


New GPS Series: Yek sets
the pace with SmartCursors™

and push-button ease.

Auto Level, Auto , Norm, TV Field, TV Line, Single Sweep
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2246

6.1 kg 6.1 kg

$2400 $1875

responsive controls and simple front­
panel design, in extensive on-sc reen
sca le factor readouts, and in
simplif ied trigg er operation that includes
Tek's Auto Level mod e for automatic trig­
gering on any signal. Start to finish, the
GPS Series saves steps and simp lifies
tasks.

Getout in front!Call toll-freetoday
to order, to get moredetailsor a vid­
eotapedemonstration.

1-800-433-2323
In Oregon, ca ll co llect 1-627-9000

Featuring four chan­
nels, flexible trigger ing,
extensive CRT readouts
and push-button ease
of use, the new Tek
2246 (left) and 2245
(above) bring high-qual­
ity, low-cost analysis to
diverse applications in
digital design , field ser­
vice and manufacturing .

2 ns/d iv

2 mV/d iv

100 MHz

Tektronix®

3-year on parts and labo r includ ing CRT

Vertical Sensitivity

Voltmeter

VertlHor Accuracy

Volts Curso rs

Trigger Level Readout

Warranty

Weight

Price

Trigger Modes

Time Cursors

SmartCursors ,.

Max. Sweep Speed

Features

No. of Channels

Scale Factor Readout

Bandwidth

sensitivity to 0.25 div at 50 MHz, to 0.5
div at 150 MHz.

Acc uracy is exce llent: 2% at vertical,
2% at horizontal. And four-channel
capability includes two channels
optimized for logic signals.

Bestof all, high performance
comeswith unmatched

convenience. You can
see it and feel it

- in the

Workfaster, smarter, with two new
generalpurposescopesfrom
Tektronix. The four-cha nnel, 100 MHz
2246 and 2245 set the new, fast pace for
measurements at the bench or in the
field. They're easy to use and afford , by
des ign.

On top: the 2246 with exclusive
integrated push-buttonmeasure­
ments.Measurements are accessed
through easy, pop-up menus and imple­
mented at the touch of a butto n. Mea­
sure peak volts, peak-to-peak, ± peak,
de volts and gated volts with new hands­
off convenience and on-screen reado ut
of values.

SmartCursors,. track voltmeter mea­
suremen ts in the 2246 and visually indi­
cate where ground and trigger levels are
located. Or use cur sors in the manual
mod e for immediate, effortless measure­
ment of waveform parameters.

Bothscopes build on performance
you haven'tseen at the bandwidthor
prices.Lab grade features include
sweep speeds to 2 ns/d iv. Vertica l sen­
sitivity of 2 mV/div at full bandwidth for
low-level signal capture. Plus trigge r

COVIMITTED TO EXCELLENCE
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If you like to keep your car up to date no
matter how old it is, then our cove r proj- .1i~=='1~
ect- a di gital tachom eter-is for you . AI- :
though th e tach is a di gital project and C, :;a=~~~::::'-=:!2::2.­

offer s a digital di splay, it also offer s an easy-t o-read analog indication .
It will work with 4-, 6-, and 8-cylinder engines, and can eve n be used
for tuning your engine ! Next month, we'll show you how to bui ld a
matching speedo meter to really jazz up your dash board .

NEXTMoNTH

THE JULY ISSUE IS
ON SALE JUNE 4

SPECIAL SECTION ON CAR AUDIO
Overview of t he newest eq uipme nt
Som e exam p le in stallations

BUILD A DIGITAL SPEEDOMETER FOR
YOUR CAR
A hi gh -tech dashboard for any car.

BUILD THE R-E ROBOT
A look at th e robot co nt ro l langua ge.

THE STORY BEHIND CET
What is a Certified Electroni cs
Techni cian?

COMPUTER DIGEST
Keyboards, keyboards, and keyboards !

As a service to readers. RADIO-ELECTRONICS publishes available plans or information relating to newsworthy products.
techniques and scientific and technological developments. Because of possible variances in the quality and condition of
materials and workmanship used by readers. RADIO-ELECTRONICS disc laims any responsibility for the safe and proper
functioning of reader-built projects based upon or from plans or information published in this magazine.

Since some of the equipment and circuitry described in RADIO-ELECTRONICS may relate to or be covered by U.S. patents.
RADIO-ELECTRONICS disclaims any liability for the infringement of such patents by the making. using. or selling of any such
equipment or circuitry. and suggeststhat anyone interested in such projects consult a patent attorney.
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EDITORIAL
Why digital audio tape isn't here.

The bi ggest story-or should I say non-story- of
t he Winter Co nsume r Electroni cs Show was Di gital
Aud io Tape or OAT. Several manu factu rers­
including Sony, Kenwood , Onkyo, and Mitsubi shi­
disp layed prototype OAT players, and several
more manufacturers-includ ing TD K and 3M­
di splayed OAT tape. But th e offici al word was th at
the un its were prototypes only, and no marketing
plans were in place.

Let's hope th at fo llowing th e Summer Con sum er
Electronics Show (w hich wi l l be held from May 31 to
June 3) we'll be able to announce th e in troducti on
of di gital aud io tape decks fo r consumer use. W hy?
Because OAT promises to do fo r aud io tape wh at
CD's have done for audio di scs. And because th e
time-and th e techn ology-is here to bring hi gh­
quality di gital tapin g into the home.

Digi tal audio tapes are abo ut half the size of a
compact cassette, but slight ly thicker. Yet a OAT
cassette can p rovide two hours of record ing t im e,
and record in g quali ty that rivals that of a compact
di sc. DAT cassettes are convenient: Di gi tal codes
sto red on th e tape pe rmi t relatively fast random
addressing by program number. The cassettes are
easy to handle, and th e cart ridge prot ects the tape
fro m dust.

Un for tun ately, th e CD-player manu facturers and
t he recordin g industry don 't want OAT, and they
co uld ki ll the format before it even starts .

The manufacturers are afraid that OAT players
would make consume rs sto p and thin k abo ut
w hether they wanted to bu y a CD pl ayer or a OAT
machine-and perhaps buy no thing at all. The
manufactures fear that th e introducti on of OAT now
would severe ly damage the CD market- and
perhaps even ki l l the fo rmat.

(/)

oz That's nonsense! Both d igital formats have a place ,
~ and each has its benefits. Com pact discs are
G durable, and players can access tracks rapid ly, in a
~ user-pro gramm ed orde r. Di gital audio tapes are not
6 as durabl e, but th ey are more portabl e, and are
~ much easier to handl e in an automobi le. And , of

co urse, they offe r record ing capabil ity.

The recording industry is wo rried abo ut something
else: piracy. OAT's recording capabi lity is ju st so
good that a copy wo uld be ind ist ingui shabl e from
th e o rig inal. They fear the loss of CD sales-and of
pre-recorded digital audio tapes.

The RIAA (Reco rd ing Industry Association of
America) wants anti-tapi ng lC's to be incorporated
into th e OAT machines to prevent home recordi ng
of comme rcia lly recorded material. (The lC's wo uld
detect a spec ial signal incorporated into the
original reco rdi ng .)

That wo uld be a mi sgu id ed effort: Home tapi ng has
nothing to do with commercial piracy. Such ant i­
tap ing lC's wo uld destroy the main purpose of
OAT-to make hom e reco rd ings. But they wo uld
not sto p commeri cal piracy-only prosecuti on w ill.
Because of t he hu ge il lic it profits invol ved , pirates
w ill f ind ways to beat anti -tapi ng devices.
Undoubtedl y, a black market would open up for
home-deck co nversio ns as we ll.

Hom e tapi ng has becom e a consume r's right over
the last 20 or thirty years. Record in g a disc so you
can co nven ient ly li sten to it in your car is
t ransfe rr ing copyrighted mater ial-which you
bought th e rig ht to listen to-from one format to
anothe r. M akin g such fo rmat shift ing ill egal wo uld
be akin to sell ing record ed material for a spec if ied
number of listeni ngs only, afte r w hich, yo u'd be
vio lat ing a copyrig ht. .

Hom e cassette decks don't co ntai n anti -tap ing lC's.
Why sho uld a new, superio r tec hno logy be
d iscrim in ated against? Doesn't it sound silly to
p rohi bi t OAT machines fro m reco rding just because
they do a bette r job?

BRIAN C. FENTO N
Ma naging Editor
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You'll have more fun with this than you
w ou ld w ith a new car-at 11100 the cost!

Order by mail: each HP-28C is $189.95; save
$29 on each InfraRed Printer at $105.95 (Calif.
residents add 6% tax) . Add $4 for UPS delivery (no
extra charge for multiple items) . Allow 12 days for
personal checks to clear, or send your MC/Visa
number and card address .

For fastest service, call duri~ west-coast bus i­
ness hours at (714) 582-2637. Or for all days /
all hours call toll-free (800)633-2252, ext . 352,
with your MC or VISA card . Of course, if you live
in Southern California, drop by in person and pick
up your new HP-28C.

I g~arantee you'll be delighted with
the HP-28C-or your money back with­
in 15 days, no questions asked.

The UnExpected HP-28C- lhP] ~~~KL:~6
is this your next calculator?

A major leap in technology-you'll do
SY M BO L I C ALGEBRA , even SYM BO L I C
CALCULUS. You'll manipulate unknowns and let­
ters as well as numbers, even diff erentiate func tions
to get the ir deriva tive functions. This is th e first
sma ll machine capable of doin g symbolic math­
ema tics, lik e MA CSYMA0 on a main fram e, and it
can be yours right now. (®Symbolic s, Inc.)

Sy m bolic Algebra. All real and complex number functions; expand,
collect terms; exp ression editor; subex pression recall and substi tution,
symbolic solve; qu adratic equa tions.

Ca lcu lus . Symbol ic differentiation of arbitrary expressions; symbolic
integra tion of polynomials; nu merical inte gration of arbi tra ry
expressions; T aylor series.

Programmability-You can use all of th e built­
in functions with your ow n menus and softkeys,
plus sophist ica ted utili ti es.

Binary Intege r Operations. Decima l, octal, hexa decima l, and
binary bases; anthmetic; variable wordsize; bit shift and rotate, byte
shift and rotate, ari thmetic shift; logical operators; floating­
point/ integer conversion.

Programming Fe a tu r es. Use r-defined function s, local variables,
indefinite nest ing and recur sion, IF .. : THEN . . : ELSE, FOR ... .NEX T,
DO ... UNTIL, WH ILE .. .REPEAT, halt, continue, abort, single-step ,
pause, read key , beep, display, erro r message, error numb er ;
set/clear/test 64 user flags; cond itio nals, logical operators; object type.

But you can't see the best
part-You r HP-28C comes with
a built-in InfraRed Printer Inter­
face. This means no wires or
cables to your portable the rma l
printer-just point your 28C at it
and press a key for an instant re­
cord. H ave your printer no w, or
get it later- your ch oice.

The HP-28C lists for $235.
It will be the world's standard fo r yea rs to com e.
Yo u're sure to get one soo ner or later. Why no t
now? I have the m in stoc k, an d I'll give you a dis­
count savings of $45 now.

You know that Hewlett-Pa ckard builds durable
calculato rs-your new 28C is going to last for years.

A first report:

If you're at all like me, this is what you've been
holding your breath for (in the calcul ator direction, of
course). Ju st a few years back, calculators were ex­
citing. Maybe once a year th ere was a new model that
could do star tlingly more. Not recently, however.

Now here's the next tantalizing toy and
technical tool. I haven 't got roo m here to do it
justice, th ere are so many interesting fea tures and
specs for it. I'll sketch it for you, th ough . . .

You'll have ON-SCREEN MENUS and
SOFTKEYS, just like a PC-. - sensible access to
hundreds of functions (128K ROM!) and high-leve l
pr oblem solving. Gamma function, random num­
bers, .. ,

Complex numbers, matrices, vec tors, lists, and
algebraic expressions can be viewe d, edited, and
then used in calculat ions just as eas ily as ord inary
numbers. Dot and cross produ cts, determinant, . . .

You can choose RPN LOGIC for calcu-
- lations OR use the built-in ALGEBRAIC
LOGIC-with RPN its 4-line displa y shows your
stac k OR you'll see your equation displ ayed just as
you would write it. Yo u choose.

You'll do no programming to get solutio ns,
either-it will sol ve fo r any un known variabl e
an ywh er e in your equ ation.

It will con vert between diff er ent uni t sys tems, too.
The values of 120 units ar e built-in, an d you can add
your own. Are you ready fo r all this right now ?
(I have th em in stock).

You'll use SEPARATE KEYBOARDS, the
right hand one for NUMBERS and the left
for LETTERS. Later, you can fold it to pop
into your shirt pocket.

You ca n plot gra phs of your fun ction s, eve n two
at a tim e. T he n place th e cursor near whe re th e
gra phs cross and pr ess a key to calculate the x-value
of the cross ing, correct to 12 digits. I was amazed.

Scatter plots of your sta tist ica l data are easy too.
Imagin e showing all thi s to your colleagues!

Plotting. Plot mat hematical funct ions and statistical data; set plot
scales, axes, and cent er; display graph ics.

Statistics. Single - or multi-vari able statistics: summation, deletion,
mean, sta ndar d deviation, total , maximu m, minimum, variance,
covari ance, corre lation . Linear regression and pre dicted value. Normal,
Stude nts t, F, and Chi-square dis tnbut ions.
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WHAT'S NEWS

mark et specific produ ct s to end
users."

O ne suc h in t egrator w i ll be
Kodak's own Busi ness Im agi ng
System, w hich wi ll integrate the
14-inch optical d iscs into their lin e
of KIMS systems. Such system are
not inexpen sive, however, w it h
one , the KIMS 5000, expected to
cost i n t he neighborhood of
$700,000. Lessamb it io us KIMS sys­
tems wi ll start at abo ut $150 ,000.

lim it ed basis in late 1987, and in
qu antity in 1988. It will not be sold
directly to end users. "We will
wo rk th rou gh co mputer co mpa­
nies, o riginal equip me nt manu fac­
t ure rs, an d ot he rs, i nclud in g
busi ness di vi sion s withi n Kodak,"
says Frank Strong, group vice pres­
ide nt and ge nera l manager of
Kodak's Diversif ied Techno logies .
" These companies wi ll integrate
thei r eq uipme nt with o urs and

THE KO DAK 68 00 OPTICAL DISC SYSTEM is show n her e with an opt iona l add-on unit (left)
attached . i;

Kodak introduces high-capacity,
high-speed optical-disc system

Eastman Kodak, lon g known fo r
its leadership in th e fi eld of ph o­
tog raphy, is dramatically in creas­
in g it s presen ce in t he in form a­
ti on-techn ol ogy fi eld w it h the in ­
troductio n of an advanced opt ical­
d isc informat io n sto rage and re­
t rieva l syste m. Th e 6800 optical­
disc system is a high-capaci ty data
storage and ret rieval system t hat
uses Kodak's new 14-inch w rite­
o nce/read- ma ny- ti mes opt ica l
discs. Each di sc offers a capacity of
6.8 gigabytes of rand om-access
on- li ne sto rage. The basic 6800 l i­
b ra ry uni t co nsists of a single
d ri ve, co ntro l ler, and 50 optica l
di scs with robotic ret rieval eq uip ­
ment in an environmenta lly con­
tro lle d cab inet (a m ini " c lean
roo m"). Three o ptio na l ad d -o n
un its give the user the abili ty to
in crease th e d isc hard ware and
softwa re capac ity to up to 150
discs. At its maximum configura­
ti on , t he syste m offe rs a tota l stor­
age capaci ty of one te rabyte (one
trill ion bytes). For example, that is
more t han enoug h capac ity to
store 12 years of recor ds of X-rays,
CAT scans, and ul t rasound exam­
in ation s fo r a250-bed hospi tal. Re­
t rieva l ti me fo r th e system is 12
seco nds o r less.

Kodak 's Mass Memory Division
wi ll market the 6800 system on a

Descramblers and the law
The Cab le Ho me Group of Gen ­

eral Inst ru ment, manu facturer of
the VideoCip he r scramb ling sys­

~ tem, instit uted a civ i l suit last
z March against Netwo rk, In c. , of
~ Piscataway, Nj; Robert Cooper, Jr.,o we ll known to readers of this mag­
~ azine; Dr. Ste phen Bepko of Bal­
a ti more, and Kar en How es and
~ Shaun Kenney of th e Boresight
a: satellite program. The suit charges

6

them with distributi ng illega l de­
scramb ling lC's at a " Descrambli ng
Summit" trade meetin g held in the
Brit is h West In d i es, and seeks
damages in clu d in g $5 million in
"punitive damages" fro m the de­
fe ndan ts.

Two of t he defenda nts, Howes
and Kenny, ap pear in a wee kly
te lev isio n prog ram di str ibuted by
satell ite. Bores ight is a 60-mi nute
report on activit ies in the hom e

dis h indust ry, and has-as a matter
of viewer information- l isted
source ' outside the United States
for VideoCipher lC's.

Dr. Bepko is an electron ics engi­
nee r w ho appeared as a lecturer at
the summit. Cooper, the pub lishe r
of Coop's Satellite Digest and a Ra­
dio-Electronicsco ntri but ing editor,
was th e organize r of the meeting,
w hich was held on th e island of
Provide nc iales. R-E



Autoranging. pen style design for the ultimate in portability and
ease of use . Custom 80 pin LSIch ip increases reliability. Audible
cont inuity t ester and data hold feature for added convenience.
Case . test leads and batteries included .

'" Basic DC accuracy : plus or minus 1%
_ DC voltag e: 2v - 500v. aut oranging
• AC voltag e: 2v - 500v. aut oranging
'" Resistan ce: 2k ohm s - 2M oh ms.

autoranging
• Fully over-load protect ed
• Input impeda nce : 11M ohm
• 162 x 28 x 17mm. weighs 75 grams

DPM-1000
3.5 DIGIT PROBE TYPE DMM

combi... iiliilful featu.... and exacting
quality. I'~ calCulation end phase mauure­
men! ere quICk and euy in the X-Y Mode . Service
technicians will appreciate the TV Sync circuitry for
viewi!'ll TV·V and TV-H a. well as accurate synchroni.
zation of the Video Signal. Blanking Pedestal•• VITS
and V8f1icIe1 Horizontal sync pulaes.

* lab quality compensated 10X probes included
* Built-in component tester
* 110/220 Volt operation
* X-Y_tion - Bright 5" CRT - TV Sync filler

COPYRIGHT 11188 JDR MICRODEVICES
THE JDR INSTRUMENTS LOGO IS A REGISTERED TRADEMARK OF JDR MICRODEVICES.

JDR INSTRUMENTS IS A TRADEMARK OF JDR MICRODEVICES_

MODEL 3500 $499.95 2 YEAR
~~=_=~~~~~~'l 35 MHz DUAL TRACE OSCILLOSCOPE WAIl

Wodebandwidth and exceptional 1mV /DIV oensitivity ANTY
make the Modal 3500 a powerful diagnostic tool for 0N L
===~=~"':':."=::'.':::::;';: AL 1[-1===~':""::=,,or::kespo ~bIethe MODELS . - .. VISA

* lab quality compensated 10X probes included
_ Delayed and sing le sweep modes
_ Z Axis intensity modulation

1- - . • . -X·Y_tion _Bright5"CRT - TV Sync filler ORDER TOLL FREE

+J~o1~~!t!~~~~J~ 800-538-5000
(408) 866-6200. FAX (408) 378-8927. Telex 171-110 OR VISIT OUR RETAIL STORE

1256 SOUTH BASCOM AVE.
SAN JOSE, CA. (4G8) 947-8881
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VIDEO
NEWS

• Kiddie camcorder. We've seen all kinds of
new VCR formats lately-8mm, Super VHS, 4mm,
etc.-so why not a VCR that uses a standard audio
cassette? That presumably is what Fisher-Price,
the toy company, thought when it decided to
introduce what it hopes will be next year's
hottest Christmas gift for kids-a complete
camcorder for less than $150. Ptxelvieicai records
11 minutes ( 5% minutes per side) of black-and­
white video on a C-90 audio cassette. The one­
piece unit contains a low-cost fixed-focus video
camera and a record and playback deck that will
run for five hours on six AA-size alkaline
batteries. The entire package, including tape and
batteries, weighs two pounds.

The secret behind the unit is that it uses a
stationary head and lays down a longitudinal
recording track; conventional decks use heads
mounted on a revolving drum and lay down a
helical track. The tape is recorded at a high speed,
virtually equivalent to the fast-forward speed of
an audio tape recorder.

Interestingly, Fisher-Price's recording method
harks back to the earliest efforts to develop a
videotape recorder, back in the 1940's and 1950's.
Those early attempts were unsuccessful. But
presumably a fixed-head recorder is practical
today because of advances in head design,
although Fisher-Price currently isn't giving out
any technical details on Pixelvision.

• RCA Labs changes hands. The David
Sarnoff Research Center, informally known as
"RCA Labs," isn't RCA Labs any more. The
nation's leading electronics research
organization has been donated as a gift to SRI
International by General Electric, which is RCA's
new owner.

The Sarnoff Center, in Princeton, NJ, was
~ founded in 1941 to bring together research efforts
z scattered around RCA's various operations. It was
~ a prime mover in the development of U.s. black-
t; and-white and color television, stereo, injection
::J lasers, high-speed computer memories, andur
6 videodiscs.
~ SRI International, formerly Stanford Research
a: Institute, was originally part of Stanford

8

University, but now is an independent research
organization with headquarters in Menlo Park,
CA. GE donated the Sarnoff Center to SRI because
GE has its own research and development
operations, and much of the work would be
redundant. To get the newly independent lab off
to a good start, GE plans to fund about $250
million in research, much of it in consumer
electronics, over the next five years.

• Super VHS specifications. Although
relatively little still is known about Super VHS,
the JVC-developed home-VCR format that can
record and play back a picture of better-than­
broadcast quality (Radio-Electronics, Maor
1987), JVC has released some specifications for
the new system. Super VHS is capable of
recording a signal with a horizontal resolution of
better than 400 lines. It uses high-band circuitry
with a carrier shift of 2.6 MHz in white-peak
frequency; white-peak frequency is 7 MHz, as
opposed to 4.4 MHz in standard VHS.

Outlining the recording method, JVC says:
"Although Super VHS will use the same
frequency-modulated recording method used in
the conventional VHS format for luminance­
signal recording, the FM frequency range has
been changed from the conventional format's
3.4-4.4 MHz to 5.4-7 MHz . Frequency deviation
has been changed from conventional VHS's 1
MHz to 1.6 MHz. To achieve overall high picture
quality for video output signals, separated Y
(luminance) and C ( ch r ominance) signals are
used in addition to NTSC signals currently used
in order to eliminate interference between
luminance and chrominance signals."

The tape used for Super VHS is coated with a
cobalt-doped oxide and has a coercivity of 850 to
900 oersteds, as opposed to about 750 oersteds
for the best standard VHS tapes. A special notch
in the cassette tells the recorder that Super VHS
tape is being used. The Super-VHS format will be
used for camcorders as well as home decks,
according to JVC, but only when sufficiently
h igh-resolution pickup devices are available, so
that the advantages of the new format may be
applied to home-movie making.



ELECTRONICS
Division of Simpson Elec tric Company

859 Dundee Avenue, Elgin, IL 60 120·3090
(312) 697·2265. Telex 72·24 16

Mercer Electronics products reflect the design and quality
standards established by Simpson Electric Company, an industry .
leader for over 50 years and known worldw ide for its integrity
and product excellence.
In Stock . . .Available Now! Stop in at your nearest distributor
and see this new, complete line of Mercer test instruments.
For the name of the MERCER distributor in your area, call
(312) 697·2265, or se~d for our new line catalog.
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ASI{ R,E
WRITE TO:

ASK R-E
Radio-E lectronics
500-B Bi-County Blvd.
Farmingdale, NY11735

AIR IONIZERS
I've heard a lot about air ionizers

and am wondering how effective
they really are. What can you tell
me?-T.L., Hamilton, OH .

Experi ence te lls me to stay out of
thi s o ne . Pro babl y more arg u­
ments start w it h t he d iscussion of
air ionizers and positi ve and nega­
tive ion s than on "the directi on of
.current fl ow." But I'll t ry and give
you an answe r withou t putting my
foot in my mouth .

Research o n ionized air and its
effects on humans, ani mals, and
pl ants has been goi ng on since the

middl e 1930's. Here are some of
t he " f indings" and opinio ns :
• The co ncentrat io n of ions in th e
air does have a pronounced effe ct
o n animals and pl ants. Al so , th e
pol ari ty of ion ization has a distinct
effect on li fe.
• Ion dep let io n is said to cause
depression , mental fat igue, head­
aches, and respiratory problem s in
man, and has been show n to re­
du ce th e survival rate of animals.
• In cr easin g ion co ncent rat ion
p rom o tes healin g , reli eves th e
pain of burns, and prom otes plant
growth.

• Hi gh concent rations of negative
ion s see m to promote m ental
agil ity and alertness and , over the
long t erm, greatly reduce em­
pl oyee-days-Iost du e to respirato­
ry illnesses.
• Positively charged ions tend to
promote hostili ty and aggressive­
ness while negative ions promote
t ranquility.
• Atmospheric pollution in cities
and industrial areas tends to pro­
mote a drastic depletion in air-ion
concent rati on and to increase the
crit ical positive-to-n egative ai r-ion
ratio. Perh aps th at exp lains why

Flukebreaks the oldmold.
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Dollar for dollar the Fluke 37 breaks into the market
with more features for the money than any other bench
DMM. It's bold new design includes built-in handle and
storage compartment, and ithas allthe high performance
featuresof theworld's best,most reliable 3Y2-digit DMMs.

Autoranging, to eliminateguesswork. Audible Con­
tinuity, so you don't haveto look at the display. An exclu­
sive analog and digital display. Superior EMI shielding.
Plus atwo-year warranty.

And, how many other bench/portable meters give
you these features? Min-Max recording, for monitoring
signals. 38 componentsdedicated exclusively to input
protection. Relative mode, to help you calculate changes
in readings. And Fluke's patented Touch Hold, to give
you an extra set of hands wh en you 're taking critical
measurements.

None. Only the Fluke 37.
For more information call1-S00-426-0361.

I=F=L=U=K=E=~ ®
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Second Prize

Here's your chance to win a complete monitoring
package from Regency Electronics and Lunar Antennas.
18 scanners in all will be awarded, including a grand

. prize of the set-up you see above: the Regency HX1500
handheld, the 260 base station scanner, the R806 mobile
unit, and a Lunar GDX-4 Broadband monitoring!
reference antenna.

55 Channels to go!
When you're on the go, and you nee d to stay tuned into
the action, take along the Regency HX1500. It's got 55
channels, 4 independent scan banks, a top mounted
auxilliary scan control, liquid crystal display, rugged die­
cast aluminum chassis, covers ten public service bands
including aircraft, and, it's keyboard programmable.

Compact Mobile
With today's smaller cars and limited installation space
in mind, Regency has developed a new compact mobile
scanner, the R806. It' s the world's first microprocessor
controlled crystal scanner. In addition, the R806 features
8 channels, programmable priority, dual scan speed, and
bright LED channel indicators.

Base Station Plus!
Besides covering all the standard public service bands,
the Regency 260 scanner receives FM broadcast,
aircraft transmissions, and has a built-in digital quartz
clock with an alarm . Other 260 features include 60

Send in a photo (like
this one of Mike
Nikolich and his
Regency monitoring
station) and receive
a free gift from
Regency. Be sure
to include your
name, address and
phone number.

channels, keyboard programming, priority control, digital
display and permanent memory.

Lunar Antenna
Also included in the grand prize is a broadband
monitoring/reference antenna from Lunar Electronics.
The GDX-4 covers 25 to 1300 MHz, and includes
a 6 foot tower.

~~~€4-'€Ao\~ ELECTRONICS INC.
" 7707 Records Street

Indianapolis , IN 46226r--------------- - - - - ,
I (1 awarded) I
I 1-Regency 260 Base station scanner I
I 1- Regency HX1500 Handheld scanner I
I 1-Regency R806 Mobile scanne r I
I I -Lunar GDX-4 Antenna I
I (5 awarded) I
I 1-Regency 260 Base station scanner I

1- Regency R806 Mobile scanner

(5 awarded)
1- Regency HX1500 scanner

Contest rules: Just answer the questions on the coupon, (allanswers are
in the ad copy) fill in your name and address and send the coupon to
Regency Electronics, Inc., 7707 Records Street, Indianapolis, IN 46226.
Winners willbe selected from allcorrect entries. One entry per person. No
purchase necessary. Void where prohibited by law. Contest ends June
3D, 1987.

1. The Regency Z60 is
o a digital alarmclock 0 an FM radio
o a scanner 0 all of the above

2. The Regency R806 is the world's first _
controlled crystal scanner.

3. The Regency HX1500 features
o 55 channels 0 Bankscanning
o Liquid crystal display 0 all of the above

4. The Lunar GDX-4 antenna covers __ to __ MHz.
Name: _

Address: _

City: State: Zipcode: _

I currently own scanners.
Brands owned: _

~-------------------~
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the SCA signal; the ci rcuit is take n
fro m that co mpany's data sheet fo r
t he device . The input to the SCA
decode r ci rcuit is co nnected to an
FM receiver at a po int between the
FM discrim inator and the de-em­
phasis fi lter netwo rk .

The ea r ly t ube-type SCA d e­
code rs th at I'm famil iar wi th have
several reso nant circuits th at mu st
be t uned and align ed . Since reso­
nant circuits are not used in the
ci rcuit shown in Fig. 1 the re w ill be
some slig ht spil l f rom a ste reo sta­
t ion's main chan ne l. The PLL, 10,
is tuned to 67 kHz by R7, a 5K po­
tent io meter. Tuning need not be
exact since the ci rcu it w i l l seek
and lock onto the subcarr ie r.

Th e d em odul ated sig nal f ro m
t he FM receiver is fed to th e in pu t
of the 565 through a hi gh-pass fi l­
ter co nsist ing of two 510-pFcapaci ­
tors (0 and C2) and a 4.7K resistor
(R1). Its pu rpose is to serve as a
coupling network and to attenuate
some of the main -ch annel spi ll .
The de mod ulated SCA sig na l at
pin 7 passes through a three-stage
de-emphasis netw ork as shown.
The resulti ng signal is aro und 50
mV, w it h th e respon se exte nd ing
to arou nd 7 kHz . R-E

Clr 510pF

OEM FM

+V

I have fo und t hat rep lac ing a
hi gh-per fo rmance vacuum-tube
circuit with a so l id-state ve rsion
does not always ensu re eq ual or
superior operat io n. It sho uld be
done o nly w he n no alte rnat ives
are avai lable . However, pu tting to­
get he r a tu be-type SCA ci rcuit is
im practi cal beca use of it s hi gh '
co mponent co unt. Instead, use a
so l id -st at e c ircu it l i ke t he o ne
show n in Fig. 1. That circuit uses a
Signetics NE565 PLL (Phase-Lock­
ed Loop) as a detector to recover

FULL THREE YEAR FACTORY WARRANTY ON ALL
leId:ronix SCOPES

NEW 2220, 2230 DIGITAL
STORAGE/ANALOG DUAL-CHANNEL
SCOPES
Thenew1OOMHz2230 and 60MHz2220 orepowerful digital stor­
age scopes with full-bandwidth analog and digital performance.
Both feature: • 4k digital record length and save ref-memory for
singleor dual cncnnei - Peak detect- Pre/post trigger capability•
Automatic processmoces - 20MS/s samplingspeed- X-Y plotter
output. The2230 also features: • CRT readoutwith cursors- Dual
time base · Menu flexibility that permits user to custom tailor
diagnostic functions.
Bath models otter optional GPIB or RS232C capability with 26k
batterybacked memory on2230 only.

NEW CRT READOUT
100 MHz
FOUR-CHANNEL SCOPES
A real price breakthrough in lab-grade scopestrom Tektronix.
The 224 6 and 2245 both feature " On-screen scale faclor
readout " 2mV/division vertical sensitivity " 2% vertical and
horizontal accuracy"Four verfical inputs- Delayedsweep.
The 2246 also teefures: • Pop-up menus at the touch of a button
• On-screen voltage, and time and trigger-level readouts
• Exclusive Smart Cursors" track voltmetermeasurements.

BUY ANY TEKTRONIXSCOPE FROM
JOSEPWS -GET THIS 16 PCELECTRONIC
SERVICE TOOL KIT -FREE! A $69.95 VALUE.
Perfect for fieldserviceor in-shop. Contains: 4" cutter,
4'h" pliers. 15Wsoldering iron, vacuumdesolder
tool, anti-staticwriststrap withcoiledgroundcord,
ICextractorand 2 ICinserterswith pinstraighteners,
4 solderingaidtoolsand solderall ina zipper Vinyl case.

Freetool kit offervalid ononyTEK scopepurchased fromJoseph's.. .whilekits lasts.-

MODEL 2245 MODEL 2246

$1,875 $2,400
( + FREE BONUS + FREE SHIPPING)

60MHz2213A "l00MHz2235

$1,275 $1,575
60MHz 2215A · l 00MHz2236

$1,525 $2,650
( + FREE BONUS + FREESHIPPING)

FAMOUSTEK 2200 SERIES
60/100 MHz DUAL-CHANNEL SCOPES

~
::=~~i~~5~-'~ The 60MHz 22 13A. 22 15A and lOOMHz 2235 and 2236 oreindustry leaders for valueand performance· 2mVldivisionvertical

sensitivity · Advanced triggeringforstabledisplays· X-Yoperation
• Dual-timebase delayed-sweep measurements. Single timebase
on 22 13A. • Integrated counterllimer/multimeler on 2236.

You'll
find 116
pages of
tremendous
discount prices
on25 leading
instrumentation
lines inJOSEPH'S
TEST EQUIPMENT
CATAlOG.
WRITE FOR YOUR
FREE COPY TODAY.

su b u rba n i t es-b reath i n g t he
clea n co untry air-escape some of
the health and mental prob lems
suffered by city dwel lers.

SCA DECODER
I am modernizing my oid tube­

type FM receiver and would like to
add a solid-state SCA decoder so I
can receive th e programs that some
FM stat ions t ransmit on a 67-kHz
subcarrier. Can you provid e an ap­
propriate circuiH- J.C.M ., Baldwin,
NY.
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THE POlAPUlSE BATTERY
The article, "Using the Pol­

apulse Battery," by Fred Blechman
in the February 1987 Radio-Elec­
tronics was well-written , and the
many unique properties of the Po­
laroid battery line were described
very well. There were , however, a
few small errors that we would like
to correct.

The first paragraph should state
that the P500 battery gives 100 mA
for 12 hours, not 20 hours. The P70
battery was developed for use in
the original SX-70 film. The 600

film pack, which usually must
power an electronic flash aswell as
the camera, uses the new higher­
power P80, as described correctly.
The special contact described in
the article is available from us, but
only in minimum lots of100 pieces.
Under carefully controlled condi­
tions only, the P100 battery has
been successfully recharged; but
under no. circumstances should
the P500 battery be charged.

Ameritoy has new address: 6039
We st Washington Blvd., Culver
City, CA 90232. Exergen has moved

to 251 W. Central St., Natick, MA
01760; Sinclair no longer sells the
P500 batteries at a loss, and a lim­
ited number of their TV sets are
still available from A + Computer
Respon se, 69B Island St., Keene,
NH 03431.

The article did not mention the
Polaroid Safety Flasher, a compact
amber flashing light that weighs
just 4 oz. , but which can be seen
for over a mile, and runs over 4
hours on one P100 battery. Those
are distributed by Consumer Prod­
ucts Source, 881 Dover Drive,

Service &Shipping Charge Schedule
Continental U.S.A.

FOR ORDERS ADD FOR ORDERS ADD
$25-100 $4.50 $751·1,000 $12.50
$101·250 $6.00 $1.001-1500 $16.50
$251·500 $8.00 $1.501-2,000 $20.00
$501-750 $10.50 $2,001 and up $25.00

SCOPE 4V2 Digit LCD

Bench Digital Multimeter

Model $lIftllClJ;
DVM-6005 ."V·

Test lead set&6 "0" size batteries included • 0.4" high
characters • Conversion period: 500milliseconds
• Automatic, negative polarity

FORDHAM Sweep Function Generator

Model FG-801 $21tlQ5
(Reg. $289.95) V
Test leads included. 7 frequency
ranges, 0.2 Hz to2 MHz • Accuracy
to ±5%

HITACHI 35 MHz Dual Trace OSCil!oggls0

- Model V-355 $5
t (Reg. $899.95)

Probes included. Thin, lightweight,
compact. Large 6" rectangular,
internal graticule CRT • Autofocus

Q;T-#');;;•• ii••--- ._·......·--·' .;.;1 .

SCOPE 3V2 Digit capacitance

Model ~Cl~
DCM-602 "u:r-
Test leads included • 8 ranges with full
scale values to2000uF• LSI circuit
• Crystal time base • Frequency range
800Hzto8 Hz

Model
DVM-632
Deluxe test leads included
• 0.5% accuracy • Transistor

til t;i. gain test • Audible continuity
. . , checking &diode testL:i===- .10Amp measurement

71ew! MINI-METERS wIMAXI-5PECS

. SCOPE 3V2 Digit LCD
\ 0 1101 · with 8 Full Functions

$4495

SCOPE 3V2 Digital Multimeters

Model $7tlQ5
DVM-638 V

SCOPE 3V2 Digit LCD Test leads included. 11 function, 38

Multimeter $2995 ranges • Logic level detector • Audibl
Model visual continuity • capacitance and FORDHAM 550 MHz Frequency Counter
DVM-630 conductance measurement. $

Model FM-8 .eI.lClJ;
Test leads included • 0.5% Model $4875 Model S6275 k-;;;;;;;==~ (Reg. $249.95) IUV·
accuracy • 6 functions, DVM-634 DVM-636 -

\~:!~~, Completely assembled, pre-tested,
19 ranges • Automatic zero • 7 function , 32 ranges • 8 function , 37 ranges precalibrated • High intensity 8-digit
adjust • Low battery indication • Transistor measurement • Capac~ance measurement LED display

~~e;;~es~~;;~~;~:ce SCOPE Pocket Sized Audio t/~! ::::::--...:......:.----

$37995
Signal Generator

Model Mod I $etlQ5
' - '- 2120 RC-5~5 UV

l lM] l .. .. Probes included • 20and 26 i Test leads & 9Vbattery included. Low
IV"""''- MHz bandwidths • TVVand ' ~; .::!. . distortion sine-wave signal. 46 step

TVH • X·Yoperation • Trace rotation: adjustable i ==- selected frequency. x1 range 20Hzto
front panel ._Channel 1output i , . _ . 1.5KHz/x100 range 2KHz to 150 KHz

• .Z LrJ Phone orders accepted. ~fVtokAlrR€e~

Fordham ~~~ 800·645·9518
260 Motor Parkway, Hauppauge, NY 11788 In New York State 800-832·1446
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Bearcat" 800XLT-MA
List price $49 9 .9 5/C E price S289.95/SPECIAL
12-Band,4O Channel. No-crystal scanner
Priority control. Search/Scan. AC/DC
Ba nd s: 29-54, 118 -174,406'51 2,806-912 MHz .
The Uniden 800 XLTreceives 40 channels in two banks.
Scans 15 channels per secon d. Size 9 W ' x 4'h" x 12'h ."

OTHER RADIOS AND ACCESSORIES
Panasonlc RF-2600 ·MA Shortwave receiver $179.95
RD55·MA Vniden Visor mount Radar Detector $98.95
HEWI BC70XLT-MA Bearcat 20 channelscanner $169.95
BC 145XL-MA Bear cat 16 channel sca nner $98.95
BC l4Q-MA Bea reat 10 cha nnel sca nne r $89.95
BC 21OXW·MABeareat 20 channel scanner $169.95
BC·WA·MA Bear eat Weather Alert- , $38.95
PC22 ·MA Uniden remote mount CB transce iver $9 9.95
PC55·MA Vn iden mobile mount CB transceiver $59.95
HEWI Rl 080·MA Rege ncy30 channelscanner $118.95
HEWI R1 090-MA Regency45 channelscanner $148.95
HEWIINF1 ·MA Rege ncy Informant scanner $289.95
UC102·MA RegencyV HF2en. 1Watt transceiver $124.95
P1405·MA Regency5ampregulatedpowersupply $69.95
P1412·MA Regen cy 12 amp reg. power supply $164.95
MA549·MADr op-incharqer IorHX1 200&HX1500 $84.95
MA518·MA Wall charger for HX1500 scanner $14.95
MA553-MA Carrying case for HX1 500 scanner. $19.95
MA257-MA Cigarette lightercord for HX12/ 15oo $19.95
MA917·MA Ni-Cad batterypackforHX1 000/1200 $34.95
SMMX700Q-MASvc. man. for MX7000&MX50oo $19.95
B-4·MA 1.2 V AAA Ni-Cad batteries (set of four) $9.95
B-8-MA 1.2 V AA Ni-Cad batteries (set of eight) $17.95
FB-E'MA Frequency Directoryfor EasternU.S.A $14.95
FB-W'MA Frequency DirectoryforWesternU.S.A $14.95
ASQ-MA Air Scan Directory , $' 4.95
SRF·MA Survival Radio Frequency Directory $14.95
TSG·MA"TopSecret" Registryof U.S.Govt . Freq $14.95
TIC·MA Techniques for Intercepting Comm $14.95
RRF·MA Railroad frequency directory $14.95
EEC-MA Embassy&EspionageCommunications $14.95
CIE·MA Covert Intelligenct, Elect. Eavesdropping $14.95
A60·MA Magne t mount mobile scanner ante nna $35 .95
A70·MA Base station scanner ante nna $35 .95
USAMM-MA MagmountVHF/UHFanl.w/ 12' cable $39.95
USAK'MA \\ " hole mount VHF/UHFant.w/ l l' cable $35.95
USATLM-MA TrunkIipmountVHF/UHFantenna $35.95
Add $3.00 shipping for all accessories ordered at the same time.
Add $ 12.00 shipp ing per sho rtwave receiver.
Add $7 .00 shipping per scanne r and $3 .00 per antenna.

BUY WITH CONFIDENCE
To get the fastest delilfery from CE of any scanner,
send or phone your order directly to our Scann er
Distr ibut ion Center" Michigan residents plea se add 4%
sales tax or suppl y yo u r tax 1. 0 . number. Writt en pur­
chase ord ers are accepted from approved government
agenc ies and most well rated firms at a 10% surcharge
for net 10 billin g. All sales are subject to avai lability,
acceptance and verification. All sales on accessories
are li nal. Price s, terms and specifications are subje ct to
change without notice. All prices are in U.S. doll ars. Out
of stock items wi ll be placed on backorderautomatically
unless CE is instructed differently. A $5.00 additio nal
handling fee will be charged for all orders wi th a
merchand ise to tal under$ 50.00. Shipments are F.O.B.
Ann Arbor , Michigan . No COD's. Most products that we
seil have a manufacturer' s warranty. Free cop ies of
warr anti es on these products are availabie prior to
purchas e by writi ng to CEo Non-certified checks require
bank clearance. Not responsible fortypographical errors .

Mail orders to: Communications El ec t ro n­
ics" Box 10 4 5 , Ann Arbor, Michiga n 48 106
U.S.A. Add $ 7 .0 0 per scanner fo r R. P.S ./ U.P.S.
ground shipping and handling in the continental
U.S.A For Canada, Pu e rt o Rico, Hawai i, Alaska,
or APO/FPO del ivery, s hipping c ha rges are
three t imes cont inental U.S. rates. If you have a
Dis c ove r, Visaor MasterCard, you maycall a nd
place a cred it c a rd order. Order toll-free in the
U.S. DiaI800-USA-SCAN. In Ca nada, order toll­
fre e by cal li ng 800-221 -3475. FTC C Te lex any­
time, d ia l 8 25333. If you are o utside the U.S.
o r in M ichigan diaI 31 3-973-8888. Order today.
Scanner Distr ibu tion Cente r- and CE logos are trade­
marks of Communications Elect ronics Inc.
*Bearcat is a regist ered trad emark of Unid en Corp orati on .
t Regency and Turbo Scan are regi ster ed trad emarks of
Regency Electronics Inc. AD #050 487-MNM3
Copyri9ht c 1987 Communications Electronics Inc.

For credit card orders call
1-800-USA-SCAN

C~OMMUNICATIONS
"ELECTRONICS INC.
Consumer Products Division
P.O. Box 1045 0 Ann Arbor, Michigan 48106 -1045 U.S.A.
Call8DO-USA-SCAN or outstde U.S,A. 313·973·8888
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*** SPECIAL SAVINGS COUPON ****** FREE DURACELLo Batteries Included ******* Free local frequency directories ****
Save even more with thi s special coupon. As long as
your orde r is prepaid by money order, you' ll get extr a
speci al pricing on ite ms listed in this coupon. In addit ion,
if you orde r a Bearcat 50 XL or Regency HX1500 scanne r
with this coupon, you'll get a free set of Duracell
batte ries which we recommend for best perf ormanc e. If
you buy a Regency Z60 or Z45 scanner using thi s
coupon, you' ll get a free Fox freque ncy directo ry worth
$ 14.95. This coupon must be included with your prepaid
order. Credit cards and quantitydiscounts are excluded
from th is offer. Offer valid only on prepa id orders mailed
dir ectl y to Comm unications Electronics Inc., P.O. Box
104 5 - Dept. M3, Ann Arbor, Michigan 48106-1045
U.S.A. Coupon expires Jul y 31, 1987 . C ou po n may not
be used in conjunction with any other offer from Com­
munic ations Elect roni cs Inc. Be sure to add shipping &
handl ing fees listed in this ad (add $3.00 for shipping
free books or batt eries) .
RH250B-M3 Regency 25 W. VHFTransceiver $299.95
RH600B·M3 Regency 60 W. VHF Transceiver $388.95
RU150B·M3 Regen cy 15 W. UHF Transceiver $399.95
UC102·M3 Regency 1 W.VHF2 channe l trans $119.95
HX1500 -M3 Regency 55 c hanne l scanner $2 17.95
Z60·M3 Regency 60 ch annel sca nner $ 158 .95
Z45·M3 Regency 45 channel sca nne r. $148.95
BC100XL·M3 Bearcat 16 channel scanner $177.95
BC800XLT·M3 Bearcat 40 channel scanner. $278.95
INF1·M3 Regen cy Informant scanner .. .. .. $249.95
BC21OXW·M3 Beare at 20 channei scanner. $168 .95
BC50XL·M3 Beareat 10 channel scanner $1 13.95
RD55·M3 Vniden Radar Detector $97.95

***SPECIALSAVINGSCOUPON***

NEW! Scanner Frequency Listinas
The new Fox sca nner freq uency di rectories wil l hetp you Trnd
all the action yo ur scanner can listen to. These new list ings
inclu de poli ce, fire. ambulances & rescue squads, local
governm ent , private police age nc ies. hospitals, emerge ncy
medi cal channels, new s medi a. forest ry radi o se rvice, rail­
roads. weather stati ons, radio co mmon carriers, AT&T mobile
tele phone. util ity co mpanies. general mobile radio service,
marine rad io service. taxi cab co mpanies. tow tru ck co m­
pani es, t rucki ng co mpanies , business repeaters, business
radi o (sim plex) fed era l government, funeral dire ct ors, ve t­
er inarian s, bus es, aircraft, space sate lli tes, amat eur radi o,
broadcast ers and more. Fox frequency list ings featur e ca ll
Ie-tter cross reference as well as alphabeti cal lis ting by
licensee name, police codes and signals. These Fox direc­
tories are $14.95 each plus$3.00 shipping.Stateof Alaska­
RL019-1; State of Arizona-RL025 -1; Buffalo, NY/ Erie, PA­
RLOO9-2; Chicago, IL-RL014·1 ; Cincinnati! Dayton. OH­
RL006-2; Cleveland, OH-RL017'1: Columbus. OH-RLOO3'
2; Dallas/Ft. Worth,TX-RL013·1 ; Denver/Colorado Springs.
CD-RL027·1; Detroit, Mil Windsor, ON- RLOO8-2: Fort
Wayne, IN/Li ma, OH- RLOO1 -1: Hawaii/Guam-RL015·1:
Indianapolis, IN-RL022·1; Kansas City, MO/ K&-RL011·2 :
Long Island, NY-RL028-1: Louisville/ Lexington, KY- RLOO7­
1; Milwaukee, WIIWaukegan,IL-RL021-1 ; Minneapolis/St.
Paul, MN-RL010·2 ; Nevada/E. Central CA- RL028-1: Ok­
lahomaCity/ Lawton, OK- RLOO5-2;Orlan do/Daytona Beach,
FL-RL012·1 ; Rochester/Syracuse, NY-RL02Q-l ; SanDiego,
CA-RL018·1; Tampa/St. Petersburg, FL- RLOO4·2 : Toledo,
OH-RL002-3 . Regi onal dir ect ories wh ich cover poli ce, fir e
ambulance & rescu e squads , local gov ernme nt, fore stry ,
marine radio, mobile phone. aircraft and NOAA wea ther are
available for $19.95 each. RDOO1-1 covers AL, AR, FL, GA,
LA, MS, NC, PR, SC, TN& VI. RDOO2·1 covers IL, IN, KY, MI,
OH & WI. For an area not shown above call Fox at 800-543'
7892 or in Ohio 800-621'251 3.

Regency@HX1500-MA
List pri ce $3 69 .95/C E price S218.95
11-Band, 55 Channel • Handheld/Portable
Search • Lockout • Priority • Bank Select
Sidetit liquid crystaldisplay. EAROM Memory
Direct ChannelAccess Feature. Scan delay
Bands: 29,54, 118-136, 144-174, 406-420, 440-512 MHz.
The new ha nd he ld Regency HX1500 scanner is
fu lly ke yboard programmable for the ultimate in
versat i lity . You can scan up to 55 c ha nne ls at the
same time includ ing the AM aircraft band. The LCD
display is even sid elit for night use . Inc ludes belt
clip, f le xible antenna and ea rpho ne. Operates on 8
1.2 Vo lt rec ha rgeable Ni-cad batt eries (not inclu ded).
Be sure to order batteries and batt e ry c harger from
the accessory lis t in th is ad .

Bearcat" 100XL-MA
List price $349.95/CE price S178.95/SPECIAL
9-Bsnd, 16 Chsnnel • Priority. Sesn Delsy
Search. Limit. Hold. Lockout. AC/DC
Frequen cy range: 30-50, 118-17 4, 406-512 MHz.

Includ ed in our low CE price is a sturdy carrying case,
earp ho ne, battery charger/ AC adapter, six AA ni-cad
batt eries and flexible antenna. Order yourscanner now.

Regency
RH2 50

Com mu nications Electronics:
the world's largest distributor of rad io
scanners, introduces new lower prices
to ce lebrate our 16th anniversary.

NEWI Regency'if TS2 -MA
Allow 30-120 days for delivery after receipt of
order due to the high demand for th is product.
List pr ice $499. 95/C E p rice $319.95
12-Band, 75 Channel. Crystal/ess. AC/DC
Frequency range: 29-54.118, 175, 406-512,806-950 MHz.
The Regency TS2 scanner lets you monitor
Mil itary, Space Satellites, Government, Rai lroad,
Ju st ice Depart ment, State Department, Fish &
Ga me , Im migrati on , Marine , Police and Fire Depart­
ments, Ae ronautical AM ba nd, Paramedics, Am­
ate ur Rad io, p lu s thousands of oth er radi o fre­
quencies most scanners can't pic k up . The Reg en cy
TS2 featu res new 40 channel per second Turbo
Sca n" so you wont miss any of the act ion . Model
TS1-MA is a35 channe l ve rs ion of this radio w ithout
the 800 M Hz. band and costs o nly $ 23 9.95.

Regency@Z60-MA
List pric e $299.95/ C E price $1 84.95/SPEC IA L
a-Band, 60 Channel • No-crysta l scanner
Bands: 30-50,8 8-108, 118-136, 144-174,440'512 MHz.
Th e Regency Z60 covers all the public service
bands pl us aircraft and FM m us ic for a tota l of
e ig ht bands. Th e Z60 also feat ures an alarm
clock a nd p riority contro l as well as AC / DC
operat ion. O rder today.

Regency@Z45-MA
List pri ce $259.95/ C E price $159.95/SPECIAL
7-Band, 45 Channel • No-crystal scanner
Bands : 30-50, 118-136, 144-174,440-5 12 MHz.
The Regency Z45 is very sim ilar to the Z60 model
listed above however it does not have the comme r­
cia l FM broadcast band. The Z45, now at a
specia l pr ice from Comm uni cat ions Elect ron ics.

Regency@RH250B-MA
List price $699.95/CE pr ice $329.95/SPECIAL
10 Ch annel . 2 5 Wa tt Transceiver. Priority
The Regency RH250B is a ten -channe l VHF land
mobile transceiver designed to cov er any frequency
between 150 to 162 M Hz. Since th is rad io is
synthesized, no expensive cry sta ls are needed to
store up to ten f req ue nc ies w ithout battery backup.
All radios come wit h CTCSS to ne and scanning
capabil ities. A monit or and nighVday switch is also
standard. This transceiver even has a priority func­
t ion. Th e RH250 makes an id ea l rad io for an y pol ice
or f ire de partm en t vo lunteer because of its low cost
and hig h performance. A 60 Watt VHF 150-162
M Hz. v ers ion call ed the RH600B-MA is available
for $43 9.95 . A UH F 15 watt version of th is rad io
ca lled t he RU 1 5 0B- MA is als o avail ab le and cove rs
450-482 M Hz. but the cost is $439.95.

Bearcat" 50XL-MA
List pr ice $ 19 9 .95/C E price S114.95/SPECIAL
1~Band, 10 Channel. Handheld scanner
Bands: 29.7-54, 136-174, 406-5 12 MHz.
The Uniden Bearcat 50X L is an econ omical, hand­
held scanner with 10 channels coverin g ten fre­
quency bands. It feat ures a keybo ard lock swi tch to
prevent accidental entry and more. Als o order the
new doub le- lo ng lif e rechargeable battery pack
part # B P5 5 for $29.95, a plug -in wall c harger, pa rt
# AD1 00 fo r $ 14 .9 5, a carry ing case part # VC001
for $ 14 .95 and al so order op tional cigarette li ghter
cable part # PS001 for $ 14.95.

NEW!
Turbo Scan™
Scanners



key subjects like instru­
mentation, digital and com­
puter controls, servomotors
and feedback systems, fluidics,
lasers, and optoelectronics.
And it's all reinforced with
practical, hands-on experience
to give you a priceless con­
fidence as you build a program­
mable, mobile robot.

Program Arm and Body
Movement, Even Speech

Designed expecially for
training, your robot dupli­
cates all the key elements of
industrial robotics. You learn
to operate, program, service,
and troubleshoot using the
same techniques you'll
use in the field. It's
on-the-job train­
ingathome!

to grow, salaries have no place
to go but up!

Build Your Own Robot
As You Train at Home

Now, you can train for an
exciting, rewarding career in
robotics and industrial control
right at home in your spare
time. NRI, with 70 years of
experience in technology
training, offers a new world of
opportunity in one of the most
fascinating growth fields since
the computer.

You need no experience,
no special education. NRI
starts you at the beginning,
takes you in easy-to-follow,
bite-size lessons from basic
electronics right on through

The wave of the future is
here. Already, advanced robotic
systems are producing every­
thing from precision electronic
circuits to automobiles and
giant locomotives. By 1990,
over 100,000 "smart" robots
will be in use.

Over 25,000 New Jobs

Keeping this robot army
running calls for well-trained
technicians . . .people who
understand advanced systems
and controls. By the end of the
decade,conservativeestimates
call for more than 25,000 new
technical jobs. These are the
kind of careers that pay
$25,000 to $35,000 a year right
now. And as demand continues

Learn robotics and
you build this
NewNRI home training
prepares you for a rewarding
career in Americas newest
high-technology field.
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o You get and keep Hero 1 robot with gripper arm and speech synthesizer, NRI
~ Discovery Lab for electronic experimentation. professional multimeter with
([ 3112-digit LCD readout. 51 fast-track training lessons.
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industrial control as

Your mobile robot duplicates functions of state-of­
the-art industrial units.

McGraw-Hill Contin ui ng
Education Center
393 9 Wisconsin Ave,
Washington. DC 20016

NRI SCHOOLS

experiments,
demonstrations, and
equipment are
carefully integrated
with 51 clear and
concise lessons to
give you com plete
confidence as you
progress. Step-by­
step , NRI takes you
from the beginning,
through today , and
into an amazing
tomorrow.

WE'LL GIVE YOU TOMORROW.

Send for Free
Catalog Now

Send for NRI's
big free catalog
describing Robotics
and Industrial
Control plus over a

dozen other high-technology
courses. You'll see all the
equipment you get in detail.
get complete descriptions of
every lesson, find out more
about career opportunities for
trained technicians. There' s
no cost or obligation, so send
today. Your action today could
m ean your future tom orrow.
If the card has been removed ,
please write us today.

~t1rboards
for convenient
experimenta­
tlon and
mai nt ena nce.

Senses
motio n,
sound. Ught,
distance.

Front-wheel
drive with
t z-tnc n
turning
radius .

Arm - ...........,fFi:3
provides 5
axis of
moti on .

Stepper---~,...
motors
rotate ann
and wrist .
extend
gripper up
t05' ,

Rechargeable ..........
gel -type
ba tteries for
in dependent
ope ration.

reinforce your learning on a
real-world basis. You get profes­
sional instruments, including a
digital multimeter you'll use in
experiments and demonstra­
tions, use later in your work.
And you get the exclusive NRI
Discovery Lab", where you
examine and prove out theory
from basic electrical concepts
to the most advanced solid­
state digital electronics and
microprocessor technology.
Devised by an experienced

team of engineers and.
educators, your

Building this exciting
robot will take you beyond the
state of the art into the n ext
generation of industrial
robotics.

You'll learn h ow your
completely self-powered robot
in teracts with its environment
to sense light , sou nd, and
motion. You program it to
travel over a set course, avoid
obstacles using its sonar
ranging capability. Program
in com plex arm and body
movements using its special
teaching pendant. Build a
wire less remote control device
demonstrating independent
robot control in hazardous
environments . You'll even
learn to synthesize speech
using the top-mounted
h exadecimal keyboard.

Training to Build a
Career On

NRI training
uniquely incorporates

hands-on building
experience to

#' ~" -~ . :=e--;;, . ,. ~. ..",..., ....... _. .... . .. , ..., ... ...
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ENERGY STORAGE IN 2001
Here's an adde ndum to my art i­

cle , " Energy Techn ol ogy in the 21st
Centu ry," w hich beg an on page
107 of the May 1987 issue of Radio­
Electronics:

Recentl y, a new superconduct­
in g oxide material has been dis­
covered by two uni versity research
teams . Th at mate r ia l ma int ain s
zero electrica l resistance at tem­
per atu res as " h ig h" as - 150°F;
cont rast that w it h th e maximum
supe rcond uct ing temper ature of
niobium-tin w ire, wh ich is - 450°F,

con tinued on page 29

7,1943) he says:
"By 1900 Tesla had paten ted a

wireless system, much of w hic h
was used later to make com mer­
cial wire less possible ....These very
mean s were used much later by
Ma rconi and ot hers who appropri­
ated Tesla's ideas.

"Tesla in du e ti me brought sui t
against Marconi, but could not es­
tab lish his patent rights in court
an d b la me d hi s fa il ure o n th e
paucity of tec hnical know ledge of
the t imes, of the lawyers and the
co urt. When , many years later, hi s
language had becom e clear, even
to a medi ocre tec hnician, his pat­
ents had run o ut. Neverth el ess,
the re wou ld have been no wirel ess
t ransmissio n w it ho ut Tesla's fun­
damental wo rk. "

Gernsback did not know it , but
at th at very ti me, proceed ings th at
wo uld recti fy t he inj ust ice wer e
under way. On June 21, 1943, the
Supreme Court di sall owed M ar­
coni's fundamental patent, on th e
basis of "ea rl ie r work byTesla" and
ot he rs. It's a tr ue pi ty that Tesla did
not live six more months!

Not only d id Tesla out line th e
co nce pts - he was act ive in de­
velo ping the instruments used in
practi cal wo rk. He devised th e ro­
tary spark gap and was the inven­
to r of th e osc i l lat ing arc , later
adapte d and used by de Forest for
ph on e and in mu ch marine tele­
gra phy. He pi on eered the hi gh­
frequency gene rato r, used by Fes­
se nde n in t he fir st tel eph on e
broadcast , and w hich became th e
standa rd hi gh-power tran smitter
until it was supe rseded by tubes in
the 1920's.
FRED SHUNAMAN(former Editor,
Radio-Electronics)

TESLA, FATHER OF RADIO
I have fol lowed with interest Ra­

dio-Electro nics' "Ant iq ue Rad ios"
co lumn, b ut I was disappoi nted
with the treatment of Tesla in the
installment that appea red in th e
March i ssu e. Far fro m bei ng
among t he invent or s " w h o
wo rked with elect ric ity, but were
not invo lved w it h wi reless,"
Yugos lav-born Ni kol a Tesla, as ear­
ly as his lecture at the Franklin In­
stitute, in Phil adelphia, in March ,
1893, suggested a syste m co nsist­
ing of "a n electrica l oscillator, or
source of alte rnati ng current," one
of t he terminals of whi ch would
connect to Earth, the ot her to "a n
insul ated body of large surface ."
That, he thought, might be used to
transmit "intell ige nce, or perh aps
even power, to any d istance.. ..1am
firmly conv inced that this can be
done and hope that we shall live to
see it done."

Tesla cont inued, taki ng out sev­
eral patents, and in 1899 gave a
demonstrat io n of radio remote
co n t ro l in Mad i so n Sq uare
Garden, New York City. Mode l
boats in a large tank we re starte d ,
st ee red, and stopped by rad io
waves from a short distance .

If that is so, w hy then isn't Tesla
haile d as the invento r of radi o ?
Hugo Gernsback had the answer.
In his art icle " Nikola Tesla, th e Fa­
ther of Wi reless," w ritten on th e
occasion of Tesla's death , (Janu ary

Suit e 14, Newport Beac h , CA
19663.

The model rockets mentioned
in th e article are mad e by Estes
Industries, Highway 50 West, Pen­
rose, CO 81240, and use the P100 in
th eir launcher to provide a sudden
high-current surge to ig nite th e
chem ical engine. The batte ry is
also being used in medi cal ap­
p lications, rang ing fro m the car­
diac mon itor in magn et ic reso­
nance imagi ng, to a portabl e de­
fibr illator, to hospita l th er­
mometers.

Small quantit ies of th e P100 and
P500 batteries are availab le from
Tim e Craft Industri es, 1300 Galaxy
Way, Concord, CA 94520. (In Cal­
ifo rn ia, call 1-800-642-0232; th ose
outs ide of Califo rnia, sho uld call
1-800-227-2480.)
FRED COHEN
PowerCard Corporat io n

VIDEO OUTVIDEO IN

Call or Write for FREE Catalog

'Firestilt' Antenna Company
2614 East Adams

Phoenix, Arizo na 85034
(602) 273-7151....-.

YOU CAN HAVE SECOND
BEST OR, 'Firestilt'!

BOX 41865-F
PHOENIX, AZ 85080
(602) 581-1973

CIRCLE 120 ON FREE INFORMATION CARD

VIDEO TAPE COpy
PROTECTION

. GOT YOU DOWN?

ELEPHANT ELECTRONICS INC.

"When CB was legalized in England,
'Firestik' antennas were barred from sale
because the emitted signal was too
strong . Fortunately, no other count ry.
including the U .S . , limits ante nna
efficiency ."

FACT

STABILIZE YOUR PICTURE
WITH THE NEW, IMPROVED

LINE ZAPPER

THE MOST POPULAR
WIRE-WOUND CB ANTENNAS

IN THE WORLD
Because... they perform!

LINE ZAPPER

Both ered by brig ht ness cha nges, ver tica l jump ing and
j itt ering . and video noi se? Tir ed o f renting or buyin g
tapes and bei ng for ced to watch an unstabl e washed o ut
picture? So lve your prob lems with t he Line lapper.

The LIne Zapper accepts direct v ideo from an y VCR
and monitors th e sig na l. lin e by v ideo li ne. When it sees
the copy pr otect io n signa l it Zaps it , g iving yo u a no r­
mal , cl ean Sig na l at the output .

Available in both ki t form and fu lly assembled . The k it
is o nly $69 .95 (No t recommended for th e beginner) p lus
$3 .00 shipping . Assembled . tested units wi th a 9 0 day
wa rranty are only S124.95 pl us $3 .00 shipping .

Arizona residents must add 6 .7 % sales tax . Please
allow 6 to 8 we eks for de livery. Dealer inquiries
welcome.

CIRCLE 100 ON FREE INFORMATION CARD
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Instruments

EOUIPMENT

REPORTS
Leader LCD-I00 Portable

DMM/Storage Oscilloscope

HM205-2
2 year warranty

CIRCLE 9 ON FREE INFORMATION CARD

A new Storage Oscilloscope
with 5MHz sampling rate.

This inst rument offers all the outstanding features of a
state -of-the art 20MHz realtime osci lloscope . In addi­
t ion. it prov ides digital storage capability for signals be­
tween 50s and 51ls duration. Maximum memory is
1024x8 bits for each channe l. A Dot Join feat ure per­
mits linear interpolation between samp le points. An X­
Y reco rder opt ion and an optional GPIB interface allow
full integration in automatic test systems.
In many cases, the HM 205-2 can easily replace consid ­
erably more expensive digital storage osci lloscopes.

Price incl. 2 Probes 888,- $

21CIRCLE 62 ON FREE INFORMATION CARD

Demonstration of the
excellent transmis­
sion performance of
the HM 205-2 in
analog mode with a
fast risetime 1MHz
square wave signal.
All HAMEG Oscillo­
scopes are specified
to have less than 1%
aberrations and over­
shoot.

This screen photo
shows a 20kHz sine
wave signal in stor­
agemode.The screen
resolution of 1024 x
256 points offers an
outstanding display
that can easily be
compared to ·those
found on analog in­
struments .
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Here's a 200-kHz digital storage scope
you can (almost) fit in your pocket.

HAVE YOU EVER W ISHED FOR A COMPACT AND PORTABLE TEST

instrument that comb ined the features of a d ig ita l
multimeter with those of a storage osc i lloscope yet
we ighed on ly about two pounds? Probably not-it
sou nds too good to be tr ue . But Leader Instrume nts
Corporat ion (380 Oser Avenue, Hauppauge, NY
11788) has developed just such an in str ument : their
LCD -100.

Not everyone needs an oscil loscope that can be
hel d comfortably in the pa lm of his hand.. But if
portabi lity is important to you, the LCD-100 is worth
loo ki ng at. When you first see it, you' ll be tempted to
say, "Gee, that's cute!" But when you look more
closely, you' ll be impressed by what it can do.

Basic specifications
The scope has a bandwidth of 200 kHz, a vertica l

sensitivity of 10 mi llivo lts/div, and a rated accuracy of
±4%. Its multimeter section offers autoranging mea ­
sure ments of res istance, vo ltage, and current. The
input impedance is 1 megohm.

The osc i lloscope disp lay is a 64 x 192-p ixe l dot
mat rix LCD. The setti ngs of the scope's contro ls are
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Bad .e.s For Escort
Dear Customer, From Drew Kaplan

Escort has ignored OAK's second, one-on-one Maxon versus Escort radar challenge. And f rankly, I'm f ighting mad . I suppose
th ey have a right to ign or e me. But after refe rring t o my challenge as only an "advert isi ng gambit" and call ing Maxon 's radar
detector an off-shore, primitive , and bo ttom-end un it, I'd think t hey 'd be glad to wipe us out in a head to head duel to t he death.
But, I'm rea lly mad for two other reasons and I think that you may be as fascinated by t hem as I am.

Mad Rea son 1. Road and Track Mag- wa ve's advertis ing cure for the Rashid t here's a do g in t he road, dirt on th e
azine he ld an independent general radar VRSS Collision Avoidance System. radar sensor, or how to compensate for
detector test in their September 86 issue. The Rashid VRSS system, as described the different stopping distances encoun-

As far as I can see, Maxon beat Passport in Popular Science magazine, January tered on dry, w et, icy or snowy roads.
in Un interrupted Alert , and Passport beat 1986, sends out a rada r signal on the K lion IIIPOR"••" PAR"
Maxon in Initial alert. Now to be fair , band ahead of your car. The good part is Speaking of advertising gambits, in
neither of us seem to have beaten the that it can help you avo id runn ing into virtually every magazine I pick up, I've
other by even 2 seconds at 55 miles per things higher than your front bumper. been seeing Cinc innati 's Bad News for
hour. So, we did n't win or lose by much. The bad news is t hat since it operates on Radar Detector ads spelling out the ob -
And, Maxon 's $9990 detector was test- K band, it sets off radar detectors. solescence of all other detectors.

ed against t he $295 Passport, not the Well, hats off to Cincinnati Micro- If it's such an impor tant featu re tha t
$245 Escort we challenged. What's in- wave. I've tested the Passport against distinguishes them from us, there had
teresting is that Road and Track had nice the Rash id unit and , as usual, they have better be some of these devices on the
things to say about Passport and even done a splendid job. While every other road, or Cincinnati Microwave's credibil­
about Escort, which wasn't even included detector I tested, inc luding Maxon's, was ity may just be on the road as well.
in the tests any more. driven crazy, the irs didn't utter a peep. I will add $10,000 to my Escort/

Now, if you've been following OAK's But then, my Maxon hasn't uttered Passport challenge if Cincinnati Micro-
challenge, you know we've only been any peeps lately either and let me tell wave can prove that there are even 1000
challenging Escort. If you've read Road you why. I was on my way to the Far East Rashid units on the road anywhere in
and Track's tests, you'll be amazed when to visit Maxon, so I asked Tom, a manager the U.S. Oh heck, I'll add $5000 if they
you read Boardroom Reports, which I've at OAK, to purchase and test the Rashid. can even find 500. (And, look at this.)
repr inted for you to the right. What's Well, did I ever hear from him. First NOTE: There are several other poten­
really interest ing is that it's the exact the un it cost $558 plus about $100 to ti al coll is ion avoidance systems on the
same person in both publications. instal l. Then buying it and find ing some- drawing boards and each may have a

Ac tua lly, Ma xon did extremely well . one to install it took almost a month. DIFFERENT FINGERPRINT.
Road and Track only used 'over hill ' and But the real reason he was unhappy So, If you're a cur rent Escort or Pass-
'around curve' tests because on straight- was that the recommended method of port owner, I suggest t hat you find out
aways the di fferences weren't worth install at ion involved cutting a 6'12"hole how many Rashid un its there are and
describ ing. (Imagine t hat !) in the front grill of his neat new car . what Cincinnati Microwave will do about

It's just as I've said in my challenge. I Well , much to my wife's chagrin, it's the 'o ther' uni ts before you pay $$$ to
don 't t hink th ere's much difference be- now installed in her station wagon. have your current detector upgraded.
tween Ma xon 's and Cincinnati's Radar After installation, it has to be set by an Besides, w ith over 3,000,000 square
detec tors when it comes to sensing radar. installer. He drives between 15 and 30 miles in the U.S., even 1,000 units would

THE CHALLENGE GROWS miles per hour toward a sol id object. work out to less than one un it for every
In view of t he op inions sta ted in the When the installerthinks he's reached a 3,000 squa re miles.

art ic le in Boardroom Reports about the safe stopping distance, he adjusts the If a major car company successfully sells
$245 Esco rt, OAK hereby adds the $295 warning alarms to sound. Then in the a collis ion avoidance system , then Maxon
Passport to ou r challenge. future, when a similar distance is reached, will be ready. But, the car companies

Mad Reason 2. Did you ever hear lights will flash and an alarm will sound. currently can't even get consumers to
about the cure for dandruff that was Of course, if you accelerate too quick- pay $200 for air bags . So, you decide. Is
developed in the middle-ages? It was Iy into a lane behind another car the it significant, or an advertising gambit?
t he gu illotine. And frankly, I think you same alarms can go off. BelowistheNEWversion of the chal-
should be aware of Cincinnati Micro- And, l haven't figured out what to do if lenge. Escort, a reply please!

A s~.,••• Challen8e "0 Escon
Let's cut through the Radar Detector Glut. We challenge Escort & Passport to a one on one Distance and Falsing
'duel to the death' on the highway of their choice. If they win, the $20,000 check pictured below is theirs.

By Drew Kaplan

We've put up our $20,000. We chal­
lenge Escort to take on Maxon's new
Dual Superheterodyne RD-1 $9990 radar
detector on the road of t heir choice in a
one on one conflict.

Even Escort says that everyone com­
pares t hemselves to Escort, and they're
right. They were t he f irs t in 1978 to use
superheterodyne circuits and they've got
a virtual stra nglehold on the mag azine
test reports.

But , the real question today is: 1) How
(f) many feet of sens ing difference, if any, is
o t her e betw een this top ofthe line M axo n
Z Detector and Escort's or Passport's? And
1i? 2) Which uni t is more accurate at inter­o pre ting real rada r ve rsus false signals?
w So Escort, you pick the road (contin­
Ld ental U.S. pl ease). You pick the equip-
o ment to create the false signals. (Don't
o forget our $10,000 Rashid challenge).
r? And finally, you p ic k the rad ar gun.

Maxon and OAK will come to your
. . .Next Page Please
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· . .Challenge Continued
highway w ith engineers and equipment
to verify the results.

And oh yes, we'll have the $20,000
check (p ictured) to hand over if you beat
us by more t han 10 feet in either X or K
band detection with the Escort, or by 2
seconds at 55mph with the Passport.

BOB SAYS MAXON IS BETTER
Here 's how it sta rted. Maxon is a mam­

moth electron ics pr ime manufacturer.
They actually make all types of soph is­
ticated electronic products for some of
t he biggest U.S. Electronics Companies.
(No , they do n't make Escort's).

Bob Thetford, the president of Maxon
Systems lnc. , and a fr iend of m ine, was
explaining t hei r new RD-1 anti-falsing
Dual Superheterodyne Radar detector
to me. I said "You know Bob, I think
Escort really has the market locked up."
He said, "Our new design can beattheirs".

So, since I've neve r been one to be in
second place, I said , " W ould you bet
$20,000 that you can beat Escort?" And,
as they say, the rest is history.

By the way, Bob is about 6'9" tall , so if
we can 't beat Escort, we can sure scare
the you know what out ofthem. But, Bob
and his engineers are deadly serious
about this 'duel' . And you can bet that
our $20,000 is serious.
We ask only the following. 1) The public

be invited to watch. 2) Maxon 's Engin­
eers as well as Escort's check the radar
gun and monitor the tes t and the results.

3) The same car be used in both tests.
4) We'd like an answer from Escort no
later than July 31 , 1987 and 60 days
notice of the time and place of the con­
fli ct . 5) If Esco rt can prove that there are
1,000, or even 500 Rash id units in oper­
ation, we will present them with the ap­
propriate $10,000 or $5,000 check at
the beginning of the confli ct . And, 6)
We 'd like them to come w ith a $20,000
check made out to DAK if we win .

HOW'S THIS FOR FAIR
Cincinnati Microwave w ill be deemed

the wi nner and given the check if either

Escort beats Ma xon by 10 feet in both
uni nt errupted and in itial alerts, OR if
Passport beats Maxon by 2 seconds at
55mph in both unin te rrupted and init ial
alerts. So, DAK wins only if we beat both
Esco rt and Passport.

A tie w ill exist only if both the $295
Passport and $24 5 Escort fail t o beat
Maxon's $99 90 Dual Superheterodyne
RD-1 Radar Detector.

SO,WHAT'S
DUAL SUPERHETERODYNE?

Ok, so far we've set up the conflict.
Now let me tell you about the new dual
superheterodyne technology that lets
Maxon leap ahead of t he pack.

It's a t echno logy that tests each sus­
pected radar signal 4 separate ' times
before it notifies you, and yet it explodes
into action in just 1/4 of one second.

Just imagine the sophistication of a
device that can test a signal 4 times in
less than 1/4 of one second. Ma xon 's
technology is m ind boggl ing.
But, using it isn't. This lo ng range de­
tector has all the bells and whistles. It
has separate audible sou nds for X and K
radar signals because you 've only got
about 1/3 the time to react with K band.

There's a 10 step LED Bar Graph Meter
to accurately show the radar signal's
strength . And, you won't have to look at
a needle in a meter. You can see the Bar
Graph Meter with your peripheral vision
and keep your eyes on the road and put
your foot on the brake.

So, just turn on the Power/Volume
knob, clip it to your visor or put it on yo ur
dash. Then plug in its cigarette lighter
cord and you' re protected .

And you'll have a very high level of
protection. Maxon's Dual Conversion
Scanning Superhete rodyne circuitry
combined with its ri dge guide wideband
horn int ern al antenna, really ferrets out
radar signals.

By the way, Escort, we'll be happy to
have our tes t around a bend in t he road
or over a hill. M axon's detector really
picks up 'ambush type' radar signals.

And the key word is 'radar', not trash
signals. The 4 te st chec k system that
operates in 1/4 second gives you ex­
tremely high protection from signals from
other detectors, intrusion systems and
garage door openers.

So, when the lights and X or K band
sounds explode into action, take care,
there's very likely police radar nearby.
You'll have full volume control. and a
City/H ighway button reduces t he less
important X band recept ion in the city.

Maxon's long range detector comes
complete with a visor clip, hook and
loop dash board mounting, and the power
cord cigarette adaptor.

It's much smaller than Escort at just
3Yz" Wide, 4%" deep and 1Yz" high. But ,
it is larger than Passport. It's backed by
Maxon's standard lim ited warranty.

Note from Drew: 1) Use of radar de­
tectors is illegal in some states.

2) Speeding is dangerous. Use this
detector to help keep you safe when you
forget, not to ~away w ith speeding.

Cr' OAK
~ '~OUs rRl ( S

~':~"i~~~2:~':' _

~
DAN ••••.,.R.ES

••c.
Call Toll Free For Credit Card Orde rs Only

24 HOUri A Day 7 Days A Week

RE64 ......115••• • •
For Toll Free Inform ation. Call 6AM · 5PM Monday·Fri day PST

Technical Informatio n 1-800-272-3200
Any Other Inquiries 1-800-423-2866
8200 Rommet Ave.. Canoga Park, CA 91304
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For Daisy Wheel, Dot Matrix & Ink Jet Printers

'80·· Deski:op Publjshjnll Breaki:hroullh
Imagine using a wordprocessing anddrawing program that lets you integrate charts andpictures that you 'paint'
or 'clip' into your text. Well, if you use an IBM PC or Clone, now you can have graphically dramatic documents,
from business or personal letters, to proposals, to organization charts, even with a daisy wheel printer.

By Drew Kaplan the sophisticated drawing program that Unfortunately, I couldn't have my graph-
It's easy. It's impressive. And. now lets you draw, paint. fill, expand. reduce, ics on the same page as my text.

your thoughts can be powerfully illus- copy, and move your pictures. Now, because this program can use
trated in both words and graphics. And, you'll form squares. circles and the period on the daisy wheel to create

After all , for illustrating abstract data triangles automatically. Anyone can draw all the charts and graphic symbols you
and thoughts, nothing beats a dramatic with it because it's totally automated see within this ad, I don't need to switch
chart or drawing. So, let your ideas leap and uses arrow keys and doesn't require printers any more.
off the page by using integrated text and a mouse. But, read on. And while it doesn't create the graph-
graphics. Your thoughts are sure to make Once you've selected a picture, the ics as fast as a dot matrix. the quality is
an impressive impact. computer will produce an automatically superb. Now my graphics can be irnpres-

Whether you write letters, bank pro- sized box representing it. Just pos ition sively integrated into my text.
posals. term papers, company manuals the box wherever you want the picture Note: Every single sample page shown
or news letters. you can forget com- to be in the text. in this ad, was printed out on my EXP
plicated and expensive laser printing. Like magic, the actual picture will 400 Silver Reed daisy wheel printer.
And, you can forget complicated expen- appear and the text will automatically Note:This program does not produce
sive desktop publishing programs. reformat itself around it. two column news letters in a single ac-

Now for just $89 9°, you can use your And, speaking of reformatting, this pro- tion. Simply create a double length col-
daisy wheel, dot matrix or ink jet printer grc:m will automatically make page- umn and cut it when you have it printed.
to print normal text. Plus, you can inte- breaks and recalculate each page as you No matter what printer you use . daisy
grate simply fabulous graphs and draw- write or edit. If you make an addition to wheel. dot matrix (with or without near
ings into your creations. page 1 of a 10 page report, the effect will letter quality printing) or inkjet (color or

INCREDIBLY EASY ripple through all 10 pages. single color), you'll have powerful look-
Savtek, a brain trust group, has de- So, whatever lengt h you've chosen ing documents to really present your

veloped an easy to use yet incredibly so- for each page (including headers, foot- ideas in the most professional manner.
phisticated integrated word processing ers and automatic page numbering), will DESKTOP PUBLISHING
and graphics program. automatically be preserved. Desktop publishing is about the hot-

Just create your letters, proposals, or You'll particularly like the cut and paste test category of computer programming.
reports as you would with any other features of this word processing pro- It seems that everyone has discovered the
word processor. In fact, if you already gram which allow you to copy, move or impact of combining text and graphics.
have a document created in virtually any delete sections of your text. And very impressive presentations
other word processor, you can 'grab' it Ofcourse, you 'll have automatic Word- are just what Savtek's ETG Desktop pub-
into Savtek's instantly. wrap, Hidden Hyphenation, Justified Iish ing system provides for you.

You'll produce visually powerful tech- Smooth Right or Ragged Right text. Plus. Imagine leveraging the capabilities of
nical papers and manuals with drawings you'll have Find , Replace and Search. your own IBM or Clone, your own prin-
and charts, and dramatic marketing re- And look how you can format your ter and your own keyboard to produce
ports with graphs. You 'll produce sales document. There are 5 page templates the documents you see on these pages,
proposals w ith panache. called rulers which allow you to automa- w ith nothing else to buy.

And since there's no complicated train- tically set up your page. THE 1000 WORD PICTURE
ing needed (if you can run a word pro- You can select any right and/or left First a confession. I can't draw. That's
cesser, you can run Savtek), you 'll make margins, your tabs, one, two or three why you don 't see drawings in DAK's cat­
great impressions, fast. line spacing, and the number of blank alogs. But I've been amazed at how ere-

Anyway, once you've created the wri t- lines at the top and bottom of your page . at ive I can be w ith th is paint program.
ten part of your report, using Savtek's Each of the 5 rulers comes with dif- It's easy. You do everything with the
sophisticated automatic word process- ferent default settings. But, you can ad- arrow keys and the return key. By using
ing features, you 're ready to add pic- just and save them or change them and the arrow keys you can draw in any direc-
tures, charts and graphs. even use several at one t ime on a page. tion with a choice of 12 brush shapes.

Just select from the over 100 sup- HOW DO TH E PR INTERS WORK? There's an erase function to el iminate
plied changeable pictures or draw your I use a daisy wheel printer because I anyth ing you don't like. And here's my
own, using the automated ICON based like my letters to look personal. I've favorite function. UNDO is a function
drawing program. always had to switch to a dot matrix that works throughout this program.

Later, you 'll learn much more about printer for graphs and illustrations. . ..Next Page Please
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· . .Publishing Continued
It simply removes the last thing you

did. So, no matter what you do wrong,
you're a button away from removing it.

If you don't want a solid line, just
spray an area. It's like using a spray can.

Let's say you want to connect two
points with a straight line. Use the Angle
Line. It produces a computer generated
straight line between any two points.

What if you want a circle? Just touch
the return key. Then use the diagonal
arrow key to enlarge or reduce the cir­
cle. If you use the up/down or right/left
arrows, you'll get an ellipse.

In the same way you can create squares,
rectangles or triangles. And you'll be
amazed how many things, from houses
to technical drawings, are made up of
squares, rectangles',circles and triangles.

But, that's not all. You can choose any
of 32 background patterns to fill in en­
closed areas or broad lines. And if 32
isn't enough, you can design your own.

There's so much more. You can juggle
a picture. Imagine, turning it over or
sideways with the touch of a button.

You can copy or move a picture or
even part of a picture right on the screen.
So, draw it once and copy it or move it.

But, here's my favo rite. You can en­
large or reduce any picture or part of a
picture right on the screen. So you can
change its size equally, or you can stretch
it out or make it tall and thin . Wow!

There are 12 included font/s izes. So
you can have large or small type in your
choice of styles within a picture or inte­
grated with your text.

And, each of the 12 font/sizes can be
shown on the screen and printed nor­
mally, in bold, in italic, in outline, or in
shadow. Plus, you can write normally
across the page, up the page, down the
page or upside down.

Finally, you can zoom into any small
section of the screen and edit your pic­
tures, pixel by pixel. With this kind of
power, you don't need to be an artist,
just have the ability to push a button.

You can operate this Paint program
independently. Or, you can access any
picture from within word processing.

So, for banners and pictures, you can
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Authorized 88~~=I Liquidator

XEROX®6064 PERSONAL COMPUTER
XEROX®••• They Set the Standards!

For over 20years Xerox®has been the world
leader in office products and copying
equipment They have set standards that
others can only imitate. The Xerox® 6064
Personal Computer was designed to meet
the demands of business, professional, and
personal computing today, and into the
future! We are proud to offer this complete
Xerox® System at a remarkably LOW price!
Compare for yourself...then buy your Xerox®
6064 from C.O.M.B.!

Get the Xerox® Adva ntage! The Xerox®
PC offersyou theadvantageof running IBM'·
compatib le MS'·-DOS, so you can run the
hundreds of business and professional soft­
ware programs available today! And the
Xerox®PC is easy to use! It's designed to get
you up and running as quickly as possible
with computer-aided instruction and supe­
rior documentation covering all aspects of
personal computing.

Xerox®•••Service You Can Cou nt On! If
you 're consideri ng an IBM'·-compatible,
don't be misled by price alone! The system
we are offering is a complete system...very
easy to hook up and use...and very afford­
able. But more than that,each system we sell
is backed by Xerox® service and support.
When you buy this system, your name and
computer's serial number is automatically
registered with Xerox®. Should you need
service or advice, a network of over 150
service centers stands ready to help you.
Before you buy .. .compare! Xerox<!iJ is your
best value! Check all these features:

• IBM'·-PC/XT Compatibility.
• 256KB Memory Features an 8MHz Intel

8086-2 Microprocessor for Faster Speed,
Less Waiting Time.

• Two 5%" Floppy Disk Drives, 360K Each.
• Seven Expansion Slots, Plus a Serial Port

for Communications or Printer, and
Parallel Printer Port.

• High-Resolution 640 x 400 Pixels
Monochrome Monitor, with 12" Diagonal
Non-Glare Screen, Swivel and Tilt Base.

• Standard 83-Key PC Keyboard with
Mouse Interface (Mouse Not Included.)

• Comes with ScreenMate' · , a User
Friendly Guide to the Functions of the
MS'·-DOS Operating System.
ScreenMate'· is Menu Driven...No Need
to Remember Complicated Commands!

Lets You Select from a Menu and • Four Reference Guides.
Provides Clear On-Une Instructions If • Four Software Programs: Two X-Cel'·
You're Confused About Your Next Step. Training Disks,Two Diagnostic Disks,

Comp lete Tutorial Software and GW'·-BASIC Interpreter, and MS' · -
Manuals Included: DOS/S creenMate'· Operator's Guide.
• "Getling Started" Booklet. • Twenty Blank Disks.

Over 150 Service Centers Nationally.

Manufacturer's Umited 9O-Day Warranty on Parts/Labor.

~~::drl~: ~~~ $~~~~••~~ • . . . . •. $999
Item H-2483·7129·232 Shipping , handling: $49.00 ea.

Memory Expansion Board for Xerox@ 6064 $249 00
Personal Computer: Expands the memory to 640K. Ust: • $129

Priced At .
Item H·2483-7128·978 Shipping , handling: $3.50 ea.

XEROX@ScreenMateTl
' and the id£'ntifying numben herein are b'adem arka of Xerox @: Corpo ration.

IBM''' , IBM '" PC, and PC"'·DOS are trademarks of Internationa l Business Machines Corpor ation .
MS''' -DOS is a trademark of Microsoft Corporation.

TioII •Free- 1.800 328 0609 Credit Card customers can order [ vUlr.::::n]~;=1
- •• by phone, 24 hrs. a day. 7 days a week. ~ 'CY:/~

PLEASE PRINT CLEARLY

Sign Here _

sa les outside the 48 cont iguou s states are subject to special conditions.
Please call or write to inquire.

Phone

City _

Address _

State ZIP _

Name _Item H·2483SEND TO:
C.O.M.B. Direct Marketing Corp .
1405 Xenium Lane N/Minneapoli s. MN 55441·4494
Send _ Xerox'" Personal Computer(s) Item H-2483-7129-232 at $999
each , plus $49 each for ship, hand ling.
Send_ Xerox'" Memory Expansion Board(s) Item H- 2483-7128-978 at
$129 each, plus $3.50 each for ship, handling.
(Minnesota residents add 6% sales tax. Sorry, no C.O.D. orders.)
o My check or money order is enclosed. (No delays in processing

orders paid by check.)
Charge: 0 VISA'" 0 MasterCard", 0 Discover SM 0 American Express'"

Accl. No. Exp--L.-
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indicated on th e left side of th e
LCD, leavin g a 64 x 160 dot matri x
to d isp lay the wave fo rm on a 4 x
10-divisio n grat ic ule. The di splay
measu res abo ut 4Y2 x 1Yz inch es
and dominates the fro nt panel of
the LCo-100. (The ent ire front pan­
e l m e asur e s abo u t 8:\4 x 5 Y4
inches , and th e unit is 1Yz in ch es
deep .) The rest 'of th e pan el is
b rok en into fi ve m aj or co nt ro l
g ro u p ings : ve rt ic a l am p l i f ie r,
swe e p , tri g g er, m emory, and
DMM.

The vert ical amplif ier co ntro ls,
on th e bo ttom right of th e panel
include an AC-OC/CN D input-coup­
ling sw itc h , a po sit ion cont ro l, and
th e verti cal attenuato r cont ro l. The

'­c
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Call Today Wats Free 1-800-843-3338

SeNCORe
3200 Sencore Drive
Sioux Falls. SD 57107 innovatively designed
605-339-0100 In SD On ly with y our time in mind.

Now test and restore every CRT on the
market ... without ever buying

another adaptor socket or coming up
embarrassingly short in front ofyour

customer ... or your money back

CIRCLE 1n ON FREE INFORMATION CARD

"BEAM BUILDER " is a tr adem ark of Sencore. Inc.

with the new improved CR70 "BEAM BUILDER" TM
Universal CRT Tester and Restorer

Patented $995

Have you ever?

Thrown away a good TV CRT, data display CRT, or scop e CRT that
could have been used for another two or three years because you had no
way to test or restore it?

Lost valuable customers because you advised them that they needed
a new CRT when another technician came along and restored the CRT
for them?

Lost the profitable extra $35 or more that you could have gotten for
restoring a CRT while on thejob and locked in the profitabl e CRT sale later?

Avoided handling profitable trade-ins or rentals becau se you were
afraid you'd have to replace the picture tube when you could have restored
it?

Had a real need to test a CRT on the job, but didn 't have the right
adaptor socket or setup information in your setup book?

If any ofthese things have happened to you, CALL TODAY , WATS FREE.
1-800-843-3338, for a FREE 15 day Self Demo.

LCD-100

EASE
OF USE

OVERALL
PRICE

Leader

PRICE/
/VALUE

INSTRUCTION
MANUAL

vert ical sens itivi ty can be varied
from 10 mV/div to 20 V/div division .

Th e sw ee p c o n t ro ls of th e
LCo-100are different from those of
a co nvent io nal oscilloscope. The
sweep rate can be vari ed (from 5
us/div to 20 s/div in 21 steps) by
using SLO W and FAST push buttons.
The selected rate is indicated on
th e sco pe's display. An AUTO RANGE

bu tt on can be used to auto mat­
icall y select th e tim eb ase that
provid es an optimal display of in ­
put sig nals between 50 Hz and 200
kHz.

When th e horizontal swe ep is
set at 50 rns/div o r slower, th e
LCo-100 automat ica lly switc hes to
th e ro ll mode, w hich turn s th e
screen into a st r ip-c ha rt reco rd ­
er- w itho ut th e paper, of co urse.
If yo u see someth ing on th e di s­
pl ay t hat yo u want to exa mi ne
more c lose ly, yo u can press th e
H O LD button to fr eeze th e di splay.

The tr igge r co nt ro ls includ e
LEVEL, SLO PE, and SOU RC E, wh ich op­
erate as on any ot he r scope . There
are three tri gger modes availabl e:
auto matic, normal , and sing le ­
shot.



The D ISPLAY PO SIT IO N p ush but­
to ns can also be used in the trigger
mode to vary the amount of pre­
trigger information-one of the
benef its of d igital sto rage scop es.
It allows you to see trans ients that
occur before th e tri gger.

Memory sto rage
A nothe r adva ntage t ha t t he

LCo-100 has over a co nve nt io nal
oscil loscope is the abi lity to store
waveforms in non-vol atil e mem o­
ry. In the fie ld, that co uld prove to
be a very co nve nient feature; th e
uni t co u ld be used as a sor t of log­
ging devi ce, to store w aveform s
fo r later analysis. Co nversely, ref­
erence signal s co u ld be sto red be­
fo re th e unit was taken into the
fie ld fo r co mpariso n against th e
dev ice under tes t. A n inte rna l
lithium battery holds the mem ory
even w hen the main batteri es di e.

The LCo-100 isn't o nly a di gi tal
sto rage scope : f lipp ing a funct io n
switc h t ransforms the scope in to
an autorang ing DMM . Three input
jacks ( v, COM, and MND) are lo­
cated at the top right of the fro nt

panel. Three pu shbuttons selec t
eithe r th e vo ltage, resistan ce o r
current functio ns of th e meter, and
another pushb utton selects either
AC or DC in pu ts (in th e vo ltage
and current mod es) o r standard o r
low-power resistance modes. The
DM M has top ranges of 1000 volts
DC, 750 vol ts AC (40 Hz-500 Hz),
320 milliamps, and 32 megohms.
Un fortunately, the th e DMM sec­
tion can't be used at the same time
yo u' re usin g th e scope sect ion,
and it uses different probes.

We examined an early version of
th e LCo-100, and had only a pre­
lim inary instruction manual. Our
ratin g chart , th erefore, does not
include a manual ratin g.

The LCo-100 will never repl ace
your bench scope- but it do esn't
try to . Its $950 pri ce should stop
yo u fro m even thinking about bu y­
ing it unless portability is th e most
important feature you need in a
scope. As a portable scope, The
LCo-100 is fantasti c: It's sm al l,
light , easy to use, and it 's design ed
for portability ri ght down to its
co nvenient carry ing case. R-E

CIRCLE 108 ON FREE INFORMATION CARD

CIRCLE 110 ON FREE INFORMATION CARD

I " THE RABBIT"
VIDEO MUMIPLYING SYSTEM
TR-7000
$51 95 '.• ' \) $59 .95/6-11

~. $6.9.96 /1-5

1 2 UP~

IT'S LIKE HAVING A
VCR IN EVERY ROOM

• 58 channels
• Remote channel changing
• Remote onloff switch
• Remote fine tuning

I
I
I
I
I JERROLD CORDED

CABLE TV CONVERTER
MODEL JR X3-105

I $49.95
I
I
•

~STER CARD • VISA••••••••••
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LETTERS

continued from page 20

Walk "tough dog" troubles out of
any TV & VCR in half the

time ... or your money back

with the exclusive, patented,
V A62 Universal Video Analyzer ...$3,295

Would you like to?

Reduce analyzing time: Isolate any problem to one stage in any TV or
VCR in minutes, without breaking a circuit connection, using the tried
and proven signal substitution method of troubleshooting?

Cut costly callbacks and increase customer referrals by completely
performance testing TVs & VCRs before they leave your shop? Own the
only analyzer that equips you to check all standard and cable channels
with digital accuracy? Check complete, RF, IF, video and chroma response
of any chassis in minutes without taking the back off the receiver or
removing chassis plus set traps dynamically right on CRT too? Simplify
alignment with exclusive multiburst pattern?

Reduce costly inventory from stocking yokes, flybacks, and other
coils and transformers, for substitution only, with the patented Ring­
ing Test. Run dynamic proof positive test on any yoke, flyback, and inte­
grated high voltage transformer ... in - or out-of-circuit?

Protect your future by servicing VCRs for your customers before they
go to your competition? Walk out "tough dog" troubles in any VCR chromi­
nance or luminance circuit - stage-by-stage - to isolate problems in
minutes? Have proof positive test of the video record/play heads before you
replace the entire mechanism?

Increase your business by meeting all TV and VCR manufacturers'
requirements for profitable warranty service work with this one universally
recommended analyzer?

To prove it to yourself, CALL TODAY, WATS FREE, 1-800-843-3338, for
a FREE Self Demo .. . or learn how the VA62 works first by calling for
your free simplified operation and application instruction guide, worth
$10 .00 .

and that's quite a difference.
The new discovery should have

a dramatic impact on the size and
cost of superconducting coils.
Household-sized units costing as
little as $1500 are now feasible. Fu­
ture developments may bring that
cost even lower.
Dr. STEPHEN B. KUZNETSOV

ON ELECTRONS
I would like to make a comment

on something in the March 1987
issue of Radio-Electronics. On page
61, in the article 'The Evolution of
VHSIC,"we read: "Electrons move
through the IC at the speed of
Iight. //

That is not true; only light travels
at the speed of light. Electrons can
be accelerated to very high speeds
in a vacuum, but not to the speed
of light. In a circuit, an electron 's
motion is slower, because of colli­
sions with atoms. Reducing the
trace width moves the compo­
nents closer together, thereby de­
creasing the number of time­
consuming collisions .
JONATHAN E. DARMSTADT
Potsdam , NY

FROM A HOBBYIST
I have been a reader of the vari­

ous Gernsback publications since
1946. They have gone through high
and low periods of usefulness to
both electronics professionals and
hobbyists alike.

I would like to congratulate you
on your present content and for­
mat. It is first rate: the magazine
proves to be informative and im­
pressive , without forgetting the
hobbyist's interests.

Particularly, I thank you for your
PC Service feature. That innovative
approach section makes jt far easi­
er for a hobbyist to fabricate his or
her own circuit boards. I read sev­
eral electronics magazines, and to
my knowledge, Radio-Electronics
is the only publication that has
gone to the extent that you have
done consistently, year after year,
to help the builder. Keep up the
good work and thank you.
J.L. BROWNING
Buena Park, CA

Call Today Wats Free 1·800·843·3338

SENCORE
3200 Sencore Drive
Sioux Falls, SD 57107 innouatiuely designed
605-339-0100 In SD Only with your time in mind.
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ELECTRONIC
COMPONENTS

Manufacturers of Quality
Electronic Components

Se rv ing the Nati o n f r o m Te x.. s an d C al ifornia

' BATTERY HOLDERS & CLIPS· COILS
• CA PACITO RS. CONNECTORS· FUSES
' J ACKS. KNOBS .LAMPS • PLUGS

• MICRO PHO NES . POTENTIOMETERS

• RelAYS. RESISTORS. SWITCHES
·TRAN SFORMERS . SPEAKERS · LEOS

• SEMICOND UCTO RS • RF COILS

OVEl 1' ,000 DlffEItENT ITE MS I N StOCK l

MOUSER ELECTRONICS
24 0 1 1lIVY 2 87 NORTH MANSfiElD, T X 76063

PIiON E 8 17-4 8 3· 442 2
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NEW
PRODUCTS
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gram up to 9 channe ls fo r in stant
viewing; parental lockout, w here­
by channe ls that parents do not
want th e child ren to exp lo re can
be lock ed out o n th e rem ot e-con­
trol m odul e ; en ha nce d ste reo,

sponds in stantl y to strong signals.
For full protecti on , ful l sensit iv ity
is retain ed at all ti mes fo r sho rte r
range K-band sig nals.

Both audio and vi sual ale rts are
issued . The audio ale rt has a selec ­
tabl e volum e level and features
auto shut-off afte r four " bee ps." It
id entifies th e radar band via th e
ale rt's ton e. Vi sual ale rts are issued
usin g a bank of six LED's. The LED's
fl ash in seq ue nce, w it h th e flash
rate in creasin g as the radar source
is approached .

M easuring o nly 3Y4" x 411/' x 1",
th e unit is sma ll enough to be car­
ried aro und in a bri efcase o r a coat
pock et; it can be easi ly hidden to
prevent th eft. The mod el G-300S
carries a suggested retail pri ce of
$260.00- GUL Industries Corpora­
tion, 2397 0 Crafts man Rd., Ca l­
abasas, CA 91302.

RADAR DETECTOR, th e m od el
G-300S u se s mi cropro c e ssor­
based supe rhe te ro dyne ci rc u it ry
and a GaAs di ode mi xer to provide
top sens it ivity. Th at bonu s ex t ra
edge provides maximum tim e for a
driver to check speed and slow
down if required .

Am on g its ot he r features, th e
G-300S includes ci rc uit ry th at ana­
lyzes in comin g sig na ls to el imi ­
nate false ale rts . O ne circuit looks
fo r and e l im i nates fa lse ale r ts
caused by othe r radar detect ors in
nearb y vehicles. An other sing les
o ut th e f ixe d frequen cy of poli ce
radar sig na ls fro m rand om back­
gro und sig na ls. In urban areas, a
six-seco nd del ay can be sw itc hed
in to p reve nt tr iggering by weak X­
band sig nals that may be caused by
elec t ro nic door o pe ne rs, securi ty
syste ms, etc. However, th e un it re-

SATELLITE RECEIVER, th e mod el
ESR924 i, in corporat es both an
Earth-stat io n receiver and an an­
tenn a-p o siti oning sys te m in o ne
unit. It f eatures priority vi ew,
w hic h allows the user to p re-pro-

To Get Free Catalog

Call orWrite

'1\lu benefit from 21 years of
manufacturing quality crystals
for industry, military services,
radio amateurs, citizen band
and experimenters,

JAN CRYSTALS
P.O. Box 06017

Ft. Myers, FL 33906

l_V~~A J • (813) 936·2397

CALL 1-800-237-3063
FREE (Except Florida)

Need Quick
Turnaround

on CRYSTALS?
1i'y OUf E.O.D.

(Emergency Order Dept.)

and get

JAN QUALITY
and STABILITY

PWS Low Prices!
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innouatiuely designed
with your time in mind.

CIRCLE 31 ON FREE INFORMATION CARD

wh ich al lows th e user to choose
either narrow or w id e bandwidths
for best aud io reception; and po si­
tionin g programmability, whereby
th e viewer sets th e alphanume ric
de signations for the sate ll ite want­
ed , and the di sh moves into place
automatically. The unit can be pro­
grammed for up to 21 channe ls.

The model ESR924i is priced at
$9BO. OO.- R. L Drake Company, PO
Box 112, M iamisburg, OH 45342.

MICRO-MINI RECORDER, records
three hours . (ninety minutes per
sid e) o n a spec ial An grom tape
cassette (included). The un it has a
detachable mi crophon e for use
with a tie clip. The recorder mea­
sures 5fax 2 x 4 inches, and uses
two AAA batteries. It also operates
on AC power using an AC adaptor
(w hich is included).

CIRCLE 32 ON FREE INFORMATION CARD

The M icro-Mini has two-speed
capab i l ity w ith silent automati c
stop ; one-touch recording ; tape
counter, and many other features
not fo und in other miniature re­
cord ers. Extras that come with th e
unit include ti e-p in co rd , mi cro­
phon e caps u le , earphone , and
carrying case.

Th e Micro -Mini i s pri ced at

Exclusive, triple patented dynamic
cap and coil analyzing ... guaranteed
to pinpoint your problem every time

or your money back

with the all new LC75 "Z METER 2"
Capacitor Inductor Analyzer

Patented $995

The "Z METER" is the only LC tester that enables y ou t o test all
capacitors and coils dynamically - plus, it's now faster, more
accurate, and checks Equivalent Series Resistance (ESR) .plus
small wire high resistance coils.

Eliminate expensive part substitution and time-consuming sh otgu n ­
ning with patented tests that give you results you can trust every time.
Test capacitor value, leakage, dielectric absorption, and ESR dynamically;
with up to 600 volts applied for guaranteed 100% reliable res ults - it's
exclusive - it's triple patented.

Save time and money with the only 100% reliable, in - or out-of-circuit
inductor te ster available. Dynamically test inductors for va lue, shorts, and
opens, automatically under "dynamic" circuit conditions.

Reduce costly parts inventory with patented tests you can trust. No
more need to stock a large in ven tory of caps, coils , flybacks, and IHVTs.
The "Z METER" eliminates time-consuming and expensive parts substitut­
ing with 100% reliable LC analyzing.

Turn chaos into cash by quickly locati ng transmiss ion line distance to
open s and shorts to within feet , in any trans mission line.

Test troublesome SCRs & TRIACs easily and a utomatically without
investing in an expensive second tester. The patented "Z METER 2" even
tests SCRs, TRIACs, and High-Voltage Diodes dynamically with up to 600
volts applied by adding the new SCR250 SCR and TRIAC Test Accessory
for onl y $148 or FREE OF CHARGE on Kick Off promotion.

To try the world's only Dyn amic LC Tester for yourself, CALL TODAY,
WATS FREE, 1-800-843-3338, for a FREE 15 day Self Demo.

Call Today Wat s Free 1-800-843-3338

SE:NCOAE:
3200 Sencore Drive
Sioux Falls, SD 57107
605-339-0100 In SD Only
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RCA'sSK Series Replacement Guide (SKG202E) is
your one source for over 214,000 solid state replace­
ments using 2,900 SKand KH types. Integrated circu its,
thyristors, rectifiers, transistors, microprocessors ­
RCAhas them all.

Likewise, RCA's Industrial MRO Guide (lK7862)
lists over 4,000 devices that replace more than
21,000 JEDEC* and Commercial types. The Guide
also includes Power MOS/FETs, QMOS Integrated
Circuits, a combined index /cross reference, and a
section on high -reliability devices.

Together, these RCAGuides prov ide fast, easy
answers for 235 ,000 solid state replacement problems.

For copies , see your local RCAdistributor. Or write:
Sales Promotion Services, RCA Distr ibutor and Special
Products Division, 2000 Clements Bridge Rd.,Deptford,
NJ 08096-2088.
• Joint Electron Device Engineeri ng Council

RonSK Replacement
Solid State



$179.00 p lus $4.00 shippi ng and
handl ing.-AMC Sales, Inc. , Box
928, Downey, CA 90241 .

OPTICAL-CABLE FAULT LOCATOR,
th e mode l 2135, hand le s sing le­
mod e fibers at1300 nm wavelen gth
up to 24-mile distances.

CIRCLE 400 N FREE INFORMATION CARD

The locato r has a dy na mic ran ge
of 20 d B; atte nuation ca n be mea­
sured to bette r tha n ±0.1 dB ac­
curacy by pos itio ni ng t he d ia l
curso rs on the integral CRT dis ­
play. The unit has ergo no mic easy­
to -use fro nt-pane l co ntro ls com­
bined wit h a bright CRT screen and
LCD . Sp lice - o r co nnector- los s
measurem en t is fu lly automatic.

Inten ded fo r use in t he field, the
por table device we ighs o nly 17.6
pounds and measu res 11.6/1 x 11 .6/1
X 6". It ca n be powe red from re ­
chargeab le batteries to provi de a
minimum of 3 ho urs' co nt inuo us
use.

Fo r fu rt he r info rmati on a nd
price , you ca n w rite to Cossor Elec­
troni cs limited, The Pinn acles , Eliz­
abeth Way, Harlow, Essex CM19
5BB, Eng land .

BAR-CODE READER, the 300e, of­
fe rs the user ei ther si ngle-code
decodin g or auto-recogn itio n at
the flip of a switc h. In th e sing le-

CIRClE 33 O N FREE INFO RM ATION CARD

code state , the un it decodes any
o ne of the fo llowi ng: Code 39, the
most commo n a lphan um e ric bar

Analyze defective waveforms
faster, more accurately, and

more confidently - every time
or your money back

with the SC61 Waveform Analyzer
Patented $2,995

If you value your precious time, you will really want to check
out w hat the exclusively patented SC61 Waveform Analyzer can
do for you. 10 times faster, 10 times more accurate, with zero
chance of error.

End frustrating fiddling with confusing controls. Exclusive ultra solid
ECL balanced noise cancelling sync amplifiers, simplified contro ls, and
bright blue dual trace CRT help you measure signals to 100 MHz easier
than ever.

Accurately and confidently measure waveforms from a tiny 5 mV
all the way to a whopping 3,000 V without hesitation with patented
3,000 VPP input protection - eliminates expensive "front end" repairs
and costly equipment downtime.

Make only one circuit connection and push one button for each
circuit parameter test: You can instantly read out DC volts, peak-to-peak
volts and frequency 100% automatically with digital speed and accuracy.
It's a real troubleshooting confidence builder.

Confidently analyze complex waveforms fast and easily. Exclusive
Delta measurements let you intensify any waveform portion. Analyze
glitches, interference signals , ri se or fall times or voltage equivalents be­
tween levels; dir ect in frequency or microseconds.

Speed your digital logic circuit testing. Analyzing troublesome divide
and multiply stages is quick er and error free - no time-consuming
graticule counting or calculations. Simply connect one test lead to an y test
point, push a button, for tes t of your choice, for ERROR FREE results.

To see what th e SCB1can do for your troubleshooting personal productivity
and analyzing confidence, CALL TODAY, WATS FREE, 1-800-843-3338,
for a FREE 15 day Self Demo.

Call Today Wats Free 1-800-843-3338

SeNCORe
3200 Sencore Drive
Sioux Falls, SD 57107 innovatively designed
605-339-0100 In SD Only with your time in mind.
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CIEMAKES THE
ORlDOf

ELECTRONICS
YOURS.

City State Zip _

Print Name _

Age__ Area Code/Phone No. --,--,,--=-=_=_

Check box for G.L Bulletin on Educational Benefits AR E-62
o Veteran 0 Active Duty MAILTODAY!

C IE Cleveland Institute of Electronics
1776 East 17th sr., Cleveland. Ohio 44114

YES! I want to get started . Send me my CIE school catalog including
details about the Associate Degree Program. I am most interested in:
o computer repair 0 television/high fidelity service
o telecommunications 0 medical electronics
o robotics/autom ation 0 broadca st eng ineering

o other _

c...
Cz
m

Apt. _Address _

with what youknow, a littleor a lot, and yougo
whereveryouwant, as far as youwant. WithCIE,
youcan evenearn your Associatein Applied
ScienceDegree in ElectronicsEngineering
Technology. Of course, youset yourownpace,
and, ifyou everhavequestionsor problems, our
instructors are only a toll-freephone call away.

Thefirst step is yours.
To findout more, mail in the coupon below. Or, if
youprefer, call toll-free1-800-321-2155 (inOhio,
1-800-523-9109) . We'll send a copyofCIE's
schoolcatalogand a completepackageofenroll­
ment information. For your convenience, we'll
try to havea representative contactyouto answer
yourquestions.

I oday'sworld is the world ofelectronics.
Tobe part of it, you need the right kindof

training, the kind youget from Cleveland
Instituteof Electronics, the kind that can takeyou
to a fastgrowingcareer in business, aerospace,
medicine, science, government, communica­
tions, and more.

Specialized training.
You learn best from a specialist, and that's CIE.
We'rethe leader in teachingelectronics through
independentstudy, weteach only electronicsand
we'vebeen doing it for over50 years. You can put
that experienceto work for youjust like more than
25,000 CIE studentsare currently doing all
around the world.

Practical training.
You learn best with practical training, so CIE's
Auto-Programmed" lessons are designed to take
youstep-by-step, principle-by-principle. You also
getvaluablehands-on experience at every stage
with sophisticatedelectronics toolsCIE-designed
for teaching. Our 4K RAM Microprocessor
TrainingLaboratory, for example, trains you
to workwith a broad range of computers in a
way thatworking with a single, stockcomputer
simplycan't.

Personalized training.
You learnbest with flexible training, so welet you
choose from a broad range of courses. You start
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$16995
0-1560

4-Digit Auto-Range Cap Meter

Thi s compact handheld 4·d igit LCD capaci tance meter measures the

~~I~:~~If~~~1J,~~~ ~u~~~e~~ J:a~~;~s~F) in completely autorangi ng mllllo--h-'--1;"4.'''-
• Extend ed resolution. Calculates true capac itance . Shows leakage
• Calculates time co nstants . Reads dielect ric absor ption . Auto or
manual zeroing . Sorts capaci tors . Calculates cable lengths
• Hold function . Transistor. zen er d iode & rectifier tests . Identifies

gaf~S~:=t:dl=t:.c~iud~:;~
test leads & m anual
R_qu ires 9V . /b line or AC . d.ptor

a-=:-

R··.. -·_·
:.'

e , •

Would you like to build a m iniatur e laser system or experi ment
with state-cf-tbe-art optica l f ibers? You can maste r these and
ma ny othe r electrical circuitry challenges with thi s 8xc;ting new
eoneeecn of columns (ori gin ally pu blished in Popul . , Electronics.
Com pu t.r$ & Ek ctro n;cs. or Modl/rn Efltctron ic& magazines) by
noted electron ics autho r Forrest Mims III. All ci rcuit s in this book
we re either des~ned by the author or adapt ed f rom manuf actur ers'
applicatio n notes & oth er so urces. Included are MOSFET. analog
& dig ital circuits; LED's. laser diodes & optoe lectronics; ltghtwave
communicat ions . con trol & telemetry; radio contro l & remotely t rig­
ge red came ra; sensors; the rmoe leetro nics. exper imental circuits & more!

Forrest Mlms' $1995
Circuit Scrapbook II 8-3001

~ Discover Dick Smith Electronics • for Fun & Profit!
New from SAMS Books! New from DAETRON!
Hundreds 01 Great Pr oj ec ts! Have you ever seen a

Cap Meter this powerful?

19" RACK-MOUNTING CABINETS 6 RACK
Prof essional quality black alumi num & stee l instrument cases fi t

:-~~;;;~S~~~i:d1ia~a~~:e~Jefi~~rr:'u~:I:, vent ilated top &

$22.50

$14.95 ~

seo
0- 15 10

Hurryf Otter limited to .tock on hand/
Only 200 units IJvlJiI.blt! • offer vetid 4/ 1 tn ru 5/3 1/87

RegullJrlyS l 19 .95

SAVE 50%

FREQUENCY COUNTER KIT (K·34391
Features 7-digit LEOdisplay: reliably measures 0-1OMHz, D-50Mz
and (with optional prescaler below ) 10 -500M Hz: 4 gati ng times - ~

i~~~t~~I~s:l ~~~;:n~i~rO~~!~~MH~~sOJ~~: 1~°n',~z13?~ 'lllII
input impedance; accurac y typicall y better than ±.005%
"'eocale< KIf (K-3432) Expands range of K-3 43 9

R-E Reader's Special
4.5 DIGIT MULTIMETER
5 DCV ranges from 200 mV-l000V. 10M
ohm imp edance; 4 DC current ranges from
2 mA1OA;5ACVranges from 20 mV-750V:
4AC current ranges from 2 mA- l OA; 6 resis­
tance ranges; diode & conti nuity tests .

AUDIO OSCILLATOR KIT (K·3469) $29.95
Generates sine & square waves in frequencies from 15 Hz-15 0k Hz ~
~~~:lll~sO~i5~S; ~~i;:~~v~~~~~~~~\~;b~i~~nd distortion

Build your own high quality
test equipment!
FUNCTION GENERATOR KIT (K-35201 s&9115

Featur es 4 -dig it frequ ency display; produ ces sin e. triangkt & square
waves from becw 20 Hz to above 170kHz in 3 ranges; conti nuo usly lIIIIIIIIII

var iable output from 3mV -2 .5V peak-peak; 600 ohms (nomin al) ~

out put imped ance: readou t accur acy ± 2% ±1 digi t

589115

50W AMP MODULE KIT (K-34 40) -
Similar to K-3442. but with lower power; 2 un it s can tu n off one K­
34 3B power supply. Input sensit ivit y 50 0 mV.

480 PS POWER SUPPLY KIT (K·34381 $14.95 ....
Include s speake r de-thump relay & zener regulate<j,±15V pre-a mp 'llIIIII
rails. Requires M-0 144 transformer.
2&-0·2& (56V C1)-2A Translormer (M-014 4) $19.95

Build your own audio amp
for only pennies per watt!
100W AMP MODULE KIT (K·3442) $19.95
100W RMS: l00dB SIN ratio @ 5 Khz; l V input sensitivity. Reliable
desig n. easy to build . Use with K-3 43B powe r supply & M·0144
transfor mer.RESISTORSincluding~W ,,,. ~W 5 %. ~W 5". IW 5% .

CAPACITORS including ehtctrolyt ic. t.nt. lum. cersmic & polye$t.r.
SEMICONDUC TORS covering . multitude of .pplic.tions specific.11y
$uit. d to th••nthu$ i.$t including tr. n$istor. diodes & IC'$.

Check our catalog/ Please circle reader service
numb er indicated below to receive your FREE copy!

5149
World Band Receiver 0.2831

FullAW FMfreque ncy range (150KHz - 29.9 99Mhz) plus FM8 7.5
- 1OBMHz; d irect push-button access to all12 SW bands; 5 tu ning
functtons : 14 memori es: built-in clock. alarm & sleep timer; adjustable
RF gain & BFO; runs off batteries (2 x AA & 6X D. not included) or AC
adaptor . You must see this beauty to believe itl

Mini (P-46 14 )
3" x 2*" x l'''

WIRE JUMPER KIT (W.4 65 0) *12115

Pre-cut. pre-stripped. pre-for med jumpe rs in 22AWG color-coded

~j\l~~.'t~n{~'2~~.nfn;l~d:~ ~~;tcl ~'~r~~ ~;s:.a. of 12 lengths from

WIreJumper Replacement (W·4 6 521 55.85
3 50 assorted wi re ju mpers (as above) without case

DSE carrie. a complete range ot
COMPONENTS & HARDWARE

PracticalAnti-sfaticPrecautions
ANTI-STATIC FOAM MAT 12" x 12" (H-5072) $6.95
ANTI-STATIC WRIST STRAP (N-2000) $9.95
ANTI-STATIC SOLDER SUCKER (T-2570) $7.95
Po lyprope lene barrel. carbon filter tip . self-cleaning plunger.

Replacement Tip lor T-2570 (T-257 11 suo

Get10w-cost project boards!
No soldenng required- com ponents leads
simply push 101 Holes are spaced to ac- f'& . "",,,J~
cept standa rd DIP packages & alpha- . ...... "-r v, ':--'"
num encally cod ed. Each board Includ es I,,;:;

a pad of layout paper.

Super (P·46171
8" x 9" " x'l'''

Maxi (P-46 16)
8" x 6" x j4 "

Basic (P-46 15)
7" x 2*" x l'''

~
DSE

~ 19" RACK

549115

H·2470
Brushed

aluminum
. 21 14" x 14li" x 3 7"

C.bmet
not inc luded

6" x 3 }12" x 2%"·
(H·28 51)

524115

H-24 8 3

527 50

H-2482

529115

H-2481

Slim
16" " x 91' '' x 1 ~"
5 Ibs.. 10.50z.

Medium
16 " " x 91' '' x 314"
7 Ibs.. Boz,

Large
16"" x 91' '' x 5W '
9 Ibs..50z.

~H~;85~~ x ~. . '1$0

~;8\~r x 1 ~" s200

Switch printers with ease!
PEP switch Elec tron ic Printer Sw itch 5129
~~t~r~~ i~s~~A"lcli ~~~~~~ C~~~i~~ ~~~patible . X-4020

Deluxe Solderlng/Desoldering

~~~r~~~J.~~~~;~n5l~hTION 5399
exc lusive 12 mo nth w arranty.Adjustable. T-2200
temperatur e-controlled sokJering & desolderinQirons wi th grounded
ti ps, LED readout s of tip temp s. heating indicato rs & mor e. Fast
preheat. t tght temp con tro l. filt ered vacuum line, easy to clean.

IRON-CLAD, NICKEL-PLATED ACCESSORY TIPS
For T-2200 station; call fo r availabk! sizes & prices.

Gi"e your projects that pro
finish at minimal cost!
SPEEDY BOXES ~
Quality plastic pro ject cases wi th PCB ~- -
slots on all 4 sides: 4 screws & alumi- ............ .
mun lid. Int erior dim ension s shown. :1." 1 ' k"

31>" x 2" xl>" *125
(H·27 551 -

41''' x2W' x 1~" *175
(H·275 31
6" x 3W x 11'" *200 7W ' x 414" x 214" *250
(H.275 1) (H-2752)

Same as above with ASS plastic lids (wh ich add 3/16" to height)

$599

~nH
ELECTRONICS

Xl Compatible Computer
IBM compatible. Easy to assemb le (co mp lete instr uctions incl uded) .

XTMotherboard IX-100 11 $129 .00
810 5 for Motherboard X-1000I 29 .95
64K RAM X-1 187 11.9 5
Monochrome Graphics Card IX-10 12 89 .95
Floppy Disk Controller X-' 00 9 34 .95
130 Wan Power Supply IX-l 1101 69 .95
18M-style Case X·11201 39.9 5 X-1150
Half-height Disk Drive (X-7 50 6) 89 .95 SAVE '58
kB4~k~~K~;~~~~dMonochrome M oni tor t~: ~ ~ ~~ ~ ~~:~~ off ;ndividu.1 compon~nt pric~s

Pre-p aid & Credi t Card Ord ers Only!
Mon - Frl 7am · 6pm Pacllic Time

California Orders call 415-368-1066
For Information call 415-368-M49 EVERYTHING FOR THE ELECTRONICS ENTHUSIAST

To receive your copy of our colorful 1411 page catalog, circle Reader servtce 95

X-1152
SAVE $165

Order Toll Free
1-800-332-5373

14-Day Satisfaction Guarantee

MAIL ORDERS
DSE, P.O. BOX 8021, Redwood City, CA 94063
W e ship UPS Ground unless otherwise requested. Add 5% of order tota l (m in
$ 1.50) for shipping. Outside USA add 20% (min $4). There is an additi onal
$ 1.50 handling fee. Californ ia reside nts please add sales tax. VISA and
Pv1ASTERCARO we lcome . Minimum order value $20.00.

off ;nd;vidu~1 compon~nt p(ic~s

lndividuet Components Tote t 1 140.85 Ind ividual Compon ents Tora11655.55

All DSE comp u ter products carry a 1 year warranty! Protect your CliO. compon.nt. - ••• our Antl-.fe"c products .bo".'
Stor es in BERKELE Y.CA 141 514B6 -0 755.-REDWO OD CITY. CAI4 15136B ·BB44 : SAN JOS E. CA 14OBI 24 1-2 266

Get the IBM clone of your choice at a fantastic savings!
AT Turbo Computer System
Su perb engineering for reliabi lity . perfo rmance. and full IBM AT com­
pati bil ity at less than half the Big Blue price! Comes in easy to assemb le
kit form with comp lete instruct ions. 975
80286 AT 8aby Motherbollrd · 6/10MHz X·l 0 50 $499 .00 $
~:rVF~~~~~eC~~troller Card ~: 16~~ 1g~:gg
1.2MB Floppy Disk Drive X·7502 13 5.00
200W Power Supply X-11 11 99.0 0
84·koy Keyboard X·1122 59 .9 5
Heevy-duly Steel Case X-1 121 79.0 0
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Company

With the HEATHKIT
ONLINE CATALOG

you can order
over 400 kit .
and assembled
computer and
eledronic
,roducts - with
the press of
abuHon.

CompuServe Isa registered trademark of CompuServe Inc. An H&R BlockCompany.

As a CompuServe@user,
you want the full advan­

tages this system can
offer. And what better

way to make
CompuServe work for
you than to let it bring

you the Heathk it Online -==bl'~~
Catalog . Menu-Driven,

our catalog lets you browse over 400 kit and assem­
bled products from 17 major product categories.You

can even order a free hardcopy version of our catalog .

Among the many high-quality products you'll find are:
• IBM AT-compatible advanced personal computers

• IBM PC-compatible compa ct personal computers' IBM
PC-compatible expandable personal computers

• Portable and desktop PCs • Laptop computers with built-in
software' Microcomputer-Aided Drafting and Design

programs' the HERO@2000 Robot· Test Instruments
• Home Security Systems' TV 's and video recorders

• Amateur Radio gear and more

All of our products are meticulously engineered and
backed by excellent service and support. And as an

added plus, our kits offer you the sat isfaction of building
a high-tech quality product yourse lf.

You'll also find complete hands-on training courses in
areas ranging from basic electr icity and programming lan­

guages to microprocessors and robotics. All courses are de­
signed by educators knowledgeable in their respective fields.

And for added convenien ce, you can place your order
through your computer using your Visa, MasterCard or

Heath Revolving Charge - it's that easy.

To benefitfrom this
unique opportunity, type

GOHTH
at any"!"or "OK" prompton

The Heathkit Online Catalog - thesystem
your direct line to quality high tech products

Heathkit®.

The In-Dash Car Video System
can be installed on any 12-volt sys­
tem. It is priced at $299.00.- Bould
Electronics, 1325 Broadway - 222,
Boulder, CO 80302.

CIRCLE 34 ON FREE INFORMATION CARD

CAR VIDEO SYSTEM, the American
Audio In-Dash Car Video System ,
feat u res a stereo cassette pla yer
with auto reverse , AM-FM stereo
radio , 50-watf sound system , digi­
tal readout , and digital clock, plus
a 2" black-and-white TV set with
zoom (enlarging the picture 30%)
and a VCR input. The unit can be
installed easily; for automotive in­
dash applications, the system
must be wired, so that the TV pic­
ture only works in the key's ac­
cessory po sition.

PORTABLE PATTERN GENERATOR,
the model LCG-4D9, is battery-op-
erated and is de signed to be a pre­
cision NT5C signal source for field
adjustments to VTR's, VCR's, large­
screen TV receivers and monitors,
and other video systems, aswell as
fo r bench ope rat io ns.

Housed in a metal cabinet mea­
suring8 x 3 x 10 in ches, weigh in g
approximately 6.6 Ib s, includin g
the four C cell s for power, th e unit
features full -field 75% co lo r bars,
dot, cro sshatch, and full raster sig-

continued on page 42

code ) , UPC A lE , Cod abar,
Codabar/ABC , or Interleaved 2 of
5. In the auto-recognition mode,
Code 39, UPC NE, Codabar, and
Interleaved 2 of 5 are all
automatically decoded and sent to
the user's computer.

The 3DDC decoding algorithm
includes the exten sive error­
checking routin es that are neces­
sary to decode both dot matrix and
preprinted labels accurately.

The 3 DDC offers either an
R5-232Cserial or IBM keyboard in­
terface , and the li st price is
$635.00, including a high-grade
sealed-tip m e t al wand.­
Peripheral Connections, 2190 W.
11th St., Eugene, OR 97402.
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NEW IDEAS
Sound-effects generator

H ERE' S A C IRCUIT THAT PROVIDES GREAT

fun for kids. It can generate a Euro­
pean police-car siren, bird noi ses,
spaces hi p so unds , etc. In add i­
ti on , it can be put to serio us use as
a doorbell, an alarm, etc . It 's easy
to bui ld , uses readi ly-avai lab le
part s, and is inexpensive.

How it works
A block diagram of the circu it is

shown in Fig.1. As yo u can see, the

BUFFER
AMPL IFIER

FIG. 1

ci rcuit co nsists of fo ur parts: a bi n­
ary co unter, a D/A co nverter, a
YCO, and an audio output ampli ­
fie r. The speed at w hich th e co un­
t er co u n ts d ep end s o n t he
fr equ ency of t he o utput of t he
YCO, w hich in turn is determined
by the output of the counter. That
feedback loop is wh at gives th is
ci rcu it its characte rist ic output.

Referrin g to t he sche matic in
Fig. 2, th e initi al frequency of os­
ci llation is determined by potenti­
ometer R11 . The YCO fi rst osc il­
lates at a relatively low frequency,
and gradually picks up spee d as
th e cont rol vo ltage supplied by th e
D/A converter inc reases.

The D/A converte r is simply the
group of resistors R1-R8. When
no ne of IC1 's o utputs is active , li t­
t le current wi ll f low into the base
of Q1, so th e YCO's co ntrol vo ltage
wi ll be low. As more and more
co unte r outputs b ecome act ive,
base current increases, and t he re-

by so does the YCO's frequency of
osci llation.

The YCO itsel f is composed of
IC2-a, IC2-b , Q1, and the t im ing
network co mprisi ng D1-D4, C1,
R10 , and R11 . The di od e b r id ge
fun cti on s basicall y as a vo ltage­
controlled resisto r.

The buffer amp lif ier is made up
of the fo ur remai ni ng gates from
IC2, all wired in para lle l. Yo lume is
suffici ent fo r experi me ntal pu r­
po ses, but you may want to add an
amp lifie r, speak er, or both.

Construction
Use any co nve nie nt mean s of

w iri ng the circuit-point-to-po int ,
w irew rap, etc. Layou t is not crit ­
ical ; ju st be sure to connect th e
power supply to t he lC's correct ly.

Press S1; yo u should get a so und
from the speak er. The sound yo u
get wi ll depend on the posit ion of
R11 . To vary the effect , tr y tap ping
on S1 .-Edwin B. Tupue
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Name _

_ Address _

V620 MTS STEREO TV DECODER
True TV Stereo has arrived . Wait until you hear the sound. It's like switching

from a pocket portable AM radio to a FM Stereo receiver running thru a full hi­
fide lity stereo system. To say the least , it's an astonish ing exper ience that's in­
stantly apparent.

It has a dynamic theatre like sound. But, in your home, you choose the seat put­
ting you in the middle of the action, making it sound better than a theater. It
cha nges dull monotone TV sound into dramatic 3-D life like action. When the
bu llets on Miami Vice start flying. you duck . .. It sounds that real.

It's better than Stereo TVs because their speakers, generally, do not have suffi ­
cient distance between the left and right channels for a true stereo effect. And the
qua lity of the speakers supplied with your TV . . well?

The V620 wi ll extract two distinctly separate sound channels that will give the
same stereo separation in your home as it was produced in the recording studio.
The V620 is versatile enough to be used with any amplifier or VCR, because it
has a variable output matching network that is externall y controlled.

If you use your existing stereo system the V620 TV Stereo will equal the sound
of your FM stereo receiver.

The V620 can extract a true stereo signal from either the MPX out of a TV or
VCR. or the output of a cable converter or VCR. It can be hooked up by anyone in
a few minutes. No Probes, to play with . .. Try it you'll love it. . . . . . . . $ 89.95

64.95
34.95
19.95
19.95

__ V7200 ,
__ JSX-3 ( )JRX-3 ( )
__ Hand Unit 400 .
__ Hand Unrt 450 .
__ Viewstar Chan. 3( )

or 2( )
__ VSC25oo...
__ XCT2501 .

American Express ZIP Phone _
Exp. Oate_ _ _ _ (800) # can't becalled in FL)

1;~ ~~ Acct. # 1·800·843·9845
Total Signatu re 1·305·652·1981

No extra charge for COOorders. COD & American Express orders shipped within 72Hrs. 1·305·652·3971
L.__••••••••••••••~••••••••••••••••••••••••••••••••••••••• ••••••••••••••••••••••~

_ •• •• ••••••__ 30 DAY MONEY BACK GUARANTEE/1 YEAR WARRANTY ON ALL ITEMS • •••••••

Mail Order Form to: MOVIETIME, 20203 tiE 15 Ct., Miami, FL, 33179 ( ) Check ( ) COO ( ) Money Order

__ V430 .. 5 9995 Total Purchase
__ V620 . . . 89.95 FL Residents -

0% Sales Tax
ShippingChg.

PER UNIT 53.95
Total Amount _ City State _

MOVIETIME V7200 REMOTE CABLE CONVERTER

REFURBISHED JERROLD JSX·3
36 CHANNEL CONVERTERS

The JRX-3 IS A TWO PIECE WIRED REMOTE.
The JSX-3 is one piece settop. Great for connec­
ting a second set to cable, or for making your VCR
cable ready . . . .. . . $ 34.95

Remote Control Hand Units for the JERROLD
400 and 450 ... s 19.95

VIEWSTAR XCT 2501
67 Channel Wireless Remote Cable Tuner with

Volume Control And Mute Control Audio and Video
Outpu ts. Last Channel Recall Decoder Input I Out­
put Jacks makes this unit compatible with all
decoders Fine tuning. Fine Tuning Centering
Control . . . . . . . . . . . . . . . . $119.95

C LOS E 0 U T VSC 2500-3
Same as above less audio I video outputs $ 99.95

V430 REMOTE VIDEO SYSTEM
The V430 enable s you to send any of four (4) input signal sources to any or all

of three (3) TV's or VCR's by remote control.
Any video equipment that can be connected directly to the VHF term inals of a

TV. can be contro lled by the V430, such as a cable converter or decoder. a satel­
lite antenna, a video game, a VCR or a video disk player or a video camera, etc.

By using the V430 you can monitor the baby 's room or see who is at your front
door, at the same time that you're recording HBO via satell ite or cable , and watch­
ing a ballgame on local TV

Any or all of the above can be done without leaving your chair.
The addition of a V430 to your present video system will create a Video Control

System, that is limi ted in flexib ility, only by your imagination . ... $ 99.45

Fine Tuning
Favorite Channel Memory HRC Switch
Switchable AC outlet Output Channe l 2 or 3 (switchable)
Guaranteed to work with any cable system anywhere . . $ 64.95

CIRCLE 202 ON FREE INFORMATION CARD
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NEW PRODUCTS
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continued from page 39

CALL NOW
AND

RESERVE
YOUR SPACE

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

• 6 x rate $745.00 per each insertion.
• Reaches 239,312 readers.
• Fast reader service cycle.
• Short lead time for the placement of

ads.
• We typeset and layout the ad at no

additional charge.

BUILD STEVE CIARCIA'S INTELLIGENT
SERIAL EPROM PROGRAMMER. • Use
Standalone or with Computer/Terminal;
• Programs Standard or Fast Algorithm
Mode; • Menu Selectable, No Configuration
Jumpers; • Programs All 5V 27XXX
EPROMs from 2716 to 27512. Includes
CMOS and 12.5V Vpp; • Read, Copy, Verify
after Write; • Intel Hex File Upload/Down­
load. Full Programmer Kit $199.00, Power
Supply add $19.00. S&H $5 in USA. CCI, 4
Park St., Suite 12, Vernon, CT 06066. (203)
875-2751.

CIRCLE 194 ON FREE INFORMATION CARD

LOOKSOUND FM SUNGLASSES. Super
durable sunglasses with that great look. Each
one has a state of the art micro FM radio built
right in. Great for jogging, bicycling, boating,
sports events, etc. $39.95 plus $3.00 ship­
ping and handling . Visa, mastercard, and
cod. 1-800-522-2636 for orders . (617)
843-1900 for information. CAMEO ENTER­
PRISES INC. P.O. Box 63 Accord, MA
02018

CIRCLE 89 ON FREE INFORMATION CARD

SIMPLYSNAP THE WAT·50MINIATURE FM
TRANSMITTER on top of a 9v battery and
hear every sound in an entire house up to 1
mile away!Adjustable from 70-130 MHZ. Use
with any FM radio. Complete kit $29.95 +
$1.50S + H. 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.

CIRCLE 127 ON FREE INFORMATION CARD
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PANASONIC CABLE CONVERTERS,
Wholesale and Retail. Scientific Atlanta and
Pioneer Cable Converters in stock. Pan­
asonic model 120N 68 channel converter
$79.95, Panasonic Amplified Video Control
Switch Model VCS-1 $59.95. Scientific Atlan­
ta Brand new Model #8528 550MHZ 80
Channels Converter $89.95. Video Corrector
(MACRO, COPYGUARD, DIGITAL) EN­
HANCER $89.95. Write or call BLUE STAR
IND., 4712 AVE. N, Dept 105, Brooklyn, NY
11234. Phone 1-718-258-9495.

CIRCLE 85 ON FREE INFORMATION CARD

CIRClE 36 ON FREE INFORMATION CARD

CIRClE 35 ON FREE INFORMATION CARD

nals of 100% white, red, green,
blue, yellow, cyan, magenta, and
black burst.

In addition to 1-volt pop video
output into a 75-ohm load. the unit
features RF output on all U.S.
broadcast VHF and UHF channels,
on-off switchable FM sound car­
riers with internal1-kHz modula­
tion, and on-off control of chromi­
nance.

The model LCG-409 is priced at
$499.00.-Leader Instruments Cor­
poration, 380 Oser Avenue, Haup­
pauge, NY 11788.

PORTABLE ElECTRONIC LAB, the
model 4444, essentially combines
five different types of measuring
equipment into a portable, fully
integrated test-station .

42

Included are a dual-channel os­
cilloscope with DC to 20-MHz
bandwidth and 2mV/div sensitivity
on both channels, a component
tester/comparator for quick eval­
uation of component charac­
teristics, a triple-output DC source
for external use, a frequency
counter that measures the fre­
quency of a waveform displayed

~ on either oscilloscope channel,
z and a function gen erator that of­
~ fers sinewave, squarewave, ando triangular wave outputs.
~ The model 4444 is priced at
w6 $750.00.-ET&T Corporation, 3001
o Redhill Avenue, 1-219,Costa Mesa,
ri CA 91626. R-E
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IF YOU'RE TIRED OF MONTHLY CABLE
BILLS $25.00-$100.00 a month or just want
more and better television then it's time for a
Satellite Antenna System from Advance Vid­
eo. Prices start at $795. + S/H with 2 yrs.
war ranty. 200 channels ava ilable . Cal l
1800-223-1127toll free. The best product, the
best pr ices . Visa/MasterCard accepte d.
ADVANCE VIDEO, 10636 Main St. #111,
Bellevue, WA 98004.

CIRCLE 203 ON FREE INFORMAT ION CARD

VHO

SIGNAL ELIMINATOR
r. . ""

~II .1) 0

TUNABLE NOTCH FILTER-for elimination
of any TV, FM, or VHF signal. Can be tuned
precisely to ANY signal within these ranges:
' MODEL 26-Ch's. 2-6 plus FM [54-108 Mhz]
' MODEL 1422-Ch's. 14(A)-22( 1) [120-174
Mhz] ' MODEL 713-Ch's. 7-13 [174-216 Mhz]
Highly selective 60dB notch. Send $30 each.
Quantity prices as low as $14. STAR CIR­
CUITS, P.O. Box 8332, Pembroke Pines, .
FL. 33084

CIRCLE 94 ON FREE INFORMATION CARD
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NEW: PANASONIC VIDEO SWITCHER. Re­
cord a cable channel while viewing anyone of
your 4 video options, another cable channel,
2nd VCR, TV games, video camera, etc. No
need to use your cable converter for channel
selection VCS-l gives your cable ready TV or
VCR full control of your viewing. Comaptable
with all scrambled and one way addressable
systems. $85.00 Guaranteed. Free Catalog.
(402) 331-4957 M.D. ELECTRONICS , 5078
So. 108th # 115, Omaha, NE 68106. We ac­
cept MC. Visa. C.O.D.

CIRCLE 198 ON FREE INFORMATION CARD

THE MODEL WTT-20 IS ONLYTHE SIZE OF
A DIME, yet transmits both sides of a tele­
phone conversation to any FM radio with
crystal clarity. Telephone line powered - never
needs a battery! Up to V. mile range. Adjusta­
ble from 70-130 MHZ. Complete kit $29.95
+ $1.50 S +H. Free Shipping on 2 or more!
COD add $4. Call or send VISA, MC, MO.
DECO INDUSTRIES, Box 607 , Bedford
Hills, NY 10507. (914) 232-3878 .

CIRCLE 127 ON FREE INFORMATION CARD

BUILD STEVE CIARCIA'S BASIC-52 COM­
PUTER. CCI BASIC-52 Computer board in­
cludes 8K byte ROM resident floating point
BASIC, autobaud rate serial terminal port,
s eri a l print er port , 3 parall el ports ,
2764/27128 EPROM programmer, sockets
for 48K bytes of RAM or EPROM, and 44 pin
edge card expansion bus. Over 10 expansion
cards available. Full BASIC-52 Kit w/8K RAM
$169.00, Power Supply add $19.00. S&H $5
in USA. CCI, 4 Park St., Suite 12, Vernon,
CT 06066. (203) 875-2751.

CIRCLE 205 ON FREE INFORMATION CARD

RADAR SPEED GUNS. Professional (used
by police). From $275. Used .for cloc~ing

speeds in baseball , car/boat racing, bowltn~ ,

skiing, etc. ZENITH SSAVI $169 +. Recondi­
tioned, original UHF equipment. Satell ite
components. Surplus TV equipment: N-1 2,
SB-3, Haml in 1200 , Ztac, etc. Converters,
amplifiers, TV acessories. Catalog & cou~on

$1. SSAVI mod ification/trouble shoot ing
handbook $6.50 ppd. AIS SATELLITE , INC.,
P.O. Box 1226-M, Dublin, PA 18917. 215­
249-9411.

CIRCLE 81 ON FREE INFORMATION CARD

FREE CATALOG OF HARD-TO-FIND
TOOLS is packed with more than 200q
quality items. Your single source for precision
tools used by electronic technicians, engi­
neers, instrument mechanics, schools, labo­
ratories and government agenc ies. Also
contains Jensen's line of more than 40 tool
kits. Send for your free copy today! JENSEN
TOOLS INC., 7815 46th St., Phoenix, AZ
85044. (602) 968-6231.

CIRCLE 115 ON FREE INFORMATION CARD

A CAREER START FOR THE 21ST CEN­
TURY. Since 1905, National Tech ni cal
Schools has helped people build successful
careers. Enter the 21st Century through
home study courses in Robotics, Computer
Technology and Servicing, Microprocessors,
Video Technology, Basic Electronics, Trans­
portation Technology, Climate Control Tech­
nology or TV and Radio Servicing. For a
FREE catalog, call 1-800-B-BETTER . Or
write NTS /INDEPENDENT TRAINING
GROUP,456 West M. L. King Jr. Blvd. L.A .,
CA 90037.

CIRCLE 186 ON FREE INFORMATION CARD

- -
--;6B- '-~-. . -- _. ---- ,

NEW JERROLD CS 68 CHANNEL CABLE
TV CONVERTER with volume control & de­
scrambler loop (Port). Programmable clock
turns TV on/off & changes channel. Audio
mute kills commerc ials. Programmable chan­
nel scan. Instant channel recall. Automatic
fine tuning with manual override. Video & au-
dio outputs. Friendly to all descramblers. <­

Specify output. 1 year warranty. $139, $108 ~
ea./case lot of 1O. Free delivery. Dealers want- m
ed .( 514) 739- 9328 . CROSLEY ELEC- <D

TRONICS, Box 840, Champlain, N.Y.12919. ~

CIRCLE 189 ON FREE INFORMATION CARD



Where's Your ELECTRONICS Career Headed?

The Move You Make Today Can Shape Your Future
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Yes it's your move. Whether on a chess board
or in your career, you should plan each move
carefully. In electronics, you can mo ve ahead
faster and further with a

B. S. DEGREE
Put professional knowledge and a COLLEGE
DEGREE in your electronics career. Earn your
degree through independent study at home,
with Grantham College of Engineering. No
commuting to class. Study at your own pace ,
while continuing your present job.

The accredited Grantham non-traditional
degree program is intended for mature, fully
employed workers who want to upgrade their
careers . . . and who can successfully study
electronics and supporting subjects through

INDEPENDENT STUDY, AT HOME

Free Details Available from:

Grantham College of Engineering

10570 Humbolt Street

Los Alamitos, California 90720

Independent Home Study Can Prepare You

Study materials, carefully written by the Gran­
tham staff for independent study at home, are
supplied by the College , and your technical
questions related to those materials and the
lesson tests are promptly answered by the Gran­
tham teaching staff.

Recognition and Quality Assurance
Grantham College of Engineering is accredited
by the Accrediting Commission of the National
Home Study Council.

•
All lessons and other study mat erials, as well as com­
munications between the college and students, are in the
English language. Ho wever, we have students in many
foreign countries; ab out 80% of ou r students live in the
United States of America.

r----------------------jI Grantham College of Engineering R-6-87
I 10570 Humbolt Street, Los Alamitos, CA 90720

I Please ma il me your free catalog which expla ins yourI B.S. Deg ree inde pendent-study program.

I Name Age....--_
I
I Address _

I
I City State Zip__L _





FIG. 1-BLOCK DIAGRAM OF THE TACHOMETER: The PLL scales the breake r-points sign al fo r
d ispl ay directly in RPM.

LATCH
PULSE - - - - - - - - - - ---,U

CLEAR ---JnL... n.
PULSE

FIG. 2- THE SIGNAL FROM THE POINTS is multipli ed by the PLL and counted until a latch pulse is
received. The counter is then reset.

Circuit overview
A block d iagram of the ci rcu it is shown

in Fig . I. Afte r co nd itioning the noisy
inpu t s ignal. a PLL (Phase-Locked Loop)
is used to multip ly the incom ing frequen­
cy by the value set by the cylinder-se lec t
switch (S I). The outp ut of the PLL dri ves
bot h the analog and d igi tal sections that
follow.

The BCD co unter is the heart of the
digit al c ircuit: it co unt s the mu ltip lied in­
put s ignal. After a predeterm ined sam­
pling interval. a latch pulse latches the
number pres en t in the counte r at that in­
stant. Imm ed iatel y follow ing the latch
pulse, a clear pul se reset s the co unter so
that co unting may start from zero for the
next sampling period . Th e readou t is up­
dated every 0.5 second . Figure 2 shows
the circuit's timing diagram.

The latch and c lear pulses that co ntro l
the counte r are der ived from a crys ta l­
co ntro lled osc illator. Th e osci llator uses a
3 .SS-M Hz TV co lor-burst c rys ta l to ge n­
e rate a O.S-secon d gate time tha t is stable
over a wide range of temper atures .

To produce the ana log d isp lay. the out ­
put of the PLL sec tion is con verte d to a
voltage by a freq uen cy- to-vo ltag e co n­
vcrt cr, That re lative voltage is then d is­
played on a row of twe nty LED's that a re
dr iven by a pair of bar/graph d isp lay-driv­
er Ie's.

Construction
The tach om eter is built on two PC

boa rds , a d isp lay board , and a ma in
board . The display board (Fig . 6) co ntain s
four seven-segment LED disp lays , twen ty
disc rete LED 's , and severa l current-limit­
ing resistors. The main boa rd (Fig . 7)
co nta ins the remain der of the circuitry.
The PC board s ca n be made us ing the foil
pa ttern s shown in PC Service, or a set of
boards with plated-th rou gh holes ca n be
bou ght from the supplier mentione d in the
Parts List. If you etch you r own boards, be
sure to so lder bo th sides of the board
whereve r nece ssa ry. If pos sib le , use ma­
ch ined -type IC socke ts that do n' t have
plastic bod ies . as they can be soldered on
bo th sides of the board eas ily.

du ce an output of 60 Hz. The 60-Hz out­
put is then div ide d dow n to 2 Hz by IC3 .
Th e SO-mi llisecond latch pul se is pro­
duce d by IC7 -a: a delayed version of that
pulse is ge nerated by C II, C 12, R14, RI S.
IC 7- b , and IC 7- c . Th e delayed pul se
fun cti on s as the clear s igna l that was de­
scri bed ea rlier.

Now let's examine the digital d isp lay
se c tio n (s hown in Fig. 4 ). Co unt ing .
latching , an d display multiplexing is don e
by IC9 , an MC I4SS3 three -d ig it BC D
co unter. The co mmon-ca thode LED seg ­
ments are dr iven by IC8 (a 74C48) : the
LED 's co mmon cat hodes are driven by
the three PN P tran sistor s (Q I-Q3).

The analog displ ay (show n in Fig . 5) is
bas ed on a frequenc y-to-vo ltage co nverter
ICI 2 . an LM29 17. It produ ces a voltage
that is proportiona l to the frequen cy of the
sig na l fed to its pin-l input. Tha t voltage is
fed to the two bar/graph disp lay drive rs ,
IC 10 and ICII , th rou gh potent iometer
R34, which allows the display to be cali ­
brated. The display drivers are cascade d
to drive the 20 discrete LED 's . Cascading
is accomp lished by refe renci ng ICII's in­
terna l co mparator reference voltag e to the
fina l referen ce voltage of IClO . Resistor
R29 lim its the amou nt of current the driv­
er s must d iss ipa te .

Circuit description
The inp ut-co nd itioning c ircuit . PLL .

and timeb ase are shown in Fig . 3 . Pulse s
from the po ints (or tac hometer hookup on
an e lec tro nic ign itio n sy ste m). are fed
thro ug h a eoaxia l cab le to the inpu t cir­
cuit. Waves hap ing is accomplished by
rect ifying the pul ses . filtering out spikes .
and squaring the signal up by usin g a
co mparator w ith hysteres is . The input cir­
c uit limit s the amplitude of the 200-300­
volt pulses from the po ints to about nine
volts in order to avoid damagi ng the PLL.
Negative pu lses are c lipped by 0 1, and
pos itive pul ses are filtered by C I and C2 .

Pulses are next squared by ICI , an
LM74 1 op-amp that func tions as a co m­
pa ra tor. The co mparator uses pos it ive
feedback via resistor R6 to pro duce hys­
te resis . whic h he lps square up the s ignal.

The PLL section is made up of ICS (a
4046). its assoc iate d circuitry. and IC6 , a
40 18 prescttable d ivide -by-a co un ter. Th e
sett ing of IC6 is wha t de te rm ines the
PLL's multi plicat ion factor. If IC6 is set to
d ivide by 3. the outp ut frequ en cy of the
PLL section wi ll be locked at 3 time s the
input freq uency. Swi tch S I de ter mi nes the
num ber by which IC6 w il l di vid e the
PLL's output freq uency.

The clock is built aro und an MMS369
17-stage programmabl e osc illator/d ivider
(IC2) : it use s a 3.58 M Hz cry sta l to pro-

CONDITIONED
INPUT
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INPUT
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FIG. 3-THE TIMEBASE , INPUT CONDITIONING, and PLL circuits are shown here. Op-amp ICI
functions as a comparator that squares up the input signal for processing by the PLL.

• When stuffing the display board , begin
with the eight res istors and the th ree j um­
pers; then install the four seven-segment
d isplays . Next , insert the twenty LEOs
into their respecti ve ho les . Pay clo se at­
tention to the polarity of the LED 's . The
cathode (or flat side) goes toward the row
of holes at the lower edge of the board .
After the LEOs have been set in place ,
ca refully turn the board over and lay it
down on a flat sturdy surface . Now posi­
tion the LED 's and the displays so they are
the same he ight above th e boa rd . If
they ' re not. the LED 's must be inserted
into their moun ting holes further. After
the LED's and displ ays are at the same
approx imate height , so lde r one lead of
each LED to the board . Then turn the

PARTS LIST
All resistors are Y4-watt , 5% unless

otherwise noted.
R1-4700 ohms
R2, R3, A5, R12, R14, R15, R30, R33-

10,000 ohms
R4, R7, R8, R1Q-100,OOOohms
R6-470,OOO ohms
R9---22 megohms
R11- 2.2 megohms
R13-1 megohm
R1 6, R1 7, R18, R27-1 000 ohms
R1 9-R25-220 ohms
A26, R31-470 ohms
R28, R36--22,OOO ohms
A29---50 ohms, S walls, wire-wound
A32-33,OOO ohms
R34-10,OOOohms vertical trimmer pot
R35-2200 ohms
Capacitors
C1--Q.22 flF disc
C2--Q.022 IiF disc
C3-0.01 IiF disc
C4- 10 fl F, 16 volts, electrolytic
C5-33 pF disc
C6--22 pF disc
C7, C8, C15-1 Ii F, 16 volts electrolytic
C9---0.1 Ii F disc
C10---0.05 flF disc
C11, C12, C13-0.flF 001 disc
C14--Q.022 flF mylar
Semiconductors
IC1-LM741 op-amp
IC2- MM5369 17-stage 'oscillator/divider
IC3-CD4518 dual synchronous

up counter
IC4-GD4081 quad AND gate
IC5-CD4046 micropower

phase-locked loop
IC6-CD4018 preset table divide-by-n

counter
IC7-GD4001 quad NOR gate
IC8-74C48 BCD to 7-segment decoder/

driver
IC9---MC14553 three-digit BCD counter
IC10, IC11-LM3914 bar/graph display

driver
IC12-LM2917N frequency-to-voltage

converter
D1-D3-1N4004 rectifier
D4-1N4739A, 9.1 volts, 1 watt Zener
D5-1N4148 switching diode
D6--1N4001 rectifier
Q1-Q4-2N3906 PNP transistor
LED1-LED10-0.125" green di ffused

LED
LED11- LED16-0.125" yellow diffused

LED
LED17-LED20---0.125" red diffused LED
DISP 1-DISP4-7-segment common­

cathode display (Panasonic LN516RK,
Digi-Key P351. P352, P353, & P354
may also be used.)

Other components
S1-DP3T slide switch (CW Industries

GPI154-3013, Digi-Key SW11 5-ND)
XTAL1-3.58 MHz color-burst crystal
F1-1 amp slo-blow automotive fuse
P1, P2--Q .1 " 2-pin Molex connector
Note : The following are available from
Dakota Digital, R. R. 1 Box 83, Can­
istota, SO 57012: Single-sided display
board, $6.95; double-sided (with
plated-through holes) main board,
$12.95. All orders add $1.50 for ship­
ping and handling. South Dakota resi­
dents and 4% sales tax.
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board over and align the LED's so they
stand up straig ht and fo llow a smooth
curve . Now, finish solde ring the LED 's
and set the display board aside .

The next step is to stuff the main board .
Begin with the smaller parts: resistors and
diodes . Next install the [C 's . Beca use
they're mainly CMOS Ie's , the use of
sockets is recommended, but not esse n­
tia l. If you don ' t use sockets , insert the
Ie's carefully, and so lde r only a few legs
at a time to kee p heat to a minimum . If
soc kets are used , install them now and
insert the Ie's later. Doing so will lessen
any chances of static damage . Rem ember,
if you don ' t use board s w ith plated­
through holes, you' ll have to so lde r most
co mpo nents on both sides of the board .
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FIG. 4- THE TACHOMETER'S DIGITAL DISPLAY is a con venti onal decoder/driver ci rcuit.

FIG. 5-THE TACHOMETER'S ANALOG DISPLAY is bu ilt aro und a freq uency- to-voltage converter
(IC12) that dri ves two bar /graph dr ivers (IC10 and ICll).

Testing
Afte r the two board s are stuffed and

co nnec ted together, apply 12 volts to P2
using a power supply or battery. The three
right-hand digi ts should display zero's.
and the le ft hand di g it should show
noth ing . Also, no LED 's should be lit.
Now, using an aud io-frequency functi on
ge nera tor, apply a 9-vo lt peak-to-peak 40­
Hz squarewave to the junction of 04 (the
9. I-vo lt Zen er dio de) and R2 . If your gen­
erator cannot supply a squarewave w ith a
DC offse t , you may have to feed the tes t
point through a lK resistor and use a high­
er-amp litude signal.

Se t the cy linder-se lect sw itch to 8 . The
read out sho uld now di sp lay something
close to 600. Change the cy linder-se lect
sw itch to 6; the disp lay should read 800 .
Las t. se t the sw itch to 4 ; the d isp lay
should read 1200 .

Now we ' ll ca librate the analog disp lay.
Set the cylinder-se lect sw itch to the set­
ting you plan to use . Nex t, se t the ge ner­
ator to the frequency that will produce the
" redline " RPM reading for your eng ine
(i. e. , the speed above which the manu fac­
turer recomme nds you not run the en­
gine .) For an eig ht-cy linde r eng ine , that
spee d is typi cally 5000 RPM . When the
red line reading is obtai ned on the digital
readou t, adj ust R34 so the first red LED
lights up. The tach om eter is now ca li­
bra ted and ready for install at ion .

Installation
First decid e where the tachometer will

be ins ta lled. You ' ll have to find a spot that
provides a good view, that doesn ' t inter­
fe re with pre-existing components , and

Instal l the rem aining co mpo nents (ca­
pac ito rs , co nnec to rs , a nd tra ns is tors).
The base or center leg of eac h 2N3906 is
bent toward the flat side of the pac kage :
the transistor should rest abo ut Y-l inch off
the board . Insta ll the re maining part s on
the board and do uble-c heck both boards
for errors .

Mec ha nica lly, the boards are mounted
back to back . separated by !I.l- inch sta nd­
offs. Note that eac h PC boa rd has a row of
35 holes along the lower edge . The boards
we re desig ne d so th at co rres po nd ing
holes in eac h sho uld be con nected elec­
tr ically using short pieces of bare wi re.
Tr imm ed resistor legs wor k admirably. If
troub leshoo ting sho uld prove necesssary,
you ca n sepa rate the boards by bend ing
those wi res carefully.

Before so lde ring the wires, conn ect the
board s together using stand-offs and #6
hardware . Ass e mble the boards wi th the
foi l side of eac h fac ing that of the other .
Then lay the asse mbly down and inse rt a
bare w ire throu gh each ho le in the top
board and into the co rres ponding hole in
the bott om board. Insert and so lde r seve r­
al w ires at a tim e: co ntinue unt il all w ires
have been inserted and so lde red.
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CAPT I BREAKERY POINTS

Conclusions
The circuit can be used in a car, truck,

boat, o r wherever an accu rate and reli able
tach om eter is need ed . If yo u' re inte rested
in add ing othe r d ig ita l d isp lay equipme nt
to yo ur ca r, see the Jul y, A ug ust, and
Sep tember 1983 issues of Radio-Elec­
tronics , Those issues co nta in c ircuits for
disp lay ing voltage, wate r te mper ature.
and oil pressu re in dig ita l form . In add i­
tion, the circuit show n here ca n also be
ada pted for use as a spee dome tcr-c-wcI l
show yo u how to do it next tim e . R-E

nector s. The insta lled digital tacho mete r
is now rea dy to di sp lay your eng ine's
spee d with bo th digit al acc uracy and ana­
log rea dibi lity.

FIG. 8-TO INTERFACE THE TACHOMETER, fol­
low one of these circuits. A conventional (Ket­
tering) ignition system is shown in (a) , a
capacitor-discharge system in (b), and a Gener­
al Motors hook-up in (e).

that is on only whe n the ignition key is in
the O N positi on .

Now you' re read y to install the ta­
chome ter. A case ca n be built fro m just
abou t any type of material , but an attrac ­
tive , du rabl e fro nt pane l is import ant . Th e
use of bro nze-c o lored Plexig lass for the
fro nt pane l will not only pro tect the di s­
plays, bu t also make them more visible.
Don't use red filter plastic becau se it w ill
wash out the gree n and ye llow LE D's of
the bar /graph d isplay. To e nha nce ap­
pearance furth er, the fro nt pane l ca n be
masked on the insid e to all ow only the
LED's and displ ays to show, thu s hiding
the res t of the displ ay board . Maskin g ca n
be don e by taping over the area th rou gh
which the displays will show, and painting
the uncovered area black . You may also
want to label the front panel usi ng us ing
whi te dry-transfe r lette ring .

Afte r build ing your enclos ure, mount
the PC-board asse mbly in it, and the n
insta ll the encl osure in yo ur vehicle . Be
sure to insta ll it and the connec ting wires
so they w ill not present a safety hazard .
Now plug in the power and s ignal co n-

LEO 20

TO DISPLAY BOARD

one that yo u can ge t to w itho ut bein g a
Chinese conto rtionist!

When a suitable mounting s ite has been
chose n, run a wire from your ignition sys ­
tem to the PC-board ass embly. Three pos­
sible wiring schemes for diffe rent type s of
ignition sys tems are shown in Fig . 8-a,
Fig . 8-b , and Fig . 8-c . Wh atever type of
ignit ion sys tem you have, run a piece of
coax ial cab le from the distributor poi nts
or tac ho meter hookup to the mou ntin g
locat ion . An easy and reli abl e way to
make the co nnec tion is to attac h the center
co nduc tor of the coax to the terminal la­
be led D IST or - on the ignition co il. Many
elec tro nic igni tion systems also use a co n­
ventional co il, and the co nnec tion is made
in the same mann er as to a distributor/
poi nts sys te m. So me elec tronic igniti on
systems do not use a conventiona l co il. so
the co nnec tion mu st be made by fastening
the ce nter co nducto r of the coax to the
terminal marked TA CH.

Afte r putt ing a co nnec to r on the op­
posite end of the signa l coax , connect the
power wires . Connec t the black wire to
chass is ground and the red one to a source

TO MAIN BOARD

FIG. 7-STUFF THE DISPLAY BOARD as shown here . The flat side of each LED should point toward the
bottom of the boa rd . The two boards are sandwiched together, and corresponding pads on the boards
are connected with short pieces of stiff wire.

+R7 ALSO CONNECTS TO THESE PADS
FIG. 6-STUFF THE TACHOMETER'S MAIN BOARD as shown here . Use clipped resistor leads to make
the connections to the display board.
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NEW LIFE

FOR OLD CAR RADIOS
Hear the world with this deluxe shortwave converter!

GARY McCLELLAN
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Part 2 L A ST M O N TH , W E

showed you how to
turn a car radio into a fine home receiver.
But perhaps you're tired of hearing the
same old music, news, and sport s from
your local stations . If so , take heart! This
month we're going to show you how to
build a shortwave co nverter that will let
you hear the latest news from the places
where it happens, while it happens. With
it, you' ll also hear the kinds of music and
cultural events that are popu lar in many
faraway places.

Our co nverter adapt s any analog (dia l
type) AM car radio to receive interna­
tional shortwave stations. It covers the two
most popul ar bands , namely 49 (6 MHz)
and 31 (9 MHz) meters, plus WW V (5
MHz); WW V is a frequency measure­
ment service that also broadc asts time sig­
nals , makin g it grea t for se tt ing your
household clocks very accurately, among
other things.

But why is using a converted car radio
so important to this projec t? First, as out­
lined last time , those radio s feature sen­
sit ivity and selectivity that is superior to
what is offered by conventional home ra-

dios; a car radio modified for home use
and outfitted with our shortwave converter
will provide perfo rmance that is far supe­
rior to that of the low-cost multiband radi­
os often seen at discount stores . Also, car
radios are well shielded , so noise pick up
is reduced resulting in quieter recep tion.

FIG. 4-THE SIGNAL FROM THE ANTENNA is
mixed with a locally generated sign al and the
difference mixer-output frequency is output to
the radio.

Considering those advantages, and the
ease and low cost of converting a car radio
to home use (as demonstrated last time),
using a modified car radio for this project
makes perfect sense .

Exploring the bands
If you' ve never listened to shortwave

radio , you are probably wondering about
the stations that you might discover and
their programs. Of course, what you hear
will vary due to broadcast conditio ns and
what time of day you tune in; but here is a
typical sample of what to expect: Radio
HCJB (Ecuador), the BBC (UK) and Ra­
dio Deutsche Welle (Germany) offer mu­
sic and news program s with a perspective
not heard on U. S.-broadcast news re­
ports . Other stations that you may find
interes ting incl ude the Voice of Free
China (Taiwan), Radio Havana Cuba
(Cuba) and the Voice of America (U.S .).
Those stat ions also offer music and
cultural-affairs program s that are very en­
tertaining . Surprisingly, those statio ns,
and many more , were heard using only
the equipment describe d here, plus a 4­
foot antenna!



FIG. 6-USE THIS GUIDE when mou nting the components ; we recommend following it even if you are
using perforated construction board.

FIG. 5-COMPLETE SCHEMATIC for the shortwave con verter. Few of the parts are cri tic al, so feel free
to make appropriate subst itutions.
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All resistors Y4-watt. 5%
R1 , R2-100,000 ohms
R3---470 ohms
R4, R6-10,000 ohms
R5-1000 otrrns
R7-47,000 ohms
R8--180 ohms
Capacitors
C1-50 pF, variable, see text
C2-15 pF, ceramic disc
C3, C7-47 pF, ceramic disc
C4, C5-0.01 fLF, ceramic disc
C6, C9-100 pF. ceramic disc
C8--150 pF, ceramic disc
C1O-22 fl.F, 16 volts, electrolytic
Semiconducto rs
01-40673 dual-gate MOSFET (RCA)
02-2N2222 NPN transistor
Other components
L1-4 turns, 28-gauge wire over L2, see

text
L2-15-fl.H RF choke, JW Miller 9310-40

or equivalent
L3-1-mH RF choke, JW Miller 70F103AI

or equivalent
J1-5-way binding post
PL1-MotorOla-type auto-radio plug
S1-3PDT toggle switch, see text
S2-three-position rotary switch
XTAL1-4-MHz crystal , 32-pF parallel

mode, HC-18 case
XTAL2-5 MHz crystal, 32 pF parallel

mode, HC-18 case
XTAL3-8 MHz crystal , 32 pF parallel

mode, HC-18 case
Miscelaneous-PC board or perforated
construction board, knobs, 2- x 4- x 4­
inch aluminum project box (LMB CR-442
or equivalent), RG-59 coax cable, hard­
ware, hookup wire, solder, etc.

PARTS LIST

and 8 MHz are used to provide coverage
of the bands previously mentioned. Selec­
tion of the appropriate crystal , and hence
the band to be rece ived, is done using a
three-position switch, 52.

Now that we know how the con verter
works, let 's examine the circuitry in a
little more detail; a complete schematic is
shown in Fig. 5 .

Signal s from an antenna are input to the
circuit via 11 , a five-way binding post. A
three-pole switch, S I, is used to select or
bypass the con verter. When that switch is
in the broadcast position, your radio will
operate as normal ; in the shortwave posi­
tion, power is fed to the converter (via S I­
c) and shortwave frequencies are then
easily received .

Assuming that shortwave recepti on has
been selected, signals are first fed to a
tuned circuit made up of Ll, L2, and ca­
pacitors Cl-C3 . That circuit is set to pass
only the frequen cy of interest and reject
all others. The circuit is included to pre-

+

l
CIO

.,.. 22fLF

R7
47K

The shortwave converter consists of
mixer and crys tal osc illator circ uits. The
mixer combin es signals picked up by the
antenna with a locally generated signal.
Th e result is o utput s ig na ls in the
540--1600 kHz range; those are the fre­
quencies that are normally received by the
car radio .

The local signal is generated by the
osc illator. Three crystals, 4 MHz, 5 MHz ,

XTAL3

R6 ~o49JJ
10K _WWV_ S2

L-+- ---J BAND

Rl
lOOK

r----------------------T------------------------------,
I I PL1 I
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I
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.-±l!Y....:::=1;:::::~==l_-~~~,."BO-C-S-oT~
R8 SW sr-e

180n

SI-a

Jl
ANTENNA

11
SEE

TEXT

How it works
The circuit downconverts signals from

WW V, 49 meters, and 31 meters to fre­
quencies in the AM-broadcast band . With
it, it is possibl e to tune in worldwide
shortwave sta tio ns just lik e th e con­
ventional AM broadcasts you normally
hear on your radio. A block diagram in
Fig. 4 shows the basic detail s of the con­
verter circuitry.
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vent AM -broadcast signals from reach ing
the rad io and causing interference . Ca­
pacitor C I should be peaked for best re­
ception once the circuit is fully assembled
and tested .

The output across C3 is fed to the mixer
circuit, which is built around Q I, a dual­
gate MOSFET that functions as an RF
amplifier and mixer, thereby reducing the
numb er of parts required.

The local osc illator signal from Q2 is
also fed to the mixer, via capacitor C7.
The mixer output appears across L3 and
R4 and is coupled to the output via C6.
Resistor R4 limit s the output level ; it is
needed because strong signals could oth­
erwise cause distortion in the radio.

The local osci llator circ uitry is simple
and straightforward . It uses a standard
Colpitts oscillator circuit built around Q2 ,
with C8 and C9 providin g feedback for
osc illat ion. Crys ta ls XTA Ll- XTA L3
provide the proper operating frequencies
as des cribed earlier.

That about does it for the theory. Let's
get started with construction.

Building the converter
The circuitry is simple, and easy to

build, too . As we've shown, onl y two
transistors and a few other asso rted part s
are used . While we've provided a PC pat­
tern (see PC Service) and a placement
guide (see Fig. 6), they are not strictly
required . If you wish , you could wire up
the circuit on a small piece of perforat ed
constr uc tio n board w ith goo d results .
And best of all , no alignm ent of any kind
is needed . Tha t is great news for those of
us who lack an RF test generator.

Probably the only hard-to-find part in
the project will be variable capacitor C l.
Those unit s are becoming scarce, because
many of the original manufacturers are
out of business. Try surplus stores for Cl ,
or else substitute a higher-value uni t. A
100- pF capac itor should wor k fine .

The semiconductors aren't too critica l.
Other MOSFET's, such as members of
the 3N200 series , can be used if the RCA
40673 isn ' t available; the RCA compo­
nent is preferred, however, since it is over­
load-resi stant. For Q2 , mos t garde n­
variety silicon NPN transistors such as the
2N3904, 2N4 124, and othe rs, sho uld
work just as well.

The coi ls may be almos t any type avail-

(fJ
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z
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cc
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....J
W

~ FIG. 7- THE COMPLETED CONVERTER. If you
« wish, follow the des ign shown here when laying
cc out your front panel.
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able, providin g that the inductance s are
the same. The miniature units speci fied
were used si mply becau se they were

I handy.
As for the crys tals , low-cost computer

types were used here; there is no need to
order them custom made and wait for de­
livery. You can use sur plus unit s of
slightly different frequencies, if desired ;
all that will do is to change dial ca libra tion
on the car radio. However, with the values
specif ied , 5 MH z (WWV ), 6 .0 MH z
(49M), and 9.0 MH z (3 1M) tune in at
exactly 1000 kHz on the radio . That is
de sirable , because it makes finding spe­
cific frequenci es easier.

Moving on, the rest of the parts aren 't
especially cr itical. But you should asse m­
ble the project in a metal project box to
avoid pickup of local AM-broadcast sig­
nals. The swi tches may be any combina­
tion of rotary or toggle types available .

Once you have all of the parts it' s time
to start construction . Here are some sug­
gestions to help you do the job:

At th is point there are two pos sible
routes: First , you can turn to PC Service
and fabr icate the boa rd for this project
shown there . Otherwise you can mount
the compon ent s on a 1.5- X 3 .5-inch
piece of perforated constru ction board
and use point -to-point wiring .

If you choose to go the PC-b oard route ,
a parts-plac ement diagram is shown in
Fig . 6. Those using point-to-po int wiring
will find that diagram useful , too; for best
result s we recommend following roughly
the same layout on the perfo rated con­
struction board .

Start con struction by winding coi l Ll .
That is an easy task. Simpl y wind four
turns of 28-gauge magnet wire over one
end of L2 . Then twist the wire ends to­
ge ther to hold the co il in place , secure the
coi l with nail poli sh, and let dry. Finish up
by untwisting the wires and then tinnin g
the ends.

Con tinue by install ing the major com ­
ponent s , such as the coils and crys tals , on
the board as shown. Then follow with the
resistors and capacitors; be sure to keep
all leads as short as possible . When done ,
install the semiconductors . Note carefully
the tab positioning on Q1 and the flat side
of Q2. Finish up by checking your work
and correct ing any erro rs.

Set the asse mbled board aside for a
moment and prepare the aluminum box .
Refer to Fig. 7 for a suggested panel
layout , then dri ll your box accordingly.
No dim ensions are given for the layout
because it will vary with the sizes of the
part s you are using . Although not shown,
you' ll also have to drill a mounting hole
for J I, as well as a hole for the output cable
and the power lead ; those holes should be
located on the rear panel. Whe n all holes
are drilled, mark the functions with press­
on labels and coat the box's exterior with
clear plastic spray.

MOUNT THE BOARD inside the enclosure using
Y4-inch spacers and 4-40 hardware.

When the cabinet preparation is com­
plete , moun t C I, SI, and S2 on the front
panel, and 11on the rear panel. After that ,
install the board in the enclos ure. Use Y4­
inch spacers and 4-40 hardware to secure
the board in place . Be sure to install the
knobs , too. Note that on Cl, the pointer
should be in the 9-0 'clock posi tion when
the capacitor plates are fully closed .

Wire the board to the cabi net-mounted
components using using stranded hookup
wire; be sure to cut each wire as short as
possible. Don't forget to install the bypass
wire between SI-a and SI -b , and install a
3-foot length of hookup wire at SI- c for
power. Feed that wire and a length of
RG-59 coax throu gh the rear-panel hole
int ended for that purpose. So lder the
coax 's center conductor to SI -b and the
braid to ground . Attach plug PLi to the
othe r end of the cab le and yo u are
finished!

Using the converter
The unit is easy to hook up. Simp ly

plug PLi into the antenna jack of your car
radio . Then connect the power lead to the
power supply (as described last month).
Afte r that , connect a Sh0l1 antenna to
binding post J1. A simple antenna such as
a 4 foot piece of hookup wire shou ld be
sufficient.

Set switch SI to the broadcast position
and turn on the rad io; you should hear
regul ar AM-broadcas t statio ns as before.
Then set the ban d switch, S2 , to the
WWV position and turn SI to the short­
wave position . Tune your rad io carefully
arou nd 1000 kHz and you should hear the
WWV time clicks at least weakl y. Adjust
C l for maximum volume and then you are
all set!

Recepti on on 49 and 31 meters works
the same way. Set the band sw itch to the
band of interest , then tune in stations from
1000 to 1600 KHz on your rad io. Adjust
C I for maximum volume on eac h station .
That' s all there is to it , so enjoy! R-E



FIG. 5-THE CONTROLLER IS BASED ON A CMOS zao;the design uses no RAM external to the ZaO!
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GENE ROSETH

Rule the world by telephone!

Part 2 NOW THAT WE KNOW A

little bit about how our
telephone controller works , it's time to
look at the circuit in greater detail . So let's
get to work.

Circuit details
Figure 5 shows the microprocessor sec­

tion. The EPROM (lC6) is enabled when­
ever a read is done to the 280's memory
(not I/O) space. Note that there is no
RAM in the system; the abundance of280
registers and some carefu l programming
have allowed us to dispense with RAM
and associated address decoders .

The gates in the lower-left comer of the
schematic (lC4-c-IC4-f, IC5-a, IC5-b,
IC7-c , IC7-d) decode the 110space for the
speech synthesizer, the PIO, and the
ADC. The 280's clock input is driven via
the clock output of the Touch-Toile de­
coder (shown in Fig. 6).

Figure 6 shows the analog interface cir­
cuitry. Data to the speech synthesizer and
from the ADC is transferred via the data
bus; data from the Touch-Toile decoder is
transferred via the PIO. The contro l inputs
of the analog switch are driven by the PIO
and serve to connect the appropriate sig­
nal source to the telephone- line interface
circuitry via terminal U13.

The speech synthesizer is a complex
device that can be viewed as a storehouse
of fundamental speech sounds ca lled
phonemes. The microprocessor causes
the speech synthe sizer to ouput individual
phonemes along with appropriate delays
to form complete words and phrases.

P ONLINK
INTER­
ACTIVE
REMOTE
CONTROL
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FIG. 6-THE ANALOG-INTERFACE CIRCUITS, including a speech synthesizer (IC3), an AID converter
(ICB), and a DTMF decoder (IC10) are shown here .
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31 1Self-cancel

function 2
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Input 1
Input 4
Input 5
Input 6
Input 7
+5 volts, 200 mA

Function

PLEASE NOTE THAT, ALTHOUGH THE CON­

troller presented here has been de­
signed to meet the interface require­
ments of the telephone system, it is
not FCC type-approved. Connection
of such a device to your operating
company's line is SUbject to the reg­
ulations of that company. It is your
responsibility to ascertain the perti­
nent regulations for your area.

•All even numbered pins are grounded.

TABLE 1-1/0 CONNECTIONS

Note: Pin 1 and pin 9 are not connected .

WARNING

ciated passive components comprise the
ring detector. Each time a ring occurs, a
negative-going pulse is generated at pin 5
of ICI6; that pulse is applied to pin 2 of
ICl3-a. The output of that op-amp is then
applied to the PIa where it can be de­
tected by the CPU.

Driving the remainder of the interface
is BRI , a fullwave bridge rectifier that
ensures proper operation of the controller
even if the controller is connected to the
phone lines backwards . Relay RYI serves
as the hook switch, which is equivalent to
the cradle switch on any telephone . The
relay is controlled by QI , which in turn is
controlled via the PIa by the Z80. · .

A closed-loop feedback circuit is com­
posed of ICI2, ICI7, ICI9, lCl3-c, and
the C9/R16 lowpass filter ; that circuit
compensates for temperature drift. The
data or voice signal is modulated onto the
phone line by ICl3-c and ICI9, but the
rest of, the feedback loop is needed for
stability and to optimize the operating
point of ICI9 . The purpose of ICI8 is to
detect the disconnect pulse from the tele-
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there are two separate five-volt power sup­
plies , one for the analog and one for the
digital circuits . Now you know why the
power connections to some IC's in the
previous figures are labeled ± VD and to
others , ± VA ' The analog and digital
grounds are connected together, but only
at one point ; analog and digital ground
runs around the board are separate.

The remainder of the circuitry provides
the telephone-line interface. Line isola­
tion is achieved through the use of opto­
isolators. Opto-isolator ICl6 and its asso-
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The ADC is a successive-approxima­
tion type; the resistive voltage divider
connected to each of the first seven inputs
(pins 1-5 and 26-28) is in the proper ratio
to allow the microprocessor to translate a
o-S-volt input to a 0-100 percent output.
For other input-voltage ranges, those re­
sistors must be changed accordingly. The
eighth input is connected to IC9, a preci­
sion current reference that produces a
voltage proportional to ambient tem­
perature .

Turning to Fig. 7, note first of all that
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FIG. 7- THE POWER SUPPLY AND TELEPHONE-LINE INTERFACE are shown here. There are separate
supplies for the analog and digital circuits.

LISTING 1

*ENTER8* MO D ULE
phone exchange if the caller hangs up.
That pulse causes an interrupt to the mi­
croprocessor, which then terminates the
current sess ion, re-entering the program
near the top of the flowchart that was
shown in Fig. I last time (Ra dio-Elec­
tronics, May 1987).

Software
The controller's software is written in

Z80 assembly langu age; it comprises
about 1800 lines of code . Due to space
limitations, we can ' t print the listing here ,
but we have posted it on our BBS. The file
is called PHONLINK .AQM, and it has
been squeezed, so you' ll have to uns­
queeze it to use it.

E NTE R8 L D
OU T
OUT ­
OU T
OUT
OU T
L D
JP

RTR N85 LD
J P

RTR N86 L D
JP

RT RN87 LD

A,04 H
(SPC HPT), A
(SPC HPT),A
(SPC HPT), A
(SPCH PT),A
(SPC HPT), A
HL,RTR N85
ENT ER

HL , RT R N86
EIG HT

HL,RTRN87
TW O

HL,RTR N88

;PA5
;PRE-DE LA YS

" II

;" ENT ER"

;"EIG H T"

;"TO"

c....
C
z
m
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FIG. 8-STUFF THE PC BOARD as shown here. Be sure to mount all electrolytic capacitors, sem icon­
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To get an idea of how we use the Z80's
registers rather than RAM to store sub­
routin e return addresses, exa mine the rou­
tine in Listing I.

The routine show n there causes the
speec h synthesizer to say "Enter eight to
end or seven to repeat. " After exec uting
several delays (by out putt ing a 4 to the
speec h port ), the address of the routine
that speaks the word Enter (RTRN85) is
loaded in the HL register. Then the pro­
gram j umps to the routi ne that pronounces
the word .

That routine returns to the locati on
pointed to by HL- the next line in the
routi ne shown in Listing I. It in turn ca lls
the routine that speaks the word eight and
co ntinues in the same mann er.

Construction
Use of a PC board is not abso lutely

necessary, but is strongly recommended,
in order to minimize crosstalk and other
problems. The commercially availab le PC
board is double-sided , has plated -thro ugh
holes, and is silk-screened, which grea tly
simplifies cons truction . A lternatively,
you can etc h your own board using the
patterns show n in PC Service.

To stuff the board , follow the parts ­
placement diagram (show n in Fig. 8). Ob­
serve all polarity marki ngs and make sure
that the transformer is mounted correctly !
Mou nt IC20 (the 7805 reg ulator that sup­
plies power to the digital circuitry) on the
rear panel of your case, or some other
heatsink . The power-on ind icator (LEDI)

and the microphone (MICI) shoul d be
inserte d thro ugh holes in the front panel.
Don 't forget to solder the two jumpers in
the desired positions .

Interfacing
There are two basic approaches to inter­

facing the controller with external circ uit­
ry. The simp ler met hod, whic h is suitab le
for small , low-power circuits, is to mount
a small piece of perfboard inside the cab i­
net. The board can be secured to the top
half of the cabinet with #4 screws. DIP
connector S02 on the main board allows
an easy interface to the user board . The
pinouts of SO l and S02 are shown in
Table I. The wires con necting the user
board to the real-world inputs and outp uts



All resistors are Y4-watt, 5% unless oth-
erwise noted.

R1-100,000 ohms
R2-250 ohms, 1%
R3-10,OOO ohms, 1%
R4, R17, R24, R27, R32, R34, R35-

10,000 ohms
RS-R9 , R19, R36, R40, R42, R44, R46,
R48, R50, R52, R55---33,OOO ohms
Rl0, R15, R38-47,OOO ohms
Rl 1, R12, R14-1000 ohms
R13, R20, R21-220,OOOohms
R1 6,R28,R54-1 megohm
R18, R25---22,OOO ohms
R22-330,OOO ohms
R23, R30, R31 , R33-100,OOO ohms
R26-100 ohms
R29-150 ohms, Yl-watl, 5%
R37-470 ohms
R39, R41 , R43, R45, R47, R49, R51-

51,000 ohms
R53-39,000 ohms
R56-150 ohms
Capac itors
Cl , C6, C13- C15, C17-e22--Q. l f.lF,

ceramic disc
C2, ce. C1G-1 f.lF, 16 volts, electrolytic
C3, C4--Q .022 f.lF, ceramic disc

PARTS LIST

C5, Cl1-10 f.lF,16 volts, electrolytic
C7-2.2 f.lF.16 volts, electrolytic
C9, C26-33 f.lF, 16 volts, electrolytic
C12--Q .l f.lF, 200 volts, disc
Cl6-4700 f.lF, 16 volts, electrolytic
C23-470 f.lF, 16 volts, electrolytic
C24, C25---22 pF, disc
Semiconductors
IC1-TMPZ84COOP, CMOS Z80

(Toshiba)
IC2-8255A, PIO
IC3-SP0256-AL2, speech synthesizer
IC4-74C04, hex CMOS inverter
IC5---74C02, quad CMOS NOR
IC6-27C64, 8K CMOS EPROM
IC7-74C32, quad CMOS OR gate
IC8--ADC0809CCN, N O converter
IC9-LM234Z, precision current reference
IC1G-M-956, OTMF decoder (Teltone)
IC11, IC22- unused
IC12, IC15---TLC271, op-amp
ICl3-LM324, quad op-amp
ICl 4-4066, quad analog switch
ICl6-IC19-4N32A, opto-isolator
IC20-LM7805C K, five-volt regul ator,

T03 case
IC21-LM7805CT, five-volt regula tor,

T0220 case

BRl -200 volts, Yz amp
BR2- 50 volts, 'h amp
01, 03-05---1 N91 4, switching diode
06-08--1 N5245B, ts-vou, Yz-watl Zener

diode
Ql -2N2222, NPN small-signal transistor
Other components
Fl-125 volts, 'h amp, pigtail leads
MIC1-l;l ect ret microphon e (Rad io

Shack 270-092B or equivalent)
RY1-Relay, five volts, 70 mA, (Radio

Shack 275-243 or equivalent)
SOl- 16-pin DIP socket
S02-34-pin edge-card connector
Tl - 12.6 volts, 0.6 amp (Tria F-1 58XP)
XTAL1, XTAL2-3.58 MHz
Note: The following items are available
from STG Associates, 2705-B Juan
Tabo Blvd. N. E., #117, Albuquerque,
NM 87112: Complete kit of parts, in­
cluding cabinet, PC board, and pro­
g rammed EPROM (KPL-1), $195 ;
etched, drilled, and silk-screened PC
bo ard (KPL-2), $36; programmed
EPROM (KPL-3), $19 ; printout of
source code (KPL-4), $8. Add 5% for
postage and handling. New Mexico
residents add appropriate sales tax.
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internal power supply. The edge-card con­
nector identified as SOl in the schematics
can be used to con nect the controll er to
the in terface box .

Con struct ion aside, the type of circ ui t
you' ll need will depend on your inputs
and outputs. Figure 9 shows ideas for sev­
eral types of inte rfaces. Co mponent val­
ues are not given for most of the circuits
because those values can only be deter­
mined based on the voltage levels you ' ll
be deal ing w ith. But the circui ts shown
provid e a good start ing place.

Figure 9-a and Figure 9-b show two
simple digi tal-output circui ts . Neith er can
supply much current; the relay in Fig . 9-b
should be a low-current type. The Fig . 9-a
circ ui t is sui table for applicatio ns where
isolation is unimp ortant ; otherwise, use
the Fig. 9-b circuit.

Figu re 9-c and Figure 9-d show two
simple analog-i nput circ ui ts. As with Fig .
9-a and Fig. 9-b , the Fig . 9-c circ ui t is
suitab le for applications where isol ati on is
unimport ant; oth erwi se, use the Fig. 9-d
circuit.

Last are circui ts for transmitting digital
data over the telephone lines. As shown in
Fig . 9-e, the remote voltage of interest
should be processed by a YCO (Vo lt ­
age-Controlled Osci llator) so that a tone
sui table for phone-line bandwidth (3000
Hz) wi ll be generated . The signal appl ied
to either of the converter's sel f-cancel ing
inputs should be in the range of 50-100
mY pop. As show n in Fig . 9-/. the tone can
be recovered at the receiv ing end after
sui table isolation and buf fering by a volt ­
age-to - frequency co nve rte r or a PLL
(Phase-Lo cked Loop). R-E

DATA
OUTPUT

VOLTAGE OF
INTEREST
~

r-o}TO--rrO CON TROLLED
Y-o DEVICE

I

01
2N2222

b

d

FREOUENCY
TO VOLTAGE
CONVERTER

OR PLL

+5V

01
IN914

Rl
10K

The other method of interfacing is re­
quired w hen the appl ication demands de­
vices that are too bi g or too power-hungry
to be mounted internall y. Here a separate
box should be built that contains it s ow n

R6*

CONTROLL ER
OUTPUT o-~"""'H

1- 5

CONTROLLER
INPUT 1-7

+5V

t}~gNTROLLED
DEVICE

FROM
TELEPHONE LINE

VCO
300-3000Hz

0.1 VOLT P-P

VOLTAGE OF
INTEREST

r--------, c(J

Rl
10K

iI

CONTROLLER RI* VOLTAGE OF

INPUTFINTEREST1-7
R2*

SELF­
CANCELlNG
INPUT 1- 2

CONTR0LLERo--'YIflr-f-I
OUTPUT 1-5

* OEPENOS ONCIRCUIT CONFIGURATION

FIG. 9-A VARIETY OF INPUT/OUTPUT CIRCUITS: at a, an un isolated digital output ; at b, an iso lated
digital output ; at c, an unisolated analog input, at d, an iso lated analog input. Shown in e and fa re one
means of t ran smitting digital data over the phone lines.

can be routed out an openi ng in the rear
panel. The intern al power supply can
provid e a maximum of about 200 mA to
user circuitry. If that 's not enough for your
applicat ions, use another method.
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Motor controllers
Before describ ing our motor-contro l

end, the concept of a bus would never
have been developed. Since we lack such
foresight, however, a simple interface bus
is provided to allow you to expand the
robot easily and at low cost. Tha t interface
bus has been named the RERBUS; it uses
26-conductor ribbo n cable that carries 8
data lines , 4 address lines , 2 control lines ,
and power.

The RERBUS interface is derived from
IC7, a 74LS374 output latch. That latch
was chosen over the 74LS377 used earlier
because it has greater output dr ive capaci­
ty. The price of that added drive capacity is
the need to add an additional OR gate
(ICI5-b, Y474LS32) to the clock line . A
second 74LS374 (lC8) is used to buffer
the address and con trol lines for the inter­
face. Data is read from the interface using
IC6, a 74LS 541 octa l buffer/line driver.

The advantage of that implementation
is that we have complete contro l over the
access time of any circuits connected to
the bus . The read or write lines can be
enab led as long as the external circu its
requ ire. That is particularly important
when a flexible cab le is used instead of a
backp lane because a flexib le-cable bus re­
quires slow acce ss times because of its
high inter-con ductor cap acitance .

·.

RERBUS user interface
If circuit designers always knew in the

beginning what would be needed in the

The desi red input channel is selected by
placing the appropriate data on the data
bu s and then writing it to IC4 , the
74LS377 parallel latch discussed last
time. About 200 us later, the requested
data is placed on the data bus by reading
port 150H.

For exam ple, let's ass ume that we want­
ed to check on the battery. Battery con­
diton is moni tored on cha nnel 3 . By
selecting that channel we can learn of the
state of the battery 's charge ; if it has
dropped too low the appropriate action
can be taken. The following line of com­
putercode, written in FORTH , returns the
state of the battery:

: BATT? 2 150 PC! 2 DELAY 150 PC@ ;

Speaking of FORTH, we reali ze , of
course , that we have not discussed the
language in any deta il yet. Undertaking
such a task would require devoting several
complete issues of Radio-Electronics ,
and the job would still be incomplete, at
best. Therefore , for space reasons, we
must assume that the reader is familiar
with the language. On that prem ise. when
we present FORTH routines in future in­
stallments of this ser ies, we will exp lain
what the routine does in general terms ,
but not the function of each term or line .

OBOY
R-E

Analog-to-digital converter
A n Ana log - to -D igi ta l Co nve rter

(ADC) is required to conve rt information
abou t the torque ou tpu t of the dr ive
moto rs and the state of the batteries to a
digital signa l that can be processed by the
RPC (Robo tic Personal Computer). Addi­
tiona lly, an ADC is needed to convert the
outputs of environmental sensors to digi­
tal form; almos t all such sensors have ana­
log outputs.

Because it is easi ly interfaced with our
microprocessor bus, the ADC we selected
is the ADC0804 (National). That IC is
self-clocki ng, uses an interna l ratiometric
reference, and needs only +5-volts DC to
operate. The input-vo ltage range of that
IC is adjustable; we've set it for 0 to + 5­
volts DC.

The ADe's input channel is selected
using two 40 51 8-channe l mul tiplexer
fC 's . The input cha nne ls are alloca ted as
follows: Two channels are connected tc
amplifiers mon itor ing each drive motor's
curre nt. Two channels are connecte d to
the RERBUS (Radio-Electronics Robot
BUS) co nnec tor; we' ll discuss the struc­
ture of the RERBUS in a moment. Two
channels are dedicated to internal heat­
sensing. Eight chan nels are available at
the user connector for external sensors or
other perip herals you may add later.

The ana log-to-d igita l convers ion pro­
cess is started by writing to port 150H.

Part 7 THI S MONTH WE'LL

continue our look at
the rob ot's co ntro l elec tronics . You' ll
need to refer to the schematic that ap­
peared last time ("R-E Robot , Part 6,"
Radio-Ele ctronics , May 1987), so have it
handy as we proceed .

More on the electronics
that makes our robot go.
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FIG.1-THE PLL IS TH.E KEY CIRCUIT comprising the motor co ntrollers. Here, the ope rat ion of a PLL is
sho wn in bloc k diagr am form.

Design cons iderations
It is import an t that the motor controller

be able to operate as independentl y as
possible . We co uld design a motor-con­
tro l system in which a microprocessor
controls the power de livered to the dri ve
transistors and co unts the increme ntal rev­
olut ions of the drive wheels . That is an
ideal app lication for a slave processor,
and, in fact , that is how the HERO 2000
works . Unfortunate ly, however, deve lop ­
ing a ded icated slave-microprocessor sys­
tem for our robo t was a luxury that we
could not afford .

<­cz
m

LOW PASS
FILTER

On the other hand , it is impo rtant that
we do not load the RPC down with too
man y tasks. Therefore , our motor con tro l­
ler will have to be smart enough to operate
wit hout constant attention fro m the mi­
croprocessor.

We also need an acc urate system that
can keep track of how far the robo t has
moved. The dr ive wheels will he used to
steer the robot , so, not on ly must the
motors he capable of acc urate differential
actions , they must be well-beh aved at low
(maneu vering) speeds. The robot's arm
has just one degree of freedom. The other
two degrees of freedom are obtained from
the base unit. The refore , the mo tor con­
trols must be able to move the un it in small
forward, backward , or rotational steps to
enable the arm to grasp its target.

The whee l-derived distance wi ll he
used as ou r first-approx imat ion naviga­
tional system . However, no matter how
acc urate our wheel -based navigation is ,
there is no solution to the "bump in the
road" problem . For exam ple, if our robot
were traveli ng in a straight line , main ­
tained by equal distance traveled by each
wheel , and one wheel went over a hum p,
the robot wou ld turn towards the hump.
That is because the wheel that went over
the bump went farther to achieve the same
linear distan ce that the wheel that missed
the bump. In sp ite of that problem , it
would simplify later prob lems if the robot
were ab le to go where it is told reliab ly.

The motor co ntro ller des igned for the
robot meets those spec ifications . We have
designed a tota lly digi tal, Phase-Locked
Loo p (PLL) motor-control system th at
uses a sin gle pulse-w idth modu lated tra n-

PHASE
COMPARATOR

REFERENCE
FR EQUENCY
GENERATOR

VO LTAG E
CONTROLLED
OSCILLATOR

(VCOI

capable of reversing and stopping the
motor. One method of doing that requ ires
two power supp lies of equal voltage and
opposite po larity . The motor is connected
to the positive supply to run in one direc ­
tion and to the negative supply to operate
in the opposite direction . That solution
does not use batteries efficiently, so it is
no t used.

Another alternative would he to use an
H bridge. In that scheme each motor is
surro unded by four swi tches (transistors)
that direct the current thro ugh the motor in
the desired direction. Although effic ient
in terms of power usage, the circui t re­
quires four high-power trans istors and as­
sociated circuitry, all of which increases
the cost.

Fina lly, the classic approach is to con ­
nec t the motor to the center arm of two
SPOT relays and to use the relays to estab­
lish the direction of the current in the
motor. That approach is simple and inex ­
pensive; it is the approach used in our
robo t.

circu it, remember that we are dealing
with DC brush-type torq ue motors . Those
motors are characterized by poor speed
reg ulation , lack of an integral tachometer,
and , consequent ly, low-cost ; the last
characterist ic exp lains why they were se­
lec ted . Stepper motors with the torque
capability we need wo uld have bee n diffi­
cult to locate and wou ld have cos t much
more . Brushless motors, though less ex­
pensive, requ ire so much support circ uitry
that they wind up costing as much to use
as steppers . Servo mo tors with an integral
analog tach om eter could have bee n used ,
but they too are much more expensive
than lowly torque motors. Rem ember, any
au tomo bi le starter motor will de liver
around Yz horsepower, ju st abo ut what we
need .

Motor con tro llers fall into two ge neral
classifica tion s; linear and swi tching . In a
linear contro ller, the terminal voltage of
the motor is varied to keep the motor
spee d con stant. A sw itching co ntro ller
keeps motor speed co nstant by regu lating
the duty cycl e of the power applied to the
motor. Bear in mind that our motor con­
trollers may have to handle up to 500
watts . Examining the power-dissipation
requ irements of typic al ser ies-pass tra n­
sistors we see that there will be a power­
dissipation problem if linear controllers
are used . The wors t case is at high-torque
loads and low motor speeds. Then the
series-pass transistors must conduct max ­
imum curre nt while wi thsta ndi ng nearly
full battery voltage. The result is over I
kW of power dissipation in the ser ies -pass
transistors.

A swi tching con troller, on the other
hand, is ei the r fully con ducting or full y
off. In eit her case, power dissipated by the
ser ies-pass tran sistors is zero . Act ua lly,
it'a very near zero . Duri ng trans itio ns be­
twee n off-to -on and on -to-off, power is
lost, but the tot al dissipation is many or­
ders of magnitude lower than that of a
linea r co ntroller.

Some form of feedback is required in
all motor-control circuits . That can be de­
rived fro m an analog ge nerator attac hed to
the motor shaft, as is done with servo
motors . Sometimes the motor itse lf is
used as an ana log tach ometer by measur­
ing the back EMF generated . In ou r case ,
optical encoders will be attached to the
motor shafts to obtain moto r-speed infor­
mation. The information from the en ­
coders is bro ug ht to the controller via
connector s PL2 (rig ht motor) and PL6
(left motor); it is decoded by a pair of
74 LS74 du al flip-flops (lC28 and IC29).

The final stage of eac h motor con tro ller
is the outpu t driver. That stage must deliv­
er the power to the motor. It must also be

59



FIG.2- IN OUR MOTOR CONTROLLER, the optical encoder takes the place of a VCO in the PLL circuit.
As the voltage to the motor increases, the output frequency of the encoder increases.

+V

I
I

I

I I
I I~- .J

MOTOR

Shaft encoders.
We used a Hewlett Packard HEDS

6000 optical encoder for our robot. That
un it has a quadrature output of 500
count s-per-revolution.

Note that the HEOS 6000 is one of the
most expensi ve components in the sys­
tem . You have two choices if you do not
want to follow our lead in using that en­
coder. You can make your own encoder,
either with or without quadrature output s,

continued on page 90

position of two SPOT power relays. A
sing le flyback diode, 02, protects the
driver trans istor from damage due to
motor inductance . The use of two relays
instead of an H-bridge output-driver cir­
cuit allows us to reverse motor direction s,
yet saves three expensive power tran ­
sistors, several level-matching compo­
nents, and three flyback diodes . Max­
imum dynamic braking of the motors is
achieved when both relays are in the de­
energized position, an important consid ­
eration when the robot is parked .

It is possible to perform regenerative
braking with the circuit, wherein the ki­
netic energy of the robot in motion is used
to generate electricity in the motor and
charge the batteries. However, due to the
complexity of the control algorithms and
the small amount of energy recovered, we
did not implement that feature.

Motor current is sensed at the 0 .0 I-ohm
resistor, R21, amplified and filtered by the
LM358 operational amplifier, IC20, and
presented to the AOC. In a given motor,
the relationship between load and current
is linear irrespective of motor speed.
Once that relationship has been deter­
mined , the information can be used by the
RPC to sense the grade or surface that the
robot is operating on .

REVERSE
COUNTER

FOWARO
COUNTER

VARIAB LE
REFERENCE
FREQUENCY
GENERATOR

Motor driver
Like the reference frequency, the motor

driver is gated on and off via port 124H.
When the driver is gated on, the output of
N A ND gate IC24- a drives tran sistor QI
into saturation. That 2N3906 small-signal
PNP transistor drives a Darlington pair.
Note that rather than a single unit , in our
circuit we use a Darlin gton pair fashioned
from disc rete transistors (Q2 and Q3).
That approach is used because it offers
you much flexibility in matching drive
transistors and motors. The 2N3772 tran­
sistor used for Q3 in our circuit is rated at
30 amperes; that means it can deliver up to
I kilowatt to the motor at the maximum
recommended battery voltage (36 volts x
30 amps).

The motor is connected to the center

8253

tal-memory circuit outputs a I (logic high)
if the phase of the reference signal leads
that of the controlled signal. A 0 (logic
low) is output if the phase of the reference
signal lags that of the controlled signal.
As you can see , the circuit is actually a
phase comp arator. However, in our de­
scription we will cont inue to refer to the
circuit as a frequency comparator because
in our system it is used to control the
frequency of the optical-encoder feed­
back signal rather than the phase.

The output of the frequency com­
parator is a pulse train whose duty cycle
will vary from 0 to 100%, depending upon
the difference in phase between the refer­
ence frequency and the optical-encoder
output s. The frequency of that pulse train
will be equal to the referenc e frequency. If
you examine the output of the 4046 with
an oscilloscope while applying a load to
the motor you will see the duty cycle of
the comparator's output increase, but its
frequency will remain the same .

Frequency comparator
The frequency comparator used by our

PLL is the internal type-II comp arator in
the 4046 PLL, IC23. A sophisticated digi-

The PLL
The key to the design of the motor con­

troller is the use of a phased-locked loop.
A block diagram of a PLL is shown in Fig.
I. Essentiall y, a PLL consists of a refer­
ence-frequency source , a frequency com­
parator and a variable-frequency signal
that is produced using a Voltage Con­
trolled Oscillator (YCO). In operation,
the frequency comparator constantly
compares the variable-frequency signal
with the reference-frequency signal and
adjusts the variable-frequency signal so
that the two match.

By now you may be getting an idea
about how our controller works . A refer­
ence frequency that is proportional to the
desired speed is gene rated. That frequen­
cy is compared with the the output of an
optical encoder that is linked to the motor ;
the encoder plays the part of the YCO in
this PLL. If the controlled voltage is lower
than the reference voltage, the PLL circuit
will turn the drive transi stor on more ; if it
is higher, the PLL will turn the drive tran­
sistor on less.

A block diagram of the system is shown
in Fig . 2. As mentioned, two such sys­
tems are required by the robot, one for
each drive motor. To keep things simpler
in the following discussion , we will exam­
ine the circuit for the left motor only ; the
right-motor controller works identically.

Reference frequency
The reference frequenc y is der ived

from the 80188 microprocessor clock (on
the RPC) and one of the three independent
timers of ICl3 , an 8253 programmable
16-bit counter. The clock signal is divided
by 16 to produce a 500-kHz clock for the
8253 . The 8253 then divides the input
clock by a 16-bit number to produce an
output frequency between 2 Hz and 250
kHz, depending on the number selected .
That output is used as the reference fre­
quency by the PLL. The reference fre­
quency can be turned on and off via pin
II , GO, by writin g to port 124H. When the
reference frequenc y is off, the motor must
stop completely.

sistor. The controller board has two such
circuits , one for each drive motor. Direc­
tional control is achieved with two relays,
a big cost saving compared to the H­
bridge approach at high current levels .
Feedback is fully quadrature-decoded as­
suring accurate positi onal inform ation .
Torque information is available to the
computer so that stall or high- load condi­
tions can be detected. And it is all done
economically.

Now, let' s examine the major building
blocks of the system.
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Our back-to-school series continues this month with a discussion of
a transistor's AC parameters.

TJ BYERS

Part 5 ALTHOUGH STAT I C

(DC) measureme nts
address a wider range of conditions and
are easier to make than dynamic (AC)
measurements , dynamic measurements
are actually more realistic because they
apply directly to normal usage .

As you recall from the first installm ent
of this series , dynamic tests are performed
by measuring a semiconductor' s influence
on an AC input signal when the device is
operati ng under DC conditions. Let's take
a look at why that is so , and begin with an
ana lysi s of bipol ar-trans ist or dynamic
measurements.

Transistor gain
The dynamic parameter of primary in­

terest to the design engineer and the hob­
byist alike is undoubtedly hfe' which is
called beta , and wh ich is often repre­
sented by the symbol 13 . Commonly re­
ferred to as beta, hfe is the AC short­
circuit forward-curre nt gain of a bipolar
transistor in the com mon-em itter config­
urat ion . In plain terms , hfe is the ratio of
the change in collector current to a corre-

spond ing change in base current brought
abo ut by an AC signal. hrc can be ex­
pressed by the equatio n:

L'l le
h -­

Ie - L'l l
B

where Is is the change in base curre nt and
Ic is the change in collector current.

Keep in mind that the key word in the
above equation is change. (The L'l symbol
is used to indicate a change ) Let's say, for
examp le, that a transistor is DC-biased
with a base-emitter current of I rnA,
which results in a corre spond ing collector
curre nt of 50 rnA . Those values are ca lled
the static conditions of the circuit.

The static conditions that determ ine the
operating parameters of a transistor are
established by a constant-voltage power
supply across the co llector and em itter,
and a constant-current source for the base­
emitter junction . A test circ uit having
those conditions is shown in Fig. I. Meter
M I indicates base current (18); meter M2
indicates collector current (l c)' Resistor
RL is the collector 's load .

+81 _

CONSTANT :
VOLTAGE I

SOU RCE,J.

ld c
hi = -

e A I B

FIG. 1-A bas ic configuration for test ing tra n­
sistors to determine h,e -

After noting the stat ic base and co llec­
tor currents , make a change in the base
curre nt and note the resulting shift in the
collector current. For illustrat ion , assume
we apply an input signal of I rnA to the
base (in addit ion to the static I rnA cur­
rent, for a total of 2 rnA) and see what
happens . Assume that the increase in base
current cause s the co llector current to in­
crease from 50 rnA to 100 rnA.

~
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10mV
AC-meas urement circuit is shown. The
constant-c urrent generator co nnected
from emi tter-to-ground represent s Q I 's
base-em itter biasing; it eliminates having
to clutter the illustration with the DC bias­
ing circuit.) The test circuit measures hfc
by com paring the AC input voltage to the
AC output voltage. The meter's scale is
speci fically calibrated so that it directly
indicates Ql's ~. (The conversion be­
tween current and voltage is made in the
voltage divider consisti ng of resistors RI
and R2 . The values for those components
were se lected so that 10 mY appears
across resis tor R2 when I /-LA flows into
transistor Q I's base .)

A ca librat ion level of 10 mY was
chosen so that an hfc in the range of a to
100can be read directly from a meter (M])
that norm ally ind icates 0-10 mY full­
scale . The meter's calibratio n works this
way: Switch S I is set to its CAL position
and resistor R3 is adjusted so that meter
Ml indicates full sca le (10 mV), The
switch is then set to its TEST posi tion and
the meter reading , which indicates the
transistor 's ~ , is noted. Keep in mind that
a full-scale reading respresents a beta of
exactly 100.

The hfc value obtained by that method
will probably agree very well with hFE ,

the static (DC) gain parameter, but not
every time or for every transistor. The pa­
rameter hfc is frequency dependent and
can fluctuate widely from the measured
static (DC) values, a fact that is especially
true of high-frequency transis tors .

CAL
- Sl

10mV

01.1

RI

R2

330.11

R3
200.11

330.11 .1 1 MEG
lilA-...

RI

R3 100.11
200.11

27K

R2 10mV

Ie

Vee
FIG. 3-A laboratory-type hfb tester. hf b always measures less than unity.

Vee
FIG. 2-A laboratory-type h' etest configuration. Resistors R1and R2 are selected so that AC voltmeter
M1 ind icates 10 mV when switch 51 is in the CAL position.

.25 5MEG

Alpha gain
Another commonly-used parameter is

a (alpha), which represents the AC short­
circuit forward-current gain for a tran­
sis to r operat ing in the gro unded-bas e
mode . Its nomenclature is h1b . While the
a value is not as familiar to some as ~ , it is
often used to establish ga in parameters for
high-frequency circuits th at require a
grounded-base configuration .

Alpha can be determined in two dif­
ferent ways: either by direct tests , or by
mathematical derivation from other pa­
rameters, such as hfc ' The formula for
convert ing hfc into hlb is:

CAL
10mV SI

TEST

lilA 0.1
-+-,I

RI

R210mV

FIG. 4-A laboratory-type hib test configuration.
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If we subtrac t the new values from the
static values, we see that a l-mA change in
base current produces a 50-m A change in
co llector curre nt. By entering those val­
ues into the equation above we can deter­
mine that the trans istor has an hfc of 50.

Testing hfe
Althoug h the preceding test procedure

is acceptably accurate, it is also rudime n­
tary. Norm ally, a transistor is tested with
an AC input signal having a specific fre­
quency, a procedure that more accurately
describes the conditions under which the
transistor will operate.

Two test frequenci es are commonly
used: 60 Hz (beca use it is readily avail­
able), and I kHz. The higher frequency
gives slightly more accura te meas ure­
ment s and has become the standard test
frequency throughout the industry. The
nome nclature for ~ tested at I kHz is hfco '

More often than not , however, the " 0" is
left out (not used), and the data-sheet list­
ing is shown as hfc ' Beta values derived by
testing at frequencies other than I kHz are
noted as such.

A com monly used circu it for testing hfc
at I kHz is shown in Fig. 2. Q l is the
transistor under test. (Only the funct ional

- h Ie
h - - ­

fb - 1 + h
Ie

Be aware that the convers ion only
yie lds an approx imation for a . Circuit
factors such as distrib uted capacitance
and inducta nce are not taken into consid ­
eration by the formul a .

To arrive at a more accurate value for
alpha , the transistor must be tested in a
circuit such as the one shown in Fig. 3.
Once again, the constant-current source
in Q I's emitter lead represents the biasing
circuit. As before , the ratio between the
input signal and the output signa l is used
to determine alpha . The formula is:
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Field-effect transistors
The field-effect transistor requires radi­

cally different test procedures because it
more closely resembles a vacuum tube
than it does a transistor. Consequently,
many of the test parameters reflect vac­
uum-tu be technology. For example, an
FET's gain is specified in gm' a term that
is borrowed fro m vacuum-tube termi­
nology. Ga in is listed as Yrs on the FET 's
data sheet. It may also be listed as Y21 ' gm'
or even grs' (Notice the similarity to a
transistor 's h parameters .)

The quanti ty yrs, which is often referred
to as transconductance or admittan ce , is

continued on page 90

Understanding the parameters
Param eters designated by the lower

case h , such as hfc and hI. are called
hybrid parameters , meaning they are de­
rived from a black-box method of testing
and analyz ing sys tem parameters. Al­
though we have concentrated on the a and
f) hybr id (h) parameters , data sheets often
list other h parameters . Individual h pa­
rameters are integrated into four basic
groups that are identified by numerical
subscripts . They are:

• h ll = input impedance
• hl2 = reverse voltage ratio
• h21 = forward current ratio
• h22 = output admittance

Each group represents a fami ly of h
parameters . For example, hre and hiliboth
belong to the h21 family of forward-cur­
rent-ratio measurements, as does hrc' the
forward curre nt gain in the grounded-co l­
lector configuration. (The second letter in
the subscript of an h param eter indicates
the common element. For example , hrc
means the collector is common.)

A box elsewhere in this article shows
the relat ionship between the various h pa­
rameters . The test circuits for hrc and hili
have already been discussed . Test circuits
for other parameters are shown in Figs. 4
through 6 .

For all of the circuits, the indicating
meter, MI , is identical to the one used in
Fig. I. The test frequency is I kHz, but 60
Hz should yield identical results in all but
a few instances. By adjusting the the Rl/
R2 voltage divider 's ratio to produce a
calibration voltage of 10 millivolts, the h
value can be read directly from the meter.

Bear in mind that the h parameters are
DC dependent. In other words , expect a
shift in values if the static current and
voltage change .

Like hFE, the values of hrc and hili vary
according to the established VCE and Ic
values'. Higher currents and lower volt­
ages result in a decrea se in gain. The tran­
sistor's data shee t will show clearly under
wha t DC conditions the h parameter s
were measured . Otherwi se , the data sheet
would be useless.

Notice that the emitter current, IE' is com ­
posed of two elements: a collector current
(Ic ), and a base current (lB)' For a to be
equal to one , the emitter current must not
exceed the collector current, which is im­
possible. Conse quen tly, unity ga in can
only be achieved if no base current flows,
a situa tio n th at rende rs the tran sistor
useless. Obviously. the higher the tran­
sis tor's gain, the closer a approaches one.

rameter to another mathematically with­
out having to actually perform the test.
The formula for converting hfe into h,b• for
example , is:
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The hybrid system of testing is a black­
box method for analyzing system param­
eters. The parameters pertaining to bi­
polar transistors are listed in Table 1. It is
usually possible to convert from one pa-

h" h' 2 h21 h22
Element Input Reverse Forward Output

impedance voltage cur rent admittance

Emitter hie hre hie hoe

Base hib h'b hfb hob

Collector hic hrc hfc hoc

By again establishing the transistor's
input signal at I u.A, we can read the value
of h

'b
directly from the meter.

The value of hili is always less than
unity. If that puzzles you , examine the test
configura tion in Fig . 3 more carefully.

FIG. 5-A laboratory-type hOb tester.

FIG. 6-A laboratory-type h'b tester.
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shown in Fig. 2 . That way high input sig ­
nals ca n reach the S-R flip-flop on ly when
the clo ck ( CLK) signal is also high. The re­
fore , when C L K is low, both inputs of the
flip-flop are held low, irrespective of the
states of the SET and RE SET input s , so the
fli p-flop funct io ns as a " pe rma ne nt"
memory. However, when C LK is high, the
circuit functio ns as a sta ndard S-R flip­
flop. Co nse que ntly, information is not au­
toma tica lly latched into the flip-flop, but
must be " clocked " in; that 's why the cir­
cuit is know n as a clo cked S-R flip-flop.

Figure 3-a shows how to make the most
important of all flip -flops , the clocked
master-s lave flip-flop. It 's built from two
clock ed S-R flip-flops that are cascaded
and clo cked out of phase via an inverter in
the clock line .

H work s as foll ows . Whe n the e LK input
is low, the inputs to the master flip-flop are
enabled via the inverter, so the SET - RESET

data is acce pted . However, the inputs to
the slave flip-flop are disabled, so the data
is not passed to the output terminal s .
Then, when the C L K input goe s high , the
input s to the master flip-flop are disabled ,
so the input data is latched in the outputs;
simultaneously, the input to the slave flip­
flop is enab led, and the latched data is
passe d to the out put terminals. The sym ­
bol of the clocked master-slave flip-flop is
shown in Fig. 3-b.

The clocked master-slave flip-flop ca n
be made to toggle (or div ide by two) by
cross-coup ling the input and output termi­
nals as show n in Fig. 4-a . By doin g so ,
SET and Q (and RESET and Q) are always at
opposite logic levels . So when CLK goes

b

FIG. 4-THE TOGGLE OR TVPE-T FLIP-FLOP (a)
is built from a clocked master-slave flip-f lop. Its
symbol is shown in b.

R

S

R

S

c

MASTER

S R 0 0

0 0 NO CHANGE

0 1 0 1

1 0 1 0

1 1 DISALLOWED

'----- - -----,v'--- ---J1 \'---""""\v~--~

SLAVe'

SET o-- --- -f- .......

Jl
CLK

SET"-- -.r-- .....

RESET 0-+------1

CLK

RESET

FIG.3-THE CLOCKED MASTER-SLAVE FLIP-FLOP (a) is built from two S-R flip-f lops driven by an out ­
of-pha se clock. Its symbol is shown in b .

FIG. 2- THE CLOCKED S·R FLlp·FLOP is built
from two AND gates , in addition to the S-R fl ip­
flop .

sim ple memory e lement that "remem­
bers" which of the two inputs last went
high . Note, however, that the output state
cannot be predicted if both input s go high
simultaneously, so that must not be al­
lowed to occur. Fig . l-b shows the sy mbol
of the S-R flip-flop, and Fig . I-e shows its
truth table .

The versatility of the basic circuit can
be enhanced grea tly by wir ing an A N D

gate in series with each input term inal as

b

>::>-...--0 0

):>--+-'-00.
SET

RESET

Basic principles
The simplest type of CM OS flip- flop is

the cross-coupled bistabl e latch shown in
Fig. I-a . The c ircuit is bu ilt from two NOR

gates ; it has two inputs (usually tied low
via pull-down resi stors), and a pa ir of out­
of-p hase outp uts . The circ uit works like
this: [f the SET termi na l is br iefly take n
high, the Q output imm ed iately goes high ,
and the Q ou tput goes low. The cross­
co upling between the two gate s causes the
outputs to latch in that state, even when
both input s are pull ed low aga in. The only
way the output states can be changed is by
appl yin g a high to the RESIoT terminal. in
wh ich case the Q outp ut immed iatel y goes
low, and the Q output goes high . Aga in,
cross-co upling causes the outputs to latch
into the new state even when both inputs
are pu lled low.

Because of the latchi ng act io n , the
basic Se t-Rese t (S-R) flip-flop act s as a

RAY MARSTON

D IG ITAL IC 'S C AN BE C LASS IF IED IN T O TWO

basic types: ga tes and flip-flops . The latter
are also know n as bistable latches and
memory e le me nts. Man y devices a re
base d on flip-flops , including co unters,
divider s, shift registers, dat a latch es, etc . ,
as we ll as presettable up/down co unters
and divider s , and other devices.

In this articl e we will exp lain how sever­
al types of flip-flop s work . Then we 'll go
on to discuss several versatile CMO S flip­
flops . Last, we 'll show many practical
c ircuits that use flip-flop s.

FIG.1- THE SET-RESET FLIP-FLOP is bui lt from two NOR gates a. Its symbol is shown in b, and its tru th
table in c.

WORKING WITH
FLIP-FLOPS
Flip-flops are the basis of all digital circuits. Learn
about the different types and practical applications for them.

(f)
o
Z
o
a:
I­
o
W
-l
W

o
o
-<a:
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c
FIG. 7- THE JK FLIP-FLOP'S CIRCUIT is shown in a, along with its symbol (b) and act ion tab le (c .)

b c

FIG. 5-THE DATAOR TVPE-D FLIP-FLOP a is built from a clo cked master-slave fli p-f lop. Its symbol is
shown in b, and its t ruth table in c.

c,
C
2
m

Lon g ripple counters
Altho ugh 4013 and 4027 co unters ca n

be cascaded to give any desired number of
stages , when more than four stages are
needed, it' s usually eco nomica l to use a
special-purpose MS I ripp le-carry binary
co unter/d ivider Ie. Our next few figures
show several examp les .

The 4024 , shown in Fig. 14 , is a seve n­
stage ripp le co unter; all seven outputs are
exte rna lly accessible . The IC provides a ' ~
maximum division rat io of 128 (27 ) . Th e "'.J

those terminals are direct input s that en­
able the clocked action of the flip-flop to
be overr idden , in which case the device
function s as a simple unclocked S-R flip­
flop. For normal clo cked operation , the
direct inputs mus t be grounded .

The 4013 and 4027 are fast-ac ting, so it
is important that thei r clock sig nals be
abso lutely noise-free and bounce less, and
that they have rise times and falltimes of
less tha n five J.!..S . Bot h IC's clock on the
positive tra nsition of the clock signal.

Ripp le counters
The mos t popu lar app lication of the

clocked flip-flop is as a binary co unter.
Fig . lO-a shows how to con nect the 4013
as a divide-by-two co unter; Fig . 10-b
shows the correspo nding connectio ns for
the 4027 . When clocked by a fixed -fre­
quency waveform, bot h c ircuits give a
symmetrical square-wave outp ut at half
the clock freq uency.

As show n in Fig . II , you can cascade
several rippl e counters (so called because
of the way that clock pul ses appear to
ripple from stage to stage) to provide divi­
sion by successive power s of two . Figure
II-a shows how to cascade two Ootype
flip-flops, and Fig. II-b shows how to
cascade two JK-type flip-flops to provide a
division ratio of 4 (2 x 2 or 22) . In a like
manner, Fig. 12-a and Fig. l2-b show how
three stages can be cascaded to give a
divis ion ratio of eig ht (23). In fact, an
arbitrary number of stages can be cas­
caded , as shown in Fig. 13 , to provide a
div isio n rat io of 2", where II is the number
of stages .

The circ uits shown in Fig . II- Fig . 13
are known as ripple counters , because
eac h stage is clocked by the output of the
preceding stage, rather than by a master
clock signal. The effec t, therefore, is that
the clock signa l seem s to "ripple"
throu gh the co unter chain . The prob lem is
that the propagatio n de lays of all the d i­
vide rs add together and prov ide a de lay
th at pr events the co unte r stages fro m
clocking synchronous ly. Counters of that
sort are in fact called async hro no us co un­
ters . If the outp uts of the stages are de­
coded via gate networks , outp ut glitches
and inacc urate decoding ca n result. .

b

0 ClK 0 0

0 J 0 1

1 r 1 0

:froClK _

K 0

functiona l diagram of the 4013; the truth
tab le of its clocked inputs is shown in Fig .
8-b, and that of its di rect inputs is shown
in Fig . 8-c. Co rres po nding diagrams for
the 4027 are show n in Fig. 9-a, Fig . 9-b,
and Fig. 9-c.

Note that both the 40 13 and the 4027
have SET and RESET inputs in addi tion to
the normal clocked inputs. For both IC's

n

Real-world devices
The two best-known clocked CMOS

fl ip-flops are the 4013 Ootype and the
4027 JK-type . Each IG contains two inde­
pendent flip-flops that share power and
gro und conn ections . Figure 8-a show s the

latch by co nnec ting it as show n in Fig .
6-a, or as a binary co unter/div ider by co n­
necti ng it as shown in Fig. 6-b .

The JK flip-flop
Figure 7-a shows the basic circuit of an

eve n more ve rsati le c locked flip -flo p,
which is universally known as the JK­
type . It can function either as a data latch ,
a co unter/divider, or as a do-no thing ele ­
me nt by suitab ly co nnect ing the J and K
terminals . The sy mbol of the JK flip-flop
is shown in Fig . 7-b, and its truth tab le is
shown in Fig. 7-c.

In essence, the JK flip-flo p functions as
a T-type whe n inputs are bo th high , and as
a Ootype when they're different. When
they 're bot h low, the outputs remain un­
changed whe n a pulse arr ives.

o

ClK

Q 0

n

J K CLOCKING ACTION

0 0 ODES NOTHING (INHIBITS)

0 1 SETS 0 OUTPUT lO W

1 0 SETS0 OUTPUT HIGH

1 1 CHANGES OUTPUT STATE

K

ClK o-t-- - -i ClK

ClK o--t-- - - - I-- - - +-- - -I

DATA 0-t-----j S

DATA DATAiJt
INtiUT

00 00 f/2

Cl K f Cl K
ClK

Q Q

a b
FIG. 6-THE D FLlp·FLOP can be used as a data
latch (a) or as a divide-by -two counter (c ).

The D flip-flop
The type-T flip-fl op is a special device

that functions only as a counter/divider. A
far more versatile device is the Data or
type-O flip-flop, which is made by co n­
nectin g the clocked master-slave flip-flop
as show n in Fig. S-a. In that ci rcuit, an
inverter is wi red bet ween the sand R

termi na ls of the flip-flop, so those ter mi­
nals are always out of phase , and the input
is applied via a single pin . Fig . 5-b and
Fig . 5-c show the symbo l and the tru th
table of the type-O flip-flop, respect ively.

A type-O flip-flop can be used as a data

low, the master flip-flop changes sta te .
When eLK goes high , the slave flip-flop
changes sta te. Note that the output states
change on the arr ival of the leading edge
of eac h new clock pulse.

It takes two clock pu lses to change the
output fro m one state to another and back
aga in, so the frequenc y of the output is
half the frequency of the clock . The cir­
cuit is known as a Toggle (or type -T) flip­
flop; its symbol is show n in Fig. 4-b.
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FIG. 13-TO DIVIDE FREQUENCY by an arbi ­
trary factor 2n , use n stages .

FIG.12- TO DIVIDE FREQUENCY BY EIGHT, you
can use three D (a) or JK (b) f lip-flops .

FIG.11- TO DIVIDE FREQUENCY BY FOUR, you
can use a pair of D (a) or JK (b) fl ip-flops.
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FIG. 8- THE 4013 con tains tw o type-d flip-flop s (a). Truth tables for its clocked and di rect inputs are
shown in band c, respe ct ive ly.

Fig.!l-THE 4027 contains two JK flip-flaps (a). Truth tab les fo r its clo cked and direct inp uts are shown
in band e, respectively.
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en
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6 a b
a: FIG. 1Q-TO DIVIDE FREQUENCY BY TWO, you
t; can use a D (a) or a JK (b) fli p-flop.
w
uJ 4040, shown in Fig. 15 , is a 12-stage de-
C vice, of which all outputs are acces sible .
~ It provides a maximum division ratio of
a: 4096 (2 12) . The 4020, shown in Fig . 16, is

a 14-stage counter; all outputs except 2
and 3 are externa lly access ible. The 4020
provides a maximum division ratio of
16,384 (214 ) .

Figure 17-a shows details of the 4060.
It is another 14-stage device, but outputs
1, 2 , 3, and II are not accessible. A spe­
cia l feature of the IC is that it incorporates
a built-in osci llator circuit. As shown in
Fig. l7-b and Fig. 17-c, the device can use
either a crystal or an RC network to set the
frequency of osci llation.

The 4020, 4024 , 404 0, and 4060 IC' s
all have Schmi tt-trigger inputs that trigger
on the nega tive transi tion of each input
pulse . All of those coun ters can be set to

zero by applying a high level to the RESET

line .

Glitches
A two-stage divide- by-four ripple

counter, like that shown in Fig. 18-a , can
have four possib le output states, as shown
in Fig. 18-b . Both outputs can be high ,
both can be low, one can be high and the
other low, or the former low and the latter
high . Before any clock pulses have been
received , the Q 2 and QI outputs are low.
When the first pulse arrives, Q I goes high .
When the second pulse arrives , Q 2 goes
high and QI goes low. On the third pulse,
Q2 and QI both go high. Last , on the fourth
pulse , Q 2 and QI both go low again .
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Up and down counters.
A standard ripple counter count s up--­

the decoded output s increase in value with
each succeeding clock pulse . It is possi-
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FIG. 18-GLITCHES may be generated when decoding a ripple counter like that shown in a. The 01 and
0 2 outputs respond to the input signal as shown in b. When they're combined as shown in c, a glitch
may be generated, as shown in d.

FIG. 17-THE 4060's PINOUT is shown in a; severa l oscillator connections are shown in band c.

state, as shown in Fig. 18-c. Because the
ripple counter is an asynchronous device ,
however, the propagation delay between
the two flip-flops may cause glitches to
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FIG. 15-PINOUT OF THE 4040 12-stage ripple
counter is shown here.

FIG. 14-PINOUT OF THE 4024 seven-stage rip­
ple counter is shown here.

GND

8

FIG. 16-PINOUT OF THE 4020 14-stage ripple
coun ter is shown here.

Each of the four possib le states can be
decoded to provide four unique outputs by
ANDing the outputs that are unique to each

appear in the decoded outputs , as shown
in Fig. 18-d. Of course, those types of
glitches are possible with any multi- stage
ripple counter, and the greater the number
of stages, the grea ter the tota l propa gation
de lay becomes , and the greater the prob­
lem with glitc hes . The solution to the
glitch problem is to use a clocked-logic
device, which we' ll discuss mome ntari ly.

ble, however, to build a counter that works
in the opposite direction . That type of
counter is called a down (or a subtract)
counter. The circuit is shown in Fig. 19-a;
its truth table is shown in Fig. 19-b.

Walking-ring (Johnson) counters
Ripple counters are useful where un­

decoded binary division is needed , but

'­c
z
m
<D
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b

a

FIG. 19-A DOWN-COUNTING RIPPLE COUNTER is shown in a; the truth-table is shown in b.

FIG. 21-A SYNCHRONOUS DIVIDE-BY-FOUR CIRCUIT is shown in a; its truth tab le is shown in b .

each stage of the counting cycle . Re­
member that , when the clock is low, the
"instruction" is loaded (via the J and K

inputs) into the flip-flop; the instruction is
carried out as the clock goes high .

So, at the start of the cycle , Q2 and Q I

are both low, and the " change state" in­
struction (JK code II) is loaded into the
first flip-flop. Then the instruction "set Q2

low" (JK code 01) is loaded into the first
flip-flop. When the first clock pulse ar­
rives, the instruction is carried out , Q I

goes high, and Q2 stays low.
When the clock goes low again , new

program inform ation is fed to the f1 ip­
flops. Flip-flop I is instructed to change
state (JK code II), and flip-flop 2 is in­
structed to set Q2 high (JK code 10). Those
instructions are executed on the positive
transition of the second clock pul se , caus­
ing Q2 to go high and Q I to go low. When
the clock goes low again, new program
information is again fed to each flip-flop
from the output of its partner. The count­
ing sequence then repeat s ad infinitum .

So in the walking-ring or Johnson
counter, all flip-flops are clocked in paral­
lel , but are cross-coupled so that the re­
sponse of one stage (to a clock pulse)
depends on the states of the othe r stages .

Walking-ring counters can be config­
ured to give any des ired count ratio. For
example, Fig. 21-a and Fig . 21-b show the
circuit and truth table respectively of a
divide-by-four counte r. Figure 22-a and
Fig. 22-b show the circuit and truth table
respectivel y of a divide-b y-five counter.

The 4018
When synchronous counts greater than

four are needed, it is usually economical
to use an MSI IC rather then several
4027's . A suitable device is a 4018 , a
presettable divide-by-N counter that can
be made to divide any whole numb er be­
tween 2 and 10 by cross-coupling input
and output termi nals in various ways. That
IC incorporates a five-stage Johnson
counter, has a built-in Schm itt trigger in
its clock line , and clocks on the posit ive
transition of the input signal. The counter
is said to be presettable because the out­
puts can be set to a desired state at any
time by feeding the inverted binary code
to the Jam inputs (JI-J5) and then loading
the data by taking pin 10 high .

Figure 23 shows how to connect the
4018 to give any whole-number division
ratio between 2 and 10. No additional
comp onents are needed to obtain an even
division ratio, but a two-input AN D gate (a
4081, for example) is requ ired to obtain an
odd division ratio.

Greater-than-ten division
Even division ratios greater than ten

can usually be obtained simply by cascad­
ing suitably sca led counter stages , as
shown in Fig . 24-a-Fi g. 24-d. Non-stan­
dard and uneven division ratios can be

b
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binary div ider, or as a " do nothi ng" de­
vice. In a walking-ring counter, all flip­
flops are clocked simult aneou sly, so it is
also known as a synchronous counter.

Figure 20-a shows the circuit and Fig .
20-b the truth table of a synchronous di­
vide-by-three counter. Note that the truth
table shows the state of each fIip-flop at
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+

(because of glitches) not where decoded
outputs are required . Fortunate ly, an alter­
native circuit, which is suitable for gener­
ating decoded outputs , is available . It is
known as the walking ring or John son
counter. It rel ies on the " programmable"
nature of the JK flip-flop, which enables it
to act as a S ET (or a RESET ) latch , as a

FIG. 20-THE SYNCHRONOUS COUNTER eliminates glitches; a divide-by-three circuit is shown in a,
and its truth-table in b .
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FIG. 22-A SYNCHRONOUS DIVIDE-BV-FIVE CIRCUIT is shown in a; its tru th table is shown in b .

b
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flS
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03 02 01CYCLE

0 0 0 0

1 0 0 1

2 0 1 1

3 1 1 0

4 1 0 0

Figure 26 shows how to make a four-bit
Serial-In/Serial-Out (SISO) shift register.
A bit of binary data applied to the input is
passed to the output of the first flip-flop on
the application of the first clock pulse , to
the output of the seco nd on the second
pulse , to the output of the third on the
third pulse , and ·to the fourth (and final)
output on the fourth pulse . The circuit can
hold four bits of data at any given mo­
ment. The SISO register is useful for de­
laying binary signa ls, or for storing bits of
binary data and unloading them (in serial
form) when required .

Figure 27 shows how the previous cir-

3 ,

SERIAL
OUTPUT

0 0 0

Q ClK 0:ClK

01----10

R S

ClK

STOREO OUTPUTSr-:- --...,. AL ....,-,

\ 0

CLOCK

n

n
STORE

"FIG. 25--TO STORE FOUR BITS OF DATA, all four inputs are clocked simultaneously.

DIVISION FEEDBACK CONNECTIONS
RATIO

2 01 TO DATA

3 ~D-TOOATA
02

4 02TOOATA
-

5 ~=D---- TO DATA
03

6 03 TO DATA

03=D----7 - TO DATA
04

8 04 TO DATA

-
9 ~=D----TO DATA

05

.10 05 TO DATA

f~f/12
i1

FIG. 23-TO OBTAIN AN ODD DIVISION RATIO
with the 4018,an external ANO gate must be used.

FIG. 26--FOUR TVPE-D FLIP-FLOPS are cascaded to create a four-bit SISO shift register.

SERIAL
OUTPUToClK

PARALLEL OUTPUTS

r=-------:O""2- - -..IAI----;;.;-------n7

f~fll00

d

f~f136
b

fo-D-EJ-of l50

c

FIG. 24-A DIVISION RATIO OF arb itrarily large
size may be obtained by cascading divider
stages and multiplying the division factor. In a is
a divide-by-12 (2 x 6) circuit, in b a divide-by-36
circuit (6 x 6), in c a divide-by-50 (5 x 10),and in
d a divide-by-1000 (10 x 10 x 10) circuit.

R

FIG. 27-FOUR TVPE-D FLIP-FLOPS are cascaded to create a four-bit SIPO shift register.
obtained by using a standard synchronous
counter (the 4018, for example) and de­
coding the outputs to generate suitable
counter-rese t pul ses when the desired
count is attained .

Latches and registers
Now let' s move away from counters and

take a brief look at three other applica­
tions ofthe clocked master-slave flip-flop.

Figure 25 shows how to make a four-bit
data latch from four D-type flip-flops. The
data latch is useful for storing binary num­
bers or data . Input data is ignored until a
positive-goin g STORE pulse is applied , at
which poin t the latch stores the data and
outputs it on the Q outputs .

c u i t can be c o nve r t e d t o a Se­
rial-In/Paraliel -Out (SIPO) shift register
simply by using the Q outputs of each flip­
flop. The circuit might be useful, for ex­
ampl e , in converting data tran smitted
from a remote location in serial form to
the parallel form used by. computers. R-E
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TV T..oubleshoote..s Notebook:

BLACK
VERTICAL
BARS
JAY SHANE

- ------

Here's a real "head-scratcher" from the files of a TV-service technician.

en
U
Zo
a:
f­
U
W
...J
W

6
15
-c
a::

70

WE'VE BEEN SUBSTITUTING COMPONENTS

in TV sets and radios since the first day we
di scovered it co uld be do ne. Th ou gh
sometimes it 's done to the detriment of
goo d servicing , ofte n a techn ician has no
other cho ice . The following is an exper i­
ence of that sort.

Flyback fireworks
A Wa r d s co lo r T V, mode l

GG Y-/2983A, came in with sym ptoms of
no picture or sound , and it smoked . A
cursory inspec tion revealed that the hori­
zontal transistor was okay and that the
f1 yback didn 't have any swollen places or
crac ks in its shell. However, when the set
was fired up there were fireworks under
the chassis in the area of the f1 yback.

The rece iver was stood on end to ex­
pose tile full c ircuit panel. We imme­
diately cou ld see that a carbon path was
burnt between two traces . Not bei ng ac­
quainted with this particular chassis, it
was necessary to dig out the Sams folder.
However , we we re in for a sur pr ise :
Tho ugh the mode l was almos t five years
old it was still not listed.

The set's owner was a loyal cus tomer,
so since it was a qu iet day we decided to
sea rch am folder file to see if we had
servicing informat ion for anyt hing that
was c lose to tha t chassis . Lucki ly, a sim­
ilar one was found in Sa ms Photofact
folder 2165-2; it was for a Wards mode l
GNB- /29 /4A ,B . The component layout
and the schematic numbering for the two
sets were almost ident ical.

Now we cou ld see that the carbo n path
ran from pin-7 of the f1 yback to the far side
of a two-amp fuse, FS-50l, located in the
11 7-volt line to pin 3 of the f1 yback . See
Fig. I.

It the set, those traces ran parall el ,
abo ut -%-inc h apart , for abo ut three

H02r"--- - ----,
I I
I I
I I
I I
I I
I I
I I
I I
I 1
I I
I I

: : TO

n~ • '+j ij::9::
FS 1 I

501: 1 R966
TO ......-<:f\..O..{3' . 7'

117V A '-L .r: B

FIG. 1-ARCING BETWEEN POINTS A and B was
caused by a defective f1yback. Later we found
that R966 was cracked, too.

SC908

R469

R472

FIG. 2-THE BLACK BARS were caused by an
abnormal horizontal pulse at the jun ction of
R469, R932, and C460.

inches . Pin 7 is the return of the intern al
rect ifiers in the f1 yback goi ng to the 23 .8 ..
volt leg of the low..voltage power supp ly.
The arc-over meant that excessive reverse
current was flowing from the tripler sec..
tion of the transformer.

Replacing the f1yback was the on ly so..
lution . No American manufacturer was
listed so the part had to be ordered from

Mo ntgomery..Ward at list. The cus tomer
was notified of the estimate for repairs and
he gave the go-ahead.

When it was received, the replacement
transformer turned out to be a substitute.
The original was part 50 30 15344..02, type
B. Their data shee t showed the substi tute
to be a 36 1883..0003, type B. The two
part s appeared to be ident ical in every
respect.

More problems
After the f1yback was installed, excess

solder and ros in were cleaned from the
solder terminals with a wire brush. Each
sol dered termi nal was then ca refully
checked for resistance to the nearest cir..
cuit component.

Satisfied that there were no circuitry
leakages, the receiver was fired up. When
it came on without any apparent further
problems, it was placed on the cooking
bench to run for several hours . That's
when the new symptom developed: There
were now four and a half black vertical
bars at the left side of the screen. There
was also a faint streaking in the picture
and raster. What happened?

After some head scratching, we re..
membered that a similar symptom had
shown up once in a tota lly different brand .
The cause had something to do with pulse
feed .

An ana lysis of the circu itry revealed an
RC network between the hor izontal..out ..
put transistor, Q..402, and pin 16 of the
video/chroma processor, IC..900. That
component is shown in Fig. 2 .

Checking the horizontal pulse at the
junction of R932, C460, and R469 with
an osci lloscope showed that it was not
normal; the pulse had excessive ampli­
tude , and a sharp spike at its leading edge .

continued on page 85
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THESOLDER SIDE of the Phonlink 6PCboardissh .75 INCHES
own here.



----------5 INCHES---------~1--
THE COMPONENT SIDE of the digital tachometer.
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THE SOLDER SIDE of the digital tachometer is shown here .
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One of the most difficult tasks in build­
ing any construction project featured in
Radio-Electroni cs is maki ng the PC
board using just the foil pattern provided
with the article . Well, we're doing some­
thing about it.

We've moved all the foil patterns to this
new sec tion where th ey're printed by
themselves, full sized, with nothing on the
back side of the page. What that means
for you is that the printed page can be
used directly to produce PC boards!

Note : The patterns provided can be
used directly only for direct positive pho­
toresist methods.

In order to produce a board directly from
the magazine page, remove the page and
carefully inspect it under a strong light
and/or on a light table. Look for breaks in
the traces, bridges between traces, and in
general, all the kinds of things you lpck for
in the final etched board. You can clean up
the published artwork the same way you
clean up you own artwork . Drafting tape
and graphic aids can fix incomplete traces
and doughnuts, and you can use a hobby
knife to get rid of bridges and dirt.

An optional step, once you're satisfied
that the artwork is clean, is to take a little
bit of mineral oil and carefully wipe it

across the back of the artwork. That helps
make the paper transluscent. Don't get
any on the front side of the paper (the side
with the pattern) because you 'll con­
taminate the sensitized surface of the
copper blank. After the oil has "dried" a
bit-patting with a paper towel will help
speed up the process-place the pattern
front side down on the sensitized copper
blank, and make the exposure . You'l l
probably have to use a longer exposure
time than you are used to.

We can't tell you exactly how long an
exposure time you will need as it depends
on many factors but, as a starting point,
figure that there's a 50 percent increase in
exposure time over lithographic film. But
you'll have to experiment to find the best
method for you. And once you find it, stick
with it.

Finally, we would like to hear how you
make out using our method. Write and tell
us of your successes, and failures, and
what techniques work best for you. Ad­
dress your letters to:

Radio-Electron ics
Department PCB

500-B Bi-County Blvd.
Farmingdale, NY 11735
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THIS SHORTWAVE CONVERTER PC board
cannot be made using the d irec t-etch method.

'­
C
z
m

For use ..... I!h Kepro Clad
• De...e'oo ers
• Strippe rs
• Elch,ng solutions
Plating ch emic als and supp lies
also avat able

For your next one 01a k,nd
PCB project .
• Presensrteec
• Ready lor exposu re
• Copper Clad Laminates

ART SUPPLIES
from $2.79

KepIQQ.gd~
from $3.90

SHEAR
$390.00

BENCHTOP
ETCHER $820.00

For art supplies, kits and econo mical equipm ent to produce at home
professional qua lity print ci rcuit board s...ask for the pro' s - Kepro Circuit
Systems, Inc. Kep ro has been produ cing prototype and short run equip­
ment, as well as providing PCB supp lies to industrial companies for
years. Their specialized experience and knowledge provides the home
hobbyist an economical and convenient source of equipment and sup­
plies for a professional, one-of-a-kind , printed circuit board .

Shears, etchers, sensitized and un-sensitized copperclad laminates,
art supplies, kits and Kep roclad...all you need to make a professional

~
quality printed circuit board at home and at
a cost you can afford .

Kepro, your one stop source for at home PCS 's.

~ Write or call Kepro for their catalog and price list:
~ 1-800·32 5·3878 or 1·314·343·1630 (MO)
Kep ro Circ uit Systems, Inc. 630 Axminister Drive, Fenton, MO 63026-2992_

kePRO
CIRCUIT MAKER
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SATELLITE TV

The ZITS fraud
808 COOPER, JR.,

SATELLITE-TV EDITOR

FIG.l
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IN OUR LAST REPORT WE RELATED THE

unveiling of a VideoCipher-de­
scrambling IC called the ZITS
(Zero Information Turn-on
System) or European Chip. We
noted that it functions by snaring a
VC2000authorization (10) number
from the satellite data stream and
adopting that number as its own.
In effect, the ZITS chip appeared
to be outside the GI -controlled au­
thorization system; and when it
was installed in a descrambler, a
home viewer could access
scrambled transmissions without
having to sign up and pay for any
services.

It turns out that the ZITS chip is a
fraud; the facts behind the appar­
ently amazing chip are quite bi ­
zarre. And there's a lesson here for
us all.

The European Chip was first in­
troduced to the home-dish indus­
try at a technical seminar held in
mid-January, shortly after GI intro­
duced the new consumer Video­
Cipher descrambler, the 2100E,
shown in Fig. 1. Anyway, the dem­
onstration was impressive. A
VideoCipher unit was unplugged
from the AC power source, the in­
ternal lithium battery (which con­
tains the unit's 10) was discon­
nected, and nearly 100 pins on
various lC's inside the VC2000
were purposely shorted to ground
to ensure that the unit was "brain
dead ." Then the VC2000 was re­
loaded with th ree 1C's that not on Iy
restored operation, but the origi­
nal factory 10 as well.

The primary claim of the unit's
designers was that it did not have a
real unit-IO number at all, and
that, as the GI authorization sys­
tem transmitted valid addresses

(via satellite), the device read the
data stream and picked off an ad­
dress to adopt as its own.

They further claimed that, if the
adopted address later became in­
operative, the European Chip
would simply search out another
available address 10 and adopt it as
the unit's new address.

Many who considered them­
selves acquainted with the inner
workings of VideoCipher and the
U7/U30 software were not satisfied
with that explanation. They felt
that if it worked at all, the unit had
to have some other explanation.

Around the time of the first
demonstration, a chip-scam ori­
ginating on the West Coast began
to surface. Someone had man­
aged to extract an 10 numberfrom
a VC2000. That number was then
merged into a U30 EPROM using
something the creator called a
"loader chip." The sellers of that
system made claims similar to
those ofthe Europeans: No autho­
rization was required because the
IC was adopting data-stream­
transmitted ID numbers as its
own. The IC from the West Coast
turned out to be a fraud; upon
analysis a unit-IO number re­
moved from an "innocent" unit

was found buried inside the oper­
ational unit. In other words, the
wonder-chip from the West Coast
was not actually adopting any
number at all; it had its own
number all along.

The Europeans used similar tac­
tics; using programming jumps,
the unit-IO number was hidden
from normal view in an obscure
location in the EPROM's 16,384­
byte address space. That was the
end of the European Chip's claim
to fame, but the mystery did not
end there.

The unit-IO number discovered
in the West Coast chips turned out
to be the same unit-IO number
found in the European Chip. In
fact, as more and more chips were
uncovered allover the u.S. and
Canada, they all had the same
number buried in various loca­
tions in the EPROM. It turned out
that a single VC2000, belonging to
a consumer in the midwest, was
supporting thousands and thou­
sands of clones!

Tracing the origin of the VC2000
in question was not difficult. A
consumer, sympathetic to the
scrambling battles , had loaned his
VC2000to a research group. After a
month or so the unit was returned
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has always been a problem with
clone devices, so most clone-cells
have been self-limited to 50 or
fewer users per clone master. But
claims made about the European
Chip caused people to be less cau­
tious about protecting clone-cell
size .

Meanwhile GI has been tighten­
ing up on the flow of clone and
musketeer lC's . Canadian mus­
keteer suppliers have abandoned
their system of shipping from Can-

continued on page 86

discovered a two-byte change in
the software that enabled recep­
tion of WaR.

Expos ure of th e Europ ean Chip
(and others ope rating under vari­
ous names) as a fr aud sent shock
waves through the descrambling
under ground . That 's because the
capture of a single IC in a family
would reveal the master 10
number for the entire family, and
that would allow GI to di sabl e
man y systems simultaneously.

The danger of such discovery

___ l h<,.·:

and HE WILL SEND YOU $63!
NOPE - not a new fangled 'chain letter'. )~;;;<.\'o ~' CR4"',e~E', '''J
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1) YOU RECEIVE the 3 'current issues' of CSO Magazine; literally, 'the bible' of
the home dish industry. The most complete insider look at the new equipment,
scrambling strategies, worldwide satellite explosive growth anyplace. You re­
ceive 3 issues starting with the now-current issue. A great introduction to TVRO!
This is an $18 value.
2) YOU RECEIVE the current plus two recent back issues of SCRAMBLE-FAX,
the hot-news ' Newslett er' that details the rapid changes taking place in scram­
bling, who is scrambling, how; who is working to break scrambling, their progress
to date. This is a $30 value.
3) YOU RECEIVE the special 180 page COMMEMORATIVE EDITION OF
Coop's Satellite Digest, the full, unabridged history of home satellite television.
This is the handiest, one-source reference recording the home dish industry . a
$15 value.
YOU RECEIVE all of the facts, all of the history, and all of the current
hard-to-find news about TVRO and scrambling. From Coop; the indus~
try's most authoritative information source. Send you r check or money
order to the address below, or, with your Visa or Mastercharge card
handy, call in your orderto 305/771-0505 weekdays between 9 AM and
4 PM. Join the Coop team and learn ALL the facts today!

Bob Cooper 's GSa Magazine
maintains a 24 hour per day Scramble­
Fax-Hotline telephone service (305n71 ­
0575) which you may call to obtain a 3­
minute recorded update on the latest hap­
penings in the satellite scrambling world.
Scramble-Fax Newsletter is also pub­
lished to keep you abreast of the latest
events in descrambling, includingsources
for descrambling chips and equipment.
For information, write Scramble Fax, P.O.
Box 100858, Ft. Lauderdale, FL. 33310 or
telephone 305-771-0505.

If you have a dish of your own, tune in
the Caribbean Super Station (Western 5,
transponder 23) Tuesdays at 7 PM east­
ern for a special weekly Bob Cooper re­
port. Also tune-in Boresight at 9 PM
Thursday nights (Spacenet 1, transpon­
der 9) for a weekly one-hour report on the
activities in the home TVRO field.

to that person, seemingly intact.
What he did not know was that,
while the unit was out of hi s pos­
session, the key was ext racted and
stored . Later, the key would be
sold and re-sold, traded and re­
traded, to perhaps a dozen or
more clone suppliers allover the
United States , and perhaps the
world . The consumer continued
to use his VC2000, unaware that his
subscriptions to Showtime et at
were also supporting a lively na­
tionwide business.

The truth is that a unit's factory­
installed 10 number can be extrac­
ted by anyone who has key-extrac­
tion hardware and software.
Extraction could even happen at
an authorized distributor or deal­
er, because it's done with clip-on
devices that leave no trail. There­
fore the key can easily become a
clandestine commodity traded
without the knowledge of the in­
nocent owner.

European extras
The European Chip was really a

combination of both clone and
musketeer technology. It relied
upon the unit-IO number of an in­
nocent box to tu rn on; then it
used musketeer software to autho­
rize not only the services that the
innocent box actually subscribed
to, but the balance of the services
as well. Even the cable-only WaR
service, which is not available to
home-TYRO owners, was in­
cluded in the European Chip ser­
vice menu, because someone had

INTERESTED IN SCRAMBLING?

SCRAMBLE-FAX HOTLINE? Call 305-771 -0575 for 3 minute update NOW!
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AUDIO
UPDATE
Unwanted sounds LARRY KLEIN,

AUDIO EDITOR
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YOU'VE JU ST HE LPED A FR IEND SET UP

hi s new $5,000 aud io syste m . Fo r
th e fi rst week o r so he is ext reme ly
pl eased ; th en the co mplaints start
to co me in . It 's not th at he's co m­
plaining to yo u, b ut that hi s neigh­
bo rs are co m p la ining to him . It
see ms th at yo u r fr ie nd's n ew
spea ke rs-wh ic h are ren ow n ed
fo r the i r deep, st ro ng b ass-are
achieving a different so rt of fam e
throu gh ou t hi s co ndo . The p rob­
lem is describe d in slig htly hys­
t er ical t e rm s by t he lad y in th e
apa rt me nt b el ow : "A ll I hear al l
ni ght is thi s boom-boom-boom! "
Even allow ing fo r some hyp erb ol e,
t he neighbor's co m plai nt is proba­
b ly not un warr anted . Is th ere a so­
lu ti on ?

Soundproof ing.
M ost p eopl e te nd to co nfuse

t he tec hniq ues ap prop r iate fo r
sou nd p roof ing wi th t hose used
fo r sound t reatment. In general,
th e meth ods used fo r soun dp roof­
ing (p reve nt ing noi se o rig inat ing
inside a room from gett ing out-or
noi se fro m outs ide gett ing in) have
littl e re levance to sound treatme nt
(that is, ad just ing th e aco ust ic ab­
so rpt ive p ro pert ies of a room ).
Soundp roofing is by far th e to ug h­
er p robl em.

Thin k of sou nd as vibrations of
the air itse lf. Therefore, to keep
sound o ut-or in-the first step is
to mak e su re th at insofar as is pos­
sib le, al l ai r tran smi ssion paths
f ro m o ne area t o anot he r a re
bl o ck ed . Th o se in clud e sea ms
aro u n d d o or edges, w i ndows,
vent i lat io n du cts, etc. Most of th e
p roced ures used to prevent heat
loss w il l also bl ock so un d . Mea­
su reme nts have shown th at eve n

'l4"GYPSUM
BOARD

2 x 6 PLATE

~02i.
FIG.l

th e sma llest air leakage path can
d efeat an ot herw ise effective
sound-b locking approach.

O nce t he p ath s f or ai rborne
so u n d are lo cat ed and e l i mi ­
nated-an d that ce rta in ly isn't al­
ways easy-the n you must mini ­
mi z e th e v i b ra t io ns i n so l ids ,
w hich also serve to co up le sound
fro m o ne area to anothe r. Wh en
aco ust ic v ib rat ions (sound waves)
impinge o n a su rface, they are like­
ly to cause it to vibrate. In fact ,
so und waves v ibrati ng yo u r ea r­
d rum s are essent ial to the hearin g
process. Soun d gets th rou gh wa lls
in two ways: v ibrato ry t rans m is­
sion throu gh a so l id and /o r d i­
aph ragmat ic act io n.

A chi ld's te lephone co ns isti ng of
two ti n cans w ith a st r ing st retched
taut be tween the m illustrates both
p rin ciples in action . The aco ustic
ene rgy f ro m a voice causes t he

bott om of th e can to act as a di ­
aph ragm that vib rates in respo nse
to the aco ustic ene rgy impingin g
on it. The mechan ica l vi b ratio n is
transmitted by th e taut st ring. At
the receiving end , t he v ib rati ng
st ri ng causes the rece iv ing can­
bottom d iaphragm to vi bra te th e
ai r and to recreate , more or less,
th e origina l sound. In much the
same way, th e wa lls of a room can
act as a di aphragm to " pick up"
sound and co uple it to the next
room eithe r th rou gh the ai r spaces
between the studs, o r through th e
studs the mse lves.

Eliminating the diaphragm
To e l i m i nate di aphr agm ati c

t ransm iss ion, yo u have t o el im i­
nate (o r dam pe n) th e di aph ragm .
O ne ve ry effect ive techni q ue is to
in crease th e mass of th e wa lls in
the transmi ssion path so th at th ey
no lon ger are abl e to vib rate free ly.
Fo r exam p le , yo u can use heavy
wa ll pane ls in stead of thi n o nes
and/or yo u can brace th e panels
w ith 2 x 4 studs at 10- or 12-inch
intervals in stead of usin g th e stan­
dard 16-in ch spac ing . O r in stead of
studs and pane ls betw een interi or
rooms, yo u ca n use b ri ck, co n­
crete, cin der bl ock s, etc.; all of
w h ich are exce lle nt ba rriers to im ­
pi n gin g a ir bo r ne v i b ra tio n .
How ever, anyo ne w ho has ever
used a st ri ng te lephone-or com­
m unicated to a bu ildi ng superin ­
te nde nt i n t he b ase m en t b y
hammer in g o n a rad iator-knows
that so lids can also serve as exce l­
len t sound-t rans m issio n paths.

To m in imize such transmi ssion ,
one can bui ld up a wa ll or door
usin g sandwic hed layer s of dif-



9430 1.100 pins $15
9434 2,170 pins $25
9436 2,860 pins $35

2 us pulse @ 1A

AUTO RANGI NG
p l u s

MANUAL RANG ING
3 1/2 DIGI T UETER
2 8 FUNCTIONS
FULLY PROTECTED

LOGIC PULSER

BREADBORD

Shown U
9436 t=l

$25

~

M-1 180 . 7% ACY $ 3 6 . 9 5
M-1182 . 2 5lltio ACY $ 3 9 . 9 5
M~1 1 8 1 . 1% ACY $ 42 . 9 5

DIGITAL LeR METER
Model Le-1800
Measures: Inductors $148
Capacitor s, Resisto rs

Inductors . 1 ~H to 200 H
Capacitor.1Pf to 2oo~f
Resistor .01Q to 20M Q

Ranges 6 lnd, 7 cap, 7 res

10 MHz DC or AC
Triggered Sweep
Cali brated Vert & Hor
Reads verts & Freq

20 nee with memory

50 MH z LOGIC PROBE

I

$199
S- 3 0 0 0

Decoupling the spea kers
At thi s po int , it sho uld be appar­

ent th at el im inat ing low-frequ ency
tran smi ssion t h ro ugh w al l s o r
f lo ors is no sim p le matter. Fo r
m o st p eop le , and pa rt i c u lar l y
apart ment dwell er s, the need for
m assi ve co n st r uc t io n o r reco n ­
st ruc t io n p rob abl y e l i m i na tes
most of th e availab le techn iques
righ t at the o utset. For that reason ,
th e very best place to cut down
vibratory transmi ssio n is right at

continued Oil page 84

$23

~P'700

TRUE RMS 4\o!z
DIGIT MULTIMETER

$135 Model
M·7000

TWO
100 MHZ
SWITCHABLE
PROBES
INCLUDED

.05% DC Accuracy
.1 % Resistance

• . with Freq. Counter
& Deluxe Case

-

(}-40V @ 1.5A
0·20V @ 3A

Model
CM·1500

MULTI METER with
CAPACITANCE and

t ransistor tester

Reads Volts, Ohms,
Cu rre nt , Capacito rs
Transistors & Diodes

3 Amp Power Supply XP-650

$11950

Triple Power Supply XP-660

$14950

GF·8016 Function Generator
with Freq, Counter

$219

I "

Fully regUlated, short circut protected current
lim it control

0·20V @ lA
0-20V @ l A

5V @5A
Fully Regulated, Short Circuit Protected with 2
Limit Can\. 3 Separate Supplies. •

--.;..• •• • Sine, Square, Triangle,
- - ........._] .Pulse, Ramp, .2 to 2 MHz

.Fmquency .l thru 10 MHz

GF 8015 without Freq . Meter '169

Top quality scopes at a very reasonable price. Contains all the desirable features. Elenco's 2 year guarantee
assures you of continuous service. Two 1x, l Ox probe s, diagrams and manual included. Write for specificat ions.

heard by the lady downstairs- and
probab ly in othe r adjacent apart­
men ts. The hi gh er fre q ue nc ies ,
w h ich are readi ly abso rbe d and
b locke d b y aco us t ica l t i le an d
othe r abso rb ing mater ials, seldom
get thro ugh to th e neigh bo rs un ­
less t here is a d i rect ai r- leak age
path such as an air shaft. You can
see how the th e nature of the leak­
ed sound provides a good cl ue as
to the transmi ssion path . If no
high s are heard , air t ransmissio n is
p robab ly not at w o rk .

C&S SALES INC., 8744 W. North Ter. Niles, IL 60648~~ 15 DAY MONEY
lIO().2a2·nl l (312) 459-9040 ~ .... BACK GUARANTEE ASK FOR cATALOG

2 Year Lim ited Guaranteel Add 5% for Posteg e IS10 max.), IL Res., 7% Tax

ELENCO PRODUCTS AT DISCOUNT PRICES!

ferent types of mater ials, to take
advantage of the fact that vib rat io n
tends to be attenuated w hen tr av­
eling th ro ugh the in terfaces of dif­
fe re n t m ater ials. (The doub le­
glass wi ndows w it h intern al spac­
in g used in record ing-stud io co n­
t ro l r o o m s f un ct io n o n that
p rincip le.) Tests have shown that
even t he screws o r nail s used to
ho ld panels to studs can provide
transm ission paths. For that rea­
so n, ce me nt ing panels in p lace
with t he m asti c m ater ial co m­
monly used to mo un t ce i ling t iles
is a preferred technique w hen re­
sistance to so und tra nsmissio n is
impo rtan t.

A n ex cell ent so und-i so lat ing
wal l-c o nst ruct ion tec hn iq ue has
been de scribed by Owens-Corn ­
in g Fib e r gl ass Cor po ra t io n.
Sho w n in Fig. 1, it co nsists of stag­
ge red vert ical 2 x 4's o n a 4 x 6
so le p lat e arranged so that the two
sides of Sfa-inch gy psum board par­
t ition wa ll are indep endentl y sup­
p o rt ed . A nothe r 4 to 10 d B of
so u n d att e n ua t io n c a n b e
achieved by fi ll ing th e spaces be­
tween th e wall s wi th fiber gl ass in­
sulat io n battin g.

A o ne-i nch layer of sand be­
tween closely spaced panel s o r be­
neath a false f loor also fo rms an
ex ce ll en t in ert h igh-m ass so und
barrier. Fo r the sam e reason , shee t
lead is used ind ust rially as a popu­
lar so und-sh ie ld ing materi al , e i­
ther by it sel f or bonded to other
materi als.

Note th at the lower fr equen cies,
becau se of th eir greate r ene rgy
co ntent, are the o nes that are most
readily t ransm itted through wa lls
and f loors, and are therefore the
most di ffi cul t to iso late o r absorb .
That's the reaso n w hy on ly the low
" boo m, bo o m , boo m " (ra t he r
t ha n th e f u l l aud io ra nge) was

FIG.2 CIRCLE 109 ON FREE INFORMATION CARD
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ANTIQUE
RADIOS
Restoring a classic

START ING W IT H T H IS COLUMN, WE ARE

go ing to change th e focus of our
d isc uss io ns so mew ha t. In th e
past , we have primari ly bee n in ter­
ested in th e hi story and evo lution
of rad io , t ho ug h we have also
looked at topics rangin g from cab­
inet sty les to servic ing. Now, we
are go ing to look inside th e rad ios
the mse lves, includi ng auto motive
radi os, and study the i r ci rcuitry.
We' ll also look at early Hi-Fi and
FM ci rcuit ry, and early TV circuit ry.
Those whose interest is in restor­
ing antiq ue rad ios to operati ng
co nd it io n w il l find th ese art icles
invaluab le.

Radio of the month.
We'll start our look at early- radio

electronics wi th th e General Elec­
t ric A-53. That mod el , w hich was
produ ced in 1934, was very popu­
lar in it s day. The one in my ow n
co llec t io n is show n in Fig.1 . Whil e
I've had th e set a long tim e, it has
never worked. Al so , I have never
atte mpte d to resto re it. Now, we' l l
take an in-depth look at th e radi o 's
circui t ry and th en try and restore it
together.

O ne reaso n that I've shie d away
fro m resto ri ng t hat radi o is that it is
obviously not in its o rigi nal co n­
dition. There is a hol e in the cab­
inet fro nt w here the band switch
shou ld be, and anothe r hol e, mi d­
way up on the right -hand side of
the cabinet, w here nothing should

~ be. Looking at the rear of the set,
z on th e back ap ro n of the chassis is
~ a jack and a switch that clearly areo not part of the o rig inal circuit. See
~ Fig . 2. They li kel y are part of a pho ­
6 no-input circuit that was added by
o a previo us owne r.
~ W hile we are co ncentrat ing on
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FIG.l

t he elect ro nics, we cannot ignore
th e cab inet. It too will need to be
restored if th e rad io is to becom e
something worthy of showi ng off.
As far as t he cab inet on our A-53
goes, I' ve seen worse, but I've also
seen better. It will take at least two
days to make th e veneer patc hes
and refini sh th e ent i re cab ine t.
O ne of the patches wi ll be used to
cove r up t he adde d hol e. Of
co urse, th e gr ill cloth w il l have to
be repl aced .

Determining condition
O ne t h ing th at you mi ght be

wonder ing about is how I deter­
min ed th at t he rad io d o es not
work. Obviously, the answer is
that I tri ed it !

The safest ro ute to follow in de­
termining w hether o r not a radio
will wo rk is to test every part , and
to look fo r shorts and opens be­
fo re plu gging t he un it i n . M any
readers have w ritten me saying
th at th ey indee d do th at each and
every time. Un fortunately, human
natu re bein g w hat it is, I am sure
many more of yo u do not. Even if I
stro ng ly urged yo u to fo llow th at
rou te, few of yo u wo uld, as most
are just too impat ient to see if our
new f ind works. I mu st con fess, I
too f it that descript ion in many in­
stances.

In li eu of test ing, yo u sho uld at
th e very least examine th e radio
caref ully to un cover any obvio us
problem s. I cal l that determining
wh eth er o r not the radio is in "a p­
paren t safe ope rat io n cond ition."
Am on g ot he r things, see if all th e
tubes are present and in the right
pl ace. Ch eck the integrity of th e
lin e co rd . Loo k fo r bare w i res, or
ones t hat ap pea r to be un con­
nected. Finally, check the chassis
bo lts. If severa l o r all are missin g, it
is li kely that someone once t ried
to f ix the rad io but did not co m­
p lete t he job. I f yo u see t he
slig htest sig n of tro ub le, do not
plu g the radi o in unti l you have
co mplete ly examined and tested
the radio . Otherwise you risk fur­
ther damagin g yo ur prize at the
very least , and poss ibly exposi ng
yo urse lf and ot hers to dangerou s
electrical shocks.

Determining that yo ur rad io is in
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" ap pare nt safe operatin g co n­
diti on" doesn 't m ean that ot he r
safeguards can be di sregarded.
When plugging in th e rad io , use
an isolated, fused receptacle. Al so,
while th e set is plugged in , don't
handle the cab ine t or chassis, and
don't "s t ic k yo ur face" into t he
back of th e cab inet to see if th e
tubes are lit.

Getting to work
Aswe've said , one reason we did

not previ ou sly resto re o ur A-53
was th at it has been co nsiderab ly
alte red, o r mutilated , depending
on t he sk i lls of whoever made th e
modifi cation s we noted . Restoring
50-year o ld radios to the ir o rig inal
co nd it ion offers eno ug h probl em s
w it ho ut havin g to also fi gu re out
how so meone else's ci rc uits are
supposed to work.

Nevertheless, th e radi o is st i ll a
good cho ice fo r restorati on. For
one thin g, as you can see from th e

sche mat ic in Fig. 3, its use of su­
perheterod yne circuit ry id enti fi es
th e A-53 as one of th e better radios
of it s peri od . Furth er, despite it s
"man-made" defects, th e cabinet
is in relat ively good shape .

Examining th e circuit we see that
it is a two-band unit. The missin g
band switch cons ists of 51-54, and
it is used to switc h fro m th e broad- ~

cas t b an d to th e 2.6-6 .9-M Hz ~

shortwave band. The signal from
(Contin ued on page 84)
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at any f reque ncy, in mod ern ti mes
we co ns ider anyth ing greater th an
Y2 wavelen gth at the desir ed fr e­
qu en cy to be a lon g wire.

Antennas lon ger th an Yl wave­
len gth have unu su al se nsi ti v ity
patte rns . That's w hat causes hi gh­
gai n TV ante nnas to poop o ut o n
signa ls ar riv ing at a 90° angle,
w he re ga in shou ld b e greatest.
Th e lon g-wi re effect is also w hat
causes multi path inter feren ce (TV
ghost ing) f ro m water tower s, tall
bu ild ings, and hi ll s th at are well off
in th e di stance and to the side of
the ante nna .
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Marconi lucked out.

ONE O F T HE OBSTACLES FACED BY EAR LY

radi o pi oneers was a lack of under­
stand ing about th e ways rad io sig ­
nals propagate, and how outs ide
facto rs, suc h as the ion ospher e,
affect th at p ro pagati on . Had Mar­
co ni attempted to pu sh a signa l
across " the bi g pond" earlier in th e
day, o r a few days earl ie r o r later,
he wou ld most likely have fai led
and t h e d evelopm en t of radio
co mm unications wou ld have been
delayed several years. The Titan ic
would have gone to th e bottom
w it h no o ne the wiser.

Marcon i si m p ly lu c k ed o ut.
"S kip" was un kn own , as was it s
cause, it s effect, and it s relati on to
freq uency. Let us al l th an k the
go ds th at " t he band" was ope n o n
th e memorab le day that M arconi
tri ed to spa n th e' Atlan ti c.

Anothe r factor th at was mi sun­
de rstood by ea r ly pi on eers w as
the sig n if icance of antenna lengt h .
They bel ieved th at th e lon ger the
ante nna th e be tter th e recep ti on .
(Of co u rse, an te n nas work the
same for t ransmitt in g as they do
fo r receiving. ) W hi le lon g wires do
p rovide high er gain th an do sho rt
w i res, to m an y u sers t ha t gai n
works in mysteri ou s ways, ofte n
caus ing a weaker sig na l to be re­
ce ived at a specific locati on .

Ea rly b roadcasters soon un der­
stood th e vaga ries of th e long-wi re
ante n na. U nfort u na te ly, ma ny
hobbyi sts and shortwave listeners
sti ll do not ; poor recepti o n , so le ly
due to usin g a too-lon g wire, of te n
is th e resu It.

The term long wire is reall y re la­
tive . Al th ou gh an ante nna must be
at least Y2 wavelen gth lon g at 3.5
MHz to be co nside red a lon g wire

AI2
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Different direction s
Th e probl em s w ith long-wires

are th at th ey have more than o ne
major lo be (maxi m um sensitivity),
and th at the preci se ang le of th e
lobe is det ermined by the len gth
of t he w ire. To kee p things sim ple,
fo r this di scu ssion w e will not get
into "doughn ut" sensi t iv ity pat­
terns nor verti cal rad iat ion/recep­
t ion ang le s (verti cal ang le b eing
th e effect that beam s yo ur anten ­
na's sig na l to M ars instead of to
some p lace on Eart h). We will co n­
cent rate o n horizontal radiati on ­
th e sens it iv ity (rad iat io n) pattern
as it w ould appea r if we w ere in th e
heaven s looking down on th e an­
te nna in questi on .

O u r reference ante nna is t he
half-wavelen gth d ip ol e show n in
Fig. 1. That anten na, as you can
see, has two lobes, yie ld ing a sen­
sit iv ity pattern wh ose ma ximum
li es on a line th at 's at a righ t-angle
to the w i re it self.

Now let's assume that we want a
stronger signa l f ro m the antenna,
so we st retc h a w ire across seve ral
back yard s fo r an overall len gth of
lY2 wave le ng ths at th e desired f re­
quen cy, as sho w n in Fig. 2.

As you can see , we now have
four lobes, eac h more sens it ive
th an th e lobes of a half-wavelen gth
ante nna . But t he re is no suc h th ing
as a free lunch. The antenna can­
not crea te ga in; it sim p ly co m ­
p resses t he w idth of t he lo b e ,
tak ing ene rgy fro m the sides of the
lobe and co ncent rat ing it along
th e lobe's axis . Notice that th e lY2­
wave leng th antenna in Fig. 2 is es­
sentia lly dead to signals arr iv ing
directl y into th e antenna (at a 90°
ang le).
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If a sho rtw ave list ener was inter­
este d in rece iving signals arrivin g
at a ri ght angle, sim p ly ex te nd ing
the w ire " fo r more gain," w ould
in stead result in a w eaker received
sig nal. To ach ieve higher ga in, th e
wire w ou ld have t o b e rep o si­
tion ed so th at one of.the lobes was
aimed at the d esired stat ion .

But many use rs re po rt supe r io r
recepti on at all tim es wh en th ey
sw itc h to a lo n g-w i re. H ow can
that b e?

Often, th e im p ro vem en t is not
d ue to improved sensit iv ity but to
diversity recep tion , and t h e li s-

ten er simply pe rc eives b etter per­
formance. D iversity recep t ion has
noth in g to do with antenna gain .
In stead , it comes about b ecau se
different regions of a lo ng-w i re an­
tenna respo nd different ly to dif­
ferent phase relationships; those
relat ion ship s ar e co ns t a n t ly
ch ang i n g b e ca u se of c ha ng i n g
ionosp heric co nditions. Th e effect
is cal led select ive fading. A s the
rece ived signal fad es out b ecause
of p hase cha nges on o ne part of
t he antenna, it inc reases o n an­
o t he r. Th e overall effect is an ap ­
parent im p rovemen t ove r t he hal f -

wavel ength anten na, w hich has its
m axi m um sens it iv ity to o n ly o ne
p has e relat ionship.

At eve n longer wave lengths the
antenna creat es major and minor
lo bes; Fig. 3 shows th e sensit iv ity/
radiat ion pattern fo r a two-wave­
len gth antenna. Noti ce that w e
now have a tota l of e ight lo b es,
w it h t he major lo bes getting closer
to th e wi re's axi s.

If you cou ld make t he w ire suffi ­
c i e n t ly lon g , t h e m a jor lo b e s
wou Id f latten to 20° from t he wi re's
ax is. Al so, t he lo bes wou ld be so
nar row t hat at 33° from the ax is the
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m
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ante nna would have essent ial ly no
sensit ivity.

Now, w hat does all th at anc ient
t heo ry o n ante nnas have to do
with modern tec hno logy? Simply
go outside and look at yo ur TV an­
tenna. If it 's t he typi cal "a ll chan­
nel " mo derate t o dee p - f r i nge
model , many of the eleme nts are
lon g w ires at the high er frequen­
cies . In stead of havin g maximum
fo rward at 90° to th e eleme nts ,on
some channels the maximum gain
is out to the sides.

That is w hat ex pla ins unu sual
mul t ipath ghosti ng . Im agin e, if
yo u wi ll, t hat yo ur city's master
t ra ns m itti ng ante n na i s o n a
mountain top due no rt h of yo ur re­
ceiving locat ion , and that the re is a
water tower located to the north­
east, some 10 miles away. As usual,
yo u aim the receivin g antenna di­
rectl y at th e t ransmitt ing antenna,
and all channe ls are rece ived wi th
m or e t ha n ade q uate sig na l
st rength. But o ne of th e hi gh er
VHF cha nne ls has two di st in ct ,
wid el y sepa rate d images. Here's
why : At that channe l's frequency,
the antenna is several wave lengths
lon g. Because of that, a major lobe
exte nds to t he north east , rat her
than due north (forward). There­
fore, the refl ected signal from the
tower is act ua l ly be ing rece ive d
with greater stre ngth than the di­
rect signal from the broadcasting
ante nna. To avoid such situations,
better antenna install ers adj ust an
antenna for best picture rat he r
than by co mpass headin g , eve n
whe n t hey can l iteral ly see the
t ransmitti ng ante nna fro m the re­
ceiving site .

It 's very difficult to change th e
rul es of the game, no matt er how
anc ient they are . At any freq uency,
a lon ger ante nna is not necessaril y
a bette r o ne. R-E
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co ntinued from page 79

the speaker system itse lf, by min i­
m iz ing its physical coup ling to the
floor o r wa ll. You can do that by
" f loat ing" the offending speakers
on structures built up of plywood
and foa m glued together as shown
in Fig. 2. A lte rnate ly, a sing le 4­
inc h foa m slab can be used .

As men ti on ed earl ier, vib rat io n
tends to get decoupled w hen trav­
el ing between di ff erent materi als
such as th e wood and foa m layers.
Thi s is in addi ti on to t he losses in
the fo am itself. M ake su re th at
the re's sufficient clearance so th at
the Y4- i nc h deco rative plinth (A)
do es not touch panel (a) o r th e
floor. The parts labeled (s) and (e)
are 3/4-inch pl ywood , and the fo am
should be fai rly dense and at least
an inc h thi ck. Some tr ial and erro r
w il l p ro babl y be necessary befo re
everyt hi ng f its togethe r properl y.
Keep in mind that iso lation w ill be
lost if any part of the plinth o r th e
speaker to uches the fl oor.

Any aud iophile readers w ho be­
lieve in th e "advantages" of speak ­
ers or speaker stands that use floor
spikes fo r im proved bass, sho uld
kee p in mind that mechani cal co u­
pling to th e f loor is l ikely to cause
the flo o r structure itse lf to vib rate
and co ntri bute co lo rat io n to th e
so und of th e syste m . A lt houg h
some people apparent ly like th e
sound of reson atin g fl oorboards, I
prefer that my spea ke rs so u nd
straight (as designed), thank yo u.
Of co u rse, sp u r io us vi brati on
should be avo ided in bot h th e
'sta nd s o r t he speake r cabinets
themse lves, bu t that is a different
matter that is best handled by th e
cabi ne t m anu facture r's braci ng
and damping.

The bottom li ne is this : The re
really aren't any simple after-t he­
fact f ixes you can app ly to existi ng
structures to minimize sound -co u­
pli ng between roo ms, apartments,
o r f loors. But if yo u b lock the high ­
er frequency sounds Wit h th ermal­
ins u lation tec h n iq ues and use
speaker moun tings t hat prevent
bass co up l ing to t he b u i ld i ng
structure, yo u certa inly can help
mi nim ize prob lems- not to me n­
ti on co mplaints. R-E

ANTIQUE RADIO

co ntinued fro m page 81

t he antenna is coup led to the con­
tro l gr id of the 6A8 conve rter and
osci llator tube v ia t he RF coi l.
(Note that the value of that coi l,
and the ot hers in the schemat ic,
are spec ified in ohms. That is not a
mi sprint. In those days manu fac­
ture rs often id enti fi ed the co ils in a
schemat ic in that way to make ser­
vicin g easie r. By check ing the re­
sista nce of t he co il again st t he
rat in g, a serv ice man co ul d spot
open o r shorte d units.) The 6A8
serves two fun cti ons : local os ­
cillator and mixer. Tunin g is ac­
complished usin g a du al-ganged
variabl e capac ito r, w hich is desig­
nated C3 and C4 in the schemat ic.
The rear part of the capacitor, C3,
is used to tune th e receiver to the
desired frequency. The front part
of th e capacitor, C4, is used to tune
the local osci llator so that, w he n
mi xed w ith the incoming signal in
the 6A8, an IF of 465 kHz results. .

The IF amplifier, which is bu il t
aro und a 6K7 tube, diff ers some­
w hat from more mod ern sets . The
di fferen ce lies mainl y in the de­
sign of th e two IF transfo rm ers.
Th e IF-input t ransfo rmer has a
tuned primary and a tuned sec­
ondary. Th e coi ls themselves sit
w ithin a shie ld located on the top
of th e chassis. However, th eir trim­
mer capaci to rs are located on th e
undersid e of th e chassis. Turning
to th e IF-ou tput tr ansfo rm er, only
th e seco ndary is t uned and th e en­
tire circui t is located on th e under­
side of the chassis.

The o ut put of th e IF amp is co u­
pl ed via the IF-ou tput transformer
to t he detect o r stage, w hich is
bu ilt aro und a 6J7. Volume is co n­
t ro lle d in the radio by vary ing t he
IFgain usi ng R7, wh ich is a poten ti ­
ometer, and R8, w hic h is a fixed
un it. Those resistors are located in
t he cat hode circuit of t he 6K7.
Note the1 megoh m resisto r (R4) in
t he grid ci rc uit of t he d etector ;
that resistor is also co nnected to
the grid return of the 6K7. Its pur­
pose is to pr even t overloadi ng the
6J7 in the event that the vo lume
co ntrol, R7, is turned up w hen a
strong signal is received.

co ntinued on page 110



JERROLD: 400 & 450 Handheld Transmitters. • • • • • • • •• ' 29."

ZENITH: Z·TAC cable Add-On• •••••• • ••••••••••••• '199."

MISCELLANEOUS

*

With a flashli ght and magn ifyin g glass
the shadowy areas around the flyba c k
were thoro ughly inves tiga ted . Just whe n
we were about to knock off for the day we
not iced what appea red to be a crack in
R966: see Fig . I.

Th at resistor was removed and. sure
eno ugh. it was split. and it was open. The
streak ing was cause d by the ret urn of the
intern al rectifiers of the flyback arcing
through that resistor back to the low-volt­
age supply. When the flyback fai led. it
probably took that resistor with it. Replac­
ing R966 resolved the streaking problem
and the set has work ed tine ever since . R-E

CABLE TV
SPECIALS
CONVERTERS*

VIEW STAR: EVSC· 2010-60 Channel Wireless-
with Parental Lockout. • • • • • •• ' 99."

EVSC·2010 A-B -Same as above with
A·B Switch '109."

View Star 2501 -60 Channel Wireless ••••••
with Volume ••••• ••••••• '119."

OAK: N·12 Mini·COde ' 89."

N·12 Minl·COde Varl·Sync • • • • • • • • • • • • • • •• '109."
N·12 Mlnl·COde Varl-8ync Plus Auto On·Off •• '165."

JERROLD: JRX-3 DIC-3S Channel Corded Remote. • • • • '149."
JSX-3 DIC-36 Channel Set Top ••••••••••• '129."
SB·3- 'ThltReal Thing' .. .. .. • .. .. .. .... '119."
SB-3A-4 port ... ... .. ...... ......... . . •. $99.99

PROBING THE SHADOWY AREAS near the
f1yback revealed a cracked resistor. It proved to
be the cause of the mysterious steak ing .

continued fro m page 70

TROUBLESHOOTING TV

The exce ss ive amplitude and the spike
were was obvious ly upsettin g so me thing
in the video proc essor.

Essenti ally, the RC net work is ~here for
amplitude reductio n and wave sha ping , so
that see me d like a logical place to start .
First, R472 , a ISOK, V~-watt unit, was
rem oved and rep laced with a 120-pF ca­
paci tor. Si nce , at that stage we were only
doi ng so me ex pe r ime nt ing , a nd o ur
whole approach cou ld be wro ng , the add­
ed component was just " tacked" in .

Since that little net work physicall y lies
j ust ahead of the flyback and very close to
the focus lead eme rg ing from the tran s­
former it was important to make sure that
the co mponents were dressed we ll away
from the focus lead . There was just abo ut
an inch of space for that. Making sure
everything was cle ar and secure for a test
run , the receive r was fired up.

At least we were in the ba ll park . The
black bars were still present but in a sort of
hazy way, with tha t half bar still present
near the ce nter of the screen. And the
streak ing was still" there , with much less
brightness . Instead of reduc ing the pul se,
we had expanded it un til over-b lank ing
was tak ing place .

The next step was to reduce the value of
the ca pac itor by about half to , say, 62 pF,
and remove C460 co mpletely from the
circ uit. Th at bro ug ht the brightness back
to near norm al and , for the most part,
removed the black bars . But the half bar
still was winking at us and the streak ing
still was present.

Nex t, R469 , a ISOK V~-watt resistor,
was rem oved from the circu it and a lOOK
V~-watt unit was put in its place. Th at
cha nge co mplete ly rem oved and and all
traces of the black bars . The modified
circuit is shown in Fig . 3.

One last hurdle
Now to find the cause of the strea king :

It looked like so me so rt of outside inter­
ference , but none of the other se ts were
being affec ted .

HAMUN: MLD·12DO • • • • • • • • • • • • • • • • • • • • • • • • • • •• ' 99."

SC908

FIG. 3-DELETING C460, R469, and R472 and
adding a WOK resistor and a 62-pF capacitor
cured the black-bar problem. Mod ifying the cir­
cuit as described in the text cured the problem ;
the modified circuit is shown here.

NEW ITEMS: [ Ripco Tape Copy Stabilizer $149.95 I
Scientific Atlanta. • • • • • • • • • • • •• call for Price

OAK: E·13 Mini-Code Substitute $ 79.95

E-13 Mini-Code WlVari-Syn S 89.95

AU UNITS GUARAIITEED. QUANTffY PRICES AVAILABLE.

UNITED ELECTRONIC SUPPLY
P.O. BOX 1206 • ELGIN, ILLINOIS 60121 • 312·697·0600

c;
C
z
m

CtRCLE 200 ON FREE INFORMATION CARD 85



ICOES YOUR DIGITAL CAPACITANCE METER CO THls?l ·
FULL 4 DIGIT 0.5 INCH LCD DISPLAY COMPLETELY AUTORANGING WITH 10 RANGE MANUAL CAPABILITY

AND THIS AND THIS
RANGE OF 0.0 pF to 1 FARAD (999.9 mF) IDENTIFIES TRANSISTORS (NPN, PNPj

0.5% BASIC ACCURACY UP TO 100 uF AND THEIR LEADS (E, B, C, ETC.)

AND THIS AND THIS
READS DIELECTRIC ABSORPTION TESTS ZENER DIODES AND RECTIFIERS.

AN D THIS UP TO 20V ZENER WITH AC ADAPTOR,
EXTENDED PSEUDO 5 DIGIT ZENER VOLTAGE WITH 9V BATIERY

RESOLUTION ON SOME RANGES ONLY DEPENDS ON ITS CONDIT ION

AND THIS AND THIS
ABILITY TO ZERO LARGE CAPACITANCE AUTOMATICALLY CALCULATES LENGTHS

VALUES UP TO 99.99 uF OF CABLES IN FEET, METRES, MILES,
AN D THIS KILOMETRES (THEORETICAL RANGE

OF 9,999 MILES)

CALCU LA~~SC~~~~~AI~I~~~~~ AND THIS
AND THIS ~~I~~I~~:~ER:TC~6~~~TORS IN

DIODE~~~~~6'T~~~~;~~ AND THIS
DISCHARGE RESISTOR IN OFF ABILITY TO READ LEAKY CAPACITANCE

POSITION AT TERMIN AL INPUTS. (INSULATION RESISTANCE OR CURRENT)

POWERED BY 9VBATIERY AND THIS
ONE YEAR PARTS & CALCULATES TIME CONSTANTS WITH
LABOUR WARRANTY USER DEFINED RESISTANCE VALUES

FOR ONLY THIS AND THIS
HOLD FUNCTION FREEZES DISPLAY

CIRCLE 187 ON FREE INFORMATION CARD

SATELLITE TV

continued from page 77

ada because hundreds of lC's have
bee n detained by U.S. Customs.
The Canadian firms still operate
from Canada, but they have begun
shipping their wares from the U.S.
side of the border.

Conclusions
There are several conclusions to

be drawn from all of that. First,
several descrambling lC's being
marketed may not be what they
are made out to be. Second, those
dealing the lC's may have consid­
erable liability above and beyond
that incurred in violating Federal
statutes if customers awaken one
day to find their Chip-equipped
descrambler shut down.

Third, a serious effort to shut
down various descrambling oper­
ations has begun. In late February
and early March, GI indis­
criminately shut off thousands of
descramblers, without apparent
regard to their legal status. They
also discontinued distributing
their model VC2000 units after
finding that those could be
breached with software modifica­
tions . The replacement VC2100
featured epoxy coating over sever­
al key areas. Unfortunately for the
manufacturer, chemicals that
could dissolve the epoxy soon
were found and a Bahamian firm
has announced a musketeer IC
that can be used without dissolv­
ing the epoxy coating.

Even those providing informa­
tion about descrambling are un­
der investigation. Among those
parties are this author. (For late
breaking news regarding descram­
bling and the law, see " What 's
News, " which can be found on
page 6 in this issue-Editor.)

Fourth , in spite of all claims to
the contrary, there does not ap­
pear to be any VideoCipher defeat
mechanism other than the much­
publi cized clone and musketeer
syste ms. And GI seems to be ex­
tremely confident that it can deal
with both techniques in both the
long run and the short run. In
retro spect , VideoCipher may be
less broken than bent, and GI may
actually end up with the upper
hand in this engagement. R-E
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Crystek Crystals offers their new 16 page FREE
catalog of crystals an oscillators. Offering state of
the art cr ystal components manulactuered by the
latest automated technology. Custom designed or
"ofl the shelf," Crystek meets the need, worldwide.
Write or call today!

FOR OPTIMUM STABILITY
AND RELIABILITY IN

FREQUENCY MANAGEMENT

PLEASE SEND ME
_ _ (QUANTITY) MC300(S) @ $169.95

CARRYING CASE $ 16.95
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SOLID STATE
Instrumentation amplifiers

ROBERT F. SCOTT,

SEMICONDUCTOR EDITOR

Av = 2(RF/RG ) + 1

Ampli f ie r AS is a uni ty-gain circu it
that removes any co mmo n-mode
sig na l f rom t he outp ut signa l,
w hich appears at pi n 10.

Th e t ranscond uctance of th e
preamp inpu t stage is determined
by the value of Re. Transcon du c­
tance and gain increase as Re de­
creases . Th at has t h ree maj or
advantages . 1) It makes very hi gh
open-loop gain poss ib le; 2) The
gain-ba ndwidth prod uct increases
wi th gain, thereby opti miz ing fre ­
quency response. 3) In put-vol tage
noise is reduced to a value that is
determined by th e col lector cur­
rent of the input transistors.

The REFERENCE term ina l (p in 7)
may be used to offset the out put
up to ±10 vo lts, for f loating output
loads o r co up li ng to a circuit w it h
an iso lated gro und .

The sense te rmi nal (p in 11) is the

FIG.1
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cis ro n with input offset vol tage
dri ft below 0.25f.LVr C, outp ut off­
set vo ltage dri ft below 15 f.LVrC,
an d m ax imum nonlin eari t y of
0.001% w hen gai n is uni ty. A ll
grades of th e AD625 provide a 25­
M Hz gain-ba ndwidth p ro d uct ,
5V/f.Ls slew rate, and 15 us sett ling
ti me .

The AD625 co mes in three ac­
curacy grades (A, B, and C) fo r in­
du stri al ( - 25°C to + 85°C) te m­
perature range, grades J and K fo r
co m me rc ia l (0 to + 70°C) te m­
pe rat u res, and S gra de for tem­
peratures in the -55°C to +125°C
range.

A block di agram of the AD625 is
shown in Fig. 1. A diffe rent ial vo lt­
age appears at th e outputs of A1
and A2. That vo ltage, Av, is the
produ ct of th e di fferen ti al porti on
of th e input voltage times the gain,
o r as show n,

IN ST RU M ENTATI O N AMPLIF IERS ARE

hi gh-perfo rm an ce, hi gh -gain o p­
amps used in ap plicat io ns that re­
quire preci se, low-l evel signal am­
pl if icati on w it h low noi se, acc u­
rate, closed- loop gai n , and ve ry
low drift. The AD625, from Analog
Devices, is a new pr ecision pro­
grammable-gai n inst rume ntatio n
amplif ie r designed especial ly for:

1. Ci rc u its requirin g non-stan­
dard gain va lues not easi ly o b­
ta ine d fr om ear lier in strum enta­
ti on amplifie rs such as the AD524
t hat feat ured programmabl e gains
of 1, 10, 100, and 1000; and t he
AD624, w it h gains of 1, 100, 200,
500, and 1000.

2) Ci rc uits requiring low -co st ,
precision software-p rog rammable
gain, and especia l ly w he re low
n oi se , l ow dr ift , and a hi gh
Commo n-Mode Rej ecti on Ratio
(CM RR) are desi red .

The AD625 is a cost-effect ive de­
vice that uses three exte rna l re­
sistors to set gain to any value fro m
1 to 10,000. Perfo rma nce lim ita­
tions are due mainl y to those ex­
te rnal res is to rs . Th e ga in erro r
contribute d by the device is less
th an 0.5% and th e temperature er­
ro r is less 5ppm/°C. The CM RR is
independent of feedback resistor
match in g.

A software-prog ram mab le gai n
amplifie r can be des igned aro und
the AD625 by using a switch net­
work such as a CMOS multiplexer.
The on resistance of the switchi ng
netwo rk is not in the signal path,
so the AD625 can provide 12-bit
precision and can be programm ed
fo r gains between 1 and 10,000 in
user-sel ected ste ps.

The AD625 provides high est pre-
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39.2K
10K
4.42K
2.1K
806n
4020
20511
78.7n
39.2.11
13.3K
5.62K
2.67K
1.27K
634.11
316H
154.11
76.811
38.3H

RF
20K
19.6K
20K
20K
20K
19.6K
20K
20.5K
19.6K
19.6K
20K
19.6K
20K
19.6K
20K
20K
19.6K
19.6K
19.6K

Gain
1
2
5

10
20
50

100
200
500

1000
4
8

16
32
64

128
256
512

1024

TABLE 1-RESISTOR VALUES

Ku-band amplifier modules
Th e new M C5875A , M C5875B,

and M C5876A, M C5876B are mod­
ul es developed for mass-produc­
t ion of low-cost Ku-band satell ite
data-l ink rece ive rs. Both are two­
stage GaAs FET/h ybrid-I C am p li­
fi ers des ig ned to be cascade d to
provi de exce llent noi se (2.5 dB )
and gain (33 dB) per formance ove r
the 11 .7 to 12.2-GH z ban d . Both th e
low-noi se module (A) and the gain
modu le (B) co me in hermeti call y
sealed packages.

Both devi ces fro m NEe are avai l­
ab le f ro m th e excl us ive North
America n sales age nt , Califo rn ia
Eastern Labs. .Fo r data and othe r
information w ri te California East­
ern Laboratories, 3260 Jay St ree t ,
Santa Clara, CA 95054. R-E

mod e voltage, so th e CM RR of th e
resisto r-programmed AD62 5 is in­
dep enden t of the match of t he two
fee dback resistors, RF. A valu e of
20K is normally used for RF• Valu es
above 20K are not recommended
because gain erro rs ref er red to t he
ou tput increa se w it h in cr ea sed
feedback resistan ce. Valu es below
10K can cause instab il ity. See Table
1 fo r resistor valu es that can be
used to set seve ral gains with er­
rors of only ± 0.5% .

Furth er te chn ical and appli ca­
t io ns data o n the AD625 (including
programm ing by m icroprocessor)
are incl ude d in th e New Products
sect io n of th e Analog Devi ces 1986
Update and Sel e ction Guide .
Write to Analog Devices, Two Tech­
nol o g y W ay, N o rw ood , MA
02062-9106.

For More Inf orm ation Contact :

ISCET 2708 W. Berry, Ft . Wor th, TX
76109. (817) 921 - 9101

You Can Be

One Of The

ISCET Offers License Renewal

The International Society Of Certified
Electronics Technicians offe rs permanent
cert ific ati on by administering the CET
exam with the FCC recognized communi ­
cations opt ion for $20. A second exam
on FCC regulati ons for a $10 fee is re­
quired for a Radiotelephone Ucense.
Upon passing, technicians receive both a
permanent Radiotelephone Operat or Cer­
ti f icate and a CET Certificate issued by
ISCET.

ISCET has developed a prog ram for regis­
t ration of those who current ly hold a
valid Radiotelephone Operato r License.
By sending a compl eted application, a
photocopy of yo ur FCC License, and $10
your li cense will be renewed with the
assurance of a recognized national t ech­
nicians association behind it .

feedback point fo r t he o utp ut op­
amp. Usuall y it is co nnected d i­
rectl y to th e ou tput at pin 10. But, if
heavy lo ad cu rren ts are d raw n
th ro ug h lon g lead s, voltage d ro p
in the lead resistance can cause
erro rs. To el im inate those erro rs,
th e se nse terminal can be co n­
nected directl y to the load . Doing
so pla ces th e lead 's IR drop in sid e
th e feedback loop.

Typi cal IC inst rume ntat io n am­
plifier s can sw ing ±10 vo lts across
a 2000-o hm load. However, when
more current mu st be de live red to
a heavier load, an o utput cu rre nt ­
boo st e r am p l if ie r ca n b e co n­
nect ed between th e AD625 o utpu t
and th e load. In suc h a co nf igu ra­
t ion th e SENSE terminal would be
co nnected to th e "high " end of th e
l oad , t h e re b y includ in g th e
bo oster amp in the feedback loop.

Only three exte rn al resistors are
need ed to selec t any given gain
from 1 to 10,000. Th e gai n accuracy
and gain te mpe ratu re coeffic ie nt
are determin ed primarily by th e
exte rn al resisto rs . The gain-sense
curre nt is in sensitive to co m mo n-

EARN YOUR \ ~V

E 0B.S.E. . \
DEGREE

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

Learn at home in spare time.
No previous experience needed.

. _. UlllU
No costly school. No commuting to class.
The Original Home-Study cou rs e pr e­
pares you for the "FCC Commercial Radio­
te lep hone License". Th is valuable license
is you r " tick et " to thousands of exciting
jobs in Communications. Radio-Tv. Micro­
wave. Computers. Radar . Avon ics and
m ore! You do n't need a college degree to
q ualify. but you do n eed an FCC License.
No Need to Quit Your Job or Go To School

This proven course is easy. fast and low
cos t !GUARANTEED PASS - You get your
FCC License or money refunded . Send for
FREE facts now. MAIL COUPON TODAY!

r----------------------,
I commdnD PRODUCTiOnS I
I FCC LICENSE TRAINING, Dept. 90 I
I P.O. Bo x 2 223, San Francisco , CA 94126 :
: Ple ase rush FREE d et ai ls im m ed iat ely ! I
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I ADDRESS I
I CITY STATE~IP _ _ JIL _
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#301 PARTS PACKAGE . . . . . .
Includes all the original resistors, capacitors, diodes, potentiometers,
transistors, integrated circuits, LED's, Toko coil (E520HN-3000023)
and Plessey SAW filter (SY323).

#302 PC BOARD . . . . . . . . . . . . . . $12.95

Original 5 X 8.8 etched & drilled silk-screen PC board used in article.

#304 AC ADAPTOR . . . . . . . . . . . .$12.95

Orig inal (14 to 18 volt DC @ 200ma) AC adaptor used in article.

SPECIALS Add $2.50 shipping & handling - $4.50 for Canadian orders.
We also offer quantity discounts on 5 or more units.

BOTH #301 and#302 .

ALLTHREE#301, #302, and #304

. $49.00

. ... $59.00

GO-CHANNEL

CABLE CONVERTER . . . . .
SC-GOR CONVERTER

.. . $69.95

CIRCLE 65 ON FREE INFORMATION CARD

Not avai lab le to Massachusetts res idents due to state law.
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P.O. BOX 800 • MANSFIELD, MA 02048

Jild
ELECTRoniCS,Inc.

Thou sands of th ese co nve rte rs so ld nati onally for $11 9. 95.
W e offer yo u th is sam e typ e of co nverte r for only $69.9 5.
A ll conv ert ers are NEW, w it h Full manufacturer's WARRANTY.
FEATURES :
• Full 60 Cha nnel Capabil ity • Cord less Infrared remote contro l
• Ul t ra-S table Synthesized tuning • M icro processor controlled PLL
• Works on all TV models. Specify channel 3 or channel 2 output.
• Stand ard/H RC Sw itch fo r co mpa ti bi lity w it h all Cab le Systems
• W ill work wi t h all types of ext ern al descra mb lers

Add $3.50 Shipping and Handl ing
$4 .50 on Canadi an Orders

WITH INFRARED REMOTE CONTROL

ORDER TOLL FREE
1·800-227·8529
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the output signals are decoded.

continued f rom page 60

or you can investigate the use of incre­
mental shaft encoders .

With the quadrature system, two pulse
trains, 90° out of phase, are produced .
Motor-direction information can be ob­
tained by examining the relationship of
the two waveforms; that is, to see which
one is leading and which one is lagging .
With proper decoding, spurious counts
that may occur when the robot stalls or the
motor shaft vibrates will be rejected .

A non -q uadrature optical -feedback
system can be implemented simply by
attaching a disk with holes drilled around
its circumference to the moto r's back­
shaft. A simple optical encoder can then
be used to keep track of shaft rotation in

. the conventional way. Be sure that you
drill as many holes as possible , for im­
proved low-speed performance . You will
have to condition the encoder 's output sig­
nal to match TTL levels; that can be done
with an LM393 comparator.

A quadrature encoder can be made
from two optical sensors positioned so
that the output waveforms are 90° out of
phase . The sensors are properly posi­
tioned when the distance between the op-

The following are available from Vesta
Technolog y, 7100 W. 44th St. , Wheat ­
ridge, CO 80033 (303-422-8088): Bare
RE-R obot co ntroller board , $41 ; as­
sembled and tested RE-Robot controller
board, $200; bare RPC board , $41; as­
sembled and tested RPC, fully populated
for the robot function , $294. Add $8.00
shipping per board ordered. Colorado res­
idents add appropr iate sales tax. Master­
card and Visa accepted .

Optical endocers (100 counts/revolu­
tion, quadrature output) are available from
EMC Corp., 373 Hillsboro Way, Goleta,
CA 93117 (805-968-3060) for $40 each.
California residents must add appropr iate
sales tax.

tical centers is such that when one hole is
centered on one encoder, another hole is
covering 50% of the other encoder. With a
typical system using using 0.25-inch sen­
sor spacing, the hole pattern consists of Va
-inch holes on 3J4-inch centers. That re­
sults in 12 holes on a 1.43-inch radius.
That hole pattern is sufficient to give satis­
factory feedback for operation at all but
the lowest speeds.

Once again, the outputs of the two op­
tical encoders should be conditioned with
LM393 comparators. The circuit is then
interfaced with the controller board and

Terminal count
The progress of the motor is monitored

using two counters of the 8253 . One
counter is clocked by the forward progress
of the robot; the other counter is clocked
by the reverse progress.

As mentioned, one of the features of
the 8253 is that it is programma ble. By
loading the appropria te control word into
the IC, the counters can be set to operate
in one of six modes. For example, to gen­
erate the reference frequency we set up
one of the 8253 's counters to divide by a
16-bit number. That is the IC's mode 2.
Here, we need to set up the remaining
counters to operate in one of the IC's other
modes, interrup t on terminal count (mode
0). In mode 0, the output goes high when
the accumulated count has reached a value
programmed into the counter. That output
may be connected to a digital input for
polled operation, but is connected to an
interrupt input on the RPC for interrupt­
driven operation . The counters can be in­
terrogated by the RPC at any time during
motor operations to ensure that the motor
has not stalled or is not vibrating.

That's all fornow. Nexttime we'll show
you how to build and mount the board.
We'll also look at some software consid­
erations. R-E

FIG. 7-A basic Y•• test configu rati on for FET's.

continued f rom page 63

SEMICONDUCTOR TESTING

Variations In V's
Technically, Yrs represents a resistive

value that is influenced by the biasing
voltage on the gate, which in tum influ­
ences the drain current, ID . In spite of the
variations in Yrs' the device's manufac­
turer arrives at a representative yfs value
by not applying a DC bias voltage to the
transistor and by maintaining the input
signal at 100 mY or less, a configuration
that yields the highest Yrs value. Prac­
tically, however, that configuration serves
little purpose, because with no DC bias on
the gate the output signal may be severely
distorted.

The effect of temperature on variations
in gain should not be overlooked . As the
ambient temperature increases, the leak­
age component through the semiconduc­
tor also increases, which affects ID ,

which, in tum , affects Yrs' In all cases, the
tests are made at 25°C. When tests are
performed at elevated temperatures the re­
sults are listed separately in the data sheet.

Next month we' IIlook into the fascinat­
ing world of opera tional amplifiers. R-E

gates together and treats them as one .
That is the test most commonly used with
dual-gate MOSFET 's, and its result is
shown on most data sheets. While the
arrangement yields the highest Yss' it also
results in decreased bandwidth.

changed and the resulting change in the
gate voltage (Yos) measured by meter
Ml , and the change in drain current mea­
sured by M2 are used to calculate Yrs'

Again, we must emphasize the word
change. The sta tic condit ion s unde r
which the measurements are made are not
anywhere near as important as the values
of any changes.

Bear in mind that yfs is not a gain factor,
per se. Rather, it describes the maximum
possible gain. Generally, the larger the Yrs
value the greater the gain. Junction FET's
have a fairly high forward transconduc­
tance, typically ranging from 4,000 to
10,000 umhos, MOSFET (Metal-Oxide
Silicon Field Effect Transistor) gains tend
to run higher, and dual-gate MOSFET
gains are higher yet, wherein values up to
20,000 urnhos are not uncommon .

Dual gates
Dual-gate MOSFET's can be tested in

three different ways. In the first kind of
test we apply a signal to one of the gates
and connect the unused gate to the drain.

By alternating the signa l gate (by re­
versing the gate connections) we create a
seco nd dist inct test co nfigura tio n. In
some cases , a voltage may be applied to
the unused gate during the test; if so, that
information is listed on the data sheet.

The third test configuration ties the two

i
IB2

..!..

+

Ld o
Yfs = t>V

GS

+

defined as the forward transfer ratio in the
common- source mode . It is expressed as:

~ Io
YIs = --;;;v-

GS

where 10 is the drain current and Yos is
the gate voltage for an FET in a common­
source configuration. A basic test circuit
for Yrs is shown in Fig. 7

To measure Yrs' the gate is first DC­
biased with a voltage and the resulting
drain current (10) indicated by meter M2
is noted . Th en , the input voltage is
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We've got reviews of several exciting
produ ctsthis month, including awel l­

done 8088/assembly-language tutorial and
a d isk-co nversion package that allows you
to read Apple di sks on an IBM(or co mpati­
b le) machine, along w ith brief spots on
new releases of several industry standards.
How ever, be fore gett ing to our review s,

I we'd like to take time out to examine the
chaotic state of IBM operating systems.

IBM'S NEWOPERATING SYSTEM(S):
THEM & M'S

rrom the user's standpoint, there are two
r kinds of operating systems: command­
line based and ico n based .Apple'sMacin­
tosh, based to a great extent on work done
by a research subsid iary of the XEROX Cor­
po ration, is ari icon-based system; the IBM­
PC is a co mmand -line based system.

Much ink has been spilled arguing the
merits of one system over the other, but few
would argue that icon-based systems are
more appropriate for beginning and occa­
sional users, and that co mmand-l ine-based
systems are more appropriate for med ium
and advanced userswho arew illing to fore­
go the easeof use of the icon system for the
speed of the com mand -line system.

The IBM-PC (and its close relatives) to
date have used an operat ing system that is
command-line based . How ever, it seems
likely that the next generation of IBM/Micro­
soft operating systems wi ll be oriented to­
ward a Mac-style interface. The problem
w ith that type of interface is simple: the
8088 microprocessor used in the IBM-PC,
the IBM-PC XT, and millions of clones is too
slow to handl e a full graphics interface like
Microsof t Windows.

How ever, the IBM-PC AT has a higher­
powered microprocessor (the 80286) that
allows Windows to run at acceptable
speed. And the latest member of the 80xxx
family, the 80386, is even more powerful

than the '286, so raw performance of Win­
dow s can theoretica lly improve by a factor
of ten or so.

There's another problem. The '286 and
'386 1C's can run standard MS-DOSapplica­
tions as-is, but a large part of the inherent
power of those microprocessors is thereby
left untapped. On the other hand, the cur­
rent generation of MS-DOS applicat ions
programs simply can't use the advanced
features of the new lC's. What kinds of fea­
tures? The M & M's: Memory and Mult itask­
ing. How much memory? Megabyte,s,
gigabytes, terabytes ( literally!) of memory.
Multi-tasking? Why? So that you can run
several p rograms simultaneously, and so
that programmers can run several parts of
the sameprogram simultaneously.

Why would you want your computer to
do more than one thing at a time? If all you
use the machine for is to w rite letters to
Aunt Sally and balance your checkbook,
you don't need the M & M's. But if you do
CAD, or manage large spreadsheets or
databases, or do circuit design and analy­
sis, then M & M's w ill become not optional
but necessary as the next generation of
softwa re learns how to use the new hard­
ware.

Why? Because, for example, the typica l
CAD program on an unenhanced PC runs
slow Speed may be acceptable on a '286
machine, but even then you don't get the
snap out of it that you can get with, say, a
we ll-des igned wordprocessor on an '88
machine.

But speed isn't valuable in and of itself;
it's a means to an end. And the kinds of

, things a fast microprocessor can be used
for may surprise you. For example, how
would you like to use a CAD program that
had separate background processes that
kept various views of the screen up to date?
No more thirty-second screen redraws;
switchi ng v iews would happen in­
stantaneously.

Or how would you like to use a circu it
design/analysis program that allowed you

to enter components graphically, and in the
background kept track of vol tagesand cur-.,
rents at all nodes? So if you needed to bias
a transistor to a certain po int, given the
outpu t of the preced ing stage, the circuit
wo u ld calc uate resisto r values in­
stantaneously, and, based on that informa­
tion, start calcu lating values for the next
stage.

How abo ut a wordprocessor that d id
real-time spelling checking, disk saves (in
the background, of course) every five min­
utes or 2000 keystrokes? And (everybody's
favorite) how abo ut running a spreadsheet,
a database manager, a co mmunications
program, and a· word processor simulta­
neously?

You can't do any of those things in an
acceptable manner on the presentgenera­
tion of PC's (IBM or otherwise). The hard­
ware is here (sort of), but the software isn't. \
Computers(UNIX-based systems and engi­
neering workstations, for example) have
been around for some time that can do
mult itasking, b ut the hardw are is high­
priced, and the softwa re (especially the
user interface) is in many ways less func­
tional than w hat is available for PC's.

So w here does all of that leave IBM and
Mic rosoft? They' re supposed to release
new hardware and software by the time
you read this. The new hardware probab ly
wil l include a low-priced PC that w ill com­
pete with foreign clones and with the PC
compatibles released by Commodore and
Atari. The new hardw are w ill probably also
include a '386 machine; indeed, IBM would
be fool ish not to get something to market
quickly, because it has been reported that
Compaq isselling10,000'386 machinesper
month! Last, there may be something in be­
tween, perhaps another '286 machine.

New DOS
The new hardware is going to be nothing

more than a high-priced bookend without
software to take advantage of it. And, for­
tunately, Microsoft is slightly more open
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abo ut internal development than IBM; there
has been some indi cation that DOS aswe
know it maysplit into three d ifferent operat­
ing systems.

At the low est level we 'll seesome sort of
extension of DOS 3. Speed may be en­
hanced, and some sort of graphics-based
(not necessarily a full icon-based) user in­
terface w ith more-co mprehensib le error
messages and a bui lt-in help system w ill be
added. Both IBM and Microsoft have em­
phasized that the new DOS3 w ill be much
friendl ier than (and compatib le w ith) past
versions, but hopefully the com mand-l ine
interface wi ll be retained. In any case, the
new DOS 3 wi ll be unable to te-e advan­
tage of the M & M's, so don't expect to be
able to run bigger spreadsheets or do mul­
titasking. Pow er users wi ll probably shun
the new DOS because the graphics and
help systems w ill eat up valuable system
RANI and slow overall operations down .

At the next level we'll see an operat ing
system for the '286 (w hich is used in the AT
and in many acce lerator cards), one thatwi II
allow speci ally-written programs to take
advantage of the M & M's. How ever, 286­
DOS (also unofficially called A- DOS, Ad­
vanced -DOS, DOS 5.0, and other names)
w i ll no t al low trad it io nal app lication s
(those that can use only 640K of memory
and those that w rite d irectly to video RANI)
to use more memory or to do multitasking.
Only new or adapted programs w ill be
able to take advantage of the M &M's.

The '386 IC has a spec ial mode that al­
lows it to run multiple traditional applica­
t ions simu ltane o usly. The new '386
operat ing system (control program) w ill ex­
ploit the multitasking capab ility, but, like
286 DOS, w ill not allow traditional applica­
tions to access more than 640K of con­
tiguous RAM. How ever, each traditional
application w ill think it hasacomplete 640K
machine at its disposal. But no particular
app lication w ill be able to take advantage
of extended resources (the M & M's) by
itself. In add ition, 386-DOS w ill be ab le to
run other operating systems simultaneously,
so it should be possibl e to build a UNIX­
based engineering w orkstation that could
run DOS app lications in a UNIX w indow.

Apple and IBM
Meanwhi le, Apple has introdu ced two

new Macintosh computers, one of w hich
(theMacintosh II, shown in Fig.1) usesa CPU
(the 68020) that can compete direct ly w ith
the '386. More signif icant is the fact that
Apple has finally realized two things: (1)
IBM is a force to be reckoned w ith, and (2)
an open-architecture machine wi th expan­
sion slots and good technical documenta­
tion ( like the IBM-PC and like the original
App le II) is good for business in that it
encourages third-party innovation.

The new Macintosh II is an open-archi­
tecture machine that w ill run IBM software
(with the ad d ition of a plug-in card con­
ta in ing an '88 o r compat ib le mi cr o-

processor). In add ition, A pp le has ported
UNIX to run on the machine, and there have
already been good reports about the ma­
chine from th e academic co mmunity
(UNIX's traditional stronghold). It's likely, at
least in the high end of the market, that
App le w ill finally be able to compete w ith
IBM (i. e., w ith the forthcoming '386 ma­
chine).

Similarly, Commodore's rece ntl y an­
nounced A2000 has a keyboard that looks
remarkably like the new IBM keyboard, and
a p lug-in co-processor card that runs IBM
software. Inside, the A2000 has four slots
that accept IBM-compati b le expansion
cards.

Conclusions
. The point is that IBM is slow ly moving

toward the ease-of-use featuresthat Apple
brought to the PC w orld, and Apple (as
w ell as Commodore) is moving simulta­
neously toward IBM compatibil ity and the
large base of q uality softwa re and hard­
w are that exists to serve the IBM market.
Perhaps the Hatfield s and McCoys can
make up after all.

For users, these are all good signs. We'll
get software that is more powerful, more
kinds of hardw are to run it on, and, as d if­
terent system designs converge, w e'll have
less troub le moving from system to system.
A nd just asthe M & M'sw ill br ing increased
pow er to advanced users, that add itional
pow er w ill also be useful in creating
"friend ly" grap hics-oriented systems for
beginners and occasional users. So don 't
let anyone tell you that the average user
d oesn't need a '386 (or a 68020); he may
need it more than the pow er user!

IBM has been hurt by the invasion of the
Clones, but IBM ( like few other companies)
has the resources to develop the next gen­
eration of hardware and (with a little help
from its friends) systems software. What­
ever IBM does, it always takes the Clone
makers six months to a year to catch up-­
and by then IBM is w orking on something
new. So, even if it has lost some market
share, IBM is still calling the shots.• CD.

M ICROSOLUTIONS' MATCHPOINT-PC

Except by means of an expensive hard­
w are emulator, it has not been possib le

to interchange d isk files between Apple 11­
and IBM-compat ib le co mp uters d irect ly.
(For the remainder of this review we 'll use
the term IBM to cover both IBM-made ma­
chines and clones .) Small businessmen
w ith years of data generated on an Apple
d iscovered that those fi les had to be recre­
ated if the computer system w as upgraded
to an IBM. Similarly, the educational system,
wh ich has an enormous installed base of
Apples,d iscovered that teacherscould not
prepare w ork at home on an IBM because
even simp le BASIC prog ramsand text files
could not be read by the school comput­
ers, and vice versa.

Although software that can convert vir­
tually any CP/M or TRSDOS file to the MS­
DOSformat (and vice versa)hasbeen avail­
able for several years, it wasn't availab le for
the Apple II.Of the more than100 brandsof
computers that are commonly used for ed­
ucation and business, only the Apple was
foreclosed from the MS-DOS world .

ButApple/IBM incompatibi lity hasfinally
bee n reso lved by a device called the
MatchPoint-PC, made by MicroSolutions
(132 West Lincoln Highw ay, DeKalb , IL
60015.) It's a hardware/software package
specifically designed for reading and w rit­
ing, on an IBM, disk files w ritten in Ap­
pl eDOS and ProDO S, Apple Softcard
CP/M, and justabout any otherCP/M format.

FIG. 2

The hardware part is a half-length con­
troller board (Fig. 2) that you install in an
othe rw ise unused slot. It connects be­
tween the IBM's floppy-d isk control ler and
its floppy-d isk drives. A cab le (wh ich is
supp lied) that w ill match either card-edge
or header-type contro ller terminals con -



nects the MatchPoint -PCto the existing con­
troller. The computer's orig inal cable is
moved from the con tro ller to the Match­
Point-PC, thereby p lacing the MatchPoint­
PC between the disk controller and the d isk
drives.

Thesupplied software, which consists of
a program called MPOINT and a special
version of Uniform-a "universal" CP/Mdisk
format/read/write program that can hand le
more than 100 different disk formats-sets
up the operat ing co nd it ions for foreign
(non MS-DOS) disk formats.

Running the MPOINT program allows the
interface to recognize Apple IIdisk formats,
and temporarily adds five new commands
to MS-DOS. They are: ACOFf, ADEL, ADIR,
A INIT(which formats a disk), and ATYPE.All
commands function just like their MS-DOS
eq uivalents (CO PY, DEL, DIR, FORMAT, and
TYPE).

How to use it
In normal operation, the MatchPoint-PC is

totally transparent; the computer functions
exactly as it always did. In fact, placing an
AppleDOS or ProDOS d isk in a drive will
result in a read error message.

How ever, MPOINT allows the co mp uter
to recognize a single physical drive as two
logical drives . For example, assume that
MPOINT is configured so that drive B: will
be the Apple-compatible drive. When the
command DIR B: is entered the computer
wi ll recognize only MS-DOS disks in drive
B. But if the c ommand ADIR B: is entered,
the MatchPoint-PC hardware auto matically
treats drive B: as an Apple drive and reads
in the Apple disk's directory. In short, the
mode in which drive B: operates is auto­
matically determined by the command you
use. Figure 3 shows the ADIR screen disp lay
of an Apple d isk on an IBMcomputer.

r \A PPLE/ADIR 8:
M, tcl ,Poillt- PC blJ Micro Solutions

Dl rec tor lJ of App le DOS diske t t e
VolUMe 25 ~ in drive 8:

-A 88 ~ HELLO
-I 888 APPLESOrr
- 0 85B FPBASIC
-0 B63 FILER
-B B18 FAST COPY
-A B18 DISK TEST
-A B89 DISk SPEED
-B B18 OBJ .QUADCO PV
79 k hlJtes <3 16 sect ors) avai la ble .

[ "\APPLE)
FIG. 3

Here's another examp le. The co mmand
ACOPY B:WORK.TXTAwil l copy the Apple
file WORK.TXT from drive B: to an MS-DOS
d isk in dr ive A. You could, of cou rse,do it
the other way around-MS-DOS (A) to
Apple (B:).

Uniform
By using the Uniform program, drive B:

can funct ion as a CP/M d rive (Apple or

otherwise) using the next higher drive des­
ignato r. If your computer has two physica l
d rives(A and B:), drive B:will double asc Pt
M d rive C:. If your comp uter already has a
d rive C:(a hard d isk, perhaps), the created
CP/M drive w ill be drive D:.

If that's confusing, perhaps a few exam­
ples will straighten things out. Assume the
computer has two disk drives, A and B:. If
the selected Uniform mode is CP/M, the
command COPYC:WORK.TEXTAwill copy
the App le Softca rd CP/M file WO RK.TXT
from d rive C: (physica l drive B:) to MS-DO S
drive A . And even though drive B: func­
tions as CP/M drive C:, it also functions as
MS-DOS drive B:.

Although an IBMcomputer can read Ap­
p le disk files, it cannot run binary programs.
BASIC programs might be conve rtible, de ­
pending on how many machine-specific
statements are used .Graphicsp rograms, for
example, wi ll be particularly di fficul t to
translate. Only ASCII text and data files are
truly interchangeab le between Apple and
IBM machines. For example, SuperCalc files
in an Apple CP/M format could be convert­
ed and then used on an.IBMversion of the
program.

UniDOS
There is one exception to the rule of

binary-file incompatibility, and that iswhen
MatchPoint-PC is used with Uniform and an
addi tional program called UniDOS (also
sold by MicroSolutions), w hich is a Z80
emulator for IBM machines. It allows an IBM
to run Z80 and 8080 CP/M programs. The
catch is that the CP/M program runs much
slower on the IBM than it would on a true
Z80 machine because UniDOS is only an
emulator. So, for example, if you're upgrad­
ing from a CP/M to an IBM machine, you can
co ntinue to run your old CP/M software on
the IBM.

Half-tracking
Although MatchPoint -PC works ex­

tremely well and with little trouble, its Ap­
ple/ IBM compatibil ity is limited by
something known as "half-tracking," which
refers to d isk data written between tracks
on the d isk. Basically, it'sas if the di sk d rive's
read/write head, instead of stepping from
track to track, stepped between tracks first.
Half-tracking is used by some copy-p ro­
tected Apple II software, which locates
data or special encoding between the con­
ventional tracks-in the half-tracks. IBM­
type drives cannot step to the half-track
loc ation, hence, they cannot read nor write
a half-track d iskette. So, if you have Apple
di sks that are half-tracked, they w ill not be
read by the MatchPoint-PC system. That's
the only limitation we've found in Match ­
Point-PC.

The MatchPoint-PC package, which in­
cludes the hardware interface, MPOINT,
and UNIFORM retails for $195. Fororders or
further information w rite d irectly to Micro­
solutions.•CD.

Ison-IWARE:

SOFTWARE MASTERS' VISIBLE
COMPUTER: 8088

I bought my first personal computer, a
single-board 6502 machine, in 1979.After

hooking the board up to a power supply,
w ith shaking hands I turned it on. Not much
hap pened-no smoke, anyway. The six­
digit seven-segment LED disp lay showed a
row of zeros. After staring at those zeros a
while I realized I was in trouble-big trou­
ble. I had just purchased the most expen ­
sive gadget (about $250) I had ever seen­
and I didn't know the first thing abo ut how
to use it. It had no BASIC in ROM (one
would be fort hcoming), nor even an as­
semb ler, so programs had to be assembled
by hand. And that was a difficult proposi­
tion for someone who had never even
heard of hexadecimal numbering! It took
me months just to learn how to add two
numbers together !

Times have changed since 1979. Now
anyone w ho wa nts to learn about micro­
processors and machine- and assembly­
language p rogramming can do so without
going gray in the process. How? With The
VisibleComputer: 8088, a disk-based self­
teaching guide by Software Masters, P.o.
Box 3638, Bryan, TX 77805.

The Visible Computer comes with a sin­
gle floppy disk and a 350-page book. The
d isk contains more than 50 demonstrat ion
progra ms and a special p rogram, called
N C, that functions as a combination as­
sembler, debugger, and 8088 simulator.You
can use N C to run the demonstration pro ­
grams, programs you w rite yourself, and
commercial MS-DOS programs.

A beg inner won't use NC right away;
he'l l start off reading the book. The book
co ntains 34 chapters and several appen­
dices that cover numbering systems, basic
logic (AND, OR, etc .), machine language,
the stack, looping, arrays, the 8087 math co ­
processor, interrupts , and more.

The book is well -written and well- illus­
trated; new topics are introduced at a rate
that should be acceptable to most aspiring
assembly-language programmers. The au­
thor (w ho is not named) has an irreverent
style that will make you chuckle more than
once . For example, Chapter 2 ('l\ltemate
Numbering Systems") starts off like this: "If
you bought The Visible Computer w ith the
hope that it wou ld somehow saveyou the
effort of climb ing Mount Hexad ec imal,
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pick ing you up magically and dropping you
softly into the Valley of 8088 Machine Lan­
guage on the ot her side, sorry, no can do."
Later he offe rs an explanation for w hy we
(normally) use decimal numbers: ".. . be­
cause people have 10 fingers, and for mil­
lions of years, fingers w ere all w e had for
representing numbers . On a p lanet where
beings have two hands of four fingers each
we can reasonably pred ict that their posi­
tional numbering system is based on the
number 8."

That's not to say that the book's light­
hearted approach p revents it from digg ing
into some heavyweight material. In the
chapter on interrup ts there is a section en­
titled 'A n 8088 Goof." In it the author dis ­
cusses a design error of the 8088 that was
not caught unti l after the IC had been in
production .for some time. The error can
cause memory locations to be overwritten
at random , depending on w hen an inter­
rupt occurs. Later versions of the 8088 have
a fix, but a special prog ramming techn ique
is nece ssary to avo id trashing memory
when using earlier models of the IC The
point is that the author is familiar with many
of the subtle q uirks (bugs) of the 8088 that
can d rive novice programmers crazy

Simulating the 8088
WC is an 8088 simulator w ritten mainly in

Pascal. It comes up on-screen w ith several
windows (starting in the upper left corner
and w orking c lockw ise): the control w in­
dow, the flags w ind ow, the status window,
the d isassembly w indow, and the pro­
cessorwindow. See Fig. 4. 8eneath the w in­
dow s is the monitor area. Normally yOL
enter co mmands in the monitor area; the
results of those commands are di splayed ir
the various w indows.

The commands used to control WC are
similar to the corresponding commands in
the MS-DOS DEBUG program, so if you al­
ready know DEBUG you' ll have no trouble
using WC On the othe r hand, if you don't
know DEBUG, you can use WC to learn it,
and doing so isvaluable, because mostMS­
DOS debuggers are based on DEBUG's
command set.

O f course, WC has a number of uniq ue
commands that allow you to step through
programs step by step, examine and alter
memor y, assemb le and d isassembl e pro ­
grams, etc. The feature we like best is the
simulator. You can set it up to display the
machine state at one of several levels. The
most detailed level (4) allows you to see
w hat's happening inside the 8088 machine
cycle by machine cycle. Or you can set it to
stop between each instruct ion, or not at all.

You can also generate "interrupts" d uring
simulation by p ressing keys at the key­
board . A specia l command allows you to
set the interrupt number that is generated.
For examp le, to simulate an interrupt 9, you
would issue the command INTR 9. Then,
w hen you p ressed a key du ring simulation,
a pseudo-interrupt 9 would be :Jenerated.

To protect the beginner from himself,WC
has a p rivilege mode that must be entered
via a spec ial command . In non-privileged
mode, the user is prevented from w riting to
system memory, outp ut ports, etc.

Othe r com mands allow you to load and
save files, activate a calculator (that allows
addition, subtraction, multiplication, and
addition, and conversion between hex,
decimal, and b inary numbers ), etc.

A ll in all, The Visible Computer: 8088.
providesa remarkably painless introdu ction
to the 8088 microprocessor and assembl y­
language p rogramming. So w e heartily rec­
ommend it, a bargain at $79.95.

Software Masters also pub lishesversions
of the package that teach the 6502 micro­
processor. Contact them for de tails.• CD.

MICROPRO INTERNATIONAL,
WORDSTAR PROFESSIONAL 4.0

It's been a long time in coming, but Micro­
Pro (P. 0. Box 7079, San Rafael, CA 94901­

0079) has finally released an updated ver­
sion of WordStar. The new version is much
improved over version 3.31, and has fea­
tures includ ing wh at is probably the best
spelling checker on the market, a built-in
macro processor, extensive on-screen for-

matting, bui lt-in table-of-contents and in­
dex generators, automatic indent (when
ed iting program files), a very w ell done
d isk-based tutor ial, and many more. The
program is somewhat slow and doesn't
makeuseof graphics modes, but for a mid ­
priced ($495) package,you'll find it hard to
beat. Let's just hope MicroProdoesn't w ait
four more years to release anotherversion­
and how about a built-in outliner!

ASHTON-TATE, DBASE III PLUS

The last Ashton-Tateproduct w e had oc- I
casion to use (some four yearsago) w as

dBASE II on a CP/M machine. The program
has evo lved a great deal in those four years;
d BASEIII Plus (w hich runs only on IBM and
compatib le machines) is much polished
and much enhanced over the previous ver­
sion. For examp le, there are manymany new
programming commands and networksup­
port, but the more significant changes have
occurred in the user interface.

d BASE III Plus has five user support sys­
tems: a d isk-based tutorial; a program that
helps you bu ild a simp le database auto­
matica lly; ano ther program that gives
dBASEIII Pl us a menu-driven front end; ex­
tensive on-line help; and two thickmanuals.
The manuals constitute the w eak link in the
support system because it's hard to locate
desired information quickly.

dBASEIII Plus isa defacto standard in the
microcomputer world . It's a powerful
product w ith many features, so it'sa serious
contende r for any moderate to complex
database management jo b . The program'
list s fo r $695 from A shto n-Ta te (20101
Hamilton Ave., Torrance, CA 90502). • CD.



ROBERT GROSSBLATT

It hasn't been long since the most sophisticated thing you could
do on a home computerwas savethe Earth from analien invasion.

More practical (and more mundane) jobs like word proc essing,
database management, and CAD were the exclusive property of
mainframes and work stations. Why? Because they need lots of
memory to work, and enough speed to p rovide a so lution before
the p roblem becomes obsolete.

How ever, the last several years have seen such a tremendous
increase in computer technology that the di fference between
micro and mainframe machines is becoming more one of seman­
tics than anything else. LSI and VLSI Ie's have advanced micro ­
p rocessors to the point where today's home computersare orders
of magnitude more powerful than the mainframes used ten years
ago The bus width, instruct ion set, speed , and register structure of
a modern CPU provides the perfect hardwa re environment for a
new generation of soph isticated software .

One of the beneficiaries of this advance in computer power is
the printed-circuit boa rd designe r. Anyone who has laid a board
out by hand knows that rout ing traces is really a matter of repet it ive
trial and error. Af ter the circuit design is finalized and the size and
shape of the board have been defined, co nnecting all the compo­
nents p roperly entails doing a great deal of exp erimenting. There

are many standard guidelines to fol low, and every designe r hashis
own bag of tricks, but there's no getting around the fact that the
whole job is tedious, time co nsuming, and often incred ibly boring.

The good news is that now thereare several co mmercial pr inted ­
circuit board layout prog ramsavailable for the horne co mp uter.But
before you rush out to buy one, keep in mind the fact that there are
vast di fferences in price and performance among them. How can
you dec ide which is right for you? Keep reading. In this two-part
article we are go ing to examine the features of several popular
programs in detail. But before getting into specific features of
specific programs, we're going to discuss the basics of PC-board
design. That way, if you're new to CAD (Computer-Aide d Design),
you can get a feel for wh at it's all abo ut. We'll talk about specific
programs (those shown in Table 1) next time.

The basics of CAD
Laying out a PC board (by hand or by computer) is not a random

process; you must have definite information at hand, and you must
follow rational procedures:

1. The c ircuit design must be finalized . You must know how the
components are supposed to be con nected, which signals are
going off-b oard, sizes and shapes of on-board connectors, etc.
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THE SCREEN DISPLAY OF A Project : PCB layout is an accurate represen­
tation of the hardcopy that will appear.

2. The board itself must be defined . You have to decide on its
shape, edge co nnectorand header pos itions, the number of layers,
and so forth .

3. Next the parts have to be p laced. Components that need
shield ing should be physically close; power, ground, and bus lines
must be allowed for, and so on.

4. Trace width must be decid ed .A ci rcuit that draw sagreat deal
of current w ill need w ide r traces than an all-CMOS design.

5. The method of fabrication must also be known. The levout
may vary depend ing on whether you're tapi ng the boa rd, doing it
photochemical ly, having it commercially made, etc.

Some of those cons iderations may never have crossed your
mind, but, if you examine the steps you fol low in laying out a boa rd
by hand, you'l l see that (perhaps unconsciously) you decide every
one of those issues before sitting down to do the layout. The po int
is that, in orde r for a comp uter to des ign a PC board , it must know
(i. e., you have to tell it), all the things we just listed.

The rout ing program
The heart of any PC-boa rd software is its rout ing package, the

prog ram that figures out how the traces should be laid out on the
board . The routing program reads a file (that's created by another
program) to get information on circu it connections and design
rules, and then it goes ahead to solve all the topolog ical problems
for routing the board. The algorithms used to make connections
vary from prog ram to p rogram, but they all do basically the same
thing you would do if you were laying the board out by hand. A
trace is started from one pin and keeps go ing until it finds an
obstacle . It then moves to one side a bit and tries again. The
process is repeated until it gets to the final destination. Sounds
familiar, does n't it?

Different routers have different success rates w ith a given set of
parameters on the same board. It all depends on how soph isti­
cated the software is: how thin a trace it can draw, the minimum
d istance it can set between traces,what kind of corne rs it can turn,

and, most important of all, how well the routing program was
w ritten to begin with.

The basic router is the "point-to-point" variety. When you use
one, you indicate, for example, wh ich two pins you want to
connect, and the program tries to co nnect them. The interactive
approach lets you control the orde r of traces, and it does all the
ted ious trial-and-error work for you. You can cer tainly layout a
board that way, but you'l l have to be involved in every single step.

In a sense, the po int-to-point router is a technician's version of
"computer art" software.Using acomputerart prog ram,you would
indi cate two po ints on the screen and then con nect them by
entering the approp riate coord inateson a keyboard, by moving the
cursor w ith the keyboard's di rectional (arrow) keys, by moving a
mouse or joyst ick, or by drawing a line on a graphics tab let.
Depend ing on the device or method used to create the line, the
points wou ld be co nnected by a straight line or by one having
irregularities. The interact ive basic router does n't work much d if­
ferent, it just insures the con necting lines won't be irregular. Al so,
keep in mind that the more co mp lex the board, the more di fficult
the job w ill be.

Remember that there'smuch more to laying out a board thanjust
making connect ions. For example, let's say that you start at one
co rner of the layout and beg in laying down traces.Asthe board fi lls
up, it gets harde r and harde r to find paths to connect the pins. At
some point you realize that you can simp lify the routing of many
traces by redoing much of the w ork you've already finished . So if
you were doing everything by hand, you'd turn your penci l upside
down and start erasing traces. That's exactly what you have to do
w ith softwa re that does point-to-point routing.

In fact, that's the biggest limitation of a point-to-po int router. It
doesn't know how or when to make the judgement that it's better
off re-doing some w ork than sticking with a design and trying to
work around it. That typ e of software only knows how to tie two
poin ts together-it can't opt imize trace rout ing of the entire boa rd.
To do that, you need software that's several orders of magnitud e
smarter: w hat's called an auto-router.

Automatic trace routing
An auto-router knows w hen it makes sense to throwaway earlier

parts of the layout. You can sit down and tell it how you'd like to tie
particular p ins together (that's called pre-routing), or you can let it
handl e the w ho le job by itself. It takes both co nnection and p lace­
ment information from files (called netlis ts) and sets abo ut doing
the entire layout from start to finish. All you have to do is give the
auto- router the name of the job and start it up.

The success rate of an auto-router dep ends, among other things,
on how flexib le it is.A versati Ie program w iIIp rovide youw ith many
optionsso you can te ll it wha t the layout parametersare, how much
time to spend on an ind ividual trace, how convoluted the path of
anyone trace can be, atwhat point it should co nsider redoing work
it's already done, etc., etc. The bottom line is that, the more control
you have over the rules the auto-router fo llows, the more chance
there is that it wi ll route your board in a satisfactory manner.

Feeding the router
No matter how sophisticated the router is, it's only one part of a

complete PC-board layout package. You need some way to give it
the information it must haveto do the job. That information includes
the following:

1. The co mponents you're using.
2. How they' re connected togethe r.
3. The board's physical characterist ics.
4. Where the parts are p laced on the boa rd.
5. The type of hardcopy outp ut you wa nt.
The way a PC-board layout prog ram co llects all that information

is critical, beca use the data-gathering part of the package is usually
the one the user spends the most time w ith.

The simplest approach is to provide a way to enter data in
symbolic form via the keyboard. The data fi le thus created lists
which pins are connected together. The shape of the board and its



TABLE 1-PROGRAMS DISCUSSED

component layout can be hand led in the same way You have to
estab lish some sort of coord inate system and use it to indi cate
both the edges of the board and the location of each co mponent.
That data could be entered from the keyboard just as the circuit
data was. The p roblem w ith this method is that it's slow, non­
intuitive, and prone to hard-to -detect errors.

<­c
z
m

EVEN THOUGH IT'S A GOOD JOB , this layout was obviously hand -drawn .
Next month we' ll do the layout by computer.

Getting hardcopy
How ever the software goes about collecting and processing the

data, eventually the layout must be put down on paper. It's all well
and good to be ab le to take your circuit and generate a file that
contains a description of the routed board, but the whole point of
using a computer is lost if you can't get the answers out in a format
you can use.

Just asyou can enter data in several ways,you can get hardcopy
output in several ways. You can send the image to a p rinter or a
plotter and produce d rawings for photochemical board produc ­
tion . Or you might want it in a data coordinate format to usewith a
numerical-control d rilling machine. There are other options too,
includ ing files that can be processed further by othe r programs.
And you must know before you start what you wa nt by the time
you're finished. So if you're considering a particular program, make
sure it can prov ide the kind of output you w ant.

Next time we' ll look at the capabi lit ies of several p rograms.• CD.

when you reach that poi nt, a good graph ics edi tor becomes
extremely important.

By the time the router finishes doing what it can, most of the
tracesw ill have been laid out, so add ing the missing ones can turn
out to be a tough job. In fact, if the graphics ed itor isn't very
powerful, it can be an impossible job. You'll have to move and
stretch many existing traces to be able to fit in the missing ones.
And more than likely you'll want to re-route some of the work done
by the router, because some of the paths it made may have over­
looked more obvious routes. The reason for this is that the router
doesn't think the way you do; obvious is a relative term.

When you route a board by hand, the job is over when you put
the last trace on the board . But with a router,the job's finished when
it's com p leted as many traces as it can. The d ifference is more than
merely semantic. Even if you're using the world's most sophisti ­
cated software, there's a good chance that the router won't be
100% successful. You'll still have to route a few traces by hand, and

Creative Electronics
925 Fairwin Ave.
Nashville, Tennessee 37216

$395

Autodesk, Inc.
2320 Marinship Way
Sausalito, California 94965

$2850.00 (Version 2.5 or above)

The Great Softwestern
Company, Inc.

207 W. Hickory St. Suite 309
Denton, Texas 76201

$2500.00 Requires AutoCAD

AutoCAD

The Autoboard
System

Project: PCB

smARTCAD

smARTWORKS The Wintek Corporat ion
1801 South Street
Lafayette, Indiana 47904-2993

$895.00 Copy Protected

DASOFT Designs Systems, Inc.
P.O. Box 8088
Berkeley, California 94707·8088

$950.00 Hardware Locked

Graphics editor
Using a database manager or word processor to build the files

needed by the router is one way to solve the p rob lem, but a much
slicker (and friend lier) w ay to get the job done is to use a graphics
ed itor as the router's front end . It's much easier to draw the sche­
matic and the board than it is to describe them. After all, every­
body knows that one p icture is worth a thousand words-to say
nothing of hours and hours of work, as well.

The idea is to use software that knows how to translate graphic
images (drawn by you) into the tabular data needed by the router.
The approach is terrific from the user's point of v iew, but it's an
enormous p roblem for programmers, because designing a graph­
ics system is not something you wh ip out between breakfast and
lunch.

Among othe r things, you have to con tend with graphic d isplay
standards (or lack thereof), digitizers, printers, plotters, and the rest
of the I/O can of worms. It'sone thing to manipulate graphic data in
memory, but gett ing that data out in a useful form is di fficult,
because there are almost as many I/O standards as there are pe­
ripherals on the market. And even after the I/O p rob lems are
solved, the software designer still faces the job of translating
graph ic data into files that can be read by the router.

The router
Most commercial PC-board software allows you to enter data via

agraphics ed ito r, and most gives you some provision for editing the
netlists that are prod uced. If you pay attention to w hatyou're doing,
you can b e reasonab ly sure that the router w iII w ork on exact ly the
circuit and layout you have in mind . What the router w ill produce,
however, is something else altogether.
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1,£ ill ions of d ollars are lost every year because software pirates
1Y\c0py, use, and sometimes d istrib ute popular co mp uter pro­
grams. Until recently the usual method of protecting software from
unauthor ized d istribution has bee n to provide that software on
floppy d isksthat are co py-protec ted, or on special "key" d isks that
must be present w henever the program is running.

How ever, copy pro tection has not proven to be an effec tive
means of halting the unauthorized usage and di strib ution of com ­
puter prog rams. Legitimate users find key di sks inconvenient, b ut
even more important, a number of co mpanies sell programs that
can co py so-called copy-protected d isksw ith ease.

Intel Corporat ion (3065 Bow ers Ave., Santa Clara, CA 95051) has
come up with a hardware solution to the problem of copy protec­
tion . The solutio n invo lves use of two or more 27916 Keyed -access
EPROM's (or KEPROM's for short) . A factory-f resh 27916 functions
just like a 27128 EPROM; the 27916co mes in a 28-pi n package that is
id entical to that of a 27128. The 27916's p inout is shown in Fig. 1.

Insid e, the 27916 contains 16,384 eight -bit bytes that may be
programmed and erased using standard equipment and pro­
cedures . In addition, however, as shown in Fig. 2, the 27916 con ­
tains special circuitry that locks the KEPROM-that prevents all but a
528-byte boot area from being accessed unti I a special authentica ­
tion sequence has been carried out. The authentication sequence
involves the two-way transfer of an internally generated, 32-bit
random number that is encrypted according to a desig ner-defined
M -bit key. If, afte r the transfer, the originat ing and receiving KEP­
ROM 's have not decrypted the same number, their memory arrays
remain locked and unusabl e. O therw ise each functions ju st like a
standard 27128 EPROM until the next power-down, or until a
special reset code is received .

There are a numbe r of ways of using the KEPROM's security
features. Probab ly the most useful is to store the system'sboot code
in a KEPROM. Then, if the prope r hand shake seq uence is not
performed , the system w ill not co me up.A limited number of users
might have p lug-in cartridges (computer game cartridges, for ex-

1
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2 -- 27A12 PGMtWE
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10
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13 02 04
16
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FIG.3-THE PINOUT OF THE 27916 is functionally identical to
that of the 27128.

ample), each of which would contain a KEPROM with the correct
key. When a user inserted his cartridge, he would be ab le to boot
the system. To perform that type of boot, both KEPROM's must have
access to the data and address buses, as show n in Fig. 3.

A software pub lisher ( likeMicrosoft ) wou ld find it di fficul t to use
a KEPROM security system w ith present-d ay machinesand a BASIC
language program, for example . It takes two KEPROM's to perform
the authentication handshake, so the BASIC cartridge should co n­
tain one KEPROM, and the other should be mounted on the system
board . How ever, no present-day personal computers contain their
boo t sof tware in KEPROM form. Retro fitting might be possible, b ut,
to be most useful, a KEPROM-based security system must b e
designed in from the beginning.
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FIG. 3-A KEPROM-BASED SYSTEM requires normal access to the data and address buses.

Configurations and states
A 27916 may be co nfigured to operate in one of three different

w ays: as a 27128 EPROM, as a 27916 KEPROM, and as a 27916 Key
Manager. As a 27128, no authentication p rocess need be executed
at power-up. But as a KEPROM or a Key Manager, the authentication
process must be executed at power-up . As a Key Manager, the
device can control as many as1024 KEPROM's. In that configuration,
the device holds 1024 eight-byte keys, so half of the 16,384-byte
addressspace is unavailab le for system and appl ication software.
Tw o programm ab le b its (that are not located in the regular16,384­
byte addres s space) determine the device's con figuration .

When a 27916 is configured as a KEPROM or as a KeyManager, it
can be in one of three d ifferent states: originator, recipi ent, or
memory It can enter the memory state on ly after the authentication
processhas been co mpl eted successfully The other two states are
used during authentication, w hich we'll discus s more fully be low

Memory map
As shown in Fig. 4, the 27916 has a number of overlapping

memory locations. As shown in Fig. 4-a, when a 27916 is in the
memory state, and pin 24 is at a TTL high or low, the entire 16K of
memo ry address space is available for norma l read-on ly use.
How ever, locati on 401 (al l addresses are specified in hexadec imal
notation) also contains a co mmand register that controls the 27916's
state. The possib le states are listed in Table 1.

When a 27916 is in O riginator or Recipient states, several other
registers become accessib le. Location 400 is an inpu t/o utput regis­
ter that is used to transfer the encrypted keys between two KEP­
ROM's bi t by b it. Locations 402 and 403 co ntain an optional key
number that is used as an index, in a Key Manager system, to the
p roper key (of 1024 possible keys). Location 404 contains a Ready
register that is used to synchron ize key-bit transfers.

TABLE 1-COMMAND REGISTER CODES

Hex
CommandValue

04 Enter Memory State

09 Enter Recipient State

31 Enter Originator State

29 Reset Default Recipient

31 Reset Default Originator

0B Enter Recipient (Key-Manager Test)

33 Enter Originator (Key-Manager Test)

2B Reset Default RE (Key-Manager Test)

33 Reset Default OR (Key-Manager Test)

Several additiona l registers become available when pi n 24 (ad ­
dress line 9) is raised to 12 vo lts, as shown in Fig. 4-c. These
locations need only be accessed during the manufacturing cycle,
so you don't have to worry abo ut 12-vo lt signals on your 5-vo lt
system b us! Location 00 con tains a manufacturer's code, and loca­
tion 01 contains a device code. That information can be used by
automatic programming machinery to select the proper program ­
ming vo ltages and algorith ms.

Further, w ith pin 24 at 12volts,a com mand mask register ( location
4( 1) and a programmable delay co unt register ( location 4(5) can
be w ritten to . The delay count register determines the speed at
w hich the authentication handshakeoccurs; legal valuesand corre­
spondi ng handshake time s are listed in Tab le 2. Slowing down the
handshake process makes it more d ifficu lt for a would-be p irate to
decode the sequence of operations.

The Comm and Mask Register co ntrols the 27916's co nfiguration
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3FFF

1I4111

.llBBB

MEMORY

a

ORIGINATOR/RECIPIENT

4..ll4 READY
4113 KEY //
4.f12 KEY //

b

,.ll4.f1F

1I4.B8

114.ll5

.fI41l1

.fI11111

Jlil.fIli

c

FIG. 4-MEMORY MAP OF THE 27916reveals that when the device is in the memory state
(a), all 16K of memory is avai lable as usual. But in the originator and recip ient states (b),
only the boot areas and the control regi sters are accessible . In either state, by connect ing
pin 24 to + 12 volts, the delay count, command mask, and 10 bytes are accessible (c).
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TABLE 2-PROGRAMMABLE DELAY CODES

Hex Value Approximate Handshake
Handshake Speed

1F 10 sec. Slowest

3F 6-8 sec. Slower

7F 3-5 sec. Slow

FF 0.15 sec. Fast

(KEPROM, 27128, or Key Manager). It, by the way, is the third register
that can be acce ssed at location 401; the normal memor y cel l and
the co mmand resister are the othe r two. Legal values and corre­
spondi ng configurations are shown in Tab le 3. Bit 0 of the Com­
mand Mask Register is the lock b it; bit 1 is the manager b it. If either
b it is p rogrammed wi th a value of 0, the 27916 cannot be read
w ithout first executing an authentication seq uence . If the manager
b it is programmed with a value of 0, the 27916 enters the Key
Manager co nfiguration. The lock b it is erasab le, b ut the manager b it
is not. Hence the Key Manager co nfiguration is permanent.

The authentication handshake
The overall system boot-up p rocess is outlined in Fig. 5. First the

two 27916'smust be reset by writing the ap prop riate resetcode (as
shown in Table 1) to the command register. On e 27916goes into the
originator state, and the other goes into the recipient state, accord ­
ing to the contents of their command masks(as shown in Table 3).
The originator then generatesa 32-bi t rand om number and placesa
00 in its ready register. The CPU read s a byte from the I/O register,
polls the recipients ready register, and transfers the byte to the
rec ip ient w hen it is ready A lthough an entire eight-bit byte is
transferred , only one b it is significant, so 32 separate transfers must
take p lace to transfer the entire key

The rec ipient encrypts the number accordi ng to its key, and then
sends that number to the origi nator, using the same type of poll ing
seq uence. The origi nator then encrypts the or iginal number and
co mpares the two encrypted numbers. If they are equal, which
they wil l be if the origi nator's and the recip ient's keys are identica l,
the recip ient can be p laced in the memory state. Then the two

TABLE 3-COMMAND MASK CODING

Hex Configuration and Default StateCode

E0 Locked Key-Manager-
Default Recipient

E1 Not Locked Key-Manager-
Default Recipient

E2 Locked KEPROM-
Default Recipient

E3 Not Locked KEPROM-
Default Recipient

E4 Locked Key-Manager-
Default Originator

E5 Not Locked Key-Manager-
Default Originator

E6 Locked KEPROM-
Default Originator

E7 Not Locked KEPROM-
Default Originator

devices swap ro lesand the process repeats. If the numbers match,
the new recip ient can be placed in the memory state.

The key
The key used to encrypt the random number is 64 bits long;

hence there are about 1019 possible keys. That fact alone makes it
difficult for the would-be pirate to attempt to determine the key
The eight key bytes are prog rammed into memory locations 408­
40 F. A fte r the 27916 isconfigured asa KEPROM or a Key Manager,the
key bytes are co mpletely inaccessible to the outside world .

Usage considerations
First the 27916'snormal memory space should be programmed,

keep ing in mind that the first 512 bytes must be used to perform the
authenticatio n sequence. The upper bytes of the 27916 (3FF0­
3FFF) are also reserved for use wi th microprocessors like the 6502
whose reset and interrupt sequences use vectors in that area.



OR IGINATORAND
RECIPIENTSWAP

STATES

RESET OR IGINATDR
AND RECIPIENT

REPEAT HANOSHAKE
A SECDND TIME

ND

YES

WAIT AT
LEAST2IlSEC

COMMAND BDTH
DEV ICES TOENTER

MEMORY STATE

READ BOTH
DEVICES

PROTECTED DATA

KEY·LOAD
ORIGINATOR

OUTPUT ENCRYPTED
NUMBER BYTE

FROM RECIPIENT
I/O REGISTER

POWER·UP/RESET

KEY·LOAD
RECIPIENT

OUTPUT RANOOM
NUMBER BYTE FROM

ORIGINATOR I/O
REGISTE R

FIG. 5-FLOW CHART illustrates the proper boot-up sequence to enable the originator
and recipient KEPROM's.

Then the Programmab le de layco unter should be p rogrammed, if
desired, and verified . The key (and the key numb er, if used ) are
programmed and verified next. On ly then should the co mmand
mask be programmed . After that, the device w ill be locked, and
access to its contents can only be gained after an authentication
handshake. The Delay Counter, the Key bytes, the Key number, and
the co mmand mask are programmed more or less the same as
normal, but pin 24 (A9) is connected to a 12-volt source.

As for hardware conside rations, Intel recomm ends connecting a
O.l- f..lFcapac itor between Vee and ground near each 27916, and
one 4.7-f..lF tantalum capac itor for every eight 27916'sro compen­
sate for vo ltage droop due to PC-trace ind uctance. The 27916hasa
250-nsaccess time, so it should be fully co mpatible with standard
EPROM circuits and layouts.

Intel recomm ends that the 27916 in w hich the boot co de is
located should be solde red, and perhaps glued, to the PC board
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R-E Computer Admart
Rates: Ads are21/4" x 27fa". One insertion $825. Six insertions $800 each. Twelve
insertions $775. 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. '

o
A

BP112-Starting witha re­
view of computer princi­
ples, this book describes
typical machine-code in­
structionsfollowed byade­
tailed description of the
l-BO instruction set . As-
sembly language program- L-_......._ --J

ming isalsodiscussed with examples . l-BO
hex machine-code and assembler instruc­
tions are given in tabular form , along with
in-our connections forthel-BO andteasso­
ciated devices.... Order your copy from
Electronic Technology Today Inc., PO Box
240, Massapequa Park, NY11762. Price is
$6.95 plus$1.00 for shipping.

A Z-80 WORKSHOP
MANUAL

PROMPT DELIVERY!!!
SAM E DAY SH IPPING (USUALLY)
QUANTITY ONE PRICES SHC)'NNfo r MAR. 22. 1"7.. . .

DYNAMIC RAM
1Mbit 1000K x1 100 ns $30.00
51258 ' 256Kx1 100 ns 6.95
4464 64Kx4 150 ns 3.24
41256 256Kx1 100ns 3.25
41256 256Kx1 120 ns 2.59
41256 256Kx1 150 ns 2.39
4164 64Kx1 150 ns 1.30

EPROM
27512 64KxB 200 ns $11.75
27C256 32KxB 250 ns 4.95
27256 32KxB 250 ns 4.75
27128 16KxB 250 ns 3.50
27C64 BKx8 150 ns 4.85
2764 BKxB 250 ns 3.25

STATIC RAM
.. 62256 32KxB 120 ns $12.95

6264LP-15 BKxB 150 ns 2.95

SUNDAYS & HOUOAY5: SHIPMENT OR DELIVERY,VIA U.S. EXPRESS MAlL.
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BP181-lt is probable thatBO% of dot-ma­
trix printer users onlyever use 20% of the
features offered bytheir printers. This book
will help you unlock the special features and
capabil ities that you probably don't even
know exist. To order yourcopy send $6.95
plus$1.50 for shipping inthe U.S. to Elec­
tronic Technology Today Inc., P.O. Box
240, Massapequa Park, NY 11762-0240.

CALL NOW
AND

RESERVE
YOUR SPACE

• 6 x rate $800.00 per each insertion.
• Reaches 239,312 readers.
• Fast reader service cycle.
• Short lead time for the placement of

ads.

Call 516-293-3000 to reserve space. Ask
for Arline Fishman. Limited number of
pages avai lable. Mail materials to:
Compute r Admart , RADI O-ELE C­
TRONICS, 500-B Bi-County Blvd., Farm­
ingdale, NY 11 735.
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for maximum protection. The "slave" 27916 can also be board­
mounted, or it can be mounted ina p lug-in cartridge. For use in16­
bit systems, the two KEPROM's can be connected in parallel; the
authentication handshake wo uld take place between the upper
and the lower halves of the data bus.

How safe is a KEPROM?
It might be possible, using a scanning electron microscope and

other highly sophisticated equipment, to take a 27916 apart and
duplicate the code it contained. Few peop le have access to that
sortof equipment, but for miIitary and othersecurity-sensitiveuses,
the possibility that a KEPROM could be disassembled must be
taken into account.

Another way of cracking a KEPROM involves using a logic ana­
lyzer. One could be attached to thesystem busof atargetcomput­
er and used to record the contents of the various memorydevices
in a system as they were accessed. But even if the complete
contents of a locked memory system were obtained, they wo uld

not be useful w ithout knowledge of the key, and the key is never
present on the output pinsafter the lock bit has been cleared.

To understand w hy, suppose someone were able to duplicate
the contentsof a plug-in'KEPROM cartridge. If those contentswere
duplicated in a 27128 EPROM and plugged in the cartridge port,
the authentication handshake would fail, because the 27128would
not echo the encrypted random number.

You might thinkthat the recovered contentscould be transferred
to a b lank KEPROM, and the key somehow discerned . But how ? It
wo uld take (l iterally!) centuriesto try all possible 1019 keys one by
one.Other methodsusing statistical analyses could be tried, or the
key might be arrived at by cracking the encryption algorithm, but
both are highly unlikely to yield results.

It's ironic that,justatthetimewhen majorsoftware publ isherslike
Microsoft and Ashton-Tate aredropping floppy-diskcopy protec­
tion, Intel has developed the 27916. Whether thosepublishersw ill
adopt hardware protection remains to be seen. It's highly unlikely
that u~ers wi ll be happy w ith using plug-in cartridges. • 0>.
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MARI{ET CENTER

To run your own classified ad, put one word on each of the lines below and send th is form along with your check to :

CLASSIFIED AD ORDER FORM

TV tunable notch filters, free brochure. O.K. VIDEO,
Box 63/6025, Margate, FL 33063. (305) 752-9202.

lFREE power supply with Assortment #103~
l{February '84 article. has printed circuit,•
fTO KO coils(4), 2N3904(2), BFQ85, 7812,
74123, MC1330, 1N914, 1N5231B. TELE·;
ASE·MAST ASSORTMENT #301 (October
Artic le) Printed Circuit with all IC's, tran­
sistors, diodes. Only S25.00/each assort­
ment. Five/S112 .50. Shipping $3.00. 1
(800) 821-5226 Ext. 426. (orders), or write
JIM RHODES INC.• P.O. Box 3421, Bristol,
TN 37625. .

LINEAR PARTS-transisto rs : MRF454 $15,
MRF455 $12, MRF477 $11, MRF492 $16.75,
MRF421 $22.50, SRF2072 $13, SRF3662 $25,
3800 $18.75, 2SC2290 $19.75, 2SC2879 $25.
Tubes: 6KD6 $10.50, 6LQ6 $9.75, 6LF6 $9.75,
8950 $16.75. Best prices on Palomar road noise
mics, Ranger AR3300. New 16-page catalog listing
radio/amplifier tricks- channel modifica tion , PLL­
sliders, peak ing for range, hard-to -find linear
parts-mail $1.00 to: RFPC, Box 700, San Marcos,
CA 92069. For same day parts shipment, call (619)
744-0728.

TUBES, name brands, new, 80% off list. KIRBY,
298 West Carmel Drive, Carmel, IN 46032.

OLDTIME radio programs on high quality tapes.
Comedy! Adventure! Music! Free catalog. CARL F.
FROELICH , Heritage Farm, New Freedom, PA
17349.

VIDEO scrambling techniques. The original "secret
manual" covers sinewave, gatedpulse, and SSAVI
systems. 56 pages of solid, useful, legible informa­
tion. Only $14.95. ELEPHANT ELECTRONICS,
INC., Box 41865-J , Phoenix, AZ 85080 . (602)
581-1973.

TI-99/4A software/hardware bargains. Hard-to-find
items. Huge selection. Fast service. Free catalog
DYNA, Box 690, Hicksville, NY 11 801.

IS it true...Jeeps for $44 through the government?
Call for facts! 1 (312) 742-1142, ext. 4673.

DESCRAMBLER catalog all makes. Special com­
bo Jerrold 400 and SB3 $165. New cable de­
scrambler kit $39.00 (assembles in half hour). Send
$1.00. MJ INDUSTRY, Box.531, Bronx, NY 10461 .

TUBES! 59¢. Year guarantee. Free catalog. Tube
tester $8.95. CORNELL , 4215 University, San Di­
ego, CA 92105.

Expiration Date

RESTRICTED technical information: Electronic
surveillance, schematics, locksmithing, covert sci­
ences, hacking, etc. Huge selection . Free bro­
chu re MENTOR-Z, 135-53 No. Blvd., Flushing, NY
11354.

SignaturePlease Print Name

Card Number

2 3 4 5

6 7 8 9 10

11 12 13 14 15 ($42.75)

16 ($45.60) 17 ($48 .45) 18 ($51 .30) 19 ($54.15) 20 ($57.00)

21 ($59.85) 22 ($62 .70) 23 ($65.55) 24 ($68.40) 25 ($71 .25)

26 ($74.10) 27 ($76.95) 28 ($79.80) 29 ($82.65) 30 ($85.50)

3 1 ($88 .35) 32 ($91.10) 33 ($94 .05) 34 ($96.90) 35 ($99 .75)

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.):

- - ----- --_/ _ - - - ------

Sp ecial Categor y : $23.00

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.
(No refunds or cred its for typesetting errors ca n be made un less you c learly pr int or type yo ur
copy.) Rates indicated are for standard style classified ads on ly. See be low for additional
charges for special ads. Minimum: 15 words.

Rad io-Electronics Classified Ads , 500-B Bi-County Bouleva rd, Far mi ng da le , NY 11735

PLEASE INDICATE in which category of c lassified advertising yo u wish your ad to appear. For
special headings , there is a surcha rge of $23 .00.
( ) Plans/Kits () Busi ness Oppo rtunit ies () For Sale
( ) Edu cat ion/In struct ion () Want ed () Sa te llite Te levision
( ) - - -------- --------------

FOR SALE
WHOLESALE car-radio computer telephone audio
video acessories antenna catalog (718) 897-0509
D&WR, 68-12 110th St., Flushing, NY 11375.

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBER FOROUR FILES. ADS SUBMITIED WITHOUTTHIS INFORMATION WILL NOT BE ACCEPTED.
CLASSIFIED COMMERCIAL RATE: (for firms or individuals offering commercial products or services)
$2.85 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) $2.30 per word, prepaid....no minimum. ONLY FIRST
WORD AND NAME set in bold caps at no extra charge. Additional bold face (not availabie as ali caps) 50¢
per word additional (20% premium). Entire ad in boldface, add 20% prem ium to total price. TINT
SCREEN BEHIND ENTIRE AD: add 25% premium to total price. TINT SCREEN BEHIND ENTIRE AD
PLUS ALL BOLD FACE AD: add 45% premium to total price. EXPANDED TYPE AD: $4.30 per word
prepaid. All other items same as for STANDARD COMMERCIAL RATE. TINT SCREEN BEHIND ENTIRE
EXPANDED TYPE AD: add 25% premium to total price. TINT SCREEN BEHIND ENTIRE EXPANDED
TYPE AD PLUS ALL BOLD FACE AD: add 45% prem ium to total price. DISPLAY ADS: 1" x 2V4'­
$320.00; 2" x 2V4" -$640.00; 3" x 2V4'-$960.00. General Information: Frequency rates and prepay­
ment discounts are available. ALL COPY SUBJECT TO 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 12th of the third
month preceding the date of the issue. (i.e., August issue copy must be received by May 12th). When normai
closing date falls on Saturday, Sunday or Holiday, issue closes on preceding working day.

INDIVIDUAL Photofact-folders # 1 to # 1400. $3.00
postpaid. LOEB, 414Chestnut Lane, East Meadow,
NY 11554.

VIDEO copier ($69 .95) conn ects between two
VCR's (stereo) and makes copies as good as the

•original. For inf% rder write or call VIDEO VIBES.
657 AUertan Ave., Bronx , NY 10467. Tel. (212)

,653.4644. .

NOTICE! light controllers, rope lights, etc. Flyer
$1.00 DESIGN SPECIALTY, 2213 Chesley Dr., San
Jose, CA 95130.

TUNABLE notch filters. Channels 2, 3, and 4 avail­
able. Send $15for sample. Specify channel. Money
back guarantee. DB ELECTRONICS, POBox
8644, Pembroke Pines, FL 33084.

OLD radio TV schematics. Send $1.00, make,
model.RADIO MAPS, P OBox 791, Union City, CA
94587.
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TEST equipme nt. reconditioned. For sale. $1.25 for
catalog. WALTER 'S, 2697 Nickel, San Pablo, CA
94806 . (415) 724-0587 .

INTEL, RCA, Nat iona l, OKI, SGS, and more. Fac­
tory prime and surplus parts catalog. LYNBAR IN­
DUSTR IES, 205 Main, Box 822, St. Joseph, MI.
49085-0822.

USED elect ronics , phy sics , mechanica l, military,
mathematics. Books, manuals, magazines, cata­
logs. 10 page lis t $1.00 : SOF TWAV E, 1515
Sashabaw, Ortonvi lle, MI 48462.

CABLE television converter, deseramhlar
and wireless remets control video equip­
ment accessories catalog free. CABLE DIS­
TRIBUTORS UNLIMITED, 116· Main Road,
Washington, AR 71862.
Z-TAC Zenith cable unit only $175.00. Buy 5 at only
$150.00, or 10 at only $125.00. These units do not
use block converters, we install our own VHF tuner
for excellent picture quality. UPS daily. COD accept­
ed. All others shipped 2nd day air. 90 day warranty
on units. Call for information or free catalog or write
AMCOM, PO Box 68391, Virginia Beach, VA 23455 .
Phone:(804) 456-5505 .

AUCTION: new WWII radio receivers, amplifiers,
testers, etc. Antique furniture, glassware, bottles,
etc. Send/call for listing. CVAR, PO Box 472 , Hib­
bing, MN 55746. (218) 262-2320 .

PLOTTER , build your own. Software driven, two 1.8
deg ree steppers, pen up/down , RS232C, use s
HPGl, has digitize mode. Maximum 32768 steps X
and Y. You get 2 motors, CPU board assembled,
power supply board and drawings to build a com­
plete plotter. Send $228.00 U.S. or $295.00 Cdn,
shipped UPS prepaid. B-C-D ELECTRONICS, P.O.
Box 6326 Stat ion F. Hamilton Ontar io , Canada,
19C-6l9.

THE workbench companion a practical guide to
TV tough dogs. RE ES ETD Indexes. Specia l tests
for int. Flybacks and much more. $29.95 plus $2.50
S&H FARRE LL ELECTRONICS, 127 Providence
Ave., South Portland, ME 04106.

CABLE TV equipment. All major brands. Spe.
cializing in Scientific Atlanta, Jerrold, and
Zen ith, add-ens. Our units have worked where
others havefailed. Send $3.00 forcatalog to K.O.
VIDEO, P.O. BOX 29538 , MLPS, MN 55429.

FLASHLIGHT/screwdriver light up your work, 5 in­
terchangeable heads, 7" long , $7.00 value only
$4.50. Batteries not inc luded. VANDYS' GIFTS,
2311 Kentucky Street, Dept. 1, Racine, WI 53405 .
Satisfaction Guaranteed.

PHONE RECORDER CONTROL
• Automatically records phone conversations ~

when receiver is lifted. ~~~
• Interfaces your phone to any tape recorder. " .
• Meets all FCC requirements. •
• Guaranteed to work.
Send19.95plus 3.00 shipping & handling to VISA,
MASTERCHARGE,orCOD 10:ELECTRONIC DEVICES,
2429Central Ave. St. Petersburg, FLA. 33173.
OHler lnauiri•• welcomed .

GEARMOTORS! 6-33 RPM at 3-12V, high torque
robot ics/h obby gea rmotor, $8. 95 Ppd . WHITE
MFG., Box 2724 , Taunton , MA 02780.

PROPAGANDA broadcast tapes! Authentic, rare
recordin gs of WW -II shortwave braodca sts by
"Tokyo Rose", ':tIxis Sally", others. Cassette $9.95.
D-W RESEARCH, 454 8 Auburn Blvd., # 231-C,
Sacramento, CA 95841.

POWER mosfet t ransist or s. First quality. Send
stamped envelope for list. ANZA INSTRUMENT
CO., Box 60907 , Palo Alto, CA 94306 .

ZENITH, SSAVI, ready to go $100.00 plus shipping,
order C.O.D. 1 (305) 752-9202 .

ROBOT! kits. Books and Plans! l earn to build your
own robots. Free catalogs contain hundreds of af­
forda ble robot systems. Explo re th e wo rld of
robotics today. Catalog: CEARGS-ROBOTS!, POB
458, Peterborough , NH 03458 . (603) 924-3843.

CB Tune-up manual Volume II. Specific adjust­
ments, modifications for peak ing all popu lar CB's.
Covers over 1300 radios. $19.95, Visa, MasterCard
to : TH OMAS PUB LI SH ING , 127-R West wood ,
Paris, Il 61944.

OSCILLOSCOPES and reconditioned test equip­
ment, Tektronix, H.P., etc. Free list. CAL-SCOPE,
983D Ponderosa Ave., Sunnyvale, CA 94086 (408)
730-4573 .

WANTED: Western Electri c, Mc into sh, Mara ntz ,
RCA , Dyn aco, Altec , Tel efunken, JBl, tubes,
speakers, amplifie rs, (713) 728-4343 . MA URY ,
111 22 Atwell, Houston, TX 77096.

HAM GEAR
COH~UTfRS

SOF T WAIIE
SC A NNE RS· o s-ncs
Tf~~C~'tU:A~~NT

SAT ELLI TE
AU D IO VISUA L

NEW ""o oueTS
CO MI' O Nf NTS • KITS

A..NJ~3~~~I~~: ·
"L ANS · SER ViC ES

THE BEST PLACE to BUY, SELL or
TRAD E N EW and USED EQUIPMENT

NUTS & VOLTS MAGAZINE
BO X I I I I ·E ' PLAC ENTIA , CA 92670

(71~) 631-772 1
Join Thou sands of Read er s Na tion wide

Every Month
O NE YEAR U.S. SU BSCRIPT IO NS

$10 .00 • lrd Class· $ 15.00 • 1st C lass

;::I S35.oo . Lifetime . )rd Clan :::at:

ATTENTION looking for surplus test equipment sig­
nal generator voltmeter oscilloscope. J.B. ELEC ­
TRONICS, 9518 Grand, Franklin Park, IL 60131.

DECOD E nearly any gated pulse signal with our
new super simple circuit. Works on In-band, Out­
band, AM or FM pilot tone-use with Hamlin, Jer­
rold, Sy lvania. Comp lete plans and theory only
$13. 50 p lus $1.50 P&H . ELEPHANT ELE C­
TRONICS INC., Box 41865-J, Phoenix, AZ 85080 .
(602) 581-1973.

THE AES-XT compatible: completely assemb led
and tested, includes monitor and keyboard. One
year warranty. $699 .00 + shipping. ADVANCED
ELECTRONICS, 111 Bayou Bend Circle, Carencro,
l A 70520 . (318) 896-7248.

CHANNEL 3-60db notch filter, 63.5MHz. $19.95.
All other chan nels $29.95. Cable converter and ac­
cessory catalog $1. (514) 739-9328 . CROSLEY(A),
Box 840, Champla in, NY 12919.

CIRCLE 195 ON FREE INFORMATION CARD
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!£..parts HARDWAREAND ELECTRONICS
XP!!!~

¥'\
COPPERCLAD RS-232 DATA SWITCH
PC BOARD

~ ~(,

MAGNIFIERLAMP
. 4" diop ter magnifying fens
• Uses up to a 60 watt bulb (not 9" J( 8" Doub le SIded $150

. 2 posmcn , rotary type. Fully

Included) , UL listed. 117VAC 1KI55-JOO shielded , FCC app roved

$2695 18" x 12" Double SIded $395 $2795
l350- 010 1KI55-320 ,,13G-010

PIONEER HORN TOROIDIAL
TWEETER

~
TRANSFORMER

~ <@
; Frequency response 1800 to 12" PIONEERWOOFER
15,OOOHz • Power handling cececn- • Power 6SW RMS • 11 oz magnet
rtres: 35W RMS, resonant frequency • 25 to 25():JHz response. l 'Ilt • 120volt pri mary. 2 - 2OV. 5A
2 kHz 3','," x 3'~~ . voice con secondaries. • .4'jz" round » .4Ibs

1270-050 16'" $590 lI29O-100 ' 15'" $1395 . 120- 150 ' 12'" $995
p ·9) II().UP) (1· 3 ) (.·10) fl ·31 (. ·UP)

FREE CATALOG
300 PIECE CAPACITOR

KIT~
Our new 56 page catalog contains ~ -'\I

-)l ..
thousands of items that you need t:J3@every day for do-it-yo urself

~f/GJ
• A great assortment of d ifferent

projects, product engineering. values and working voltages
electronics repair and more. Call us Includes electrolytlcs, ceramics.

today for your free copy and start I!!:J mylars, and more!

saVing!
IlO2O-020 $495

CALL TOLL FREE I'15 day money .... . _IN. ' $10.00 minimum I
~1-800-255-3525

order . • CO D orden ee::e.pted . • 24 hou r INppIng.
• Shlppng eN. : UPS chan flit. ($2.50 ml,," . .
lmum eN.). Hours 8:30 ' .m, - S p.m. EST M-F.

EBIn Ohio: 1-800-322-3525 PARTS EXPRESS INTl INC.

l ocal: (513) 222-0173 340 East First SI. Y J
Dayton , Ohio -4S402

+One tree can make
3,000,000 matches,

One match can burn
3,000,000 trees.

~ \.}
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-'R~ WRITE FOR ,

~--- McGEE 5
SPEAKER & ELECTRONICS CATALOG

1001 BARGAINS IN SPEAKERS
toll free 1·800-346- 2433 for ordering only.

1901 MCGEE STREET KANSAS CITY, MO. 64108

TUB ES: "Oldest," "latest ". Parts and schematics.
SASE for list. STEINMETZ, 7519 Maplewood Ave.,
RE Hammond, IN 46324 .

LASERS, components and accessories . Free cata­
log, M,J. NEAL COMPANY, 6672 Mallard Ct., Ori­
ent, OH 43146.

CABLE TV conve rte rs. Scienti fic Atlanta, Jerro ld,
Oak, Zen ith, Hamlin. Many others. "New" Video
Hopper "The copy killer". Visa, M/C & Amex acce pt­
ed. Toll free 1 (800) 826-7623, B&B INC" 10517
Upton Circle, Bloomington, MN 55431.

CABLE TV blowout viewslar 2501 volume,audio
video ports, decoder loop, 129.95 buy a decoder
lake off $10.00. Star base decoder 1 $99.00, 10
$75.00, trl mode/bl state 1 $100.00, 10 $75. 00,
MLD 1200.31 59.00, 10 $65.00,N-12 replacement
1599.00,10 $61,00, better than original. Au to on
off boards 1 $65.00, 10 545.00, Scientific Atlanta
decoder 1 $140.00, 10 $104.00, Pioneer 5000 de­
coder 1 $140.00, 10 $104.00, much more. call or
write for your free catalog, (402) 331-4957. All
products guaranteed 90 d ays. M.D . ELEC­
TRONICS, 5073 $0. 108t h # 115, Omaha, HE
6310S.

PLANS ANDKITS
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, Fairfie ld , CT
06430 .

FREE catalog 99-cent k its- audio , video, TV ,
computer parts. ALLKIT, 434 W. 4th St., West Islip,
NY 11795.
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DEALER
ITEM 10-UNIT

PRICE

RCA 36 CHANNEL CONVERTER CH. 3 OUTPUT ONLY) 18.00 ea.

PIONEER WIRELESS CONVERTER OUR BEST BUY) 72.00 ea.

LCC -58 WIRELESS CONVERTER 76.00 ea.

JERROLD 450 WIRELESS CONVERTER CH. 3 OUTPUT ONLY) 90.00 ea.

SB ADD-ON UNIT 58.00 ea.

BRAND NEW - UNIT FOR SCIENTIFIC ATLANTA Call for specifics

MINICODE N-12 109.95 58.00 ea.

MINICODE N-12 VARISYNC 119.95 62.00 ea.

MINICODE VARISYNC WI AUTO ON-OFF 179.95 115.00 ea.

M-35 B CH. 3 OUTPUT ONLY) 139.95 70.00 ea.

M-35 B W /AUTO ON-OFF (CALL FOR AVAILABILITY) 199.95 125.00 ea.

MLD-1200-3 CALL IF CH. 2 OUTPUT) 109.95 58.00 ea.

INTERFERENCE FILTERS - CH. 3 24.95 14.00ea.

JERROLD 400 OR 450 REMOTE CONTROLLER 29.95 18.00 ea.

ZENITH SSAVI CABLE READY (DEALER PRICE BASED ON5 UNITS) 225.00 185.00 ea.
SPECIFY CHANNEL 2 or 3 OUTPUT Other products available - Please Call

SCIENTIFIC
ATLANTA

UNITS

PLEASE PRINT

Calif orn ia Penal Code #593-0 forbids us
from shipp ing any cable desc ramb ling un it
to anyo ne residin g in the state of Californ ia.

Prices subjec t to change without not ice.

LOWEST
PRICES

ANYWHEREI

Quanti ty Item Output
Chan nel

Price
Each

SUBTOTAL
Shippi ng Add
$3.00 per unit

COO & Cred it
Cards - Add 5%

TOTAL

TOTAL
PRICE

_____ _ Zlp _

o Mo ney Order o Visa o Maste rca rd

Signature . _

FOR OUR RECORDS:

DECLARATION OF AUTHORIZED USE - I, the undersigned, do hereby dec lare und er
penalty of perjur y that all produ cts purcha sed,now and in the futur e, will only be used on cable
TV systems with proper authori zation from loc al offic ials or cable co mpany offic ials in
accordance with all appli cable federal and state laws .

'­
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m
<D
Q:)
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DESCRAMBLE the latest video cassette copy pro­
tect ion scheme. Our simp le Line Zap per circuit
takes the jitter out of your picture. Complete plans
and theory only $13.95 plus $1.50 postage and han­
dling. PC board and complete kits also available.
ELEPHANT ELECTRONICS, INC., Box 41865-J,
Phoenix, AZ 85080. (602) 581-1973.

HI-FI speaker systems , kits and speaker compo­
nents from the world's finest manufacturers. For be­
ginners and aud ioph iles . Free literatur e. A&S
SPEAK ERS, Box 7462, Denver, CO 80207. (303)
399-8609.

VOICE disguisers! FM bugs! SWL active antenna!
Receivers! More! Catalog $1.00 (refundable): XAN­
01ELECTRON ICS, Box 25647, Dept. 60M, Tempe,
AZ 85282.

$14. 95 REMOTE CONTROL

~YCHAIN+RECVR
• 100 'S OF REMOTE PROJECTS

COMPLETE wi TRANSMITTE R'rr AND +3-15 VDC RECEIVER
ti ' 30 DAYS RETURN POLICY

r CHECK, VISA OR Mlc
VISITECT INC. (41 5) 872 - 012 8
PO BOX 5442 , SO. SAN FRAN. CA 94083-54 42

AMPLIFIER break through-the current amplif ier
drives loads push-pull without internal voltage gain.
Fastest, quietest circuit in transistor electronics. Op
amps now drive speakers. Plans for quieter, easier
to construct audio amplifiers, all wattages, $15. AM­
PLIFIERS UNLIMITED , Rt 2, Box 139, Highmore,
SD 57325.

STRANGE stuff. Plans, kits, new items. Build satel­
lite dish $69.00. Descramblers, bugs, adult toys.
Informational photo package $3.00 refundable. 01­
RIJO CORPORATION, Box 212,Lowell, NC 28098.

HOT selling electronic products complete designs,
schematics, marketing plans. Hobby? Profit? $5.00
NRG, 11580 Oakhurst Rd., Largo, FL 33544.

REMOTE controlle d car sta rte rs , garage door
openers, vehicle security system, satellite systems.
Send $20.00 SASE: HI-TECH INNOVATIONS, RR1
Box 933, Sierra Vista, AZ 85635 .

ELECTRONIC projec ts , components, PCB sup­
plies, test instruments.Oscilliscopes $219.00, multi­
meters $7.95, power supplies $69.95. Hesistors 1
cent. 2 year guarantee. Call or send SASE for free
catalog. T.O.R.C.C.C., 1131 Tower, Schaumburg, IL
60195. (312) 490-1374.

CABLE television converter, descrambler.
and wireless remote control video equip.~
'ment accessotiescatalog free. CABLEDIS­
iTRlBUTORSUNLIMITED,116-P MainRoad,
Washington, AR 71862.
CLOCK for IBM-PC and compatibles . Complete
module, no slots required, 10 year battery life, easy
install ation, softwa re included, $29 . ADVANCED
ELE CTRONICS, P.O. Box 765 , Corva ll is , OR
97330.

TOP QUALITY imported, domestic kits, surplus,
discount electronics, computer components. FREE
catalog. TEKTRASONIX, 1120 Avenueof the Amer­
icas, 1/fl suite 4038, New York, NY 10036.

DESCRAMBLlNG , new secret manualBuild your
own descramblers for Cable and SUbscr iption TV.
Instructions, schematics for SSAVI, gated sync,
sinewave. (HBO, Cinemax, Showtime, etc.) $8.95
+ $1.00 postage catalog. CABLETRONICS, Box
30502R, Bethesda, MD 20814.

SATELLITE desc rambling manual, Video Cypher
II. Schematics, thorough explanation of digital audio
encod ing, EPROM code, DES. (HBO, Cinemax,
Showtime.) $10.95 + $1.00 postage. Catalog $1.00
CABLETRONICS, Box 30502 R, Bethesda , MD
20814.

CRYSTAL radio sets, plans, parts , kits, cata log
$1.00. MIDCO, 660 North Dixie Highway, Hol­
lywood, FL 33020.

CORDLESS phone monitor. Simple instructions to
modify cheap AM radio to receive entire 1.7 Mhz
cordless phone band. No parts required, only a
screwdriver. Also instructions how to monitor the
new 46/49 Mhz frequencies. Only $5.95 complete.
ADVANTAGE INC ., Box 1086, Edgewater, FL
32032.

MOBILE te lephone using your 2-way radio, plans
$9.95, with PC/brds $24.95. Countdown t imer hrs/
min or min/sec, LED display, for lab, dark room, etc.
Plans $7.95 with PC/brds $16.95. Paging/control­
fer using your 2-way radio, plans $9.95 with PC/brds
$19.95. CURRENT DEVELOPMENT CORP., Box
384, Westmoreland, NY 13490.

UPGRADE kit for line zappers $19.95. Stops nega­
tive pictures, improves clarity.Complete with add-on
boa rd . Co mplete kits avai lable. C & C SPE­
CIALTIES, 1432 Heim, Orange, CA 92665. (714)
998-6866.

CATALOG: hobby/broadcasting/1750 meters/ham/
CB: transmitters, antennas, scramblers, bugging
devices, more! PANAXIS, Box 130-F6, Paradise,
CA 95967.

(~t SOLID STATE SALES TEL. (617) 547-7053 WE SHIP OVER 95%
OF OUR ORDERS WITHIN

P.O. BOX 740 - SOMERVILLE, MASS. 02143 TOLL FR~~R1~~~5230 24 HOURS OF RECEIPT

IN4 148 lIN91 4)

1511 00

20 KV D IO D E S S l, 9 5
250 "' d

D IP SWITCHE S

CT5206 , 4 4 PON ton , 75
CT5 206 · 7 7 PO$It lOn 95
CTS 206 , 8 8 Pennon 95
CT5206 ·1O 10 P~ I ttO" 1 25

5/$100 15U F 16 V 3/$1.00
5 /$ 1,00 22 UF 10V s ,30
5/$ 1 0 0 30U F 6V 5{S l. OO
5 ,'S100 33 UF 15 V 5 .50
5 .·S100 47UF 20 V 585
41$1,00 68U F 20V 5 1 00
4 ,$ 100 150 UF 16V suo
4 /$1,00 200 UF 20 V $1.75

s 40 330U F 10V $175

RCA . He 2500 60 WA T T S

S O LI D S T A TE H YB R f 0 $34.95
LI NE A R A N D AUD IO AM P

SAND WIDTH 30 KHl i t
60 "',rATTS , 7 AMP OU TPUT

.2 2 UF 35 V

.4 7 UF 3 5V
,68 UF 35V
l UF 20V
22U F 20V
3 3U F 20V
-I 7U F zov
6 .8UF 2QV
10UF 20V

TANTULUM CAPACITORS

F UBL~I ~~:E 1_"":':':"':"""= = _ -1
PR Y 2A 6A 25 A
100 140
200 80 1.30 2 20
400 100 1 6 5 330
GOO 130 1.90 4 40

D ISC C AP A CITOR S
. 1UF 16V . . 10 1$1.00 . 100 ' $6 00
01UF 35 V, . 16 ,$ 1 00 _ 100 :$500

REGULA TORS
LA539U .•.•••• $595 323 K ( LA 14 0 51. . . 5295
78L050r 12 .. .•• $ .30 LM337 . . . . •• S2 .75
78M05. 12 0 ' 15 •• 5 40 LM336K ••. . .•• $3 75
LM305 . • . • • $ . 75 340T'5.6.6.9 .12 .
309K •..• .•• $ 1 2 5 15,180' 24V •. . 5 ,45
L"'1317T . . • . . . $ 90 723 . • • ...•. S .4 5
320T·5 ,12 .15 (H 24 $ 55

S I L ICO N PO WER RE CT IF IE RS M U LTl TURN

PR V l A 3A l 2A 50A 125A 24 0A TR IM PO T S
10 0 0 5 14 35 90 o 00 I, \(. 50 O H ~,l

:'00 06 17 50 1 30 ,,:"(l " IN' 100 O HM
400 09 2 S 6 51 501 0 001 2 00 l 00 0 0 H' .l
60 0 11 30 80 ] 0 0 1300 15 00 51( 10 -.
800 . 13 3!i l00 ' ~ 1(; 00 1800 iol( 1001(
1000 20 4 5 1 2 S 300 20 00 :16 00 3 /S 2 .0 0

TTl SIZE
RElAYS

5V 5P5T
5V DP5T

12 V O PST

5E ND 5 25 FO R O UR CA TALOG F EATURIN G
TRANSI5TOR5 & R ECT IF IERS

145 HAMPS HIRE S T.. CA MBRIDG E. MASS . 0 213 9

i 4 L5 24 0 65

;:~~;: ~ ~~ 1-"':'::::':;:':'-'-~~:;;;-:C7~;!;:--':"':':":"-1
74L5243 65
74 L5244 65
74LS245 . 75
74 LS 24 6 140
74 LS 24 7 . 75
74 LS 243 65
74L5 251 4 5

~:~~;~; .~~ f-.:;:~.7.:::;;::;:::"="":'''::''_----=='
74 L5 258 45
74 L5259 120
74L5260 45
74 L5 26 6 55
74 LS 2 73
74L52 n:l .39
74 L5 28 0 170
74L5283 .55
N L5290 80

~: ~;;;~ . ~~ I"::'::;;:::::::':::::::::~-:::':';';~=:::-::~::-;~'
74 L5 320 200
74 LS32 23 0 0
74 L5323 240
74 LS3G5 39
74 L5 36 6 39
74 L5367 39
74 L5 368 .39
74 LS373 75
74 L53 74 . 75
74 LS377 .75
74 L538 G 45
74 L5 390 1 10

~:~~~;~ 2 '~~ 1-:~=~~~~==:=-r=~~~1
74 L5 446 2 00
74 L5 541 1 40
74 LS62S 1.75
74 LS64S05
74 L56G8 1 4 5
74 LS(; 70 .95
81 L5SB 140

74S SERIES
745165 1.50
74517 4 .75
745175 .75
74 51813.00
7451822.00
74 5189 1.60
74 5 194 1.30
745 195130
74 5240 140
74 S241140
74 S244125
745251 .75
745257 ,90
745 260 . 75
74S373 1,65
745374 165

74LS SERIES

745 00 .2 5 74585 .00
74502 .29 7458535
74503 29 74589 2 ,0 0
745 04 .29 745 112.50
74505.20745113 .50
74508 .3 5 745 124 2 ,20
74 509 40 745133 .45
74510 .29745 13585
74 51 13574513875
745 1535745139 ,75
74520 2974514050
74530 .2 9745151 .75
7453 235745153 .75
74540 29 745 157 , 75
74542 85 745156 90
7455135745161125
7457445 745 163125

TR IAC ' s

PR Y l A l OA 25A
100 .3 5 6 0 140
20050 .8 0 190
400 . 70 1.0 0 260
6 00 1,00 1.2Q 360

145 6 8 0
LM3 86 6 6 1458 5 0
lM387 9 5 LM1808 175
LM3 93 40 AD2100LD 4 95
lF398A 3 .00 LM2901 9 5
lF 411 1 25 CA3 018 195
A0 506 J H 250 CA3045 1 '0

LM5 55 29 I ~3~8~Tl ,~~
LM556 4 5 CA3080E 175
5 58 1.10 CA3094 1,30
56 4 1.75 CA3 130 00
56 5 90 CA3140 . 75
566 125 5G3 543 .70
567 .75 5G3544 1,00
NES92 95 CA3822 . 75
709CH 80 LM3900 45
711CH 60 LM3909 80
733 95 4136 8 5
74 1CV 29 505000 175
747 50 N5 534 . 75
LM79B CT 60 N5596A 1,50
DAC0800 2 .9 5 5 0 6000 1 00
LM1310 1.40 8038 395
MC13 55 .70 8700CJ 595
MC13 91 1.00 l M1308 Q 0 5

C/MOS

SCR's

1.5A 6A 3 5A 110 A
100 .3 5 4 0 140
2Q0 4 0 50 1,80
400 .60 .70 2 .40 1200
600 ,80 1 00 3 ,60 1500

74COO 25 74C9151.10 4027 35 4072 20
74C02 25 74C 9 21350 4028 65 4076 55
74C04 25 '001 .19 40 29 55 40 77 26
74C08 25 4002 20 4030 35 4081 20
74Cl0 25 4005 55 4034140 4082 20
74C 14 55 4007 20 4035 55 4093 45
74 C20 25 4008 65 4040 65 409. 1 .40
74C32 35 4009 35 40 t,1 . 75 '50' '5
74C 42 1. 10 4010 35 4')42 55 4503 45
74C 74 55 4011 .1' 4 04 3 65 4506 75
74C76 60 .4 0 12 25 4044 65 . 45 10 65
74CB3 120 4013 35 40 4 5 65 4 5 11 55
74C 85 125 401 4 65 404 6 65 4512 . 75
74C86 35 4015 26 4047 65 4514 .5
74C0 3 1.00 4016 26 '04' 26 45 15 160
74C1&4 3 00 40 17 ae 405 0 26 4516 75
74C1 5 7 95 401 8 65 40 51 55 451 8 65

74C 161 '5 4019 35 40 52 65
452 0 . 75
4 52 8 .75

74C1 74 .5 4020 55 4053 65
4529 140

74C 175 ' 5 4021 65 4060 65
453 8 9574C 2451 .75 4022 6 5 406' 26

74C901 35 402 3 25 ' 066 35 4539 1 50

74C902 40 40 24 46 4 069 ,19
4 5418 1.20
4 55 3 1. 75

74C 903 80 4 025 25 4 07 0 .28
'583 00

74C907 .75 4026 '" 40 71 20 45 8 5 75

A DC
0800 CCN 895
T l 062Ct' 0 5
TL 06 4CN 1.00
TL 0 72 100
TL 082 .90
T L084 1.00
LM20 1 . 75
LM301 /748 .35
LM307 4 5
LM30 8 65
LM3 10 1 10
LM3 11 4 5
LM3 18 100
LM3 19 1.1 0
LM32 4 .3 5
l M 339 50
L"1348 65
LF351 4 5
LF3 53 5 5
LF3 5 5 85
LF3 56 65
lM358 4 5
LM370 160
LM380 85
LM384 1.60

TER MS: F OB CA MBR IDG E. MA55 5 ENO CHECK O R MON EY OR DER

MINIM UM TEL EPH ONE , C D D. PURCH ASE O RD ER OR CHAR GE 52000,
MINIMUM MAI L O R DER S5 00

V20·5 10.95 CPU's& CHIPS RA M's
V20 ·8 14 95 8086 8 .00 2016 1.50
ZBOA CPU 1.75 8088 7.50 21l02·3 .70 TIP 3 18 NPN S. TO·220 . . .. $ .40
zacaCPU 3 .75 81 55-2 2.75 210 1A·4 1.50 T IP 328 PNf' 5, TO·220 .• . $ .40
Z80A eTC 1.9 5 8202 ' .00 2111A 1.75 T IP 34 PNP5, . . .... .. . • 5 .95
ZSOA DART 5 .25 8203 16. 0 0 2112·1 195 T IP 111 .. . . . $ .50
Z8 0 A DMA 5 .50 82 12 1.4 5 2 114-2 1.00 T IP 121 NPN 5 1 U84 . .. .. . $ .60
Z8 0A P10 1.9 5 821 4 3 .75 2118·4 1.7 5 TIP 141 NPN 51 U97 . • $1 .00
Z80A S10 550 8 216 1.50 2147 ·3 2 .50 TI P 14 5 ..•. ' . . • . . . .. $1 ,35

zaca S10 995 8224 2 .25 3242 6 ,00 2N 1307 PNP GE T O·5 . . . $.40

82 C43 2 .75 8226 1.6 0 TMS3409 1.75 DP5 2000- DUA L

AMD2901 400 823 7·5 6 ,50 MK4 027-3 .' 0 PO.....ER DAR L. . .. . . . . $ 3 .95

550 2 2 .75 8238 3 .95 TM S4050NL 1.75 2N2222 NPN 51 TO·92 . . . . 7/S 1 00

6522 3 .50 8250·A 6 ,75 MK4 096 ·1 1 1.25 2N290 7 PNP 5 1TO· 92 . . 7/S 1.00

5800 1.7 5 8251·A 2 ,40 4108·3 160 TIP 2955 PNP SI . ..... . $ .70

6802 4.50 8 253 1.75 41 16 ·2 .70 2N3055 NP N S, TO-3 . . . .. $.60

68 03 L 600 8 255 ·A ·5 1.85 41 18·4 1.75 MJ E3 0 55T . . . . . $ 6 0

56"" 5 .50 8257 2.40 41 6 4·15 . 75 2N3772 NP N S, TO·3 . . 5 125

68 10 1.75 82 59 240 41256-15 2 .7 5 2N390<1 NPN 5 1T092 . . . 7/51 .00
6821 1.7 5 82 72 A 4 ,75 MK4802 5.00 2N39 06 PNP 5 , TO·92 . . 7 /$ 1 00
5645 4 .50 8275 900 Z61Q4 ·4 2 ,50 2N 490 1 PNP5. T O-3 ... . . $1 .00

6850 1.7 5 82 79 ·5 2 .7 5 61 16 ·3 1.60 2N5296 NPN TO·2 20 . .... $ .50
6875 4 .50 8 288 4.7 5 6167P·3 4 .50 2N6109 PNP 5t 'ro.zzo . 5 55
07220-1 12 .00 8355 12 ,95 6 26 4 LP·15 3 .40 MJ E1 3009A 400 V NPN . •. . $ 100

803 1 2 .7 5 8 748 7 5 0 81 18·12 4 . 5 MRF ·8004 CM R F

8035 1.75 NS l 64 50 6 ,95 5280 0 1 20 TRA NSISTOR NPN . . .. . $ .7 5 .

804 6 5.00 TM5 9927N L 9 .95 DISC HEP G8 01 4 - PNP G E TO·3 . . $ .85

604. 2, 50 6oo00l8 8 ,50 Controllers TTL IC SER IES 741 701. 50
808DA 2.50 ROM's D76 5C 4 50 74 173 .75
B085A 2 .7 5 IN5 265 ·1 4 .50 17 71 4.75 74 00 .1' 74 80 45 74 17 4 65

SHIFT TPB1 8S4 2 3 50 17 0 1 950 7401 .1' 7483 50 74 175 65
REGISTERS 8 25 126 '.5 1793 9 ,50 740 2 .1' 7485 55 74176 75

MM14 0 2 1.7 5
82S 130 1.9 5 17 9 5 1200 74 0 3 .1' " 86 .35 74177 55

MM1403 1.75
82 5 13 1 150 1797 1200 740 4 .1' 7489 190 74180 . 75
TPB28 5 166 9 50

2797 74 05 25 7490 .39 741812.00MM1404 1.75 82 5 19 1 4 50 7.9 5
7406 .27 749 1 40 74 18 2 . 75"1M50 13 2 .50 745 4 74 395 740 7 27 749 2 50 74184 1.501.11.150 55 2 .50 2708 3,75 CRYSTALt 7408 24 7493 35 74 190 .60MM50 56 2 .50 27 16 +5V 3 .75 1 ,8436 .0 0 0 ,,"" .1' ".. 60 74 19 1 60MM50 58 2 .50 273 2A ·3 3 .75 2.00 0 6 .14 4

"1M5060 2 .50 27 6 4-2 5 400 3000800 0
7410 .16 74 95 .55 74 192 . 75

INTERFACE 271 28·30 4 ,00 3 ,579 10 ,000
741 1 25 " 96 .60 74 193 . 75

AY5· 10 13A 3 .7 5
27256·25 6.00 4 000 18 ,000

74 12 25 74 107 .30 741 94 60
334 1A 205 7413 35 74 1161 ,20 74 195 60

AY3 ·10 15D 4 .7 5
36 28A·3 300

5000 18 43 2
7414 45 74 121 .30 74196 .75

1488 .40 633 1 1.9 5
20 ,0 00

74 16 .25 741 22 45 74 197 60
1489 40 8 25 6, 5 1.25 1.75 ea. 7417 25 74 123 45 74199 1 25
TR16028 395 AM9214C 2 .95 7420 20 74 125 45 74221 1 25
BR 19 4 1L 550 NO . 30 7425 .27 74 126 45 74 273100
AY53600PRO 9 .95 W I R E W R A P 7426 30 74 14 5 60 74 27 8 1 9 5
CR T50 37 1895 W IRE S ING LE 7427 27 74 1481 ,20 742 79 .70
MM5307 7 .9 5

S TRAN D 7430 20 74150 1.35 74298 00
"11.15369 1 .75

100' . .$1 .40 7432 27 74 151 55 7436 5 OS
6610 200 7437 27 74 153 .55 74367 55
8630 2 .50

WIRE 7438 2. 74 154 1.25 74390 90
8633 2.5 0 7440 20 ,4\55 " 751 14 SO
6634 2.00 WRAP DB 7442 .45 74 156 .75 75,/15 '08637 200 SOCKETS CONNECTOR 7445 55

74 157 55 75325150
M PY' 12 K 2500 14 PIN .45 OB9 P .$ ,80 74158 60

7448 JO 74 160 65 75491100
DIPSOCKETS 16 PIN .50 DB95 · $ .0 5 "50 .20 74161 55 0001 100

8 PIN .10 22 PIN . 15 18 PIN .55 HOOD S · $ 6 5 7472 29 74162 55 960 2 .0
14 PIN .11 24 PIN .2 0 20P1N .s0 DB25 P · $ 1,2 5 7473 35 74163 65 . 8 T2£ 1.10
rc PIN .12 2BP IN 20 24 PIN 1.10 DB255 . $ 1,50 7474 32 74164 8 5 8T1S 11 0
18 PIN . 15 40P IN .2 5 2SPIN 1.25 HOOD S · $ .es 7475 45 14165 65 8T0 7 1.10
10 PIN . 18 40 PIN 180 7476 .50 74 166 1,00 8T9S 1.10

POSTAGE
AD D 10 % FOR ORDERS U N D E R $25 .00

RA T ES
AD D 5% F O R O R D E RS BETW EE N $25.00 AN D $50.00
A DD 3 % FO R ORDERS ABOVE $50.00
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WANTED

INVENTIONS, ideas, new products wantedl Indus­
try presentat ion/nat ional exposi tion. Call free 1 (800)
528-6050. Ca nada, 1 (800) 528-6060. X83 1.

WANTED surplus inventories of ICs, transistors etc.
No quantity too small or large. Ca ll WESTERN
T EC H NO LOGY, (30 3) 444 -4403 . FAX (30 3)
444-447 3.

(

BeaTV/VCR
Repair Specialist

Now you can train athome in spare timeforamoney-making
careeras a TVtVCR Repair Specialist. Noprevious experi­

encenecessary. No need to quit yourjobor school. Everything
isexplainedin easy-to-understand language Withplenty ofdraw­
ings, diagrams and photos. We show you howto troubleshoot
and repair video-cassette recorders and TVsets. howto handle
house calls and shoprepai rs for almost any make of television or
VCR. Tools are included wilh your course so you can get
"hands-on" practice as you follow your lessons stepby step.
Send for free facts about the exciting opportunities in T\4VCR
Repair and find out how you can start making money in this
great career. MAIL C O U PO N TODAY " OJA

r ICS sCiiOOi. OFTVivCR REPAiR,De'plO E057I SINCE '"' Scranton, Penn sylvan ia 18515 I
I

Pleasesendmefull informationand color brochureonhow I canI
learn TVtVCR Repair at home in my spare time. I understandI there is noobligationand no salesmanwillvisit me. I
Name Age__1I Address, _

I City/State/Zip I
L!.h~L _ l __ ;;J

ElECTRONIC
ASSEMBLY BUSINESS

BIG
PROFIT

Start home. spare time. Investment knowledge or
exper ience unnecessary. BIG DEMAND assem­
bling electronic devices. Sales handled by profes­
sionals. Unusual business opportunity.

FREE: Comp lete illustraied literature
BARTA. RE-O Box 24B

Walnut Creek. Caht. 94597

INVENTORS! AIM wants-ideas , inventions, new
products, improve ments on existing prod ucts . We
presen t ideas to man ufacturers. Co nf ide ntia lity
guarantee d. Call toll free 1 (800) 225-5800 for infor­
mation kit.

Pay TV and Satellite Descrambllng
All New 6thEdition!

Now 120 pages. 13 cable and 7 satellite systems. Bypasses.
counle;:measures. $14.95 . Experiments with Videocipher By­
passes. Turnons schematics. 4 free updates. $12.95.~
Two-way, sec urity, system desi gn $12.95 . MDSMMD Handb ook.
For hackers. Now 50 pages. $12.95 Build Sale llite Systems
Under $600. $12.95. Any 3/#26. Spring catalog # 1

JERROLD gated pulse theory. Twelve inform ation­
packed pages coveri ng 01 & DIC converter ope ra­
tion . Includes introduction to trimode system. $6.95
p lus $1.50 postage and han d lin g . ELEPHANT
ELECTRONICS, INC., Box 41865-J, Phoen ix, AZ
85080. (602) 581-1973.

PROJECTION TV ...Co nvert your TV to project 7
foot pictu re. Results comparable to $2 ,500 proj­
ectors...Total -cost less tha n $30 .00 plans and 8"
lens $21.95...lIlustrated information FREE ...MAC ­
ROCOMA-GJ, Wash ingt on Crossing , PA 18977.
Credi tcard orders 24hrs . (215) 736-3979.

SATELLITE TV EDUCATION & INSTRUCTION

" ,

CA BLE TV Secrets-the outlaw publicati on the ca­
ble companies tried to ban . HBO, Movie Channel,
Sh owtime, descr amb lers , co nverte rs, etc . Sup­
pliers list incl uded $8 .95. CABL E FACTS , Box 711­
R, Pataskala, OH 43062.

SATELLITE systems $349 up. VISA/MC avai lable .
Catalog $3 .00. STARLlNK, INC ., 2603-16R Ar tie,
Hu ntsv ille, AL 35805.

SATELLIT E TV receiver ki tsl instructions , sche­
matics! LNA 's ! Catalog $1.00 (refundab le) : XANDI
ELECTRONICS, Box 25647, Dept. 21P, Tempe, AZ
85282.

I
ria;;;;;;..iii 1.9-2.7GHz Parabolic Dish 41HBGain

LIFETIME WARRANTY
CompleteSystem$89.95 (ShippingIncl.)
Dealer Rates, Replacement Components

& Expert Repairs Available
K /I S ELECTRONICS Callnow forsame
P.O. 80X 34522 day shippingI
PHOENIX, AZ85067 1602) 230-0640

$2credit onphoneorders!

DE SCRA MB LER build our low cost sate llite TV
video on ly descramb ler for all majo r movies and
sports . Uses all Radio Shack parts . Ord er P.C.
board and inst ruction s by sending cheque, mon ey
ord er, or Visa for $35.00 U.S . fund s to: VALLEY
MICROWAVE ELE CTRONICS, Bear River, Nova
Scotia, Canada, BOS -180. (902) 467-3577 .

10 1/2ft satellite sys tem, rem ote controlled, tracker,
and descr amb ler with 1 yr free subsc ription to 20
channe ls. $1495 plus UPS . Visa or Master Ca rd
accepted . 1 (602) 378-62 75.

Jerrold Products include " ew Jerrol
Tri-Mode ," S8-3 , Hamlin , Oak VN-12 ,
M-35-B, Zenith , Magnavox, Scientific
Atlanta, and more . (Quantity dis­
counts) 60 day warranty, For fast ser­
vice C.O.D , orders accepted . Send
SASE(60 cents postage) orcall for info
(312) 658-5320 . Midwest Electronics,
Inc.!, HIGGINS ELECTRONICS, 5143-R
W. Diversey, Ch icago, IL 60639 . MCI
Visa orders accepted . No Illinois orders
accepted . Mon.-Fri.-9A.M.-6P.M .CST

SCIENTIFIC ATLANTA & TOCOM
SC IENTIFIC Atlanta cable converte rs (or iginal
un it s), models-8500 and 8550, rem ot e co n­
trol. ..$250. 00 . Toco m descrambler s $225.00,
Gua ra nteed. N.A.S., (213) 631-3552.

DO IT YOURSELF TV REPAIRS
NEW... REPAIR ANY TV...EASY. Retir ed se r­
vice ma n reveals sec rets. Write RESEARCH, Rt. 3,
Box 6018 , Colville, WA 99114.

TRAINING in cable televisio n technology. Prepare
for th e future . C ABLE CORRES PO NDENCE
COURSES INC" Post Off ice Box 1319, St. Char les ,
MO 63302.

F.C.C. Commercial Genera l Radioteleph on e l i­
cense. Electronics home study. Fast, inexpensive!
"Free" detai ls. COMMAN D, 0-176 , Box 2223, San
Francisco, CA 94126 .

CASSETTE recorded home study for new general
class FCC license exam inations. Also broadcasting
and cabl evision courses. BOB JOHNSON TELE­
COMMUNICATION S, 1201 Ninth , Manhattan
Beach, CA 90266.

IBM compatible software for basic circuit des ign and
computation $14.95. GA LLAGHER SOFTWARE,
P.O. Box 1958, Orleans, MA 02653.

INVENTORS
INVENTORS! Ca n you patent and profit from your
idea? Call AMERICAN INVENTORS CORPORA­
TION for free information. Over a decade of serv ice .
1 (800) 338 -5656. In Massachusetts or Canada ca ll
(413) 568-375 3.

DESCRAMB LER MODULE
COMPLETE cab le-TV deco der in a min i-module.
Latest technology upgrade for Jerrold SB-3 or Ra­
dio-E lectron ics Feb. 1984 project. Available at very
low cost. For literature, SOUTHTECH DISTRIBU T­
ING. 1(800 ) 821-5226 Ext. 130.

CABLE TV DESCRAMBLERS SB-3/TRI-BI/ZENITH

BUSINESS OPPORTUNITIES
M EC HANI CALLY inclined indiv iduals desiring
owne rship of small elec tronics manufactur ing busi­
ness-without investme nt. Write : BUSINESSES,
92- R, Brighton 11th, Brooklyn , NY 11235.

CABLE television converter, descrambler and wire­
less remote control video equipment accessories
ca talog free . CABLE DISTRIBUTORS UN­
LIMITED, 116- C Mai n Road , Washington, A R
71862 .

SB-3 's . ..$74 .00. Tri-B i 's. :.$95.00 . Zenith (Tag-
ons) $159 .00. SBSA-3 'S ...$99 .00. N- 12 (Vari -
sync) $75.00. Call N.A, S., (213) 631-3552 .

PROJECTION TV ...Make $$$'s asse mbling proj­
ectors...easy...results comparable to $2 ,500 proj­
ectors. Total cos t less than $30.00. PLANS, 8"
LEN S and dea lers informatio n $20.50. Illustrated
information free. MACROCOMA-GJX, Washi ngton
Crossing, PA 18977 . Cred itcard orders 24hrs . (215)
736-2880 .

EASY, lucrative. On e man CRT rebu ilding machin ­
ery. Free info : (815) 459-0666 CRT, 1909 Loui se,
Crysta lake, IL 60014.

YOUR own radio station! AM , FM, cable. Licensed
or unlicens ed . BROADCASTING, Box 130 -F6, Par­
adise, CA 95967.

EA RN thousands with your own part tim e elec­
tronics bus iness. I do. Free proof , information. IN­
DUSTRY, Box 531, Bronx, NY 10461.

EPROM PROGRAMMING
FREE catalog . Your software/data insta ll ed in
EPROM of your choice. Fast, low cost se rv ice.
Write/call : ROMULUS MICROCONTROL, Dept. A,
Box 8669, Rockville, MD 20856; (301) 540-8863.

PRINTED CIRCUIT BOARDS
LOW quotes , high quality, qu ick service. Single,
doub le s ide d, multil ayer ed boards . Protot yp es
throug h producti on qu antiti es . Design / layout ca ­
pab ilities . Board assemb ly/turn key faci lities. Call or
write for quotes and info . T.O.R.C.C .C., 1131 Tower,
Schaumburg, IL 60195, (312) 490-1374.

THANKSFOR
HELPING TO KEEP

UNITED WAY
IN BUSINESS.

to
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Remember. Only you can
prevent forest fires.

ANTIOU E RADIO

Finally, t he output of th e detec­
tor is capacit ively coupled to the
6F6 power-amplifi er pent od e. The
out put from that pentod e's plat e
ci rc u i t ;s co up le d to th e loud­
speakers vo ice co il by T2.

Not e th e R-C network consist ing
of R12, C28, and C27, alo ng with its
assoc iate d sw itc h, 55. That is a
tw o-position ton e cont ro l used to
tail or th e so und to th e ow ne r's
prefer ence . Such co ntro ls were
not always included in radios of
th e peri od (o r modern radios for
th at matter). Asa result , th e circuit ­
ry was oft en add ed by th e ow ne r.
Detail s fo r doing th at were avail­
ab le in Ge rns back's Radio Craft
and other elect ronics magazin es
of th e day. One hint relating to that
co nt ro l : On e of t he thin gs yo u
sho uld be sure to do once you've
rem oved th e chassis from th e cab­
inet is to clean 55. Dirt on that
sw itc h can cause scratchy sound.

Next time we will get to work on
restoring our radio . R-E

co n ti nued fro m page 84

underneath your house
where it is exposed.

Because a forest fire
burns more than trees.

HOW THIS RAKE CAN
SAVE YOUR LIFE

This simple garden
too l is a firefighter. It can
help you clear away brush
and leaves that act like
kindling around your
home. And you.

So if you live near the
forest, do a little raking.
And that's not all. Land­
scape your home with a fire
retardan t plant like ivy. Use
spark arreste r screens on
your chimney and vents.
And put fire retardant
material on your roof and '"

~ A Public Serviceof theAd Council, the USDA, Forest ServiceandyourState Forester.

No.8S01 No.8S04

Kit __._ _.__.. .._ __ __ $49.85

METAL CABlNET/ X'FORMER _ _ __.. 526/522.00

Clocks that ,.edlfy
-tell you -f:iMe !

1 . ITG1') ~1

~

TALKING
CLOCK

1. T;lIlk : push button fo r vo -ce announcement o f lime.
2. Read out : twel ve hours sy stem d ,splay fo r hour , m in ut e,

second (by colo r f luh l , A M &: PM.
3. Ollplay , three d isp lay mod es of nm e, alarrn um e & dal e.
4 . AI;lIrm : on/o ff switCh wilh th ln y seconds VOIClt alarm .
5 . Snooze : rem inde r vo ice alarm of t h irty second s aftltr 4

m inu tes o f f irst voi ce alarm .
6 . Vol ume. t wo level of vo-ce ou tp ut .
7. Langu alllt avail ;NJle : Engl ish

PA RROT 8S01 ...•.......•.•.••.•...•..•........•....•.$ 17.75
COCKATOO 8502 . .s 15.90 NOT A K IT !
MYN AH 850 4 ..•••....•...•••...••...•.••...•... .......516 .90

TERMS: 510 min order e $ 20 min charge card orde r e Cb ec k , money ord er
or phone order accept - We ship UPS Ground - Add 5" of order to tal (min
51.50 1 for shipping, out side LA and 10% (min 52 .501, ou tside USA arid
20% (min 55.001 - CA reside nts add sales tax . All merchandise subject to
prior sale - Prices are sub ject to change without notice - Any goods proved

MARK V ELECTRONICS INC.. TOLL FREE INFORMATION: 1-818-282-1196
248EAST MAIN STREET. SUITE 100. ~ 1-800-423-3483 MAIL ORDER: P.O.BOX 6610
ALHAMBRA. CA91801 __ Only for order pe ld by Mester or V isaea rd ra5l ALHAMBRA
TELEX. 3716914 MARK 5 IN CAL.: 1-800-521-MARK ls:&2J CA91802

120W MOSFET POWER
TA 477 -----:;Ti/ AMP LI FIE R

~ffffION~~ yl .
}UI~r '+ pf\ tPl1f(it~f ,} , ; ~
»r>:

Th is am pl,f,er con sists of th ree super low TI M d, IIe rentia l stages. and Hitach i
2SJ 49 f2 SK 134 mat ch pai r ··MOSFEr' as ou tpu t com po nent w hose f reque ncy
response and t ransi ent respo nse is superior to the ot her power tr;ln sist o r.
T heref ore thtSamp li fie r has h lgh·f id eli t y and superior analYlic pow er over t he
en t i re A ud io Spect rum . I t is su itab le for reproducing cl"ulC and mod ern m usic.
H eavy D uty Hut Si nk with 28 radial f ins is incl uded I
K i t ...... ...........•... .......... ... ... .•..•.... ..... .. 555 .00
M eta l Cabinel/X' Former IOpt,on;ll11 .. .... ..••..•.•... .•..•...•. ..•... .... 526.00 /5 19.88

Nf-CR Bl·fET
PRE-AMP

GREAT VALUES - FAST SHIPPING -QUANTITY DISCOUNTS
YAMATO 40013% DIGITAL PROFESSIONAL COLOR LIGHT
MULTIMETER CONTROLLER SM-328 7""

IG
-:l1 UP 80W + 80W FREE

;;-~ ~,., i- n DC LOW TIM C',L1T/f./ /1/
WAS $r'~ ,/oUR ~JffJ. PRE-MAIN rr/7/I-U(7

AMPLIFIER

NO'1'J $28\

q:f!;t
Tl1e YA M AT O 4001 is I 3'l. DIG IT COMPACT D IG ITAL MULTIM ETER It
emp loy., F E t.yPt LC D. with la rge f igu r,s ,Jts ADVAN TAG ES. High .cCUfICY· in
me.lurmg . H'li'" Im pedance ",n ur" min. musuring er ro r. Doe rot ary switc h
allows fast 6: convenient operation . 26 rnMsu rern.nt range enab l. wid er
I~p l i~ ..t io n . Ov',r.input indi~"tjo.n & low b;ltl ~ry l ife appe"rs on di splay . LSI.
Circuit use prOVides hi ll" rellabili t y end dur ability . Measurem en t ccsnbte even
under st rong magnet ic f ield . MeuurM ONL Y 6 ~." x 3 " .. x t "
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HOT VALUES AT HOBBY HEADQUARTERS-OUR STORE NEAR YOU

(13)

Circuit Data
Included

Save with Our "Hotline" Order Service

Add Speech to Your
Computer and/or Design a
Remote-Control System

Save Postage! Our warehouse
sends your order directly
to the Radio Shac k near you.
We pay the shipping cost .

Save Time! Delivery t ime
on most items is on e week.
Spend your free time on
your projects, not driving !

Your Radio Shack store man­
ager can Special-Order thou­
sands of parts and accessories
not listed in our cata log ­
tubes, linear and digital ICs, diodes, transistors, crys­
tals, phone cart ridges, and more. There's no minimum
order requi rement for this service!

Experimenters! Put These LSI Chips to work
(11)H-DStd.Mini

(5) Tri-Sound Siren. Wiring op­
tions create three different 80 db
outputs. 3 VDC. #273-072 .. . 5.95
(6) PUlsing or Continuous Piezo
Buzzer. Screwdriver terminals. 4 to
28 VDC. #273-068 6.95
(7) Electromechanical Buzzer.
Extra loud! 12 VDC. #273-051 . . 1.89

12V Transformers

Sound wars!
(7) -".~,

Unusual LEDs

Resistor Kits
(10)

(1) Super-Bright Red . Outputs
300 mcd . #276-066 9ge
(2) Blinking Red. MOS driver and
a red LED combo. Can drive several
LEDs in series. #276-036 ... . 1.19
(3) Blinking Green. #276-030, 1.19
(4) Bar Graph Display. Ten bright
red segments. #276-081 .. . . 2.99

Type Volts Current Cat. No. Each

Miniature 12.6 CT 450 rnA 273·1365 3.59

Standard 12.6 CT 1.2 A 273-1352 4.99

Heavy-Duty 12_6 CT 3.0 A 273-1511 6 99

(8) '/s-Walt 5% Carbon Film. Set 120 VAC prima ries.
of 100, 13 values, 10 ohms to one
meg. #271-311 Set 1.98
(9) ' /. -Walt 1% Metal Film . Set of
50, 12 popular values from 10 ohms
to one meg. #271-309 .. . Set 2.49
(10) ' /.-Walt 5% Carbon Film. Big
SOD-piece set! 54 values, 10 ohms to
10 megohms. #271-312 . . Set 7.95

(11) SP0256-AL2 Speech Synthesizer. This preprogrammed MOS device is
easy to interface with most microprocessors . Includes detailed data and circuit
interface examples . Requires 3.12 MHz crystal (available via our special-order
"hotline, " above). #276-1784 12.95
(12) CTS256-AL2 Text-to-Speech . Translates ASCII from computer into con­
trol data for the synthesizer, above. With programm ing and circuit data . Re-
quires 10 MHz crysta l (specia l-order). #276-1786 16.95
(13) SSI 202 Touch-Tone Decoder. Comple te DTMF receiver on a chip. Heart
of a remote control system! With data . #276-1303 12.95

.59

.69

.89

.49

.49

.49

EachCat. No.

272-1435
272-1436
272-1437

272-1432
272-1433
272-1434

35
16
16

35
35
35

WVDC~F

0 .1
0.47
1.0

IC pin spacing. 20% tolerance.

Tantalum Caps

Low As 49(: Each

2.2
10
22

Autorange
LCD Digit al
YOM

6995

Folds Up
For Travel

A remarkable value! You select the
funct ion. it selects the correct range.
Features include automatic shut off
when case is closed, auto polarity. de­
tented hinge for best viewing angle,
timesaving " beep" continuity test
mode, plus to-amp DC and AC current
ranges. Fused and overload protected.
With leads and owner 's manual. Balter­
ies extra. #22-193

4" AC

Ceramic Capacitors

cooling Fans

Low As 39(: Pkg . of 2

3" DC
Heat is th e enemy of elec tronic equip ­
ment. Use our qu iet fans to increase
airflow and extend the fif e of yo ur com­
puter, ham or ni-ti.com ponen ts.

4" 120 VAC Fan. Delivers up to 65
CFM. 11 watts . #273-241 .. . 15.95
3" Bru shless DC Fan. 27 CFM.
Ideal for hum-sens itive circuits and
portable equipment. 7 to 13.8 VDC.
#273-243 14.95

Fuse
Holder

Panel -Mount. For
1' /4X1/4" fuses. Ul
recogn ized .
#270-364 ..

.I
OPOT. Center off
position. 6 amps at
250 VAC.
#275-653 ... 2.49
OnlOff Labe ling
Plat es.
#275-320, 6/69 C

IC Breadboards

[~~~:.:::~
lE.IJ L69~s

Standard Modular Socket. Total of
550 plug-in points. Accepts DIPs,
discretes and 30 to 22-gauge solid
wire. Two bus strips . Two or more
snap together for more complex de­
signs. 2'/s x 6': #276-174 . . . 11.95
Smaller Mo du lar Socket. 270
hookup points. Ideal for one or two­
chip projects . #276-175 . . .. . 6.95

=---

~ Relays

,
5 VOC Coil. " /32x
318 X '/4", 1 a mp
S POT conlac ts.
#275-240 . . 1.69
12 VDC Call."275·241. 1.69

13/. " long. Includes
5 red, 5 b la ck .
#270-374, Set 1.19

TOOl Set
You get all th is:
UL listed solder­
ing iron , sta nd,
so l de r, sold er
tool, pliers, cut­
ter, 3 screwdriv­
ers , heat si nk .
#64-2801, 14.95

Hacker's Corner
SPECIAL PURCHASES

Idll al for workbench! Have 6-ft. co rd,
3-prong plug. UL listed AC.
(14) 6-0utlet. #61-2619 19.95
(15) 4-0utlet. #61-2620 14.95

Sound/Color-V ideo RF Modula­
tor. Top quality, originally for TI 99/4
computer. Built-in TV/compu ter
switch . 12 VDC. #277-1015 . . 4.95
Plug -In 9 VDC Adap ter. What a
deal! Efficient supp ly provides 9
VDC at up to 1 amp-or 13 VDC, no
load. Prewired cord. barrel -type DC
plug. UL listed . #277-1026 . . . 4.95

Over 1000 items in stock: Binding posts, Books, Breadboards, Buzzers , Capacitors, Chokes, Clips,
Connectors, Fuses , Hardware, ICs, Jacks, Knobs, Lamps, Multitesters, PC Boards, Plugs, Recti­
f iers, Relays , Resistors, Switches, Tools , Transformers, Transistors, Wire, Zener Diodes, more!

ftadl8/haeK
A DIVISION OF TANDY CORPORATION

Prices apply at participating Radio Shackstores and dealers
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CD-CMOS

ELECTRONICS

ICSOCKETS
low Profi le Wire Wrap (Gold) l evel #3

8 p in LP. . . .11 8 pin W W . . . . . .59
14 p in LP. . .12 14 p in W W . . .65
16 pin LP. . .13 16 p in WW 69
24 p in LP. . .25 24 pin WW 1.19
28 pi n LP. .27 28 pi n WW 1.39
40 pin LP. . .29 40 p in WW 1.89
SGhterbil Standard(GoldI .TIn! &Header PlugSocketsAlsoAvailable

S ATELLITE TV
D E S C RAM BLER CHIP

i74HC H I SPEEDCMOS

The MM5321 is a TV camera sync generator designed to
supply the basic sync functions for either color or mono­
chrome 525 line/ 60Hz interfaced and camera video reco rder
applications. COLOR BURST GATE & SYNC

AllOW STABLE COLOR OPERATION

MM5321 N $11 .95
INTERSIL Also Available!

I. -
Part No. Price Part No. Price

74HCOO. . . ... . .25 74HC175.. .69
74HC02.. .. .. .. .25 74 HC2 2 1. .99
74 HC04 . .. . . . .29 74HC240 ... .. . . . .. .79
74 HCOB. . .29 74 HC244. . . .79
74 HC 10. .29 74HC245. . .89
74H C 14 ...... .. .49 74HC253 .. .. ... . . . .59
74HC30. . .. .29 74HC259. .... .. .. .65
74 HC32. .29 74 HC273 . ... .79
74HC74. ....... .. .39 74H C373 . . . .79
74HC75.. .39 74HC3 74 . . .79
74HC76. . .45 74 HC393. . .75
74HC85. ....... ... .79 74HC5 95. .. . .. .. ... 1.19
74HC86. . .. . .39 74 HC688. . . ... .. .79
74 HC 123. . .89 74HC4 04 0. .89
74HC 12 5.. . .49 74 HC 4049 . ........ .59
74 HC 132 . . .49 74HC4050. .59
74 HC 138. . . .49 74 HC406 0. . . .. 1.09
74 HC 139 . . .. .49 74 HC4511. . . . . . . . 1.29
74 HC 154. .... . .. ... 1.19 74HC451 4. .. . .. . . . 1.19
74 HC 163 . . . . .65 74 HC4538. . .89
74 HC 174. . . . . . .69 74HC4543.. ....... 1.19

~ 74H C T- CMOS TTL I
74HCTOO. . .29 74HCT139... .59
74HCT02. . . .29 74HCT157.. .69
74HCT04. . .. . .29 74HCT174. .. .. .. ... . .69
74HCTOB.. . .. . . .29 74HCT175. .... .69
74HCT10.. .29 74HCT240. . . . .99
74HCT32. .. .. . .. .29 74HCT244. .. .. .99
74HCT74. .. .. .. .. . .49 74HCT245 .... .. 1.19
74HCT86. . . . .49 74HCT373 .... . . . . . . 1.19
74HCT138. . .59 74HCT374 . .. ... . . . . 1.19

I 74C-CMOS I
74 COO. .. ..... .. . . .29 74C174 . .. . . .... . .. .79
74C02. . . . . . .. .29 74C175 ... . . . . ... . .79
74 C04. ......... . . .29 74C22 1. . . . . 1,49
74C08. . . .35 74C240.. . ...... 1.29
74 C10. . .3 5 74C244. . .... .. 1.29
74C14. ... .. .49 74C373 .. .... ... .. 1.49
74 C32. .. ... .35 74C374. . . . . . . .. 1.49
74 C7 4. ......... .. . .59 74 C9 12. . ... . 7.9 5
74 C85... . . 1.39 74C9 15. .. . . . 1.39
74 C86. . . . ... .35 74C920. . ... .. ... 9.95
74C89. . . . .. . .. . ... 5.19 74C921 . .. .. .. . . .. 9.95
74C90. . . . .... .99 74C922 . . . . . ... . ... 3.95
74C154 ...... ..... 2.95 74C923. .. . ........ 3.95
74C173 ....... .... 1.05 74C925 . . . .. . . . . . 5.95

I LIN EAR I
DS0026CN . .. ... . .. 1.9 5 LM14 58 N . . .39
TL 0 74 CN . . .89 LM 1488N. . . . . . . . . . .49
TL 084CN. . .99 DS14C88N (CMOS) 1.19
A F1oo-ICN. . .. . . .. . 8.95 LM 1489N. . . . . . . . . . .49
LM307 N . . .45 DS14C89 N (C MOS) 1.19
LM 309 K... . . . 1.25 LM1496N... .85
LM3 11N . . , .45 M C1 648 P. .. . . .. ... 4 .95
LM 3 17T. . . . .79 LM1 8 71N . . ....... 2.9 5
LM31 8N . . .99 LM 18 72N.. . . . . . . . . 2.95
LM3 19 N . .99 LM1896N - 1. . . . .. . . 1.59
LM 323K. . . 3.95 ULN 20 03A. . .99
LM 324N . .39 XR2206.. . . . . 3 .95
LM338K . · : . ·.: .: ·. '. 4.95 XR22 11 .... . . . 2.95
LM 339N . .39 XR22 43 . . .. . . .. . . . . 1.95
LF3 47N . . . . . . . . .. . 1.79 DS26LS29CN. . . . . . . 4.49
LM 348 N. . . .69 DS26 LS3 1C N.. . 1.19
LM350T... .. 2.9 5 DS26LS32CN . . . . . . . 1.19
LF3 5 1N . . . .... . .39 DS26LS3 3 CN. . . . . . . 1.95
LF353N . . .49 LM29 01N . . .49
LF355N . . .79 LM2907 N. .. .. .. . : : 2.49
LF3 56 N . . . .79 LM 291 7N (8 p in)... . 1.55
LF357N... ........ . 1.09 M C3 4 19C L ..... .. . 9.95
LM3 58N. . . . . .. .... .49 M C3446N. . . . .... 2.9 5
LM360N . . . .... . 2.19 M G3 450 P. . . . .. . . .. 2.9 5
LM36 1N... .. . . 1.79 MC3470P... . . . • . 1.95
LM380N-8. .99 M C347 1P. .. . .. 4.95
LM386N-3 . .. ..... .99 M C3479P.. .. .. . . . 4.79
LM387N. ...... .... .99 MC3486P.. .. .. .. . . 1.69
LM393N. . . . .39 M C3 487P.. . . . . . . . 1.69
LM399H.. ... . . .... 2.95 LM3900N. . .. .49
LF4 11CN . . ..... .79 LM3905N. .. .. . . . .. 1.19
TL49 7AC N . . . . ..... 2.69 LM3909N. . . .. .99
N E540H (C 54 0 H) .... 2.95 LM3914N . . . ...... 1.9 5
NE 5 55 V ...... . ... .29 LM391 6N . . . . ... . .. 1.9 5

XR-L555. .75 N E553 2.. .. . .. .. .89.. ... . ..
N E5 534............ .69LM556N. ... ... .49 7805K (LM34OK-5) .. 1.29N E558N. ...... .89 7812K (LM340K- 12) • 1.29

LM56 5N . . . . . .99 7815K (LM340K-15 ) . 1.29
LM56 7V. . . .. ...... .69 7805T (LM340 T-5) .. .49
N E592N... . ... 89 78 12T (LM340 T- 12) . .49
LM74 1CN.... . .29 78 15T (LM340T-15) . .49
LM747CN. . ... . .59 7905K (LM320K- 5) .. 1.35
M C 1350 ..... ..... . 1.49 7905T (LM320T-5) . .59
M C 1372P... ...... 2.49 75472. . . . . . . . .. .99
M C1 3 77P. ... ... ... 3.19 754 77 . . . 1.29
M C1 39j3P. ...... .. . 8.95 764 77..... ... .. . . 5.95
LM 141 4N . . . . . . . .. . 1.29 M C14 54 06P. .. .. .. 2.95

8228 2.49
82 37-5 4.95
8243 2.25
82 50A. 5,49
82SO B (For IBM ) 6.95
8251A. 1.7 5
82 53 -5 . 1.95
8254 2.95
8255A-5. . 1.69
82 57 -5.. . 2,49
82 59-5 .. . 1.95
82 72 4.49
82 79 -5 . . . 2.95
87 41 . .. 10.9 5
8 748. . 7.9 5
8749 . . 9.9 5
8751 39.95
8 755 14.9 5

OATAACQUISITION
ADC0804LCN 3.19
ADC0808CCN 5.9 5
ADC0809CCN 3.95
ADC0816CCN 14.95
ADC0817CCN 8.95
DAC080BLCN 1.95
DAC100BLCN 6.49
AY -3 -101 5D 4.95
AY-5-1013A. 3 .95

Price

8722 MMU. • • • • • • • • • . • • . • 9.95
-251104-04 Kernal ROM• . • • . • 10.95
318018-03 Ba SIC ROM·C128• •• 15.95
318019·03 BaSlcROM·C128 •• . 15.95
318020·04 r.trnal ROM· C128••• 15 .95
32530 2·01 64KROM lor

154011541 Drive•••. •. • . • . 15 .95
-325572·01 logiC Array. • • • • • 24.95
-8 2S100 Pl.A (906114-Q1)". • • • 13.95
90 1225-01 Chat ROM. •. •. •. 11.95
901226-01 BASICROM•• .•• • 11.95
901227-03 ~rnal ROM. • . • • . 11.95
90 1229·05 Upgrade ROM

(For 1541 Disk Drive). • • . • . • 15 .95
' No specs. available

" Note: 82S100 PLA = U17 (C· 54)

Price Part No.

DYNAMIC RAMS

655 1 ACIA. • • . • 3.29
6560 VlC·1.. 10.95
6567 Vlc·n 14.95
6569 VlCPAL •• . •14.95
6572 V1CPAI..·N•••14.95
658 1 SID. • • • • • 14.95
8360 TextEditing. •10.95
8501 MflU• • • • . • 10.95
8502 MPl!. • . • • . 7.95
8563 CRT Conlr. •• 15.95
8564 VIC. • • •. • 15 .95
8566 VICPAl . . .. 29.95
8701 Clock Chip••• 9.9 5

·8721 PlJ\ 14.95

2048 x 8
1024 x 1
10 24 x 4
1024 x 4
1024 x 4
1024 x 4
10 24 x 4
256 x 4
204 8 x 8
204 8 x 8
2048 x 8
81 92 x 8
8 192x8
8 192 x 8
1024 x 4
32 ,768 x 8

Funct ion

256 x 8
2048 x 8
4 096 x 8
8 192 x 8
1024 x B
2048 x B
2048 x 8
2 04 8 x 8
2048 x B
4096 x 8
409 6 x 8
4096 x 8
4 09 6 x 8
4096 x 8
8 19 2 x 8
8 192 x 8
81 32 x8
8 192 x 8
8192x8
8192 x 8
16,384 x 8
16.384 x 8
16.384 x 8
16,384 x 8
32. 768 x 8
32,768 x 8
3 2,768 x 8
65,536 x 8
8 192 x 8
8 192x8
256 x 4
256x8
32 x8

Price Part No.

COMMODORE CHIPS

411 6-15 16,3B4 x 1
4128-20 (Pig g y ba c k) 131 ,072 x 1
4 164 -120 65 .53 6 x 1
4 164- 150 6 5.53 6 x 1
4 164 -200 65 ,53 6 x 1
TMS44 16-1 2 16,384 x 4
8 118 16.384 x 1
4 12 56-120 26 2,144 x 1
41256- 150 262,144 x 1
50 4 64 -15 65 ,536 x 4
5 11000P-10 1,048.576 x 1
514256 P- 10 262 ,144 x 4

20 16- 12
2 102 -2 L
21 14N
2114 N-2
21 14N -2 L
2 1C 14
2 149
510 1
6116LP-2
6116P-3
6 116LP-3
6264LP- 12
6264P-- 15
6264LP-15
6514
43 256- 15L

Part No.

170 2A
TM S25 16
TM S253 2
TMS2564
2708
T M S2 7 16
27 16
271 6- 1
27C16
2732
2732A-20
2732 A -2 5
2732A-45
27C3 2
2764-20
27 64 -25
2764A-25
2764-4 5
27C64
27C64- 15
27 128-20
27 128-25
27 128A-2 5
27C128-25
27256-20
27 2 56- 25
27C256 -2 5
2751 2-25
68 76 4
68766
74S387
745471
N 82S123

WD1770 Disk ConL • • • 19 .9a
SI..J052P 5VA:)sltM:

\ti llageReg. 2A. • • . • 5.95
6502 MPUwllnl Oock• • • 2.25
6504A CPU. • •• . • • . • • 1.95
6507 CPU. • . • • . • • . • • 4.95
6510 CPU• • •• • •• .• . • 9.95
6520 PIA. • . • • • • • . . • 1.75
6522 VIA. . • • • . • • • • . 2.95
6525 m 7.95
6526 CIA• • . • • . • • . • . 14 .95
6529 SPI. • • . • • • • . • • • 4.95
6532 128x8RAM.IIO.li mAr 6.49
6545 ·1 CRTe. • • . • . • . • 2.49

Part No.

D76 5AC 4,49
WD1 770. . . . . 19.95
2661-3. . . 5.9 5
W D92 16 .. 9.9 5
l80 , l80A. l80 8 SERIES

Z80 1.2 5
Z80 -CTC. . 1.79
ZOO-DA RT 4.95
zaO-PIO. . . . . . .. .. 1.79
Z80 A. 1.3 5
Z80A-CTC. . . . . 1.49
zaoA-DA RT. 4.9 5
ZSOA-PiO . .. . 1.4 9
zaoA-5101O .. 4.9 5
ZSOB. . . . . . 2.95
ZSOB-CTC . . 3.49
ZooB-PlO. . . 4.29
6500 /6800/68000 SER.
6502 2.25
65C02 (CM O S) a95
6520. . . . . 1.75
6522. . . . . 2.9 5
653 2. . . . ... 6,49
65 5 1. . . . .3.29
6800. . . . 1.7 5
6802. . . .. 3.49
6810 . . . . . 1.25
68 2 1. 1.29

pSOns). . . . . . . ... . . .. .. .. .. . . . . .89
(200 ns). . . 4.49
(120n s) . 1.75
(150ns) . . . .. 1.15
(200 ns). .95
(12Ons) . . . . . . . . . . . . . . . . . 4.25
(12Ons) . . . . ..69
(120ns). . . . . . . . . . 3.95
(150ns) 2.75
(150n s) (4464 ) (4 1464 ). . . 4.9 5
(100 ns) 1 M eg 39 .95
(100ns) 1 Meg. . . 44.9 5

-------- - - STATIC RAMS ------ --- -
(120ns) 1.69
(250ns ) Low Pow e r (9 1L02) . . 1.95
(450ns) . . .99
(200ns) 1.05
(2oons) Low Powe r 1.49
(200ns) (CMO S). . .49
(45 ns) 4.95
(45Ons) CM OS. . . 1.9 5
(120n s) Lo w Powe r CM OS . . 2.95
(150 ns l C M OS . . . . .... 1.89
(150 ns) Low Pow e r. . . . 1.95
(120 ns ) Low Power CMOS 4.25
(1SOns ) CMOS 3.59
(150ns ) Low Power C MOS 3.75
(350ns ) CMOS (UPD 444C) 4.49
(150ns ) Low Power. . . 24 .95

----- - - ---PROM S/ EPROMS---- - - ----
P ""). . . . . 6.95
(45Oo s) 25V . . . 4.95
(4SOns) 25 V. . . . . 5.95
(4SOns) 25V. . . . .. . 8 .95
(4SOns ). . . . . . . . 4.95
(450ns) 3 vo ttage. . . 9.95
(450 ns) . . . . . 3.75
(3 50n s) 25V. . . . . . . . . 4.9 5
(4SOns) 25V (CM O S). . . 6.49
(4 50 ns) . . . . . . . . 3 .95
(200 ns) 2 1V. . . 4 .25
(25Ons) 21 V. . 3 .95
(4 50 ns ) 21V. . . . . . 3.75
(4SOns) 25 V (CM O S). . . . . . . 6.49
(200ns) 2 1V. . . 425
(2SOns ) 21 V. . . 3.7 5
(250 ns) 12.5V . . . 4.25
(45Ons) 2 1V 3.49
(45Ons ) 2 1V (CM O S). . . 5.49
(1SOns) 21 V (CMOS). 6.49
(200ns) 128K 2 1V . . . 4.95
(250ns) 128K 2 1V 4.25
(250ns) 12.5V. . . . . . . 4 .9 5
(2SOns) 21V (CM OS) 5.95
(2oo ns) 25 6K (12.5V) .. 6.95
(25Ons) 256K (12.5V) 5.9 5
(250ns) 256K (CMOS) (12.5V ) a95
(2SOns ) 512K (12.5V) 19.95
(45Oo s) 2 5V . . . . 15.95
(350ns) 25 V. . . . .. 16 .95
PROM O.C.. . . . . . . . 1.29
PRO M T S.. . . 4.9 5
PROM T S 2.49

745 188- 1.29
74 5 189. . . .. 1.69
74 51 96 2.49
74524 0. . . 1.49
74S244. . . 1.49
74S253. . .79
74 S28 r . . . 1.49
74S288 - 1.49
74 53 73. . . . 1.49
745374 . . 1.49
745472 - 2.95

.39 74F139.

.3 9 74F157 .

.39 74F 193. . . .

.39 74F24O. .

.39 74F244 . .

.49 74F2 53 .

.59 74 F3 73 .

.89 74F374.

74F

74 500. .29
74504 . .35
74508. . .3 5
745 10. . .29
745 32 . . .3 5
74 5 74 . .4 5
74585 1.79
74586. . .3 5
745 124. . 2.95
745174. .79
745175. .79

C0 4001 .19 C04076. .65
C04008. .89 C04081 . . .25
C04011 . .19 CD4082. . .25
CD401 3 .29 CD4093. .35
C0 40 16. .29 CD409 4. . . .89
C 0 40 17. .55 CD401 03 . . . 2.49
C0401 8 . .59 C040107. . . . . . . . . . .69
C0402 0. .59 CD40109. . . 1.49
C 0 40 24. . .49 CD 451 0. . . . .69
CD40 27. . .3 5 CD451 1. .69
CD4030. . .29 CD4520 .75
CD404 0. . . .65 CD4522 .79
CD4049. . • .29 C04538. . . .79
CD40SO. . .29 CD4541.. . .69
CD405 1 .59 C04543. . .79
CD4052. . . . . .59 C04553 .. . 4.95
CD4053 . . . . .59 CD4555. .79
CD4059. . . 3 .9 5 CD4566. . . 2.49
CD4063 1.9 5 CD4572 (MC14572)..39
CD4066. .29 CD4583. . .89
CD4069. . .25 CD4584. .39
CD4070. . .2 5 CD4585. . . . . . .89
CD407 1. . . .. .25 M C1 4411P. . . . . B.95
CD4 072. . .25 M C1 4490 P 4.49

N E C V20 & V30 CHIPS
Rep la c e t he 8086 o r 8088 in Your IBM-PC a n d

Increase Its Speed by up to 4 0 %!
Part No. Prk:e

UPD70108-5 (S M Hz) V2 0 Chip• • • • • • $ 9.95
UPD70108 -8 (8MHz ) V 2 0 Chip• • • • • • $11.95
UPD70116-8 (8 M Hz) V30 Ch ip• •• • • • $14.95
UPD70116-10 (10 M Hz) V30 Chip •• • • $3 4.95

7400
Part No. 1-9 10+ Part No. 1-9 10+

7400.. .29 .19 7485. . .65 .55
7402.... .29 .19 7486. .45 .35
74 04. . . .35 .25 7489. . .. . . 2 .05 1.95
7405. .39 .29 7490. .49 .39
7406. . .39 .29 7493. .45 .3 5
7407. .39 .29 7412 1. .45 .3 5
7408. . . . . . . . .3 5 .25 741 23. . . .59 .49
74 10. . .3 5 .25 74125. . .55 .4 5
7 4 14.. .49 .39 7412 6.. .75 .6 5
74 16 . . .45 .35 74 14 3. . .. 4 .05 3.95
741 7 . .. .4 5 .3 5 74 150. . . 1.3 5 1.2 5
7420. .35 .25 74154. . . . 1.35 1.25
7430.. .35 .25 741 58. . . .. . 1.59 1.49
7432.. .39 .29 74173.. .85 .75
7438.. .39 .29 741 7 4 .. .65 .55
7442. . .55 .45 74175 . . .65 .5 5
7445... .79 .69 7 4 176. .99 .89
7446. .. .89 .79 74 18 1. . . . . . 1.95 1.8 5
74 47. .89 .79 7 4 189.. .. . 2 .05 1.9 5
7448. . .. .. .. 2.05 1.95 741 93. . .79 .69
7472. ... .75 .65 74 198. ..... . 1.8 5 1.75
7 473.. .45 .35 7 4 221 . .99 .89
7474. .. . .4 5 .3 5 7 4273. . . 2.05 1.95
747 5. . .49 .39 74365. .69 .59
7476. . .45 .35 74367. _ . .69 .59

74LS
74LSOO . .. .29 .19 74LS165.. .75 .6 5
74LS02.... .29 .19 74 LS166. . .99 .89
74 LS04.... .35 .2 5 74LS173. . .59 .49
74LS05. •. .3 5 .25 74 LS 17 4. . .. .49 .39
74LS06. . . 1.09 .99 74LS175.... .49 .39
74LS07.. .. . . 1.09 .99 74 L5 189. . . . 4.59 4 .4 9
74LS08. . . .29 .19 74l.S1 9 1. . .. .59 .49
74LS10. . . . . . .29 .19 74 l.S 193 .. . . .79 .69
74LS14. • . . . .49 .39 74 l.S221 . . .69 .59
74LS2 7.... .3 5 .25 74 LS240 .. .. .79 .69
74LS30. .. .. .29 .19 74LS243. .. . .79 .69
74 LS3 2. .35 .25 74LS244. . .79 .69
74L$42. .49 .39 74LS245. . . . . .89 .79
74L$47. .99 .89 74l.S259. . . . . .99 .89
74LS73. .39 .29 74 LS273. . . . .89 .79
74LS74 . .3 5 .25 741.S279. . . . . .49 .39
74LS 75. .3 9 .29 74LS322 . . . . . 4.05 3.95
74 LS 76.. .55 .45 74 LS3 65. . .49 .39
74LS85. . .59 .49 74LS366. . . .49 .39
74 LSB6. . . . .35 .25 74LS367 .49 .39
74LS90. . . . .49 .39 74 LS368. .49 .39
74LS 93 . .49 .39 74LS373. . . .79 .69
74LS123 .59 .49 74 LS3 74 . . .79 .69
74LS125. .49 .39 74L$393. . .89 .79
74 LS 138. . .49 .39 74LS 590 .. .. 6.05 5.95
74LS139. . .49 .3 9 74LS624 .... 2.05 1.9 5
74LS15 4 . 1.09 .99 74LS6 29 ... . 2.29 2.19
74LS157. .. .45 .35 74l.S640 .... 1.09 .99
74 LS15B. . .45 .3 5 74LS645. . . . . 1.09 .99
74LS163 . .59 .49 74LS670 ... . 1.09 .9 9
74LS164 .59 .49 74LS 688. .. . . 2.05 1.9 5

74S/PROMS·

PARTIAL LISTING· OVER 4000 COMPONENTS AND ACCESSORIES IN STOCK! • CALL FOR QUANTITY DISCOUNTS

CIRCLE 114 ON FREE INFORMATION CARD



• 80 Col./64K RAM • Doub les
amou nt of data you r App le lie
can displ ay as well as its mem­
ory capacity • Ideal for word
proce ssing ' Co mple te wit h
instructions

JE864 $59.95

MUF60 $9.95
Torin Industries (4. 68~ sq ., 60 cfm)

SU2A1 $8.95
EG&.GRotron (3.125" square, 20 ctrm

Extended 80-Column
Card for App le lie

DATA BOOKS

IBM
Compatible!

DISK DRIVES
Documentation

Included

Teac 5'~ ~ OS l/2·H (IBM PC/ XT ) • • • $ 109.95
Panasoni c 5W' os 1f2-H (IBM PC/XT) $109.95
Panason ic 51/4" OS 1f2-H (IBM AT) • • $119.95

Data Sheets - 50¢ each
Prices Subject to Change

JE450 Solderless
Proto-Type Builder

r~iilt~I4iii:~ ~~~o~~i~~~~~;~\~~U~~~
breadboard ing electronic
circuits· Components &
wire leads can be quick ly
in ser ted and remo ved
without soldering or de­
solder ing . 3 regulated
power supplies: 5V @1A,
+5V to + 15V @.5A, - 5V
to - 15V @ .5A • Power:

l.I•••••1iJ 120VAC, 60Hz fused
"I NEW!

JE450 SolderiessProlo-TypeBuilde' • • . $119.9 5
~", .. ""''''''' /

.JI!!!t!JtFi1:: ::•.'Ii

30003 Nati onal l inear Data Book (82) $14 .95
30009 Intersil Data Boo k (86)• • •• • . . . . . . S 9.95
30013 ZilogDataBook (85) $14.95
30032 National linear Supp leme nt (84) $ 6.95
210 830 Int el Memory Handbook (87) $17.95
230 843 Intel Mic rosystem Hndbk. Set (87) $24 .95

Additional Apple Compatible
Products Available

J JE310 Fiber Opti cs
r.m~f,g Experim enter Kit

NEW! ~~~~c::~odn:~~e~i~~
......-"7.Jlc:.:<::-....... engineers ha nds-on

experience with fiber
opt ic technology
. Step by step in­
structions ' Inc ludes
transmitter &.receiver
c irc uits boards, as
well as all nec . tc's,
cables &.connecto rs

APPLE COMPATIBLE
ACCESSORIES

. j
-;--"!f"

JE880
JE883
JE8803

Jameco Parallel Printer Card
"m'·'·I1".... for Apple II, 11+ and lie

• Intelli gent interface to
most dot matrix gra phics
prin ters

• Centron ics standard

· Advanced text printing

ParallelPrint... Card. • . • • . . $49.95
64KBuIlerfo,JE880$69:95 $59.95
JE880andJE883~ $ 9 9 .95

IBM-KB
IBM-ENH
IBM-ICB
IBM-EGA
IBM-20MBK
IMFC
EM-100
RS232HC
TTX-141 0
PM1200B-2
PM1200B-2S

. Tactile touch keyswitches • AT style layout · Switch selectable between PC/Xl
or AT • Illumin ated Caps Lock , Num Lock and Scroll Lock indicators' Low
profile design' 8\" foot cord · Manual included

KB5160 $59.95

Zll c"",moAllD Monochrome Graphics Half Card
with Printer Port for IBM PC/XTIAT

and Compatible Computers
• Full Hercul es> co mpatibility' Printer port
adapter ' High resolution graphics 720 x 348
pixels ' Diagn ostics prog ram included' Fast
refresh rate ' 2-yr. warranty ' Manual inclu ded

MG201 ... NEW! ...$89.95

NOW YOU CAN BUILD AN IBM PCIXT COMPATIBLE!

IBM Compatible Kit
IBM-64K(2) 64KRAM Chips (18).. $ 19.90
KB83 83-Key Keyboard . . . . $ 29.95
IBM-FCC Floppy Cont roller Card S 34.95
IBM-Case Case $ 39.95
IBM-MeC Monoc hro me Card • • $ 59.95
IBM-PS Power Supply $ 69.95
FD55B Disk Drive $109.95
I BM~MON Monochrome Monitor $ 99.95
IBM-MB Motherboard $109.95

FREE! QUICKSOFT PC
,_ WRITE WORD PROCESSING
~ SOFnNAREINCLUDED!

Weight: 48 Ibs. Regular List $574.50

IBM-Special (Includes 9 it e m s above) •••• $499.95

•

IBM Special No.2
Includes IBM AT style keyboard with tacti le
touch (KB5160, see below) and all the above
items (except KB83) Regular List $604.50

IBMSP2...~e~g~t: ~~ I ?~. • • • • • • • • • • $529]5
ADDITIONAL ADD-ONS AVAILABLE!

83-Key Keyboard••• .• •••.. •.• .. ... . $ 59.95
Enhanced Keyboard••.• •.••.•. • . •... $ 79.95
Integrated Color Board w/Printer Port . . . . . • $ 99.95
Enhanced Graphics 256K RAM .. . $249;95 $229.95
20MB Hard Disk Drive, Controller & Cable.••. $429.95
Multifunction 0-384K RAM (without RAM)•. .. $109.95
Expansion Memory Half Card (without RAM) . • $ 59.95
RS232 Serial Half Card• • • . . ... . • • ••• • $ 29.95
14" RGB Color Monitor.• • ... .~ $289.95
1200/ 300 Baud HalfCard Modemwithout software.• • $129.95
1200 /3 00 Baud Half Card Mod em with Mirr or Software •• $159.95
IBM is a regis tered trademark of IBM Computers

NEW PRODUC T S !
Turbo 4.77/8MHz Motherboard

IBM PC/XT Compatible
· 75% faster than the IBM PC while in
the turbo mode ' Turbo Mode selectable
th rough eithe r software or hard ware
• Expand able to 640 K (comes w/ze ro-K)
• DTK/ERSO BIOS inclu ded

TURBO. . . NEW! $129.95
IBM PC/XT/AT
Compatible
Keyboard

I ATr.aell· Style
Layout -------...__....._..

TANDY 1000
Multifunction

Board with
Clock Calendar

$20 Minimum Order - U.S. Funds Only
Shipping: Add 5% plus $1.50 Insurance

California Residents: Add 6%, 6112% or 7% Sales Tax
We reserve the right to substitute IC manufacturers.

Send $1.00 Postage fora J ameco"I- ISend stoo _ e m, .
FREE Seasonal Flyer VISA@ FREE 1987 CATALOG
FAX 415-592-2503 ~ :::::::::::::::::::::::::::::::::::::::::::::::::::: Telex: 176043

6/87 ~ ::::::::::::::::::::::::::::::::::::::::::::::::::::

1355SHOREWAY ROAD, BELMONT, CA 94002 • PHONE ORDERS WELCOME 415-592-8097 (01987 Jameco Electronics

TRS-80MODEL 4, 4p,& 4D64K1128K EXPANSION
TRS-64K-2, $7.95
Exp an ds Model 4 fro m 16K-64K or Model 4 (Gate Array
Vers ion), 4P and 40 from 64K- 128K

TRS·64K-2PAL. $14.95
Expa nds Model 4 (Non-Gate Array Version) from 64K to 128K

TRS-80 MODEL 10D 8K EXPANSION
M1008K. $19.95 ea. or 3 for $54.95

ZlJ(:I(I:I~BOAI~I)
TANDY 1000

Expansion Memory
Half Card

Expand the memory of your
Tandy 100 0 (12BK Version) to
as much as 640K. Also inclu des
DMA co ntrolle r chip

TAN·EM256K Includes 256KRAM $ 99.95
TAN·EM512K Includes 512KRAM $119.95

Options for TAN-EM256K1512K
TAN-C Plug- in Cloc k option chip (only) $39.95
TAN·D RAM Disk Prin ter Spoo ler Software (only) $39.95

NEW! Expansion Memory NEW!
Half Card for TANDY 1000SX

TSX256K'ncludcs 256K RAM•.• • $119.95

E-X-P-A-N-D TRS-80 MEMORY
All kits come comp lete with documentation

Eras es a ll EPAOMs. Erases up to 8 chips w ithin 21 minutes
(1 chip in 15 minutes) . Maintains co nstant exposu re d istance
of 1". Spec ial conduct ive foam liner elimina tes static buil d-u p.
Bui lt- in safety lock to prevent UV exposure. Compacl - 9.00 ''L
x 3 .70'W x 2.6Qu H. Complete with hold ing tray for B ch ips.

DE-4 UV-EPROM Eraser.... $69.95
UVS-11 EL Replacement Bulb. . •. $19.95
NCF-2 Cond. Foam 1 2 x 24 x~ Hard Blk. S 8.95

NEW! Multifunction NEW!
Board for TANDY 1000SX

M256K Includes 256K RAM• • •• • $189.95

UV· EPROM ERASER

COMMODORE~COMPAnBLE

ACCESSORIES

Expand the mem ory on yo ur Tandy 1000 (128 K versi on) to as
mu ch as 640K. Co mplete with an RS232 port , cl ock/ calendar.
RAM Disk Printer Spoo ler and on- boa rd DMA con trolle r ch ip.

MTAN-256K Includes 256KRAM $179.95
MTAN-512K Includes 512KRAM $199.95

w~j
HESWARE300 Baud Modem

For VIC-20 and C-64
• Connects directly to User Port· Manual Answerl
Dial • Function keys defined for con venience
• Includes Midw est Micro Associates communi­
ca t io n software.

CM-1 (RlrVIC-20andC-64) $a4:95 $24.95
External Power Supply

CPS-10 (Rlr C-64)•. . . . . . . . . • $39.95

Parallel Printer Interface
2K Buffer, Expandable to 10K!

MW-350 (RlrVIC-20,C-64&C-128).• • . $54.95

TRS·80n ANDY" COMPAnBLE
ACCESSORIES

CIRCLE 114 ON FREE INFORMATION CARD



\Nhat's New at
AMERICAN DESIGN COMPONENTS ?•

Fig . 8

•••••• Fig.D

5 % " 1/2 HT.
DISK DRIVE

DOS 3 .2 Compatible
96 TPI. DS/QUAD DENSITY
Tandon TM5 5- 4 DS/ Quad

It em # 1904 $79.00
2 for $150.00

RECORDING TAPE
7 '1>" Reel,
2400 ft.

Rechargeable NICAD
BATTERY ~"-_ ..:.i--,
BACKUPS '
12V@ l..
450 ma r-:. : j
Conta ins 10 AA cells. Recharge
rate : 45 rna. 16 -1 8 hours. Case
with tab out put connect ions.
Dim . : 2,/16 H H x 1 Y4 HW x 2 ' 5/UIHL
Mlr - GE 123233 or equiv .

Item #5443 $5.95 New

13 .2V@ f ' _
1.65AH __ ' - "
Cont ains 11 C cells. "-"
For model boats, toys , etc .
Ml r - GE #4 180 3 58800 10 1

Item #5444 $15.95 New

MINI
MICRO-COMPUTER _

REGULATOR
Provides voltage regulatio n and
ultra-isolation for microprocess or­
based equipment . Conta ins less
than 3% harmonic distortion, bet­
ter th an 60 dB traverse noise re­
ject ion. Contains dual out let fo r
CPU & monito r, and 6 ft . line co rd.

Input : 05 - 130V, 6011z.
Out put : 120 V @ 1.17A

Dimen.: 1P j, HL x 4%HH x 55
/ .

H W
Mtd on metal base w it h rubber ft .
Mlr - Sola # 63 -13- 114
Item #9999 $99.00 New

Bulk erased. Major mf rs. :
Ampex, Scotch , etc.
Item #67 11 - Y. Mil.

79¢ ea.: 3 l o r $2.00

5 % "
FULL
HT.
DISK
DRIVES

48 TPI (IBM(!) Compat.)
Double sidedld ouble density, l ull
height drive. 48 T.P.I., 80 tra cks.
Ml r - MPI-52S
Item #7 928 $79.95

2 lo r $150.00
96 TPI. DS/Quad Density
Mlr - CDC # 9409T

It em # 189 3 $99.00
EMI
FILTER
6 Amp.,
120/
240 Volt

12/24
VDC

MUFFIN­
TYPE
FANS
55/
100 CFM

Provides th e mo st eff ect ive
atte nuati on of ' line-to-groun d'
and ' line-t o-line' noise across th e
freq uency range.
Dim . : 2 .62 " x 1.98" x .8 1" .
Mlr - SAE (equiv . t o
Corcom ty pe 6ECII

It em # 109 59 $4.95
2 lor $9.00

COLECOVISION
to ADAM
EXPANSION
KIT

115 VAC
27 CFM
MINI
FANS

Fits Ata ri , Apple, Commodore,
and our # 10 3 36 PC830 0 Com­
put er. Has 4 -ft . cord w it h plug.
Dim . : 3 Y7 " sq. x 1}s:" H.

It em # 12 14 3 $5.95 New

48/96 TPI
(IBM(!) Compatible)
Dou ble sided, single/double
density; 80 t rack .
Mlr - Panasonic #JU-4 7 5

Item #1000 5 $129.00 New

JOYSTICK
CONTROLLERS

5%", 1.2 Mb. AT
HALF HT. DISK DRIVE

9-Pin 15-Pin 25-Pin 37-Pin

Description Fig. Item # Price Item # Price Item # Price Item # Price

Hood w l Meta l Male A 10998 $ 1.29 11 00 1 $ 1.39 0 /5 $1 .69 11 00 2 $2 .0 9
Hood w /Met al Female A 10 999 1.49 11000 1.49 0 /5 1. 79 11 00 3 2 .19
Hood w lPlast ic Male A 110 04 1.19 0 /5 1.29 11 0 0 7 1 .59 11 0 0 5 1.99
Hood w /Plast ic Female A 0 /5 1.39 0 /5 1.4 9 11 00 8 1.79 11 00 6 2.19
Chassis mount , Meta l Male * 8 10 74 7 .79 10 74 5 .89 10 735 1.19 10 7 52 1.59
Chassis mount , Metal Female 8 10746 .8 9 10734 .99 10 7 11 1.29 10 888 1.69
Chassis mount , Plasti c Male * * C 10 890 .69 10910 .79 10732 1.0 9 10 891 1.49
Chassis mou nt , Plast ic Female C 1072 8 .79 10 73 1 .89 10 724 1.19 10 72 9 1.59
QC Hood w /Metal Male D 110 25 1.39 10 0 29 1.49 110 33 1.79 11 0 37 2.19
QC Hood, Rt. Angle wl Meta l Male E 11 0 26 1.39 110 30 1.49 11 0 34 1.79 11 0 38 2.19
QC Hood wl Metal Female D 11 0 27 1.59 11 0 31 1.69 11 0 3 5 1.99 11 0 39 2.39
QC Hood, Rt . Angle wl Met al Female E 11 0 28 1.59 11 0 3 2 1.69 110 36 1.99 11 040 2 .39
QC Hood w /Plast ic Male D 11 0 09 1.29 1101 3 1.39 110 17 1 .69 11 0 2 1 2.09
QC Hood, Rt . Angle w /Plast ic Male E 1101 1 1.29 110 1 5 1.39 1101 8 1.69 11 0 22 2.09
ac Hood w /Plast ic Female D 11 01 0 1.49 1101 4 1.59 11 01 9 1.89 11 0 23 2.29
QC Hood. Rt . Angle, wlPlast ic Female E 11 01 2 1.49 1101 6 1.59 11 0 20 1.89 11 0 24 2.29

ac = Quick connect; * Wi t hout mount ing device; • * Can be used wi t h quic k connect hoods

CIRCLE 201 ON FREE INFORMATION CARD

DATA DRIVE­
Item #6 64 1

LAST CHANCE - $19.95
PRINTERPOWER SUPPLY­

Item #664 2 $14.95
ASCII KEYBOARD-

Item #6 64 3 $19.95
This expansion module just plugs CONTROLLERS (set of 4 )
into your ColecoVision. With printer Item #7 01 3 $9.95
powe r supply and data drive (both ADAM CASSETTES

Com plete, less top cover plate . included), you w ill have a wo rking
Fricti on feed. Takes standard Adam Computer. Adam keyboard, (Consisting of Buck Rogers
paper 8 Y, • x 11 · . (Customer one Smart basic cassett e and hook- & Smart Basic only .)
returns; teste d - operat ional.) up diagram also included. Item #7 786

It em #88 39 $6 9 .50 Item #9918 $59.50 BAKER'SDOZEN- $19.95

D-SUBMINIATURE SOLDERLESS CONNECTORS, CRIMP TERMINALS
IMfr - TRW)

SPECIALl
115 VA C/ 60 Hz" 2 1W " 28A "
3 100 RPM; 5-b lade model , alu­
minum housing. Can be mounted
for blowing or exhaust .
Dlrn.: 4 ' V1S"Sq. x 1 % " deep.

It em # 534 5 $5.95 RFE

MECHANICAL
KEYBOARDS.

Fit s standard 5 1,14 " spacing.
Sho ck mounted. High speed, low
powe r. Mlr - MM I #MM2 12

Item #9 2 17 $ 17 9 .0 0 New

Controller Card l or above
It em #9984 $99.00

--li
i

Build it you rself f rom subassemb lies. No
w iring nee. (just plugs to gether). Hook-up
diagram includod . lncludes: Kovboerd. 1
cassette digita l dat a drive , 2 gam e con ­
t rollers, pow er supply , all memory boards,
and one cassette. Capable of runnin g CP/M ,
has built-in wo rd processor. Item #74 10 .

Complete - $99.00

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

'J t
12" Monitor
(Controls front panel mounte d)
12 H

, green phospho r, high resolut ion (1 2
lines center) and bandw idth f rom 10H z to
30 Hz ± 3d 8. Op. volt . : 120/240VAC, 501
60Hz., 65VA max. Controls I ront panel mt d.
Mf r - Mot oro la - A lpha Series

, Item # 10 043 $29.95 New

15" Monitor
15 .... scree n. Same specs as abov e.

Item # 10 044 $34.95 New

W e w arehouse 60,000
items at Ame rican

Design Components - ex­
pensive, often hard-to-f ind
components for sale at a
fraction of their original cost !

You'll find every part you
need - either brand new,
or removed from equipment
(RFE) in exce llent cond it ion.
But quantities are limited.
Order f rom this ad, or visit
our retail showroom and f ind ~=~=~:"';"'-'-=;';';:;-=-I-":'=-:'==':::-:-:-;';';:;:":::':":';::":':'::":':"+---~";':':;;';";;"':';;';;';;"""':"=;';';:;-=-+--........,.-:--."...~:':-';"':"~;';';:;..=...j

exactly what you need f rom
the thousands of items on
display.

Open Mon. Sat., 9 - 5

Commod ore VIC 20 CPU board &
mechanical keyboard . Guaranteed not to
work. (For part s only.)

Item #1 21 44 $14.95 RFE

Composite VideoMonitors . .
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UThe First Source"- for electromechanical & electronic
equipment and components - AMERICAN DESIGN COMPONENTS!

$2 .12
2.72
5.95

$ .53
1.57
1.75

.44

.6 2

.90
1.4 3

.90
1.34
1.34

.53

.53
1.75
1.3 9
1.3 4
1.07

.90
1.3 4
1.34
1.7 5

.5 3
1.75

.80

.90
2.65
1.21
1.21
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1.21
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.44
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.4 4
1.75
1.21
1.21
1.2 1
1.2 1
1.2 1
1.21

.53

.53

.53

.53

.53

.53

.53
2.33
1.07
1.85

.90

.90
1.34
1.07
1.34
1.34
2.65
1.25

.53

.44

.44

.4 4

.53

.80

.7 1
3 .55

$3 .5 5
2.24
2 .9 5
2.95
9 .95

16.25

Eproms . . .
2708
27 16
273 2A-4
2764-25
68701
68766

LM748CN
DS8T28 N
LM1 4 56V
LM 14 58N
LM 1488N
LM 1496N
LM1 899N
ULN2003A
DS26LS31CN
DS26LS32CN
LM2901N
LM2903N
LM2907N
LM29 17N
LM29 17-1 4N
LM293 1CT
MC3346P
MC3 486
MC3 487
SG352 4
LM3900N
LM391 4N
RC4 136N
RC4151NB
RC4193NB(DEI
7805K
781 2K
7815K
7818K
7824K
7805T
781 2T
7815T
7818T
7824T
78S40
7905K
7906K
7912K
7915K
7918K
7924K
7905T
7912T
7915T
7918T
7924T
79L12AC
79L15AC
LF1320 1N
LM13600N
LM 1889
75 107N
75108N
751 10A
751 15
75123N
75124N
75138N
75154N
75450N
75451CN
75452CN
75453CN
75 463N
75 472
75 492N
76 477

$5.3 5
2.65
3.55

.53

.7 1

.32

.4 1
1.16

.4 1
2.65

.62

.80

.90
1.07
1.07

.35
1.07

.98
1.03
1.34
3 .55

.44

.90

.62
3.55

.53

.80

.4 4

.80

.98
1.16
1.34
1.70

.80

.90

.41
2.15

.71
1.75
1.34
1.97

.26

.62

.53
1.07
1.75

.90
1.25

.80
2.24
1.75

.80

.4 4

.80

.62

.62

.4 1
2.24

.62
2.30

.26

.53

.53

.53

INTEGRATED
CIRCUITS.

Fig. 2
Shaft 1'I. L

x 3k'" dia .

12" TTL MONITOR

Touch­
tone-to­

rotary
(maybe

used
even

whe re
there is

only a
rotary

phone).
Features: last number redial & mute
button. Comes w/15" cord & sta n­
dard modular plug. Color: Ivory.
Mfr - Spectra-phone, Model OP-l
Item #10748 $10.95 New

2 for $20.00

HI-POWER SWITCHING
POWER
SUPPLY

Output: + 5.15V @70A
+ 12V@4A
+12V @4A

+ 5.2V@5A
Input: 115/230V nominal,
.725KW cant. 47-63H z. En­
closed in met al hous ing .
Dim.: 15-W x 2Y> - H x 6- deep.
Mfr - Todd Prod. #4XS8151A

Item #9749 $29.95 New

Fig. 1 I
..
'5

Shaft 9 VII'" L
St all x 'k'" dia.

Item Step Vol ts Torqu e
No. An91e DC oz/in Type Mfr. & Part No. Fig

Z8000 Series . .
Z80 $1 .57
Z80-CTC 1.61
Z80-DART 4 .45
Z80-DMA 4. 45
Z80-P10 1.6 1
Z80-S10/1 4 .4 5

1 $9 .95 ea. Z80A 1.66
2/ $ 1 4 .9 5 Z80A-DART 4 .72

2 $34 .50 ea. Z80A-DMA 5.35 6800 Series.
2/ $ 5 9 .5 0 Z80A-P10 1.75

Z80B 3 .55 6800
5275 1.8 1.8 72 PM Superior Electric 2 $19 .95 ea. Z80B-CTC 4 .45 6821

2 0 M061-FF-62018 2/ $ 3 7.5 0 Z80B·P10 4.45 68A09EP

5431 5 17 PM N.A. Phillips
A82310-M2

7630 1.8 3.0 200 PM SuperiorElectric
M092-FT-402

Precision
steppers w it h
incre ments from
1 to 7.5 degrees.
Speeds upto
5,000 steps.

STEPPING MOTORS
for ROBOTICS _'1,- deep -

Other uses- runs CB & car radios.
Comes ready to plug in!
OCOutput: - 5V @.5 amp.

+ 5V@3amp.
+ 12V @6 amp.

Input 115V/60H. Dim.: 9 Y< -W x
3~ - H. (Rubber ft . incl.)

Item #9501 $24.95 New

.Input: 115V
Output: + 12V@4.13A } x3

+ 5.1V @3 .04A
Contains 3 sets of dual outputs,
allow ing for simultaneous operat ion
of 3 disk drives. Originally designed
for the AT & T computer.
Oim.: ll -W x 4Y> -H x 7"deep
Item #10006 $59.95 New

CORDLESS
TELEPHONE

$19.95 New

...
~ '" . - - - .... -_.

COMPUTER & GAME EQUIPMENT - ACCESSORIES - MODULES
ELECTRONIC COMPONENTS -INTEGRATED CIRCUITS -OPTICS

a-bit sing le chip unit . Emulates
8048/49/50. Piggyback configuration.
A llows you to plus in eproms: 275 8 ,
2716, and 2732. Features: XMOS, 5V,
8 -16 Bit . 4K direct access memory. 256
bits on chip ROM; 1I MHz. max. freq.

Item #8899 $24.95 New

ANALOG to DIGITAL
CONVERTER
Binary outp ut : 12 bit ; Conversi on time: 8
ms. Unearity: 8 ms. ± % lbs. Parallel and
series outp uts; internal reference.
Mfr - Datel ADC-HZ-12BGC
Item #7052 (RFE,testedgoodll

Originally$~

Special - $39.95

Contains 10 full-length expansion slots
(w /guidesl. Wit h room for an internal 5 Y4 '"
hard diskdrive. Has 3 half-height disk drive
slots . Rear on/off sw itc h. not ched to hold
in powe r supply (not inc l.), and security
sw itch w / key .

Item #12266 $49.95 New

AT-STYLE
COMPUTER
CABINET

PC 8300 HOME COMPUTER 1 90W DISK DRIVE
POWER SUPPLY(Adv anced version of the Timex 1000)

NS 87P50D-11
MICROCOMPUTER

<0co
-.J

<­
C
z
m

MINIMUM
ORDER

$15.
RE-627

Number

Exp. Date

Telephone: Area Code

Signature

Tota l Name
Shipping & handling, we ship UPSunless = = ------ --- --- --- --

otherwisespecified. Add $3 plus 10% total. "'A.::.dd=--r.::.es:..:s _
F"Rcc Canadian: $3 plus P.O. cost. Chargeonly. City

C!4r4L07987 SalesTax (N.J. residents only, = '--- ---- ---- - -------
WIth eire G Sent please add 6% of total) State Zip

ry Order. ORDER TOTAL All inqu iries and free catalog requests call 20 1-939-27 10.

For aI/ phone orders, cal/TOLL-FREE 800-524-0809. In New Jerse y, 201-939-2710.

AMERICAN DESIGN COMPONENTS, 6 2 JOSEPH STREET, MOONACHIE , N.J . 0 70 74
YES! Please send me th e following ite ms: 0 My check or money order is enclosed.

Item How 0 Charge my credit card .
No. Many? Description Price Total 0 Visa 0 Master Card 0 Amex

Card No.

Fits right underneath yo ur PC. Comes w /
metal cash drawe r and cove r, w hich are
removable . Securi ty switc h w /key allows
you t o open or lock drawer manua lly .

Item #12265 $49.95 New

ELECTRONIC
CASH REGISTER DRAWER
(Computer Operated)

CIRCLE 201 ON FREE INFORMATION CARD 115
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1 YEAR
LIMITED
WARRANTY

#72-445

$59~P
Tenma Anti-Static Work Mat
• A must for the modern service
shop. Used in conjunctio n with our
#21-660 wrist strap to help eliminate
static related problems. 18" x 26"

~ '1.

Tenma Compact DMM with
Logic Probe
• Measures DCV, ACV, DCA, ACA
and resistance . Audib le continuity
tester, diode check and transistor
hFe • Built- in logic tester
compatible with DTL/TTL/HTL/
CMOS ICs. Detects pulses as short
as 25nsec • Accessor ies: Test leads,
spare 2A fuse, instruction manual
and carry ing case. For detailed
specif ications call for a comp lete
Tenma catalog.

:;~i~~~~ $33~~
Tenma Anti-Static Wrist Strap
• Silver-plated monofi lament fibers
are woven into a comfortable elastic
wrist strap, that gently conforms to
the user's wrist fo r reliable contact
to grou nd

:;Ji,~~~.~ $9~~)

---.. ".:::....:-=====:::::

#22-690 $1 ~1~9) $1~~)

...........,- - - -

#21-590 $5~1~3) $4~~
Replacement Tip $220
#21-595 .... $2~1~4) .... .. . (S-up)

Butane Soldering Iron
Portasol" is the first butane­
powered , portab le soldering iron .
It's not much larger than a felt
marker and only seven inches long.
As simp le to use as a ciga rette
lighter. Easily refilled with butane.
One filli ng lasts for 60 minutes.
Adjustable , with 10-60 watt power.
Replacement tip available.

Tenma Neon Voltage Tester
• Quick ly detects live circuits from
60-500 volts AC and DC. Ideal for
testing out lets, switches, fuses and
house wiring. Dependab le neon
lamp indicates presence of voltage
• Pocket clip attached to keep tester
handy

:;4i~~~ $29~~)
Replacement Tip

#21-635 $780
$8~1~3) (4-up)

Tenma Deluxe Anti-Static
Desoldering Tool
• Rugged metal construc tion. Anti­
stat ic tip. Nozzle cleaner
• Lightweight and compact
• Disassembles easily for cleaning
.7%" long x %" diameter

TENMJJ
TEST EQUIPMENT

d Be Sure
, To Call

..: For Your
" FREE

Catalog!
Over 7,000 Items!

#72-440
$4480

(ea.)

$39~~

Tenma 20MHz Dual Trace
Oscilloscope
• Two high qua lity 10:1 probes
included. For detailed specif icatio ns
call for a complete Tenma catalog.

Tenma RS-232 Break Out Box
• Monitors individua l
communication interface lines
• Detects the presence or absence
of activity. Rewire RS-232
interfaces. Line powered. Dual­
state LEOs monitor both positive
and negative signa l levels . 48 test
points. For detailed specif ications
call for a comp lete Tenma catalog.

1 YEAR
LIMITED
WARRANTY

#72-420 $115~e2

Tenma 0-18V 3A Power Supply
• Regulated outputs - constant volt
or constant current, both are
continuously variable. Can be
connected in series or parallel for
more voltage or curre nt output
• Reverse polarity and overload
protected. Isolated output. For
detailed specifications call for a
complete Tenma catalog.

2 YEAR
LIMITED

;;:-::~~~ $369~e~

e
SOURCE CO DE: RE-33

MCM ELECTRONICS
858 E. C O N G R ES S PARK DR.
C E N T E R VILLE, O H 45459

A PREMIER Company
© 1987, MCM Electronics

Terms: - $10 minimum order. $1.00charge for orders
under $10.

- $20 minimumchargecard order.
-Orcers shipped UPS C.O.D.
_Most ordersshipped within 24 hours.
. Sales office open 8:30am to 7:00 pm
Saturdays 10:00 am to 3:00pm EST.

_For prepaidorders a.dd $2.75 for shipping
and handling.

- Shouldshipping and handling c~a rges

exceed $2.75, the balance due will be sent
C.O.D.

'­
C
z
m
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DYNAMIC RAMS
nSPECTRONICS EPROM ERASERSPJI CORPORATION

T im er Capa city Int ensity
Chi p ( uW/ Cm~)

NO 9 8.00 0
YES 9 8. 00 0
YES 12 9.600

\--------

1450n5) 4.95
1450ns1(5V) 3.49
1350ns1(5V) 3 .95
145On sI(5V) 5 .95
(450ns I(5V ) 3 .95
{25 0ns1l5V1I2 1V PGM} 3 .9 5
1200nsll5VII21V PGM ) 4 .25
12 50nsIl5VIICMOS) 5 .95
1450ns1l 5V) 3.49
12 50 ns1l5V) 3 .9 5
12oons1l5V) 4 .2 5
1350nsl(5VII24 PIN} 17.95
1250ns 1(5V) 4 .25
(250nsIl5VIICMOS) 10 .95
1250ns1(5V) 7. 4 9
21V PGM=Progr am at 21 Votta

2708 1024x8
2716 2048x8
27 16-1 20 48.8
TMS2532 4096x8
27 32 4096x8
27 3 2A 4096 .8
2732A -2 40 96x8
27 C6 4 81 92 x8
27 64 8 192x8
2764-250 8 19 2x8
27 64-200 8 192x8
MCM68766 8192x8
27128 16384. 8
27C256 32768x8
27256 32768x8

5V",Singl e 5 Vol t Suppty

****HIGH·TECH****
NEG V20 UPD70108 $11 95
REPLACES BOBB TO SPEED UP IBM PC 10-40%
* HIGH -SPEED ADDRESS CALCULATION

IN HARDWARE
* PIN COMPATIBLE WITH 8088
* SUPERSET OF 8088 INSTRUCTION SET
* LOW POWER CMOS

V20 UPD70108-8 $13.95
8MHz V30 UPD70116-8 $19.95

****SPOTLIGHT****
(2 50ns)
(20 0 ns )
(150ns)
(120ns)
(20 0ns)
(200nsIl 5v )
(1 50 ns Il5v)
(120n s)(5 v)
1200 no1l5v)
(150ns)(5 v) 1.95
(150noIl5VIIREFRESH) 2.95
1150no1(5v) 4 .95
(150ns)( 5v) 5.9 5
(150no1l5v ) 6.9 5
1200no1(5v) 2.95
(150ns)(5v) 2.95

REFRESH=Pin 1 Ref resh

(450ns)
1450ns1(CMOS)
1450n s1(LP)
1450ns)
(450nsl
{450ns I(LP}
(2oons I(LP)
(150nsHLP )
(4 50ns)
(150ns)
(100nsl
(2 00nsI(CMOS)
(150 ns I(CMOS )
(200n sI(CMOSI(LP)
(150nsI(CMOSI(LP)
1120nsI( CMOSI(LP)
1150ns1(CMOS)
1150nsI(CMOSI( LP)
1120nsI(CMOSI(LP)

4 116-2 50 16 3 84 x1
4 116-200 16 3 84 x1
4116-150 16 3 84 x1
4 116-120 16 3 84 x1
MK4332 32 768.1
4 164-20 0 65536x1
41 64 -150 65 536.1
4 164-12 0 65 5 36.1
MCM66 65 65 536x1
TMS4164 65536 .1
4164-REFRESH 65536 x1
TMS441 6 163 84x4
411 28 -150 131072x1
TMS4464-15 65 53 6 x4
4 12 56 ·2 00 2 62 144x 1
41256-150 262 144x1

5v=S ingle 5 Volt Suppl y

2101 256x4
5101 256x4
2 10 2L -4 1024 x1
2 112 256x4
21 14 102 4x4
211 4L -4 1024x4
21 14L -2 1024 x4
21 14 L-15 1024 x4
TMS404 4 -4 40 96 x1
TMM201 6-150 2048x 8
TMM2016-100 2048x8
HM611 6-4 2048x8
HM611 6-3 2048x8
HM6116LP·4 2 048x8
HM6116LP-3 2 048x8
HM6116LP·2 2 048x8
HM6264P-15 8 192x8
HM6264Lp·15 8 19 2x8
HM6264Lp·12 81 92 x8

LP=Low power

6500 HIGH SPEED CMOS
1.4 9 1.0MHz 32 .76 8 KH z .9 5 7 4LSOO .16 74LS165 .6 5 A new family of high speed CM OS logic featuring
1.95 1.0 M H z 2 .9 5 74LS01 .18 74LS166 .9 5 the speed of low power Schottkv :Sns typ ical gate
2 .95 6 50 2 2 .69 68 45 4 .95 1.8 432 2.95 74LS02 .17 74LS169 .9 5 propagation delay). combined w nh the advantages of
2 .49 6 5C02 1CMOS112 .95 68 B45 8.95 2.0 1 .95 74LS03 .18 74LS173 .4 9 CMOS: very low pow er consumptio n. euperior noise

16 9. 9 5 6507 9 .9 5 68 47 11 .95 2.097152 1. 95 7 4LS04 .16 74LS174 .39 immunity . and improved outp ut drive.
12 9 .00 6520 1.95 HD4 6505SP 6.9 5 2.4 57 6 1.95 74LS05 .18 74LS175 .39 74HCOO6 .95 6522 4.95 MC1372 2.95 3.2 768 1.9 5 74LS08 .18 74LS191 ,4 9

9.95 6 52 6 26 .95 8275 2 6 .95 3.579545 1 .9 5 74LS09 .18 74LS192 .69 74HC: Operate at CMOS logic levels and are ideal
2 .49 6532 6.95 722 0 19 .95 4 .0 1.9 5 74LS10 .16 7 4LS193 .6 9 for new . all·CM OS designs.
3 .95 6 54 5 6 .9 5 CRT5027 12 .95 4.032 1.9 5 74LS11 .22 74LS194 .69 7 4HCOO .59 74HC1 4 87 .95 6551 5.9 5 CRT5037 9 .9 5 5.0 1.95 74LS12 .2 2 74LS195 .6 9 74HC0 2 .59 74HC15114.95 65 61 19 .95 TMS991 8A 19 .95 5.0 68 8 1.9 5 74LS13 .26 74LS196 .59 74HC04 .59 74HC1541 2 9 .95 658 1 34 .95 6.0 1.95 74LS14 .39 74LS197 .59 74HC08 .59 74HC15719 9 .95 2.0 MHz 6.144 1 .9 5 7 4 LS15 .2 6 74LS221 .59 7 4HC10 .59 74HC1586.5536 1.95

DISK 8.0 1.95
74LS20 .17 74LS240 .69 74HC1 4 .7 9 7 4HC1 636502A 2 .9 5 74LS21 .22 74LS241 .6 9 74HC20 .59 74HC1756 52 0A 2 .9 5 CONTROLLERS

10 .0 1.95 74LS22 .2 2 74 LS242 .69 7 4HC27 .59 74HC2408200 6522A 5.95 10 .73 8 63 5 1.95 74LS27 .2 3 74 LS243 .69 74HC30 .59 74HC2446532A 11 .95 12.0 1.95 74LS28 .26 74LS244 .69 74HC32 .69 74HC2451771 4.95 14 .3 181 8 1.9582 03 24 .95 6 54 5A 7.95 74LS30 .17 74 LS245 .7 9 74HC51 .5 9 74HC2571791 9 .9 5 15.0 1.9 58205 3 .2 9 6551A 6 .9 5
17 93 9.95 74LS32 .18 74 LS2S1 .49 74HC74 .7 5 74HC2598212 1.4 9 3.0 MHz 16 .0 1.95 7 4 LS 33 .2 8 74LS253 .4 9 74HC85 1.35 74HC2738 216 1.49 17 95 12 .95 17 .4 3 0 1 .95
17 97 1 2.95 18.0 1.95 74LS37 .26 74LS256 1.79 74HC86 .6 9 7 4 HC29982 24 2 .2 5 6 502B 6 .95 2791 19 .95 74LS38 .26 74LS257 .39 74HC9 3 1.1 9 74HC3688 237 4 .95 18.4 3 2 1 .95 7 4LS 42 .3 9 74LS258 .4 9 74HC107 .79 74HC37 327 9 3 19.958237-5 5.4 9 20 .0 1 .9 5 74LS47 .7 5 74LS259 1.2927 97 29 .9 5 22 .1 184 1.95 74HC1 0 9 .79 74HC3748250 6 .9 5

6800 6 84 3 19.95 74LS48 .8 5 74 LS260 .4 9 7 4HC11 2 .79 74HC3908251 1.69 24 .0 1.95 7 4LS51 .17 74LS266 .39 74HC1 25 1.19 74HC39 38 272 4 .9 58251A 1.89 32 .0 1.9 5 74LS73 .29 74LS27 3 .791.0 MHz UPD765 4.9 5 7 4HC132 1.1 9 74HC40178253 1. 89
MB8 876 12.95 CRYSTAL 74LS74 .24 74LS279 .39 74HC133 .6 9 74HC40208 2 53 -5 1 .95 680 0 1. 95 MB8 877 12.95 OSCILLATORS

74LS75 .2 9 74LS280 1.98 74HC1 3 8 .99 74HC40498255 1.6 9 68 02 4 .9 5 16 91 6.9 5 74LS76 .2 9 74LS28 3 .59 74HC139 .99 74HC405082 55 -5 1 .89 6803 9 .95 21 4 3 6 .9 5 74LS83 .49 74 LS2 90 .8982 5 9 1. 95 5 .9 5
1.0MHz 5 .9 5 74LS85 .49 74 LS293 .89 74HCTOO82 59 -5 2 .29 6809 1.84 32 5 .95 74LS86 .2 2 74 LS2 99 1.4 968 09 E 5 .95 2. 0 5.958272 4 .95 6810 1.95 74LS90 .39 74 LS322 3 .95 74HCT: D irect. drop -in replacemen ts for LS TIL

8279 2 .49 2 .95 BIT RATE 2. 4576 5.9 5 74LS92 .4 9 74 LS323 2. 49 and can be interm ixed w ith 74 lS in the same circ uit .6820 2 .5 4 .9 58279-5 2 .9 5 68 2 1 1.95 GENERATORS 4 .0 4.9 5 74LS93 .39 74 LS3 64 1.9 5 74HCTOO .69 7 4 HCT1 6 68282 3. 95 6840 6. 9 5 5.0 688 4.95 74LS95 .4 9 74LS365 .39 74HCT02 .69 74HCT1748284 2 .95 6843 19 .95 6 .0 74LS107 .34 74 LS367 .39 74HCT04 .6 9 74HCT1 938286 3 .9 5 MC 14 411 9.95 4 .95 74LS109 .36 74LS368 .39 74 HCT08 .6 9 7 4HCT19468 4 4 12 .95 6 .144 4.9582 88 4 .95 68 45 4 .9 5 BR1 94 1 4.95 74LS11 2 .2 9 74LS373 .7 9 74HCT1 0 .6 9 7 4HCT2404 7 02 9.9 5 8 .0 4.9 5 7 4 LS122 .4 5 74LS374 .7 9 7 4 HCT 11 .69 74HCT2416847 11 .95 10.0 4 .95COM 8116 8.95 74LS123 .4 9 74LS375 .95 74 HCT2 7 .6 9 7 4HCT24 468 5 0 1 .9 5 12.0 4 .95

Z-80 6883 22.9 5 MM5307 4.95 74LS1 24 2. 75 74LS377 .7 9 74 HCT30 .69 7 4HCT24512 .480 4.9 5

2.0 MHz 15.0 4.9 5 74LS125 .39 74LS378 1.18 74HCT32 .7 9 7 4HCT257
16 .0 4.95 74LS126 .3 9 74LS390 1.1 9 74HCT74 .8 5 74HCT25 9

UARTS 18.43 2 4 .95 74LS132 .3 9 74LS393 .7 9 7<1HCD5 .9 5 74HCT273
4.0MHz 2 0. 0 4 .95 74LS133 .4 9 74LS541 1.49 74HCT1 38 1.1 5 74HCT367

3 .95 2 4 .0 4.9 5 74LS136 .3 9 74LS624 1.95 74HCT139 1.1 5 74HCT373Z80A-CPU
4 .95 74LS138 .39 74LS640 .9 9 74HCT154 2 .99 74HCT374Z80A-CTC
3.95 74LS139 .39 74 LS645 .99 74HCT157 .99 74HCT393Z80A-DART
4. 95 74LS145 .99 74LS669 1.29 74HCT1 58 .99 74HCT4017Z80A·DMA
6.9 5 MISC. 74LS1 47 .99 74LS670 .89 7 4HCT1 61 1 .29 74HCT4040Z80A·PIO
9.9 5 74LS148 .99 74LS68 2 3.20 74HCT164 1 .39 74HCT4060Z80A-SIO/0
6.9 5 TMS99531 9 .95 74LS151 .39 74 LS 68 3 3.20

Z80A-SIO / 1 TMS 9 95 3 2 19 .95 74LS153 .39 74LS684 3.20
Z80A-SIO /2 ULN2003 .7 9 74LS154 1.49 74 LS688 2 .4 0

6.0MHz 324 2 7. 95 74LS155 .59 74LS783 22.95 74FOO3341 4 .95 74LS156 .4 9 81LS95 1.4 9
Z80B-CPU 3.75 MC 3470 1.95 74LS157 .3 5 81LS9 6 1.4 9 .79
Z80B-CTC 4.25 MC 34 8 0 8 .9 5 74LS158 .29 81LS97 1.49
Z80B-PIO 4 .25 MC3 4 87 2.95 74LS160 .29 81LS98 1.49
Z80B·DART 1 4 .95 11C90 19 .95 7 4LS1 61 .3 9 25LS2521 2.8 0
Z80B-SIO /0 1 2 .9 5 2513-0 01 UP 6 .95 74LS162 .4 9 25LS2569 2.80
Z80B-SIO /2 1 2 .95 AY5 -2376 11.95 74LS163 .39 2 6 LS 3 1 1 .9 5
Z8671 ZllOG 19 .95 AY5-3 600 PRO 11 .95 74LS164 .4 9 26LS32 1.95

CIRCLE 113 ON FREE INFORMATION CARD



'­
C
z
m

DUAL SLiMLINE 5 ,;\,' 14915

FULL HT 5 ,;\,' 16915

DUAL S Li M LI N E 8" 120915

DUAL FULL HT 8" 121915

KIT INC LUDES PCB AND ALL
COMPONENTS EXCEPT CASE &

POWER SUPPLY

ONLY$199

DISK DRIVE ENCLOSURES
WITH POWER SUPPLIES

CAB-2SV5
CAB-1FH5
CAB-2SVB
CAB-2FHa

AS SEEN IN B YTE. OC T. 86

* STAND·ALONE OR RS·232 SERIAL
OPERATION

* MENU SELECTABL E EPROM TYPES­
NO CO NFIGURATION JU MPER S

.. PROGR AM S Al l 5V 27XXX EP ROMS
FROM 27 16 TO 27 5 12

* READ . COPY OR VERIFY EPROM
* UPLOAD /DOWN LOAD INTEL HEX FILES
.. PROGR AMMER DRI VER USER

MODIFIABLE

&»Seagate
51/4" HARD DISK DRIVES

ST -225 HALF HT 20MB 65ms $2 7 5
ST -2 3 8 HALF HT 30M B 65ms (RLL) $299
ST-251 HALF HT 40M B 40ms $599
ST-277 HALF HT60MB 40ms (RLL) CAll
ST·4038 FULL HT 30MB 40ms $559
ST-4096 FULL HT 80MB 28m. $1195

DISK DRIVE ACCESSORIES

5';''' TEAC FD-55B DS /DD S109.95
5 ,;\, ' TEAC FD-55F DS /QUAD 5124.95
5 ,;\, ' TEAC FD-55GFV DS /HD S154.95
5 ,;\, ' MITSUBISHI DS /HD S129.95
3v," TOSHIBA KIT DS/DD S149.95
KIT INCLUDES MOUNTI NG HARDWARE TO
FIT 5'/," & FA CEPLA TES FOR AT & XT

BUILD STEVE ClARClA'S

INTELLIGENT
EPROM PROGRAMMER

TEAC SPEC IFICATION MANUAL
TEAC MAINTENANCE MANUAL
Y2 HT MNTG HARDWARE FOR IBM
MOUNTING RAILS FOR IBM AT
"Y " POWER CABLE FOR 5'1." FDD s
511." FDD POWER CONNECTORS

1J2 HEIGHT FLOPPY DISK DRIVES

SAMSUNG
MONOCHROME

• IBM COM PATIBLE TTL INPUT
* 12" NON -GLARE AM BER.

LOW OISTORTION SCREEN
...RESOLUTI ON : 720H x 350V
• ATTRACTIVE CASE WITH

SWIVEL BASE
* ONE YEA R WA RRANTY

69Caa 59Caa
BULK on50 BULK on250

DISKETTE FILES
31/2" DISKFILE
HOLDS 40

$9.95

BULK DISKETTE SALE

$990
BOK OF 10

5'1." SOFT SECTOR, DS /DD
W /TYVEC SLEEVES & HUB RINGS

NASHUA DISKETTES WERE JUDG ED TO HAVE
TH E HI GH EST POLISH AND RE C ORDED

AMPLI TUDE OF AN Y DISKETTES TESTED
(COMPARING FLOPPY DISKS. BYTE9/84)

DS /DD Sif4 ' SOFT
DS/QUAD 5 1/ . " SOFT
DS /HD 5'1. " FOR AT

SS/DD 8" SOFT
DS/DD 8 " SOFT

NASHUA DISKETTES

• 160 CPS DRAFT. 32 CPS NLQ
• 9 x 9 DOT MATRIX
• SUPPORTS EPSON /IBM GRAPHICS
• FRICTION AND PIN FEEDS
.. VAR IABLE LINE SPACING AND PITCH

$219.95
IBMPRINTER CABLE $9.95
REPLACEMENT RIBBON CARTRIOBE $7.95

CASPER
RGB MONITOR

* COLOR/ GREEN/ A M BER
SWITCH ON REAR

* DIGITALRGB-IBM COMP ATIBLE
• 14 " NON ·GLARE SCREEN
* RESOLUTION : 64QH x 24QV
* .39mm DOT PITCH
" CA BLE FOR IBM PC INCLUDED

$5995

$399.95 $299.95
TILT &SWIVEL MONITOR STAND $1295

APPLE COMPATIBLE INTERFACE CARDS

.. DUPLI CATE OR BURN A NY
27xx SERIES EPRO M
(27 16 TO 27 128)

.. MENU-DRIVEN SOFTWA RE

.. HIGH SPEED WAITE ALGO­
RITHM

EPROM PROGRAMMER

SWITCH BOXES
ALL LINES SWITCHED. GOLD PLA TED
CONN EC TORS, QUA LI TY SWI TCHES

2 WAY $39.95
• CONN ECTS 2 PRINTER S TO 1

COMPUTER OR VICE VERSA

AB·P (CENTRONICS PARALLEL )
AB·S(RS232 SERIAL)

IBM PARALLEL PRINTER CABLE
CENTRONICS (M A LE TO FEMALE )
CENTRONICS (M A LE TO MALEI
MODEM CABLE (FOR IBM)
RS232 SERIAL (MALE TO FEMALE )
RS232 SERIAL (MALE TO MALE )
KEYBOARD EXTENDER (GOILFDI
APPLE II JOYSTICK EXTENDER

Rp·525

CASPER
EGA MONITOR

* EGA & eGA COMPATIBLE
• SCA NNING FREQU ENCIES:

15 .7 5 / 2 1 .85 KHz
* RES: 640 x 20 0 I 350
... .31mm DOT PITCH , 2 5 M Hz
• 16 CO LORS OUT OF 64
• 14 " . BLACK MATRI X SCREEN

MOLDED INTERFACE CABLES
6 FOOT, 101l'10 SHI ELDED, MEETS FCC

I I I I_ .............~IIW.a...I..

CRT MONITORS FOR ALL APPLICATIONS...------..,

~
~-

~.

I

AP-135 '-
$129.95 @ -

Ap·150 f I ~
$99.95 •

DISK DRIVE ACCESSORIES
FDD CDNTROLLER CARD S49.95
lie ADAPTOR CABLE S 1 9 .9 5

ADAPTS STANDARD APPLE DRIVES
FOR USE WITH APPLE nc

AD·3C I?t ra
$139.95 •

\\~~\\~~.

MAC535 ~
Eli.$249.95 -<",

.100% APPLE li e COMPATIBLE,
READY TO PLUG IN. W /SHIELDED
CABLE & MOLDED 19 PIN
CONNECTOR

.. FAST, RELIABLE SLiMLINE DIRECT
DRIVE

.. SIX MONTH WARRANTY

• 3.5" AOD-ON DISK DRIVE
* 100% MACINTOSH COMPATABlE
• DOUBLE SIDED BOOK BYTE STORAGE
.. HIGH RELIABILITY DRIVE

HAS AUTO-EJECT MECHANISM
... FULL ONE YEA R WARRANTY

...FULL H T SHUGART MECHANISM
* DIRECT REPLA CEM ENT FOR APPLE

DISK II
* SIX MONTH WARRANTY

KB-' 000 $79.95
CASE WITH KEYBOARD

FOR APPLE TYPE MOTHERBOARD
.. USER DEFINED FUNCTION KEYS
.. NUMERIC KEYPAD WITH

CURSOR CONTROL
.. CAPS LOCK....----

...% HT. DIRECT DRIVE
·100% APPLE COMPATIBLE
• SIX MONTH WARRANTY
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$49.95

$49.95

MCT-MONO

MCT·CG

DISPLAY CARDS
FROM MODULAR CIRCUIT TECHNOLOGY

MCT·EGA $179.95
100"10 IBM COMPA TlBLE, PASSES IBM EGA DIAGN OSTI CS

• COMPATIBLE WITH IBM EGA . COLOR GRAPHICS
AND MONOCHROME ADAPTORS

* TRIPLE SCANNING FREQUENCY FOR DISPLAY
ON EGA. STANDARD RGB OR HIGH RES­
OLUTION MONOCHROME MONITOR

* FULL 25 6K OF VIDEO RAM ALLOWS 640 x 350
PIXELS IN 16 OF 64 COLORS

• LIGHT PEN INTERFACE

EPROM PROGRAMMERS
FROM MODULAR CIRCUIT TECHNOLOGY

MCT-EPROM $129.95
PROGRAMS 27xx AND 27xxx SERIES EPROMS UP TO27512

• SUPPROTS VAR IUOS M ANUFACTURERS
FORMATS WITH 12.5. 21 AND 25 VOLT
PROGR A MMIMG

• MENU-DRIVEN SOFTWARE ALLOWS
EAS Y M ANIPULATION OF DATA FILES

• SPLIT OR COMBINE THE CONTENTS OF
SEVERAL EPROMS OF DIFFERENT SI2ES

* READ. WRITE. COPY, ERASE CHECK AND
VERIFY WITH EASY ONE KEY SELECTION

• INCLUDES SOFTWARE FOR STANDARO
HE X AND INTEL HEX FORMATS

4 GANG PROGRAMMER $18995

10 GANG PROGRAMMER $29995

EASYDATA MODEMS

COMPA TlBLE WITH IBM COLOR GRAPHICS STANDARD

• SHORT SLOT CARD USES VLSI CHIPS TO 111
INSURE RELIABILITY

• SUPPORTS RGB. COMPOSITE MONOCHROME
& COLOR AND AN RF MODULATOR OUTPUT ft'

. 320 x 200 COLOR GRAPHICS MODE ~'"
• 640 x 200 MONOGRAPHICS MODE
• LIGHT PEN INTERFACE

MCT-MGP $59.95
COMPA TlBLE WITH IBM MONOCHROME AND HERCULES GRAPHI CS STANDARDS

'* SHORT SLOT CARD USES VLSI CHIPS TO •
INSURE RELIABILITY

* PARALLEL PRINTER PORT, CONFIGURABLE AS

* ~~~ ~:8L~~~PHICS MODE S\\\\~
: ~1~;~U~J~:rTA::?gOR GRAPHICS CARD IN iU)t

THE SAME SYSTEM

MCT-MG $79.95
COMPATlBLE WITH IBM MON OCHROME AND HERCULES GRAPHICS STANDARDS

• SERIAL PORT OPTION
• PA RALLEL PRINTER PORT
* 720 x 348 GRAPHICS MODE
• 80 x 25 TEXT MODE
• LOTU S COMPATIBLE
• SELECTABLE TO RUN ALONG WITH COLOR

GRAPHICS CARD IN THE SAME SYSTEM

MB-SERIAL OPTIONAL SERIAL PORT $1995

ANOTHER FANTASTIC VALUE FROM JDR!
• IBM COMPATIBLE TTL INPUT '* 72 0 x 348 PIXEL DISPLAY

PLEASE NOTE THIS CARD Will NOT RUN LOTUS GRAPHICS
AND DOES NOT INCLUDE A PARALLEL PORT

EXTERNAL
NO SOFTWARE INCLUDED

EASYDATA·12D $119.95
1200 BUA D

EASYDATA·24D $219.95
2400 BUAD

All models feature auto-dial /answerlredial on busy, Hayes compatible,power up self
test, touch tone or pulse dialing , built-in speaker, PC Talk 11/ Communications
software, Bell Systems 103 & 212A full or half duplex and more.

INTERNAL
EASYDATA·12H $99.95

1200 BUAD HALF CARD

EASYDATA·12B $119.95
1200 BUAD 10" CARD

EASYDATA·24B $199.95
2400 BUAD FULL CARD

$89.95

$59.95

$79.95

IBM COMPATIBLE
FLOPPY DISK DRIVE

JDR PART N:FDD-:J50
GOOD QUALITY DRIVES

evMAJOR MANU FACTURE RS SUCH AS
QUM E, TANDON & CDC

* 5 1/ . " HALF HEIGHT • DS /OD
• 360K STORAGE CAPACITY • 48 TPI

• IBM ENHANC ED STYLE LA YOU T
• SOFTWARE A UTOSEN SE FOR XT OR AT

COM PATIBLES
• 12 FUNCTION K EYS
• EXTRA LARGE SHIFT & RETURN KE YS
• LED INDICATORS FOR SCROLL, CAPS &

NUMBER LOCK
* A UTO REPEAT FEATURE
• SEPARATE CURSOR PAD

e IBM AT STYLE LAYOUT
• SOFTWARE A UTOSEN SE FO R XT OR AT

COM PA TIBLES
* EXTRA LARG E SHIFT & RETURN KEYS
• LED IN DICA TORS FOR SCROLL. CAP S &

NUMBER LOCK
• AUTO REPEAT FEA TURE

e REPLACEME N T FOR KEY TRO NIC '"
KB -51 51 KEYBOA RD

e SEP AR ATE CUR SO R & N U M ERIC KEY PA D
• CAP S LOC K & NU M BER LOC K

INDICATOR S
e IMPROVED KEYBOARD LAYOUT

MCT·5339

MCT·5060

MCT·5151

IBM STYLE
COMPUTER CASE

* SWITCH CUT·OUT ON SIDE FOR PC/ XT
STYLE POWER SUPPLY

• CUT-OUT FOR 8 EXPANSION SLOTS
• ALL HARDWARE INCLUDED

$34.95
SLIDE TYPE CASE $39.95

FARADAY
FDD CONTROLLER

JDR PART N: FAR-F DD

• SUPPORTS UPTO 4 INTERNALLY
MOUNTED FDDs

• IBM COMPATIBLE. INTERFACES TO
360K OR 720K USING DOS 3.20

• INCLUDES CABLE FOR 2 DISK DRIVES

$24.95

IBM COMPATIBLE KEYBOARDS

MCT·5150 $59.95

. 4 .77 OR 8 M Hz OP ERATIO N W IT H 8088-2
& OPTI ON AL 80 87 -2 CO-PROCESSOR

• OYNAMICALLY AOJUSTS SPEEO OUR ING
OISKETTE OPERATION FOR MAXIMUM
THROUGHPUT ANO RELIABILITY

• CHOICE OF NORMAL / TURBO MOOE OR
SOFTWARE SELECT PROCESSOR SPEEO

STANDARD 4.77 MHz $109.95
JDR PART #: MCT- XTMB

. 8088 CPU . OPTIONAL 8087 CO-PROCESSOR

.8 EXPANSION SLOTS
• EXPANOABLE TO 640K ON-BOARD

MEMORY (OK RAM INSTALLED)
• ALL IC s SOCKETED·HIGHESTQUALITY PCB
• ACCEPTS 27 64 OR 27128 ROMS

l
lJ~!~~~~!!~~lj e " 5 1 50" STYL E KEYBO ARD

e FULL Y IBM COMPATIBLE
e LEO STA TUS INDICATOR S FOR CAPS &

NUMBER LOCK
e LARGE. EASY TO REAC H SH IFT &

RETU RN K EYS
e 8 3 KEY TYP EWRITER LAYOUT
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$599

: -:-:>. ;~~:~._ ;-'7 ~- :

_ ... - Q • ~ . '

"ttl\
$139.95

STARVED FOR SLO TS? SA TlSFY IT WITH THIS TIMELY DESIGN
MCT-FH

MCT-RLL

* IN TERFACES UP TO 2 FDD s & 2 HODs
.. CABLING FOR 2 FOD s & 1 HOD
.. FLOPPY INTERFACE SUPPORTS BOTH OS/DD &

DS /DD WH EN USED W /DOS 3.2 OR JFORMAT
- ALL POPULAR HOD SIZES ARE SUPPORTED,

INCLUDING 5, 10, 20, 30 & 40M B
- CAN DIVIDE 1 LARGE DRIVE INTO 2 SMALLER,

LOGICAL DRIVES

$119.95
GET UP TO 51:1'10 MORE STO RAG E SPACE ON YOUR HARD DISK

- INCREASES THE CAPACITY OF PLATED MEDIA
DRIVES BY 50 %

- RLL 2,7 ENCODING FOR MORE RELlA8LE
STORAGE

.. TRANSFER RATE IS ALSO 50 % FASTER;
750K/sec vs SOOK/ sec

- USE WITH ST-238 DR IV E TO ACHIEVE 30 ' MB IN
A HALF HEIGHT SLOT

&9seagate
HARD DISK SYSTEMS
20 MB 30 MB
$339 $399

DISK CONTROLLER CARDS
FROM MODULAR CIRCUIT TECHNOLOG Y

MCT-FDC $34.95
QUALITY DESIGN OFFERS 4 FLOPPY CONTROL IN A SING LE SLO T

- INTERFACES UP TO 4 FDD s TO AN IBM PCOR~
COMPATIBLE

- INCLUDES CABLING FOR 2 INTERNAL DRIVES

- ~~~~:~~~g~~~B37 CONNECTOR FOR $\\0 ~
- SUPPORTS BOTH DS /DD AND DS/DD WHEN ~l

USED WITH DOS 3.2 OR JFORMAT

MCT-HOC $89.95
HARD DISK CON TROL FOR WHA T OTHERS CHARGE FOR FLOPP Y CON TROL

- IBM XTCOMPATIBLE CONTROLLERSUPPORT~
16 DIFFERENT DRIVE SIZES, INCLUDING 5. 10.

- ~~T~g~s41~~~UDE THE ABILITY TO DIVIDE 1 SHOR
~~~iSDRIVE INTO 2 SMALLER, LOGICAL SLOT

'* INCLUDES CABLING FOR 1 INTERNAL DRIVE

MCT-ATFH $169.95
FLOPPY AN D HARD DISK CONTROL IN A TRUE AT DESIGN

- AT COMPATIBLE, CONTROL UPTO 2 360K/720K _ .
OR 1.2MB FDD sASWELlA$ 2HDDsUSINGTHE
AT STANDARD CONTROL TABLES

.. SUPPORTS AT STYLE FRONT PANEL lEO TO
INDICATE HD ACTIVITY

- 16 BIT BUSS PROVIDES RAPID DATA
TRANSFERS

.. FULLY SUPPORTED BY AT BIOS

Systems include half height hard disk drive, hard disk drive controtler,
cables and instructions, Drives are pre-tested and warranted for one year.

-..-~~-~=-: .. -;: .~-~-~.~~
.. .

, i " . •
.... - ~ . r: t:.
~ ~ , (~ ..~ l' ." .~-~ ~ .. i ,
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MCT-EMS $129.95
2MB OF LOTUS/IN TEL/MICROSOFT COMPA TlBLE MEMO RY FOR THE AT

• CONFORMS TO LOTUS/INTEL EMS
• USER EXPANDABLE TO 2 MB
• USES 64K OR 256K DYNAMIC RAM

INO MEMORY INSTA l1.EOj
• USE AS EXPANDED OR CONVENTIONAL

MEMORY. RAM DISK OR SPOOLER
• SOFTWARE INCLUDES EMS DEVICE DRIVERS,

PRINT SPOOLER AND RAMDISK

RAM CARDS
FROM MODULAR CIRCUIT TECHNOLOGY

MGT-RAM $69.95
A CONTIGUOUS MEMORY SOLUTION FOR YOUR SHORT OR REGULAR SLO T

• SHORT SLOT, LOW POWER PC COMPATIBLE •
DESIGN

• CAN OFFER UP TO 576K OF ADDITIONAL
MEMORY

• USER SELECTABLE CONFIGURATION
AMOUNTS OF 19Z, 384, 512 , 256 & 576K, SlPt
USING COMBINATIONS OF 64 & 256K RAM

MGT-ATRAM $149.95
A POWER USER'S DREAM, 4MB OF MEMOR Y FOR THE AT

• USER EXPANDABLE TO 2MB OF ON-BOARD
MEMORY

• USES FULL 16 BIT PARITY CHECKED MEMORY,
64K OR 256K DYNAMIC RAM

• FLEXIBLE STARTING ADDRESS, ROUND OUT
CONVENTIONAL MEMORY TO 640K & ADD
EXTENDED MEMORY ABOVE 1MB

MCT-ITUM-MC $3915
2MB PIGGYBACK BOARD (ZERO K INSTALLED)

MULTIFUNCTION CARDS
FROM MODULAR CIRCUIT TECHNOLOGY

MGT-MF $84.95
ALL THE FEATURES OF ASrS SIX PACK PLUS A T HALF THE PRICE!

• 0-348K DYNAMIC RAM USING 4164.
• INCLUDES SERIAL PORT, PARALLEL PRINTER

PORT, GAME CONTROLLER PORT AND
CLOCK/CALENDAR

• SOFTWARE FOR A RAMDlSK, PRINT SPOOLER
AND CLOCK/CALENDAR

MGT-MID $79~95
A PERFECT COMPANION FOR OUR MOTHERBOARD

• Z DRIVE FLOPPY DISK CONTROLLER "'"
• INCLUDES SERIAL PORT , PARALLEL PORT, -

GAME PORT AND CLOCK/CALENDAR
WITH BATTERY BACK-UP

• SOFTWARE FOR A RAMDISK, PRINT SPOOLE R
AND CLOCK/CALENDAR

MID-BEllll 2nd SERIAL PORT $1515

MGT-IO

MGT-ATMF $139.95
ADDS UP TO 3 MB OF 1 BIT RAM TO THE A T

• USER EXPANDABLE TO 1.5 MB OF ON-BOARD
MEMORY INO MEMORY INSTAlLED)

• FLEXIBLE ADDRESS CONFIGURATION
• INCLUDES SERIAL PORT, PARAUEL PORT AND

CLOCK/CALENDAR
• OPTIONAL PIGGYBACK BOARD PERMITS

EXPANSION TO 3 MB

ITMF-IERllL 2nd SERIAL PORT $2415

MCT·ITMF-MC $2915
PIGGYBACK BOARD (ZERO K INSTALLED)
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PAGE WIRE WRAP WIRE
PRECUT ASSORTMENT

IN A SSORTE D COLORS $27.50
1 0Dea : 5 .5 " , 6 .0 " , 6 .5", 7 .0 "

2 5 00a : 2 .5 ", 4.5" , 5 .0"
500e D: 3 .0 " , 3 .5", 4 .0 "

SPOOLS
100 feet $4 .30 25 0 f ee t $7 .2 5
500fee t $ 13 .2 5 1 000 fee t S2 1.9 5

Please specify color:
Blue, Black, Yellow or Red

WIRE WRAP PROTOTYPE CARDS
FR-4 EPOXY GLASS LAMINATE

WITH GOLD-PLATED EDGE-CARD FIN GERS

.-I-~--'-I--o *_......-
_ c.. •

l 0":".. . . ........'..~_. ., "
ll"inll~

BOTH CARDS HAVE SILK SCREENED LEGENDS
AND INCLUDES MOUNTING BRACKET

IBM-PRl WITH +5V AND GROUND PLANE • 0 •• $27. 9 5
IBM·PR 2 AS ABOVE WITH DECODING LAYOUT $29.9 5

EXTENDER CARDS
IBM-PC $29.95
IBM-AT $39.95

IBM·PR 2

IBM

Pl00-l
Pl00·2
Pl00·3
Pl00-4

5-100
BARE · NO FOIL PADS •• • ••••••• • $15.15
HORIZONTAL BUS • • • • • • • • • • • • • • $2 1.80
VERTICAL BUS • • • •• • • • • • • •• • • • $21 .80
SINGLE FOIL PADS PER HOLE • • • • • • $22 .7 5

P500-1
P500-3
P500-4
7060·45

APPLE
BARE · NO FOIL PADS •• • •• • • • • •• $15.15
HORIZONTAL BU S • • . • • • • • • • • • • • $2 2 .7 5
SINGLE FOIL PADS PER HOLE • •• ••• $21 .80
FOR APPLE li e AUX SLOT • • • •••• •• $30. 00

6' LINE CORDS

EMI FILTER $4.95

•
- .

PS·A

$34.95

$49.95

PS·1 30

$99.95

$79.95

SWITCHING POWER SUPPLIES
$89.95

.. 75 WATTS, Ul APPROVED
• +5V @ 7A . +12V@ 3A

- 12V @ 250ma. - 5V @ 300ma

.. USE TO POWER APPLE TYPE
SYSTEMS . 79 .5 WATTS

• • 5V @ 7A. " 2V@ 3A
-5V @ .5A.-12 V @ .5A

.. APPLE POWER CONNECTOR

* 130 WAITS
* SWITCH ON REAR
* FOR USE IN OTHER IBM

TYP E MACH IN ES
.. 90 DAY WARRANTY

BIULD YOUR OW N
Z80 COMPUTER

PS-1558

.. FOR IBM PC-XT COMPATI BL E

.. 135 WAITS

.. +5V @ 15A. " 12V @ 4.2A
·5 V @ _5A . -12 V @ .5A

* ONE YEA R WARRANTY

PS·IBM/1SO

PS-A

PS-130

PS-IBM-150

PS-IBM

.69

.59
1.09

1.09 ...99
.99

5.9 5
7 .9 5

10.95
7 .95

$34.95

2AM P
4AMP
BAM P

.2 A M P

FRAME STYLE
TRANSFORMERS

12.6V AC CT
12. 6V A C CT
12.6VAC CT
25.2V A C CT

RESISTORNETWORKS
10 PIN 9 RESISTOR

8 PIN 7 RESISTOR
16 PIN 8 RESISTOR
16 PIN 15 RESISTOR
14 \>IN 7 RESISTOR
14 PIN 13 RESISTOR

~ .

"."'."'."'....,..
;>j.

"'.
~.

~.

SPECIALS ON BYPASS CAPACITORS
.01 /.1f CER AMIC DISC 100/ $5 .00
.01 /.1f MONOLITHIC 10 0/$10.0 0
.1 /.If CERAMIC DISC 100/ $6 .50
.1 /.If M ON OLITH IC 100/ $12.50

ID W RA P 2 4

SIP
SIP
DIP
DIP
DIP
DIP

1/4WATT RESISTORS
5% CA RBON FILM ALL STANDARD VALUES

FROM 1 OHM TO 10 MEG. OHM
l ope s snrne value .05 100 PCS same value .02
50 PCS same w lue .0 2 5 10 00 PCS same ViJIue .015

• ERA SES 2 IN 10 M IN UT ES
'* COMPACT· NO DRAWER
• TH IN M ETA L SH UTT ER

PR EV EN TS U V LIGHT
FRO M ES CA PING

25PIN D·SUB
GENDER

CHANGERS
$7.95

DATARASE EPROM ERASERCAPACITORS
TANTALUM

15V .3 5 .47pi 35 V .45
15V .70 1.0 35 V .45
15V .80 2 .2 35 V .6 5
15V 1.35 4.7 3 5V .85
3 5V .4 0 10 35V 1.00

DISC
50 V .0 5 68 0 50V .0 5
50V .0 5 .00 1pi 50V .0 5
50V .0 5 .0022 50 V .05
50V .05 .00 5 50V .0 5
50V .05 .0 1 50 V .07
50 V .05 .02 50 V .07
50V .0 5 .0 5 50V .07
50V .0 5 .1 12V .10
50V .0 5 .1 50V .12

MONOLITHIC
50V .14 .lpi 50 V .18
5 0V .15 .47pi 50V .25

ELECTROLYTIC
RA D IAL AXIA L

2 5V .14 l pi 50 V .
, 4 1 BOOKSBySTEVEClARClA35 V .15 10 50 V .16

50 V .15 22 16 V .14
50V .15 47 50V .2 0
35 V .18 10 0 35 V .2 5
16V .18 220 25 V .30
35V .2 0 470 50 V .50
25V .30 10 0 0 16 V .60
16 V .7 0 22 00 16V .70
2 5V 1.4 5 47 00 16V 1.25

SOCKET·WRAP I.D.1M
'* SLIPS OVER WIRE WRAP PINS • I'V ~ !; ..... .
'* IDENTIFIES PIN NUMBERS ON WRAP e = 7 A

SIDe OF BOARD e5 :.-c:
~~:SN WRIT:A~~ :LAS~lg~~~~H A~~~C~ :: v

8 IOWRAP08 10 1. 9 5 1 .~

~: :g~=~ ~ : ~ g ~ :~~ eo-
18 IOWRAP 18 5 1.9 5 .....
2 0 IOWRAP 2 0 5 1.95 .....
22 IDWRAP 22 5 1.95 • ~
24 IDWRAP 24 5 1.95 • ~
28 IDWRAP 28 5 1.9 5
4 0 IOWRAP 4 Q 5 1.95 "-_......--=~

PLEASE ORDER BY NUMBER OF
PACKAGES IPCK. OF )

WISH SOLDERLESS BREADBOARDS

.38 x 6 .50" 1 100
1.3 8 x 6.50"

3 .94 x 8 .4 5"

5.1 3 x 8.4 5"

6.88 x 9.06"

8.25 x 9 .4 5"

LITHIUM BATTERY..ml @_
3 VO LT BATT ERY
BATTERY HOLD ER

2VQLUME SET
1986

Ie MASTER
THE INDUSTRY STANDARD

$1 29.95

CIRCLE 184 ON FREE INFORMATION CARD
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sOLIe @STATE .' e
BUZZER
Star # SMB-06L
Bv dc
TTLcompatible.
51.00 ea ch
10 tor 59.00

2K10TURN
MULTI-TURNPOT

~
SPECTROl

• " MOD534·7161
$5.00 EACH

RELAYS
10 AMP SOLID STATE

CONTROL, 3 ·32 vdc ,~
LOAD, 140 vee 10 amp\~B~
SIZE : 2 lf.r~x ~~ x71a~ \~

$9.50 EACH 10.FOR $90. 00

ULTRA-MINIATURE
5VDCRELAY

Fujitsu ' ~FBR211NE0005M20

~~rL~e1n~g~;{,S .
CONTACTS: 1 amp
Mounts in14 pinDIPsocke t
$1.25 each 10 tor $10.00

MINIATURE
6VDCRELAY

~~~:~~~I~D-6V ~~"
S.P.D.T. relay -
GOld colb att
contacts rated
1 amp @ 30 vdc. Highly sens itive,
TI Ldirectdrive possible. 120 ohm

coil.
Operate from 4.3 - 6 voc.
COIL: 1200hms $1.50 each
13/" x 13/32' x 7/,, ' 10 tor $13.50

13 VDC RELAY ,

fo°a'-:';~~~20S~~~C
Energize cod to
open contact . __
COIL: 13vdc 650 ohms

SPECIALPRICE$1.00 ea c h

4PDT RELAY . _

~~~~~~~~~s ...·. ~
USED but fUlly
tested . .. .$1.70 each

~Ft~;~f~i~~~~~~~~~~~Ired
LARGE QUANTITIES AVAILABLE

SOCKETS FOR KHRELAY
75t eac h

8" 15 WATT SPEAKER

C.T.S Model 8B3079 \I
Full range speaker. • l ·1
l 00-10,OOOHz; f •~
Ideal for PA systems. ':
Mounting holes for .
line-matching transformer.

CAH SK-815
$3.50 ea. Case ot 8 pes .

$25.00 pe r ceee

53.00
s 1 .75

$2.00
$3.00
$4 .00
$4.85
$7.00

$2, 00
$2 .50
'·US
$6.75
$9.50

$11.00

120 volt
primaries

13.8VDCREGULATED POWER SUPPLY
These are solid s ta te. fUlly regulated 13.8 vee
power su pplies . Both feature 100% so lid s tate
construction. fuse protection, and L.E.D. power
indicator. U.L. listed.
2 amp con s tant , 4 amp surge $20.00 each
3 .mp co nstant, 5 am p surge $27.50 uch

MICRO-CASSETTE MECHANISM

~

WALL
TRANSFORMER

11 .5 Vdc
1 ,95
Amp.

INPUT :
S IZE: 120 Vac

33/4" X 2 7/8" X 2 5/8"
CAT # DCTX-115 19

56.50 eac h

5.6 volts @ 750 rna .
6.3 volt @ 600 rna.
12 V.C.T. @ 200 rna .
12 V.C.T. @ 400 rna .
12 V.C.T.e 1 amp
12 V.C.T. @ 2 amp
12 V.C.T. @ 4 amp
18 volts @ 650 mi .
24 V.C.T. @ 200 rna.
24 V.C.T. I[J. 1 amp
24 V.C.T. @ 2 amp
24 V.C.T. @ 3 amp
24 V.C.T. (/J' 4 amp

TRANSFORMERS

8

EDGE
CONNECTORS

ALL ARE .156" SPACING.

Mic ro- cassett e ta pe transport fo r
sta ndard MC 6 0 o r MC 4 5

C~c~ia-i~~~sd:I:: ' m~t~i~cb~ Ft~ r~~~~:
ca ps ta n, pin c h wh e e l a nd other
com ponents . 3 1/2" X 2 1/4" X 5/8"
CA T# MCMEC $3.00 each 10 fo r S27 ,50

TI SWITCHING POWER SUPPLY
Compact . weu- requta ted switching power supply •
des igned to power Texas Instruments computer ,. " .
equipment. • SPECIAL -!iTh!~

INPUT: 14 - 25 vac (C)1 amp LI.=-i ,
OUTPUT; + 12 Vde $ "':l50ma. PRICE • -

~ :vv~cc@ ~6~~~~ $3 .50 ~
S IZE: 4~~ x 4 \4 ·x1 \4 · h igh each

Ca t l UNCC- N $1 2.50

22 EDGECONNECTOR $1.25 ee
so lder lug style 10 for $11.00

22 /44 EDGE CONNECTOR
$2.00 ea PC. s tyle 10 tor $18.00

22/44 EDGE CONNECTOR
so lde r lug style $2.50 eac h

28/56 EDGE CONNECTOR
PC. sty le $2.50 e l

36/T2 EDGECONNECTOR
ac. style $3.00 each

43/86 EDGECONNECTOR
PC. style $4.50 ea c h

Will charge

:~~; eve~rY,.,
Ni -cad
ba t te ry
a v a i l a bl e .

e xte rn al co a xia l rel a y on a
sa te llite TV s yst em , IDEAL FO R ~

THE EXP ERIMENTOR AS PARTS . __
He a vy c ha ssis bo x co nta ining a

5 Vdc rela y,CA 358 op a mp "
and othe r parts . Ca ta log ' RDPS

51. 75 each 1 0 f o r 515 .00

POLARITY SWITCH

4 tor $1.00
3 tor $1.00
4 for $1.00
3 for $1.00

3 to r $1.00
$1.50
$1.00
$1.00

75<
T5<

TRANSISTORS
2N706
2N2222A
PN2222A
2N2904

2N2905
MJ2955
2N3055
PMD10K40
TIP121
TIP125

WALL
TRANSFORMERS

a l!t.~!~~~:;~IY ~l
4 VOC @ 70 ma. $2.00
6 VAC @500m a , $3.50
6 VDC @750ma. $4.50
9 VDC @ 500 ma. $5.00
12,5 VAC @265ma. $3.00
18 VAC @ 18 VA and

8.5 VAC f[t 1.28 VA $3.50
24 VAC @ 250 rna, $3.00
MULT I-VOLTAGE @500 rna.
3,4V2,6,71Jt,9 or 12 vec $7.50

~
MINI-BOX

Pomona # 2104. I------------.L.---.,;.:.,;.:;;,;;;;:--__•
~, $1.00 EACH

... .~ Heavy-duty black
pheno lic project box with cover and
sc rews . 2¥e- X 1 Y2 ~ X 1112:

D.RS,T, LIGHTED
ROCKER SWITCH

1 1 5 vaC lig h ledrOCker,@~- .....

~.~~a~ ~/~~g~~~~ .. ~
Orange lens . 16 amp
cont act . • •
$1.50 '

MINI-PUSH BUTTON

~:~a~iy"'o~~ntary~1----"'7.~-:-:--------I
"' - bushing. 35t eac h
Red button. 10 tor $3.00

/~NAP ACTION
~ . SWITCH

Cherryelect. # E-21. N.O. or N.C.
0.1Acontacts. Suitable for alarms
and other lowenergy circuits.
H'I- Iever.

45t EACH 10FOR $4.20

RECHARGEABLE
NI-CAD BATIERIES

~ (§§;]) ~
AAA SIZE 1.25V500mAH$1.85
AA SIZE 1.25V500mA H $1.85
AA with solder tab $2 .00
C SIZE 1.2V1200mA H $3.50
SUB-C ,S IZE solder lab $3,50
o SIZE 1.2V1200mAH $3 ,50

SOUND EFFECTS BOARD
PC bo a rd with 2 1 / 4 n s peake r , I
2 LEDs , I e , ba tte r y snap ,
other com ponen t s 2 3/ 8 1Ox 3 " .
When swi t c h is p u shed . \
b oard b e e p s a nd l e d s l i gh i( ©
Ope r ate s o n 9v battery "-__'
(not i n c l ude d )
Expe r i me nter 's de light *
CAT' ST-3 51.2 5 e a .

Stancor 11TTPC-8 or
Triad II TY-304 P

600 ohms c.t. 10 600 ohms c.t .
P.C. board mount
3/( " x Sl8 " x 3 /4 "

11.25 • • ch

a UANTITIES LI MITED TOLL FREE ORDERS

M~~~~~~g~~~~~:~oA~O 800.826.5432
USA' $3.00 SHIPPING IN CA (800 -258·6666)

NO C.O.D.I
FOREIGNOROERS, INFO" (213) 380-8000

INCLU~;I:~~~Cl~NT FAX. (213) 389.7073

LED'S
STANDARD JUMBO
DIFFUSED T 1-3/4

RED 10for $1.50 "100 tor $13.00
GREEN 10 tor $2.00

100 tor $17.00
YEl l OW 10 for $2.00

100 tor $17.00

ALL ELECTROniCS (ORR
ffi[S[S @[S@CSuW@@OCS@ CS@w[M

MINIATURE TOGGLE SWITCHES
ALL ARE RATED5 AMPS @ 125 VAC

MAIL ORDERS TO :

ALL ELECTRONICS
P.O. BOX 20406

Los Ang eles . CA 90006

TWX - 101010163
ALL ELECTRONIC

S.RD,T, ~ S,RD.T, • S,RD.T. ~(on-on) (on-on) (on-ott-on)
PC. style Solder lug So lder lug
non-threaded terminals. te rminals.
bushing. ~~~,j $1.00 eac h $1.00 eac h
75t eac h ..- 10 tor $9.00 10 tor $9.00
10 tor $7.00 100 tor $80.00 100 tor $80.00

S.RD,T. ~ S.RD.T. i D.RD.T. j(on-ott-on) (on-on) (on-on)
PC. style ih7e~~~~ Solder lug .

~~~h~~~aded 'U ~ ~~~honega ch ~ ~e;.O~n:~~ h
75t each ,!.,!, 10'to $9 00 10 tor $19.00
10tor $7.00 100 t~r $80.00 100 tor $180.00

SOUND AND VIDEO
MODULATOR

Tlt UMl38l - l Designed for use with
T .I. computers . Can be used with
video cameras , games o r other
audio/video sources. Built in A/ B
s wi t c h enab le s user t o sw itch fro m
T. V. antenna wi thou t d is c o n n e c t i o n .
Ch anne l 3 or 4 se let i o n. Operate s on

~~T~d~VM~~Ok-UPS~:~6r::c~~cl uded ·_-~~~~1

XENON FLASH TUBE

~

3/4" long X 1/8" eta . Flas h
tube desiqned for use In
compa ct ca me ra flash units.

~~~;O~~1?i r i~ef~~ r~i ,00

SP.S.T.

TOGGLE
SWITCH

48 KEY ASSEMBLY
FOR COMPUTER OR

HOBBYIST
/"~"':J

••~~ - ----

NEWTJ.KEYBOARDS. Originally

~~~~~cn~~~~kes~p~~~f.;;,~~·
a nica l sw itches . Ter mina te s to
15 pin connector. Fra me 4" x 9'
CAT # KP-48 $3 .50 eac h

__~~==~~I Th i s de vice
1II~ ! fflll 000 conta i ns a

ED
photocel l

(l) EEl- whi ch sense s
, 0 s ud d en c ha nge s
.. - i n amb ient li ght .

When a n object o r person COMMODORE PRINTER PLOTTER
pa s s e s withi n i t 's f i eld 4 ' h Commodore Model If 1520
of v iew ( about 5 I ) it b ee ps an c Four color X-V plotter. Standard VIC
for severa l second s t h e n reset s .~pape"r, serial interf ace allows easy connection
Co u l d be use d as a d oor annu n- to Commodore 64 computers. Up to 80
c i a t o r or mo d i f i e d to tr igger _ characters per fine.
other devi c es . 5 1 /2 " x 4 " x 1 . ~
Op e r ate s o n 6 v d c , Req u i r e s 4 AA \\ "....- CAT #ICOM~1520
batter i e s ( no t i nc luded~ . " $49 .95 each
CAT ' LSMD $5 . 75 per u n i t; EXTRA pen sets $ 1.50 per set.

CARL I NG
( on- off )

RATED :
10 amp

@ 125 Va c .
Al l plastic body

a nd togg le .

CATI STS-1 ~'
Sl. OO e a .

l O f o rS8 .5 0 - '.
1 00 f o r 57. 50

LARGE QUANT I T I ES

FLASHER LED

,~ 5 volt operatio n

"

red lumboT 1 ~ SIze

CAr.. LED-4 $1.00

NEW GREEN FLASHER
CAT #L ED-4G $1.00

BI-POLAR J um~~~rWi~e

LED HOLDERS
Two piece holder S @
for jumbo LED

1-----------110for 65< 100for $5.00
CLEAR CLlPLITE

LED HOLDER
Make LEDa fanCY&)
indicat or. Clear.
4 for $1.00

FUSES CF=d
3AG(AGC) SIZE
1,1 1>,2 , 21> , 3, 4,5,6 AMP
GMASIZE ~
1, 2,3 , 4, 5 AMP
5 of any ONE amperage 75¢

ROTRONI
MX77A3
Muffin XL
220 Vac
4 1/88 square
metal frame fan.

CAT. CF-220 $6.50 ea
10 lor $60.00 / 100 lor $500.00

3rd TAIL
LIGHT?

S leek
high-tech
lamp
assembly .
Co uld be
used as a
third auto
t ail l i g h t , e me r g e n cy
wa r n i n g light , or
spec ia l -ef f e cts l amp .
Red ref lect i ve l e ns
i s 2 3/ 4 " x 5 1/2 "
i s moun ted o n a
4 " high p e desta l
with up-down sw i vel
adjustment . I ncl ud e s
l2v replacea ble b u lb .
~ S3 . 95 each .

SPRING LEVER
TERMINALS

Twocolor ffiJ"coded _ •

~~~~~~:.~~a 0 li li .
3¥4~ bakelite . • •
plate .
Grea t for speaker enclosures or
power supplies .

75¢ EACH 10 for $6.00

~
PHOTO-FLASH

I CAPACITORS

~
' _ ' ' 17 0 ~IFD 330 Vo lt

I , CAT. PPC- l 7 0
75 c ea c h

4 00 MFD 330 v o l t
CATI PPC- 400 51 .00 e a

COMPUTER GRADE
CAPACITORS

1,400 mfd. 200 Vdc
3" X 2 " di a . 52 .00

6,400 mfd 60 Vdc
4 1/ 4 " x 1 3 / 8 " d i a , 52. 50 1- --:..:...._.__--;;-;::-;::;-;~--__t

7,500 mfd 200 Vdc
3/ 4 " x 3 " dia . 54 . 00

12,000 mfd 40 Vdc
4 1/4 " x 2 " d i a • 52 .50

22,000 mfd 25 Vdc
4 3/ 4 " x 2" d ia . 52 .50

48,000 mfd 10 Vdc
3 " x 2 1/2 " di a . 52 . 50

66,000 mfd 15 Vdc
3 3/ 4 " x 3 " d ia. 53 . 50

72,000 mfd 15 Vdc
4 " x 2 " d La , S 3 .50

100,000 mfd 10 Vdc
6 " x 2 1/2 " d i .a , S1.00

STORES aac
LOS ANGELES, CA V1S4
905 S , Ve rmont Ave . '
213380·8000 _

VAN NUYS, CA ~.'l
6228 S epulveda Blvd , ..
818997-1806
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69.50
59.50

.. 74.50

20.00
10.00
10.00
6.00

EAST/SOUTHEAST
Stanley Levit an
Eastern Sales M anager
Radi o- Elect roni cs
259-23 57th Ave nue
Litt le Neck, NY 11362
718-428-6037, 516-293-3000

PACI FIC COAST/ Mo unta in State s
M arvin Green
Pacifi c Sales Manager
Rad io -Elect ro n ics
15335 M orri son St.-Suite 227
Sherman O aks, CA 91403
818-986-2001

For Advert ising O NLY 516-293 -3000
Larr y Steckler

pu bli sher
Arli ne Fishman

adv er t ising d irecto r
Shelli Wei nman

advertis ing associate
Lisa Strassman

credit manager
Christi na Estrada

adverti sing assistant

SALES O FFICES

MI DW ESTfTexas/Arkansas/O kla.
Ralph Bergen
M idwest Sales M anager
Rad io -Electron ics
540 Fro nt age Road-Suit e 339
Northfie ld , IL 60093
312-446-1444

Gem sback Publ ications, Inc.
500-B Bi-County Blvd•
Farmingdale, NY 11735
(516) 293-3000
Presiden t : Larr y Steckler
Vice Presid en t : Cathy Steckler

195 Part s Express. . . . . . . 106

101 Pomona Electronics .. . 3

RCA D& SP . . . . .32

78 Radio Shack ...... .. . III

176 Regency . .. . I I

177.178 Sencore . ... .. 27.29

179.180 Sencore . . . 31.33

192 Silicon Valley Surp lus. . . 124

74 Sol id State Sales . .. 108

94 Star Ci rc ui ts .43

204 TS M .. . . . . . . CV 3

92 Tek tronix . . CV2

185 Tentel . .. . .. .... .. 83

202 U.S. Cable/Movie Time . . . . .. . . . .. . . 41

200 United Electro nic Supply . . . . . . .. .. .. 85

. 42

.. 42

. . . 79

Page
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. ... .. 20

.. .. .. 20

.. ... 10

. .. . 42.43
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.. 75
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.. .. 30

.. 16

. . . 43

. . . . . . ... .... 107

. 34

Omnitron .

PC Hoard s .

Paci fic Cable

NTS

NRI ..

Fordham Radio 14

Grantham College of Engineering 44

. .... ... . 21

13.39

. . . . . .. . 88

.8 9

... 7

. 118.1 19

. . 120.121

.. .. 122

. 112.1 13

. 30

.. 43

Elephant Electronics .

Fi resti k II .

Fluke Ma nufacturing .

Coop's Satelli te Digest .

Crosley .

Crys tek .

DA K In dustries .

Daetron . ..

Deco I ndustri es . .

Cameo Enter pr ises .

123

A mazing Devices . . . . 124

A merica n Design Components . . 114. I 15

Beckman Industr ial. . . . . . . . . .. CV 4

Blue Star Industr ies .

C & S Sales . .

C.O.M .B . .

CIE .

A .I. S. Satellite. . 43

AMC Sales. . . . . 28

Advanced Video 42

All Electronics .

186

110

191

120

100

121

62 Ham eg . . .

86 Heath . ..... . .... . .

ISCET

65 .I&W. . .

59 .lD R Inst ruments

113.181 .lD R Microdev lces . .

182.183 .lDR Microdevices ..

184 .JDR Microdevices .

114 .Jameco . ..

104 Jan Crystals ..

115 J ensen Tools.

.Joseph Electronics.

197 Kepro ..

87 MCI\I Electro nics . .

198 MD Electronics .

93 M ark V. Electronics

1% Merce r ..

61 Microprocessors Unltd • . .

117 Mouser .

189

187

188

127

194. 205 Circuit Cell ar .

95 Dick Smit h Electronics. . . . 38

82 Di~i-Key . . 116

Educalc Publ ications . 5

RADIO-ELECTRONICS does not assume any responsibility for errors that may appear
in the index below.

Command Productions 88

79 Comm unications Electro nics . . . 15

199 Computer Technologies . . . . . 104

190 Cook 's Institute . . 88

ADVERTISING INDEX

6U

89

2UI

98

85

109

Free Information Number

81

108

203
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.....s 20.00
20.00

149.50
..... .................. 169.50
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PLANS- BuildYourseil-Ail Parts AvailableInStock
oLC7-BURNING CUTIING CO, LASER
oRUB4-PORTABLELASER RAY PISTOL....
oTCCl - 3SEPARATE TESLACOIL

PLANS TO 1.5MEV.... .. ..
oIOG1 - IONRAYGUN...
oGRA1-GRAVITYGENERATOR ..
oEML1- ELECTRO MAGNET COILGUN/LAUNCHER .

KITS
oMFT1 K-fMVOICETRANSMITIER 3MI RANGE .. 49.50
oWlPM5K- TELEPHONETRAN5MITIER3MI RANGE 39.50
oBTC3K-250.ooVOLT 10-14" SPARKTESLACOIL. 199.50
oLHC2K-SIMULATEO MULTICOLOR LASER 3950
oBLS1K-1oo,OOOWATT BLASTER DEfENSE DEVICE. 69.50
oITM1K- l oo,OOO VOLT 20' AffECTIVE

RANGEINTIMIDATOR. ....
oPSP4K-TiME VARIANT SHOCK WAVEPiSTOL .
oPTG1K-S PECTACULAR PLASMA

TORNADOGENERATOR.......
oMVPIK SEEIN DARK KIT..

ASSEMBLED
oPG7DH- MULTICOLORED VARIABLE

MODE PLASMA GLOBE "7" 425.00
oBTC1D-50,OOOVOLT-WORLD'SSMALLEST

TESLACDIL............................................... . 44.50
oLGU4D-1MW HeNe VISIBLERED LASER GUN ...... . .. 299.50
oTAT20 AUTO TELEPHONE RECOROING DEVICE .. 24.50
oGPV1D-SEE IN TOTALDARKNESS IRVIEWER 299.50
oL1SnD-SNOOPERPHONE INfiNITY TRANSMITIER.. . .. 169.50
oIPG7D-INVISIBLEPAINfiELDGENERATDR­

MULTI MODE ..
I

• CATALOG CONTAINING OESCRIPTIONSOf ABOVE PLUS
HUNDREDSMORE AVAILABLE FOR $1 .000R INCLUDEDfREE
WITHALL ABOVE ORDERS.
PLEASEINCLUDE$3.00PH ON ALL KITSANDPRODUCTS
PLANSAREPOSTAGEPAID. SENDCHECK, MO,VISA. MC IN
US fUNDS.

INFORMATION UNLIMITED
P.O. BOX715, DEPl.RE,AMHERST. NH 03031

BUILDING A ROBOT?
MOTION PACKAGE ~

DIRECT GEAR DRIVE FOR
WHEEL S 12 INCH OR LARGER 9900

I N CLUDES:
2 ERDC MOTORS
2ER16 : I GEARBOXE S
2ER 2 4 T OOT H STEEL SPUR GEARS
2EA60 TOOTH N YLON IDLE GEARS
2EA235 TOOTH 12INCH DRIVE GEARS

M OTOR, GEA RBOX, & IDLE GEAR ARE PRE-
ASSEMBLED . DRIVE GEAR I S READY TO
M OUNT ON YOUR WHEEL .

VDC RPM NO LOAD STALL MPH PARTIAL

2 4 34 BOO MA 10.OAMP 1.25 DATA
LISTING

IB 2 7 600 MA 7.5AMP .96 SEND FOR
12 1B 500 MA 5 .0AMP .64 COMPLETE

6 B 450 MA 2 .5AMP .2 1 LISTING

SEND POSTCARD FOR COMPLETE LIST
OF ROBOTICS "-01
PARTS ~I

1
MICROS=I ~ 6"
COUNTS TEETH i~

'lGIVESDIST~~b
~ WITHINi lNCH

"'-./ 32

T YP ICAL
INSTALLATIONm. DI AGRAM ~

mm jim U~ FOUR BOLTS.~
HOLD 12 I NCH

i- GEA R TO TIRE . -+

L
TIRE TURN S J

FREE ON AXLE

TERMS :COO DR PREPRID ONLv .PREPAIO,ALLOW 2 WEEKS
FOR CHECK TO CLEAA.COO ' CASH OR CERTIFI ED CHECK
ONLv. ADD $1.90.0FFER GOOD WH ILE SUPPLI ES LRST.
STORE PR ICE MA'" 0 IFFER . PA ICES MA'" CHANGE

S iliconValleySurpIus
440I OAKPORT

OAKLANO CA .

415-261-4662 94001
415-20 1-4002

1OAM-6PM CLOSED SUN s; MON HIGH ST. & 880

(J)

U
Z
o
a:
I­
U
ill
--'
ill

6
o
-c
a:
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~ ~

~ 2065 boston post road. t.chrnont n.y.l0538 914-834-7190 ~
~ ~
~ Tha nk you for visiting us at the Summer C.E.S . in ~
~ Chicago (Saturday, May 30 thru Tues day, June 2, 1987). ~
~ See show directory for our boo th nu mber. ~
~ Welcome aga in ! ~
~ ~
~ TSM KITS - A LIBRARY OF KITS AND ELECIRO"'IC ~
~ S
~ APPLICATIONS . ~

~ • 1 in Europe since 1966. ~
~ presented in a unique, appealing video -type packaging ~
~ covering various subjects such as ~
~ amplifiers, alarms, pre-amplifiers, color organs , ~
~ power supplies , measurement , car applianc es , home appli anc es, ~
~ receivers, etc . More than 60 kits available and more to come. ~

~ MECANORMA; PCB JRANSFER SHEETS· ~
~ Photo-engraving method ~
~ Transfer symbols for direct etching. ~
~ SIEBER SCIENTIFIC ~
s s
~ Double-sided bread board for easy ~
~ assembly - no soldering required ~
~ professionnal heavy-duty models ~
~ for teaching, design and qu ick evaluation. ~
~ LA TOLERIE PLASllQUE ~

~ wide range of tooled plastic ~
~~~ ~
~ flexible custom-design ~
S S
~ easy assembly ~
~ CIF LE CIRCUIT IMPRIME FRANCAIS ~

~ quick, professional etching .machine ~

~ TSM El...ECfRONIC COMPONENTS ~
~ import/export ~
~ large var iety of brands ~
~ full range of compon ents ~

~ ~
~ ~
~ TSM in America INC ~

~ 2065 Boston Post Road ~
~ Larchmont NEW YORK ~

~ 10538 ~s s
~""', ,"', , , , , " " , , " , ,~

# It in EUROPE
51nCE •• _
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More Functions. SmallerBudget.
Beckman Industrial Circuitmaie' DMMs

put hFE, Logic) Capacitance) Frequency and
True RMS In }bur Hand For Less.

Anti-skidpads

DM850
TrueRMS

Frequency counter to
200KHz
DataHold display
capability
Continuity beeper

TrueRMS

Built-inbail

4'h digits. DCVaccuracy
is.05% +3 digits

·,.......~ri=a.TM..........~........

See your Beckman Industrial distribu­
tor anddiscover more DMM performance.
For less.

Price: DM850 (True
RMS). . . .$219.95>
DM800 (Average)
..... .. .$169.95>

Beckman Industrial Corporation, Instrumentation Products Division
Asubsidiary ofEmerson Electric Company
630PuenteStreet. Brea. CA 92621
(714)67t-4800 • FAX, (714)671-4874• TLX, 188790
©1986Beckman IndustrialCorporation

"Suggested list price(SUS) with battery. test leads and manual.

fits in a shirtpocket, yet gives you a full size
3'h digit, 3/8 /I readout. Not tomention a
complete line ofaccessorieslike test leads,
current clamps, even probes that can extend
your DMMs range andsensitivityAll
designedto work flawlessly with your
Beckman IndustrialCircuitmate DMM.

Anti-skidpads

Capacitance:5 ranges
(2nFto2O!'F)

hFE (NPN or PNP):
1range(1000)

Built-inbail
Continuitybeeper

DM25L
Capacitance, Logic,
hFE 589.95*
TIL LogicProbe:20MHz

Hilloloffindications
Detects25nSpulse
widths

also givesyou frequencycounting. Afull­
function DMM, and more, doesn't have to
costover sI69.95. If it's a Circuitmate
DM800.

Or, for a few dollars more, get true RMS
(AC coupled) tolet you accuratelymeasure
non-sinusoidal AC waveforms, and allthe
capability ofthe DM800, in the DM850.

Of course, there'sa wholerange of
Circuitmate DMMs andservicetest instru­
ments, including the DM78 autoranger that

DM20L Pocket-Size
w/LogicS69.95*
TILLogicProbe: 20MHz

Hilloloff indications
Detects25nS pulse
widths

Dhms-8 ranges(200 ohms
to2000 Megohms)

Continuitybeeper

DMM: Input Impedance­
10 Megohms
DCAlACA-5 ranges
(2OO!,Ato2A)

hFE (NPNorPNP):
1range (1000)
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Get more, for less. It's a simple defi­
nition of value. For DMMs, value means
finding the combination ofcapabilities that
meets your needs at the right price. Without
losing Sight ofaccuracyandreliability
If you want more functions ata low price,
Beckman Industrial's Circuitmate" Digital
Multimeters arethe best valuearound.

From the pocket-sized DM20L to the
DM850, with true RMS capability and accu­
racy to 0.05 % ± 1digit, Circuitmate DMMs
give you thefunctionsyou need.

For instance, theDM20L puts botha
Logic Probe, a transistorgain function (hFE),
anda full range ofDMM functions in the
palm ofyour hand. For only S69.95.

Then there's theDM25L. Where else
does S89 .95 buy you a Logic Probe, capad­
tancemeasurement, transistor gainfunction
(hFE), and 24DMM rangesincluding resist­
anceto 2000 megohms?Nowhere else.

When high accuracy counts, there's the
DM800 with a 4 Y2 digit display. The DM800
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