ver
sati le ge ne ra l-p urpose in 
stru ment. Its analog ope ra
tion allows the dis p lay of
co mplex waveforms such as
video sig nals and realtim e
update of changi ng signals.
Di gi tal capab ilit ies include
wavefo rm sto rage, peak de
tecti on , and pret r iggering.
W hen tro ub leshooting digi 
tal dev ices , th e samp ling
rate allows th e capture of .
sing le-shot events up to 10
MHz. W ith the DSO 's ability
to sto re as many as 29 wave
form sets, users can build a

CIRClE 11 ON FREE
INFORM ATION CARD

cross hatc h are ju st a sam
pl in g of th e avai lab le test
pattern s.

A menu-driven , mu lti pur
pose da ta -cont ro l board

ANALOGIDIGITAL STOR
AGE SCOPE. Wit h the help
of c us to m l C 's , t he
Tektronix ' 2232 po rtab le
analoglDigital Sto rage Os
ci lloscope (05 0 ) delivers a
100-MS/s sample rate and a

_100=.M l:i z_b andw id t h ._l ts
propri etary peak-detecti on
capab il ity allows for gli tc h
capture as narrow as10 ns at
all sweep speeds, including
du al-chann el operat io n.

The scope has several fea
tures designed to make it
easy to use, includ in g on
screen reado ut of scale fac
to rs and cu rso r measure
ments of vo ltage and time.
Bezel buttons provi de quick
access to saved referen ce
wav efo rm s and th e full
range of menu selec t io ns.
Trigger-l evel readou t allows
th e user to set th e vo ltage
level fo r the t rigge r po int
and read i t d irec tl y o n
screen, which can save a lot
of time in sing le-sho t wave
forrn-captu re and " babys it 
t ing" (unatte nded monitor
ing) app licat io ns. For added
tr igger in g fl exib ility, bo th
low- and high- frequ ency re
ject capab ilit ies assure a sta
ble, usable tri gger even on
no isy o r co mplex signals.

With both analog and di gi
tal capabilit ies, and 100-M S/s

VIDEO TEST GENERATOR.
The model 408 gen-lockable
NTSC video test signal gen
erato r f ro m Lead er In stru 
ments provid es ove r 80 test

~ pattern s in co mposite; S
z VHS; RGB; and Y, R-Y, and
~ B-Y output fo rmats wi th RF
I- c ha n ne l coverage of a ll
~ b roadcast and cable chan
u:J n el s. M u lt ib urst, v ideo
6 swee p, SM PTE co lo r bars,
~ modul ated and unm odu 
cr: lated staircase, raster, and
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accuracies of 0.006%. The
vo ltage range of each out 
put channe l is fi xed at ± 10
vo lts, and th e channels are
accessible via a 10-pin rib 
bon-cabl e connec to r.

Both daught er boards can
be driven f ro m p rog rams
w ritten in high-l evel lan
guages, such as BASIC, PAS
CAL, C, o r FORTRAN . Wh en
u sed with M etr aByt e 's
MB C- 625 m oth er b o ard ,
they prov ide hi gh -speed ,
hi gh - resolu ti on data-ac
qui sit ion capab i l i t ie s for
M acin tosh users.

The M BC-CAo 16-kH z N
D conve rter and the M BC
DAC100 -kHz D/A co nverte r
cost $550.00 and $475.00, re
sp ec ti ve ly. Th e MBC-625
m oth erb o ard cost s
$1,290.00.- Met raByte Cor
poration , 440 M yles Stand
ish Boul evard , Taunton , MA
02780.

AUDIO EXPANDERS.Th e AX
101CO ph on o-inpu t adapte r
and th e AX 100 auxi l iary se
lector from Johnson Elec
t ro n ic s Lab s ex pa nd t h e

input-select ion capabil ity of
stereo amplifiers.

CIRClE 13 ON FREE
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The ph on o-i nput adapter
allows amplif iers that do not
have a CD o r auxilia ry inpu t
to accept a CD player-or
any other auxil iary device
throu gh th e magnet ic ph o
no input. Its passive-cir cu it
design minimizes noi se and
di storti on . The AX 101 CO
feat ures a selec to r sw itc h
for CD or ph on o ope ratio n ,
RIAA respon se accuracy to
w it h in 1 dB, and chrome
plat ed hou sin g w i t h re
movable mount ing tabs fo r
easy mou nting.

The AX 100 enhances am
plifiers with l im ited inpu t
capab il ity, increasing selec-

tion to as many as five d if
feren t in put so urces. It is
p ac k ag ed in a full y
shielded, b lack ABS-plastic
hou sing, and feature s silver
plated sw itch contacts, dual
tap e o utputs, and a tape
moni tor sw itc h t o all ow
mon ito ring of eithe r reco rd
er. Stereo cable is included.

The AX 101 CO ph on o-in
put adapte r and th e AX 100
au xi l ia r y se lec t o r c o st
$89.95 and $29.95, respec
tively.-Johnson Electronics
l abs, Inc. , 409 Angus Blvd .
# 29N, Warner Robins, GA
31088.

SIGNAL GENERATORI
COUNTER . Co m b in i ng a
signal generato r and a fre
qu ency co unter in one un it ,
Elenco 's SC -9500 can gener
ate RF frequenc ies fro m 100
kHz to 150 M Hz and can
measure ext erna l fr equ en
c ies up to 150 MHz . Ac
curacy is ± co unt/±1 digit ,
and the RFoutput is 100-M V
RMS , up t o 35 MHz . A
sw itch w it h fin e-adjustment
co ntro l lets the user select

O-dB or 20-dB ou tp ut. The
in strum en t features 1-k Hz
intern al modulation , and in
put vo ltage is less th an 50
mY.

CIRClE 14 O N FREE
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The SC-9500 signal gener
ator w ith bui lt-in frequ ency
counter costs $349.00.- Ele
nco Electronics In c. , 150
West Ca rp e nter Aven ue ,
W heeli ng, Il 60090.

PC THUMBSCREWS. A vari
ety of thum bscrews fro m PC
Pro are custo m-sized to fit
XT's and AT's and make it
easier for PC users to get in
s i de th e i r c o m p u te rs.
Thum bytes, Thum bits, and
Th um b les e l i m i na te t he
need for the usual assort-

With Just One Probe Connection, You Can ConfidentlyAnalyze Any
Waveform To 700MHz, 70 Times Faster, 70 Times More Accurately,

Absolutely Erl'Or Free, Guaranteed - Or Your Money Back!

SC61 Waveform Analyzer ™
Patented

$3295

Call1-800-SENCOREtofind out more about what the SC61
can doforyour servicebusiness. In Canadacall 1-800-851-8866.

SE:"'ICORE:

Other time-saving featu res includeexclusive ECl synccircuits
that allow you to lock quickly ontowaveforms upto 100 MHz . Plus,
with 3000volts of input protection, you never have toworry about an
expensive front end repair job.

There areother digital readout oscilloscopes, but noneof
themcompletely eliminategraticulecountingand calculations
likethe SC61 Waveform Analyzer. The innovative, time-saving
AUTO-TRAC KI NGTMdigital readout automatically gives you every
waveform parameter you need for fast troubleshooting.

The SC61 Waveform Analyzer isatriple patented high
performance scope that provides you with adigital LCD read-out ofall
keywaveform parameters (DC volts , peak-to-peak volts, and
frequency) at the push ofa button , andallwith one probeconnection. 3200 Sencore Drive, Sioux Falls , SO 57107
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the videod isc player.
The disc's test featu res in

clude inst ruct io ns for ana
lyzing viewing-device quali
ty alo ng w it h spec ific test
sig na ls for th e indiv idu al
d i sp l ay pa ra me te rs t ha t
combine to form a good pi c
tu re. Co mp rehe nsive cal
ibrati on i nstru cti on s are
pr ov id ed , alo ng wit h th e
necessa ry test signals and
v ideo-syste m ca l ibrat io n
sig na ls. Fo r aud io tes ts,
th ere are dig it al ly -ge ne r
ated audio to nes and swee p
signals, spec if ic test signals
fo r di gital- t o-ana log co n
vert er s; a dy namic-range
to ne-level check; frequ en-
cy info rmati on from 15Hz to

__21.kHz; and.instructions on __
how to use th e test ton es.

The videod isc also pro
v ides de mo nst ratio n fea 
tures conce rn ing th e tr ans
fe r of fi lm to video, analog
and digital video graphics,
electro nic vid eo effects and
animati on , and ref er ence
pi ctures fo r skin-to ne and
color fid elity. Audio demon-

continued on page 95
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chai rs the Society of Motion
Pi c t u rea n d Te I e vis i on
Eng inee rs (SMPTE) Working
Group on Monitor Calibra
tio n, w hich is respon sibl e
for sett ing NTSC standards
for p ict ure qu ality. The vid - .
eod isc was prod uced in D1,
the 4:2:2 compo nent di gi
tal-video fo rmat th at is the
mo st adva nce d recordin g
system availab le for th e cur
rent 525-line video system.
Fo r the highest possibl e ac
cu racy, most of th e aud io
test ton es were co mp ute r
generated by Dolby Labora
tor ies, and co nve rte d to
analog for the f irst tim e at

easier to rem ove ca rd s.
They are also so ld in sets of
five . Knurled grips make it
harde r to lose screws inside
the co mputer. No too ls are
needed in orde r to access
switches or jumper s afte r
in stal lati on .

Thumbytes and Thum bi ts
each cost $5.00 per set of
five; Thum bles cost $10.00
pe r set of f ive. - PC Pro
Company, P.O . Box 358, Al
Ien , TX 75002.

" TE ST " VIDEODISC.
Referen ce Reco rding's "A
Vid eo Standard," is a di sc
fo r the set up and alignment
of hom e-en tertainment sys
tems. Co n ta i n i ng co m 

m~¥,ilil-_p- re h e n s i ve audio and video
test signals and a wi de vari
ety of aud io and video de m
o ns t ra t ion mat e ri al , t he
laser videodisc is intended
to help co nsume rs opt imize
the ir hom e-viewing experi
ence , and retrieve from vid 
eo program s exact ly w hat
th e produ cers put in .

The vid eod isc was pro
duced by Jo e Kane, wh o

CIRCLE 15 O N FREE
INFO RMATIO N CARD

ment of nu tdr ivers, slot
and Ph il ip s-h ead screw
d r i v e r s , a nd nut s and
screws used to service per
sonal co mpute rs. Co lo r-co
ded plastic caps are mated
to screws , resul t ing in du ra
bl e thumb screws t hat are
availab le in an array of sizes
and length s fo r co nvenient
repl acem ent of sl ide-top
an d ada pte r-ca rd h ol d
down screws.

Thum bytes and Thum bi ts
provid e f l ip-to p ease fo r
non -flip-top PC's. They are
sold in sets of five , and fit
virtually any slide -top case.
Thumb les hol d I/O cards
t ight ly in place, and mak e it
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EXPAND YOUR CAREER HORIZONS...

The CIEMicroprocessor Trainer helpsyou to learn hON circuits with
microprocessors function in computers.

START WITH CIE.
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. Consider 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
electronics careers.

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

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

CIRCLE 60 ON FREE INFORMATION CARD

the handy reply coupon or card below to:
Cleveland Institute of Electronics,
1776 East 17th Street, Cleveland , Ohio 44114.

iC:I~-~:~::=::---AAE -~8-
I Cleveland Institute of Electronics, Inc.
I 1776East 17thStreet • Cleveland, Ohio 44114

I 0 Please send your independent study catalog.

I
For your convenience, CIE will try to have a representative
contact you - there is no obligation .

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

I Address Apt. _

I City State Zip _

!¥;)e Area Code/Phone No. _

Check box for G.!. Bill bulletin on Educational Benefits
o Veteran 0 Active Duty MAIL TODAY!

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



SCANNING RECEIVER

co n tinued fro m page 24

f reque ncy mod e. In t hat mode,
w henever t he scanne r sto ps at a
new statio n , t he f req ue ncy and
signal stre ngth of th e stat io n are
output to the compute r. We fo und
this novel way of searching fo r new
scann er f req ue nc ies to be qu ite
effic ie nt.

The AR-2515 co mes equi ppe d
wi t h a te lescop ic ante n na, DC
power co rd, AC adap ter, and an
owne r's manu al that , whil e ade
quate, could be mu ch more infor
mative. ACE Communication s of
fer s several accessories, including
a w ide-band amplif ier and an ex
te rn al BFO (Beat- Freq ue ncy O s
ci l lato r) fo r makin g SSB (Sing le
Side Band) t ransmiss io ns in telli gi
bl e.

Th e suggested pr ice of t he
AR-2515 scanning communicatio ns
receiver is $695. While we certa in ly
cannot call that inexpensive, we
do feel confident callin g it a bar
gain. R-E

SPECTRU M ANALYZER

conti nued fro m p age 25

wave fo rm superposed o n it , fo r
certain settings of the horizon tal
SPAN . That is because of th e tech
niques used to design th e in stru
ment, not because of modulati on .

Thu s, VAR S PA N doesn 't reall y
produce a 0 Hz span, since that
wo uld be a pure mon ochrom ati c
to ne . The TV waveform co nta ining
th e sync pul ses is reall y a t ime
dep endent vol tage, w he reas th e
vid eo spect ral peak is a true fre
qu ency-dep end ent ampl i tud e
(voltage or power). If you repeat
for th e aud io, you' l l see th e t ime
dependent audi o waveform , and
it 'll change ampli tud e and fre 
qu ency as th e sound varies. How
ever, th e presentation , w hi le th at
of an osci llos cope, not a spect rum
analyze r, is un tr iggered and dri fts
acros s th e scree n .

Horizontal calibration
The horizontal needs to be cali

brated each time the in strument is

turned on and/o r th e H O RIZ PO S I

T IO N i s m oved , w h ich ca n b e
somewhat t ricky if not don e care
fully. The user tunes a signal peak
onto the center of the graticu le,
with t he VAR S PA N knob set to th e
CA L positi on . The user then rotates
th e VAR SPAN kno b co unterclock
wi se, watching that peak. It'll ex
pand in w idth , bu t sho uld, idea lly,
remai n centered, and not deflect
to eit her side .

If it does deflect , then as th e VAR

S PA N is rotated , the user altern ates
between th e VAR S PA N and H OR IZ

PO S IT ION kn obs, to recen ter t he
now-expanding peak. The reason
for alte rn at ing between th em is
that as th e peak expands, it 's max
imum becom es more di ffi cul t to
locate, since the display appea rs
to be f latte r. Thu s, rotati ng each
kno b in turn gives greate r accuracy
and cont ro l, and an oppor tunity to
maintain a visual refe rence on the
maximum as th e peak changes
shape .

O nce completed, with th e VAR

VA R SPA N set to ZERO SPAN and th e
con tinued on page 81

M o R E T H A N

EARN YOUR \,;,'V
&B.S.E.E. \

DEGREE
THROUGH HOME STUDY

CIRCLE 58 ON FREE INFORMATION CARD

~IE 4251 CYPRESS DRIVEe E JACKSON. MISSISSIPPI 39212

Our New and Highly Effective Advanced·Place
ment Program for experienced Electronic Tech·
nicians grants credit for previous Schooling and
Professional Experience, and can greatiy reo
duce the time required to complete Programand
reach graduation. No residence schooling re
quired for qualified Electr onic Technicians.
Through this Special 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 graduatesin all 50
States and throughout the World. Established
Over 40 Years! Write for free Descriptive lit
erature.

COOK'S INSTITUTE
OF ELECTRONICS ENGINEERING

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

Send to: Heath Company, Dept. 020834
Benton Harbor, Michigan 49022 I

I
J
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State Zip

A subsidiary of Zenith Electronics Corporation

Surround Sound Processor by
Heathkit®

Surround yourself with avast assortment of kitor ready-to-use electronic products
from the FREE Heathkit Catalog. The Heathkit Catalog contains innovative home
theater components, amateur radio and weather equ ipment, laptop computers, self
studyelectronics courses andchallengingstarter kitsfor thefirst-time builder. Order
your FREE Heathkit Catalog NOW!---------------------------
1-800-44-HEATH

(1-800-444-3284)
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Make your next transition a smooth one!

WILLIAM SHEETS and RUDOLF F. .GRAF

VIDEO
SCENE SWITCHER
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used . A bl ack -
over can be " keyed" into the pictu re;
for exa mple , a black ove r ca n be
wiped across the picture , much like a
curta in, e ithe r hori zontall y or ver
tically, or both (diagonally). A black
over can also be broken up like a
series of vertical or horizont al strips
that gradually enlarge, coveri ng the
picture with the effect of a Venetian
blind. By doing that vertically and
hor izontally at the same time , black

"amateur" look to a program. and
should be eliminated .

A common way to deal with the
problem is to fade to balck , or some
other level. During thi s int erval,
switching takes place, and since the
screen is black. no transient effects
are noti ced. After a pred etermined
time. the new video is switched in and
then the fade from black to program is
performed.

There are other methods that can be

the moment of switch-
ing in most instances. If, by chance,
the vertical and horizontal sync pulses
of both sources are coi ncident in time
(in phase) at the moment of sw itch
ing. there will be no noticeable distur
bance . If, however, they are not (the
usual case), a momentary loss of syn
chronization will occ ur. Depending
on the charac teris tics of the sync sys
tem in the video device in use , a mo
mentary flicker, jump, tear, or roll will
occur in the picture-it's objectio na
ble , esthet ically unpleasant , gives an

chro nizatio n so urce to co ntro l the
sync phase of other sources. Some
video equipment has genlock input s
but, most of the time , the availability
of two genlocked sources cannot be
relied on .

When the signal source to a video
monitor, TV receiver, or VCR is sud
denly sw itched, the synchroniz ing
circuits of the video device experi
ence a discontinuity of input , in fre
quen cy, phase , or both , depending on

• Terminations and impedance
matching must be considered in order
to reduce reflections and " ghosting. "

• Sources must be identical in polar
ity and type (for example , both NTSC
with negati ve sync)

• Color-burst phase must match in
order to reduce color shifts between
scenes .

• Sources must have the same levels .
That requirement can be met using
gain adjustments.

• The time phases of the sources
must be constant and have a fixed
relationship . The syn c pulses must co
incide both in time of occurrence and
frequen cy, both verti cal and horizon
tal.

Most of the time there is no prob 
lem in meeting the first four require
ments , as they are under direct control
of the system operator. However, the
last requirement, th at th e video
sources have sync pul ses in phase,
does present a probl em. That 's be
cause , whe n using two se para te
VCR 's , a VCR and a camera, or a
VCR and an over-the-air source, there
is generally no relationship between
sync phases .

The term "genlock" is used to de
scribe the act of using a master syn-

IF YOU'RE LIKE MOST VIDEO-CA MERA

owners , you've built up an inventory
of hours and hours of home video
movies . If you like to show your
movies to others. you 've undoubtedly
found that even your best friends
won 't sit through an hour-long video
of your son's first birthday. The solu
tion is to edit your tapes into groups of
short scenes . The trick is to do it with
professional results.

The problem that arises is how to
make the transitions between scenes
or sources as smoothly as possible ,
without vis ually or a esthetically
di sturbing tr an sitions. Our Video
Scene Switcher is the key to smooth
transitions.

In order to switch betwe en video
channels with a minimum of distur
bance, several technical requirements
must be met:
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FIG.1-VARIOUS FADES, WIPES, AND EFFECTS can be keyed into the picture. You don 't
have to stick to simple horizontal or vertical fades, as complex fades are also possible;
see how Danny disappears in a, b, and c. A diagonal wipe from regular video to effects
video is shown in d, expanding vertical bars "consume" the picture in e, expanding
diamond-like patterns in t, and g, n, and i show three add itional wipe patterns.

dots appear in the picture that expand
in size to first overlap and then com 
pletely obscure the picture. Figure 1
shows those pattern s .

The act of " keying" is actually vid
eo switching using waveforms that are
tied to the sync pulses or other picture
elements, such as the luminance level
(luminance keying) or chroma level
(chrominance keying) . By producing
such waveforms , a great variety of
switching and special effects can be
produced . Note that the effects are
performed steadily on the video , and

~ that the sync pulses must remain un
z altered during the switching process.
~ For wipes , keying , or other switch
t ing between two sources without an
~ intermediate fade , the two sources
wo must be genlocke d or synchronous .
o There is no easy way around that, save
~ for a large video buffer memory, or

34

some form of synchronizing storage
system. However, that shouldn' t be
considered a serious limitat ion , since
many fade-to-black techniques have a
pleasing effect , and they provide a
more defined differentiation between
scenes.

Basic operation
The Scene Switcher basically con

sists of two part s, as shown in the
block diagram in Fig . 2 . A video
switching system is used to switch in
various video effects , fade levels , and
to select channel I (CH1) or channel 2
(CH2), and a waveform generator is
used to gene rate keying waveforms to
drive the analog switches at preci sely
timed intervals.

There are two video channels (CH I
and CH2), but we will describe the
operation of only CHI, because the

two are identical . Each channel has
two switch-selected inputs, main or
auxiliary, and each channel is fed to a
splitter circ uit that separates the video
and sync components. That way, the
video can be processed separately
from the sync . The sync is not pro
cessed in any way.

The video from CHI first passes
through an analog switch (NORMAU

EFFECTS) that either passes it or selec ts
CH I video that has been altered by an
external special-effects unit (for ex
ample , the Video Palette described in
the September and October 1987 is
sues of Radio -E lectronics). Si nce
the video from the special-effects unit
is inherent ly sy nchronous with the
CH I video, direct switching is possi 
ble, and you can wipe the altere d
scene over the original one .

Next, the video is fed to another



analog sw itch, the FADE SELECTOR . The summing amplifier, and mixed wit h
output of th at switc h is e ither un - appropr iate sync . The system output
altere d video or a DC background is composite video .
level from the fa de level generator, The keyi ng ge nerator consists of a
whic h is va r iable between black set of sawtooth-wave generators.
(abo ut zero volts) and white (I to 1.5 Sync from CHI or CH2 is fed to a
volts). That is dete rmined by the set- phase-locked loop, where constant
ting of the FADE LEVEL co ntrol, which outputs of 15 .74 kHz and 60 Hz are
gets its sw itch sig na ls from the co n- generated , phase locked to the video
trol pan el and the keyin g generator . input waveform . Those outputs are
Durin g a line-scan internal, severa l fed to the horizonta l and vertical
switc hing act ions may take place, sawtooth generators .
causing var ious pattern co nfigura- The generators each produce two
tions to be generated on the monitor waveforms; a sawtooth at eight times
screen . the input freque ncy and a sawtooth at

Next , the video goes to a switch the input freq uency. The sawtooth
network that routes it to either side of waveforms are fed to a co mparator,
the FADE R control , or se lects CH I or whose " trip" level is adj ustable. The
CH2. Both ana log switches are driven sawtooth is compared to the trip level

- - by-the-keying-waveform.from.the_key_- __from.the kezing control which may'
ing generator a nd control pane I; be man ual, or automatic.
sw itc hi ng may take p lace several When the sawtooth exceeds the trip
times dur ing a line sca n, depending level, the comparator switches . S ince
on the effects des ired . The output the sawtooth le vel varies s y n-
from the FAD ER control is fed to a chronous ly with the horizontal , o r

vert ica l, or both swee ps , vary ing the
trip level causes the comparato r to
sw itch at varyi ng point s in eith er the
hori zon tal or vertica l scan. Therefore ,
s ince the comparator output is the
keying waveform, we ca n cont rol the
position of the sw itching at any desir
ed point in either the hori zont al or
vertical sca n cycle .

The switching waveform is fed to
the contro l panel and then to the cor
rect ana log sw itc hes in the vid eo
channels. Seve ra l sw itching pattern s
can be ge nera ted , using the X I or x 8
vertical, the x I or x 8 hori zont al , or
various co mb inatio ns .

The circui t features externa l access
capability to the switch signals and
sync outp uts via e mitte r foll owers.
That Rerm its using an externa l com
puter or microprocessor to ge nerate
other sw itching pattern s than we have
here , if desired. Th at is left as a proj
ect for the experimenter or computer
hobb yist.
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FIG.2-THE SCENE SWITCHER BASICALLY CONSISTS OF TWO PARTS, as shown in this
block diagram. A video switching system is use d to swi tch in var ious video effects, fade
levels, and to select channel 1 (CH1) or channel 2 (CH2). A waveform generator is used to
generate keying waveforms to dr ive the analog swi tches at preci sely ti med intervals.

FADE/KEYCUE - - - - - - - - - - -i-- - - - - - - - - - - -Wlt--+-- - - - - - ---j
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Circuitry
Due to the large amount of circuit

ry, very detailed descripti ons of every
circuit will not be given. Only a single
example of each essentia l block will
be described in detail , since much of
the circuitry is repetitive .

Referring to Fig . 3, video is fed
throu gh CI and filter RI-C2 (to re
move exces s noise) to sync-separator
lCI , an LMI 88IN; it separates the
hor izont al and vertic al sync from the
video . Composite horizontal sy nc
(negative-going pulses) appea rs at pin
I, and is then fed to IC2-a, the hori-

zontal-delay multi vibrator, in which
R5 , R6 and C6 determ ine the period.

The mult ivibrator produces an 8
microsecond pulse triggered by the
leadin g edge of the sync pulse . The 8
microsecond pulse is used to initiate
another pul se gene rated by lC2-b ,
which is active only during the line
scan portion (the video) of the video
waveform . The lC2-b pulse is used to
gate the video -only component from
the composite video waveform (R7,
R8 , and C7 set the width of the pulse
at 53 microseconds).

lC3-a and lC3-b perform a similar

function on the vertical sync pulses
from pin 3 of lCl ; lC3-a is the delay
and lC3-b genera tes a l6-mi crose
cond pulse which is active dur ing in
dividual fie lds of the TV signal. Dur
ing vertica l-retrace inter vals , it is
desirable not to gate on the comp osite
video , so hori zontal multivib rator
IC2-b is locked out durin g the ver
tical-bl anking interva l, when pin 10 is
low.

Figure 4 shows the sync selector
and PLL block. When SYNC SELECT

(pin 2) of lC4 is high SYNC I selected ,
and when it's low SYNC 2 is selected.
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FIG. 3-SHOWN HERE IS A SYNC SPLITTER. Video is fed to pin 1 of sync-separator IC1.
Composite horizontal sync appears at pin 1, and composite vertical sync appears at pin 3.
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~ FIG. 4-SYNC SELECTOR AND PLL BLOCK. When pin 2 (SYNC SELECT) of IC4 is high, SYNC 1

a: selected, and when it's low SYNC 2 is selected.
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All resistors are Y4-watt , 10%, un
less otherwise indicated

R1, R201-680 ohms
R2, R3, R29, R62-R64, R134, R135,

R127 , R128 , R14 0 , R141,
R143-R1 50 , R202, R203-10
ohms

R4, R204-680,000 ohms
R5, R7, R205, R207-33,000 ohms
R6, R8, R10, R12, R42, R45, R47,

R49, R206, R208, R210, R212
25,000 ohms, potentiometer

R9, R11, R32, R33, R36-R40, R52,
R53 , R58 , R59, R130 , R209
4700 ohms

R15, R17, R21 , R23, R28, R30, R31 ,
R34, R41 , R54-R56, R61 , R100,
R101 , R104, R105 , R1 12, R114,
R118, R1 23, R124, 8138a-R138f
2200 ohms

R1 6-3900 ohms
R13, R18, R213-3300 ohms
R19, R102, R103 , R106, R111 ,

R120-R122, R136-100,000 ohms
R20, R22-470 ohms
R25-100 ohms
R26, R27, R139a-R139f- 330 ohms
R35, R57-5000 ohms, potentiome-

ter
R43, R50, R51- 1000 ohms
R44-1 megohm
R46, R48, R113, R116, R119, R126,

R129, R131 , R142- 10,000 ohms
R60-47,000 ohms
R132-68 ohms
R108, R133-82 ohms
R115, R125-2000 ohms, potentiom-

eter
R110, R117, R137-22,000 ohms
R24-15,000 ohms
Capacitors
C1 , ce, C11 , C19, C20, C33, C34,

Sync from pin 4 of IC4 is fed to a filter
network (R I6, R17, CIO, CI I, C 12)
and then to ICS, an LMI880 PLL.
Components C 13, C 14, R18, and RI 9
help determine loop parameters; R20 ,
R21, C22-C24, and LI are for the
internal osci lla tor of IC5 operating at
503 kH z; and C 19, C20, R22, and
R23 are feedback components.

R24 and C I6 are vert ica l -timing
components necessary for correc t op
eration of IC5, and R25, C 17, and
CI8 are supply decoupli ng compo
nents. A signal at the hor izontal fre
quency appears across R26. Capaci 
tor C22 is adjus ted for lockup with the
SYNC I or SYNC 2 input. The outputs
(pins 12 and 13) are fed to sawtooth
generato r c ircuits fo r ver t ica l and
hori zontal frequencies, respective ly.

The keying circuits are shown in

PARTS LIST

C40, C101, C208-0.1 fLF, Mylar
C2, C12, C202- 470 pF, ceramic

disc
C3, C18, C27, C30, C35, C36, C37,

C38, C41 , C47, C50, C203, C307,
C309, C311-10 fLF, 16 volts, elec
trolytic

C4 , C5 , C13, C15, C17, C32 ,
C43-C45, C48, C49, C1 01, C102,
C105, C106, C109-C116, C204,
C205, C302, C303, C305, C306,
C308 , C310-0 .01 fL F, ceramic
disc

C6, C206-330 pF, NPO
C7, C207-0.0022 fLF, Mylar
C9, C209-2.2 fLF, tantalum
C10, C16, C26, C28-D.047 fLF, My

lar
_ C14, C42-1 IJ.,F,.35 volts ,~ectrolyt ic

C21- 120 pF, ±:5%, NPO
C22-3-40 pF, trimmer
C23-22 pF, NPO
C24, C25, C29, C39-D.001 fLF, My-

lar
C31-470 pF, NPO
C103-5 pF, NPO
C104, C107-2-1 8 pF, trimmer
C301-4700 fLF, 25 volts, electrolytic
C304-2200 fLF, 25 volts, electrolytic
Semiconductors
IC1 , IC1 4-LM1881 N video sync sep

arator
IC2, IC3, IC15, IC16-C04528B dual

monostable multivibrator
IC4-7400N quad 2-input NAND gate
IC5-LM1800N PLL FM stereo de

modulator
IC6, IC9-LM565N PLL IC
IC7, IC10-74C93 4-bit binary coun

ter
IC8, IC11 ,IC12- TL081 wide-band

width JFET-input op-amp

Fig . 5. There are four circui ts- two
for hori zontal and two for vertical.
Hori zontal square-wave pul ses at the
junction of C25 and C26 are differen
tiated by C25 and R28. Therefore, Q I
is momentaril y forward biased during
sync intervals, and C33 is thus dis
charged throu gh R29. When QI is cut
off, C33 charges toward + 5 volts
through R30 until discharg ing again
at the next sync pul se. Q2 and R31
form an emi tter fo llower to in terface
the waveform, whic h is a sawtooth of
about 1- 2 volt s at the horizontal fre
quency, to HORIZONTAL PATTERN SELECT

switch, Sl .
Yert ical sync pulses (very short and

negat i ve-going) are di rectl y inte
grated by R60 and C42, and Dl pro
v ides a di sch arge path . Em i tter
follower Q6 and R61 feed S2, the

IC13, IC21, IC22-LM318N op-amp
IC17-IC20-C0 4053B analog multi-

plexer/demultiplexer
IC301- LM7812 12-volt regulator
IC302-LM7805 5-volt requlator
IC303-LM7905 - 5-volt regulator
01, D100-1N9'14B diode
0301-0303-1N4007 rectifier diode
01 - 0 3,05, 0 6, 0 101 , 0 103a-f,

0105-2N3904 NPN transistor
04,0102, 0 104a- f-2N3906 PNP

transistor
Other components
L1 - 2.2 mH coil
T1-120VAC/24VAC, 500 mA trans-

former
J1-J10-RCA jack
S1-53-SPOT switch
S4, 810, S11-SPST switch
S5-89-SPOT with center off
Miscellaneous: project case, wire,

line cord, solder, etc.

Note: A partial kit consisting of the
two PC boards and only the
parts that mount on them is
available from North Country
Radio, PO Box 53, Wykagyl Sta
tion, New Rochelle, NY10804, for
$137.50. The kit does notcontain
any of the parts that mount off
the board, such as the switches,
control potentiometers , RCA
jacks, power supply compo
nents, project case, etc. A set of
two PC boards is available sepa
rately for $27.50. Add $2.50 to
either order for postage and
handling. New York residents
must include sales tax.

VERTICAL PATTERN SELECT switch.
The tri angle waves needed to pro

duce keying waveforms are obtai ned
from PLL circ uits IC6, IC7, and IC8
for hori zontal , and IC9, ICI O, and
IC II for vertica l. Only the hor izontal
circuitry w i ll be discussed, as the two
are simi lar except for component val
ues, and their operation is identical.

Hori zontal sync is fed through C26
to an LM565 PLL , which isbiased by
R32 and R33, and supply bypassed
by cn and C30 for the ± SY lines.
C28 is a loop fi lter capacitor and C29
suppresses spurious responses. The
YCO frequency at pin 8 is nominall y
126 kHz (480 Hz for the vert ical cir
cuit). It is set by R34, R35, and C3 1.
The YCO output at pin 4 of IC6 is fed
to the pin- S input of IC7 , a 74C93
four-stage counter. Only three stages
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are used to get a divide-by-8 . The
divide-b y-8 output (lC7 pin 12) is fed
back to IC6 pin 5 , the phase detector
input. Therefore , under lock condi
tions, the YCO frequency at pin 9 will
be 126 kHz (8 X 15.74) and will be a
triangle wave. IC8 is a buffer ampli
fier and delivers the triangle wave to
51.

Potentiometer R49 is a mixer con
trol that taps any combination of two

out of the four available waveforms
(Y, 8Y, H , and 8H). The result ant pro
portion can be varied to achieve vari
o us key patte rn s. Th e resu lting
waveforms are fed to compara tor lCI 3
via R50.

ICI 3 is biased to a threshold by a
DC voltage from 53 and voltage di
vider R46-RR48, or by a slowly vary
ing DC voltage from pin 6 of ICI2 , as
selected by S3. The output of IC13

feeds Q5 via R52 and R53. The out
put Q5 is a square wave whose duty
cycle depend s on the signals for S3
and R49 . It is used to dr ive the keying
switches in the video mixer circu it.

We' ll co ntinue next month with
further descriptions of the keying cir
cuits. Then we' ll move on to co n
struction detail s and present printed
circuit pattern s , troubl eshoot ing in
formation, and more. R-E
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R-C
DBCADE

BOX

Tweak your circuits to perfection
using our RC decade box.

MICHAEL A. LASHANSKY

IF YOU DESIGN YOUR OWN PROJECTS ,

you've probably waded through a sea
of resistors and capacitors, looking
for one that makes a circuit work; if
not, you're lucky, Many professionals
use resistor or capacitor decade boxes
instead , Suppose the problem is an
op-amp feedback resistor, but you're
not sure . You can substitute the de
cade box into the circuit. By setting
different values , you can mon itor per
formance for the right value . Most
resistor versions cost about $ 100 , and
capacitive versions about $200. Ours
costs a fraction of that , and can either
replace resistors or capacitors , or let
you create a series or parallel RC net
work.

Resistor subst itut ion
Figure I shows the decade box

schematic . Note that rotary switches
SI-S6 are in series, with the pole of
each connected to the .first position of
the next. As they're rotated over posi
tions 0-10, an addi tional resistor goes
in series , At position 10, the total is
the sum of all resistors connected, and
zero at position O. Each switch is an

increasing power of 10, hence the
term "decade box". So , SI-S6 cover
100 ohms (ten IO-ohm resistors), IK
(ten 100-ohm resistors) , 10K, lOOK, I
Megohms, and 10 Megohms; a total
of IUI ll Megohms .

Any value can be selected from 10
ohms to Il.llll Megohms, with a
minimum step of 10 ohms . If you'd
like to have I-ohm steps , use I-ohm
resistors for S I, 10-ohm resistors for
S2 , 100-ohm resistors for S3, etc ., up
to lOOK resistors for S6, for a total of
I. IIIII Megohms in I-ohm incre
ment s . All resistors must be I% toler
ance , and fuse FI provide s current
protection . The worst case in terms of
power dissipation occurs with a single
Y4-watt lO-ohm resistor, shown in Fig .
2 . If more than one resistor is used,
power-handling capability increases
by 250 mW times the numb er of se
ries resistors, so five Y4-watt version s
will handle 1.25 watts .

Capacitor substitution
The capacitor section of the RC

decade box connects all selected ca
pac itors in parallel, since capacitors
in parallel add in value . The ranges of

switches S7-S12 decrease in order of
magnitude by a factor of 10, as the
switch number increases; the total
range is 100 I-LF-IO pF. An open termi 
nal on each switch (position 0) pro
vides a way to eliminate the capacitor
for that switch from the parallel com 
bination, so that a parallel combina
tion of up to six capacitors can be
selected .

Suppose that an LC tank oscillator
has a known resonant frequency with
a 0 .022 I-LF capacitor in place . Since
the resonant frequenc y of an LC tank
is: f = 1I2:rrvIT, then f is inversely
proportional to the square root of both
Land C. If you set S9 to 0 .022 I-LF and
turn SIO to 0.0015 I-LF, the total capac
itance is 0.0235 I-LF, which isn 't a
sufficient difference to cause a change
in frequency. Turning SIO to 0.0022
I-LF gives a total capacitance of 0 .0242
I-LF, which is sufficient to decreases
the oscillator frequency.

Thus, the upper capacitance value
the oscillator can tolerate and which
is within the resolution of the decad e
box to provide is 0.0235 I-LF, 5%
above 0 .022 I-LF. To find the lower
capacitance limit, set S9 to the 0 .015
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Filter networks
In addition to variable resistance or

capacitance values, our decade box
can configure RC networks using

find them, make your own'from polar
ized versions; Fig. 3 shows how. The
diodes you lise depend on the power
you want the decade box to be able to
handle; for small-signal, you should
lise something like a IN4l48; for
higher power, you should lise a
lN4001 . Electrolytics have poor toler
ances, 50% variat ion being common,
so be careful. Those used in the pro
totype were within 10%.

c

FIG. 3-CREATE A NONPOLARIZED ca
pacitor from two polarized types, using
1N4148diodes for small-signal purposes,
and 1N4001 rectifiers for higher power.

b

e

R....
VT'"

a

d

Rv.-.

1 R 6

L:=r
FIG. 4-THE VARIOUS CONFIGURATIONS are set using S13: (a) resistor only and (b)
capacitor only (both in position RIC); (e) series RC (position SER); (d) parallel RC (position
PAR); (e) Low-Pass Alter (position LPF); and (f) High-Pass Alter (position HPF). The terminal
numbers listed are those of binding-posts BP1-BP6.

guarantee that one terminal on the
decade box will always be positive
and the other always negative , you
need to use them in order to prevent
the possibility of damage . If you can't

l,rnA

/-LF, and decrease S10 now, instead of
increasing it as before . Individual ca
pacitor tolerances determine the ac
curacy of the capacitive section , just
like for the resistive section . The pro
totype capacitors were selected using
a capacitance meter; use only 5-10%
tolerance or better.

If you can't find a specific value ,
combine two or three capacitors in
parallel until you get close enough to
the right value. You should stay away
from ceramic disks. Many catalogs
list ceramic disks at 10% tolerance ,
which isn't really bad, or even 20% or
+ 80%- - 20% ofrated value . If you
don't use a capacitance meter, you'll
never be sure you're using the right
values. The best are silver mica, poly
propelyne., metallized polyester, or
military ceramic; all have 5% toler
ance, and some 2% or better.

Finding 2.2-100 /-LF nonpolarized
electrolytics can be somewhat diffi
cult. Since you may not be able to

FIG. 2-CURRENT VS VOLTAGE CURVE for V4-watt resistor dissipating 250 mW.

TABLE 1-DECABOX TERMINAL CONNECTIONS

Configuration S13 Position IN/GND OUT/GND

Resistance RIC IN: BP1 OUT: BP2

Capacitance RIC IN: BP5 OUT: BP6

Series RC SER IN: BP1 OUT: BP6

Parallel RC PAR IN: BP1 OUT: BP6

Low Pass Filter LPF IN: BP1 OUT: BP6
(Integrator) GND: BP3 GND: BP4

High Pass Filter HPF IN: BP6 OUT: BP1
(Differentiator) GND: BP3 GND: BP4

S13, as in shown Fig. 4 . The listing of
which terminals correspond to what
function appears in Table I. The dif
ferent filter functions are as follows:
• Position RIC (Fig . 4-a) is pure resis 
tance or capacitance mode. The resis 
tance is between binding-posts BPI
and BP2. the capacitance between
binding-posts 5 and 6.
• Position SER (Fig . 4-b) selects a se
ries RC network between BPI and
BP6 .
• Position PAR (Fig . 4-c) selects a par
allel RC network between BPI and
BP6 .
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PARTS LIST

2"----1--2"- "1---2"----+--1,,~
8 ,, -----------~

1--1 i7"-1-1"-!- ,"-1- 1 "-+- 1" -1- 1"-1---1Y," - I

FIG. S-WHEN YOU DRILL THESE HOLES, mak e su re the drill bit dosen't wander or the
hotes won't perfe ct ly li ne up.

C43-330 pF
C44-220 pF
C45--150 pF
C46--100 pF
C47-82 pF
C48-68 pF
C49-56 pF
C5D-47 pF
C51-39 pF
C52-33 pF
C53-22 pF
C54-15 pF
C55--10 pF
Other components:
S1-S12-SP12P rotary switch, Radio

Shack 275-1385
S13-2P6P rotary switch , Radio

Shack 275-1386
BPi-BP6--nylon binding posts, Ra

dio Shack 274-662
Fi-125 mA fuse
Miscellaneous: Panel-mount fuse

holder (Radio Shack270-362), un
dri lled case (GC Electronics
B-00210BG-BR) , knobs (Rad io
Shack 274-416), 20-22-gauge sol
id hookup wire.

Notes: A complete kit of parts with
all resistors, capacitors, switch
es, binding posts, fuse holder,
hookup wire, case, and knobs is
available from Tristat Elec
tronics, 66A Brockington Cres,
Nepean, Ontario Canada, K2C
SL1. Please specify the range of
resistors and the wattage rati ng
desired, whether Y4-, Y2-, or 1
watt versions. Kits are $110.00
with Y4-watt resistors, $120.00
with Y2-watt resis tors, and
$130.00 with 1-watt resi stors,
with an additional $7.00 sor
shipping/handling. US funds,
please.

Construction
Keep wiring and component leads

as short as possible . Long wires only
continued 0 11 page 79

• Position LPF (Fig. 4-d) se lects an
RC Low-Pass Filter (LPF) or inte
grator, with input between BPI (sig
nal) and BP3 (ground) , and output
between BP6 (si gnal) and BP4
(ground).
• Position HPF (Fig. 4-e) creates an
RC High-Pass F ilter (HPF) or dif
ferentiator, with input between BP6
(signal) and BP3 (ground) , and out
put between BPI (signal) and BP4
(ground).

Ci7-Q.22 J..lF
C18-0.15 J..lF
C19-0.1 J..lF
C2D-O.082 J..lF
C2i-Q.068 J..lF
C22-0.056 J..lF
C23-0.047 J..lF
C24-0.039 J..lF
C25--0.033 J..lF
C26--0.022 J..lF
C27-Q.015 J..lF
C28-0.01 J..lF
C29-0.0082 J..lF
C3D-O.0068 J..lF
C31-0.0056 J..lF
C32-0.0047 J..lF
C33-0.0039 J..lF
C34-0.0033 J..lF
C35--0.0022 J..lF
C36--0.0015 J..lF
C37-1000 pF
C38-820 pF
C39-680 pF
C4D-560 pF
C41-470 pF
C42-390 pF

All resistors are Y4-watt, 1%.
R1- R1D-1 0 ohm
R11- R2D-100 ohm
R2i-R3D-1000 ohm
R31-R4D-10,OOOohm
R41-R5D-100,OOO ohm
R51-R6D-1 megohms
Capacitors, nonpolarized

electrolytics, 10%.
C1-100 J..lF
C2-47 J..lF
C3-33 J..lF
C4-22 J..lF
C5--1 0 J..lF
C6-6.8 J..lF
C7-4.7 J..lF
C8-3.3 J..lF
C9-2.2 J..lF
Capacitors; military ceramic, 5%
. C1D-1 J..lF
C1i - 0.82 J..lF
C12-Q.68 J..lF
C13-0.56 J..lF
C14-0.47 J..lF
C15--0.39 J..lF
C1 6--0.33 J..lF
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ed for automobile use , with added
circuitry that provides it with an out
put that can be fed directly into a
personal computer. That makes it
suitable for app lications suc h as a
computer-controlled mode l airplane,
an automobile navigation ass istan t, or
a video camera that intell igen tly films
your journey.

THERE IS NOTH ING MORE FRUSTRATING periment from our grammar school
than not knowing where you are go- days.
ing. Co nsider ancient mariners , ner- Of course modern technology has
vously navigating mys terious waters, overshadowed our fir st experience
unsure of what lay ahead in the ir with the compass. The compass de-
travels. They soo n learned to read the sign met a majo r mi lestone when the
heavens and were eventually ass isted gyro-s ta bilized remote- indicating
by the mysterious powers of the navi- co mpass was intro d uc ed d uring
gational compass. Now co nsider the World War II. Sudde nly, navigation
mod ern mobile ro bo t, un sure of was automated , free ing the pilot from
where it is go ing, anx iously prodding routine maneuvering . But modern Magnetohydrodynamics
with tactile sensors and acou stic rang- techn ology has further improved on The iron-nickel core of our planet
ing equipment. It , too , is a little re- that massive elec tro-mechanical de- generates a weak magnetic field . The
lieved by the information contained in vice, and now there are new, afford- phenomenon is due to a large moving
its co mpass system. All of us have able alternatives for your next robotic and highly conductive liquid mass in
probably experienced the utility of a project. Earth's core . The study of rnagne-
delicatelybalanceo magnetic neeclle ,- - - We- introouce our Di'gi =Co""n:::l:::p'""'a""'ss::---'tohydrodynamics (MHD) suggests
carefully suspended on a cork floating project. Actua lly it's a Radio Shack that by applyi ng an electrica l current
in water-a most typical compass ex- electronic flux-gate compass, intend- under those conditions, a mag netic

DIGI·COMPASS
Is your house rotating...what about your computer?

THOMAS E. BLACK
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FIG.2-INSIDE THE FLUX-GATECOMPASS, the sine and cosine voltage outputs are used
to steer an air-core resolver.

Digi-compass interface
Because the Digi-Compass mu st

have as universal a computer interface
as poss ible, it is designed to be used
with an IBM PC or compatible, and
communication to the compass oc
curs throug h the standard LPn ,
LPT2, or LPT3 printer ports . The
software is provided as a learni ng
too l, and it would not be difficult to
adap t the Digi-Compass to any com
puter that has four available I/O lines .
The two programs available for the
Digi-Comp ass provide both a graphic
disp lay of com pass direc tion as well

" square" saturation curve. The com
binat ion of materials and winding di
rection prevent the drive current that
is induced into the saturation-control
windi ng from being picke d up by the
sen se windi ngs . Exte rnal circ ui try
also protects against that condition,
which would cause measurement er
rors . Extra windings and circ uitry can
be added to minimize magnetic in
cli nat ion-bulky gyro mech an isms
contain a simi lar feature.

The two quadrature signals pick up
magnetic pulses that are related to the
sine and cos ine of the surrounding
mag netic fields. Exte rnal circui try
switches the control winding on and
off at a low frequency, and the result
ing ratios of the integrated sine and
cosine output voltages provide the
data necessary to interpret direction .

Inside the flux-gate compass, the
sine and cosine voltage outputs are
used to steer an air-core resolver (see
Fig. 2). The reso lver co nsists of a
pointer and magnet , both attached to a
freely rotating axle. Surrounding the
magnet are two coi ls oriented at right
angles with one another. The magnet
will align itself with the vector sum of
the two magnetic fields generated by
the coils, which is a direct product of
the currents applied to them. There
fore , by varying both the polarity and
magnitude of the coil voltages , the
axle assembl y can be made to rotate a
full 360 degrees.

The compass was intended to be
mounted in a environment with some
vibration (car, boat , etc .) to aid the
movement , as it tends to stick . While
sitt ing on your workbench, the com 
pass may have to be tapped occasion
a lly whi le mov ing the se nsor.
Fortunately, our digital interface ig
nores the position of the electro-me
chanical movement, so it does not
suffer from that mecha nical problem.

L1 -b
AIR-CORE
RESOLVER

L1 -a
AIR-CORE
RESO LVER

1~~~lli~~~~SIN EOUTPUT
-0

FIG. 1-A TYPICAL FLUX-GATE magne
tometer is constructed by wrapping con
trol, sine, and cosine windings on a
toro idial core.

Unsa turated mag net ic material will
pull in magnet ic flux lines , whereas
saturated material will not (it com 
pletely ignores magnetic fields). So ,
if you gate Earth 's magnetic fields
into and out of saturation, they will
alternately be concentrated and ig
nored. If you place a sense winding
near your mag netic material, you can
measure the strength of Earth's fields
entering or leaving the material. 1}1e
magn itude of the signal is propor
tional to the Earth's fie ld strength
along the axis that has been sensed.

As shown in Fig. 1, a typical flux
gate magnetometer is constructed by
carefu lly wrappi ng control, sine, and
cosine winding s on a toroidia l core (a
don ut-shaped core made of iron parti 
cles). The sine and cosi ne wind ings
give us quadrature outputs, which are
analog outputs that are separated by
90 degrees. The toroidial core must be
carefully c ho sen for the proper

Flux-gate magnetometer
There are a number of different

methods used in modern solid -state
compasses , but one of the mos t prac
tical is the flux-gate magnetometer .
Although the difficulties in building
such a device have eliminated by inte
grating an off-the-shelf flux-gate au
tomotive co m pass into the Digi 
Compass, we will discuss the theory
behind the device .

Many magnetic materials exhibit
linear magnetization up to a certain
flux level. At that point they saturate
and lose their magnetic properties.

r---------FRONT COM PASS- PCB- - - - - - - --,

I TO SINE R9 Vee .---- - - - -----r- -I SIN SIG >
: INTEGRATOR 5.1 K 3 R25 WIRE ADDED TO

COMPASS PCB
I R21 lOll
I
I 10K

r- -------, Vee
I REAR : ~
I COMPASS W

+12VOC ) >--t-- - - - ------- - - ---iIVACS PCB VCl 1+ aVDC

GN O > ~GNO A_GN OF-1¥DC II '- :1 "vAl I
~_______________ _ ------J

field is produced (converse ly, apply
ing a magnetic field will produce an
electrical current). The magnetic field
is what cause s compasses to point
North.

It should be noted that magnetic
Nort h is somewhat different than true
North (due to what's called magnetic
decl ination), and it may even wander
over time. It is also dependent on your
geographical location. You can deter
mine the difference between magnetic
North and true North by consult ing a
US Geological Survey (USGS) to 
pographical map. True declination is
computed as:
(Map-indicated declination + (an
nual dri ft rate X (curre nt da te 
mappublish date)))

There is also a magnetic inclina
tion, which is the vertical component
of Earth's magnetic field . Compass
accuracy can be severely affected by
its horizontal position , so it is impor
tant to keep your compass as level as
possible .
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Vee

R19
10K

VeeRIO
lK

Q1
2N222Z

,..--_........ _._- .... Vee
S.O V
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lK

Rll
lK "::"

RIS
R13 10K
lK

R6 Rill
10K

ClK lK -= MIN
DATA LIMITRl2
SEl lK

COS SIG

Jl SIN SIG R22
DB25 MI CRONTA 2700

CO MPASS
+ 12V ------
GND + 12V

Fl-= 3AG ¥.A

FIG. 3-SCHEMATIC OF THE DIGITAL-COMPASS INTERFACE. Two signals taken from the
compass (cos and SIN) are use to generate direction-related data , which is then fed into a
computer.

as a simple text-only display of direc
tional degrees (from 0 to 360).

The int erfac e circuitry used to
monitor the compass's output is rather
simple . All that is required is an Ana
log-to-Digital Converter (ADC) for
each compass output. To keep the
cost down , only one eight-bit ADC is
used , and it is mult iplexed between
the two outputs. The eight-b it resolu
tion of the ADC is adequate for the
chosen off-the-shelf co mpass, and it
provides more than two degrees of
resolut ion . In order to use a standard
IBM -comp atible printer port with its
limited I/O lines, a seria l ADC that
needs only four I/O lines was used
(twice as many would be requ ired on a
typical eight-b it ADC).

As shown by the interface sche
matic in Fig . 3, the printer port is
connected to the Digi-Com pass inter
face circuitry by four opto -couplers .
They provide some isolation between
the computer and the compass but,
most significantly, provide a high de
gree of noise immunity on long cable
distances, which can typically exceed
25 feet.

The COS/SIN con trol line is used to
switc h between the sine (Y) and the
cosine (X) comp ass output voltages .
When the cont rol line is high , the
cosine voltages are available to the
ADC, and when it is low the sine
voltages are available.

With COS/SIN high (cosi ne mode),
the analog switch ICI-c is on and ICl 
a is off. Op- amp IC2-a is a used as an
inverter-a somewhat abstrac t use for
the device . The cos ine voltage from
the co mpass is attenuated by R8 and
RIO before be ing passed by ICi-a. It
is important to limit the compass volt
ages to less than 5-volts DC, or lin
earity will suffer. Whe n COS/SI N is low
(sine mode), ICI-c is off and ICl-a is
on, and attenuation is provide d by
Rl 2 and R13.

Gain control over the switched sig
nal is provided by IC2-b before it is
passe d to IC3 (the TLC548 ADC),
and it sets the minimum voltage ap
plied to IC3 . However, IC3 could be
damaged if the analog input voltage
excee ds Vee +0 .3 volts DC , but by
using 6 .8-volts DC to power the op
amp we have avoided the co ndition.

The LM324 op -arnp's output ca n
swing only to VDD - 1.5-volts DC, so
as long as VDD remains at or below
6.8 volts , no trouble will arise . The
LM324 output can also go as low as 0
volts, a must for extending the dy
namic range of the input. Be fore
warned ; other op-amps will behave
differently, so be sure to observe that
requ irement .

As ment ioned before , the ADC is a
seria l device . That mean s that the
data, which is in single-bit form , is
presented to the host computer over a
series of host-provided clock cycles .
It is up to the host to repack the data
bits into byte form, a process that is
performed in software. There are con
siderab le hardware advantages to
using that type of device, but such
ADC's are not useful in high-speed
applications due to the overhead in
handlin g their data output.

The ADC (IC3) requires two refer
ence voltages, a clock , and a select
line . The two reference-voltag e inputs
set the analog input thresholds that
result in minimum and maximum dig
ital outputs (0 to 255 decimal). As we
will see during calibration, Rl7 and
Rl 8 are adjusted to set those limits .
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Build Your Electronics Skills-Join Now!
An A bsolutely No-Risk Guarantee.

FREE when you join!
Here's 15 Easy Electronic Projects
From Delton T. Horn

Projects you can bu ild-some unique,
some old favorites-from the author's
vast treasury of electronics know-h ow .

(a $7.95 value!)

1&110nT. Horns
All-TimeFavorite

Electronic Projects

IJ
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
publishers ' price. • Bonus Books. Starting immedi
ately, you will be eligible for our Bonus Book Plan, with
savings of up to 80% off publishers ' prices. • Club
News Bulletins. 14times 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 Order. 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 Guarantee.
If not satisfied with your books, return them within 10
days without obligat ion! • Exceptional Quality. All
books are quality publishers ' editions especially
selected by our Editorial Board.
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billing me $4.95 plus shippi ng and handl ing charges. If not satisfied, I may return the books •
wi thin ten days withou t obligation and have my members hip canceled . I agree to purchase at •
least 3 books at regular Club prices (plus shipp ing and hand ling) dur ing the next 12 months •
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FIG. 4-THE RS-232 MODULAR JACK ADAPTER is wired as shown here. The capac itor
will fit inside of the adapter.

All resistors are Y4-watt, 5%, un-
less otherwise specified.

R1-R3, R21-150 ohms
R4-R8, R1D-R13, R2o-1000 ohms
R9, R14-22,000 ohms
R15, R19-10,000 ohms
R22-270 ohms, 1/2 watt, 10%
R16-R18-10,000 ohms, 15-turn

trimmer potentiometer
Capacitors
C1-C3, C5-1OfLF,16volts,Tantalum
C4-100fLF, 35 volts, electrolytic
C6-470fLF
Semiconductors
IC1-CD4066 quad switch
IC2-LM324 quad op-amp
IC3-TLC548 serial ADC
IC4-LM7805 5-volt regulator
IC5-IC8-MCT2E opto coupler
Q1-2N2222 NPN transistor
D1-1N4001 1-amp, 50-volt diode

(see text)
D2-6.2-volt,1-wattZenerdiode (see

text)
Other components
J1-DB25 modular-jack adapter
F1- %-amp fuse
Miscellaneous: Plastic cabinet (pro

totype used 4 x 27116X 11;16 inches),
12 VDC 1A power supply, Micronta
high-accuracy auto compass, wire,
sockets, perfboard, etc.

PARTS LIST

own once you take the comp ass apart .
Once inside the comp ass, find the

8-pin DIP IC (lC2 in Fig . 2) on the
beze l-mounted circuit board marked
" JRC3415" or "NJM3415" (R23 is
right next to it on the PC board). Pin 7
of that IC is the cos SIG output and pin
1is the SIN SIG output. Solder a labeled
lO-inch 26AWG wire to each pin , and
trim as necessary.

Find the 3-pin power connector at
the rear of the horizontal PC board .
Solder a 22AWG wire for + 12-volts
DC and one for ground directl y to the
pins-+ 12 is the middle pin and
ground is the one toward the center of
the circuit board (ignore the outer un
used pin) . You can double check for
+ 12and ground , as well as continuity
in the newly installed power wires by

- temporarily plugginginthecompass's
factory cigarette-lighter plug and ver
ifying proper voltages. Now you can
remove the cigarette-lighter plug and
throw it in your junkbox.

Pass the four new wires out of the
compass cabinet through one of the
vents on the bottom. Re-assemble the
compass , being careful not to crush
any wires . Temporarily connect + 12
volts to the new power,wires, and ver-

/

PIN 3

PIN 4

PIN 2

PIN 15BlK

BlU

WHT

RED

6-PIN
PHONE
JACK t---'-'--"-'----'-"-'--=----i I

'------..v,------"
RS-232
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JACK ADAPTER
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L - - - - - - - - - - - - -'f -{
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r--------, YEl
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Construction
The Digi-Compass interface is suit

able for perfboard con struction using
point-to-point wiring techniques. The
prototype is mounted in a plastic en
clo sure (metal could affect the flux
gate sensor), which is attached to the
bottom of the compass and serves as a
base . If you mount the interface sepa
rately from the compass , use shielded
wiring and keep the cable as short as
possible .

If you intend to operate the inter
face board more than ten feet from
your computer, you should mount IC5
and R20 at the computer end, perhaps
inside of the DB-25 's housing . That
may not be necessary, depending on
the environment the cable will be in .

Be sure to use sockets on the IC's
ju st in case you need to replac e one
later. The voltage regulator does not
need a heat sink , and a 6 .8-volt Zener
diode can be used instead of the 6. 2
volt Zener (D2) and IN4001 diode
(Dl) combination shown. Just make
sure that you use a 12-volt DC power
supply that can deliver at least 750
rnA.

Co nnecting the interface involves
dismantling the compass . Insertin g a
coin or a masking-taped screwdriver
blade into the left and right sides of
the bezel's groove and carefully twi st
ing will allow the bezel to pop off. Of
course you have ju st violated the com
pass's warranty, so be sure that it
works correctly before you dismantle
it. Remember that you are on your

DIGICOMPASS
INTERFACE

BlK DATA

RED
COS/SIN

6-CONDUCTOR PHONE CORD -..-::'""---

+ 12

SEl C}-'=----'

ClK ()-'-'-'-'-'-----'

The host then scales the digital num
bers into meaningful unit s such as
"volts," but that doe sn't involve the
Digi-C ompass.

Conversion of the input voltage is
initi ated when the ADC's active-low
cs line (chip select) goe s low. The
ADC then waits for two rising edges
and then one fallin g edge of the CLK

line be fore recognizin g th e cs
condition (the delay debounces the cs
input ).

The most-significant bit (D7) then
appe ars on the ADC's DATA OUTPUT

line . The next seven clock pul ses shift
out the remaining bits, highest to
lowest. The computer control s the
clock and select line throu gh one of
the LPT printer ports , as we men
tioned previously.

It is important to note that the data
shifted out represents the voltage that
was latch ed during the previou s co n
versio n. On the fourth fallin g edge of
the clock the ADC samples the input
voltage, which is not available until
the next acquis itio n. Th at is not a
problem if you continuously access
the ADC, but in an input mult iplexing
mode such as that used in the Digi
Compass, you must always read the

en ADC twice , throwing out the fir stoz measurement.
~ In ideal applications , the TLC548o can provide co nversions in less than
~ 25 micro seconds. However, in thi s
6 proj ect , acqu isition is deliberately
o much lon ger due to limited band 
C2 width of the opto-couplers .
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FIG. 6-THIS IS WHAT YOUR COMPUTER'S SCREEN will look like when operating the
digital compass.
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continued on page 82 (0

the compass needle using geometry
based on the X and Y values. It shows
compass direction in the form of a
pivoting compass needle. The analog
mode is capable of displaying both
direction and magnitude of Earth's
magnetic fields. While in the analog
mode, if you rotate the flux-gate sen
sor off the horizontal plane you will
see the compass needle length shrink
and grow. The longer the needle
length, the greater the magnetic field.

There is considerable loss in ac
curacy while in the analog mode due
to the software method in plotting the
needle. The analog mode converts the
X and Y values to Cartesian coordi
nates based on fixed center. The ac
curacy of the analog mode is only fair
at best, but could be improved by
optimizing the code. The angle value
and the digital mode's compass nee
dle are displayed with accuracy that
exceeds the compass's electro-me
chanical movement. You can display
both the digital and analog needles at
the same time while in the Both
mode.

The number of data acquisition
averages can be changed by pushing
the "" keys. When the average is at
the minimum value of zero, the X, Y,
and angle values will be somewhat
unsteady. The values become in
creasingly more stable as you move to
the maximum of thirty-one , but ac
quisition time will be very slow. The
default of four is fine for most of the
applications.

I

11:000 \':255
11I..,.1.: 3t5

"Dele: D

AU'P: ...
Port: LPT2

FIG. 5-HERE'S WHAT THE INSIDE of the
adapter looks like.

"LPT3" as the only argument to the
program. Be sure to input a port name
that is installed in your computer, or
the program will not execute (appro
priate error messages are echoed).
Standard command-line syntax is:
COMPASS LPTn, where "n" is the
printer port desired (1, 2, or 3).

The data display in COMPASS .EXE

provides current acquisition informa
tion. The X and Y values indicate the
digitized cosine and sine values from
the compass interface. The "angle"
value is the number of degrees from
North in the clockwise direction. It is
interesting to note that North is both 0
and 360 compass degrees, depending
on your heading.

The "mode" value shows when
you are in the Digital, Analog or Both
mode; it can be changed by pushing
the "D," "A," or "B" keys. The
digital mode is the default and it plots

Software
Software is supplied in both com

piled and ASCII text source code
forms, and it is available for free as an
archive file (COMPASS. ARC) on the RE
BBS (516) 293-2283. The source
code should provide sufficient exam
ples as to the methods used to access
and convert the Digi-Compass data.
Because of the graphics code in
COMPASS.C, you may find the simpler
TEXTCOMP.C source much easier to
read. The two programs are meant to
get you started in developing your
own applications.

There is a graphics-based program
and one that relies strictly on text out
put. As shown in Fig. 6, COMPASS.EXE

produces a likeness of a handheld
compass. The program requires an
EGA graphics adapter and monitor,
or a CGA adapter that can display the
CGA high-resolution monochrome
mode.

There are some clever features in
cluded in COMPASS .EXE. On startup,
the program will attempt to automat
ically choose the printer port by exer
cising all of the BIOS configured LPT
ports. Ifa properly operating compass
is found, the respective printer port is
selected . You can skip that feature by
incl uding "LPn," "LPT2," or

ify that both the sine and cosine out
puts vary from about 1.5-7 .5 volts as
you move the sensor in different direc
tions. Do not allow the two outputs to
touch each other, power, or ground,
and don't be concerned if your com
pass doesn't quite reach the men
tioned voltages; they may be within a
volt or two.

The DB-25 connector used for the
prototype is actually an RS-232 mod
ular jack adapter; its a male DB-25
connector on one side, and a 6-pin
phone jack on the other. The DB-25
side plugs into your computer, and a
6-pin phone cord plugs into the jack
side; the other end of the phone cord
is wired to the interface circuitry. The
green wire is used for + 12, the yellow
wire is ground, and the other four are
for COS/SIN , CLK , DATA, and SEL. The
prototype's color coding is shown in
Fig. 4, but it doesn't matter as long as
you connect the proper points in the
interface circuitry to the proper pins
of the DB-25 connector. A pho
tograph of the finished adapter is
shown in Fig. 5. Don't forget to install
the 470f.LF capacitor (C6) inside the
adapter.
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BRIAN PHELPS*

When servicing CD players, you need a good understanding of
CD operation and basic troubleshooting ability.
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TH E CONTEST BETWEEN COMPACT DISK

(CC O) player s and phonographs is
headed in the same direct ion as cas
settes and 8-tracks. The quality, ver
satility, and simplicity of CD 's make
them ideal for audio. First introduced
in 1983 , CD growth has been com
parable to that for VCR's, and all mar
ket in dicato rs point to cont inu ed
success . Lower prices and availability
of disks has sparked a sales boom
since 1985 . With the large number in
use , service shops need repair tech
niques. This article will examine CD
basics , key stages to analyze, and test
instruments .

CD basics
Discs are single-sided , store about

70 minutes of stereo audio, are played
fro m the underside , and are read
using laser pickups. Tracks begin
near the disc center, and move out
ward as a program plays. The infor
mati on is record ed as micro scopic
surface variations (pits and flats) rep
rese nting Pul se Co de Modulation
(PCM) audio, sync, and ID informa
tion . Audio is sampled at 44 .1 kHz .
Each sam ple undergoes lti-bit AID
conversion, giving a theoreti cal 98
dB dyn ami c ra nge (mos t manufac
turers claim 90-95 dB).

A CD player 's laser pickup is never
in physical contact with the disc , giv
ing extreme accuracy, and no deterio 
ratio n or mechanical noise as with
reco rds . The CD player carrie s sepa
rate stereo channels, but interlaced on
a single track changing at fixed time
interval s . The CD keeps step with
those changes , and maintains high in-
*Brian Phelps is a tec hnica l writer for Sencore
Electronics.



TABLE 1- SENCORE RECOMMENDED CD TEST EQUIPMENT

Type Requirements Sencore Gear Tests

Dual Trace Scope Bandwidth: DC-60 MHz SC61 Waveform Clocks, Counters, D/A
Sensitiv ity: 50 mV Analyzer Converters, Audio , Power

Supplies, Laser Diode, PLL's

Frequency Counter Range: 250 MHz FC71 Frequency Clocks , PLL's, Osci llators
Sens itivity: 20 mV Counter

SC61 Waveform
Analyzer

Audio Tester Frequency: 0-15 kHz, variable SG80 Stereo Generator For audio injection
Amplitude: 0-3 V VA62A Video Analyz er

Digital Voltmeter Amplitude: 100 mV-1 kVDC DVM37, DVM65A Power Supplies , Sled Drive,
Sensitivity: 1 mV Voltmeters Resistance , Signal Amplitude
Accuracy: .5% -

AC Leakage Tester 500 uA capabili ty PR578 "Powerite" To test for AC line leakage to
Isolation Transformer metal case

Audio Tester Line level PA81 Stereo Analyzer To monitor quality and level of
line outputs, and test audio
stages

Variac Isolation type, 0-140 V AC, PA57 "Powerite" Power supp ly troubleshooting
variable with line monitor Isolation Transformer and proViding isolation

FIG.1-USE A UNIVERSAL BLOCK DIAGRAM whenever troubleshooting, whether you're
work ing on a CD player, VCR, or TV.

LASER
POWER
SUPPLY

terchannel isolation above 90 dB . The
optical pickup is focused on the disc
surface by an objective lens , which is
part of the pickup assembly.

As a disc is played, the beam fol
lows the track by a servo-operated
pickup motor. There are two basic
pickup types ; in one, the optics are

R

I

mounted at the end of a rotat ing arm
that moves from the center of the di sc
to the edge . In the other, a motor
driven slide or sled assembly is used .
The output from the low-power laser
diode is focused on the disc surface by
the objecti ve len s . Refl ected light
from the surface variations (low for

pits, high for flats) passes through the
optics into infrared photodiodes . The
photodiode signal is what is then used
to reproduce the original audio .

Tracking
Two error-signal sub-beams are

produced by routing the laser through
a glass diffraction grating ahead of
and behind the main beam. After re
flection from the disc, each is routed
through the optic s to photodetector
diod es. The error signal from the two
sub-beams is converted into an elec
trical signal and fed to an error-signal
amplifier. If the disc tracking is pre
cise , the error-signal amplifier output
is zero. The slightest radial tracking
error causes the input differential be
tween the right and left error signals
to produce an output , fed to the radial
tracking servo . That moves the object
lens in order to correct the main-beam
position .

Signal processing
Figure I shows a typical CD -player

block diagram . The laser is applied to
the disc optically, and reflected into
photodiode detectors to produce au
dio , tracking , and focus signals . The

continued on page 82
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RAY MARSTON

It looks like an Ie,
it 's made out of
semiconductor, but it
works liRe a
mechanical switch!

IN/OUT .P OUT/INo-of 0 CONTROL ••..,"Y --0
I RON
L _ _ -Q ON=1 90n

OFF=O
b

FIG. 3-IMPROVED CMOS BILATERAL
switch (a) has a gO-ohmseries resistance
(b).

is called the drain. Here 's how it
works .

E-MOS FET's are normally off de
vices . Electrons can not travel from
the source to tlie drain beca use or
dinarily there 's no conducting chan
nel between the wells. However, when
a positive voltage is applied to the
gate (with respect to the sourc ) the n
a negative electrostatic field is indue
ed into the cha nnel (P substrate.
Th at 's because the metal ga te and
semiconductor act as a tiny capacitor
with the silicon dioxide acting as a
dielectric . The induced negati ve field
increases the number of N-typ e mi
nority-charge carri er s in the P-sub
strate; essentia lly, turning a P-type
semiconductor into an N-type semi-

BILATERAL
S ITCHES

o
OUT/IN

300nTO
1500n

Enhancement MOSFET
Bilateral switches are integrated

usin g Complem entary Metal-Oxid e
Semiconductor (CMOS) technology.
Figure I- a shows an enha nce me nt
MOSFET (E-MOSFET), which is the
type of transistor used in both CMOS
digital IC's and bilateral switches .

In the N- ch annel E nha nceme nt
M et al -O xid e Se m ico n d uc tor
Fie l d -Effec t Tr an s i st or ( E
MOSFET), the substrate is made of P
type semico nductor with two N-type
semiconductor wells; between the
wells is the channel , and on top of the
channel is a layer of glass (SiOz-sil
icon dioxid e) and a metal electrode;
that's where the term " metal-oxide
semiconductor" comes from. The
metal electrode is called the gate, one
well is called the source, and the other

Bilateral switches can be as simple
as the 4016B and Ll-066 8, which house
four SPST switches, and as complex
as the 4097B, which houses two sin
gle-pole eight-position switc hes
(similar to an electronic SP8P rotary
switch).

~o 0...
IN/OUT : CONTROL RoN

L_- -o ON=1
OFF=O

b

FIG.2-eMOS BILATERAL SWITCH(a) im
itates a mechanical onloff switch. When
closed, the bilateral switch (b) has a series
resistance of 300- to 1500-ohms.

INDUCED N-CHANNEL
GATE METAL ELECTRODE

DRAIN
INSULATION

,.-,~---4.~:::::;I~SI1!L1~CON DIOXIDE)

GATE~DRAIN

~SOURCE
FIG. 1-IN a, AN N-CHANNEL E-MOSFET
is shown. The channel must be enhanced
with N-type charge carriers to turn the
transistor on. The symbol for the E
MOSFET (b) shows broken lines between
the source and drain, indicating that the
transistor is normally off.

P-SUBSTRATE

a

CMOS BILATERAL SW ITCHES CAN BE RE

garded as Single Pole Single Throw
(SPST) e lec tro nic sw itches. Th e
toughest thing about bilateral switch
es is learnin g how and when to use
them. And that' s exactly what we' re
going to show you. Because , even
though they function like mech anical
switches , the differences between the
two are many.

Conventional toggle switches have
obvious limitations when it com es to
high -speed switching . For exampl e,
the metal contacts within a switch
tend to bounce for a milli second or
two before making a solid electrical
conn ecti on , introdu cing glitches into
digital circuits and pops into audio
circuits . But don 't throw out your me
chanical switches ju st yet. That 's be
cause , even with all their problems,
they 're easy to use , readily available,
and chea p.

On the othe r hand , a bil ateral
switch can be turned on and off sev
eral mill ion times per seco nd, they
can pass both analog and digital sig
nals in either direction , they can be
controlled by digital-logic IC's, and
they introduce no digital glitches or
audio pop s . When turne d on , the
CMOS switch behaves almo st like a
short-c ircuit (about 90-300 ohms) ;
when turned off, it behaves alm ost
like an open circuit (near-infinite im
pedance).
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+V~ voo IN/OUT +V~
IN/OUT

Voo
ON Sl ON Sl

CONTROL CONTROL
OFF OFF

Vss Vss

OV
OUT/IN - V"a b

FIG.4-TO CONTROL A BILATERAL SWITCH, use a single-polarity supply for digital
signals (a), and a split-polarity supplyfor analog signals (b).

two P-type semiconductor wells. '
voo When a negative voltage is applied to

the gate (with respect to the source) , a
positive channel is induced between
the source and drain, so the transistor
turns on.

l 0v=vss
When P-channel and N-channel E-

'::' VEE OUT/IN MOSFET transistors are connected

--FIGo-5-S0ME-IC'S-FEATURE-INTERNAL~cka~?- b.ack , they ~~ said to fe
logic-level converters, so an analog WIre In Inve.rse para e or comp e-
switch is controllable via a single-ended mentary pairs ; he nce the name
input. CMOS .

4·POSITION 4·POSITION
MULTIPLEXER OEMU LTIPLEXER

SYNCSIGNAL AUDIO SIGNAL 1

AUDIOSIGNAL1 r-~ DATA,~INE 0- r---; AUDIOSIGNAL 2

AUDIO SIGNAL 2 ~~ /: " 0-~ AUDIOSIGNAL 3

AUDIOSIGNAL3 -. SYNC SIGNAL l

MULTIPLEXER SYNCHRONIZED
MULTIPLEX ...-DRIVER DRIVER

FIG. 6-A 4-POSITIONMULTIPLEXER FEEDS three audio signals through a single data
line. At the other end, a demultiplexer re-assigns the audioback into separate lines.

rated, signal currents can flow in ei
ther direction, provided that the signal
voltages are within the Vss-to-VDO

limits. The FET' s source and drain
can be used as either an input or out
put-thus the term bilateral (both di
rections) switch . In practical circuits,
Ql and Q2 exhibit a finite resistance
(RON) when saturated , and the equiv
alent circuit in Fig. 2-b shows an RON
that varies from 300 to as much as
1500 ohms; that resistance depends
on the magnitude of the V ss-to -V DO

voltage, and on the magnitude and
polarity of the actual input signal.

Figure 3-a shows an improved ver
sion of the CMOS bilateral switch.
An additional two FET's (Q3-Q4),
which also act as a bilateral switch ,
are added in series with Q5, with Ql 's
source tiedlOQ5's draiil.'""Wlienthe
control input goes low, Q1's source
sees Vss . the Q3-Q4 bilateral switch
is off, and the QI -Q2 bilateral switch
is also off. When the control input
goes high, Q5 turns off, both bilateral
switches Q3-Q4 and QI-Q2 are en
hanced (turned on) and, because they
are in parallel, the RON resistance is
reduced to about 90 ohms . That elimi
nates the variations in RON' as shown
in the equivalent circuit of Fig. 3-b.
The only disadvantage of Fig. 3 is that
it has a slightly lower leakage resis
tance than Fig. 2.

Switch bias
Correctly biasing CMOS bilateral

switches requires that you know two

INPUT STATES ON CH/lNNEL
INH B A X Y

0 0 0 0 0
0 0 1 1 1
0 1 0 2 2
0 1 1 3 3
1 X X NONE

z
~
m

L
X....O_ONT CARE ffi

b. m
FIG. 8-THE 4052B HAS TWO SP4T bilat- JJ

eral rotary switches (a); its truth table is ~

shown in b. CD

Bilateral sw itches
Figure 2-a shows the inside of a

bilateral switch where an N-channel
and P-channel MOSFET are wired in
inverse parallel (drain-to-source and
source-to-drain), and have their gates
biased in anti-phase via a pair of in
verters. When the control signal is at
logic-level 0, the gate of Q2 is driven
to VDO and the gate of Q1is driven to
Vss- under those conditions both
MOSFET's are cut off, and an open
circuit exists because the FET chan
nels are not enhanced . When , on the
other hand, the control signal is at
logic level I, the gate of Q2 is driven
to Vss and the gate of Ql is driven to
VDO; under those conditions both
MOSFET's are driven into saturation,
and a near short-circuit exists because
the FET channels are enhanced by the
gate's electrostatic field.

Note that when Ql and Q2 are satu-

~L .~~: J
IN/OUT A { 1 'I-->. 40668 (14\ Voo

,j 0 " ~.. r, A .P ..'I,
OUTIIN Al Z~ 13}CONTROLA

' ( 'r
OUTIIN B " 3 \ ----, ~'12'tCONTROL 0,,/0 ,:I

,1:, B ,I,
IN/OUT B t 4 ()---i 11,' IN/OUT 0

'r' 0' I
conraoia{5,j ,ro\ ours"" ~ '" ,

,I, , I,
CONTROL CI, 6'~Co--=-\. 9 " OUT/IN C

,r, , 1 ,
Vssl 7 I 8 J IN/OUT C

'r" "r'"

conductor. Now electrons flow from
the source to the drain through the
induced channel.

In P-channel Enhancement
MOSFET's, the substrate is made of
N-type semiconductor material with

FIG. 7-THE 4016BAND 4066B each have
four independent "SPST" switches.
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An other well-known IC is the
4052 B, which is a multiplexer/de
multiplexer featur ing built-in logic
level converters, and three power-sup
ply pins (V DO' Vss . and VEE)' Figure
8 shows that K' . It's a dual 4-channel
multiplexer/demultiplexer, and can be
thought of as a ganged, double-pole ,
four-throw (DP4T) rotary switch. In
practice , the VDD is always taken to
the positive rail, and Vss is always
grounded .

All digital control signals for chan-

b

a

a

~

RON RoN RoN ~8
A

900 900 900

--? ~~ ~+-( r-~T
B

eJ.

A B

C 0

IC1-a

ON l ;:W---;~
OFF

0--0':'0--0 SPST SWITCH
A B

a

ON
I . CONTROL

OFF L ~
A<r-O :0--0 B

~: OPST SWITCH
C0--0 0 --<) 0

c

ON i r

OFF L: CONTROL

FIG. 11-BY PARALLELING FOUR SPST SWITCHES , the RON resistance can be reduced to
only 22.5 ohms.

Best-known Ie's
The best-known CMOS bil ateral

switc hes are the qu ad 40 16B and
4066B. Both have four independently
accessible SPST bilateral swi tches, as
shown in Fig . 7 . The 4016B uses the
simp le form of chi p arc hitec ture
shown in Fig. 2, and is recommended
where low leakage impedan ce is most
important. The 4066B uses the im
proved chip architecture of Fig. 3, and
is recommended where a low R O N

resistance is most important.

FIG. 1o-IMPLEMENTATION OF THE FOUR BASIC SWITCHING FUNCTIONS (a through d)
using the 4066B .

FIG. 9-UNUSED SECTIONS OF THE 4066B must be disabled using anyone of connec
tions a through c.

things: The voltage pol ar ity of the
control logic , and the voltage polarity
of the signal to be switched . For ex
ample , if the signal is analog, does it
swing above and below ground, and if
it's a digital signal, does it just go
between ground and Vee ? Figure 4
shows two ways of biasing the bilat
eral swi tch.

To turn on (close) a bil at er al
switch, you must connect the contro l
terminal to VDO ' To turn off (open)
the same switch, con nect the control
termi nal to Vss- For switching digital
signals, use them with a single-ended
supply. Also , VDO must be a positive
voltage that's equal to or greater than
the digital signal voltage, with a max
imum of + 18 volts . For switching
analog signals, a split power supply
musf oe useo , so tia tie signallshe lo
at half the supply voltage, which al
lows the signal to swing above and
below ground. The positive supply
rail goes to VDO' and the negative rail
goes to Vss . both rails must be greater
than the peak value of the input sig
nal. Generally, the supply values used
for bilateral switches are limited to
± 9 volts .

Note that if a split power supply is
used , the control logic must swing to
the positive rail to turn the bilateral
switch on , and to the negative rail to
tum the switch off. That arrangement
is inconvenient in many practical ap
pl icati ons so , as show n in Fig . 5,
so me IC's (no ta bly the 4051B to
4053B) have built-in logic-level con
verters. They allow a digital signal to
be used as the on/off controlling log
ic, while still using a split supply in
the circuit to correctly bias analog
signals.

Time sharing
Bilateral switches are often used in

mu lti plexer and demultiplexer cir
cuits. Figure 6 shows the difference
between the two types . A multipl exer
allows inform ation from a numb er of
separa te data lines to be sequentially
applied to a single data line . On the
other hand , a demultiplexer allows in
forma tion from a single data line to be
dis tributed to any number of separate

l3 data lines. For example, three sepa
z rate audio signals can be multiplexed
~ down a sing le cab le, and then de
b multiplexed back into the three orig i
~ nal audio signals at the other end. The
wo benefit is obvio us, in that only one
15 data line is needed to carry numerous
Ci signals.
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FIG. 12-HERE'S A LATCH ING touch
switch. Can you figur~ out how it works?
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4016B/4066B Ie's
A few simple precautions shou ld be

taken when using the 4016B and
4066B bilateral switches . Here they
are:

1. Input and control signals must
never go above VDD or below V5S '

2. Each unused switch must be dis
abled using one of the techniques
shown in Fig. 9 .

3. Figure 10 shows how to hook up
a 40668 (or 40168) to implement ei
ther SPST, SPDT, DPST, or DPDT
switches. Those switching functions
can be expanded or combined.

flows to ground via R3-LEDI, and the
control pin is tied to the top of R3 via
R2. Thus when SI is briefly touched,
the control pin is pulled to the positive
rail and the bilateral switch closes.
The top of R3 is at supply-line poten
tial and, because the control pin is tied
to R3 via R2 , the bilateral switch is
latched closed. The switch can only
be opened again by briefly touching
S2, at which point R3 voltage falls to
zero . Note that LEDI merely indi
cates the switch's state, and Rl pre
vents supply line shorts if SI and S2
are both touched at the same time .

OUTCl
FIG.14

Rl

IN

~ ~I~ ~n.l OUT

6-----~I---ia .".

Digital control
Bilateral switches are used to digi 

tally-control electronic components .
A B C 0 R

0 0 0 0 150K
0 0 0 1 140K
0 0 1 0 130K
0 0 1 1 120K

0 1 0 0 110K
0 1 0 1 100K
0 1 1 0 90K
0 1 1 1 80K

1 0 0 0 70K
1 0 0 1 60K
1 0 1 0 50K
1 0 1 1 40K

1 1 0 0 30K
1 1 0 1 20K
1 1 1 0 10K
1 1 1 1 OK

O=OPEN l = CLOSED

Rl
CONTROL 010K

--0

R2
CONTROL C20K

R
R6

lOOK

R3 CONTROL B
40K

R7
lOOK

R4 CONTROL A
80K

R8
lOOK

'=

FIG. 13-DIGITAL CONTROL OF RESISTANCE made possible USing bilateral switches.

FIG. 14-DIGITAL CONTROL OF CAPACITANCE made possible using bi lateral switches,

a

- 5V

b

R2
47K

IN

9 z
S2
ms::
OJ

F!-:I~G-. ~1 6~~O~P~-A~M~P~G:-A~I~N~C~A~N~B~E~D~IG=-:-II - ~
TALLYCONTROLLED via the feedback re- <0
sisto r (a), or input-resistor stage (b). ~

FIG.15-ALTERNATEWAYS to make a dig
itally-controlled 1st-order low-pass filter.

Touch switch
Figure 12 shows a self-latching

touch switch. The switch current

4. Each 4066B bilateral switch has
a typical 90-ohm RON resistance . fig
ure II shows how four standard switch
elements can be wired in parallel to
make a single switch having only a
22 .S-ohm RON resistance.

A B C 0 C

0 0 0 0 0
0 0 0 1 1nF
0 0 1 0 2nF
0 0 1 1 3nF

0 1 0 0 4nF
0 1 0 1 5nF
0 1 1 0 6nF
0 1 1 1 7nF

1 0 0 0 8nF
1 0 0 1 9nF
1 0 1 0 10nF
1 0 1 1 11nF

1 1 0 O· 12nF
1 1 0 1 13nF
1 1 1 0 14nF
1 1 1 1 15nF

O=OPEN 1=CLOSED

Cl C3
.OOlIlF .OO4IlF

C2 C4
.OO2IlF .OO8IlF

C CONTROL CONTROL CONTROL CONTROL
0 C B A

IC1-d IC1 -o IC1-a

1&1
40668

nel-se lect, inhibit , and other similar
funct ions, use those two rai ls as their
logic reference. In digital applica
tions, VEE is grounded (tied to V5S)'

In analog applications, VEE must be
taken to a negative supply rail, usu
ally the negat ive value of VDD' and
must be limited to IS-volts peak-to
peak . Ge nerally, though, a lower volt
age is used.
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FIG. 17-555-TIMER FREQUENCY can be
digitally controlled.

Multi-gang potentiometers
Figure 18 is an interesting circuit to

shows how to vary the gain from unity
to X 16 in sixteen steps, giving a ga in
sequence of 1, 2 , 3, 4 , .. .16. Because
the 3140 op-amp uses a split power
supply, the 4066B must switch be
tween the negative and positive sup
ply ra ils. Th e freq ue ncy of a 555
astable osc illator can be varied; that is
done by connec ting Fig. 13 as shown
in Fig. 17.

~
L:TI

2

6

3 555

+9V-~--,

Put Professional Knowledge and a

•
Accredited by

th e Accrediting Commission of th e
Na tiona l Home Study Council

FIG. 18-YOU CAN VARY A MULTI-GANGED POTENTIOMETER from 10K to 100K by
varying an astable's mark/space ratio .

FROM 0

anal yze. It shows a synthes ized 4
gang IOK-to-100K potentiometer that
is useful at frequencies up to 15 kHz.

The 555 timer outputs a pulse train
with a defin ite mark-space rat io (MIS
ratio). 'As the pulse width decreases,
the CMOS swi tch allows less of the
low-voltage AC to pass through; thus
simulatin g a high resistance. As the
pulse width increases, more low-volt
age AC goes through the switch per
unit time, so the simulated resistan ce
is low. The 555 timer is used to gener
ate a 50-kHz rectangular waveform
that has its MIS ratio variable from
11:1 to 1:11 via Rl , which is used to
contro l the 4066B .

If the timer's 50-kHz switching rate
is fast relative to the 15-kHz signal
freque ncy, the average or effective
value of eac h gang resistance can be
varied by the MIS-ratiopotenti ometer
RI . Thu s , if IC2-a is clo sed for 90 %
and open for 10% of each cycle (M:S
ratio equals 9:1), the apparent (aver
age) value of the RA resistance will be
10% greater, or equal to 10 kilohms . If
the duty cycle is reduced to 50% , the
apparent RA value will double to 18.2
kilohms. If the duty cycle is further
decreased, so that IC2-a is closed for
onl y 10% of eac h cycle , the app arent
value of RA will increase by a decade
to 91 kilohms. R-E

4~
J; + 12V IC21S 40668

C1 ( A B C 0

T.111F R" R R. Rd
"::" 9.1K 9.?K 9.1K 9.1K

7

02 IC1 ',,0 )p ),,0 )

j~IH4146 3
- 555

~ J[JJl IC2-a IC2-b IC2-c IC2-d

VARIABLE
5 1 MIS-MrID A ) B C 0

C2 .,
i' C3<* OUTPUT <, /

OpF" v
.OO111F ALL POTENTIDMmRS

1 KTO 100KVIAR1

18

R2
10K

R1
100K

MIS-MrID

R3
- 10K

01
IN4148

That means that they can vary, in dis
crete steps, the effective value of re
sistance , cap acitan ce, imped an ce ,
amplifier ga in, osc illator frequency
you name it.

Figure 13 shows how four switches
can make a digit ally controlled re
sistor, which varies in sixteen steps of
10 kilohms each . As long as the four
res i s t o rs a re k ept in the ratio
1:2:4 :8 . .. etc, the number of steps can
be incre ased by adding more resistorl
switch stages. Thu s , a six-stage cir
c uit having resi s tors in the ratio
1:2:4 :8:16:32 will give resistance vari
ation in 64 steps . Figure 14 shows how
four swi tches can make a digit ally
contro lled capacitor, which varies in
six teen steps ofO.OOlIJ..F eac h. Again,
the circuit can be expanded by adding
more stages . The bilateral switches
can be co ntro lled manu ally, automat
ically by logic networks , by dig ital
co u nters, o r eve n by a m icro 
processor. Figure 15 shows how to
for m digitall y co ntro lle d filter net
works.

Op-amp ga in can be contro lled dig
itally by connect ing Fig . 13 into the
feed back or input path. Thu s , in Fig .
16-a , the gain is varied from zero to
unity in sixteen steps of Vi sth each,
giv ing a sequence of <YIS, Vis, 2/ IS.. . up
to ISli s which is unity. Figure 16-b
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Understanding relays, part I: Electromechanical versions
-

HARRY L. TRIETLEY

A REL AY IS AN ELEC TROMAGNET IC

switch, normally using the magnetic
field from a coil to open or close one
or more sets of contacts. Like re
sistors and capacitors, they're often
taken for granted- until you need
one!Then , you suddenly find yourself
faced with a bewildering array of
sizes, cases , contacts , power ratings,
and features. No one version is cor
rect for all applications, and the
wrong one ca n cause poor perfor
mance or early failure . 'Most hob
byists don 't use relays very often, and
aren' t awa re of fea tures an d di f
ferences, but selecting the rig ht one is
no more difficult than selecting a re
sistor or capacitor. This articl e exam
ines relays in great detail , explaining
how they work, configurations, and
applications.

Basic switching arrangements
Relay contacts are available in dif

fere nt sw itc h co nfig urations . The
configuration of a switch is denoted
by the numbers of Poles (" P") and
Throws (" T"). These can be indicated
either by a number, or by the letters
" S" (for Single) or " D" (for Double) .
So me di fferent co nf ig ura tio ns are
thus ·SPST, SPDT, DPDT, or multi
pole (3PST, 4PDT) versions . A re
lay 's coi l can either drive a few indi
vid ua l contac ts , or severa l se ts
ganged together.

Figure I shows the four basic relay
configurations. The version in Figure
I-a is Normally Open (NO) until the
coil closes it, while that of Fig. l-b is
Normally Closed (NC) until the coil
opens it. Figures l-c and l-d use dou
bl e -throw co ntacts, arran ged as

break-before-make .in the first case
and make-before-break in the second .
The versions are referred to as Forms
A- D, a relatively standard notation .
The number of poles is added in front
of the form letter, so the relays shown
are lA, IB, IC, 2C, and lD . Relays
can use multiple contact types, like
IAIB , 2A2C , etc . Other variations
exist , but are all based upon those.

Form C momentarily opens both
sets of contacts as the center contact
moves from side to side; that prevents
both sides of the switch from being
shorted . Sometimes a circuit requires z
that the relay contacts not be left un- ~

co nnec ted, even momentari ly, in ms::which case Form D is used. Applica- CD

tion s of Form D include smooth, ~
noise-free switc hing of current-lim-
ited audio or control-system signals ,
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DESIGN SEQUENCE SYMBOL FORM

-.--.------<:l

SPST MAKE
~,

1AN.D. I

{}

SPST C
BREAK I 1B

N.C. S
-

BREAK(11. ~SPDT 2 , 1CMAKE(21 I

S
~t11-o 12 1

I

DPDT BREAK(1.3).

~ 2CMAKE(2.4)
,

-rrt:J
li.-or

MAKE(1) TIESPDT BEFORE ' 2 1D,
BREAK(2) g

TABLE 1-TYPICAL RELAY CHARACTERISTICS

STYLE DIMENSIONS CONTACT COIL , VOLTAGES SWITCHING
(INCHES) RATINGS AND POWER TIMES

General 1.2 to 2.0 H 3 to 10 A 6,12,24,120 V 15 to 30 msec
Purpose 0.9 to 1.5 W 28VDC 1.2 W DC
Plug-in 0.9 to 1.4 D 120 or 240 VAC 2VAAC

General 0.4 to 0.7 H 1 to 5 VA 5,6,12, 5 to 10 msec
Purpose 0.6 to 1.2 W 28VDC 24,48VDC
Miniature 0.4 to 0.75 D 120 or 240 VAC 0.5 to 1 W

Reed 0.3 to 0.5 H 0.5 to 2 A 5,6,12,24 VDC 0.2 to 1 msec
0.9 to 1.2 W 5t050W 50 to 400 mW
0.3 ro 0.8 D 28 to 250 VDC (Coils to 1 V
Also available &AC available)
in a DIP format

Hermetic 0.3 to 0.9 H 0.5 to 5 A 4t032 VDC 5 msec
TO-5 0.6 to 1 W 28VDC 120mW

0.3 to 0.5 D 115 VAC

Hermetic 0.3 to 0.9 H 0.5 to 2A 5 to 115 VDC 5 msec
and other 0.6 to 1 W 28VDC 100 to 400 mW
sealed 0.3 to 0.5 D 115 VAC

RF 0.4 to 1 H 10 to 25 W RF 5to 50 VDC 5 to 10 msec
0.8 to 1 W hot To 150 W 250mW
0.4 to 1 D RF dry

Power Dimensions 10 t0 40 A 6,12,24,120 15 to 50 msec
typically 120, 240 VAC 208,240 V
2 t04 inches & higher 2t05WDC

6to 20 VAAC

FIG. 1-RELAY-CONTACT arrangements
are designated as Forms A-D. Form A is
normally open until the co il closes it,
wh ile Form B is normally closed unt il the
coil opens it. Forms C and D use double
throw contacts, arranged as break-before
make (Form C) or make -before-break
(Form D).

or avoiding voltage spikes when
switching inductive loads (more
later). Naturally, Form-D contacts
can't switch between two sources
when shorting them could result in
disaster.

A variety of styles
Relays switch signals ranging from

microwatts of RF to meg awatts of
power; size can vary as much as con
struction techniques . The design var
ies with the application . Probably the
most familiar relays are general-pur
pose and reed version s. Table 1 sum-

~ mari zes the most common types.
5 Figure 2 shows a typical general
g: purpose plug-in relay with socket.
frl This type switches moderate power,
uJ 10-30 amperes at 120/240 volts AC.
e) Octal tube-type sockets with circular
~ pins are also available , as well as the
a: flat-blade version shown . Its largest
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dimension is about 2 inches, and its
dust cover provides a litt le protection,
but the relay isn't sealed . Miniature
general-purpose relays are epoxied
into rectangular plastic potting shells,
and have PC board pins. Typica l di
mensions are about I inch, and their
controls can typically switch 1-5 am
peres .

Reed relays like those in Fig. 3 can
either be open or encapsulated , and
are generally PC board-mounted
DIP's . Figure 4 shows a single mag
netic reed switch relay; very often,
there 's more than one inside a given
model . The magnetic field brings the
reeds together, and they're sealed in a
glass envelope to protect them from
contamination . Reed relays switch
very fast (500 usee) , compared to
5-30 msec for general-purpose types.

Reed relays are intended for dry
contact (as opposed to mercury wet
ted) and low-power switching . Typ
ical contact ratings are 200-250 volts,
10-30 watts of switched power, with
low voltage current ratings of 0.5-2
amps . Reed relays with up to six poles
are availab le. High-voltage models
switch up to I kilovolt, while mercury
reed relays typically switch 100 watts.

Coil voltages from 1-24 volts are
available, with operat ing power de
mands at a fraction of a watt .

Probab ly the smallest commonly
available mode ls are the TO-5 ver
sions . Some look just like trans istors;
others are square. The overall diame
ter or width is about 0 .3 inch, with

FIG. 2-MANY GENERAL-PURPOSE re
lays use sockets, l ike thi s Potte r and
Brumfield unit.



FIG. 3-REED RELAYS come in a variety of packages. They 're usually small, PC board
mounted DIP's about 1 inch long.

FIG. 4- AN HERMETICALLY-SEALED reed sw itch actuated by magnetic coil; the coil 's
magnet ic f ield brings the reeds together. Reed relays can switch in 500 usee, compared to
5-30 msec fo r gene ral-pu rpose relays.

~
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~
m
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FIG. 6-POWER RELAYS, switching up to
40 amperes, normally use open con
struction, for motor control. Overall di
mensions of 30-ampere versions are 2-4
inches, and typical co il power is about 'z
watts DC or 5-10 volt-amperes AC.

.FIG. 5- THIS G.E. CORP. herm et icall y
sealed relay matches the characteristic
RF impedance of a 50-ohm transmission
line over the frequency range 500 MHz-2
GHz, and uses coax ial connectors instead
of pins. Typical contact ratings are 150
watts.

sea led relays don ' t need corrosion re
sistance, but are often made of pre
c io us me ta ls li ke rh od ium or
ruthenium.

Power-switchin g relays need large
contacts actuated with sufficient force
to handle high currents and voltage .
Arc ing must be minimi zed , and elec
trical and therm al resistance must be
low to minimize heating; button con
tacts are norm ally used . High-power
vers io ns normall y use silve r-cad
mium oxide; it resists welding, has
good arc -ex ti ng u is h ing ch arac 
ter istics, and is well suited for react ive
or high-surge current load s , but not
for switching voltages under 12 volts .
Sil ver is good for medium-power
load s and communica tion sys tems,
but not under 6 volts. Since silver
oxidizes eas ily, such contacts should

Choosing the right contacts
Ob viously, low-level rel ays can' t

switch power, and, con versely, power
relays won' t rel iably switch low-level
signals . Contact choices are shown in
Table 2. The right contac ts are cruc ial
for re liable operation. Power load s
have self-cleaning contacts that have a
tend ency to arc and burn off oxidation
or co ntamination. Low-level "dry"
(non-wetted) circuits don 't do that,
and have to be clean ; even a thin layer
of co ntamina tion can prevent low
level signals from being switched .

Dry-circuit co ntac ts use non -ox
idizing materi als or platings , opera te
with a wiping action so the contac ts
slide past eac h other, and are bifur
cated (two branching parts). Th at
means that a length wise slot in the
middle of the contact splits it into two
parts for the sake of electrica l redun
danc y. Low-leve l bifurcated wiping
rel ay contac ts ar e typic all y go ld
plated , or use other precious metal s .
The co ntacts in reed or herm et ically-

relays, but are specially construc ted
for heavy-duty switching . The co n
tacts are moved by a solenoid that
exerts considerably higher force than
is norm ally used in non-power relay
applications , instead of a fixed-core
coil.

AXIAL LEADS ALLOW VARIOUS NICKEL PLATED STEEL JACKET
MOUNTING GO,\URATIONS ~PROVIDES MAGNETICSHIELDS

A-~
ENDS EPOXY SEALED TOPROVIDE END FLANGEFOR COIL WINDINGS ONREED SWITCH FOR

ENVIRONMENT PROTECTION COIL WINDING RETAINER INCREASED ELECTRICAL EFFICIENCIES

wire lead s coming out the bottom of a
0. 2-inch diameter circle. The contact
specs are more limited than those for
reed relays, typically 28-volts DC or
l20-volts AC at about I ampere . Coi l
power is a fraction of a watt at up to
32- volts DC , and sometimes a little
higher. .They're hermeticall y sealed
and work from - 4Q.c-125°C. Some
are available with built -in drive tran 
sistors and /or diode surge suppres
sion.

Larger sealed relays switch up to 5
amperes . Housings include crystal
cans and plug-in housings. The her
metically-sealed RF relay with coax 
ial connec tors in Fig. 5 matches the
50-ohm impedance of most transmi s
sion lines at freque ncies from 500
MHz-2 GH z, depending o n the
model. Contact ratings of 150 watts
are typical .

Power-switching relays are larger,
almost always use ope n construct ion ,
and are used to switch all power levels
up to multi-megawatt levels. Figure 6
shows a typical relay used in a power
application like motor contro l. Over
all dimensions of versions sw itching
up to 30 ampe res are 2-4-inc hes .
Typical coil power is about 2 watts
DC or 5-10 volt-amperes AC. " Con
tactors" for switching large motors
provide the same function as power
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throu gh an inductor ca n 't be in
sta nta neous ly stoppe d. If a co il is
opened while current flows through it,
its magnetic field collapses rapidly,
induc ing a large voltage , the polarity
of which maintains current flow.
Tha t's the principl e used in aut o
motive ignitions or TV flyback tran s
formers . The voltage can reach the
kilovolt range, producing arcing and
destroying cont acts .

When inductive load s are swi tch-
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FIG. 9-TIME-DELAY RELAYS prolong actuation or dropout. The on-delay (a) turns on
during the operatin g voltage and continues until it's removed. The off-delay (b) turns on
when the control goes high , and begins its delay after control goes low. The interval (c)
turns on when the operating voltage appears, and off before it ends . The on/off-delay (e)
has two delays referenced to'the leading/traili ng control pulse edges. The repeat cycle's
(f)second delay depends on the first. The accumulating on-delay (g) compares total
contro l pulse duration with a reference. In the interval (eI) and on-delay (h) latches, the
control pulse turns off any time.
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series, for example, is rated at 0 .5
amp, lO-wa tts DC, and 0 .1 ohm,
using dry contacts; the mercury-wet
ted equivalent is rated at 2 amps, 50
watts DC , and 0.05 ohm . Contact life
is higher as well for merc ury versions,
although they have to be maintained
in particular pos itions .

Contact protect ion
Swi tching ind uctive loads creates

special prob lems , since the curre nt
L1

(LOAD)

L1
(LOAD)

R1 V

01

a

b

c

V1

FIG. 7-WHEN SWITCHING inductive
loads, surge suppression provides a cur
rent decay path when relay contacts open.
For DC loads, use a reverse-biased diode
as in (a). For AC loads, use an MOV (or
resistor) and a capacitor as in (h).

FIG. 8-THIS LATCHING RELAY, the 589R
from Potter and Brumfield, flips a mechan
ical toggle from side to side like a mechan
ical flip-flop, changing state when the coil
is activa ted by a pulse.

be go ld plated (flashed) for storage
protection. The gold flash wi ll wear
with use, and the con tacts then de
pend on wi p ing an d burn -off fo r
cleanliness in operation.

Si lver pa lladi um is less susceptible
to oxidation; however, its burn-off re
sistance and conductiv ity are inferior
to silver. It sho uld be used on ly for
low power, below 60 volts . In reed
relays with mercury-wette d contacts,
a thin film from a small poo l of mer
cury (not the poo l itself) shorts the
contac ts. The mercury film increases
power-switch ing capacity and de
creases contact res istance. One relay

(/J
o
Z
oa:
Io
UJ
-I
UJ

o
15«a:
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TABLE 2-CONTACT MATERIAL CHARACTERISTICS

TYPICAL
CONTACT APPLICATIONS RATINGS COMMENTS

Bifurcated, gold- "Dry" and low oto 0.2 A. Rated Low, steady contact
plated, or gold current. to 120 VAC, but resistance.
overlay Measurement best for 24 V or

and signal less.
switching.

Silver Communications 2to 5 A Oxidizes easily. Should
be gold-f lashed for
storage protection.

Silver cadmium Power, inductive 5 A and up Resists welding. Good
oxide and capacitive arc-extinguish ing

loads. High in- characteristics. Less
rush currents. suited below 12 V.

Mercury wetted "Dry " and low 2to 5 A Position sensit ive. (Typ.
current, long life, vertical +1- 30
no contact degrees.)
bounce._ --- --

1.414 times the RMS level. You can
also omit the MOY and add a resistor
in series with the capacitor, as shown
in Fig. 7-c.

Eve n wit hout an inductive load ,
high voltages will tend to arc acros s
the contact as it opens . Once struck,
the arc will continue via the ionized
air until the voltage is removed . That
is why man y contact s rated for
120/240 volts AC are limited to only
28 volts DC. As a cure , some larger
relays are available with a "blowout
ma gn et" at each se t of contact s.
When properly install ed , the magnet
ic field deflec ts the arc, just as a
CRT' s electron beam is deflected by
magnetic coils, so that its path can 't
extend from one contact to the other.
The arc is extinguished as soon as it

.-r--forms;- relays- with- powered- blowout
coils also are available .

FIG. 1o-THIS lOW-THERMAL-VOLTAGE reed relay uses silver conductors and pins
outside the coil, gold-plated silver contacts, and careful shielding to minimize errors.
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Specialty versions
Latching or impulse relays are me

chanical flip-flops, changing state
when their coil s are activated by a
momentary pulse . They're useful in
battery and low-power applications,
because they use power only when
toggled, and they remember their
state durin g power failure s. The two
types are the mechanical-toggle and
magnetic-reed ve rs io ns. Figure 8
shows a mechanical-toggle relay; the
mechanism is the same as that used in
push-on /push-off switches. The coil
pull s the pin straight down , toggli ng
the latch to the left. When deactivat
ing , the pin moves up and rests in the
upper right-hand notch. When next
actuated, the toggl e is pulled to the
right.

Two-coil latching relays use one
continued on page 76

Coil types
All relays can be used with DC.

General-purpose and power relays are
also offered with AC coil s . Although
some use internal rectifier diodes ,
most use coils and magnetic struc
tures designed for AC. In AC opera
tion , the relay switching time has to
be long enoug h so that the relay
doesn 't "buzz" as the input voltage
crosses zero . Most general-purpose
and power relays are slow enough to
avoid the problem. The coil is an in
ductor, so its current is out of phase
with its voltage In Table I, typical
AC volt-ampere rat ings are somewhat
higher than the wattages of equivalent
DC coils.- MAGNETIC MATERIAL

_ - INSULATINGMATERIAL

REED

COIL

sistor, However, the time con stant for
an R-C combination is: 'fC A P = RC,
whereas for an inductor-resi stor com
bination it' s: 'fIND = LlR. Note that
'fIND is inversely proportional to R, so
as R increases , 'fIND decrease s . The
size of the transient can be easily de
termined using Ohm 's Law:

YPEAK = IL O A D X R SERIES'

Figures 7-b and 7-c show one way
to provide surge suppress ion for an
AC load . Fig. 7-b uses a Metal-Oxid e
Varistor (MOY ) and a capacitor. The
breakdown vol tage ra t ings of the
MOY and the capacitor must exceed
the peak voltage of the AC supply. For
60-Hz power, the peak volt age is

NC
CONTACT

____--.o-----~~~---~~APPROXIMATE

FLUX PATH

~Wt1~~~~~~~~~~s:JJ:!MAG NETICAND1-- \ ELECTROSTATIC
SH IELD, GROUNDED

WITH EXTERNAL
•••PINPROVIDED

NO
CONTACT

SEALED
CONTACT CHAMBER

MAGNETIC
REED PLATE

DIRECTION OF
REED PLATE

MOTION

ed, surge suppression should be pro
vided , by providing a current path
once contacts open . For DC loads, a
reverse-biased diode is often added as
in Fig. 7-a . When the contacts open ,
load current will flow until it decay s to
zero. The diode's Peak Inverse Volt
age (PlY) rat ing should excee d the
supply voltage by at least 50% , and it
should have a surge -current rating
that is greater than the normal load
curent. A resistor in series with the
diode causes the current to decay
more rapidl y but will produce a larger
voltage tran sient.

You might initi ally expect a larger
resistance to impede current flow, as a
capacitor would in se ries with a re-
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More on cold fusion DON LANCASTER

Stepper motors
There have been a lot of helpline

requ ests lately for ext ra informa
t io n on ste ppe r motors . A steppe r
motor di ffer s fr om an ord in ary
motor in that it rotates its shaft in a
di screte and in crem ental steppi ng
moti on.

A steppe r motor is thu s ideal for
any interm itten t or preci se mo
t io ns, such as you would need for
the platen feed on a dot matri x o r
daisywh eel prin ter. Ste ppe rs are
also useful fo r any slow-speed ap
pl ication , eliminat ing the cumbe r
some gear t rains yo u would need
with most o rd ina ry hi gh-sp eed
motors . The steppe rs are also in
stant ly reversibl e, and usually have
a ho lding to rque that can act as an
in ternal brake. Steppe rs are hand y
fo r var iabl e-sp eed uses, so me
th ing th at gets ext reme ly t ricky to
do with most AC moto r designs.

O ne typ e of ste ppe r mo tor con
sists of a to othed magneti c roto r
and a toot he d ir on stato r. Th e

NEED HELP?

Phone or write your Hardware
Hacker questions directly to:

Don Lancaster
Synergetics
Box 809
Thatcher, AZ 85552
(602) 428-4073

IS COLD FUSION FOR REA L? MOST OF (8) O peratio n above 175 degrees M eanwhile, besides all th e or ig-
th e research ers and most of the w ill dramat icall y drop th e efficien- inal Ger man work fro m th e early

- labs-have-lo ud ly-p roElaimed...!!no'-' - <:y;-Thus, a·heat eng ine -using some - -1920's ,-there is an obscure-1979
after all of t he ir in iti al hasty and non -waterfluid , such as ammo nia, A ust ralian patent #48901/79 o n
mi sdi rect ed expe rime nts fa il ed . mu st be used to ext ract useful co ld fu sion.
But a very few labs are now more wor k. Fortun atel y, th o se O TEP Whil e I person ally fee l that the
co nvinced than eve r th at so me- (O cean Therm al Elect ri c Power) patent app ears to invo lve some-
thing reall y bi g is co ming down . people have already don e all th e one wh o seems to be a few chips

At any rate, sources very close to groundwork fo r low-temperature shy of a full board , it sure will be
the barb er of an associate of a usu- diff erential heat engines . interesting to see how many mod-
all y re liab le spo kes person fo r a (9) For a breakd own , excess fu- ern claims wi ll be di sallowed be-
key fusio n research er fee l that.. . sio n heat producti on we ll beyond cause of th at apparent pri or art.

(1) Col d fusion is real and is in 12:1w il l prob ably be requi red, du e O h, yes, you mi ght also want to
fact the explanat io n fo r both th e to the inhe rent ly low efficie ncy of look at US patents 3,983,882 and
cont inuo us and " burst modes" of any heat engi ne forced to work 4,107,008. Curiou ser and cu r i-
th e excess heat produ cti on . with a tow te mperature differen- ouser.

(2) The t ri ti um reacti on does all ti al. Thu s, a little bit of excess heat O n, now, to a popular help-line
of the work , and enough t ritium is is useless exce pt possibl y as a yup- to pic...
prod uced to exact ly be able to ac- pi e ski-boot heater.
count fo r the excess heat. (10) Oth er cand idate mater ial s

(3) The ambient air can poison d o i n cl u de zir c onium, Ian-
th e reacti on . Workin g in a ver y dry th anium , and titanium, but ti-
in ert argo n atmos phere is recom- tan ium does seem hi ghly ove r-
mended . rated at pr esent .

(4) The palladi um mu st be vac- (11) Yet anothe r reason abl y
uu m- refined and then recast , but priced source fo r heavy wate r is
not in a carbo n mold. Any rework, the Canadi an Atomic Energy Co m-
such as an ext rusion, is a not al- mission . I do not have th eir ad-
lowed . dress so far. A free book if yo u do.

(5) While pall adium fi lms as thin In reality, most of t hose ob serva-
as 50 angs tro ms co uld be used , t ion s are straight from the ho rse's
any impu riti es at all are a no-no . w hatever. Tim e w ill tell us whi ch
Platinum impuri t ies as low as 0.01 end of th e horse we are dealin g
percent spo il t he material. w it h.

(6) All bubb les mu st abso lute ly
get elim inated at t he pa lla d ium
surface. Pressurizi ng th e 'heavy
water can hel p bunches here.

(7) Th e deute riu m io n s m ust
f low through the pallad iu m. O ne
approach migh t be to use a sin
tered pallad ium cylinder havin g an
intern al vac uum . Anothe r mi ght
involve a th ree-eleme nt cell w ith
an acceler at ing second ano de of
some sort.
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Plug a Friend into Radio-Electronics
this Christmas ... and Save $11!

This Christmas give an electrifying gift PLUS ... equipment troubleshooting
.. . plug a friend into Radio-Electronics techniques .. . circuit design ... reports on

---and-br-ighten-his-whole-new-year-!-Whether~--new-technolog.y-and new products .-.-.- - -
electronics is his livelihood or his hobby, equipment test reports ... in-depth coverage
your gift will sharpen his focus and on computers, video, audio, shortwave radio
illuminate the whole spectrum of .. . and lots more exciting features and
electronics throughout the coming year. articles.

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, Radio-Electronics has presented
voice scramblers, video switchers, frequency
standards, wireless audio links, radiation
monitors, function generators, and much
more.

In coming issues, Radio-Electronics will
present pract ical, 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!

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 $11.001

No need to send money .. . if you prefer,
we' ll hold the bill till January, 1989. But you
must rush the attached Gift Certificate to us
to allow time to process your order and send
a handsome gift announcement card, signed
with your name, in time for Christmas .

So do it now ... take just a moment to fill in
the names of a friend or two and mail the
Gift Certificate to us in its attached, postage 
paid reply envelope. That's all it takes to plug
your friends into a whole year of exciting
projects and new ideas in Radio-Electronics!

z
~
ms::
OJ
m
:0
~

CD
CD
CD

67



AIN Plast ics
249 E.. Sandford Blvd
Mt. Vernon, NY 10550
(914) 668-6800
Apache Reclamation
313 W. Apache Sf.
Pheonix, AZ 85003
(602) 254-0613
Bead Chain
110 Mountain Grove, PO Box K
Bridgeport, CT 06605
(203) 334-4124
BNF Enterprises
119 Foster Street
Peabody, MA 01961
(508) 531-5774
C & H Sales
217 6 E. Colorado Blvd.
Pasadena, CA 91107
(213) 681-4925
Caplugs
2150 Elmwood Avenue
Buffalo, NY 14207
(716) 876-9855
Constantine
2050 Eastchester Road
Bronx, NY 10461
(212) 792-1600
Design News
275 Washington Street
Newton, MA 02158
(617) 964-3030
EDLCO
PO Box 5373
Asheville , NC 28813
(704) 255-8765

MODELMAKING RESOURCES

cost more and offer less power.
You can usually tell which type

of ste pper you have by the number
of leads . Assumin g that all t he
leads are brou ght out separate ly, a
bipolar ste ppe r will hav e four
wires, wh il e a unipolar on e will
have six . For most hacker uses, th e
unipolar and bifilar windings Me
th e best choi ce, since th ey are
easier and cheape r to drive.

Good data sheets and ap-notes
on ste ppe rs are avai lab le from
Airpax, Hayden, Supe rio r Electric,
and mo st of th e other supp lie rs.
Bunches of techni cal art icles and
supplie r ads for ste ppe rs app ear in
th e PCIM and Motion t rade jour
nals, as we ll as th e usual elec
t ronics in sider magazin es.

Whil e new steppe rs are usually
rath er pricey, you can find lots of
sur plus on es in assorted sizes and
voltages for as little as $2 through
all th e usual Radio-Electronics ads
and similar surp lus sources.

~
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FIG. 2-IN A UNIPOLAR (OR BIFILAFh
stepper motor, you will find a pair of wind
ings for each phase. While that raises the
cost and also reduces the available step
per power, your driver circuitry is far sim
pler and very much cheaper, since only a
current sink is needed for each winding. A
unipolar stepper often has six leads.

Other pattern s of activating th e
A and B windings mi ght give you
various speed and torque options ,
as well as actually micro stepping,
th e moving to a precise po sition
between th e rot o r teeth.

As Figs. 1 and 2 show us, th ere
are two differen t method s wi th
whi ch ste pper moto rs are co m
monly wound. In a bipolar stepper
th ere is only a sing le A winding
and only a single Bwinding. That is
cheaper and has more power, but
requires yo u to e lect ro n ical ly
reverse the high current throu gh
bo th windin gs. Thu s, what yo u
gain in ste ppe r eco no my, you lose
in driver co mp lex ity.

In a unipolar or a bifilar ste ppe r,
th ere are two di stin ct A windings
and two separate B w ind ings. Each
of th e wi ndings go in the opposite
sense of th e other, so a current in
o ne w inding w ill attract th e roto r,
whil e th e same curre nt in th e
ot her winding will instead rep el
the rotor. The unipolar w indings
are mu ch easie r to drive, but th ey

FIG. 1-IN A BIPOLAR (OR UNIFILAR)
stepper motor, there is only a single grind
ing for each phase. Although the stepper
itself is powerful and low-cost, the driver
circuitry gets extra complicated, since a
full-bridge circuit is needed-one that is
able to send current in either direction.
Bipolar stepper's often have four leads.

NEW FROM

DON LANCASTER

HANDS-ON BOOKS
Hardware Hacker Reprints II 24.50
Ask The Guru Reprints I or II 24.50
CMOS Cookbook 18.50
TIL Cookbook 16.50
Active Filter Cookbook 15.50
Micro Cookbook vol I or II 16.50
Enhancing your Apple I or II 17.50
AppleWriter Cookbook 19.50
Apple Assembly Cookbook 21.50
Incredible Secret Money Machine 10.50
LaserWriter Reference (Apple) 19.50
PostScript Cookbook (Adobe) 16.50
PostScript Ref. Man. (Adobe) 22.50
PostScript Prog. Design (Adobe) 22.50
Real World Postscript (Roth) 22.50

UNLOCKED SOFTWARE

LaserWriter Corner (lie/Mac/PC) 29.50
PostScript Show & Tell 39.50
Intro to PostScript VHS Video 39.50
PostScr ipt Perspective Draw 39.50
PostScript Beginner Stuff 39.50
PostScrip t Technical Illustrations 39.50
PostScrip t Work in Progress 39.50
PostScr ipt BBS stuff 19.50
Absolute Reset lie & lie 19.50
AppieWr iter/Laserwriter Utiliti es 49.50
Enhance I or II Companion Disk 19.50
AppleWriter CB or Assy CB Disk 24.50

FREE VOICE HELPLINE VISA/MC

CIRCLE 83 ON FREE INFORMATION CARD
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number of teeth decid es th e step
ang le and th e number of ste ps per
revolution. In th e absence of any
electrical inp ut, the roto r w ill lock
to the stato r by seeking o ut path s
of minimum magneti c relucta nce .

There are no rmally two gro ups
of wi nd ings prov id ed . Th e "A"
winding is active o ne-third of th e
di stance between tee th, whil e th e
" B" winding is active two-thirds of
th e di stance between th e teeth.

In typi cal use, a fo ur-ste p pro
cess is used to advance to th e next
tooth pos iti on . The A wind ing f irst
gets activated, attracting th e tooth 
ed rotor on e-third of th e di stance
to t he next tooth. Then the Bwind:
ing is act ivated , attra cting to the
two -t hird s poin t. Next , t he A

----ow"7CinClingnas i s current reve rse(r·~o~----O

fu rth er re pe l toward s that two
thirds point. In th e final ste p, th at
current in th e B winding gets re
versed , repe lling th e roto r to it s
new and final po sit ion.

The spee d gets determined by
the number of steps applied per
seco nd. The di rection is set by
changing the rol es of the A and B
wind ings.
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Edmund Scientific
101 E. Glouchester Pike
Barrington, NJ 08007
(609) 573-6250
Evergreen Scale Models
12808 NE 125th Way
Kirkland, WA 98034
(206) 823-0458
Fastex
195 Algonquin Road
Des Plaines, IL 60016
(312) 299-2222
Fine Scale Modeling
21027 Crossroads Circle
Waukesha, WI 53187
(414) 796-8776
Fomeboards
2211 N. Elston Avenue

_ Chicago,lL 60614 _
(312) 278-9200
W.W. Granger
5959 West Howard St.
Chicago, IL 60648
(312) 647-8900
Herbach & Rademan
401 East Erie Avenue
Philadelphia, PA19134
(215) 426-1 700
Hygenic Manufacturing
1245 Home Avenue
Akron, OH 44310
(216) 633-8460
Jerryco
601 Linden Place
Evanston, IL 60202
(312) 475-8440

Two linear steppers
Take an ordinary stepper motor,

but make it hollow at it s ce nter.
Th en add a thread ed shaft throu gh
th e middl e , whi ch ge ts driven
f rom a nutplate on the ste ppe r ar
m atu reoAs th e ste pper is ste pped ,
t he nutplate turn s, w hic h in turn
advances o r retard s th e t h reade d
shaft.

All of which gives yo u a way to
push or pull things in tiny and very
accu rate inc reme nts under co m
puter contro l. With lot s of force
over fairly long st ro kes.

U s e s ? Anim ati on ta b l es ,
prin t ed -circui t drill s, a num eri c
co ntrolled milling machine, pl ot
ters , ro b o ti cs, valve actuators,
e lectro n ic eng i ne control s, re
sea rc h p roj ect s, p o int-of-pu r
c hase di spl ays, plu s d ozen s of
u ses previ ously unthunk of.

Figure 3 shows you the Hurst
m odel SLS lin ear actuator. It's a 12
watt unit that gives yo u 25 pounds

K & S Engineering
6917 West 59th St.
Chicago, IL 60638
(312) 586-8503
Lindsay Publications
PO Box 12
Bradley, IL 60915
(81 5) 468-3668
Machine Design
1100 Superior Avenue
Cleveland, OH 44144
(216) 696-7000
McMaster-Carr
Box 54960
Los Angeles, CA 90054
(213) 692·5911
Milled Shapes
1701 North 33rd Ave.
Melrose Par~ IL 60160 _
(312) 344-1220
Model Railroader
21027 Crossroads Circle
Waukesha, WI 53187
(414) 796-8776
New Equipment Digest
1100 Superior Avenue
Cleveland, OH 44114
(216) 696-7000
Northeastern Scale Models
PO Box 727
Methuen, MA 01844
(508) 688-6019
Nuts and Volts
Box 1111
Placentia, CA 92670
(714) 632-7721

of force in 2-mil (0.002 in ch ) in cr e
m ents, over an 8- i nc h act uat ing
len gth.

Whil e under $20 in qu ant ity, sin
gle evaluat io n uni t s cos t aro und
$55, unless yo u can locate a sur
plus o ne . That seems rath er hi gh ,
until yo u take th at " Uh, co mpared
to what ?" factor in to acco unt.

On custom orde r, lead screws
up to seve ral fee t lon g can be o b
tain ed. Note th at t here is no the
o ret ica l l i m it t o th e st roke yo u
co u ld get o ut of one of th ose, so
long as a lead screw th at len gth is
avai lab le . Maintaini ng t he p rec i
sio n and avo idin g any b i nd i ng
wou ld , of co u rse , get fa r wors e
with increas ing length .

Figure 4 shows yo u a sma ller
Airpax series 92100 unit. Th ey are
much smalle r and give yo u a half
in ch maximum stroke, in 2- o r 4
mil ste ps, havin g a force slig ht ly
ove r o ne pound.

Th e price is aro und $25 each ,

Plast iglide
2701 West EI Segundo Blvd.
Hawthorne, CA 90250
(213) 777-8108
Signcraft
1938 Hill Ave. PO Box 06031
Fort Meyers, FL 33906
(81 3) 939-4644
Sinclair & Rush
10315 Page Industrial Blvd.
St. Louis, MO 63132
(314) 426-4487
Small Parts
6891 NE Third Ave.
Miami, FL 33238
(305) 751-0856
Special Shapes
PO Box 487
Romeoville, IL 60441
No listing
Stock Drive Products
55 South Denton Ave.
New Hyde Park, NY 11040
(516) 328-0200
Synergetics
Box 809
Thatcher, AZ 85552
(602) 428-4073
US Plastics
1390 Neubrecht Road
Lima, OH 45801
(419) 228-2242
oodworker's Store
21801 Industrial Blvd.
Rogers, MN 55374
(612) 428-2899

but yo u mi gh t be ab le to find o ne
nearl y free at yo ur local junkyard ,
as so me automob iles use th em for
co m pute rize d carburetor idle ad
ju stm ents. Un fortunately, I don 't
kn ow w h ic h specif ic mod el s t o
send yo u after. Th ere are also
some pl ain o ld thrott le so lenoids
th at loo k just about th e same , so
make sure yo u are getti ng a " real"
ste ppe r w he n yo u make yo ur visit.

You can ste p the m up to 400
ste ps per second, w hich mean s
yo u can t ravel the half-in ch sto p
to- stop d istance in someth ing like
0.6 seconds . But yo u do lose fo rce
at the high er stepping rates.

We ' re usin g that one locally to
ad just the teet h on a cotton pick
in g machine. The stepper acts as
so rt of a m ic rom eter, advanc ing
un til it tou ch es each to oth . Th e
number of steps need ed th en tell s
th e mech ani c how mu ch shim to
add .

I f you d on ' t kn ow any t h i ng
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FIG. 5-LOW-COST SINGLE-CHIP stepper-motor drivers are readily available fro m
Motorola, SGS, and Sprague, among others. Here's a popular Sprague driver.

FIG. 3-THE HURST SLS LINEAR ACTUATOR is a real " sleeper" for hardware hacking.
This easy-to-drive 12-volt, 12-watl unit offers 24 pounds of force in 2-mil (0.002) incre
ments. What can you do with it that 's new and really different?

UNIPOLAR
STEPPER
MOTOR

STEPPER
DRIVER tc

heatsink all GND pins.

nal protection for both overheat
ing and overcurrent. They are we ll
under $4 in sing les.

To use the circu it, you provide
two inputs . The first is the direc
tion input which decides whether
your stepper w ill spin forward or
backward . The second is a trai n of
square-wave pu lses that sets the
speed in the chose n direction.

It is usual ly best to co mputer
co nt rol yo ur ste ppe r d r iver. As
we've seen , an ot herwise un used
Commodore 64 is idea l for t hat
sort of th ing , and the ir go ing rate is
arou nd $30 at a yard sale .

O ne mi crocontroll er chip th at I
rea lly li ke w h ic h in clud es du al
low -level step pe r drivers on-c hip
jamo~gJots of ot he r good ies) is
th e great M 50734 by M i tsub ish i .
That dude cross-assemb les beaut i
fully on an Apple li e o r IIgs.

Three contests
Let 's have t hree co ntests t his

mon th . There w i ll be t he usual
Incredible Secre t Money Machine
p rizes fo r the best dozen entries,
w ith an all -expense paid (FO B
Thatcher, AZ) tinaja quest for two
go ing to the very best of all.

For the easy co ntest, ju st te ll me
something yo u wou ld li ke to do
with a lin ear steppi ng motor or a
linear act uato r. O r two or eve n
three . Especially if they have twen
ty pounds of force in 2-mil incre
ments.

+12V

SPEED
INPUT

DIRECTION
INPUT

ry for the ir devices, but those te nd
to be o lde r hybrids that seem ove r
p riced. Instead, the re are several
supp l ie rs of sing le- and doub le 
chip step per-motor drivers . They
i nc l ude Sprague , SCS, an d
Motorola.

Figu re 5 shows yo u a circuit fo r
t he Sprague UCN-4204B single 
ch ip ste p pe r dr iv e r. W h i le I
haven't yet bee n able to check the
chip out (stay tuned) , it looks like a
typica l m od ern ci rc u it wit h 1.5
amps of drive capab ility and in ter-

FIG. 4-THE AIRPAX 92100 is a smaller
linear stepper motor having a V2-inch
stroke. Simil ar units may be available at a
jun kyard as throttle idle controllers.

about cotto n picking, w hat we
have here is an easy and precise
way to eliminate a most tedious
and time-co nsumi ng job . If the
teeth are too close, you destroy
the machine. If they are too far
away, your yield and your grade
goes down.

A third source of lin ear actuators
~ is Eastern Air Devices, but th eir
z mili tary loo k and their refusa l to
~ inclu de pricing in their mail ings
o does not bode we ll fo r hackers.
w
...J
W
6 Stepper drivers
~ M ost of t he ste ppe r manu fac
a: turers have availab le driver circuit-
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I
Pf~~E IS~~E
740 200
825 200
1,145 150
1,670 225
2,095 55
2,565 535

• DC to l00MH z
• Dua l Cha nnel
• Delay ed Sweep
• CRT Read ou t
• Sweep Ti me
• Autoranging
• Trigger Lock
• 2mV Sensit ivity

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

• DC to 40MHz
• Dual Chann el
• CRT Readout
• Cursor Mea s
• DC Offset
• Alt Magnifier
• Compact Size

D.T., 1mV sens, Delayed Sweep, DC Offset, Vert Mode Trigger
D.T., 1mV sens, DCOffset Vert Mode Trigger, Alt Mag
D.T., 1mV sens, DelayedSweep,DC Offset, Alt Mag
D.T., 2mV sens, Delayed Sweep, CRT Readout
D.T., 2mV sens, Delayed Sweep, CRT Readout, Cursor Meas
a .T., 1mV sens, Delayed Sweep, CRT Readout, DVM, Counter
a.T., 1mV sens, Delayed Sweep, Cursor Meas, DVM, Counter

V·223 20MHz
V·422 40MHz
V·423 40MHz
V·660 60MHz
V·l065 100MHz
V·l 100A100MHz
V·1150 150MHz

Y-425 $849
List $1,070

=;;•.;~ List $595
Save $170 ~';;";""';;""';"'------_-.l.="';"''''''''';'- ------''

20M Hz Dual Trace Oscilloscope
All Hitachi scopes inc lude probes, sch emat ics
and Hitachi's 3 year guaranty on part s and
labor. Man y accessories ava ilable for all
scopes.

ELENCO PRODUCTS AT DISCOUNT PRICES

SCOPE PROBES
P·l 65MHz,tx,lOx $19.95
P·2 100MHz,l x,10x $23.95

·6" CRT
• Built in

component tester

• TV Sync

35M Hz Dual Trace Oscilloscope
$495

MO·1252
• High lumi nance 6"CRT

- · ' mV Sens ltivity -
• 6KV Acceleration Voltage
• 10ns Rise Time
• X·Y Operation· Z Axis
• Delayed Tr iggering Swe ep

Top quality scopes at a very reason able price. Contains all des ired feat ures. Two t x, lOx probes, diagrams and manual. Two year gua rantee.

20MHz Dual Trace Oscilloscope

$375
MO·1251

Measur es
Colis 1uH·200H
Caps .1pf·200u!
Res .01·20M

AC Clamp-On
Current Adapter

ST-265
$25

O·l000A AC
Works w ith
most DMM

Digital LCR Meter
LC-1800

$125

Decade BIoI
.......... ...::..... #9610 or
:i'~ ,i "'7.= #9620
~'==::::; ; $18 .95
#9610 Resistor Blox
47 ohm to 1M & lOOK pot
#9620 Capacitor Blox
47pf to 10MFD

Provides sine,tri,squ wave
from 1Hz to l MHz
AM or FM capability

e---:---,.... 9430
_ . ~~=: __ _,! 1,100pins $15

I
· .. 9434

- . 2,170pins $25
,~.._. - .,. '1 92483660 . $35
I ' p rns
I • •• .. All havecolor

9436 SHOWN coded posts

Digital Capacitance Meter
CM-1550

$58.95
9 Ranges
.1pf·20 ,OOOufd
.5% basic acc y
Zero control
w ith case

Solderless Breadboards

$99
Oigital display
Temp range:
300F-900F
Grounded lip
Overheat protect

Multlmeter with
Capacitance and
Transistor Tester

$55 CM-1500A

SOLDERING STATION
Temperllture Controlled

SL-30

Reads Volts , Ohms,
Current , Capacitors,

........... Trans istors and
. . Diodes w ith cas e

Convenient one hand operation with balteries
Measures DCV, ACV, Ohms and case
Audible continuit y check, Data hold

3112 Digit Probe Type DMM
e,--,.'~II.3I:lF'~_~_ M-1900

$39

True RMS 4Y.z
Digit Multlmeter

$135 M-7000

Bench DMMS

.05% DC Accuracy

.1% Resistance
with Freq. Counter

..- and deluxe case

M·3500 M·4500
3'/2 digit $125 4'/2 digit $175
.1% accy .05% accy

Wide Band Signal Generators
SG-9000 $129

RF Freq l00K·450MHz
AM Modu lat ion of 1KH z
Variable RF output

SG·9500 with Digital Display
and 150MHz buflt-ln Freq Ctr $249

PRICE BREAKTHRU
on Auto Ranging DMMs

3 to
choose
from:

MDM-1180
$24.95

MDM-1181~==:::::'~~~~;"-.J-~~~~;;;~~+';::;:;:;~~~:"-~"::'::":~-=:---=-
$27.95

MDM-1182
$29.95

.3 tl2 LCDDisplay

.27 Functions
• Auto IManual Ranges
• AudibleContinuity
• Data Hold (MDM·1182j
• .1%Accuracy (MDM-1181)

WE WI~L ,NOT BE UN!>ERSOLDI C & S SALES INC. 15 Day Money Back Guarantee
UPS Shipping :48 States 5 Yo~. 1245 Rosewood. Deerfield. IL 60015 2 Year Warranty Pnces subject to change

($10 Max) IL Res., 7% Tax~~ (800) 292-7711 (312) 541-0710 WRITE FOR FREE CATALOG

~
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5 Year
Warranty

150W Power Supply
5/ 10MHz Motherboard 256K RAM
8 Expansion Slots Expandable to 640K
Math CompressorSlots Monochrome Monitor
360K Floppy Drive Monographic Video Card
AT Style Keyboard Parellel Printer Port

FREE spreadsheet and word processor
3,XXMS DOS and GW Basic add 75.00

10Mhz XT 100% IBM® Compatible
MODEL PC-1000

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

XP-580

$59.95

Quad Power Supply

, ..• ..~~&.'S i ne , Square, Triangle
- - - - __1 PUlse, Ramp, .2 to 2MHz

Freq Counter .1 · 10MHz

GF-8015 without Freq. Meter $179

XP-765

$249

--

Four-Function Frequency Counters

[;i;il'~I- F-100 120MH$179
F-1000 1.2GH

Fre;;nCy, Period , To~e, $259
Self Check w ith High Stabili zed Crystal Oven
Oscillator, 8 digit LED display

Digital Triple Power Supply

0·20Vat lA
0·20Vat lA
5V at 5A

Fully Regulated, Short circuit protected with
2 Limit Cant., 3 Separate supplies
XP-660 with Analog Meters $175
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Get A Complete Course In

ELECTRONIC
ENGINEERING

8 vo lumes, over 2000 pages,
includin g all necessary math and
physics. 29 exam inations to help
you gauge your persona l 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 detai lsof content. Use
your free information card num
ber, or write us directly. $99.95,
Postage Inc luded. Satisfact ion
guaranteed or money refunded.

Banner
Technical
Books, Inc.
1203 Grant Ave.
Rockford, IL 61103
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THE MONEY MAKINGOPPORTUNITY
OFTHE1990'S

IF you are able to work with common small hand
tools , and are familiar withbasic electronics(i.e. able
to use voltmeter, understand DC electronics). .. .
IFyou possessaverage mechanical ability, andhave a
VCR onwhichto practice andlearn.. . .then we can
teach YOUVCR maintenance andrepair!
FACT: upto90%ofALLVCRmalfunctionsare due to
simple MECHAN ICAL or ELECTRO-MECHANICAL
breakdowns!
FACT: over 77million VCRs in use today nationwide!
Average VCR needs serviceor repair every12 to 18
months!
Viejo's400PAGE TRAININGMANUAL(over 500 pho
tosand illustrations) and AWARD-WINNING VIDEO
TRAININGTAPE revealstheSECRETSof VCR mainte
nance and repair- " real world " information that is
NOT availableelsewhere!
Also includes all the infoyou'll need regarding the
BUSINESS-SlOE of running asuccessfulserviceop
eration!

FREE INFORMATION
CAll TOll-FREE 1-800-537-0589

Or write to: Viejo Publications
3540 Wilshire BL. STE 310

l os Angeles, CA 90010 Dept RE
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For o u r intermediate co ntes t ,
ju st tell me whi ch makes and mod
els of automobil es use linear step
pin g actu at or s as t he i r idl e
co nt ro ls.

For the hard co ntest , nobody
talks very much about the el ec
tri cal and mechanical eficiencyof a
step p in g motor. Wh y? Co u ld a
very large and ext remely efficient
linear stepp ing motor be bui lt ?

That would dramaticall y im
prove so lar water-pump design , as
the pump st ro ke and speed could
b e ex act ly and cont inuo u sly
matched to both the availab le in
put so lar power and t h e we l l
characteristics . W hich m igh t eno r
mously simplify and cheapen both
the electronic and mechanical de 
signs. Especia lly for remote and
th ird-world applicat ions.

Modelmaking resources
In any large electronics co m pa

ny, the model shop is that sec ret

Airpax
150 Knotter Drive
Cheshire, CT 06410
(203) 271-6000
Brookfield
240 Cushing St.
Stoughton, MA 02072
(617) 344-4310
Burr-Brown
6730 S. Tucson Blvd.
Tucson, AZ 85706
(602) 746·1111
Computer Shopper
5211 South Washington
Titusville, FL 32780
(407) 269-3211
Hayden Switch & Instrument
1500 Meridan Rd. PO Box 3329
Waterbury, CT 06705
(203) 756-7441
Heath Buyers Club
PO box 217
Benton Harbor, MI 49022
(616) 982-3789
Hurst Manufacturing
Box 326
Princeton, NJ 47670
(812) 385-2564
Linear Technology
1630 Mc Carthy Blvd.
Milpitas, CA 95035
(408) 432-1900
Mitsubishi
1050 East Arques Avenue
Sunnyvale, CA 94086
(408) 730-5900

lair where all of th e mockups, me
chan ical prototyp es, breadboards,
co nce p t pi eces, and on e-of-a
kinds co me from. As a hacker, yo u
are your own mod el sho p, so it is
supe r important to know w here to
go to get all of the non-e lectron ic
bits and pi ec es yo u'l l need to
make hacking more hackab le. O ur
new Mode lmaking Resources
sidebar shows yo u a few p laces to
go for model info and supp lies .

Natural ly, you w ill want to check
out your own local resources first .
Those shou ld include a good hard
ware store, a large ju nkyard , a real
hobby shop, and a few electro nic
surp lus houses that do not have a
cata lo g and do not advertise in any
nati on al magazines. O ne reg io na l
exa mp le aro und h e re is t he
Apache Reclamation and Salvage .
Ask any ham rad io operator for a
complete neighborhood list .

I 've also found a local horse
t rai ler factory to be usefu l, es-

Motion Magazine
Box 6430
Orange, CA 92613
(714) 974-0200
Moto rola
5005 E. McDowell Rd.
Phoenix, AZ 85008
(602) 244-6900
PCIM
2472 Eastman Ave. B33
Ventura, CA 93003
(805) 658-0933
Precision Monoli thics
1500 Space Park Dr.
Santa Clara, CA 95052
(408) 727-9222
Rohm Corporation
8 Whatney
Irvine, CA 92718
(714) 855-0819
SGS
100 East Bell Rd.
Phoenix, AZ 85022

. (602) 867-6959
Sprague
363 Platinum
Worcester, MA 01605
(508) 795-1300
Superior Electric
383 Middle St.
Bristol, CT 06010
(203) 582-9561
Tektronix
Box 4600
Beaverton, OR 97076
(800) 426-2200



R-E Engineering Admart
Rates: Ads are 2\14" x 27/a". One insertion $900. Sixinsertions $875. eachTwelve
insertions $845.each. Closing date same as regular rate card . Send order with
remittanceto EngineeringAdmart, Radio Electronics Magazine, 500-B Bi-County
Blvd ., Farmingdale, NY11735. Direct telephone inquiries to Arline Fishman, area
code-516-293-3000. Only 100%Engineering ads areaccepted for thisAdmart.

FCC LICENSE
PREPARATION

The FCC has revised and updated the
commercial license exam . The NEW
EXAM covers updated marine and
aviation rules and regulation s,
transistor and digital circu itry.
THE GENERAL RADIOTELEPHONE
OPERATOR LICENSE - STUDY GUIDE
contains vital information. VIDEO
SEMINAR KITS ARE NOW AVAILABLE.

Linea, Ie
Equi va le nts
a nd Pin
Connections

LINEARIC EQUIVALENTS
& PIN CONNECTIONS

I MIDI
! ProjO:c ts ,<,

MIDI
PROJECTS

BP182-MIDI interfacing enables any so
equipped instruments, regardless of the , \
manufactu rer, to be easily connected to- , ! I I
gether and used as asystem with easycom-
puter control of these music systems. BP141-Shows equ ivalents & pin con-
Combineacomputer andsomeMlD1 instru- nections of a popular user-oriented
ments and you can have what is virtually a selection of European , American and

- programmable.orchestra,-To.get.your.copy- - _JapaneseJ i n e r-' C .~s_320_ pages ,_8_ 10_ . - -I- - - - WPT PUBLICATION- -
send $6.95 plus$1.25 forshipping in the inches. $12.50 Plus $2.75 shipping . 979 Young Street, Suite A
U.S. to Electronic Technology Today ELECTRONIC TECHNOLOGY TODAY Woodburn, Oregon 97071
Inc. , P.O. Box 240, Massapequa Park, INC. , PO Box 240, Massapequa Park . Phon" (503) 981-5159
NY 11762-0240. New York 11762-0240.
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pecially wh en it com es to cheap ly
findin g, shea r ing , and bending
any heavier metal. You might want
to subst it ute an ai r-co nd it ion ing
outfit, a we lde r, o r even a black
sm ith sho p here.

At any rate, one resource stands
o ut head and sho ulders above all
othe rs for hacker modelmakin g.
Th at is Small Par ts, w ho stock ev
erything yo u r hard ware sto re nev
e r h eard of, b esid es custo m 
cutti ng smal l pieces of metal and
pl asti c for yo u. All at fair p rices,
se ll ing to anyo ne, w it h very low
minimum o rde rs.

A seco nd major reso urce would
have to be JerryCo , w ho have a
m ind -boggling assort ment of low
p r iced mech anical and electro nic
su rp lus stuff. Co mpetitors to ler
ry Co includ e Edmund Scientific,
BNF Sales, H erbach and Rademan,
and C&H Sales. And don 't forget
abo ut the many ot he r supe rb Ra
dio-Electronics advert isers .

Th e "su pe r hard ware stores"
t hat indu stry sho p s at i ncl ud e
McMaster-Carrand WW Granger,
both of w hom have warehouses in
most majo r cities. I guess I'd have
to also include Stock Drive Prod
ucts here for ti ming belts, gear ing,
and such, alt ho ugh t he ir pricing is
ofte n on th e high side.

While I kn ow of no magazin e o r
trad e jou rn al aimed d irect ly at

hacker mod elm akin g, seve n of
your " must have" publi cati on s in
cl ude M odel Railroader, Fine Scale
Mode ling , Design News, Machine
Design , Nuts and Volts, Signcraft,
and the New Equip ment Digest.
Don 't te ll NED w ho to ld yo u about
all the ir great f ree samples each
mon th .

Fo r a w ide-ranging assortme nt
of fa i r ly pr iced books o n all as
pects of prototypin g and mod el
making, Lindsay Publicati on s is a
good cho ice .

For all the mater ials themse lves
in smaller sizes , t ry K&S for metal
sheet, rod , an d t ub i ng; t he
Evergree n folks for custom-c ut vi 
n yl ; No rt hEaste rn for wood
shapes that are precision precut
in to t he magic sizes favored by
mod el rai lroaders, archi tects, and
doll-hou se bui lders; an d M illed
Shapes fo r any miniature br ass ex
t ru sion s.

For larger wood stuff, check in to
The Woodworker 's Store, Co n
stantine, o r Edlco . Nothing sharp 
ens up a p rototyp e case better
tha n making it from an exotic
wood such as Bocote, Wenge, Co
cobolo, o r Padouk .

It used to be that cardboard was
cardboard and posterboard was
posterboard. But today, th ere are
dozens of easily wo rked, sturdy,
li ght , and good-looking high-tech

sheet stoc ks espec ially designed
for mode ls and mockups. O ne
leading di stributor of t hose mate
rials is Fomeb oards.

Several random compa nies do
fall into the " neat stuff" category,
makin g them extremely valuab le
resources for modelmakin g. Some
of them inclu de Hygenic for ru b
be r sheeting and tubing; Cap lugs
or Sinclair and Rush for all sorts of
uniqu e clos ures; Plast ig l ide and
ITW Fastex fo r unu sual pl asti c
ite ms; Bead Chain for t hemse lves;
and US Plastics for p last ic stock .
O t her obvio us c hea p p lastic
so u rces are t he Lexa n glaz ing
sheets fro m any local glass cutter.
If yo u have any modelm akin g fa
vorites of yo ur ow n, p lease let us
know so we can pass them on.

New te ch literature
A design for a hackabl e very

low -noi se FET amplifier appeared
in the June 1989 Review of Scien
tific Instrumen ts on page 1194. It is
claimed to be 100times better than
anything else availab le . Other
sources of low-noise amplifier info
incl ude Precision Monolithics,
Burr Brown and Li near Tech - §
nology. m

Rohm has a pai r of new data ~
books availab le on all their abso- g:J
lu t el y o u ts tandi ng h acker in te - <D

continued on page 97 ~
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Justified complaints
One can't be a frequent reader

of U.S. and British audio publica
tions without quickly becoming
aware of their occasionally tech
nically nonsensical views and eval
uations. As a result, I've learned to
be somewhat cynical about their
judgments as to what sounds
good , what doesn't, and how it got
that way. So, considering the
sources, my initial reaction was to
disregard all the complaints about
CD harshness-until I began to
hear it myself!

The more vociferous CD critics
claimed that the problem was in
herent in the digital format. After
all , how could anyone expect any
thing musical to survive being
chopped into millions of digital
bits and then reassembled as a se
ries of smoothed-over adjacent
square waves? But disregarding
the theories advanced by the tech
nically ignorant, exactly what was
going wrong?

Several investigators compared
some of the harsh-sounding early
CD's to LP's cut from the same mas-

AUDIO
UPDATE
The sou nd of CD-Part I

THE ADVENT OF THE DIGITAL CO M PAC T fidelity fundamentalists who pub-
disc was greeted by the major au- lished and read such underground

a io companies as tile ulti -m-a--;t-e- -m-a-g-a-zines as -f1'-oso lu te SoutW ancf
achievement of the audio art, the Stereophile were not going to sup-
final step in the long and arduous port CD. For those golden-eared
march toward absolute recording self-appointed defenders of mus i-
fidelity. In their view, the dawn of cal virtue, digital recording and
digital meant that we no longer playback was obviously the work
would be troubled by clicks, pops, of nefarious forces . And their anti-
hiss, and the other extraneous digital bias was backed up by a
noises heard with LP's and tapes. group of recording engineers who
Furthermore, wow and flutter and had financial and emotional in-
the other playback-speed irreg- vestments in older technology-
ularities inherent in all turntables including direct-cut (no tape ) disc
and tape decks disappeared masters.
through the magic of digital pro
cessing. Distortion was reduced to
the vanishing point, and dynamic .
range approached that of live mu
sic. In short, the sonic millennium
had arrived.

Audio old-timers, such as my
self, usually assume a wait-and-see
attitude when faced with extrava
gant audio claims. But in the case
of the compact disc, the fidelity
claims seemed solidly based on
accepted and well -understood (by
some) digital technology. So it
seemed that Audio Utopia was fi
nally within our grasp, right?
Wrong! No sooner had compact
discs and their players reached the
marketplace then the complaints
started. We were told that CD re
cordings sounded shrill, harsh,
unmusical, lifeless, or clinical;
that they lacked warmth and

t3 depth; and , in general , were an
~ insult to the critical ear. If many of
a: the complaints sounded familiar, it
o was because we had heard themw
u:J before-used by lovers of tube
o equipment (vacuuphiles?) to de
~ scribe transistor amplifiers.
a: It became clear early on that the
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LARRY KLEIN,
AUDIO EDITOR

ters. In the comparative measure
ments,- the CD's showed broad
response p eaks of about 2 -dB ex
tending from about 2 kHz right up
to perhaps the high-frequency
limits of the program. The audible
effect of that type of response
curve is certainly enough to trig
ger the complaints-but where
did it come from? Was it an artifact
of CD processing? Ironically, the
hump in the CD response occurs
because of LP processing!

When preparing an LP master
tape, mastering engineers typ
ically program equalize to "pre
compensate" for the normal high
frequency losses that occur in the
disc-mastering and playback pro
cess. But when the same equal
ized master tape is used for the
compact disc-which does not
suffer equivalent high-frequency
losses-the inappropriate high
frequency boosts are heard during
playback as harshness.

It may seem hard to believe that
incompetent audio engineering
resulted in the release of so many
harsh-sounding CD 's, particularly
since the ultimate success of the
new CD format was to a large de
gree dependent on its superior
sound quality. But the explanation
seems reasonable to me, consider
ing my experience over the years
with lousy sounding LP's from ma
jor record companies when their
engineers were not contending
with a new technology.

In any case, proving that the
spurious boost is the cause of the
harsh, gritty quality troubling early
CD's is a fairly simple task. All that
is needed is an octave-band equal
izer to pull down the response
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APPLIANCE REPAIR HANDBOOK5-13
volumes by service experts; easy-to
understanddiagrams, 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.
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ZENITH SSAVI UHF or VHF for U.S. and
abroad , reconditioned, from $179. Final
closeout, on cable TV equipment including
Oak N-12s, HLD-1200s, Sylvania 4040s,
starbases, converters & more; call for list.
RADARspeed guns &systems for car,snow
mobile &boat racing, skiing, etc. Professional
X & K band models $279 and up. Cash &
quantity discounts. AIS SATELLITE, INC.,
106 N. 7th St. /R, Perkasie, PA 18944. Or
ders & catalogs: 1-800-AIS-2001; tech.
info: (215) 453-1400.
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SIMPLYSNAP THE WAT-50 MINIATUREFM
TRANSMITTER on top of a 9v battery and
hear every sound in an entire house up to 1
mile away!Adjustable from 70-130MHZ. Use
with any FM radio. Complete kit $29.95 +
$1.50S+H. Freeshipping on 2 or more! COD
add $4. Call or send VISA, MC, MO. DECO
INDUSTRIES, Box 607, Bedford Hills, NY
10507. (914) 232-3878.·
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IIIiiiiiirl
CABLE TV CONVERTERS AND DE
SCRAMBLERS SB-3 $79.00 TRI-BI $95.00
MLD-$85.00 M35B $89.00 JRX-DIC $129.00
Specia l 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.
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THE MODEL WTT-20IS ONLYTHE SIZE OF
A DIME, yet transmits both sides of a tele- FREE CATALOG OF HARD-TO-FIND
phone conversation to any FM radio with TOOLS is packed with more than 2000
crystal clarity. Telephone line powered- never quality items. Yoursingle source for precision
needs a battery! Up to Y4 mile range. Adjusta- tools used by electronic technicians, engi
ble from 70-130 MHZ. Complete kit $29.95 neers, instrument mechanics, schools, labo
+$1.50 S+ H. Free Shipping on 2 or more! ratories and government agencies. Also
COD add $4. Call or send VISA, MC, MO. contains Jensen's line of more than 40 tool
DECO INDUSTRIES, Box 607, Bedford kits. Send for your free copy today! JENSEN

_lj i l ts,J~_L10_5.oLJ91 4)~k~,,-,,7~8''- IJJ)OL_~UNC., 7815 46th_S1, Pho.!!1!!x, AZ
85044. (602) 968-6231. :
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ladia- 0 0 R\ rr\\~
Ellllnlniis OlJUD[fi)DD~LQ;~where inco mpeten t engineering

has boosted it. When that's done,
CD's and LP's sound very much the
same, except that CD 's lack the
spurious LP noises-and may not
have the desired level of stereo
ambiance.

The difference signal
The moment-to-moment dif

ferences between the right and
left channels of the stereo signal
provide the sense of space and am
biance around the recorded per
formance . By manipulating the
L- R (Left minus Right) difference
signal equipment, designers can
artificially widen the sonic sound
stage, create enhanced ambiance,
or even produce a rear ambiance
channel. It has usual ly been as-

--sumea1 nat tne recoraing process
doesn 't appreciably affect the L-R
signal aside from the slight (and
inaudib le) loss of separation re
sulti ng from the transfer from mas
ter tape to disc or cassette .

Why, then, should listeners
comparing a CD to an LP some
times report a loss of ambiance
and " ai r " surrounding the per
formers? The most l ikely explana
t ion is that the cutter head in the
mastering studio and/or the pho
no cartridge in the listener's rec
ord player exaggerates the vertical
modulation in the record groove
that carries the L-R information .
Thus, paradoxically, the slightly
lower level (-1 dB or so) of dif
fe rence signal on the CD corre
sponds more accurately to the
master tape than does the LP. How
does cassette or open-reel tape
enter into the picture? Perhaps the
tape's wider separation audibly
compensates for the lack of ver
tical modulation enhancement.

Bob Carver, who suppl ied me
with some of the above data, has
built into several of his Carver Cor
poration CD players a "D igital
Time Lens" that regenerates the
lost L-R signal and simultaneously
equa lizes the unwanted high-fre
quency boost out of harsh CD's.
For CD's without problems, the
circuit can be switched out.

Now that we've resolved the
question (Hal) of the sound of
compact discs, next month we will
examine the sound of CD players.
Do they all sound essentially alike,
as many critics c1ai m? R-E



MAKE MONEY
IN YOUR OWN
ELECTRONICS

REPAIR BUSINESS!

and trail ing control-pul se edges. The
repea t cycle version of Fig. 91 has
two delays, the seco nd dependent on
the dura tion of the first. The on-delay
relay of Fig. 9-g finds the area under
the pulses of the control by integra
tion, which in this case is directly
proportional to total control-pulse du
ra tion, and compares thi s accumu
lated value to a reference.to determine
when to energize the output relay. The
output pulse-duration is indep endent
of its turn-on tim e . Finally, in the
latching on-delay version of Fig. 9-h,
the control pulse can turn off at any
time.

In the past, the delay was mechan 
ical , but is now usually electronic,
usually a variation on a monostable
multivibrator. Mechanical time-delay
relays used inertial masses for frac
tion-of-a-second delays , and motor
driven mechanisms for delays ranging
from sec onds to hours. Thermal
mechanisms, less expensive but less
accurate, were also used ; some ver
sions are still available.

Timing relays have progressed to
the point now of including micro
proces sors, crystal timin g, and
thu mb-wheel control. Those relays
provide variable latchin g interval each
time the input goes high, various
counting modes, and other functions.
Finally, low-offset reed relays mini
mize errors when switching millivolt
and microvolt DC signals, providing
optimum accuracy in data acquisition
systems which switch signals from
low-level transducers such as ther
mocouples and strain gauges . Figure
10 shows one such device by Ther
mosen , Inc. The contacts are outside
the magneti c coil , eliminating the
need for magnetic-alloy contacts, and
permitting high- conducti vity go ld
plated silver contacts to be used.

One major problem in switching
and handling low-level DC signals is
unwanted thermocouple volt ag es .
Any connection of unlike conductors
forms a thermocouple, generating a
voltage varyin g with temperature .
Usually, the internal conductors are
silver and the pins are silver alloy. The
external pin -to-cop per co nnec tions
are located close together to ensure
equal temperatures and thermoco uple
voltages . Internally, the physical sep
aration of the contacts and the coil
minimizes heat in the conductive
path. The manu facturer states that the
relay introduces a net thermal offset of
less than I f.L V. R-E

continued fro m page 63

RELAYS

coil to latch and a seco nd to reset .
Carryin g the latching idea one step
further, a coil, a ratchet, a cam, and
several sets of contacts' can be com
bined to create an impul se-driven se
quencing relay. The cam is usually cut
to provide a spec ific switching se
quence for cont rollin g operations; a
home-appli ance example might be a
washing machine.

In a magneticall y-latched reed re
lay, a small perm anent magnet goes
inside the coil. The magnet is strong
enough to hold the reeds togeth er
once in contact, but not strong enough
to pull them togethe r initially. Ener
gizing the coil with one polarity adds
to the field and clo ses the reed s ,
which remain closed until the coil is
energized with the opposite polarity.
For applications where reversing coil
pol arity is in con venient , two- coil
latching reeds can be used. A similar
idea using a weaker magnet is some
tim es used in non -latching "polar
ized" relays to improve effic iency.
The magnetic field reduces the coil
current needed to actuate the contacts ,
but is weak enough to release them
once the coil is deenergized .

The IC relay, recentl y introduced
by Arom at , uses an IC, a capacitor,
and a latching reed in a single pack
age . The IC uses the capacit or to
pulse the relay, latching when a con
trol input goes high and resetting
when the control goes low. Since coil
power is drawn only when pulsed,
average power use is very low. Time
delay relays provide delay in actua
tion , dropout , or both, as shown in
Fig. 9 .

The on-delay relay of Fig. 9-0 pull s
in during the operating voltage and
remains energized until the operating
voltage is removed . Off-delay relays
as in Fig. 9-b need continuous power
as well as a control input , energizing
imm ediately after the control goes
high , and beginning their turn- off de
lay after the control goes low. Interval
relays, as in Fig. 9-c, energize imme
diately on the appeara nce of the oper
ating voltage, and turn off prior to the
end of the opera ting voltage. In the
latch ing-interval type of Fig. 9-d, the
control can turn off any time .

In the on-de lay/off-delay version of
Fig . 9-e, there are two independent
delays, each referenced to the leading

ExpirationDate
Signature _

Na tiona l Learning Systems
Dept. RAIAA9
925 Oak Street, Scranton, PA 18515

YES! RushmetheEntrepreneur'sAction Kit! If not
completely satisfied, I'll return it within 30 days fora
full refund, butkeep the financingguide, "Money
Sources" andthe cassette, "Money Talk" as my FREE
GIFTS. I'veenclosed$49.00 for the complete set,
plus$2.25 postageand handling (PA andCA
residents add $2.94salestax).
o Check or money order enclosed
n Charge my D VISA 0 MC D AMEX
Card # _

Stereos, TVs, VCRs, PCs...if you enjoy fix
ing them, we 'll show you how to start
your ow n bu siness. It's all spelled out in
THE ENTREPRENEUR'S ACTION KIT,
the no -nonse nse guide to starting and
running a small bu siness success fully .
This remarkable, new desktop reference
set is the only sma llbu siness sta rt-up guide
you nee d to go into bu siness for yourself!
Complete! Concise! Easy-to-use!
Learn it all from our exper
. Accou ntin g, Personnel
• Choos ing a Location
• Time Man agement
. Cetting Financing/

Start-Up Money
• Advertising
and More!

8 SOFT·COVER TEXTS
8 CASSETIE TAPES &.

7 SPECIALSUPPLEMENTS

2 FREE GIFTS IFYOU ORDER NOW!
(See coupon for details)

30-Day No-Risk Guarantee Assures
Your Satisfaction!
You have 30 days to examine the Entre

pre neur's' Act ion Kit. If for any reaso n,
you decide it's no t for you, sim ply return
It to us for a full refund . But keep "Money
Sources"- the special guide on fina nc
ing-plus the cassette 'Money Talk" as
your 2 FREE GIFTS , jus t for reviewing the

complete set. Orde r
today! 8
THIS IS THE 0

ENTREPRENEUR'S
ACTION KIT
CALL NOW
1·800·942·8800
DEPT. RAlAA9
And Charge illo
Your VISA, MC, AMEX!
or Mail Coupon Today!
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We Can Now Supply Virtually Any
Currently Manufactured Battery!

In addition to our large in-store stock, Radio Shack can
now supply almost any battery. Our expanding selection
even includes special commun ications batteries for
walkie-talkies and pagers. Batteries are sent from our
warehouse to the Radio Shack near you. And there's
never a postage or handling charge.

~.¢)saadle Ihaek PartI PlaeeM~--....
WE HAVE WHAT YOU NEED FOR HOLIDAY PROJECTS!

New Battery "Hotline" Service-Hundreds of Types Available

~

For Damage-Free IC Handling RS-232 Connectors, Accessories

(6)

(2)

Harness the Sun

(1) Silicon Solar Cell . Produces about
0.3 amp at 0.55VDC. *2 76-124 .. 3.95
(2) Solar Pro ject KIt. Includes mini so
lar panel, motor, propeller, project book
let. *277-12 01 . . . .. . 10.95

(4) Inline RS-232 Test er. Spot line prob-
lems fast. *276-140 1 14.95
(5) NEW! Shielded Stunt Bo x. Wire in
clu ded PC board to suit. *276-1403, 9.95
(6) NEW! DIP Shunts.
*2 76-1512 Pkg. of 10/1.29

(1)

(3)

"pc" Line Cords

6;'1
Top-Quality, grounded 6-footAC cordsforcom
puters, printers, business machines. UL listed.
(1) With Straight HP(CEE-Type) Connecior.
N278-1257 , 3.99
(2) With 90· HP Connector. Ideal for tight
spaces. N278-1260 . , , , , , 5.99
(3) Extension. N278-1259 4.99

(4)

(4) Stat ic-Draining Wris t Strap. With
24" ground lead and mini alligator clip .
*2 76-2397 . . . . . . . . . . . . . . . . 3.29
(5) So ldering Heat Sink. Prevents heat
damage. *276-1567 . . . . . . .. 1.39

High-Gain
IC Design

With a built -in speaker , it's the perfect
test amp and also well- suite d for com
pu ter voice and mu sic synthesis app tica
lions . Has volu me contro l and 1/8" input
and earphone jacks. *2 77-1008

Mini Audio Amp

~
1195

(3)

"'II(1)

Meter and Box

(1) 0-15DCVoltmeter. Mounts in F /8"
round hole. N270-1754 . . . . . 7.95
(2) Two -P iece Enclosure. Easy to
dr ill or shorten, if desi red. Acc epts PC
board and 9V battery. 5S/s x 2 '/. x 1'1,.':
*2 70-257 . .. 4.99

(1) IC In /Out Too l Kit . For 6 to 40-pin
DIPs. *276-1581 . . 6.95
(2) IC Pin Al igner. N276-1594 . . . 2.99

13) Conductive Foam. 5 x 5" safety mat
or your bench. *2 76· 2400 1.29

z
~
m
~
OJ
m
J)

(2)

Infrared Buys

h--JJ - l.......l -.Y' J(1)

Design Your Own
IR Control System

(1) IR Detect or Module . Detector, amp,
limiter, filter and more! *2 76-137, 3,49
(2) SEP870 3-11R LED , High power out
put. *2 76-143 , , . . . .. . 1.69

ltadl8 /haeW
The Technology Store'"

A DIVISION OF TANDY CORPORATION

(1) Delu xe Br eadboard . Molded 2'/' x 6'h " board is
mounted on a 7 x 4" stee l base with rubber feet. 640
plug -in points and three binding posts. N276-169
(2) NEW! 140-P iece Jumper Wire Kit. *2 76-173

Breadboard & Jumpers

With
Crimp
Pins

274-15 1 .99
274 ·152 1.69
274-153 1.99
274·154 .99
274- 155 1.69
274-156 1.99

Cat. No. Each
Male
Male
Male

Type

Female
Female
Female

Locking Plugs

A super gift for any builder!
Features selectable 15/25 
watt power, sponge cleaner
and fully grounded tip. UL
listed AC. #64-2057
Iron -Clad Replacement Tips .
N64-2089 ... . Pkg . of 2/ 4.99
Tip s for Solderi ng Surface
Moun t Devices.
N64-2074 . . . . Pkg. of 2/4.99

"Pro" Soldering Station

3995 ~

power Hookups

~
1795

Ideal for Nintendo '
Adds extra zip to popular video
games! Features autofire switch ,
two separate "fi re" buttons and
start/select control. #270-1704
•Registered trademark of Nintendo

Ideal for Testi ng On-the-Go

(2)

Assortments

=====-
--(I

(1)

Over 1000 items in stock! Binding Posts, Boo ks , Breadboards, Buzzers, Capacitors, Chokes,
Clips, Coax , Connectors, Fuse s, Hardware, ICs, Jac ks, Knob s, Lamps, Multitesters, PC Board s,
Plugs , Rectifiers, Resistors, Switches, Tools, Transformers, Trans lstcrs, Wire , Zeners , More!

Prices apply at participating Radio Shack stores and dealers

Convenient data-hold butto n freezes display and lets
you remove tester for easy reading. Features autopola r
ity. conti nuity sounder , low -battery ind icator. Meas ures
to 400vo lts ACIDC and resis tance.1'¥1. x 6'\'8x 3/. ~ With
batt eries and case . N22-165

probe-style Multitester

(1) 20 LEOs. Assortment may include
MV-5054 , MV-50, RL-209 in red,

~~~~~i 6~~ber,. i.nfrared 1.98

(2) 5 Photocells . CdS photores istors .
Ide al for experi ments. Various styles
and ratings . N276-1657 1,98
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DRAWING
BOARD
PC photography

ROBERT GROSSBLATT

A LTHOUGH THE FURTHER YOU GET IN

maki n g a PC b oa rd , th e less
t hought is invol ved , things don 't
necessarily get easier. When you
f inally do th e ph otographi c part ,
yo u may be t hi nk ing less, bu t
yo u' l l be working ju st as hard.
Don 't forget Grossb latt 's twelft h
law: THINGS DON'T GET BEITER, THEY JUST

GET DIFFERENT; a problem is a prob
lem , no matter how you look at it.

Making the negatives
By this time yo u sho uld have a

camera negativ e of th e PC board
layout you mad e on graph paper. It
ma y b e full of du st spo ts
(" hi ck ies"), but th ey'll be taken
care of later. Havin g the came ra
fi lm doesn't mean you can t rash
th e o rig ina l artwo rk- close, bu t
no t quite. Th e next t h ing to be
done are th e actual came ra film
negatives; how much work that
e ntai ls dep en d s o n wheth er
you' re usin g positi ve or negative
resist . No matt er w hat meth od yo u
use, the f irst step is to en large the
camera fi lm and make a full -size
print of th e layout. An enlarge r is
best, but th ere'sanothe r way if you
don ' t have one .

If yo u shot the layou t w it h 35
mm f ilm, yo u can pu t the fil m in a
mount and use a slide pro jecto r
in stead of the enlarger if yo u' re
caref ul. Use glass mounts to make
su re t he proj ect or b u lb heat
do esn 't curl th e f i lm and di stort

B t he im age. Put a red filter ove r th e
z p roj ecto r lens so yo u can posit ion
fi? 't he un exp osed fi lm . You' l l also
b need some way to make sure th e
~ unexposed fi lm surface is perpen
ill
6 d icul ar to t he slide in t he p roj-
o ecto r.
<:
a: The enla rg me nt set up yo u ' ll

78

have to arran ge is show n in Fig. 1.
It's not as good as an enlarger, but
it can wo rk if th e slide proj ector is
set up prop erl y and th e room is
dark eno ugh. The prin t made th is
way w i ll be actu al size, so use
lithographic film at least an inch
larger than th e PC board in both
dimension s. This gives you an ex
tra border to handle the negative
and tap e it to th e PC board copper
side .

FIG. 1

Exp o sin g and pro cessin g th e
f ilm is easy, but making th e fi nal
print exactly 1:1 will take work.
So me peo p le pu t dimen si on
marks on th e orig inal artwork and
measure th em on t he project ed
image . Th is is a good theoret ically,
but reme mber Grossblatt 's eighth
law : THEORY AN D PRACTICE ARE O NLY TH E

ORETICA LLY RELATED .

The only way to absolutely guar
ant ee actual size is to project th e
image onto graph pap er from the

same pad you used to create th e
artwork in the first place. Standard
compo nent spacing is don e in 0.1
inch in c rem ents, m akin g t he
graph paper a perfect negat ive
template . Tape a piece of fl at black
paper on awall , since you' l l need a
backing for the film wh en yo u
make th e actual expos ure. If you
use an enlarge r, tape the black pa
per to t he easel. The projector
light wi ll go rightthrou gh th e film;
w itho ut a black surface to abso rb
it , there mi ght be a second, spu
rious , im age.

Put the graph paper on top of
th e bl ack paper, th e original cam
era film in th e enlarger o r proj
ecto r, and ad just t he proj ect ed
image size . Varyin g the image will
also change it 's size so you' l l have
to adjust fo r a sharp ly fo cused im
age of correct size . You can use IC
pads as a good way to check image
size. Since th ey're on 0.1-inch cen
ters, they sho uld lin e up w ith th e
graph paper gr id . Check th e size at
points all across th e image to make
su re of t he. enlarge me nt. If o ne
edge lines up bu t not its opposite,
th e image isn' t being projected
perpendicul arly.

Expos ure and development are
don e t he same way as for th e origi 
nal came ra f i lm, th e o n ly di f
fe rence bein g th e expos ure t ime
since yo u're using a different li ght
source and lenses. There's no ex
act time to use, but the film has
incredible latitude; since you can
watc h it develop, better to overex
pose th an to underexpose.

A 1-minute expos ure ti me is a
good reference; the f ilm is expen
sive, so expe rime nt on small test
pieces f irst. Once the film is de
velo ped and dried , yo u sho uld n' t
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WARNING:
SCO
Electronics and
RXII dealers do
not encourage
people to use
the Digital
Video Stabilizer
to durlicate
renta movies
or copyrighted
video tapes.
RXII is in
tended to stabi
lize and restore
crystal clear
picture quality
for private
home use only.

( Dealers Welcome)

While watchln9 rental
movies, you will notice an
noying period ic color
darkenln~, color shift, un
wanted lines, flashing or
jagged edges. This is
caused by the copy protec
tion jamming signals em
bedded In the VIdeo tape,
such as Macrovlslon copy
protection . Digital Video
Stabilizer. RXIl completely
eliminates all copy protec
tions and jamming signals
and brings you crystal clear
pictures.

FEATURES:
• Easy to use and a snap

to Install
• State-of-the-ariln

tegrated circuit techno 1-

•~ automatic - no
need for any
troub lesome adjust
ments

• Compatible to all types
of VCRs and TVs

• The best and most excit
Ing Video Stabilizer In
the market

• Ught weight (8 ounces),
and Compact (1x3.5x5 )

• Beautiful deluxe gift box
• Uses a standard 9 Volt

battery which will last 1
2 years.

ToOrder: $49 .95 ea + $4 for FAST UPS SHipPING

1-800-445-9285 or 516-694-1240
Visa, MIC, COD M-F: 9-6 (battery not Included)

sea ELECTRONICS INC.
Dept. CR5 581W. Merrick Rd. Valley Stream NY 11580

Unconditional 30 days Money Back Guarantee

DIGITAL VIDEO STABILIZER
ELIMINATES ALL VIDEO COPY
PROTECTIONS

A NewAOR
Scanner

• Perfect for base or
mobile. Includes AC Total Price , Freight Prep aid
and DC power cords I (Exp res s Shipping Optional)

mobile mount hardware $299.00
and 2 antennas.

• Covers 27-54MHz,
108-174MHz,406-512MHz
and 830-950MHz.

• 5 Scan Banks and 5 Search Banks
• 25 Day Satisfaction Guarantee
• No Frequencies Cut Out.
• Size: 3W'H x 5%W x 7%"0. Wt. : 2 lb. 10 oz.

100 Channels Low, Air,
High, UHF& 800MHz

COMMUNICATIONS
10707E. 106th St. Indpla., IN 46256

=c Toll Free 800·445·7717 Ea
Visa and MasterCard ~
(COD slightly higher)

In Indiana 317-849-2570 Collect FAX (317)849-8794

increase residual resi stance and ca
pacitance , and cause inductive effects
at high frequencies . Solder resistors
as close to the switch terminals as
possible, and the fuse holder goes
between BPI and the pole of S6 . Pin I
of S6 is soldered to the pole of S5 , pin
I of S5 to the pole of S4, etc ., ending
with pin I of S2 being soldered to the
pole of Sl. The pole of SI is soldered
to pin I of S13.

Solder capacitors to each position
on S7-S12, and their common leads
to a single lug above the switch base .
Connect all common lugs together
and to pole 2 of S13. Solder all poles
of S7-S12 together, and then to BP6 .
Drill the case as in Fig. 5.

RC DECADE BOX

continued from page 42

Checkout
Visually inspect all wiring and sol

dering; to complete the checkout, use
an ohmmeter and capacitance meter.
Turn SI3 to position RIC, set SI-S6 to
zero, place an ohmmeter between BPI
and BP2, and measure the. residual
resistance; it should be under I ohm .
As you rotate SI, the meter should
increment by the value of the con
nected resistors . Set SI to 0, and re
peat · for S2-S6. After SI-S6 are
tested, set each to 1-6, in turn. The
meter should indicate the sum of each
switch times its multiplier, or 1.11111
megohm, 2.22222 megohm, etc., up
to 11.1111 megohm. Repeat for the
capacitance section.

Turn SI3 to the SER position and
measure the capacitance between BPI
and BP6; you won't be able to mea
sure resistance in this position . In the
PAR position, measure both resistance
and capacitance between 'BP I and
BP6. In the LPF position, measure the
resistance between BPI and BP6, and
the capacitance between BP6 and
BP4. With SI3 set to HPF, measure the
resistance between BPI and BP4, and
the capacitance between BP6 and
BPI. The decade box should now be
finished.

Once you've gotten everything
working, using the resistance or ca
pacitance sections is straightforward.
Just set S13 to the desired position,
and use the terminals indicated in Fig.
4 and Table I. The RC filters can be
used to either eliminate unwanted cir
cuit noise, or perform pulse shaping
and delays. R-E

Making the PC board
Once you've got the final print,

you're ready to deal with the cop
per PC board; it has to be sen
sitized, exposed, and developed,
before it can be etched . Cut your
self a piece of PC board at least an
inch larger in each dimension than
the printing negative. Before the
PC board can be sensitized, the
copper has to be absolutely clean.

The best way to clean the copper
is by scrubbing with soap-filled

Continued on next page

need the original artwork any ion
ger. If you modify the layout, you
can always make a paper print of
the film to make the changes. Be
sides, the adhesive on the tape
and pads on the original even
tually dries out and falls off the
graph paper.

Next, clean any dust off the film
us ing a magnifying glass and X
acto kn ife. Lay the film emulsion
side on a piece of white paper and
carefu lIy scrape off the hickies and
other contamination. Use tape
and pads to add black to the film
on the base side, not the emulsi
on, since the next step is to con
tact print the film with the emulsi
on side down .

If you use positive resist, you're
finished with the photographic
part of this process, but if you use
negative resist, you still have to
make a film negative. You can
make PC boards reliably either
way, but while negative resisttakes
an extra photographic step to
make the film, it gives you another
chance to clean it.

All the black on the positive be
comes copper on the final board,
so scraping away emulsion is
equivalent to removing unwanted
copper. When working with a
negat ive, the clear areas become
the copper so scraping emulsion is
the same as adding copper.

Producing the negative is done
by contact printing the positive on
a piece of lithographic film. You
can use the projector or the en
larger as the light source with the
same exposure times. Put the two
pieces of film emulsion-to-emulsi
on, and lock them in a contact
frame . You can also use glass, but
back the whole thing with black
paper again; the PC board produc
tion setup is shown in Fig. 2.



FIG. 2

but keep the strokes short, and
make sure no air bubbles or con
tamination get trapped on the sur
face. Once covered, set it at an
angle to let the excess run off. The
resist is only sensitive to a narrow
band of UV, so you can keep a
fairly bright light on while you're
working.

The resist dries quickly, but you

can speed things along with a hair
dryer. This tends to get resist trap
ped in the upper part of the liquid
and makes exposure and develop
ment much easier. Use about a
1000 F (medium setting on most
models) because the resist loses
photosensitivity if it's too hot.
Make the exposure by putting the
negative on the board, locked in
the contact frame.

I use an old sun lamp to expose
the board for 7 minutes at about 2
feet, but any light source between
300-400 nanometers in wave
length will work, like mercury
vapor (found in most sun lamps),
or type-BL UV fluorescent lamps.

Applying the resist and making
the exposure are critical to making
the PC board, so you can-never get
too much information. Kodak
makes a great booklet called "Pho
tofabrication Methods with Kodak
Photo Resists" (Catalog #P-246),
that even has answers to questions
you never thought of; get it. Next
month, we 'll finish off, and discuss
what can be done to make the
PC board manufacture less of a
hassle. R-E

steel wool and hot water. You'll
leave fine scratches, but make sure
they're linear, not circular; de
velopment will be easier if this is
the case. Dry the board with paper
towel (watch out for lint), and han
dle it only by the edges or skin oil
will ruin your work.

Resist comes in both spray cans
and bottles. I don't use spray cans
because they have a habit of spit
ting, are expensive, and have lim
ited shelf life. I bought a quart
bottle of Kodak Photo Resist (Cata
log #189-2074) about eight years
ago, I've made a lot of boards with
it, and it's still half full. The same
with the developer; I bought a gal
Ion of Kodak Photo Resist De
veloper (Catalog #176-3572) at the

- same-t ime-and- sti ll- have-half- Ieft-. ------------
All of the chemicals you use have
some level of toxicity. Work in a
well-ventilated area, and keep the
containers well sealed .

Pouring the resist on the PC
board is simple, but more is too
much. Pour a few drops on the
copper and cover the surface by
slowly tilting the board from side
to side. You can use a small brush,

CABLE TV
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TB-3 (Tri-Bi) or SA-3
Quantity

10 20 Prices 50 100

$48. $43. $39. $35.
Each Each Each Each

I<ing Wholesale

1-800-729-0036
"No one beats the J(ing's prices!"
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Try the

(RE-BBS)
516-293-2283

RE-BBS
516-293-2283

bulletin board
system

.. -

EI alrania

We support 300 and 1200 baud
operation.

The more you use it the more
useful it becomes.

Communicate with other R-E
readers.

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

Leave your comments on R-E with
the SYSOP.

REFERENCE LEV EL knob; th e up per
sett ing (20 dBm or 69 dbm V) isn't
rep resented. The PSA-65A also up
dates the CRT every 5 seconds,
causing it to f lash bri efl y.

co ntinued from page 32

SPECTRUM ANALYZER

peak again cente red, the user th en
sets the VAR SPAN to CAL. The peak
should compress to its minimum
observable width , and t he user
m oves th e H O RIZ POSITION knob to
recent er th e peak o ne fi nal t ime . If
d one p roperly, ro ta tin g t he VAR

SPA N co ntro l toward ZERO SPA N sho 
uld expand, but resul t in no hori
zontal defl ecti on. Th e pro cedure
should becom e habit afte r a co u
pl e of trys.

Conclusion
Even with th e minor limitation s

like th e TU NI NG kno b lag on the
LCD in NORM m od e, th e non
lin eari ty of the FINE TUNE knob, the
reverting to a time-dependent di s
p lay in the ZERO SPA N posit ion of
the VAR SPA N knob, and the need
fo r horizontal calib ration, this is a
very impressive in strument fo r th e
pri ce. It allows spec trum-analyze r

The graticule and CRT capability at a fracti on of normal
The vert ical axi s is calib rated in cost , and will popularize th e co n-

both dBm and dBmV; th ere's a 49 cept of using one as a complem ent
- d B di fferen Ee-betw een- th e-two - - to an-osci lloscope. AVGOM is-Ger-- - -~dd_yoiJ rse IUo. ou r. user.fi l es to

scales. The top horizontal lin e of tain ly movin g toward th eir goa l of Increase your access.
the grat icu le indicates nu mbers in pu tt ing a low- cost spectrum ana-
b oth dB and dBmV, th e reason Iyz er o n every RF t echni ci an 's
bei ng that th e grat ic u le was a hold- wo rk bench.
over from an ear lier instrument. At $2675, th e PSA-65A is a defi-
Th e number s ind icate t he inter- ni te bargain . Even if you th ink th at
pretation associated with th e to p yo u don 't need a spectrum ana-
horizontal l in e, fo r th e vario us Iyzer, we' re sure th is on e would
three lower se tt i ngs o f th e prove you wrong. R-E

• FOR ELIMINATION OF SEVERE IN TERFERENCE
• FOR "CENSORING" OF ADULT BROADCASTS
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" MORE THAN A CONTACT CLEANER"
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CRAMOUN
Bell & _ell
Boe ing

Capitol Records

CRAMOLlN t'> is a fast-acting , anti-oxldizing lubricant that cleans and
preserves all metal surfaces, including gold .

Whe n app lied to metal contacts and connectors, CRAMOLlN t'> removes
resistive oxides as it forms a protect ive molecu lar layer that adheres to the meta l
surfaces and mainta ins max imum elect rical conductivity .

1175-0 Industrial Ave.. (P.O. Box J) . Eacondldo. CA 92025-0051 U.S.A. (619) 743-7143

• USED BY THOSE WHO DEMAND THE BEST:
Howlett Pad<ard MCI(SonyJ NakamlchJ
John Auke Mfg. Motorola RCA
Mcintosh LAbs NASA Swtlchcralt

SINCE 1956

r:;::;;--=-:;;;:;:;;:-P"I"ptII!III~IIIIW'W""!~~~~

Even the finest equipment in the world cannot guarantee noise-free operation.
One " dirty" connection anywhere in the electrical path can cause unwan ted
noise or signa l loss.

P.D.Box 94917
Las Vegas,NV 89193-4917

., - 800 ':'433-63 19

3 for $72 - 10 for $180 - mix & match
Call Toll Free For C.O.D. or Send Check To Order

No Shippi ng Charges
• Shipped Within 3 Days • 30 Day Money Back Guarantee

FACTORY DI RECT FROM

Stalt~

band - stop filters

TUNI NG FOR SHIPPINGI
MODEL RANGE CHANNELS PASSBA NC PRICE HAN CLING

23H 50-66 M~z 2.3 (or 6 meter ham) 50·300 MHz $30 FREE

46FM 66 -108 MHz 4,5.6 (or any FMI 50·300 MHz $30 FREE ~
14 17 120 -144 MH z 14(AI ' 5(BI ' BICI 17101 50·400 MH z $30 FREE I
1822 144-174 MH z l BIEI 191FI 20(GI 211HI 22(1i 50-400 MHz $30 FREE
713 174-21 6 MHz 7.8,9,10,11,12,13 50 -·:mOMHz $30 FREE

• ATTENUATI ON - 45 dB TYPICAL
• BANDWIDTH - 4 MHz AT 5 dB POINTS

• INSERTION LOS S · 2 dB
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DIGI~COMPASS

continued from page 51
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Proper test equipment
When servicing CD players, the en

tire laser pickup has to be replaced in
the event of a failure; optics are rarely
adjustable, except for the drive motor,
drive belt, or gears . According to a
recent EIA publication, the laser
pickup is most prone to failure due to
wear. CD test equipment is similar to
that used in standard audio. Sencore
Electronics has many CD servicing
products (see Table 1), but they don't
have a laser-power meter. While such
meters are available, you can get by
without one by testing the detector
diode outputs; if incorrect, the defect
is in the laser pickup.

You'll need a test disc, available
from some CD manufacturers, and a
standard disc with prerecorded high
precision test signals. Play it and note
the CD's response, using the indicat
ed instruments, if possible. The test
disc is used to make any CD adjust
ments. You can use any known good
disc and a stereo power amplifier ana
lyzer for a final check and to demon
strate the player for a customer.
Servicing CD players requires that
you know what the basic function of
each section of the circuitry does . You
will, of course, also need your basic
electronics troubleshooting skills.
Aside from that, all you really need is
a little mechanical know-how; just
study the mechanical operation of the
player, and you'll probably find the
defective part. R-E

CD PLAYERS

continued from page 53

detector outputs are fed to a preamp
and a data strobe to differentiate be
tween logic-highs and logic-lows and
extract sync . The data processor de
modulates signal data, does error de
tection/correction, and performs over
all signal processing control.

All CD's have some provision for
interleaving error-correction informa
tion into signal data when a disc is
recorded, minimizing the effect of au
dio dropouts . The loss is distributed
over various smaller gaps in the final
audio. "Filling in" missing informa
tion on either side of a gap isn't diffi
cult; the DIA converter follows the
signal processing, and-the restored
analog is then restored to pure two
channel audio by a Sample-and-Hold
(S/H), and applied to the two stereo
channels.

Calibration
All adjustments must be made on a

flat non-metallic surface, and the
compass unit must be calibrated ac-

cording to the manufacturer's instruc
tions first. Keep the compass sensor
away from the compass display, com
puter equipment, metal objects, etc .

The "port" value shows the cur- Any magnetic fields generated by
rentiy used LPT port. You can switch electronic equipment or appliances ,
between the available LPT ports by or nearby ferrous metals could affect
pushing the "P" key. That is ex- the calibration accuracy of your Digi-
tremely handy while debugging the Compass. Also, do not use a metal
compass or if you have two compasses screwdriver to adjust the compass or
attached to your computer. your adjustments will be mean-

The t ext - 0 n Iy pro g ram, ingless; use the supplied non-magnet-
TEXTCOMP.EXE, must be used if your ic adjusting tool.
display adapter is not compatible with To run the text-based compass pro-
COMPASS.EXE. It too will auto-config- gram, plug the interface into the par-
ure the LPT port and provide default allel printer port of an IBM PClXTI
acquisition averages. Youcan include AT. On the command line type
the LPT port on the command line as "TEXTCOMP LPTx" (where x is a
well as the number of acquisition aver- I, 2, or 3, depending on the port
ages to perform (up to 255). To in- used). Be sure to specify directory
elude the.average.argument,_you.must- -paths.as.required.. For-example, sup-
include the LPT port argument. Stan- pose you plugged Digi-Compass into
dard syntax is: TEXTCOMP LPTnlO, LPTl and had TEXTCOMP.EXE on a f1op-
where "n" is the printer port desired py in the A drive. At the command
(1,2, or 3), and" 10" is the number of prompt, you would type "A:TEX-
averages (0-255). TCOMP LPTl." .

To calibrate the interface unit, ad
just the "max-limit" potentiometer
(Rl7) to 4 .15-volts DC at pin I of IC3
and the "min limit" potentiometer
(RI8) to 1.15-volts DC at pin 3 of IC3.
With the interface unconnected from
the computer, carefully direct the
flux-gate sensor exactiy to the North
east, keeping the sensor perfectly
horizontal. Adjust the "gain" poten
tiometer (RI6) on the interface so that
pin 2 of IC3 is 4.25-volts DC.

Aim the sensor up to 5 degrees
towards the North, and then up to 5
degrees to the East, and verify that the
voltage does not exceed the adjust
ments-otherwise re-adjust. When
aiming the sensor for the 5-degree
test, ignore all measurements beyond
the 5 degrees.

With the Digi-Compass interface
connected to the computer and
TEXTCOMP.EXE running, verify that at
the Northeast direction, when the X
and Y readouts match (± 2), that the
highest value is 220 (± 5). Adjust RI7
to set the highest value. Next, verify
that at the Southwest direction, when
the X and Y readouts match (± 2) ,
that the lowest value is 30 (± 5). If
necessary, adjust RI8 on the interface
to set the lowest value. Now go back
and recheck those steps, as they are
interactive. Verify that the compass
readings match the computer's read
outs while in the "digital" mode. The
Digi-Compass interface is now ad
justed. R-E
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y ou want a 386, but your
pocketbook says no. End of

discussion? Maybe not, depend
ing on what you want that 386
for. If it's raw speed you're after,
you 're out of luck. But if intel
ligent memory management puts
a gleam in your eye, you'll find a
Canadian product called the All
ChargeCard highly interesting.

Briefly, the All ChargeCard is a
small module that you install be
tween the 80286 microprocessor
and your system board . The
basic product costs about $400,
but unless your 286 is a PGA type
(most non-IBM machines aren't)
and readily accessible, you'll
need a $100 adapter kit. Figure 1
shows the module surrounded by
various adapters and tools in
cluded with the kit.

By itself, the ACe doesn 't
change operation of your system
one iota. But with the accom
panying software, the ACe lets
you pull 386-like tricks on your
286. Such as?
• Increase DOS size to 736K (in
color systems not running
graphics programs, or 704K in
mono systems).
• Speed up system operation by
ROM "shadowing" (running the
BIOSes from RAM, rather than
ROM, which is slower). z
• Use memory above 640K for 52
DOS~ nLES, BUFFERS, and m
LASTDRlVE storage areas. ~
• Use memory above 640K to gJ
load device drivers-including cD
RAM-hungry network drivers. ffi
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1386 Power On A 286 Budget I

EDITOR'S
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Establishing the ground rules
A modem has two basic func

tions. The first is to convert bin
ary data into analog signals for
transmission over standard tele 
phone lines, and the second is
convert analog signals back into
binary data suitable for a com
puter. The first process is called
modulation, and the second, de
modulation, hence the name
modem (MOdulation/DEModula
tion).

To ensure that modems from
different manufacturers can
communicate, standards for en
coding, transmission, and de 
coding have been established,
first by AT&T and more recently
by the CeITT (Cooperative Com
mittee for International Tele
phone and Telegraph).

At speeds as high as 2400 bps,
the protocols are well defined and
universally accepted , and vir
tually all modems within this
class can communicate with one
another. It's beyond 2400 bps
that problems begin.

continued on page 86

ufacturer? By understanding
how modems differ, as we shall
see.

eel vances in modem technology make it
harder tha ever to pick the right modem. Here's how.

TJ BYERS

I SDN paints an attractive pic
ture of communications in the

next century, but for now we'll
have to live within the confines of
the Public Switched Telephone
Network for our communications
needs. And that means improv
ing the speed and performance of
existing modem technology.

Fortunately, modem technol
ogy has kept pace with increas
ing PC speeds. Using advanced
data compression and encoding
techniques, in only a few years
modem communications has
gone from 300 bits per second
(bps) to 9600 bps-with 's om e
modems having data throughput
exceeding 30,000 bps.

Unfortunately, the lack of a sin
gle high-speed modem standard
makes it impossible to pick just
any modem from your dealer's
shelf and expect it to talk to any
body else's modem. Many models
use proprietary transmission
modes that can only talk to mod
ems of their own kind.

So how do you know if one
modem can talk to anther
modem from a different man-



controller, as with some compati
bles. The module protrudes high
enough above the system board
to interfere with expansion
cards, but by inserting my %
length Paradise VGA card in the
matching expansion slot, I didn't
have to sacrifice any slots. Prying
the CPU out of its socket was
quite difficult, even with the spe
cial tool supplied by the company.
(The heatsink visible in the pho
tos was supplied by me simply
because I happened to have it,
not because the company recom
mends it.)

After installing the card, you'll
want to set up any non-DOS
memory in your system as ex
tended memory (that normally
addressed linearly above the 1MB
mark) to let the ACC do its tricks.
You may have a problem if your
system board forces you to allo
cate 384K of memory as extended
memory.

After completing the physical
installation, you can boot your
PC and run as normal. However.
to reap the benefits of the ACC,
you must install a device driver in
your CONFIG .SYS file. Depend
ing on the options you specify
there, you can backfill memory to
the 640K mark or higher. specify
the amount of memory to allocate
as EMS and as extended, enable
ROM shadowing. etc. To max
imize contiguous DOS memory
you should remove the FILES,
BUFFERS. and DEVICE state
ments from your CONFIG .SYS
and run All's corresponding pro
grams from AUTOEXEC.BAT.

The real world
I found the All ChargeCard a

pleasure to use. With it, I ran OM
NIVIEW(a multi-tasking environ
ment) and was able to download
files (using ProComm Plus) from
an on-line information service at
the same time as I wrote this re
view. In addition. the card in
creased my DOS memory space
by about 25K. and if I gave up the
ability to run graphics programs,
by about 120K.

The ACC may seem kind of
"kludgy" but it 's been through
several design iterations (early
versions required you to modify
your application programs l. and
most of the kinks have been

. ;"> ""~~ ..
~t ....

Installation
Installation can be difficult, de

pending on the physical config
uration of your system. If the
microprocessor is soldered to the
system board, you're simply out
ofluck. Best is a PGA type, which
is used in IBM AT's and a few
other compatibles. (All Comput
ers has a list of machines and
corresponding CPU socket
types.) The PGA type has rigid
pins that allow you to insert the
IC into machined socket pins.
Most machines, however, use
LCC or PLCC types, which re 
quire the adapter kit.

In my test system (an AST Pre 
mium/286 with a PLCC socket),
installation was fairly easy. My
CPU socket is located near the left
edge ofthe system board, not un
der the hard disk drive or disk

FIG. 1

FIG. 2

• Us e m em ory above 640K to
loa d TSR's: SideKick, DOS's
MODE program, Smart Key-you
name it .
• Convert some or all extended
memory into fully register-com
patible EMS 4.0 memory, which
is great for running OMNIVIEW
and Windows.
• Add EMS 4.0 page frames
above 640K to let Windows run
more efficiently.

The disadvantages? Cost is
one. At $500, the ACC is just a
few hundred dollars cheaper
than the leas t expensive 386SX
system boards that are currently
on the market. And even with the
ACC, a 286-based system will
never be able to run 32-bit soft
ware, nor will it be able to take
advantage of full 32-bit address
and data buses.
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R-E Computer Admart
Rates: Ads are2W' x 2W'. One insertion $900.Six insertions $815. each.Twelve
insertions $845. 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.·
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DYNAMIC RAM
SIMM 11) 256Kx36 80 ns $400.00
SIMM

1

1Mx9 70 ns 190.00
SIMM 12) 1Mx9 80 ns 150.00
SIMM 256Kx9 80 ns 70.00
1Mblt 1Mx1 100 ns 12.90
41256 256Kx1 60 ns 7.25
41256 256Kx1 80 ns 6.25
41256 256Kx1 100 ns 4.15
41256 256Kx1 120 ns 3.50
4464 64Kx4 120 ns 5.00
4126413) 64Kx4 120 ns 11.95

EPROM
27C1000 12BKxB 200 ns S22.00
27512 64KxB 200 ns 9.50
27256 32KxB 150 ns 7.25
27128 16KxB 250 ns 4.50

STATIC RAM
62256p·1D 32KxB 100 ns $20.95
6264p·12 BKxB 120 ns 5.95
6116AP.12 2KxB 120 ns 4.50

Ie PROMPT DELIVERY!!!
SAME DAY SHIPPING (USUALLY)5 QUANTITY ONE PRICES SHOW N 101"AUG. 20, 1M9

SATDfUVERY MasterCardNfSA or UPS CASH COD

,;:W~~ ~1~~Pf.09~SSORS UNLIMITED. INC.
RECEMO BY ~EGGS OK~;:'2;· ' (918) 267-4961

n. IW .... ..,,~ II No minimum order. ~'M 'lOW pncft sutlj«11O ctwI.'
rn "'1 SIz.a.' 1l ShopponQ.IlI ..r&nal ,xl ra , ...plO$llo<ped<ongma~'

BP123-lntroduces mi- APractlca'
croprocessorsbyhaving Introducllon to
the reader construct a Microproces.ors

very simple micro 
processor circuit that he
can experiment with and
thus hopefully gain a
clear insight into this
complex subject. The
completed unit is only _~ _
intended as an education aid, but can be
built inexpensively and many of the parts
can be reused for other applications later.
Get your copy for $5.00 plus $1.25 for
shipping in the U.S. from Electronic Tech
nology Today Inc., P.O. Box 240, Massape
qua Park, NY 11762-0240.

A PRACTICAL
INTRODUCTION TO
MICROPROCESSORS

BP135--A beginners guide
to the Commodore 64 pre-
sentsmasses ofuseful data
and programming tips, as
well as describing how to
get the bes t from the
powerful sound and graph-
ics facil ities . We look athow the memory is
organized, random numbers and ways of
generating them, graphics-color-and sim
ple animation, and even a chapter on ma
chine code. Get your copy today. Send
$5.00 plus$1.25 forshipping inthe U.S.
to Electronic Techology Today Inc., P.O.
Box 240, Massapequa Park, NY
11762-0240.

5 . 4::,.t5 of theI COMMODORE 64 •

SECRETS OF THE
COMMODORE 64
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worked out. Even so, there are
s t ill a few. For example, you can't
reset you r machine by pressing
Ct rl-Alt-Del or even a hard' reset
switch; instead, you must run a
small program that clears the
ACC's regis ters and then per
forms the normal DOS reset se
quence (i .e . , JMP FFFF:OOOO).
The problem is that you don't al
ways have access to the DOS
comman d line when you want to
reset your machine (for example,
if a program has hung your sys
tem). In that case, your only re
course is to power down an d back
up.

A so m ewh a t mo re s e r i ous
problem is that the ACC doesn't
handle DMA operations properly.
To increase transfer speed, tape
backup units often grab direct
control of the DMA hardware.
That can be a problem with the
All software running , because
physical and logical memory no
longer correspond to one an 
o ther. The company su pplies a
program that is s uppose d to solve
t h e problem, but it left my ma
chine with only 372K of DOS
m emory, w hich was no t enough
t o run my Irwin 785 tape drive.
My on ly recourse is to remove the
A ll EMS driver from CON 
FIG.S YS, reboot , run the backup
software, restore th e driver, and
reboot again. And that's a real
pain. Of course, if you don't u se

software that takes direct control
of the DMA hardware. it won't be
a problem for you.

All in all, then, the All
Ch arg eCard is quite an intrigu
ing device. At half the price, it
would be a s teal. However, at the
$500 level, it's just under 386SX
sys tem board and accelerator
card prices (which will undoubt
edly continue to fall), so choosing
between the two is difficult . If
compatibility with future 3 86
software is important to you,
you'd be better off avoiding the
ACC. But if you want to upgrade
now at the lowest possible cost,
the All ChargeCard won't disap
point you.•m.

Ison-I
WARE:

IInsults A La Carte

Creatin g insults is an all-bu t
lost art. Anyone can string

together a bunch of four-letter ex
pletives , but that's not what I'm
talking about . Rather, things
like: You boring mound oj septic

camel manure or You bungling
tub oj soppy buzzard barf or .. .
well, you get the idea. If you ad
mire such crafty u se of language,
but find it difficult to create such
gems yourself, get a copy of In
sults2 , a public d omain-pro
gram . It 's available from the
author directly for $5 , or free
from many BBSes, including
RE 's (516-293-228 3, 3 00/1200
bps, 81N11). The author also sells
a related product, called Pranks,
for $20. Pranks is a collection of
programs you can run on an un
suspecting u ser's PC to make
him think there is something se 
riously wrong with it . Pranks is
neither public domain nor share
ware, and it mus t be ordered di 
rectly from the author.•m.

ITEMS DISCUSSED
• Insults2 ($ 5), Pranks ($20).
Mode m Advisory Ins ti tu te, P. O.
Box 11632, Salt Lake City. UT
84147 . (801) 569·0730.

CIRCLE 48 ON FREE INFORMATION CARD

• All ChargeCard ($399).
Adapter kit ($ 100), All Cornput
ers Inc. , 1220 Yonge S treet , Sec
ond Floor, Toron to , Ont ario .
Ca na d a M4 T 1W l. (416)
960-0111.

CIRCLE 47 ON FREE INFORMATION CARD
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MODERN MODEMS

continuedfrom page 83

Competing techniques
The first attempts at creating a

high-speed modem saw modem
makers modifying cheap 9600
bps modems already in common
use by fax machines. Those mod
ems. which use the CCITT Y.29
transmission mode, provide one
way (half-duplex) data transmis
sion over normal phone lines.
But for two modems to talk to
each other and carry on a two 
sided conversation, they must
have a full-duplex link. Two
methods are commonly used to
make the V.29 modem behave
like a full-duplex modem: ping
pong duplexing and statistical
duplexing.

In ping-pong duplexing the
two modems take turns talking.
like two persons carrying on a
normal conversation. The first
modem begins by turning its

(J) transmitter on and sending data.
~ . After a prescribed amount of
~ time. control of the phone line iso given to the other mode~:which
~ now transmits data unttl Its turn
6 expires. The process contin~es
Ci with the two modems swappmg
Cf packets of data back and forth in

MODEM SOUP
Modernjargon is replete with ac
ronyms, coined words. and
mysterious V.xx codes. Here is a

One problem is simply the list of the most common modem
2700-Hz bandwidth of the tele- terms and their meanings. The
phone line. Another is the incom- definitions are grouped by cate-
patible compression methods gory.
modem manufacturers use to TRANSMISSION MODES
maximize throughput. Low- V.32 9600 bps. full-duplex. trel-
speed modems have the advan- lis encoding w/echo cancella-
tage because their 2400-Hz tion

.bandwidth easily fits into the V.32 HDX 9600 bps. ping-pong
voice band. 10 move the data fast- duplex. QAM encoding, used by
er. however. we must increase the Hayes
coding density of the carrier by V.29 9600 bps. half-duplex.
using more complex coding QAM encoding. for use with
methods (see sidebar). dial-Up fax

Unfortunately. the t.ran~mitted V.27 4800 bps. half-duplex.
waveform gets more mtncate as DPSK encoding
coding-density-increase.s,and- V.22 2400 bps, full-duplex.
the hardware needed to differen- QAM encoding
tiate between signal changes and V.22 1200 bps. full -duplex.
line noise grows more ~om~lex DPSK encoding
and expensive. The solution IS to V.21 300 bps. full-duplex. FSK
change transm~ssi~nmethod so encoding
the waveform IS SImpler. How- Bell 208 4800 bps. half-duplex.
ever, it's nearly impossible to get DPSK encoding
two modem makers to agree on a Bell 212 1200 bps. full-duplex.
common transmission mode and DPSK encoding
data-encoding method. Bell 103 300 bps. full-duplex.

FSK encoding
. ENCODING/DECODING
Trellis Modified Quadrature
Amplitude Modulation
gAM Quadrature Ampli tude
Modulation
DPSK Differential Phase-Shift
Keyed modulation
FSK Frequency-Shift Keyed
modulation

DATA COMPRESSION
V.42 Pending CCITT standard.
compliant with MNP 2-4 error
correction only
MNP 9 Includes all the features
of MNP 7 plus Y.32 operation
MNP 7 Includes all the features
of MNP 5 plus look-ahead fre
quent-ch aracter recogni tion
MNP 5 Provides sequential and
frequent character data com
pression

ERROR CORRECTION
V.42 CCITT standard. com
pliant with MNP 2-4
MNP 4 Includes all the features
of MNP 3 plus automatic varia
ble data packet sizing
MNP 3 Synchronous framing
using CRC
MNP 2 Asynchronous framing
uSin~parity bit checking

86

rapid, scheduled succession .
The disadvantage is that valu
able time is wasted if one modem
has nothing to send.

Hayes is the most popular
manufacturer using ping-pong
duplexing (which th~y have ~a

beled Y.32 HDX) with ItS V-sertes
Smartmodem 9600. However, at
9600 bps. the Hayes modem can
talk only to another Hayes
modem-not even a 9600 bps
modem from another manufac
turer that uses the ping-pong
method . (The Smartmodem
9600 is compatible with stan
dard modems at lower speeds,
however.)

Statistical duplexing uses a
high-speed Y.29 data channel
and a low-speed reverse channel
to keep the two modems in
touch. The reverse channel is a
full-duplex service channel that
operates at about 300 bps and is
used to let each of the modems
know the status of the other.
Based on their communication
needs. the high-speed data chan
nel is assigned to one or the
other. That arrangement is akin
to one person in a conversation
doing most of the talking-like a
teacher who is occasionally inter
rupted by a student asking ques
tions. Data buffering prevents
loss of data when the data chan
nel isn't immediately available.

Statistical duplexing makes
better use of the link, but the
data still only travels in one direc
tion at a time. The current record
holder for statistical data
throughput is U.S. Robotics'
Courier HST, with a claimed data
rate of 14,400 bps.

Echo cancellation
The fastest and most popular

high-speed transmission meth
od is CCITT's V.32 full -duplex
protocol. A Y.32 modem can send
and receive data simultaneously
because it places both con
versations on the line at the same
time and uses echo cancellation .
to sort them out.

Although the two signals clash
and interfere with each other, the
method works because each
modem knows what it is send
ing. It's like the way we are able to
carry on a conversation at a noisy
cocktail party by tuning out ev-



FIG. I-PHASE-SHIFT KEYED MODULATION is a popular
technique in older (less than 1200 bps) modems.
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by doing so , the telephone's
voice band can accommodate
only one carrier.

An example of this transmis
sion mode is V.29, the CCrTT
st.anda rd that is used by fax ma
ch ines around th e world. It uses
a 2400-Hz carrier to provide
faithful communications a t
9600 bps, but provides only
half-duplex operation.

The V.32 modulation tech
n ique is very similar to V.29 ex
cept that it provides full-duplex
operation at 2400 Hz by using
ech o cancella tion . Moreover. as
a bonus of the complex data pro
cessing required to make echo
cancellation work, V. 32 is able
to offer 32-point QAMenc oding.
Ins tead of the ex pected eight
bits of data , however, the eigh t
vec tors a re trellis- encoded to
provide five b its of data. Pres
en tly, the fifth bi t is used to pro
vide information for the pur
poses of er ror correction , which
me ans that th e da ta
throughput of V.3 2 32-poin t
vector is the same as it is with a
16-point vec tor. Bu t now tha t
32-poin t QAM encoding is ou t
of the bag, it may s ignal th e be
gin n ing of yet an ot he r round of
modem rate increa s es. We're
ce rta in ly looking forward to
s eeing tha t!
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- 1

- 1- 1 + 1- 1

- 1+ 1
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PHASE
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PHASE I t 1 1CHANGE

BINARY 0 0 0
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a va lu e s ome where between
zero and unity, we can achieve
greater coding dens ity. This
schem e is ca lle d quadrature
a m pli tu de modulation (QAM)
and is the s ec re t behind suc
cessful high-speed modem data
enc oding.

The firs t of the popular mod
ems to use QAM was the V.22
modem-th e same 2400-bps
modem that is sold by Hayes
an d just about everybody else.

In V.22, the vectors are scaled
so that there are 16 vectors
rathe r than four, which means
the quadratures can now repre
se nt four bits of data instead of
tw o . Wh en t his e nc o d i ng
sc heme is used on a 1200-Hz
ca rrier, it means the carrier can
be modulated at 600 baud and
still leave u s en ough room for
two car riers. on e at 1200 Hz and
one at 2400 Hz, for full duplex
operation a t 2400 bps.

However. I6-point QAMis the
lim it for normal dial-up phone
commun ications. Beyond that,
the line noise overwhelms the
smaller di screte s ignal changes
un less co m plex-an d ex pen 
s ive- decod ing h ardware is
used a t t he receiver. The eco
no mi cal answer to faster com
munications ra tes is to inc rease
the frequency of the carrier. But.

HOW MODEMS TALK OVER
PHONE LINES

Sending digi tal da ta over analog
phones lines may seem compli
cated, but it's n ot really. The
technology is based on a modu
la ted audio-frequency ca rrier
(like the RF ca r r ier used by ra
dio a n d TV) that fits within the
confines of the p hone networks
voice band. The tric k is encod
ing the ca rrier for reliable com
m u n ica tions over t he wide
range of changing line condi
tions that a re u s u ally exper i
enced on the di al -up telephone
network.

Although early modems used
frequency-shifted keyed (FSK)
modulation to get the message
ac ross. modern modems rely on
phase-shift encodi ng.

Th e Simplest phase-shift en
coding scheme. called differen
t i al ph a s e -shift e d k ey ing
(DPSK), has two oscilla tors run
ning 90 degrees apart. Accord
ing to the value of the binary bit.
th e encoder ch ooses between
one of the two oscillators at pre
determined in te rvals to produce
a waveform s i milar to that
shown in Fig . 1.

The direction of the phase
shift itself do esn 't de termine
th e value of the da ta bit. In
stead , the bi t value is deter
mined by the algebrai c sum of
the vector components . The two
oscilla tors are 90 degrees apar t ,
so tha t gives us four vector pos
s i b ili ti es ( + 1, +1 : + 1, - 1;
- I , - I, ; -1, + 1), as s hown in
Fig . 1. Consequen tly. if we want
to encode a I on to the ca r rier, we
must shift the phase difference
so that the algeb ra ic sum lands
in qu adratures + I, + 1 or
- 1, - 1. Phase shifts tha t place
th e vecto r in q u a dratures
+ 1, - lor - 1, + 1 cancel to zero.
Encoding is done USing an ex
clusive NOR gate, and the signal
is d ecoded us ing a phase-locked
loop (PLL). Both the Bell 212A
an d V.22 1200-bps mod ems use
DPSK encoding.

With DPSK encoding, the vec
tor sum is scaled to uni ty ( + 1).
However, if we scale the quad
rature components to fractions
so that the vector su m assumes
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erything but what we want to
hear. By creating inverted signals
of its output and feeding them
back into the receiver, the
modem can sort out the mess
through voltage cancellation.
When the transmitter's output
goes positive, the receiver's refer
ence voltage goes negative, re
sulting in a zero voltage at the
input of the receiver for that sig
nal. Once the local signal has
been canceled, what remains is
the signal from the other modem.

It's sounds simple in theory,
but actually it's difficult to imple
ment because of defects in the
phone network. Voltage reflec
tions from phone connectors,
switching relays, and the receiv
ing modem itself cast echoes
onto the line that confuse the re
ceiver. V 32 uses complex digital
signal processors (DSP's) to lo
cate and remove those echoes,
but at the expense of added hard
ware.

Until recently, the cost of a V.32

TEACHING OLD MODEMS A
NEW TRICK

Ifyou'd like to take advantage of
the new MNP error correction
and data compression tech
nology, but wince at the thought
of having to buy a new modem
to get it. you'll be happy to hear
about MagicSoft's MTE commu
nications software.

MTE allows you to add MNP 4
error correction plus MNP 5
data compression to your exist
ing modem without making any
changes to its hardware. More
over, MTE isn 't just a device
driver that you attach to your
existing communications pro
gram. but a complete communi
cations package.

MNPoperation is automatic
and V.42 compatible. The pro
gram queries the responding
modem for MNP compatibility,
then configures itself to the
highest common MNPlevel. The
MNP link can be made between
any modem that has MNP built
into it, or one that uses software
to implement MNP (like mod
ems from Zoom Telephonics).
Once the link is established,
communications proceed at
data rates up to two times that

modem exceeded $2000. But
more and more manufacturers
are building V.32 modems, and
prices are dropping below $1000.
Unlike the ping-pong and statis
tical protocols discussed above, a
V.32 modem can talk to any other
V.32 modem, provided both use
echo cancellation.

Data compression
A ploy frequently used to in

crease data throughput without
inventing a new modem protocol
is data compression. Data com
pression doesn't change the way
your modem works, only the way
the data is packaged before it is
sent. For example, if you had a
data compressor with a 4-to-1
compression ratio, you could
achieve an effective throughput
of 9600 bps using a standard
2400 bps modem.

Data compressors shrink data
by looking for repeated charac
ters or patterns in the data string
and replacing them with unique

of normal. If the responding
modem doesn't have MNP pro
tocol. MTE defaults to the high
est common standard data rate.

The MTE communications
program is versatile, yet simple
to use because of a user inter
face that supports both hot keys
and Lotus-style menus. MTE
also supports a wide variety of
link protocols, including two
versions of XMODEM and three
versions of YMODEM. Other
features include a log that rec
ords the length of the phone call
and macros for automatic logon
to on-line services (Com
ptrServe. etc.).

Perhaps best of all is the Mini-'
Host feature that allows the pro
gram to function as a simple
bulletin board or as a sophisti
cated unattended modem. Any
one who calls while your system
is in the Mini-Host mode will be
able to use your MTE program
to do a variety of tasks, includ
ing uploading and downloading
files from the program's SEND
and RECV directories.

So if you'd like to give your
present 2400-bps modem 4800
bps performance, MTE may be
just the ticket.

control characters . The com
pressed data is then sent over the
phone line. At the other end, the
control characters are expanded
back into their original se
quence.

However, data compression is
based on a software algorithm,
and unless you use the same al
gorithm both to compress the
data and to expand it, you'll end
up with gibberish. Although sev
eral modem manufacturers offer
data compression, about half of
them use a proprietary algorithm
that is compatible with machines
made only by them.

Only the MNP Class 5 data
compression method created by
Microcom has garnered much
popular support among modem
manufacturers. MNP Class 5
works by identifying runs of
identical characters, such as
spaces or tabs in a table, and
sending them as a shorter se
quence . MNP data compression
also counts the number of times
a character appears in a docu
ment, like the letter "e", and re
names those that are frequently
used with a code that's shorter
than its ASCII equivalent.

Microcom's newest data com
pression algorithm, MNPClass 7,
includes all the features of MNP
Class 5, plus it takes advantage
of predictable character se
quences (such as the fact that u
usually follows q in English) and
replaces them with a single con
trol character.

Average speed increases for
MNP data compression are twice
the normal data rate for Class 5
and up to-three times the normal
data rate for MNPClass 7. In fact,
Microcoms 9600-bps QXN32c
modem can throughput data at
speeds in excess of 33,000 bps
when using MNP Class 7 data
compression.

Error correction
At any speed, modem trans

missions are prone to error sim
ply because of the noisy phone
environment in which they must
work. But as the speed of the
modem increases, so does the er
ror rate . Several methods are
available for error detection and
correction.

The simplest appends a ninth
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bit, called a parity bit, to the data
byte. The value of the parity bit is
determined by the number of Is
in the data byte. If the count is
even, the parity bit is one; if the
count is odd, the parity bit is
zero . At the receiving end, the
number of Is in the data byte are
counted again and compared to
the value of the parity bit. If the
two don't agree, a data error is
declared and the byte is sent
again.

A faster method is to use cyclic

PRODUCT INFORMATION
MTE ($79)
MagicSoft. Inc .
P.O. Box 396
Lombard, IL 60148
(312) 953-2374
MODEM MANUFACTURERS

Cermetek Microelectronics
1308 Borregas Ave.
Sunnyvale, CA 94088
(408) 752-5000
Concord Data Systems
45 Bartlett St.
Marlborough, MA 01752
(617) 460-0808
General DataComm, Inc.
Straits Thrnpike
Middlebury, CT 06762
(203) 574-1118
Hayes Microcomputer Prod
ucts, Inc.
P.O. 105203
Atlanta. GA 30348
(404) 449-8791
Microcom, Inc.
500 River Ridge Rd.
Norwood, MA 02062
(617) 551 -1000
Multi-Tech Systems, Inc.
2205 Woodale Dr.
Mounds View, MN 55112
(612) 785-3500
Racal-Vadic
1525 McCarthy Blvd.
Milpitas, CA 95035
(408) 432-8008
Telebit Corp
1345 Shorebird Way
Mountain View, CA 94043
(415) 969-3800
U.S. Robotics, Inc.
8100 North McCormick Blvd.
Skokie, IL 60076
(312) 982-5001
Ven-Tel, Inc.
2121 Zanker Rd.
San Jose, CA 95131
(408) 436-7400

redundancy checking (CRC). In
this method, a string of bytes is
grouped together in a packet and
then processed by an algorithm
that produces a sum represen
tative of the group. This CRC
number is then sent along with
the group. At the receiver, the re
ceived data packet is processed
by the same algorithm and the
results compared to the CRC val
ue . As before, a difference be
tween the two values prompts a
retransmission of the data pack
et.

Obviously, CRC error checking
is more efficient than parity-bit
error checking because you don't
have to process each byte individ
ually. However, you still have to
send new data to replace defec
tive data. A high error rate sig
nificantly reduces the efficiency
of CRC error checking.

The newest modulation tech
nique, V.32 , offers an optional
fifth bit (trellis encoded). The val
ue of the fifth bit is a logical deriv
ative of the other four and
represents a checksum that is
similar to a parity bit of a byte.
This extra bit gives the receiving
modem the opportunity to use er
ror correcting-not error detect
ing-techniques to recover the
original" data from the flawed sig
nal with a considerable savings
in time because retransmission
is unnecessary.

As with data compression, ev
erybody has an opinion on the
best method for error detection
and correction. And unless the
method used is supported by
both modems, it won't work. The
most popular methods are MNP
Classes 2 through 4 from Micro
com . Recently, however, CCITT
has approved its V.42 error detec
tion (with data packet re
transmission on error) standard
that includes compatibility with
MNP Classes 2-4.

Shifting gears
Time was when each modem

had a niche in life . If you were a
1200-bps modem, you communi
cated at 1200 bps exclusively;
4800-bps modems could only
talk with another 4800-bps
modem.

Then Hayes came out with its
Smartmodem that could commu-

THE RACAL-VADIC 9632VP modem
has CCITT V.32tv.22 and Bell 212/103
compatibility with MNP through Class
5for 19,200 bps performance.

nicate with both 300-bps and
1200-bps modems. and even
tually 2400-bps modems. Instead
of having to buy a separate
modem for each speed, you
needed only one.

That same-one-does-it-all con
cept is even stronger today. .Al
though you can find stand-alone
9600-bps modems, you're more
likely to find modems that sup
port all popular speeds under
9600 bps.

However, you'll notice that the
operative word here is "popular."
As mentioned earlier. not all
9600-bps modems are compati
ble, and you have to pay as much
attention to five-speed modem
standards as you do stand-alone
high-speed modem standards.

Something for everybody
Whether or not you're in the

market for a high-speed modem.
you'll find many of the features
pioneered by this market trick
ling down into the next genera
tion of low-speed modeems.

At the top of the list will be er
ror correction and data compres
sion. For example, if you choose a
2400-bps modem that offers
MNP Class 5 data compression,
you'll be able to talk to compara
bly-equipped 2400-bps and
9600-bps modems at data rates
up to 4800 bps. z

Yes, choosing a modem today ~

isn't nearly as simple as it was ms:just a year ago. But then again. OJ
myou're getting a lot more for your :D

money so no one's complaining
too loudly. tm.
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To run your own class ified ad, put one word on each of the lines below and send th is form along with your ch eck to :

CLASSIFIED AD ORDER FORM

Radio-Electronics Classified Ads, 500-B Bi-County Boulevard, Farmingdale, NY 11735

FOR SALE
PHOTOFACT folders, under # 1400 $4.00. Others
$6.00. Postpaid. LOEB, 414 Chestnut Lane, East
Meadow, NY 11554.

GREAT bu ys ! Surplus prices , ICs,l inears, transfor
mers, PS, stepping motors , vacuum pump, pho
totransistor, meters, LSASE, FERTIK 'S, 5400 Ella,
Phila., PA 19120.

JERROLD 450 module works good, informat ion $2,
module $55, COD only. BILL, 7014 East Golflinks
# 124, Tucson , AZ. 85730 .

COMMUNICATIONS radio, electronic equip
ment, sales, service, FCC licensed, free catalog,
RAYS, PO Box 14862, Fort Worth, TX 76117-0862.

5

10

4

9

3

8

2

7

Special Category : $25.00

6

PLEASE INDICATE in which category of classified advertising you wish your ad to appear. For
special headings, there is a surcharge of $25.00.
( ) Plans/Kits () Business Opportun ities () For Sale
( ) Education/Instruction () Wanted ( ) Satellite Television
( )------------------------

N.A.S. INTERNATIONAL
(800) 726-4.NAS

CABLE-TV AT ITS BEST

SCIENTIFIC ATLANTA:
Models 8500·8550·8580 . . $275.00 c

f- SA·3 [Add-On Descrambler] .. $ 99.00 Cii
~CIl JERROLD: oil
OC SB'3 1lnbandGated Sync] ... s 74.00 ~~

~~ TR I .~IIT ri m ode/B i s ta te · s 95.00 Cd PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.
~ Cl ~~3~'B [Combo W/Vari-syncl .. s 99.00 ~ ~ (No refunds or credits for typesetting errors can be made unless you clearly print or typeyour
~~- - W12·(Add'o rrW/Varl'syncl7.":'$-89.00- ' ~ Cii- - - copy.)-Rates- Indlcated- are-for-standard- style classified ads only.- See below-for -additiortal
~ o HAMLIN: Ci!8 charges for special ads . Minimum: 15 words.
Q MLD-1200 [Add-On ] s 89.00 i

ZENITH: IZ·TACDescrambler].S 169.00 -i
CONVERTERS:[80-Channels].S 95.00

PRIVACY problem - need information? New elec
tronic debugging, surveillance, protection catalog
$5.00 - kits -ass embled . TECHNOLOGY SER
VICES, 829B Ginette, Gretna, LA 70056.

11 12 13 14 15 ($46.50)

CONSOLIDATED
16 ($49.60) 17 ($52.70) 18 ($55.80) 19 ($58.90) 20 ($62.00)

EL E CT R O N C S 21 ($65.10) 22 ($68.20) 23 ($71.30) 24 ($74.40) 25 ($77.50)

We accept 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.):

Expiration Date

30 ($93.00)

35 ($108.50)

29 ($89.90)

34 ($105.40)

28 ($86 .80)

33 ($102.30)32 ($99.20)

27 ($83.70)

31 ($96.10)

26 ($80.60)

Please Print Name

Card Number

---------_/_---------
ER & IN{)(JSTRlAL ELEcrROfl1CSCATALOG a ,1TH EDmON '

ClTV

NAME

ADDRESS

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATION WILL NOT BE 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 2W'- $385.00; 2" x 2W'- $770.00; 3" x
21/."- $1155.00. General Information: Frequency rates and prepayment discounts are available. ALL
COPY SUBJECTTO PUBLISHERS APPROVAL. ADVERTISEMENTS USING P.O. BOX ADDRESS 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.

Order your 260 page cataloguepacked With over 10,000
money saving electronicpartsand equipment. Send $3.00
checkormoneyorder.orcall ' ·800·543 ·3 568 today and
use your Mastercard or Visa,
Consolidated Electronics, Incorporated
705 Watervliet Ave.. Dayton, Ohio 45420-2599
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2-WAY radio syst em. Used VHF base stations , por
table rad ios , UH F car rad ios + many extras. (202)
944·280 2 for information .

T.V. tunab le notch filters . Free broch ure. O.K. VID
EO , Box 63/6025, Margate, FL 33063 . (305)
752-9202 .
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1 100R
UNIT MORE
2900 1800
9800 7900
8800 6900

16900 l1900
2900 1800

19900 13900
2900 1800
9900 6300

10900 7500
9900 7000

10900 7500
9900 6200

10900 6500
14500 10500
6900 4200
79 00 4600
9900 6200
9900 6200

liS 00 12500
2.100 14 00
"9 00 6500
11900 8500

Price TOTAL
Each PRICE

o Visa

TOTAL

SUBTOTAL
Shipping Add
$3.00 per un it

COD & Credit
Cards - Add 5%

Output
Channel

' CALL FOR AVAILABILITY

Item

______ Zip _

o Money Order

Ca lifo rnia Penal Code #593- 0 forbids us
from sh ippi ng any ca ble descramb ling un it
to anyone residing in the state of Cali forn ia.

Prices subject to change without notic e.

Quantity

PLEASE PRINT

FOR OUR RECORDS:
DECLARATION OF AUTHORIZED USE - I. the undersigned. do hereby declare under penalty 01 perjury
that all products purchased . now and in the future. will only be used on cable TV systems with proper
authorization from local officials or cable company officials in accorda nce w.ith all applicable federal and
state laws. FEDERAL AND VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL AND CML
PENALTIES FOR UNAUTHORIZED USE.

"MLD- 1200-2ICh 2 o u tpu l l

ITEM
HAMLIN Mec eooo36 CO RDED HEMO TE CU NVERTER IGtl \ {)Il IY1

PANASONI C WIRELESS CONVERTER to ur best bu y I

STAR GATE 2000

JERROLD400HAND REMOTECONTROL

' EAG LE PD·3 DESCRAMBLER ICh 30ul p ullJlllyl

"MLD- 1200-3 tCh 3 o u tpull

ECONOCODEWITHVARISYNC

INTERFERENCEFILTERS ICh 3only,

ECONOCODE ttmmc ode sunstr tutet

JERROLDSB·ADD-ON

'SCIENTIFIC ATLAN TAADD·ONREPLACEMEN T DESCRAMBLER

' M~ 35 B CO MBO UNIT ICh acu rout onlYI

'ZENITH SSAVI CABLE READY

-MINICODE IN·121
'MINICODE IN·121 WITH VARISYNC
'MINICODEVAR1SYNC WITHAUTO ON·OFF

'JERROLD SB-ADD-ONWITH TRIMODE

·M·35B COMBOUNll WITH VARISYNC

'JERROLD 450HANDREMOTECONTROL

'JERROLD 400COMBO

'JERROLD 450 COMBO

Multi-Channel1.9to 2.7GHz. 40dB gain
30ChannelSystem complete 5149.95
12·ChannelSystem complete 5104.95

3 Channel System complete 579.95

Phillips-Tech Electronics
p.o. Bol8533• Scottsdale, AZ 85252

LIFETIME (602) 947-7700 (S3.00 Credit.1I phone " denll
WAR RANTY MuterCard. Visa • COD's Quantity Pricing

TJ Services is here to serve you! Our quality prod
ucts, quick courteous service, knowledgeable sales
people and rock bottom prices prove it! Not sure
what you need ? Call (313) 726- 0900 we'll help !
Prices quot ed are 20/10/5/1101. Jerrold DRX-3-D IC
$69/$79/$89/$99, DSX-3- DIC $59 each, DRX-3 
auto Tri -Bi -10 $10 9 /$119/$ 129/$139 , DRZ-3
$49/$ 59/$ 69/$79, SB $45 each . Tri-Bi -2 o r 3
$69/$79/$89/$109. Oak M35B $20 each , new origi
nal N-12 $65 each . Scien ti fi c At lanta type SA-3
$69 /$79 /$89 / $ 109 , Ha m li n CR X- 6600-3M
$ 8 9 /$ 10 9 /$ 12 9 /$ 14 9 , M L D-1200- 2 or 3
$29/$39 /$49/$59 , CR X-6600-2 $39/$49/$59 /$69 ,
Eagle PD-3 origi nal $59/$64/$99/$109 , Inter
f eranc e Filte r s, we s t o c k a l l c han ne ls
$12/$15 /$ 18/$29, Zenith SSAV I-1 Anti·f lashi ng
$89 /$99 /$ 109 /$ 129 . P i o nee r type PI - 3
$79/$89/$109/$129. Replacemen t remotes and
many accessories in stock. New volume contro l
78 channel wire less remote con vert er with parenta l
co nt ro l and f in e tuni n g ca pab i lit ies
$79/$89 /$99 /$109. B.E.L. radar detector 861 close
out $89 each.

DESCRAMBLERS. All brands. Spec ia l: Combo
Jerro ld 400 and SB3 '$165 . Complete cable de·
scramb ler kit $39. Complete satellite descrambler
kit $45 . Free catalog . MJM INDUSTRY, Box 531,
Bronx, NY 10461-0531.

LASER Listener II, othe r projects. Surve illance,
descrambl ing , false ide ntification, information.
Plans , kits , other strange stuff . Informational pack
age $3 .00 refundable . DI RIJO/B OND ELEC
TRONICS, Box 212, Lowell , NC 28098.

SURPLUS ELECTRONICS. New giant who lesa le
catalog . Hundreds of amaz ing bargains. $2 . Box
840 , Champlai n, NY 12919.

r:I1 Quality Micro.au, TV A,teunas,

! I
. .,
-._ .. ~ ,II

VIDEOBE AMER links VC R to TV wit hout wires
$99 .00 . MVS ANTEN NAS, 1205 Coplon Ave. ,
Schenectady, NY 12309 .

CCTV video cam er as: co lor Sanyo VCC3700
$395.00 , Panasonic B&W $2 19.00, others . PC vid
eo digitizer $249 .00. SA MPSON ENGINEER ING,
PO Box 550363, Dall as , TX 75355-0363. (214)
328-2730.

WANT a CD? But no amplifier input! Unique selec
tors give the input capability you need for any audio
accessory. Write today for details. JEL, 409 Angus
Blvd. 2B , Warner Robins, GA 31088.
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SOUTHWESTERN Bell home, bus iness phone
products. Wholesale dealer pricing to all. Cordless
phone battery, antennas, more. $5.00 refundable,
for dealer catalog. RADD, 104S. Broadway, Peru, IN
46970.

ACCEPTING new customers again for our monthly
picture flyer. Lots of quality electronic surplus parts.
STAR-TRONICS, Box 683, McMinnville, OR 97128.

KEYBOARD? Phaser-chorus-reverb unit makes lit
tle keyboards sound big , using your component
stereosystem; also guitars. $88.00. PLEX, HCR 61,
Box 6050, Barnes, WI 54873.

PC-ECAP, AC circuit analysis software for the IBM
PC, will calculate and display the frequency and
phase response of your circuits. Very easy to use.
Completely menu driven. Supports CGA, EGA, and
Hercules graphics. High resolution plots on IBM/
Epson printers. $99.50 To order or for info, write
CIRCUIT SYSTEMS, 418 Church Road, Sickler
ville, NJ 08081.

RFI suppression ferrites one and two hole beads
with misc. assortment ferrite shapes baluns, cups,
threaded cores, I.F. bases, coilforms, powdered iron
cores, your cost $19.95 prepaid in U.S.A.. Postal
moneyorder for fast shipment. Your check takes ten
days to clear bank. REDELABS, 3405 North Ken
icot, Arlington Heights, IL 60004.

PLANS AND KITS

FM transmitter 88 to 108 MHZ kit $12.95. SIERRA
ELECTRONICS, Box 709, Elfers, FL 34680-0709.

ELECTRONIC kits! Transm itters! Recorder s!
Phone devices! Bug detectors! Surveillance items!
More! Catalog $1.00: XANDI ELECTRONICS, Box
25647, 60W, Tempe, AZ 85285-5647.

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.

STEREO FM transmitter!. Transmit your VCR/COl
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 113,New York, NY 10017.

FREE power supply, connectors ($8.95 valu e)
with TV pro ject assortment #103 (February 1984
G. Sync article) contains PCB, TOKO colis, tra n
sistors (BFQ85), IC's, diodes, artic le rep rint.
$25.00. Fivel$112.50. Assortment # 104 con tains
all other parts $10.00. Shipping $3.00. MCNlsa,
COD accepted. JIM RHODES, INC., PO Box 3421,
Bristol, TN 37625.

TEST equipment pre-owned now at affordable
pr ices . Sig nal ge nerato rs fro m $50 .00 . Os 
cilloscopes from $50.00. Other equipment, includ
ing manu als available. Send for Cata log . J.B.
ELECTRONICS, 3446 Dempster, Skokie, IL 60076.
(312) 982-1973.

CABLE descramblers. SA-3 $89.00, TRI BI $79.00,
Tocom WIR $235.00, Z-TAC WIR $235.00, MLD
1200 - 2 or 3-$45.00, RTC56 W/R $150.00,400 W/
R $125.00, all makes call (702) 647-3799.

CABLE TVdescramblers, Jerrold, ScientificAtlan
ta, Zenith, most major brands. Dealer inquiries wel
come. Visa-MIC accepted. E & 0 VIDEO, 9691 E.
265th Street, Elko, MN 55020. 1 (800) 638-6898.

CABLE TV descramblers M35B tested, Vari
sync available $39.00. Rolex President
look-alike exact replica, goldtone, quartz
movement, mens orwomens S39.00. (818)
982-8931.

2CH Compact DishSystem -S77.95
5CH DishSystem- $93.95

12 CH Vagi (Rod) System - 5123.95
30CH DishSystem-5163.9D Yagi-5183.90
SUN MICROWAVE INn. INC. Send $1" lor
P.O. BOX 34522 catalog on these
PHOENIX. AZ B5oo7 and other fine
(602) 230-0640 videoproducts.
QUANTITYDISCOUNTS UFETIME WARRANTY

FEB 87 Triparts $59.00. Feb 84 SB parts $49.00.
$3.50 shipping. OCTE, Box 276, Alburg, VT 05440.
(514) 739-9328.

TUBES: "oldest," "latest." Parts and schematics.
SASEfor lists. STEINMETZ, 7519Maplewood Ave.,
RE, Hammond, IN 46324.

CAB LE co nver ters and descramblers. Call or
write for free catalog. Includes Jerrold, Oak, Zenith,
Hamlin, Scientific Atlanta, many more. NU-TEK
ELECTRONICS, 5114 Balcones Woods Dr. # 307,
Suite 298, Austin, TX 78759-5212. (512) 250-5031.

TUBES, new, up to 90% off. SASE, KIRBY, 298
West Carmel Drive, Carmel, IN 46032.

RENTAL movie stabilizer. Connect between VCRs
or to monitor. Satisfact ion guaran teed . $69 .95,
$4.00 handling. 1 (800) 367-7909.

STEPPER motor drive & control with Commodore
64. Affordable hardware, interface , & software .
Send for detailed literature & prices to: MASE, A.D.
# 2 Box 166, Mohrsville, PA 19541 .

RESTRICTED tech nica l Information: Electronic
surveillance, schematics, locksmithing, covert sci
ences, hacking, etc. Huge selection . Free bro 
chures. MENTOR-Z, Drawer1549, Asbury Park, NJ
07712.

ENGINEERINGsoftware , PC/MSDOS. Hob
byists - students - engineers. Circuit de
sign , FFT analysis, mathematics, logic
simulation, circuit analysis. Free catalog,
(614) 491-0832 , BSOFT SOFTWARE, 444
Colton Rd ., Columbus, OH43207.

CABLE TV converters and descramblers bar
gain headquarters! Zenith , Hamlin, Scien
tific Atlanta, Tocom, Oak, filters . Jerrold
400-DRX3DIC w/remote $134. Visa-MIC
COD. Order yours today. 1 (800) 327-8544.
CABLE TV converters and descramblers.
We sell only the best. Low prices. SB-3
$79.00. We ship C.O.D. Free catalog. ACE
PRODUCTS, PO Box 582, Dept. E, Saco, ME
04072·. (201) 967-0726.

TOTAL
PRICE

TOTAL

SU8TOT.
Shipping
$3/Unit
COO:

Add 5%

Signed:

OUTPUT PRICE
CHANNEL EACHITEM

CABLE TV CONVERTERS
& EQUIPMENT

OTY

~~0~~7n~~~'~~~~N~ ;--::-:::.;:-:--::-.:.:.-1----1
to defraud any pay television
operatorand we will notassist 1-'-:::::==+----1
any company or individual in
doingso. I-'-c:..::...::..:.:...+-- - -I

Dated:

PLEASE PRINT:

o CASHIER'S CHECK 0 M.O. 0 C.O.D.
NAME _
ADDRESS _
CITY/STATE!ZlP _
PHONE _
S1GNATURE _

WAIVER. Since I, the undersigned, fully
understand that the ownership of a cable decoder
does not give the owner of the decoder the right to
decode or view premium cable channels without
proper authorization from their local cablecompany,
hereby declare under penalty of perjury that all
products purchased, at any time, will only be used
on cable TVsystems with proper authorization from
local officials or cable company officers in
accordance with all applicable federal and state
laws. Federal and various state laws provide for
substantial criminal and civil penalties for
unauthorized use.

VIDEO-LINK
Enterprises, Inc.
165 W. 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.

SCIENTIFICATLANTA WI TRI-BI . .
PANASONIC WIRELESS

CONVERTER 1403N 85.00 74.00
JERROLD400 COMBO W/REMOTE

(DRX3DIC) 134.00 .. 100.00
JERROLD 400 OR450REMOTE

HAND UNIT 24.00 15.00
JERROLDJRX 3DIC M .OO 65.00
JERROLD SBADD ON 74.00 55.00
JERROLD SBADDONWITH TRI-BI 95.00 75.00
OAK1.1-35 COMBO , , 79.00 , ..50,00
OAKMINICODE (N-12) M .OO 59.00
OAKECONOCODE (E-13) 64.00 . . .40.00
HAMUN MLD 1200 64.00 55.00
SCIENTIFICATLANTASA-3ADDON .109.00 80.00
INTERFERENCE FILTER

(CHANNEL3 OR6) 24.00 14.00
SCIENTIFIC ATLANTA 83 CHANNEL

CONVERTER 95.00 80.00
PIONEER CONVERTER SA4500

SERIES 100.00 85.00
TOMCOM VIP Callforprice andavailability
ZENITH FLASHING Callforprice andavailability
ZENITH SSAVI Callfor price andavailability
EAGLE PD-3 . . . . . . . . . . . Callfor price andavailability

(j)
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RADIO astronomy! Monthly magazine, books,
compo nents. $3 .00 brings sample package. BOB'S
ELE CTRONIC SERV ICE, 7605 De land, Ft. Pierce,
FL 34951.

CATALOG : hobby/broadcasting/HAM/CB: Cable
TV, transmitters, amp lifiers, survei llance devices,
compu ters, more! PANAXIS, Box 130-F11, Para
dise , CA 95967 .

CB tricks booklet. Mod ifications , tune-ups, chan 
nel expansion, clarifier tricks. Send $19.95 to MEDI
CINE MAN CB, PO Box 37 , Clarksvi lle, AR 72830 .

PRINTE D circuit boa rds etched & drilled. Free deliv
ery. K & F EL ECTRONICS, INC., 33041Groesbeck,
Fraser, M148026. (313) 294-8720.

z
~
m
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PROJECTION TV. Convert your TV to project 7 foot
picture Easy... Results comparable to $2,500 proj-
ectors Plans and 8" Lens $24 .95... Professional
systems availab le ... Illust rat ed catalog f ree.. .
MACROCOMA, 15GB Main Street, Washington
Crossi ng, PA18977 . Creditcard orders 24 Hrs. (215)
736-3979 .

BUILD your own PA, Guitar, Bass syste ms. Product
designers for major electron ic companies! Consum
er direct! Plans : PA's 8-24 cha nnels 4-16 outputs
$19.99, 32 chan nels 16-24 outputs $29.99. Stereo
rack mount amp 300w, 600w $19.99. Parts, com
plete kits, addit iona l plans available. M.a., certif ied
check only. DCS, Box 612, Alpha , IL 61413. (309)
667-2553 .

SOLAR education kit. Soldering unnecessary. So
lar cell dr ives 0.45 volt electric motor & fan. Under
standable book let tells how it works and much more .
Ages 6 to adult. $10.00 + 6% Cali fornia residents.
Extra cells, $4 .00 each . Checks only. Quantity dis
counts . SOLAR WINDS, 1840 Jeffrey Lane, Car
michea l, CA 95608.

ALPHANUMERIC advert is inll d isplay. M icro
processor controlled . Eye-catch ing graphics. Pro
grammable. Stores 6000 + characters . Detailed
plans $4.50. PLANET EARTH, PO Box 613, Edin
burg, TX 78540.

CB Tri cks II book . Power ampli fier desig n and theo 
ry, UHF CB tune ups . Send $19.95 MEDICINE MAN
CB, PO Box 37 , Clarksville, AR 72830 .

KIT cata log - Automotive, Audio, Phone , Sports,
Surveil lance, Test. Cata log $1.00. BALLco, PO Box
1078, Snellv ille, GA 30278-1078.

INVESTIGATORS, experimenters - Qua lity new
plans . Hard to find micro and restr icted devices.
Free cata log . Self addressed stamped envelope to
KE LLEY SEC URITY INC., Suite 90 , 2531 Sawte lle
Blvd ., Los Angeles, CA 90064.

EI.ECTROLOCKprog ramable keypad door release
system, complete kitincludingelectricstrike release
and manual $129.95. Brochures and orde rs: SV&,
TEMS ASSOCIATES INC., 1320 Cranston Street
Cran ston, RI 02920. (401) 943·2986,

DETECTION - Surveilla nce, debugging, plans,
kits , asse mbled devices. Latest high -tech catalog
$5 . DETECTION SYSTEMS, 2515 E. Thomas,
# 16-864F, Phoenix, AZ 85016.

DAZER protector kit $44 .95! Exciting electronic kits!
Cata log $1.00. QUANTUM RESEARCH, 17919-77
Avenue , Edmonton, Alberta T5T 2S1.

1'1614

FINALLY!
An interesting and worth
whi le pr oject . Thi s EASY
TO-BUILD ci rcu it l et s you
use any regula r TV set as
• simpl. OSCILLOSCIlPE.
No 1I'lOd1f1ca t 1ons to TV!
Ti ny, sv battery powered.
Goes anywhere! Order now!
Ask for our FREE CATALOG
of other plans and kits!

SURVEIL LANCE equipment design gives 58
schematics of Sheffield Electronics' surveil lance de
vices . Circuits explained . Transm itters range from
pens to one-mi le VOX's incl uding crystal , subcarrier,
carr ier current, infrared , firefly, automobile. Demod 
ulators given. Cube tap and dup lex mains powered
trans mitters presented. Eighteen te lepho ne trans
mitte rs are leech and batte ry types including crysta l
and subcarrier. Co unte rmeasures chapter. Much
more . This 8 1/2x 11 inch 110-page book is illustrated
with photographs. Price $30.00 + $4.00 S & H. First
class ma il U.S. & Canada. Overseas Airmai l S & H
$9.00 . One-day processing, pay with Money Order
or Cashier's Check. Send to : WINSTON AR
RINGTON, 7223 Stony Is land Ave., Chicago , IL
60649-2806.

[§iJ
DETAILED PlANS: t7 .iS

TV-SCOPE
PENH RESEARCH. Box 3543
Wll 11...port. PA 11701
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CABLE TV
DESCRAMBLERS

i< i< i< i< i< STARRING i< i< i< i< i<
JERROLD, HAMUN, OAK

AND OTHER FAMOUSMANUFACTURERS

• ANESTWARRANTYPROGRAM"~U\8LE
• LOWEST RETAll/WHOlESALE PRtCES IN U.S.
• ORDERSSHIPPEDFROM STOCKWTTHIN 24 HOURS

FOR FREE CATALOG ONLY 1-800-545-8927
FOR A l l INFORMA TIO N 1-8 18-716-5914

DESCRAMBLERS for movies, networks, $175, vid
eo only, $450 complete . Visa, MC accepted. Cata
log $4. SKYWATCH, 238 Davenport Road, Toronto,
Canada , M5R 1J6 .

FOR INVENTORS

DESCRAMBLER: Build our low cost video only,
satellite TV descrambler 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 Scotia,
Canada BOS 180 or phone (902) 467-3577 . 8am to
4pm eastern time. Note: educational project only.
Not to be used illegally.

INVENTORS! Confused? Need Help ? Call IMPAC
for free information package. In U.S. and Canada: 1
(800) 225·5800.

VIDEOCIPHER II manuals . Volume 1 - hardware,
Volume 2 - software. Either $32.45. Volume 3 
projects/software - $42.4 5. Volume 4 - repair 
$97.45. COD 's (602) 782-2316. 0100-032 software.
Cata log-$3 .00. TELECODE, Box 6426-R, Yuma,
AZ 85366-6426 .

SATELLITE TV
CABLE TV sec rets - the out law publication the
cable companies tried to ban . HBO, Movie Channel,
Showtime, descr am blers , con verte rs , etc . Sup
plier's list included $8.95. CABLE FACTS , Box 711-
R, Pataskala, OH 43062 . .

FREE catalog systems, Upgrades, Houston , Uni
den , Chaparral, etc . Save $$$$$. SKYVIS ION ,
2009 Collegeway, Fergus Falls , MN 56537 . 1 (800)
334-6455 .

Me.
VISA

~
- S 1 ..:: .......--'- ~ .........

1-$89.00 10-$69.00 lOO-Call SCRAMBLE FACTS
Last ctiann el recall:Fav6rite"channet"Mle"ct·- - - - -1----718-343-0130----1

75 channel -Cha nnel scan-Manual fine tune-
One year warranty-surge protection-HRC & Stand- PHONE TODAY for 3 minutes of
ard switchable-and much more. , satellite TV industry news,technical

tips , and new product information .INFORMATION(402)554-0417
Orders Call Toll Free

1·800·624·1150
M.D. ELECTRONICS
115 NEW YORK MALL
SUITE 133E
OMAHA NE. 68114

*NEW STARGATE 2000
CABLE CONVERTER

10 Lot
JERROLDTW Tri-Bi Mode. S105.oo $85.00
JERROLDTW SB-3 OR 2 $89.00 $65.00
HunlinMLD-l200 ....... S99.95 $62.00
Oak N·12 WN.S.._...... S99.95 $62.00
Oak-M-35-B WN.5...... S99.00 $78.00
OAK E-1L ..._......... S99.95 S58.00
Zeni th SSAVI............. S185.oo S145.OO
Eagle PO-L.........._. Sl20.oo S85.00
Scientific Atlanta_........ Sl29.95 Sl O5.oo
SA-Combo· _. CAlL SCali
Tocom. _.... S350.OO S295.OO
Oak N·12 W/ Auto....... S14O.OO sios.oo
Jerrold Starcom CSV.... S139.95 Call

CABLE TV
DESCRAMBLERS

CIRCLE 53 ON FREE INFORMATION CARD

Stop Paying For All Those Catalogs Sent To The
'Current Residents.'

30 Days Money Back G u ar an tee
W e will refund the full M ember ship
Fee of any new m ember of Electron ic
B uyers Cl ub who within 30 D ays
af ter receivi ng th e Member ship
Binder, r eturns the B inder to EBC
and asks for the cancellation of
M embership.

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 Division of International Com ponents Corporation

12 Months Sav ing G uarantee
W e will refund the fi rst year M embership
Fee of any member who has purchased
$300 or more wo rth of products from
Electronic Buyers Club and has not
saved an amount greater than the fi rst
year M embership Fee, if buy in g the same
i tems elsewh ere.

Facts are that a 2% response to a mailing of Catalogs by a Mail-Order House isconside red phenomenal and
most Direct Marketing Firms consider a 1% reply quite adequate, The question iswho pays for those 98 to 99
Catalogs that are thrown away as 'Junk Mail' or do not ge nerate a response? It is you, as a bonafide
custom er of the Mail-Order Company who have to pay for the cost of publication and mailing of all those
wasted Catalogs, Granted that the Company doesn't bill you directly for its co st but rest assured tha t you
pay for it through higher prices. So when we ask our potential Customers for an annual Membership Fee of
$35, it is because we want each Customer to pay just for his or her own Catalogs and not for the cost of the
other 98 Catalogs going to 'the Current Resident, ' And we have had Members who have paid the annual
Membership Fees for years without buying anything at all or very little throughout a year. But other Members
did not have to pay for their Cata logs. Without having to spend , or better said 'waste', hundreds of
thousands of Dollars on production and distribution of unwanted Catalogs, we pass on the savings to you in

form of prices that are 20% to 70%
lower than elsewhere and our
'Savings Guarantee' proves it, So if
you buy $300 or more a year worth
of electronic components stop
payin g for waste and start saving
now, Call us today to become a
Member of Electronic Buyers Club.en
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MICAO \..:::'~.'l':;:"/AAT ~1) 854-6008-0

DIODES s, I-
I74l'51 rrarrt I"'4iiOOI L1NEAi/ I T i/ ANS ISTni/S

74l S00 .. 14 7406 ... 2'
1

400
1.. . . 18 I lM309K . 75 MRFCJOl 10

74l502 .. . .12 742 7 .... . .12 400 7 ..... .19 LM311 .•.• 37 l N914 40/$1
74L504 . 15 7429 ... . 25

40 11 I . I l M324 .. 33 l N4001 30/$1
74lS08 ... .16 7437 ... . . 25 14024 ... . 39 LM339 .... 37 l fMOO4 25/$1
741S 10 ... i s 7438 .... . 7.3 40 5 1 . 49 1.M380 . 79 l N04007 15 / $1
74l5 14 . .. 28 7439 ..... 35 406 6 . . .29 LH3 93 .. .. 36 l N04t4 8 40/$1
74l520 ... I . 7447 75 406 9 . .. 18 Nf:S:S:S 25 2N2222 10
74l 52 1 ....18 7474 .... . 24 140.2. .... 19 I LMSS6.... .45 2N29lJ4 20
74l532 ... I. 74 76 .... 34 40 93 .. 34 LH741 . 27 2t<29ll7 .10
74l 5 7 3 ,.,25 748 3 .... . AS 45 11••.•. &0 I """,C I330 I 50 2N30:SS . 0
74lS74 , I. 7492 . 48 . 4538 .75 I MC1398 35 2N.3CJ04 10
74lS75 ... 25 74 116 .... 95 MCI4Sa 32 2N390li 10
74l576 .. 2. N 14S .. 35 EPi/OMS I.M390C 48 2N4249 10
7415 148 80 741 48 . 95 211S[) 95 """C7805T .- 2N4401 10
14l5163 .. 34 74163 .... 55 2732 -2~ 350 t1C78~ 2T 44 HS[ - 2 16
74lS25 7. 28 27£>4-2 395 t1C74M24T 44 TO -9 2 NP~ 04
74lS299...95 21 12B-2~ 4 15 t-1C7900T . 44 2SC70Bf£ 40
7"'LS393 .. £>0 2725£>-2 5 50 1"C7912T 44 ZEN· 12 1 -7~~ NPh

74~Cxx HS 275 12-2 IO.SO MC79 15T. 44 P\l R At"',P TO-220 .35

LOW PWi/ TTL CAPACITOi/S DIGITAL MULTIMET EIl MOL. 705
7"'SC137 25 IOO' u' l KV DISC C3

$51.951 1;;74SCI38 25 .O l uF I GOV MYl AA 05
74SC139 25 .1uF 50\1 I"'W:NJ 00
74SC237 .30 22 50V MONO 10
704lS239 .30 , .33 or50V MONO .10
74SC240 30 I41uF 50 V MONO ' 0 #~ ~74SC241 30 1 4.7U' 40V R'O I"'- 0 3
74SC245 30 22uF 3~V T A.NT 33

' ,ilff
74SC373 35 1,ooour25V RAI>. 25 C2pic1t Drs lp t o 2011" i'::
74SC37 4 35 5 300tE 35 V ~IAL 65 ;.,c Volt lQOuV175DV AC Amp O,1uA/ 10 A
74SC534 35 TI314LEDS OCVolt l OOJv / 10001J DC Amp 0 l ma/l0A

74SC53 3 .35 DIFFUSED LENS D"ioc. T.51 F\(O Volt t.st

74SCS40 35 REO 15/$1 10 0 /S6 It f . t r ansrster test

~3 _~ GREEN 10/$ 1.30 100/$10 Hi-L o OHMS 0 1 to 20M
YEl l OW 10 /$ 1.40100 / $11

SPECIALS SPECIALS SPECIALS
H1Nf MORE lTE:MS IN STOCK ;.N;) AVAIL ABLE FOR FAST DELIVERY

CAT...l OG INFORHATlO'I CATAlOG FREE'w'ITH ORDER, ORSEN> .45 POSTAGEFOR 1ST CL"' SS
DELIVERY N U.S.A 52 POSTAGEFDl CANAOA CRCIRCtEBINGO CARD NUMBER AT THEBOTTlJ'1
(f" THIS N> FOR 2ND Cl ...SS MA IL

TE1lNS : MICRO M ART ACCEPTS PRE-P ...D ORDERS. DECKS. '10N EYORDERS, VISA. Me. AND
TEl EPKN:: COO·S. MINIt"U'1 ORDER$ 10 00 . SHIPPING- US ,,6. OROERS$ 2 .:;0 . CANADA$3 50
AND UP TO us. SHPP N3 RATE ADJ USTED WHERE APPlC.a-Slf . fi J RESIDENTS ADD6~ SALES
TAX

MICRO MART 508 CENTRAL AVE. WESTFIELD. NJ 07090
I 201-654-6008
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MCM
Electronics
Catalog

- MCM CUCTWONC8

Source No. RE·61

MCM ELECTRONICS
650 CONGRESS PARK DR.
CENTERVILLE, OH 4 5 4 5 9 -4 0 7 2

A PREMIER Cornpenv

Brought To You By
MCM Electronic!i

CIRCLE 87 ON FREE INFORMATION CARD

As an experienced service technician, you too
must rely on the tools of your trade to achieve the
kinds of professional results your customers have
every right to expect. c

To get the "tools" you need... when you need
them, look no further than the MCM Electronics
Catalog. Our huge inventory of more than 11,000
in-stock items, competitive prices, convenient TOLL
FREE phone lines, super-fast order processing and
flexible payment terms make MCM your best
choicefor all your parts and components needs.

Get your handson an MCM Catalog today
and find out why thousands of satisfied MCM cus
tomers come to us for the "tools" that keep them at
the top of their trade!

For Your FREE
ONE-YEAR
SUBSCRIPTION
~otl1eMCM
Electronics
Ca~alog•••
CALL TOLL-FREE
1-800-543-4330

CIRCLE 17 ON FREE
INFORMATION CARD

mod el is designed (or use
with hi gh-end ste reo sys
tem s th at have add iti on al
amp lifi ers. It interru pts the
st ereo sig n al b ef o re it
reaches the ampli fi er.

Th e Silen cer h as sug 
gested retail p rices rangin g
f rom $39.95 to $69.95 .
Sound Quest , 2250 Green
f ield Ave., No rth Chicago ,
IL 60064. R-E

is hidden behind th e car's
dashboard . It is available in
three models. The basic de
vice simp ly turn s t he car
ste reo on and off . Anoth er
mod el can either turn th e
stereo on and off, o r turn off
just the speake rs. The th ird

continued from page 28

NEW PRODUCTS

CElLULAR-PHONE AC
CESSORY. Designed to help
drivers avo id th e scramble
to sh ut off th e car radio
wh en t he ce l l u lar phone
rings, Sound Q ues t's Si 
lencer turns off th e ste reo
system a momen t bef ore
the phon e rings. Drivers
can hear the ir ph on es ring
more easily, and keep their
attention on the road . As
soon as th e ph on e is hung
up, th e mu sic co mes o n
again .

The Silencer is a smal l
black box, about the size of
a remote-control unit, that

strat ion s are also provided.
"A Vid eo Standard" (cata

log number LO-101) has a
suggested retail price of
$59.99.-Reference Record
ings, Box 77225X, San Fran
ci sco , CA 9410 7; Tel .
415-359-8721 .



YOUR own radio station! AM, FM, TV. cable. li 
censed/unlicensed. BROADCASTING, Box 130
F11 , Paradise, CA 95967.

All Jerrold, Oak, Hamlin, Zenith, Scientific
Atlanta, Magnavox and all specialized cab le
equ ipment available for shipment within 24
hours. For fast service MC / VISA or C.O.D.
te lephone orders accepted (800) 648-.3030
60 Day Guarantee (Quantity Discounts)
8 A.M. to 5 P.M. C.S.T. CLOSED WEEK
ENDS. Send self -addressed Stamped enve
lope (60t postage) for Catalog.

PROJECTION TV... Make $$$'s assembling proj
ectors. Easy!... Results comparable to $2,500 proj-
ectors Plans, 8" Lens & deale rs information
$22.50 Professional systems available ... illus -
trated catall?lil free. MACROCOMA, 15GBX Main
Street, Washington Crossing, PA 18977... Credit
card orders 24 Hrs. (215) 736-2880.

DESCRAMBLER MODULE

BUSINESS OPPORTUNITIES

ASSEMBLE digital dashboards. Deta ils $2.00.
MODERN LABS, Digidash Division , 2900
Ruisseau, Saint-Elizabeth, Quebec, JOK2JO. Can
ada.

EASY work! Excellent pay! Assemble products at
home. Call for information, (504) 641-8003 Ext.
5192.

INVENTIONS, ideas, technology wanted for pre
sentation to industry/exhibition at national innova
tion exposition. Call 1 (800) 288-IDEA.

MAKE $75,000 to $250,000 yearl y fixing IBM
monitors, no investment, start from home, (a tele
phone required). Information USA, Canada $1.00,
Europe, Middle East $8.00. RANDALL DISPLAY,
Box 2168-R, Van Nuys, CA 91404 USA.

MAKE $50/hr working evenings or weekends in
your own electronics business. Send for free facts.
INDUSTRY, Box 531, Bronx, NY 10461.

INVENTORS

DIGITAL CAR DASHBOARDS
BUILD yourself complete electronic dashboards.
Informational package: $2.00 (refundable). MOD
ERN LABS, 2900-F Ruisseau, Saint-Elizab eth,
QC, JOK2JO, Canada.

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.

LATEST technology alternative to Jerrold SB-3 or
Radio-Electr onics Feb. 1984 projec t. Featuring
electronic tuning, AGC, auto-on/off, AC/DC8ower,
mini-size, A&T, and more. For literature - S UTH
TECH DISTRIBUTING, (813) 527-2190.

PROGRAM your own computer simula tions and
learn how to analyze circuits. New periodical will
showyou how to analyze filters, phase locked loops,
etc. Complete with basic subroutines you can use in
your own program s. Only $10.00 per issue or
$100.00 for 12 issues. DESIGN LETTERS, PO Box
251, Gaithersburg, MD 20877.

SEISMOMETER wanted to measure earthquakes.
Paycash. D. HUTCHISON, 4000 Little Timber, Ed
mond, OK 73034. (405) 341-9615.

ASSEMBLE YOUR OWN
COMPUTER FOR LE$$

INVENTIONS/new products/ideas wanted: Call
TLCI for free information 1(800) 468-7200 24 hours!
day - USA/Canada.

SURPLUS CATV converters and descramblers at
wholesale prices. Unmodified units only. Oak M35B
$30. Jerrold 400DIC w/rem $80. (415) 566-9815.

WANTED

EDUCATION & INSTRUCTION

WANTEDused photofact folders 1800 and up. Write
to URIEL REY, 1408 Venustiano Carranza St.,
Chihuahua, Chih. Mexico.
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ATTENTION CABLE BROKERS

JINCO COMPUTERS INC.
5122 WALNUT GROVE AVE.

SAN GABRIEL, CA 91776
Tel: (818) 309-1108
Fax: (818) 309-1107

IBM, XT, AT are registered trademarks of
Inlernal ional Business Machine.

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 . Youget a one-year sub
scription to our quarter ly newsletter "IT's MAGIC!"
Order now!$29.95 for each course +$3.50 postage
and handling. (New York residents add applicable
state and local sales tax). THE MAGIC COURSE,
500-B BiCou nty Boulevard , Farmingdale, NY
11735.

LEARN IBM PC assembly language. 80 sample
prO!;l rams. Disk $5. Book $18. ZIPFAST,Box 12238,
l.exinqton, KY 40581-2238.

IBM XT 10 MHz Compatible Kit. $379
• 4.77/10 104Hz Motherboard
• 256KB RAM (640KB max)
.150W Power Supply
• Floppy Disk Contro ller
.One 5 1/4, 360KB Drive
• MonoGraphlcs Cerd w/ P
• 101 Key Keyboard
• Case (3LED,2Button.Key)
.12' Amber Mono Monnor
• Instal lation Guide & Manual c;::==---===;;;::;..::;:;>

IBM AT 12 MHz Compatible Kit... $705
.8/12 104Hz Motherboard
.512 KB RAM (4 MB max)
.200W Power Supply
• Floppy Disk Controller
• One 5 1/4, 1.2MB Drive
• MonoG raphic. Cerd w/ P
• 101 Key Keyboard
• Case (3LED,2Button,Key)
.12' Amber Mon o Monitor
• Installation Guide & Manual ...;,;;;".,~:;....;;;;;...;;..........

Display Upg rade: Hard Drive Option:
CGA PaCkage$200 20MB wlCTRL XT-$275 AT-$315
EGA Package $455 30MB wlCTRL XT-$310 AT-$410
VGA PaCkage$500 40MB wlCTRLXT-$390 AT-$415
MS-OOS with GWBASIC $75

All Componants Fully Tested Before Ship
VISA & we subject to 3% surcharge
Price & Ouantny subject to change withou t prior notice
15% Restocking Fee on All Hems

~.- • • - ~ 'r

r • t~~
- to .. ..__ • ..,.. ~

PLANS
8lJild You rsen - AllParts Avajlab~ inSlilCX
LC7-BURNING CUTIING C01.lASER $20.00
RUB4- PORTABLE LASER RAy PISTOL...•.•....•. . .•. .$20.00
TCC1- 3SEPARATE TESLA COIL PLANS TO 1.5 MEV $25.00
IOliZ- ION RAYGUN $10.00
BRAl-- GRAVllY GENERATOR $10.00
EIIILl-- ELECTRO MAGNET COILGUNILAlJNCHER ••.•• . . . .$8.00

KITS
Wrth All NecessaJY Plans
1IFm- FM VOICE TRANSMITIER 3MI RANGE ••. .• .• . .$49.50
VWPlI7X- TELEPHONE TRANSMITIER 3MI RANGE $39.50
BTC3l-250.000 VOLT 10-14' SPARKTESLA COIL $249.50
LHC2l-SIMULATED MULTICOLDR LASER .•..•...• ... .. $44.50
BlS1l-100.ooo WATT BLASTER DEFENSE DEVICE •. . •. . .569.50

~~~t:'W~''e~ II~g~~~~rPlsiiiL : : : : ::: : :: :~:~
STAll-ALLNEW SPACE AGE ACTlVE PLASMA SABER •..•SS9.50
SD5l-SEE IN DARK VIEWER KIT.. $199.50
PGSl-I'LASMA LIGHTNING GLDBE KIT . . . . . •. . . .•. . .•.$49.50

ASSEMBLED
Wrth AllNecessary Instructions
BTC1~ 50.000 VOLT-WORlD'S SMALLEST TESLA COIL . .. $54,50
LGll44-1MW HeNeVISIBLE RED LASER GUN ,••, , , , , . ,$249,50
TAT30- AUTO TELEPHONE RECORDING DEVICE .••. .. . " $24.50
1T1I1G-100,000 VOLT 20' AFfECTM RANGE

INTIMIDATOR. ,,••. , •. .. . . ... . ••, , •, , ••. •••.$99.50
usra- SNOOPERPHONEINFINITY TRANSMlmR .•.. .$169.50
IPG7~ INVISIBLE PAIN FIELD

GENERATOR MUlLI MODE . . .•. "." . •, ••, •. . " .. . .$74.50
• CATALOG CONTAINING DESCRIPTIONS OF ABOVE PLUS
HUNDREDS MORE AVAILABLE FOR $1.00 OR USE OUR
PHONE FOR "ORDERS ONLY' 603-673-4730.
PLEASE INCLUDE $3.00PH ON ALLKITS AND PRODUCTS
PLANS ARE POSTAGE PAID.SENDCHECK,MO.VISA. MC IN
US FUNDS.

INFORMATION UNLIMITED
P.O, BOX716DEPT.REAMHERST, NH 03031

' TELX-l 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

' FMX-l LONG RANGE(3 MI) ULTRA SENSITIVE
FM VOICE XMTR with fine tune, range control
pius $29.50

'ATR-l AUTOMATIC TELEPHONE RECORDING
DEVICE tapes telephone conversation all
automatically $19.50

ALL THREE OF ABOVE FOR $59.50

CALL OR SEND VISA, MASTER CHARGE,
MONEY ORDER, ElC.lOAMAZINGCONCEPTS,
BOX 716,AMHERST, NH 03031. (603) 673-4730.
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THE ELECTRONIC GOLDMINE

MINIATURE GEIGER
COUNTER KIT

_ ... ~(,n"'klio""'7:::'

1~~~.,!;l'J:;'~••=
j~.MIy. Fio"'rtssmilif••~winclow

GIl ToItoolIC<irtIl.QpoR"' .. 9Y
1a1lort 1.. tiocll.Siz.1.f,3".

(6430$S9.95

Send for yourcopy of our 1989 cotolog
featuring hundreds ofeledronkcomponents

ond uniqueeledronk project kill, . Eoch of
ourproject kitsindude011 necesso ry po rts

~~~~ ond 0 gloss epoxy etched ond
llo.."il:~~- drilled PC boord-you on~ need to

solder in theports ond provide0
baNery (onbaNery operoted kill]
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• L1GHTNING·BOLT
STROBE LIGHT KIT

Iowwful I201'A CSIroIoli1"""~ ..
briliantlloshts ,Ilohthom monvno~

~llr long XlIIOll Nbe.'"Hos conlrol to¥ory
Rosh rote fromJl kl400P'!'nillu".

('~., · " kil . lor o""ioo<td "'ildtn
on!y Id" '0 \9> "IoogiJ.Sizo: !.4', S'

(6431$3U 5

SURFACE MOUNT CHIP COMPONENTS
CAl! l£~gOIS

-~r - ~ III IJI- m 10U10l0Kl·~

~
47 3lil m III AIflOlllIAlUEOI

I II 470 13t VOl lESlSTOI OI
I ~ Il SlO III CAlIOTOI ~
ll~ III 110 III l1I/SI.OO. IOO/SUl
IOr,I 110 1.21 lSI INOIllllNOI

NEW HE NE
~ LASER TUBES $35
~ Dealer Inquiries Invited.

Free Catalog!
MEREDITH INSTRUMENTS : 6403 N. 59th Ave .

Glendal e , AZ 85301 • (602) 934-9387
" The Source for Laser Surplw"

• Major Makes & Models!
• Will match or beat anyone's prices!
• Dealer discounts at 5 units!
• Examples:

HAMLIN COMBOS . $44 ea. (Min . 5)
OAK ADD/ON $40 ea. (Min . 5)
OAK M35B $60 ea. (Min . 5)

hacker tech ven ture, yo u mi ght
want to check into my Incredible
Secret M on ey M achine book.

As always, th is is yo ur co lumn
and you can get tec hnical help and
off-t he-wal l netwo rkin g per th e
Need Help? bo x. R-E

grated ci rcu its. Try to get the fat
Japanese book as well as th e thin
English on e.

Heath Elec tronics is a brand
new hack er publication . They are
looking fo r authors, but th ei r pay
m ent rates are chintzy. For more
info, contract Ed Mosh er at t he
Heath Buyers Club.

A free printer on spect rum anal
ysis is availabl e from Tektronix,
whi le Brookfield has lots of fre e
ap-notes availab le on vi sco sity
measurement and control.

_ Turning to my' own Rrod ucts,_
I 've ju st fini shed m y n ew
Introduction to PostScript video
tape , and have now book-an-de
mand publi shed a se r ies o f
reprints f rom my LaserWri ter Cor
n er, ori ginall y f o u n d ove r in
Computer Shopper magazin e. in
cluded are over three dozen free
and unique PostScrip t fonts. For
those of you sta rt ing up your ow n

HARDWARE HACKER

cont inued from page 73
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# 270-047

$98.90 $89.50
# 290-200 (l-3) (4-up)

TITANIUM COMPOSITE
TWEETER

MPIONEER'

12" SUB WOOFER
Dual voice coil sub woofer.
30 oz. magn et, 2" voice
coils . 100 watts RMS, 145
watts max. fs = 25 Hz. 6 ohm
(4 and 8 ohm compatible).
SPL= 89 dB lW /1M.
Res ponse : 25-700 Hz.
OTS = .31, VAS= 10.3 cu. ft..
Pioneer lI'A3OGU30-55D.
Net we ight: 8 Ibs .

# 290-145 ~1~~)80

# 290-180

# 260-333 $8.50
(l-9)

With this kit you
can make speaker
grill frames up to
30" x 40". Kit
includes 4 come r
pieces,2 "T'"
br ackets, an d 7
frame bars. Grill
mount ing kit
included.

® MOTOROLA PoIydax

GRILL FRAME KIT

$5.90
(lO-up)

$19.95
(4-up)

$6.50
(l-9)

Super quality,
genuine walnut
veneer cabin et. Kit
includes: routed an d
mitred top, sides ,
and bottom in
unfinished 314
walnut veneer. Cut
your own cus tom
holes in the front
and rear to match
your dr ivers . 15" x
24- x 11-. Volume :
1.9cub ic fee t.

# 260.350 $22.50
(l-3)

# 270·050

PIONEER HORN
TWEETER
Mylar dome. 2.93 oz.
barium ferri te magnet . 8
ohm. Response: 1800
20000 Hz. 35W RMS,
SOW max. fs =2000 Hz,
SPL= 106 dB. Pioneer
lI'AHE60-51F

* 15 day money bad: guIfJlllee *$l5.OO rnammn order *w. aooep t
Masorcard, v....DiocxM><•.,-d CO D. Olden '2< h= 1IUf4linq
*Shipping chuge - UPS chart rate "'$1.00 ($3.00millimum charge)
*Hours: 8:30 am- 6:00 pm EST, Monday - Friday *Mail order
customen, pleue c.ll for .hipping' estimate on orden exceeding
5 lb•.

$34.50
(4-up)

$9.95
(l-9) (lO-up)

$36.80
(l-3)

$12.50

,£parts EMINENCE
XP(lf!.!!

1-800-338-0531

,£parts
:XPI'f!~

340E. First St, Dayton, ORO45400
Local: 1-513-222.0113
r AJ(, 513-222-~

# 290· 125

SPEAKER CONTROL
PANEL

12 dBIoctave roUoff.
800Hz, 5000Hz
crossover points. 8
ohm. 100 watts RMS.

3-WAY100W CROSSOVER WALNUT SPEAKER
CABINET KIT

CIRCLE 56 ON FREE INFORMATION CARD

Super duty, 40 oz. ma\Jl\e t.
100 watts RMS, 145 watts
max . 4 and 8 ohm compat
ible (6 ohm). 2" voice coil .
fo=25 Hz. OTS = .I66 ,
VAS = 10.8 cu ft.
Response: 25-1800 Hz. Net
weigh t: 9 lbs. Pioneer
lI'A3OGU40-51D

Pan el with SO walt L-pads
for tweeter and midrange
and built-in LED power
meter. 5-x 2 1/2- 100

watt venlon u$'l4.s0 $12.90
# 260·235 (l-5) (6-up)

12" POLY WOOFER

# 260·210



2816A 204Bx8 35Qns 19V· 15VI SVRead ,W nle .5 25
28 16A 252048:-:8250ns (9V·15VI 5V Read Wri te ... 5 49
2817A 2048x8 350ns 5V Bead-wri te .... ..... ... 7 95
2864A 8 192x8 250ns SV Read-wri te ' P''l t ~~o RB,1395
2864A ·30 8192x8300nsSV Read Write ,p,'l 1 ~~oRB,1295

2865A 8192x8 250ns SV Read-write . .... 12.95
52813 2048x8 350n s 121Vl 5V Aead Only . 1 49

LM1489N 45
DS14C89N (GMOS) 1.19
LM1496N 69
LM1871N 195
LM1872N 1.95
ULN2003A .75
XR2206 _ 395
XR2211 2.95
XR2240 149
26LS29 225
26LS3 1.. 99
26LS32 ........................ 99
26LS33 1 49
ULN2803A 1.19
LM2901N 25
LM2907N 1 29
LM2917N 18 pin) 1.79
MG3470P 1.19
MG3479P 395
MG3486P 1.19
MG3487P 99
UDN3613M ...... 39
LM3900N 49
LM3905N 1.19
LM3909N 89
LM3914N 1.79
NE5532 ........................ 69
NE5534 ........................ 69
7805K (LM340K-5) 1 29
7812K ILM340K· 121 1 29
7815 K ILM340K· 151 1 29
7805T (LM340T·5) 45
7812T (LM340T· 12) 45
7815T (LM340T·15) 45
7905K ILM320K·5) 135
7905T ILM320T-5) 49
75113 1.19
75150 1.19
75154 1.19
75174 295
75175 2 95
75176 2,29
75451........................... 39
75452 ........................... 39
75492 .._ __ .79
MG145406P 2 95

LINEAR

MISC. COMPONENTS

74HC HI-SPEED CMOS
part No pr ice part No Pd ce
74HCOO. SALE .17 74HG175. ..... .59
74HC02. ............. SALE .17 74HC221. ........ .. SALE .69
74HC04 .......SALE .17 74HG240. . .........SALE .59
74HC08. ............. SALE .17 74HG244. ::::::: SAL'E .79
74HC10. ............. SALE .19 74HG245. .69
74HC14. :::::::::::'SAL'E .29 74HG253. ..... ..... SALE .39
74HC30 .19 74HC259. .49
74HC32... ... SALE .25 74HG273... ......... SALE 49
74HC74.... ... SALE .29 74HG373 69
74HC75..... ......... SALE 29 74HC374 ............SALE .59
74HC76..... ......... SALE .29 74HC595. ...................... 129
74HG85... .55 74HC688. ........... SALE 1 25
74HG86 ...... ....... SALE .25 74HG943... .... SALE 7.95
74HGI23.... .......SALE 49 74HG4040. .....SALE .79
74HC125.. .::::::: ·SALE .49 74HC4049.. SALE 25
74HG132.. 39 74HG4050. ..:::.... SALE .25
74HCI38 ....... .45 74HC4060. ......... SALE .69
74HC139. ....... SALE .35 74HC4511.. ...... SALE .99
74HC154 .................. 1 .49 74HC4514.... ................ 1.79
74HG163 ....... SALE .39 74HG4538.... ......SALE 99
74HC174.. .59 74HG4543.... ...... SALE 99

74HCT-CMOS TIL
74HGTOO ....... ....SALE .15 74HCT139 .........SALE .29
74HGT02. ....SALE .15 74HGT157 .........SALE .19
74HGT04. ...........SALE .17 74HCT174 .........SALE .25
74HGT08. ........... SALE .15 74HCT175 .........SALE .25
74HCT14. .........:·SA'L'E .29 74HCT240 .........SALE .59
74HCT32.. .17 74HCT244 .........SALE 49
74HCT74.. ..........SALE .25 74HCT245 .........SALE .49
74HGT86.. .........SALE .15 74HCT373 .........SALE 45
74HGT138 .. ... .-. .39 74HGT374 .........SALE 45

TL071CP. .59
TL072CP .79
TL074GN ..... 99
TL081GP. ...... ,49
TL082GP .49
TL084GN .89
LM301 N.. .35
LM307N .39
LM308N..... 59
LM309 K .... .. 1.25
LM310N 1 29
LM3 11N 39
LM317T.. 65
LM318N 99
LM319N .. .. 129
LM323K .. ..3 49
LM324N . ........ 35
LM335Z.. ....... .139
LM336Z . ......... .. 99
LM337T .. 1.09
LM338K ,4 49
LM339N ........................39
LF347N 1.49
LM348N .... 69
LF351N.. 39
LF353N .................. .49
LF356N ............... .79
LF357N .................... . 89
LM358N ................... 49
LM380N_ 89
LM386N -3 89
LM393N _ 39
LF398N.. .... 195
LF411CN... .79
l F412CN ..... 1.29
NE555V ........................ 29
XRL555 ........................59
LM556N ........................ 45
LM565N ........................ 89
LM566GN 1.19
LM567V 75
LM723GN 39
LM741GN 29
LM747CN 49
LM1458N .35
LM1488N ._ 45
DS14G88N IGMOSI 1.19

8000 SERIESConffnued
part No Price
8286 2.29
8741 9-% 9.49
8742 ~ 14.95
8748 125V) 7.95
8748H IHMOSII21V) .. 995
8749 9.95
8751H (3.5·12MHz).. 36 95
8755 13.95
80286-10 11OMHz)LCC 4995
80287-3 (5MHz) 1099 5
80287-818MHz) 20995

gg~Wg~g~~Z)j~~ ~~
80387-16116MHz) 39595
80387-20 120MHz) 459 95
80387-25 125MHz) 569 95
82284(8MHz) S49 7.95
82288(8MHz) 9-% 7.95

OATA ACQUISITION
ADG0804LGN 3.25
ADG0808GGN &.flO 549
ADG0809GCN 3.69
ADG1205GCJ·L 18.49
DAG0808LCN He 1.49
AY-3-1015D 4.95
AY-5·1013A 1.95

8000 SERIESContinu ed
part No price
8155·2 349
81G55 395
8156 2.95
8205 S49 8.99
82C " 695
8212 ~ 1.99
8216........... ......... ... 1.39
8224 He 1.49
8228 +90 1.49
8237·5 ~ 395
8243 ............. ....... . 1.75
8250A 4.G6 3.95
82508 (ForIBM) .~ 495
8251A.... .. 1 69
8253 ..... .. 1.89
8253-5 ...... 1.95
82G53·5 ... .. 3.95
8254.. .... .. 395
8255A5 2.95
82C55A ·5 ..3.49
8259-5 ._ ...... 2 25
8272 :l,96 2.95
8274 s.g; 4.95
8279-5 <-90 2.75
8282 ........ . 3.49
8284 ... .. ... 1.75

STATIC RAMS 6500/6800
pa rt No Function price 68000 Series
2016·12 2048x8 12t)ns,................_....... ........ .... 295 part No Price
2102 1024xl 350ns ......................... ...... 89 6402 .... ... .. ... .... ... .:l,96 349
2112 256x4 450nsMOS ................ ......~ 195 6502 ..........~ 2.25
2114N 1024x4 45Ons . . . ......... ..... .......00 .79 6502A ..........:YO 2.59
2114N·2L 1024x4 200nsLow Power..... ....... 1A9 65C02(GMOS)... 7.75
21C14 1024x4 200ns(CMOS) ........... 49 6520....... .............. 1.95
5101 256x4 4SOns (CMOSI ................ ...~ 1.95 6522....... 295
6116P·l 2048x8 l OOns116KI CMOS....... .....:195 3 19 65C22. 4.25
6116p·3 2048x8 1SOns 116KI CMOS.... ........6-49 2.79 6532 ....................5#.l 495
6116Lp·l 2048x8 l OOns (16KI LPCMOS .. .... 4-;l9 359 6551.....................<-90 2.69
6116LP-3 2048x8 150ns (16KI LP CMOS ......:>.95 309 65C802 IGMOS)-I&!l5 14.75
6254P-IO 8192x8 l OOns (64KICMOS.... ........9% 949 6800......... ...........+90 1.49
6254p·15 8192x8 150ns (64K)CMOS ........._...~ 7.49 6802.... 2.95
6254LP·IO 8192x8 lOOns 164K)l P CMOS ......-1025 6808. 1.95
6254LP-12 8192x8 120ns (64K) l P CMOS ......~ 895 6810 ...... ......... ....~ .99
6254LP-15 8192x8 150ns (64KI LP CMOS.... .~ 7.95 6820 2.75
6514 1024x4 350ns CMOS....................._........... 375 6821 .................. .4..+5 1.49
43256·10L 32.768x8 lOOns (256K\ l owpower...,~ 2395 68B21 ....... +,9!; 1.75
43256·15l 32.768x8 150ns (256K)low PO'Ner....~ 2295 6840. ...........349 2.95
62256Lp·l0 32.768x8 l OOns (256K)LP CMOS....:Y-95 2495 6845.... ................:YO 2.49
62256LP·12 32.768x8 120ns1256K)LPCMOS....~ 2425 6850.... ......... .......+,9!; 1.49
62256LP·15 32.768x8 150ns125SK} l P CMOS.....~ 2395 6852............ ........ "'" .59

MC68000L8 .. . 9-% 8.49
DYNAMIC RAMS MG68000L10.....+Hl6 8.95

MG6801OL10.... ;jg,96 2995
421000A9A·l0 1.048_576x9 toons 1MEGx9 SiP... . ....._22995 MG68020RG12B ....... 89.95
421000A98·1 0 1.048.576x9lOOns 1MEGx9 SIM _.. .....200')0 19595 MC68701.................... 17 95
421000A9A·80 1,048.576x9 80ns lMEGx9 SIP ..._ 22995 MG68705P3S.............. 995
421000A98·80 1.048.576x9 80nslMEGx9 SIM ..... ......_22595 MC68705U3L...._ 9.49
TMS4416·12 16384x4 120ns.......... ............................. 595 MC68705U3S ..._ 9.49
TMS(416·15 16384x4 150ns '" .............~ 5 49 MC68450L10.... 49.9629.95
4116·15 16.384x1 150nslW.15290N~21 ... ....... ..4-;l9 125 MG68881RG16A.......129 95
4128·15 131.072xl 150ns(Piggyback).... .4 49 MG68881RG20A ......169 95
4164·100 65.536x1 100ns.............._. .6-49 329 Commodore4164·120 65536xl 120ns_.. ........~ 285
4164·150 65,536x l 150ns'_ ......:109 249 WD1770 ............. lHlO 7.4941256·60 262.144x1 6Ons ,.... ~ 849 SI3052P...... .....~ .9941256·80 262.144xl 80ns..... ............~ 695 6504A.. 1.1941256·100 2£2.14411 lOOns .. ...._.........................~ 649 6510.. ........................ 14.9541256·120 2£2.144x1 120ns... . .............................~ 619 6526. ......................... 14.9541256-150 262.144xl 150ns ........................... 6--49 589 6526A 159541264·12 64Kx4 120ns Video RAM ....... ...... ......12 95 6545·1 .... .. ... .... ... :l,96 2.9541464·10 65536x4 lOOns .........~ 895 6560 ..........-89541464·12 65536x4 120ns .+1-95 825 6567.... ...................... 249541464·15 65_535x4 150ns - 7 95 6572.... ....... ....-7.9551258-10 262.144x1 1DOnsStale Column .• ........~ 895 6581 (12V)... . 12.95
41256A9A· l0 2£2.144(9 lOOns 256x9SIP....... .......~ 6995 6582 (9V). .........~ 9.9541256A98·10 262.144(9 ' OOns 256x9 SIM .......... .....~ 5495 8502 7.95511000P·IO 1.048.576x 1 100nS(1 Meg )............. .......-19 49 8564 : . : : ::: : : : : : ::: :~ 295
511QOOp·80 1048.576x180nsl1 Megl............ ..........<2-95 21.75 8566 ..... .. ........ ..9-% 7.95
514256p·l 0 262144x4 lOOns(1 Meg )............. ....... <4-95 2295 8701.... 9.95
514258·10 2£2,U4x4 lOOnsState Column .. 3195 8722. ........- 895

EPROMS ·82S100PLA.. ... 15.95
325572-01 .......... ....... 1795

TMS2516 2048x8 450nS125Vj................... . .......~ 495 901225-01 1595
TMS2532 409618 . 45{)ns 125VI ............. . ...................... 595 901226·01 ................. 1595
7MS2532A 40%x8 45{Jns \125VI...._ ......... 4-49 3 25 901227·02 ... 495
TMS2564 8192x8 450ns l25VI.................. . 6 95 901227-03 ..... ........... 1595
TMS2716 2048x8 45{Jns l·5V, .5 V. •12VI . ........~ 649 901229·0 5 .. 1595
'702A 255x8 2K( ' ~ I S I ...... 4-95 4 25 901460·03 195
2708 1024(8 450ns .... ...... :~ 5 95 901486·06 ................. 295
2716 2048x8 450ns 125Vj _..........................ffl 325 'No specs available
2716·' 2048(8 350nS125VI .......... :>.95 349 "NOIe 82S100PLA"U17 lC·64J
"C16 2048(8 450ns 125VlCMOS .................~ 3 75

74C/CMOS2732 409618 450nSl25Vt 395
2732A-20 4096x8 200nS 121V) .......... .......... +<; 395
2732A·25 4036x8 250ns 121Vj .... ........:>.95 375 74COO Sre .19 74C174 Sae 39
27G32 4096x8 450ns:25VJCMOS ............_.. 4-Q; 4 25 74C02 Sa. .19 74C175 Sale 59
276420 819218 200ns121VI 425 74C{).1. Sa. .19 '4e 192Sa. 99
276425 8192(8 250ns121V}.... 3 59 74C08 Sae .19 74Cl94Safe 492764A 25 8192x8 2SOnS112_SV ) .............;w.l 3 39 « Cl 0 Sae 15 74C221 _...~_ 1 '927C64·15 819218 150ns 112 5VICMOS ..... 5 95

74C14 . _._•.,49 74C240 Safe 7527'2820 16.384l8 2CQns i21VI ...........~ 5 95
27;28-25 16.384l8 250nS121 Vl ...........~ 495 74C32 Sae .19 74C244_ . 179
2i ~ 28A · 1 5 16.384l8 15On5112 5VI 7.75 74C74__~ 49 74C373 Sale149
27' 28A2{) 16 38J.l8 .zo-, 112 5VI .. W; 4 i 5 74C85 __..._ 149 74C3i 4 Sa'e1 49
27C128-25 1638418 250"s 121VICMOS ,. •• ..........~ 549 74C86 Sae .19 74C911__ 6 95
27256 ~ 5 32.i69x8 150ns 112 5V) ... .. 895 74C89 Sae 2.95 i 4C912___,795
27256 20 32.769x8 2Cens 112 5VI ......~ 5 ' 9 74C!X) . .... 99 74C915Sa'e11927256·25 32,768x8 250ns [12 5VI .......~ 4 95
27C25615 32.758x8 15Cr:s112 5VICMOS ..........~ 725 74C1 51Sae 149 74C917 Sa'e395
27C25625 32.7S9(8 250l\s (12 5VrCMOS ...........~ '95 74Cl54Sae2 ,75 74C920 Sa'e395
275'2 ,20 6553518 ?CCrS I12.5VI 10 95 74C157 Sae ~ 25 74C921 Sa'e295
275'2 25 65535J8 25Cns n 25V] 995 74Cl60Sae 49 74C922..._ 3 95
27C51225 65 515x8 25Cns 112 5V, CMOS' ........ !l-49 849 74C161Sa'e 49 "G92 3.. _ J 9;27C1C24 13' .0;2(8 2OCns 112.5\.'lCMOSll Meg)~ 1995 74Cl62Sn 49 74C925 __ . 54958764 8192x8 64K450ns i25Vl ICh,P Enab'er ' 9 95
6976635 8192,8 €4K350ns125Vl (OutPtJt Er-aoer '695 74C1 73,. •_. 59 74C926 . 59;

MICROPROCESSOR COMPONENTS
ZBO, ZBOA, ZBOB, SERIES
part No. pr ice
Z80 1.19
Z80A 1 29
Z80A CTC 1.65
Z80ADART... 44J&- 395
Z80A·PIO -Hlll- 1.49
Z80A SIO·O ~ 2.95
Z80B 2.75
Z80B·CTC ~ 3.25
Z80B·PIO 3.95
Z8681B1... 1>96- 6.95

8000 SERIES
803L.... ........~ 3.49
80C31 . ..~ 8.95
8035 _ +90 1.25
8039 _ +,9!; 1.59
8052AHBASIG 24 95
8080A ~ 1.49
8085A ~ 195
8085A-2 3.59
8087 (5MHz) 9!Hl5 9495
8087-1 110MHz) I 84 95
8087·2 (8MHz) 134 95
8088 (5MHz) 4.% 349
8088·2 (8MHz) .. &,95 5.95
8116 4.% 395
8155.. ...... ..........2.49

1

1
.19 GD4051 ...... .59
.19 GD4052 ...... .59
25 GD4053 ..... .59
.19 GD4060 ... .65
25 GD4066.. ... . .29
.29 GD4069............... .19

: ~~ gg:~ i~: : : : : : : : : : : : : : : : : : : . : . . . :~~
:~~ CD4Q72.... .22

.59 gg:~~L: : : : : .. .~~

.~~ GD4093 . .35

.35 GD4094... .89
49 GD4503 .. 39
69 CD4511 69
.35 CD4518 75
.65 CD4520 75
59 GD4522 ... .79
59 GD4528. .. 69
65 GD4538 ... .79
65 GD4543 .79
.29 CD45B4.. .49
.29 GD4585 .. .69

EEPROMS

CD-CMOS
G0 4001 .
GD4002 ..
GD4007 .
CD4Q11
CD4012
CQ4013
GD4015 ..
C04016 ...
COotQ1? •••
CD 4Q18 •.•....
GD4020
CD402 1 ,. ...
CD4024 .
CD402 7
GD4 028
GD40 29
GD4030
GD4040
CD4Q42
GD4043
CD40 46
CD·W~ 7

CD40.:g
GD40 50

74LS

NEC V20 & V30 CHIPS

74LSOO .......•..•... SALE .15 74LS139 SALE .29
74LS02 SALE .15 74LS151... SALE .29
74LS03 SALE .15 74LS153.......... SALE .25
74LSOL .. SALE .19 74LS154 1.19 1.09
74LS05 SALE .19 74LS157 45 .35
74LS06 .... .59 49 74LS161 SALE .29
74LS07....... .59 49 74LS163. .. SALE .35
74LS08. 28 .18 74LS164 SALE .35
74LS09 SALE .15 74LS165. ... .75 .65
74LS IO SALE .15 74LS166 SALE .69
74LS11.. 29 .19 74LS173 SALE .35
74LS I 4 SALE .29 74LS174 SALE 29
74LS2O SALE .15 74LS175 SALE .29
74LS21.. SALE .19 74LS191.. SALE .39
74LS27 SALE .19 74LSI92 69 .59
74LS30 SALE .15 74LSI93 .............. .69 .59
74LS32 SALE .19 74LS194 SALE .45
74LS38 SALE 25 74LS221.. SALE .49
74LS42 .49 39 74LS240 SALE 45
74LS47................ 89 79 I74LS241.. SALE .49
74LS73 SALE .25 74LS244 SALE 49
74l S 74 SALE .19 74LS245 SALE 59
74LS75 SALE .25 74LS257 SALE 29
74LS76 ............. . 39 29 74LS259.............. .99 89
74LS83 ..... ......... 59 49 74LS273.............. .89 79
74LS85 ............... 59 49 74LS279 .. .49 39
74LS86 ............... 29 19 74LS367 SALE 29
74LS90 SALE .29 74LS373 SALE .59
74LS93 SALE .29 74LS37L SALE 49
74LSI23 SALE .35 74LS393.... ..SALE 69
74LS125 ....... 49 39 74LS541 SALE 99
74LS I 32.... SALE 29 74LS590 595 585
74LS138 49 39 74LS688 239 229

74S/PROMS' I

Repl ace th e 8086 or 8088 in You r IBM PC and
part No In cr ease It s Spe ed by up to 30% Pr ice

UP070108-5 (5MHZl V2 0 Chip $6.49- $5 .95
UP070108-8 !8MHZ V20 C h ip $6.49- $7. 95
UP070108-10 10MHz) V20 Chip ..~6- $10 .9 5
UP070116-8 8MHz) V3 0 C h ip ...•.••~ $7 .9 5
UP070116-10 ( 10MHz ) V30 C h ip .•~ $15 .4 9

7400
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PROTOTYPING PRODUCTS

Jameco Solderless Breadboards

ENGINEERINGIDATA BOOKS

JE 2206 Pictured

21035 SamsTTL Cookbook(88) $14 .95
21398 Sams CMOSCookbook (88) $19 .95
22453 • SamsOp-AmpCookbook (88) $2 1.95
270645 Intel 8 brt Ocntrcller Hndbk (89) $19.95
270646 Intelte-en ControllerHndbk. (89) $19.95
270647 Intel32·blt Contrclter Hndbk. (89) $19 .95
400041 NSC Linear Data800kVol. 1(88) .. $14 .95
400042 NSCLinear Data800k Vol. 2 (88) $9 .95
400043 NSCLinear DataBookVol.3 (88) $9 .95
ICM89 1989 ICMaster (3VolumeSet) ... $119.95

EDUCATIONAL KITS

$20.00 Minimum Order - U.S. Funds Only
CA Residents Add 6%. 6.5% or 7% Sales Tax

Shipping - Add 5% plus $1.50 Insurance
(May vary according to weight)

Terms: Prices subject to chan ge without notice ,
We are not responsi ble for typographical errors.

We reserve the fight to substitute manufacturers.
Items SUbject to availability and prior sale.

Procucts pictured may only be representative.
Comp lete list of terms/warranties is avaiiable upon request.

QC1478
Pictured

-~---Jameco®
~

Monochrome Graphics Card wfParaliel Printer Port (PCIXT/AT).... .. .... $59.95

ColorGraphicsCardwiParall.1Printer Port(PCIXTlAT).................... $49.95
EGACard w1256KVideo RAM (PCIXT/AT) $159.95
Mu~ I/OCardw/Controll.r & Monochrom. Graphics(PCIXT) $119.95
Vo Card w/serial, Game. Printer Port & Beal Time Clock(PCIXT)........ $59.95
AS232 Serial Half Card (PCIXT)................................................... $29.95
AS232Serial Half Card (AT) $34.95
vo Card wtSerial.Game and Parallel Printer Port (AT)................ ...... $59.95
21018 Expend.d or ExtendedM.mory Card (zero-K on·board) (AT)...... $99.95
20140MB Hard DiskControllerCard (PCIXT) $79.95
360K/720K/l .2MB/1 .44MBFloppy DiskControll.r Card (PCIXT/AT)..... $49.95
360KFloppylHardDiskControll.r Card (PCIXT) $129.95
360K/720K/1.2MB/l.44MBFloppy/Hard OiskControll.r Card (AT) $149.95

12' Amber Mono $99.95
14' AG8640x240 $249.95
EGA14' 720x350 $3Q9,lli $369.95
EGAMonitor& Card ..~ $499.95
14' MUlliscan 800x560$i49.lli $499.95
14' VGA 720x480......$44ll.9i $399.95
VGA Mon~or & Card ..$i49.lli $599.95

JE1001 4.77J8MHz (PCIXT) $89.95
JE1002 4.77Jl0MHz(PCIXT) ~ $99.95
JE3005 Baby 8/12MHz (AT) ~ $299.95
JE3010 Baby 8/16MHzNEAT (AT)~ $399.9 5
JE3020 Baby 16MHz 80386(AT)~ $999.95
JE3025 Baby20MHz80386(AT) $1199.95
JE3026 Full-Sue 25MHz80386 (AT) $1999.95

JE1050
JE1052
JE1055
JE1071
JE1060
JE1061
JE1062
JE1065
JE1081
JE1041
JE1043
JE1044
l003VMM2

1200H 12001300Baud Internal Modem w/MaXIMlte Comm. Software (PCJXT/AT)•••••• $69 .95
24 00 H 2400/12001300 Baud Internal Modem wiMaxlMlle Comm Stwr. (PCfXT/AT) $ 12 9 .95

External Modems and Pocket-Size Modem Also Availablel

IBM PCIXT/AT COMPATIBLE 3.5"15.25" DISK DRIVES
352KU 3.5' 720KB(PC/XT/AT) $109.95
356KU 3.5' 1.44MB(PC/XTlAT) $129.95
JE1020 5.25' 360KB(PC/XT/AT)Black $89.95
JE1021 5.25" 360KB(pC/XT/AT) Be'ge $89.95
JE1022 5.25' 12M8 (PClXT/AT) Be'ge $99.95

IBM PC/XT/AT COMPATIBLE IN T E R N A L MODEMS

Freel QAPLUS Dlapnostlc
Software Included
PC WrIte Word ProcessIng
Software Includedl
256K RAM Included,
Expandable to 640K
AMI BIOS ROMs Included
4.77 or 8MHz Operation
Flip-Top Case w/150 Watt
Power Supply
360K Disk DrIve
Parallel PrInter Port
84-Key Keyboard
Monochrome Amber Monitor

JAMECO IBM PC/XT/AT COMPATIBLE CARDS

AMBER
HD55H
TM5154
JE1059
TM5155
aC1478
JE2055

JE3002 IBMCorrpatilIe PCIXT8MHzTurboKit $499.96 $479.95
EZDOS MS/PC-DOS Compatible Operating System $49.95
EZDOSP Same as above wrthTrueBASIC $69.95

IB M COMPATIBLE DISPLAY MONITORS

~
~/~.
I

1355 Shoreway Road
Belm ont, CA 94002
24 Hour Order Hotline (415) 592,8097
FAX's (415) 592·2503 or (415) 595-2664
Telex 176043 - Ans. Back: Jameco Bim!
Data Sheets - 50c each
Send $2.00 Postage for a FREE 1989 CATALOG
, 1989 Jameco Electronics 11/89
IBM ISa registered trademark 01
International BUSiness MachInes

'SPECIALI Monochrome T e x t Card

Sperry Monochrome Display Adapter
• IBM PCIXT Compatible
• Allows for Connection
between Computerand
MonochromeMonitor
• Use for TeX1 only
• Great for Network
Servers and Dedicated
Work Stations
TEXT $12.95

TEST EQUIPMENT

Metex Autoranglng Jumbo
Readout DMM

• AC/DC Voltage, AC/DC
Current. Resistance. Diodes.
Oornlnulty and Frequency
• 3.75 Digit (.8' High)
• Ruggedized. Water
resistant case
• Easy-to-use pushbutton
switches
M80 $59.95

GoldStar 20MHz Oscilloscope

A.R.T.EPROM
Programmer
• Programs all current EPROMs
in the 2716to 27512rang. plus
the X2864 EEPROM' Maybe
operatedby any RS232 portwi
terminal emulation · Fully intel
ligent · ASCIIcommand cnven
• Menu drivensoftwareincluded

EPP $179.95

NEWI

• Large 6' rectangular display' High sensitivity: 1
mV/div ' High accuracy: ±3'10 • Stable, low-drift de,
sign ' Distortion -free waveform measur ements
• Special TV sync for quick measurements' Con
venient X - Y operation mode
GS7020 $399.95

Oscilloscope Probes

• Attenuation: x1 I xl 0
• Capacitance(LF180):
180pF I 22pF; (LF210):
40pF / 17pF

LF18D Pictured
LF180 40MHz Oscilloscope Probe $19.95
LF210 100MHz Oscilloscope Probe $29.95

Metex Digital Multlmeters
Metex General specs:
• Handheld, high accuracy
• AC/DC Voltage, AC/DC Cur
rent. Resistance, Diodes.
Oontinulty, Transistor hFE •
Manuai ranging w/overload
protection
M36501B" M4650 only:
• Also measuresfrequency
and capacitance
M4650only:
• Data Hold Switch
• 4.5 Digit M465DPictured

M3610 3.5 Digit Multim.t.r $49.95
M3650 3.5 Digit w/Freq. & Capa citance $69.95
M3650B Sameas M3650 w/Bargraph..... $79.95
M4650 4.5 Dig. w/Freq., Capacitance

andData Hold Switch $99.95

24-Hour Order Hotline (415) 592-8097 • The Following Phone Lines Are Available From 7AM - 5PM P.S .T.:
• Customer Service (415) 592-812 1 ' Technical Assistance (415) 59 2"9990· Credit Department (415) 592-9983' All Other Inquiries (415 ) 592-7108
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* QUA LITY PARTS *DISCOUNT PRICES * FA S T SHIPPING

ALL ELECTRoniCS CORR
3 to 6 Vdc MOTOR

with GEARBOX
Prob abl y designed for childs toy.
Lever selects 2 fo rw ard and one
reverse speed. 1st gear aprox.

~
120 rpm/svdc,

•• 2nd gear aprox.
. 300 rpm/svoc,

e . Reverse aprox.

120 rpm'6vdc.
3 .35" X 1.75" X 3.25 "

CAT# DCM-10 $6 .00

SPECIAL !//
N ICKEL CADMIUM

BATTERY CHARGER

RayovaclCH-4
Rechargesup to fourAA,C, 0 or two9 volt
nickelcadmium rechargeablebatteries.

LED charging indicator. CAT# UNCC
$10.00 each 12 for $108.00

6 VOLT D.C.
9.5 AMP /HOUR

GEL-CELL

Elpower# 695 []

~e~~~;~~~I~PJ1l0Ur J
gel-cell battery .
4.25" X 2.75" X 5.5".

Quick connect terminals.
CAT# GC-695

$15.00 each

SOLAR CELL
4 inch square
silicon solar
cell. Produces
0.3-0.45volts
@15OOmain
direct sunlight.
Solder together
in series or par
allelfor higher
voltageor am
perage. Ideal lor use in solar panels, bat
tery chargers and solarenergyproducts.

CAT# SCEL $3.50 each
25 for $75.00

OPTO ISOLATOR
~r= ==

W IDE BAND AMPLIFIER
NECI UPC165 1G. 1200 Mhz~ 3 db.
Gain: 15ldb @ 1.500 hz. 5 volt ope ral ion. ')(

Sma llpackag . ~mm dia . X 2.5 rTVTlthick. '"
CATI UPe-1S51 2 for $1.00
10 for $4.50 " 100 lor 13 5.00

N-CHANNEL MOSFET
RF -511 TD-220 C8M ~

CATlIRF 511
$1.00 each-10 for $9.00

LARGE OUANTITV AVAILABLE

A.C . LINE CORDS
Black 6ft.. 1812. spl ·2

~/~
NON POLARIZED PLUG

CAT,LCAC 2fOl"$1 .00 • 100 lor $45.oo
POLARIZEDPLUG

CATI LCP·1 eoe each " 100 for 150.00

TE LEPHONE COUPLING
TRANSFORMER

Mul l Product. Intern at ionall A1GN·~1011

Primary 600 ohm
Secon dary: 600I60O ohm
.7T X .81- X .63" high.
8p.c . pins on .1ST centers.
Prlrnaty Inductance:
XX) mH nin.• at 1kHz, 1 YOft.
CAli TCTX-1 11.25.ac h " 10 101'$11.00

14.7 VOLT TRANSFORMER
Sprite Industried: {fi
C5-511lA.1'.7I101t. I .---:::.,

60 hz, 8.82Va. ~ ; " . )
1.6t· highX 1.95"X • .~ __
1" 7". Mounting holes on 2.3Z' centers.
CAT# TX-147 $3.00 each
10 for$27.00 • 100for$250.00

STROBE KIT ·, .\ ,/ .:

~-

OPTO SENSOR
U shaped package with moun ting
....... 11S-open ing. 3I~" rrou ntlng
holes . CATI OSU~ SOt each
10 for .50 " 100 for 0.00

Sigma, :101T1-12B1. S ignal appWed to the input is
coup led by mean . of light to i. oIated phot o coe 

duct lve ce ll. High rel iabilly swlching . 12 vottinput.
CATI OP-301 $UiO each

Variab le rate strobe kl, flash.. between 60 to 120
times per minute. WiMoper ate on e~her 6 of 12 Vdc
depending upon how you wire the circuit. C~
oofl1)lete M h P.C. board and instl'l.lCtions for ....y

assembly. CAli ST ROBE-1 11 .50 each~~~
M SIZE $2.00 ""'h

1.25 YOIts 500 rnAh
CA TM HCB-AA

MSIZE $2.2O"",h
WITH SOLDER TASS

CAT. NCB -SAA

C SIZE $4 .25 EACH
1.2 vohs 1200 m&.h

CAT' NCO-C
D SIZE $4.50 NOh
1.2 YOIts 1200 mAh

CATM HCB-O

T R A N SI S T O R S
ORDER BV PARr.

PN2222 NPN
TO-92 5 for75¢
PN2907 PNP
T0-92 5 for75¢
2N3055 NPN
TO'3 $1.00 each
MJ2955 PNP
TO'3 $1.50 each

MJE2955T PNP
T0-22O 75¢ each

MJE3055T NPN
T0-22O 75¢ each

TIP31 NPN
T0-22O 75¢ each

TIP32 PNP
T0-22O 75c each
TIP121 NPN
T0-22O 75ceach
TIP126 PNP

T0-22O 75ceach

SPEC/ALII AAASIZE
Pan u on iot P· 18AAA

1.2 vol " 180 MAh
CATM HCB-AAAX S1.50 NOh
10 Ior $ 13.50 · 1OOfor $125.OQ

NICKEL-CAD
BATTERIES

(RECHARGEAB LE)

PIEZO ~
WARNING
DEVICE

Murata Erie' PKBa... AO
High pitched audble alarm. Op
e rales on 3 ·20 Vdc 0 20ma. 1·
high x 118"dia. P .C. board mount.

CATI PBZ.a4 $1.15 each

LI GHT ACTIVATED MOTION
S ENSOR

1/4 WATT RESISTOR KIT
Idoat fo<thoWOfkshop, tN. A

1/4 watt ,eslstor kit con tam 10 .. .....

piece. each of ~2 of the moat ~ .~

popular vall .. (~20~ to- q ..:-:
tal). Incll.ldes a divided box a nd

apartl locator. .

VALUES In thfe kit ere: L~ ::;
1 ohm" 10 ohm" :)g ohm" /

~1 ohm, 51 oh m. 68 ohm" 100 ohm" 130 ~hlT\
150 ohm" 180 ohm" 220 ohm , 330 ohm, ~70 ohm.
500 ohm, 680 oh m, 1K, 1.21<, 1.5K, 2K, 2.2K, 2.1K.
3K, ~.1K, 5.1K. 5.6K. 10K, 15K, 22K,:Ja<, 331<,39K,
~1K, 56K, 68K, 1OOK. 120 K, 15OK, 22OK."70K,

1 MEG, 5.1 MEG, 10 MEG

The reSlator. elone would se ll for $2 1.00.

Comploto kh · CAT# REKIT·14 $17.00

This device co nta ins a
photocell which se nse s
s udde n chang. in
arrbi. nt light. Could
be used as a door
an urlCiatoror modified
to trigger other device s .
5 112"X ~" X 1". Ope rates
on 6 Vdc. Req uires ~ AA ba tte ries (not indu d&d)
CAli LSMO $5.15 pe r un it

SOUND AND VIDEO
MODU LATOR
Til UM1381-1 , Desigrwtd for use
wlh T.I. c:orrput .... . Can be used
wlh video cameras , games or
othe r a udioMdeo souroe. Built
in AlB switch e nab'M user to
switch from T.V. anle nna without
discon nect ion. Ope rat" on channe l
3 or~. Req uir.. 12 Vdc . Hook up
diagram ilduded.
CAT' AVMOD $5.00 each

DOOR /WINDOW ALARM

:~~~~~~d ~! - -':51 '. """O-- \
windows !:i_ ~~ --0
from 9
Intruders,
Opening of door or window pulls
pin from alarm module and triggers
loud buzzer . Simple installation. Opar
ates on 2 AA batteries (not included).
Plastic case is 3.32" X 2.29" X 1.19".
Ivory with brushed aluminum face.

CAT# DWA $2.00 each
5 for $9.00

5 VOLT DC SIP RELAY
Gould. Allied Cont roll ~
SR·1A ·SVOC . if- I
SPST. normally "J,.r-n
open S IP fMod relay . g5 oh m co il.
2 a f'Tl) conta cts . .tT X .20" X .39"
high. Hous ing res ist. lluorocarbon
a nd ctllorinated commercial .oNent• .

CAT' RLY-SI PG

$ 1.00 each " 10 for $8.50

10 AMP SOLID
STATE RELAY

ELECTROL, S2 1S1 ~
CONmOl: .• "'
Rated 5.5'9 10 Vdc
(willoperate on 3-32 Vdc).
LOAD: 10 afTl) @ 2~0 V.c
21/~· X 13J~- X 118-

CAT' SSRLY·10B I g.50 each
OUANn TYDISCO~T

10 lor $85.00 " 25 for 1115 .00
50 lor $300 .00 • 100 lor $500 .00

XEN ON TUBE

~
, . longfI..htube "' owed wtth

3 112"red a nd black lea d'. Ideal lor
e lectron ic ' la.Ih Of . trobe protect s.

CATI FLT-3 2 101" $1.00

LED'S
STANDARD JU MBO
DIFFUSED T 1·3/4 . ize

~
REO CATM LEO·1

10 for 11 .50 • 100 lor $ 13.00
GREEN CAli LEO-2

10 fo r $2.00 - 100 for $11.00
YELLOW CAr. L£D-3

10f or$2.oo • 100 lor $ 11.00

FLASHING LED ~

with bYil in llas hirq circuit ~'
operat" on 5 vott. ...
RED $1.00 _
CATI LEO... 10 lor $g.50
GREEN $ 1.oo ead'l

CATI LEO....a 10 lor $g.5O ~
BI-POLAR LED

Lights RED one direct ion,
GREEN the other. Two leads ,
CAli LED..s 2 for$1 .10

LED HOLDER
Two pieoe holder. e e
CAli HLEO 10 lor 8SC

RELAYS
12 VOLT D.C. COIL S.P.D.T.
Omron ' G2E-18,(P ~ ~ contacts

;~;h:~I~ize . r9l
.S, · X .• 2"X ...· h~h . \ !.,---'"
P.C. mount with pins on DIP spacing.
CATI RLY·181 11.50 eac h

SPOT PUSHBUTTON
Marquardt' 1&43 ~
Rated$1J1'1)t, @ 1251250Vac.
Black pfutic pushblAton. ,
Switctl body: .02" X .ace X .65".
CAT. P8-1 ' $1,65 NCh · 10 for 51.50 NCh

o 0 50 ASSORTED
n n DISC CAPACITORS
Moat are cut (p.e. lead s ). Some 10 500 volt.

CAli GRABDC $1.00 pe r as.ort me nt

15 VALUES OF ---=t-Fn
ELECTROLVTICS ~

Contakl. bot h ax ial and radlal .tyle. from 1 mfd.
CAT' GRAOCP 11. 00 pe r ...ortment

SWITC H ES
ITT PUSH BUTTON
ITTUDPLMriee. :W-" · X .~
trZ' gfay~ular ~
My _S.P.S.T. N.O.
PUlh to doH. RATED:0.1 a"l) switching, 0.25
at11=' carry cu rrent. P.C. rTI:)IJnt. CATI p~

65eNCh • 10tOl"$6 .00 • 100101'$50.00

PUSHBUTTON SWITCH i
GCIThorns.nI 35-" 20
S.P.S.T.• normally eeen momentary push·
button I~ch. Redplast ic act uator .ST dla .
Chrome bezel .68- diameter. Threaded
buthlng mount . In .50" dlam . ch as .l . hole.
Rated3 af11) @ 250 Vae.. Solder loop ter minal• .

CAn PB·20 $1.00 each

10 POSITION MINI·ROTARY
Graynilll 56P36.()1·,· tON·C

Uini rotary switch. Non.. korting. ~
1 dKk. 10 poI.ion.. .125" dia.
shalt X .375' long. .377" beh ind •
tho paneI ....h. P.C. pin• .
CATI MRS-tO WAS $2.50 NOW $1.50 each

~
TRAN~~~~ ME R SP AUPWG

DIRECTLV
INTO 120 VAt;

OUTLET
Hoc@ 200rna. CA TI DCTX -S20 S2.25
~ Vdc@ 250ma. CAT' OCTX-SI25 $2.50
12 Vac@930 ma. CAT. ACTX·1 2U $3 .50
18 Vac@1arrp. CAT' ACTX·1I85 $3.50

WOK WOA1' 11.00 WIU. BUY

200 ASSORTED '"'"
1/4 WATT RESISTORS ~

Be nt lead. , eatOOn corrp . and CAlbonl ilm
CAT' QRES 11.00 per ASsortment

...cJO\ 200 ASSORTED
~ 1/2 WATT RESISTORS

Be nt lMdl, calbon ClOn'1J and cazbon l ilm
CAT' GRABRE 11 .00 per assortment

iii
(J)
oz
o
a:
b
w
...J
W

os
<a:

CALL OR
WRITE

FOR OUR

FREE
CATALOG

OVER
4000

PARTS! Now 60 pages!

MAIL ORDERS TO :

ALL ELECTRONICS
P.O . BOX 567

VAN NUYS, CA 91408

TWX-51 01010163 (ALL ELECTRONIC)

OUTSIDE THE U.S.A.
SEND $2.00 POSTAGE

FOR A CATALOG !!

ORDER TOLL FREE
800-826-5432
INFO: (818)904-0524

FAX: (818)781-2653
MINIMUM ORDER $10 .00

QUANTITIES LIMITED

CALIF. ADD SALES ' TAX

USA: $3 .00 SHIPPING

FOREIGN ORDERS

INCLUDE SUFFICIENT

SHIPPING . NO C.O.D.
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What's New at
AMERICAN DESIGN COMPONENTS?

The "First Source" for the
Tinkerer, Teacher, Hobbyist,

Technician, Manufacturer, Engineer

JVC 20Mb INTERNAL
TAPE BACK-UP
w/CONTROllER

ADAM
5 1/4"
DISK
DRIVE

1200-BAUD MODEM
Operates at 300
& 1200 baud.
Bell 103,
212A; CCIT
V.22corn
patible.
Bui lt-in
MNP.
Internal ... . . .
speaker, erro~
correction . RS-232C cable con
nects unit to yo ur computer. 7
status lights, volume contro l, AC.
& 2 phone jacks, incl. AC plug &
phone wire. IMfrs' Close Outl}
Microcom SX/12OO
Item #24034 New - $59.95
CAMCORDER
CASE

3 1/2", 20Mb.,
HAlF
HEIGHT
HARD
DISK
DRIVE

(ST225 Compatible)
Universal 5 1/ . mount ing. For
PC/)(f/AT compatible computers.

, Average access time : 62 msec.
Mf r - Lapine #LT2oo0.
Item ' 15853 RFE - $179.00

WesternDigitalControllerCard
For above drive.

Item #10150 $89.00
51/4" FUll-HEIGHT
DISK DRIVE .

are integrated into a single ..::: 1IBM~::::- '
compact unit . Ideal for holography ~ ·Compat.)
& entertainm ent applications (light shows, ~~-....:
etc.' . Req.12V@ 1A adaptor. Mfd. in Ger- ~

ma ny. Dimen.: 15-L x 21/2" H x 2 'h"D.

Item #22726 New - $175.00
* 12V Po wer Supply
(Requires com patib le plug.)

Item #19589 $9.95
14" COLOR MONITOR
{CGA -IBM Compatible!}

W e w arehouse 60,000 item s at
American De sign Components

ex pe nsive, often hard-to-find com
ponents for sale at a fraction of t heir
o ri g inal cost I

Call Toll Free: (BOO) 776-3700

z
~
m
s::
OJ
m
:D

101

Number

All inq ui ries and free catalog requests-call (20 I} 94 1-5000.

State Zip

Address

Name

City

Telephone: Area Code

Signature

AMERICAN DESIGN COMPONENTS, 815 FAIRVIEWAVE., P.O. BOX 220, FAIRVIEW, N.J. 07022 MINIMUM
ORDER

YESI Please send me the following items - 0 My check or.mo ney order is enclosed. $10.
Item How 0 Charge my credit card. RE-1189
No. Man 7 Price Tol al 0 Visa 0 Master Card 0 Amex

Card No.

Electronic Instant Ignition
MICRO TORCH
• Hand Held
• Adjust Flame
• Refillable1.58II. oz.
BulaneGasTank

Can beused inawide
rangeofapplications:
elect. installations, weld·
ing, shrink Iublng; jewelry* Memb rane &toy repairs, d.. ~eezing* 12 Function Keys pipes, ele. Precise&cont·* Separate Numerical Curso r rolledhi·temp. name, max:* LED indicator s fo r Scroll , 1300'Cl2370'f. Flame adj. :11210 1-112'.

Caps & Number locks 9" - 12vDC Workingtime: about 2hrs. Metal stand in·* 1" inclina ti on Foot Stand Green phosphor. Schematic incl. eluded. Dim.:6-1/4'Hx1·311 6"diameter.
Mfr. #29079 Audiotronics #900961·11 M~ - VuIcan #20.
Item #19680 New - $49.95 Item #17198 New - $19.95 Item #22072 New - $39.95 Item #24055 New-$49.95

CIRCLE 106 ON FREE INFORMATION CARD

Exp. Date

MS DOS / CPM COMPUTER~ -............... --:- .EXTERNAl.: DISK DRIVE
"High Resolution" "Graphics Capal:iilitY.." CHASSIS w/6iJWp0wefsl,Jpply

.~ ... .......... (F8n cooled~_ ~,

IBM Compatiblel Canbeusedw/th'ADC's DiskDrive " Olsk drives "p-

Capable of running MSIDOS 3.2 Chas~, i~em #!4541, & DSIOuad nol incl,).... ~..
256K, expandable (chips DenSityDls~ Dnve,llem #1893 ....... . , .
m ust be hard-wi red in). {see adal nghl). . ~ .
Complete w ith 15" m on o- • Manufactured fo r Cornpis ~~te;
chrome monitor (amber), In Swed en ..O~erat~s o n 115 2full.heighl dnVesl-,..
ss-kev Swed ish key board or 230V: BUilt-in printer ou t - 2noppy drives; or1hard,
(m os t characters are in pu t (serial or parallel). Hook- dnve &1f10Ilpy dnve. lnput:-tl51230V,
Eng lis h). up d iagram included! 5r.::.?~zx~~ ·X~r2%,roughscompute .!:...

Item #21934 Item 114541 $59.50
New - $199.00 'Chassisw/One5-1/4"

(Manula!: s'cIoseout- DSiQuad Density720KDrive
wecanno18ccep1 returns DIl/hisitem.) Items#14541+#1893 139.00

PC/XT
COMPATIBLE
*0-256Kb memory in 64Kb increments

* FUlla~og~~~dc~~c~f~~,upgrade
* Memdisk: Simulates high-speed disk

in RAM memory*Allowsyouto print whileusingthecomputer* Software included
Techmar #MU203010 (w/o RAM)

Item #19977 New - $29.95
* 64Kb RAM Upgrade
Set of9 chips... Item#19983 $17.50

DYNAMIC MEMORY BOARD...
Upgrade your computer'smemory as
yourneeds grow...

Input:
115/230V,
50/60 Hertz
(autom atically ---__'"
sw itch able). Resolutio n: 640 x 240 (RGB
horizo ntal x verti cal) . Complete with
eGA card and IBM interface cables.
Built-in stand . Dot pitch : .31.
Mfr - Hitachi; made for Data General.
Item #22475

Special Offer... New -

Connects
2PClXT/AT
compatible
computers
(more with
additional kits) .
One computer
actsasa fileserver; theother(s) canaccess disks or
printers attached 10 theserver. Includes interface
board,haJll,vare, software. manuals, andtools
needed forinstallation.Requires 10 Mb(min.) hard
drive,and384K RAM tortheserver PC. Mtr - NEC
#3284·P100·V003

Ilem#23163 New - $99.00
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.ee
' .09
1.19
1."236

.28

.30

.30

.JO

.33

.37

.SO...

.90,...
1.89
3 90,."av

.27

.27

.27

.27

.27

.28

.ar.".ez

.51

.es

.90
1.19,,,
.ea
.ea

2.55....
lJ :¥

PANASONIC' B SERIES
Pol, " t., c.pII(.ito n

PANASONIC' V SERIES
S tacked M. t . ' ,.rMt f, lm Cto~Clton

' ort e"p,/ Voit . .-rica ..... .00Z1 /~ 1.05
Ho. b,n /VA C " .'"" . 0033/~ 1.05...., .001/ 50 1.05 ..'" .0039150 1.05
.4552 .0012/ 50 1.05 ..... .0041150 1.05
••553 .00151SO 1.05 ."" .QOPjI5/50 1.05..... .0011150 1.05 P4561 .0068/ 50 1.05..... .0022/ 50 1.05 Nsta: QM21ftl 1 05

'.... DIgt-K~ .........., Part No. c... 1 "1.000 )(0<' HC·33 10.08 " .00
1 OOסס. "'" HC·18 ,." ,.SO
I ."" "'" HC-33 3." 3300,."" X057 HC·1S 3.42 28.SO
2.000 XOO, HC·33 3.78 31.50
2 0CQJ XCQ He. 1ft 324 voo
2 .4516 )(0<7 HC·33 3.7B 31.50
2.4576 X099 HC-1B 305 25 SO
2 50CQ XQ?O He ·111 342 2150
3M .... HC·ll 3 71 3150
3.21M X022 HC· , a 1.73 14.40
3 5791545 """ HC·33 2." 19.50
3 579545 xQn He ,1ft 1 §2 lHQ
3 .... Xl'" HC-1B 1.152 13.SO
3700 XA12 HC·§ l11 2m 2200
'000 """ HC·1a 1.152 13.SO."'" xon HC·lI 1.152 13.50
4.194304 x007 HC·18 1152 13.50
4 "521) """ HC·11 1 §2 IHO
' .000 XO", HC·18 1152 13.SO,.- Xll52 HC-18 1.152 13.50
5.' 850 X053 HC-lI 1.152 13 SO,.- Xl173 HC· II 1 152 13.50
.000 XQ28 HC· 18 1.152 13 SO
1 .144 "'" HC· 18 1.152 13-$0
7.3728 XC" HC·18 1.11 13.50
' .000 "'" HC-11 1.152 13 .50
t21eo XC7I5 HC·lI 1 152 13.50
1PM XQ51 HC.18 1§2 1H O
11.«m XC" HC-I I 1." 11. 50
12.000 "'" HC·18 ' 152 13,SO
15.000 """ HC·18 1.152 13.50
11,OCQ xen HC·18 1.152 13.40
18.000 "'" HC·1S ,.. 15.00
18 .432 XC", HC·l 1 1." 15.00
200c0 """ He · Ja 1 98 1550
22.1184 X053 HC·1S ,.. l$ .fJJ
180c0 ""'" HC.18 1 9l5 11550

.'"'" 10/ &00 .55 .- 55/ "" 1.13.""" 15/ 500 .78 P4410 .,,"" 1.28."" 111500 .78 P4411 ,,/"" 1.91."" 221"" .79 P4412 100/ 500 1.91.- 7:7/"" .78 P4413 120/500 1.91.- 33/"" " P4414 150/500 2.03."" 391"" ... P4415 180/500 2.70."'" 47/f:IXJ 1.13 e..,4416 22Q /5OQ 270

1.02
P4129 1200/ 1K 2.25 ."" .041 "fl 25 .79

2"
P4130 1500111< 2 25 PQl1 I Hf/ 2!i lI$J
P4131 1800 / 1K 2.25 P4418 l OCQ/25 .75
P4132 2200/ 11<. 2 .93 P44 19 1500/25 .75

.14 ' ''33 Z7OO/ 1K 2 93 ' ''2l! """ 25 .75

.14 "',,, 33OO/1K 2 " """ 3300/ 25 .75

.10
,.4135 3'9OO/ 1K .... ."'" 4700/25 .75

21
P41315 4700 /1 1< ' .35 ."" ...,/25 .13

." P4137 55CI01l 1< ' .35 ""'. 1C1OC1O/25 13

.33
P4131 6IIOO/IK ." ...,. 15000/25 .90

"
P4139 1200111< ." ..- 22000125 ...
~ ..." 33000125 .".75 P4111 ooסס1 150 ... ...,. 47000f25 1.55.17

1.19 P41152 22OOO/ SO ... ."'" ' ' '''''25 "73

'"
P41153 47000!5O 1 01 NQl 10ClQ!X!125 III

2.31
P4154 1.13 ."', IOCQ/50 "•-ea 15OO/SO ...."" """SO ."..... 33OOISO ..."'" 4700150 "..... ...,/SO ...."'"' ioooc.so 1.01..... 15000/ 50 1.01."" 22OOOISO 1 09

."" 33OOO'SO 1.73."', 47000/SO 1.73

.".55

.73.,....
1.57

."."."1~••;~Dtiiim;••~.<l
.",
.17...

1.28

1oo/l1< 1.21
120 111< 1.28
1SO/ i K 1.28
1110/ 11< 1.21
220Il K 1.28
m 111< 1.28
330111<. 1.99
390111<. 1.99
470/11<. 1.99
560111<. 1.99
680/ 11<. 1.99
12011 1<. 2 .25
10CQI 1I<. 2 .25

100 / 500 .M
150/ 500 68
180 / 500 .68
2201500 .18
21'01500 .18
330/ 500 .18
390/500 .68
470/ 500 .79
5601500 .79
1580/500 .79
120/ 500 .79
1000/500 .94
151X!/5M !M

1C1OC1O/ 50 1.24
15000/ 50 1.35
27000/fil I Z

1 .3110.000 P<3" 1.91 ,.,,,
153"5.000 P<3" 2.07 ,.,,,
LlI

10/22- P<314 .21
10/33 P<315 V ,.,,,
10/41 P<3" .28 "" 3
101100 P<3" .33 "'14
10/220 P<3" " ,.,15
10/ 330 P<3" ... ,.,,,
10/4 70 P<32D .53 ,.,,,

10/ 1.000 ..", .73 ,.,,,
1012,200 P6322 .89 ,.,,,
10/ 3.30:1 P6313 1.115 P0220
10/ 4.700 ..". 1.49 ..",
10/15.10:) P0325 1." P6322

10/ 10.000 ..", 2.6, P0223
10115,000 ..", 3 ,.

115/ 22- P5329 27 ..".
16/ 33 """ .28 ..".
16147 .." , .33 ,.".
161100 P6332 29 P6227
16/220 P6333 ." ,.".
151330 """ .53 ...".
Hi/ 470 P5335 .03 P0230

1611,000 P5335 .ea "'"115/2 ,200 P6337 1.13 ..",
1613,30:1 P5335 1.49 P6233
115 /4,700 P0339 1.75 ...".
11/15.10:) ".,., 2.14 eeaae
16110.000 ""'" .."

25110 ".,., .21
25/ 21 ...... .28 P5335
25/33 ...,.., .29 ..",
25/ 41 ..... ." ""'"25/ 100 """7 ." ...",
25/220 P03t8 .es ,.,,,
251330 ....,.., .57 ,.,,,
25/410 P63SO .55 ,.,,,

P635, 89 ,.,,,
P6352 1.3, ,.,,,
P6353 1.71 ,.,,,...... 2 55 ,.,,,..... 3."

- .=--:~
,.,,,,.,..

35 / 21 ""'" .29 ,.,..
35133 P63SO .35 P6250
35 /41 P6351 ." ...,.,
351100 P6352 ." P6252
35/220 ..... .55 P6253
35/ 330 ..... .55 ,.,..
35/470 ..... .n """35 /1. QQO ..... 1.03 """35 /2,200 P6357 1.11 P6257

35/ 3.30:1 P6358 2.24 """3514,700 ""'" 3.41

SO/0 .41 """'.SOI1 .0 ..,.,.
50/ 2.2

...",
-,.

50/ 3 .3 .21 ...,.,.
SO/4 .7 P6372 .28 ..,.,.
fij I 10 P6373 .29 ...,...
SO/21 ...". .35 ,.",..
SO/33 P6375 ." ,.",..
50/4 7 P6375 .45 P0287'
50/ 100 P0377 ... """'.SO/220 P6378 . .70 ..,.,.
SO/330 P0379 .,. ...",.
50/4 70 P0380 ... P0271'

SO/1 .QQO ....., 1.35 ..",.
50/ 2.200 P6352 2.52 """.S0/3 .3O:I P0383 3.03

6310.47 P0385 .21 ,.,,,
6311.0 P0385 .21 P0275
6312.2 P6357 21 P6276
63/ 3.3 ..... .28 ..",
63/4 .1 ""'" .29 P027I
63110 """ ." ".",
53121 P6J9' ." P6280
03/33 P6J92 ." """,
63/47 P6J93 ." P621l2
63/ 100 """ .5O ""'"03/220 P6395 .78 ...,..
" / 330 ...... .92 P<21l5
63/4 70 P6J97 1.12 ..,..

63! l .ooo P6398 1.75 ".,.,
5312.200 P6399 3.53

100/ 0 .41 ..." .21 P6288
100/ 1.0 ,,"" .21 PI289
100/ 2.2 ..." .28 ..",
100/ 3 .3 ...,. .29 ""',100/4 .1 ...,. ." ..",
100110 ...,. ." P6293
100122- ..." ... ".".
100/33 ...,. .S< ..,..
100 / 41 ...,. .57 ".".
100/ 100 ...." ." ""'7
100 / 220 ...." 1.21 ..".
100' 330 ...." ' .S< P6299
100 ' 470 ....13 2.01 P6300

100/ 0 .47 ....15
100/ 1.0 ...."10012.2 ...."160/3 .3 ...."160/ 4.7 ...."100tl O " ' 78
160 /22- " ' 78
160/33 ..,..
160' 41 Pa181
1001100 ..,,,
m / 1.0 ..,"
250/2 .2 " 'OSm /3 .3 ..,,,
250 /4 .7 .., 17
250110 ..,..
""'21 .., 89
""/ 33 " ' 902!lO147 PlSI91

450/ 1.0 ""3
450/2 .2 ..,..
450/ 3 .3 ..,..
450 / 4 .1 ..,..
450110 Pa191
:50~22 ..,..

.25 rtl 5 JJ & 21

.21 1'N51J' 24

.21 1'N5JJI 35
35 mJ!2--ll

POll .25
P6302 .28
P6303 .35
PD)4 .42
P6305 ..
P6305 ..
PI30 7 • .81
P6305 ...
P63CI9 1.13
P'5310 1.48

1/4 Watt R"'tor ANof1rn~ts

1/2 Watt R"'t or A-mMnts

5'1. CARBON FILM RESISTORS
A ...,i1.~ ln ll1.1I41 1 I2 W.tt

" ... ....
PANASONIC' SU SERIES

M onoatu .-. Alum m um ELectr ol ytic c.pac lton

6.3/47
5.3 / 100
1.3 /220
6.3 /330
15.31410

... . ._.
S·/ , M ETAL OXIDE FILM RESISTORS

A .., d'bl. ln l a 2 WIItt

RS4X 5 ..ch ofv.lun l0 .0KQt0 91.6KQ .. m ..
1480 lplal pitcnl

IISS)( 5 ..eIl of vtlUH l 00KQ to 1.ClOMQ

RS2X 5 I1 ch of v' !un 1000 to 976Q .•...• m .•l-48(/totalpitcn!

WV /Cap.
IVDCU ",n

RS3X 5 • • chof ...a1uul .00I<.Ql09.111<Q.•. m .•
1480 lol l! R'tcnl

RS125 Set of 5 • • ch ollh. 73 . I.nd..lrd 5% .. " .10
114 wett ~rbon f~m reti sto r. In the
_in 1.0, 1.2. 1.5. 1,B, 2 ,2••IC.•
throu gh 1.0 mego hm 1365 10 t, 1
p_ 1.

Ho w To Ordw; Tak. 'ny st .ndtrd .-.sator v,lu. !i.• .
1.69KI ,00 t<ld III " X" Ii.•. 1.691<XI, lhie ia the Oigi
I<.ey!?!rt " I,t/l'\ber.

Pricina I 2DO 1 llCIG 11i1.1l%E~!!~m~lI.lIi~1I4 W.u 50 7DO 3000

1/4 Watt M.w nn, R"'tor ~ta

RS IX 5 . Kh of v, lun100 lo 97.6a .. .•.. • m .•
'48Qtottl pilcHI

RS225 S.r 015 ..ch of the 12 . 1, OO.rd 5% " " .10
114 w.tt carbori film r....torail'lllll
Nrin 1.1, 1.3. 1.6, 20. 2.4• • IC.•
th rOl.lph910 kilohm IJ60t01al pieCIiJ.

Ho w To Order. T. k. ,nysttndard r....tor v. lue h • .
3.2) , nd ,del , n <OF ' fot 1l1w'tt ot, " 0" for 1I4_tt
or an " H" for 1/ 2 w, tt Ii.•. 3.2a for 3 2Q 1/ 4 w'lIl .
thiaia th . o;q~Krr p!rt "umber.

Pricing I 200 1000
1f8 W.u 25 640~

1I4 W,n 25 3 40 tam
"2 Wm .25 3 50 111..t!lL-

-------.1l!1¥~~
RS112 S lit of 5 0. ch ofth.73.t, nd.rd 5% .. " .10

118 Wi tt c,rbori film rMi.tora in the
soriHl .0, 1.2 , 1.5.1.8 . 2.2••te..
th rough 1.0 megohm 13&5 tot. l
pieefl l.

RS2 12 Sflof 5 • .ch of tIll 72." ndlr d 5% .. " .10
1/8 wau c. rbon film r..i. tors il'I t t'te
_ in 1.1. 1.3. t.s. 2.0, 2.4 , etc.,
thrOl.lqh 910 ki'ohm 1J60 tot ,1 pIOC..r.

RS2OI54.'ch of ....luu l .00 t0 9. 1Q . . , • • • . U l.JD
1384lott! pitcnI

RS4Dl!i 4 IIch of values 1000 to 2.0KQ •. •• . U l .JD
1281 1Qt,t pitcu!

RS1!50 Set of 5 IIch of th. 13.I.nd . rd 5% .• " .10
112 wart c' rbon film reti s lo rs in Ih.
.eriu1.0.1.2. 1.5.1.S.2,2,Ilc.,
Ihrough 1.0 me;onma 13lI6 10111
piec"" .

RS25D S. t of 5 N ch of the n lI aM tr d 5% " .10
112 _tt ~rbon folm rni&lora In 11'1•
$I.... 1.1. 1.3. 1.6 , 2 .0 . 2.4• • te .•
Ih ro h 910 kilohmlJl5lQtottl . eftl.

Rl10 2 each of .1110 w. tt .t .nd'rd festa tor MI.•
v, luea liatecl in the Oigi · 1<.., ~t,\og .

RS3Ol54 .,chof v. lun100 to t l Q ... •.• . . m.JD
!384 Iptl! p1s.u!

'ortNo. DMcription ~'JII. 1 11 10DD 1.000
I N4001 fJJ PIV•• ••••• 00·41 - .70 5110 49,00
1N4002 100 PlV O().4 1 - .15 15.(10 52.SO
"+ 4003 200 PlV •• .•. .. 00-41 - 80 1 .40 56.00
1~ 4OOPIV ••••. . 0 0 ·41 - .8'5 I I1O !l9 SO
1~ I!lOO P1V.••••. 00·41 _ .88 7.00 61.25
lN4005 lIOOP1V .. • •. • . 0 0 ·41 - .98 1.80 68,25
lN400 7 lQOOPIV .•..•. 00·4 1 - 1.08 am 75.25

RS IOl5 5 e. ch of .... tuH O.JOQ to O.9 1Q. • . •• • m .l0
1300 101t! R"Cn!

How To 0nSw: T,k . , ny st , nd. rd ......to r vllu . l i.e.
1.51and ,del " V/5" fot5 WItt. ot Idd, " W IO" fot 10
w, tt Ii.•. 1.5W5 for 7.5Q 5w.tt l, the is th. D'O;·Key
part numbe r.
I'ricing 1 10 l DO 50D 1 000
5Wm 3§ 325 21 90 100 8:1 162 00
10WatJ 41 378 31.90 l 1l!IOO 212 00

S Wan M.w~ APortment!

Afll1lM05 IJ
AfilI 7tM06 IJ
All71M07 13
AIl7IMO' 13

~1".lEljtllmmlliDmlm[JI.~All1UnO IJ
.llI 7IMI2 IJ
U 71MU IJ
AIUUlli U
iifi~
AII71M14 U

~
~
MIll 1471C lHO
MM5ZS71l H -O
74C1DO" . 37
74ti1ONli7
74S1I~ U O
74SlIll lC 1.\0
74S111N H ID
14UIIN 1.70
m2~
14S3I1N l I S
74S471AH 4.10
14S413AN 4.10
14S414AN 4 10
14S4 15AH~
74SS10N 3,15
74S511N 3 15
145571N 4.50
14557311 4.50

Mnuu 21
Mf'S351S 13
W5 3&J1A 23
.... $3&41 30
MPS3&4& 52
""""'-ll
MltS5J1 2 .23
WS 55S1 15
M &S14 .24
Ml"S&515 .2'
""""-----..
WS&510 41
Ml'S1S11 .45
lUSt,. .-45
Ml'SA10 .17
WSA12 52

"""'---"WUl4 30
MnA4 2 45
MPS.u3 45
MflSU 2 45

"""'--"MI'SlOl 3&
' N2222 24
Mnl51 .3'
1'N21224 .13
nl 2J111 25
~
1'tl2414 3D
"'2101 13
1OIf2l01A 23
1'N3251 .39

"""'---"".35&& 31
I'WUI1 .21
"113511 24""113' 30
"""'--"PlII3641 30
"" )143 23
PN36-44 32
....3645 32
llil2L.-"
' ''4122 32
1'N41.u .34
1'ff4241 .34
I'N42SO 34

""""------'!'HU5I .30
".4214 21
l'frW215 29
,.,.4355 .3&

2NS41. 1.D0
2115457 .&0
2N5550 .30
2N5i151 2.55
2N5UO 2.50
mIlL-l.1O
21l5&12 2.10
2N5119 .32
2N5111 1.25
2115112 31
l!illO.--"
21l5IJ I .70
2115133 15
2115111 .51
2NI115 .35
2"1 125 ...
2N&121 .35
21l:6111 1.30
llU.LIA-'.15
2,. '132 A 2.04
2N111J .1l2
2N11t 3 1.14
2,.2211 lIS
~
2N2211 .11
211221'" .1&
2N2221 '0
2N2221A . 0
2IlZ22.2-.ID
2N222ZA 10
2N2J111 10
2N23ltA .10
2N2405 1.45

"'""'--"2" 2104 .lIS
2N21lOU .15
21C2105 .11
21C21D5A .11
l!Illi1-JJl
2N2'0&A .0
2N2I0 7 .&0
2N2IOJA Ell
2N3013 .Ill
2IIll1!.--.l.lJ
2N30l t 1.04
2N3020 1.04
2113053 1.04
2N3107 1.30
~
0IWJ0lL-ZJ
Ml'$2U4 31
Mn nU .24

Diti-l..,
Partb. "ic:,
~
2N30S5 1.47
2filJ4J9 1.15
2N3440 1.40
2113700 1.00
l!111l.--W
21C3iD3 .23
2N3llQ.4 .23
2113$05 .14
21C3iOB .13
2111J1U 1.11
21i140)0 \ ,12
"""------.I.
2114033 1.24
2NqJl 1.40
2IM037 1.40
2U ll3 .23
2N3124 23
2UllS .23
illllL.-..U
2.420 1 U S
l IM20t 2.10
2.42 34 2.10
211I4235 2.30
lJlillI-l.JJl
2fM237 230
2U2 ,. 2 30
21M2" 2.30
2N4400 .23
2""4 '" .23
~
1""'403 23
21144 10 JI
2N41t & 21 0
l l11SOIl .2'
211~17 11
2111S011 2.
2NSOn .21
211I 5210 .21
!!IillL-..l<
2N5225 .21
2N5226 .23
2115227 .23
2N5310 lJO
lllilL-.l.IO
l N5322 2 30
2N5323 1.14
2liS400 31
l ICS401 31
lliill.-.-I.AJl

.OCtSJI 55
' OCU N 55
iOCf~
IlCUN Jlli

~
CMOS

;~

14HCoall .11
14HC011l .1'
14KCQ4li 1.
14HCOIIl 11
14MC1~
74HCnll 2.
14HC14111 .31
74HC2011 2.
7 ,.

.21
21

"21

"21
50
IS
45
53
53
53
.11
.41
53

.21
45
45

.73

""1.13."
"14HCIS(lN 61

14HCU1N 13
14KCl&11ll 13
14HCl&JN 13
14HC1641l 13
74HCl8SIt - ,U
14HC114N .5'
74HC1151l .51
74HC113N .11
14HC1I4N .1'
14HC1951l .11
14HC221N 1.10
14HC2401l .15
14HC24111 .15
14HC241N .11
1 .1'

.75
11
.10
IS."

.75
21.,

1.35
1.10
1.10
.71
.71
.71
.71
.75
.75
70
.70
II
II

1.53
1.10
1.15
1.15
II
.21

"."14HC404llN .10
141tC4oS0N 10
141tC40I ClN 1.10
14HC401SN .21
l41tC401l N 30
14HC430& 1.&4 Ho w To Order. T.k . anv .tandard "liIItot v. kl.ll.•.
14HC4S141l 1.50 1.5KI .nd add . 'W I " fOf 1 w.tt, Ol . dd . "WX' fot2
14HC4S31N 1.05 watt ll.• . l .5KW I forl .5 l<.Q ' ..... ttl . th is is th. Oigi-
14~S43N 1.31 I<.ey plrt number .

4000 CMOS ~.",~...i=:==:CI=:Jl~OOC:::j...iiL]l~DOO
~ 1 Witt
~ 10.H ·O.9, g1 .21.98 12,eo 5600 101 50
40D28CH 40 1 Watt
400UCN IJ l1G- l .0MaI .15 10 g OO 4000 n 5Q
4001CIII .2' 2 Wan

:~~c: ~~ ~°i?·t~91 QI 23 1 D6 13,15 59 40 109 ,40 . ~\'lfiiiffi''--t-''''"'-~'''''--h;;i;;;.--------<i

401DCN 3. (1.o-1 0MQl 18 85 10 59 47.50 87,flO

4011tcN 21 l"jiiE~~ifc;~$7l[i.ill 1 Watt M. t.! RH-i.tor A.aon",~t.4012ltN .11
40138tH 30 RSI01 5 each of valu•• 0 ,41Q to 5&0 . • •• • • • ta.1lIi

: ~mg : ~~ ~.S20=1~~255"'..'o!choOJjO'!L/vP'fC~~lu"'fl".!sW=":-;7".';;;KO'.-..-. -.....,..."......
401l1CN 3D =~I2515~tQ~t,!':' _'!:':'· "'"~'===_-;""-m:: : ~~ ._S30_'-"~25§~.K~~9~~a':flvP!l':...~:w~.;:.2K~O;:"='=.0=M=. ;:''-' '-'-"-'''- I -1!~~+-=-----;=-1~iH--~
4D101C1l .111 2 w. tt RMiator A~t.
4021tcN &0 RS ID:2S• •chof valIlft O.47Q to S6Q . . . t 2l .•

:~n:l: . ~ : ~.S202=~~2M"'''~C~~O''~f ..,ptcn~.""'"".!b="'"'7".';;;KO'.-..- .-.....,"'''''-...
:~~;:f: .;: A"S302={'~~~'~c~ot~o~1J.v~~· "~"~'."2K"'O;;;'."'".OMu--",,", I
:~~ :~: ~~ I I '"1 . ..I
40291CIII .15
~
4031' .13
4DJ-4ltli 1.13
40351CN .15
4G4oI C,. 10
~
4G421CN 53
4G43ltlf n
40441CN 13
~~
4047I C,. 15
404l1Cff .35
4D41CN 33
405D8CN .33
4051ltN .55
40521CI 55
405J1CIf 55
40&OlCIII 51
4!)tutti 33
~
4D121CN SO
40731C1I 21
40751Cff 21
~
40111 .21
401t 1CJll 1 00
4013ltIC .30
411991CIII 11
4503BCJl 33
4510lCIII ' 0
4S11I CN 10
45121CN . 0
4514ICN 1 01
4 51SIt;N~
45l&BCN 13
451I1CH . 3

r,"~J~) ~~ ,:' . j'lI: ::.:',:,'~:" ..~~t',,~ ::~:._:,'. ~. ',,~~~""":Il~''::: ,~~;:; ,~~Lol~~'~ "'r~~.I:1 .~~j",~~: ;~'~:"l~;::"7: ~~:,,~''',':~,~' ''''~;';, It .1, ::,',':::: ~~:.:~::...~.;';'~'..":~~' ~~~: I":~ : . :, :' ~...:." .' SERVICE CHARGES VOLUME DISCOUNT
• "II' "' ,, 1 " .. ' '' 11'·' ' I • ••• , ..' I ........" ,,,. tJ ~ A L.., ~..l-, " MIM. . . ...I ~ " I~ • ~" . ........ ~"' ...... 1.'''4 . M " ~ DOl , .. " ." '1•• ~.", ... ,,~, " .. ~ I . _ . ' , t, , • • , t ODO-t24" . • •• AddtJ OO t 0 00 t 99 99 N ET

...... .. , .. , ... l-,.o' , '''. , t 25 00 . nd Up • NoCh" ",,, I 100 DOtl49 99 l e •• 1Q'I.
WHIr. OROIRINC BY PHO" I CAl l i BOD 344 4!l]! ' AK till 21 B 611 661 41 BY MAll S EIfD YOUR ORDlR 10 DIGI KIT PO Bin 6 11 Ih r.1 R,n l hlb Mill !l61 0 1 t 250 00 $499 99 . l e n 15 '1.

, I' ." I ' ~ : '. , ,. : , : ," ",; ';. (.: ," , ~ • "~ • ~ :J!Jp::g::~~~~i~~~:A~cit;"~~~O~;1 N~ ;;C/·""l' · .. 1I_,, ' • ,. " I ~ • 'd. to' I ..... ~ , . 'I ~ ~", . • , : , :::oU~ 99 t:::~:~:
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MYNAH 8504

Assembled &

tested $82.50

COLOR LIGHT CONTROLLER
TY-23B to. to. to.* Completekit $71.50

Asaresultof theadvanced techoology. tnisunit cancontrol
various colorfulspot lightsor bulbs.The visualeffect ofwhich
is mostsuitable in placeslikeparty. disco. electronic game
centre and alsoin lightingsforadvertisements.Total output
poweris3000W(1OOOW/GIl) which can control30 pieces of
100Wor600 pieces of 5W colorlight bulbs.
FEATURES: 1."Music" mode, Audio signal is divided
into high, middle and low Irequency to drive 3
groups 01 lights, it has independent con troller for
sensit ivity. 2. "Ch asing" mode, Electronic circuit
automaticaliy controls 3 groups at co lor lights in
sequential ON and OFF.also It has a speed con
troller and shelt-program "Chasing Mod e" on the
ec; Board.

TALKING CLOCK ...

NEW : .. 6.4 :" ~-- )
LOW 1- ... . '---'-',' ,

PRICE
PARROT 8501

1.Talk: Push buttonforvoiceannouncementof time. 2. Read
out:Tweive hourssystem displayforhour. minute,second(by
color flash). AM.& PM. 3. Display: Threedisplaymodes of
time. alarmtime& date.4. Alarm: On/ off switchwiththirty
seconds voice alarm. 5. Snooze: Reminder voice alarm of
thirtyseconds after4minutesoffirstvoical alarm. 6.Volume:
Two level of voice output7. Language available: English
PARROT 8501 $12.00
MYNAH 8504 $12.00 (NOT A Kin

DYNAMIC NOISE REDUCTION UNIT
SM-666 ... Complete klt$26.00, Assembled& tested$34.00

, The SM-66B Dynamic
NoiseReduction Unit is
designed to reduce
ooise during playback
fromc~tte tapes, LP
records and compact

discs, as well as FM radio broadcasts. An National Sem
iconductor LM1894 integrated circuit is used to achievea
ooise reduction of 10dB. The SM-6BB has the greatad
vantage that it can be used with all musical formats on
playbackwhereas existingnoise reduction systems suchas
DolbyBandCoperatewithmagnetic tapes only. The output
oftheunit is connected directlytothesystemamplifierInput
asshown in theschematic.Theunit canbeswitched out or
bypassedif desiredin order to compare thenoise reduction

~~~t~:c~~erJ~~i~g/;P~~s:i~~~1Iievel: 3.5 v RMS
MAX • 20 Kohm. Noise reduction : 10dS • Power
supply: 9 to 12V recomm ended. Oper at ing cur 
rent: 27mA MAX

STEREO PRE-MAIN AMPLIFIER
IOOW x 2 CLASS "N' DC

, TA-l 500 .......
Completektt$73.70
Assembled& tested $95.81

The TA-1500 amplifier is a
stereo pre-amplifier and

.. . , power amplifier featuring• ;. ;. + 'f ~ lownoise integrated circuits
in thepre-amplifier section. A fully regulated powersupply
insures stable,lowdistortionoperation of this section. The
power amplijlersection features fullycomplementarypower
output transistorsanddirectcoupledcircuit configuration.
The output transistors arefully protected by an automatic
biascircuit andtheloudspeakersarefullyprotected against
damage byafastactingspeakerdisconnectrelaycircuit An
additional feature,not found onmany similar amplifiers,is
provisionto use a microphone with theamplifier.
This amplifierrequiresonlytheaddition ofanexternalpower
transformer for a fully operational unit
SPECIFICATIONS : Power output: 80 watt s per
cha nnel into Botims; 100 watts per channel IOta
40hms • Total harmo nic distort ion: Less than
0.03 % • Frequencv respon se: Aux input 5 to

~~~~~~p11li~1~~fi~~ D~ r:~'If'oek~"! ~e~e"n"s~rt
vity:Pho no: 2.5mV @l47K,Aux: 150mV @l47K,Mic:
BmV @l 10K. Output: Tape: 150mV @l 47K, Pre
amp: lV @BOOohms • Power transformer: 26Vto
32VAC x 2 @l BA

30.00

33.00

25.00
35.00

46.20

70.00

75.00

38.80
150.00
83.00
34.00
22.00
19.80
12.00
12.00

EASET

$20.16

24.64

$82.50

80.58
95.81

1~~:~~ t----------------.-
43.38

110.00

$ 40.00
16.58
17.71

.
69.50

KIT
59.50
12.92
12.92
14.76

KIT
34.50
38.00
41.20
79.00

KIT
$ 5.07

6.90
11.20
8.20

30.00
11.84
12.65
31.25
20.00
50.00
35.60.
29.50
59.95
28.00
68.00
60.92
45.94
48.00
59.69
73.70
93.30

48.90
33.20
86.00

MATCHING PIECE
TA-800. TA-802. TA-820A, TA-1000A,
TA-1500 $25.00
TR-503. TA-322i.TA-323A, TA--400.. . 19.00
TA-477 24.00
TA-120 19.00
TR-3558 12.00
TR-355A 13.60
TA-3600 38.00

INSTRUMENTS

METAL CASINETS

MISCELLANEOUS

POWER SUPPLIES

DESCRIPTION MATCHING

3" x 12" x T' TA-2800, TA-377A .

4" x 16" x 8" TA-322i. TA-323A,TA-377A ..

4" x 19"x 11.5" TA-802.TA-820A, TA-1500. TA-1 20,
TA-800. TA-1000A ..

5" x 19" x 11.5" TA--477. TA-llOO, TA-1500, TA-1000A

TRANSFORMERS

OESCRIPTION
1WMini·Amplifier. . .
6WMini-Amplifier . . .
12WMin"Amplifier. . .
Stereo Pre-Amp. w/magnetic mic. amp. • ..
Digitai VoiceRecorder .
Mult" PurposeMelody Generator. . .
Mull"Purpose Melody Generator . . .
Class "A"Main PowerMono Amp. • •.. . . .. .
30W MuttHu poseSingle Channel Amp. • .. ..
60WstereoPower Booster• • * ..
SOW+ 50W ICStereo Amp. w/Ied ieveI display.
HQ 30W+ 30WStereo Amp .
FET StereoPre-Amp. ••• .. .
40WSolid State Mooo Amp.. . ..
120W Mosfet PowerMono Amp... . .
80W +80WOC Pre-Main& PowerAmp. • •• ••
80W+ 80WOC St...eoMain Power Amp. • • • •
60W+ 60W OClOC Pre-Main Stereo Amp. ••
1COW Class "A" Main Power Mono Amp. • • . .
100W x 2 Class"A" OC Stereo Pre-Main Amp.• • •
Electronic Echo& Revelation Amp. • • • * .. .
~~F~r"~~fPr~~~~/~r~i~:.u~::.;r,:. i
StereoSimulator .
300WHQ H"FIPower Mono Amp. • • • . .

DESCRIPTION
0-15V 2A Regulated DC PowerSupply
0-15V SA RegulatedDC Power Supply .
0-30V3A RegulatedDC Power Supply .
0-50V 3A Regulated DC PowerSupply

DESCRIPTION
310 Mult"Functionalled D.P.M.
410 Hl-Preclson D.P.M .
410 Hi-Precison D.P.M. w/ stndrd case .
150MCDigitalFrequency Counter ....
1 GHz FrequencyCounter . ... .

DESCRIPTION KIT
Battery F10urescent Ught Oriver• . . . . . . . . . . . $ 5.19
ElectronicTouch Swttch. 7.15
Electronic lotto. . . .... .. . . . .. . . . . . . . . . . 15.00
Multi-Functional ControlSwitch. 5.19

&~~a1~~;~t :~ltei,;': " : : : :: : : : : ::: :: ~~:n
Electronic Shock . .. . .. . . .. .. .. . .. . . . .. . . 6.25

V~~:"~~ E:~C:~~;"1tf .~.:::: :: : 2m
3 Channel Colorught Controler • • • * .. 71.50

.Stereo loudspeakerProtector . . . . . . . . . . . . . . 12.65
FMWireless Microphone. 9.22
ACiOCQuartz Digital Clock. 18.00
SoundlTouch Control Switch . 12.00
Infrared RemoteControl Unit • •• 15.00
Infrared Remote Control Unit... 20.00
Bar/Dot level Meter.. 24.15
310 Digitai Panel Meter. 33.00
20 Steps Bar/Dot Audio l evel Display .. 38.45

r'r.;;r. a~~~rci~:.r~~ett."* · ::::::::: ~~:~~
4 Channel Professional Color l ightController*.
AudiolVideo Surround Sound Processor •••* 62.00

E~~W~=~t~~~~wt':ciUtoOOi senso':*: 26:00
LCD Therrnomet Clock w/ F& Cmeas..ement * .
Parrot Talking Clock * .. .
Mynah TalkingClock* .

MODel DESCRIPTION
.. 001 56VCT to60V CT 6A

.. 002 72VCT3A

.. 003 80VCT6A

.. 004 48VCT 6A

.. 005 52VCT 3A

.. 006 36VCT SA
. 007 112V CT 8A

MODEL
TR-100A
TR-355A
TR-3SSB
TR-503

MODel

lG-1273

lG-1684

lG-1924

MODEL
SM'43
SM-48
SM-48A
$M-100
FC1000A

MODEL
TY-1A
TY-7
TY-8
TY-11A
TY-12A
TY-13
TY-1 4
TY-18
TY-20
TY-23B
TY-25
TY-3S
TY-36
TY-38
TY-41MK111
TY-41MKV
TY-42
TY-43
TY-4S
TY-47
SM-222
$M-328
SM-333
SM-6S6
T-1
T-2
.. 8S01
.. 8504

MOOEL
TA-001
TA-OOB
TA-007
TA'10
TA-28MK2
TA-50Al B
TA-50C
TA-120MK2
TA-300
TA-302
TA-3221
TA-323A
TA-377A
TA-400
TA-477
TA'800
TA'802
TA-820A
TA-1000A
TA-1500
TA-2400A
TA-2500
TA-2800
TA-3000
TA-3600

43.00
48.00
52.00
90.00

192.00t-----------------.- ------:-:=:::-:---=-=-===------ -

MARK VELEORONICS, INC.
Since 1985

Gives you more selection in Electronic Kits, Power Amplifiers, Test Instruments and Professional Products.

MULTIPURPOSE MELODY GENERATOR
TA-50A/B /C . T...O./ I _ ","14
Tk 50C ~iII 'IZ" AaMlIlbIId ' ••&11.5'

~&-.cI'17, 1 1
The TA-50melodygent1"ator uses
the latest CMOS ROM techno
logy. It plays 8 to 10 different
tunes depending on the model. It
operatesontwoAAsizebatteries
ooe to its smallcurrent demand.
You can adaptthe generators to

doorbells, musical boxes,electronic clockalarmsandmany
more. There arethreemodels to choosefrom as listedbelow.
SPECIFICATIONS: Output po wer: 500mW • Out
put impedance: 4 to Bohrns • Power requirements:
1.5 to 5 volts DC @l 100ma • Dimens ions : 2.8" x
2.4" x O.6"
TA-50A- Jingle Bell, Silent Night, RudolphThe Rednosed
Reindeer. 0 Come.AllYeFaithful, SantaClaus Is Coming To
Town, JoyToThe World, IWish You A MerryChristmas, Hark,
The Herald Angels Sing.
TA-50B- London Bridge Is Falling Oown, AreYou Sleep
ing, Joy Symphony, Wiegenlied. Row Your Boat, Happy
Birthday. Horne Sweet Home. MelodyonPurple, Bamboo.
TA-50C- L'eau Vive (Living Water), Home on the Range.
Romance DeAmor, Comin' Thro' The Rye, Wedding March,
Happy Birthday, Humoresque, torelei The Last Rose of
Summer, Love Song From Sikang.

Assembled& tested $\10.00
CompletedKit $86.00 Transformer $38.00

10,000 UF80VE. Cap $20.00

TheTA-3600 is an extremely
high power amplifier specifi
cally designed to reproduce
the high dynamic range
availableoncompactdiscs. It
has low noise. high stability.
low distortion, extended fre

quency rangeandhighefficiency in a compactpackage.
Twoof these units with appropriate powersupply and
pre-amplifier are required for stereo reproduction.
SPECIFICATION: Power outp ut: 300 watts sine
wave 540 watts music power . Frequency response:
Total harmon ic distortion: Less than 0.05%
• Sensitivity 1Vms at 47K. Power requirements:
BO to 75 VDC at Bamp.

CATALOG OR INFORMA TlON : 213·888-8988 • PHONE ORDER : 1-800-423-3483,(IN CALIF.) 1-800-521-MARK FAX : 213-888-6868

MARK V ELECTRONIC, INC. - 8019 E. Slauson Ave. , Montebello, CA 90640 B 3:.
- WEACCEPT MAJOR CREDIT CARDS. MONEY ORDERS AND CHECKS - BUSINESS & SHOWROOM HOURS : (PACIFIC TIME) MON.- FRI.: 9:30 A M.- 5:00 P.M.•SAT.: 10:00
A M.- 5:00 P.M.TERMS:$10 .00 MIN.ORDER • $20 MIN.CHARGECARDORDER· WE SHIP UPSGROUND. ADD 10%OFTOT ALORDER(MIN.$3.00) FORSHIPPING OUTSIDE
USA,ADD 20% (MIN. $5.00) • TRANSIT INSURANCE: ADD 5% OF TOTAL (OUTSIDE USA ONLY). CA RESIDENTS ADD SALES TAX • ALL MERCHANDISE SUBJECTTO PRIOR
SALE • PRICES ARE SUBJECTTO CHANGE WITHOUT NOTICE • WE ARE NOT RESPONSIBLE FOR TYPOGRAPHICAL ERRORS.

PROFESSIONAL COLOR LIGHT
CONTROLLER SM-328 *

Assembled& tested

$150.00

lhe SM-328 profes
sional color light con
troller is keyboard

programmable forease of use, it allows full control of
intensity and flash rate. It has four separate channels
with capacity of 1170 watts perchannel.Total wattage
capability is 4.68 killowatts. This is equivalent to bulbs
or 9365-watt colored bulbs and is sufficient for the
largest halls and auditoriums. • Independent input
signal control. Professional styled control panel. 4
independent outputs . 4 independent dimmer controls
• Chaser speed controls . Automaticchaseroperation
.4 preset chaserprograms. Clockwisechasercontrol
• Anti-clockwise chaser control.
SPECIFICAT IONS: Input sensitivity(music model) :
100mV. (music & progr am): 2 V • Output po wer:
1170W p er channel 4680 W tot al . Power require
ment: 105-1 20V. eotu« Dimensions: 14.32" wide,
9" high. 3.19" deep.

300W HI-FI POWER AMPLIFIER (MONO)
TA-3600 • • •
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.55

.89

.65

.75
1.39
1.45
2.25
2.35

29.95
39.95
69.95
99.95

27.95
29.95
8.95

69.95
49.95
15.95
39.95

34.95
12.95

IDE20
IDE34
105 20
IDS34
IDB09P
IDB09S
IDB25P
IDB25S

• 62 BUS LINES
• USE UP TO 24 14-PIN ICS
• 1940 TIE POINTS
, DB25 D-SUB CONNECT.
PD5-604 $49.95

SOLDER STATION
, UL APPROVED
• ADJUSTABLE HEAT SETTING
• TIP TEMPERATURE READOUT
• REPLACEMENT TIPS @ $2.95
168-3C $59.95

FEMALE
DB09S .49
DB15S .69
HDB15S 1.59
DB19S .75
DB25S .75
DB37S 1.39 ·
DBSOS 2.29

FORXT
WITH .5V AND GROUND PLANE
ABOVE WITH I/O DECODING LAYOUT
PARTS KIT FOR JDR-PR2 ABOVE

FOR AT
BIT WITH VO DECODING LAYOUT
PARTS KIT FOR JDR-PR10 ABOVE

FOR PS/2
32 BIT PROTOTYPE CARD
16 BIT WITH I/O DECODING LAYOUT
PARTS KIT FOR JDR·PR16 ABOVE
16 BIT FOR VIDEO APPLICATIONS

.45

.59
1.49
.69
.69

1.35
1.85

EXT£NDER CARDS
SJMPLIFY PROTO TYPING AND TESnNG

8·BIT FOR 8088 MOTHERBOARDS
l 6·BIT FOR 286/386MOTHERBOARDS
MICROCHANNEL 16-BIT
MICROCHANNEL 32-BIT

SOLDER-cUP D-SUBS
MALE

DB09P
DB15P
HDB15P
DB19P
DB25P
DB37P
DBSOP

EXT-8088
EXT-80286
EXT·16
EXT·32

JDR·PR32
JDR·PR16
JDR·PRl6-PK
JDR·PR16V

JDR·PRl
JDR·PR2
JDR·PR2·PK

JDR·PR10
JDR·PR1D-PK

FR-f EPOX Y GLASS LAMINATE WITH GOLD PLATED
EDGECARD FINGERS AND SILK SCREENED LEGENDS

CABLES AND GENDER CHANGERS
MOLDED : GOLD-PLATED CONTACTS; 100% SHIELDED

CBL·PRINTER 6 FT. PC PRINTER CABLE 9.95
CBL·PRNTR·25 25 FT. PC PRINTER CABLE 15.95
CBL·PRINTR·RA 'RIGHT ANGLE PRINTER CABLE 15.95
CBL·DB 25-MM DB25 MALE·DB25 MALE 6 FT. 9.95
CBL·DB 25-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-e NT·MM 36-PIN CENTRONICS ·MtM 14.95
CBL·FDC-EXT 37-PIN EXT. FLOPPY CABLE 9.95
CBL·MNT·9 9·PIN MONITOR EXTENSION 6.95
CBL·MNT·15 15-PIN MONITOREXTENSION CABLE 9.95
CBL·MODEM MODEM -D625·D625 FEMALE 6.95
GENDER·VGA DB9-DB15 ADAPTOR 4.95
GENDER-9-25 DB9-D625 SERIAL ADAPTOR 4.95

. ~i:.I"t';;,..~~~:

1,

OS'

IC SOCKETS/DIP CONNECTORS
SOLDERTAIL W1REWRAI' ZIF SOCKETS

8 PIN ST .11 8 PIN WW .59 ZIF·14 5.95
14 PIN ST .11 14 PIN WW .69 ZIF·16 5.95
16 PIN ST .12 16 PIN WW .69 ZIF·2O 6.95
18 PIN ST .15 18 PIN WW .99 ZIF·24 7.95
20 PIN ST .18 20PlNWW 1.09 ZIF·28 7.95

: ~:~ ~i :~ : ~~:: : ::~ Z~,j4j'vV15\'::
40 PIN ST .30 40 PIN WW 1.99 .' VOWME /

• • • • • • • • • • • • • • I'>~~DlSCOUHTS ,...,CAW
Vv".r
IOC'S

135 WATTPOWER SUPPLY
• UL APPROVED
• . 5V @15A, • 12V @ 4.2A,

-5V @ .5A, ·12V @ .5A
P5-135 $59.95
P5-150 1SOWSUPPLY $69.95
200 WATTPOWER SUPPLY
• UL APPROVED
• . 5V @20A,.12V@7A.

-5V @ .5A, · 12V @ .5A
P5-200 $89.95
APPLE TYPE SUPPLY
• WITH APPLE CONNECTOR
• .5V @6A, .12V @ 3A,

·5V@ l A, -12V@ l A
P5-A

OSl'td'c
HIGH-TECH
SPOTLIGHT

PARTI SIZE SPEED Vpp PINS PRICE
2708 1024x8 450ns 25V 24 4.95
2716 2048x8 45On5 25V 24 3.49
2716-1 2048x8 350n5 25V 24 3.95
2732A 4096x8 25On5 21V 24 3.95
2764 8192x8 450n5 12.5V 28 3.49
2764-2SO 8192 x8 250n5 12.5V 28 3.69
2764-200 8192x8 200n5 12.5V 28 4.25
27C64 8192x8 25On5 12.5V 28 4.95
27128 16384x8 25On5 12.5V 28 4.25
27128A·2OO 16384x8 200ns 12.5V 28 5.95
27256 32768x8 250n5 12_5V 28 4.95
27256-200 32768x8 zooos 12_5V 28 5.95
27C256 32768x8 250ns 12.5V 28 5.95
27512 65536x8 250n5 12.5V 28 8.95
27C512 65536x8 250n5 12.5V 28 9.95
27Cl01 ·2O 131072x8 200n5 12.5V 32 29.95

th is mon th's topic is nopp y drtve com pat ibi lity. There are
360K 5' 1/4' , 720K 3· 1/2', 1.2M. g 5·1 /4 ' and l.44Meg 3· 1/2 '
drtvM. any of which can be used on most PC's and PC clones.
Ilec ent Impr ovemen t, In tfoppy c ontroll. ,., make wing high
dfl nlity drives on 5OU-boHd machines a viable opt ion.

To slmpllty, we 'll elim inate the red undant choices. A
1.2Meg drtve can work wnh both high den.1ty 1.2Meg ftopple.
and low d.nslty 360K fIopp l.... A high d.n.1ty 3· 1/2 · l.44M eg
drive con use both the high density 1.44Meg and the low
density 720K disks. UnlelS you know that you will never need
high denstty'capability, a good unlvenol standard Is one
3·1 /2' and on. 5·1/ 4' high density drIv.,

Now '01 the bombl Big Blue uses a different me thod to
distingu ish between 720K and 1.44Meg d rlv... While mosf 01
the ma nufac turers look for and de tect the High Density hole In
Q high density diskette , they read the data to ma ke that
de t.rmination. Thlt causes a prob lem when Q Low Density disk
wtthout the hole It wrttten In the hig h de nsity mode. SOIf you
ge t a 3·1 /2 · disk that a trI.nd say. Is formatted at 1.44Meg ,
make sure It has a High Oenslty hole or It probabty won't read
In you r c lone .

Oerick MOOfe, Director of Enginee ring
•An infrequent problem can occur wh en a 360K drive is

written in a 1.2Meg drive and is the n read in a 3eo< d rive.

DATARASEII '39.95
• SHIRT POCKET SIZE!
• ALL SIZES UP TO 4 AT A TIME
• ERASES MOST EPROMS IN 3 MINUTES
DATARASEII

EPROMS

CIRCLE 113 ON FREE INFORMATION CARD
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MATH COPROCESSORS
in+_I ' SYEAR

1'eI WARRANTY

#

74 SERIES LOGIC
7400 .19 74LS32 .18 74LS245
74LSOO .16 74LS73 .29 74LS273
74LS02 .17 7474 .33 745288
7404 .19 74LS74 .24 74LS322
74LS04 .16 74574 .49 74LS367
74504 .29 74LSI 38 .39 74LS373
7406 .29 74LS155 .59 74LS374
7408 .24 74LS163 .39 74LS393
74LSOB .18 74LS240 .69 74LS682
7432 .29 74LS244 .69 74LS688

C.P.U.'S MISC PALS
8000 DAC0800 3.29 16LB 2.95

8052AH 1793 9.95 16R4 2.95
BASIC 34.95 COM8116 8.95 16R6 2.95

8088 5.99 MC146818 5.95 16R8 2.95
82SO 6.95 MM58167 9.95 2OL8 4.95
8251A 1.69 INS8250 6.95 2OR4 4.95
8253-5 1.95 NSl64SO 10.95 2OR6 4.95
8254 9.95 LM317T .69 2OR8 4.95
8255-5 2.49 NE555 .29 2OX8 4.95
8741 9.95 LM741 .29
8748 7.95 7805T .49 PAL KIT
8749 9.95 7812T .49 AN ENTRY-LEVEL
8755 14.95 751SO 1.95 COMPLETE PAL

75154 1.95 DEVELOPMENT
6500 14411 9.95 KIT FROM CUPL.

65C02' 7.95 FULL SUPPORT
6522 2.95 CRYSTAL FOR 16L8. 16R4.

V·20 OSCILLATORS 16R6. 16R8, 20L8,
1.0MHz 5.95 2OR4, 2OR6, 20R8,
1.8432 5.95 AND 20X8.
20.0 4.95 MOD-MPL·SOFT
24.0 4.95 $99.95

B-B"COPROCESSORS
8087 5 MHz 89.95
8087·2 8 MHz 129.95
8087·1 10 MHz 169.95
16-8" COPROCESSORS
80287 6 MHz 139.95
80287-8 8 MHz 209.95
80287· 10 10 MHz 239.95

32-8" COPROCESSORS
80387·16 16 MHz 359.95
80387·SX 16 MHz 319.95
80387·20 20 MHz ~19.95
80387·25 25 MHz 499.95
80387·33 33MHz 649.95

PARTI SIZE SPEED
4116-1SO 16384xl 15On5
4164-1SO 65536 xl 150n5
4164-120 65536x1 120n5
4164-100 65536 xl l OOns
TMS4464-12 65536x4 120n5
41256-1SO 262144xl 15On5
41256-120 262 144xl 120n5
41256-100 262144 xl l OOns
41256-80 262 144 xl 80ns
41256-80 262144xl 60ns
414256-100 262144 x4 l OOns
414256-80 262144x4 80ns
1 MB·12O 1048576xl 120n5
1 MB·loo 1048576xl lOOns
1 MB-80 1048576xl 80ns

SIMM MODULES
PART' SIZE SPEED FOR PRICE

41256A9B·12 256K x 9 120n 5 PC 59.95
41256A9B-80 256K x 9 80ns PC 69.95
421OOOABB·l 0 1MB x 8 lOOns MAC 169.95
421OOOA9B·l0 1MB x9 l OOns PC 169.95
421000A9B-80 1MB x 9 80 ns PC 179.95

STATIC RAMS
PARTI SIZE SPEED PINS PRICE

TMM2016-1SO 2048x8 15On$ 24 3.25
HM6116LP·2 2048 x8 120n$ 24 5.49
HM6264Lp·15 8192xB 1500 $ 28 8.95
HM6264Lp·12 8192xB 12005 28 9.95
HM43256Lp·15 32768x8 150n$ 28 19.95
HM43256Lp·12 32768x8 120n5 28 21.95
HM43256Lp·l0 32768xB l OOns 28 24.95
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$99.95
$129.95

$69.95
$95.95

$849.00
$149.95

$299

$199 $249 $309
$259 $299 $373
$219 $279 $379
$289 $339 $429
$319 $369 $429
$389 $439 $499
$389 $449 $549
$569 $679

DRIVE XT AT FIH
ONLY KIT KIT

. . .

. -
f :- 1I . _

611 0MHZ MINI-286 $269.95
8116MHZ 286 $489.95
10120MHZ 286 $589.00
STANDARD 4.77MHZ 8088 $87.95
4.77J8MHZ 8088 $95.95
4.77Jl0MHZ SINGLECHIP 8088 $99.00

MODEL 5~~~D
5T,225 65M5
5T'l25 40 M5
5T'238 65 MS
5T·138 40MS
5T'251 40 M5
5T·251·1 28 M5
ST·2n 40 M5
5T-4096 28 M5

• AT COMPATIBLE • KEY80ARD SELECTABLE 8I12MHZ
• EXPANDABLETO 4MB ON-BOARD WITH 1MB DRAMS(elK)
• SIX 16-BIT & TWO 8-BIT SLOTS • AMI BIOS • LED SUPPORT

MCT-M286-12
MC T-M286
MCT-M286-16
MCT-M286-20
MCT-XMB
MCT-TURBO
MCT-TURBO-l0

12MHZ MINI-286

MOTHERBOARDS
25MHZ 386 $1049
• 10/25 MHZ
" 16 MB RAM CAPACITY· 8MB

ON·80ARD(0K), 8 MB RAM CAR
• USES256K OR 1MB DRAMS
• 8 SLOTS: 1X32·BIT RAM

2X 8-BIT & 5X 16-BIT
• SHADOW RAM FOR BIOS

VIDEO • AMI BIOS
• INTERLEAVED MEMORY
" ADJUSTABLE BUSSPEEDS
MCT-386MB25
MCT-386MB20 10/20MHZ386
MCT-386-M 8MB RAM CARD (elK)

EPROM PROGRAMMER $12995

• PROGRAMS 27XX AND 27XXX EPROMS UP TO 27512
• SUPPORTSVARIOUS PROGRAMMING FORMATS &
VOLTAGES • SPLITOR
COMBINECONTENTS 0
SEVERAL EPROMS OF
DIFFERENT SIZES
• READ, WRITE, COPY,
BLANK CHECK & VERIFY
• SOFTWAREFORHEX
AND INTELHEX FORMATS
MOD-EPROM

51ZE

: ~~~~~~?T~~~~~KS, TOO~;:!'~~
FDD-l.44X BLACK FACEPLATE
FDD-l.44A BEIGEFACEPLATE
FDD-l .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 DSIHD 1.2M
FDD-360 5-1/4' DSiDD 360K
FDD-l.2 5-1/4' DSlHD 1.2M

HARD DISKS
20MS$199

KITS
20MS$249

30 MS $219 30 MS $279
40 MS $319 ~seagate

2BMS$389.
60MS$38
80MS$569

$59.95
$129.95
$139.95

$79.95
$59.95

$139.95
$59.95

$59.95
$49.95

$149.95
$199.95
$329.95
$119.75

$99.95

$29.95
$49.95
$79.95
$89.95

$139.95
$149.95
$199. 95

EPROM MODULE $119.95
• PROGRAMS 24·32 PIN EPROMS, CMOS EPROMS
& EEPROMS FROM 16K TO 1024K • HEX TO OBJ
CONVERTER • AUTO, BLANK CHECKJPROGRAM/
VERIFY · VPP 5,1 2.5, 12.75,1 3, 21 & 25 VOLTS
• NORMAL, INTELLIGENT, INTERACTIVE & QUICK
PULSE PROGRAMMING ALGORITHMS
MOD-MEP
MOD-MEP-4 4·EPROM PROGRAMMER U69.95
MOD-MEP-8 8·EPROM PROGRAMMER 259.95
MOD-MEP-1616·EPROM PROGRAMMER 99.95

DIGITAL IC MODULE $129.95
• TESTS TTL, CMOS, DYNAMIC & STATIC RAM
• AUTO SEARCH FOR UNKNOWN PART NUMBERS
• USER·PROGRAMMABLE TEST PROCEDURES
MOD-MIC

PAL MODULE $249.95
• PROGRAMS MMI, NS. TI 20 & TI 24 PIN DEVICES
• BLANK CHECK, PROGRAM, AUTO, READMASTER,
VERIFY & SECURITY FUSE BLOW
MOD-MPL
CUPL SOFTWARE- ENTRY·LEVEL PAL DEV. KIT.
MOD-MPL-SOFT $99.95

MODULAR CIRCUIT TECHNOLOGY
DRIVE CONTROLLERS:
MCT-FDC FLOPPY DISK CONTROLLER
MCT-FDC-HD 1.44MB FLOPPY CONTROLLER
MCT·HDC HARD DISK CONTROLLER
MCT-RLL RLL CONTROLLER
MCT-FH FLOPPY/HARD CONTROLLER
MCT-AFH 2861386 FLOPPY/HARD
MCT-AFH-RLL 2861386 RLL CONTROLLER

DISPLAY ADAPTOR CARDS:
MCT-MGP MONOCHROME GRAPHICS
MCT-CG COLORGRAPHICS ADAPTOR
MCT-EGA ENHANCED GRAPHICS ADAPTOR
MCT-VGA-8 8-BIT VGA, ANALOG ONLY
MCT-VGA-16 16-BITVGA, 1024X768 RES.
MCT·MGMIO MONOGRAPHICS MULTI IJO
MCT-MGAIO 2861386 MONOGRAPHICS I/O

MULTIFUNCTION CARDS:
MCT-MIO MULTI 110 FLOPPY CONTROLLER
MCT-IO MULTI 110 CARD
MCT-AMF 2861386 MULTIFUNCTION
MCT-AIO 2861386 MULTI 110 CARD

MEMORY CARDS:
MCT-RAM 576K RAM CARD
MCT-EMS EXPANDED MEMORY CARD
MCT-AEMS 2861386 EMS CARD

I EGA SPECIAL I CARD & MONITOR-JUST $479 ,

EGA-MONITOR 14' RGB MONITOR $339.00
JDR-RGB 14' RGB MONITOR TILT/SWIVEL BASE $239.95
JDR-MONO 12' TTL MONOCHROME- GREEN $69.95
JDR-AMBER 12' TTL MONOCHROME-AMBER $69.95

VGA
COMPATIBLE

PACKAGE $499
• 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
• 14' ANALOG VGA • GLARE RESISTANT SCREEN· 720 X 480
• TILTiSWIVEL BASE, FRONT MOUNTED POWER SWITCH
VGA-MONITOR

REUSYS MULTISYNCH $429
• FULL FEATUREDMULTISCAN MONITOR WITH UNLIMITED
COLORS ' 1024 X 768 RESOLUTION, 14' NON-GLARE DISPLAY
• AUTO SWITCHING • TTUANALOG VIDEO INPUT
JDR-MULTI

ENHANCED KEYBOARDS:
BTC-5339 AUTOSENSE FOR XT/ AT, AUTOREPEAT
Kl03-A AUDIBLE'C LICK' STYLE
MAX-5339 MAXI-SWITCH WfTACTILE FEEDBACK

$98.95
$79.95

$109.95
$154.95

$89.95
$104.95
$ 149.95

HOSTADAPTOR CARD $29.9S
• UNIVERSAL INTERFACE FOR ALL
THE PROGRAMMING MODULES'
• SELECTABLE ADDRESSES
PREVENTS CONFLICTS
• MOLDED CABLE

MOD·MAC

UNIVERSAL MODULE $499.9S
• 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, BLANKCHECK, PROGRAM, AUTO,
READ MASTER, VERIFY AND COMPARE
• TEXTOOL SOCKET FOR .3' TO .6"W. IC'S ( 8-40 PINS)
MOD-MUP

UPRIGHT
CASE
SPACE SAVING DESIGN HOLDSALL SIZES
OF MOTHERBOARDS AND INCLUDES:
• 250WPOWER SUPPLY' MOUNTS
FOR3 FLOPPY & 4 HARD DRIVES
• TURBO & RESETSWITCH · LED SPEED
OISPLAY' POWER& DISK LED'S
• ALLHAROWARE, FACEPLATES& SPEAKER
CASE-l00
CASE-FLIP FOR 8088 MB'S
CASE·SLlDE FOR 8088 MB'S
CASE-70 FOR286 MB'S
CASE-50 FOR MINI 286 MB'S $59.95
C A SE.JR MINI-286 W/150W PS $149.95

MODULAR PROGRAMMING SYSTEM
INTEGRA TED MODULAR SYSTEM EASIL Y EXPANDSI ALL
MODULES USE A COMMON HOST ADAPTOR CARD-·USE JUST
ONE SLOT TO PROGRAM EPROMS, PROMS, PALS & MORE

• 3-BUTTON OPTO-MECHANICAL
• 200D.P.!. • 5·112' CABLE
• USESSERIAL PORT COM 112
• INCL.SOFTWARE DRIVERS
DM5-200E
MOUSE & HALO-DPE SOFTWARE
DM5-200 $59.95

'@:
..~, • THREE·BUTTONSERIES 9

lOGinCH :~~~~:~ ~~~~~~~~IBLE
LOGC9 SERIAL MOUSE
LOGC9-C SERIAL MOUSE'
LOGC9-P SERIAL MOUSEWITH PAINTSHOW
LOGC9·PC SERIAL MOUSE WITH PAINT/CAD
LOGB9 BUS MOUSE
LOGB9-P BUS MOUSE WITH PAINTSHOW
LOGB9-PC BUS MOUSEWITH PAINT/CAD
' NOT PSI2 COMPATIBLE

fiI~~
2400 BAUD
MODEM

$9995

CIRCLE 113 ON FREE INFORMATION CARD
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ALL WITH A 2 YEAR WARRANTY!
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JIM'S BARGAIN
HUNTERS CORNER

DFISERIAL
MOUSE AND
HALo-DPE SOFTWARE
REGULARL Y $59.95
• THREE·BUTION OPTO-MECHANICAL MOUSE
• 200 DPI RESOLUTI ON
• USES SERIAL PORT COM1 OR COM 2
• COMPATIBLE WITH MICROSOFT MOUSE AND PC

MOUS E
• INCLUDES SOFTW ARE MOUSE DRIVERS
• 5-1/2 FT. CABLE WITH FEMALE DB25 CONNECTOR
• INCLUDES HALO-DPE SOFTWAR E, A SOPHIST ICATED

DESKTOP PUBLIS HING EDITOR
• IMAGE EDITOR UTILITY PERM ITS 90' ROTATION AND

ABILITY TO SAVE IN WINDOWS , GEM , HALO AND PC
PAINTBRUSH FORMATS
DON'T MISS THIS GREAT VALUE!

OMS-ZOO EXPIR ES 10/31189

3.5 DIG" PROBE TYPE DMM
• AUTOR ANGING
• ACrDC 2V - 500V .
• RESISTANCE : 2K·2M
DPM-l000 (SHOWN )

HIGH/LOW LOGIC PROBE '17.95
• DETE CTS TIUCMOS LOGIC STATES
• MEMORY FUNCTION FREEZES DATA FOR LATER USE
LP-2800

PULSER PROBE FOR QUICK DEBUGGING '19.95
• INJECTS PULSE INTO TEST CIRCUIT-VARIABLE WIDTH
• TIL, DTL, TAL , HTL, HINIL, MOS, & CMOS COMPATIBLE
LP-54Q

3.5 DIG"POCKET SIZE DMM '29.95
• BAS IC DC ACC URACY ±0.5% • 14 RANGES
DMM-l 00

LOCAL (408) 559·1200 FAX (408)559·0250 TELEX 171·110

ORDER TOLL-FREE
800-538-5000

.u. JDR Microdevices '--n-- 22338RANHAM LANE, SAN JOSE. CA 95124

35 MHZ DUAL TRACE $49ft95
OSCIUOSCOPE .,-
• WIDE BAND WIDTH • VARIABLE HOLDOFF

MODEL-3500 (SHOWN)

20 MHZ DUAL TRACE OSCIUOSCOPE '389.95
• TV SYNC FILTER • COMPON ENTS TESTER
MODEL ZOOO

THE ULTIMATE $ 7995
3.5DIG"DMM
• BAS IC DC ACCURACY ±0 .25%
• 34 RANGES
• TEMP, TRANSISTOR & RESISTANCE

FEATURES

DMM-300 (SHOW N) - - - - -

3.5 DIG"
FUU FUNCTION DMM '49.95
• BASIC DC ACCURACY ±0.25%
• 22 RANGES
DMM·200 $49.95

Jim Wharton
JDR's VP Sales
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The PA81 Is Truly The
"Missing Unk In Audio Servicing"

Walk troubles outofany poweramplifierstage, step bystep, withthePAB1 .

PA81
HI Walt
Load Or
Speak er

PA81
HI Watt
Load Or
Spea ke r

Direct Coupled
Pream ps & f-Ll-rcl-t- - - ---1

Drivers

Direct Coup led
Preamps & f-l-to"-t------=----1

Drivers

Stereo AM ·FM.
TV, Tape. Phono,

OrC D (Audio
Line)

Ste reo AM ·FM ,
TV, Tape, Phone,

OrCD( Aud io
Lin e)

Introducingthe "Missi ng Link In Audio Servicing," with the NEW PA81 Stereo Power
AmplifierAnalyzer' " fromSencore Electronics. The PA81 provides everythingyou need
for poweramplifier anaiyzing integratedinto onecomplete package, with:

• Twin Frequency CompensatedAutoranged Wattmeters: 250 watts perchannel (500
watts if paralleled), and listentoaudio clarity with built-involumecontrol.

• Built-in IHF/EIA Testing Components AtYour Fingertips : 2,4,8,16, and 32ohm-zero
reactanceloads, and all specified bandpass audio filters. -

• Measure RMS Volts And dBAs You TraceThroughCircuits: Plus, programmable dBto
measurestagegain.

• Test Intermittents To Prevent Amplifier Damage: Built-in OC balancetest , automaticaliy
opens loads.

• Test Audio Line Levels ToMake Sure The Driver InputSignal Is Correct: Check
turntables, AMtuners, FM tuners, TVstereo demodulator outputs, CDplayers, etc. for
standard lineleveis.

• Monitor Stereo Separation To 126 dB: Monitor, troubleshoot , or align AM-FM or TV
Stereoseparation circuits.

3200Sencore Orive, Sioux Falls, South Oakota57107

• IHF-Institute Of High Fidelity
EIA-Electronics Industries Association

CaI/1-800- SENCORE
(736-26731

In Canada Ca//1.IJfJ0.851-8866
CIRCLE 180 ON FREE INFORMATION CARD
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ROUBLESHOOTERSJ
PRECISION HAND-HELD INSTRUMENTS
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SCOPE POCket Size
AUdio Signal cenerator
•Sineisquarewave patterns' 20Hz
to150KHz ' Batteryoperated
• Frequency accuracy ±3%lor less)
• Output 1.2Vrms max.Inoload)
• Lew batteryIndicator ' Test leads

$11995 ~:iOCI$oo59'5Model
LCR-680

SCOPE HancHleld
3% D' it LCR Meter
• Measure capacitance, resistance
andinduction ' Overload
protection• Includes test lead~ test
clips,9Vbattery and spare fuse
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SCOPE 3% Dtgit
LCD Min' Meter
• 0.5%accuracy • AC IDC Voltage
• DC current • Resistance• Diode
rest - 300 hrsbatterylire
• Overloadprotection DC·5ooV,
AC350V,orms 250VDCIAC

Model 53250DVM-630
Reg 55000

Model
DVM-638
Reg 58750

B&K
Precision TeSt Bench'"
• 41 range voltmeter' Ammeter
• Ohmmeter' Frequency counter
• CapaCitancemeter • Logicprobe
• Transistor &dcoetester ' Extra·
largeLCD display

DUAL TRACE OSCILLOSCOPES

SCOPE DIGITAL ALL PURPOSE
TRAINER 92-PC. TOOL CASE

• Learn logic circuitsand • Completekit forhome,
equipment design • Connects workshopand aulD' Includes

to oscilloscopes, signal 52·pc. socket set with extenders
generators andmore • Log ic • 2tool pallets with roomy
probe included • Solderless rear storagecompartments

breadboardandcribsheetshelp • Attractive, rugged carry case
youbuild almost anycirCUit Model FTK.28

• Runsoff4"AA' battenes or
ACadapter (included) Reg $169 95

~::I 511ftOO 512995
Reg $14995 V~~
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A.W. SPERRY 20 MHz
OSCILLOSCOPE

• Builtin component checker
• Z-axis input • Low power

consumption • TV Video sync
filter • High-sensitivity X-Y mode

• Front panel trace rotator
• Includes 2 test probes

Model 534995
620C

HITACHI 35 MHz
OSCILLOSCOPE liliiiii~~~• 19calibrated'sweeps • 6"
CRT with internal graticule,
scale illumination & photo
graphic bezel • Auto focus
• X-Y operation • TV sine
separation • Includes 2

probes (10:1 and 1:1) 5 5 9 ' 
Model V·355
Reg. $899.95

260 Motor Par}way: ' ..,'., . .
Hauppauge, New Yor.k ~:l78~t: ·

~..~

Fordham ~:l~~s800:&iS:9S18
(In NYState 800-832-1446)

~~_R Money orders, checks accepted
~l~ """RIESS C.O.D.'s require 25% deposit.

Service & Shipping Charge Schedu le
Continental U.S.A.

FORORDERS ADO
$25-50 .. . .. S4.so
$51-100 . . . • . . . . . . . . . . . . . . S5.5O
$101-200 . • . . ~ . . . • . • . . . . $7.00
$201-300 .. .. .. .. . .. $800
$301-400 $9.00
$401-500 .. .. .. .. .. .. .. • $1<100
$501-750 . . . . . . . . . . . . . $12.50
$751-1000 , .. . . . . . . . . . .. . . $15.00
$1,001·1,250 . . . . . . $17.50
$1,25 1·1,50) . . . $2QOO
$150 1-2000 . . . $25.00
$2,001 and Up .. .... . .... .•.. . $30.00


