


TEK2236100 MHZ
OSCILLOSCOPe

THE ANSWER
BY ANY MEASURE

100 MHz scope, counter, timer,
multimeter: All one integrated system.

100 MHz dual
time base scope.
3.5 ns risetime ;
sweeps from 0.5 s
to 5 ns/d iv; alter
nate sweep; ±2%
vertica l/horizontal
accuracy ; vert
ical sensit ivity to
2 mV/div@
90 MHz.

9-dlgit fluores
cent display.
Digita lly accurate
readouts accom
pany the CRT
wave form. Error
messages and
prompts also
appear on the
display.

Dc volts and ac
coupled true
RMS volts. Mea
sured through the
Ch 1 scope input.

Gated measure
ments. Use the
scope's intensi fied
marker to measure
frequency, period ,
widt h and to co unt
events within
specified portions
of the signal.

Auto-ranged,
auto-averaged
counter/timer.
Frequency, period,
wid th, delay time,
~-time , plus total
ize to more than
8 million events
- with 7 digits
plus exponent
displayed.

Auto-ranged
DMM. Use floating
DMM side inputs
with up to 5000
count resolution.
Get prec ise read
outs of average de
and true RMS volt
age. Measure
resistance from
milliohms to
gigohms.

Now make measurements
faster, easier, with greater
accuracy and user confidence.
The Tek 2236 makes gated coun
ter measurements, temperature ,
time , frequency, resistance and
voltage measurements push 
button easy. You see results con
currently on the 9-dig it numeric
readout and CRT display.

Its complete trigger system
includes pushbutton trigger view,
plus peak-to-peak auto , TV
line, TV field , single sweep and
normal modes .

At just $2650~ the 2236
inc ludes the industry's first 3-year
warranty on all parts and labor,
including the CRT.

Integrated measurement
system. 3-year warranty. 15
day return policy. And expert
advice. One free call gets
it all! You can order, or obtain lit
erature, through the Tek National
Marketing Center.Technical per
sonnel , expert in scope applica
tions, can answer your questions
and expedite delivery. Direct
orders include probes, operating

manual , 15-day return policy, full
warranty and worldwide service
back-up.

Ordertoll-free:
1-800-426-2200
Extension 57
In Oregon call collect:
(503) 627-9000 Ext. 57
Or write Tektronix, Inc.
P.O. Box 1700
Beaverton, OR 97075

COMMITTED m EXCELLENCE

Copy right ©1984, Tektronix. Inc . All rights reserved . TTA-324-1. ·U.S. Domestic price F.O B Beaverton. Oregon. Price sub ject to change .

CIRCLE 261 ON FREE INFORMATION CARD
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BUILD THIS 45 $99 SATELLITE-TV RECEIVER RADIO
Here's your chanc e to get started receiving 97 ANTIQUE RADIOS
Satellite-TV! Richard D. Maddox Battery powered radios

49 HOME SECURITY SYSTEM from the 1930's.
Part 2. This build-it-yourself system combines Richard D. Fitch
professional features and a price yo u can
afford. Anthony l- LaMartina VIDEO

57 VIDEO TlTlER 6 VIDEO NEWS
Part 3. Now you can build your deluxe video A review of the fast-
titler! Wasn't it worth the wait? jack Flack changing video scene.

75 PC SERVICE David lachenbruch
Use the direct-etch foil patt ern s to make your 108 SERVICE CLINICvideo-titler board and the system di splay

Servicing old TV's.board for the home-secu rity system.
jack Darr

ECHNOLOGY 92 SATELLITE TV 109 SERVICE QUESTIONS
The Ku band. Bob Cooper, Jr. Answers to your TV-service

63 HEAT-PROOFING YOUR PROJECTS questions.
Proper design techniques can protect your
project from the devastating effects of excess COMPUTERS
heat. Vaughn D. Martin and Billy W. Davis

Following COMPUTER DIGEST
67 REPAIRING COMPACT DISC PLAYERS page 94 Hard disks, computerized

Part 3. Find out how CD players work-s-and speaker desi gn, 555 circuit
what to do when they don 't. design and more.
john D. lenk

84 ROBOTICS EQUIPMENT

Voice recognition for robots. REPORTS

Mark l- Robillard 32 STB Systems Chauffeur

IRCUITS AND
Video Board

53 CURING ELECTROMAGNETIC INTERFERENCE 36 Scope DVM-638 MultimeterOMPONENTS Part 2. How to use proper shielding and
grounding techniques to eliminate EM!.

DEPARTMENTS
Michael F. Violette
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A simple CMOS switching circuit.
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Wh at's new in sate llite TV for 1986? A
receiver to r $100! W hat a way to kick off th e
new year! The receiver show n on th e cover
is a prot otyp e of a sate ll ite receiver th at is
available in kit fo rm from Di ck Smith Electron ics. The receiver per
forms as well-o r better than- many commercially availabl e satell ite
receivers. Its low pri ce makes it an id eal way to begin assembl ing your
own TVRO syste m. Of course, for a complete system, you mu st add a
downconverter, an LNA, and a di sh, like th e Uniden UST110show n in
the backgroun d .

If you already have a syste m, can yo u think of a better way of adding
a second receiver? The recei ver we'll show you is easy to bu ild. We
even provide the fo iI pattern for the board! The hard -to-get parts are
available separate ly, and a complete kit is also available . For more on
thi s price/p erformance breakthrough , turn to page 45.

NEXTMoNTH
THE FEBRUARY ISSUE IS
ON SALE DECEMBER 31

BUILD A WIRElESS VIDEO-CAMERA LINK
Now yo u can record video images without bein g ti ed
to yo ur VCR.

BUILD A $99 SATElLITE RECEIVER
We cont inue w it h construction details.

BUILD A HUMIDITY MONITOR
With stat ic-sensit ive devices, humidity is not just a
summe rti me concern !

TRANSISTOR SWITCHES
Design yo ur t ransisto r switch ing circu its fo r peak eff i
cie ncy.

BUILD A SIM PLE SYNTHESIZER
It 's fun to build and even more fun to pl ay.
Asa serviceto readers. Radio-Electronicspublishesavailableplansor Informationrelating to newsworthyproducts,techniques
and scientific and technological developments. Because of possible variances in the quality and conditionof materials and
workmanship usedby readers, Radio-Electronics disclaims any responsibility for the safe and proper functioning of reader·built
projectsbased 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 infringementof such patents by the making, using, or selling of any such
equipment or circuitry, and suggests that anyone interested in such projects consult a patent attorney.
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WHAT'S NEWS

New Still Video System
prints from live scenes

A prototype of a still video sys
tem consisting of camera , player,
and printer was demonstrated at
the past Summer Consumer Elec
tronics Show by Konica, Inc., of
Englewood Cliffs, NJ. It can make
still images of live scenes and play
them back on the Konica still video
player, or make hard-copy prints in
black-and-white or color. .

THE KONICA SV-C20 STILL VIDEO CAMERA.

The camera uses 2-inch floppy
disks to store the still images of
what is being displayed in the
viewfinder. The still video player
plays back what is recorded on the
floppy disk and will display other
information, such as the date and
time the image was recorded. The
printer, besides making hard-copy
prints from the camera, can pro
duce a hard-copy print (on color
paper) from any video source, in-

~ eluding a videocassette recorder.
z That will permit owners of home
~ video equipment to make still
G prints from their home-video
~ movies .
UJo It is hoped , Konica officials
"'i stated , that the first of the still vid-

eo system's components will be on

the market sometime within the
next 15 months.

New stabilized laser device
for fiber optics and space work

A laser device just announced
by RCA is expected to have impor
tant applications in space commu
nications and fiber optics.

The recent explosion in fiber op
tics has created a strong demand
for lasers that operate at a single
stabilized wavelength. Lasers with
stable wavelengths will also be re
quired in the future for space com
munications, optical computing,
and data storage.

The wavelength of solid-state
lasers changes because of changes
in temperature, power level, and
the strength of the pulsating driv
ing currents required to put infor
mation on the light beam. Many
companies are eagerly searching
for a solution to that stability prob
lem .

RCA's approach is a laser with an
external waveguide structure; that
waveguide contains a reflective
grating and is made of a different
material than the laser itself. The
new device , called an External
Bragg Reflecting Laser, provides
greater reliability and improved
performance over previous lasers
of the same type.

The new approach avoids com
plicating the actual process of
growing the crystal, thus simplify
ing manufacture. It has an addi
tional advantage of allowing off
the-shelf diode lasers to be com
bined with off-the-shelf wave
guide units to achieve stabilization
at a desired wavelength. The exter
nal waveguides may also be used
to shape the output light beam
and to assist in coupling the light
into optical fibers .

New software program ends
cut-and-try mold making

General Electric has demon
strated what it calls a major ad
vance in factory automation
computer software that can assist
in analyzing complex parts and
then automatically generate in
structions for machining the
molds in which they are made.
Known as TRUCE (Tridimensional
Rational Unified Cubic Engine) it
greatly amplifies the capabilities of
solid modelling. With it, realistic
images can be displayed on a com
puter terminal and manipulated
just like objects held in the hand .
They can be rotated to show all
sides , cross-sectioned to reveal
the interior, or peeled away a layer
at a time.

The mold for a plastic backpack
frame is the first production-ori
ented item projected by the G.E.
researchers. The project started
out with a conceptual sketch. The
engineers then went directly to
the computer to create a prelimin
ary solid model embodying the
features they wanted in a backpack
frame, and to refine its various fea
tures. (In the structural perfor
mance tests alone, stress analysis
made it possible to optimize the
material's thickness to produce a
backpack frame stronger than an
existing metal one, but with only
three-quarters of the weight.

Using a computer controlled
milling machine, the researchers
then cut a solid cavity block from
high-density foam /to verify the
computer-generated tool paths.
The GE researchers then ma
chined the mold's actual core out
of aluminum. No engineering
drawings, blueprints, or physical
models of either the part or the
mold were required for any stage
of the manufacturing process . R-E
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New and Used Electronic Test Equipment
Sales • Service • Rental. Leasing

I@!;;tm~S,IjJ 3.5. Digit DMM 1l1.QiWith Scope Purchase I
FEATURES: • AC DC voltage

• AC DC current
• Resistance
• Diode test

• Audible
Continuity check

.Temperature
(Type K, 3510 & 3525)

• Data hold
• Manual or autoranging
• Overload protection

• LCD display
• Built-in stand
• Battery included
• Test leads included

MODEL

3550
3525
3510

BASIC
DC VOLTAGE
ACCURACY

±.5% ±2 digits
± .25% ±2 digits
± .1% ±2 digits

QTY 1
PRICE

$49.00
$64.00
$79.00

QTY3+
PRICE

$42.00
$54.00
$67.00

One With Any
Scope Purchased

From RAG

FREE
$19.95
$29.95

2 year warranty plus carrying case included!

Model V-42 2 shown

MODEL V-212 $461.00
DC to 20 MHz, 1 mV/div, Dual Trace, Features 6"
Rectangular CRT (w/two X10 probes).

MODEL V-222 $536.00
DC to 20 MHz, 1 mV/div, Dual Trace, D.C. offset for
DMM Output, Verticle Mode Trigger, 6" CRT
(w/ two X1/ X10 probes).

MODEL V-422 $694.00
DC to 40 MHz, other features same as V-222
(w/ two X1/X 10 probe).

MODEL V-1050F $1,276.00
DC to 100 MHz, 5 mV/div, Quad Trace, Delayed Sweep,
Full T.V. Triggering , alternate time base
(w/two X1/ X10 probes).

MODEL V-650 $956.00
DC to 60 MHz, 1 mV/div, Tr iple Trace , Delayed Sweep,
Full T.V. Triggering, variable trigger hold -off

' (w/ two X1/X 10 probes).

NEWf 3 year warranty parts and labor on above scopes!
RAG Electron ics is a factory authorized Hi tachi repa ir center. CIRCLE 126 ON FREE INFORMATION CARD

CALL US TOLL FREE

1-800-732-3457
IN CALIFORNIA TOLL FREE

1-800-272-4225

• Mas ter Cha rge
.VISA. COD

• Money Order ~

• Check IItiiiiiII

ADD FOR SH IPPING AND INS URANCE
SO to S250.00 S4 .50
S251.00 to S600.00 S6 .50
S501 .00 to S7 50 .00 S8.50
S75 1.00 to S1000 S12.50
over S 100 0 .00 S15.00

Pric es subject to ch ange without notice.
RAG ELECTRONICS, INC. / 21418 Parthenia Street/ Canoga Park, CA91304 /1-818-998-6500

KEITHLEY LEADER
Instruments CorpOrcltl()n



VIDEO NEWS

DAVID LACHENBRUCH
CONTRIBUTING EDITOR

• Digital-effects YCR. A VHS recorder using
a computer memory to produce special effects is
now being marketed in Japan by Toshiba; it is
expected on the American market next spring.
Unlike other video recorders with "clean" special
effects, the new Toshiba uses only two heads, yet
it provides the best slow-motion and freeze-frame
we have seen on a consumer machine. The
pictures were clear and sharp, with no trace of
noise bars in the picture.

The VCR contains four 256K and two 64K
dynamic RAM's, a memory-control IC, and
analog-to-digital and digital-to-analog converters.
For slow motion, the tape runs at a constant one
quarter speed, while the digital circuit
sequentially selects and stores images in
memory. In addition to freezing a frame of a
videotape, the circuit can freeze any frame being
displayed on the TV, provided the VCR's tuner is
being used. The VCR sells for about $700 in
Japan, but should cost somewhat more here.

• More digital TV's. To be introduced both
here and in Japan early in 1986 is a new 26-inch
digital-TV set by Sharp that can divide the screen
into nine segments and show a series of still
pictures of what is available on each of nine local
channels. A similar system has been
demonstrated by Mitsubishi, but it has no
marketing date. The Sharp set can also convert
any incoming signal to a sequence of still
pictures-showing, for example, a sequence of
still pictures of a baseball being hit by a bat. ITT
Semiconductors, still the only source of IC's for a
complete digital-TV set, says it has sold enough
IC's to produce 200,000 digital sets. ITT's own TV
manufacturing facility in Germany has used
about half of those. In addition to ITT and Sharp,
digital sets are being produced by Panasonic,

~ Sony, Toshiba, and Italy's Sinudyne. ITT says that
Z 10 other brands will go into production within
~ the next few months.
b
~ • Camcorder news. Camcorders, or
UJ
o combination camera-recorders, remain the
~ hottest items in the portable-video field. Kodak is
a: introducing a camcorder outfit consisting of an 8-

6

mm tape deck and a separate camera, each
weighing about 2 pounds. The camera and
recorder can be used as separate items, connected
by a cable, or they can be plugged together to
form a camcorder. Kyocera, parent of the Contax
and Yashica camera companies, will sell an 8-mm
camcorder in the United States under its own
name. Meanwhile, Sharp has joined those
manufacturers offering camcorders that take full
size VHS cassettes.

• TV station "sets" YCR. It could never
happen in this land of commercial Tv, where TV
stations don't encourage home videotaping, but in
Germany, some stations actually are correcting
programmable VCR's when their schedules slip.
Unlike their American counterparts, German TV
programs' listed starting times are often only
approximate, and schedules frequently are upset
when special programs are inserted
unannounced. What happens when you set your
VCR to tape a program scheduled for 8 p.m.,but
that actually doesn't start until 9:17? Your tape
comes out fine if the station is using VPS.

VPS stands for Video Program System. It
involves a special code-signal transmitted on line
16 of the vertical interval along with the
program. A VCR equipped with VPS circuitry ( or
a VPS adaptor) starts to search for the VPS code
10 minutes before the scheduled starting time
and continues to search for up to four hours
afterwards. Recording starts only when the
proper VPS code is found.

• Star-spangled Sony. Sony was the first
Japanese manufacturer to set up an American
TV-set plant (back in 1972), but it doesn't talk
about it much, on the theory that Americans
seem to prefer Japanese-made TV sets. Sony's U.S.
plant in San Diego will produce 850,000 color
sets this year, and in the next few months it is
scheduled to increase its capacity to as many as
1,500,000 annually. Sony's newest color-TV model
is a 27-inch set, and the company plans to
produce 600,000 of them a year in San Diego. The
company manufactures picture tubes as well as
TV receivers at the plant. R-E



Superior performance by phone

The8840A
Digital Multimeter.

Now, with Fluke telemarketing, you can
order the most affordable, most powerful .
DMM in itsclass, from any phone in the
U.S.A.

Compare features, compare prices and
you'll find that no other 5V2-digit bench
top or system multimeter can match it.

As easy to use as your phone.
The simplified front panel of the

8840A is designed for ease of operation.
Functions are clearly labeled. Even the
vacuum fluorescent display iseasy to
read. And closed-case calibration and
50,000 hour MTBF make the 8840A easy
to live with .

The 8840A is versatile: itanswers your
bench or system DMM needs. Standard
capabilities include superior dc voltage
accuracy (50 ppm at 1year), 2-and
4-wire ohms, dc current, fast autoranging
and user-selected reading rates.

Reach out and test the best.
Call toll-free and our sales engineer

will tell you about the 8840A. Ask about
our 15-day trial period and our one-year
Fluke warranty.

Order now.
1-800-44-FWKE

(1-800-443-5853) Ask for extension 111.
Fluke 8840A
Autoranging\\)115. Ohms.and AnJ)s
50ppmbasic deacruracy (1 year)
0.16%basicacacruracy (1 year)
2Y.! . 20.and 100readings/second

FROMTHE WORLD LEADER
IN DIGITAL MULTIMETERS.

~=F::L::U::K::E:=I®

© Copyr lgnt1985 John fluke Mfg Co. Inc All fights reser ....eo AdNo 2807-8840



Wouldn't you like to have a
new skill you could call your own?

. Leam '" audio, and video servidng
with at-home training from NRI.
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You can learn to service and
.pair TVs, stereos, electronic
.usical instruments and ampli
ers, car and portable radios,
:cord and tape decks, videocas 
.tte recorders and disc players,
most any kind of electronic
quipment on the market. And
J U can learn to do it at home,
I your spare time, without quit
ng your job or wasting time
ad gasoline on night school.
rRI will train you, as it has over
million and a quarter others,
rith effective methods proven
ver 69 successful years.

Hands-On Training
NRI training is practical train

19 all the way. Throughout your
ourse, you'll perform' hands-on
:xp erience projects that make
heory come to life and give you
eal understanding.

Includes Both 25" TV
And VCR, Plus DMM

And More
As part of your training, you'll

mild your own 25" Heath/
~enith color TV, a state-of-the
ir t unit with infrared remote
:uning, programmable channel
selec tion, and the incredible
space phone for remote calling.
You also get a front-loading,
remote-contro lled videocassette
recorder to play your video
taped lessons and learn about
servicing this complex instru
ment.

Practical training on a real state-of-the-ar t TV,
VCR or stereo, using professional equipment

You'll learn troubleshooting
techniques using a professional
3V2-d igit digital multimeter.
You'll use it w hen assembling
your TV to check demonstration
circuits you build on the NRI
Discovery Lab, and in yo ur pro
fessional work. It's the equip 
ment and training you need for
success.

Exclusive NRI Training
On Videotape

In addition to profusely illus
trated lessons, you get NRI Ac
tion Videocassettes .. . video
taped lessons that show you
graphic presentations of elec
tronic sys tems, vivid closeups of
servicing techniques and profes
sional "shortcuts" to study and
replay as ofte n as yo u want.

Training For Success
NRI not only prepares yo u to

become a top technician , we get
yo u ready for independence.
NRI Video/Audio se rvicing gives
you a gr eat new way to earn

extra money doing part-tim e
servicing for appliance and de
partment stores- building a
go od-paying, new career with an
electronics firm .. . or even
star ting your own busin ess. You
can start small, even part-tim e in
yo ur basement or garage, make
the most of yo ur opportunities
to grow into a successful bu si
nessm an .

Free Catalog ... Mail
Card Today

Send the postage-paid card for
our free 104-page color catalog
describing our courses in full ,
showing all equipment, lesson
outlines, ·and career opportuni
ties. It also shows other exciting
courses like Microcomputers ,
Electronics Design, Industrial
Electronics, Digital Electronics,
and more. Mail the postage -paid
card today for yo ur copy. And

se e how yo u can make
the most

of your talent. If card has been
removed, please write to:

NHI NRI Sch~ols of
Electrorucs

.J 'J~ McGraw-Hill Continuing
t':J•f":'T Education Center
I.nIII 3939 Wisconsin Avenue

Washington, DC 20 016

We'll give you tomorrow:

(l
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CABLEREADY TV
There is an easier way to hook

up a cable-ready TV and a cable
ready VCR to a cable converte r/
desc rambler than using two split -

spo ns ib i l ity of double-ch ec kin g
his source pri or to publication.

I mi ght add that Microtou ch has
yet to del iver th eir product in
quantity, or to prove that it will be a
reliabl e product with long term
use.

I hope th at you will in stitute im
p roved procedu res t o prot ect
against suc h mi sin fo rm at ion as
th at article pre sents.
ROBERT R. HIGHFILL
v.P. Marketing, Elographics, Inc.

While i t 's tru e that resistive
membrane tou ch screens are the
oret ically capable of4,000 by 4,000
resolution , th at is rarely ever
achieved because of the nature of
this tou chscreen . Made ofa plastic
laminate, a relatively wide area of
th e membran e is, in fact , d e
pressed when i t is touched. There
fo re, a ' resolution of 256 by 200 is
far more realistic. Likewise, a 150
pair-per-second samp l ing rate is
also claimed in product literature,
but, sin ce many coo rdinate pairs
are actually depressed when th e
screen is touched, that samp ling
rate is effectively mu ch lower, on
the orde r of one-quarter or so of
the claimed figure. Therefore, the
figures qu oted are typical of real
world findings, and that is why
they were used in the article. As ,
fo r clarity and long- term reliability,
it can't be denied that a to uc h 
screen, no matter how clear, will
still impact the overall clarity of a
CRT screen; and because the typ
ical unit is a plastic laminate, i t
won 't stand up to sharp in stru
men ts fo r long.-Marc Stern

WRITE TO:

LETTERS
Radio-Elect roni cs
200 Park Ave South
New York, NY 10003

ETTERS

TOUCHSCREEN TECHNOLOGY
My purpose in w ri t ing th is cr it

icalletter is to alert you to th e poor
quality of Mr. Stern 's articl e en
titl ed, "Tou chscreen Technology,"
in the September, 1985 issue.

It is hard to see how yo ur w rite r
could have spent mu ch effo rt in
vestigat ing thi s techn ol ogy and
market , and stil l have so grossly
misunderstood how such an im
portant product works, mu ch less
appreciate the advantages and lim 
itation s of th e technol ogy. You will
note t hat the design does not in
volve three layers. The dot s are in
act ive spacers that play no ro le in
determinin g th e resolution. Reso
lution of 4,000 x 4,000 has been
st an d ard with resistive t ou ch
scree ns for several year s. Only
on e coord inate pair is generated
each time th e screen is tou ched .
And sampling rates of up to 150
coordinate pairs per seco nd are
rout ine .

There are many other valu e
statement s in t he art i c le with
whi ch I would ta ke ex ce pt io n .
El ographics is th e major supplie r
of touch scree ns and has a reputa
ti on fo r providin g product s th at
are hi ghl y rel iabl e. One would
hardl y get t hat impression abo ut
resistive-membrane touch screen s
from the art icle .

Whil e w riters can be forgiven
fo r makin g so me mi sstatem ents
w hen writ ing on areas of tech
nol ogy that are foreign to th em , I
do not recall readi ng an article as
repl ete with error, and as poorly
o rganized, as thi s one . Since th e
only supplier ment ion ed was Mi
croto uch, I assume th at someone
from that co mpany pr ovid ed mu ch
of the in formation incl uded in th e
arti cle . That t hey may have give n
Mr. Ste rn incorrect in formati on
does not abso lve hi m from th e re-

EIJl1IIJJII!JlI
DYNASCAN
CORPORATION

6460 West Cortland Stre et
Chicago , Illinois 60635 ·312/889-9087

In tern at ional sates. S460 W. Co rtl and St. , Chicago. IL 60635
Canad ian sa les ; AUu El ect ron ic s. c ntar !c

South and Centr.. 1 " meri eil n sates .
Em p i re Expor ters , Pla in"iew. NY 1'803

B&K-PRECISION MODEL 1420 $825

This 15MHz dua l-trace mini-scope
was des igned by B&K-PRECISION
engineers to respond to the special needs
of field engineers . .. a mini-scope with
lab-scope features.

It easily fits into a standard attache
case with plenty of storage room for
a DMM, tools and accessories . The
1420 can be powered from the AC line ,
10-16VDC or an optional internal
battery pack.

The rugged 1420 features dual-trace
operation and an honest 15MHz re
sponse, with useful response beyond
20MHz. An efficient rectangular CRT
displays waveforms with good read
ability under all field servi ce conditions.

There is no sacrifi ce of features or
performance for compact size . The 1420
has 18 sweep ranges from 1 J.LS/div. to
0.5S/div. in a 1-2-5 sequence; variable
between ranges. Sweep magnification
is Xl0, extending the maximum sweep
rate to 100nS/div. For use with compute r
terminals or video circuits, a video sync
separator is built in. Automatic select ion
of chop and alternate sweep modes is
provided , as is front-panel X-V operation.

The Model 1420 measures only 4.5 X
8.5 X 12", weighs 7.75Ibs., with batteries
and comes with two 10:1 probes.

For complete specifications contact your
local distributor or call B&K-PRECISION.

NOW,
• •amini-scope

with the
features

mostwanted
byfield

engineers!
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LOWEST PRICES
OFF-TH E-SH ELF

DIRECTLY TO YOU

INSTRUMEN
CALL TOLL FREE
FOR FAST DELIVERY 800-645-9518

In New York State 800-832-1446
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•
PHONE ORDERS ACCEPTED

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

FOR ORD ERS ADD
$25· 100 . . . . . . $4 .50
$1 0 1·250 $ 6.00
$251 -500 . $8.00
$501-750 $10.50
57 5 1-1,000 . $ 12 .50
$ 1,001-1500 516.50
$1,501-2000 .. .. .. $2 0.00
$2 ,001 and Up .. . . . . ... 525.00

Model 73 $74 9 5

• Resistance, AC/OC current/voltage
. 6 functions inc lud ing d iode test
• 0.7% DC accuracy . Current range
to l OA, AC/ DC

Model 75 $8 9 9 5 ~
• All features of Mode l 73, plus . 7
funct ions inc luding diode and
continuity beeper . 3 current ranges
l OA, 320 rnA, 32 rnA . 0.5% DC
accuracy

Model 77-F $ 1 1 9 95

• All features of Model 75, plus
• "Touch-Hold" function . 0.3% DC
accuracy

AMER~ IIlZl

FLUKE 3112 DIGIT MULTIMETERS
& VOLTMETERS

;e . __
Model FM-8 15ijiiii~~~1$16995

(Reg. $249 .95)

Fordham

'Nil 1" 1 II u n\ \\,.. "

FORDHAM SWEEP
FUNCTION GENERATOR

Model 1560

$89995

(Reg. $1150.)
Probes included.

. 1mV/div sensit ivity . 22 calibrated
• sweeps . Rectangu lar CRT
w/lntern al graticule & scale illumination
• Autofoc us

• Completely assembled, pre-tested,
pre-calibrated . High intensity 8-digit
LED display

260 Molor Parkway. Hauppauge, NY 11788

Model FG-801 ~/At-1
$19995 ..7.J~~ ~
(Reg. $289 .95) ~a .
Test Leads included.

. 7 frequency ranges, O.2Hz to 2MHz
• Acc uracy to ± 5%

FORDHAM 550 MHz
FREQUENCY COUNTER

B&K 60 MHz
TRIPLE TRACE OSCILLOSCOPE

HITACHI 100 MHz QUAD
TRACE DELAYED SWEEP
OSCILLOSCOPE

fP.L:::"I:::'I LOGIC PROBE
f<.~. BP LP189

($40.00 VALUE)
with purchase of

Mode l V-355

A.W. SPERRY20 MHz
DUAL TRACE OSCILLOSCOPE

• Large 6" rectangular CRT w/ internal
graticule • Delayed alternate and
sing le sweep functions. Autofocus

Model V-1050F

$12499 5

(Reg. $1980)
Probes included.

------.~--"

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

Model 620C

$39995

(Reg. $449.95)
Probes included.

HITACHI 35 MHz DUAL TRACE
OSCILLOSCOPE

r

Model V-355

$59995

(Reg. $8 99.95)
Probes inclu ded.

• Built-in component checker . High
sensitivity X-Y mode . Internal
graticule CRT

13



ters and two N B sw itc hes, as de
tail ed in, " Hooking Up Your VCR"
(Radio-Electronics, Au gu st 1985,
page 56, Fig. 12). Use a UHF block
converte r to move yo ur pay chan
nel up to a UHF channe l. That set
up has no switc hes, gives th e VCR
and TV access to everything, and
g ives the VCR full pro gram
mabi lity.
SCOTT MALAN
Alpine, Ca.

ANTI-LOCK BRAKE SYSTEM

The description of our ABS anti
lock brak e syste m in the Sep
tember issue (" Elect ro nics Under
the Hood") was inco rrect.

The system does not employ a
brake-pedal pressure senso r, nor
does it use an electronic module
to eng age th e brak es, as w as
stat ed . Instead it read s wheel
speeds from three senso rs (one on
each front wh eel and one on the
pi nion gear of the rear axle dif
ferential). Those data are fed to an
electronic control un it that estab
l ishes a vehicl e reference speed
and a basis of compari son fo r each

whee l. When the brake pedal is
pu shed and , because of speci fi c
road -surface adhesion, at least
one w hee l approaches th e poi nt of
locking, th e system redirects th e
brak e f l u i d f ro m t he invol ved
whee l(s) back to th e master cylin
der. As wh eel speed stabilizes and
th an begin s to build again , braking
is resumed. Eff ectively, the system
preci sely pumps th e indiv idual
wheel brakes as needed , at a rate
of up to 10 times per second .

It all happen s automatically. The
dri ver need only ste p on th e brake
peda l and steer. .
A.B . SHUMAN
Manager, Public Relations,
Mercedes Benz of North Am erica

PROPAGATION VELOCITY
In the Au gust issue I was drawn

to th e " See- In-The-Dark Vi ew
er"-and to th e error in the box on
page 51.

The propagation velocity of the
elect romagnet ic rad iati on in space
isequal to the product of th e wave
length and frequency; in all other
media it is less. One can't deter-

mine if th e K employed here is in
tended to acco unt fo r th at. O f
course, we may have a printing er
ror, but I can't presum e to deprive
Mr. Gro ssblatt; he is such a de
serving fe llow! Keep up the good
wo rk!
L.D. SMITHEY

Pacific Palisades, CA.
You're absolutely right. The speed
of light is, ofcourse, c= fAK, where
K is the di electric constant of the
medium th rou gh which the light is
travelling .

CHALLENGE TO THE VCR AND
CABLE-TV INDUSTRY

I challe nge th e video and cable
TV indu stri es to establish a stan
dard logic interface for connecting
a leased pay-TV decod er to a sub
scriber's VCR. The channe l selec
tion programm ed into the VCR's
memory ti me r would tune the de
coder, whi ch would then deliver
the baseband vid eo and audio sig
nals to th e VCR.

Thin k of the advantages: 1. Sin
gle-point control of chann el selec-

CIRCLE 282 ON FREE INFORMAT ION CARD

(

TEMPERAlURECONTROLLEDSOLDERSTATION
WI ANALOG MffiR

C-MOS SAFE

$59 .95
model TCS·101

llJAL WATTAGE c,
(100/ 140) SOLDER

GUNW/LIGHT

12.95
model WG 1400
~

DESOlDER HANDPUMP- ALL METAL
CONSTRUCTION W/CONDUCTIVETIP

C-MOS SAFE

$4.95
mode10P·1~

TERMS:
• $10 minimumorder. $1.00 charge foror-

ders uoder $10.00.
• $20 minim"" charge cardorder.
• Orders shippedUPS C.O.D.
• Most orders shipped w~hi n 24 hours.
• Sales office open 8:00 AM-4:00 PM. AIlUICAII S'" n.,•• D""""'. COIP
• for I"epaid orders add $2.50 for ship- ULUUI ...~

ping and handling. P.O. BOX 24
· =~2~~e~a':.c~~~ ~~s~; SHIRLEY, NY 11967USA

C.O.D. TEL: (516\ 289-4735
• VISAAND MASTERCARD ACCEPTED ASO CORP. re!!Ie" the I~orrect pnnllng at our phone

SEND FOR COMPLETE CATALOG ~~:.ra~ ~~7~~~ ept. AD. our correct phone number IS

Siliconnections
Coming of Age in the Electronic Era

By FORREST M. MIMS, III
IIlus. with photos I $16.95 at bookstores,

or order direct from Dept. PL..
1221 Ave. of the Americas. New York 10020.

....iiiiiiiiiiiiii f~'~~McGRAW·HILL liiiiiiiiiiiiiiiiiiiiil
CIRCLE 272 ON FREE INFORMATION CARD

~ "An
COM\lolG~

':\e~~~enthralling
\:J1~'--- • • d I k. ~ ,",-M\ms..\\\C Insleo0

\-.- .. .[at] what makes this
.---~ amazing high-tech
\--- industry tick. Highly
..--- dd "{"""-r;: recommen e ._ _ _ _ _ _ _ -Modern Electronics

- --"-----"The entire book is a
joy to read. Best of all, it is

a first-person account by a bonafide pioneer."
-Creative Computing

" Full of fascinating stories and adventures."
- Jeff Hecht , author of Beam Weapons

"An engag ing, fast-paced tour." -Kirkus Reviews
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t io n . 2. El im inatio n of mov in g
parts in the decoder. 3. No need
fo r selecto r sw itches o r splitte rs.
4 . Better -q uality si gn al , d ue to
baseband co nnect io n . 5. Simp le
optio n to tape one channel and
watc h anothe r. 6. VCR's with re
mote co ntro ls wo uld have fu ll con
tro l.

The techno lo gy already exists,
since most VC R's and many cable
decoders use digital channe l se
lect ion. If a simple LSTTL logic in
terface co uld be agreed up on , one

o Radio-Electronics back issues (1985). .. $3.00
Write in issues desired .. -,-_.

o Radio-Electronics back issues (1984) $3.50
(January1984 notavailable)
Write in issues desired, ---:-:-::-:c

o Radio-Electronics back issues (1983) . . .. . $3.50
(January, February 1983, May 1983 notavailable)
Write in issues desired ---:-~

o Radio-Electronics back issues (1982) .... . $4.00
Write in issues desired _

o Radio-Electronics back issues (1981) . . . . . $4.00
(Jan., Feb ., March, Dec. 1981 notavailable)
Wri te in issues desired _

o Etch your own PC boards $3.00
o Hands On Electronics #1 $4.00
o Hands On Electronics # 2 $4.00
o Hands On Electronics #3 $4.00
o Hands On Electronics# 4. . $3.50
o Hands On Electronics # 5. . . . . $2.50
o VCRRepairs . . . . . . . $3.00
o IBM Typewriterto

ComputerInterlace . . . . . . . . . $3.00

common cabl e subscribe rs' com 
plaint wo uld be sat isf ied .
ERIC G. LEM M O N
Lompoc, CA

DIGITAL TV CIRCUITS
Recent articles have appeared

di scussing th e vario us TV formats
such as PAL, SECAM, NTSC, ad
vances li ke HDTV, new PBS pro
po sed fo rmats such as MAC, and
assoc iated signal handl ing meth
od s. It seems to me that the TV
designers are spending a lot of en-

REPRINT
BOOKSTORE

o Special Projects #4 (Summer 1982) $4.50
o Special Projects #5 (Winter 1983) $4.50
o Special Projects #6 (Spring 1983) $4.50
o Special Projects #7 , #8 , #9 NOT AVAILABLE
o Special Projects #10 (Spring84) $4.50
o Radio-Electronics Annual 1983 $3,50
o Radio-Electronics Annual 1984 $3.50
o Radio-Electronics Annual 1985 $3.50
o Radio-ElectronicsAnnual 1986 $2.50
o How to Make PC Boards $2.00
o AllAbout Kits $2.00
o Modern Electrics (Vol. 1. #1 $2.25

April 1908)
o Electro Importing Co . Catalog $4.95

(1918) (176 pp)
o Low Frequency ReceivingTechn iques . . ... $6.00

Buildingand using VLF Antennas
o New ideas - 42 circuits for experimenters . . $3.50
o Descrambler (Jan., Feb., 1981) $3.00
o Descrambling (Feb., 1984). . . . .. $2.00
o Receiving Satellite TelevIsion . . . . . . .. $7.00

ergy in th e wrong direction. I refer
mainl y to the dom estic TV receiver
designs usin g analog method s. Let
me exp lain bri ef ly, and perhaps
spark some tho ught.

If th e received broadcast signal
we re d igitized right out of the first
IF f i lter, then the format cou ld be
t ransparent to the d isplay system
used . Indeed, the di splay could be
scanless, mapp ing the data ext rac
ted fro m the signal only as neces
sary to create the picture; and it
wo uld be vo id of the many inter
fe rences caused by relationships
between var io us fre quency com
pon ents in the normal scan and
signal eleme nts ,

The processor would di scover
th e t ransm issio n format , t he re
lated (co lor, audio) sig nals , pro
cess the data and feed it to th e
output devices. Thu s th e TV re
ceiver is easily updated (with ROM
perhaps) to encounte r any new
fo rmats and feat ures.

The techno logy is here tod ay.
W hy aren't such TV's on th e mar
ket? Maybe they are, and just not
descri bed . How abo ut an art icl e
on Di gital TV ci rcuits? I do n't mean
di gi ta l con t ro l, I mean rea l f u l l
scope di gital TV from the IF out .
GENE SIMMONS
Riyadh, Saudi A rabia

Name _

Address _

City State Zip _

NEW IDEAS: APRIL FOOL?
I looked fo r an April Fool art icle ,

in the Ap ril 1985 issue of R-E, and
fin ally decid ed that it had to be th e
"N ew Ideas" page, "Making Elec
t roni c Music-Automaticall y! " I
can do the same thing it pu rports
to do using only th ree lC's and one
tra nsisto r, and I get nin e notes in
stead of eight.

If I am wrong, my apo log ies to
Mr. Artur Manhica.
SID BUCK
Key Largo, Fl.

I thin k you 're missing the point
of our " New Ideas" co lumn. Its
purpose is to bring new circui ts
design ed by our readers to the at
tention of othe r readers . They're
ideas, not f in ishe d products. I f
you can use a circui t that we p res
ent as a starting point fo r a more
elegant design, then you're bene
fitting fro m it. If yo u 're looking to
"New Ideas" for tried-and-true so
lutions to p ro blem s, yo u 've got
the wrong idea.-Edito r R-E

TOTAL PRICE

If you need a copyof an article thatis in anissue we
indicate isunavailableyou can order it directly fromus.
Wecharge 50¢ per page. Indicatethe issue (month &
year), pages and article desired. Include payment in
tull, plus shipping and handling charge.

YEAR

@50¢ each

MONTHPAGES

ARTICLE

TOTAL PAGES

TotalEnclosed .

MAILTO: Rad io-Electronics
Reprint Department, 200 Park Ave. South, NewYork, NY 10003 All payments must be in U.S. funds
Total priceoforder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $ _
SalesTax (New York State Residents only) $ _
Shipping&Handling(U.S. &Canadaonly) (Includes FIRST CLASS POSTAGE) $1 .00per item$ _

All other countries ($2.00peritem, sea mail) . $ _
($4.00 peritem, air mail) . . . . . . . . . . . . . . . . . . . . . $ _

........ $ - - - - -

To order anyoftheitems indicated above , check offthe
onesyouwant. Complete theorder formbelow, include
your payment, check or money order (DONOT SEND
CASH), and mail to Radio-Electronics, Reprint Depart
ment, 200 Park Ave. South , New York , NY 10003.
Pleaseallow4-6 weeks for de livery.
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IDEO CESSORIES
_ Highest quality _ Highest performance _ Lowest prices

t:pVIDEO-CINE
CONVERTER

The BP Video-Cine Converter is an
optical device that allows the easy
transfer of slides, 8mm or 16mm
movie film to VCR tape. The Video
Cine Converter's precision optics put
the image from your movie or slide
projector on a high-contrast, rear
projection screen. Your video camera
shoots that image, can color-correct '
faded pictures, add narration to other
sound. Can be used with any video
camera or slide projector. If your
video camera lacks close-up capabili ty,
you will need a macro lens attachment

Macro Lens Attachment~ $~

Model v-1~11"~

FOR ULTIMATE VIEWI G

Wireless remote control with volume for cab le
lV, VHF-UHF antenna systems upg rades any
lV to 140 channel capability.
• Works with any lV set • Quick, easy
installation • Off-air and cable compatible
• Quartz frequency synthesizer tuning . Direct
access/ memory scan selector . Ultra-compact,
hand-held wire less remote con trol

TEKNIKA
WIRELESS REMOTE
CONTROL TV TUNER
& CABLE CONVERTER
WITH VOLUME CONTROL

Model 6510

$1699 5

Wireless remote control on/off , channel
selection and fine tuning .
• Works with any lV • 61 channel capabi lity
• Microcomputer controlled PLL operation
• Converter panel controllable for channel up,
down, on/off , fine tuning . • LED display
• Compatible with CAlV systems.

~
STABIUZER/IMAGE ENHANCER/RF
CONVERTER/VIDEO FADER/2·WAY
DISTRIBUTION AMPLIFER

Model V1880 $

"UHook-Up
cable kit

$11.75

The most versatile, all-in-one video processor.
Can be used as a video guard remover for
video tapes, enhance r, video to RF converter,
professional video fade in and out and a dual
output distrib ution ampl ifier.

VIDEO TAPE REWINDER

Charge it with VISA/MASTERCARD.~ III Phone orders accepted.

Fordham 800~645·9518
260 Motor Parkway, Hauppauge, NY 11788 InNY State 800·832·1446

Model V7777 VHS S49~
Model V7778 BETA SW

Reduce wear and tear of your
VCR heads with the AC
powered circuit protected
rewinders, LED power-on

indica tors' 1 3 t Y..,
Service& ShippingChargeSchedule

Continental U.S.A.
FOR ORDERS ADD
$25-100 $4.50
$10 1- 250 $6.00
5251-500 .. $8 .00
$501 -750 .. . .. $10.50
575 1-1,000 $ 12.50
$1 .001 -1500 516.50
51,501- 2000 520.00
52.0 01 and up $25.00
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The NTS/HEATH 16-Bit HS-151
This desk-top PC is the most powerful and

versatile ever offered in any home training
program. Check the advanced features
listed below :
1. 128 KB RAM user memory on board ,
expandable to 640 KB
2. 16-bit 8088 Microprocessor accepts
advanced software , speeds word pro
cessing ; also allows selection from the huge
library of IBM softwa re.
3. 5.25-inch floppy disk drive, double
density, IBM formatted, stores up to 360 KB.
(Expandable to dual disk drive , and opt ional
10.5 MB hard-disk drive .)
4. MS-DOS operating system, IBM compati
bility, make a wide choice of software
programs available.
5. Four open IBM-compatible slots provide
for future expansion, printer, modem, etc .
Will accept most peripheral boards designed
for IBM-PC.
6. Two video outputs for color or mono
chrome display monitor . Your NTS course
includes a high resolution monitor displaying
80 characters by 25 lines, or graphics.
7. Editing capabilities help you insert or
delete characters and lines, erase, jump or
smooth scro ll, etc.

Your NTS training course will teach you to
program on this outstanding PC, using
lessons, texts, and diagrams to make full use
of its capabilities. Catalog contains complete
details.

A Career in
PC Servicing

The world of computers is ;/
constantly expanding . Applications
have spread from business to manu
facturing , from industry tomedical
and scientific fields . Computer-aided
design , engineering, and production
have revolutionized drafting,
graphics, and prototyping . Computer
sales figures point to a continuing
need for service techn icians as well
as installation and maintenance
specialists . The type of training you
receive will largely determ ine your
ability to take advantage of these
opportun ities .... and nothing beats
the pract ical, down-to-earth train ing
you get from NTS.

NTS Intronic Home Training
Takes You Below The Surface

NTS gets you right down into the
heart of computer circuitry. You learn
how microprocessors function , how
they are designed, how they operate
and are used to solve problems. Your
program includes a wide variety of
tests and projects, as you assemble
your PC. You experience the ex
citement of seeing your own skills
grow, the security of knowing you
really understand what makes a
computer tick .

Learn PC Servicing By Building Your Own NTS/HEATH HS-1
Desk-Top Computer, Circuit-By-Circuit

IF YOU WANT TO GE
YOU HAVE TO GET INT

LeamlngcircUitrythroughthe construction of this
equipment offerspractlceltrainingfor which there
Is nosubstitute. TestequipmentIs Included.

FieldservicingIs Interesting and rewarding.
Technicians may workfora servicecompany,
manufacturer, or majorusers.

TheNTS/HEATHH5-151 PC complated, Inc
monitorand tuu-tunction keyboardwithCB
stylekeypad, and typewriterformat.
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NTO PC SERVICING
~ MICROCOMPUTER

/

Installing the dlsk-drlve In the PC Is one of the final stages In the assembly of the
microcomputer. Learning the use of test equipment to check circuits Is an Integral part
of the training which, with field experience, develops invaluable career skills.

C!
o
o

$
2
C
}:
J:...

4000 So. Figu eroa St., Los Angeles, CA 90037

II1II NATIONAL

Dl5TECHNICAL
SCHOOLS

TECHNICA L TRADE TRAINING SINCE 1905
Resident and Horne-St udy Schools

• IBM is a Irademark of International Business Machines Corp.
, MS is a tradema rk of Microsoft Corp .

If card is miss ing, simply write to the address shown below stating
the cou rse you are interested in. A FREE color catalog with all
details will be sent to you by retum mail.

NTSCOURSESCOVERMANY
AREAS OF SPECIALIZATION
IN ELECTRONICS:

Robotics: Build the NTS/HEATH Hero.1
Robot as you learn robotic programming.
Robot is complete with arm and gripper,
voice synthes izer. Robotics is becoming
increasingly importa nt in industry as almost
dai ly news features attest.

Video Technology: Build one of the most
advanced Color TV sets in America as you
learn circuit diagnos tics, and the use of
digital test instruments. Course cove rs co lor
TV, video tape recorders, computer
fundamentals, solid-state devices.

Industrial and Microprocessor
Technology covers circu it analys is, micro 
processors and automation applications,
lasers, and basic industrial robotics .

TV & Radio Servicing is a specialized
course offer ing an exce llent foundation in the
use and application of both analog and
digital test equipment as applied to the TV
servicing field. Learn circuits, adjustments,
trouble - shooting, and servicing of Color and
monochrome monitors .

Digita l Electron ics offers the student the
opportunity to get involved with computer
concepts, computer technology
fundamentals, and digital equipment by
training on the NTS Compu-Trainer.

Basic Electron ics is a course designed
for those wishing to have an over-view of
electronics in many of its aspects including
rad io rece ivers , solid state devices, and
electronic components.

NTS Intronic training programs inc lude a
variety of superb equipment, most of which is
classi fied as field-type, making the training
practical and career oriented . Texts and
lessons have been tested in our Resident
Schoo l in Los Angeles to assure home study
students their courses of training are easy to
understand NTS, now in its 80th. year,
continues to be at the leading edge in
Electronics home training .
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The student I ms to use test equ!pment such as 11 / .

digital probe a a digitalmult~rto check circuits
and measure volt s. Lessoll$"itiid current texts ,
round out the entire ram, m.t1l'has/zlng practical
applications of theories prlnctjilpj.,. ; . ,

i ~ ""'.Jat•."~

2



ASKR,E WRITE TO:

ASK R-E
Radio-Electronics
200 Park Ave South
New York, NY 10003
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to obtain resistance values in di s
crete steps from 1 to 10. They use
resi st or co m b ina t io ns such as
1-2:2-5,1-2-4-5,1-2-3-5, 2-2-3-5, etc.
Unfortunately, suitab le switch es
can be hard to find , or expensive.
In case yo u' d like to give it a t ry,
however, Fig. 2 shows one exam
pl e that is easy to hook up. The
resistors sho uld be wired d irect ly
between co ntacts o n t he switc h
wafe r.

Toggl e and slide sw itc hes are
less expe ns ive and more readily
available than rot ary sw itches. Fig
ure 3 shows how you can use nin e
sing le-po le, sing le- t h row (SPST)

TABLE 1-RESISTANCE
VS. SWITCH POSITIONS

Value Closed Opened

1A 82,83, 84 81
2A 81,83, 84 82
3A 81, 82,84 83
4A 81, 82, 83 84
SA 82, 83 81,84
6A 81,83 82, 84
7A 81,82 83, 84
8A 82 81,83,84
9A 81 82, 83, 84

10A - 81,82,83,84

value, as shown in Tabl e 1, is se
lected by opening and closing th e
correct combinatio n of switches.

Here, and in Figs. 2---4, note that
the values of the resisto rs have not
been specif ied exact ly. To build a
decade box using one of th ose ci r
cuits , ju st make sure that th e re
si st o rs main t ain the in di cat ed
proportions relative to each othe r.
In Fig. 1, fo r example, valu es of 1
ohm, 2 ohms, 3 ohms, and 4 ohms
wi l l be suitab le for a 1- to 10-ohm
decade box. To build a100- t6 1000
ohm decade box yo u would use
resisto rs of 100, 200, 300 and 400
ohms.

There are several ways to wire a
2-gang, 10-p ositi on rota ry sw itc h

R

FIG. 2

l R

RO UT

2R

'----y----l
ROUT

FIG.1

2R

l~
2R ,.....

i 6 2R b
2R ;! >=-

2
>-<
£ 1 - -- -- - - - - -- - - 1

'-0 01Q( l! L __ ~---/

0

fice functions li ke both our FCC
and our Nat io nal Bureau of Stan
dard s.) The resistor s are precision
w ire -wo u nd types . Th e desi re d

RESISTOR DECADE BOX
I want to build a resistance decade
bo x that ha s six decades ranging
from one ohm to one me gohm. The
problem is that using ten precision
resistors per decade will be expen
sive . I understand that there are
tricks for creat ing ten discrete values
usin g onl y fo ur resistors. Please
show me how.-J. A., Cobleskill, NY.

Re si s t an c e d e c ad e boxes
evo lved from the Brit ish " Post Of
f ice Bridge," show n in it s basic
fo rm in Fig. 1. (The Briti sh Post Of-

(j)
o
Zo
a:
b
w
--J
W

6
o«a:

22
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BUILD·IT·YOURSELF

Here's what Richard Maddo x,Author of "Trouble Shoot
ing and Repair of Satellite Svstems'tsaid when he saw
the Dick Smith Australis I:
I couldn 't believe the video QUII!lty . . the overstt pedosmsn ce
nv ets com m ercia l rec ei ve rs costinq h un dreds o f dotters
m ore. The elise of assem bly an d th e wa y the y h llv e us ed
fi eld pro ven circuitry is tsnts st ic The Qual i ty of the bOll rd
w as be tte r th an exp ensi ve co m m ercial units ra worked
with . . "

-.(~ Ki t com~s co mplete to th e I.st nu t . nd bol t. scr~ f!ned bo.rd.
fron t/rf!.~ p.ne /s. • 11mounring h. rd w . re - ~"en sold~r .nd supp1l~d WIth
comprf!h~n sl't'f! Ins tru c r,o ns. Th~ Ausrr. lls t off.,~ lo r the '''S I tim e
qu. !lt y .nd .chle".bf~ resu lts to lh~ "~t tlm~ bulld f!r lo r m inIm.' outl.y

-(( Spe cI.II., p rod uced constructIon m.nu.1 m.lces bu ilding th e
A us tr . 1Is I E·A ·S · Y . e ven lo r th ~ b egin ne r El(p'.lns everv st.g f!
01 con str uction Irom stert to finish c/~.rly, sim p fy . nd co nci sely

*' Ev~ry lcit con t.lnS. " SOtTYDick. It Do esn 't Wo rlc" rep."coup on .
fn the unlilce/y eVf!n( th.t 'IOu c.n ·t g f!t your A ustr. 1Isl to wo rlc. Just send
It In to us tog f!th er w it h the cou pon .nd • service I f!e - .nd Wf! 'II
I' I( It lo r you . A Dlc lc Sm it h unique servic~

-a '4d. ynorhing-to -fose t".lofff!r Purchue the O,eicSmi th
Austr . hs f S.t~lIlt~ Rece iv. r ;;' t K -63'6. f!1(. m in . It lo r 7 d.ys " you
le f!f It IS bf! yond .,ou r C.p. bl!ltI f!S, re turn th f! k if to us i n the cond i t io n
'l'JU rece lt'f!d If .nd wf! ·11r. lund you r mon f!., In f ull W".t co uld bf!
f.,,~ rt1',.n th.O

"* SA VE S - Comp. rf! th . PflC f! of th e Aus tr.1Is , WIth oth er reCf!l ve rs

costm g much. much more

IIC ENTHUSIAST IS # 1 !

It' s a real beauty thi s one: a real ' live' musical svnth esiser > and
it's live because it uses YOU as the note generator ! You get an
amazing range of cont rol over the sound .
Cat K-2669

The DICK SMITH Funway

Mini-Synthesizer

Look
at the
Features

INCORPORATED IN THE STATE OFCALIFORNIA
BRINGING YOU MORE

HOME SATELLITE TV
INSTALLATION & '

TROUBLESHOOTING
MANUAL
1986 Edition

This huge 3 11 page manual w ill explain everything

you need to know to understand .select equipm entI.iiiiiii••••••••••••••install. and t roubleshoot satellit e TV systems.
W ritten in clear easily readable style, this is a must
for every satellite TV dealer and peop le w ho want
to insta ll their own system. H.Taylor How ard said
" This book .. _puts it all in one placeand w ill make
it poss ible to thr ow out that old collection" .
Cat B- ' B46

•

CALL FOR MORE INFO
ON DELUXE SYS TEM
WITH 9 ' DISH ANTENNA

Items also
Available Separately
Aust ralis Ilecetver Kit K-6316.....$99 .00
6' Dish Antenna D-6326.....$399.00
6S· l a w No ise Ampllt ler D-6327.....$189.00
125' Cable s with Connectors W-~015$99.00
Feed Horn D-6328.....$49.00
Down Convertor 0-6329 $99.00
Satellite TV a Yo u 8-1844 $1.95

SAVE OVER
$135.00

Evenin Ca lifo rnia where satellite signais are wea ker we' ve been using this little beauty
at ~dwood City to de monstrate the Australis I - ask ou r staff, they put It up and d own
outside o ur show roo m everyday. No Holes and pouring concrete necessary- sturdy
ring mount for ea sy Installation and simple assembly. This Antenna Is also Ideal for
sight surveys, and RVs Gain Is3606 FlO equals.375 Foc al length 27". Manufactured In
the USA o f prec ision sturdy one piece formed aluminum.

Package Includes:
6· Antenn a Dish - Co mp lete With ail Hardware a nd Inslruc hon lo r ossem bl y D-6326
M · low NOise Ampl ifie r 0 ·6327
Feed Hom D-632S
Down Conv erte r D-6329
Australis I Red, "' e r Kit K-6316
12S· RGO O,'ecISurlOl Coble (No COnd Uit Req UIred) 100"'0s.....ep l le sle d 10 1 "~ MHz.
Coble Inclu de s 0 11 oth e r nece sso rv cccres- rece IVer cc wo tc e. and pololltv cc encr
co mbl no ho n a nd connec tor sW-2075
sctemte N 6.Yo u 31 po ges 01wha t yo u con wale" e.pla,n sthe boSICS. gr eat g losso ry
otlerm s S·1SAA

Unlock the world of television programming that you hove never before experienced, the
diversity ot receptio ns is p he nomenal. From spor ts to international po litics.. to movies. to the
major news a s it happens right before your very eyes. Months of research by top engineers has
produced thisstate-of-the-a rt rep utable design wit h a mi nimum of adjustments necesscrvtor
correc t operation. Gone are the days o f sweep ing iron filter s and borrowing expensive
spec trum a nalyzers. All yo ur need to a lig n this kil ls a multimeter.

Just Look At These Features:

vtd eo Outp ut Impedance: 15 O hm s
'v1deo Polar ity: Internally linke d
Energy Dispersal Rernovol: 30d B or better

~~~:~ ~~~~~~~rs~l~~~~~~~~·~~dHsZ to 8.0mHz
AudIo Output Im ped anc e : 600 Ohms
Aud io Output l evel : - d B Nominal

The DICK SMITH Low-Cost

Satellite System

The Dick Smith
SATELLITE RECEIVER KIT

IF Input Frequency: 10mHz
IF Inp ut l evel: -358m to -58m
IF Input Impedance: 15 Ohm s
IF Bond Width : 26mHz standard 12mHz o ptio nal
Cartler to NcHS8Th re sho k:t: less than 1dB
vtdeo De·emphasls: CCIIl 525 lines
vtcec Output l evel : 1 vo lt (peak to peak)

It a ll odds up to a superb rec e iver I

* Eorf to bulkt Prtnted CIrcui t Boord. OUf spe c Ially de signed boo rd s ore silk screened wtth a com ponent o 't'8rkJy a nd
coated with a proteeM "sold e r mask.. This co mponent ov e rla y makes soldering the board a c inc h. Just look a t 1118 list at
components In Theconstructlon manual. Next to the componenl YOU' ll see 0 number, e g . ~1 = 1k V. w reststor . Find IH o n
the board. plug the rellsto r In and so lder. If s as simple as polntlng by numbers,
* Easy to Tun e - Our 11 year. 01experience has taught us to keep o ur kits simple. Extra "me went Into the research 01 our

=1::=.c:ll~~!~lt~~k~~~jtln:e~:;le_Iv~~~~I~~~:~rk:~e~r~~~u~J5~~gl~~~~tantord te st lab - we dId aw a y

* tctest Technology - Use. state ot the a rt high quo llfyS lemens bandpass "Iter for IFnlte rln g to pro vtde b wg roup delo y
dlst ort1on without the need for additional equcltzonon networks.Provtdes greo1er selectlvtfy. reproductobilifyand stab il ity
than IC or helical nlters a. used In military com mun'c otlons..

* Incr edib le Per1orrTlQ..nce - Compare with receivers p riced hundreds o f dollars hIgher. Sp ec lflca tlo ns like .



Combination TIme
Lock SWItch

You can make a ga me - or
make a real elec tronic
' loc k' with this one. Use it to
co ntrol an alarm, a door
control, etc. You se t the
co mbi nat ion you wa nt - or
change it when you wish .
Try and beat thi s one - if

you can! $1295Cat K·2666 'if
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Ught and Sound
What versatility! It's really 6
projects in one : yo u just
buil d th e form you wa nt - a
LED flas her. a min i str obe
fla sher, po lice si ren, mot or
boa t sound effects, co n
tinu ity tester and Morse
Code practice osc ill ato r.

Cat K-2665 * $895

ZENER DIODES
NOW

10up
.10 Zener diode 3V 3 1 Wan !N4 72 E
.10 Zener diod e 3V6 1 Wan IN4 72~

.10 Zener diode 3V9 1 Wan IN473C

.10 Zener diode 4V3 1 Wan IN473 t

.10 Zener d iode 4V7 1 Wan IN4 7 3~

.10 Zener diode 5VO 1 Wan IN473 ,

.10 Zener diode 5V6 1 W an IN473

.10 Zener diode 6V2 1 Wan IN4 73 !

.10 Zener diode 6V8 1 w an IN4 731

.10 Zener diode 7V5 1 Wan IN473·

.10 Zener diode 8V2 1 Wan IN473:

.10 Zener diode 9Vl 1 Wan IN473'

.10 Zener diodel0V 1 Wan IN4 74 '

.10 Zenerdiode l 1V 1 Wan IN4 74

.10 Zener diode 12V 1 Wan IN47 4

.10 Zener diode 13V 1 Wan IN4 74

.10 Zenerdiode 15V 1 w an IN474

.10 Zenerdiode 16V 1 Wan IN4 74

.10 Zener diode 18V 1 Wan IN474

.10 Zener diode 20V 1 W an IN4 74

.10 Zener diode 22V 1 Wan IN47 4

. to Zener diode 24V 1 Wan IN4 74

.10 Zener diode 27V 1 Wan IN4 7~

.10 Zener diode 30V 1 W an IN4n

.10 Zener d iode 33V 1 W att IN47 E

Mini Colour Organ
Your very own disco co lour
organ - but ours is battery
operat ed - so it's much
safe r than mains devices!
Connec t it to your radio ,
cassette or ste reo for a real
Iight show:

Cat K-26~ $1295

Here it is - the one you 've been
waiting for - Fun Way 3. This is for
the more advanced hobbyist-those
who have worked the ir w ay th roug h
volumes 1 & 2 . There's ten really
gre at projects in Fun Wa y 3 and
each one is based on integrated
circuits. Because the projects are
more cornple., tha n previous ly, they
are dealt with in more deta il. More
explanat ion, more const ruct ion,
more fun! B-2610

$69 5

Fun Way
Volume

* This book is required to make any of the Funway Kits

Z-3 5 15
Z-3 5 17
Z-35 19
Z-35 21
Z-3 52 3
Z-3525
Z-352 7
Z-3 529
Z-3 53 1
Z-3533
Z-3 535
Z-35 37
Z-3539
Z-3 54 1
Z-3 543
Z-35 4 5
Z-35 47
Z-35 4 9
Z·3 5 51
Z-3553
Z-3 555
Z-3557

•

Z-3 559
Z-35 61
Z-35 6 3

~otA IJ

9~~t Ouo
, 35 TL074 CP/lF34 7N Quad J FET amp

50 LM339 N Quad comparator 14 pm
30 l M301 HIgh rm ped op amp
55 lM30 8N /UA308TC 8 pin co amp
50 lM31 1 Volt age comparator

' 10 LM3 19 N Hlqh speed comparator I
85 l M380 audso IC 14p m I

1.50 l M38 1 Dual op amp
1.29 lM38 2 Stereo preamp IC
3.75 lM394 C Dual d,f supamax preamp

.75 lM386 A udio amp 51
1.20 NE5534 AP l ow noise op amp VI eo

.4 5 LM3900 Quad op amp 0 e~
40 lM3 24 Quad op amp eud so IC L GH

2 75 LM1 871N RC encode r eSI2 8 5 LM 1S7 2N RC decode r D
1.3 5 l M291 7 Freq 10 volt conv ertor

~~ ~~~~~/g;a~;'~:;~r IC P-461 4 3" X 2.411 x.3 84 8 5

1 ' ~ ~ t~~~~~N1EJi~~DD:=~~~C P-461 5 7" X 2.7" X 3" $99 5

.:; ~~t~~g~ :::~~ 18~~n~LlJ..~g No Soldering Required' For P-4616 8 " x 8 " x .8" '1 9 115

.35 lM723 vctt reg 14pm Oil pkg des ign ing and build ing inc re-

.25 l M 74 1 op-ernc 8 pm OIL pkq dable circ uits. 4 sizes. modular P 4617 9 5 7 5
and expandable; each unit • • x • x .8" $29115
Includes a pad of tevout paper.

CJlcket

Here's a ton of fun! Hid e
the cricket: whe n the ligh ts
go out it sta rts c hi rpi ng.
Turn the ligh ts on or make a
noi se and it stops. Makes it
so hard to find! ! It rea lly is
infuriating! ,
Cat K·2663

*$995

NOW
e•

1.39
55

.34

.60

.5 5
1.20

89
1.55
1.3 9
39 5
.79

1.25
49
.45

2,85
295
1.45
.27
.49
.79

2.19
.49
49
39
27

NOW LA TEST TECHN OLO GY
ea 10up A T ROCK BO TTOM

3.7 5 3 65 TM S2516 2K eprom PRICES
395 385 TM S25 3 2 4 K eprom
3.95 385 2732A eprom Intel 150 nanc sec
2 50 2.30 AM2732-2 5 32 K eprom 200ns
2.50 2.30 A M276 4-2 5 64 K eprom 200ns

85 802 102 RAM
9 5 .90 2 114/ TMS40 4 5/C1 06 15 4 K RAM

1.85 1.80 HM 61 16 P-4 / SRM 201 6C20 CMOS RAM
69 65 TMS4 116 D/ RAM 200 nanosec

.89 .8 5 4164 DRAM 150 nanosec 64K
2.9 9 2.89 25 6 K Dvnarmc RAM 150ns

1.49
69
.39
69
.59

1.49
1,29
1.79
1,60
4.5 0

.9 9
1.3 9

.5 9
59

3.50
325
190
.34
.7 9
.9 9

2.39
.5 9
59
49

.3 5

wa s

wa s

4 .95
4.9 5
4 .9 5
3 .5 0
350

.99
1.0 5
3 .49
1.00
1.9 5
6 ,49

LINEAR

Mini Stereo Amp.

;)
Want an amplifier for your
'wa lkie' stereo or radio ?
Don't be li ed to 'phones:
use thi s project and listen
in co mfo rt! Oryou can buil d
this into a min i PA ampli f ier .

Cat K-266: $1495

Z-9 20 7
Z-9 208
1-9209
Z-9210
1-9 2 12
Z-9302
2-9306
Z-9 30 8
1-9310
Z-93 12
1-9 3 14

MEMORY CHIPS

8 UI Pokey
You'll have a ball with thi s
one - and you don't risk
los ing a sing le cen t! A
digital proj ect whic h not
only shows how the one
armed bandi t works - it
te aches you how log ic cit 
cults wor k, too.

Cat K·26 62 * $1995

A great school proj ect: it 's a
fun game - but even more it
demon str ates binary num 
be rs very well . And they'r e
the basis at all co mputers!
It seems pretty simp le to
pla y . . . but t ry it!

Cat K-266~ 'if $1995

Two Up

iJJ//~

Australia 's 'national g:lme'
has fi na lly been converted
to electr onics .And you don 't
have to find any King
George pennies! Simu lates
th e thr ow, th e spin and th e
final result. Come in spinne rt

Cat. K-2661 * $995

NOW
10up

:~ ~ ~:t~? g~::l ~ :~~: ~~~g g~~
.15 74 LS02 Quad 2 input NOR qete
.16 74LS04 Hex inverte r
.16 14lS05 Hex invert/ope n collector
.16 74 LS08 Quad 2 input AND gate
.16 74 LS10 Trip le 3 input NANO
.20 74LSll Tripl e 3 inpu t AND

:~ ~ m~i6 ~~:I~C~~-:J ~~~;' gate
.20 74L S21 Dual 4 input posit ive AN D gate
.20 74 LS27 Tripl e 3 inpu t NOR gate
.15 74LS30 8 Input NAND gate
.90 74LS3 1 D<lloy line

:i~ m~n g~~}~n~~?F~8~te

:~~ mm g~:: ~K-ms"T~~Gk.J: FLIP/FLOP
.4 5 74 LS85 H bit mag compa rator
.20 74 LS86 Quad 2 input OR gate 1-60 34
.3 5 74LS90 Decade coun ter 1·60 39
.4 5 74LS92 Divide by 12 counter 1·604 0
.3 5 74 LS93 4 8it binary count er 1·6045
.4 5 74LS95 4 bit L-R shift register i:~g:~
.3 5 74 LS132 Quad 2 input NAND Schmin 1-6080
.3 5 74LS138 expandable 3/8 decode r 1·6081
.35 74LS139 1 of 8 decoder/multiple xer 2·6082
.35 74lS153 Dual 4 input multipl exer 1·6083
.30 74LS157 Quad 2 input multiplexer i:~g~g
.60 74LS165 Per loed 8 bit shift register 2.6100
.35 74LS 174 6 8it 0 flip flop 2·6102
.35 74LS175 Quad 0 fli p flop 2·6 103
.35 74LS36 7 Hex bus dri ver & 3 stage cYp 2-6104
.60 74lS241 Oct al buff er/line dr iver ~:~ ~ ~~
.60 74 LS244 Octal buffer/line driver 2.6146
.6 5 74 LS373 Octol3 stage latch 1·616 7
.55 74 LS22 1 Dual mono stable mu ttivibratora Z-6 295
.65 74LS374 Octal 0 fl ip flop 1-6351
.6 5 74LS240 Oct al buffer/ l ine driver ~-g3~ ~

:l8~:t~1~~ ~il~~~~~ee~~ltiY;b rator Z:638 2

ea
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.18
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.2 2
.3 9
.17
.22
.2 3
.17
.9 5
.18
.2 9
.24
.29
.4 9
.2 2
.39
.49
.39
.49
.3 9
.3 9
.39
.39
.3 5
.6 5
.3 9
.39
.39
.6 5
.6 5
.6 9
.59
.69
.6 9
.7 5
.4 5

was
.29
.29
.35
.35
.35
.35
.35
.35
.59
.29
.35
.35
.35

1.50
.39
.39
.49
.39
.70
.39
.55
.55
.59
.75
.59
.59
.50
.59
.6 9
.8 9
.59
.69
.4 5
.9 9

1.29
1.2 9
1.0 9
1.4 9
.9 5

1.4 9
.7 9

74LS SERIES

Bonza Bargains on Semi-Conductors!
CHECK OUT OUR FANTASTICALLY LOW PRICES!

SUPER SEMI SALE

C'mo n, Guvnor - leave th e
auto a lone. That' s th e Fun
Way 3 Minder te lling vil
lains th at it is lookin g aft er
the cart It's actually doing
much more - makes a gre at
'light s on' warning and
'doo r open' warnin g as well
as a pseudo burg lar alarm .

Cat K·2660 * $795

Z-4900
Z·4901
Z-4902
Z-4904
Z-4905
2·4908
Z-491 0
Z-4912
Z·4 9 14
Z-4920
Z-4924
Z·4 927
Z-4930
Z-4931
Z-4932
Z·4 9 73
Z-4 9 74
Z-4976
Z-4985
Z'4 9 8 6
Z-4990
Z·4992
Z-4993
-4995

Z-5283
Z-5 284
Z-5285
Z-5286
Z-5287
Z-5288
Z-5290
Z-5291
Z-5292
Z-5293
Z-5294
Z-5295
Z-5296
Z-5297
Z-5298
Z-5299

-5310

CIRCLE 95 ON FREE INFORMATION CARD -- - - - - -



VERYTHING FOR THE ELECTRONICS ENTHUSIAST

Squ are/Sine wave output audio sig nal
gene rato r. High accuracy - the ideal
partner lorO-13 12 - -- _ _ _

....C" "'-'T'O• • ' $999 5 ' ' "1 I
,~ ..-.qr ,.....: 2OHI'200l<H~ ~ • :.~ , --., ;1

~~;"~~~;ne~~~m...nblll. need w- '~'; ' .' ~~Output Co.nll"ll)l : Hog"/low ..nblll (·2todB) .nd 'In. ~1""I..r I . _.... .
............ ovt""'l : 20 Hz·2Qt;.Hz. SV r"' ........1 " or ... d" lolllOn -- .. . j - i - -
~":: :;=.~:; =~~:Z"I~,:~o;,.\: ,=~,m. 0- 13 10

Thalarges ll . t.I U I,.MU"'g.na"",nt.r.st one e, l~ Etlftlr' . II 'S produ e«l byT, rt BfOIdcu hng of C,ncinnll~ Ot'llo. • nd ••
'VII,I. tIle lhe ra on WKRC. Ch, nn.1 12 . 11 IS, Iso "nk~ 10 'na VBI of Super.l lll on WTBS -AlI.nl•.•nd 's 'h us .v.d.b le 10 som e
9.000 UlbI. -TV sysl.ms Wllh 32 mIllion hom . s. It II . Iso ...... l. b.. to . nyon. WIth . TYRO d'sh on I~ G. luy 1 sa l.UII• .
tr.n.pond.r 18 • • nd 011 the SPN ch.nnel of S..lcom 3 . Ir. nspond . r 6

AJOI'lO WIthEllft lr• . tha eompeny 11'1 .1 link. WKRC WIIhWTBS , Iso produe es. bu"n. .. " meg ' l ,n." c. lled C.blallxt whlt h IS
11 ~.. of 15· m,nut. dal.yad NVSl AMEX ,nd OTC stock prICes. •10l'l0 Wllh • long " rolling pa.g." of s tock ,nfonnellon .nd
bus ,n... hHdhn.... IC.bl.lI ~t IS ,v.,I.bl. s.mutl. -ously WIth Ellfttr. : EIK t" .I.rts on~. 100. C.blall lll on peoe 201 .)

Eleetr. IS' 1 ()().~ m~'ltn. WIth flSl ·br ..k,ng naws, - soft news - . bu .,".n ""'.dll"" ' nd InlorrT'llllOn. sport • .cores.
ha ldlin ... , nd Stlll.tlCS. 'nd '..11,1,,, such .. _lIh.r. tnv.. peg ... end .d.,ly .port.qU'lqlil lt ,onwnos••n._r.ppa.r.ll the
pr... of. bunOl'l IREVEAL)

AnoIh.r w ry l. fIl" t. I. I. 1lI, .NIt. IStna .gncuhur.lty-on.nt~ INFOTEXT se NIC. produc ltd by 11'1.Unl....r.. ty ofW,scon .. n
.nd 'VII,lIble on ,.lel/lIlO n It..tio ns Ihroughout thlt Stili. INFOTEXT provld .. g....r.1 news. o.t" I«I_.lh.r. commo(lltle.
repon s . nd prlClS . • nd ge n. r. 1m,rt: .t Infor m. llon
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s ome newer TV's with compo. ite tuner output• .

Besides the usua l voltage , cur 
rent and resistance ranges it
checks capacitors t rans istors ,
and diodes: measur es transistor
gain; inc ludes audib le cont inuity
checke r ;auto matic zero of all
ranges high su rge voltage pro
tection , auotomatic over -range I! !!!!!!!!I
ind icator. Cat Q-1500 ..
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" 100 IS •• ""1" JO "lOO . _

~
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Ea sy to build circuit board w it h
sc reened overlay showi n g com
ponent layout for eas y • • • • mbly*
com•• w ith pre-adjusted and pre-
••• embled d ecoder module. Requir• •
very little adjustment. * Ho u• • d In 8"rIIet
ive c••• w it h s c r • • ned front a nd re ar panel s
-You'll be proud to have it on your video s he lf
-Just wai t until your fre inds a s k what it is!
* Comes complete with 2 1 button remote control.
* Te le text servi ces a re FREE - no u s er fe e s, no
s c ra m ble d s ig na ls* Watch re gular TV, vie w
Teletext pages, or s ee the t e xt over th e regular TV picture .
* Decoder c an b e s et to newsfla sh page warning you of hot
news s to ries.

NEVERHEARD OF TELETEXT?You're not alen e! t
Many people don 't know that text & graphics
are transirmtted as digital data in the COS IIIf
Vertical Blanking Interval on your TV~ L _- EA "
suild ::~18IEg~~UHIE !
f ELE ."E /4 F
/4l1d S,..

......
Cat K-6315

Convenient size wIth large, easy to read
value selection that enables you to select
vatuestromSobmsto t Mohmmaesteps by
using most common divisions. Complete
with leads and Insulated crocodile chps.

.PCB ~~
Drill i"~

$1 4 9 5 CalT-4751

Fo r hobb yist. technician,

~~~~~I~auk;\:3b,g~~
rpm (depending on vo l
tage) w ith a high torque.
Drill polish. grind. debu rt.
engrave, rout. buff, carve.
sand etc. Incl udes 4 hi
speed steel tw ist dr ills 3
co llets . g rindi ng bit,
w rench and tommy bar.
DC power cable and plas
tic case.

Primary :
Secondary Voltage : 11 7V , 60 Hz

9.5.12 & 15V
SecondaryCurren t : 1 Amp

Terminallons: Flymg leads
Cat M·2155 6 .3.7.5.8.5 .

10 up$S.50eoQ

. Primary; 117V. AC
Tapped Seccocerv 15 . 11 .5, 20 . 24

Voltages : 27 .5, 30 volts
Secon dary Current : 1 Amp

Termin ation : Solde r Lugs
Cat M·6 6 72 10 uo $6.95eo

~995
19" RACK
MOUNTING CASE
Professional quality black
Ins trument case fit s stan
dard 19 " racks . ove rall
the y' re 16.75" x 9.S" x
5.5". Supp lied flat. ass
em bly tak esJust a cou ple of
m inu tes. Heavy gauge
(0 .12 ") front pane l; to p and
bott om pre-pu nched for
ventilation.

Cat 0- 1242

Dual Trace Oscilloscope

$3990 0

.a r~ no..toc. 6" CRT wtth Interna l g rattc u" .
f on t panel trace rol ator. 2 tv OCCMrotion.
;H2 In....n. X·YoperoKon, Zo xlsln ten tlty modub
ton, TV-V H (VIdeO) sync sepa rator.
:ult'( shielded IWttc hlng regulolOf po'W'ef suppty
'o r a ccuracy , tMgh fr~uencyniter In th e ' lig get'
:ult.
Smooth ,oIoIf exee«lng20 MHz"htggersbeyond
)(l MHz.
m.. comple te wtth two 10:1 hook-on pt'obM
and spa r. tuMS.

::oncord
rABlE-TOP CHESS
he most powerful betterv-oper
ted unit available! Conco rd's
legant sty ling concea ls a fast ,
o we rfu l program, capable of 9
evels of play includin g M ate- in
. problem solving .
.at Y-12 62

SOLAR
Experimenter's Kit
Contains an encapsu lated so
la' cell with light intensi fier.
motor, wire and an info rma
tive booklet on solar energy
and its applicat ions. See how
light ca n be efficiently co nvert
ed into e lectrical ene rgy !
Cat Y-2 100

Superb desig n uses latest IC tech
no logy. l ow compo nent count
makes it very reliable and easy to
bu ild . M easures freq uency to 50 0
MH z (w ith opt ional pre-sca ler) and
period both wi th a 7 d igit resolution.

Supplied wi th the exclu
sive Dick Sm ith simplified circ uit
board wi ring , step-by -step instruc
tio ns and a qua lit y pre-pu nched
and silk screened fro nt panel and
case. Cat K-3 43 9

Increase the range of yo ur K·34 39
Frequ ency Counte r to a more pro
fession al range of o peration. . 10 
500M Hz. 522 50
Cat K-3432

PreScaler Kit

Digital 589 95

Frequency Counter

lie ENTHUSIAST IS # 1 !

DIC ITH
ELECTRONICS
INCORPORATED IN THE STATE OFCALIFORNIA

STO~ES AT:
BE~KELEY: 2474 ShaMuck Ave., (415) 4B6 0755

~EDWOOD CITY: 390 Convention Way, (4 15) 3611 8844
SAN JOSE: 4980 Stevens Cr ee k Blvd . (408) 241 2266

STORE HOURS: Son Jo se & Berke ley 10 AM - 6PM EVE~YDAY'

~edwood C ity 10AM -6PM M o n - Sol ; 12-5PM Sun
MAIL ORDERS: PO Box 8021, ~edwood Ci ty , CA 94063
HEAD OFFICE: 390 Convention WaY,' ~edwood C ity , CA 940 63

CATALOG



TABLE 2-SINPO CODE

S N P 0
Signa l Interference Noise, Propagation Overall
St rength Static Disturbance Merit

5 Excellent None None None Excellent
4 Good Slight Slight Slight Good
3 Fair Moderate Moderate Moderate Fair
2 Poor Severe Severe Severe Poor
1 Barely Audible Extreme Extreme Extreme Unusable

'; ', ' . ~
,, ~~. ,.... ";w~, ~ - ....

• Learn at home in spare time.
:.J

o

• ~ No previous experience needed.

~~ JIII\\l
No costly schooL No com m u ting to class ,
The Original Home-Study cou rse pre
pares you for the "FC C Com m erc ial Radio
te lephone License", This valuable license
is your " t ick et" to thousands of exci ting
jobs in Com m unica ti ons. Radio-Tv. Micro
wave. Computers. Rad ar. Avonics and
more! You don't need a college degree to
qualify. but you do need an FCC License ,
No Need to Quit Your Job or Go To School

This proven course is easy. fast and low
cost! GUARANTEED PASS - You get your
FCC License or money refu nded, Send for
FREE facts now. MAIL COUPON TODAY!

r----------------------,
I commdnD PRODUCTiOnS I
I FCC 'L1CE NSE T RA IN ING, Dep t , 90 I
: P .0 , Box 2 223, San Francisco , CA 94126 :
I P lease rush FR EE details immedia te ly ! I
I NAME I
I ADDRESS I

t ~12:Y_~~~~T;,-;;-;;-,; I!:~_ j
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switches and a 1-1-1-2-4 string of
resisto rs to obtain a wo rkab le de
cade box. W it h that ci rcu it, closi ng
just one switch gives the desired
resistance . A variat io n of that ci r
cuit is shown in Fig. 4, w hich uses
five sing le -po le d o ubl e- th row
(SPDT) switches. The catch is that
each swi tc h must have a center-off
position or t he ci rcu it wo n't func
t io n properly.

REPORTING SHORTWAVE
RECEPTION

I' ve recentl y become an avid
shortwave li stener, and now I want
to start coll ectin g QSl cards. I un
derstand that foreign stat ions want
SINPO repo rts . Wh at's SINPO?-
R. N. H., Brentwood, NY.

A we ll -p repa red rec epti on re
po rt can be very helpful to a sta
tio n's eng ineers an d pro gram
managers. They'll send a QSL (ver
if ication) card if you send th em
eno ugh informat io n to prove that
yo u actually heard t he ir broadcast.
List the stat io n's call letters (if any)
and fre quency, th_e time (in GMT

or Greenwic h Mean Tim e) yo u
heard the broadcast, and some 
thing about the co ntents of t he
program, suc h as "A nno u nce 
me nts in English, then French , fo l
lowed by a piano and flute duet."
Follow this with the SINPO code,
in a format something like this :
S5-15-N3-P3-03. Th e comp lete
SINPO code is shown in Tabl e 2.

WIRING EXTENSION SPEAKERS
I stopped in a hi-fi store to pur

chase wire for extension speakers
that I'm adding to my stereo. The
young clerk really got on my case.
He askedme all kinds of thingsabout
speaker size, how far away my
speakers would be located, and lots
of other fool questions. I walked out
and purchased a spoo l of speaker

wi re at a super market. l ater, I
thou ght about that clerk'squestions,
and I wondered whether he was
reall y trying to be helpful.-E. O. c.,
Port Chester, NY.

O h, if we only had more cle rks
li ke the one t hat t ried to help yo u!
He wasn't be ing nosey; he really
was tryi ng to be helpful. W hen he
aske d abo ut t he "s ize" of yo ur
speakers , he most likely meant
the ir impedance, not th eir diame
te r (6 in ch es, 12 in ch es, etc .) A
loudspeaker is an AC-circui t de
vice th at has capacitance, induc
tance , and resistance, and all of
those resist, o r impede, th e flow of

TABLE 3-WIRE SIZE VS.
MAXIMUM LENGTH FOR

15% POWER LOSS

B&S Gauge 4 ohms 8 ohms 16 ohms

24 11 23 47
20 30 60 118
18 47 95 190
16 75 150 300
14 120 240 475

electricity. The combinatio n of all
three is called impedance, w hich
is spec ifie d in ohms.

W he ne ve r a speake r is co n
nected to an amplifier, th ere w ill
be some power loss in the speaker
cab le. The lon ger the cable, and
the smalle r its diameter, the great-
er w ill be the power loss. ,

When th e cable size is too small,
t hat is, w he n its impe dance ap
proaches th at of th e speake r it sel f,
t here can be a red uction in speak
er vo lume, as we ll as a decrease in
the speaker's low -f requ en cy re
spo nse. Tabl e 3 shows th e max
imum w ire length that can be used
between the amp and the speak 
ers so that line losses do not ex
ceed 15% of t he power b ei ng
delivered by the amp lif ier. R-E



PHILIPS IB5IIIIII!I1 WESTON • Non-Linear Systeme ~ LEADER

FLUKE' J~
•••

SERIES •
~~MULTIMETERS '~ .I

BECKMAN'S
CIRCUITMATE ®

ALL UNDER $100

$69 95

$89 95

Circuitmate OM 45 
3%·dlgil multimeter;
0.5% Vdc accuracy,

diode test,continuity
beeper, 10 amps AC

and DC ranges, auto
zero, auto-polarlty,

auto-decimal

Circuilmate DM-40 
3Y2-digit multimeter;
0.8% Vdc accuracy,

diode test, auto
polarity, auto-zero,

auto-decimal

PRICE DOES NOT
INCLUDE PROBES

• 1mV/division sensitivity to 70
MHz

• 500 J.L V/division cascade
sensit ivity

• Four-input operation provides
trigger view on 4 separate inputs

• Alternate time base operation
• SWitching power supply delivers

best efficiency and regulat ion at
lowest weight

B.-.
100 MHz Dual Time Base
SCOPE MODEL

1590
•• •: . j..~
.. ~1

~;~ ,

$64 95

Circuitmate OM 20
3%-diglt, pocket-size

multimeter; 0.8% Vdc
accuracy, diode test,

hFE test, conductance,
10 amps AC and DC
ranges, auto-polarity

auto-zero, auto
decimal

$79 95
Circuitmate DM-25
3% digit, pocket-size ....1iiiiiiiiiiii:3
multimeter; 0.5% Vac •
accuracy, diode test,

capacitance, continuity
beeper, conductance,
10 amps AC and DC

ranges, auto-polarity,
auto-zero, auto

dec imal

01 L\NElOLLii3-0474
800- 212.730.7030

ADVANCE...
ELECTRONICS-

MODEL
5208

• Now with HIILO Drive

• Works In-circuit when
others won't

• Identifies all three tran
sistor leads

• Random lead connection
• Audibly and visually In

dicates GOOD transistor

AVAILABLE NOW....

EIJllI/!J1I!I1I INDUSTRIAL
TRANSISTOR

TESTER

WE CARRY A FULL
LINE OF FLUKE
MULTI·METERS.
IN STOCK NOW

SALE ENDS JAN. 31

Sale 99 5
$12 899S

75 6995
73

1$9951

77 • 0.3% Accuracy
• Manual or

Autorange
• 10A + rnA Range

• Beeper
• "Touch-Hold"

Function

QUANTITIES ARE LIMITED

~-&:nM'DYNASCAN, ) CORPORATION

BREAKS THE PRICE BARRIER
WITH THESE HIGH PERFORMANCE

OSCILLOSCOPES
100 MHz Dual Trace/
Dual Time Base
• 1 mV/div sensitivity
• 23 calibrated sweeps
• Rectangular CRT with internal

graticule and scale illumination Does not include probes
• Signal Delay Line ($60.00a pairwhenpurchasedwithscope)



What can you dd
. Justabou

crE can show you how:
Computer technology. Satellite communications.
Cable television. Cellular radio. Digital electronics.
Robotics . Just a few of the hottest career areas
in electron ics. The ones everybody is talking
about. The ones that are chang ing the way we
live, the way we do business , the way we ent~r

tain ourselves. The best way to start a career In

any of them? By learning the basic electronics
theory and principles of how they work from CIE.

Join a leader. ,
Leading the world in specialized electronics train 
ing CIE is the largest school of its kind with over
25000 students at home and abroad . And with
ov~r 50 years of experience teaching electronics
to thousands of men and women through proven

methods of independent study without class
room sessions.

Learn as much as you want,
when you want.
Whether you're interested in learning new skills
or upgrading old ones, earning a diploma or an
A.A.S. degree, CIE can match your needs with
courses and programs that let you start where
you want, go as far as you want fr~m a bas.ic
beginner course all the way to CIE s ASSOCiate
in Applied Science Degree in Electron ics - a
comprehensive program that prepares you for
advanced electronics careers.

Custom training
.equipment helps you learn.
CIE believes in the importance of learning by



ith electronics?
nything.

World Headquarters

Print Name _

Cleveland Institute of Electronics, Inc.
1776 East 17t h Street · C leveland. Ohio 44114

RE25MAIL TODAY!

Address Apt. No. _

City State Zip _

Age Area Code /Phone No. _

Check box for G.!. Bill bulletin on Educational Benefits

o Veteran 0 Active Duty

o Please send me your CIE Off-Campus Studies Catalog,
including details about the Associate Degree program.
I understand there is no cost for the catalog and a CIE
representative may call , but there is no obligation.

,---- - -------- --.doing. So most of our courses include special
ized training laboratories keyed to specific less
ons for practical experience through teaching
experiments. Our CIE Microprocessor, for
example, comes fully assembled and ready to
use to teach you how a computer CPU works
through a series of experiments you perform
on your own.

Are you ready?
If you're ready to do something now about your
future , there 's no waiting to enroll with CIE. Get
all the information you need to enroll simply by
calling us toll-free at 1-800-321-2155 (in Ohio,
1-800-362-2105). Or mail in the handy reply
coupon or card to Cleveland Institute of
Electronics, 1776 East 17th Street , Cleveland,
Ohio 44114. •



EQUIPMENT REPORTS

STB Systems .Chauffeur
Video Board

Now you can use color/
graphics software with your

monochrome monitor.

IF YOU 'R E SH OPPING FOR A N IBM PC O R

a PC-compati bl e computer, some
w here alo ng the li ne yo u ' l l be
forced to choose a displ ay option.
You have the cho ice of getting a
monoc hrome adapte r and a

CIRCLE 5 ON FREE INFORMATION CARD

mon och rom e mon ito r, or a co lo r/
g rap hics ada p te r a nd co lor
mo ni tor. (And if yo u opt for co lo r,
then yo u have to decide between a
composite and an RGB mon itor. )
How do you choose?

Co lor disp lays are nice , but if
yo u work on text fo r very lon g,
you ' ll soo n grow ti red because of
t he poo r reso lut io n. And yo u' l l
soo n resent t hat yo u paid so mu ch
for an RGB monitor that can't dis
p lay im ages as sharp as a less-ex
pe nsive mo nochro me mo ni tor
can . But monochrome moni to rs
have t he i r d raw backs, too-es
pecially if yo ur software runs only
w it h a co lor-d isplay adapter. Rul
in g o ut b uyi ng o ne of eac h
mon itor ty pe , it seems that mak ing
the righ t dec isio n is rath er diffi
cult.

But now there 's somethi ng to

2 WAY-750HM
UNSPLITTER

49¢11 00 LOT
8ge/50 LOT
9ge/EA.

21¢ / 100 Lot

MATCHING
TRANSFORMER

RG·591U 75 OHM
Co-Axial Cable B,,, '0"'''

140 Copper Braided '''''", I~

CHANN~~ Shield ~;':~d,~~~ \
WMe OlBI.Kk \

$139. $44$0/1000 It. . . ....

- -- _. - -

8"8

MODEL-6510

F·56 AVAILABLE UPON REQUEST

F-59
separated ferrule

C~
6(: /1000 LOT
lWl00 LOT

SPECIAL!

WITH VOLUME

SpEC\~\J .,/../../// I=C=O-=N-=T.R_O_L__----.."""""',,__---..!::= ::::;::::== = = =..
CONNECTORS6 '-59Al.

$ QN!U!'T~ -~- ;,;;,:;:~

Jerrold Cordless Cable
T.V. Converter (58 CHANN ELS)

en
~
Z
oa::
fa
w
...J
W

oo«a::

32
CIRCLE 275 ON FREE INFORMATION CARD
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make t hat deci si on eas ie r: the
Chauffeur video board from STB
Syste ms, Inc. (601 North Glenvi lle ,
Richar dso n, TX 75081). That add -o n
boa rd takes the place of IBM 's di s
p lay ada pter and acts, as bot h a
mon ochrom e and a co lo r adapter.
Co lo r di splays are con verted into a
fo rmat th at is co mpat ib le w it h a
mon och rom e monitor. It's a good
compromise .

The chauffeur is software-co m
patible w ith th e IBM co lo r/graph 
ics adapte r, and it is hardware-and
software-co mpat ib le w ith the IBM
mon och rom e/printer adapte r. In
it s text m od e, i t all ows an 80
characte r x 25-l ine display, and
provid es und erlin e, blink, re
verse-video, hidden , and du al-in
t en sity cha racter attr ibutes. Its
video memory is16K in text mode .

In it s co lo r mod e, th e Chauffeur
co nve rts a co lo r disp lay into a 16
leve l gray scale, and suppo rts the
IBM standard resol ut io ns of 640 x
200 x 2 col ors (shades) and 320 x
200 x 4 col ors (shade s). Its video
memory in the graphics mode is
32K.

STB Systems Chauffeur

OVERALL I I I I I I· I IPRICE

EASE l I I I I I I I
OF USE

INSTRUCTION I I I I I I II
MANUAL

PRIC'X I I I I I I I I
VALUE

11 12 13 14 15 161 7 18 9 10

~0Y:~~'

Settin g up the Chauffeur
Installing th e Chauffeur is sim

il ar to in stall in g any ot her add-on
card to a PC or co mpat ible . The
well -organized and well-written
manual help s to make th e process
as easy as po ssibl e. Befo re the
board is ph ysicall y in stall ed , all
th at 's requi red is sett i ng a few
sw itches. First , a sw itch on t he
PC's motherboard mu st be set to
ind icate th at a co lor/graphics di s
pl ay adapte r is installed. Then ,
some jumpers and swi tc hes mu st
be set on th e Chauffeur it sel f. Two
DIP switch es are used to set th e
address of the parallel port , and

the ot her two are set according to
the type of moni to r you have. (If
yo ur moni tor isn 't l isted in the
manual, yo u may have to adj ust
those sw itches afte r the board is
in st all ed . ) A jum pe r let s you
choose between dis playing co lor
screens as 16 shades of gray and
di spl ayi n g co lo rs in o n ly two
shades (fu ll intensity and black).

Can the Chauffeur and a mon o
chrome mon itor really repl ace a
co lo r/g ra p h ics ca rd and co lo r
moni tor? No . The Chauffeur has
some di sadvantages. For example,
altho ugh co lors are di splayed in
six tee n shades of gray, not al l
m on itor s can d i splay all th e
shades . We fo und that mu ch co lor
softwa re was hard to use because
many of the co lo rs ran together.
W e suggest t hat yo u see t he
Chauffeur in actio n-running the
software yo u' re in te rested in
before yo u bu y.

The shading selection is chose n
with a jumper on the Chauffeur
board . Some co lo r software looks
better in 16 shades, some doesn't.
Un fortunately, yo u have to open

TI LOW PROFILE

SOC KETS ~
nn p late d -;'</P
cop per a lloy
68 8 contact pins
with gas tight seal.
Stock 100-

No . No Pins 1 · 24 2 5 ·99 999

11201 8 5 .1 0 S.09 $ .08
11202 14 .1 4 . 13 .1 2
112 03 16 . 1 6 . 1 5 . 1 4
11204 18 .1 8 .1 7 . 1 5
11205 20 . 20 .1 8 .1 6
11206 22 .2 2 . 2 0 .1 8
11207 24 .2 4 . 2 2 . 2 0
11208 28 . 2 8 . 2 6 . 2 5
11209 40 .40 . 3 7 . 3 3

100
·499 500
$ .3 6 $ .30

. 5 4 .45

. 5 8 .4 8

.6 6 . 5 5

.90 . 7 5
1. 0 2 . 8 5
1 .14 . 9 5
1.38 1. 15
1 .861 .55

ScotchfleX- Breadboard
System. Basic kit
com es w ith 24
vario us Dual Sockets.

~?rl~~i~r~~~~ too ls.
Kit can be used with
any of th e six boa rds.

Stock No. Descrip tio n
03500 BaSICKIt
03511 Basic board. 4.5 x 5.5
03506 Inte l SBC·801 0 Board. 12 x 6.75
03507 Motorola M·6800 Board. 9.75 x 6
03508 5-100 Board, 10 x 5.3
03509 Z-80 Board. 7.7 x 7.5
035 10 Eurocard Board. 6.3 x 3.9

OPCOA ~~I~I~~i911 Displays - Common

Stock 100 &
, - , No. Colo r 1·99 up
, . ' 1208 2 Red $1 .25 $1 .00
_, 12085 Green 1.8 5 1.65

" e 12087 Yellow 2.25 1.75
~ 12089 Orange 2.00 1.50

e l lfl'T D '"~'''4 Right Angle Socket for Above
ot,.g::,...... 1>1..&:,...... ~ DISP~t~k

~~ No 1 100
110 10 $ 1 .24 $ .99

TIWIRE

WRAP

SOCKETS

Ti n pl a ted
phos phor bronze
contact - 3 wrap

S~":k No Pin , 1 ·9 9

113 0 1 8 :$ .4 0
11302 14 .5 9
11303 16 .64
11304 18 .7 3
11305 20 .9 9
11306 22 1 .1 2
1130 7 ' 24 1 .2 5
11308 28 1 .5 2
11309 40 2 .0 5

•

TH ERMOPROB£: Id ent lfle. Dead
Components - Rep l. ce. Vol t Meter. '
Ide nt ify dead co mpo ne nts which do no t
e mit heat. J ust point the rmisto r probe.........

~~~~nc6~~n~nrsO:~dd -s:eO~~~
~h~~~ are ~~3~NO. :~f~5 \\-~~

Stock No . 1·99 100 500 1000
10S50 $ 1. 09 $ .90 $.B2 $ .72

=----=-
~~~ I~~~~t~~i?TO~~,y
~~:~~~. ~~~~Ide is ~ .. ~
lor .300 ce n ters. Fh p to o l ONE T O O L DOES .----------------1IIIIl1
~iob f~~~f:;~:~u t device 8 t hru 40 PINS !
In tool and squeeze. Stock No. Price

Hsnd T o o l 11 0 59 $ 12 .95
A N TI-STAT IC M O D E L 10200 $14.95

SINGLE ROW ,-.
SOCKETS

Stri p 0125 co lle t soc kets/plns 
mou nt od d-c en ter co mpon ents
ea si ly. Go ld p la ted co ntacts

Both slyles break- Stock No . 1· 24 25 50
able to . nynumber ~0240 .,$ 1 .70 $.1 .50, ' $ 1. 3001contact posItions .
.....anted !:!rti -

I<~_~.~~",f\~ ~~~~O~:C~~: ~\~t~ I: :~~le
co n tac ts.

SOC KET WRAP 10 '319~ 14 p ...

Di p soc ke t-sized p last iCpan els : ~~~~ : ~ ~:~
with number ed hotes ,n pln toea- 13198 20 pOI'
lions. Sil p on to soc ke t bef or e 13199 22 por'
w ire wra pp in g 10 ide nti fy pins 13300 · 24 PO"
Al so writ e on them for locatio n. 1330 1 - 18 p'rI
Ie part nu m ber, func tion , e tc. 13301 .aO PO"
Simp li fies mrtra l W ife wrapP ing. 13303 95 p...

troubleshooti ng and repair. 52 .05 p er p a c k

~~~~~~~

.... c··.....:

..... ~..
e
ON

MI CRO Cha rts· colorful 81h" II
11~ charts ehmmate the need 10
stumble through man uars and
summaries Fully decoded - inslant
access ' lotally cc mcrenenswe - gives
pm Ollis. cvcte times.bUynotes.e tc, etc.
SIOClr. No. R. lerenc. PrIC.
23010 zaocPu .... . .•.. 15.95
23011 eoeooVaoa5A 5.95
23012 &502(&5XX) 5.'5
23013 104& .nd r.~tl s 5.'5
2301. 504n -400 TTL Pinouts.. 5.95
23015 Bn lc:Al90nthms 5.95
23011 SOU ll1080A 5.'5
23017 How10 lI. ner. lize lrom mpl• . 5.'5
2301 Wordsl. r . . . . . 5

WILD ROVER ~
Touc h SWitch caps ule Ope rann q
mo t ion IS 0 0 5" wit hout the use
0' a lever ed arm Extremely tast on
and oil ..... Ith 10.....norse Normally open 
rated 115 VAC. 1 6 amp-30 murronm reo
srstance - 615 racrus by .160 thick.

Stoc k No. 1 ·2" 25 & Up
12098 1.85 $1.60

cam actuated, tru e zero
insert ion - tin plated solder
ta il pins - capable of being
p lugged int o dip so ckets .
includ ing wire wra p.

Stock No. 01
Ho, Pin , ,.. 10·49 5.

11055 24 4.98 $4.35 $3.90
11058 2' 5.15 4.50 4.05
11057 4. 6.81 5.95 5.35
11058 .. 12.02 10.50 9.45

ARIESZERO~
INSERTION '
FORCE .
SOCKETS- ">.

~
IC INSERTION/

~__• EXTRACTION K IT
Includes DIP ICextractors and

• - mserters toa ccommccate eulcs
- trom 14 10 40 pins Tools thaI

eng<1geconductivesurfacesarent . CMOS,afe"d"""de.,o""" ·
Ing lugs. StOCk No

13 309

OK MACHINE AND TOOL

SUB CUB I and SUB 6 D igit LSI Counte r Modul e s w ith LCD R e adouts

C~a~t~. a~~~~~~te LSI and A~Sociated Stoc k No. Descrip t ion . Pric.a
g aunter Modu les with Mounting Assembl ies 5 1070 ~~~~~~i~nF~i~ctlOn $45.00

~~~ r~ap~~u~o~:tules ~=- (incl udes batteries
(Stock No. 51 071 ). SUB CUB 1(1' ~t does not Inclu de

~~~~~~enf~~~~f~k ,. 5 1071 ~~~I~l;~~~~~oa rd 7.50

No. 510 70) contains: c 5 1072 g~~'CUB I d isplay 18 .00
~~~~~~db~ ~r~~~~~ k, coun te r modu.le only
osc ill ato r to supp ly • 51073 SUB-CUB II display 24 .00
train of co unt pul se s. [i!J 51 074 ~~~~~eBe~~ule OnIY
Stoc k No. 51070 has ~ Evaluation Kit lor
f~~¥~~~c~~~~ ~nd ~ ~UB-CUB II (doe s not
buttons). P.C. boa reti ~noc~~~:r~~~-~~B 11

~~~~g:6~~. bread - SUB CUB II 510 75 DATA SHEET

The B attery Just Wrap- Tool
NewbIIltery powered1001 wr.ps ,nsulaled
wirearound 025" $Quare posls Wllhoul need

...... lor pre-culhng <1nd pre' slropplng Complele

~
• I w.thbll <1nd100It 30 AWO.... lre

[1
" SlockNo Dncnpllon Price
, "", 13340 B.ltleryJust-wraPloolWlthbd$. 2.. 7~ and100" JO AWG wire .95

;; 133. 1 Aeplac:ement bd 10.85
133.2 100 It blue replace"'e nl Ire 7.90

~ 133.3 10011whlte repJ.c:emenlwrre 7.90
I -.:::::: 133"'''' 100ft yellowreplac:emenl ...." e 7.90

133"5 roon redrepbcementWI'e 7.90
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ARM YOURSELF
AGAINST STATIC WITH
NTE'S NEW PATENTED

FIELD SERVICE KIT.
Stat ic electr icity is a real hazard to sensitive electronic
equipment. Now you can protect valuable components in
the field and in the plant with NTE's new Field Service Kit.
Our Kit includes everything you need to keep your
equipment free of static - a 24" x 24" table top work mat ,
wrist strap with 8 ' coil cord, 15 ' clip-on grounding line and
anti-static component storage bags. Both the wrist strap
cord and grounding cord contain integral curren t limiting
resistors .
Unlike other kits currently on the market, NTE's
patented * three-layer construction
produces controlled static drain ,

eliminating the dange r of sparki ng and the chance of
addit ional component failure during the repair operat ion.
The static-dissipative, vinyl work surface is durab le and
its bright green color enhance's visibi lity. The entire Kit
folds down into a compact unit and comes with its own
zip-close bag.
Look for NTE's new Field Service Kit and our other static
control products - including our anti-static foam, for

shipping and storing equipment, and separate ly
packaged wrist straps - at your local

NTE distr ibutor.
' Patent issue d November 8, 1983.
U.S. Patent No. 4,414,260.

NTE ELECTRONICS, INC.
44 FARRAND STREET· BLOOMFIELD, NEW JERSEY 07003
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ASK A HOBBYIST OR TECHNICIAN

about the features that they would
like to see in a DMM , and you
would get a "wish list" that's a yard
long. Ask the same person what a
meter with just a few of those de
sirable features would cost, and
the response is likely to be just a
wistful look, or a roll of the eyes.

But a decent meter, one with
some of the "bells-and-whistles"
that can help make a troubleshoot
ing job, or any other kind of job, a
lot easier need not cost an arm and
aleg. Consider, for instance, the
DVM-638 from Scope, which is
available through Fordham Elec
tronics (260 Motor Parkway, Haup
pauge, NY 11788); its impressive
array of features, and its budget
price, make for an exciting com
bination.

The DVM-638
Just in terms of the number of

features, the DVM-638, offers far
more than the typical DMM. But
all the "bells-and-whistles" in the
world can't turn a poor meter into
a good one. They can, however,
turn a good meter into a great one.

The DVM-638 starts out as a
good meter. It performs all of the
basic functions one would expect
of a digital multimeter, and does
them well. DC voltage is measured
over 5 ranges, from 200-mV to
1000-volts full scale; on the 200-mV
range, ievels as low as 100 fLV can
be measured. DC accuracy on all
ranges is specified as ±5% of read
ing + 1 digit. The unit is overload
protected to 1000-volts DC or peak
AC on all ranges .

AC voltage (rms) is also mea
sured over 5 ranges, with the top
range being 750 volts. Basic ac
curacy is specified as ±1% of read
ing + 4 digits, except for the top
range (750 volts), where it is ± 2%
of reading + 4 digits. The unit is
overload-protected to 750-volts
rms on all ranges except the lowest
(200 mV), where the overload pro
tection is specified as 300-mV rms
for a maximum of 15 seconds.

The unit can measure AC and
DC current. AC current is mea
sured over 4 ranges, from 2 mA to
10 amps full-scale; on the 2-mA
range, currents as low as1 fLA can
be measured . Accuracy is ±1% of
reading + 4 digits on all ranges
except the 10-amp range, where it

CIRCLE 6 ON FREE INFORMATION CARD

Scope DVM·638
Multimeter

up the PCto get to the video board
to change the jumper. We wish
that STB Systems found some way
to make the shading mode switch
selectable from the rear panel.

Many software packages are de
signed to run on both mono
chrome and color monitors. Such
software checks the computer 's
configuration switches or jumpers
to determine which monitor is at
tached. Of course, when you use
the Chauffeur, the software thinks
that you have a color-display
adapter installed. That can be a
disadvantage because the stan
dard monochrome display often
looks better than the Chauffeurs
converted color display.

The Chauffeur package comes
with PC Accelerator software that
offers print-spooling, RAM-disk
emulation, and some keyboard
enhancement features. We did not
test that software.

So, you still haven't made up
your mind-monochrome, color,
or the Chauffeur? Well, at $395,
the Chauffeur isn't cheap. But
then neither are RGB monitors.
We found the Chauffeur to work
amazingly well with some software
packages, but not so well with
others . How do you really make up
your mind? Have a dealer demon
strate the Chauffeur with the soft
ware that you will use the most; it's
the onlywayto tell if the Chauffeur
is right for you. R-E

A full-featured meter at a
budget price.

• Phon_ and Mall
Orders W.lco",.

• Calalo;s M.ail ed
Outsid e US A
Sud $2 .00

ALSO ANTENNAS FOR
CORDLESS TELEPHONES

MONITOR SCANNERS

Dealer & Distributor Inquiries Invited
SEND FOR FREE CATALOG

- - ~1~I;-;nl.nn~O;I;--- -,
2614 East Adams.Phoenix. AZ 85034 I

I
I
I
I

• So l. , orod 0,.1., Cesle
Opetl fro", 6 :00o _",.(PST)

• TUMS: C.O.D.• Visa ,
Mcul.,eherg_

(Ope ... A C(O""""$ Available)

IELECTRONIC
COMPONENTS

Street _

Name _

Cily _

State _

SEE YOUR DEALER TODAY

FROM

GOLDEN SERIES

HERE'S A TIP
THAT'S PERFECT!

AM/FM AUTO RADIO
AND CB

'Firestill'n
BARE-HANDS TUNABLE
"NO TOOLS NEEDED"

HIGH PERFORMANCE ANTENNAS

MANUFACTURERS OF QUALITY
ELECTRONIC COMPONENTS

• BATTERY CLIPS &. HOLDERS

• CABLE SETS. ~ONNECTORS • CAPAC1TOR~

• DISPLAYS. LEOs. FU SES. JACKS &. PLUGS

• KN08 S • LAMPS. POTENTIOMETER S

• RF COILS. RELAYS. RESISTORS

• SWITCHES. SEMICONDUCTORS. SPEAKERS

• TEST EQUIPMENT. TRANSFORMERS. TOOLS

• WIRE & CABLE

OVER 15,000 DifFERENT ITEMS IN STOCK!

'Firestl(~
• ANTENNAS·
·ACCESSORIES·

(J)
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Please write in your work
phone number and address
on the reader service card .

Some overstocked equip
ment has to move fast!
Offers are being accepted
for analyzers, scopes and
development systems ...
Products include: HP,
Tektronix, Intel, Dolch
and more.

United States
Instrument Rentals, Inc.

t~
A u.s.Leasing Company

2988 Campus Drive
San Mateo, CA 94403

Overstocked and discon
tinued test equipment is
being sold by U. S. Instru
ment Rentals at clearance
prices. Equipment is pre
owned, fully tested and
warranted. Thousands of
models from over 100
manufacturers are repre
sented: HP, Tektronix,
Fluke, Intel and others.
Special financing is
available.

MAil
AIOrrll!

-HDSYST~_

,\10 SYSTE~1
~ID SYSlH~l__

---!\ 1O SYSl-E,\l
~1O SYSTal

OFFICE ASS IS~__--,-_

HEWLETT PACKARD

WANG

INTEL
~DS- 22 5

'!!PS-225A ----'= = =--
~DS-~]L

,\ IOS-286
~DS· 28(,A

TEKTRONIX

161OB_ ANALYZER
!i! I IA _ _ ~ALYZER

TER~lI~\LS _ VARI9JJS ,\ lODELS _

For our Hot Sheet on the
complete inventory, send in
the reader service card or
call

800-824-2873
for details.
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PROG&'0L\lIl'G PACK
CONTROL UNIT

_ PRO~l PROGRA1\L\lE~

UNIPAK II
1.l2(~

29A

CO~lPASS ,\ lICROCO~ lPLJrERI

~lINAL__

180 _ ----ERINTER'--__

.' 2'jOA ANALYZER

GRID

DOLCH

DATASOUTH

K102D ANALYZER

TOPPER T ERMINAL
W/~lICROCO,\lPUTER

ml-8.l BURROUGHS
COj\lPATlBLE _T,-,E""R~"",lI,-"NA-,,,L_~_

K105D ANALYZER

BEEHIVE

CASE (RIION)

Quantities are limited.
The first reasonable offers
will be accepted.

ACT lOW.



is specif ied as ± 1.5% of readin g +
4 digits. The 10-amp range is not
fused; all other ran ges are pro
tected by a 250-vo lt, 0.8-amp fast
blow fu se.

DC current is al so measured
over 4 ran ges, from 2 mA to 10
amp s full-scale. Accu racy is spec 
ified as ± 0.8% of readin g + 1digit,
except for th e 10-amp range where
it is speci fied as ±1 .5% of reading
+ 1 di git. Overload protecti on for
the DC -current function is similar
to that of the AC-current functi o n.

Resistance is measured over 6
ranges, from 200 kilohm s to 20
megohms fu ll-scale; on the 200
kilo hm range, resistancesas low as
0.1 ohm can be measured. On th e
200-k i lo hm range , the specif ied
accuracy is ±0.8% of readin g + 3
digits; on the 20-megohm range ,
the accuracy is specif ied as ±1.5%
of reading + 1 digit. On all other
range s, the accu racy is specif ied as
± 0.5% of read ing + 1 d igit. The
unit is protected against overloads
to 250 volts DC or rms . In addition ,
the re is a low-voltage resistance
function . When that function is se-

OVERALL I I I I I I I I
PRICE

EASEl I I I I I I I
OF USE

INSTRUCTION I I II I II I
MANUAL

PRIC~ I I I I I I I I
VALUE

11 12 13 14 Is16 17Is 9 10

0~~#~~oo ~\ ~oo ~...c1'~

lected , via a f ro nt-panel sw itc h,
t he unit w il l output less th an 0.25
volt s wh en making resi stance
measurements . That vo ltage level
will not turn on silicon junct ions,
thus allowing in-circuit resistance
measurements to be made .

Bells and whistles
Now we get to the "good stuff ."

Those are functi ons and featu res
normally found only on th e mo st
so p h is t icat ed (an d ex p ens ive)
meters.

The DVM-638 has a built-in ca
pacitance meter. It is capab le of
measu rin g capacitan ce over 5

ranges, fro m 2 nF to 20 f.LF fu ll 
scale. On th e 2-nF range, capaci
tance as small as 1 pF can be mea
sured . Accuracy is affe cted some
wh at by th e di ssip at ion charac
ter ist ics of th e capacito r it sel f;
overall, it is specif ied as ±1 % of
reading + 4 digits.

Whil e all meters measure resis
tance, a fun cti on that is gaining
popularity on hi gh-end units is
conductance . (Conductance is th e
reciprocal of resistan ce and is
measured in Siemans; th e Sieman
was formerl y know n as th e mh o.)
That 's b eca u se th at funct i on
provides an easy way to test for
leakage. The DVM-638of fersa200
nS conductan ce range. That effec
tively increases th e unit's resis
tance-m easur in g ability to 10,000
megohms, alth ou gh th e user w il l
have to perfo rm th e co nve rsio n
f ro m conduct ance to resistance
himself ; th at task is made easier by
the in clu si on of an n S- t o
megohms con version chart in th e
manual.

The unit also provides a tran
sistor- (HFE) test functi on. Wh en

Ampex
capitol Recoros
Dolby Laboratories

CIRCLE 267ON FREE INFORMATION CARD

"MORE THAN A CONTACT CLEANER"

CRAMOLlN(!l is a fast-acting , anti-oxidizing lubricant that cleans and
preserves all metal surfaces , including gold.

When applied to metal contacts and connectors, CRAMOLlN(!l removes
resistive oxides as it forms a protective molecular layer that adheres to the metal
surfaces and maintains maximum electrical conductivity.

Even the finest equipment in the world can 't guarantee noise-free operation.
One " dirty" connection anywhere in the audiolvideo chain can cause unwanted
noise or signal loss.

117W lndustrtet Ave., (p.O. Box J) . Esoondido , CA 92025-0051 U.S.A.

CRAMOLlN ' - USED BY THOSE WHO DEMAND THE BEST:
Genoral Electric MC~Sony) RCA
Hewlett Packard Motorola Studer-Revox
Mcintosh Labs NASA Switchcraft

SINCE 1956

~~~~IIIIP!!I~~~~~~

SWirCH£S
&R£u,yS

POTS & FADERS

Safe for IC so ldering. Closed loop, low-voltaqe circuit
automatically controls output. 700 F 1/16" screwdriver tip
prov ided. 600 F and 800 F tips available. Power unit has
non-heat sinking iron holder, storage tray for extra tips
and tip cleaning sponge with receptical. Send for free
W.S. Jenks & Son electronics tool catalog for complete
accessories.

SEND
NOW!

I
I

FREE CATALOG! :

I
Over 100 pages. Wide selection
of tool sets , test equ ipment,
so ldering and desolde rlng
equ ipment, telecommunica
tions and specia liz ed elec
tronics assembly tool s.

Weller®
WTCPR $77.50

:r~_~..~I
&Ho~~ I

2024 West Virginia Ave, NE I
Washington, D.C. 20002
TOll-FREE ORDER LINE: 1-800-638-6405 I
Please send the indicated material:
_Weller WTCPR Soldering Station @ 577.50 I
_FREE W.S. Jenks & Son Catalog
_Check/ Money Order I
_ MasterCard _Visa _ Am. Exp.
Card No. Exp. _ I
Signature _

Name I
Address __---:;- --

I City State --Zip-- I
VAresidents add 4% tax: DC residents add 6% tax.

~-------L ~
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VIDEO

SC.AM'UNO

• 6 x rate $745.00 per each insertion.
• Reaches 225,379 readers.
• Fast reader service cycle.
• Short lead time for the placement of

ads.
• We typeset and layout the ad at no

additional charge.

TlCHNIOUIS

CALL NOW
AND

RESERVE
YOUR SPACE

Call 212-777-6400 to reserve space. Ask
for Arline Fishman. Limited number of
pages available. Mail materials to:
mini-ADS, RADIO-ELECTRONICS, 200
Park Ave. South, New York , NY 10003.

SUBSCRIPTION TV MANUAL. This infor
mation packed book details the methods
used by subscrip tion TV companies to
scr ambl e and descramble video signals.
Covers the Sinewave, Gated Pulse, SSAVI
system, and the methods used by most cable
companies. Includes circuit schematics, the
ory, and trouble shooting hints. Only $12.95
plus $2.00 first class P&H. ELEPHANT
ELECTRONICS INC., (formally Random
Access) Box 41no-R, Phoenix, AZ 85080

CIRCLE 120 ON FREEINFORMAnON CARD

i
Ilelll

DELTAX DUAL TRACE OSCILLOSCOPES
WITH PROBES DX5020 20MHz $379.95.
Built in component tester 5MV to 20V/DIV 0.2
microsec. to 0.5sIDIV. Risetime less than
17ns one year limited warranty. Also available
DX5035 35MHz $527. 00 DX5045 45MHz
$789.95 DX5015S 15MHZ AlC DIC $479 .95.
CA. residents add 6.5% tax. Shipping $8.50.
Money orders, checks accepted . DELTAX
DYNAMIC INC., 20955 E. Lycomi ng St. ,
Walnut, Calif. 91789. Tel. (714) 594-7131.
Telex: 503749 DELTAX.
CIRCLE 252ON FREE INFORMATION CARD

THE WIRELESS TELEPHON E TRANSM IT
TER model WTT-20 is only the size of a dime,
yet transmits both sides of a telephone con
versation with crystal clarity. Completely au
tomatic. Uses power from the telephone line
itself. Never needs a battery! Up to Y4 mile
range. Use with any FM radio. Complete kit
only $29.95. Tax included. VISA and Master
Card accepted. FREE SHIPPING. DECO IN
DUSTRIES, Box 607, Bedford Hi lls, NY
10507. (914) 241-2827.

CIRCLE 127 ON FREE INFORMATION CA RD

FREE CATALOG OF HARD-TO-F IND
TOOLS is packed with more than 2000 quali
ty items. Your single source for precision
tools used by electronic technicians, engine
ers, instrument mechanics, schools, labora
tories and government agencies. Also con
tains 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 .

test ing a t rans istor, the device is
p lugged into t he appropriate sock
et (NPN or PNP) on the meter. The
transistor's gain (H FE) is th en di s
p layed on the reado ut.

You can , of course , te st con
ti nuity with any meter, but th e job
becomes easier if an audible in
d icator is provided . Such tones are
becom ing standard on mo st better
DMM's, and this unit is no excep
t io n . Th e to ne is sw itch -se lecta
b le . I n addition , up-arrow and
down -arrow annunciato rs on the
d isplay are used to give a quick
visua l indicatio n of continuity.

Finally, the un it has a level-de
tector funct io n th at can be used to
sense hi gh and low logic levels. In
that f unct io n, the input is com
pared to an internal a.8-volt refer
ence . The res u lt of that com 
parison is dis p layed on the read
out via t he up- arrow (logic low) an
nunciators. The aud io tone , if se
lected, sounds on in puts that are
below t he reference.

The un it is supplied with man
ual, vi ny l carrying case, set of test
leads, batte ry, and spare fuse . The
manual is sma ll, but fa irly com
plete. It includes ju st about every
t h ing you mi ght expect, except
perhaps fo r some information on
t he un it 's th eory of operation .
Also, w hile th e location of the cal
ibrati on ad just me nts in the unit
are indicated, furthe r deta i ls o n
calibration were not provided . A
detailed schematic is included , as
we ll as aparts-pl acement diagram.

Our only real comp laint w it h the
DVM -638 is in th e area of mech an
ical co nstructio n . We subjected
the un it to "fie ld con d it io ns;" in
other words, we dropped it to see
how it wo uld hol d up. The result
was t hat the range and function
selecto r sw itc hes, located down
the sideof the un it , ceased to work
pr operly. Evid en tl y, the impact
(the uni t was dropped onto the
floor from bench level) caused the
case to b ind the switch es. The
pro bl em was fixed by opening the
case to re lieve the sit uation; once
everything was buttoned up, th e
un it worked perfectly. The uni t's
high- impact p lastic case was un
marred by the test.

The bottom line on the DVM-638
is value. At its price of $79.95, you
wi ll have a tough time finding a
unit that is its equa l. R-E
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APPLE II+ COMPUTER. 48K Apple 11 +
Motherboard, fully populated, with Applesoft
in ROM $250.00. Complete comp uter with
Apple compatib le keyboard , case, powe r
supply, and motherboard $455 .00 . Starter
system with single disk drive $645 .00. Profes
siona l system with dual di sk dri ve and
monitor $895.00. C.O.D. orders accep ted .
V.I.P.ELECTRONICS, P.O.Box 628, Forest
da le, R.1. 02824, (617) 755-9778.
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CALL NOW
AND

RESERVE
YOUR SPACE

• 6 x rate $745.00 per each insert ion.
• Reaches 225,379 readers .
• Fast reader service cycle.
• Short lead time for the placeme nt of

ads.
• We typeset and layout the ad at no

additional charge .

Call 212-777-6400 to reserve space. Ask
for Arline Fishman . Limited number of
pages available . Mail materials to:
mini-ADS, RADIO-ELECTRONICS, 200
Park Ave. South , New York, NY 10003.

ELECTRO IMPORTING CO. CATALOG.
This reprint of the historic 176-page catalog
No. 20 gives you an accurate look at the state
of electronics in 1918. Contains every1hing
from a Zinc Spark Gap to a 1OOO-Mile Receiv
ing Outfit. You can get your own copy of this
modern antique, profusely illustrated, for only
$4.95 plus $1.00 P&H . Order yours from R-E
BOOKSTORE, Radio-Electronics, 200
Park Avenue South, New York, NY 10003.

MODE L 35 0 MULTI-PURPOSE WORK
CENTER. This Multi-Purpose Work Center
can be used to work on objects up to 9 inches
in size plus tiny hard to hold objects. The
Standard base tilts, turns and rotates to any
work position. The tray base mount keeps
small parts and tools at hand. (Combinat ion
of 376 , 300 and 312) $47.95. PANAVISE
PRODUCTS, INC. 2850 East 29th Street,
Lo ng Beach, CA 90806-2399. Telephone
(213) 595-7621 Telex 18-2135.
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SATELLITE TE L EVISIO N RECEIVER
SEM IKIT with dual conversion downcon
verter. Features infrared remote control tun
ing, AFC, SAW fil ter, RF or video output,
stereo output. Polorator controls, LED chan
nel & tuninq indicators. Install six factory as
sembled circuit boards to complete. Semikit
$250.00 . Completed downconve rte r add
$75. Completed receiver and downconverter
add $100. JA MES WALTER SATELLITE RE
CEIVER, 2697 Nic ke l, San Pablo, CA
94806 . Tel. 415-724-0587.
CIRCLE 124ON FREE INFORMATION CARD

APPLIANCE REPAIR HANDBOOKS- 13
vo lumes by serv ice ex pe rts; easy -to 
understand diagra ms, illustrations. For major
appliances (air condit ioners, refrigerators,
washers, dryers, microwaves, etc.) , elec .
housewares, persona l-care ap pliances.
Basics of solid state, setting up shop, test
instruments. $2 .65 to $5.90 each . Free
brochure. APPLIANCE SERVICE, PO Bo x
789, Lombard. IL 60148.1 -(312) 932-9550.

CIRCLE 84 ON FREE INFORMATION CARD
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FREE TOOL & INSTRUMENT CATALOG.
New catalog is packed with thousands of
hard-to-find tools, testequipment, and tech
nical supplies for testing, repairing, installing ,
experimenting , and bUilding electronic equip
ment. Products are shown in full color and
described in detail with pricing. Easy ordering
by phone or mail. 24-hour shipment. In a
hu rry to re ce ive yo u r cat a log ? Call
(800-225-5370.) CONTACT EAST, INC., PO
BOX 786 , No. Andover, MA 01845 (617)
682-2000.
CIRCLE 55 ON FREE INFORMATION CARD

TEST COMPONENTS IN CIRCUIT, POWER
OFF WITH THE NEW HUNTRON ®TRACK
ER®2000. Revolutionary Huntron Trackers
find shorts, open s, leakag e and bonding
problems in analog, digital and hybrid compo
nents. Test capacitors, log ic ci rcuits, op
amps, tran sis tors and more. An excellent
troubleshootinq tool that finds the faults
scopes, DMM's and logic analyzers miss.
Tracker prices starts at $995.00. For nearest
distributor, call 1-800-426-9265 Dept. 120.
HUNTRON INSTRUMENTS, INC. 15123
Highway 99 North, Dept. 120 Lynnwood,
WA 98037 . .
CIRCLE 265 ON FREE INFORMATION CARD

THE MOST EXCITING KIT YOU WILL EVER
BUILD The model WAT-50 miniature FM
transm itter uses a 4-stage circuit NOT to be
confused with a simple wireless microphone.
Up to 1 mile range. So sensitive, it will pick-up
a whisper 50 feet away! Use with any FM
radio. Complete kit only $29.95 tax incl. VISA
and MasterCard accepted . FREE SHIP 
PING. DECO INDUSTRIES, Box 607, Bed
ford Hills, NY 10507. (914) 241-2827.

CIRCLE 127 ON FREE INFORMATION CARD
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Our radios deliver the local news.
From bank hold-ups to three
alarm fires. It's on-the-scene
action. While it's happening from
where it's happening ... in your
neighborhood .

You can also listen to weather,
business and marine radio
calls. Plus radio telephone
conversations that offer more real
life intrigue than most soap
operas. And with our new models,
there's even more.

Unique Capabilities

Introducing two all new Regency
scanners. First, there's the
MX7000, a 20 channel, no-crystal
unit that receives continuously
from 25 to 550 MHz and 800 MHz
to 1.2 GHz. That's right!
Continuous coverage that includes
VHF and UHFtelevision audio,
FM Broadcast, civil and military
aircraft bands and 800 MHz
communications. Next in line is
the new MX4000. It's eight band
coverage includes standard VHF
and UHF ranges with the
important addition of 800 MHz
and aircraft bands. Both units
feature keyboard entry, a

multifunction liquid crystal
display and selectable search
frequency increments.

Practical Performance

If you don't need the 800 MHz
range coverage, Regency offers
two exciting new units. The
MX5000 is a 20 channel,
no-crystal scanner that receives
continuously from 25 to 550 MHz
with all the same features as the
MX7000. Then there 's the 30
channel MX3000. It's digitally
synthesized so no crystals are
necessary, and the pressure
sensitive keyboard makes
programming simple. What's

CIRCLE 262 ON FREE INFORMATION CARD

more, it has a full function digital
readout, priority, search and scan
delay, dual scan speed, and a
brightness switch for day or night
operation.

At Home Or On The Road

With compact design, easy access
front panel and mounting bracket
these Regency scanners are ideal
for mobile* use. But we also
supply each radio with a plug-in
transformer and a telescoping
antenna so you can stay in touch
at horne. The MX4000 even has a
rechargeable battery pack so it's
fully portable .

See your Regency Scanner
Authorized Dealer for a free
demonstration on these and other
new Regency Scanners. Or, write
Regency Electronics, 7707
Records Street, Indianapolis ,
IN 46226. ~

e~~~
ELECTRONICS, INC.®
7707 Records Street
Indianapolis, IN 46226-9989

*Mobile use subject to restriction
in certain localities.
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Satellite-TV
Receiver

RICHARD MADDOX

OK, TVRO fans, here's your chance to build a high-performance

satellite receiver-for peanuts!

THE IDEA OF RECEIVING TV SIGNALS FROM

sate lli tes became popular almost in
stantaneously when the first home TVRO
was built in 1979. However, due to the
tremendous costs involved , the practice
of receiving TV signals from satellites
was nowhere near as popular. Only re
cently have prices dropped to the point
where satellite-TV can be enjoyed by a
large number of people .

Receiver kits helped make satellite TV
affordabl e to electronics hobbyists (to
whom TVRO was esecially appealing.)
But the kits that were available were diffi
cult to build, and they required a lab 's
worth of expensive test gear to align. But
now-thanks to advances in electronics
and state-of-the-art circuit design-we
can show you how to build a satellite re
ceiver for less than one hundred dollars!
It's very easy to bui ld, and requires only
your eyes, a TV set, and a voltmeter to
align. And that 's not all: The receiver per
forms as well as-if not better than
commercial units costing several times as
much.

If you already own a satellite-TV sys
tem, this is an ideal opportunity for you to
add a seco nd rece iver to your system at a

very low cost. All that is required is an
isolated two-way power divider, a down
converter, and the associated cabling. If
you have an older satellite system, and
your picture, sound, or both aren' t up-to
snuff, then this receiver may be just what
you need to improve reception. It accepts
a standard 70-MHz input, and features
continuous transponder-tun ing , tunable
audio subcarrier with switchable band
width , a polarization control circuit , de
featable AFC , and an integral crystal
controlled RF modulat or for output on TV
Channel 3 or 4 .

Of course, the receiver can't pick up
satellite-TV signals all by itself-several
other components are necessary. We' ll
briefly describe what's needed for a com
plete system . But if you're very un
familiar with satellite TV, we suggest you
check the specia l sections that appeared
on the subject in the June 1984, October
1984 , June 1985 and July 1985 issues of
Radio-Electronics .

Main system components
There are several components, in addi

tion to the receiver, that are needed to
complete a TVRO system: the dish, the

feedhom, the LNA (low-noise amplifier),
the downconverter, and the cable. We'll
examine each of those in turn .

The dish is parabolic in shape, and it is
built from metal. The strength of the sig
nal received by the antenna probe in the
feedhorn is proportional to the diameter of
the dish. Luckily, satellite power levels
have increased the past few years to the
point that a small dish (four to six feet in
diameter) provides adequate reception
throughout much of the mid west and
south. Throughout the rest of the country,
an eight- to ten-foot dish will probably be
necessary for good reception, although
newer satellites may allow the use of a
four- to six-foot dish. Whatever sized dish
you use, though, it must be aimed pre
cisely at the desired satellite. Signals from
the satellite then hit the dish and are re
flected to a point, the focal point of the
dish, where the feedhom is located.

The feedhorn has several purposes. It
collects the microwaves that have been
reflected by the dish , directs them to the
LNA, and selects the desired polarity.

To understand why polarity is impor
tant, you must understand that TV satel
lit es ca n broa dcast o n 24 di fferent
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FIG.1-SATELLITE RECEIVER BLOCK DIAGRAM. When analyzed In segments, the receiver isn't really
as compli cated as it looks.

output, which goes to the receiver, and an
additional voltage that is used to tune in
the desired transponder channe l. That
voltage is set by the user at the receiver.
Most common downconverters use a tun
ing voltage that ranges from two to sixteen
volts. Receivers usually supply that tun
ing voltage to the LNA through the same
cable and connector that the 70-MHz sig
nal travels through.

Some downconverters are designed to
be mounted directly to an LNA , and must
be used with a 30- to 35-dB gain LNA . If
a 50-dB LNA is used, it is recommended
that the downconverter be mounted be
hind the dish and connected to the LNA
via RG213 cable, unless the dish is small
er than about seven feet, or unless the
downconverter is specifically designed to
be used with a high-gain LNA.

There are two types of coaxia l cable
used in typica l satellite systems: RG213
and RG59. The standard 75-ohm cable
used to hook up TV antennas is RG59,
and RG213 is special 50-ohm cable de
signed for high-frequency use. The LNA
is connected to the downconverter with
RG213 cable, and two RG59 cables con
nect the receiver and the downconverter.
An additional RG59 cable connects the
rece iver to the TV se t. Fin all y, the
feedhom is connected to the receiver via a
two-condu ctor shielded cable. One con
ductor carries the supply voltage from the
receiver, and the other provides the polar
izing pulses that we' ll discuss in a mo
ment. But let' s begin at the beginnin g.
Refer to the block diagram in Fig. 1 and
the complete schematic diagram in Fig. 2
while following this discussion .

Theory of operation
The receiver accepts a 70-MHz signal

from the downconverter at jack Jl ; that
jack also supplies the variable tuning volt
age to the downconverter. The input sig
nal is isolated from the tuning voltage by
inductor Ll and capacitor CIS. Front pan
el potentiometer RI 03 (TRANSPONDER

TUNING) is used to tune in the desired
tra ns po nder. Trimm er potentiom et er s
RlO2 and RlO4 set the maximum and min
imum voltages, respectively, presented to
the downconverter.

An AFC (Automatic Frequency Con
trol) voltage is derived from the rece ived
signal and summed with the tuning volt
age by IC3. AFC can be defea ted by front
panel switch SI if terrestrial interference
is encountered (or if a synthesize d down
converter is used). When AFC is defeated ,
RlO6 supplies a compensation voltage for
proper tuning.

The 70-MH z input signal is capaci 
tively coupled to ICI , which provides a
gain of about 25 dB. Filter FLI is a SAW
(Surface Acoustic Wave) filter with a
bandwidth of 27 MHz. Its purpose is to
strip off noise and interference occurring
on either side of the selected channel.

POLARITY CIRCUIT

1-o'M--O JLPULSE
TO POLAROTOR

>-~~)J BASEBAND
OUTPUT

IC5
QUADRATURE

DETECTOR

+ 12V

AFC ~ 1Rl06

ON/OFF~

degrees Kelvin; the lower the number, the
less noise the amplifier adds to the signal
as it is amplified. Gain is measured in dB,
and typically ranges between 30 and 55
dB. An average LNA today might have
lOooK noise temperature and 50 dB gain,
although some high-performance models
are rated at S5°K.

Rou ghl y speaki ng, th e noi se tem 
perature of the LNA can be corre lated to
the size of the dish . For example, a ten
foot dish and a lOa-degree LNA will give
results similar to an eight-foot dish and an
SO-degree LNA, or to a six-foot dish and a
60-degree LNA.

The downconverter is what actually
tunes in the desired channel. It is mounted
directly to the LNA or behind the dish on
the mount. Downconverters usually have
three elec trica l connectio ns: the input ,
which come s from the LNA, the 70-MH z

MI

:>- --....y.'I\r--4-I-;-1SIGNALr SmNGlH

VIDEO
BUFFER

IC2LIMITER

+ 5V

METER
CIRCUIT

/1-~-' Rl05

r-----~

70MHz
SAW FILTER

VIDEO
LOWPASS DE-EMPHASIS Rl09

FILTER FILTER
VIDEO

0v POLARITY
VIDEO

BUFFER
Rli 0v

J4

~
VIDEO

OUfi'UT

<: C53 ":"

FL2
RIIO

SUB-CARRIER

rv TUNING

IC8

<: AUDIO DETECTOR
AUDIO

0v AUDIO DE·EMP. AMP
J3

Q8 AUDIO

R80
DUffiJT

HIGH
am cry." ":"

PASS NARROW ":" WIDE
FILTER 155

J5
~ +18V

+ 18V ":" OTITPOT

cha nnels, numb ered I through 24. The
trick is that the odd-numbered channels
are broadcast in a different spat ial orienta
tion than the even-numbered channels .
That is done because the frequencies of
the odd and even signals actually overlap
one another. But because they' re polar
ized differently, we can rece ive one set
without interference from the oppos ite
set . We'll discuss more about how that
works in the " theory-of-operation" sec
tion below.

The LNA (low-noise amplifier) is sim
ilar to the antenna pre-amp found on
fringe-a rea TV antennas . Its purpose is to
boost the satellite signals to a level that
can drive the downconverter. The LNA is
mounted behind the feedhom .

The two most important specifications
of an LNA are the noise temperature and
the gain. Noise temperature is rated in
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FIG. 2-THE COMPLETE SCHEMATIC of the receiver shows the tuning circuit, the IF section, the video
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available, and hard-ta-flnd components, including the PC board , are available separately.
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All resistors 1/4-watt, 5% unless other-
wise specified.

R1 , R3-270 ohms
R2-S10 ohms
R4, RS, R32, A33, R77-680 ohms
R6-1S0 ohms, Y2-watt
R7-1200 ohms
R8, R30, A44, R46-10,000 ohms
R9, RiO, A26, RS3-S6 ohms
R11 , Ai6, R1 7, A24, R2S, A28, A60, R6S.

A87-7S ohms
R12,A1S,R29,R34 ,A42,R52,A72,R79,

A82, A86, R95-1 000 ohms
A13. R47, R70. R93, A96-100ohms
R14-3.9 ohms
R18-A21, A54, R73-470 ohms
A22, A23-120 ohms
A27-820 ohms
R31, A43, A69-220 ohms
R35, A37-22.000 ohms
A36-18,000 ohms
R38, A74, A94-1 00,000 ohms
R39, A40, R4S. A92-4700 ohms
R41-unused
R48, R64-330 ohms
R49, AS1 , A88-2200 ohms
R5Q--120,000 ohms
ASS, AS6, A58, R62, A63-1 SO ohms, n-

watt
RS7, A75-3300 ohms
A59, A61 , A66, R68, A76-S60 ohms
A67--43 ohms
A71-12,000 ohms
R78, A83, A84-0 ohms uumper)
A80--47,000 ohms
A81-1S00 ohms
A85-8200 ohms
R89. A9Q--2700 ohms
A91-68,000 ohms .
R96-180 ohms, 1 walt
R97-R99, A101-unused
R10Q--S.6 ohms, S watts
R102, A104, A10S, R107, R111 , A112

SOOO ohm trimmer potentiometer
R103-S000 ohm linear potentiometer
R106, A113-10,000 ohmtrimmerpotenti-

ometer
A108-10,000 ohm linear potentiometer
R109-2000 ohm trimmer potentiometer
A11Q--SOOO ohm linear potentiometer

Transistors Q l and Q2 boost the fi ltered
signal to dri ve both the l imiter and the
signal -strength meter circuit.

The signal-strength meter provides a
re l ati ve i ndication of tran sponder
strength. It can be used to fine-tune the
posit ion of the dish and the feedhorn for
maximum signal strength. Trimmer po
tentiometer RI07 sets the meter 's fu ll 
scale deflecti on, and Rl14 sets the meter's
sensitivi ty.

Amplitude limiting isprovided by IC 2,
an MClOll6 balanced ECL (Emitter Cou
pled Logic) transceiver. That limiting re
moves ampl i tude-mo dula ted compo 
nents-impulse noi se-from the 70-MHz
sig nal. Two limited FM signa ls are
provided by IC2's fina l stage at pin s 2 and
3; those signals are 180 degrees out of
phase wi th each other. Another 90 de-

PARTS LIST

R114-100,000 ohm trimmer potentiome
ter

Capacitors
C1-CS. C7,C8, C13-C18, C20,C21,C23,

C24, C27, C42, C44, CSD-CS2, C61 ,
C64, C6S, C67-0.01 fJ.F, ceramic disk

C6, C37, C41 , C43, C54, CS9, C66-un-
used

C9, C10, C63-33 pF, ceramic disk
C11, C1 2, C46, CS3-0.001 fJ. F. ceramic

disk
C19-47 pF, silver mica
C22, C4S, C49, CS8, C60-10 fJ.F, 2S

volts, tantalum
C2S, CS6-47 fJ.F. 16volts, tantalum
C26, C48, C57. CS9-0.22 fJ.F. 30 volts,

tantalum
C28- 100 pF, ceramic disk
C29-S6 pF,ceramic disk
C30--68 pF, ceramic disk
C31-300 pF, ceramic disk
C32-220 pF, ceramic disk
C33, C38, C62-100 fJ.F, 16 volts, elec-

trolytic
C34, C68-0.1 fJ.F, ceramic disk
C35-470 fJ.F, 16 volts, electrolytic
C36-10 pF, ceramic disk
C39-0.0047 fJ.F, ceramic disk
C4Q--O.047 J.LF, ceramic disk
C47-S600 fJ.F, 40 volts, electrolytic
CS5-0.0022 fJ.F, ceramic disk
C7D--220 fJ.F, 2S volts, electrolytic
C71-5-70 pF, variable
C72-2-20 pF. variable
Semiconductors
IC1-MWA120, hybrid small-signalampli

fier
IC2-MC10116, triple differential line re-

ceiver
IC3, IC4-lM358, dual op-arnp
IC5-MC1496, video detector
IC6-NESSS, timer
IC7-NES92, video amplifier
IC8-NES64, phase-lock loop
IC9-780S, 5-volt regulator
IC1Q--7812, 12-volt regulator
IC11-7818, 18-volt regulator
01, 02-BFA91
03,04,06-2N2222
OS, 07-BC328 or 2N3683

grees of phase shift are provid ed by C7l
and L2 before the signal from pin 3 of IC 2
enters pin 4 of IC5. The signal from pin 2
of IC2 enters pin 8 of IC5.without further
delay.

The 70-MHz carri er frequency is re
moved by IC5 , an MC I496 balanced
modu lator-demodulator. Th at IC mixes
the signals from pin s 8 and 10 with those
from pin s 4 and I and removes the carri er
frequency. The remain ing signal , output
on pin 6, is the baseband video signal. It
contains all the video informat ion as well
as the audio sub-carrie r.

The baseband video signal is buffered
by Q4 to provide a low-imped ance output.
The inductors, resistors, and capacitors
between R58 and C33 form a lowpass
filter and a video de-emphasis filter. The
fi ltered vi deo is then ampl ifi ed by IC7 , an

08-BC548 or ECGS48
01-04-1N60
05-1N7S2, S.6-volt zener diode
06-HP S082-2800 or 1N6263Schottky

diode
07- 1S2075
08-011-1N4002
012-BB119tuning diode
LE01-standard green lEO
lE02, lE03-standard red lEO's
Other components
J1, J5-"F" connector
J2, J3. J4-RCA phono jack
J6-coaxial power input jack
TS1-4-position screw-terminal strip
L1 , L5-10 fJ.H
l2-Q.33 fJ.H, six turns on a Y4-inch form.
l3-100 fJ.H
L4-2.7 fJ.H
S1, S4-SPOT, toggle switch
S2, S3-0POT, toggle switch
FL1-B0124 SAW filter
FL2-5-8 MHz block filter (Dick Smith

l -1600)
M1-200 fJ.A edge-reading meter
AF modulator
T1-18-volt AC power transformer

Note: the following are available from
Dick Smith Electronics, lnc., P.O. Box
8021 , Redwood City, CA, 94063: Com
plete kit of parts inclUding case but no
power transformer, # K-6316, $99.95
plus $4 shipping; SAW filter, #L-1620,
$29.95; Case, # H-2507, $12.95; PC
board, #H -7000, $29.95; 18-volt tr ans
fo rmer, # M6672, S7.95;BFR91 tran
sistor, # Z-1691, $1.19; 88119 diode,
# Z-3070, $0.20; MWA120 RF amplifier,
# Z-6095, $12.50 ; MC10116 ECl IC,
#Z-6000,$0.79; HP5082-2800 Schottky
Diode, #Z-3230, $2.00; 5-8-MHz filte r,
# L-1600, $3.95. Other individua l parts ,
and complete satellite systems, are
also available from Dick Smith. Califor
nia residents please add 6.5% sales
tax. Orders outside U.S. must include
U.S. funds and add 15% of merchan
dise total for shippi ng.

NE592 balanced-output video amplifier.
The video level is set by R109, whi le the
video polarity is set by a PC-board jumper
connecting C34 either to pin 7 or pin 8 of
IC7 . For a normal video signal , connect
C34 to pin 8.

Diode D6 is the clamp that trapsout the
30-H z dispersion waveform that is added
to the video si gnal duri ng up l i nk ing.
(That dithering technique helps to elimi
nate interference to terrestrial microwave
communications.) Transistors Q6 and Q7
buffer the signal to provid e a 75-ohm out
put with a one-volt pop video level. The
output of Q7 is also used to dri ve the RF
modul ator.

The baseband signal from Q4 is also
ampl ified by Q5 , and feeds a 5- to 8-MHz
fi lter. The fi l tered signals are then routed

continued on page 112
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This low-cost home alarm
system features a digital
combination lock, optional
display circuitry, simple
installation; and it's not
limited to home use.

ANTHONY J. LaMARTINA

Part 2 LASTTIME, WE BEGAN
to look at the display

board. Let 's finish that discussion now.
(See Fig . 4 in last month 's Radio- Elec
tronics.)

After a key has been pressed , its binary
code , according to its position in the ma
trix, appears on ICI 5 's output pins 16--19 ,
and the DAY (DATA AVAILABLE) output is
sent high at pin 13. That pin goes high
whenever a key is pressed, and it goes low
whenever the key is released . After a suit
able deb ounce period , DAY will go high
again if it senses that another key has been
pressed . The 14C923 's four-bit outputs
are connected to the inputs of lC l4 , whose
outputs are conn ected to the inputs of
ICl3 , whose outputs are connected to the
inputs of ICI 2. Each time the DAY line
goes high , the outputs of each stage are
shifted into the following stage.

We should menti on that the row (X) and
column (Y) input s of the keyboard en
coder IC are not wired to the correspond
ing rows and columns of the keyboard
matrix. That was done to confuse anyone
trying to defeat the alarm. For example ,
pressing the " I" key causes a value of
" 2" to be output. Similarly, pressing the
"9" key causes a " C" to be output.

Anyway, the output of each stage feeds
a 74LS85 4-bit comparator and a 9368
seven-seg me nt displ ay deco der/driver/
latch . Each of the latter drives a FND500
seven-segme nt di spl ay; any co mmon
cathode display may be used , however.
There are seven resistors connected be
tween the outputs of the 9368 and the
displays; we used 14-pin resistor net
works , rather than discrete resistors , in
'our prototype.

The 9368 IC 's , cur rent-limiting re 
sistors and displays may be omitted from
the design without affecting the function
of the circuit. They were included to help
debu g the initial prototype ; they also
provide visual indication that the key
board scanning circuitry is working prop
erly.

Each 74LS85 compares four bits of in
formation from DIP switch SI or S2 to
four bits of information from ICI2, ICl3 ,
ICI4 or ICl 5 . The DIP switches are con
nected to the "A" inputs of the com
parator, and the latches are connected to
the " B" inputs. Looking at S I, switch a is
the MSB (Most Significant Bit) of the left
most digit. Switches b, c and d are the
remaining bits of digit I. Switch e is the
MSB of the second digit , and switchesf , g
and h are the remainin g bits of that digit.
The individual switches in S2 similarlv
correspond to the third and fourth digits.

Counting in this circuit is done in bin
ary. For example, in orde r to use " 5" as
the first digi t of our four-d igit code,
switches SI- a-SI -d would be set up as 01
01. A " I" or high logic level represents an
open switch and a " 0" or low logic level
represents a closed swi tch.

Sixteen distinct values can be repre
sented by each digit : the digits zero
through nine and the letters A through F.
Unlike some IC 's , the workhorse 7447 for

example , the 9368 seven-segment display
decoder/dr iverllat ch we have spec ified
will accept binary inputs above the value
of nine and disp lay the cor rec t hex
adec imal digit. For example, a binary in
put of 1111 equals hex " F," and will be so
displayed .

We use a l6-key keyboard to punch in
the digital combination code . Ten of those
keys cou ld be labeled with the numerals
0-9 . The six additional keys might be la
beled CLEAR, ENTER, FUNC A, and so on,
to help confuse someone trying to break
in the protected area.

Each 74LS 85 has three outputs, indica
ting whether the "A" inputs are greater
than , equal to or less than the " B" inputs.
Those outputs are cascaded from lClI to
IC lO, from IClO to IC9 , and from IC9 to
IC8. The outputs of the latter indicate the
overa ll relationship between the values
programmed in SI and S2, and the last
four keyboard entries. When the values
programmed in the DIP switches are less
than the (last four) values punched in at
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FIG. 6-SCHEMATIC DIAGRAM OF THE CONTROL PANEL. All five lamps should be low-current
devices to conserve power.

The A = B signal from IC8 is also fed to
one input of ANO gate IC6-a. The other
input comes from ENTER switch S19 on
the keyboard panel (Fig. 5). After the code
sequence has been punched in at the key
board , the A=B output goes high , and

Control panel
As shown in Fig. 6, housed in the con

trol panel are the TES T, ALA RM RESET and

LEOlO lights up, indicat ing that ENTER

switch S19 should be pressed . Afterthat is
done , pin 6 of IC6 goes high and clocks a
" I" into " 0 " flip-flop IC7-a, whose Q
output goes high and energizes relay RY4.
Then the relay's contacts close and short
out the sense loop terminals, and that al
lows the actual sense loop to be broken .

In addition, once the flip-flop has been
set, additional keyboard entries, which
might cause A = B to go low, will not re
enable the alarm circuit ; MAS TE R RESET

SWI TC H S21 must be toggled for that to
occur. In fact , both the timer board and the
display board are reset by that switch.
When it is pressed , several things happen .
Four-bit latches ICI2-ICI4 are reset, so
"0's" appear at their outputs , on the dis
plays , and at the inputs to the com
parators.

At the same time , one side of RY3's
coil is grounded, which energizes the re
lay, and causes its contacts to close across
the X l and Y l inputs of the keyboard en
coder IC. The relay's closing simulates
pressing the 0 key, and is done because
IC15 has no RESET pin. In that way, all four
digits are reset to values of zero. For that
reason, "0000" should not be used as the
entry code, as system reset would disarm
the alarm. In addition , " 0" flip-flop IC7
is reset when MASTER RESET SWITCH S2l
is toggled ; that" de-energizes RY4 and al
lows the sense loop to function properly.

+ 12V

+ 5V

RST2T

o
o

o

15

14

13
0 RSTlO

12
0 RST20

10
0 ARM

9 0 RELAY
8 0 RSTlT

GND 2

0 TST 1

0 SENSE 1

0 SENSE 2

0 SENSE

0 TST 2

0 GND

SOl

11S21 -a

S21-b

IMASTER
I RESET
I SWITCH

ALARM 12V 5V
TEST RESET POWER ALARM POWER ARMEO

the keyboard, LE06 illuminates. Like
wise , LE08 light s up to indicate the
greater than condition, and LE07 indi
cates the equality condition. On the key
board panel , OK LEOlO also lights up to
indicate the equality condition.
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C? FIG.7-TIMER BOARDCOMPONENT-PLACEMENT DIAGRAM. Exercise care in installing the jumpers.
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PARTS LIST

All res istors are V4-watt, 5%, unless
otherwise noted .

R1 , R3-100,000 ohms
R2-4.7 megohm
R4, R5-10,000 ohms
R6-100 ohms
R7-100,OOOohm potentiometer
R8-3,300 ohms
R9, R10, R11 , R12, R13-150 ohms
R14, R15, R16-220 ohms
R17-R46-330 ohms
R47-25 ohms, 1 watt
R48-10,000 ohms, 1/2-watt

Capacito rs
C1 , C5, C9, C12-Q.1 I-lF, 35 volts, tan-

talum
C2-100 pF
C3-Q.47 ~F

4-10 I-lF, 10volts, electrolytic
C6, ca, C11-1 I-lF, 10 volts, electrolytic
C7-4000 ~F, 25 volts, electrolytic
C10-2000 ~F, 25 volts, electrolytic

Semicond uctors
IC1-4001 quad NOR gate
IC2-555 timer

IC3-4017 decade counter
IC4-4518 dual BCD up counter
IC5, IC7-4013 dual "0" flip-flop
IC6-4081 quad AND gate
IC8-IC11-74LS85 4-bit comparator
IC12-IC14-74C173 4-bit latch
IC15-73C923 2D-key encoder
IC16-IC19-9368 hexadecimal display

decoder/driver
IC20-LM340T-5 5 volt regulator
IC21-LM340T-1212 volt regulator
IC22-H11C5 or MOC3001 opto-isolator
BR1, BR2-BR31 t -amp bridge rectifier
01, 02-1 N4001
OSP1-0SP4-FN0500 common cath-

ode, 7-segment display
LE01-LE010-standard LED's
01-2N4403
02, 03-2N4401
04-2N2222
TR1-BT136-600 or similar triac

Other Components
F1-6/10 Amp, 250 volts
F2, F3-1 Amp, 250 volts
LMP1-LMP3-12 volt lamp
LMP4, LMP5-5 volt lamp

RY1-12 volts DC, OPOT relay
RY2-RY4-SPST 5-volt reed relay
S1 , S2-8-position DIP switch
S2-S18-16-position keyboardmatrix
S19-SPST momentary
S20-SPST momentary
S21 , S22-0POT momentary
S23-SPST key-operated switch (op-

tional)
T1-117-volt AC Primary, 8 and 13 volt

secondaries (Northlake F3-2141

Connectors
EC1 , EC2-22-position edge connector
P1, P2-15 position Molex
P3-P5-16 position DIP header
P6-9 position Molex
P7-4 position Molex
P8-12 position Molex
P9-2 position Molex

\ S01, S02-15 position Molex
S03-2 position Molex
S04-6 position Molex
S05-S07-16 position DIP socket
S08-8 position Molex
S09-4 position Molex
S010-12 position Molex

+ 5V
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M ASTER RESET switches . In addition,
lamps LMP2 and LMP4 indicate the pres
ence of twelve and five-volt power, re
spectively. LMP5 illuminates when the
alarm is armed, and LMPI illuminates
when the T EST switch is toggled, but only
if the sense loop is intact. Finally, LMP3
illuminates when the alarm is armed and
the sense loop is broken .

Construction
A proje ct like thi s is best built sub

assembly by sub-assembly. Build each
board and panel as if it were a separate
proje ct. If you' ll be using PC board s,
make the boards first using the patterns
shown in the " PCService" section of thi s
magazin e. A fter etching, carefully in
spect each board for un-etched copper be
tween adjacent pads and traces.

GND

GND

+ 12V

1'--- ----'-_-""''-+-......._ _ ......_ ......_....-_-0
L ...J

FIG. 9-POWER SUPPLY FOR THE ALARM. This circuit may be built on a piece of spare perf-board.

FIG. 8-DISPLAY BOARD COMPONENT-PLACEMENT DIAGRAM. Jumpers must be wired on both
sides of this board. The solid lines represent jumpe rs mounted on the component side of the board;
the dashed lines represent jumpers mounted on the foil side.
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FIG. 1Q-INTERCONNECTION DIAGRAM for the alarm's sub-assemblies. 523 is an (optional) key
operated SP5T switch that will allow entry in case power to the display board Is interrupted. Be sure to
use reliable connectors, especially for Cable A and Cable B.
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After the boards have been cleaned up,
stuff them. Use the component-place
ment diagram provided in Fig. 7 for the
timer board and in Fig. 8 for the disp lay
board . First insert the lowest profile com
ponents, the diodes and resistors . Hold a
piece of stiff cardboard agains t them so
they won't fall out. Now turn the board
over so the copper side faces up. Solder all
leads, and then clip them. Next do the IC
sockets, then the transistors and LED's ,
and finally the capac itors, trimmer re
sistors, and all other compo nents .

Our PC artwork has a number of extra
pads near IC4-IC7 . They are used to
groundthe inputs of unused gates and flip
flops that might pick up stray signa ls and
cause other gates in the same package to
act erratically. Providing separate pads on
the PC board allows for future expan sion
or modification of the circu it. To use those
gates you would simply remove the jum
pers grounding them and hook up the cir
cuit you need . In any case, wire all the
jumpers in accorda nce with the compo
nent-placement diagrams in Fig. 7 and
Fig. 8. Note tha t the timer board has jum
pers on both sides of the board.

After the boards have been completely

stuffed, carefully inspect them again and
make sure there are no solder bridges be
tween adjacen t pads or traces. It's also a
good idea to verify that the five- and
twelve-volt power lines are not shorted to
ground. The power supply used in our
prototype is a surplus unit , but an equiv
alent circuit is shown in Fig. 9.

The relays in our prototype are mounted
on pieces of perf-board. Relay RYI is
socketed because it switches fairly heavy
loads, and may need to be replaced. Re
lays RY2-RY4 are hard-w.ired to 16-pin
DIP pl ugs P3- P5, whic h mate with
S05-S07, respectively.

After all the boards are stuffed , in
spected , and approved , mount them to the
main chassis assemb ly using snap-in plas
tic standoffs . Wire up the lI 5-volt primary
circuit, Tl and fuses FI-F3 . Connect the
secondary leads of Tl to the inputs of the
power supply, and verify that the correct
voltages appear at its outputs before con
nnect in g those outp uts to the other
boards. To facilitate insertion and removal
of the circuit boards, the edge-card con
nectors are not rigidly mounted . The wir
ing that connect s all sub-assemblies
together is shown in Fig. 10; all wiring is

point-to-point and bundled.
The co ntro l pane l components are

mounted in an aluminum chassis about 6
x 8 x 2 inches. Internal wiring is point
to-point. Molex connectors were used to
connect the contro l panel to the mai n
chassis; again you may wish to use " D"
connectors .

The keyboard panel components were
mounted in a waterproof " bell" box. The
keyboard itself, the LED's, and the EN TER

switch were all mounted on perf-board;
the entire assembly was then attached to
standoffs pre-molded in the " bell" box.

Final assembly and testing
Before permanently mounting the three

chassis assemblies and wiring up the area
to be protected, make two short test cables
for Cable A and Cable 8 (shown in Fig.
10). Con nect the control and keybo ard
panels to the main chassis with those ca
bles. Apply power, and verify that power
lamps LMP2 and LMP4 in the contro l
panel, and LED9 in the keyboard panel all
light up. The LED connected to the 555 on
the timer board (LEDI) should be flashing
about once per second. That rate should

continued on pa ge 112



Curing
Electromagnetic

Interference
MICHAEL F. VIOLETTE Shields and grounds play an important role in minimizing

the effects of EMI. In this article we learn how they work,
an'! how to design an effective shield or ground system.

FIG.1-A POOR GROUNDING SYSTEM. Because of the impedances asso ciated wi th the ground leads,
this system is susceptible to EMI.
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problems for the circuits connected to
them .

Also , as is shown in Fig . 2 , the design
of the ground system is such that ground
loops exist. A ground loop can be created
when a circuit is physically connected to a
ground lead or bus at more than one place .
Because the nature of the connections be
tween circuits I and 2, and circuits 2 and 3
is, at this point , unknown, it is entirely
possible that the circuit shown could have
two ground loops. Ground loops are un-

GROUND ING CONDUCTORS

/ INTERCONNECTING CABLES \

I' • II

1 I
NO .,.. ~r ->SYSTEM GROU

left. Ideally, conductors have no imped
ance; if that were actually the case, the
grou nding scheme shown would work
fine . However, real wires do have an im
pedance associa ted with them. Consider,
for instance, Fig. 2. That figure is the
equivalent circuit for the grounding sys
tem shown in Fig. I. As shown in Fig . 2,
ground currents IG 1, 1m , IG3 , flow in the
ground leads. Because of the impedances
in the leads, noise voltages are generated ,
and they can be large enough to cause

Part 2 LA ST TIME, WE TALKED

about the general
nature of ElectroMagnetic Interference
(EMI). Among other things, we looked at
its sources, what it affects (its victims),
and how the interference gets from the
source to the victim (the coupl ing path).
We also looked at the two different types
of EMI; common-mode and differen tial
mode interference .

This month we will del ve more deep ly
into the ways EMI can be elimin ated and
ElectroMagnetic Compatability (EMC)
can be achieved . Specifically, we will be
looking at grounds and shields, and how
they can be used to eliminate the effects of
EM!.

Grounds
Consider the grounding scheme shown

in Fig. I. In it , a long ground wire con
nects circuits I and 2, and circuit 3 is tied
to the ground wire of circuit 2. The system
ground or ground reference is shown at the

53



GROUND LOOPS

between the primary and the seco ndary of
the isola tion transformer. Agai n, the lim
itation to the isolation transformer is the
primary to secondary parasit ic capaci
tance , which can be significant (up to
1000 nF).

That parasitic capaci tance can be re
duced or eliminated by inserting an elec
trostatic (foil) shield between the prim ary
and the secondary. That metal shield is
made of a nonmag netic material (non
ferrous) and does not interrupt the normal
flow of magnetic flux around the trans
former; thus the magnetic circuit of the
transformer is affected very little . At high
frequencies, more than one shield may be
required.

Figure S-a shows an unshie lded isola
tion transformer and the primary-to-sec
ondary (input -to -outp ut) capaci tance ,
CIO' Figure S-b shows a single-shie lded
isolation transformer; such a transformer
is usually effective at frequencies up to
100 kHz . The shield effec tively reduces
the primary-to-secondary capac itance by
divid ing CIO into a primary-to-shield (in
put-to-shield) cap acitance, C IS ' and a
sh ield -to-secondary (s hie ld-to-ou tp ut)
capacitance Cso' The series combinatio n
of CIOand Cso is less than CIO' Note that
the shield in Figure S-b is connected to the
common-mode reference (ground) by a
low impedance connection. As shown, a
portion of the commo n-mode currents
fl ow fro m the transfo rm er primar y
through CIS and return to ground , reduc
ing the common-mode current on the sec
ondary side of the transformer. Thu s, the

OPTO-ISOLATORS, such as the members of the Motorola MOC600A family , are inexpensive and
readily available.

available in IC form and are fairly inex
pensive.

The opera tion of an opto-iso lator is as
follows: With no input signal the LED is
off; but when an input signal is present ,
the LED turns on, and the light from the
LED turn s the phototransistor on . Current
flows through the phototransistor, which
results in a signal at the output of the opto
isolator. There is no hard-wire conne ction
betwee n the input and output of the opto 
isolator, and therefore, no ground-loop
currents flow.

The opto -i so lat or is also effect ive
against commo n-mode currents. By defi
nition , com mon-mode curre nts flow on
both input lines of the device, but they are
unable to flow across the opto-isolator be
cause of the absence of connec tion be
tween the input and the output of the
device . One limitation of the opto-isolator
is a parasitic (unintentional). capacitance
that exists between the input and output of
the device . At higher frequencies , that
capacitance results in a degradation of the
isolation between the input and the out
put. Depending on the device , and its
app licat ion (s ig na l isolation or power
switching), that capacitance is somew here
between I pF and 180 pF.

Isolation transformers can also be used
to el imin ate ground loops. An isolation
transformer has a turns ratio of I:I , so that
the signal levels are identical in the pri
mary and secondary. An isolation trans
former can be effective agai nst ground
loop currents and common-mode signals
bec ause there is no hard-wire connection

SIGNAL
OUT

PHOTOTRANSISTOR

LED

SIGNAL
IN

FIG. 2-EQUIVALENT CIRCUIT for the ground
ing system shown in Fig. 1.The ground currents
flowing through the impedances of the ground
leads will gene rate noise voltages.

FIG. 4- AN OPTO-ISOLATOR . Since it elim i
nates electrical connections between two cir
cuits, this device can be used to break up
ground loops.

FIG. 3-A STARGROUND. In this grounding sys
tem, all of the circuits are tied direc tly to a single
system ground.

desirable because the common-mode cur
rents that flow in them can couple into
circuitry and cause interferen ce (ca lled
common-mode interfere nce).

A better arrangement is shown in Fig.
3. The grounding system shown there is
called a star ground. Notice that each cir
cuit is connected to a common ground
point or system ground (sometimes called
the star point) through a dedicated con
nection . To keep impe dances as low as
possible , tho se co nnections should be
kept as short as possible . Star-ground sys
tems are used in many electronic devices ,
including computers and TV's.

Breaking ground loops
There still may be ground loops in the

syste m of Fig . 3 and they still must be
eliminated . Several techniques are used to
break ground loops. One technique is to
" float" one or more of the interconnected
circuits (disconnect the circuit from the
system ground). That is not always possi
ble , and it is unsafe in high-voltage cir
cuit s .

A better appro ach is to physically iso
late the various circ uits. That can be done
with a opto-iso lator. As shown in Fig. 4,
that device consists of an LED and a pho
totran sistor. Su ch devices are readil y
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FIG. 5-ONE DRAWBACK In using an Isolation
transformer to break up ground loops Is the
high parasitic capacitance between the wind
Ings (a). One solution to that problem Is to place
a shield between the windings (b).

action here is that of a current divider, and
the net effect is a decrease in common
mode currents on the secondary side .

Ground planes
Examine the PC board used for a high

speed digital circuit and you will likely
see that the majority of the copper is un
etched; the only copper removed is that
needed to avoid shorting traces . The re
mainder of the copper, surrounding the
circuit, is used as a ground plane . A
ground plane is a flat metal plate or sur
face to which ground connections are
made.

Ground planes offer several advan
tages . For one, their use helps eliminate
the possibi lity of ground loops on the PC
board. Also, at high frequencies, their
large surface area (when compared with a
PC trace) results in a low impedance.

Safety considerations
It is possib le that a design intended to

minimize EMI may be unsafe. For exam
ple , floating a circuit to break a ground
loop may not be advisable because of the
impact on the safety design of the system.
If the circuit is a high-voltage one, a con
nection to the system ground must be
provided in the event of a short. When
dealing with AC-powered equipment, es
pecially equipment housed in a metal cab
inet or case , a safety ground (usually via a
3-line power cord) should be provided .
Otherwise, should a breakdown occur and
-the "hot" side of the AC supply be ap
plied direct ly to the case, there will be no
path to ground. That is, until someone
touches the case , perhaps with disastrous
results.

Shielding against EMI
Shielding is used to reduce unwanted

radiated energy from coupling to and
from a system. Radiated energy is gener
ated by many sources . In some cases, that
is indeed the intended functio n of the
source; those include RF transmitters of
all types . Other times, the radiated energy
is an unintended side effect. Many dif
ferent types of equipme nt can be uninten
tional sources of radiated energy. Among
the most common of those are computers
and power lines. Radiated energy can also
be generated by natural sources , such as
lightning.

Electromagnetic radiation
An antenna is used to transmit and/or

receive electromagnetic radiation energy.
That energy is in the form of n elec
tromagnetic wave tha t trave ls thro ugh
space at the speed of light. Associated
with that wave is a wavelength, A, and a
frequency,f, which are related through the
equation A = Clf, where C is the speed of
light (3 x 108 meters/second), A is mea
sured in meters , and f is measured in
hertz. Note that wavelength and frequency
are inversely proportional; that is, as the
frequency of radiation increases, the
wavelength decreases. When the length of
a wire is equal to about a quarter wave
length at some frequency (or some inte
gral multiple of a quarter wavelength), the
wire becomes an efficient antenna at that
frequency. That means that it is capable of
easily receiving or tra nsmitting elec
tromagnetic radiation.

While an efficient antenna is desirable
when you are dealing with radio commu
nications, if one of the conductors in your
project becomes an "efficient antenna,"
it is a nuisance. That conductor becomes a
means for electromagnetic energy to cou
ple into the circuit. If the coupled energy
is higher than the sensitivity (for analog
circuits) or noise margin (for digital cir
cuits) of the circuit, that energy can cause
the circuit to malfunction . In addition, if
the circuit is a high-frequency one, it is
possible for it to become a source of elec
tromagnetic radiation itself, affecting the
opera tion of nearby equipment.

In either case, the way to cure the prob
lem is to place a shield around the project.
A shield is designed either to keep the
EMI out or to keep it from escaping.

How does a shield work? A good EMI
shield absorbs part of the electromagnetic
wave and reflects part of the wave away.
The theory behind shielding is quite com
plex. It is based upon aspects of Max
well's electromag net ic radiation equa
tions and it is beyond the scope of this
article . But we can describe what goes on
qualitative ly, so that you can gain some
understand ing of how the process works.

The shielding mechanism
First, there are three different types of

electromagnetic fields . All electromag
netic fields are composed of an electric
fie ld and a mag netic fie ld . The rela
tionship between the electric and the mag
netic field is similar to the relationship
between voltage and current. That rela
tionship is given by Ohm's law, which
states V = IR.

In electromagnetic field theory, there is
a similar equation that relates the electric
and magnetic fields . That equatio n is Z =
E/H, where E is the intensity of the elec
tric field and H is the intensity of the
magnetic field. The variable Z is the im
pedance of the field; the three different
types of electromagnetic fields are defined
in terms of that impedance. Those are
high- imp edance , low-imped ance, and
free-space fields.

A high-impedance field is created by a
source (antenna) that has a high imped
ance . For instance, a dipole antenna has a
very high impedance because the antenna
elements are not connected together (ex
cept through the capacitance in the air
between the elements). It is difficult to
shove current into the dipole because of
that high impedance. The radiated wave
that comes off of the antenna is also high
impedance; it is called an electric field
because E is large relative to H, which
creates a large value of Z.

A low-impedance field is created by a
source that has a low impedance. One
type of low-impedance source is a loop
antenna. A loop antenna has its ends
shorted together and therefore has a low
impedance at its terminals so current can
easily flow through the loop. That creates
a low impedance, or magnetic , field. An
example of a source of magnetic fields is a
power line in which relatively large cur
rent flows; such lines are the cause of
many EMI problems.

High and low impedance fields exist
when you are close to the source or the
antenna ; that region is called the near
field. As you move away from the antenna,
you approach what is called the plane
wave or f ree-space region. In the free
space region, the impedance of an elec
tromagnetic wave is very simply equal to
l20n (or approximately 377 ohms).

For proper design of the shield, it is
important to know the impedance of the
electromagnetic field . Forthat reason, it is
also important to know where the near
field region ends and the free-space region
begins . That distance, known as the tran
sition distance (R), is defined as R =
A/(2n).

Shield design
As stated, the purpose of a shield is

either to reflect or to absorb electromag
netic radiation. A shield around a circuit
acts as a barrier to electromagnetic energy
by reducing the field strength on the other
side of the barrier. The shielding effec
tiveness (SE) of a shield is a comparison
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between the amplitude of the field on one
side of the shield (incident field) com
pared to the amplitude on the other side
(the resultant field). If the SE of a shield is
high , then the " problem" wave is reduced
in amplitude.

A simplified model of how a shield
works is shown in Fig. 6. An electromag
netic wave is incident from the left of the
shield (although the wave can be gener
ated from the inside of equipment). Part of
the wave is reflected away and part of the
wave penetrates into the shield material.
When the wave penetrates to the other side
of the shield, another reflec tion takes
place at the interface between air and met
al. The energy that is reflected travels
back through the material and exits on the
left side . Much of the energy that is not
reflected is absorbed by the shield mate-

FIG. 6-HOW A SHIELD WORKS. Note that the
electromagnetic energy is reflected at both
shield/air interfaces. In addition, some of the
energy Is absorbed by the shield material .

rial. The remainder of the energy exits the
right side of the shield as the resultant
field .

Most shields are designed to atta in an
SE between 20 and 80 dB (10 to 10,000
fold reduction) and some " super shields"
are desi gned for SE 's between 100and 120
dB (100,000- to I ,OOO,OOO-foid reduc
tion). In general, any shield with an SE of
less than 20 dB is not very effect ive .

Let's look at an example . Con sider an
incident electric field, E" with a strength
of I volt per meter (V Im) that is causing an
elec tronic sys tem to malfunct ion . If a
shield with an SE of 60 dB is installed ,
what is the resultant field on the inside of
the shield? First, convert the electric field
to dB: E'dB = 20l0g lO(I ) = 0 dB

To find the resultant field strength, ER ,

subtract the shielding effectiveness from
the incident field strength. Thus, the re
sultant field is 0 dB - 60 dB = --60 dB.
Or, in volts-per-meter:

E
R

= 10 (ERdB'201 = 10 (-60-20) = 10-3

= .001 volts-per-meter

That is a reduction of 1000.
To design a good shield , it is important

to consider the type of field you are deal
ing with. The following " rules of thumb"
should be followed to select the correct
shield materi al:

To shield against elect ric waves, reflec-

tion is import ant. Use a high conductivity
metal (such as copper or aluminum) for
the shield . The high conductivity (which
results in a low impedance) of the material
esse ntially short circuits the electric field
just as a piece of wire short circuits a
voltage source in a hard-wired circuit.
The field is reflected away by the short
circuit. Reflection of the wave results in a
reduction of the field on the opposi te side
of the barr ier.

Likewise , copper and aluminum are
suitable shielding materials when dealing
with free-space electromag netic waves .
The shielding mechanism is a combina
tion of reflection and absorption.

To effectivel y reduce magnetic fields,
however, the shield material must have
magnetic properties. For instance, the op
eration of a transformer depends on the
material in the transformer core. Trans
forme r cores are constructed of magnetic
(ferrous) materials , such as silicon steel.
The current in the primary of a trans
former creates a magnetic field that push
es a magnetic flux around the core of the
transformer. Very little flux exists in the
air around the transformer because air is
non-ma gnetic . The concentrated flux in
the core is said to " link" the prim ary and
secondary windings in a transformer. The
result is that a time-changing signal in the
prim ary will induce a similar signal in the
secondary.

To reduce magnetic fields, then , the
shield must be able to concentrate the
magnetic flux from the source of the mag
netic field. That creates a shield against
the magnetic field. Magnetic field shield
ing is relati vely difficult because of the
weight and expen se of the materials in
volved (such as steel).

Shielded-box design
An important aspect of shielding de

sign is how the shield material is as
sembled . A perfect shield is a totally
enclosed box, made of the proper shield
materials , in which the circuit is placed .
However, switches , knobs, power cords,

.signal cables, .and ventilation holes are
necessary if the circuit is to be useful.
Pretty soon, there are a lot of holes in our
perfect shield; those allow radiated energy
to " leak" into the box . A compromise
between the perfect and the practical must
be made. There are methods available to
accommodate the holes and still have a
pretty good shielded box design . Let' s
look at some of those methods .

A n im p ort ant co nsi de r a tio n in
shielded-box design is the size of the hole
in the shield. At low frequencies, the
wavelength of the EMI is large compared
to the size of the hole . As the frequency
increases, the wavelength decreases and
the energy can leak through the hole and
pass through the shielded box. That phe
nomenon can be observed the next time
you ride in a car and pass under a metal

truss bridge that has a number of openings
form ed by the metal memb ers of the
bridge.

With the car radio tuned to an AM
station, around I MHz (A = 300 meters),
notice how the signal fades out or even
disappears. The bridge structure is acting
as a shield to the AM radio signal. Switch
the radio to an FM station (88- 108 MHz)
where the wavelength is a fraction of the
size of the openings in the bridge; the
signal should be unaffected. The high
frequency FM signals pass unimpeded
through the openings in the metal frame
work of the bridge.

Thus, to design a good EMI shielded
box, keep the openings in the box as small
as possible . For instance, ventilation
holes can be covered with a screen mesh .
Box seams should be soldered closed.
Also, there should be good electri cal con
tact across the seam, so remove the paint
or non- conducti ve fini sh (s uc h as
anod iza tio n on aluminum) from the
edges. The idea is to have, as much as
possible , a continuously conductive sur
face .

In addition, there are numerous prod
ucts available that can be used to maintain
the integrity of the shielding . Those in
clude conductive gaskets, which are fitted
to seams and covers of shielded boxes to
provide electrical continuity across the
seam; shielded windows, which are made
of glass or plastic panels in which tiny
screen mesh is placed ; conductive paints ,
which are sprayed on plastic enclosures
for shielding purposes (many popul ar
computers use conductive paint s and
coatings on their cabinets), and special
shielded switches.

Thu s far we have seen how proper
ground ing and shielding can greatly re
duce the affects of electromagnetic inter
ferenc e _ While those techniques are
useful in eliminating problems that might
appear, they are most useful if considered
in the design stages of a proje ct. By
EMI-"p roofing" your design in the first
place, you will greatly reduce the chance
that any unforseen problem s will crop up
later on.

Now that we have some idea of how to
eliminate or reduce the affects of radiated
electromagnetic interference, how do we
do the same for conducted EMI ? Ob
viously the methods and products men
tioned thus far in this article are effective
in fight ing radiated EMI , but they will do
nothing to eliminate the affects of con
ducted EMI (interference that enters the
circuits via a power line or signal cable).
To eliminate the problem s caused by con
ducted EMI , other techniques are re
quired. Among those is the use of filters
designed to trap out the interfering signal.
In the next part of this article we will look
at those filters and how they work . We will
also look at still more techniques for re
ducing the effects of EM!. R-E



VIDEO TITLER

JACK FLACK

Now that we know how the circuit
works, it's time to build

and align the unit.

Part 3 THIS M ONTH, WE' LL

finish up our descrip
tion of the video titler's circuit ; we'll see
how to build the titler ; and then we' ll take
a look at its operation . As we'll be refer
ring to illustrations that have appeared in
the previous two installments (November
and December 1985), you might want to
have those on hand as we continue.

The microcomputer
The microcomputer section is the most

important for human interaction with the
titler. Its schematic is shown in Fig. 14.
Most of the technique s used are straight
forward. The 6809 microprocessor (lC23)
was chosen because it offers a number of
advanced software features such as 16-bit
operations and long-branch instructions
for relocatable code .

It is import ant to recognize the timing
requirements of the VDP data and control
signals as well as the timing of other de
vices attached to the 6809 address and
data bus. Several timing problems were
overcome by using the positive cycle of
the E clock (IC23, pin 34) which, along
with lCI5-c, enables the main system
memory decoder, lCl8-a, a 74LS139 2- to
4-line decoder/multiplexer.

The titler 's interface bus was designed
to allow a home computer to access the
VDP and ROM. The 6809 three-states its
data, address and R!W lines when its HALT

line (pin 40) is pulled low. On the titler,
pulling that line low also disables the
main system memory decoder (ICl8 -a) by
forcing a continuous high output on lCl5
c. I/O-select capability is accomplished
by R42 and 06, which allow either the
main system memory decoder (IC I 8 ~a) or
an external home computer to select the
I/O decoder (ICl8 -b). ROM SE LECT is also
provided by R41 and 0 5.

A full-travel keyboard was included in
the design to provide fast and easy crea
tion of titles. Almost any unencoded key
board-including many available on the
surplus market-s-can be substituted. Of
course , you' ll need to change the surplus
keyboard's wiring by cutting traces and
adding jumpers. You could also design a
new PC board for the keyswitches.

Figure 15 shows the memory mapping
used by the titler. Note how the I/O is
mapped. Address line A0 is used by the
VDP internally to determine what type of
data is on the bus: VDP address/register
setup or video memory/register data . Ad
dress line Al is used by the I/O decoder

(ICI8-b) to choose between the VDP and
I/O ports.

That 110 decoder selects the input or
output port based on whether a read or
write operation is occurring . Therefore,
reading from or writing to the port address
(8002H) automatically chooses the prop
er port .

An 8K low-power CMOS static RAM
was chosen to provide 30 pages of titles
and battery-backup capab ility. The 8K
RAM's have 2 select lines (CS l and CS2).

The active-high select can be tied to the 5
volt supply. If Vee on the CMOS RAM
remains above 2 volts at the same time that
the 5-volt supply drops below 0.8 volts (as
when the titler is turned off), the RAM
will go into standby mode, and data will
be retained .

Building the video titler
You don't have to be a pro to build the

video titler ; but you shouldn' t be a rank
beginner, either. Testing and adjustments
can be performed without an oscillo
scope, but they may be more difficult and
time-consuming.

While you can build the titler using
wire-wrapping techniques, using a PC
board is preferable . You can either make
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FIG. 14-THE MICROCOMPUTER SECTION has a 6809 microprocessor (IC23) and a programmed 8K
EPROM (IC19) as its heart . The interface bus allows a hom e computer to access the VDP, ROM and
external-mode select. We'll get to the details on that in a future issue .
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your own (see the " PC Service " section
of this magazine), or you can buy one
from the source mentioned in the Parts
List. A parts-placement diagram is shown
in Fig. 16 , and Fig. 17 is a photo of the
author's prototype .

Regardless whe the r you use a PC

SYSTEM RAM (8K)

0000

l FFF

3FFF
4000

7FFF
8000 .A-------.---I.----I

1/0
8FFF
COOO

EOOO

FFFF

OPERATING SYSTEM
ROM (8K)

FIG. 15-THE MEMORY MAP of the video tiller.

board , be certain to use sockets for the
IC's. If you choose to wirewrap, you' ll
need to use DIP headers or some other
technique for mounting the discrete com
ponents.

As you wrap or solder the wires, check
off each connection on the schematic . Be

I/ O REAOWR ITE OESC RIPTION

AODR RNJ PRO CESS

8000 W WRITETOVIDEO RAM AFTER SET UP
8000 R REAO FROM VIDEO RAM AFTER SET UP
8001 W VRAMADDRESS/REGISTER.SETUP
8001 R READ VDPSTATUS REGISTER
8002 W WRITETOKEYPAD OUTPUT PORT
8002 R REAO FROM KEYPAD INPUT PORT

sure to use the decoupl ing capacitors
specified in the schematic, and mount
them as close to the IC' s as possible . For
easier troubleshooting, use different-col
ored wire for power, ground, and other
(data-, address-, and control-line) con
nections.

Remember that several of the IC' s are
CMOS types and requi re special han
dling. Also, use a twisted pair of wires for
the video inputs and outputs to minimize
RF interference.

If you're not using a PC board , special
care should be taken in locating the two
osci llator circuits . The PLL (IC4 and IC5)
should be as far as possible from the 3.58
MHz chro ma clock circuit (lCI4 and
IC15) and the video inputs and output.
The chroma processor (lC14) call s for
separation of the oscillator portion (com 
ponents associated with IC14 pins 6 and
7) and the input (pin I).

Mo unt the + 5- and + 12- volt reg
ulators directly on the enclosure to help
dissipate heat. Also, be extremely careful
when hooking up the lO-pin video jack

~z
c
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Jl
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J6
VIDEO
OUT

J5
LEFT
AUDIO

TOKEYBOARD

IC64

+- ...._------------_.__._._- _.__....__...__. ._. ..__. ._.._..._._---_._._.._...--.....-- _.......~~~,......................",l .

FIG. 16-THE PARTS PLACEMENT DIAGRAM FOR THE VIDEO TITLER. Foil patterns for the tiller are
shown on pages 77 and 79.
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FIG. 17-THE AUTHOR'S PROTOTYPEand some of the main components and adjustments.

e12

J l
percent. And with no IC' s installed , the
outp ut of the + 5-volt supply may be
closer to 6 volts because of R50. If any
readings are zero or especially low, you
pro bably have a short somewhere. Th ree
terminal vol tage reg ulators (78XX and
79XX) have protection aga ins t short cir
cui ts whic h usu all y res u lt in vo ltage
dro ps. If that occurs, tum off the unit and
start hu nting .

If the main power-supp ly outputs are
OK , check eac h IC socket for the proper
voltage . Most of the logic Ie's have stan
dard power supply pins , but the micro
processor (lC23), VDP (lCIO), DR AM 's
(Ie's I I and 12), and others do 11Ot!

When all checks out, you can insert the
IC's. However, you can' t really go much
farther witho ut the EPROM.

The description of the software that is
contai ned in the EPROM requires an en
tire article in itself. We 'll defer that de
scr iptio n unt il next time and go ahea d
with the final adjustmen ts and assume that
you have a pre-programmed EPROM.

Final adjustments and test ing
Once you have all the Ie's (including

the EPROM) inserte d , you're ready for
the final adj ustments . Connect the titler 's
video output to the video input of a VCR
or video monitor. If you' re using a VC R,
be sure that the RF connections are correct
and that any swi tches are appropriately
set.

Power up the tiller. There are a number
of possible pictures that could be prese nt.
Wha t you want to see is a black screen
with a medium gree n cursor in the upper
left comer.

If only garbage is present , don 't worry.
The clock frequency can vary enoug h to
allow the sync pul ses to be outside the
spec ifica tions of the TV set. Follow Table
I , and try the first two adjustme nts . Be
cause those two adjustments tamper with
the mas ter clock , you' ll want to reset the
microp rocessor and VDP by turni ng the
titler off and the n back on before further
testin g .

The adj us tments can be perfo rmed
witho ut an oscillosc ope if you're patien t.
Rem ember that at any point in the adjust
ing process you may have to readjust a
previous step. You may also have to power
dow n to reset the microprocessor.

Whe n you complete the initi al adjust
ments and a medium gree n cursor is pres
ent, congratulatio ns! If you're still having
problems, an osci lloscope may be neces
sary. But before you go hunt ing for one,
use an ohmmeter and recheck the power
co nnections on the VDP (Fig . 7) and other
Ie's . Also check the RES ET/SYNC input on
the VDP (lCIO, pin 34). It should be at a
4- to 5-volt level. If you get a reading of
less than 2 volts or greater than 7 volts ,
check the co nnections on pin 34, Q2,
R18, and D3. You may need to ver ify that
the correct components were installed at

~~~;;;----"'==-- V I OED RAM

Look, listen , fee l, and smell! Trans istors
and resistors can get hot qui ckly whe n
some thing is wrong. Some transformers
sou nd funny when they are beginning to
mel t. Smoke does not necessarily mean
fire, but we're not building a cigarette
lighter. Ifyou see something unusual , tum
off the unit qu ickly ! (But wai t a few sec 
onds befo re you start touching compo
nents . You ' ll still be ab le to find the
culprit, but wai ting co uld spare you a
bum.)

If all is well , leave the un it on and check
the ma in power supply outputs with a volt
meter. The power sup ply is shown in Fig.
6.) They sho uld be very close to the desir
ed voltages. However, the + 3-, + 1.5- ,
and +O.7-volt supplies may vary 10 to 15

TABLE 1-TITLER ADJUSTMENTS

Changes clock frequency and locking range . When in internal
mode, adjust C12 until a black screen with cursor is seen . Fine
tuning will be required in the externa l mode. Ifa picture still is not
present, try the next adjustment.

Changes leve l where external video is selected over VDP video.
Initially, set voltage at pins 1 and 11 of IC1 7 (also the wiper of R46)
to zero or near zero. Then , in the inte rnal mode, adjust so that the
VDP image is clean . In exte rnal mode, find the point where the VDP
and external video are the cleanest.

Changes the bias on the VDP video signal. The effect is seen as a
VDP image that is darker or lighter relative to the external image .
Use black cha racte rs for this adjust ment, and adjust so that the
cha racters are as black as possible without the picture tearing.

Adjusts the VDP colors and the locking range of the chroma
processor. Color may not be present until this adjustme nt is made.
Adjust in exte rnal mode. Try s mall adjustments and remove
screwdriver to check effect.

Changes the color of the VDP only in the exte rnal mode. Display
black cha racters, and adjust so that the least amount of color is
visible.

• R29

• C27

• R32

• R46

• C12

Init ial test ing
Before you inse rt Ie's into their sock

e ts, and before turning on the power, use
a n ohmmeter on a low-resistance setting (I
ohm) to check for shorts in the power
supp ly connections . You will likely read
some resistance (50 to 80 ohms) due to the
discre te co mponents, but you sho uld not
rea d zero. That's a short (probably caused
by bent wirewrap pins or so lder bridges).
Examine yo ur board closely. Do n' t as
sume that you ' ll catch your mi stakes
when you power up--it may be too late .

Once you've determined that the power
connections are OK , power up the tiller.

(J I). One mistake cou ld damage your
camera .
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All resis tors 1/4-watt , 5% unless other-
wise noted.

RN1-10,000 ohms x 9 resistor network
R1-10,000 ohms
R2-6800 ohms
R3---75 ohms
R4,R48-51 ,000 ohms
R5, R11 , R12, R15, R25-R27, R35, R43,

R49-1000 ohms
R6, R8, R30, R31 , R39-4700 ohms
R7-3900 ohms
R9, R38-5100 ohms
R1Q-4300 ohms,
R13, R16, R18, R22, R24, R28, R4D-

2200 ohms
R1 4, R23-680 ohms
R17, R36---1 20,000 ohms
R19, R20, R21-470 ohms
R29, R32-1000 ohms, PC-mount trim-

mer potentiometer
R33, R37-1500 ohms
R34, R47-220 ohms
R41 , R42-3300 ohms
R44, R45-820 ohms
R46-10,000 ohms, PC-mount trimmer

potentiometer
R5D-33 ohms
R51-68 ohms
Capacitors
C1 , C4D-C42, C44, C64-10 f.lF, 25 volts,

electrolytic
C2, C3, C5, C9, C11 , C14, C15, C16,C26,

C33, C38, C39, C43, C47, C48, C49,
C50, C51 , C53, C60, C61, C62, C63,
C68, C70, C72-C74-0.1 f.lF ceramic
disc

C4, C22, C23, C25, C29, C31 , C32, C34,
C36-0.01 ceramic disc

C6-0.0022 f.lFmylar
C7-.0047 f.lFmylar
C8-0.001 f.lFmylar
C1G-{) .47 f.lF, 25 volts, electrolytic
C12, C27- 5-30 pF PC-mount trimmer
C13, C28-12 pF, ceramic disc
C17-C19, C66-220 pF, ceramic disc
C2D-150pF ceramic disc
C21-390 pF ceramic disc

those location s. Remember that if you
see, feel, smell or hear something un
usu al , you probably have a problem .
Power down immediately and check it
out.

If all else fails, then an osci lloscope
will be required. First make sure that the
titler is generating a stable composite
video signal. If it's not , the VDP (ICIO) is
probably not operating properly. Check
the master clock (pin 6) for a 1O.7-MH z
signal. You should also have a 3.S8-MHz
clock at pin 37 . There should be a black
and-white composite-video signal at pin
36: If no signals are coming from ICIO,
chec k the power- supply connection s
again. If the video signal is present , use
the schematic and check the signal at all
points until you reach Q6 (in Fig. 13).

Once the hardware is working, the next
step is to make sure that your software is
functioning prop erl y. Type in several

PARTS LIST

C24, C30, C58-1 p.F, 25 volts, elec-
trolytic

C35, C37-47 pF ceramic disc
C45-22 f.lF, 10volts, electrolytic
C46, C52, C59, C67, C69,C71-47f.lF,16

volts, electrolytic
C54-2200 f.lF, 25 volts, electrolytic
C55-4700 f.lF, 16 volts, electrolytic
C56, C57-100 f.lF, 25 volts, electrolytic
C65-33 pF, ceramic disc
Semiconductors
IC1- LM339 quad comparator
IC2-74LS221 dual non-retri ggerabl e

one-shot
IC3---74LS05 hex inverter
IC4-MC4044 phase-frequency detector
IC5-MC4024 dual voltage-controlled

multivibrator
IC6, IC7-74LS191 up/down binary coun

ter
IC8, IC9, IC13-4066 quad analogswitch
IC1D-TMS9128 video display processor

(Texas Instruments)
IC11 , IC12-441616K x 4 dynamic RAM,

200 ns
IC1 4-GA31 26 chroma processor (RCA)
IC15-74LSOO quad nand gate
IC16-LM1889 TV video modulator (Na-

tional)
IC17-SN75108 Oual in-line receiver
IC18-74LS139 duaI1-of-4 decoder
IC19-2764 8Kx8 EPROM
IC2D-HM6264 LP 8K x 8 static RAM
IC21-74LS273 octal Ootype flip-flop
IC22-74LS244 octal 3-state driver
IC23---MC6809 microprocessor
IC24-7812K regulator, +12-volts
IC25-7805K regulator, +5-volts
IC26---79L05 regulator, - 5-volts
01, 03 , 04, 05-07, 011-018-1N914
02-1N751 Zener, 5.1 volts
08 , 09-1N4001 rectifier, 50 PIV
01O-not used
BR1-full-wave bridge rectifier, 6 amps
LE01-standard red LEO
01, 06-2N2222
02, 03---2N3906

characters and try out all the functions
(except external mode).

Once the software is running, you' re
ready to test the external mode . Before
plugging in a camera, make sure that you
have 12 volts on pin 10 of the camera
connector (J I in Fig. 7), and that 12 volts is
not present on any other pins. Always turn
off the titler before plugging in the cam
era .

Set switch SI to the camera input or the
external input , whichever is appropriate,
and tum on the titler. If you're using a
camera, you should see all the various
camera LED's come on. Since the titler
power s up in the internal mod e , you
should see the same black picture on the
screen with a green cursor.

Press the EXT MODE key. That will like
ly cause more garbage on the screen. Go
back to internal mode just to make sure
that nothing has happened . If all is well in

04, 05-2N3904
Other components
XTAL1-3.579545 MHz
L1- 56 f.lH
T1-1 4-volt secondary, center-tapped
J1-10-pin video camera jack
J2, J4-J6---PC-mount phono jack
J3---3/32 inch phone jack
S1-SPST PC-mount slide switch
S2-0POT rocker switch , vertica l PC

mount
Miscellaneous: Lithium-battery holder
and battery, 49-key keyboard, 16-conduc
tor ribbon cable, enclosure, etc.

The following are available from Micro
Video-Technology, P.O. Box 76, Chat
tanooga, TN 37343: main PC board
(silk screened, with gold fingers), $40;
Programmed EPROM, $25; Custom
keyboard , $80; Custom enclosure,
$40 ; All switches, jacks, and con
nectors, $30; 14 VCT wall transformer,
$30; TMS9128 VDP, $30; partial kit (in
cludes all the above), $250. All orders
add $5 ($13 outside U.S.) for shipping
and handling.
The following are available from JDR
MicrQdevices, 1224 South Bascom
Ave. , San Jose, CA 95128 (800)
538-5000: All components-except
those available from Micro- Video
Technology-$69.95 + $2.50 for ship
ping.
The following is available from MFJ En
terprises, Inc. , 921 Louisville Road,
Starkville, MS 39759: Complete titler,
assembled and tested with 1 year un
conditional guarantee, $599.95 plus $6
shipping. (Return if not satisfied within
30 days for refund , less shipping.) Or
ders only (outside Mississippi)
1-800-647-1800. Information and Mis
sissippi orders 601-323-5869. Master
Card and Visa accepted.

internal mode , go back to Table I and
perform the remaining adjustments start
ing with number 2.

If you are unable to get a clean picture
with the adjustments, you have a hard
ware pro blem. Disconnect the power,
camera, etc. and check for bad solder
joints, shorts, bent IC pins, and other pos
sib le probl em s. Don 't ge t too di s
co uraged . Ma ny problem s ca n exist
without permanently damaging the com
ponents .

Operating features
We've gone through a lot of theory and

construction details , but we haven 't talk
ed much about what the titler can do and
how you can use it. Now that we've
finished the testing , it's time to see what
we can expect the titler to do.

When the titler is first powered up, it is
in its internal mode-the background and
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TABLE 2-KEYBOARD MODES AND KEY RESPONSES

lower case upper case NR - - NR NR -
Numer ic Punctuat ion NR - - NR NR -
Character Character

Left Right NR - If object is Checks Objects -
off, cursor object moves
moves

Down Up NR -
- - NR - Turns off Turns on - -

cursor cursor

- - NR - - NR NR -
- - NR - - NR - -
- - - - - - - -
Turns on Changes NR - - - Turns off Turns on
off object object (in object object

object
mode)

Blanks/ Changes Unblanks Blanks - - - -
unblanks border screen screen
screen color

Changes Changes NR - If object is Checks Changes -
character background off, object object color
color color character

color
changes

Pages Pages back - - - - - -
forward

Key

26 Alphabetic

10 Numeric
Punctuation

Left right arrow

Down up arrow

Cursor

Return

Clear

External mode

Object

Blank border color

Color

Page forward/back

Unshifted Shifted Blanked Unblanked Cursor on Cursor off Object on Object off

NR = No response
- = Status of mode does not effect key funct ion

border are black. and an external video
signa l is ignored . TIle cursor is at the top
left comer of the scree n and is medium
gree n.

The tiller has a character set that is
made up of 25 alphabe tic characters (cap
ital only), 10 num eric characters, 10 punc 
tu ati on c ha racte rs a nd a " space"
character for a total of 47 characters in all.
You' ll notice II other keys on the key
board: those are used for a variety offunc
tion s . such as moving the cursor and
changing mode .

The titler can hold 30 pages of charac
ters . Each page can contain eight 16
character lines , and each character can
have a different color (backg round and
character co lor). Sixteen different co lors
are availa ble , including a tran sparent
col or that allows the external video pic
ture to show' through (when the titler is in
its extemal video mode).

Once you have your titles or subtitles
re ady, the cursor can be removed from the

CJ) sc reen by pressing the CURSORkey. Then ,
o yo u might go back to your first page of
Zo titles, blank the screen by pressing the
g: BLA:-JK key, and go into the external mode.
~ Bl anking the screen does not clear memo
ill ry or otherwise destroy anything you've
o e ntered. It me rely causes only the border
o to appear on the screen . If the border is
~ transparent (as it is after the unit is first

powered-up), the external video image ap
pears on the screen .

If no external video signal is present
when you enter the external mode , the
picture will tear apart and be completely
usele ss . That doesn't affe ct the data
you' ve entered . You can recover a stable
image by going back to the internal mode
or by connecting an external video signal
to the unit's input.

The action of most of the keys on the
t itl e r 's key board is straig htfo rward .
However, there are several aspects that
need more explanation. Some keys per
form differentl y when certain modes have
been evoked. Table 2 is a summary of the
titler's responses to various keys in vari
ous modes. For example, as shown in
Table I , in order to place characters in the
current page of memory, you need the
cursor on, the screen unBLANKed , and the
objec t mode off.

An objec t (such as an arrow) can be
displayed on the screen when the screen is
unBLANKed (with or without the cursor
on). Just remember that as long as you see
a cursor on the screen and not an object ,
you can write characters on the current
page . You can display, change , and move
an object on the screen as long as the
screen has not been BLANKed .

Hitt ing the CLEAR key clears the current
page .

The COLOR key initiates thre e func
tions . When an object is pre sent , it
changes the object color. When the cursor
is on and no object is present , it changes
the cursor color. (The cursor color desig
nates the color of future characters; exist
ing character colors don't change until
they've been retyped using a new cursor
color.) Unshifted , the COLOR key changes
the character color. When the key is shift
ed, the background color of the character
is changed .

The OBJECT key, when unshifted , alter
natively displays and removes the object.
While in the objec t mode (that is , when an
object is present on the screen), character
input s are ignored . The two arrow keys
move the object instead of the cursor and
the COLOR key changes the object color.

When the tiller is in its objec t mode, the
shifted OBJECT key changes the type of
object that can be displayed . Four objects
are available: an oval frame , an "X, " a
rectangular frame , and an arrow. After
you leave the object mode , the speci fic
object , pattern , color, and location is re
tained and used when the object is subse
quently displayed .

Unfortun ately, that 's all we have room
for this month . When we continue next
time , we' ll take an in-depth look at the
titler 's software and then we' ll see how the
interface bus can be used . R-E



Do your projects suffer from

overheating? We'll show you how

to keep them cool.

VAUGHN D. MARTIN and

BILLY W. DAVIS

HEAT CAN DEVASTATE SEMICONDUCTOR

components and can make your projects
unreli abl e or short-live d. For tunately,
there are ways to protect your projects
from excess heat. We'll show you how it's
done. In this article (the first of two parts),
we will discuss how electronics designers
deal with the flow of heat on a quantitative
basis, and how heat may be controlled by
using heatsinks and forced -air coo ling
systems . We will also discuss how ther
moelectric devices are used to contro l
heat, and some modem method s of sens
ing temperature .

In the seco nd part of this article we will
exami ne optica l means of sensing and
measuring temperature , thermo probes,
and Vortex tubes (devices that can pro
duce very low temperatures almost in-

sta nta neo us ly wi thout co mplex drive
machinery).

Heat flow
Physicists often talk about three dif

ferent kinds of heat transfer or heat flow:
conduction, radiation and convection .
Molecular motion is the cause of con
duction. Molecules at a higher tem 
perature have higher kinetic energy than
do their nearby neighbors, and some of
that energy is transferred by those mole
cules' impinging on one another. Even at
the junction of a heatsink 's surface and air,
energy is transferred via conduction from
molecules in the heatsink to molecules in
the air.

Heat flow due to radiation is caused ,
not by particle motion , but by the emana-

tion of electromagnetic waves that encom
pass the spectru m all the way from
ultraviolet to infrared light.

In radiat ion , energy itself is trans
ferred, and in conduction the particl es
possessing that energy remain in one
place . In convection, by contrast, the par
ticles themselves move , eith er of their
own accord, or by being forced to move.
Convection is related to conduction, in
that energy is transferred by means of
molecular motion .

Ele ctronics designers must conc ern
themselves with all three types of heat
transfer. Conduction is the primary means
by which heat is transferred from the inter
nal junction of a semiconductor device to
an external surface such as a heatsink,
where the effects of both radiation and

C!a
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TABLE 1-ELECTRICAL AND THERMAL UNITS
convection then become noticeable . The
size and type of material used for heat
sinking has a direct effect on the amount
of heat radiated. If a device generates
more heat than its heatsink can effec tively
radi ate, forced (or natural ) convection
must be used to maintain the device at a
safe operating temperature.

Quantity
Voltage
Current
Resistan ce

Electrical

Unit
Volts
Amps
Ohm s

Symbol
V
I
R

Thermal

Quantity
Temperature
Heat Flow
Thermal Resistanc e

Unit
°C
W
°CIW

Symbol
T
Po
e

(ltS

FIG.1-THERMAL AND ELECTRICAL FLOWare
similar conceptually and mathematically.

Celsius) in which we expect our circuit to
operate, and 8JArepresents t e total ther
mal resistance encountered by the heat
trying to escape our device.

That thermal resistance may be broken
down into several series resistances that
are merely added together:

8JA = 8JC + 8cs + 8SA

We may state that relationship in words by
saying that the total thermal resistance
from jun ction to air (8JA) equals the sum
of the resistances from junction-to-case
(8Jc)' case-to-heatsink (8cs)' and heat
sink-to-ai r (8SA)' We obtain 8JC from a
data book describin g the device used; the
other two values must be calculated or
assumed. Let 's see how, given the follow
ing:
• TA(max) = 60°C
• TJ(max) = 125°C
• IC(max) = 0. 8 amps
• VCE(max) = 10 volts
We can see immediately that eight watts
(10 volts x O.S amps) of power must be
dissipated . Typically, a TO-3 case can
safe ly withstand abo ut 2 .S watts ; a
TO-220 case, about I.S watts; a TO-202
case, about 1.5 watts; and small TO-39
and TO-92 packages can handle only
about two-thirds of a watt.

If we' re using a 78XX-series voltage
regulator in a TO-220 case , we must ,
therefore , provide heatsinking to dissipate
an additional S - I.S = 6.2 watts . Check
ing the data sheets , we see that the 7S00
series has a 8JC = 5°C/W. Rearranging
our previous thermal equation, we find
that:

8JA = (Tr T A)/Po
Plugging our assumed values in, we find
that 8JA = (l25 -60)/(0.S x lO) = 8.13
°C/W. The sum of the thermal resistances
must equal S.13, and, since 8JC = 5 "C!
W:

8c s + 8SA = 3.13

Now if we use silicone thermal grease
between the heatsink and the case of the
transistor, we can approximate that 8cs =
O.13°C/W (we' ll show you why in a min
ute), so that leaves 8SA to provide the
additiona l 3°C/W of thermal resis tance .
The nomograph in Fig . 3 may be used to
determine the size of an appropriate heat
sink. Note that, to achieve a thermal resis
tance of 3°C/W, a vertica lly-mo unted
piece of aluminum 3!J6-inch thick must
have an overall surface area of 22 square
inches .

However, surface area is not the only
thing to consider when designing heat-

matically to Po in the thermal equation
cited above .

As you know, placing resistors in paral
lel makes it easier for current to flow.
Heatsinks work on the same principle;
paralleling thermal resistances makes it
easier for heat to flow. So by paralleling
the heat-radiating mass and surface area
of a semiconductor's case with a heatsink,
thermal resistance is lowered , and that
allows a more effective path by which
heat may flow. Theoretically, in fact, an
infin itely large heatsink should reduce
thermal resistance to zero. Fortunately,
we should never need an infinitely large
heatsink-we couldn' t manufacture one
even if we did need it. What size do we
need for a given application? As we' ll see,
it's rather simple to calc ulate.

Heatsink calculatio ns
We may rewrite our previous thermal

equation in terms of power dissipation as:
P O(max) = (TJ(max) - T A(max») / 8JA

Here TJ is the maximum junction tem
perature (in degrees Celsius) that we wish
our transistor to tolerate , TA is the max
imum ambient air temperature (in degrees

heat generated by the latter may usually
be ignored. Doing so allows us to simpl ify
the power-dissipation equation consider
ably:

Po = lc X VCE

Here Po refers to the power dissipated by
the transistor; Ic refers to its co llector
current, and VCE refers to the voltage
across the transistor's collector and emit
ter. As you might suspect, Po in this elec
trical equation may be related mathe-

"'100
~ 901----....
~ 80

~ 60
~ 40
~
~ 20
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CASE TEMPERATURE-oc
FIG. 2-A TYPICAL POWER TRANSISTOR 'S
ability to dissipate power decreases rapidly
above a case temperature of about 25 °C.

Heat and electricity .
In order to quantify discussions of heat

flow, an analogy is often drawn between
the units used to describe the flow of elec
tricity, and those used to describe the flow
of heat. As shown in Table I, voltage
corresponds to temperature; current cor
responds to heat flow; and electrical resis
tance corresponds to therm al resistance .
The circuit diagrams in Fig. I illustrate
how heat-flow problems may be treated in
a manner similar to electri cal-flow prob
lems.

The basic thermal relationship may be
stated as follows: the change in tem
perature is the product of dissipated power
and thermal resistance, or, in short, !'1T
= Po8 . The equation reveals that if a
device must dissipate a certain amount of
power, its therm al resistance must be min
imized in order to keep its tempe rature
rise to a minimum . A dual subscript on a
thermal resistance is used to indicate the
resistance at the junction of two materials .
For example, 8SA refers to the resistance
at the junction of the heatsink (S) and
ambient air (A).

Various kind s of semiconductors can
withstand di fferent max imu m te m
peratures. Germanium, for example, can
tolerate temp eratures from 85°C to 100°C,
whereas silicon can tolerate from 150°C to
200°C. Generally, however, we try to
avoid operating semiconductor devices at
such elevated temperatures , because per
formance decreases drasticall y when that
is done .

For example, the input leakage current
of some op-arnps double s each time junc
tion temp eratures increase 10°C. For an
other example , the graph in Fig. 2 shows
the effec t that temperature has on the max
imum power that a typical power tran
sistor can handle . Below about 25°C, the
transistor can handle 90 watts of power.
But above that temperature , the maximum
power that the transistor can dissipate de
creases linearl y, until, at 100°C , the tran
sistor becomes inoperabl e. Clearly, then,
the more power we need the transistor to
dissipate, the lower we must keep its tem
perature .

Why does the transistor get so hot? We
must remember that both the emi tter-base
and the collector-base junctio ns generate
heat. However, since the collector-base
junction is reverse- biased, it has higher
resistance , and it thereby produces more
heat. In fact , the collector-base junction
produces so much more heat than the for
ward-biased emitter-base junction that the
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FIG. 3-DETERMINING SURFACEAREA of a heatsink is easy with this nomograph.
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tion , both with and without silico ne
grease . As you can see , the lowest resis
tance is provided using no insulator and
silicone grease; that is what allowed us to
assume the value of 0.13°ClW in the dis
cussion above.

Guide to heatsink use
After all surface-area and thermal-re

sistance calculations are done , there are a
number of practical steps one can take to
help increase the effectiveness with which
a heatsink dissipates heat:
• Avoid mounting voltage-se nsitive de
vices (power transistors, regulators, etc.)
next to other heat-generatin g compo
nents, like power resistors .
• When using heat-sensitive devices in
smaller packages (TO-5, TO-39, TO-92),
keep lead length s to a minimum , and
maximize copper runs on the PC board.
• Make sure that the heatsink-to-device
interface is very fiat. With larger heat
sinks, that becomes difficult; so, for good
thermal conduction, use a thin layer of
silicone grease, such as Dow Corning
340 , Gen eral Electric 662, or Ther
malloy's Thermacote . Such " grease" is
actually a metall ic-oxide-filled silicone
compound; it effectively increases the sur
face contact of the two mating devices by
filling in air gaps and scratches.
• When a device must be electrically
insulated from its heatsink, use an insulat
ing washer 0.003- to 0.005-inch thick .
Doing so increases thermal resistance , but
that can be partially offset by applying
silicone grease to both sides of the washer.
• When using a finned heatsink, max
imum heat dissipation will occur when
the fins are vertically oriented.
• Be very careful bendin g the leads of
power-sen sit ive co mponents . Hairline
cracks can drastically reduce their heat
dissipating ability.

New heatsinking products
Several manufacturers have introduced

product s recently in an effort to simplify
assembly of heatsinked compon ents. For
example, Chomerics Laminates, Inc . (77
Dragon Court, Woburn, MA 01888) has
developed a "greaseless" thermal washer,
the Cho-Therm 1678 , which is a rugged
fiberglass-cl oth rein forced, boron-n itri
de-filled silicone-elastomer material that
provides exceptionally good thermal con
ductivity.

A similar heatsink washer is manufac
tured by Berquist (5300 Industrial Blvd. ,
Minneapo lis, MN 55435) ; it is shown in
Fig. 4 beside a traditional silicone "glob"
assembly. The Berquist unit does not re
quire thermal grease , and has a special
laminate that helps suppress EM!.

AAVID Engineering (One Kool Path,
Laconia, NH 03246) has developed the
new heatsink, shown in Fig. 5, for use
with plastic DIP 's. That slide-on heatsink
has two conducting surfaces (one on the

COPPER:
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AWMINUM:
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Emissivity (E)
0.05
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0.85-0.91
0.89-0.9
0.92-0.96
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1
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! I I I

40 50 60 BO

painted (or anodized) black.
The third heatsink design consideration

is that of device coupling. Often we can
not simply bolt a heat-generating device
directl y to a heatsink because doing so
would cause the device's electrical output
to be shorted to ground. To avoid that sort
of problem , we usually use a washer that
has both low thermal and high elect rical
resistance . There are three materials com
monl y used for such washers: mica ,
anodized aluminum , and beryllium ox
ide .

Mica is the most commonly used , and
anodized aluminum is also fairly widely
used, although if the surface of the latter is
scratched, an electrical short may result.
Beryllium ox ide performs bett er than
mica or anodized aluminum , but , unfor
tunately, it is toxic in powdered form and
when vaporized. In Table 3 we compare
the thermal resistance of those three in
sulators to that of an insulator-less june-

1510

7 . 6 5 4 3 I 2 1.5
7 6 5 4 1 3 . 2.5
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Surface
Polished Aluminum
Polished Copper
Rolled Sheet Steel
Oxidized Copper
Black Anodized Aluminum
Black Air Drying Enamel
Dark Varnish
Black Oil Paint

4

I'
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I
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TABLE 3-THERMAL RESISTANCE ("CIW )
WITH AND WITHOUT SILICONE GREASE

Insulator Without With
None 0.20 0.10
Teflon 1.45 0.80
Mica 0.80 0.40
Anodized aluminum 0.40 0.35

TABLE 2-EMISSIVITY OF COMMON HEATSINK SURFACES

sinks . We must also take account of the
material the heatsink is made of, the heat
sink 's surface finish , and the manner in
which the heat-generating device is cou
pled to the heatsink .

The two most popular mater ials for
heatsinks are copper and aluminum. Cop
per has a thermal conductivity four times
that of aluminum, but it also cost s much
more . Aluminum is, therefore , used more
often. Other materials are used to combat
special problems. For example, magne
sium is very light , and beryllium oxide
(BeO) is an excellent insulator.

Emissivity is the term describing the
effectiveness with which a given surface
radiates energy; in Table 2 we show emis
sivities of severa l typical heatsink sur
faces. In ge neral, a larger value of
emissivity means a better ability to radiate
heat. Note that black oil-painted heatsinks
radiate most effe ctively. Commercially
available heatsinks are therefore usually
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• A baffle may be used to channel a small
volume of air across a hot component at
high velocity.
• Ducts may be used to maintain even
cooling throughout the cabinet. If an even
te mp e r a tu re mus t be m ain t a ined
thro ughout a cabinet vertically, place
ducts along the sides of the cabinet.

Calculating the size fan necessary to
achieve a specific cooling effect is simple.
The volume of air required at the inlet
equals 1.76 watts x 1.25/oC, or 3.17 watts
x 1.25/°F. The power to be dissipated is
expressed in watts , and the temperature
rise in the cabinet is expressed in the first
equation in degrees Celsius, and in the
second, in degrees Fahrenheit. The con
stant 1.25 provides a 25% safety factor.
Youmay calculate air flowusing the equa
tion above, or simply use the nomograph
in Fig. 6. The graph in Fig. 7 provides a
way of determining the air flow for dis
sipating power in the kilowatt range .

Now let's go through a design example .
Assume we have to dissipate 200 watts of
power, and that we can only withstand a
10°F rise in temperature in the cabinet.
Our formula is: Air flow = (3.17x power
in watts x 1.25WF. So (3 .17 x 200 x
1.25)/10 = 79.25 cubic feet per minute
(CFM). Note that the dashed line in the
nomograph in Fig. 6 indicates a flow of
approxima tely 80 CFM.

That's all we have room for now. Next
time, we'll look at yet more convection 
cooling schemes and then tum our atten
tion to air-to-hear exchangers . R-E
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FIG. 7- AIRFLOW is related to temperature rise and heat diss ipation for higher -powered units than the
nomo graph In Fig. 6.

Fans and blowers
The main component of a blower is a

wheel that revolves to displace air; blow
ers are most efficient when operating near
maximum static (non-moving) pressure .
The main component of a fan is a pro
peller blade; fans operate best when mov
ing large volumes of low-pressure air.

Cost (and noise) considerations aside,
using a blower to pressurize a cabinet by
pumping filtered air in is far more desir
able than using a fan to exhaust air. The
main advantage is that cracks between
panels, around doors, etc. , are better used
as part of the exhaust area than as sources
for the intake of dust and dirt .

For forced-air cooling systems:
• The cross-sectional area of the air
stream throughout the flow path should be
approximately equal to the total effective
area of the intake .
• The exhaust area must be located
"downstream" from the heat-producing
components .

--
-

third means of keeping components and
assemblies cool : forced-air convection
cooling . Basically, there are four con
vection-cooling methods
• Forced-air convection cooling
• Air-to-air heat exchange
• Air-to-water heat exchange
• Air conditioning
We will discuss convection cooling and
air-to-air heat exchangers in this article .
The final two cooling methods are not
covered here .

4

3
1010

FIG. 5-THIS SLIDE:ON HEATSINKallows an IC
to operate 10°C cooler and st ill dissipate the
same amount of power.

TEMPERATURE
RISE IN
(OC °FI

50 100

AIR FLOW POWER 40 80
(CFM) DISSIPATED 30

50r150 (WATTS) 25 - 40

,~~~ E::: ~~ ~~
60 -_ P 10 20
50 -"";"'2QQ... 15

40 100 --..1.
30 70 5"'-10
25 50 4 8

20 3 6
15 20

top, and one on the bottom) that provide
more effective conduction. Fins are slot
ted and staggered , to provide better con
vection . The 40-pin DIP shown in the
photo dissipates one watt in normal opera
tion; using the heatsink allows the IC to
operate 10°C cooler.

So far we have focused our attention
mostly on thermal conduction and radia
tion using heatsinks . At times, however,
heatsinks alone cannot provide sufficient
cooling ; and that forces \IS to consider the

FIG.4-THE GREASELESS THERMAL WASHER
on the right replaces the messy assembly on the
left.

2

FIG. 6-AIR FLOW IN CFM may be determ ined
easily, given temperature rise and power dlssl
pated.
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Repairing
Compact Disc Players

Compact disc players are the most exciting development in audio in years .

In this article we'll show you how those devices work, and how you can

repair them when something goes wrong.

Part 3 THIS MO NTH , W E 'LL

con tinue our look at
CO player service by looking at some
more typica l player circuits. We' ll also
look at the mechanical systems found in a
CD player, and finally begin to exam ine
some adjustments that you can make .

Figure 13 shows the 0 1A converter and
audio circuits . The D/A converter IC406
is a16-bit device and is capable of produc
ing 65,536 audio-output levels. The audio
is amplified by IC407 and multiplexed
into right and left chan nels by a sample
and-hold circ uit , IC408; the operation of
IC408 is regulated by the controller . (Note
tha t on ly the left- ch ann el ci rc uitry is
shown in Fig . 13.) When the left-channel

is in the sample statu s (audio from IC406
is passing), the right-channel is being held
(audio not passing), and vice versa. The
S/H outputs are ampl ified by IC409 , and
applied through low-pass filter CP50I to
amplifier IC503 . Filter CP50I produces a
sharp dropoff between 20 and 25 kHz , so
any frequencies above the audio spectrum
that might produce distortion are rejected.
Further filtering and amplifica tion are per
formed by IC503 and IC504, both of
which are preamp IC's with equalization
or emphasis networks. In some cases, the
networks are under control of relays and
switches (RY552 in the circ uit of Fig. 13),
which are in tum controlled by the system
microprocessor.

The outputs of both channels are routed
to the rear and front pane ls . In Fig. 13,
there are both fixed and variab le outputs
on the rear panel , and a variable output at
the front panel (for the headphones). In
most players , the audio outputs can be
muted by relays. In this circuit the audio
outp uts are applied to the outputs through
RY55I. That relay is under the control of
the mute signal generated by the system
microprocessor; that signal is designated
MU2. The same signa l is also used to mute
the digita l signal path .

Figure 14 shows the slide or pickup
motor control circ uits . A motor is re
quired to keep the beam moving across the
disc at a constant speed , even though the
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and SLF pulses, applied through Q205 and
Q206, produce input s to lC201 much
larger than the inputs from Q200 . That
produces increased current in Q203 and
Q204, and increases the slide motor
speed .

The laser monitor and contro l circuits
are shown in Fig. 15. It is necessary to
monitor and contro l the amount of light
emitted by the laser diode to ensure proper
performance of the player optics. (A low
output from the laser can produce tracking
errors, as well as audio dropouts.) In those
circuits, the output of the monitor diode is
applied to the input of a comparator with
in lCOI. The other input to the comparator
receives an adjustable reference voltage .
If the laser-diode output goes above the
desired reference level , the monitor-diode
output increases, and the comparator out
put goes more positive . That reduces the
laser-diode output back to normal. It is
possible to set the amount of laser output
by setting the reference voltage (with R21)
to lCOI.

The laser diode is cut off when the outer
cover is removed or when the tray is in the
extended position (ready to insert or re
move a disc.) That prevents the user from
coming in direct contact with the laser.
The drive circuits are controlled by two
series-connected microswitches . Both
switches must be closed (player cover in
place and tray retracted) before the drive
circuits can pass the comparator output to
the laser diode .

Figure 16 shows the disc-drive motor
control circuits. A CD player disc is ro
tated at a varying speed so that the rate at
which the track is moving with respect to
the pickup is constant. Speed variations
are necessary since there is less data on
the tracks near the inside of the disc (start)
than near the outside (end); that's because
the tracks are of different lengths . Most
CD players use some form of " unitorque"
motor with Hall-effect elements to get the
variable speed. Typically, disc speed var
ies from about 480 rpm (inside) to 210
rpm (outside) so as to maintain a constant
linear velocity (CLV) of about 1.25 to 1.3
meters per second.

Looking at Fig. 16, the Hall-effect ele
ments are used to monitor and maintain
motor speed; their outputs are fed to the
control circui ts , which in tum contro l the
current fed to the motor-drive windings .
In addition to speed information from the
motor itself, the Hall-effect elements are
fed signals from the controller under the
direction of the system microprocessor ;
those signals contain information that per
tains to the appropriate motor speed at a
particular moment and are derived by the
CLV signals within the controller. The
CLV circuits set the appropriate motor
speed by monitoring the EFM (Eight
to-Fourteen Modulation) signal to deter
mine the rate at which information is pass
ing the pickup.

CP501
LOW PASS

FILTER

0204

IC409

OUTPUT (L)

VARIABLE AUDIO
OUTPUT (Ll

FIXED AUDIO

SIH
IC408

disc speed changes. The radial tracking
error or TER signal is applied to the slide
motor as a fine control. The TER signal is
app lie d through Q150, low-pass filter
lC200, analog switc h Q200, amplifier
lC20l, and drive transistors Q203 and
Q204 . The direction of current through
the motor (and the direction of motor rota
tion) is set by the polarity of the signal
applied to Q203 and Q204 . Note that the
TER signal is passed only when there is a
TSW (Tracking SWitch) signal from the
microprocessor. The TSW signal is inver
ted by lC181, and app lied to Q I50
(through 01 52) and Q200 (throug h
0 200), permi tting the TER signal to pass.

During searc h operation, the pickup
must move at a faster rate than during
normal play. This is done by SLR and SLF

pulses from the microprocessor. The SLR

R

IC406
DIA

CONVERTER

MONITOR DIODE

R21
REFERENCE

ADJUST

EMPHAS ISO:>------~
~RY552

MUTE

CONTROLLER

D152
IC181

{

SLF
FROM SYSTEM

MICROPROCESSOR

SLR

TRER 0------...,_ ....._--1

TSW

~
~TRAY COVER
.... INTERLOCK -----rNfERLOCK

FIG. 15-THIS CIRCUITMONITORSand controls
t he amount of light emitted by the laser diode. .

FIG. 14-THE SLIDE-(or plckup-) motor control circuit Is used to keep the pickup moving across the
disc at a constant speed.

FIG. 13-THE DIA CONVERTER converts the 16-blt digital information Into an audio signal. Only the
left-channel circuitry is shown here.
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CD mechanics
The mechanical systems in a CD player

perform two primary functions: loading
and unloading the disc , and driving the
optical pickup across the disc. In horizon
tal front-load players, the tray is opened
by a drive motor, a disc is inserted (man
ually) in the tray, the tray and disc are
returned within the player (by the same
drive mechanism, and usually the same
drive motor). Some front-load players use
a fourth drive motor to clamp or "chuck"
the disc onto the turntable . Operation of
drive motors is controlled by limit switch
es and the system microprocessor, so it is
necessary to study both the mechanical
drawings and the wiring. We give you
both in this section, but keep in mind that
the descriptions here are "ty pical," and
must be compared with the descriptions
found in the service literature.

Figure 18 shows the majo r mechanical
components of a CD player. Note that
most of the components are part of a unit
mechanism secured to the mainframe by
two rails. The tray is moved out of the
player front panel by the loading motor
( UOM). This action also raises the clamp
or chuck. A disc is installed manually in
the tray, and the tray is pulled within the
player by the LIOM . That actio n also
lowers the clamp so that the disc is pressed
against the turntable motor assembly. In
most players, the coil assembly can be
separated from the turntable motor, and
replaced as a separate component.

As shown in Fig. 19, the U OM receives
open/close drive signals from the system
microprocessor through ICIIO and Q1l6/

constant velocity. IC404 produces essen
tially similar outputs at PMW, PREF, and
po. After a free-run period (set by the
system microprocessor), ROT goes low
and the motor starts to accelerate. The
EFM signal is read by IC404, and com
pared to a reference. The difference be
tween the reference and the EFM is the
PWM output from IC404 . During the ac
celeration portion of initial read, the PWM

duty cycle(which varies above and below
50% as determined by motor speed) is
compared with the PREF signal (which has
a fixed duty cycle). The result of that com
parison is applied to the motor circuits to
control speed.

Looking next at the regular servo,
when the motor reaches the desired speed,
the PWM signal has a 50% duty cycle , and
the pickup reads the disc data at a constant
linear velocity. That condition is main
tained with a ± I% accuracy by means of
the PO pulse from IC404. The duty cycle
of the PO pulse is set by comparing the
EFM signal to a reference within IC404 . In
tum, the PO signal is compared with the
output from the PWM and PREF

comparator (IC25 I). The result of that
comp arison is applied to the motor to
maintain the ± I% accuracy.

R284
OFFSET B

R273
MOTOR GAIN

TURNTABLE MOTOR

DMCB

disc motor can be divided into two phases:
start servo and regular servo.

Let's start with the start servo. When
power is first applied , the disc motor runs
free , the OM SW and C LVH signals are low,
and the ROT output is high (as shown in
Fig . 17). Under those condition s , the
motor accelerates, and begins to tum at a

DMCA

HALL·EFFECT
ELEMENT

DRIVE
WINDINGS

I I
I ~---l'"-----i
I I
I I
I I
11 12

R289
OFFSET A

CONTROLLER

DMSWo-----~

ROT

PWM

PREF

CLVH

PO

DMSW-----;

lC404

MOTOR SPEED

FIG.17-TURNTABLE MOTOR-CONTROL signals. Note the relationships between the various signals.

FIG. 16-THE TURNTABLE DRIVE-MOTOR control circ uit controls the turntable speed .

Figure 17shows the relationships of the
signals that control the drive circuits in
Fig. 16. The outputs of the Hall-effect
elements are applied to the motor wind
ings through Q252-Q255 , and amplifiers
within IC251. Resistors R284 and R289
provide for offset or balance adjustments ,
and R273 sets the gain. Operation of the
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FIG. 19-THE FUNCTION OF most of the mechanical systems in the player are controlled by the
microprocessor.

FIG. 18-THE MAJOR MECHANICAL components of a CD player. Most of the components shown are
part of the " unit mechanism," wh ich is secured to the main part of the player via two rails .

Laser diode output
Normally, the laser diode should not be

adjusted unless the pickup has been re
placed or troubleshooting indicates a laser
problem . Also, be aware that laser diodes
can be damaged by current surges . Typ
ically, the laser diodes used in CD players
have drive-current limit s in the 40- to 70
mA range , though some may be as high as
100 mA. Generally, 150 mA is sufficient
to damage (if not destroy) any CD laser
diode . Note that as laser diodes age they
may require more drive current to produce
the requ ired light. If the current is in
crease d for that reason , it should ob
viously be kept within the "safe" limit for
the diode.

That' s all we have room for now. When
we continue, we will show you how to
adjust the laser's output. R-E

Adjusting CD players
The adjustment sect ions of most CD

player literature are good, up to a point.
That is, they give you the step-by-step
procedures, and show you the phys ical
location of the adjustment controls. Un
fortunately, they do not tell you what you
are do ing when you make the adjust
ments. We will bridge that gap by describ
ing the adj us tme nt pr ocedu res for a
typical CD player, using adjustme nt di
agrams not found in any service literature .

to actuate when the tray has ju st reached
the correct open limit , and thus cuts off
the loading motor. No matter what it is
called, the LIDC or C HU switch actuates
when the tray is in and the clamp is fully
down , cutting off the loading motor.

The optical p ickup asse mbly is driven
across the disc by the pickup motor,
which is connected to the pickup drive
gears by means of a belt . (On most play
ers , the belt can be replaced when covers
are removed, without removing the pick
up or motor.) The system microprocessor
receives a signal from the pickup inner
limit (LMS l) switch, which is set to actuate
and tum off the drive moto r when the
pickup reaches the inner limit (start ) of the
disc . (Agai n, to confuse you, the LMSI

switch is often called the LMSW switch).
The entire unit mechanism can be re

placed as an assembly (on most players).
Some manufacturers also recommend re
placement of the motors and limit switch
es (and they describe the procedures for
rep lacement/adju stment ). The mechan
ical section is one area where most CD
player service literature is very good. (If
only the other sections were that clea r!)
So we will not dwell on mechanical re
placement/adjustment here . However, as a
pract ical matter, /lever disassemble the
unit mechanism beyond the point neces
sary to replace or adjust a given part .
Never make any adjustme nts unless the
troubleshooting procedures lead you to
believe that adjustment is required .

TOPICKUP SERVO

TO TURNTABLE SERVO

GEAR 1

GEAR2

UNIT
MECHANISM
LASER
INTERLOCK
(TRAY)

LASER

~
INTERLOCK

(COVER)

RAIL

_______ (LSOOI

-------TRAY-OPEN
SWITCH

LOADING
...------- MOTOR

. (L1DMI

LASER
DRIVE

CIRCUITS

closed ( LIDC ) switch. The LID C switch is
actuated only when the tray is in , and the
clamp is in the fully-down position . The
LID C switch is called the chuck or C HU

switch in some literature . The LSDO is set

PINION GEAR
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CLOSE

IC601
SYSTEM
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Q II7 . In turn, the microprocessor re
ce ivescontro l signals from the front-panel
O PEN/CLOSE switch. The microprocessor
also receive s indicator sign als from the
tray-open (LSDO) switch and the tray-
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DESIG I G WITH
DIGITAL ics

JOSEPH J. CARR

One-shots and clocks are among the most important digital

circuits. This month we learn about those circuits
and how they are used.

5>z
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OUTPUT
TRIGGER

INPUT
Of--- - - u .....-l

(s)

J=T+-U--T-L
OUTPUT I 1

I I I
I I

I

I.. T+ (12- 1,) -I
O~~ .. ·!T=L

I I I I
I I I I
I I I I

I 1
TRIGGER I I

I I

FIG. 3-INVERTER-BASED monostable multi
vibrator. As shown, the circuit is posltlve-edge
triggered .

stable multi vibrator. Al is a CMOS
inverter (or a CMOS gate wired as an
inverter). When a trigger pulse is re
ceived, the output will snap low (active),
and it remains low for a period of time
determined by the values of RI and Cl. A
serious constraint on that circuit is that the
trigger pulse must be longer than the out
put period set by RI and Cl. As shown,
the circuit goes low on the positive (lead
ing) edge of the triggering pulse; that is
called positive-edge triggering. To obtain
negative-edge trigge ring (triggering on
the negative , or trailing edge of the pulse),
tie RI to + V instead of ground.

Figure 4 shows a monostable based on a
4013 CMOS D flip-flop. In that circuit,
the D input of the 4013 is connected to
+V, so that input is always high. The CLR

I I
I I

~ ~ ~ ~
FIG. 2-TIMING DIAGRAM for a retr lgg erable
monostable multlvlbrator.

TRIGGER
I

\, 12 13 \.

FIG. 1-TIMING DIAGRAM for a non-retrlggera
ble monostable multlvlbrator.

Some circu it examples
The simple circuit of Fig. 3 is an exam

ple of a half-monostable or quasi-mono-

times before a solid connection is made.
The period of contact bounce might be
several milliseconds , during which each
bounce creates a noise pul se. Those
pulses can cause many problems for digi
tal circuits, so they must be suppressed.

To use a nonretriggerable monostable
for that task, select one whose output
per iod , T, is longer than the bounce
period (5 ms, for instance). When the
monostable is inserted in series with the
switch, its output will go high when the
first bounce pulse is received , and will
remain in that state until after the bounce
pulses.die out. As for the balance of the
digital circuit , all it will see is the 5 ms
one-shot pulse; it is thus spared the indig
nity of a noisy signal.

The timing diagram for a retriggerable
monostable is shown in Fig. 2. Again, the
period of the monostable multivibrator is
T, which is initiated by a trigger pulse at
time t\. Normally, the output would re
main high until T expired at time t3 . But at
time t2 , a second trigger pulse is received.
That pulse "retriggers" the circuit for an
other period T. The total time that the
output remains high is not 2T, but T plus
the expired portion of the first period (i.e.
T + (t2 - t)).

One application of the retriggerable
monostable is in alarm circuits designed
to monitor repetitive events . For example,
consider its use in a medical respiration
alarm. The alarm senses the patient's
breathing and generates a pulse in re
sponse to that breathing that is used to
trigger the monostable. The period of the
monostable is set such that a normal
breathing pattern will cause continuous
retriggering. If the breathing pattern is
disrupted, the monostable does not re
ceive a retriggering pulse so the circuit
" times out" and the alarm sounds.

Par t 8 TH E MONOSTABLE

multi vibrat or (o r
"one-shot") can be used in a variety of
applicat ions. Those circuits are used to
clean up nois y di gital si gna ls, to
"stretch" pulses, as timers, and on and
on. The circuit is termed " rnonostable"
because it has only one stable output state.
That stable state might be either high or
low depending on the design. Normally,
the monostable remain s in the stable
state. But when a valid trigger pulse is
received, the monostable goes to the un
stable state, but only for a predetermined
period of time. The monostable output
then reverts back to the stable condition.

There are two main categories of mono
stable mult ivibrator s: retriggerable and
nonretriggerable. Of those, the latter is
the type most people think of when con
sidering those circuits. Thus, unless oth
erwise stated, assume that a monostable
multivibrator is nonretriggerable .

Figures I and 2 show the timing di
agrams for the two types of monostables.
Figure I shows a nonretriggerable mono
stable in which the stable state is low. A
trigger pulse is received at time t1, so the
output snaps high and remains so for
period T. When period T expires , the out
put returns to the low state. It remains low
until another valid trigger pulse is re
ceived (t4) .

The essential characteristic of a non
retriggerable circuit is shown in Fig. I.
That characteristic can be seen by examin
ing what happens at t2 . At that time, a
second trigger pulse is received, but since
the output is in the unstable (active) state
t har pulse is ignored. The pulse at time t2
has no effect on the output; such a trigger
pulse is considered invalid.

One comm on application of nonretrig
gerable monostables is switch debounc
ing. Ord inary mechanical switches are
quite noi sy when the contacts clo se .
That's because the two electrical contacts
inside the switch " bounce" one or more
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+ 5V
RC

R1 = T/0.69C1
1 x 10-5

R1 =
(0.69) 1 x 10- 9

R1 = 14,493 ohms

For most applications, a 15 kilohm unit (a
standard value) can be used .

Both 74121and 74122 are TTL devices,
so the Q output will be 0 to 0 .8 volts for
low, and 2.4 to 5 .0 volts for high . The Q

outputs use the same voltages levels.
The 555 is an extremely popular timer/

osci llator that uses bipo lar technology.
The device will operate at supply voltages
ranging from +4 .5- to + 18-volts DC, so
it is compatible with most IC digital logic
families. In addition, standard 555 out
puts sink or source up to 200 rnA of cur
rent, so the device can be used to drive
relays, LED 's, and some incandesce nt
lamps without the need for external tran
sistors .

Figure 10 shows a 555 configured as a
monostable multivibrator. The trigger in-

A pair of TTL one-shot devices are
shown in Figs. 8 and 9: the 74121 and
74122. Both of those devices are shown
with negative-edge triggering inputs. The
period of the output pulse is determined
by: T = 0.69RICI, where T is the period
in seconds, the resistance of RI is mea
sured in ohms, and the capacitance of CI
is measured in microfarads.

That relationship can be rearranged to
yield either CI or RI in terms of T, which
is the usual situation when selecting val
ues. (Normally, we know the desired T,
will select an arbitrary CI , and then calcu
late RI .) Let's work out an example . Sup
pose we want a 10 microsecond (lflu.s)
pulse . Let's select a trial value of .001 f.LF
for CI and see if the required value ofRl is
reasonable:

FIG. 8-A TTL ONE-SHOT, the 74121 is config
ured here to be negatlve-edge tr iggered.

FIG.9-THE PERIODof this 74122TTL one-shot
is determined by R1 and C1 .

~ Cl

I
Q 10 ~
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)
l-> 4013

Rl
< ClR 01
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Figure 7 shows a version of the retrig
gerable monostable built around a D flip
flop. In that circuit , a transistor switch is
added . Its purpo se is to discharge VC

when a positive trigger pulse is received .
Such a pulse will forward bias QI, thereby
connecting its low collector-emitter resis
tance across CI . That transistor must have
a high enough beta to be fully saturated by
the trigger pulse , and a VCE(SAT ) rating of
0 .6 volts or less.

Note that neither circuit shown in Fig. 5
and Fig . 6 will return to exactly 0 volts
until long after the tl - t2 period has
expired . That 's because Dl will quench
VC down to only 0. 6 or 0 .7 volts, which is
the level required to forward-bias the di
ode . Norm ally, however, that poses no
serious problems.

R2
2.7K

FIG. 7-THE CIRCUIT of Fig. 4 can be made
retrlggerable by modifying It as shown here.

The refractory period can be shortened
considerably by the adding a quench di
ode (D! in Fig. 6) to the circuit. The
quench diode is placed in parallel with RI .
in such a way that it is reverse-biased
when Q is low (or unbiased if VC is less
than or equal to 0.6 volts). During the
active period (t, - t2) , diode D! is re
verse-biased so it will not affect the tim
ing . (An exception to this rule is long
duration timers where the value of RI is
very large , and the leakage resistance of
D! is less than 100 x Rl. ) But when the
flip-flop is cleared , and Q goes low, volt
age VC forward-biases 'Dl , forcing it to
conduct. The charge on CI is thus " dump
ed" through diode Dl , shortening the dis
charge time and, as a result , the refractory
time.

FIG. 6-ADDING A QUENCH DIODE shortens
the refractory period.

14
Q 13

11

TRIGGER
ClK ICI

lH013
(JL)

8 SET
Rl

7 GNU ClR 11 12

10 ~/ Vc

FIG. 4-A FLIP-FLOP can be configured as a
monostable multiv ibrator. Here is one circuit
that uses a 4013 D flip-flop .

TR~
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o I I

: I_ VCT
I :

Vc I I
I Io I
I I

t~ t~

FIG. 5-TIMING DIAGRAM for the circuit shown
In Fig. 4.

Cl ~

input is connected to capacitor CI , so it
will initia lly be low. That input will go
high , however, when the voltage across
CI , Vc - reaches the appropriate level.
Since CI is charged through RI , which is
connected to the Q output, CI will reach
the level where the CLR input will go high
at some time T after Q goes high (the time
determined by the value of RI X CI).

The timing diagram for that circuit is
shown in Fig . 5. Immediately prior to
time tl' the voltage across C I (i.e . Vc) is
zero, and the Q output is low. At tl' a
trigger pulse is received, which causes the
Q output to go high . That causes a current
to flow through RI , which causes CI to
charge and VC to rise . Voltage Vc will
continue rising until it reaches the " clear
trip " voltage. That is the voltage required
at the CLR input to force the Q output low.
At that instant, t2, Q snaps low and capaci
tor C1 begins discharg ing through Rl. The
output was high for a fixed per iod (tl - t2)

that was determined by the time constant
RI x CI and the voltage required to clear
the flip-flop.

But note what happens between time t2
and t3 . That time is a " refrac tory " period
durin g which the flip-flop either won't
retrigger, or will produce an erroneous
output period, because capacitor CI was
partially charge d at the instant the trigger
pulse was received (i.e . VC is not 0).
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FIG. 14-INVERTERS can be fashioned from
lef tover NAN D and NO R gates.

+ 5VOC

OD

Clocks
Many circuits and devices depend upon

a clock signal for proper operation. Even.
certain circuits made from non-clocked
devices require a clock signal for syn
chronization of events.

But, what is a clock signal'?It is a chain
of squarewavesor pulses that is generated
by a circui t called an astable multi
vibrator. As its name indicates, an astable
is a circuit that has no stable states . Once
triggered the output of the circuit will
snap back and forth between high and low.

Some of the clock circuits we' II be
looking at in the rest of this article are
based on invert ers (TTL or CMOS). In
stead of using dedicated IC's to generate a
clocking signal. it is often possible to use
spare N A N D or N O R gates to form inver-

ters . Figures 14-a and 14-b show two ways
to use two-input N AND gates as inver
ters-either tie both inputs together or tie
the unused input permanently high. Fig
ures 14-c and 14-d show how NOR gates
can be used as inverters, That is done
eithe r by tying the two inputs together, or
by tying the unused input [011'.

TTL Clocks
Figure 15 shows the use of two TTL

inverters (or inverter-connected gates per
Fig. 14) in a clock circuit. Two resistors
are used to bias the inverters, and each
resistor is connected from the output back

snap high again (clamped to 0.7 VDC by
Dl ), The duration of the active-low output
pulse (t1 - t2) is:

T (c _1_+_(.:....V.=oD.:....' IV-.:o=)
= R )In-

1 -[3

Where T is the output duration in seconds,
R is the resistance of R4 in ohms, C is the
capacitance ofC2 in farads , and f3 is equal
to R2/(R I + R2). If Vo is much greater
than VD1' and R1 = R2, then that equa
tion can be simplified to T = 0.69RC.

Diodes 0 2 and 0 3 are used to clamp
the output to some specific value. + V0 is
clamped to V02 + 0.7 volts, while - Vo
is held to VOJ + 0.7 volts. Normally, V02

= VD3' and the output voltage is sym
metrical.

03

02
Rl

R2

R4

R5

04Cl
0-----)

TRIGGER

C2

FIG. 12-AN OP-AMP COMPARATOR is used
here as the heart of a monostable multivibrator.

FIG. 13-TIMING DIAGRAM for the ci rcuit of Fig.
12.

I
I
I

Vc I
I
I
I
I
I

TRIGGER~

That circuit uses an operational ampli
fier as a comparator. A comparator is an
op-amp that is used to compare the rela
tive states of its two inputs. Thus, if one
input is a known reference level, and the
other is variable, the output of the com
parator will indicate whether the variable
input is at a higher or lower voltage than
the reference.

The stable state of the circuit in Fig. 12
is high. While the circuit is in that stable.
untriggered state. the output is at + V0 '

while Vc is clamped to approximate ly 0.7
volts by diode DI. On receipt of a trigger
pulse. the output snaps to - Vo' which
causes Ve to begin charging through R4
towards - Vo' At some point (t2). - Vc
will be equal to - VB' and the output will

-I

ground. That action has the effect of reset
ting the timing of the output pulse to zero.
The output pulse will remain high for
period T = 1.1R1CI. plus whatever per
centage of the period that had expired
prior to receipt of the seco nd trigger
pulse .

Our last monostable multivibrator is
the operational amplifier version shown in
Fig. 12: its timing diagram is shown in
Fig. 13.

02
2N2222

6

7 ICl
555

2

R4
+ V

10K

TR IGGER

(..J1..)

R2 R3
2.7K 2.7K

+ V
Rl

4

Cl

P ICl 3 OUTPUT
555

TRIGGER

C1

q

U5
C2

'= .05uF

put is normally high . That input must be
dropped below + V/3 for triggering to
occur. When such a trigger pulse is re
ceived. the output termin al snaps high for
a period that is determined by T =
I.IRI CI. where T is the time in seconds,
the resistance of Rl is measured in ohms.
and the capacitance of C I is measured in
farads.

For example, find the period of the out
put pulse when RI = 47K and C I =
O. l fLF. Solving. T = (1.1)(47,000)(1 x
10-7 ) : T = 0.0052 seconds = 5.2 ms.

A retr iggerable 555 monostable multi
vibrator circuit is shown in Fig. 11 . Sim
ilar to the D-ftip-tlop based ~c i rcu i t we
looked at earlier, that circuit uses an exter
nal transis tor switch to dump the charge in
the timing capacito r. Both transistors are
turned on by the posit ive-going trigger
pulse.

Note that the polarity of the trigger
pulse is reversed from the circuit of Fig.
10. Normally, the trigge r input of the 555
(pin 2) is held at + V by pull-up resistor
R4. But when a positive trigger pulse for
ward-biases Q2. pin 2 is brought near
ground-so triggering is effected. At the
same time, transisto r Q I is also forward
biased, so it will have an extremely low
collector-emitter resistance. Since that re
sistance is shunted across capacitor C I.
the charge on C I is bled off rapidly to

FIG.11-THE CIRCUIT of Fig . 10can be modified
to make it retriggerable as shown here.

FIG. 1Q-A POPULAR DEVICE, the 555 timer IC
is shown here configured as a monostable rnul
tivibrator.
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invert ers or invert er-conn ected gates. The
circuit of Fig . 20 bears a ce rtain similarity
to the TTL osci llator shown earlie r, but its
frequency is determ ined by the R-C com
binat ion (no t a crystal). The opera ting fre
qu enc y, in hert z , is a pp ro x imate ly
1/(2.2SRC), where R is measured in ohm s
and C in farads .

A I- MH z CMO S crystal osc illa to r,
based on the 4007 is shown in Fig . 21. TIle
crystal in the feed back path co ntro ls the
opera ting frequen cy.

The so-called " classic" CMOS cry sta l
osci llator show n in Fig . 22 first appea red
in some of the ea rlies t RCA app licatio ns

continlied on page 112

LG>O;J~G 8>J
OUTPUT

FIG. 21-THE CRYSTAL in this circuit controls
the operating frequency.

applied , the voltag e across the capaci tor,
Vc- is zero , so the input to the 4093 is low.
Given the rules for NAND-ga te operation ,
tha t means that the output is high . Thu s ,
one end of resi stor R sees a high poten tial
so capacitor C charges at a rate deter
mined by the RC time constant and the
outp ut voltage . Whe n Vc reac hes the
positi ve-goin g trip point , the output snaps
low. At that poin t , the voltage across the
capacitor begin s to disch arge throu gh R .
That disch arge co ntin ues until Vc reaches
the lower trip point , and the output snaps
high aga in. That process repeat s , and the
result is a squarewave output (see Fig . 19).

Figure 20 shows another CM OS clock
circui t; that one is based on either a pair of

FIG. 20-THE OUTPUT FREQUENCY is deter
mined by the values of Rand C.

FIG. 19-TIMING DIAGRAM for the circuit of Fig.
18.

01
4.7V

9 TO 12 VDC
R1 R3

220K 350

FIG. 16-THIS CMOS ASTABLE is based on the
4093 Schmitt trigger.

O ne last TTL-compatible clo ck cir cuit
is show n in Fig . 17. That circuit uses a
bipolar crystal osc illator that drives a 74 14
TTL Sc h m itt tri gge r. The o sc il la tor
show n opera tes from about 700 KH z to IS
MH z, dep ending on the crys tal used . The
exact frequency is set by using tr immer
capacit or C l. Ordinari ly one would not
use a circuit such as the one show n in Fig.
17 unless a pre cise osc illator frequency is
required .

CMOS clock ci rcu its can opera te fro m
a w ider ran ge of supply voltages than
TTL, and they generally require less cur
rent. Seve ra l different forms of CMOS
astabl e multiv ibrato r/e lock c ircuits are
possibl e .

Figure 18 shows a simple RC-timed cir
cuit based on the 40 93 CMOS Schmitt
trigger. The tri gge r-ci rcu it output w ill
sna p high when a po sitive-going input
reach es a given voltage (V I), and snaps
low when the same input voltage reac hes a
second point (V 2) in the negat ive-go ing
direction . The values of V I and V2 vary
with sup ply voltage used. In the circuit
shown , when + V = 5 , VI = 2 .9 and V2
= 2.3 ; when + V = 10, V I = 5.9 and
V2 = 3 .9 . The hysteresis of a Schmitt
trigge r is V I - V2 , so it is 0 .6 volts when
+ V = 5, and 2 volts when + V = 10.

The 40 93 is basicall y a two-input NAND
gate w ith Sc hmi tt inputs . Since one input
is tied permanently high , ci rcuit action is
contro lled entirely by the input that is
connec ted to Rand C . Whe n power is first

+V IC1 Yo 4093

'c~UT
t -.

used , then the 555 will work with TTL
circuits. The 555 output (pin 3) will sink
or source up to 200 rnA , so it can dri ve
more TTL devices than a " standard" TTL
output.

FIG. 17-IN THIS TTL-COMPATIBLE astable a bi
polar crysta l osci llator drives a 7414 Schmitt
trigger.

T

OUTPUT

Rl t
41 81
RST Vee

7 DISCHARGE

6 THRESHO LD OUT 3

OUTPU

2 TRIGGER

CONTROL
VOLTAGE GN D

C2 5 1

*Cl .05 *
uF

...

·1 C4
.,.. 27pF

V+

The clo ck circuit show n in Fig . 16 is
based upon the 555 IC timer. The output
freque ncy is a function of R I , R2 , and C I ,
and is found from :

f = 1.44
C1(R1 + 2R2)

wherefis the frequenc y in hert z, the res is
tances of RI and R2 are measu red in
ohms , and the capac itance of C I is mea
sured in farads .

No te that the 555 is not actua lly a TTL
circuit. It is a bipolar IC that ca n operate
at supply voltag es from +4.5- to + 18
volts DC. If a supp ly voltage of + 5 is

FIG. 16-THE FREQUENCY of th is 555-based
astable is determined by R1 , R2, and C1.

R2

R2
560il

XTAL1o1--- - -ni-'ik-----1>------1

Rl
560

FIG. 15-TWO INVERTERS are used in this asta
ble multiv ibrator.

to the input of its own inve rt er, The outp ut
of IC I is capacitor-coup led to the input of
IC2 . A feedback network , co nsisting of a
variable capacitor and a crysta l , deter
mines operating freq uency. That netwo rk
is connec ted between the output of IC2
and the input of IC I .

The operating freq ue ncy is determined
ma inly by the crystal , and to a lesser de
gree by capac itor C I. The effect ofC I is to
change the resonan t fre quency of the crys 
tal a sma ll amount by changing its capaci 
tive load. Th us the capac itor acts as a
" fine-tuning" control. If operating fre
quen cy is not cri tical, C I can be replaced
wi th a fixed capacitor. .
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One of the most diff icult tasks in build
ing any construction project featured in
Radio-Electronics is making 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 section , where they'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!

In order to produce a board directly from
the magazine page, remove the page and
carefully inspect it unde r a strong light
and/or on a light table, Look for breaks in
the traces, bridges betwee n traces , and,
in general , all the kinds of things you look
for in the final etched board, Youcan clean
up the published artwo rk 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 optio nal step, once you're satisfied
that the artwork is clean, is to take a little
bit of mineral oi l and caref ully wipe it
across the back of the artwork, That helps
make the paper transluscent. Don't get
any oil on the front side of the paper (the
side with the pattern) because you'll con
taminate the sensi tized 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 sens itized copper
blank , and make the expos ure. You'll
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 because we
don't know what kind of light source you
use. 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 to use
with your chemica ls. And once you find it,
stick with it. Don't forget the "three Cs" of
making PC boar ds-care, clean liness ,
and cons istency.

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-Electronics
Department PCB

200 Park Avenue South
New York, NY 10003
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ELENCO ~ lC ·1800

0 20, 200, 2 k, 20 k, 200 k, 2 M, 20 MQ
• .01, .1, 1, 10, 100, 1 k, 10 kQ
o < 1 M .Q ± 1% + 1 dgt

o 200 pF, 2 nF , 20 nF , 200 nF, 2 I' F, 20 I'F, 200l'F
00.1 pF , 1 pF , 10 pF, 100 pF, 1 nF, 10 nF , 100 nF
o <0.5 I'F ±(2% + 1 dgt) > 0.5 I'F ±(3% + 1 dg~t) _

o 2 mH , 20 mH , 200 mH , 2 H, 20 H, 200 H
01 I'H , 10 I'H, 100 I'H, 1 mH , 10 mH , 100 mH
0 ';; 0.5 H + (3% + 1 dgt ) > 0.5 H + (5% + 1 dgt )

Range
Resolut ion
Accur acy

Resistance

SPECI FICATIONS

Range
Resolution
Accu racy
Inductance

Range
Resolution
Accuracy

Capacitors

DIGITAL LCR METER
Measures Inductance, Capacitance and Resistance
At Last! An LeR meter that everyone can afford . Now you can measure coils,
transformers, chokes from 1fl H to 200 H, capacitors from .1 pfd to 200 mfd and
resistors from .01 ohms to 20 megohms. All in one handh eld instrument.

l oG

'B n n
f U U

H,

GF·8016 Function Generator
with Freq. Counter

5229
• Sine, Square, Triangle,
• Pulse, Ramp, .2 to 2 MHz
• Frequency .1 thru 10MHz

GF 8015 without Freq . Meter $169

35 MHz Dual Trace Oscilloscope

5550 Model
MO·1252

• Delayed Trigger
• 2 Year Guarantee
• 2 Probes Included

MO·1251 20 MHz Dual Trace $38500

AC Current Meter

598 Model
8T·1000

• Reads 20, 200, 1000 A
• DC & AC Volts, Resistance
• 3% LCD Digits
• Delu xe Car ry Case

AC Current Meter

548 Model
8T·310

• Reads 300 Amps (5 ranges)
• DC & AC Volts, Resistance
• Case & Leads Included

True RMS 4% Digital Multimeter

5135 Model
M·7000

• .05% DC Accuracy
• .1% on Resistance
• 5% True RMS AC
·.5 % Freq. Counter 1-200 kHz
• Delu xe Case Included

3% Digital Multimeter

525 Model
M·1600

• 1% DC Accuracy
• 1% on Resistance
• 1.5% AC Ac curacy
• Reads 10 DC Amps

C&S SALES, 8744 W. North Ter. riiiii!!iiI I.· . 1 15 DAY MONEY
Niles, IL 60648 • (312) 459·9040 ~ . . . . BACK GUARANTEE

2 Year Limited Guarantee! Add 5% for Postage (510 Max.), III. Res., 7% Tax
CIRCLE 279 ON FREE INFORMATION CARD



$89.00

lICATEK
30 VUC POWER
SUPPLY

$189.00

£fJ!1:tWn,fM
FUNCTION

GENERATOR

ESCORT
31h-Digit

Capacitance Meter
Range: 200PF - 20 mF

MODEL EDCll0A

• Sine , square and triangle output
• Variab le and fix ed TTL outputs
• 0.1 Hz to 1 MHz in six ranges
• Typical distortion under 0.5% from 1 Hz

to 100 kHz
• Variable DC offset
• VCO input for sweep tests

Accuracy:
20PF-20uF ±(0.5%rdg+1 dgt+0.5PF)
200uF ± (1.0%rdg+1 dgt )
2000uF-20mF ± (2.0% rdg+ 1dgt)

~. .
h-;;:,;;;; - -

MODEL T81l $49.95
This is a Low Cost Unit Designed in a Two
Part Plastic Case.
This unit e rases as many as 8 EPROMS in
15-20 m inutes.

$135.00
MODEL 30-3/0-30 VDC/0-3A

INDUSTRIAL
MODEL
WITH TIMER
MODEL TB/2T
• Erases 15 EPROMs in 20-30 Minutes
• Rugged 60 Minute Auto Shut-Off Timer

and Safety Interlock
• 5" x 8" Tray with Indicator
• Conductive Pad
• Attrative Steel Enclosure

MODEL 3010

$395.00

LOW-COST
EPROM BLASTER

• Ideal for Hobbyists or Light Usage
• 128K RAM Buffer
• Build-In RS-232 Port
• Completely Assem bled & Tested
• Programs 2716 through 272 56
• Fast Intelli gent Algorithm
• Wor ks with Any Computer or Dumb

Terminal
• Stand-Alone Mode. Cop ies and Ver ifi es
• Upload/Download in lntel/ Motorola/

Binary Formats
• 90 Day Warranty Parts & Labor

The LBO-51 6 is an ec ono mical 1DO-M Hz, 3
channel , alte rna te t ime base oscilloscope. It has
all of th e important features that are expected in
a 1DO-MH z osc illo sco pe su ch as full front panel
operati on, alternate tr igg ering for simul taneous
view of asynchron ous signals and indepen de nt
or si multan eous displ ay of main and del ayed tim e
bases. The bright 20 -kV PDA CRT and 0.5mV
sensitivity permi t sharp, br ight displays of even
thos e normally tough to see c riti cal signal s.
Eight t race capabil ity is poss ible by displ aying
main and delayed versions of CH'1, CH' 2, CH-3,
and CH·1 + CH· 2. Also incl ude d are cornprehen
sive trigge ring faci lit ies wi th video sync separators,
variable tr igg er holdolf, excelle nt trigger sensi
tivity and more. Includes prob es and 2 year
warranty.

LBO-516 DC to 100 MHz

$11 95 00 Plus free Hit achi DMM.
• See page 5.

SHOOTER

Plus free Hitachi DMM.
See page 5.$749.00

NOW OPEN! Saturday, 9:00 a.m.-3:00 p.rn.
Monday - Friday, 6.30 a.m.-5:30 p.m.
CIRCLE 276 ON FREE INFORMATION CARD

The LBO-52 4L is design ed to mee t a broad rang e
of appl icat ion s in design, testing and se rvici ng of
both analog and digita l ci rcu its and equ ipment.
Its large8x 10 em PDA CRT prov id es sharp, bri ght
displays ev en at highest sweep rates. Cornpre
hensive triggering co ntrol s includ ing hol doff,
alt ern ate trigger ing and delayed sweep triggered
functions p ermit stable displ ays for even th e
most complex signals . With 0.5 mill ivol t sens i
tiv ity, ext re mely low-lev el signal s can easily be
observed. A channel 1 output is avai lab le on the
rear panel to drive other less sens itiv e instrum ents
su ch asa fre quency cou nter with an input level as
low as500 microvolts.The dual ti me bas e permits
accurate observation and time interval measure
ments of complex wavefo rms. Includes probes
and 2 year warranty.

LBO 524L DC to 40 MHz

I~PORTABLEOSCILLOSCOPE,

-'--------------

CALL US TOLL FREE

1-800-732-3457
IN CALIFORNIA TOLL FREE

1-800-272-4225

• Mas te r Charge
• VISA. COO
• Mo ney Order ~
• Check IIiiiiIII

ADO FOR SHIPPING AND INSURANCE
$0 10 $250.00 $4.50
$251.00 10 $600.00 $6.50
$501.00 10 $750.00 $8 .50
$751.00 10 $ 1000 $1 2.50
over $ 1000.00 $15.00

Prices sub ject to ch ange withou t no tice.

RAG ELECTRONICS, IN C. / 21418 Parthenia Street/Canoga Park, CA 91304 /1-818-998-6500
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MODEL HV-720

HITACHI 3.5 Digit DMM FREE with any Scope
purchased from RAG. See page 5 for details.

@!ja~!~£i~~tl ccrv Cameras & Monitors SOLDERING STATION

MODEL KP-120 Camera Head
Len ses ava ilab le

Meet the new generation of TV
cameras that brim with useful features ,
thanks to the MOS solid-state imaging
devices.

$84.00

$248.00

SA-3-115
Special tip -mounted sensor and sophis
ticated control circuitry. Temperature
stabi lity within 5% over the range of
100°C to 500°C (200°F to 930°F). For
115 VAG. 50/60 Hz operation ; 230 VAG
model also available. Lighted power and
heater indicators, proportional temper
ature control and temperatu re indication
meter, iron holder and tip cleaning
sponge standard. Rugged, compact en
closure. Supplied with special 24 volt, 48
watt, low-leakage iron and SAT-3-01
(1/32 inch) conical tip.

@
MULTI
FUNCTION
COUNTER
MODEL WD-755
• 5 Hz to 125 MHz
• 8 Digit LED Display
• Period Measurement 5 Hz to 2 MHz
• Totalizes to 99,999,999 Plus Overflow
• Frequency Ratio Mode
• Time Interval Mode
• Switchable Attenuator & Low Pass Filter

$276.00

$312.00

$126.00
$164.00

$210.00

$144.00
$199.00

• Owing to the use of an automatic
sensitivity adjust ing circuit, the only
necessary camera operation is
focusi ng

• A white sup pressor c ircu it ensures
faithfu l reproduction on the video
monitor, even for subjects with stong
contrast.

• Camera mounting screws are
provided at the to p and bottom of the
camera, fac ilitating mounting of the
camera.

• Switchover to external synchroniza
tion takes place automatically when
an external drive signa l is input, hence
no switch operation is necessary. ·

• Synchronizing System: Line-lock 2:1
interlace.

• Pick-up tube: Vidicon tube.
• Includes 16mm f1.6 lens

MODEL HV-720
* MODEL HV-730

9"/500 line/video loop
9"/500 line/video loop/
DC restoration/rack
mountable
9"/700 line/video loop/
DC restoration/rack
mountable
12"/700 line/video loop/
DC restoration
17"/700 line/video loop/
DC restoration

VM-900A
VM-910

VM-906

VM- 129

VM-173

B&W MONITORS

$775.00

• Compact size and light weight
• Long life and hig h reliability
• Ext reme low-light handl ing capabil it ies
• No geometric distortion
• Reduced lag and no st icking
• Excell ent immunity to vibration and

shock
• No effects of magnetic fields
• Sensitive to near-infra red
• C mount

POWER SUPPLY SALE ~@fl41 TRIPLE OUTPUT
POWER SUPPLY

~-
. C'· ':-~:-:"--, o~

. .'.
$319.00MODEL 1650

• Functions as three separate supplies
• Exclusive tracking circuit
• Fixed output 5 VDG, 5A
• Two 0 to 25 VDC outputs at 0.5A
• Fully automatic, current-limited over

load protection
• + and - terminals of each output are

fully iso lated, in all modes
• All three outputs may be connected in

series or parallel for higher voltage
or current

CIRCLE 276 ON FREE INFORMATION CARD

&l

Wp·705A $309.00
WP-706A $318.00
Wp·707A $369.00
Wp·708A $453.00
Wp·709A $326.00

WP-705A single 0-50VDC, 0-2A
WP-706A single 0-25VDC,O-4A
WP-707A dual 0-25VDC, 0-2A
WP-708A triple 2 each

0-20VDC, 0-2A
and 5V, 4A

WP-709A single 3.5-6 .5VDC
or 11.5-14.5VDC, 0-7 .5A

~..r
@.... rJij-- .. ..I

~.--
• Automatic short

circuit shutdown
• Ripple 5mV pop
• 0.075% regulation
• Digital meters V&A
• Measure external

0-99.9 VDC
• Isolated supplies



Robots and voice recognition

Ro OTICS

Communication levels
There are basically three levels

of co m mu nicatio n : Th e lowest
level is cal led t he devi ce level.
From th ere we move up to the pro-

THERE AR E FEW THI N G S M ORE FRUS

t rat ing th an buyi ng on e of tod ay's
high-tech hom e ap p liances and
f indi ng o ut t hat yo u have to sit
down and read th e manu al simply
to t urn t he machine on, mu ch less
to use it. The ever-increasi ng per
fo rmance we dem and f rom our ap
pli ances is makin g it di fficult to
perform eve n simp le tasks w it h
th o se machin es. And th e prob
lem s we have communicati ng w ith
hom e appl iances are miniscul e in
co mpariso n w ith the probl em s we
have communicat ing w it h robots.
But th e two are simi lar in that both
invol ve communicatio n from a liv
in g bein g to an elect ro-mec hanical
device .

If yo u've had an oppo rtunity to
work (or pl ay) with a hob by robot ,
I'm su re yo u' re we l l acq uainted
w it h th e fact t hat there are more
th an a fe w not-so-trivi al co m
mands to master. Home rob ots are
intended to be used by electronics
hobbyi sts w ho are fami liar w it h
many co ncepts of co mputer pro
gramming . However, the hob byist
mi ght we lco me an easie r meth od
of communicat ing w it h hi s robot
than th e crypt ic co nt ro l language
usually provid ed by the manu fac
t urer. (I think th at th e populari ty of
Apple's M acintosh compu ter also
illustrates the point that many peo
ple are looking fo r a more natural
way of in ter actin g wi th co mput
ers .) There is no inh erent reason

en for robot communication to occuroz in a highl y tec hnical lang uage .
o
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tocol level , and finally to th e pr e
sentat ion level.

Th e devi ce le vel is probabl y
most familiar to elect ronics hob
by ists . At th at level are the actual
ele ct rica l co n nect ions betw een
two co mmunicat ing part ies. Th e
famo us (or in famou s) RS-232C is
one much-used device-level com
munications standard , It specifies
vol t age level s an d timin g se 
qu en ces for th e ser ial transmi s
sio n of data amo ng co mpute rs,
pe riph eral d evi ces, an d othe r
compute rs. Since it involves ser ial
t ransmission , only a few electrical
co nnectio ns are necessary. That
may be an advantage w hen mobil
ity is impo rtant-as in robot con
trol.

There are ot her device-level in
terfaces by whi ch we mi ght co m
muni cate w ith a ro bot (pa ralle l,
HPIB, RS-422, etc.), but w hat is im
portant is to bridge th e gap fro m
dev ice- to presentat ion-level com
mun ications , that is, the level at
which in format ion is presented to
human bei ngs. One very effect ive
means of communication is ora l.
For exa mp le, programm in g you r
robot by simply stat ing the com
mand s is probably one of th e most
desired items on many wi sh lists.

You mi ght say "keep dreaming,"
bu t I've ju st been playin g with th e
neat voi ce- recog ni t i o n syste m
shown in Fig. 1. It sells fo r only
$99; it 's called EARS (for El ectronic
Audio Recognition System); and it
req uires a separate personal com
pute r to operate. It 'savailable fro m
Speec h System s, 38W 255 Deer
path Road , Batavia, IL 60510.

The reason I'm so impressed
with EARS is that in my off ice I have
a vo ice-recogni t io n system th at
cost well ove r $5000 when it was
introdu ced , and t he acc u racy of
th e new un it appears to be better
th an th at of th e higher-pri ced sys
tem . EARS is also mor e versati le .

The CoCo connection
I do a t remend ou s amount of

robot-co nt ro l work usin g a simple
TRS-SO Color Computer (CoC o for
sho rt). The 64K mod el sells for well
under $200, and it has th e most
advanced graphics BASIC of all the
eight-bi t person al compute rs. The
6809-mic ro p rocesso r bu s is ac
cessib le throu gh a cart rid ge port
connector, and the EARS system
plu gs directl y into that bu s,

Because th e system is we ll inte
grated into th e Color Computer ,
voi ce recogni ti on can be an inte
gral part of yo ur BASIC programs.
So it is simple to w rit e a program to
recog nize your spo ken commands
and t ranslate t he m to th e co m
mand s requ ir ed by yo u r robot ,
Those commands could then be
sent o ut th e Color Co mp u ter's
RS-232 po rt to your robot. You can
t rain EARS to recogni ze 64 di f
fe re nt word s, so unds, mu sical
notes, etc.

The voi ce-recognition hardware
is co nta ined in a small module th at



Ifyou hear du mp trucks
roaring across your living
room , cannons exploding
all around you, and rain
drops splatteri ng the floor
when you watch lV, then
you probably already have
a Teledapter. However, if
you don't, read on.

If you have a lV and a stereo
system you can enjoy the excitement
you've been missing.. .now! The Teledap
ter's unique electronics will combine your
lV and stereo into a powerful enterta in
ment cente r that would easily cost thou
sands of dollars.

Imagine havi ng the best front row
seats in town for ba ll games, musicals,
and movies.

Teledapter works with any lV, VCR,
or satellite receiver, regard less of age or
model , and conveniently plugs into the
auxiliary, tape, or tuner input on any
stereo amplifier or receiver system.

All Tv, satellite, cable, and VCR pro
grams will have the same powerful sound
as your stereo system and speakers.

FEATURES

Stereo-Plex" Circuitry is for all
those mon o lV's and VCR's. It trans
forms th eir mono sound int o sparkling
two-channel stereo effects. Got a stereo
TV or VCR? No problem. Just plug
them in. Since most .IV and cable
programming is mono, the Stereo-Plex
circuitry will pick up where your stereo
lV or VCR stops short.

Mono sounds, even ~ ~

when played through ~

two speakers, appear to ~

come from one direc- '-X..-/

tion (the center). I LISTENER I
Stereo sounds come from two directions.

The stereo/ mono
test is really simple;
plug the Teledapter

up, push the mono
stereo button on

. OURCI

MOllO AUX. 1aH" 1aH OUT

• • .• It
1 •

your stereo. When you go from mono to
stereo, listen to th e sounds spread out
across the room. Perform the test with
out a Teledapter and a mon o signal will
remain in the center.

Ambiance and ~ ~
Spatial Circuits ex- ~ ~
pand a stereo signal ~ ~

to greater separation ) ) ) r.:::= (( (
than it norm ally has. ~
At the same time , indirect delayed sig
nals and echoes are accent uated.

DNR~ is the latest marvel in noise
reduction. It works with all mono or
stereo programs, and preserves the Tele
dapter's excellent 20 to 20,OOOHz fre
quency response.

Tape Monitor Loop allows all th e
featu res of Teledapter to be used with all
other stereo or mono components, FM,
tapes, records, AM, etc.

Other Features include up to four
mono or stereo inputs, input level con
tro l, isolated and pro tected low imped
ance input, and a beautiful walnut and
anodized aluminum cabinet. This uni t
will serve you for years.

NO MAGIC-JUST HIGH TECH

Technology using the
latest integrated circuits
and manufacturing
techniques, are com
bined in an instrument
designed and built in America, from the
company that invented Good TV
UsteningT'"'

For over 12 years
we've manufacture d

lV audio products for
home and indus try

with th e best stand
ards we know.

Offering our products direct enables
you to make sure that the sales person
you speak to is able to answer your ques
tions knowledgeably. And if a Teledapter
ever needs service, it will be done quickly,
and it will be done correctly.

Teledapter comes complete with all
cables, instruc tions, and a FREE HELP
line phone nu mber.

*DNR is a registered trade mark of National Semicon
ductor C ompany

r---------------
TRY THE TELEDAPIER
AT NO RISK
Take th e first 30 days with Teledap
ter'" as a test. If you're not com
pletely satisfied, return it for a com
plete refund and your mailing costs.
You can 't lose.
Teledapter?' is also backed with a
two-year warranty on parts and labor.

Teledaprer? ' TE-600, $145.00 plus
$4.00 postage and handling.

TOLL FREE 1-800-251-8608
In Tennessee Call Collect
1-615-381-9001

C'/S4" I 24 HOURS [eJ
Send mail orders to address below.
Credit card and money orders
processed immedi at ely. C hecks
require 18 days.

RIIOADE'
NATIONAL CORPORATION
Departm ent 204
Highway 99 East • P.O . Box 1316
Columbia, TN 38402

Turn your TV into a powerful entertainment
center with the STEREO TELEDAPTER®

CIRCLE 284 ON FREE INFORMATION CARD

c..
~
:;::
c
~
J

«
o
c

8 ~



CIRCLE 111 ON FREE INFORMATION CARD

1..800426..1044

NEW
VARIABLE RATE BONDS

MAKE IT ~~

SMART TO Take l'~,
. stock~;1
InA merica.

representi ng t he closest match
will be return ed .

Remote communication
Usin g a com p ute r to co nt ro l

your robot from a rem ote locati on
is useful, bu t it mi ght be eve n
mor e useful to buil d yo ur robot
with a compute r a~ its (local) brain .
I know what yo u' re thi nk ing, bu t
the answer is no, you do n't need a
117-vol t AC power source fo r the
compute r! Many co mp uters use
only five vo lts inte rna lly. A twelve
vol t car batt ery w ith a suitab le OC
to- DC co nve rte r w i l l work ju st
fin e. In fact , next month we' ll look
into ways of doing ju st that. R-E

consists of a PC board with a Gen
eral Instrument SP1000 IC, and as
sorted bu s-interface circuit ry. The
manufacturer p rovid es a useful
co n t ro l pro gram and se vera l
useful demon strati on program s.
Al so , an o pt io nal speech-syn 
th esis unit isavailabl e at ext ra cost.

The co nt ro l program gives fif
teen new commands to th e Color
Computer 's BASIC. The most im
portant are USN and MATC H. For ex
ample , if you want the compute r
to learn how you pronounce th e
word robot, you type U SN "ROBOT" .

The computer and EARS th en wait
for yo u to say " robo t " into th e mi
crophone (w hich is provided with
EARS). Your voice is sampl ed,
stored in memory, and it will be
associated from th en on with th e
string " RO BOT" . You may save th e
word patt ern s in memory to di sk
or tap e and reload th em later.

Wh en you type th e command
L1 SN: M ATCH , th e computer and
EARS again wait for yo u to speak,
but thi s tim e, your speech sample
is compared to all th e patt ern s yo u
have sto red in memory. The string

Plus-FREE GIFT
o Check thi s box for FREE~
Z-BO Mi croprocessor ~.
P ro gr amming an d
Int erfacin g tex tbook when
yo u order within 7 days . ~i Dept. RE0l86
512.95 value. (Incl ude .-- 5326 9th Ave. N .E.
55.00 p ostage &: Seatt le . \VA 98105-36 17

handlmf br immedi ate act ion ca ll TOLL FREE :

Full mo ney back gua ra ntee . ~ 1_":':_1. , ./

Students, engineers o r te chnicians
upgrade your micro-processing skills
with the new Micro-Professor lP.

The MPF-lP features:
e extensive softw are support
e mor e bu ilt -in memory
e imp ro ved key boa rd
e larg er display

T h ree tutori al gu ides help cover all
capab ilit ies. The ideal tr ain ing tool!
MPF- IP will deli ver yo u into the gro wing
world of micro-pro cessing . Inve st now!

O n ly $199.95

Learn mi cro-processing with the new

MICRO-PROFESSOR IP

B.I2.DJu:::.o.r 20/20
40 c;;haNlcls .rod 7 bands brIng )'OU

lomofrt:M"S 1'IeW1.lodoly 'lbu can scan 20
chann els at :II lome Fu"ld new treqc eoces 10
scan _lh automallc;; searcn

~.-

TELEX. rliJj-giJijjJ
The CO45 II_Des ign ed l or s ig~r.mul tipIJ lftg

co m",ufuca l ions ..nl enna arrays up to 8.5 sq. l l.
(.1<:)sq,ml wind load a rta (wh en rotal or b mol.lnt.d
,nslCl.alower)

C~I ~
~:'.'9~159.9S :;~:~~5$199.95

Call us FREE 1-800-626-6343

Ja6PPE~e~L~C';~ON~S
200 PRODUCE ROAD -LOUI SVILLE , KENTUCKY 40218

LOWEST PRICES IN THE COUNTRY!
Call tor lat esl price quol es on all merchandise.

We have a national factory warranty service on
many brands, and we service All CB, Amateur, and
Commercial Equipment.

W/JWIiSE.E
JB 1001 SFC/M

SCO PE/COUNT ER/ WATT MET ER/
SWR BRIDGE

Retall$269 95 Retail $79 95
$349.95 • $149.95 •
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Electronics Paperback Books

I NEW OFFERINGS AT SPECIAL INTRODUCTORY PRICES I

o THE PRE·B ASIC BOOK. Reg »-iIQ, NOW $5.50 .
o BUI LD TRE ASURE LOCATORS. Reg .~ NOW $4.00 .
o AUDIO AMP LIFIER CONSTRUCTION. Reg~ NOW $4.50 .
o AUDIO PROJ ECTS. Reg 'Jj.iIQ.NOW $4 .00.

o ELECT RO NIC GAMES. Reg~NOW 53.50.
C BU ILD SW RA DIO RCVRS. Reg~NOW $4.00.
o 50 LEO CIRCUITS, Bk 2. Reg »'C,NOW 53.25 .
o INTRO TO 6502 MACHI NE CODE . Reg Dl¥ll:NOW $4.00.

[] ELECTRONIC SE·
CURITY DEVICES .••••

~~t~r~~~~K;
sectons . SWitch actr
vated alarms: Infra-red &
uttraecnc systems;
smoke , gas , water dete c
tion .

o INTRODU CTION TO

V~IDEONowR6tr~lce
.00 .For the person

W 0 has Just or IS about
10 bUy a VIdeo recorder,

o ELECTR ONI C PROJ·
ECTS USING SOLAR

~'owRd2L~lce
$4.00.Simple CIrcuits
powe red by the energy of
the sun

Lin4!t.r IC
Equlv.'.nls
anctPiI'j
Connections

o LINE AR IC EQUI V
ALE NTS ANO PIN
CONNECTIONS •..•.

llr~J:~.l et~~J~~~)·
shows equws and pin
connections for popu lar
user or iented ICs .

n 20 PR OGR AMS FOR
ZX SPECTRUM & 16K
ZX81 ... .. Reg Pr ice
SllQQr NOW ONLY
$4.00. Programs with
flow chart s. Card 9ames .
Batnest uos. Calendar.
and more

o INTO THE QL AR
CHIVE •••.• Reg Price=~e~a~~;: ~~soo .
databas e prog ram sup
plied wi th the Sinclair OL.

-
o WRITE ZX SPEC 
TRUM GA.MES PRO-

=~ow ~~.rlce
$5.00. Step-by-ste p
guide shows how to wnte
graphics games.

Io POPULAR ELE C
TRONIC CIR CUITS.
Bo ok 1 .•... $5.00. More
circuits for hobby ists . Au
dio , radio , test. mUSIC,
househo ld and more .

o POPULAR ELE C·
TRONIC CIRCUITS .
Book 2 ..•.. $5.75 . More
usef ul crcuus. None of
these projects dupkcate
those In Book 1 of nus
senes

n PRACTICAL ELE C·
TRO NICS
CALC UL ATIONS AND
FORMULA E ••••• $7.50. A
workshop manual that
bndges the gap between
complicated tech theory
and cut and try.

o INTRODUCTION TO
RADIO DXING .....
$5.00. Get into thrs fas
cinating hobby. ThIS boo k
tens you just about every
thing you need to know
to get started .

o INTRODUCTION TO
RADIO DXING .....
55.00. How to optimize
the recep tion of dis tant
short-wave broadcast
and amateur stations.

o PRACTJCAL ELEC ·
TRONIC BU ILDING
BLOC KS. Boo k 2 .....
$5.75. Amp lrflers of all
kinds to add 10 the cir
CUltS from Dook 1 01 this
senes

n MICR OPR OC
ES SING SYSTEM S AND
CIRCU ITS .•••• $7.50.
GUide to the elements of
mIcroproceSSing sys
tems. Teaches an the
fundamentals.

o PRA CTI CAL ELEC
TRONI C BUILD ING
BLOCKS. Boo k 1 .....
55.75. Build the blocks
and then combine them
to form almos t any
custom project of your
choice .

o IC PRO JECTS FOR
BEGINNER S •••.. $5.00 .
Written esp ecrally fOI !Ile
less exper ienced exper t
menter. Complete parts
layouts and wifing di
agrams

o 555 PROJ ECTS ••...
$5.00. So useful that tt ns
IC has an unparalleled
reputa tion . Heres a book
full of usef ul applicaucns

o 25 SIMPLE AMA 
TEUR BAND
ANTENNAS ... .. 55.00.
All kinds of antennas for
all kmds of ama teur rad io
recepnon.

n CONFIDENTIAL
FREQ UENC Y LIST, 6th
ed ition••.•.. $13.95 .
Latest Info on usual and
excncshortwave broad
cast stat ions .

o POPU LAR ELE C
TRO NIC PROJ ECTS .....
54.75. A ccuecncnof a
wide range of electronic
projects and circuus for
the exoenmenter

o INTERNATION AL
TRA NSISTOR EQUIV
AL ENTS ••..• $7.50 .
Loca les possible sub
stitut es for a popular
user-cnentec select ion 01
modern transistors. Japa 
nese , European and
Ame ncan types

o WH ITE'S RADIO
LOG.....$4.9... An uo-to
date directory of AM . FM
and TVstat ions. Includ·
Ing a sectcn on world·
Wide shortwave stations

o SINGL E IC PROJ·
ECTS ••..• $" .25. All
crorects In nus book are
based on one Ieand are
simple to construct . Grea t
way to get started w llh IC's

o ANTENNA PROJ 
ECTS ..... $5.00.
Practic al radiO antenna
deSigns that delive r good
perf ormance and are ret
atIvely simple and
inexpensive to build.

o HANDB OOK OF IC
eQ UIVAL ENTS AN D
SUBSTIT UTES ... ..
$5.00. Includ es digital
and .linear IC's made in
US , Great Bntain. Japan.
etc.

o INTRO TO Z-80 MA
CHINE CODE •.... $5 .75.

W::~m~ ~u~f;~;~~s.
write . but ii 's worth leam 
In9 how. Some demo
prog rams are included.

o ELEC TR ONIC TIM ER
PROJECTS ..... $5.00 .
Tim ing circuits to ut just
about every app lica tion
Required for every ex
oenmenter

o DES IGN & MA KE
YOUR OWN PC
BOARDS ..••. 55.75. Ev-

~~i~~~ ~~~~ke
onnted-circunboards for
your projects .

CHECK OFF

THE BOOKS YOU WANT

Quality Paperbacks

o COMP UTER TECH 
NOLO GY EXPLAINED
••••• $5.00. Exp lanat ions
lor comp ute r terms often
enco untered . A diction ary
for compute r lingo .

o HOW TO GET YOUR
ELECTRONIC PROJ ·
ECTS WORKING .••..
$5.00. How to find the
faults in your projects , re
pa ir them and get them
Y./Orklng .

o HOW TO DESIGN
ELECTRO NIC PR OJ·
ECTS ••••• $5.75 . How to
use stand ard circuit ele
men ts to mak e custom
electronic projec ts.

o MO DERN OP-A MP
PROJ ECTS ••••• $5.00.
Includes a Slide Timer.

:~~i~~~t~~~·II~~~~:Je .
much more

o CRYSTAL SET CO N·
STRUCTION ..... $4.50.
A varie ty of crys tal radio
rece ivers for the expe ri
me nter and hobby ist

(J COUNT ER DRIVER
& NUMERICA L DIS
PLA Y PRO JECTS ••.••
$4.50. Nume rical mcic a
tor devices make It easy
to count , divide and ors
play.

o INTRO TO PRO
GRAMMING THE ATARI
600/800 XL ..... $5.00 .
Perfect compl ement to
the Ata ri use rs man ual.
Even shows how to use
anima ted grap hics.

o MICRO INTERFAC
ING CIRCU ITS-BOOK
2 •..•. $5.75 . Interfacing
soun d and speech qener 
ators. temper ature and
opt ica l sensors. moto r
co ntrol lers . and more .

o LONG DJSTANCE TV
DXING .•.•• $5.00. A
prect ca t and authoritat ive
introducti on to this un
usua l aspect of
etectromcs.

o FIRST BOO K OF 01·
ODE CHARACT ERIS
TICS, EOUI YS, AND
SUBS ..... $5.00 . Show s
lu ll Interch angeabilit y
data for thousands of dr
odes

o ELECTRO NIC MU
SIC AND CRE ATIVE
TAPE RECO RDING .....
$5.00. Shows how you
can make erectroruc mu 
sic at home v.:ith ssnpre
and mexpensrve eqUiP

o ELECTRONIC SCI
ENCE PROJECTS •.•..
$5.75. Simp le to com
plex. a group of projec ts
With a strong ly sciennnc
navor.

o MICRO INTERFAC·
ING CIRC UITS-BOOK
1 ..... $5.00 . Pract ical
add-ens Ir!1nsform your
compu ter into control or
measu rement equi pmen t.

o SECRETS OF THE
COMMODORE 64 .
$5.00 . Masses of usefu l
II'lfo and prog ramm ing
tips not found in any
user's manual.

I
"" 1-

I hc,..,• • 1 tn. An Inl.,.d..etl_
COMMODORE IIi4 I.<t"'r.9''''_;''''1

1hc AT ....1l

400 JJtMJX'"

*Canadian Shipping ($1.50 1st twobooks 50c ea. additional) TOTAL ENCLOSED $ _L _

CIRCLE 302 ON FREE INFORMATION CARD

RE 1-6ELECTRONIC TECHNOLOGY TODAY INC.
P.O. Box 240, Massapequa Park, NY 11762-0240
Name _

Address _

City State Zip _

Number of books ordered D
Total Price of Books $, _

Sales Tax (NY State Residents) .

* Shipping in U.S. only
($1.00 1st two books, 40\1: ea additional) .
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THE MARK III

HV CIRCUIT SCANNER
* Checks the horiz output cir cuit for open I shorts ,
* Checks the flyback, yoke, PC, and HV mult ,
* Checks all scan der ived B + sources,
* Checks all circu its that rely on scan derived B + voltage,
* Checks for open safety capac itor ,
* Checks the emitter ci rcuit of the horiz output ,

THEN,

* Provided the gree n normal light is lit, the Mark III wi ll safe ly power
up the 1V set so that you can" look" for open circuits by examining
the picture on the CRT.

* Ci rcumvent s all start up and horiz drive related shut down circu its.

APPLICATIO NS: The Mark III will analyze the horiz , flyback, hi
voltage, scan derived B + sources , yoke, pin cushion, HV mult iplier ci r
cuits in any TV set that employs either an NPN tra nsistor or a single
SCR for itshorlz output device . This applies to any age, any model, any
chass is, any brand - - - inc luding Sony.

In br ief , the "test" function scans for shorts, the " run" function
permits you to observe any "open" circuits via the symptoms that ap
pear in the CRT sc reen.

HOOK· UP: Simp ly remove the set's hertz output device and replace
~ it with the scanne r's interface plug. No wires to disconnect, no other
z connections required (not even a ground con nection) .
o
([o MISTAKE PROOF: No damage will result if an error is made during
~ hook up. The scanne r simp ly won't tu rn on until the er ror is corrected .
UJ

6
~

PUSH THE TEST BUnON Just one of the four lights will lite .

RED OPEN LIGHT means the emitter circuit of the horiz output stage
is open (no ground path).

YELLOW SHORT LIGHT means the flyback primary, HV multiplie r,
vertica l output, horiz drive r, and R-B-G co lor output stages are not
shorted. Instead, a circui t that normally draws a small amount of cur
rent is shorted (l.e, the tuner , IF, AGC, video chroma, matri x, vert ica l or
horiz oscillator).

RED SHORT LIGHT means either the flyback , the HV multiplier, the
vertica l output, horiz driver or one of the R·B·G output transistors is
shorted .

GREEN NORMAL LIG HT means the TV set 's entire flyback circuit is
totally free of shorts. It also means that it is safe to power up the TV set
with the" run" butto n so that you can look for open circuits by observ
ing the symptoms on the CRT screen .

FEATURES: All start up circuits and all horiz drive related shut down
circuits are automatically c ircumvented by the Mark III during all test
and run functions. During the test function all flyback secondary output
is limited to approx 80% of normal. 2nd anode voltage is limited to ap
prox 5 KV.

This means all c ircuits that are not shorted witl have some 80% of thei
normal B + voltage during the "test " phase. It also means that an)
shorted circuit will have zero DC volts on it. This feature makes an
short easy to isolate .

The MARK III sells for only $59500

The money you are now spending for unnecessan
flybacks alone will easily pay for your Mark III. Wh~
not order yours today!

Visa and Mastercharge Welcome

Diehl Engineering • 6661 Canyon Drive " F" • Amar illo, TX 7911'

Phone: (806) 359-0329 or (806) 359-1824



A
M
A

z
I
N
G

* Checks the horlz output stage for opens I shorts,
* Checks flyback, yoke, PC, and HV mult,
* Checks all scan derived B + sources,
* Checks' for open safety capacitors
* Checks for open ground path for horiz output stage
* Checks for open primary LV supply,
* Checks for error in interfac e connections,
* Checks for proper LV regulation,
* Checks for proper start up ci rcuit operation,
* Checks for shorted horiz driver transistor,
* Checks the operation of the horiz osc I driver circ uits,
* Checks B + " run" supply for the horlz osc I driver circuits ,
* Checks all circuits in the TV set that rely on scan derived B +.
* Automatically circumvents all start up circuits and horiz drive

related shut down ci rcuits.

HOOK UP: (Identical to Mark III)

OPERATION: Turn the Mark Von, turn the TV set on, then, simply look
at the lights.

RED "HOOK UP" LIGHT means that you have made an error in hook
up. No damage has been done, cor rect the problem then continue.

RED " EMITIER" LIGHT means that the ground path for horiz output
stage is open. Correct the problem then continue .

RED "B + OPEN" LIGHT means that the primary LV supply in the TV
set is open. Correc t the problem then continue.

No " top row lights" equals normal.

Look at the middle row of lights

RED "START UP" LIGHT means that the start up circuit in the TV set
is not work ing (no start up pulse).
GREEN "START UP" LIGHT means the start up circui t in the TV set is
working normally . Yes, it is 100% accurate. Even on Zenith's single
pulse start up circ uit!

RED "HORIZ DRIVE" LIGHT with a green start up light means that
the horlz driver transistor in the TV is shorted (E to C).

GREEN HORIZ DRIVE LIGHT means that the horiz oscil lator and
drive r circ uits are operational.

READ THE DC VOLTAGE METER THEN,

PUSH THE TEST BUTTON
If the meter comes up to, or, falls back to, facto ry specifi ed DC collec
tor voltage, the LV regulator circuit is working. If it fails to do so, it is not
working !

RED "B + RUN" LIGHT means that the B + source that normally
keeps the horiz osc I driver circuits running after the start up B + pulse
has been consumed has become open.

GREEN "B + RUN" LIGHT means that the B+ resupply voltage
(scan derived) is being provided. All is normal if all three lights are now
green.

The scan circuit short detector in the Mark V is identica l in all ways to
that which is used in the Mark III. Operation is also identical. Both units
are virt ually indestructable when simple directions are followed. Both
units carry a full year's warranty against defects in materials and
workmanship (parts and labor). Either unit can be easily repaired by
almost any technician in his own shop.

If the green "circuits clear" light is now lit

It is now safe to push the "run" button and examine the symptoms that
appear on the CRT screen, for the purpose of isolating any " open" ci r
cuits.

Except for hook up and CRTfilament warm up time, this test can easily
be completed in two to five seconds !

The Mark V sells for only $99500

Stop losing money on start up / shut down scan
derived B + problems; order your Mark V today!

Visa and Mastercharge Welcome!

Diehl Engineering • 6661 Canyon Drive "F" • Amarillo, TX 79110

Phone (806) 359-0329, or (806) 359-1824
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SATELLITE TV

C, Ku, and DBS
BOB COOPER, JR.

SATELLITE TV EDITOR

MOST DI SCUSSIONS OF SATELLITE TV

center on the 3.7- to 4.2-MHz C
band that was originally allocated
(in the early 1960's) to international
satellites Ii ke Intelsat. U nfor
tunately, the C-band is shared with
point-to-point microwave-trans
mission systems , like the one
shown in Fig. 1, that are operated
by the nation's telephone carriers
(AT&T, GTE, MCI, and others).

From a historical perspective,
the telephone-company micro
wave circuits were there first, and
satellite TV was allocated 'shared
use of the C-band , provided that
the satellite systems didn 't inter
fere with the terrestrial services.

There have been no docu
mented occurrences of a C-band
satellite-TV transmission causing
interference with a terrestrial mi
crowave circuit. The main reason is
that satellite transmitters, located
more than 22,000 miles above the
equator, simply are not powerful
enough to interfere with a ter
restrial microwave link receiving a
signal from a transmitter 20,30, or
even 60 miles away.

To ensure that shared use of the
C-band does not cause inter
ference , the FCC (and similar
agencies in other countries) have
required satellite transmitters to
dither, or time-vary, their operat
ing frequency. Dithering disperses
transmitter power by rad iating it
across a range of frequencies,
rather than em itting it all on. a sin-

~ gle frequency. That procedure is
z similar to the armed forces'
a? spread-spectrum technique. Theo result is that the total power out
~ put of a transmitter is never deliv
wo ered to a single frequency in the
o spectrum at any given instant in
ri time .

92

Further, terrestrial systems are
line-of-sight, and they are never
aimed "up" at a satellite . As any
home-TVRO owner knows, even
the slightest misalignment of a
dish causes a total loss of received
signal. So the sort of interference

TVRO dealer "Starter Kit"
available

Bob Cooper's GSD Magazine has ar
ranged with a number of TVRO equip
ment suppliers to provide a si ngle
package of material that will help intro
duce you to the world of TVRO dealership.
A short booklet written by Bob Cooper
describes the start-up pitfalls to be avoid
ed by any would-be TVRO dealer, in addi
tion, product data and pricing sheets from
prominent suppliers in the field are in
cluded. That package of material is free of
charge and is supplied to firms or individu
als in the electronics service business as
an introduction to -the 1984/85 world of
selling TVRO systems retail.

You may obtain your TVRO Dealer
Starter Kit free of charge by writing on
company letterhead, or by enclosing a
business card with your request. Address
your inquiries to: TVRO STARTER KIT,
Po. Box 100858, Fort Lauderdale , FL
33310. That kit not available to individuals
not involved in some form of electronics
sales and service.

feared by the FCC is unlikely ever
to occur, especially given present
power levels.

When it was initially decided
that satellite transmitters could
share the C-band with the ter
restrial transmitters , a nervous ter
restrial-microwave industry reluc
tantly accepted the FCC decision
that permitted satellites to trans
mit with five watts of power. They
would have preferred to see much
lower power levels: 0.5 watts, for
example. But the satell ite industry
gradually got maximum power lev
els increased. And that allowed an
tennas to become smaller.

Power levels increased over time
to the point that RCA got approval
for an 8.5-watt transmitter in 1980.
Hughes then followed with a nine
watt transmitter, and recently
some ten-watt transmitters have
been approved . But even the latter
are a far cry from the 100,200, and
250 watt-transmitters that will be
allowed on the Ku-band.

As we've mentioned in the past ,
the Ku-band is the next higher in
ternationally-recognized range of
frequencies for satellite transmis
sion . There is still a lack of agree
ment as to exactly which frequen
cies will actually compose the Ku
band , but for the immediate future
the most likely seems to be the
10.95- to 11.70-GHz band. Some
time in the future (perh aps as
much as ten years), the 12.2 to 12.7
GHz band may also become im
portant to DBS. But more on th at
in a moment.

The lowdown on Ku
The Ku-band , unlike the C

band, does not compete with the
telephone companies. The Ku
portion of the electromagnetic



SATELLITE TV/

The First
Five Years!

watt satellite tran smitters has
placed Ku-band DBS on indefinite
hol d. However, that is not stop
ping advanced -system planners
from trying an end -run.

The officials who determ ined, in
1979, that DBS would require 250
watt transmitters based their
thi nking on receiving systems of a
performance level that has since
bee n surpassed . Sate llite rece iv
ing systems have a pe rfo rmance
criterion known as noise tem 
perature; a low noise-temperature

Payment: $60 US funds (Anthology +Bonus) , $15 US funds
CSD Oct. ONLY; payable "CSD ANTHOLOGY."
Shipping charges prepaid. Enter order to: CSD Anthology,
Radio-Electronics Magazine , 200 Park Av. S., New York, NY
10003; or call 305-771-0505 for credit card orders ONLY.

_ _ SEND CSD ANTHOLOGY/2 Vols.+CSD Bonus.
__ SEND CSD October '84 Special Issue ONLY.

NAME COMPANY _

ADDRESS _

CITY STATE__ ZIP _

THE MOST COMPLETE report on the mushrooming
home T VRO' industry ever compiled , written as only the
'father of TVRO' could have prepared. More than 1000
page s (I) tracing the complete story of home TVRO,
lavishly illustrated with equipment photos, schematic
diagrams, equipment analysis reports. Bob Cooper,
the first private individual to own and operate a(TVRO
(1976) has collected and polished hundreds of indi
vidual reports into a unique 'collector's edition ' which
clearly explains the TVRO phenominon in North Amer
ica. From Coop's first 20 foot 'monster' dish to the
present day 5 foot 'C-band' TVROs, the fascinating
growth of TVRO equipment and its legal status unfolds
for you.

THIS TWO VOLUME SET totaling more than 1,000 pages is available for the first time
to readers of Rad io-Electronics at special discount pricing. Orig inally sold at $100
per two-volume set, a limited supply is now available ONLY through this advertise
ment. PLUS, you will also receive a special extraordinary bonus; the 200 page ( + )
October 1984 edition of CSD/Coop's Satell ite Digest. This very special edition of
CSD is a best-seller in the TVRO industry, with the most comprehensive collection of
TVRO facts and figures ever compiled . Combined with the 1,000 page 'CSD
ANTHOLOGY' report , you have instant reference to everything you will ever need to
know about the state of the home TVRO industry. It is MUST reading for every person
in, or thinking about 'getting into,' any segment of the home TVRO world.

--------------------------------

DBS, as envis ioned in 1979, was
to be a mu lt ip le-c hannel service
bu il t w ith 250-watt trans mitters
and one- to three-foot receiving
ante nnas . Sma ll anten nas, of
cou rse, cost less, require less
space, are easier to install, and are
not as unsightly as big antennas.

Un fo rtunately, reliab le 250-watt
Ku-band t ransmitters have yet to
be o pe rated in space; t hey are
something of a curiosity, even in
th e labo rato ry. So, in a very real
sense, th e unavai labi Iity of 250-

spect rum does have user s, bu t
the y are not nearly as important
nor as org ani ze d-as th e tele
phon e companies. And , with a few
min or except io ns, th at is tru e
wo rld-wide .

C-ba nd grew as a d i re ct -to
hom e and direct- to-cabl e service
qu it e by accid en t. Government
regul ators did not sit down in 1965
(or even in 1975) and reason out
t he probabi l it y that sate l l ite TV
wo uld becom e a robu st, rapidly
growing industry. Offi cials simply .
believed th e tales to ld by Intelsat
and te le p ho ne -co mpa ny en gi
neers. For examp le, it was claimed
that an antenna wi th a diameter of
at least 30 feet would be necessary
to receive th ose weak f ive-watt sat
ell ite signals on earth. But th e reg
ulators did come up w it h a new
pl an in t he 1970's : a D irect -t o
Hom e sate ll ite serv ice th ey called
OBS.

To make th ei r DBS pl an co n
crete, t he FCC had to o rganize
aro un d o ne spec if ic f re q ue ncy
band . After some searchi ng, and
some intern at ional negoti ati on ,
they sett led on the Ku-band; more
spec ifically, th e 12.2- to 12.7-GHz
port ion of it. In a meeting held in
Gen eva , Switzer land, in 1979,
more th an 150 nations agreed th at
th at band would be used fo r DBS
wo rldwide. That was an impo rtant
de ci sion , b ecau se now seve ra l
th ings could begin happ ening.
• Sate ll ite designers and builders
lik e Hu ghe s, RCA, and Spar cou ld
begin designing and testin g real
systems.
• Recep ti on -syst em d esign ers
co uld also begin designin g and
testin g real syste ms.
• In co unt ries w he re DBS wo uld
be part ially or totally funded by
gove r n m e n t ag e nc ies, fund s
co uld be plann ed fo r and po licies
estab lished .
• In co unt ries w he re system costs
wo uld be bo rn e by private invest
m en t , corpo ra t io ns co u Id be
forme d, bu siness pl ans create d,
and th e search for fund in g begun .

Act iv it ies like those have been
go ing fo r more th an six years now,
but we have seen few co nc rete re
sults. For all practi cal purposes, six
years afte r DBS was approved, we
st ill have no real DBS systems any
wh ere. And th e reasons for th at
are mostly techn ological.
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Kepro Circuit System s, Inc.

KeproClad Is the qulck , easyand lnexpen 
stveapproach to home production of
quality printed circuit boards . Minimum
investment required. , J:~ ' :' '' -. »

Complete package. ,'~

KeproClad comes ==,
packaged-pre·sensl· .
t lzed negative act ing ~ ,
dry film photoresist. I ':;;;;.:;; .1
Extremely rugged
yet holds fine lines.
Available In two sizeswith one or two
sided copper fo il. Developer included.
For your local distributor write or call :
1·800·325·3878 )·314-343-1630 (in Missouri)

catch to all of that: Cana reliable
125-watt transmitter be built?

The answe r to that qu estion is
un kn own . Th e 100-watt sate llite
transmitters launched into space
so far have failed at a bri sk rate .
The most recent of th ose fai lures
was a Japanese uni t put into ser
vice early in 1985; two of its th ree
100-watt transmi tters quit w it h in
months of turn-on . At best, th e re
sults thus far have not been en
couragin g, eve n at the 100-watt
power level .

The good news is that RCA has
recent ly launched a pai r of satel
lites; each has 16 on -board tran
sponder s and each of tho se
tran sponders is capab le of outputs
of 45 watts . RCA seems confident,
and Hu ghes and ot her com
peti tors agre e, that the misfor
tunes of the 100-watt units are not
likely to be experienced at the 45
watt level.

We'll have to waitti II next month
to see what all of that portends for
the rapidly chan gin g TVRO indus
try and those that use TVRO in
stallat ions. R-E
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smal ler receivin g ante nnas on
earth, lower transmitter powers in
space, o r some co mbinat io n of the
two. By using a 3000K rece iver, fo r
exa rnp le. . redu cin g tran smitter
power from 250 to 100 or 125 watts
w i l l give the same reception as
w it h an 8000K rece iver (assuming
th e size of th e d ish remains th e
same). That suggests that we could
have DBS today by using 125-watt
t ransmitters, and th e small anten
nas those pap er plann er s envi
sio ned back in 1979. But th ere is a
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FROM THE WORLD LEADER IFLUK =1
IN DIGITAL MULTIMETERS ®

Sales, Service, Rental/Leasing Programs ,..-;
. . . and Pre-Owned Test Equipment also Available-

•un

Introducipg
the analog/digital

handheld
multimeter.

is m o re des irab le th an a hi gh
no ise-tem peratu re. In1979, a pr ac
ti cal rece ive r noi se-temperature
was in the vici nity of 800oK . But
ti mes have chang ed, and noi se
temperatures in the 2000K to 3000K

range are now po ssi b le . What
does t he availabil ity of low-no ise
temperature receivers mean?

The mo st obv io us and impor
tant co nsequence of th e for egoing
is th at lower receiver noi se-tern
per atures allow yo u t o ge t th e
same level of performan ce with
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salesman! We'll also have the last part of the two-part article on
using your computer to help design loudspeaker enclosures, .
begun this month, and we'll be starting a three-part article on a hi
res graphics adapter for yourApple II.

ComputerDlg est is published monthly as an insert in Radio-Electronics magazine by Gernsbac k Publications.
Inc., 200 Park Avenue South, New York, NY 10003. Second-C lass Postage Paid at New York, N.Y. and additional
mailing offices . Copyright 1::1985 Gernsbac k Publications , Inc. All rights reserved. Printed in U.SA

Astamped self-addressed envelope must accompa ny all submitted manuscripts and/or artwork or photographs if
their return is desired should they be rejected . We disclaim any responsibility for the loss or damage of
manuscripts and/or artwork or photographs while in our possess ion or otherwise .

ADVERTISING SALES 212-777-6400
Larry Steckler
Publisher

EAST/SOUTHEAST
Stanley Levitan
Radio-Electronics
200 Park Ave. South
New York, NY 10003
212-777-6400

MIDWESTlTexas/Arkansas/Okla.
Ralph Bergen
Radio-Electronics
540 Frontage Road-Suite 325
Northfield, Illinois 60093
312-446-1444

PACIFIC COAST
Mountain States
Marvin Green
Radio-Electronics
15335 Morrison St., Suite 227,
Sherman Oaks, CA 91403
818-986-2001

2 ComputerDigest - JANUARY 1986



LETTERS
Warning!

The October, 1985 issue had an
article by Elliott S. Kanter entitled
"Saving Your Delicate Electronic
Equipment." I was compelled to
write to you at once. General
Electric says, 'Varistors initially fai l
in a short-circuit mode when
subjected to surges beyond their
peak current/energy ratings... When
the device fai ls in the shorted
mode, mechanical rupture of the
package accompanied by
expulsion of package materials in
solid and gaseous form can occur.
The potential hazard can be
minimized by fusing the varistor to
limit high fault currents, or by
locating the varistor in a shielded
containerand away from other
components"- S. R. B. Ft. Geo.
Meade, MD.

Thank you for bringing this to
our attention.

No Sale
I don't know anything at all

about computers, but l'rn willing
to learn. If you wi ll provide me
with a decent computer system,
I'll write an article about how I
learned to compute. How much
would you pay for such an article.
Would you be interested? J. P.,
Kansas Ci~ KS.

No.

Timex
Timex/Sinclair 1000's used to be

everywhere and now I can't find a
thing on them. How about
periphera ls? Did they just
disappear?-G. S., Cheektowaga,
NY.

I'm afraid they'vegone the way
of the Reo, the Cord, and the
Studebaker. But it wasagood
computer, low enough in cost so
thatyou didn't mind

experimenting with it. Likeyou, I
wish that somebody would bring
it (or one like it) back again!

555 Timer
Can you provide some

additional information on the 555
timer? It seemsto keep cropping
up everywhere and I'd like to learn
-more about it. R. D., Waco, TX.

See page8 of this issue!

More Space!
I've noticed in recent issues that

ComputerDigest is not as large as
it used to be. I'd like to know if
there's anything I might do to help
get it expanded again? R. W,
Cincinatti, OH.

Hey! Now that's agood idea.
Why don't you write a letter to our
publisherand tell him you miss
those extra pages. .....~

COMPUTER PRODUCTS
For more details use the free information card inside the back cover

TAPE-DRIVE OPTION, isa 10-mega
byte tape cartridge drive, designed for
the CompuPro 10Plus multi-user mi
crocomputer system.

Built directly into the CompuPro 10
Plus enclosure, the tape drive replaces
one of the floppy-diskdrives and has
a "start/stop" feature thatallows users
to backup selected files. The opt ion is
also avai lable asan upgrade for users
with already installed CompuPro 10
and CompuPro 10Plus systems.

The tape-drive option can be or
dered simultaneouslywith a

CIRCLE 110M FREE IMFORMATIOM CARD

CompuPro 10Plus and is priced at
$825. As an upgrade, the tape drive
has a list price of $1095.00.-Viasyn
Corporation, 450 Newport Center
Drive, Suite 200, Newport Beach, CA
92660.

PERSONAL COMPUTER, the Tandy
model 1200 HO, is functionally identi
cal to the IBM model Pc/XT, using the
same software and opt ion cards. It is
designed for business customers who
require much higher speed, more de
tailed graphics, more memory, and
more diskcapacity than is possible
with the model PClXI

Standard features of the model 1200
HOcomputer parallel those of the
model PC/X.Tby providing a single
360K full height, double-sided, dou
ble-density5% inch floppy disk drive
and a 10-MB hard disk drive housed in
the desktop unit. The 84-key detacha
ble keyboard w ith tilt legs has the
same layout as in the model PCIXT,

CIRCLE 12 OM FREE IMFORMATIOM CARD

with improved placement of the keys
and othervaluable features. The model
1200 HO is priced at $2999.00.
Tandy Corporation/Radio Shack,
1800 Tandy Center, Fort Worth, TX
76102......CD~
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SOFTWARE
REVIEW

TYPERITE-- $49. 00

Nowyou can9l?t rid ofyour typewriter!

IIVVhen the new girl came into the office, she looked
balefullyat the computer terminal. "I don't know how
to work a computer," she said hesitatingly. "Don't worry
about it," we assured her. "This one is different." By
lunchtime, she didn 't want to leave her new-found love
even to go out for a cup of coffee. Why? Because the
!YPERITEsoftware from Selfwaremakes your computer
so likea memory typewrite; that even the most-raw
beginner will interface with a computer with no trouble
at all!And once you've developed a facilitywith it,
which might take all of fifteen minutes or so, you'll be
looking around to find a place for your typewriter. You
aren't going to be needing it anymore.

What makes this software so appealing is the graphic
di splay that is presented to the operator. Along the
bottom of your CRT screen, you get representation of
the top of a typewriter. It's actually what a typist sees
when using an ordinary non-computerized typewriter.
The result is a warm, comfortable feeling of security
that takes awaysome of the stigma attached to learning
something radically new What's more, this
representation is indeed functional as well. It's not just
fancygraphics put up there as a part of the display.

While this system may have originally been designed
to facilitate routine typing work on the computet we've
found that it also makes an excellent bridge for people
who have been trained on typewritersand are now
faced w ith the problem of learning to operate a
computer. However, itsvalue extends faraboveand
beyond that.

But let's get down to the nitty-gritty. With Typ erite
youcan easily address envelopes and fill out forms
using your computer. The new computer user
experiences immediate and positive results. And you
can actually type a letterand spend your brain time
thinking about what you want to say instead of
worryingabout complicated computer commands and
involved word processing.

4 ComputerDigest - JANUARY 1986

Hard to use? Not at all. Put the disk in your disk
drive, type the letters TR and hit the carriage return. Just
follow the easy-to-understand instructions on the
screen. You actually seea representation of a typewriter
carriage on the screen and canquickly and easily set
tabs, margins, underline, and centertext. It works with
all printers and with no special installation procedures

Typerite has two operational modes, standard and
document. In both modes, you type a single line,
reviewand/or change the line, and when you are
satisfied, hit return and the line gets printed. The
difference between the two modes is that in
document, the software saves what you write.

With Typerite you can quickly and easi ly fill out
forms. Simply type the necessary information in just as
you would have withe typewriter. Using document,
you can setup a template for your form. The template
is simply a document thatyou create with "stop marks"
at the places whereyou want to add information to the
form. When you print out, the system stops at each
stop mark and waits for you to type what is to be
printed on the form. Once you set it up, you can use
the templateagain and again.

Some of Typerite's features include: (in the standard
mode) Save seven different margin and tab settings, set
margins, setand cleara tab, clear all tabs, margin
release, bell ring before end of margin, set tab every
five spaces. It provides backspace/delete, cursor
movement within a line, switch between insert and
overtype, centerbetween margins, single or double
spacing, underlining and page eject.

In the Document Mode, you have all standard
typerite features and can create forms templates, save
documents as file, stop marks to allow dataentry
during printing, print a document line-by-line while
creating or turn print off, save initial margins and tabs,
save underlines or page ejects. You canchange saved
margins and tabs, delete or add underlines, page
ejects and stop marks, print or not while revising, store
with same name or new name, stop at stop marks to .
allow typing during printing, abort printing at anytime,
or abandon revisions.

There's a lot more that space won't allow for. For
more information, contact Selfware, 3545 Chain Bridge
Road, Fairfax, VA 22Q30.~(J)~



DISK
DRIVES
A harddisk. ..And all that memory!

Marc Stern
- Every computer hobbyist faces a timewhen his
needs outgrow his mass storage system. That's when
the cassette recordergives way to the floppy diskand
the floppy to the hard or fixed disk. Each new storage
medium offers the user a leap in speed and capability.

For example, the typical cassette holds about 500K
of information sequentially, but, its data transfer rate is a
slow 1200 to 2400 bits per second. A user becomes
tired of this slowdown and the lack of random access.
He mustgo through file after file to find the one he
wants on the tape.

The nextstep is the floppy disk and, although some
forms have less capacity-WOK-they make up for it in
speed and random access. Programs that took minutes
to load and run with the cassette take only seconds to
a minute or two to load and run. Instead of searching
througha tape, looking for information, the floppy disk's
read-write head sweeps across the surface of the
diskette and finds the data in seconds.

Hard disks revealed
Also known as a fixed disk, the hard disk's attraction

is its information density. A couple of years ago, the
standard hard disk in the microcomputer world was
the 5-megabyte unit. Today, the minimum diskdensity
is10 megabytes, with 20-megabyte units available.

When you compare the capacities of floppies and
hard disks, you can see the hard diskwins. Today's
doub le-sided, double-density floppy disk holds about
360,000bytes of data, whi le the harddisk holds 10
million bytes. This means it would take 28 or more
floppy disks to hold the same amount of information.
The access time-the amount of time it takes to find a
specific sectorof information on a harddisk- is on the
order of 35 to 85 microseconds, while a floppy's time
can run in the 20 to 40 millisecond range. Itsa quantum
Jump in information retrieval speed.

There are high-density floppy disks on the market,
capable of holding 1.25 megabytes of data, but, they
are expensive-some running as muchas $850 to
$100O---and they still don't hold the sheer bulk of
which a fixed diskis capable.

These points make the hard disk much more
attractive as a mass storage device. Hard disks aren't
portable-there are some cartridge hard diskmodels
which allow you to change disks, but their reliabi lity is
still in question-and you must backup the harddisk
for insurance, which can takeas many as 30 floppy
disks and can take the better part of a day. But most
small-computer users feel the speed and information

density advantages outweigh the latter aspects.
Let's look more closely at a typical hard disk for a

better understanding of this technology. If you look
closelyat Fig. 1, you'll see the typical 5.25-inch hard
disk drive-now the standard size in the
microcomputer world-eontaihsone or more platters
or rigid disks, each of which has its own read-write
head.

Most disks today are constructed on an aluminum
base, whose surface is covered w ith a paste containing
gamma-ferric oxide particles. This layer is cured and
polished and thencovered with a Teflon-based
lubricant. The entire layer is then burnished smooth.
The platters are enclosed in a sealed box which also
includes air filtering to keep the surfaces free of
contaminantswhich could cause a headcrash and
damage the disk.

Thin-film plated disks also use an aluminum
substrate. However, rather than being coated with the
oxide paste during construction, theyare dipped in a
seriesof plating solutions and the platter is coated with
thin filmsof metallic material. The top layer, wherethe
data storage and transactions take place, isa cobalt
alloy, which can be as thin as three microinches.

A thin-film sputtered disk takes the aluminum platter
through another process. The aluminum platter is
coated with a nickel phosphorus layer, which is then
polished. Then, using the sputtering processing-a
continuous vacuum deposition process-magnetic
layers are laid down on the disk. In thisway, layers as
thin as two microinches can be deposited.

The importance of the type of material on the platter
can hardly be understated because it relates to the
information density of which the harddisk is capable.

As the platter's coating becomes thinner, the disk is
capable of greater information density for a given
diameter. Therefore, the thin-film plated and sputtered
disks are capable of greater information densities than
the oxide-coated disk.

This advantage extends to anotherarea which also
affects disk information density, the read-write head.
Unlike floppy diskread-write heads which literally

FIG. 1-TYPICAL HARD DISK DRIVE contains one or more
rigid disks made of aluminum substrate coated with a mag
netic material.
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touch the surface of a disk, the read-write heads of a
fixed disk fly above the surface on a layer of air. The
closer the head skimsalong the surface the greater the
information packing capability The ability to fly near
the surface of the plate is directly affected by the
smoothness of the surface.

If you were to look at the oxide-coated surface of a
traditional hard disk, it would look smooth. However, a
microscopic examination of it would reveal that it is
filled w ith peaks and valleys. (See Fig. 2) The same is
true for a plated hard disk. .

The read-writehead must run as muchas 8
microinches off the surface of this type of disk to
prevent the head from coming into contactw ith those
peaks.

By contrast, the sputtered diskis so smooth that the
head can fly as little as two microinches off the surface,
which means its data density can be greater. Thus, it's
possible to achievedata densities of up to 20
megabytes on 5.25-inch hard disks.

Head examined
Another critical factor in hard disks is the read-write

head itself.
Typically, the read-write head is like that found in a

cassette recorder, it is a ferrite unit. The nature of this
headeffectively constrains the information transfer
speed and density of which the fixed disk is capable.
A more recent development in read-write heads, the
thin-film electromagnetic head, allows the fixed disk to
read information morequickly and in greater density
than the conventional ferrite read-write.

The head's construction alsoaffects its speed
capability and long-range reliability Look at Fig. 3 and
you can see the numberof pieces which make up the
fixed disk's so-called Winchester arm. It carries the
read-write head. From its construction-side rails, load
beam and slider-you can see how complicated the
mechanism is. Thiscontributes to its aerodynamic
inefficiency and affects the speed at which it can fly
across the disksurface. The number of moving parts
also makes this mechanism more prone to wear.

A newer developrnent-i-the Whitney arm-promises

HARD
DISK
PLATTER

FIG. 2-MICROSCOPIC VIEW of oxide-coated hard disk. Note
peaks and valleys in coating (not to scale).

6 ComputerDigest - JANUARY1986

FIG. 3-WINCHESTER ARM is complicated mechanically and
aerodynamically. It is less efficient than the Whitney arm.

higher speeds and consequently greater data packing
and transfer rates. More efficientaerodynamically (See
Fig. 4) it has several advantages over the mechanisms
used today.

Speed demon
This adds up to a capable unit which has another

innate advantage over just about any other form of
mass storage, high speed.

With a rotational speed of 3,600 revolutions per
minute, the hard disk drive has a tenfold advantage
overthe standard floppy disk's 300 to 360 rpm.

This means programs which normally take a minute
or two to load and run from a floppy disk will load in
seconds. Huge data files wi ll be stored in seconds.

SlOE
RAIL

SLIDER

LOAD
BEAM

FIG. 4-THE WHITNEY ARM is much more streamlined and
effic ient.



And data can be manipulated quickly.
With this type of speed,you needa precise read

write head positioning mechanism and there are
currently two types used, the open-loop stepper
motor and the rotary voice coil positioner.

The open-loop stepper motor isa mechanical
system which relies on the stepper motor for precise
head positioning. In action, the open-loop stepper
motor works with the commands issued by the hard
disk controller circuitry. When a program makes a
request for data -the circuitry issues a command to the
head positioning system which instructs the motor to
movethe head to a certain track on the disk. As it
beginsto move, the stepper motor clicks off the
number of tracks until it reaches the required spot.

The chief drawback of this method iswear over the
long term. The mechanical partswear and exact head
positioning becomes more difficult and data access
times become longer.

The voice coil system relieson closed- loop
positional feedback for head positioning. In action, the
system works in conjunction with information
contained either in a special buffer area on the hard
disk or in each track to locate a particulartrack and
sector This information tells the head-positioning
circuitry its location in relation to the specific spot the
system is seeking and the head uses this information as
it moves to the spot. Since it has fewer moving parts
than the stepper motor system, it is more reliable than
the conventional stepper motor. Its chief drawback is in
increased cost.

Read the specifications
With all the foregoing information, there are still

several other itemsto think about, especially if you're in
the market for a hard disk. The first is average access
time and the second is latency. The first is actually a
function of the second.

Average access time refers to the amount of time it
takes for the read-write head to move from one piece
of data on a hard disk to another. It is a function of the
latency or rotational delayof the high-speed hard disk.

SECTOR

SECTOR

FIG. 5-TRACKS ON HARD DISK are laid out concentrically.
Track 0 is used for positional and other data.

Average access time also varies from hard disk to hard
disk and w ith the type of head positioning
arrangement used.

Another specification which can proveconfusing is
the data transfer rate. It is the speed at which data
moves from between the hard disk controller and the
drive. Most manufacturers quantify this in termsof bits
per second of data transfer and some hard disks can
have a transfer rate of up to 5 million bits per second.
To lessen confusion, you can compare this to the baud
rate of a serial communications device, although its
speed is manifestly higher.

Disk organization

The final piece of the hard disk puzzle is the
organization of the disk. To help put this into
perspective it is useful to picture the hard diskas a
phonograph record.

Each hard disk is divided into a series of tracks. (See
Fig. 5) A typical 10 megabyte hard disk has 305 tracks
for information, each of which contains 34,816 bytes of
information. Likethe grooves in a phonograph record,
the tracks are laid out concentrically on the disk's
surface, with each track concentric to the one inside it.
Unlike a record, the tracks are separate, while the
grooves are actual ly interconnected.

Each track on the disksurface is divided into
specific sectors. An index sensor indicates the start of
each track.

Inaction, the hard disk controller head looks firstat
Track O--at the outside of the disk-rough positional
information and then hunts for the specific track on the
disk containing the information which has been
requested. When it arrives at the right track, it hunts for
the sectorcontaining the header data for that particular
file. The header is the identification mark for the file.
The head then reads that identification mark,
determineswhere the rest of the information is stored
and movesalong from sector to sector assembling it.
When it has finished, it's ready to use.

The S.2S-inch standard
When hard disks were first introduced more than a

decade ago, they were huge, routinely 14 inches in
diameter. They didn 't maketheir appearance in the
microcomputer world until about fouryears agowhen
the first 5.25-inch hard disks were sold. These early
disks were only 5 megabyte affa irs and it looked for a
time as if these would become the standard of the
microcomputer world. But, times quickly changed.

Within a year or so, 10-megabyte 5.25-inch hard disk
drives began to appear and w ithin anotheryear, these
units became the standard as the lower densitydisks
began to disappearfrom the scene.

About the only thingwhich was common to the two
units was their size. Both were 5.25-inch units, which is
still the mostcommon size for a hard disk unit.

Times are changing on this front, too, as 3.5-inch
drives make their appearance. Further, even the
standard sized drive is changing as it is becoming
thinnerand half-height drives, capable of 10 and 20
megabytes of data storage are appearing......<D~
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555 DESIGN PROGRAM
Use your computer to shortcut those tedious 555 oscillator design problems.

Jeff Holtzman
-Some design chores in the electronics lab are quite
repetitive, and after the 1000th time we think, "there
mustbe a better way!" Well, if you have a personal
computer in your lab, here's a little program that will
reduce the tedium of one such chore: Designing 555
monostable and astable oscillator circuits. It's fast,
allowing you to make several "runs" quickly, soyou can
see the effect different component values wil l have on
circuit operation.

Our program w ill help you determine resistor and
capacitor values for the standard circuits shown in Fig.
1a and 1b. The program has been written in
MBASIC-80, and it should run as-is on just about any
personal computer. Wealso include several suggestions
for improving the program, if you have a taste for such
experimenting.

What the program does
When you run the program it asks you to choose

between Astable and Monostablecircuits (or you may
justExit). If you chooseAstable, the program then asks
you the frequencyyou wi ll be working w ith. Next,
you're presented with a menu (lines 220-320) allowing
you to choosewhich parameteryou want to work with.
Choices1 and 2 calculatevalues for R2 and C\
respectively, assuminga valueof 1K for R1 , and a value
entered by you for the third component-C1 and R2,
respectively. We chosea default value for R1 of 1000
ohms, but if that doesn't suit your fancy, feel free to
change it.

Choice 3 alsocalculates a value for C1, but here no
assumption is made regard ing the valueof R1:You must
enter the values for both resistors. Choice 4 allows you
to calculatethe frequency thatwill be obtained; and

with that choice, you enterthe value for all three
components. That allows you to try values for
componentsyou can actually buy-which probably
won 't be the same as the ones calculated above-to
seewhat frequency w ill result.

For example, supposeyou need a 1 kHz oscillator.
Supposefurther that you happen to have a junk box
full of .01 disks thatyou want to use. Well, run the
program, enter "1000" at the "Frequency?" prompt,
choose the first item,and enter ".01" at the next
prompt. The program w ill tell you thatyou need a
resistor of 71,500 ohms for R2. The closest standard
value is 72,000 ohms, so choose item 4. Entering values
of .01, 1000, and 72,000 yields a frequency of about
993 Hz-pretty darn close! In fact that's an errorof
7/1000, or :007%. Not bad. Of course, that's only a
calculated value; chances are the components you use
won't have exactly their nominal values. For more
accuracy you could use a 47K resistor in serieswith a
50Ktrimmer, and ed iustthe 555's output with a
frequency counter.

The monostable circuit works on a similar basis, but
is even simpler, since there are only three variables to
take account of: The duration of the triggerpulse, and
the values of R1 and C1. The menu (shown in lines
580-710) has three choices. Each asks for two values
and then calculates the third. For example, assume you
need a pulse one second wide,'and that you want to
use a 1 Jl.F capacitor. You want to find the appropriate
resistor to use, so choose two from the menu. You
should get ananswer of 909091 ohms. The closest
standard value is 1 Megohm, so to find the time those
components wo uld give, choose one from the menu,
enterthe values for C1 and R1, and you should get an

+ 5V + 5V

C2
.1

PULSE
r'-- --{) OUTPUT

R1

6 THR OUT 3

TRIGGER 2 TRG BYPASS 5
INPUT

Vss
C1 1C2

.1

r'----O ASTABLE
OUTPUT

6 TH R ICI OUT 3
555

2 TRG BYPASS 5

Vss
1

Rl

R2

CI

a

FIG.1a-The value of Rl , R2 and C1dete rm ine th e frequency of oscIlla 
tion of th is circu it , and the program simplifies calcu lat ing the values of
those components.

b

FIG. 1b-A negative-going trigger wll cause the 555 to output a pulse
with a width determined by the values of R1 and C1. The program
simplifies calcu lating the values of those components.
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100 REM 555 ti••r calculation.
for RE .ag. Jkh 3 Augu.t
1985

110 FOR 1=1 TO 24:PRINT:NEXT I
120 PRINT "5~~ T1••r

Calculation. Jkh 3
Augu.t 1985"

130 PRINT:PRINT:PRINT:PRINT:
140 INPUT

"Aatabl./Mono.table/Exit
(A/K/E)? ", IN.

150 IF INS."E" OR INS· ..." OR
IN.· .... THEN END

160 IF IN.. "K" OR INS:"." THEN
GOTO 580

170 IF IN....A.. OR IN$="a" THEN
GOTO 190

180 GOTO 140
190 REM do aatabl. calculation.
200 PRINT
210 INPUT "Fr.quency? ",F
220 PRINT
230 PRINT "0. END"
240 PRINT "1. FIND R2, GIVEN

R1 : 1000, C1 : USER ENTRY"
2~0 PRINT "2. FIND C1, GIVEN

R1 • 1000, R2 - USER ENTRY"
260 PRINT "3. FIND C1, GIVEN

R1 • USER ENTRY, R2 - USER
ENTRY"

270 PRINT "4. FIND F, GIVEN
C1, R1, R2 USER ENTRIES"

280 PRINT
290 INPUT" CHOOSE: ",IN
300 PRINT
310 IF IN-O THEN GOTO 140 ELSE

ON IN GOSUB 330, 390, 450,
510

320 GOTO 220
330 REM FIND R2 GIVEN R1·1K, C1

ENTERED
340 R1 • 1000
3~0 INPUT "C1 • ",C1
360 R2-(1.44/(F-C1/1E+06)-R1)/2 '
370 GOSUB 870
380 RETURN
390 REM FIND C1 GIVEN R1·1K, R2

ENTERED
400 R1.1000
410 INPUT "R2 • ",R2
420 C1·

1.44/(F-(R1+2-R2»-lE+06
430 GOSUB 870
440 RETURN
4~0 REK FIND C1 GIVEN R1, R2

ENTERED
460 INPUT "R1 • ",R1
470 INPUT "R2 • ",R2
480 C1·1.44/(F-(R1+2-R2»-lE+06

answerof 1.1 seconds.
In both the astable and monostable sections of the

program, enter resistor values in ohms and capacitor
values in microfarads. For example,100 pFwould be
entered .0001 . In the monostablesection, time would
be entered in seconds, although time is reported in
milliseconds. For example,you would enter one
millisecond as .001; the program would print it "1
msec."

Improvements
The program isvery useful as it is, but some

improvements could be made (they always can). First
of- all, in the astab le mode it's sometimes necessary to

490 GOSUB 870
500 RETURN
~10 REM FIND F GIVEN C1, R1, R2

ENTERED
~20 INPUT "C1 ",C1
~30 INPUT "R1 • ",R1
~40 INPUT "R2 • " ,R2
~~O PRINT
~60 PRINT "NEW FREQUENCY WOULD

BE:":
1.44/(C1-.000001-(R1+2-R2»:"Hz"

~70 RETURN
580 REM do .onoatabl.

calculation.
590 PRINT
600 PRINT "0. END"
610 PRINT "1. FIND T, GIVEN R

AND C"
620 PRINT "2. FIND R, GIVEN T

AND C"
630 PRINT "3. FIND C, GIVEN R

AND T"
640 PRINT
650 INPUT" CHOOSE: ",IN
660 PRINT
670 IF IN.O THEN GOTO 140 ELSE

ON IN GOSUB 720, 770, 820
680 PRINT
690 PRINT

"C-";Cl;"uF";TAB(15);"Rz";R
1;··oh••··;TAB(30);··T=··;T·l000;··.sec"

700 PRINT
710 GOTO 580
720 REK FIND T, GIVEN RAND C
730 INPUT "R : ",R1
740 INPUT "c • ",C1
7~0 T.1.1-R1-C1-.000001
760 RETURN
770 REK FIND R, GIVEN T AND C
780 INPUT "T • ",T
790 INPUT "c - ",C1
800 R1.T/1.1-C1-1E+06
810 RETURN
820 REM FIND C, GIVEN RAND T
830 INPUT "R • ",R1
840 INPUT "T - ",T
850 C·T/1.1-R1-.000001
860 RETURN
870 REM PRINT ASTABLE VARIABLES
880 PRINT
890 PRINT

"Fs":F;"Hz";TAB(l~);"Cl=";C

1:"uF":TAB(30):
900 PRINT

··R1·": R1: ..oh.... : TAB(45) : ·'R2
• .. ;R2; ..oh....

910 PRINT
920 RETURN
930 END

know the duty Cycle a combination of components
w ill give. Doing the calculation is easy; the formulaeare
available in standard databooks.

A somewhat more complex improvement would be
to have the program suggest only standard values for
the resistors. One way to do that would be to create
an array and fill it from DATA statements containing
scaled standard values (1.0, 1.1, 1.2, . . . 9.1). Then after
calculating a resistor's value, it wo uld be scaled down
to a numberbetween one and ten, and the array
would be searched for the closest match. That value
would then be scaled up by the same amount the
original value was scaled down. That's all there is to
it!....CD~
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COMPUTER-AIDED
DESIGN OF
LOUDSPEAKER
ENCLOSURES
PART I

Here's how to let your computer predict
an enclosure's performance.
Michael Raleigh and Robert Raleigh

-The most-complex system is the ducted port
enclosure. The other systems can be thought of as
simplifications of this type. Figure 1 showsa cross
section of a dynamic loudspeaker mounted in a
ducted port enclosure. When driven at low
frequencies, the behaviour of this system is simpler
than it is at higher frequencies. The cone moves as a
single, rigid mass. A ll the air inside the duct moves in

ENCLOSURE

OUCT

CONE

MAGNET
STRUCTURE

FRAME
STRUT

FIG. 1-CROSS SECTION of a dynamic woofer mounted in a
ducted port enclosure.
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ENCLOSU RE
SPRING

\-
MOUNTI NG
SPRING

FIG 2.-MECHANICAL SYSTEM, equivalent at low frequen
cies, to the speaker shown in Fig. 1. Cone mass and the mass
of air are assumed to move only in one direction, indicated by
arrows. Coil applies osci llatory force to cone in this direction.
Dampers are sources of mechanical resistance . One end of
each damper and mounting spring has a fixed point of attach-
ment. .

unison, acting as another single mass. The volume of air
with in the enclosure acts likea spring, coupling the
cone mass to the mass of air in the duct. The front of

. both the cone and the air in the duct experience a
frictional drag due to the acoustic power they radiate.
This effect is called the radiation resistance, and is
frequency dependent. The program retainsonly the
first term in the Taylor expansion of the Bessel function
that gives this frequency dependence. A small
additional mass is added to the cone and the duct by
the effect of the outside air and, here too, we keep
only the first term of the Taylor expansion. Additional
springiness and resistance result from the cone
surround and the coil spider. More resistance is
sometimes included in such enclosures in the form of
fiberglass batting lining the box, across the port, or
behind the woofer.

When the sirnpliticationsdescribed are applicable, a
ducted port enclosure behaves much like the lumped
parameter mechanical device shown in Figure 2. For
this mechanical system comprised of masses, springs
and dampers there are two electrical circuits
composed of capacitors, inductorsand resistors which
exhibit analagous behaviour. They have the same
governing equations w ith a renaming of the quantities

(
RP) 2
RS :1

FIG. 3-ELECTRICAL CIRCUIT analagous to systems in Figs.
1 and 2. Corresponding parameters are: R1 = Coil resistance ,
C1= Mass of cone and co-movinq air, L1 = Compliance of cone
mountings, G2 = Mechanical resistance of cone mountings,
G3 = Radiation resistance of cone, L2 = Compliance of en
closure volume, RP = Port (duct) radius, RS = Speaker radius ,
C2 = Mass of air in duct and co-moving air, G4 = Mechanical
resistance, G5 = Radiation resistance of duct.



involved. In Figure 3, you seeone of those circuits
which is equivalent to Figure 2. The equivalent
quantities are as follows:

Voltage = Velocity
Current = Force

Capacitance = Mass
Inductance = Spring Compliance

Electrical Conductance = Mechanical Resistance
Each mass in Figure 2 has associated w ith it a

capacitor to ground in Figure 3 whose voltage is
numericallyequal to the velocity of the mass. The force
being applied to the mass equals the current flowing
into the capacitor. The sources of this current(force)
are the resistors (dampers) and inductors (springs)
attached to the capacitor (mass).

The computer program assumes that a 1-volt AC
source is attached across the coil. The program
establishes a set of differential equations(the node
equations) which describe the behaviour of the circuit
in Figure 3. The assumption of a steady-state response
causes these equations to take the form of a setof
simultaneous algebraic equations in termsof complex
variables. These are solved for a selection of
frequencies between 15and 250 Hz. Outputs from the
program include the acoustic intensity one meter from
the speaker (resulting from the vector sum of the
woofer and port amplitudes and given in watts per
square meter), and the currentdrawn at the speaker
terminals (which is the admittance since we assume a
one-volt input, given in mhos). The program asks only
for fundemental system parameters and does so using
prompts to guide the user. Quantities such as the
radiation resistances as a function of frequency are
calculated internally The program is listed and may be
checked by running the design example described.
The tabularoutp ut for this case is also given.

Parameter measurements
There are severa l of the woofer parameters which

must be determined experimentally These include
cone radius, DC coil resistance, the BI product for the
magnet-coil comb ination, the compl iance of the cone
mountings, the free resonance of the woofer and the
mechanical resistance of the cone mountings. Let's talk
about how to make these measurements and present
typical numbers from a design example using a 12-inch
woofer. We use MKS units exclusively

The effective cone radius may be measured from the
center line of the cone to the mid-point of the cone
surround. This numberwill be less than the nominal
radius of the woofer. In the design example, the
effective cone radius is .125 meters (4.92 inches).

The DC resistance of the coil may be measured with
a multimeter. For the design example, thiswas 5.3
ohms. (This number is not to be confused with the
nominal AC impedance of eight ohrns.)

The BI product is the product of the magnetic
induction (B) in the magnet gap, and the length of coil
wi re, (I) in the gap. B is measured in Teslas. The BI
product determines the force exerted on the cone for
a given coil current. This product is measured, as
shown in Figure 4, by placing the woofer face-up on a

RULE R

FIG. 4-ARRANGEMENT USED to measure the BI product
and the mounting compliance.

horizontal surface w ith a DC power supply and an
ammeter attached to the coil. A straightedge is laid
across the face of the woofer, and a light plastic ruler is
stood upright in the cone so that the vertical position
of the cone maybe measured. Determine the position
of the cone with no current in the coil, a known mass
(M) is then carefu lly placed in the cone and current (I)
necessary to.lift the cone and mass back to the
unloaded position is determined. The BI product is
then given as:

(
M) d (M)

C Nt = 9.81 x M (kg)

The design example needed .237 amps to lift a .305
Kilogram mass back to the unloaded position, implying
a BI of 12.6 (Tx M).

The compl iance is also measured while the woofer is
lying on its back w ith the stra ightedge and plastic ruler
in place. The power supply is disconnected. The
distance, d, which the mass causes the cone to
depress is determined from the difference in the
readings on the plastic ruler in both loaded and
unloaded conditions. The compliance is then given by:

9.81 x M (kg)
81(T x M) = ---'--=

I (A)

For the design example, the .305 kilogram mass
depressed the cone by .002 meters thereby implyinga
compliance of .000668 (Meters/Newton).

The free resonance and mechanical resistance of the
woofer are determined using the arrangement shown in
Figure 5. The bare woofer is suspended in a large room
away from any objects or walls. We measure the
current drawn and the voltage appl ied at various
frequencies. At each frequency, we divide the current
by the voltage to obtain the admittance. Note that if
the same multimeter is used for both current and

Fig. 5-HOW WOOFER ADMITTANCE was measured. Admit
tance is used as a diagnostic to determine several param
eters.
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We're sorry, but we've run out of space in this issue.
This article w ill be concluded next month.

EXPER IMENT

SIM ULATION

FIG. 6-MEASURED AND COMPUTER SIMULATED admit
tance of the woofer used as a design example in text. Curves
represent behaviour of bare, unenclosed woofer.

Computer experiments with various enclosures
Continuing with the design example previously

introduced, we use the measured parameters and
compute the response for thiswoofer in several
different enclosures. Figure 7 shows the response given
by an infinite baffle of .2 cubic meters . For this run, the
lack of a port is simulated by using a port radius of .001
meters and a port length of 1000 meters. As it happens,
this is a rather lightweightwoofer and does not
performwel l in a small closed box. The frequency
response begins to roll off above100 Hz.

voltage measurements, the low-frequency roll-off of
that instrument is cancelled in the division of one
quantity by the other. A graph of the admittance for our
design example is offered in Figure 6. The free
resonance is that frequency at which the minumum
admittance occurs. (33 Hz for the design example.)

Wedetermine the mechanical resistance by running
the computer program with various assumed
mechanical res istances until the computed admittance
versus frequency matches the experimental results(Fig.
6). In the program we approximate suspending the
barewoofer in a large room by assuming a very large
enclosure volume (1000 cubic meters) and port
dimensions(.001 meter radius, 1000 meter length) for
which the port has no effect at any frequencyof
interest. The design example shows a good match
between the computer result and the experimental
measurement for an assumed mechanical resistance of .
2.45 mechanical ohms.

20 25 30 40 50 60 70 80 90 100

FREQUENCY (Hz)

15

/,,-
r\ /7

\ }II
\ II1\

\ /
1/

\ /
\ /\

I'd

.01
10

.1
.09

.08

.07

.06

=> .05
UJ
c..>
z .04«
l-
I-
s
CJ

.03«

.025

.02

.015

10 DIM G(4 ,4 )
20 DIM C(4,4 )
3 9 DIM 8 (4,4 )
40 DIM A( 4 ,4)
S0 DIM T (4)
SS E=I
60 INPUT " COI L RESISTANCE ?"IRC
70 INPUT "MOUNTING COHPLIANCE?";MC
80 INPUT " SPEAKER RADI US?" IRS
99 INPUT - ENCL VO LUME? -;V
10 0 INP UT " BL PRODUCT?" IBL
110 INP UT " FREE RESONANCE?" IFO
120 INPUT " PORT RADIUS?" IRP
13 0 INPUT " PORT LENGTH? "; LP
134 INPUT "SPEA KER DAHPI NG?";SD
136 INPUT "PORT DAHP I NG? " I PD
140 Bl =I /MC
150 Cl =Bl /(39 .4784 18*FO*FO )
160 B2= 1 . 43E 6* RS* RS* RS* RS/ V
170 C2= (3.83*LP+5.69*RP)*RS*RS*RS*RS/(RP*RP)
180 B(I ,I )=- (BI+B2)
190 B( 1 ,3 )=B2
2ee 8 (2,2 ) =-(81+82 )
210 B( 2,4) =B2
220 B( 3 ,1) = B2
230 B(3 ,3 )= -B2
240 B(4,2) =B2
250 B(4,4 ) =-B2
260 C<l ,I) =CI
270 C(2,2)=Cl
280 C(3,3 ) =C2
290 C(4 ,4 ) =C2
300 I S=B L/RC
30S PRIN T* -2 ,TAB(S )" FREG.";TAB(28);"POWER"I TAB(48) "ADHIT ."
30 6 PRI NT* - 2
310 F= 10
320 FOR 2=1 TO 48
330 F= F+S
3 4 8 Ge~.219*F*F*RS*RS*RS*RS

3S0 GI=G0+B L*BL/RC+SD
360 G(I,2) =Gl
37 0 G( 2,1 ) = - GI
3 ; :i G2=G0 + PD
380 G( 3 , 4 )= G2
390 G(4 ,3)=- G2
400 FOR 1=1 TO 4
4 10 FOR J =1 TO 4
429 ACI ,J) =39 .4784* F* F*CCI,J)+6.2832*F* GC I , J )+ BCI,J )
430 NEXT J .
440 NEXT I
4S0 GOSUB 1010
46 0 A0=D
47 0 FOR 1= 1 TO 4
480 T<J)=A(I , I)
490 AU, 1)=0
S00 NEXT I
51 8 ACZ, 1) z - 6 . 28 32* F* I S
520 GOSUB 10 10
530 AI=D
S40 FOR 1=1 TO 4
S50 A( 1,1 ) =T< I )
S60 T< J)=AU , 2 )
sn A( 1 ,2)=0
S80 NEXT I
S90 A(2,2)=- A. 2832*F* IS
600 GOSUB 10 10
610 A2=D
620 FOR 1=1 TO 4
630 AU, 2)=T ( J)
640 T( I) =A(I ,3)
650 A(I,3)=0
66 0 NEXT I
67 0 A(2,3) =-6 .2832*F*IS
68 0 GOSUB 10 10
69 0 A3=D
700 FOR 1= 1 TO 4
71 0 AU,3) =T(J)
7?0 A(I,4)-0
730 NEXT I
740 A(2,4)=-6 .2832*F* IS
750 GOSUB 1010
760 VA=AI /A0
770 VB=A2/A0
780 VC--A3/A0
790 VO=- D/A0
792 IA- IS-VA*BL* BL/RC
794 IB=-VB*BL*BL/RC
796 IH=SGR(IA* IA+IB*IB) / BL
800 P=3 .49E-2*( F"2*RS"4)
8 10 PS-P*( (VA+VC) *(VA+VC ) + (VB+VD)*(VB+VD)
88 0 PRI NT*-2, TAB( S ) F ;T AB( 2 S ) PS ITAB( 4S ) I M
900 NEXT 2
910 END
10 10 0=0
1020 FOR I-I TO 4
1030 FOR J =I TO 4
1040 I F J-I THEN GOTO 1220 .
10 S0 FOR K-I TO 4
1060 IF K-I THEN GOTO 121 0
1070 I F K- J THEN GOTO 12 10
1080 FOR X- I TO 4
10 90 IF X- I THEN GOTO 1200
11 00 IF X=J THEN GOTO 1200
11 10 I F X- K THEN GOTO 1200
1190 D=D+E*A( I, I) *A( 2, J)*A( 3 , K) *A ( 4 , X )
1195 E= - E .
1200 NEXT X
1210 NEXT K
12 15 E= - E
12 20 NEXT J
1230 NEXT I
1240 RETURN
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ANTIQUE
RADIOS

Battery-powered antique radios
RICHARD D. FITCH

CONTRIBUTING EDITOR

MOST OF OUR PREVIOUS DISCUSSIONS

have concentrated on antique ra
dios from the 1930's. Alternating
current was available then , but it
wasn't completely standardized .
For example, power-line frequen
cies of 25,40 and 60 Hz (or CPS, as
we said at the time) were used , as
were assorted DC voltages. Those
inconsistencies did little to hold
down the prices of radios pro
duced then. And that problem
continued on into the 1940's.

Power-line standards were not
the only problems facing radio
owners and manufacturers . You
must remember that, back in the
1930's, not everyone enjoyed the
convenience of home wiring.
Thu s, there was still a great de
mand for battery-powered radios.
Of course batteries were not with
out their own set of problems.
They often had to be removed and
charged (or replaced!) weekly.

One attempted solution was the
so-called "battery-electric radio,"
a receiver that got its "B" (plate)
supply from the light socket, and
its "A" (filament) supply from bat
teries. However, batteries for the
A, B, (and , sometimes, C) supplies
were the main sources of power
until well past the mid 1920's. (I'll
discuss some of those early radios,
man y of which were built from
kits, or just schemat ics, in a future
column. ) As more areas became
wired , the old battery sets could
be used by purchasing an ABC
power supply.

Antiques of the month
Thi s was a bus y month , so we

have the three radios shown in Fig.
1 to talk about. All three are bat
tery-operated, broadcast-band re-

FIG.1

ceivers that got all of their power
from batteries . Both the West
inghouse (shown on the left) and
the Crosley (shown on the right)
are from the pre-electric-l ight
socket era, around 1925. The over
sized Silvertone (shown in the
center) received the standard
broadcast band and two short
wave bands that "put the world at
your fingertips," as the sales pitch
went. That later-model battery-op
erated Silvertone was marketed to
rural America where most of the
homes and farms were still not
wired. Radios like the Silvertone
were originally purchased via cata
logue.

The Crosley Model 51
The Crosley compares in size

although certainly not in weight
to a modern table radio . The
weight differential is due, of
course, to the cumbersome bat
teries. They were usually stored
beneath aspecially-builttable. The
battery leads plug into terminals
on the front panel. Antenna and
ground wires, and headphones ,
also plug into terminals on the
front panel.

The Crosley Model 51 was a re
generative receiver licensed for
manufacture under Armstrong 's

1914 patent. The circuit rarely re
generated into neighboring re
ceivers, since they were few and
far between. The Crosley's tube
compliment consisted of two
O1A's . Two WD11 tubes could be
used by changing the filament
voltage . The WD11 has a 1.1-volt
filament, and the O1A has a 5-volt
filament . Neither has a cathode
because the filament serves as the
cathode. It's interesting to note
the Crosley type "D" tuning capac
itor and the volume control (which
is wired in seri es with the fila
ments .) The 0-100 graduations on
the tuning dial were popular in
that era.

The Crosley Model 51was popu
lar in its day, and some modern
day interest has also been gener
ated since we first discussed that
antique in the February 1985 issue
of Radio-Electronics. Probably
there are not enough originals left
to go around, but duplicating the
cabinet and the chassis for a rep
lica would be fairly simple. Let me
know if you're interested; we can
publish complete plans for both
cabinet and chassis.

The Westinghouse
The Westinghouse (shown on

the left in the photo) is also a bat
tery-operated radio; it has one O1A
tube used as a detector, and more
.as two audio stages. That radio has
two chassis in the cabinet that are
identified as No. 307189 and No.
307180, the receiver-tuner and de
tector-amplifier sections, respec
tively. The tuning range of 180 to
700 meters well overlaps the AM
broadcast band. Like the Crosley,
that radio has0-100 graduations on
the tun ing dial.
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DM10 ... $39.95*
Don't settle for an analog multites

ter. Now, for the same low price you
can have a reliable digital multimeter
that's easier to use, easier to read,
and is three times more accurate.
• DCV accuracy 0.8%of reading
• 112" LCD digits
• 5 Functions (ohms, DCA, ACV, DCV,

Diode check)
• Overload protection (250V inohms)
• 250 Hour battery life.

This isthe ideal carry-one-anywhere
meter. Tool box, glove box, shirt
pocket. Whenever you need to make
ameasurement, you're ready.

Also available, featuring acontinuity
beeper, isthe DM10B foronly $49.95.*

Both models include a 9V battery,
safety test leads, and operator's man
ual.

Get one now atyour local Beckman
Industrial distributor. 'Suggestedlistprice.

Beckman Industrial
Asubsidiary of Emerson Electric Co.
630 Puente Blvd.
Brea, Calif. 92621

Becktnan Indu~r!a!'"
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Before any further technical
talk, let me mention that when I
bought that radio I noticed there
was insulation missing from many
of the wires in the receiver chassis.
Nearby, there was an elliptical hole
in the lid of the cabinet. Opening
the lid revealed a huge ball of yarn
inside. Not wanting the seller to
think ldidn't know all about an
tique radios, I didn't ask what that
ball of wool was doing in the radio .

When I got it home, I dis
assembled it, and then I found out
more about the wool, the hole and
the missing insulation . I realized a
rodent of some sort lived in that
antique. That's just one other thing
antique radio collectors have to
look out for.

The Westinghouse has five
front-panel controls and three sets
of earphone jacks. The jacks were
proyided for the first, second, and
third audio stages. The earphone
would be plugged into the appro
priate stage depending on the
strength of the signal.

The detector and both ampli
fiers each had "rheostats" in their
filament circuits for controlling
volume. The rheostat also came
into playas the batteries weak
ened. A horn-type loudspeaker
could also be plugged in the jack
from the second audio stage.

The main tuning, tickler, and
vernier dials complete the front
panel controls of that West
inghouse; they are all mounted on
the receiver-tuner chassis. The ver
nier dial fine-tunes the main tun-

. ing capacitor. The tickler-coi I
adjustment is part of the re
generative circuit.

Battery-operated antique radios
often lacked on/off switches; the
batteries had to be disconnected
from the terminals . On our West
inghouse, batteries are also con
served by the headphone-jack
arrangement. When the detector
or first audio jack is used, the fol
lowing stages are disconnected by
the headphone plug.

The Silvertone Model 1923
The Silvertone was used mostly

in rural areas, and by some urban
dwellers whose homes were still
unwired. All batteries are con
cealed in the oversized table
model cabinet. A separate patent
notice protects each circuit used in

that superhet . Unlike many early
radios, an ON/OFF switch discon
nects the batteries from the cir
cuit. As we said, the Silvertone
receives two short-wave bands in
addition to the broadcast band.
One knob changes bands without
your having to plug in different
coils.

Needs and haves
B. R. Pogue, Route 1, Box 786,

No.8, Thatcher, AZ 85552 offers to
help readers needing help with
antique radios. Enclose an SASE.
Antique-radio information and
parts can be obtained from E. G.
Rountree, Box 269, Norris City, IL
62869. Antique radio tubes and
schematics are also available from
Byron Ladue, 13 Revere Dr.,
Rochester, NY 14624. Tubes (many
of which are new) can be obtained
from Maurer Sales, 29 S. 4th St.,
Lebanon, PA17402. Send an SASE.

Bob Fabris, 3626 Morrie Dr., San
jose, CA 95127, is interested in
contacting anyone with E. H. Scott
Sets. An Atwater Kent Model 49
wiring diagram is needed by Greg
Schelin, as the mice ate the insula
tion.1 know what you mean, Greg:
They usually don't disconnect the
wires after their meals. just replace
them one at a time. Write to Greg
at Star RTE Box 80, Culver, MN
55727.

FADA collectors : jim Collins
would like to correspond with
you. Write to him at 862214 St. NE,
Everett WA 98205 . Information on
an Atwater Kent Model 20 battery
eliminator is needed by john Grey,
3348 Wildridge Road NE, Grand
Rapids, MI 49505. john also has
some antique radio tubes available
cheap. A schematic diagram or
other information on a U. S. Navy
Crew Entertainment Radio, Model
RB02, is needed by George W.
Gurner, 4417 Monmouth Castle
Road, Virginia Beach, VA 23455 .

Supreme Publications, 1926-1947
radio schematics are wanted by H.
Penowarur, 1535 No. 8th Ave. , St.
Cloud, MN 56301 . He also has is
sues of Radio News (post 
Gernsback), and Radio Craft (the
forerunner of R-E) from the 1930's
for sale. Send an SASE for informa
tion. William C. Swater would like
to contact Zenith collectors or
clubs. Write P.O. Box 909, Sen
atobia, MI 38668. R-E



STATEOF
SOLIDSTATE
lC temperature sensors and more

ROBERT F. SCOTT
SEMICONDUCTOR EDITOR

I

gle-ended suppl ies rangin g from
+ 4 to +30 volts, o r by split (plus
and minus) ·supplies.

Quiescent current drain is very
low. The LM35 series draws 56 f.LA
f rom a 5- to 30-vo lt supply at 25°C.
The LM34 ser ies draws 75 f.LA. Self
heating due to thermal resistan ce
is less than 0.1°C or O.2°F in st i ll ai r.
Devi ces in th e series measure te m
peratures rangin g all th e way from
- 55°C to + 150°C (LM35, LM35A),
and ~ 50°F to + 300°F (LM3 4,
LM34A). Other mod els are avail
able with more restri cted ranges.

Thermal resistance of th e LM35
in t he TO-46 package is 400°C/W
junction to ambient and 24°C/W
junction to case. Therm al resis
tance in the TO- 92 packa ge is
180°C/W junction to ambient. The
LM34 has a th ermal resistance of
292°FIW junction to amb ient, and
43°FIW juncti on to case in a TO-46

OF
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curacy and l inear ity ; hence the
circuit designer need not provide
either calibration ortrimming. The
LM 35 ser ies feat ures accuracy of
±O .25-degree at room tempera
ture , and ±0.75-degree over th e
fu ll -55 to + 150°C range. The ac
curacy of the Fahrenheit un its is
± 0.5-degre e at room tempera
ture , and ±1.5-degree over the
- 50°F to + 300°F range . Tho se de
vices have on e advantage over
similar units calibrated in degree s
Kelvin . It is unnecessary to sub
tract or to nu ll out a large con stant
in order to obtain readings directly
in either degree s Cel sius or de
grees Fahrenheit.

All devices feature low output
impedance , linear output, and
precise inherent calibration , all of
which make interfacing to read
outs or control circuits especially
easy. They can be powered by sin-

+Vs Rl

ICI lK

LM35
VOUT Ml

GND
100/lA
60mV
FULL
SCAL E

Dl R2
LM385-2.5 25.5K

"='

FIG. 1

+9V

TEMPERATURE SENSORS HAVE C O M E A

long way since the invention of the
mercury-bu lb thermomete r. In the
past, electronic devices that indi
cated chan ges in temperature
were often based on the principle
that a device's resistance varies as
temperatu re changes. That varia
ble resistance wou ld cause a
change in voltage that could be
sampled, scaled, and o utput in
human-readable form . The r
mocouples, for examp le, work ac
cording to such princip les. But the
latest in elect ronic tempe rature
sensing is based on integrated-cir
cuit technology.

National Semiconductor has in 
troduced two new series of preci
sion IC temperature sensor s; each
series consists of five different de
vices with different temperature
ranges . In each device , o utput
volta ge is linearly proportional to
temperature . The LM35 series is
used for Cel sius readings, and the
LM 34 series for Fahrenheit read
ings.

All devices in the series are tr im 
med and calibrated du ri ng man
ufacturing to prov ide high ac-

9



metal-can package . Thermal resis
tance is 324°FIW junction to am
bient in the TO-92 plastic package .

All devices in the serie s produce
a linear 10.0 mV/degree (OC or OF)
output over the range of + 2°C to
+ 150°C for the LM35, and + 5°F to
+ 300°F for the LM34 . Figure 1
shows t he LM35 as an expanded
scale Fahrenhe it thermometer
with a + 50°F to + 80°F range .

Figure 2 shows the LM34 used as
a bar-graph temperature disp lay
that displays temperatures ranging
from + 67 to + 86°F. Two LM 3914
bar-display LED d rivers cont ro l
twenty LED's. All fixed resistors are
1% or 2% fi lm types . Adjust trim 
mer resisto r R11 so that the voltage
at pin 8 of IC3 is 3.525 vo lts ; adjust
R8 so that the voltage at pin 4 of IC2
is 2.725 volts; and adjust R5so that
the voltage at the output of 1C1 is
0.085 volts + 40mV;oF x TA (am
bient temperature). For example,
fo r an ambient temperatu re of
+80°F, V=0 .085+(0.04 X80)=
0.085+ 3.2 = 3.285 vo lts .

The data sheets on these two de
vice families come w ith comp lete
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Learn the IBM PC's secrets with the

MICROPROFESSOR I/88

Students, engineers, or technicians-
. N ow you can learn micro-processing and

understand the technology which made
the IBM PC famous.
The MPF·IJ88 features:
• extens ive documentation
• l ti-bit centra l processor
• full-size keyboard
• special options
Three tut orial guides cover all capabilit ies.
The ideal training tool! If the IBM PC or
micro-processing are in your future, you owe
yourself an MPF-I/88. Invest now!

onIY$349.~9
Plus- ~,

o Ch eck.th is box for a _~Pt. RE0l86
10% discount whe n yo u
purchase wi thin twelve 5326 9th Ave. NE
daY" Seattle, WA 98105·3617

For immediate action call TOLL FREE:

1..800..426..1044
Full money back v/~~;-1 .1
guaran tee. ~_ _J ~ _ I!l!J
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specif icat io ns and a dozen or so
practical circuit applications. Re
quest copies from National Semi
conductor, Public Relation s, 2900
Semiconductor Drive, Santa Clara,
CA 95051 . .

New transient suppressor
The Surgector is a new type of

device capable of diverting dan 
gerous trans ient energy away from
sensitive electronic equipm ent
li ke telephones, computers , and
other types of eq uipment subject
to sudden voltage surges .

The monol ith ic device is a thy
risto rwhose gate reg io n contains a
spec ial diffused section that func
tions as a Zener d iode, and that
also permits anode-voltage tu rn
on of the device. It is claimed that
this feature provides h igh-speed
protection not available with many
transient-protection devices pres 
ently used .

Risetimes of t ransient vo ltage
spikes are often very fast; for ex
amp le, li ght n in g often prod uces
transients with riseti mes exceed
ing 1000 vo lts pe r microsecond.
Gas tubes and many ot her protec
tive dev ices cannot act fast enough
to li mit the vo ltage across the pro
tected ci rcuits . The Surgectoruses
Zener action to clamp the voltage
until the integral thyristor turns on
and drops the vo ltage to a safe val
ue. In most cases t he peak voltage
reaching the p ro t ected circuitry
does not excee d 130% of normal
operating voltage. For example , it
is claimed that a lightning surge
with a risetime of '1500 volts/us is
clipped at about 100 volts .

Presently, RCA offers four types
of Su rgector: the SGT03U13 ,
SGT06U13, SGT23U13 (2-terminal
devices), and the SGT10S10 (a 3
termi nal device). The 2-terminal
devices are availab le with voltage
ratings of 30, 58, and 226 volts.
Those ratings refer to the vo ltage
that can be continuously applied
without tripping the device .

When a high-voltage transient
arrives , the Zen er diode in the gate
reg ion of the SCR conducts , and
that turns the SCR on . The tran 
sient is thereby clamped to the for
ward drop of the SCR so the
p rotected c ircuitry cannot be
damaged. After the trans ient has
passed, and after normal circu it
current has dropped below the

holding current of the Surgecto r,
the device turns off, and normal
circuit op eration resumes . The de
vice s have holding currents above
100 mA, and that insures th ey will
operate in average telecom
munication circuits .

The SGT10S10 is unidirectional ,
and its third term inal allows th e
user to control the SCR's turn-on
voltage. That voltage is normally
100 volts , but, by using external
gate-cont ro l circuitry, vo ltages less
than 100 can be used to tri gge r the
device.

All devices in the SGT serie s are
housed in mod ified TO-202 plastic
packages, whose small size makes
them ideal for te lephone handsets
and PBX's. However, the SGT de
vices' low cost and high speed also
make them su itab le for app lica
tions in computers , alarm sys
tem s, TV, aircraft elect ronics, and
CATV. In 10,000-piece lot s, the
SGT03U13, -06U13, -23U13, and
-10S10 are $0.58, $0.72, $1.06, and
$0.85 , respect ive ly.-RCA Solid
State, Route 202, Somervi lle, NJ
08876.

One-Ie AM receiver
The ZN416E is the latest addition

to Ferranti 's line of single-IC AM
broadcast-band receivers. Similar
to the ZN415E in packaging and
pin-out, the new device is a buff
ered -ou tput version of the TO -92
style ZN414Z. A typical ZN416E de
livers 120-mv RMS into a 64-ohm
load .

Powered by a single 1.5-volt dry
cel l, the devi ce may be used in a
wide range of applications, includ
ing personal receivers, novelty ra
dios , remote telephon es, and
radio-contro l circuits. The ZN416E,
like others in it s fam ily, can be
used as the IF-strip and detector of
an AM superheterodyne receiver.

The ZN416E featu res a150-kHz to
3.0-M Hz input-frequency range ,
and it includes an RF amplifier, a
detector, AGC and an audio ampli 
fi er. The output stages provide 18
dB vo ltage gain that is suitable for
direct-drive headphone appli ca
tions.

The ZN416E comes in an 8-pin
DIP, operates over a O°C to + 70°C
temperature range, and costs $1.12
each in lots of 10,000.-Ferranti
Semiconductors, 87 Modular Ave. ,
Commack, NY 11725. R-E
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• * Video Master #3 On channel 21 ( ELECTftonlC ftAlnBOW :in ) •
• connect to your TV game. . K K . :

: By switching the UHF tuner on your TV, you will 6254 LaPas Trail • Indianapolis, IN 46268 •
: receive them all on each TV. :
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......
••••••.... 0 .... ..
• POWER •· .... Size 5V4" x 5" x 1V2" •t 00 '~ An RFsignal from any of the devices t
~. below will be transmitted 125 feet ~

.. BASEMENT to any de:~e:I~~~b:~E~E~elevisions ..: -, -, -, :.. " ... .... ..ir .1
1.h : "" , A. f ..

.. VCR TV GAME •: t....................................................................................
: The video master is a small wireless UHF TV : BUY THE VIDEO MASTER TWO WAYS::
.. transmitter which transmits channel 3 or 4 RF • #1 KIT FORM •
• signal you insert to all the televisions within your:· . :
: home. Input from any of the devices above can be ·;~~rp~e~~ I ~de:~~dt.une, less than 2 hrs., no test •

.. inserted into the video master. The video master Use your TV to tune the video m.aster kit. •

.. will transmit this signal on an unused UHF chan- All parts, P.C. Board, Fancy Cabmet, A.C. Power •
Adapter, UHF Loop Antenna. •

: nel ~p to 125 feet to as many TV's as you wish to $4995 •
.. receIve. Complete Plus Postage.

: AND NO WIRES TO HOOK UP! #2. COMPLETELY ASSEMBLED AND TESTED :
jw U te vld t h devl d Complete with A.C. Power Adapter, UHF Loop Antenna •
~ se a separa e VI eo mas er on eac evrce an No Tools required for installation •
: let your TV act as the selector. $6995 •
.. Example: Plus postage:

: * Video Master #1 EXTRA UHF LOOP ANTENNAS 95¢ •
• On channel 15 connect to your Satellite QUANTITY DISCOUNTS - CALL • .
: Receiver :
• * Video Master #2 On channel 19 [ VISA ] Visa & Master Card Accepted ~ • •
~ connect to your VCR - TO ORDER CALL 800-428-3500 . . t
~ Information Call 317-291-7262 ~

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••
~ --WIRELESS TV ~.. '",.

~ -TRANSMITTER ~· \ .
I ~\ I

PATIO •
11I1 t..........
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ROBERT GROSSBLATT

CIRCU ITS EDITOR

The hex problem
Since we 'll be dealing with the

Z80 in low-level mach ine language
(as opposed to BASIC or Pascal ,
which are high-level languages),
there 's one thing you 'll have to
come to grips with right away:
dealing with hexadecimal num
bers.

Instructions are presented to
the Z80 on its eight-bit data bus in
binary (that is, as ones and zeros),
but st raight binary is too difficult
to deal with , so designers almost
universally use hex. For example,
the cod e for a JUMP instruction
(similar to a GOTO in BASIC), is
11000011 to the Z80, but to human
beings, it 's C3.

If you 're serious about using mi
croprocessors , you've got to get to
the point where you can look at a
hex number and have a good intu
itive feel for what it means . I know
that's a pain in the neck, but it's
easier than constantly converting
to and from decimal numbers .

Both data and instructions are

TABLE 1-Z80 INSTRUCTION TYPES

W E EN D ED LA ST MONTH O N A SO M E

what depre ssing note-sorry
about t hat . I didn't mean to turn
anyone off, but I know it can be
disconcerting for hardware
hackers to come to grips with the
fundamentals of Z80 circuit de
sign. The fact of the matter is that
the hardware represents at most
only about 50% of the work re
quired of any microprocessor cir
cu it design.

If you hooked up last month's
ci rcu it , the exper ience probabl y
turned out to be an exercise in
unqualifi ed frustration. You got
the part s, connected them to
gether-and absolutely nothing
happened! The reason is simply
that even though microprocessor
based circuits are very powerful ,
they' re also very stupid . They can
do anything you want them to do,
but they can't do anything at all
wi thout very explicit instructions
from you.

I'm sure you know I'm talking
about software. That is a big sub
ject, and there's simply no way we
can cover it here in any depth. The
best I can do is po int out a few
f undamentals, and t ry to steer you
in the right direction to get more
info rmati on.

We 'v e mentioned th e instruc
tion se t here before; it is simply
the set of commands reco gnized
by th e m icroprocessor. Each in
struction is passed f rom memory

~ through th e IN STRU CTI O N DECO DER,

Z and then carried o ut by the arith
~ metic logic un it (or ALU for short).
o All Z80 circui ts must have space to
~ sto re tho se commands ; in last
6 month's c ircuit we u sed an
o EPROM, although it co uld have
<l:
a: been some other kind of memory.
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Function

DataMovement

Data Changing

Program Flow

CPU Control

Instructions .

LD EX EXX
IN OUT

BIT SET RES
ADD SUB AND
ORXOR S R
CP INC DEC

JPCALL RET

DI EIIMO IM1
1M2 HALT NOP

Descriptions
This familymoves data to and from CPU,
memory, and I/O.

This is the largestseriesof instructions.They
alter the data by doing arithmetic. bit level,
and logical functions.

Thesecan change the sequence of
instructions in a program.

These let the Z-80 respond to events that
aren't checked by the program being
executed.

specified in hex . The Z80 has 158
basic instructions, but if you count
all the d ifferent addressing
modes, the actual number of in
structions is almost three times as
many. Since a byte (8 bits) can have
only 256 different values, and
since there are over 400 different
instructions, some in structions
must be more than one byte long.
In fact, some instructions are four
bytes long. Anyway, in order to
give you a basic idea of the Z80's
in struction set, I've grouped all
the inst ructi ons in four catego ries ,
as shown in Table 1.

The first group of in structions in
Table 1, "Data Movement," has the
most members . Those instruc
tions include the LOAD ser ies
used to move data to and from ex
ternal memory, the Z80's internal
regist ers, and the I/O (input/out
put) devices connected to your
system. Whenever you use one of
these instruction s, you have to
supply two pieces of info rmatio n :
1.) The source of the data (i.e .,
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commo n ly do w it h ha rd w a re :
arit hmet ic operations (ADD, SUB,
CMP), that allow you to add, sub 
tract and compare individua l
bytes , and lo gi cal ope rat io n s
(AND, OR, XOR), and bit opera
tions (BIT, SET, RES, SHF, ROT) that
allow you to exa mine and change
indi vidu al bits .

If yo u've programmed in a high
level language like BAS IC, the in
structio ns in t he t h ir d g ro u p
shou ld loo k familiar, since the re
are eq uiva le nts in a ll high-l evel
lan gu ages. As me ntio ned above ,
the JUMP instruction is simi lar to
BAS IC's GOTO; CALL is similar to
GOS UB, and RET is similar to RE
TURN.

The last group of instruction s
co ntro ls the operation of the Z80
itse lf, rath e r than dir ectly manip
ulat ing o r moving data. O ne ve ry
co m mon ly u se d in st ru cti on is
NOP, for NO O PERATION . It causes
the Z80 simp ly to bide time fo r a
fu ll c lock cycle . Among other
things, p rog rammers use NO P's to
ge nerate timing loo ps, and to re
serve space in the middle of a pro 
gram fo r co de that will be added
later.

The remaini ng inst ructio ns of
that final group are al l co ncerned
with interrup ts in one way o r an
'other. The zao allows t h ree di f
fe rent types of inte rrupt, but they
al l operate in a similar manner.
When a low is received o n eit her of
the Z80's two interru pt pins, nor
ma l p rog ram flow sto ps and, de
pendi ng on how the Z80 is set up ,
prog ra m flow wil l continue at a
special locatio n in me mo ry.
, Unfortun ately, to find out mo re

abo ut inte rrupts , softwa re and
other Z80 vita ls, yo u're go ing to
have to do so me homewo rk. We
need so me softwa re to wake up
o ur Z80 circ uit, and we ' ll get into
that next month . Howeve r, t hat
softwa re won't make muc h se nse
if you don't spend some time on
yo ur own reading about the Z80's
inst ructio n set.

So do some investigati ng , and
don 't be afraid to try burning an
EPROM and te lling o ur circuit to
do something. Learni ng software
design is very sim ilar to lea rn ing
hardware design-but with one
big advantage : It might not wo rk,
bu t it wo n't smoke or b low up! See
yo u next mo nth. R-E

wh ich re gister or me mory loca
tion), or the data itself. 2. ) The des
tination of the data .

There are 134 di fferen t data
movement inst ruct ions. So me of
that. variety is due to the fact that
the Z80 has two main sets of regis
ters . The alte rnate B'C' pair corre
spo nds to the BC pa ir, D'E' to DE,
H'L' to HL, and A'F' to AF. Now,
even tho ug h it's co rrect to say that
the re a re14 registe rs in the Z80, it's
a b it misleading as well. O nly o ne
se t of .those regist e rs is availab le
fo r use at o ne t ime .

The Z8Dhas two types of instru c
tion that a llow access to the alter
na te re gisters: EX and EXX. The
for mer exchanges the AF pa ir and
t he AT pair, and the latt e r ex 
cha nges the ot he r th ree pairs, (BC,
DE, and HL fo r B'C' , D'E' , an d
H'L'), all at o nce . There a re fo u r
ot her EX in st ru ctions t hat swap
reg iste rs, but they operate o nly o n
the main register set.

The IN and O UT inst ruction s are .
the last of the data-m ovem ent in
structions. So me of those inst ruc
tions o perate o nly on a sing le byte
o f data, and o thers make it easy to
move who le bloc ks of data. A sim
ple I/O instru ct ion wo uld be:

IN A,n

The accumulato r is symbolized by
A, and n is a o ne -byte hex num be r
spec ifying a partic u la r port ad 
dr ess. Since o ne byte is used to
specify that ad dre ss, the Z80 ca n
address 256 di ffere nt I/O po rts.

Whe n the Z80 executes an I/O
instru ction , seve ra l t h ings hap
pen . First , the po rt add ress spec
ifi ed in t he I/O in stru c ti on is
placed o n the lower bits of the ad
d ress bus (AD-A 7). Second , the
co nte nts of t he acc um ulato r a re
put o n the uppe r half of the ad
d ress bu s (A8-A15). Thi rd , t he
IO RQ line and the RD line go low.
Fi nally, the data is t ransferred via
t he data bus to the acc umu lato r.
The who le p roce ss is qu ite similar
to the way data is transfe rred to
and from RAM (Rando m Access
Memory). An OUT instruct ion
wo uld wo rk in mu ch the sa me way,
but the WR, rather tha n t he RD, line
wo uld go low.

Data chang ing instruct ions
The second group of inst ru c

tions covers man y of the thi ngs we

A defense
against cancer

can be cooked up
inyourkitchen.

There is evidence
that diet and cancer

. are related. Some
foods may promote
cancer,while others may
protect you from it.

Foods related to low
ering the risk of cancer
of the larynx and esoph
agus all have high
amounts of carotene, a
form of Vitamin A
which is in canta
loupes, peaches, broc
co li, spinach, all dark
green leafy vegeta
bles, sweet potatoes ,
carrots, pumpkin,
winter squash, and
tomatoes, citrus fruits and
brussels sprouts.

Foods that may help reduce the
risk of gastrointestinal and respira
tory tract cancer are cabbage,
broccoli, brussels sprouts, kohl
rabi, cauliflower.

Fruits, vegetables and whole
grain cereals such as oat 

meal, bran and wheat
may help lower the
risk of co lorectal
cancer.
Foods high in fats,

salt- or nitr ite-cured
foods such as ham,

and fish and types of
sausages smoked by traditional
methods should be eaten in
moderation.

Be moderate in consumption
ofalcohol also .

Agood rule of thumb is cut
down on fat and don't be fat.
Weight reduction
may lower cancer
risk. Our 12-year .
study of nearly a
millionAmericans
uncovered high
cancer risks partic
ularly among people
40% or more overweight.

Now, more than ever, we
know you can cook up your
own defense against cancer. So
eat healthy and be healthy

No one facesI cancer alone.

tAMERICAN CANCER SOCIETY®
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Grantham offers this program, complete but with
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Grantham College of En~ineering
10570 Humbolt Street
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help you in making that decision. It's our free catalog.

Ask for our free catalog and you may be surprised to learn how
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Are you at a crossroads in your career?
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you planning for your future, or perhaps
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In electronics you can't stand still. If you
are not moving ahead, then you're falling
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Which road will you take - one that
doesn't go where you want to be, or one
that leads to hard work but also to the
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FREE!

This free booklet
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Grantham B.S.
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DESIGNER'S
NOTEBOOK
A simple CMOS switching circuit

ROaERT GROSSBLATI
CIRCUITS EDITOR

WE RAN A CONTEST, A FEW MONTHS

ago,to come up with clever hex
adecimal display circuits that
would display the digits ff through
9 and the letters A through F on
standard 7-segment LED displays,
given binary inputs ranging from
0000 to 1111. Of cou rse, I received
quite a few interesting ideas, but I
was surprised to learn that a
number of you are interested in
using LED display drivers to con 
trol devices other than LED's!

It seems that people want to use
devices like the 4511 to control ev
erything from lightbulbs to relays
to high-current motors. I have to
admit that I don't really under
stand why you would want to do
that, since the 4511 (and most com
mon display drivers) put peculiar
signals on the outputs while the
inputs are changing. After all,
those lC's were designed to be dis
play drivers, and for display pur
poses, that's not a problem. But it
could be a major problem if you
are controlling other devices.

But with the proper interface cir
cuitry, you can have those drivers
control anything you want, as long
as you don't exceed the lC's cur
rent-drive capability. Using a 4511
to drive a device that uses half the
available power output of the TVA
is possible, given the proper inter
face. (For a more extended treat
mentof this subject, see the article

:J) on switching transistor circuit deoz sign in next month's issue.-Edi-
~ tor)
o:1 An example
~ The circuit in Fig. 1 shows how
:5 you could use a 4511 (or any other
~ CMOS gate , for that matter) to
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Vee

*Dl Rl
R2 I

ICI
4511 Rl
(OR ANY Ql
CMOS
GATE)

FIG.l

control low- to medium-power de
vices. That circuit should look fa
miliar; we've used it, or variations
of it, many times in this column.
The transistor, which could be a
2N2222, is set up asa switch. When
the CMOS output goes high, the
transistor will turn on, assuming
that R1 allows enough current to
flow. Current will then flow
through the output device and the
transistor's collector-emitter junc
tion.

In that circuit, RL symbolizes the
load you need to control, be it a
lightbulb, an LED, a relay, etc. Re
sistor R1 is there to protect the
CMOS output, and R2 is there to
limit the current through the tran
sistor. Optional diode 01 should
be used if you're driving an induc
tive load; it will protect the coil
from inductive spikes.

Working out the values of the
components you need for your ap
pl ication is simple-just follow the
design rules below and you
shouldn't go wrong.

1) R1 limits the transistor's base
drive.

2) R2 limits the transistor's col
lector cu rrent .

3) Both values can be found from
a straightforward application of
Ohm's Law. Figure the transistor
voltage drop as .6 volts.

4) Make sure that the transistor
you choose has high enough rat
ings to withstand the voltage and
current you'll be using.

5) If your circuit 'doesn't work,
the transistor probably doesn 't
have enough gain. Try another one
with higher gain, or else use a
Darlington.

6) The diode's PIV rating should
be at least twice the value of Vco
and it should be able to handle at
least twice the current drawn by
the coil.

That kind of circuit is one of the
most basic building blocks in elec
tronics. Learning how to work with
transistor switches is a good first
step if you want to learn how to
design your own circuits. So feel
free to experiment-the parts are
cheap. R-E

"People will think that we came here just
to watch television ,"
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SERVICE
CLINIC
Repai ri ng old TV's

JACK DARR
SERVICE EDITOR

FIG.l

Make sure that all of the controls
(brightness, horizontal and ver
tical hold, etc.) are clean and that
they work smoothly throughout
their useful range of adjustment.
Controls in old sets are often func
tionally OK, but dirty and noisy;
and that makes them hard to ad
just. If one is dirty, give it a shot of
volume-control cleaner spray, and
work the control back and forth till
the noise goes away. Do that to
each control, if necessary.

If the FOCUS control can't make
the scanning lines clean and
sharp, check for correct focus volt
age; about 4,000 to 4500 volts is
normal. If the focus voltage is too
low, the beam won't focus prop
erly. If it is too low, check the focus
supply; usually it is separate from
the main HV supply, but some
·t imes it is derived from the HV
through a high-value dropping re-

HORIZONTAL
LINEARITY

HORIZONTAL
WIDTH

I'm a great believer in "non
alignment" whenever possible.
That is, if the TV works, and if the
coils seem not to have been fid
dled with-the adjusting slugs are
not all the way in or out-there's a
good chance that the coils haven't
been touched . And if they haven't,
then the chances are also good
that the alignment is still OK. So, if
it ain't broke, don't fix it!

You can check the alignment
with a sweep-generator; hook the
generator up and get a curve on
your scope. If all your markers and
traps (sound , picture, etc.) are in
the right places , that's even better
evidence that the coils haven't
been fiddled with. I've put a sweep
generator on any number of old
TV's, and found a picture-perfect
IF curve on them!

Here's another thing to check
when working on an older set:

WE'VE TALKED ABOUT REPAIRING OLD

radios in past columns; now let's
talk about repairing old TV's. The
same basic procedure is followed
as in fixing modern TV's. Before
you start, take a minute to check
some of the really obvious trouble
spots; doing that could save you a
lot of trouble later on. In par
ticular, check the picture tube and
the HV (high voltage). If either is
bad (for example, if the picture
tube has an open heater, or the
flyback is burned up), it might be
wise to consider whether that TV is
really worth fixing. Of course, if
the customer says, "Fix it, re
gardless of the cost," go ahead and
do it.

If, in your preliminary examina
tion, you find that the flyback is a
charred mess in the bottom of the
chassis, contact the customer, tell
him that the TV has a serious prob
lem, and explain that a new flyback
is going to raise the cost of the
repair quite a bit. New flybacks for
some old TV's can cost as much as
35 or 40 dollars!

The next step is to look through
the chassis for obvious problems
like weak tubes, leaky transistors,
burnt resistors, open capacitors,
etc. If nothing is found, there's a
good chance the TV will function
correctly.

B+ is first
After getting the go-ahead from

~ your customer, get the B+ up to
z normal, and then check through
~ the ci rcu it stage by stage to see if
o anything else is out. Check the
~ sync separator, the video-output
wo circuits, and each portion of the
o circuit, as shown in Fig. 1; and«
c: then check the alignment.
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(City) (State) (Zip) ARE16 ~
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Detach and mail today to:
HANDS-ON ELECTRONICS
SUBSCRIPTION DEPT.
P.O. BOX 338
MOUNT MORRIS, IL 61054

• YOU CJdIl HAVE THE NEXT SIX ISSUES of
Hands-on Electronics delivered directly to
your home for only $14.00. We pay the postage.
If you want the next twelve issues, you can even
save two dollars off the newsstand price. Get
twelve issues for $28.00

tronics-SUBSCRIPTIONS ARE NOW AVAIL
ABLE!
• EVERY ISSUE OF Hands-on Electronics
will continue to contain a variety of construction
articles to suit every taste. In addition, feature
articles on electronics fundamentals, test equip
ment and tools will round out each issue. Of
course, Hands-on Electronics will continue to
provide new product and literature listings to
keep you up to date on the latest developments
in electronic technology.
• GET IN ON THE ACTIONI Order your next
issue of Hands-on Electronics today. Use the
convenient order coupon below. Be sure to send
check or money order-no cash!

everything in the horizontal circuit
and the power supply. Everyonce in
a while I hear the high-voltage
crack.-G.f. Bow, KY

My hunch is that the high volt
age is too high, hence the arc-over.
If so, try replacing the retrace cap
(a .0018 fLF capacitor from the out
put collector to ground). I believe
what's happening is that the exces
sive high voltage causes a faster
beam through the kine, resulting
in a shorter deflection angle, and
thus a smaller picture. R-E

Get every issue!
SUBSCRIBE
TODAY!
Use the order
form below.

(Street Address)

(Name)

• TO HELP YOU TO BE SURE that you don't
miss any future issues of Hands-on Elec-

• IF YOU'RE THE KIND OF READER that
doesn't want to wait, you can order your next
copy of Hands-on Electronics now. Hands-on
Electronics is crammed full of electronic proj
ects that you won't be able to wait to build for
yourself. You can expect top-notch digital proj
ects. fun-to-play electronic games, valuable
add-on computer projects, BCB and shortwave
receivers, photographic/darkroom gadgets, de
vices to improve your car's performance. test
equipment ideas, and more in every issue of
Hands-on Electronics.

SHRUNKEN VIDEO
I have a Zenith 25DC56 chassis, in

which the picture is short by about
one inch on each side. I've changed

problem, doesn't it? Once the pic
ture opens up, why not spray com
ponents in the horizontal circuit
with cooler and look for a break
down? If you're successfu l in lo
calizing the problem, you can use
the reverse technique-heat the
components with a lamp or solder
ing-iron tip and look for a reaction .

o I Wantto be sure I don't miss any issues. Send me the next six issues of Hands-on Electronics for
$14.00. Postage is free in U.S. For Canada add $3.00. Foreign add $7.00

o I want to be sure I don't miss any issues and want to save $2.00 too. Send me the next twelve
issues of Hands-on Electronics for $28.00. Postage is free in U.S. For Canada add $6.00. Foreign
add $14.00.

Allow 6-8 we~ks for the first issue to arrive.

Please print

SERVICE
QUESTIONS

sistor, possib ly ten megohms or
more. If the focus voltage is too
low (or too high), check that drop
ping resistor. It may have drifted
off-value.

All in all, if a TV has survived a
few decades with no really serious
p rob lems, there's a pretty good
chance that it can be successfully
restored at not too great an ex
pense . Problems like no B+ are
usually simp le to diagnose and
track down if you're patient. Align
ment is often OK, but if the picture
is fuzzy, the alignment may be out.
Check the tuning-slugs , as men
tioned above. Other than that, be
on the lookout for suspic ious 
looking components: burned re
sistors and the like.

It's usual ly not too difficult to fix
up one of those old soldiers; and if
you do, you should wind up with a
good working TV. R-E

RED-HOT DAMPER TUBE
An Admiral came in with a blown

fuse. I replaced the horizontal out
put tube, the oscillator and the
damper. The set worked for 2 days
and now it runs for about 15 min
utes, after which the damper tube
gets red hot before the fuse blows.
L.H., Keene, NH

A variable transformer would be
a big help, here . You could run the
chassis at a low AC voltage to keep
the damper from glowing while
checking out the rest of the circuit.
With or without a transformer,
wrap your fingers around the
flyback . If it's hot, it 's defective.
The same is true for any compo
nent in the output circuit.

VERTICAL BAR IN PICTURE
A Sears model 564-4173 TV set

comes on with a t-inch vertical bar
that appears to be an overlapping of
the left and right portions of the pic
ture. It gradually narrows and, after
30 minutes, eventually opens into a
nearly-full picture. I have no scope.
Can you help?-A.H. Atascadero,
CA

A scope certainly would help
here so that you could take before
and after measurements . Nev
ertheless, it looks like a thermal
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SECURITY SYSTEM

continued fro m page 52

vary by rotati ng R7 . TIle LEO's connected
to IC4-a should be counting from zero to
seven in a bi nary seq uence; the gro up
should change state once for every eight
flashes of LEOI if [C2-[C4 are operating
properly.

Install a short jumper for sense-loop
connector P9 in S03 and press the TEST

switch. The TEST lamp should light up.
Press th e MASTER RESET sw itc h;
OSPI -OSP4 should all read "0 ," and
LE02-LE04 should be off. After releas
ing the switch, countin g will begin . After
IC4 has counted to seven. LE05 on the
timer board and LMP5 (ARMED) in the
control panel should illuminate . Remov
ing the ju mper should trigger RYI , and
ALARM lamp LMP3 should light. Re-in 
serting the jumper and pressing ALAR M

RESET switch S20 should turn off RYI and
LMP3 . If everything worked as expected,
you' re rea dy to install your real sense
loop.

Now test the keyboard circuitry. Set the
des ired entry code using switches SI
a- SI-h and S2-a-S2-h . Press the MAS TER

RESET switch and. after the ARMED lamp
turns on, punch in your code. LE07 on
the display board should light , and so
should LEOIO in the keybo ard panel.
Pressing ENTER switch S l9 should now
cause pin 3 of [C6 to go high, which
should clock flip-flop [C7 and turn on
RY4.

Incidentally, you may have noticed that

the ALARM RES!:., switch is mounted on
the control panel in our prototype. It is
likely that you will want to relocate it to a
less conspicuous place. One good loca
tion would be near the main chass is.

After any probl em s have been cor
rec ted . the sub-assemblies sho uld be
sealed up and mounted in their final posi
tions. and the interconnecting cables and
sense-loop wiring compl eted . The alarm
should be fully functional now.

Power failure
In the event of a power failure . after

power is restored the system will automat
ically go into the timing cycle and then
arm the alarm. If the five-volt power sup
ply fails and the twelve-volt supply re
main s operational, you would have no
way to enter the secured area without trip
ping the alarm , because , without five
volts, the display board would be inopera
ble, so the proper code cou ld not be
punched in. Therefore , you may 'want to
add failsafe keyswitch S23 (shown in Fig.
10); for maximum security, that switch
should be located in an out-of-the-way
place . If you do not wish to use a key
switch, an alternat ive would be to add a
battery backup circuit that would take
over in the event of a power failure .

Other uses
For automotive or marine use, the timer

board might be used by itself as an intru
sion alarm. In addition , the digital com
binati on lock could be used as a theft
prevention device . By inserting the lock in
series with the ignition circuit of an auto-

mobile or boat. the vehicle would not start
until th e co rrec t di git a l co de we re
punched in. Power could easily be derived
from the automobile's (or boat's) elec
trical system.

[f you have any difficulties during ei
ther co nstructio n or operation of the
alarm, feel free to drop the author a line. If

•you require a reply, be sure to include a
self-addresse d. stamped envelope . and
write to 908 Broadhurst Dr. . St. Louis.
MO 63011. R-E

No previous experience necessary

LEARN
PROGRAMMING

Master computers In your own
home at your own pace In your
spare time Learn even befo re
you deci de on a co mputer

BE YOUR OWN
COMPUTER EXPERT

Programmmg is the best way to
learn to use co mpute rs. and we
can show you the best -and
most economica l-way to learn
programming!

Send today fo r your free mfor
matron package, No obligation
No salesman Will ca ll

r -HAu~~murr -- - - - - -- - - -- - - - 1

: CENTERFOR COMPUTER EDUCATION Dl:PT. 49 1 :
1543 W. OLYMPIC. #226

: LOS ANGELES. CA90015·3894 :

I YES! Send me tree mtcrmauon on how I can learn about I
: computers and programming at horne' :

I Name I
I I
I Address I

L_G.!!Y S~!!I~P J

• WANT TO EXPAND your knowledge of elec
tronics? Build gadgets that only you can have on
your block? Acquire a library of projects? NEW
IDEAS is the gold mine of circuits you should .
own and read. You could start the first night
building a project that will have others praising
what it can do and admiring you for building it.

• THERE ARE PROJECTS for everyone-au
tomotive. household. test equipment. audio and
hi-fi, and projects just for fun.

(Street Address)

o Please send one copy of NEW IDEAS at $3.50. First Class postage and handling $1.00 (U.S. and
Canada only). All other countries: $2.00 for sea mail. $3.00 for air mail.

o Please send copies of New Ideas. Total cost is sum of copy price and First Class postage
and handling cost multiplied by number of issues ordered. .

Please print Allow 6-8 weeks for the material to arrive.
Detach and mail today:
HANDS-ON ELECTRONICS
Reprint Department

(Name) 200 Park Avenue South
New York. NY 10003

• NEW IDEAS is packed with 42 practical cir
cuits for the Electronics Experimenter and Proj
ect Builder. In addition to the headlight alarm.
the voltage freezer. and the remote telephone
ringer.you get complete plans for a simple Tesla
coil project that can generate 25.000-volts AC
and draw one-inch sparks . Other interesting
projects are: a sound-effects generator. a crys
tal tester. a stereo remote control, and much,
much more! Each project was selected for its
low cost of partsI

NEW IDEAS-Circuits for Experimenters and Project
Builders!

~------------'-------------------

42 PROJECTS

COMPLETE PARTS LISTS

ONE·EVENING PROJECTS

EASY TO BUILD

NEWIDEAS

All Payment must be in U.S.
Funds!

(City) (State) (Zip)

~--------------~-------------------------------~
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NEW PRODUCTS ·

CIRCLE 21 ON FREE INfORMATION CARD

DO ITIIIIJD

The model 23-206 high-sen
sitivity meter features 20,000 ohm
per-volt sensitivity and measures
AC voltage, DC voltage, DC cur
rent, resistance, and decibels over
23 ranges. The 4" diagonal jeweled
meter has anti-parallax mirror,
overload protection, and multi
colored scale. The suggested retail
price is $32.95.

The model 23-215 pocket-size
pushbutton meter is a ten
megohm multimeter with 3-Yl-dig
it liquid-crystal display. It features
high accuracy, compact size, RF
shielding, pushbutton range se
lection, and a meter-overload pro
tection circuit. The suggested
retail price is $79.96.

controls or by the model 8205 re
mote. With the help of two micro
com pressers and a nonvolatile
memory, 34 separate levels can be
programmed for each of the 29 FM
and AM stations-along with sim
ilar programming for source in
puts. The music listener can now
switch from station to station, or
source to source, without annoy
ing volume changes.

The model 286 is priced at
$1400.00.-Studer Revox America,
Inc.,1425 Elm Hill Pike, Nashville,
TN 372'10.

TU N ER-PREAMPLI FI ER,m o d e I
8286, features a ten-square-inch
liquid-crystal panel that displays
operational status of 17 different
functions, including the call let
ters, locations, and frequencies of
29 FM and AM stations. It is de
signed for use with powered
speakers-or separate power am
plifiers-in a programmable, inter
active music system that is
remotely controllable, even from
other rooms.

The model 8286 is easy to pro
gram-either by its front-panel

.--,~~_-<:.-,,~.... 
" . ,

TEST-EQUIPMENT L1NE~ n cl u d e s

two battery testers and five multi
meters; here is the data on those
seven units.

The model 23-170 multi-purpose
battery tester is a large diagonal
meter that measu res actual voltage
and has a "good-weak-replace"
scale. There is also a simple me
chanical system that allows the
user to drop in batteries of dif
ferent sizes and push a button for
accurate readings. The suggested
retail price is $12.50.

The model 23 -175 multiple
range deluxe battery tester is a 3"
diagonal analog meter with multi
ple multi-color scales for easy

reading , to tell if the battery is
good, marginal, or needs replace
ment. The suggested retail price is
$19.90.

The model 23-200 day-in day-out
versatile multi -tester is a 2000
ohm-per-volt multi-tester that
measures AC voltage, DC voltage,
DC current, decibels, and resis
tance. There are 16 measurement
ranges in all . The suggested retail
price of the model 23-200 is $15.95.

The model 23-204 10,000 ohm
per-volt multi-tester has 19 ranges,
an anti-parallax mirror, jeweled
movement, and overload protec
tion. The suggested retail price is
$23.50.

CIRCLE 22 ON FREE INFORMATION CARl?

The model 23-220 3W'-digit LCD
multimeter (shown in pho
tograph) has 10-megohm input
sensitivity and professional ac
curacy of 0.25% . It measures 24
ranges and features an auto-zero
function and automatic polarity
sensing to prevent overload and
minimize potentially damaging
voltages. The suggested retail
price of the model 23-220 is
$119.95.- M idland International
Corporation, 1690 North Toping
Ave., Kansas City, MO 64120. R-E
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13 = R2IR,
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throu gh the Zeners to a safe value . In most
cases the voltage across 0 I is equal to the
voltage across D2. so the output waveform
is symmetrical. Under that condition. the
output voltage has a peak-to-peak value of
2(VDI + 0.7).

Timing of the outp ut signal is shown in
Fig . 25 . On both halves of the output
squarewave (V0)' ca pacitor C I ch arges
throu gh R3. At time t l • we assume that

+v
vor-----,

FIG. 24-THE ZENER DIODES are used to limit
the output voltage swings.

the output voltage is positive ( +V0 )' and
that voltage Vc (measured at point A in
Fig. 24) is at - Vo • where 13 is equal to
R2/(RI + R2). Since Vo is positive. and
Vc is negati ve . capacitor CI will dis
charge toward zero and then recharge to
ward + V0 at a rate that is determined by
R3. CI and the output voltage .

The op-amp works as a voltage com
parator. As long as Vc is less than 13Vo .
the output voltage will remain at + Vo '
But as soo n as Vc is equ al to . or greater
than 13Vo' the output snaps to - Vo '

The transition of output states occurs at
time t2. Sin ce the output is now negative.
and Vc is positive. the capacitor now dis
charges toward - 13Vo '

The period of the squarewave , T. is t, 
t l ; frequency. of cour se, is liT. For 'any
.values of RI and R2. T is equ al to:

(
2R1 )

(2)(R3)(C1 )In R2 + 1

or. if RI R2. T = (2.2)(R3)(C I) R-E

FIG.2S--TIMING DIAGRAM for the circuit of Fig.
24.

OUTPUTS
,--=--__,....-J"'-.....----"

1
16

12 ICI

8
4060

':' 10 11
R2

lOMEG

R1
33

XTALlK
0

Cl

I C2
20pF '::' 0-20pF

':'

FIG. 22-THIS "CLASSIC" CMOS oscillator fi rst
appeared in some of the earliest CMOS applica
tions notes.

FIG. 23-THE 4060CMOS oscillator/divider con
tains an internal oscillator that drives a chain of
binary counters.

DIGITAL IC'S

literature. but it is still a popul ar circuit.
The circuit in Fig. 23 is based on the

4060 CMOS osci ll'ator divider. 1l1at IC
has an intern al oscilla tor that drives a
chain of bin ary co unters. Either R-C or
crysta l timing ~f the oscillator is possibl e .
(In the circuit shown. a crys tal is used to
determine the operating frequency. ) Each
output is equa l to the fundament al fre
quency divided by a power of two. up to
f/2 14 ; note. however. that outputs of f/ 2.
f/4 .jlS. andf/204S are not available .

continued fro m page 74

Op-amp clock circuits
Figure 24 shows how an op-amp can be

configu red to operate as an astable mult i
vibrator . The negative feedback loop con
sists of R3 and C I. and it is tha t network
that sets the operating frequency of the
circuit. although the voltage-divider bias
network . R I-R2 . also has a role .

The Zener diodes across the output are
connec ted back-to-back and are used to
limit output-voltage sw ings . In addition.
because they prevent sat ura tion of the op
amp output on extreme swings . those di 
odes also tend to sharpen the squarewave
signal. Resistor R4 is used to lim it current

SATELLlTE..TV RECEIVER

to pin 6 of IC S. an NE564 phase -locke d
loop. That IC is used to lock in the audio
subca rrie r b y vary ing the vo ltage on
varac tor diode D12. The tuning range (5.0
to S.O MH z) is se t by cn. while front
pan el SUB-CARR IER TUN ING pot enti
ome ter Rll O fine- tunes the audio sub-ca r
rier.

Audio de-emphasis is provided by RSO
and C55. and Q8 amplifies the signal to
drive the RF modul ator. A separate aud io
outp ut is provided at j ack 13. Trimmer
potenti om eters R III and R11 2 set the nar
row- and wide-rece ption band widths of
the PLL. respecti vely.

As men tioned above. sate llite- TV sig 
nals for the U.S. are broadcast in two
polari ti es: hor izontal and vertical. In
order to receive signa ls of eithe r polarity.
we mu st have some way of rotating the
ante nna prob e . The rece iver of fers a
PU LS E output at its rea r-panel terminal
str ip T SI for that purpose . When POLAR

ITY sw itch 52 is toggled . the puls e width
at the PU L SE output changes . and that
ca uses the motor-driven antenna probe (in
the feedhom) to rotate 90 degrees.

The co ntro l pul ses are ge nera ted by
IC6. an NE555 timer IC func tioning as an
astab le multivib rator, Its pulses are output
on pin 3: R47 protects the IC's output
stage in case a short develops in the ca ble
leadin g to th e feedhorn . The SKEW

contro l: RIOS, varies the pul se width for
fine tun ing of the received signal.

The pulse width of the output of the 555
circuit can vary from about 0.6 ms to 2.6
ms, which correspond s to a prob e move
ment of about 160 deg rees . Ideally. wit h
SKEW control RIOS centered . the output
pulse width with S2 in its HORIZONTAL

positi on would be I. 9 ms. and it would be
1.0 ms in its VERT ICAL position . Then,
eac h time the POLARITY sw itch is toggled .
the probe will rotate 90 degrees . Because
polarization may vary slightly from satel
lite to satelli te. the front -panel POLAR ITY

selec tion swi tch S2 is supplemented by
the fro nt-panel SKEW control (R lOS) for
fine-tunin g.

Th e RFmodulator del ivers a signal that
is co mpatible with all standa rd TV's and
VC R's to TV Channel 3 or 4. The modu
lator is crystal cont rolled . so no fine tun
ing is required .

Now you should have a pretty good idea
of how the satellite receiver works. The
next step is to build a unit. Unfortunately.
that willhave to wait until next time as we
are out ofroom for this month . Meanwhile.
if you want to get a head start and gather the
p art s. a complete part s li st has been
provided. Most individual parts are avail
ab le from the kit supplier ment ioned . R-E

continued from page 48
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MARI{ET CENTER--- . J

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

Radio-Electronics Classified Ads, 200 Park Avenue S outh, N .Y., N .Y. 10003

PLEASE INDICATE in which categ ory of cl assified advertis ing you wish yo ur ad to appear. For
special headings. there is a surcharge of $23.00.
( ) P la ns/Kits () Business Opportunities ( ) For Sale
( ) Ed ucati on/In st ruction () Wanted () Satellite Tel ev isi on

( ) - - - ---- - - - --- -----------

FOR SALE ~

RESISTORS V. W.Y2W5% C.F. 3 cents. 1%Metal
films , custom wirewounds. capacitors and other
c o m p o n e n t s . JR INDUSTRIES , 583 4-H
Swancreek, Toledo . OH 43614 .

CABLE and SUbscription TV secret manual. Build
your own descramblers, conve rters . Instructions,
schematics for Sine Wave, Inband/Outband Gated
Sync, SSAVI-{HBO, Showtime, Cinemax. UHF.
etc .) Send $8. 95 to CABLETRONICS. Bo x
30502R. Bethesda . MD 20814 .

TI-99/4A software /hardware barga ins. Hard -to-find
items . Huge selection. Fast serv ice. Free catalog .
DYtiA, Box 690 . Hicksville, NY 11801.

TU BES, new, unused. Send se lf-addressed, stamp
ed envelope for list. FALA ELEC TRONICS, Box
1376·2. Milwaukee. WI 53201 .

FREE import er accessories catalog, video. audio ,
others . With busin ess card write, 17 BANNER
COURT, East Bruns wick. NJ 08816.

CABLE and satelli te equipment: major brands ,
wholesale prices. Free catalog . HMR SALES, 221
East Camelback. Phoen ix. AZ 85012. (602) 993
0398 .

OLDTIME radio programs on high quality tapes.
Comedy! Adventure! Music! Free catalogue. CARL
F. FROELICH. Heritage Farm. New Freedom , PA
17349.

Wholesale audio. video. telephone accessories ,
antennas. cartridges. Free catalog . (718) 897-0509.
0& WR 68-12 110St.. Flushing. NY 11375.

INDIVIDUAL photofact folders. No. 1 to no. 1400.
$3 .00 postpaid . LBT, 414 Chestnut Lan e. East
Meadow. NY 11554.

DESCRAMBLERS for downconverters . Bargain.
Send $2.00 . RB ELECTRONICS, P.O. Box 643 .
Kalamazoo . MI 49005.

Special Category: $ 23 .0 0

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.
(No ref unds or c re d its for typesetting e rrors can be made unl es s yo u c learly print o r type your
copy.) Rates indicated are for standard style classified ads only. S ee be low for addit ional
c harges for specia l ads. Minimum : 15 words.

EL ECTRON ICS catalog. Ove r 4,500 items . Parts &
components. Every1hing needed by the hobby ist or
technician . $2.00 postage & handlin g (States only),
refundable with first $15.00 order. T & M ELEC 
T RONICS , Dept. R . 472 Eas t Ma in Street .
Patchogue, NY 11772. (516) 289-2520.

WANTED :, Old, new, tubes, speakers, ampl ifiers.
Western Electric, RCA, Telefunken, Mc intosh , Mar
antz, Jan , Quad . Tanney, A ltec , Dynaco, (713)
728-4343. MAURY. 11122 Atwell . Houston, TX
77096.

TV tunable notch filters. free brochure , $1.00. O.K.
VIDEO , Box 63 /6025, Margate, FL 33063. (305 )
752-9202.

BU GGED? Wiretapped ? Find out fast. Counter
measures equipment catalog $1..CAPRI ELEC
TRON ICS , Route 1R, Canon. GA 30520

CORDLESS-phone interference? We've got the an
swer. Have a radar speeding ticket? We can help.
Home phon e extension in your car? You can have it.
50-page color catalog airmailed $3.00. DBE , P.O.
Drawer G, Waikiki, HI 96815. MCNISA orders (808)
395-7458.

COMPU TER adventures . Ata ri , App le. Com 
modore. Spectrum. S .A.S .E . for free cata logue.
COMPUQUEST INFORMATION DESK, Box-492 ,
St. Croix Falls, WI 54024.

CIRCUIT boards : Your artwork, quick delivery, rea
sonab le. ATLAS CIRCUITS, Dept. A, P.O. Box 892,
Lincol nton, NC 2809 2, (704) 735-3943.

~ 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 ($62.70) 23 ($ 6 5 .55) 24 ($ 68.40) 25 ($71 .25)

26 ($ 74 .10 ) 27 ($76.95) 28 ($79 .80) 29 ($82.6 5) 30 ($85 .50 )

31 ($88.35) 3 2 ($91 .10) 33 ($94.05) 3 4 ($ 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 inform ation (Sorry , no telephone orders can be accepted .):

---------_/_--- - - - ---
IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBER FOR OUR FILES. ADS SUBMITIED WITHOUT THIS INFORMATION WILL NOT BE ACCEPTED .
CLASSIFIED COMMERCIAL RATE: (for firms or individ uals offeri ng commercial produc ts 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 with in one year ; if prepaid . NON-COMMERCIAL RATE: (for
individuals who want to buy or sell a personal item) $2.30 per word . prepa id....no minimum. ONLY FIRST
WORD AND NAME set in bold caps at no extra charge. Addit ional bold face (not availab le as all caps) 50c 
per word additional (20% premium). Entire ad in boldface, add 20% premium 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 wo rd
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% premium to total price . DISPLAY ADS : 1" x 2V4'
$310.00; 2" x 2W'-S620.00 ; 3" x 2W'-$930.00. General Information: Frequency rates and prepayment
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 issu e. (i.e ., August issue copy must be received by May 12th). When normal
closing date falls on Saturd ay, Sunday or Holiday, issue closes on preceding working day.

rv stereo adapter plans /PCB also UHF gated
pulse descrambler with simulated stereo output.
For additional information-send S.A .S.E . to
SOKOLOWSKI, Box 150. Elmont. NY 11003.

PICTURE flyer lists qu ality electron ics surplus at
low prices. Since 1970. Send for last 3 issues.
STAR·TRONICS, Box 683. McMinnville, OR 97128.

ASSORTMENT #103- consisting of TOKO
coils 144LY-120K, 520 HN-3000023, BKAN·
K5552AXX (2);PCB; transistors 2N3904 (2)
BFQ85 (sub); IC's 7812. 74123, MC1330A1 P;
Diodes 1N914,1N5231B. Only$25.00. Coils
(only) $8.00/Set. AC adapter $6.00. Free
shipping. MCIVISAICOD . Toll Free
1-800·821·5226 Ext. 426 (orders). JIM
RHODES. INC., 1025 Ransome lane, Kings
port, TN 37660.
ZENITH SSAVI Manual. Original manual used by
technic ians. Theo ry of sc rambl ing . sch emat ics
parts list, repair for UHF and cable . For speedy
delivery send $15.00, cash or money order. BAY
STATE ELECTRONICS, P.O. Box 263 , Accord, MA
02018.

Card Number

Please Print Name Signature

Expiration Date
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CBC INTERNATIONAL. P.O. BOX 31500RE,
PHOENIX. AZ 85046 (602) 996-8700

Check/restore every color, b/w, projection, camera,
oscilliscope CRT's. Over 10,000 CRT listings. Guar
anteed to fit your tester. Our 3rd year. Chargecardsl
checks/Co us. CA28-$59.95 ppd 1-800-331-9658.
DANDY ELECTRONICS, 2323 Gibson, Muskogee,
OK 74403.

Software-public domain IBM compatibles. $4.00
volume or rent-e-over500 available.$2.00 catalog or
$5.00 sample. DISK SOFTWARE, Box 41778 Sac
ramento, CA 95841.

~ DIGITAL FOR

~~ REVERB ORGANS

ADJUSTABLE DELAYS • MULTIPLE INPUTS
11 BIT ACCURACY • HIGH SIN RATIO
VERSATILE· QUIET. MANY USES

Send for complete inform ation
SONIC CREATIONS INC.

P.O. Bo x 758, Cortez, Colorado 81321

LASERS and nightvision surpius components . Free
catalog, M.J. NEAL COMPANY, 6672 Mallard Ct.,
Orient, OH 43146.

TV-Stereo M.T.S. adapter for any TV-VCR. No re
ceiver disassembly. Line level outputs: includes ex
pander. $52.00, $2.00 shipping. D. W. FISHER, Box
334, RFD#5 Penacook, Webster, NH 03303 .

Atte nt ion looking for surplus test equipment; have
voltmeters , signal generators, other types of equip
ment. J.B. ELECTRONICS , 9518 Grand,Franklin
Park, IL 60131. (312) 451-1750.

LIGHT chasers , color organs, rope lights . As
sembled , kits. DESIGN SPECIALTY, Box 1995,
Huntington Beach, CA 92647.

ELECTRONICS catalogs over 6000 items. $2.00
postage. Applied to first $20.00 order. REDWOOD
ELECTRONICS CORP., 711 Summer St., Eureka,
CA 95501.

TUBES, name brands, new, 80% off list. KIRBY ,
298 West Carmel Drive, Carmel, IN 46032.

CONVER TER descrambler schematics, service
manu als , cab le and sate ll ite; oak cab le de 
scrambler. New units, $35.00 each, 10 per carton,
varisync units $45.00 each. Call (303)-634-6666.
PONDEROSA COMPANY,2408-A East Platte,Col
orado Springs, CO 80909.

CB'ERS only : antennas, radios, modulators,
voice scramblers , frequency expanders, modifica
tions , goody boxes , professional repairs, much
more! free cata log . PRESIDENT CB SALES. 101
W. Adarns -t z , LOQg Beach, CA 90805 . (213)
631-3552.

RESTRICTED techn ical Informational : electronic
surveillance, schematics, locksmithing, covert sci
ences, hacking, etc. Huge selection. Free bro
chure: MENTOR-Z,135-53 No. Blvd., Flushing, NY,
11354.

CABLE-TV converters and descramblers . Low
prices, quality merchandise, we ship C.O.D.. Send
$2.00 for catalog. CABLETRONICS UNLIMITED,
P.O. Box 266, South Weymouth, MA 02190.

FREE Freight On
All Orders
Over $25
UOOer 525 add
52.50 per order.
Minillllm order 510.

$7 .95
$8.45
$8.95
$9 .45
$9.95

SN 60/40 Rosin Core (RA)
One lb. Ree ls
16 swg. 1.064)
18 swg. .04 6)
19 swg. (.040)
20 swg. (.036)
21 swg. (.032)
V:z lb. Reels
22 swg. 1.026 ) $5 .95
24 swg. .022) $7.95

SN 62 (2% Silver)
Rosin Core
21 swg. (.03 ; ) $19.95

FREE DwldertRI Wiele
with each pound 01so lde r

• Chod< • Money Order • VISA
• MasterCard NY St. resQnb ~

~.e UifS Wt

~
• call TOLL FREE

a 800.645.4808
P.Qb568RJeo::h:l.N.Y.11753 In NYS 15161330H660

Mlcrowonderland. Commodore computer's parts!
Solid State coolers for 1541/71 drives! KIM-1 com
puters, accessor ies! Thousands IC's by mail! Free
64KDRAM sets! Disco unts! Cata log-$3.00! K.
BOUFAL-CONSULTING SERV ICES, Fitzwater,
Philadelphia, PA 19147. (215) 925-6469 .

CABLE TV source book-a complete listing of sup
pliers for hard -to-f ind converters, descramblers,
technica l information, schematics and much much
more. Full refund if not completely satisfied. Send
$4.95 to CABLE, Box 12505-R, Columubus, OH
43212.

Canadians, send for your free semiconductors now.
Limited offer, so hurry. Send a sel f address ed
(please print) stamped envelope to C.E.D.A.C. 6
Douglas Cres., Hillsburgh , ant. NOB-1Z0.

Index-Radio Electronics 1980 thru 1985by category
$2.00 per year. Options & diskettes available. RE
INDEX, 6472 E. Long Ave., Englewood, CO. 80112.

Cable TV filters for elimination of undesirable sig
nals. (50 dB.notch) channels available: 2 through 8;
14(A) through 22(1). Send $20 .00 each, Money
back gua rantee . Quantity disccounts. CATV, Box
17621, Plantation, FL. '33318.

TUBES: "oldies", latest. Supp lies , comp onen ts,
schematics. Send SAS.E. for catalog . STEIN
METZ, 7519 MaplewoOdRE, Hammond,lN 46324.

CABLE TV secrets-the outlaw publication the ca
ble companies tried to ban. HBO, Movie Channel ,
Showtime, descramblers , converters, etc. Sup
pliers list included. $8.95. CABLE FACTS, Box 711
R, Pataskala, OH 43062 .

74126
74151
74163
74365
74393

74LSI58
74LS257
74LS257
74 LS273

T_a: MICRO-MART accepts Visa. MCand telephone COO's M.ninlJm order $10.00. Shipping-'
U.S. orders. $2.00. Canada and other COlI1tTles $3.50 (Includes ins) Shopping rateadjuSted where
aWticabie. NJresidents add 8% sales tax.

.IC.I-IIAIT • 501 CEmAlII£.. WESTFIELD.... 17011 • (101) 15WIOI

tOO~Vto 1ClOOY

~'1':: ::,':" $51 9 5
o. 1 ~A 10 1OA.
0.10 to 2OMl2
1pF to 20 ...=
tOfWW 'I'OftIQe ,..ttn;
lransl. ,or l..tlng

Devon.
N:V_
PC"""",,,
N:"""",,,
HI-lo~.tMOe

~
Oklde T..I

"'1 1'"

Cypher IV Micro-Conlroller Kll · $129.50
.4 MHz. B·Bit Microp roce ssor"
INAT 1NSB073)
• Control BaSIC Interpreter On-Ctup
• Auto-Start Operation At Power -On

:~~~1t~~~~~~lt~~~~~~~ Lmk
· 24 Bi·Olrectt onalllO Lines (8255Al
• RAM Memory- 2K Expandable To 16K
• Eprom Memory-Expandable To 16K
• BUllt In Epr~ Pr?Qrammer

:b~~6~:t~~~I~~i~~nt~~~t~1~~kUP

74 SC374·D Type Flip-FloP. Non/lnv
74 SC533·Tran sparent Latch ·lnverted
74SC534 ·D Type Flip-FlOC Inverted
74 SC540·OC tal Buff er/Line Dnver-Inv
74SC541 ·OCtal Buffer/Line Driver-N Il
74S C563·Tran sparent Latch. Invert ed
74SC564· D Type Flip-FloP. Inverted
74SC573 -Transpar ent l atch . Norvtnv
74SC574 ·D Type Flip-F lop. Ncrvlnv
Data Book For All Aoove es. _ 2.50

::~~.~:~~;;t~'Y~~~~itB~&n"J
All Kits Contam 5 F connectors'oo to 75
OHM Balun. 300 OHM Terminal Block 2 Ft
75 0 HM Patch Cord 2 Ft3000HMTwm lead
Nylon Cabl e Ties. And UHF Antenna
ModeI104124-S2.95 Includes All 01
The Above Plus 25 Feet CoaXial Cable And
Mount tng Hardwar e For Indoo r Wallf Celhng
Ins tallation
Model 104Bao- S2.95 Include s All Ot
The Above Plus 25 Feet Coaxial Cable And
Att rac tiv e Expanda ble PoletU·BoIt For

~~r~~tU~j~~~~OI~cludes All Of
The Above Plus 65 Feet Coa xrat Cable And
All Necessary U·80lt Hardware

UHF-TV PREAMP
(As fealured In Radio Elec1ronics March/
May erticles. 1982)
This inexpen sive antenna mounted prt?
amp can add more than 25 dB of gam to
rour system . Lots of sati sfied customers
end repeat orders lor this high quelity kil .
which includes ell compOnenl pariS. PC
BD. Ceoe. Power Supplyand aalun $34.50
Assembled Version $57.50

Chlpeaps·5et 014. 2 Each 2.7 & 3.3pl·1 .oo
.33ul 1OOV Oip Mylar .. . .. .. .. .. .. 1011.00
1.000 PC Heststo rAss't(30 ValueS)1/2 W.S3
Pots-t Me~ Lin ear Tarrer 5/1 .00

~g: 'g~tDI'i: 'i?r,0r~~~~~%~?b'2i!tlggg
Prolect ~oX/ucTFor Detector 1.95
Miniature Speake r For Detector _ 65
Extenar....e Con stru ct ion Article For Oet. $1
lV Knobs 15/1 .00
Ammeter (0.15 A.C. Amperes) 4.9 5
VolVOHM Meter MVMNT (0-1 K OHM.

0-3ooV) .. .... .. .. . .. . .. .. .. .. 2.95
6V Min iatur e Gear Mol or. . . . . . . . . . . . 50
RFChokes-l .8uh. 6.2uh. 12uh. 22uh-l 0/ 1.00
22/44 Pin Edge Card Connector . . . . . ..50
Slide Controls·50K, 100K, 1.2M, 2M, 5M 5/1.00
BNC "r Connector (UG-274) .... .. . .. 95
Mi xed Con nect or Ass't . . . . . . . . . . . 10/1 .00

~~:~:J,g~t~e'i~CLe:,.~~~ . 1 ~
~~.~~~~~~~r.~~~~i~.1 21~~:'
221·79,221 -87.22 1·96.221·104 . 22 1-105.
221-106. 22 1-140

~~~~~~~~t:'~D~~;~:~n~g
Wineg ard 4 Bay Bowt ie UHF Antenna-ta.sc
IC Storage (Bu3/. 60 x (Holds) 30 lC's·1.75

';'c:;'~~~. ~~ oJ~~nl,<~\Z ~~b~~~
f;?':;'~1"o3Wor~~K 1~~~1¥.f~~
100 OHM. I K 10K 25K~K lOOK .. . 4/$1
Heat sensitive Swltc h/1SO' C 1011.00
Mixed Coil Ass', 10/1 .00
Buzzers . . . . . . . . . . . . . . . . . 3/ 1.00

g~:g ~:::::g; l~fo~ : :: ::: : : :: : :: : ~g~l :gg
~~~~'W~~f~WiBui'li'Ii, Resisi~Ji2?
MRF901 (HobbyGra~~ .. . 10/1 .00
IC Ass·l( Hollby Grade. Some Marked}-30/$1

20 Cent(.20) 74SCXX
Series Special
• Octal Interf ace Circuits
• Equtvalent To 74LSXX SIIn••
• Low _r lBO-CMOS Technology
• Shari !'ropegetion Deley
-Improved Hoi .. Margine

;t~~3~~{r~k1~~':,~~~~P~:t~h~d
74SC138·1 018 Inverted Decoder
74SC1 39 ·1 014 Inverted Decode r
74SC237·1 01 8 Non·lnverted . Latched
74SC236 ·1 018 Non·ln verted
74SC239 ·1 Of 4 Non·lnverted
74SC240·OCtal Buff er/Line Driver-trw
74SC24 1·Octal Buffer/Li ne Driver·N /I
74SC244·Octal Buffe r/Line Driver ·N/I
74SC 245·Octal Bu s Transce iver-Non't
74SC373 ·Transoarent l atch·Non/lnv

t~~~~iL : : : :: .~ ~
AM/F~ . R.adi.o IC ("2204.W/S",:cs'l~~~~

IC Socketl
8PIN/.07 14PIN/ .13 16PIN/ .1S

16 PlN/ .17 20 PIN/ .19 22 PIN/ .21
24 PIN/ .22 28 PIN/ .24 40 PIN/ .39
7 Segment Di,splay(.3 " CommonCath) . . . .15

~r~Sf~:~t~D~rl.~~ ( '~: '.~~.~.~~.~~~~l. 311 :M .
Jumbo Red LEO's·Oiff used l ens, Prime (Til ,
All l 00% Pnm..15/$I. 100/$6 .1.000/$57 .50
LED Mountin2ChPs& Rings . . , . _. _15/1 .00

~~nX:~~:~e~1~c~r~g;~~c;~a~~4~905
DIp SWltc h-12 Positi on 2/1 00
DIp Swit ch-8 Posmon . . . .. . , . . . . 4/ 1.00
Keyboard Push Button Tops 30 /1 .00
Audio Cable . . . ' " _.30 FeeVl .00
22AWG Wire . . 50 FeeVl .oo
27AWG Wire 50 FeeV 1.00
Mini Lubr ica tor (& Lub ricant) 1.00
MoIex Plns(7 Pln/Striptloo/$ 2.600/$4.1Ki$6
Cloc k Module-Crystal Contr olled. Green
Oisplay/ 12VDCITime 5et SwitcheS/Data-4.95

~f~~ryJW~~\;:~J~'g7.~~; ~~,~i~}~
7x5 (35 ~otaO Red LED Matrix/Specs·4.9~
11 LED Bar Groph Dilpley·2·3/4" . Rect
LED's(Speci~Red,Grnotm~ Specs . . . 2.69

=F~fAv.J=8t;~=-~a~~
~~~P',~~l~r~~f~o";':'~~~~.~~~~ : : : : ~ :~g
12V Center Tap Transformer 2.50
BAMP'2QOV Bridge . Quick Disconnect (GI) .95
1N4007 . .. .. .. . .. 2011.00

1~~ !~~1 ~~gl : : · : : : : : 1 8~lgg
Zener mooee-znv 1W _30/1.00
Zen er Diod eS-13V l WGlas s 30/ 1 00
2560.0KC Crysta l. .. . .. .. .. . .. .50
3 57954 5 Colo r 6urst CrystaI IHC· 181 50
1.0 Mhz Cryst al .. .. .. .. .. . .. .. . .. .. .. 1.95

¥g~A~~r~~~ti iBern) ·,,:, · ::. .. "'lotl:66
To-1 6 Heat Sinks (Bern) 10/1 .00

~~i':'~~:~~~re~iCCePI(AI~M~ci2
oo 22UllooV!1621 30/1 00
oo 27ul looV 272) . .. 301100
.00 33ul toav 33 21 3011.00
.00 39ul 1oov !392! .. . 30/ 1.00
.00 56ul l oo V 562 . 30 /1 00
oo6 2ul lOOV 622 .. . 3011 00

~l::r'i~~C~\~iR~3,':L . : : " ~g~lgg
1000ul 185V TWISt Lock 1.00
3200ul 5OV(ldeal For Power Supphes)· l .oo
5800 ul 25V (Comp Grade 3'5/6" x 1)·3/ 1.00
.1uf SOVMo no litht cs . . . . . . . . . . • . . . 10/1.00
.22ul 50V Monoh thlcs 20/1 .00

15 PIn H_r a MollnllSockeI,
","rlMT/PC
.158" Cente rs 5/1 .00
Crys tal Clock Osc illator . . . . . . . . . . . . . . . .50
3.300.F 35V AXIAL-l v.1'x 7~' Nich....... 2/.95

Co ila For Radio EI.c'. Feb. 84 TV
Projec1 . Toko .'S r -r, T·2, L-1 (12 uH)
& L·2 (.071 uHI Co mplete 581 01 All
4 ColIl 8 .50
MC1330-P"me(Moto) 2/100
BFQ-aS Transistor . . . . . . . 1.50
DISCCaps .00 1uf .. .. .. .. . . . .. • _. 20/ 1.00
74 123.Prime(Natl .. . .. . .. 3/100

:~g~1~~~~~:I~tl)l. :: .... :.. ' : :' ~j ~ .gg
2N3904 . .. . 10/ 1 00
2N390 6 . 10/ 1.00
1N914 . 40/1 .00
1~1~ 4011m
1N523 1B (5.tV.Zener D,odei 5/1.00

¥g\t~~16~~7~g~~\f,r2~~~/J~lcti:{,m
~~~al~sW~~(0~~~~~C~ pri~~{ij~
Incl~e Pos Itive/Neg & Adlust . . .. 15/1 .~
78 L06 Voltage Reg(DM106. T0-92).20/ 1.00
PN222 2A ... .. 20/ 1.00
2N30 55.. .. ... ..50
2N5306 20/1 .00
15 Cent (.15) Per IC TTL
7403 7442
7404 7450
7410 7474
7437 7476
7438 7495
7440 74107
15Cen1(.151 Per IC74LSXX
74LS02 74LS32
74LSOB 74LS74
74LS10 74LSB6
74LS20 74LS153

~~~~~~~~':MgtfM05
MC83~DTL) 101100

~~IE;b~(~~ .I.G2:6.PI.N .DI':5I>ecs: :l .~
273 2 Eprom .. .. . 1.95
2764 Eprom 2.4 5
27128 EPROM 4.95
256 K Dram 150ns Pnrne Hitachi (Ideal For

~~u{~a~~'18i~?=t.sl : :: ~:~~
UON 6118 (Ulsplay Dnver IC~Specsl 85
UDN 6 126 95
UCN41 16B-Osc!Freq D",ClocklG-Specs-5 /1
UCN 4601 (6 Chan 6,Moo LatchlD nver\-1 00
LM339 45
LM380 (ULN22801 .45

~i~ra(~~;rviri'.r:Moioi : : : ::::::..4/1 ·GG
74 1JOpAmp(MiniOlpHiReI Pkgl 4/1 .oo
LM1310 (Un marked. Tested Pnme) 50

en
a
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I
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PLANS AND KITS

IS it true you can buy jeeps for $44.00 through the
U.S. Government? Get the facts today! Call (31 2)
742-1142 ext. 4673.

CATALOG: Hobby/broadcastingl1750meters/Ham/
CB: transmitters, amplifiers, antennas, scramblers,
bugging devices, more! PANAXIS, Box 130-Fl . Par
adise, CA 95969.

TOTAL
PRICE

TOTAL

Price
Each

SUBTOTAL
Shipping Add
$3.00 per unit

COD & Credit
Cards - Add 5%

Output
ChannelItem

California Penal Code #593-D forbids us
from shipping any cabie descrambling unit
to anyone residing in the state of California.

Prices subject to cha nge without notice.

Ouantity

PLEASE PRINT

RCA 36 CHANNEL CONVERTER CH . 3 OUTPUT ONLY 29.95 18.00 ea.
PIONEER WIRELESS CONVERTER OUR BEST BUY 88.95 72.00 ea.

LCC-58 W IRELESS CONVERTER 92.95 76.00 ea.

JERROLD 450 WIRELESS CONVERTER CH. 3 OUTPUT ONLY) 105.95 90.00 ea.

SB ADD-ON UNIT 109.95 58.00 ea.
BRAND NEW - TRIMODE UNIT FOR JERROLDS 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 AVAILABI LIT Y 199.95 125.00 ea.

MLD-1200-3 CALL IF CH . 2 OUTPUT) 109.95 58.00 ea.

INTERFERENCE FILTERS - CH . 3 24.95 14.00 ea.

JERROLD 400 OR 450 REMOTE CONTROLLER 29.95 18.00 ea.
ZENITH SSAVI CABLE READY (DEALER PRICE 8ASED ON5 UNITS) 225.00 185.00 ea.
SPECIFY CHANNEL 2 or 3 OUTPUT Other products available - Please Call

ITEM S~~iE .?g:(}~~
PRICE PRICE

H AM ClAA
CO Mf'VTl RS
SO n WAIlI

KAHN..IS • OP TIC S

TI~Ttc'.~:,.t:~HT
SATl WTl

AUDIO VIWAl.
NIW P'ItOOUCTS

COMPONINTS • KITS
AHTtQUI" I UCT.
ruoucATlOHS

"-AHS • J.l "VlCI S

THE BEST PlACE '0 BUY. SELL or
TRADE N EW and USED EQUIPMENT

NUTS & VOLTS MAGAZINE
BOX II I I ·E • PLACENTIA. CA 92670

(7 14) 632·772 1
join Thou sands of Ruders Nu ion 'Mde

Every Month
ONE YEAR U.S. SUBSCRIPTIONS

SIO.OO• lrd O us • $IS.OO • I.t Out;$15 .00 - Uf.tlme • Jrd CI.......

LIVE rent· free! Easy & legal. $5 for report. ROBIN·
SON POB 76799 Vancouver BC, Canada V5R5S7.

SCHEMATICS : radio receivers 20·s/60·s. Send
br and n ame, model number. SA S E. EARL
SCARAMELLA, Box 1. Woonsocket, RI 02895
0001.

CABLE·TV Converters: Jerrold products in·
elude " new Jerrold Tri·Mode" , SB-3,
Hamlin, Oal< VN-12 , M·35-B, Zenith, and
more. UHF Deluxe II kits. (Quantity dls
counts) 60 day warranty. Repairs of cable
converters. For fast service C.O.D. orders
accepted. Send S.A.S.E. (60 cents
postage), or call for info., (312) 637-4408.
HIGGINS ELECTRONICS, 5143 W. Diversey,
Chicago, IL 60639. No Illinois orders ac
cepted.

LINEAR parts , tub es , tr ansisters-MRF454
$16.00. MRF455 $12.00. MRF477 $11.00. MRF492
$18. Catalog. RFPC, Box 700. San Marcos. CA
92069. (619) 744-0728.

USED books: Electronics. mathematics, cornput
ers, mechanics, physics, etc. $.37 stamp: SOFT·
WAVE, 1515 Sashabaw, Ortonvi lle, M1 48462.

TEST equipment, reconditioned. For sale. $1.25 for
catalog. WALTER'S, 2697 Nickel, San Pablo. CA
94806.

TECNICA 140/channel cable converter for fully reo
mote sound and video unit only $149.00. Jerrold
LCC58 converter only $79 .00. Jerrold DRZ450
converter 90/channel auto tuning only $89.00. All
units carry full manufacturer's warranty. Specials
while they last. For catalog send $3.00. Thanks.
REDCOAT ELECTRONICS P.O Box 28504. Jamal
ca. NY 111 28. (718) 459-5088 .

o Mastercard

DIGITAL Klock kit plays 1-of-12 melodies each
quarter hour. Displays time, date, and other fea
tures. Send $2.50 for assembly plans and pricing to
KERBER KLOCK KO.. 36117 Hillcrest, Eastlake,
OH 44094.

PC/XT compatible mother board, fully loaded w/
bios . 256K, 81/0 s lo t s , $199 . NRPC . (713)
484-9575, 104G S. Friendswood, Friendswood, TX
77546.

BUILD this five digit pane l meter and square wave
generator including an ohms. capacitance and fre
quency meter. Detailed instructions $2.50. Refun
dable plus 50 cents. BAGNALL ELECTRONICS,
179 May, Fairfield, CT 06430.

INVENTORS! Aim wants- ideas, inventions, new
products, improvements on existing products. We
present ideas to manufactures. Confidentiality guar
anteed. Call toll free 1-800-225-5800 for information
kit.

CATALOG TV descramblers, cable converters, mi
crowave converters. satellite systems. many types,
kits or built. $1.00. MINUTE KITS. Box 531, West
S.O. Sta., Bronx, NY 10461.

UHF gat ed-pulse descrambler plans with simu
lated stereo output. Watch your favorite movies with
the realism of ste reo . Book let contains detailed
schematics, instructi ons & theory. $12.00 DEL
PHONE INDUSTRIES , Box 150, Elmont, NYl l003.

Name -,-- _

Address City _

State Zip Phone Number (

o Cashier's Check 0 Money Order 0 COD 0 Visa

Acct # Exp. Date _

Signature _

FOR OUR RECORDS:

DECLARATION OF AUTHORIZED USE - I, the undersigned, do hereby dec lare under
penalty of perjur y that all products purchased, now and in the future,will only be used on cab le
TV systems with proper authorization from local off ic ials or cable company offici als in
accordance with all applicable federal and state laws..~ ..

Pacific Cable Company, Inc.
7325% RESEDA BLVD., DEPT. #.10... • RESEDA, CA 91335

(818) 716-5914 • No Collect Calls • (818) 716-5140

IMPORTANT: WHEN CALLING FOR INFORMATION
Please have themake and model # oftheequipment used in ourarea. Thank You

11



Multi-Channel 1.9 to 2.7 GHz
40dB Gain True Parabolic 20 Inch Dish

Complete System $84.95 (Shipping Incl .)
Dealerships. Oty. Prici ng, Replacement Parts

Phllllps·TeCh E1Betronlcs
r. O. BOI 34772 • Phoenll. AI85087

LIFETIME (8021 M7·7700 I$lDO Credlt . 1I phone ordersll
WARRANTY MasterCard· VI" • COO',

PROJECTION TV...convert your TV to project 7 foot
p ict ure results co mpa rable to $2 .500 proj-
ectors total cost less than $30.00...plans and 3"
lens $19.95 ...illustrated information free . MAC
ROCOMA-GE, Washington Cross ing, PA 18977.
Creditcard orders 24 hours (215) 736-3979.

CRYSTAL radio sets, plans, parts, kits. Catalog
$1.00. MIDCO, 660 North Dixie Highway, Hol
lywood, FL 33020.

PAY TV and satellite descrambllng all sys
tems schematics. American and Canada.
Fanatasy. Anlk, etc. 60 pages $12.95.
Stungun schematics $5.00. MDS micro
wave manual Including schematics $9.00.
Build excellent satellite sysylem under
$500. $11.95 kits catalog $2 (refundable).
SHOJIKI ELECTRONICS CORP., 1327 Niagra
St., Niagara Falls, NY 14302. G,O.D.'s.
(l1.6~82:1Q.<a

TUBES - OVER 2000 TYPESI

~
DISCOUNT PRICES

Parts, supplies, and literature for
\It tube type radios, inlcuding early and
II hard-to-f ind tubes.
' . Send $1.00 for 24 page wholesale catalog .

ANTIQUE ELECTRONIC SUPPLY
688-8 W. First St. • Tempe, AZ 85281 • (602) 894·9503

ELECTRONICS parts. 600 resistors, capacitors, di
ode s. New, long leads. $6.00 ppd. STAR-TRO
NICS, Box 683, McMinnville, OR 97128.

DESIGN your own custom circuits on your Com
modore 64. Just enter specifications and the com
p uter does t he re st. Se nd $5 .00 .
WEASELGRAPHICS PROGRAM, Dept RE1, 606
Thomasville, Pocahontas, AR 72455.

LOWEST prices on brand name loud
speaker drivers: Crossovers, parts, and
kits. Qualitydiscountsavai lable. Send $1 .00
for catalog (refundable with order) to: KDS
ELECTRONICS, Dept. RE186, P.O. Box 907 ,
Rye, NY 10580.

DESCRAMBLER plans. New des ign decodes
gated sync suppressed signals-newest pilotless
method. Circuit boards, most parts from Radio
Shack . Detail ed theo ry, drawings , inst ruct ions
$14.95 plus $2.00 shipping. DIRIJO CORP., Box
212, Lowell, NC 28098.

VCR amplifier kit: transmits VCR output to
any TV in your house, $24.95. Includes PC
board and all board mounted parts. CAresi
dents add 6.5% . Catalog $1.00 refundable
with order. CAS ELECTRONICS, 1559-J
Amar Rd . Suite457 , West Covina, CA 91792 .

SATELLITE TELEVISION
BUILD you r own Satell ite-TV receiv ing system
and save! Instructio n manuals, schematics, cir 
cu it boa rds, parts kits! Send stamped envelope
fo r comp lete product listing : XANDI, Box 25647,
Dept . 21W,Tempe, AZ 85282.

THE LNA specialists! Brand name, lowest noise,
lowest prices! We will not be undersold! Send for
prices: LNA, 201 E. Southern. Suite 100. Tempe,AZ
85282.

SATELLITE systems $449. Name brands. Quantity
discounts. Information $1.00. Catalog $2.00. STAR
LINK, INC., 2603-16R Artie, Huntsville, AL, 35805.

~,M(;GEE'S
SPEAKER & ELECTRONICS CATALOG

1001 BARGAINS IN SPEAKERS
to ll free 1-800-346- 2433 for ordering only.

1901 MCGEESTREET KANSAS CItY. MO. 6oi108

US$8.00 including disk thousand name brand pro
grams for Apple, IBM-PC. Details US$1.00. RE
LIANT, P.O. Box 33610. Sheungwan, Hongkong.

ENJOY satellite television. Savemoney with easy,
guaranteed, do-it-yourselt antenna plans/kits. Com
plete systems also available from Uniden, Raydx &
Winegard. Send $1.00for catalogor $8.95 for "Con
sumer Guide to sate llite television."GFI·54, Box
9108, Missoula, MT 59807.

DESCRAMBLER HBO. Complete satellite system
8', $425. Information. $1.00 postage. SOTHIS SAT
ELLITE, Box 7117. Saint John. Canada E2L 4S5.

SATELLITE channels newsletter. Get the most
from your dish! Details, sample $2.00. BOX 31R,
Dighton, MA 02715

DON'T trade in old satellite TV receiver to get re
mote control. Channel WizardR remotely controls
tuning, polarity, and connects from outside satellite
receiver. IR version including transmitter. $69.00 as
sembled, $39 .00 kit. Wired version $39.00 as
sembled ; vers ion including transmitte r, $69 .00
assembled, $24.95 kit. Add $2.00 shipping. Specify
PR1 or PR2. Send M.a . or cashier's check to: OR
ANGEBURG TECHNOLOGIES, INC., 1830 Five
Chop Rd.. Orangeburg, SC 29115. Send self-ad
dressed stamped envelope for info.

Save hundreds of $. Install your own satellite sys
tem. Complete instruction includes installation and
tuning $9.95 catalog of satellite systems and ac
cessor ies. Top brand, low prices . $5.00 B & T
ELECTRONICS Box 3156Grand Rapids, M149501 .

OPEN SATURDAYS 8 A.M. TO 1 P.M. WITH 24 HOUR ANSWERING TO TAK~ YOUR ORDER ANYTIME

TEST EQUIPMENT SPECIALS
....-WM. B. ALLEN SUPPLY COMPAN~Y....

V·650F
80M Hz • Dual Trace

Delayed Sweep

V·222
20MHz • Dual Trace

6" CRT

= • ~
SAVE ON

V·1050F
100MHz • Quad Trace

Delayed Swee p

V·212 V·422
DC·20MHz • Dual Trace DC·40MHz • Dual Trace

WM. B. ALLEN SUPPLY
ALLEN SQUARE

300 BLOCK NORTH RAMPART, NEW ORLEANS, LA 70112

LOUISIANA TOLL FREE 800 462·9520

Reg. $5855

$5311

V·6041
40MHzJ2 Channels • 4000

Words Per Channel

~.."r.;
~G~G
~~o

V·1070
100MHz· Quad Trace

CRT Readout
6" PDA-CRT

Reg. $2295

$1532

COMPLETE INVENTORY OF MUL TIMETERS
AND SCOPES FROM 18 MANUFACTURERS

800 535·9593

V·1100

Reg. $925

$669
Reg. $615

$430
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BUSINESS OPPORTUNITIES Reel TO REEL TAPES INVENTORS!

YOUR ow n rad io station! AM, FM, TV, Cab le. li 
censed/unlicensed. BROADCASTING, Box 130·F,
Paradise, CA 95969.

MECHANICAL LY incl ined in div id ua ls desiring
ow nership of sma ll electronics manufactu ring busi
ness-without investment. Write : BUSINESSES,
92 -R. Brighton 11th, Brook lyn, NY 11235.

PRINTED-CIRCUIT BOARDS

NEW ...repair any TV ...easy. Anyo ne can do it.
Write, RESEARCH. Rt 3, Box 601BR. Colville, WA
99114.

DO IT YOURSELF TV REPAIR

CABLE-TV

HOBBYISTS: Pretested EPROMs sold with your
programm ing installed . Program listing prov ided.
Fast service . Write or ca ll: ROMULUS MICRO
CONTROL, Box 8669 , Rockv ille, MD 20856 ; (301)
540-8863 .

EPROM PROGRAMMING

DEALERS wanted : Channel 2, 3, and 4 notch fil
ters . Money back gua ran te e . Send $15 .00 for
samp le and quantity price list. Specif y channel(s).
GARY KURTZ, P O. Box 291394, Davie. FL 33329.

PRINTED-circuit boards . Quick prototypes, pro
du ction , desig n, reflow solder. Se nd pri nt or
description for quote to KIT CIRCUITS , Box 235,
Clawson . MI 480 17.

CAN you profit from your idea? Call AM ERICAN
INVENTORS CCORPORATION for free informa
tion . Over a decade of service. 1-800-338-5056. In
Massachusetts call (413) 568-3753.

-.

EDUCATION & INSTRUCTION

WANTED

Hig hly Effective Ho me StUdy BSEEDegr ee Pro
gram for Experienced Electro nic Technic ian s
O ur New Advanced Placem ent Progr a m gra nts

~
,.~ C red it fo r p revio us Schooling &.Profe ssio nal Ex-

perie nc e. Advance Rapid ly! Our 40th Yearl
/ FREE DESCRIPTM lI TERATUREI
~ .Cook's Inslll ule of Electronics Engineering
, " • P.O. BOX 20345. JACKSON. MS 39209

RESISTOR color code . learn on your IBM-PC or
MS- DOS compatib le co mputer. Price : $45 .00 .
PROFESSIONAL TECHNOLOGY SYSTEMS, P.O.
Box 893, Jenson Beach . FL 33457.

EC .C. Commercial General Radiotelephone li
cense. Electronics home study. Fast. inexpensive!
"Free" detai ls. COMMAND, 0 -176, Box 2223 . San
Francisco, CA 94126.

$30,000 + technician! You can too. Guaranteed.
Send $2.00 P&H for information . CRT, 2144 South
1100 East , SLC Utah 84106.

Ampex professional series open reel tape. 1800 or
2400-feet on 7-inch reels, used once. Case of 40 ,
$45.00. 10y" x 3600 feet and cassettes available.
Master Card N isa. VALTECH ELECTRONICS. Box
6-RE . Richboro , PA 18954. (215) 322-4866.

ELECTRON IC
ASSEMBLY BUSINESS

BIG
PRO FIT

Start home. spare time. Investment knowledge or
experience unnecessary. BIG DEMAND assem
bling electronic devices. Sales handled by profes
sionals. Unusual business opportunity.

FREE: Complete illustraied literature
BARTA. RE-O Box 248

Walnut Creek . Calif. 94597

SAVE and earn money repairing home app liances!
Our guide has complete details on wiring, instruc
tions, troubleshootinq charts. No more time wasted
in expe nsive serv ice shops ! $7 .00 postpaid. INFI
NITE , Wrig hts town-Cookstow n Rd ., Bo x 0125,
Cookstown, NJ 8511-0125.

RECOVER pure gold from old circuit boards , com
pute rs, electro nic junk. Easy method. Send $5.00
RECYCLING Box 11216R. Reno , NV 89510-1216.

PROJECTION TV ...make $$$'s assemb ling proj-
ectors easy...resu lts comparable to $2.500 proj-
ectors your total cost less than $20 .00 plans &
8" lens & dea lers information $17.50 illustrated
inform ation Free.. .MACROMA-GEX Washing ton
Crossi ng, Pennsylvania 18977 . Creditcard orders
24 hours (215) 736-2880.

MASTERCARD AND VISA are now accepted
for payment of you r advertising. Simply
complete the form on the first page of the
Market Centerand we will bill.

RAD IO tubes: 2A3 , 45's, 50·s. 211, 845. Western
Electr ic tubes, amps , drive rs, horns, speakers.
DAVID , P.O. Box 832 , Monterey Park, CA 91754.
Tel: (818) 576 -2642 .

DESIGNERS wanted to design electronic kits. Send
resume to ATRONIC Limited, Box 79306. Mongkok
HongKong.

ROBOTS
ROBOT catalog . $2.00 refundable. Complete line of
perso nal, educatio nal robots, kits. toys books , plans
and peri phe ra ls. THE ROBOT STORE, 906
Bancroft Way, Berke ley, CA 94710.

BLANK PCB WtTH 2716
CHAR . ROM. 2732 MON . ROM

One tree can make
3,000,000 matches.

CIRCLE 105 ON FREE INFORMATION CARD

For $149.95, this lab quality power supply
gives you 3 completely isolated outputs: two
variable 1.5-20 VDC at 0.5 amp and a fixed 5
VDC at 1 amp - the same as the $300 units.
The MFJ-4002 IsAmerican made and design

ed for heavy use.
You'll get plenty of voltage and current for

your analog and digital circuits. It's ideal for
education , circuit design, product develop
ment, testing, quality control and production.
You can connect the outputs Inseries orparal

lel for higher voltage or current. It's short cir
cuit protected, has excellent line regulation
(typical ly 0.01%/V) and load regulation (typi
cally 0.1%). Two large 3Inch precision meters,
monitor voltage and current simultaneously
and are lighted for easy reading.It's ruggedly
built with heavy guage aluminum so you'll get
many years of trouble free service. 12 x 3 x 6
inches. 110 VAC with 3 wire safety plug .

800-647-1800
Order from MFJ and try It. If not satisfied,

return within 30 days for refund(less shipping).
One year unconditional guarantee.
Order today. Call TOLL FREE 800-647-1800.

Charge VISA, MC ormail check, money order.

M~I
MFJ Enterprises, Inc.
921 Louisville Road
Starkvil le, MS 39759

Now! A triple output
lab power supply

for $149.95.

SOURCE DISKETTE - ADD S10

SET OF 2 CRYSTALS - ADD S7.50

$899~RT_80
(COMPLETE KIT, 2K VIDEO RAM)

Digital Research Computers
(OF TEXAS)

P.O . BOX 381450 • DUNCANVILLE TX 75138 • (214) 225-2309

Ca ll or write for a free catalog on Z-80 or 6809 Single Board
Computers, 55-50 Boards, and other 5-100 products.

TERMS: Add $3.00 postage. We pay balance. Orders under $15 add 75C handling. No
C.O.D. We accept Vi sa and Ma sterCard. Texa s Res. add 5-1 /8% Tax . Foreign orders
(except Ca nada) add 20% P & H. Orders over $50 add sse fo r Insuranc e.

SOLAR CELL SPECIAL: 4 In. Diameter Rated .45 VDC At1 .2
Amps Or Better. Brand New Units, Cosmetic Seconds, But
Perfect Electrica lly . s3.99 6/$20 .

THE NEW ZRT-80

CRT TERMINAL BOARD!
A LOW COST Z-80 BAS ED SIN GL E BOARD THA T ON LY NEEDS AN
ASCII KEYBOA RD , POWER SU PPL Y. AND VID EO MONITOR TO MAKE A
COMPLETE CRT TERM INAL. USE AS A COMpUT ER CONSOLE, OR
WITH A MODEM FOR USE WITH ANY OFTHE PHONE-LINE COMPUTER
SERVICES.

FEATURES:
* Uses a Z80A and 6845 CRT

Controller for powe rfu l video
ca pa bilities .

* RS232 at 16 BAUD Rat es fr om 75
to 19.200.

• 24 x SO standard fo rma t (60 Hz).
* Optional formats f ro m 24 x 80

(50 Hz ) to 64 lin es x 96 characters
(60 Hz) .

* Hig he r density lo rm ats require up to
3 additiona l 2K x 8 6116 RAMS .

* Uses N.S. INS 8250 BAU D Rate
Gen . and USART co mbo IC .

* 3 Termina l Em u lati on Modes wh ic h
are Dip Swit ch selectable . These
in cl ude the L SI- AO M 3A. the Heath
H-19 . and the Beehi ve.

* Composite o r Spli t Video.
* Any po la rity of video o r sy nc .
* Inverse Vide o Capability.
* Sm all Size : 6 .5 x 9 in ch es.
* Upper & lower case w ith descenders.
* 7 x 9 Cha racte r Matr ix.
• Requires Par . ASC II keyboard .

FOR 81N.
SOURCE DISK

(CP/ M COMPATIBLE)
ADD $10

...:
Ul
W
:;:)
o
~t-----------------------iz
o
Q.
:;:)

>
Q.

o
U
w
w
a:
u,

:-:
~z
<C
a:
a:
<C
:=
C
w
~

:E
:::::i
>
<C
C
o
0>

a:
:;:)

o
u.
o
Ul
:::E
a:
w
~

w

i=~=~=~=L.... -=================~
' 0
~

~
U
w
~~----------------""';'-':------l:;:)
Ul
Ul
w

~I---------------------------i
Ul
...I
...I<CL.- --'

CJ)

o
Zoa:
b
w
....J
W

6
o
-ca:

rt18



. ,

SAFE ~N SURE UNIVERSAL TEST LEAD KIT

.. Test Hooks
* Spade Lugs
* Alligator Clips
* Banana Plugs

On-The-Shelves at your Local Distributor.

43 ~~Y;:~9~!=i
49 Bleecker Street, New York, NY 10012 • (212) 475·4600 . ·TLX: 35·3700

CIRCLE 271 ON FREE INFORMATION CARD

SPECIAL OFFER $22~~MPLETE
. PRACTICAL • ECONOMICAL . HANDY . TIME SAVING . MAXIMUM FLEXIBILITY
this Versati le Modular Kit with 1001 uses allows you
to make: TEST LEADS, PATCH CORDS, CLIP LEADS, Kit Includes The Following:
JUMPER-CABLES, TEST HOOK LEADS compatible SCREW-ON ACCESSORIES
with instruments manufactured by: Beckman, Triplett, ,.,
. SImpson, Fluke, B&K, Keithley, Amprobe and

other leading brands.
• Accessories screw on for positive, reliable

connection. Supplied in pairs (red &black)
with 48" long wire leads.

• Packaged complete in neat and
handy vinyl organizer carry pouch.

• Made in the U.S.A.

CAT.
No.
8025

Printed by this publication as a public service
Photograph: Lange Collection, Oakland Museum

Teamwork is
making a comeback
in America.

Cooperation on the
production line helped America
win World War II. We're in another kind of
battle today-a fight for economic survival in an
increasingly competitive world market. Coopera
tion in the workplace is helping us meet this
challenge too.

In plants and offices throughout the country,
management is asking employees for their ideas
on how to increase productivity and improve the

work environment. And workers
and their unions are responding

with a wealth of practical sugges
tions and a renewed spirit of

cooperation. .
For information about how

others are working better by working
together, contact:

Cooperative Labor-Management Programs
U.S. Department of Labor
Washington. D.C. 20216
202 -523-6098

us. Department of Labor •
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~_lta~le Ihclek Part/ltlaee_........
OVER 1000 ITEMS IN stoel( AT EVERYDAY LOW PRICESI

Basic Electronics Tech
nolog~. The "hows" and
" whys' of modern elec
tronics presented in plain
language. Learn how
semiconductors work as
amplifiers, oscillators, in
power supplies, radiolTV,
computers. Illustrated.
464 pages. #62-1394

ftadl8/haeK

More Than
. 200,000

Substitutiohs
Availablel

High-quality full-stroke unencoded keyboard
with standard " QUERTY" layout plus word pro
cessing functions-total of 75 keys. Mounted on
47/ . x 14'/. " metal-backed base. 21-conductor
ffat-cableoutput. Specs not available. #277-1020

lIIumin~ted Switches
(8) 120VACSPST Push- (8)
On/Push-Off. Rated 10
amps, 100-125 VAC. 7/'6 "
mtg. hole.
#275:671 3.49
(9) 12VDC SPST Toggle
Switch . Rated 3 amps,
12 VDC use only. 7/' 6"
mtg. hole.
#275-706 1.99

New"Hot-Line" Service
For semiconductors

Electronics Textbook

795

Radio Shack
Can Replace
Almost Any

ICor
Semiconductor

TV RF Modulator

Special 495
Purchase!

Selectable channel 3/4
output. 5-pin DIN plug ac
cepts video, audio and 12
VDC power inputs. On/offCJ
switch with built-in TV
a nten na/modu lator -
switching. #277-1015

_ No Minimum Order _ No Postage Charge
If the IC or semiconductor you need is not part of
our regular stock, our store manager will check our
new in-store substitution guide and specia l-order a
replacement from our warehouse. Your order will
be sent ASAP to your Radio Shack store. We also
offer this service on selected tubes, crystals, phono
cartridges and styli.

.49

.49

.59

.59

.59

Pkg . of 2

272-126
272-130
272· 131
272-134
272-135

Cat. No.

3ge
Pkg. of 2

50 WVDC Minimum

.00 1

.005

.01

.05

.1

.39

.39

.39

.49

..49

Pkg. of 2

272-120
272-121
272·123
272-124
272-125

Cat. No.

Ceramic Disc Capacitors
Low As

pF

4.7
47
100
220
470

Autoranging DVM

Breakthrough
Low

Price!

"Finishl.,g Touches"
For Projects

Only

Select the function and it does the rest! " Diode
check" mode for testing semiconductors. Mea
sures to 1000 volts DC, 500 volts AC (accurate
from 45 Hz to 10 kHz), DC current to 200 rnA.
Resistance to 2 megohms in 5 ranges. 47 / . x
2' 3116x 1 '/4~ With test leads, spare fuse, instruc
tions. Battery extra. #22-188

DC HObby Motor
Special 119

Purchase!
Reversible, perfect for robotics
experiments and modal-making. 3
to 19 VDC. 23,000 RPM at no load.
Approximately 2'12 long with 3/32"
diameter shaft. Leads for easy
hookup. #273-207 . •

(6) PC Board-Moun t Plezo Buzzer. Loud, yet
draws only 12 rnA at 12 VDC. #273-065 . . . 2.49

(7) Precision Panel Voltmeter. 0 to 15 volts DC.
Ideal for monitoring vehicle electrical system or
power supply voltage. 23/. x 2' /. x 1'/.~ Mounts in
17/." round hole. #270-1754 7.95

.99

.99
1.19
1.49
1.19
1.19

4001 276-2401
4011 276-2411
4013 276-2413
4017 276-2417
4049 276-2449
4066 276-2466

Type Cat. No.

Over 1000Items in stock: Binding posts, Books, Breadboards, Buzzers, capacitors, Chokes, Clips,
Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, Multltesters, PC Boards, Plugs, Recti-
fiers, Relays, Resistors, Switches, Tools, Transformers, Transistors, Wire, Zener Diodes, and morel A DIVISION OF TANDY CORPORATION

Prices apply at participating Radio Shack stores and dealers

All Include Pin-Out
And Specs

CMOS DigitallCs

Two 4' /2X 3" copper-clad boards, resist-ink pen
and solvent, etchant, layout strips and circles,
tank, '116" drill bit, instructions. #276-1576, 9.95

Add voice ou~put to
Your Microcomputer

~ I

SP0256-AL2 Speech Synthesizer IC. 'This
large-scale MaS device simplifies the construc
tion of a complete speech synthesis system. Built
in 16KROM contains a synthesis program with 59
discrete speech sounds and five pauses. Re
quires clock crystal and low-cost support compo
nents, not included, all available through your
Radio Shack store. 28-pin DIP with detailed data
and circuit examples. #276-1784 12.95
CTS256-AL2 Text-ta-Speech IC. Makes it easy
to add voice output to virtually any computer or
terminal. Converts standard ASCIIcharacters into
control data for the IG above. 4Q-pin DIP with data
and circuit examples. #276-1786 16.95

PC BOard Etching Kit

Heart of a
Rewarding

Project

CIRCLE 78 ON FREE INFORMATION CARD

(1) TIL906-1 High-Outp ut Infrared LED. Re
quires only 20 milliamps at 1.3 VDC, yet emits as
much energy as three regular fR LEDs.
#276-143 : ' 1.49
(2) TIL414 Infra red Photo Transistor. High
speed NPN type is suitable for fiber optic experi
ments, model train switching, more. 50 mW.
#276-145 89'
(3) Xe-5491 Trl-eolor LED. Glows red on DC,
green on reverse DC and yellow on AC. Rated 25
rnA at 2.2 VDC. #276-035 1.29
(4) CQX21 Blinking LED. Combines a MOSinte
grated circuit driver and a red LED. Ideal for dis
plays, electronic jewelry, badges, models and
much more. Can drive several .LEDs in series.
Requires 20 rnA.at 5 VDC. #276-036 . ... . 1.59
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~

c.c:
ex:
0:

CIRCLE 82 ON FREE INFORMATION CARD
12"



Timer Ca pacity Inten sity
Chip (uW /Cml )

NO 9 8.000
YES 9 8.000
YES 12 9.600

CRYSTALS 74LSOO HIOH SPEED CMOS
32 .768 KHz .95 74lS00 . 16 74LS165 .65 A new fam ily of h;gh speed CMOS loge featuring

1.0 MHz 2.95 74lS0, .18 74LS166 .95 the speed of~ power Schottky (8ns~ gate
1.8432 2.95 74lS0~ .17 74LS169 .95 propagation detavl.combined with theadva ntages of
2.0 1.95 74lS03 .18 74lS173 .49 CMOS : very low power consumption, superior noise
2. 097 152 1.95 74LS04 .16 74lS174 .39 imm unity, and improved output drive.
2.4576 1.95 74LSO S .18 74LS175 .39 74HCOO3.2768 1.95

74LSO~ .18 74lS191 .493.579545 1.95 74lS0 9 .18 74lS192 .69 74HC: Operate at CMOS logic levels and are ideal
4.0 1.95 74LS-, O .16 74LS193 .69 for ntl'W'. all-CMOS designs .
4 .032 1.95 74LS-" .22 74lS194 .69 74HCOo .59 74HC1485.0 1.95 74LS, Z .22 74LS195 .69 74HC02 .59 74HC1515.0688 1.95 74LS" .26 74LS196 .59 74HC04 .59 74HC1546.0 1.95 74LS, . .39 74LS197 .59 74HC08 .59 74HC1576.144 1.95 74LS15 .2 6 74LS221 .59 74HC10 .59 74HC1586.5536 1.95 74LS20 .17 74LS240 .69 74HC14 .79 74HC1638 .0 1.95 74LS21 .2 2 74LS241 .69 74HC20 .59 74HC17510 .0 1.95 7 4 LS22 .2 2 7 4 l S242 .69 74HC27 .59 74HC24010 .738635 1.95 7 4 LS11 .23 74LS243 .69 74HC30 .59 74HC24412 .0 1.95 74Ls28 .26 74LS244 .69 74HC3 2 .69 74HC24514 .31818 1.95 7 4 UlO .17 74LS245 .79 74HC51 .59 74HC25715 .0 1.95 7 4 1...SJ2 .18 74LS251 .49 74HC74 .75 74HC25916.0 1.95

74~3 .28 74LS253 .49 74HC85 1.35 74HC27317 .430 1.95 7 4 Ul7 .26 74LS256 1 .79 74HC86 .69 74HC29918 .0 1.95 7 4 W8 .26 74lS257 .39 74HC93 1.19 74HC36818 .43 2 1.95 7 4 U42 .39 74LS258 .49 74HC107 .79 74HC37320 .0 1.95 74lS47 .59 74LS259 1.29 74HC109 .79 74HC37422.1184 1.95 7 4 1548 .69 74lS260 .49 74HC112 .79 74HC39024 .0 1.95
7~51 .17 74LS266 .39 74HC125 1.19 74HC39332 .0 1.95 7_73 .29 74lS273 .7 9 74HC132 1.19 74HC4017

CRYSTAL 7-4lS74 .24 74lS279 .39 74HC133 .69 74HC4020
7llS7 5 .2 9 74LS280 1.98 74HC138 .99 74HC4049OSCILLATORS 7llS7 6 .2 9 74lS283 .59 74HC139 .99 74HC4050
~llS83 .4 9 74LS290 .89

5.95 "JllS 85 .49 74LS293 .89 74HCTOO5.95 "7llS86 .22 74LS299 1.495.95 -" LS 90 .39 74LS322 3.95 74HCT: OWed . drop-in replacements for LS TIL
5 .95 7'LS 92 .49 74LS323 2.49 and ca n be intermixed with 74lS in the same circuit.
4.95 71LS93 .39 74LS364 1.95 74HCTOO .69 74HCT166 3.054.95 71l S95 . .49 74LS365 .39 74HCT02 .69 74HCT174 1.094.95 1.LS 107 .34 74 lS367 .39 74HCT04 .69 74HCT193 1.394.95 14LS10 9 .36 74LS368 .39 74HCT08 .69 74 HCT19 4 1.194 .95 74L511 2 .29 74lS373 .79 74HCT10 .69 74HCT240 2.194 .95 74 L512 2 .45 74lS374 .79 74HCT11 .69 74HCT241 2.194.95 74LS12 3 .49 74lS375 .95 7 4HCT27 .69 74HCT244 2.194.95 74LS12 4 2.75 74lS3n .79 74HCT30 .69 74HCT245 2.194.95 74 LS12S .39 74LS378 1.18 7 4HCT32 .79 74HCT257 .994.95 74LS126 .39 74LS390 1.19 74HCT74 .8 5 74HCT259 1.594.95 74 LS1 32 .39 74LS393 .79 74HCT75 .95 74HCT273 2.094. 9 5 7 4 LS1 33 .49 74LS541 1.49 74HCT138 1.15 74HCT367 1.094.95 7 4LSH 6 .39 74LS624 1.95 7 4HCT139 1.15 74HCT373 2.494.9 5 7 4L5138 .39 74LS640 .99 74HCT154 2.99 74HCT374 2.49

74LS139 .39 74lS645 .99 74HCT157 .99 74HCT393 1.59
7 4LS145 .99 7 4LS669 1.29 7 4 HCT1 58 .99 74HCT4017 2.19

MISC. 74LS1 47 .99 74lS670 .89 74HCT161 1.29 74HCT4040 1.59
74 LS148 .99 74LS682 3.20 74HCT164 1.39 74HCT4060 1.49

9 .95 74LS151 .39 74 LS68 3 3.20
19 .95 74lS153 .39 74LS684 3.20

.79 74lS154 1.49 74lS688 2.40
7 .95 74LS155 .59 74lS783 22 .95 74FOO4.95 74lS156 .49 81LS95 1.49
1 .95 74L51 57 .35 81 lS96 1.49 74F74
8.9 !5 74LS158 .29 81 LS97 1.49
2 .90"!5 14LS160 .29 81LS98 1.49

13.9"5 74 LS16 1 .39 25 LS252 1 2.80
6._5 74LS162 .49 25LS2569 2.80

AY5·2376 11 _~ 74LS163 .39 26LS31 1.95
AY5·3600 PRO11 _~ 74LS164 .49 26LS32 • 1.9.5

1450nsl
1450nsllCMOSI
145OnslllP)
1250nsllLPI
145Ons)
1450n5)
(450ns1lLPI
(200noIlLPI
(15On slllP)
1450nsl
(1S0n5)
1100ns1
12oo nsIlCMOS)
1150ns1lCMOS)
(2oonoIlCMOSlllP)
1150noIlCMOSlllP)
1120nsllCMOSIllPI
115OnollCMOSI
1150nollCMOSIllPI
1120noIlCMOSlllP)

125Ono)
12oon 5)
(150ns)
(120no)
(200nol
(2oonoIl5V)
1150nsll5VI
1120noll5VI
12oonoll5VI
115Ono1l5V) 1 .95
(150noIl5VIlREFRESHI2.95
(150nsIl5V) 4.95
(150noIl5V) 5 .95
(2oonoll5VI 2 .95
(150no1l5VI 2 .95

REFRESH =Pin 1 Refresh

4 11 6·25 0 16384.1
4116-200 16384.1
4116-150 16384.1
4116-120 16384.1
MK4332 32768.1
4164·200 65536.1
4164·150 65536.1
4164·120 65536. 1
MCM6665 65536.1
TMS4164 65536.1
4164·REFRESH 65536.1
TMS4416 16384.4
41128·150 131072.1
41256·200 262144.1
41256-150 2621 44 .1

5V =Sing le 5 Volt Supply

DYNAMIC RAMS

2101 256.4
5101 256.4
2102L-4 1024.1
2102L·2 1024.1
2112 256.4
2114 1024)(4
2114L·4 1024)(4
2114L-2 1024)(4
2114L-15 1024x4
TMS4044-4 4096.1
TMM2016·150 2048.8
TMM2016-100 2048.8
HM6116·4 2048.8
HM6116-3 2048.8
HM6116lP·4 2048.8
HM6116lP·3 2048.8
HM6116lP·2 2048.8
HM6264P·15 8192.8
HM6264lP·15 8192.8
HM6264lP·12 8192.8

LP"Lowpower

8000 6500 CRT
1.49 1.0MHz CONTROLLERS1.95
2.95 6502 2.79 6845 4.95
2.49 65C02 ICMOS)12 .95 68845 8 .95

139 .95 6507 9.95 6847 11.95
109.00 6520 1.95 H046505SP 6.95

6 .95 6522 4 .95 MC1372 2 .95
9 .95 6526 26 .95 8275 26 .95
2.49 6532 6.95 7220 19 .95
3 .95 6545 6 .95 CRT5027 12 .95
7 .95 6551 5 .95 CRT5037 9.95

19 .95 6561 19 .95 TMS9918A 19 .95
129.95 6581 34 .95
185.00 2.0 MHz

6502A 2.95 DISK
8200

6520A 2.95 CONTROLLERS6522A 5.95
6532A 11.95 1n1 4.958203 29 .95 6545A 7.95

8205 3.29 6551A 6.95 1791 9.95
8212 1.49 1793 9.95
8216 1.49 3.0 MHz 1795 12 .95
8224 2.25 65028 6.95

1797 12.95
8237 4.95 2791 19 .95
8237·5 5 .49 2793 19 .95
8250 6.95 2797 29 .95
8251 1.69 6800 6843 19 .95
8251A 1.8 9 8272 4.95
8253 1.89 1.0MHz UPD765 4.95

MB8876 12 .958253·5 1.95
6800 1.95 MB88n 12 .958255 1.69

8255·5 1.89 6802 4.95 16 91 6 .95
8259 1.95 6803 9.95 21 43 6 .95
8259·5 2.29 6809 5.95
8272 4 .95 6809E 5.95
8279 2.49 6810 1.95
8279·5 2.95 6820 2.95
8282 3.95 6821 1.95
8284 2.95 6840 6.95
8286 395 6843 19 .95
8288 4.95 6844 12 .95

6845 4.95
6847 11 .95
6850 1.95

Z-80 6883 22.95

2.0MHz
68800 4 .95
68802 5.95
68809E 7 .95
68809 7 .95
68821 4. 95
68845 8 .95
68850 3.95
68854 7.95

(fJ
o
Z
oa:
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....J
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VOLTA8E LINEAR
4001 .19 14419 4 .95 7400 .19 74147 2.49 74SOO .2 9 74S163 1.29 REGULATORS TL066 .99 lM733 .98
4 01 1 .19 14 433 14.95 7402 .19 74148 1.20 74S02 .2 9 74S168 3 .95

TO-220CASE
TL071 .69 LM741 .2 9

4012 .2 5 4503 .4 9 7404 .19 74150 1.35 74S03 .2 9 74S174 .79 TL072 1.09 LM747 .69
4013 .3 5 4511 .6 9 7406 .2 9 74151 .5 5 74S04 .2 9 74S175 .79 7805T .49 7905T .59 TL074 1.95 LM748 .59
4015 .29 4516 .7 9 7407 .2 9 74153 .5 5 74S05 .2 9 74S188 1.95 7808T .49 7908T .59 TL081 .59 MC1330 1.69
4016 .29 4518 .85 7408 .2 4 74154 1.49 74S08 .3 5 74S189 1.95 7812T .4 9 7912T .59 TL082 .9 9 MC1350 1.19
4017 .4 9 4522 .79 . 74 10 .19 74155 .7 5 74S10 .2 9 74S195 1.49 7815T .49 7915T .5 9 TL084 1.49 MC1372 6 .95
4018 .69 4526 .7 9 7411 .25 74157 .5 5 74S15 .35 74S196 1.49 TO-3CASE LM301 .34 LM1414 1.59
4020 .59 4527 1.95 7414 .49 74159 1.65 74S30 .2 9 74S197 1.49 7805K 1.39 7905K 1.49 LM309K 1.25 LM1458 .49
4021 .69 4528 .7 9 7416 .25 74161 .6 9 74S32 .3 5 74S226 3.99 7812K 1.39 7912K 1.49 LM311 .59 LM1488 .49
4024 .4 9 4529 2 .95 7417 .25 74163 .6 9 74S37 .6 9 74S240 1.49 TO -92 CASE LM311H .8 9 LM1489 .4 9
4025 .2 5 4532 1.95 7420 .19 74164 .8 5 74S38 .6 9 74S241 1.49 78L05 .4 9 79L05 .69 LM317K · 3 .49 LM1496 .8 5
4027 .39 4538 .95 7423 .29 74165 .8 5 74S74 .4 9 74S244 1.49 78L12 .4 9 79L12 .69 LM317T .9 5 LM1812 8 .25
4028 .65 4541 1.29 7430 .19 74166 1.00 74585 .9 5 74S257 .7 9

OTHER VOLTAGE REGS
LM318 1.49 LMI889 1 .95

4035 .69 4553 5 .79 7432 .29 74175 .8 9 74586 .3 5 74S253 .7 9 LM319 1.25 ULN2oo3 .79
4040 .6 9 4585 .7 5 7438 .29 741n .7 5 74S112 .5 0 74S258 .9 5 LM323K5v 3A TO·3 4 .79 LM320 see7900 XR2206 3 .75
4041 .7 5 4702 12.95 7442 .49 74178 1.15 74S124 2.75 74S280 1.95 LM338KA4SA TO·3 3 .95 LM322 1.65 XR2211 2 .95
4042 .59 74COO .2 9 7445 .69 74181 2.25 74S138 .7 9 74S287 1.69 78H05K5V SA TO·3 7 .95 LM323K 4 .79 XR2240 1.95
4043 .8 5 74C14 .59 7447 .89 74182 .7 5 74S14O .55 74S288 1.69 78H12K 12V5A TO-3 8 .95 LM324 .4 9 MPQ2907 1.95
4044 .69 74C74 .5 9 7470 .3 5 74184 2.00 74S151 .79 74S299 2.95 78P05K 5V 'OA TO·3 14.95 LM331 3.95 LM2917 1.95
4045 1.98 74C83 1 .95 7473 .34 7 4191 1.15 74S153 .7 9 74S373 1.69 LM334 1.19 CAJ046 .89
4046 .6 9 74C85 1.49 7474 .33 74192 .7 9 74S157 .7 9 74S374 1.69 LM335 1.40 CAJ081 .99
4047 .6 9 74C95 .9 9 7475 .45 74194 .8 5 74S158 .95 745471 4 .95 IC SOCKETS LM336 1.75 CAJ082 .9 9
4049 .2 9 74C150 5 .75 7476 .3 5 74196 .7 9 74S161 1.29 74S571 2.95 LM337K 3.95 CA3086 .80
4050 .2 9 74C151 2 .25 7483 .50 74197 .7 5 1-99 100 LM338K 3.95 CAJ089 1.95
4051 .6 9 74C161 .9 9 7485 .59 74199 1.35 8 PIN ST .13 .11 LM339 .59 CAJ130E .99
4052 .6 9 74C163 .9 9 7486 .35 74221 1.35

DATA ACO INTERFACE
14 PIN ST .15 .12 LM340 ...zsoo CA3146 1.29

4053 .6 9 74CI64 1.39 7489 2 .15 74246 1.35 16 PIN ST .17 .13 LM350T 4.60 CA3160 1.19
4056 2.19 74C192 1.49 7490 .39 74247 1.25 18 PIN ST .20 .18 LF353 .59 MC3470 1.95
4060 .69 74C193 1.49 7492 .50 74248 1.85 ADC0800 15.55 8T26 1.29 20 PIN ST .29 .27 LF356 .99 MC3480 8..95
4066 .29 74C221 1.75 7493 .35 74249 1.95 ADC0804 3 .49 8T28 1.29 22 PIN ST .30 .27 LF357 .9 9 MC3487 2.95
4069 .19 74C240 1.89 7495 .55 74251 .7 5 ADC0809 4.49 8T95 .89 24 PIN ST .30 .27 LM358 .59 LM3900 .49
4076 .59 74C244 1.89 7497 2 .75 74265 1.35 ADC0816 14 .95 8T96 .89 28 PIN ST .40 .32 LM380 .89 LM3909 .98
40n .2 9 74C374 1 .99 74100 2 .29 74273 1.95 ADC0817 9 .95 8T97 .59 40 PIN ST .49 .39 LM383 1.95 LM3911 2 .25
4081 .2 2 74C905 10.95 74121 .29 74278 3.11 ADC0831 8.95 8T98 .89 64 PIN ST 4.25 CALL LM386 .89 LM3914 2 .39
4085 .7 9 74C911 8 .95 74123 .49 74367 .6 5 DAC0800 4.49 DM8131 2 .95 ST-SOLDERTAIL LM393 .45 MC4024 3 .49
4086 .8 9 74C917 8 .95 74125 .45 74368 .6 5 DAC0806 1.95 DP8304 2.29 8 PIN WW .59 .4 9 LM394H 4.60 MC4044 3 .99
4093 .4 9 74C922 4.49 74141 .65 9368 3 .95 DAC0808 2.95 OS8833 2.25 14 PIN WW .69 .52 TL494 4.20 RC4136 1.25
4094 2.49 74C923 4 .95 74143 5 .95 9602 1.50 DAC1020 8 .25 DS8835 1.99 16 PIN WW .69 .58 TL497 3 .25 RC4558 .6 9
14411 9.95 74C926 7 .95 74144 2.95 9637 2.95 DAC1022 5 .95 DS8836 .9 9 18 PIN WW .99 .90 NE555 .29 LM13600 1 .49
14412 6.95 80C97 .9 5 74145 .60 96S02 1.95 MC1408L8 2.95 DS8837 1.65 20 PIN WW 1.09 .9 8 NE556 .4 9 75107 1.49

2 2 PIN WW 1.39 1.28 NE558 1.29 75110 1.95
24 PIN WW 1.49 1.35 NE564 1.95 75150 1.95
28 PIN WW 1.69 1.49 LM565 .9 5 75154 1.95

38 PIN CENTRONICS 40 PIN WW 1.99 1.80 LM566 1.49 75188 1.25
WW~WJREWRAP LM567 .79 75189 1.25

s-roo .12 5 MILE 9.95 16 PIN ZIF 4 .95 CALL NE570 2.95 75451 .39
S·100 .12 5 IDCEN36 RIBBON CABLE 12.95 24 PIN ZIF 5.95 CALL NE590 2.50 75452 .39
IBM PC .10 0 CEN36 SOLDER CUP 2.95 28 PIN ZIF 6 .95 CALL NE592 .98 75453 .3 9
APPLE .100 CEN36PC RT ANGLE PC MOUNT 4.95 40 PIN ZIF 9 .95 CALL LM710 .75 754n 1.29
STD .15 6 FEMAlE 5.95 ZIF~TEXTOOL LM723 .4 9 75492 ' .7 9
STD .15 6 IDCEN36/F RIBBON CABLE 15.95 (ZERO INSERTION FORCE) H-TO -5 CAN , K-TO ·3, T=TO-220

DIP CONNECTORS
DESCRIPTION ORDER BY

CONTACTS
8 14 16 18 20 22 24 28 40

H IGH RELIABILITY TOOLED AUGAT xxST .62 .7 9 .89 1.09 1.29 1.39 1.49 1.69 2.49ST IC SOCKETS
HIGH RELIABILITY TOOLED AUGATxx'NW 1.30 1.80 2 .10 2.40 2 .50 2.90 3.15 3 .70 5.40WW IC SOCKETS

COMPONENT CARRIES
ICCxx .4 9 .5 9 .69 .9 9 .9 9 .9 9 .9 9 1.09 1.49(DIP HEADERS)

RIBBON CABLE IOP xx -_. .9 5 .9 5 _.. -_. --- 1.75 --- 2 .95DIP PLUGS (IDC)

DB37S

SWITCHES

DIFFUSED LEOS 1-99
JUMBO RED TPA .10
JUMBO GREEN "1'A .14
JUMBO YELLOW TP' .14
MOUNTING HOW Tl 'A .10
MINI RED Tl .10

roo-us
.09
.12
.12
.09
.09

4N26
4N27
4N28
4N33
4N37
MCT-2
MCT-6
TIL-Ill
2N3906
2N4401
2N4402
2N4403
2N6045
TIP31

COM CATHODE .362"
COM CATHODE .5 "
COM CATHODE .5 "
COM ANODE .3 "
COM CATHODE .3"
COM CATHODE .8 "
COM CATHODE .3"
COM CATHODE .4 3"

4.7 HEX W/LOGIC .270"
4x7 HEX W I LOGIC .2 90 "

LED DISPLAYS

.25

.2 5
25/1 .00
10/1 .00

.2 5

.55

.95

.3 5

.2 5

.10

.50

.2 5

.7 9

.10

FND-357(359)
FND·5OO(503)
FND ·507(5101
MAN -72
MAN-74
MAN-8940
TIL-313
HP5082-n60
TIL-311
HPS082-7340

lN751
lN759
lN4148
lN4004
lN5402
KBP04
KBUBA
MDA990-2
N2222
PN2222
2N2905
2N2907
2N3055
2N3904

IDP14

~e
MTG Hown HOOD25

Ef' ;- -:-:-;-;-;-;-:-;-;;;-;;23
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D-SUBMINIATURE

FOR ORDERING INSTRUCTIONS SEE D·SUBMINIA TURE BELO W

ORDERING INSTRUCTIONS: INSERT THE NUMBER OF CONTACTS IN THE POSITION
MARKED -xx- OF THE -ORDER BY' PART NUMBER LIS TED.
EXAMPLE: A '5 PIN RIGH T ANG LE MALE PC SOLDER WOULD BE DBt5PR

MOUNTING HARDWARE $1.00

DESCRIPTION ORDER BY
CONTACTS

9 15 19 25 37 50

SOLDER CUP
MALE DBxxP .82 .90 1.25 1.25 1.80 3 .48
FEMALE DBxxS .9 5 1.15 1.50 1.50 2.35 4 .32

RIGHT ANGLE MALE DBxxPR 1.20 1.49 --- 1.95 2.65 ---
PC SOLDER FEMALE DBxxSR 1.25 1.55 --- 2.00 2.79 ---
WIRE WRAP

MALE DBxxPWW 1.69 2 .56 --- 3.89 5.60 ---
FEMALE DB xxSW'N' 2.76 4.27 _.. 6.84 9.95 ..

IDC MALE IDBxxP 2 .70 2 .95 --- 3.98 5.70 ---
RIBBON CABLE FEMALE loBxxS 2 .92 3 .20 --- 4.33 6.76 ---

HOODS
METAL MHOODxx 1.25 1.25 1.30 1.30 --- ---
GREY HOOD xx .6 5 .6 5 --- .6 5 .7 5 .95

IDC CONNECTORS
CONTACTS

DESCRIPTION ORDER BY
10 20 26 34 40 50

SOLDER HEADER IDHxxS .82 1.29 1.68 2 .20 2.58 3.24

RIGHT ANGLE SOLDER HEADER lDHxxSR .8 5 1.35 1.76 2 .31 2 .72 3 .39

WWHEADER IDHx xW 1.86 2 .98 3.84 4.50 5.28 6 .63

RIGHT ANGLE WW HEADER IDHxxWR 2 .05 3.28 4.22 4 .45 4 .80 7 .30

RIBBON HEADER SOCKET IDS xx .7 9 .9 9 1.39 1.59 1.99 2.25

RIBBON HEADER IOMxx --- 5.50 6.25 7 .00 7.50 8 .50

RIBBON EDGE CARD IOExx 1.75 2 .25 2.65 2.75 3.80 3 .95

10534

SPST MINI·TOGGLE ON·ON
DPDT MINI·TOGGlE ON·ON
DPDT MINI·TOGGLE ON·OFF ·ON
SPST MINI·pUSHBunON N.O.
SPST MINI·PUSHBunON N.C.
SPST TOGGLE ON ·OFF
BCD OUTPUT 10 POSITION 6 PIN DIP

DIP SWITCHES
.85 7 POSITION
.90 8 POSITION
.90 10 POSITION

RIBBON CABLE
SINGLE COLOR COLOR CODED

HARD TO FIND
"SNAPABLE" HEADERS

CAN BE SNAPPED APART TO
MAKE ANY SIZE HEADER,

ALL WITH .1" CENTERS

1)(40 STRAIGHT LEAD
1x40 RIGHT ANGLE
2)(40 STRAIGHT LEAD
2x40 RIGHT ANGLE

GOLD
CONTACTS
SPACED
AT .l"
CENTERS

I' 10 '
.18 1.60
.28 2 .50
.36 3 .20
.45 4.00
.46 4.10
.6 1 5 .40
.72 6 .40
.8 9 7 .50

I ' 10 '
.30 2.75
.48 4.40
.60 5.50
.75 6.85
.7 8 7.15

1.07 9.35
1.20 11 .00
1.50 13.25

12
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CIRCLE 255 ON FREE INFORMATION CARD
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AUTO RANGING. POLARITY AND DECIMAL!

• LARGE 3.5" DISPLAY
* DATA HOLD SWITCH FREEZES READING
• FAST. AUDIBLE CONTINUITY TEST
• LOW BATTERY INDICATOR
.. OVERLOAD PROTECTION
.. ONLY 1Va x 6'1'4 x JA"
• DC VOLTS lmV·SooV
.. AC VOLTS 1mV-500V
...1 OHM - 2 MEG OHM
• WEIGHS ONLY 2.3 OUNCES
• LOW PARTS COUNT·CUSTOM 80 PIN LSI INSURES

RELIABILITY
• INCLUDES MANUAL, BATTERIES. HARD CASE . AND

ALLIGATOR CLIP

'" USER DEFINED
FUNCTION KEYS

.. NUMERIC KEYPAD WITH
CURSOR CONTROL

• CAPS LOCK
.. AUTO -REPEAT

CASE WITH KEYBOARD
FOR APPLE MOTHER-BOARD MODEL KB-1000

ONLY $79.95

KB-5151
• ENHANCED IBM

IBM COMPATIBLE KEYBOARDS
DKM-2000 $79.95 1
'" FULLY IBM COMPATIBLE

·~~~~g~.:.~~ ~.{'C~ES '@ ?,r (r~ I
• LED STATUS INDICATORS _() rhC;"r'!Y~

FOR CAPS. NUMBER LOCK
• AUDIBLE CLICK

KEYBOARD·AP
'" REPLACEMENT FOR

APPLE II KEYBOARD
.. CAPS LOCK KEY
• AUTO-REPEAT
'" ONE KEY ENTRY OF

BASIC OR
CP/M COMMANDS

$49.95

ATTRACTIVE STEEL CASE. WITH HINGED LID. FITS
POPULAR PC/XT COMPATIBLE MOTHER-BOARDS.

• SWITCH CUT-OUT ON SIDE FOR PC/XT STYLE
POWER SUPPLY

- CUT -OUT FOR 8 EXPANSION SLOTS
- ALL HARDWARE INCLUDED

ONLY
$59.95

MODEL
3S00

• BAND WIDTH - DC : TO 35MHz (-Jdb)
AC: 10 Hz TO 3SMHZ (-3dbl

• SWEEP TIME - .1 "sEC TO .5 SEC /DIV
ON 21 RANGES

• DELAYED TRIGGER - 100 mSEC TO 1 "sEC WITH
INTENSIFIED AND DELAYED MODES

• COMPLETE MANUAL AND 1X -10X COMPENSATED
HOOK-ON PROBES INCLUDED

• VARIABLE HOLD OFF FOR
VIEWING COMPLEX WAVES

• TV VIDEO SYNC FILTER
• TRIGGERING OF CH-A. CH-B. ALTERNATING.

LINE OR EXTERNAL
• X -Y AND Z AXiS OPERATION

$549

POWER STRIPS
* UL APPROVED
- 1SA CIRCUIT BREAKER

$12.95
$45.00
$68 .00
$4 5. 00
$45.00
$86. 00

EXTENDER CARDS

MODEL
2000

IBM·PC
IBM-AT
APPLE II
APPLE lie
MULTIBUS

DISKETTES
NASHUAS%"

N-MD2D DS /DD SOFT SECTOR $9.90
N -MD2F DS /QUAD SOFT SECTOR $34.95
N-MD2H DS /HIGH DENSITY FOR AT $49.95

NASHUA 8"
N-FD1 SS /DD SOFT SECTOR $27.95
N-FD2D DS /DD SOFT SECTOR $34.95

NASHUA3.S"
N-3.5SS 3.5 " SS /DD FOR MACINTOSH $32.95

VERBATIM S%"
V-MD1D SS/DD SOFT SECTOR $23 .95
V-MD2D DS/DD SOFT SECTOR $29.95
V-MD110D SS/DD 10 SECTOR HARD $23.95

• BAND WIDTH .. DC: T020 MHz (-Jdbl
AC: 10Hz TO 20MHZ (-3dbl

• SWEEP TIME - .2 "sEC TO .5 SEC /DIV
ON 20 RANGES

• COMPLETE MANUAL AND HIGH QUALITY
HOOK·ON PROBES INCLUDED

• INPUT IMPEDANCE: 1 MEG OHM
.. TV VIDEO SYNC FILTER
.. X-V AND Z AXIS OPERATION
• 110/220 VOLT OPERATION
• COMPONENT TESTER
• LP CONSUMPTION - 19 WATTS
• BUILT·IN CALIBRATOR
• AUTOMATIC OR TRIGGERED TIMEBASE

~..~......~~~~

$389

SP120 SP110

NASHUA DISKETTE SPECIALS
S%" SOFT SECTOR

DS /DD WITH HUB RINGS

$9.90 B9Cea 79Cea
BOX OF 10 BULK on50 BULK on 250

NASHUA DISKET TES WERE JUDG ED TO HA VE THE HIGH ES T
POLISH AN D RECORDED AMPLITUDE OF ANY DISKET TES

TESTED . SEE "COMPARING FLO PPY DISKS ". BYT E g·84.

SP120S RS232 SERIAL
'*64K UPGRADABLE TO 256K
• SIX SELECTABLE BAUD RATES FROM

600B - 19.2ooB

SP110 PARALLEL
• 64K UPGRADABLE TO S12K
• SPOOLS OUTPUT OF UP TO

THREE COMPUTERS
...LED BARGRAPH DISPLAYS AMOUNT

OF DATA IN BUFFER
• RESET FUNCTION CLEARS DATA IN BUFFER
• REPEAT FUNCTION CAN PRODUCE MULTIPLE

COPIES OF A DOCUMENT

• FREES COMPUTER FOR OTHER TASKS WHILE
PRINTING LONG OOCUMENTS.

• STANDALONE DESIGN - WORKS WITH ANY
COMPUTER OR PRINTER.

• ALL MODELS FEATURE PRINT PAUSE.
MEMORY CHECK AND
GRAPHICS CAPABILITY.

SP120P PARALLEL
• 64K UPGRADABLE TO 256K

. • LED INDICATOR SHOWS VOLUME OF DATA IN
BUFFER



* 80 COLUMN
* PARALLEL AND SERIAL INTERFACES
• 8 CHARACTER SETS ANO GRAPHICS

FOR
MACIIITOSH
MAC535
$299.95

FOR
APPLE lie
AD·3C

$139.95

-- .
, -, -., .,' ....:5.:&

DISK DRIVE ACCESSORIES
DISK CONTROLLER CARD $49.95
APPLE lie ADAPTOR CABLE $19.95

AD APTS STA ND ARD APPLE ORIVES
FOR USE WITH APPLE lie

...3 .5" ADD-ON DISK DRIVE
• 10 0% MACINTOSH COMPATIBLE
• SINGLE SIOEO 400K BYTE STORAGE
* HIGH REUABILITY DRIVE FEA TURES

AUTO-EJECT MECHANISM
* FUll ONE YEAR WARRANTY

'* 100% APPLE lie COMPATIBLE,
READY TO PLUG IN W I SHIELDEO
CABLE & MOLOEO 19 PIN CONNECTOR

...FAST, REUABLE SLiMUNE
OIRECT ORIVE

* SIX MONTH WARRANTY

* FUll HT . SHUGART MECHANISM
• DIRECT REPLACEMENT FOR APPLE

OISKII
'*SiX MONTH WARRANTY

COMREXCR·1000 DUAL SLiMLINE DISK DRIVE
FOR APPLE COMPUTERS

• SPACE 5.lV ING OESIGN; STACK BETWEEN I=~~;=~~~!!!!!wCOMPLJIERANO MONITOR
• QUIET_ I!LlAB LE 'h HEIGHT DRIVES
* TOTAL- STO RA G E CAPACITY, 286K BYTES
• AUTO-EJE~ MECHANISM
* SHIE L-Jl!D CABLE INCLUDED

INC1.UI)ES CONTROLLER AND DOS 3.3 WITH DISK UTILITIES

ICTEST C
• QUICKLV T ElTS MANY COMMON

IC.
• DISPLAV S PlSS OR FAIL
• ONE YEA_ llUlRANTY
• TESTS, 4 0C)1SIORIESCMOS

7 4 S ERIES CMOS
7 _ ot 74LS . 741.. 74H. 74S.
S~~OMSANORAMS

* 9 x 9 DOT MATRIX
• 100 CPS - BIDIRECTIONAL
• FRICTION AND TRACTOR FEEO
• PROPORTIONAL SPACING

CABLE TO IBM PC $9.95
REPLACEMENT RIBBON CARTRIDGE 5Z-44 $11.95



EDGE
CONNECTORS

ALL ARE 1. .56' SPACING

~=:::;;;'!'~~
22/44EDG ;

PC. style ECONNECTOR
10 lor $18.0J

2.00
ea ch

22/44EDG
solder lug st IE CONNECTOR

28/S6 E;GeE CO~~~~ eech
P.C. style TOR

10 for S22.0~2.50 e a ch

36/72EDGEC
P.C. sty le ONNECTOR

43/86 EDGE 53.00. ach
PC. style CONNECTOR

$4.50 each

TRANSISTORS
2N706
2N2222A 4 for $;~;222A 3lor 5Ug
2N2:g: ~ lor 51.00
2N250S 3 f~~ ~~ :gg
~J295S 3 for 5100
N30SS 51'SO

~~~J~K40 51:00
TIP12S 5~g~7S<

*DECEMBER*
*SPECIALS*

ALL Y. WATT
1000pes of onev.~~SISTORS
ALL Y2 WA $7.50
1000 pes of IT RESISTORS

one value
1 AMP5 $9 .50

~N400 1 TAP~ Y~LT DIODES
100 lor $4 50 0 REEL
000 lor $30. 00

DSTYLE COB25 PLUG ONNECTORS
OB2 100 lor $1~~.'8h $11 .00

5 SOCKET
100 lor $A~~8h$12 .50

SOLDER TAIL! C

24 PIN SOCKETS"
16go lor $2J~0~or $2.50

o lor $200.00

$18.00 ea ch

$25.00 ea ch

7CONDU

®
RIB~~C~~
$§~

~rctra-stnp red marker t
ed wire . S np .
per100 roll

CASSETIE MIKE

~':'::"~1d:D
~~

Dynam ic cas ".
3 .5mm plug sett e mi ke With
$1.50 EAC~nd on/o ff SWitch.

10 FOR $13 50

TWIST-LOCK .
CONNECTOR

~~
SameasSwitCh ~
~~1~ctor in.h~~a~:12CL5M .

Jack. TWiSt_IOCkgs~~~ ChaSSiS
52.50/SET .

-SPECIAL PRICE
TRANSISTOR -

PN3569 TO·92 N
plast ic Iran .P.N.
100 f srsto r

1000 t $8 .00
LARGE :U1N

60
.
00

AVA I LABLT~Tl ES

TRANSFORMERS

120voH ~
pnmanes ~

5.6 volts G
6 volts C 15~50 mao

~= ::Ii;G200m~ .
18 volts g~50 ma.

2411.cIi amp
~:v:c:t: :gg ~•.
30 ~~·tl. 215 am:;.. amp.

WALL
TRANSFORMERS

aJII,ft~~2ddr~~c~rY .
ou t let O ?

:0. G~::

: ~~g @ 70 ma .6 vee@SOD rna. 52.00
9 VDCSF SOrna. 53 .S0
12.S VA'l; 500rna. 56.S0
24 VAC @~ 26S rna. 55.00
MULTI V SO rna. 53.00
3,4"" 6PJ;TAGE @SOO 53.00

• I ,9 0 r12 VDC
ma·

$7.50 !-=~"l!Ji

~ Porn...,,~
phenolic project~eavY-duty black
screws. 2¥t " X 1 Yz.XX~~"cover and

51.00EACH .

<Ca
Cl

12i

2%

ION CARD

1.800.826 .543 DERS ONLY(ORDER 2 QUANTI T
(IN CALI~;LY ) MINIMUMI~~LIMITED

~;';;:~' ,::::::,"""'''''''') ~~:~~:."' ,~,;:,~ ,",
(213) 380~~0~~ON INCLU~~~ERS:NO C.O.D , SHIPPING SUFFICIENT

.. CALlF.RE

~ TOL

I..

•CIRCLE 107 0 N FREE IN

NGELES C905 S. Vermo ni A STORE MAIL ORDERS
213 380.8000 Ave. P.O. BOX 20 TO:Lo s A 406

~~:8 ~UYS. CA STORE ngeles. CA 90006

epulveda B T818997.1806 Ivd . WX • 5101010
163 ALL E

EASYLINK MB LECTRONIC
X ·62



Digitalker"

" 141'(;139 18 "" 14HC141 18 ..
" 7.tlf;151 I' "" 74HCl 5J 18 "" 14HC154 " '"" 14HC151 18 "" 14tCl:.1 II "" 7.etC160 18 ..
" 1~1.1 II ..
" 74HC1~ 18 ..
.J9 74HC16J 18 ..
" 74HC1£1.4 " ..
" 7OC165 II 14i

" 14t(:166 18 '"" 1"'::113 18 ..
" 1.etCH4 18 ..
" i4HC115 II ..
" 1041iC190 I' 1.19

" 1"':191 18 1.19

" 7.w;192 16 ..n, 14HC193 18 ..
" 141<1904 II ..
" 7Klt5 18 .... ,..." II '"" ,...", 16 n,

' 19 ,""'.. " '".. 14HCW ,.
'"" 14HC242 " '"n, ,..,,,

" ,>9

"
,..,.. 21 '49

2816A 24 2048x8 16KE' PROM35005. . .$8 .95
~: • On-boerd~ \...tten. • Aub-,","" .,... .... (on
dIlo tlrMr) ·5Y£t'II~ .()ptioMlHigh~~
(tV · 15V) • Poww lJp.fDowm 'M1te Protection · AlAo [fIlM~wm.
The 28 t6A Is ..n~ nQl'TlOlat.'" IMmOr'f tllll\"d,rog In.system arler.blIIly
""ttl ttw I.ame ......ncl 'IiI'Ith!he NI~ ..turn a. 2Kx8SUtlCRAM.

~DT1050-__.... _
.......~* 'llrDTI05OIIJ ~OOIAL~1I fOIaldtod ... 131....
..,lIlM\Il..-dL2tn11.InCl5t\lll111a11~~ ,",,~ "' lQI'lrs llM"
~.,..---.~«~» IIUp.I... .,.~..~
_~f:6 M1l.-...:aIhI ...... G.CU ~ 011Q50 .JIlqfy~",.

lOG n.ITIN t.-lI" I~I'ftmwClllJ ' IM "" ..... .. P1S111dt ..
~11otSSl1 .. -.:114IPl 1l4... .... .. 1 .....,~ 1IIt .. 1~'*"*
...... ... ...1IlMt

OTl050 Oi9italker N. •. . .. . . . $24.95 ea.
MM54104 Processor Chip $12.95 ea.
DT1057-~ ...nI N ...., lJ7It_ N41 Itcl ! ..... "'"

Part No. OTl 057 $11.95 ea.

74HC HIGH SPEED CMOS

..... rnu,,'" " lQ2~J;1 """, ".", " ....., """" ..
411f,N-IS II l~xl 115O'l11 "411~ - ;jlO II 16.3&4xl """', """ " 131.012xl J1lX)ls1 ."416oCH ·15O " ""'" (15On$) ..
41~iW II ""'" =1 "TWS«16-12 11 16.3&4>4 .""""" II l00'4xl """" """"" " """, """', "..."" " ....., """', '""""'" "

....., l2IXml11lJ1 '"....".. , II 1191.0;1 """', "8111 u 16.384.1 (lXNU 't5VcWyAeq'j· tse
41<'56-150 " 262.144xl/lscnsl ' 79
41~200 II 2Q .l 44xl QCOllI '"50464·15 " """.t15Oni'14125041!414641 '"STAne RAMS
1\Il11016-12 " """ {l2!)'tst ,.,
2101 " 256x4 C450rtsl 1101 '"'''' II 1024xl !35Orts1 ..
2102·h " 1024xl I25OnSI LPr9 1L:02) ..,
2111 " ,.... 145Ortsf11l1 ,..
1112 " ,.... t45l),sJt.Ci '492114'4 II 102414 145O'l11 ..
2114'lL " 1024. 4 c45O'l1l LP '092114H-2 " 1024x4 """" '"2114H 2I. 11 1024x4 f200MlLP ..,
21C1 4 II 102414 l2OO'tsjlCUOSl ..
211&1·25L " "",.. ~ll P N\lOS ,..
2115A II 1024xl 14:.Mllto;!h $pled '"1147HN " ....., ""'" '"214'*l " 1024. t ","" '792149 11 1024.4 ""'" '"711.500 II ".., I!CmILP. '"TMS4t"",45 " 1024x4 t45Ons1 ..
~101 " "... l45Qo1sjo.os '"JAlS2~1 " ."", (45Oni) 400\4 '"1W61 16P-.J " ""... r15CnsICUOS '"tw61161J3 " ...... 05CnslLPCJ,(lS '"ttr.I6116P-4 " "".... """',- ,,,
ttr.I6116lJ'..4 " "".... l2OO'wIL PCM::IS '""""""" 21 ...... 112O'l!.I Cl.OS .""""""'" 21 .'".. r12O'l11 LP CNOS ."
"""""" 21 1192>.1 t15O'ls1C.lKlS ...
ING264 lp.. l ~ 21 ...... (l5CmILPD.lOS <S•
6514 " 1024x4 ~ ..,
145189 "

,,,.
'"""" II ,,,.
'"PROMS

"02" "
,,... C10-$1 '"1llS13" " ...... C45Cns1 ,..

'""'" " "",,. t45Cnsl t.~ '"'""'"
,. 8192x1 (45On$1 .""" " 102413 1~5Cnsl '"Tt.CS2116 " "".... l45Cns)3\1011.'Ot ,..

2716 " "".... lmS" ,.,
11C16 " "".... '"2716-1 " ""'" """" '""" " ...... 145Cnsl ,..
'1J2Jo20 " ...... f2OOMl21V '"'1J2Jo" " ...... C25Or'ls121V '"2132A-45 " ...... 145&ts121V '"''0' " ...... - """" " 102413 =:~ 't5V '"1164·20 ,. 1192d '"2764·25 21 ...... 1"25Ons)21V '"77Wo" 21 11924 t25Cnsll2.5V '"2164..45 21 .'".. ~~~JV '""'" 21 ...... '"2712&-25 21 t6.31-4d l25O'lI111Sl<2 1V '"2712"25 21 16~.15 I15OrlsI12!KI2 5V '"2rn.&-25 21 """. =:~t~ '"2~ 25 21 ""... """'" " ...... (45C)os1 25V """''' " ......

~~63JO. 1J ""145laa " "" '"'''''' "
,.... ~T$ (6XI1 ·1 1 '"'''''' II "" PF()MT$(63Jl·11 '"""" II "'.. F'fO.lOC (6JOO-ll '"745411 ,. ,,... I'fOolISI6J09.ll ."145472 " ",.. POOtolTSlf.3.49-1J '"745473 21 ",.. PR)I,lOC1Q.CI1 . '"145414 " ",.. PF()M1Sl,*~1 ' 491.($415 " ",.. PfDolOC !634OI '",,,,,, II 1024x4 """" '"145510 II 51h 4 ~OC.I6J05) '"14$571 II 512~ 4 PR::lM l$ (6JOE,l '"145512 11 1 024 ~ 4

=~it~~7t ' ",145513 II 1024. 4 '""'" 11 "" PFlQI,lOC121$ll! '"82$115 " 51,.. PflOU 1S Q1S151 '"""" 11 "" PFlQI,lTSI21$lfl '".,,,,, 11 ,....
!H$~iw' '"""" 11 "... '"""30 11 Sl2x4 '"1!2S115 11

_.
PFlQI,lI$rtBP2~lj '"~1~1I1 " " "".... ~lTSl8lSlail """ lctl413 '"

ADC1IIOl 11
DATA ICQUlSlnlll

144)8-IW · ' L581
AOCQlO' I

... 114L581 ""AOCQlOJ .1< ' l12LSBI '""""" .., ",,, ,..
AOCOIOI '" '"""'"'" .... '""""''' ~

u: """""''' n,= ... lolIA1 49!l

'" '""""'" .... '""""'" il 1&, ,..
"""" '" .,"= ~

tt gYg:: ~: 1 '". 441OAt,"" ~&lD.A~=~/~1 ."OAt",,, '"OAt'022 11)B4.Q;ACotPr!tl2O'lIrlj '"OAt,m

HH:trt&T~rn~~t '"OAt"" ""o.t.e11]l ""AY·J· l0150 ~IlN:IUAAT .
. ~ !lAY·5-1013A " JO(BIucl LWlI (l1l1602]

1355 SHOREWAY ROAD, BELMONT, CA94002
1/86 PHONE ORDERS WELCOME - (415) 592-8097 - Telex: 176043

® MOTOROLA MC68701 - Microcomputer with EPROM

~
TheMC68701 tS atl 8 -bIt"ngle ch'Cl mlCl'OOOn'lpu'lerunot tMO.1lwnlctl~
."hancflltM capebil'be. of the MC6800lamlty of part, On-<:hiprHOurCft Inch.Ide

, 20<48 byte . Of EPROM, 128 byte. 01 RAM.s.n.,l Cotnmul'llcaho" . IntIIrlace (SCI) ,
. . par. hllJO. ancl. ttv" futw:bon Progra mlT\l.l)MoTMMr

. MC68701•. • . .... . . , . ..•• .. . ... .. .. $24.95

SPECIAL!! SPECIAL!! SPECIAL!!

CIRCLE 114 ON FREE INFORMATION CARD

CUSTOM COMMODORE CHIPS
for VIG-20, C-64 and C-128 Personal Computers

FWt No, DHerlption Pt1ee PM No. Deecription Price PM No. Deecription Price

'6510 CPU $19 .95 '6526 CIA. $25.95 '6581 SID . . $32 .95
'6525 TI'I. $20 .95 '6560 VIe-I. $29.95 82S100PlA PlA .. $37 .95
"SPf.CS. AYAIl.AIIlE . '1.50 EA. *6561 VIe-II. •• •• $44.95 NOTE: 115 100 " U17 (C-54)

• •• • • ••

~' tiil
II _1MI #3

l.IwM Il (Ttlll Stckm :~'rtli ll~~~1f ~;·WN ~~ 1. : I Ot4~ Ku dtrPIlip lGtlll

r;';l" ,,~ "1~ I~~ 1: : ~ ~ ~~ ~ ~~=~ ~ ~ ~ 1Irl1.. H I•• I."
14ponl" 15 .13 11 16","SG 55 49 45 16pon'lWi 75 69 65 14P"I'" 55 49 45
16pt1 l" 11 lS 13 llpnSC ~ 59 51 llpon Wif as 19 75 16pontf> 59 55 4'
li P'l l" 25 13 21 2OP'lSG 15 65 59 ;jlOP'l'lWi9S Il9 15 24pn If' 99 89 .79

~: ~ ~ : ~ ~::~ ~ : ~ ~~ :: l~ I ~ : HrMlf CMn
24 pl'lLP 31 JO 29 21I11"SG 95 !5 15 21p,n WNl39 129 1.1, 1411'1HC 15 .13 12
21P'l LP 39 31 35 Jl5I1'1SG 125 115 gg 36"," 'M¥ 10 139 129 161'ClHC _19 11 .15
4Opl'll" 49 46 Q 4OlI"lSG 139 125 U~ 4OPIII WWl79 169 159 • '4e-lHC 29 11 25

S20 IIinirrU"1 Order - u.s.Fundi Onty CA~: Add fill, or I "" s.lM;1u; ~ SMeta _ 30CNCft
~:Add 5IIlI pIuII1.50 l-..nee Sencll1~fDr fflff 1f1 ' J-.oo c.wo, PrioM SubfecttoChllnsle

SMtdIlamped,~~1oI'K'MN . ~s.s Ryw _ FREE]

[EE]JaineCo I VISA" I

•... ... ... ...
"".... 14 .,' 9f141!l9Jrf .. '"SHT-40lll 14 19 SNW~ 14 " SK7.'~ II """""" 14 .19 SlH47511l II J9 $H141SHI II "SH"''" 14 19 SHW6N II " SH74 1~ 11 "SH'_ 14 " SHUTSJI 14 ." SN7416Yf II "SH"'" 14 " S1""", 14 " SH7416*1 14 """... 14 " """'" 14 " SN7416.sH II "SH"OII< 14 " "".... II " SNW691 II ..SH'_ 14 " "".... 11 " 9(1 4161Jt 11 '""".... 14 " ....... 14 " SH741~ II '"SK7410N 14 " SH'_ 11 '" SH74172frl .. ."S/Il14lHi 14 " S/Il l.~ 14 " So/II741T3f!l 11 "$HTUnil 14 as SlfH~ l ~ 14 " SH1ofl7~ 11 "Sl'f1'413fil 14 as SN7492H 14 .. SNT.417SN II .5'J
SI041-4N 14 " """'" 14 " SN7411f,lr( 14 ..
SHW 911 14 as Sfl74~H 14 .. SN741m 14 ..
5H7411H 14 " !iH14W( 14 " 9f1otl7'9t 11 '"SH'''''' 14 19 ""- II " SIl741~ 14 "S/Il1421H 14 " SH14m <j II '" SH14111H .. '"SN1U2fiI 14 " SN7.'00H .. '" Slm la2tr1 11 "..",'" II " SH14105H 14 .. SN70fIMH 11 tss
SN14~ 14 >9 SN14107N 14 " Sh'7411!lH II '"9j1426H 14 " SH14109N 11 " OO '(11!9fr( II '""""'" 14 " Sfil7411fJr( .. '" SIf141llCt1 11 ..
$NT•• 14 " SHW" H 14 " 9(7 419111 11 ...."... 14 " SN74122ft 14 " SNm92N 11 "SH74J2N 14 " SH14123N 11 " Slf74193H 11 "SH""" 14 " SN141~ 14 " SH741~ II "$Hl.tJ7N 14 " SH1412f:,H 14 ., $N14\W( II """".. 14 " SN14128H 14 " SI04196N 14 ..
"""'" 14 " 5H1otl32N 14 .. SI0419nt 14 ..
SH"'" 14 " Slt7-41J&H 14 " SIl741• .. '"$Jf14otlN II .. SK7UW I 11 .. SH74199fl 14 tas
SN7« 2\it 11 " SH14U2tf 11 '" SH74221H 11 ..
SN7«J,N 11 "

SHW 4111 .. '" SH74~l N 11 ..
"".... 11 "

SK74144H .. '" SH14Z1~ " '"S/II1U5fil II "
SK74145N II " SH7417Ut ,.

'".."... II ." SN14141N II '" S/rC7.(27'9N II "S!f7"14llN II .. SH"_ II ,,,"".... 11 79 SN74 1~ .. '"
...._

II '"SH7404!IH II " SH14151/11 11 " SH142!5/tl II '"SH74~ 14 " So\I14 1~ 14 " """SH II "SH14~ 14 "
SIl14 1~ II " ""'- II """"'" 14 "
SH141~ .. '" SH74)61H II "SH741!l5N II "SH141Ofl1 14 J9 SNl.41~ 11 " """,.. II "SH1ot72H 14 " SK741S7J!I 11 49 SH"_ II ..,

$Ilm~ 14 " SH14I58l'l II "" """". 14 ..,
' 41.500 14 ." 14LS2~ II """'" 14 " 74L.S257 11 "''''''' 14 " 14L.S133 11 .. ""''' II ..
"''''' 14 " 141.S136 14 " .."'" 11 1.19

'''''' 14 " 14lS138 11 " .."'''' " ....",,, " " 7.&l.S139 II " 74LS261 11 149

'''''' " .. 741S145 11 .. ,.......
" ",.....,

" .. 14lS141 11 .. .."'" ,.
"''''''' " ." 741S143 11 .. .."'" 11 ".."," " " 14lSl51 II " ""' 10 " 119

14lS10 " 19 14LSl53 11 " ""'OJ II "14lS1l " " 1«.51~ " .., ,....,., 11 '"14LS12 " 19 14..$155 11 49 .."'.. ,.
'49

14..$14 " " 14lS1~ II " "''''' 21 '"14lS15 " " 14lS151 11 " ''''''' 21 ,...."', " " 14lS1M 11 " "'S'" 11 ".."', " " 74l.S160 11 " ' 41.5333 11 1.19,""" " " 74lS161 11 " ''''''' " '".."', " " 14LS1~ 11 " 7"-"" 11 ".."'. " " 74lS163 11 49 '41.SJ66 11 ""'''' " " 14lS164 " .. ..",,, II ",..",
" " 7«.5165 11 79 ''''''' 11 ",..." " " 74lS166 11 .. 74lSJ7J ,.

"' ..S31 " " 14lS1U 11 .. 74lS314 ,.
"..,'" " " 74lS169 " .. 141S375 " ","", II " 1.(LS11O " .., 14lS377 " "'''''' 11 .. 7-4t$173 11 .. ''''''' " ",..... II .. 14l$174 11 "

,....,., 11 10'
""" " " 74LS175 11 " ,.."" " 79.."" " "

14l.$111 " '" ..,,'" 11 10'74l$73 " " 74LSl89 " '" ,........ II ,..
14l.S14 " " 14lSI!lO " .. ,,,,,,,

" '"74LS75 " " 74lS191 " .. ,""" ,.
'"74lS76 II " 14lS192 11 " ''''''' " 10'

'''-''3 11 .. 14LS193 II " .."", ,.
'09

'''''' " " 74lSHM 11 " """" 11 '"''''''' " " 1-41..5195 " " ,.."" " '",.....,
" .. 14lS19ti " .. ..,"" 11 '",.....,
" " 14LS191 " .. ,.."'" ,. ..,...... " .. ""''' " " 74LS641 ,.

'"74lS101 II " ""'" " " ,....... '"14lS109 11 " 74LS241 " " "'S'" ..
7«.5 112 11 " .."'" " ' 09 ..,,,,, ..
14lS12'2 " " .."'" 14 " ,....... '"74LS123 II " .."'.. " " ,",,, ..,
1«.512!1 " " 74lS245 ,.

" 11L5i6 '"1«.5 126 " " 74lS241 " .. 11LS11 ..,
14lS132 " " 14l$151 11 49 11LS9I ..,
"SOl " " .'. 745189 '".."" " " 74SIi4 '"..'" " " 745112 " .. 7.($195 ..,
.. so> " " 74$124 11 '" 145196 '""SOl " " 145132 14 '49 ,"'.. 1.49

""" " " 745133 " " 745241 ..,
14510 " " 14$135 11 .. 14$142 • '"14511 " " 745136 " '" 745244 ,. ..,
74.515 " " 14$138 11 " '''''' 11 """" " " 74.5139 II 79 "S'" II 79
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DISK DRIVES

DDE -1FH
DDE -2HH

HDDE-1FH

Documentation
Included

RFD480 (Remex5" " 05 full-hl.). • . • • $69.95
FD55B (Teac 5'" OS half-hl.). . • • •• $99.95
SA455 (Shugart 51< ' OShall-hl.). . •• $99.95
TM100-2 (Tandon51< ' OSfull-hl.). • • •• $99.95

JMR 5Y4" DISK DRIVE ENCLOSURES
Complete with power supply, switc h, power co rd ,

fuseholder and co nnectors
lHouse s 1 lull-hI S"';' loppy dnvo) • • $ 69.95

~;Jr~:~':.:i~~lt $ 79.95
(House s 1 hl rd dfrYl) ••••• •• •• $199.95

Erasesall EPROMs. Erases upt o 8 Chipswithin 21 minutes (1 chip
in 15 minutes).Maintains constant expowredistance ofono inch .
Special condUC1ivo loam liner eliminatesstatic build-up. Built-in
safety lock to prevent W exposure. Compact - only 9.00'" x
3.70'W x 2.601-1.Completewith holding tray lor 8 chips..

DE-4 UV-EPROM Eraoer•••• •• $74.95
UV5-11EL Replacement Bulb.. . . . • . • . $17.95

Additional Add-Ons Available!

• Input: 11OVCi60Hz ' OUtput: +5VDCIi 15A.- 5VDCCi
0.5A. +12VDC Ii 4.2A. - , 2VDCIi 0.5A· Plugcompatible
conne ctors ' Fits into IBM PC • Weight 6 Ibs.

IBM-PS. . • . . . . . . . . . . . . . . $99.95

Prometheus Modems
The ProModem 1200B/BS is a ' 200/300 baud modem
card whic h plugs into IBM PC and XI Provid es a thi rd
serial Comport. Two versio ns available : 12008 (without
software) and 1200BS (with software). The PM' 2ooBS
is supplied with powerful MITEco mmunications softwa re
fromMycrottLabs .Sottv.ereawilable: PCDOSor MS DOS.
PM1200B (wi1hout SOllware)• •• ••• $239.95
PM1200BS (with MITESOllware)• •• • • $274.95

• 7-bit para llel ASCII ' Full Uppe r Case, Full Lower case
except I, m, n, 0 and p. • Curso r keypad ' SPST mech ani
ca l keyswitc hes • 26·pin header connector ' Cofo r: white
• Size : 18"l. x 6\4"Wx 1\4-H • Spec inc luded

KB8201 •• • ••• /l5~("'vailable) • •• •• • $14.95

General Application Keyboards

MEMORY EXPANSION.KITS
IBM PC, PC XT and Compatibles

n-.. I8M64K~.....ll lnCfNMlmen'lOlY" 64Kbyte lr'lUementl. The Krt II SImple
to In.t all - JUst InHrt the 9 - ~K FlAMch~ Il"Ilho Pf'O'o'lded soc ket s and lOt
ltMi2 groups 01 S'<III'ltC I'le. Con...-ruon document. tlon In(:Iuded

IBM64K (Nine 200no 64K RAMo)• •• . • . . . $7.95

IBM PC AT
Each IIrt comoscomplete """th n ine 128K dynamICRAM,and documentatIOn
~corlYertlOn

IBM128K (Nine 20 0n5 128K RAMs) .. $43.95

IBM PCXT Equivalent
130 Watt Power Supply

UPGRADE YOUR PCI

Mitsumi 54-Key
Unencoded •
Keyboard

.nno,.........
• ilion INn 250 Nelc: __ ~~-. MIftI~-. whidl-'low
the~ofwel_SOOkIUI-.ts

• AlIowos--.~8ftd..-dl~
• Protr-Iri a.u.c MCilor AaHmbler

• Vwy~andNMktie ...........

• 1Juitt..~~~eontrol andaY60jKk

• Plue-Wl u~wlth c~documenllttonand--

JE520 WICE SYNTHESIZER
FOflIBMOf! AHYRS232COMPUTER

The JE520 'obQ S,ntnuoz... 1Dr1Bt.4 or RS232 comgu,.... 1'10..

h ..".,. .... tu..... loMdaboooilTheJE5251n11rtK.Uodu'.
.. lows Ihe JE5 20 Sine.~ Synllle"nr Il) be ~te<f

.....,rnosI~ mlCroc:omQU..... ..."hthluMOII:he_ndard
RS232 QOr1 and loge Iewl. Tho .1£525 lnllrt.;. Modul. IS
~1'I'd~I .... nll."ste.-rS....plllorO\J·iI... '5 'nc ...dl'd l"
IheU..r .... "u.1

JE520 WICE SYNTHESIZER
FOR COMMODORE54. VlC-20 - ' APPLE II, U+, lie
AdclIj)MCfl~Io)'OUr Comrolodore t504 or 'llC-20. AAl'e
I. 1 ~."'QOr!IClUtIf 'MUl.J.toMEoo.JE!S20Senes 'obQ S'f"the 
1Il ...~-thlmoIl.~_.c:AcorT'oI'll6\lCabon
~bman - .._~Wy ....... ~)'OU'"CQrI'\PIAer--'E~'Entlr1a of\lMnt ' lnl1rul¥lerl taloon
· Garnu ·'Jeltcornll\l.ll'llCabon• • HanckaQ~

Applesurance Dia9nostic Disk Controller Card
_vents c..••h..r For Ap p le II, 11 + and lie'
~J~T:"r::.::~·JEar7>C~~~·::~~;'rh:~~~~~:.~..~~~:
)'OUr , ysNrTI. lCh !>me 'fOU!\Im on 'fOUr Apple. ~ ~ 0< '" T. st)'OU' RAM. RQO.4
CPU. and d<ak Dr-. Olagtl~ rtlul_l"'a"f be c.ncelled ailM Iouch ola "'IY
Com(llltl wdh Inlln.lct>on.
JE877 {DRV-1/Apple.ur.ncell) 569.95

Para llel/Serial Buffer Card
For Apple II, 11+ and lie" .

TheJDl3 ptO\lOd1 S .,.~lIIOItI UP Io 6-4K c:A~0<~l'lI"lOl'Y l 1' Qlgn
of,nIonnltO'lIUSrngItw~f'II'IC*a1b&etullP«l.IhIJ("3""".ltachbN
.£880 (abowe) ParaI« Card rlMded br~ The J EW anctuOI5. SWIClI"CI
PI poA 'IIIittl bl:4h ~..,., _I tRS2 32l bulle ... 0\4lut. IN,th ll'oeM
...b.l )IOUIIIIYkC:e.... andbut'lwm~(,onIoIwOtyc<t.olonNiW1i le". .......
one~I ......."_slyCo<'lp6ete ..Ih ...I4tudoon .

Para llel Printer Ca rd
For Apple II, 11 + and lie'

The JEUO Pnn .... Inlartac.boar d " ." onMlhgenl ,",.nat.1.0most 01 1.Od.~·,.-s

=~~~:':~=~':-51~':r...,~.=O:~':n:~~~~:~~
ClIotkaQn .-IIb61b' Appia N. 1 +and /lit. TheJEUO 15ll'\1Dptdc.otllogu'ld ler the
Cantronoc.~rd ~nd ca ll be r.-conhg~rtd b' oth .... Il.1Ind.II<d. ~ "'.-c.uary
Ad'oIncaodlied QIll'~ng ""urn InClude V'IdIo tc felfl lC ho ON or OFF. auloldlWlbll
~".1Md1"-' camto'ill rI'IUfT\ Hlfd"'!he &til boC ollhe output dall M( Iell ma.!! n
and_.~ ..... InltrucLoM

JE880 (PRT-1). . . .. •. .. . . . •. . .. . . . . . •. . . . 559.95

COMMODORE 64 or VIC-20 _

T'he.l E520Wll lplugr>ghlll'lloyourcompulfl snd be ll ltungonmlnllll,lIproduce . s
YVf delf N l..... l mi la 100'(. Tho oul ,",ndong IpHCh QUI~ty I' producl'd u"no;l
I'4hon .1 Slm lConduclor·. o..;.C.lker" spMCt\ eeec.._1C .....\tltour JAMECO C1.I I!o<fI
memory c;hopa CaM Ill. 7 .. 1. I; 3"'"W ~ 1..'1'1WiIoghl 1 Ib

1I~1I111111l1/l J
~•
11~.;,N~:lr:/i ~~~-.

• Swtkh b DTEand OCE RS232 *'""
·lndicftontDr DTEorDC(1IOO6H

• StMcI¥d 08.25...,.. connKtor

IBMor Computen with RS232

\tlice SynthHizer for Apple U, 11 + or I,. llrldudl• .Ir523l~ Modulel. . . • • . .. . . $1 19 .95
T. xt-to-SpHch Program for -'PPM II, 11 + or 'M IS'" [lI 1kj .. . • • • • • • • • • • • • • • • ••• S 9.95
Apple Interface Module . ... • . . . . . . . .• . • • :. • • • • • • • • • • • . • • • • • • • • .• • •• • • S 39 .95

~ Synthnizet'"fof"Com modore 64 or VJC·20 (l~udeJ .1£521 Inlotrllc. UoOulel.. . • S 99.95
Text ·1o-SpMdI Progrllm torCommodore 64 or V1C·20 (5"" 0I1k).. . • • . . . S 9.95
Commodore lnt«tace Modu le .. . • • . . . . . . . . . . ••..... . $ 19.95

APPlE II, 11+ and lie

"

.11:521 (e-octor.l
1HT'I:"'i\C(MOOUU

1355 SHOREWAY ROAD , BELMONT, CA 94002
1/86 PHONE ORDERS WELCgME - (4 15) 592-8097 - Telex: 176043

JES20CM
JE521TS
JE521

JE520AP
JE5 23TS
JE523

[EB]Jaineco I V/S4' I

~ Synthesizer for IBM or RS23 2 Computers (If\CIudIt;.IU25~~u1.I. _ .
lert-Io-SpHctl Program tor IBM IS'" [»)k l• • • • • • ••••• •••• •• • • •
IBMlRS 232 Int.nKe Module......

MUF60 (SPN3-1S·2462)
Howard Industries (468·SQ.•60clmj • • • • $ 9.9 5

SU2C7
EG&G Rotron 13.125· SQ .• 32etm)• . . . . $9.95

" TR5-S0 Model 100 "NEC "Olivetti
Easy 10 Insc.n Module plugs ngl'lt II'lto 1t'I. IOClWt Incrusang m.."ory In 8K
~ rn r.. modules .....11 lI\Cr .... you r memo ry 10 Its !\.ill ca PtlClty
Complete .....1hmodu le I nd doc\lmentaloon b'" Installlbon
M1008K (TRs-.o Model 100 ExpM.;on).. • . . • $21.1 5 or 3/STt.ts
NECaKA lNEe PC-I20 1A). •• • • • • . . $29 .'5 or 3I$ 71.t 5
OM108K (0I¥etIi .. 10) . •••. • • •••• • . • • • • • _• • $29.t5 N . or 3/STU5

TANDY 200

5Y4" DISK DRIVE
• Usc as a second disk drive ' Single
sided ' Sing le/double density · Full
height drive • 48 TP1 • Dccumentatton
included ' 'Neight 3.7 lbs.

MPI51S $69.95

EXPAND TRS-80 MEMORY
TRS-SO MODEL I, III

bctt Klt oomel complete .....ttl """h i U'-'529O IlF041614 116 116K OyrIamlC
RAMs and OOCumef'lllbM tor COIWefIlOn Iro4odeIl; 16K eQU1ppedWIth Ex·
~1lOtl In~ a n be expanded 10 48K 'Il"tt'I '2 Kits Model WI can be
.x~ from 16K to 481<: u lIOQ '2 Kits. Each Kit WIllexpand com puWf by
16f(. lncrem ent s

TRS-16K3 200no (Model III) $5.95
TRS-16K4 250no (Model 1) . . .. . . . •. $5.49

TRS-SO COLOR AND COLOR \I
f ill y to .,stay KIt comes comjH_ .....ttI 8 eacJ'l ' 1604111-20 C2OOn11 &41<
OrNmlC RAM" r1dooeu merrtabon lo r COI'l'\OerlO\.eorn.rn TRS-ao Co6or
Computers YlOth O. E. ET. F . nd He CH'CUIt board s 10 32K .41100COl'lYerts
TRS-SO Color Compulef " 10 6-( 1( ReI; DOS or 05-9 r~ulI'«l to utll lZ.
lull ~I( RAM on at compu ,
TR5-64"'2 $9.95

Updatel TRS-SO MODEL IV,4P Updatel
En y lo lnSUili K1tsoomeoomplete .....th : TRS- 6otK-2cBel 416otN·20(2O(lfIsl
6-( 1';Dyl'llmc RAAlsl. TRS- &4K-2Pl1.1... (8 ea 4 1&4's plus PlI.I...chIpllnd docu 
mentibon lor c:onvet"SlO"

TRs.&4K-2 EJ:PMdIMocWNfrortl1~K orMoOlilN
& 4P from 64~12aK lwlMem. DtIk) • • • • $ 9.95

TRs.64K-2PAL Expanch Model:IV lwl8lK6l: & Whll.
Montton onty) frortl 64K to 12BK • •• • • $29 .95

The ProModem' Is a Bell 212A (1200/3001 intelligent
stand-alene modem ' Hayes com mand set co mpat ible
plus an additional extende d co mmand set • Shown with
alpha nu meric display op tio n.

PM1200 R5-232Stand-Alone UniL •• . . . $299.95
OPTIONS FOR ProMadem 1200

PM-eOM tP«lCom CommuM:abon Softwa•• )••• • • S 79.95
Plel se a.pec,tyap..atu"lO System -
Apple ProlXJSorCPfU -or
IfW PC DOS or Io4S 005

PU-QPS12K ICom ml,lt'lcahon &srtor ()ptoonl • • • • • • • $129.95
BUF512K (5121( ....rnory tor PM-0P512K1 • • • • • • S 54.95
PM-ALP lA!phan u""lnc: OtSQllyl • • • • • • • • • • •• $ 79.95

PM-Special #2 ltneI...oes PU-QP512K,.
BlI'512K aooPM - Ai...P)• • • • • • • • •• • • 5249 .95

30022 NWonaI Logic o.lII Book s.t (l ea 4). • ... . . .
~l l.t3·ta!S~'1

~s~onNatl(lN(. TTlprodud""'andC04000\t.tnIy
ThrtIonctudes7400. 7"L S. AS, lS W1ll ALS s.r;.. tleooIces. and
l,Il,I.54HC / 7" HC / SotHC'TJ 7.uiCT HoghSPMd lkt'o Clr.lOS~

l,It,t!S4C/ 7.ctamllJInd CMOS l SlJ VlSl

The JE232CM . 1lowsconnoction of standard oeriaI RS232
print.... modems, etc. toyourV1e-20 .nd e-64. A4-pole
swit ch al~ the inversion of th e 4 control lines. earn.
pJete instal lation a nd operation instructions included.
• Plugs into User Fbrt · Provides Standard RS232 signal
levels ' Uses 6 signals (TransmitReceive. Clear to send.
Request to Send, Data Terminal Ready,Data Set Ready).

JE232CM . . $39.95

VOICE SYNTHESIZER
FOR COMMODORE VIC-20 AND C-64

Plug-In - Talking in Minutesl
JE520CM. (HEW SO/lware- .... ri9hQ . $99 .95

230143 kttef Mtctosystem Compc>nenb Kndbk. (laWI4) Sla .as
~o.taSheebon"oflr'lW'..Mc~&~.

2 \dufnM Q~75~
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WELL, YOU DON 'T HAVE TO
FACE THEM BY YOURSELF

JOIN NESDA
AND YOUR LOCAL &
STATE ASSOCIATIONS

Send for more informat ion to:
NESDA, 2708 W. Berry St.
Fort Worth , Texas 76109

If you th ink that bei ng in business makes
you INDEPENDENT, thin k again!

Consumerists and government agenc ies
are your si lent - but greedy - partners:
AND THEIR SHARE COMES FIRST; even
if you don't make a profit.

• The ult imate non-lethal defense
weapon .

• In five seconds can immobilize your
attacker, even through heavy clothing.

• Discharges over forty thousand volts
of electricity from a nine volt nickel
cadmium battery.

• $49 .95, Mass 5% sales tax, $3.00
shipping and handling.

1·800·225·5800
FOR ORDERS ONLY

617-871-5611
FOR INFORMATION

=..
EQUAliZER

Cameo Enterprises, Inc.
PO. Box 63 , Accord, MA 02018

'I!I PERSONALDEFENsEANDPROPERTYPROTECTION
UTILIZE SPACE AGETECHNOLOGY.
CAUTION THESE DEVICESCAN BE HAZARDOUSAND MAY SDON
BEILLEGAL.
POCKET PAIN FIELD GENERATOR-IPG50
Assembled....... ........................................ ..............~:~
IPG5.........Plans........ $8.00 IPG5K ..... KiVPlans..... S44.

• PHASORPAINFIELDCROWDCONTROLLER- PPF10

· Assembled ................................. ..........................$250.00
PPF1 .......Plans.......$15.oo PPF1K....KiVPlans....$175.oo
BLASTER- Providesaplasmad isch a~e capableof puncturing
a can . Produces a 100,000 WATTPUL E.
BLS10 ...... ...... .ASSEMBLED . . . ..... ... .. $89.50
BLSl . . PLANS .. $10.00 BLSlK .. KTI/PLANS .. $69.50
PLASMA STUNGUN - Very intimidating andaffective 5to10
feet100.000VOLTS
1TM10 . . . . . . . . . . . . . .ASSEMBLED..... .. . . ..... $99.50
1TM1 .. PLANS .. S10.OO ITM1K . . KIT/PLANS .. S69.50
RUBYLASERRAYGUN- Intense visibleredbeam burnsand
weldshardest ofmetals. MAY BE HAZARDOUS.
RUB3AII Parts Available for Com~l/ng DevlceS20.oo
CARBON DIOXIDEBURNING, CU INGLASER - Pro-
ducesacontinuoosbeamolhighenergy.MAYBEHAZARDOUS.
LC5..AII Parts Available for Completing Devlce..$20 .oo
VISIBLE LASERLIGHTGUN- producesintense redbeamfor

· sighting. spoil ing.etc. Hand heldcomplete.
LGU3..Plans..$10.oo(Kit & Assembled Units Available)
IR PULSED LASER RIFLE - Produces 15-30 wall infra-red
pulsesat200·2000persec.
LRG3...... .....AII Parts & Diodes Avallable .... .......$10.oo
BEGINNERSLOW POWERVISIBLE LASER - Choice of
red.yellow.green- providesanexcellentsource ofmonochromatic
light.
LHC2........Plans........$5.oo LHC2K.........Kit.........S34.50
SNOOPERPHONE-Allowsuser tocall hispremisesand listen
inwithoutphoneever ringing.
SNP20.........................Assembled.........................$89.50
SNP2........Plans........$9.00 SNP2K.....Plans/Kit.....$59.50
LONG RANGE WIRELESSMIKE - Miniaturedeviceclearly
transmitswell over onemile. Supersensitive. powerful.

· MFT1........Plans........$7.oo MFT1K.....Plans/Kit.....S49.50
WIRELESSTELEPHONETRANSMITTER- Transmits both
sides 01phone conversationover onemile,shutsoffautomatically.
VWPM5......Plans......$8.00 VWPM5K...P1ans/Kit...$39.50
PWM5-LONG RANGE SUPER EAR WITH WIRELESS
ATTACHMENT
PWM5. .. Plans ... $10.00 PWM5K .• Kit . . $139.50
PWM50 . . . . . . . Assembled and Tested . . .... . $169.50
Our phoneisopen forordersanytime. Technicians areavailable9·11
a.m.. Mon-Thursforthoseneedingassistance orinformation.Send
S1 . OO forca~ofhundredsmore similardevices.Send check. cash,
MO. Visa. MC. 00to: INFORMATION UNLIMITED

DEPTR8 . P.O. Box 716. Amherst.N. H. 03031 Tel : 603·673·4730

CIRCLE 72 ON FREE INFORMATION CARD

•••••••••••••••••

=SALE!=
• SMASHiNG VALUES! •
• • TEXAS INSTRUMENT lHI/4A VIDEO •
• MODULATORS. (TI No. MDPVA-3410). I
• MG038 $1.39 •

• 25AH NICAD BATTERIES (uMd-e".n).
• MG039 •• ••• •••• • . . • . • • • • • • • • . • . • • • . . .• $3.95 •

• · ~~~:.E~J~~~~.Z!~~.~ ~~~~.~...$8.95 •
• . 4" 01"- 1 AMP/.45V SOLAR CELLS. •
• MG041 $1.99 •

• F59 CABLE TV PLUGS. MG042 ' . .. • .. • • . • "
• • AA NICAD SUPER DEAL. NEW. •

• •~;:.:cAss'rnE 'DiGiTAl 'DAT~' oliivi/" •
• Newt MG044 $3.95 •

• ADAM DISC DRIVE LINEAR POWER
• SUPPLY. NEWI MG045 $5.95 •

• • ~~,:~~~~~.~~~~~~~.~~~ .~~~k7.95 •
• • HITACHI VCR CLOCK/PROGRAMMER •
• ASSEMBLIES. MG047 ........ : .... .. .. $1.95 •

• HITACHI VCR UHFNHF COMPLETE
• VARACTOR FRONT END. MG048 . • . • $14,95 •

•
• CABLE TV DESCRAMBLING TECHNIQUES. •

OUTSTANDING 5& PAGE BOOK.
• TA439.. $12.95 •

• Our latest bargain pack ed flyers- •• FREEI thousands of surplus specia ls. •
unusual ite ms & hard to fin d

• • parts! Circle the reader in for - •
• mation card no w. •

: lrnu~OOI ELECTRONICS :

•
NORTH COUNTRY SHOPPING CENTER •
PLATTSBURGH. NY 12901

• Check with order please. VISA & Mastercard •
• OK. (Sorry no C.O.D:s~ Add 15% for UPS & •

•
handl ing. (Excess refunded) NY State Residents •
add sales tax. Our telephone order desk never

• clo ses. •

• CALL 1-518-561-8700 •••••• • • ••• • • • • •
CIRCLE 270 ON FREE INFORMATION CARD

Limited Quantities
Order Part t 816/40

INVENTORY CLEARANCE

DISK DRIVES

TEAC 558 Disk Drive (\BT)
$79.95

APPLE II (\BT) Disk Drive
~.95

2716-45Ons•••••••• 1.75
2764-25Ons•••••••• 2.25
4164-1SOns. • •••••• .75
41256-1SOns••••••• 2.45
aoea••••••••••••• • 4.00
74LS374........... .59
4585.............. .25
74BC193••••••••• •• 1.00
74LS244. . . .. .. . . . . .59
LM3~•••••••••• •• 2.00
~r Cords• • • • • • • 1.49
123 80 Sarat oga- Sunnyval e Roa d

Sara toga CA 95070

~ 14081 446-494 9 ~
~I Fax~ (4081253- 8572 L.J

SARATOGA
ELECTRONICS

ORDER TOLL FREE

800·621-0854 ,xt.245

*SPECIAL*
PmLTI USER CXIfilU'l'ER CASE
* * * * * * * * * * * * *

$~9.95ea/or 2 for$120-

AEB¥ lb: b.r Best Rl4
D3si91B ad Jg>l imtim

Inc1~:
*130 Matt Linear Power

SUW1y (l15/23OV)

*Power Connectors for
Floppy or Bard Drives

*16 Multi User Ports
W/Attached PCB

*Two Cooling Fans (2~·)

*External Fuse & mu
Type Filter

*5' Power Cords
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20 MHz DUAL TRACE OSCILLOSCOPE

- ').. .... ~••

RAMSEY 0-3100
DIGITAL MULTIMETER
Reliable, accurate digital mea
surements at an amazingly low
cos t . in-li ne color coded push
butt ons. speeds range selection
• abs plas tic t ilt stand . recessed
input Jacks . overload protection
on all ranges . 3'h digit LCD dis
play With auto zero , auto polarity
& low BAT. indicator

$499 5 test lead . and
batt ery included

lest leadsand
battery «ciuoeo

The Ramsey 625 IS a Clual lim e base, delayed sweep unit that .ocruoee a bUllt'ln
$Ignal dn lay hne to pe rm it cl ear viewing dUrin g very sho rt rise trmes 01h igh h e
quency ....avetorm a Othe r teutur es Inc lude . ....ma bre tri gger ho ldo ll • 20 can
brat ed sweep lim e ranges from a 5 $Id lv to 0 2 pS /drv • full y 3dlust3ble sweep
time • X~ sweep magnifi cat IOn . fwe trigg er sources . CH1, CH2. lI NE EXTernal
and tNTfHnal IVmode} • trent panel x-y ope ratio n. Z axrs mput e sum c.ttcr
ence 01CH1. and CH2 wavefor ms dis played as sing le trace • s~pgale and
sweep ou tput . aut o foc us . Single sweep
' Same as unit to left

45 MHz DUAL SWEEP OSCILLOSCOPE
$-l!!!r
$66995

NEW RAMSEY 1200
VOM MULTITESTER
Check tran sistors , erod es and
LEOs with this profession al quality
meter . Ot her features include:
dectbet scale . 20K volt metenng
system . 3'h" mir ror ed scale .
polanty SWitch . 20 measunnq
range s . safety pr obes . high
imp act plas tic case

~*
high QU.~ty hook on
probes IOClUded

$3699 5

RAMSEY 0-1100

II ~~m~c~~~!ri~~'~~!.~~ed to
servi ce a wide van ety of equrpmern.
Features Inc lude . mirror back
scal e . double-J ewe led precrs .c n
moving coil . double overload pro
tec t ion • an Ideal low cost unit fo r
th e beg inne r or as a spare back-up
u nit

$~ ~CS: lead5 and
~bdtlery lnclud«l

$129 5

•
•-

Unsurpa ssed qua lity at an un beatable pric e, the Ramsoy osci llo
scope compares to others costing hundreds more, Features Inc lude
a co mponent tosting ci rcu it for resistor, capacitor , dig ita l circui t and
diode testing . • TV video sy nc fi lter . wide bandwidth & high senst
t ivtly • internal qrattcu te • f ro n t panel trace rotator. Z axis . high
sens iti vity x-V mode . regulated power supp ly . built-i n ca ub retc r
• roc k solid triggering
·USA-Add $10.00 per unit for pos tage . overseas orders add 15%
of total order for insured surface mai l.

CT-SO kit . $139.95
RA- 1 receive r adapter klt 14.95

CT-50 8 DIGIT 600 MHz
COUNTER
A versatile lab benc h co unter wit h optional
receive frequency adap ter, whic h turn s the CT
50 into a dIgita l readout for most any receiver
• 25 mV @ 150 MHz typical sens itivity . 8 digit
dis play . 1 ppm accu racy

$1699 5 wired

....... . 8.95BP-4 mead pack •. . .

CT-125 9 DIGIT 1.2GHz
COUNTER
A 9 dig it counter th ai WIll outpe rfo rm unit s cos t
ing h u ndred ~ mor e. • gate indi cator. 24mV @
150 MHz typica l sens it ivity . 9 digit displ ay
• 1 ppm accuracy . displ ay hold. dual Inputs
wi th preamps

$1699 5 wir ed Inc lude.
AC adapter

. . . $129.95
.. . 59.95
. . . . 8.95

CT-90 9 DIGIT 600 MHz
COUNTER
The most versa tile for less than $300 . Featur es 3
selec tab le ga te t imes . 9 digits. ga te indi cator
• display ho ld . 25mV @ 150 MHz typ ica l sen
SltlVlty . 10 MHz n mebase for WWV calib rat ion
• 1 ppm accuracy

$1499 5 wir ed Include.
AC adapter

CT-90 ktt •• .• .. . • , •. . • , . . •
OV·1 0.1 PPM oven ttmebase
BP-4 rucad pac k

CT-70 7 DIGIT 525 MHz
COUNTER
Lab Quality at a break through. price. Features
• 3 frequency ranges each wit h pre amp . dual
selectable gate nme s e gate acti vity Indicator
• 50mV @ 150 MHz typi cal sensitivi ty . Wide
fr equency rang e . 1 ppm accu racy

$1199 5 wir ed includes
AC adapte r

CT -70 kit ...•• .• . .•• . . . . . . . . . . . • . . . . . $99.95
BP-4 nicad pack . . . . • • . . . . .. • . . . . . . •• • • . . 8.95

PS-2AUDIO MULTIPLIER
The PS-2 IS handy for high reso luti on aud io
resolution measu rements . multiplies UP in fre
que ncy • great for PL tone measurements
• muilipl ies by 10 or 100 • 0 ,01 Hz resol ution &
buitt -m SIgnal pre amp /condtuoner

$499 5 wir ed

~.
PHONE ORDERS CALL
716-586-3950

TELEX 466735 RAMSEY CI

ACCESSORIES FOR RAMSEY COUNTERS
Telescop ic whip antenna-BNC plug . . S 8.95
High Impedance probe, light load ing . . . 16.95
Low pass probe, aud io use . . . . . . . . . .. 16.95
Direct probe, general purpose use . . . . . 13.95
Tilt ball, for CT -70 ,90,125 3.95 <Dco

Ol

PS-1 B 600 MHz PRESCALER
Extends the range of your pre sent co unter to
600 MHz . 2 stage preamp . divide by 10 cl r
cui try • sensruvnv: 25mV @ 150 MHz . BNC
connectors . drives any cou nter

$599 5 wired include.
AC adapter

PS-1B kit $49.95

TERMS: • salislacli onguaranteed. examinelor 10 days: II notpleased. return in
original lormfor refund. add 6'/, lor shipping and insurance 10a maxomum of
SIO.OO • overseas add 15%forsurlace mall. COO add S2.50ICOO in USA only)
• ordersunder S15.00add SI.50 • NYresidentsadd 7%saleslax. 90day paris
warranty onali kils • 1 year parts & labor warranty onall wired units.

~
_ = =- == RAMSEY ELECTRONICS.INC.

=-.= ==. Er'="E '=;: §=- ¥ 2575 Baird Rd.
=~=-==~===--== == Penfield. N.Y. 14626

PR-2COUNTER PREAMP
The PR-2 IS ideal for measuring weak signals
from 10 to 1,000 MHz . flat 25 db ga in . BNC
conn ectors e gr eat for shlftmg RF • ideal
receive r/T v preamp

$4 4 9 5 wired Include.
AC adapter

PR-2 kit. . . . • . . . .. • . . . . , $34.95
. . .. . $39.95PS-2 kit .

DM-700DIGITAL MULTIMETER
i~~:~~~~~~~~~a~~fte~~~tr~~~~i:~~~c;i~~~:
nons • 3'h digit. 'h Inch LED dIsp lay . auto
matic decimal placement . au to ma tic polarity

$11995 wi red Include.
AC adapte r

OM- 700 kit •••••••••• .•••••• •••••••••• • $99.95
MP-l p robe set. ••••• . . . . .. . ..•• .•• .. . . .. . 4.95
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We stock the exact parts, PC board and AC adaptor for Radio Electronics
February 1984 article on building your own Cable TV Descrambler.

JFt~JFt~~ $~S>.S>fi
Includes all the original resistors, capacitors, diodes, transistors,
integrated circuits, coils, IF transformersttoko BKAN-K5552AXX).

~~~ : $Jl~.S>fi
Original etched & drilled skk-screened PC board used in the article.

~~~~ $Jl~.S>fi
Original (14 volts DC @ 285ma) ac adaptor used in the article.

SopoEoColoAoLoS .
BOTH #701 & #702 Now$39

ALL THREE #701, #702 & #704 NOW $49

FREE Reprint of Radio Electronics article (February 1984) on Building Your
Own CABLE TV DESCRAMBLER with any purchase of above.

f)

::2
z
:::>
:r:
J
lJ
...J
lJ
::)
o«
a::

ACADAPTOR $
9 VDC @ 500mA fi.S>5

PROMS4kx8 $
P2732A (21V) . . • . . . . • . . . . • .. 3.25
ADD $2.50 SHIPPING AND HANDLING

$4.50 FOR CANADIAN ORDERS

WE ALSO OFFER QUANTITY DISCOUNTS
ON 5 OR MORE UNITS

ORDER TOLL FREE
1-800-227-8529

inside MA 617-339-5372

VISA • MASTERCARD OR C.O.D.

Call or write for a free catalog.

Jab)
ELECTRoniCS,Inc.
P.O. BOX 800R MANSFIELD, MA 02048
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•

• Two High Quality 10:1probes Included
• Backed by our 2-year limited warranty
• For specifications see MCM ca.talog

#72.330$569 0

• Two High Quality 10:1 probes Included
• Backed by our 2-year limited warranty
• For specif icat ions see MCM catalog

7E'11M4P20 MHZ DUAL TRACE
OSCILLOSCOPE

$4 8 9 95#72·335

TENltYP
15 MHz DUAL TRACE
BATTERY POWERED
OSCILLOSCOPE
• TwoHighQuality10:1Probes
Included. Backed by our 2-year limited
warranty • Internal rechargeable batteries
provide 2 hours of continuous operation
without the need for any outside power
source.• For specifications see MCM
Catalog

• Measures Inductance,
capacitance and resistance
• L= 1 Ht0200 H, C= .1 pfto
200V-F, R= .01 ohm to 20 M ohm
• Carrying case included.#72·370

$149!~

TEMl4P
DIGITAL ,
LCR
METER

We Also Have ...a full line of test equipment,
computer accesso ries , telephone accessories.
speake rs, television part s, flybacks, yokes, switches,
fuses, lamps, capac itors. resistors. cartridges, sty li,
wire, CATV equipment. and many more.
AT THE LOWEST PRICES AROUND!

c....»z
c»
JJ
-<

BE SURE TOCALL
FOR YOUR FREE
CATALOGI
OVER
6,000
ITEMS!

• 6 digit display . Output
range : .2 Hz to 2 MHz
seven ranges • Counter
range.1 Hz to 10 MHz
. 5-15 Volt TTL and CMOS
output . Wave forms:

Sine, triangle, square, pulse, and ramp.

#72·380$21990

T . $10 minimum orde r $ 100 charge for orde rs eerms: under $1 0
• $20 minimum charge card order

~
• Orders shipped UPS CO D

~tefCGfd • Most orders shipped wrttun 24 hours
• Sales office open 830 am 107 00pm Saturdays me M C M ELECTRONICS

10 00 am to 3 pm EST A DIVISION OF PREMIER INDUSTRIAL
. • For prepaid orders add $2 75 for ShIPPII"IQ and 858 East Congres s Park DrIv e

I VISA I ha""h ng Centervi lle Ohio 45459
_

• Should shlpplng & handling charges exceed $2 75 513 .434 .0031
=== the balance due Will be sent C O O

SOURCE NO RE·16

TENltU.P COMBINATION
FUNCTION GENERATOR AND
FREQUENCY COUNTER

#72·220
$6~~

• Used to
check door
gaskets,
hinges, etc.
for leaks in

microwave ovens. Not
Intended to be used as a
certification Instrument.

TEMK4P
MICROWAVE
LEAK DETECTOR

$7.80
1·9
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$995.00
•
111111

10Mb Tape Back.up
Archive , #1 in
tape back-Up
technology.

High speed
10Mb back-up

for only

PC UPGRADE SPECIAL

$4 9 5
SET OF (9) 64K RAMS

External Box w/Power Supply
Great for adding Hard Disk to your PC.

Same as photo $179.00

1200 Baud Hayes'" CompoModem
Short Card by U.S. Robotics with
Telpac I Software.
List $499 ACP. .$ 17 9 .0 0

Buy (6) $ 15 9 .0 0

$26 9 5
SET OF (9) 256K RAMS

$5.95 4128 PIGGYBACK RAM

10 Mb $399.00
Shugart SA712 wtController & Cables.
Ready for Installation in IBMN PC and
Compatibles. (1 Year Warranty)

Shugart SA712 10Mb HD$229.00

Seagate ST225 20Mb HD 419.00

SPECIAL SYSTEM w/Prlnter
1. System E with Diablo

620 Serial Printer $1995.00
2. System Fwith Diablo

620 Serial Printer 2285.00
3. Canon LBp·8A1 IBM compatible

laser printer. Purchase for a low
price of $2895.00 and we will give
you System A FREE!

Retail Value $5000
Save up to 600;0

ADVANCED XT

ACP PRICE
NOW ONLY!

$16950 0

Monochrome Monitor Included
10 Mb Hard Disk

ACP has sold over 2,000 of this system
to major customers including Rockwell

-...---=..... . Int' I, Hughes Aircraft and Emulex Corp.
See for yourself why these customers
prefer the Advanced XT over the IBM XT.

OUR POLICY
.Surcharge for VISAor Mastercard.
. Volume purchasing agreementsavailable.
•Orders subject to availablity.
•Pricing subjectto change without notice.
.ACP RetailStore pricing mayvary. Not responsible for typos.

SYSTEM A Base System (See Left) $ 995.00
(PIN BOACP1oo)

SYSTEM B BaseSystem with addilional $1099.00(PIN BOACP10l) Floppy Disk Drive

SYSTEM C Base Systemw/12" Grn MonilorwfTiil &Swivel $1295.00(PIN BOACP102) base and additional Floppy Drive

SYSTEM 0 Base System w/RGB Color Monitor wfTi il & $1495.00(PINBOACP1OJ) Swivel base and additional Floppy Drive

SYSTEM E BaseSystem w/10Mb Hard Disk and Green $1695.00(PIN BOACP1 04) Monitor wiIh nil &Swivelbase

SYSTEM F Base System w/l OMbHardDisk and RGB Color $1985.00
(PIN BDACP105) MonitorwiIh nil & Swivel base

PC DOS 2.t .. .. .. $65.00
GW Basic 75.00
PC Works 1.15 (Touchstone)

Regualr $195 65.00
Archive Tape B.U. (ext. 10Mb).995.00
Maintenance Manual. 50.00
Technical Reference Manual. 50.00

PRICE BREAKTHRU
516950 0

TOLL FREE

800-854-8230
CA Residents 714-558-8813

ADVANCED XT ACCESSORIES
6 Slot Expansion Chassis

(IBM or IBM Compatible) . . .$399.00
LCD Display (8Ox25) for use with

Advanced Xl LCD Port 299.00
Monochrome HI-res text card 89.95
Monochrome IBM style Monitor.99.95
256K Upgrade (Uninstalled) . . . .59.95

BASE SYSTEM CONSISTS OF:
• 256K Expandable to 640K on

the Motherboard.
• (1) 360K DSIDD Floppy Disk
• Serial & Parallel Ports
• Deluxe Keyboard wILED's
• Mouse with Software
• LCD, Lightpen & RF Ports
• RGB and Mono Ports
• VLSI Circuit Design
• (3) Expansion Slots
• Ergonomic Design & Packaging
• GEM or PC Works Software
• 90 Day Warranty

MAJOR
BRAND

DIABLO 620 DAISYWHEEL PRINTER The Finest Letter Quality
Printer at a Spectacular Price.
We have sold 1000's. You can

have a spar at this pr ice.

620 Serial List 1495 ACP $395.00

620 APi List 1695 ACP 495.00

620 036 List 1695 ACP 550.00
'-'-'-'--

F-21 Sheet Feeder .List 895 ACP 249.00
. - --",- --.,...,.,..,..--,- - - - - - - - -. 620 Tractor List 395 ACP 99.00

Cable ACP 29.00

Serial to Par. 64K Buffer ACP 125.00

DELUXE .JOYSTICK
$11.95

Compatibl e wtA tari
2600 , 400, 800, VIC-20t
64 and Apple. Apple re
quires optional eable
adaptor. Add $ 2 .9 5

APPLE 'DISK DRIVE
$115.00

High quality '/2 high
drive for Apple II, 11+ ,

•• g ll,) lie or lie. Apple IIc re
quires optional cable
adaptor. Add $ 10 .0 0



NEW FOR 86'TALKING CLOCK

TY- 14 ELECTRq NIC SHOCK . ~mEJ
.. It is very interesting to usc it to amuse yo ur f rie nd, since it

looks like a box of ci rga rette yo u wi ll never mi ss.
.. It can be used to re lax th e rnusc leswitho ut do ing any harm .
* It is simple ln constr uctlon and easy to buil d.
.. Deluxe plastic case is incul ded.
Kit. .. . . . . $3.00

SM- l 00 is an accur ate, easy -ope rated digital fr equ en cy
co unter. Few pieces of adv ance d, hi gh techn ical LSI in tegrated
ci rcuit are used, th us, ci rcu it str ucture is reli able. SM- 100 can
give you up to 8 di gi t s of reso lut ion fo r a w ide fre quency range
of 10Hz to 1SOMH z. Besides, a m em orize system is ava ila ble,
the last inp ut di git s can be hel d on the panel, as co mpare to th e
ot her or eve n observatio n.
In put sens it iv ity: KHz range 10Hz - 10M Hz 50mVrms

M Hz range 1MHz - 150M Hz 40mVr ms
Respo nse time: 0.2 sec.
Hol d : Hol d the last input sig na l
Power supply: DC6V Batt ery or DC9V 2SOMA Adapto r
Assembled with Test ed .. . .. $99 .00

Th e YA MATO 400 1 is a 3 1/.2 DIGIT COMPACT DIGITAL
MU LTIMETER, it emp loys FE type LCD, w ith large fi gu res. It s
ADVAN TA GES: High accuracy in m easuring. Hig h impedance
assures min. m easur ing erro r. One rotary sw itch allows fast &
co nve nient operati on . 26 m easur em ent range enab le w ide r
app lica t io n. Ove r-input indicati on & low battery lif e appears on
disp lay. LSI-cir cu it use prov ides hi gh reliability and durabili ty .
Meas ureme nt possible eve n und er strong m agn et ic field .
Not a KIT, assembled w it h t est ed $33.80

1. Talk.: push button fo r voice announcement of t ime,
2. Read out : tw elve hours system disp lay for hou r. minute. second (by colon

flash) , AM & PM. (except 85(3) .
3 Display : th ree di splay modes of t ime, alarm time & date.fexccpt 85(3).
4 Ala rm : enott sw itch with th irty seconds voice alar m .
5. Snooze : reminder voic e alarm of thi rty seconds etter 4 minutes of f irst voice

alarm
6, Volume : tw o level of voice outpu t.
7. Language available : Engli sh. Mandarin
P..n ot 8501 . . . . ... .• .. . . . $30.00
M yn..h 8503 . . • $25.00 NOT A KIT!

LCD THERMOMETER CLOCK NEWI

Featu res:
0.34" DIGITAL therm om eter with Hi & Low temp eratur e alarm
fun ct ion and 12 hour s cloc k combinat ion.
Meas uri ng range: O°F to 160°F or - 20°C to +70°C.
Reso lut ion read ing: ± 1.S·F,
Dim ensio n : 3.2" x 0.S6" x 2.08".

T-1 w it h In/ Out Door sensor ... ..• •... $20.00
T-2 w it h Fahr enh eit/Celsiu s m easur in g . $18.00 NOT A KIT !

;X""" "" " """""" " """""""""" "" '~YAMATO 4001 3 '12 DIGITAL M ULTIMETER

';; r.t!lJl! I SPECIAL OFF~

I~"~!~

•••••••••••••••••••••••
150M C UNIVERSAL DIGITAL FREQUENCY
COUNTER SM- 100

... .............. ........ $67.00

Featu res:
1. Pream p em ploys th ree LOW NOISE Op.A m p. as RIAA
equa lizer and 20d B fl at amp lif ie r and ton e control. It has very
goo d t ransient respon se an d low noise. It is easy to build up.
2. Pow er Am p. emp loys our powerfu l audi o tra nsistors and
an adva nce d dy nam ic bass class 'A' ci rcu it. Th e dissipa tion is
ext reme ly low and th is mak e the out put stage to m ini mze the
swit ch ing di str orti on . It can reproduce high level bass
faithfully .
3. A specia lly des igne d delay system is included and the
func tio ns con tains: (a) three seconds de lay , (b) output short
circui t pr ot ecti on , (c) DC outp ut pr otecti on . It alsoeq uips w ith
LED indicator of double dis p lay.
4. It includes w it h mi croph on e mixer, so yo u can sing w ith
th ose famous singe r together. It can also be used as Publi c
Ad d ress Am plif ie r.
Kit ..

SM-43
MU LTIFUNCTIONA L
LED D.P.M.

3 separate sections to ne control ensure mo re smooth and
precise to ne co nt rol.
Full y sym metrical DC am plifier m akes low noi se characte ris
tic. New desig ned U-pi t heat sink ensu re stab le outpu t.

.. Specially design ed del ay syste m protects th e loudspeakers
agai nst demage.

.. It has a wi de dy na mic range and can repr odu ce any in put
signa l fait hfu lly .

Kit $43. 00

6 di ff erent kind s of usage s w it h only one meter , h igh accura cy
( :!.0.1%) (±1 digit), hi gh input im pedan ce, hi gh anti-vib rati ng
abili ty, th e display reset to zero auto mat ica lly w hen th e input is
QV, and employs 100 PPM /C temperature com pensatin g zener
di od e w hic h improv es th e accuracy and sta tio nary of th e
m eter.
MEASUREMENT RA NGE:
D.C. VOLTAG E: 1m V - 1000V
A.C. VOLTA GE: 1m V -1 000V
DIGITAL THERMO METER: O' C-l00'C
D.C. CURRENT: luA- 2A
CAPACITOR METER: l pF - 2uF·
FREQUENCY COUNTER: 10Hz - 20KHz
DIMENSION : 33/4 " x 17,13" x 4 ' ; ' 6"
Kit . . . . . . . . . $29.23
A ssemb led w it h t ested . . . • . . . . . . .. $35.00

TA-820A
60W + 60W OCL DC
PRE-M AIN STEREO
AMPLIFIER

TY-41 MKIIIINFRARED REMOTE CONTROL UN IT

* Thi s third gene rat io n inf ra red rem ot e 'co nt ro l un it emp loys
th e m ost adva nced decode IC so it w il l not be effected by
co mmon lig ht and elect ric spa rk, th erefore it is very reril e
ble.
It uses modern infr ared t ransmitting and receiving com po
nent so no ante nna is requi red. The control range is up to 10
m eter (30 feet).
It has tw o mode of ope ratio n: "Co nti nuous" and "on/o ff"
su ita b le fo r co ntr oll ing various kind s of elect rica l equipme nt
w hose po wer cons ump tio n is w ith in 5OOW. It can also be
used as a burg lar alarm .

* Th e pow er supp ly is DC 9-12V. It is simple in const ruct ion
and easy to guide and align.

* A Delu xe rem ote co ntrol unit box is f ree of cha rge .
K~ $25.00
Assembled with t ested ..... •.•....... •.•.•..... $30.00

.. Tr an smi ttin g freq uency ranges f rom 88M Hz to 108MH z
(va riab le ).

.. Con dense r m icropho ne inp ut m akes very hi gh sens it ivity.

.. Su itab le fo r commu nica tion, remot e monito ring and
demonst rati on.

.. Only need a little exte rna l component, it can be used as a
rem ot e te lep hone mo nitor w itho ut pow er su pp ly.

.. Deluxe plast ic case is included.
Kit. .. . . . .. . . . . • . ... . . . . . . . . ....•. •. $7.68

Outp ut voltage is adjustable f rom 0-15V DC. tw o curre nt
limit range are available fo r se lec tio n: 200mA or 2A.
An ela bo rated protect io n sys te m is specia lly design ed. a
'8 B' sou nd and a spar kle light w i l l appear w he n the outp ut is
ove r lo aded.
High sta bility and reliable resu lti ng f rom em ploying high
qua lity vo ltage regul ate IC.
Possessin g kin g size m ete r m akes th e readin g of volt age and
curre nt mo re clea rly and accuracy.
A ref in ed case, m eter and all accessory are enclosed for bot h
kit and assembly form . Mos t sui table for facto ry, profes
sio nal or eve n amateur.

Kit . ..•.. ..•. . . . . . . $59.50
Ass. wit h test ed $69.50

************************* ~TA-2400A ELECTRON IC ECHO AND
REVERBERATION AM PLIFIER

TY-35 FM
WIRELESS
MICROPHONE

- : .;:,.-. -:-:- - 1- - ---":--~ r- l- :--~ .r~ . •- . , -- ' .

TR-100 0·15V 2A REGULATED DC POWER SUPPLY

. , - --:: -_.~'.-_":. _ -- . -~-~-' . . ,.
- - --- ._- . .

As a result ot the adva nced techn ol ogy, thi s unit can co nt ro l
va rio us co lorfu l li gh t bu lbs, the vis ua l effect o f w hic h is mos t
suita b le in places like party. disco, elect ro nic ga me centre and
also in light in gs fo r advertiseme nt. Total output power is
3000W I1000WICh.) w hich m eans th at it can co nt ro l 30 pieces
of lOOW or 600 pieces of SW co lo r li ght which is eno ug h for
most usages.
Kit . . . .. . . . .. .. $65.00
A ss. w ith t est ed .. $75.00

This specia lly design ed pr e-amplifi er inc ludes a professio na l
GRAPH EQUALIZER TONE co nt ro l syste m and has a gai n to
12dB _Frequ ency response ex te nds f rom SHI to 20KHl, so even
in bad listeni ng co ndit ion i t ca n im prove we ll. It can accep t
inpu t fr om varlouo os m agn eti c cart ridge, record deck and
tune r, it s out put can be co nnec te d to all kind s of power
amp li fie r! The fo llowing co m binat io ns are goo d examples.
Asse m bled w ith t est ed . $90.00

~ ' "" X'!~ " ,," X'!~" ....

Thi s ' un it 'combines' the m ost adva nced computer V.L.S.1.
tech nique wit h hig h qu alit y Ja pan m ade compone nt, as it has
th e foll owing FEATURE S:
It can ge nera te various refl ecti on and reve rberat io n effect such
as th at in valley and mu si c hall. It has a 3 sect io n effe ct cont rol
w hich inc ludes reverberat ion con tr o l, delay co nt ro l and depth
cont ro l. Speci al effec t can be m ake in yo ur record tapes by
usin g t his model. A ll kinds of inf ield sound effec t can be
obta ined by skilfu l use of thi s co nt rol. It has LED di splay to
show refl ect ion and reverberat ion .
Ass. wlth t ested ..•. . . . . . . . . • • . • . . . . . . . . . . $99.85

" """ " """"" "" """ """"" """""" ,......
TA- 2500 HIGH QUALITY MU LTIPURPOSE
PRE·AMPLIF IER
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• 24 line accessibility
• True Tri-statemonitoring
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Mouser .

Radio Shack .

Ramsey . .

Regency

Rhoades .

Omnitron . .

Spartan Electronics

Tektronix .

Saratoga Electronics .

Sintec .... .

PacificCable 11 5

Pan aVise 43

Prof. Diving School of N.Y 86

RAG Electronics . . . . . . . . . 5

RAG Electronics . 82-83

MIDWEST!Texas!Arkansas!Okla.

Ralp h Bergen
Radio- Electronics
540 Frontage Road- Suite 339
North field , IL 60093
312-446-1444

NRI. . . . . . . 8

NTS 18

New-Tone Electronics . . . 35

PACIFIC COAST/ Mountain States

Marvin Gree n
Radi o-Elect roni cs
15335 Mor riso n St.-Suite 227
She rman O aks, CA 91403
818-986-2001

Sales Off ices

Trio-Kenwood . . . .. . . 103

U.S. Instrument Rentals . 37

VIP Electronics . . . . 43

W.S. Jenks . . . . . . . . . . . . . . . . . 38

WmB. Allen . . . . . . . . . . . . . 116

ADYERTISING SALES 212-777-6400

larry Steckler
publisher

Arline Fishman
ad vert ising coord inato r

Shelli Weinman
adve rtising ass ociate

LisaStrassman
credit manage r

Donna Sala
cred it asso ciate

Naomi Matten
adve rtis ing ass istant

EAST/SOUTHEAST

Stan ley Lev itan
Radio-Electroni cs
200 Par k Ave. So uth
New York, NY10003
718-428-6037,212-777-6400

Gern sback Pub lication s, Inc.
200 Park Ave. So uth
New York, NY 10003
(212) 777-6400
Chairman of the Board :

M. Harvey Ge rns bac k
Pres ide nt: Larry Ste ckle r

274

275

117

259

280

126

276

78

70

262

284

260

73

75

261

102

277

281

66

103

. 93

.. .. . 26

.... . 29

. . . .. . 117

. .33 .39.4 1

. 43
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AMCSales .

Elephant Electronics .

Krueger Technology . .. .

Huntron Instruments . . . .

ASD . .. 14

Caig Laboratories 38

Cameo Enterprises 130

Command Production s 26

Contact East 43

Coop's Satellite Digest 93

Cooper Electronics . . 86

Deco Industries . . . 42.43

Deltax Dynamic . . . . . . . 42

Dick Smith Electronics 23.24

Diehl Engineering 88.89.91

Digi-Key 121

Digital Research Computers. . . . 11 8

ETCO 130

Electronic Rainbow 101

Electronic Technology Today 87

Electronics Book Club 95

Heath .

Advance Electronics . . . . . . . .. 27

Advanced Computer Products 134

All Electronics 127

Amazing Devices 130

Appliance Service . . . . . . . . . . . 43

B&K Precision . 12

Beckman Indust rial CY3.98

C & S Sales 81

MCM Electronics 133

MFJ 11 8

Mark V. Electronics 135

McGraw-Hili General Books . . 14 12

Micro-Mart 11 4

Instrument Mart 94

ClE .

CRT .

AP Produc ts 3

J & W 132

JDR Instruments .. 15

JDR Mlcrodevlces . . . . . 122.123

JDR Microdevices . . . . . . . . . . 124.125

JDR Microdevices 126

Jameco . . . . . . . . . . . . . . . . . . . . . 128.129

James Walter Satellite Rec, . 43

Jensen Tools 42

Kepro Circuit Systems 94

Keystone Electronics 11 9

Etronix 86. 100

Firestik n 36

Fluke Manufacturing . . . . . . . 7

Fordham Radio 13. 17.CY4

Grantham College of Engineering 105

Halix Institute J 12
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52 50
54 50
56 00
58 50

512 00

Green
$92.95

Amber
$97.95

10 7500
760010 250 00

251 00to 500 00
501 00to 750 00
751 00to 100000

PHILIPS REMOTE
CABLE CONVERTER

Dealers Welcome
Vie accept Me Visa Ame, COOI\'l510 cecosuj
Sn,pp,ngcnarqes as follows

Volume Drscounts
Call

Prices subject to
Change Without notice
COO 52 00 Extra

• Monochrome display
• Composite video
• 80characters & 25 lines
• 700line resolutionatcenter
• No n-glare CRT

• "On/off fine tune
• Wireless
• Installs in minutes

(516) 499-9500 Store Hours: Mon·Fri 9·6
TELEX: 551427 SPARTAN Sat. 9:30·5

WELLER Temperature Controlled
Soldering Station Ii.~_ . ~
• Control Ranges 600F. 700F, ~

800 F ~...
• Change temperature by ~.---< ' ' _.. --

simply changing the heat
sensing tiP

• Safe for IC Soldering .
• Storage Tray for extra tips and tip $99 95 .

cleaning sponge With receptacle •
• Comes withlot" screwdriver tip700F,
• 3 wire 4.5' long cord

• Micro computer lechn lo~nt • Quartz controlled IC's lockin picture &
prevent drift. 60,channel selection _ Programmable time on &
off • 24hourLED digitalclock. Favontechannelmemory& recallplus
scan • Wireless hand held "mira-red" transrrutter system. Automatic
finetune _ Adaptableto any brand television • One year warrantyser
vice

Features: "Male toFemale connectorfor~
easy insertion into RS232 Line "Test 7 <"ii"
Lines (TO. RD . RTS . CIS. DSR. CD . DTR) ~
using LED's to indicate status of each
"Directly powered byRS232 Line noAC $19 95
power needed. "

SGL WABER DATAGARD
Spike &Noise Suppressor
~~. Datagard DGl15S providesa
~~~ single-stage spike filter and a

, ~~~ single-stagenoise filter to
. ;,)o~ protectagainstmoderate and

$39 95 ' . ;,:). catastrophic spikes and
• virtually all unwantednoise

PROTECT YO UR COM· intereference coming through
PUTER WITH OATAGARD the walloutlet

NEW 12"DIAGONAL MONITOR

0]

_____ HAYES Smartmodem 1200

~
_ • Full or Half Duplex

• 300 BPS orup to1200 BPS
• operation

• Auto Answer and Auto Dial
$395.95 • Connects directly to tele-

phone lines

' GENERAL'INSTRUMENT LCC-58

58 Channel Remote Controller

~$79.95 .;;:::::?

en
o
Zoa:
f
o
W
....J
W

oo
-ca:
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8 functions, 37 ranges.
Capacitance measurement
included.

Model DVM·636

$6275
11 functions, 38 ranges.
Includes logic level detector,
audible visual continuity,
capac itance and conductance
measurement.

Model DVM-638

$7995

SCOPE HAND-HELD DIGITAL

CAPACITANCE and
MULTIMETERS
.0.5% DC Accuracy
• Highest Quality
• Highest Performance
• Lowest Prices

7 functions, 32 ranges.
Transistor measurement
includ ed.

Model DVM-634

$4875

31/2 Digit·Multimeters
FEATURES. DC Voltage 100 uV - 1000 V • AC Voltage 100 uV - 750 V • AC/DC Current
200 uA - 10 Amps. Resistance 20 Megohms. Capacitance (DVM 636/638) 1pF - 20 uF
• Overload Protection. Auto-dec imal LCD readout. Polarity indication. 3000 hour
battery life with 9V transistor battery. Low battery indication

3112 Digit Capacitance Meter
8 ranges with full sca le values to 2000 uF
FEATURES. Broad test range - 1 pF to
2000 uF • LSI circ uit provides high
reliability and durabi lity . Lower power
consumption . Crystal time base
• Protected from charged capac itors
• Frequency range - 800 Hz to 8 Hz

ADD
.. $ 4 50

5600
58 .00

. .. 5 1050
51 2 50
5 1650

. 520.00
.. .. 52 5 00

Service & Shipping ChargeSchedule
Continental U.S.A.

FOR ORDERS
525·5100
5 101 -5250
5 25 1·500
550 1·750 .
575 1-1.000
5 1.001-1500
51.501-2000 ..
5 2.001 a nd Up ..

ASK FOR FREE CATALOG. • [.~ [ I
Money orders, checks accepted. C.O.D.'s require 25% deposit. - . ... ~

I

ordharn 800~5·9518
260 Motor Parkway, Hauppauge, NY 11 788 InNY State 800-832-1446 L..- ----.J

\


