


The new 60 MHz Tek 2221
(above) offers such features as
CRT readout and measurement
cursors for just $3995.

Nowyouhave three low- Features 2230 e NEW! 2221 2220
costchoices inTek digital Analog /Digital Storage BW 100 MHz 60 MHz 60 MHz
storage oscilloscopes. All Maximum Sampling Speed 20 MS/s 20 MS/s 20 MS/s
featuringpowerful 20 MS/s Record Length 4K/1K 4K 4K
digitizing along with familiar, (selectable)
full-bandwidth analog oper- Peak Detect 100 ns 100 ns 100 ns
ation. It's the best of both Save Reference Memory One. 4K One ,4K One,4K
worlds in one easy-to-use, Three,1 K
portable package. Vertical Resolution 8 bits 8 bits 8 bits

Discover thepotential! 10 bits 10 bits
With digital storage you can (AVG mod e) (AVG mode)
freeze waveforms. Capture 12 bits

events invisible to non- (AVG mod e

storage scopes. Find sig-
over the bus)

CRT Readou t/Cursors Yes Yes No
nals buried in noise. And

GPIB/RS-232-C Options Yes ($750) Yes ($500) Yes ($500)build a library of reference
waveforms. Battery -Backed Memory Yes (inc with No No

CRT readoutand cursors
(save 26 waveform sets) GPIB/

RS-232-C)
distinguishthe new2221. Warranty 3 year on labor and parts, including the
Foreven higher perform- CRT
ance, there's the 100MHz, Price $4995 $3995 $2995
dual time base2230 with
optional battery-backed

Copyright <1:> 1987. Tektronix. Inc. All rights reserved. TXA-795-B
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memoryfor saving up to 26
waveform sets. And if it's
economy you want, choose
the 60 MHz 2220 with many
of the samefeatures at an
even lower cost.

With each scope you can
automatemeasurements
with interfaceoptions. And
output direct to a printer or
plotter. Tek software is avai l­
able for systems.

Call Tek direct:
1-800-433-2323
for free video brochure
for orders/assistance
In Oregon, call collect:
627-9000

COMMTTED TOEXCEUENC:e



October 1987
BUILD THIS
39 LASER LISTENER

Eavesdrop us ing a beam of light
Richard L. Pearson

48 VIDEO-EFFECTS GENERATOR
PartZ, Bui ld ing, al ign ing, and using the generator.
Rudolf Graf and William Sheets

56 R·E ROBOT
Part 11. Adding the arm.
Steven E. Sarns

75 PC SERVICE
Use the direct-etch foil patterns to make circuit boards for the video­
effects generator.
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Tomorrow's recording medium is here today.
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Alexander Graham Bell experi­
mented with light beam communica­
tions back i n the 1880's , The
technology of the day prevented his
success then, but now, thanks to the
availab ility of low-cost lasers, ex­
perimenters can apply their ene r­
gies to that fascinating topic . This
month, we'll show you a simple lis­
ten ing dev ice that will let you use
modulated laser lig ht for communi­
cations over distances of several
hundred feet or more. It can even be
used to secretly listen in on con­
versations. To find out more about
light-beam communications, turn to
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As a service to reade rs . RADIO ·ELECTRONICS publishes availa ble plans or inf ormat ion re lating to newswort hy products,
techniques and scie ntific and techno logical developm ents. Because of possibl e vari ances in the quali ty and condition of
materials and workmansh ip used by readers. RADIO ·ELECTRONICS disclai ms any responsibility for the safe and proper
func tio ning of reader -bui lt proje ct s based upon or from plans or information pub lish ed in thi s magazine.

Since some of th e equipment and ci rcuitry describ ed in RADIO-ELECTRON ICS may relate to or be covered by U.S. patents.
RADIO -ELECTRO NI CS discla ims any li abil ity for the in fr ingeme nt of such patents by the making , usin g, or se lli ng of any such
equipment or circui t ry. and sugg ests that anyone int erested in such projects co nsult a patent att orne y.
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Autoranging. pen style design for the ultimate in portabmty and
ease of use. Custom 80 pin LSI chip increases reliability . Audible
continuity tester and data hold feature for added convenience .
Case . test leads and baneries included .

• Basic DC accuracy : plus or minua 1%
• DC voltage: 2v - 500v. autoranging
• AC vottage: 2v - 500v. autoranging
• Resistance : 2k ohms - 2M ohms.

autoranging
• Fully over-load protected
.. Input impedance: 11 M ohm
• 162 x 2B x 17mm. weighs 75 grams

OR VISIT OUR RETAIL STORE
1256 SOUTH BASCOM AVE.

SAN JOSE, CA. (408) 947-8881
CIRCLE 59 ON FREE INEORMATION CARDJ ....

DPM-1000
3.5 DIGIT PROBE TYPE DMM

2 YEAR
WARRANTY

ON ALL
MODELS

Model 2000 combines useful features and exacting
quality. Frequency calculation and phase measure­
ment are quick and easy in the X·Y Mode . Service
technicians will appreciate the 1V Sync circuitry for
viewing TV·V and lV-H as well as accurate synchroni­
zation of the Video Signal. Blanking Pedestals. VITS
and VerticIe/Horizontal sync pulses.

• Lab quality compensated 10X probes included
.. Buih·in component tester
• 110/220 Volt operation
• X-Yoperation .. Bright 5" CRT * TV Sync filter

Wide bandwidth and exceptional 1mV I DIV sensitivity
make the Model 3500 a powerful diagnostic tool for
engineers or technicians. Delayed triggering allow sany
portion of a waveform to be isolated and expanded for
closer inspection. Variable Holdaff mak es possible the
stable viewingof complex waveforms.

• Lab quality compensated 10X probes included
* Delayed and singJe sweep mod es
• Z Axis intensity modulation
• X-V operation • Bright 5" CRT • TV Sync filt er

MODEL 3500 $499.95
35 MHz DUAL TRACE OSCILLOSCOPE

COPYRIGHT 1986 JOR MICROOEVICES
THE JDR INSTRUMENTS LOGO IS A REGISTERED TRADEMARK OF JDR MICROOEVICES .

JOR INSTRUMENTS IS A TRADEMARK OF JDR MICRO DEVICES.

MODEL 2000 $349.95~c

~iiiiii~~~ri~~m 20 MHz DUAL TRACE OSCILLOSCOPE

ORDER TOLL FREE:1=J~oJ~~!~~~~~!~ 800-538-5000
(408) 866-6200 • FAX (408) 378-8927 • Telex 171-110



GUEST EDITORIAL
Another attack on home taping
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Co nsume rs w il l soo n have the advantages of di gital
sound quality in a co mpact cassette tape fo rmat,
but th e usefulness of th e techn ol ogy is threatened
by spec ial interest legislation th at would pr event
hom e recording of records, tapes o r co mpact di scs.

The new technol ogy is known as Di gi tal Aud io Tape
(OAT) record in g and, li ke co mpac t-d isc tec hno logy,
it uses elect ronic pulses to store and pl ay back
sound, offe ring th e pub lic mu ch-h igher qu ality
than is poss ib le on co nvent io nal analog recordi ng
eq uipme nt. In parti cu lar, the OAT w ill create a
market fo r pre-recorded audio cassettes th at sound
as good as co mpact discs.

The record in g industry is ur gin g Co ng ress to enact
legislation that would requ ire OAT reco rde rs to
incorporate ant i-tap ing systems that wo uld make it
im possib le for co nsume rs to reco rd most
prerecorded o r broadcast materi al, incl ud ing
materi al th ey have purchased and are record in g for
the ir person al use. The ant i-tap ing IC is act ivated if
the source mater ial is recorded w it h a notch
in serted in th e hi gh frequ encies. The not ch , which
may be aud ib le to a listener and co uld d istort th e
mu sic, would t rigge r th e IC to sto p th e recording.

The legislation , HR 1384, spo nsored by Rep.
Waxman (D-CA) in th e Hou se of Rep resentatives,
and S 506, by Senato r Gore (D-TN) in the Senate,
wo uld d isco urage co nsumers fro m buying th is
high-p otenti al tec hno logy. Historically, co nsume rs
have accep ted new recordi nng tec hnology only
w hen it has offered th em the chance to make tapes
themse lves. The anti- tapi ng chip, however, wo uld
prevent hom e taping of notched source recor dings
and of tapes or reco rds fo r use in car ste reos and
po rtable players.

OAT has extra advantages in that OAT tapes can be
made mu ch smalle r th an co nvent io nal cassette
tapes, and th ey can sto re huge amo unts of
informat ion -- nearly one gigabyte (on e billion bits).
The information sto rage capability gives OAT
eno rmo us potential in co nnect ion with personal
co mpute rs.

Altho ugh recording companies cla im that th ey
would p rodu ce higher-pri ced recordings withou t
ant i-tap ing notches, it is highl y qu estion abl e how
many would be availabl e, o r at wh at pr ice.
Furth ermore, research now shows th at th e anti­
tapin g encod ing process interferes even w ith sound
qual ity on OAT playback.

Anti-taping legislation run s directl y counter to th e
Supreme Co urt's "Be tamax" decisi on , which held
th at co nsume rs have a right to record aired mater ial
fo r th eir personal use. Just as th at Sup reme Co urt
dec isio n did not sto p sales of prerecorded vid eo
tapes from topping fi ve billion doll ars, there is no
evide nce th at home OAT recording w il l in any way
limit th e profits of th e recording bu siness.

The record in g industry is plain wrong in stating t hat
OAT recorders can make perfect co pies of
prerecorded material through co nvent ioal analog
inputs. The OAT is simply a better tap e recorder,
w ith tr em end ou s por tabl e applicat io ns, and wi ll
make people even more interested in buyin g
mu sic.

Thi s latest assault by th e recordi ng industry on
home taping is cont rary to th e inte nt of Co ngress
and to Sup reme Co urt precedent. Co ng ress
protected th e right to tape during f ive years of
debate. The recording indust ry's ant i-co nsumers,
ant i-tec hno logical attack sho uld be rejected once
again .

Hom e Recording Rights Coalit io n
P.O. Box 33576

1145 19th St reet, NW
Washington, DC 20033

(800-282-TAPE)
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LOGIC/PULSER PROBES HELP LOCATE DIGITAL
FAULTS IN LAB OR IN FIELD SERVICE
B&K-I'REC IS IO N no w offers logi c and pul ser prob es
to fill the needs of engineers and techn icians. The 0 1'-2 1
is a 20 M Hz probe that also displays pulse presence
and logic status. Both LEO and audible logic state
indicators are featured. The 01'-3 1 pulser prob e
can be used alone or with a logic probe or scope. It
produces a IOf.lS pulse at 0.5 or 400 P I'S rates
and features an ex te rna l sq uare wa ve and
sy nc hro niz ing ter mina l. Bot h prob es are
mu lti-fam ily compa tible. T he 01'-2 1 is
$32. The 01'-31 is $3 3. Co ntact vour
local distributor or: B&K -PRECISION,
Dynascan Corp., 6460 W. Cort land St .,
Chicago, IL 606 35. (3 12) 889-908 7.

SICPRr'ClSlCt1
OVNA.CAN CORPORATION
6460 WestCortland 51. • Chicago, IL 60635 • 312·889-9087

International Sales,6460 W. Cortland St., Chicago,l L60635
Canadian Sales, Atlas Electronics, Ontario
South andCentral American Sales, Empire Exporters, Plainview, NY11803

Ie InlOut-of-circult IC Testeristhe first
~n!!IJ I <""Y test ICs both in and out -of-circuit. Punch up

from a resident memory of over 1500TTL CMOS ICs,

6a'ej 540 Component Testerlocates faults on unpowered board s,
n tp the component level.Curve-trac ing method also allows fast com­

ison of componentsor boards.
The Model 541Component Comparator isa companion instrument

for use with your scope or the 540. It testsICs,semiconductors, capacitors,
inductors, transformers and more.

The Models 550 and 552 IC Comparator Tester/logic Monitors are
hand -held portables for TILand CMOSapplications. In-circuit dynamic
tests compare a known-good IC to an on -board IC.A 20-channel log ic
monitor is built-in.

The B&K-PRECISION digital test line-up is rounded out by convenient and
economical pu lser and logic probes.

For immediate delivery or complete specif ications and applications
information, call you r local d istributor or B&K-PRECISION,

NEW COMPONENT TESTER LOCATES FAULTS
ON UNPOWERED BOARDS IN FIELD OR PLANT
T he new Model 540 compo nent tester is an extremely
cost effective, h i~hly flexible trouble-shooting aid that
can assist in rapid ly locat ing faults on un power ed
board s. Faults can be tra ced to the component level
wit hout specific circuit know ledge. Individual com- .
ponents can also be tested . Test results are displayed
as a curve on a built-in CHT display. Cur ve tracing
allows matching of components . T wo channels allow
pr oduct ion test ing against known good boards. Ideal
for field service or production testin g. $995 . Con­
tact vour local di stributor or: B&K- PREC ISION,
Dynascan Corp ., 646 0 W. Cor tland St ., Chicago,
IL 606 35 . (3 12) 889-908 7.

PROGRAMMABLE IC TESTER TESTS TTL,
CMOS , RAM AND ROM IC'S, IN OR OUT-OF­
CIRCUIT
Called the "first cost-effective way' to test Ie's both in
and out -of-circ u it," th e new B&K-PRECI SI O N
Model 560 fills the void between basic component
test ers and cost lv AT E svstems, Over 1500 different
14 to 24 pin ,!ev';'ces can b~ tested, including TTL and
CMOS di gi tal res, RAM s and HOM s. The 560
speeds test ing, simplifies diagnostics and doesn't re­
quire prior test skills. Plain-English user prompts
guide every step of operation. Test results are dis­
played as positive "pass" or "fail." Test result s can be
fed to a printer. App licat ion s include in com ing
in sp ecti on , Q C , produ c t ion l ine t es ti n g and
tr oub lesh ootin g fau lty produ cts. $3, 500 . Contact
vour local distr ibut or or : B&K -PH ECISI ON , Dvnas­
~an Corp. , 646 0 W.Cort land St. , Chicago, IL 60635 .
(3 12) 889-908 7.

HA NDHELD DIGITAL IC COMPARATOR/
TESTERS FEATURE 20 CHANNEL
LOGIC MONITOR
B&K-PRECISION's Model 550 and 552 IC
Compa rator Tester/L ogic Monit ors test Ie's
by comparison to a known good reference in
one simple operation. As logic monit ors, they
simultaneously indicate the logic states of up to
20 IC pins . T hey test most 14 t0 20 pin, 54and
74 Series TTL (Mo del 550 ) or 4000 and 74C
Se r ies CMOS (Model 552 ) devices. Both
mode ls ar e available from distributors at
$395 . Contact yo ur local di st ri but or or:
B&K-P RE CIS ION, Dynascan Corp., 6460
W. Cort land si.. Chicago, IL 60635. (3 12)
889- 908 7.

NEW COMPARATOR
ADDS IC/COMPONENT TESTING TO SCOPE

Test vir tually any type of passive or active component
or modul e with B&K-PHEC ISION's new 54 1 Com­
pon ent Comparator. T he 541 is designed for use with
th e 540 compon ent t est er or vir t ually any x-y
oscilloscope. It is well suited for both in-circuit and
ou t-of-circuit tests . It 's fast and easv to use. Unlike
single function test ing, the 54 1 can l;e used on series,
parallel or series/parallel circ uits. $395 . Contact your
local distri butor or: B&K-P RECI SION, Dvnascan
Corp., 6460 W. Cort land St. , Chicago, IL ·60635.
(3 12) 889-908 7.
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VIDEO
NEWS

DAVID LACHENBRUCH,
CONTRIBUTING EDITOR

• Wireless is hot. No, not Marconi's type of
wireless, but wireless control and reception
'devices are big these days. Almost every TV
manufacturer has introduced a wireless remote
control that will work with the same brand of
VCR, audio equipment, or both, and several have
developed remote hand-held units that can
"learn" other brands by facing them off with
other remote units in a sort of bad-day-at-Black­
Rock situation.

Wireless stuff got hotter at the recent
Consumer Electronics Show in Chicago. CL9, the
company started by Apple Computer co-founder
Steve Wozniak, showed a universal remote
control that could be taught whole sequences of
commands, to be executed at a single keystroke.
The controller, which costs $199, can perform as
many as 260 series of tasks, has 16 keys, and 16K
program memory. It can accomplish such tasks
as turning on a VCR, setting it to record a specific
channel, rewinding the tape and turning the
machine off at one keystroke, for example.
Coming in the future are computer and telephone
interfaces-one of which would make it possible
to program a VCR by phone.

Another hot wireless product was a hi-fi stereo
speaker system using only house wiring for
connection. To be marketed by Recoton for about
$250 including amplified speakers, it can carry
stereo sound to any room of the house via the AC
wiring system and is claimed to have Compact
Disc fidelity. Future models will be designed to
accommodate name-brand speakers. Many years
ago, General Electric's "Portasound" wireless AC
speakers were all the rage, but they were killed
off with the introduction of stereo. Now Recoton
has updated Portasound in stereo and hi-fi.

Now you can edit your videotapes without even
touching your VCR-by using Videonics' wireless

~ editor. It's a complete editing system with a
z wireless hand-held alphanumeric keypad which
~ is aimed at a high-speed microcomputer with
o 256K RAM as its main memory. Two VCR's are
~ required-one of which can be a camcorder.
UJ6 Utilizing on-screen commands and prompts, the
(5 system guides the user through the process of
<l:
CL editing, making titles, and captioning. More

6

sophisticated add-ens will become available, but
the basic system lists for less than $500.

Infrared wireless headphones are coming onto
the American scene-none too early. They've been
a fixture in Europe for many years. You merely
plug the IR transmitter into the headphone jack
of the TV or stereo and to a power source.

• Personal video. In its efforts to popularize
the 8mm-Video format, Sony has adopted a new
approach. Calling the format "personal video,"
the company is emphasizing 8mm's small size
and ability to be built into miniaturized
equipment. Two new products introduced by Sony
are "the world's smallest" complete VCR with
tuner and timer, designed to be easily attached to
any TV set and moved from room to room, and a
"desk set" combination VCR and 5-inch color TV.
Scheduled for introduction next year is a 2.7"-LCD
color-TV and VCR combination that is about the
size of a paperback book. A companion color
camera, small enough to fit in a pocket, was also
shown.

• Up in the air. A completely new airborne
video system is being offered to the airlines. As
introduced at the Paris Air Show, each seat has its
own individual4-inch flat CRTbuilt into the back
of the seat in front of it. Passengers have their
choice of at least three video programs, can pass
the time by playing seven different video games,
watch local TV or live closed-circuit TV showing
takeoff and landing from the pilot's cabin, listen
to one of 18 mono or nine stereo channels of
digital audio. They also can use the interactive
keypads and screens in front of them to order
meals and drinks, purchase duty-free items and
get safety instructions in multiple languages.
Developed jointly by Sony and Sundstrand Data
Control, the Airborne Cabin Service and
Entertainment System (ACSES) uses 8mm
videotape for video and audio programs, and is
expandable for the addition of further new
features. There's no word on when you'll find it
on an airplane. Its unveiling was the first
indication that Sony had developed a color
version of its flat Watchman picture tube. R-E



February 1984 Issue February 1987 Issue
We stock th e parts , PC Board and AC
Adaptor for an art ic le on bui ld ing a cab le TV
descrambler appeari ng in Radio-Electronics.

We stock the parts, PC Board and AC
Adaptor for an artic le on a tr i-rnode cab le TV
descrambler appear ing in Radio-Electronics.

#701 Parts Package* $29.00
Inclu des all the or igi nal resisto rs, capaci to rs,
di odes , transistors, integrated circuits, coils,
IF transfo rmers (Toko BKAN-K555 2AXX).

#702 PC Board* $8.95
Or ig ina l etc hed and drilled silk-screened PC
Board used in the article.

#704 AC Adaptor $7.95
Orig inal (14 vo lts DC @ 285 ma) AC Adaptor
used in the art ic le.

FREE reprint with Purchase Above

#708 Toko Coil Set $6.95
Includes (2) BKAN-K5552AXX, (1) E520HN­
300023, (1) 144LY-120K and BFO-85
Replacement 2SC2369.

#301 Parts Package* $39.00
Includes all th e ori g inal resistors, capacitors,
d iodes, potent iom eters, transistors,
int egrated circuits, LED 's, Toko coi l
(E520HN-3000023) and Plessey Saw Filter
(SY-323).

#302 PC Board* $8.95
Origina l 5 x 8.8 etched and drilled sil k­
screened PC Board used in the artic le.

#304 AC Adaptor $7.95
Orig inal (14 to 18 volt DC @ 200 ma) AC
Adaptor used in article.

Free Reprint with Purchase Above

#308 Plessey & Toko Set . . . .. $6.95
Incl udes (1) Plessey SY323 Saw Filter plus
(1) Toko E520HN-300023 Coil.

Ad d $2.50 Shipping & Handling; $4.50 Canadian Ord ers

72-CHANNEL MC-702 CONVERTER
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• Parental contro l for all channels
• Last channel recall
• Fine tun e memory
• UL listed/FCC approved
• Simple installation with any TV
• Includes battery and 3 foot coax

cable

" copyright 1987 by J&W Electronics. Inc.

P.O. BOX 800 • MANSFIELD, MA 02048

JrrbJ
ELECTRoniCS,Inc.

• 72-channel capability
• Wireless, Infra-Red remote control
• Channel output 2 or 3 switchable
• Microprocessor controlled PLL

operation
• Skip channel memory eliminates

unused channelsAdd $3.50 Shippi ng and Handl ing
$4.50 on Canadian Orders

CABLE CONVERTER $79.95
WITH INFRA-RED REMOTE CONTROL

%.~..~-/D//7~':;;, .... , - -~.

_.~I

'ORDER TOLL FREE
1-800-227-8529
Inside MA: 617-695-8699
VISA, MASTERCARD OR C.O.D. r MEMBER

[EBl [ ~-~j l~l
' Not available to Massachusetts residents due to state law.
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When you unpackage a Heathkit product, you open up a special world, a world
providing a unique blend of achievement and fun. • With your Heathkit prod­

uct, you'll enjoy the pride ofbuilding it yourself, and the confidence that it's built
right. Along with the convenience and assurance of knowing how to keep it
running at peak performance. • Plus you'll learn about new and emerging

technologies. For knowledge that gives you that added edge in your field. • But
most important, with a Heathkit product you're buying from a company whose

name is synonymous with quality and enjoyment. From our easy-to-follow
documentation to our renowned technical support, we make sure your

kitbuilding experience is fun and relaxing - as well as rewarding.
• And when you're done, your pride will be matched by the
satisfaction of owning a product that you know inside out.

And that will last a long time. • Thousands of people
have discovered this unique dimension in

product ownership. We'd like you ...-------,
to discover it, too.

For information on all our quality kits,
send NOW for your FREE four-color

Heathkit Catalog.

Send to: Heath Company, Dept. 020-586
Benton Harbor, Michigan 49022

GR-9009 9" ACIDC
Color 'IV - ONLY $249.95



Enter the Heathkit world with...

The Ie-IOOI Logic
Analyzer is the perfect answer for trans­
forming a PC-compatible computer or standard
terminal into a versatile logic analyzer.

A top-grade troubleshooter and design aid, the
compact Logic Analyzer includes 16data lines plus
clock and two qualifier lines, checksum cap ability,
and state and timing displays with hex, octal and
ASCII equivalents. You can even use it in circuits
with clock speeds up to 10MHz, trigger on any digital
word and view events 2,000 pulses before trigger and
up to 50,000 pulses after. High impedance inputs
virtually eliminate circuit loading.

And it's easy to use! The highly intuitive user­
friendl y software makes the IC-1001 fully keyboard­
configurable and menu-driven.All in one portable unit.

Put thi s most advanced technology to work for
you - for only $269.00.

n.•.

The Heathkit ID-4001
Weather Computer, which puts
weather information at your fingeitips. With the
press of a button, you can instantly know tempera­
ture, wind speed and direction, and barometric
pressure for the exact location in which you live.For
planning outdoor activities with greater assurance
than ever.

And its all done with unsurpassed accuracy.
Long life IR LED's act as sensors to make both the
wind speed cups and the wind direction vane as sen­
sitive and as accurate as a costly laboratory instru­
ment. While active solid state devices reliably
measure indoor and outdoor temperatures, all stored
by a microprocessor for later recall.

Attractivel y designed, the ID-4001 will give you
extraordinary performance unheard of at such a
reasonable price, $399.95.

To order, call toll-free 1-800-253-0570.
Ask forOperator 31 O.

We also have 66 Heath /Zenith Computers &
Electronics stores in North America.

Call 616-982-3614 for thestore location nearest you.

Heathkit®
Heathkit is aregistered trademark of Heath Company, asubsidiary of Zenith Electronics Corporation Heath
Prices, product availability and specifications are subject to change without notice. Company

KB-103
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WRITE TO:

lETTERS
Radio-Electron ics
500-B Bi-Co unty Blvd .
Farmingda le, NY 11735

windin g s m ay be e lec t r ica ll y
eq ual. In thi s case, th e phase shift
is gene rally produ ced by an induc­
·to r o r a capacito r in ser ies with th e
auxil iary w indi ng . The usual sin­
gle-phase, split-phase motor can
be reversed by reversing th e con­
necti ons to either t he aux i l iary
winding o r th e main stator wind­
in g.

In t he sing le -p hase capac i to r
motor (Fig. 1-a), the mai n and aux­
ili ary wi ndi ngs are elect rica lly sim­
ilar. O ne w inding is fed directly
f ro m t he AC powerlin e and the
ot he r is fed through the capacito r.
The pos it ion of th e sw itch selects
between the fo rward and reverse
direct ion s of rotatio n by sw itc hing
th e se r ies capac ito r from o ne
w ind ing to t he oth er.

In some split-p hase motors , th e
" start" w ind ing has many turns of
f ine gauge wi re; th e "run" wind­
ing has fewer t u rns of a mu ch
heavier gauge w ire. The phase dif­
fe re nce in t he ma gn eti c fi elds
causes the armature to rotate. The
motor easily is reversed by revers­
ing the connections to one of th e
w indings. .

In the capacitor-start moto r (Fig.
1-b ), the main o r " run" winding is
di rectl y across the AC powerl in e
and the aux il iary or " start " winding
is fed through a capacito r and cen­
t rifugal switch t hat ope ns w he n
the motor comes up to speed . For
forward rot ation, th e start wind­
ing, switc h, and the capacito r are
in a ser ies string from the midp oint
of the main wi nding to one side of
the powerl ine. For reverse opera­
t io n, th e switch returns the sta rt­
w ind ing asse mb ly to the ot he r
side of the powerl in e.

The shaded -po le indu ct ion
motor (Fig. 1-c) is usually a low­
to rq ue low-speed typ e used for

AUX 1 MAIN 2
b

SUPPLY
~

REVERSE

d

MAIN 1 AUX 2

in stall a reversin g switch. In a fol­
low-up on th e qu est ion (See "Ask
R-E" in th e Apri l 1987 issue), we
menti on ed th e possi b ility of re­
ve rsing a motor by shift ing the
pol e and fi eld co il assemblies to
the oppos ite sides of the brush­
ho ld er cente r-l ine .

Read er Edwar d T. Sm i t h, o f
Brog ue , PA adds that a simp ler and
more practi cal solution is to sw itc h
the leads connected to th e brush
ho lde rs. Interch an gin g th o se
leads reverses t he current through
the arm ature, so t he to rque and
the di rection of rotation are also
reversed .

Now for w hat we hope w ill be
t he final wo rd on th e subject of
reversing motors:

Sin gl e- ph ase , sp l it - p hase
motors have a main w in din g fed
directly f rom th e AC po we rl ine
and an auxi liary wi ndi ng that is fed
a current th at is o ut of phase w it h
that in the main w inding. The two

SUPPLY
~

FIG.l

SUPPLY
rr/>»;

REVERSE

a

c

SUPPLY
,-A---...

FORWARD

CENTRIFUGAL SWITCH

{

FOR.

{

SUPPLY

REV. '--+---+--A"-..SUPPLY ..
_~~~~~~~~'/ MAIN 1 CAPACITOR

MORE ON MOTORS
In select ing qu estions for thi s co l­
umn, we try to choose those that
will interest the greatest number
of readers and provide what we
feel is the most practical answer
when there may be two or mor e
possibl e solutions to a problem .
At times we consult profession als
and experts before preparin g a re­
ply; but, unfortunately, t he expe r­
ti se of expe rts and professionals is
often govern ed by th eir experi­
ence and familiarity with th e ques­
t io n, and recen tly w e go t som e
"not-so-expert" opin io ns. So... we
apo logize for the less-than-expert
replies to a co up le of inquiries and
w ill now t ry and set th e record
strai ght.

In an early inqu iry on reversing
electric moto rs, we pointed out
that there ar e many typ es of
moto rs and su gg est ed that th e
reader tak e t he motor to a motor
repair shop and have a technician

10
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2S.mm

155mm
762mm

Cl::OO SOO<M1
Tr amton she el 52.00 eacn

0=002"1Ml
Transferl sheel 52.00 each

p .e.B . SY MBOLS

0 = 00 191mm

T"lnsferl sheet 52.00 each

--.~'~. 250mm
3 076mm-4:" 7Umm

Tra ns fert Sheet 52.00 each

0=00 3171Ml

Tr.mfert sheel $2.0 0 eaCh

TRANSFE R TAP ES---ll

£ 00 397nm

~ Transfen she et 52 .00 each

516 . 20

$25 .30

TSM 214 $2 • •5 0

a.c~a. CAT ERPl.AR. SAFE LO'N
VCA..TAGE OPERAllON USNG TSM 220
AN D 221 SPOT . 9V D.C) 0.5 A

TSM 213

SAFE LOW Va.TAG E 2W AY CATEAP ILAA
~[)QMLY FtASHlN:3 ANDWINKING. TSM
220 AND TSM 22 1 SPOT COM PATiBlE.
POWER SUPPLY 12VIO.SA.

TSM 221 $17 .20

25 LED'S SPOT FOR SA FE L IGHT MODUL­
ATION . SUPPLIED WrTH BOX.

TSM 220

TSM 2 V2 $22 .20 '~

VARIABLE 50..10 STATE REGLl.ATED PO­
WER SU PPlY 8V TO 38Vt2A.
'TRANFORYER IS NOT NC l UDED WITH THE
KIT.

64 LED 'S SPOT FOR SAFE UGHT MOQlA. ­
ATK:iN. SUP PLIED WITH BOX.

$ 17 . 5 0
TSM 212 LOW OPERATNG VCA..TAGE.
SPOT TSM 220 AND TSM 22 1 COMP ATIBL
CCNmCl..EDBY AMICROPHONE.
P()INE R SU PPL Y 1'ZV' 1A. OVT PI1T O.SA.

. MOOULA TOR . SAFE 3·CH~EL LIGHT

,.
TSM 116 V5 $' 1. 5 0

REGUATED f'O,O/ER SUPa,Y 5V D.C.
POWER T'RN'.6 FOFt.4EA N:JTN:LUDEOWI'TH ;

THE KIT ~

~=======~~I-tI~;~I'
'4I'n'

2
Tr ansfer! sheet 52.00 each

'" ~

$15.15

ELECTRON I CS KITS
TSM IN AMER ICA INC . 206 5 BOSTON POST ROAD LARCHMONT N.Y.10S38

TSM 86 $35.50

aECmONk:; MCf'JOREVERBERA'TlCN SYS­
TEM. POWER SUPPLY 12'1 D.C.

TSM 206 $10 .15

MErRQN()ME; POWER SUPPLY 9 · 12V D.C.

$26 .77

DIGITAl CLOCK. 5'16· READOllT; POWER
SU PPL Y 12V D.C/0 .2A WITH HOUR AND
MN lITE SETTNGC<NTRO..S

TSM 99 $130 .0 0 ..

~~~~RK~:"i~~~~~~~~A~AY CLED [:

64 LED 'S , AS MANY AS &00 PROGRAMS ;'.....

TSM 196 $10 .71
7 NPUTMIXER STEREO PREItMPLIRER OR

1. INPvrM~WITHOUT ATTENUATIa-l.
INPUT 47 K11oo TO 70OmV.OUTPUT . 7KI
100 TO 75OmV, POWER SUPPL Y 2.V D.C .
'0. 1 A

TSM 160 $1& .&2
STER EO SIMtJ..ATOA , POWER SUPPL Y 12V
D.C 10 .1 A.

TSM 105

ELECTRONIC ALARM SIREN, an tMPED.Ml­
CE , 10 WATTS RATING. POW ER SUPPLY
12'1 D.C., HQ"..., SPEN<E R N:lT INClUDED

TSM 69 $15 .13
TB.EPHCNE AMPLIRER WITH 1N000T1VE
PICK ·UP AND SPEAK ER, ADJUSTABLE

Va.UME , POWER SUPPLY 9112V D.C10 ,1

TSM 168 $12 .82
MC6OUTOREPB.LER. PCJWERSOUACE
9VD.C.

TSM 157 "0 .00
DIGITAL CLOCK AN D UP TO 2. MN
11100 S CHRCNOM ETE A. COUNT-DOWN
CAPABl.. rTY FOR THE Cl OCJ<.
~E:H SUPPlY 1 'LV ll .C. OH A C.

TSM 121 $17 .50

16 LED DISPLAY THERMa..tETER ; PONER
SUPPLY 1511aV D.C 10 .1SA

TSM 88 $38 .77
FtNCTK:N GENERATOR, FREC:UEN:Y R.AN3E
8HZ TO 2'O<»< HZ,PROVIDING SINEfTRlAN3LE
ISOU AREISA W TOOTH WA WE FOAMS. PO­
WER SUPPlY 12V D.C.IO.3A

TSM 58 $10."
TW o-STATICN MERCW WITH SPEN< ER
Va.W E CCNTR a.... POWER SOUflCE ~1 Z1/
D.C. I O.• A

TSM 85 $22 .52
TlME DELA Y SYSTB.4 FR~ 1SEC TO 15
MNJTES. POWER SUPPL Y 12V D.C.

TSM 177 $33.20

DIGITAl v a.TMETERS oV TO 999 V D.C.
POWER SUPPLY 12V D,C./O(.5A

TSM 210 $10 .50
A.llY RANDOMISED a EC"ffiCNC DeE,
POWER SUP PLY 9 - 12V D.C.IO,1A

TSM 54 $13 .85
FMTAAf'..5MrTTER, POWER SUPPlY 9V
D.C . I O,SA

TSM 78 LNIVERSAl.AlARMFOR

H<:lME AND CAR , DELA YED EXIT TIME , AD­
JUSTMLE S<>l..ND.ALARM .TItM PER Pf¥)()f".
OPERATlON WITH CQNfN:.T SWITCHES .
POWER SUPPLY 12V D.ClO,15A 533.23

TSM 123 $" .15
SOUND CCNDmct-rER,Ol..lTPVT LEVa &OOmV
TO BE e<::NNECTED TO AMPlIFIERAUXL IA­
RY INPUT . POWER SUPPLY 12'1 D.C.

$26 .77
2. Tl...It'IIE DOOR CHIME. OUTPUT 31. WATTS
POWER SUPPLY 12V D.Cl1 A.

$35 .00

AUTO SO UND SYS TE M
1269 EAST MAIN STREET EL CAJON

CA 92021
TEL 619 ..... 2 ·70 ·22

TSM 205

f'A RECEIVER,HEAOP...:NESTEREOOlJTl>UT
POWE R S UPPLY 9112V D.C.IO.1A

TSM 34 $0 .11

STEREO AIM PREAMPLIFIER; INPlJT
SENSITIVY ~7K13mV. O VTPUT roomv ,
POW ER SUPPLY 12V D.C } 0. 111.

TSM 62 $13 .00
CAR ANTENNA PRE AMPLIFIER MWIt.W/FM.

TSM 211 $10 .00

MEDI UM WAVE RECEIVER. 1 W ,O.5 W RMS
AUDIO PON ER. POWER SUP PlY

-1 V t O. t A

TSM 61 $25."
FM RECEIVER , OUT PUT 1 WAn "an .
POWER SU PPLY 12116V D.C. 10.2A.

TSM 335 $15 .55

PHYSIQ.OOC TCNECONTRCl.,STEREO.
INPUT IMPEDANCE 15cm W16 OK. OUTPUT

Eva 800rnV. POW ER SUPPlY 25V D.C.

TSM 158 27 .02
FM RECEI VER , OUTP lJr 20 WATT S/an.
POWER SUP PLY 12'16 V D.C. /2A.

TSM 31 & $,..77
FMSTEREODECODER, PONERSUPPlY
12V D.C. I 0.1""

TSM 122 $13 •• 5
ALL-B ANO FMNHFfUHF ANTENNA. 20dB
AMPLIFIER -. POWER SUPPlY 8112V D.C}

TSM 9 $14 .0 0
AOOIOPREN.4P\.IAEA FOR GUrTAR; NP
SENS ITIVY .nKlSmV. OU TP UT lEVEL
..nul. 5Y , VOL UME CCNTAOL VARIABLE :
POWER SUPPLY 25V D.C. I O,tA

TSM 35 $0 .10
MICOOP.-.oNE STEREO PRENAPLFlER;
INPUT SENS rTlVY SmVl2 00n OR MORE ,
O lJTP lTT 70OmV, POWER SUPPLY 12V D.C.
IO .lA

TSM 147 $18.88

MONO 5 B.ANDS EQUALIZER ,SUPPLIED WITH
S PO'T'ENTlCMETERS.FREQI...IEt.oCY RESP'CNSE
50 HZ TO 1SKHZ. POWER S UPPLY2 X 12V
O.C J O. 1SA .

:··TSM 146 $33 ... .

STEREO2XSBANOSEOUAllZER . SUPPl IED .
wITH 10 POTtNTlCMETERS. FREOUENCY
RESPCNS E 50HZ TO 15 KHZ .POWER SUP PL :

x 12V D.Cl O.2A ;

520 . 31

821 E.ACX)$EVElT ROO LOMBARD IL 60 1048
TEL 312·691 ·89·0 0

A VAIL A BLE FR O.. :
NU TRON CO MPUTER EL ECTRONICS

TSM 128

TSM 11 $15 . 50
AUDIO AM PLl RER 30 W PEN< POWER. 15W
RMS , INPUT SENSITIVY .7Kl1 SOmV. 2.5
TO 8 n OUTP UT. C~PlETE WITH va..W E,
BASS. TREBlE CONTROL; POWER SUPPlY
12116V D,C . ' 2A

S18 .88
AUDIOPOWER MOOUlE , SC1N PEN< PONER
25W RMS, INPUT SENSJTIVY 800mVf. 47K
O lJTPlJT IMPEDANCE 4'80. POWER SUPPLY
.cOV O.C.t2A

TSM 19 $52 .05
AU DIO 2.0W PEAK POWER. 120W RMS
S ENS rTlV ITY .7KI 0.8 V.OUT PUT. n,
THO 0.3 %. RESPONSE 15 HZ -100 K HZ.
POWER SUPPLY 79V MAX. HE AT­
SINKS NOT INCLUDED wm; THE KrT .

TSM 155/1 $" .30
STERE O AM P. 2 X SOW
PE AK. INPUT SEN SrTl VY . 7Kl300rn V
OUTPUT ...,an . SUPPLlEDWITH HE ATS INK
AND BALANCE , Va.UM E, BASS, TREBLE
CONT Ra.S .POW ER SUPPL Y 04QV D.C .l2A--3

TSM 118 $62 .31
32<J.N PEN< POW ER AMPlIFlER MODLJ...E.
an O UTPUT IMPEDANCE INPUT .7Kl800 mV
FREOU e.cY AESPCNSE 15HZ T0 6()(HZ,
POWE R SUPPLY 2 X.OV D.C.t6A.
HEATSIN< S NOT If'.k::LU DED IN THE KrT.

TSM 89 $30.38
AUDIO ecx:::GTER STE REO 2 X 04QW FOR
CA R RADIO, OUTPlJr asn POWER SUPPLY
12/ 16 V D.C .I.A.

TSM 67 $3 • •70
STEREOAMPUF IER 2X.OW PEN<.POWER
SENSITIVV INPlIT .c7KIJOOrnv, OUTPUT
2.518n. VOLUME. BALANCE, BASS .
TREBLE. C<NTRO..S. PCWERsUP....Y
12V D.C. 314 A .

TSM 66 $16.50
AUOK>POrVER MCOLLE 4f:1NPEN< PONER
20W RMS , INPUT SENSITIVY .7Kl300mV

OUTPUT 2.518n POWER SUPPLY 12V D.C.2

TSM 68 $22.66
ST EREO AMPLIFIER 2 X 2W1.
INPUT . 7K1300 mV, O UTPUT 2,518n S UP­
PLIED WrTH HEATS INK AND BAL ANCE ,
Va-WE. BASS, TR EBLE, POWER SUPPlY

2V OC .l SA

2 X 6 LED OUT PUT LEVa-METE R, STE REO
2 X SOW , POWER SUPPLY 15120V D.C .

TSM 102 $22 .50

18 LED CXJTPUT POWER LEVa METER.
PON EAED BYTHE MOOU...ATJON.

tf~ro.",~;.
TEL 914-937-2447 O R 9 14-834-7190

KELV IN ELECT RONICS
7 FAIRCHILD AVE . PLAINVIEW. NY 11803

516·349 ·7620 FAX 516·349·7B3O

TSM 58 $33 .70
AUDIO POWER MC:lOLJ...E WN PEN< PONER
. 5W RMS ; INPUT S ENS IT IVY .7Kl800 mV
OUTP UT . !Van. POWER SUPPLY 39V D.Cl3

TSM 18 $12 .•7
AUDIO AM PLI A EA 15W PEAK POW ER,7.5W
RMS, INPUT S ENSrTlVY . 7K'1 50 mV. 2 .5
TO 8 n OUT PUT. CCM PLETE WITH Va-LJ..tE
BASS, TRE Bl E CCNTR a., POW ER SUPPlY
12116V D.C. 11.5A

r" ~SM SA $ 26 . 3 0 . :;

: AUDIOf'O,O/ER MCOll.E 70WPEIK POWER
: 3SW RMS. INPUT SEN SrTlVY .c7KIa OOrnv
;. OVTPlfT .entail. POWER S UPPL Y 3 9V D.C.
" , ' S A
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Take,the guesswork and hassles out of VCR
mechanical problem diagnosis!

Four Universal, Powerful Tools for VCR Service
RHOMBIC ANTENNA

IMPEDANCE
In the "Ask R-E" column of August

1986 you supplied infor mation for a
matching section for the 600 -ohm
impedance of a VHF rhombic anten­
na. Now, the article "Rhomboids for
TV reception" (May 1957, page 86)
gives the impedance of a rho mbic
antenna as 800 ohms. That figure is
also given in the The ARRL Antenna
Book. Why the discrepancy?­
H.L.E., Cedar Rapids, IA.

A number of factors enter into
the design of a rhombic antenna :
t ilt angl e, antenna height, and the
length of each leg . The maximum
output des ign gives maximum ra­
diation of signa ls in a desired di­
rection and maximum respo nse to
signals arr ivi ng from that d irec­
t ion . Other designs are used to
meet sp ecial condit io ns wh ere

pumps and fans. Power gen erally
rang es from around Y3 to Y30
ho rsepower. It has copper bands
short-circuit in g or "shad ing" a
port ion of each po le face. The
magneti c flux " peaks" fi rst in th e
unshaded port ion, then it peak s in
th e shaded portion; the electrical
eff ect being a rotation fro m the un ­
shaded to the shaded pole piece .
The motion of the roto r fo llows the
rotatin g field .

Reversi ng a shaded-po le motor
is generally a mechanical opera­
tion. Rotate t he wound stato r-co il
assembly 1800 in t he case or turn it
end-fo r-end w it h respectto the ro­
tor. Special types of shaded-pole
motors have been designed so as
to be electrically revers ible; they
can usua lly be identi fi ed by in­
structions on a plate aff ixed to the
motor's case.

The bas ic repul sion- induct ion
motor (Fig. 1-d) has a slotted arma­
ture w ith w indings con nected to a
comm utator. The brushes are con­
nected toget her and the armature
is excited by pulsating cur rents in
t he stator w ind ing . That type of
motor is reversed by rotating the
set of brushes through a small an­
g ie around t he armature ce n­
terl ine . The brush pos it io ns for
forward and reverse di rect io ns of
rotation may be marked o n t he
motor's frame; another tec hnique
might be to limit the brus h pos i­
t ions using stops.

Crystek Crysta ls offers their new 16 page FREE
catalog of crysta ls an osci llators. Offering state of
the art crystal components manufactuered by the
latest auto mated technoloq y. Custo m desig ned or
"off the shelf ," Crystek meets the need, wor ldwide.
Write or calf today!

Video Head Prot rusion Gauge : Universal, fast,
safe method of measuring the amou nt of video
head t ip wear. Measures in microns and ten­
thousandths of an inch. Allows
accurate pred ict ions of re­
maining head life. Head wear
provides useful information
regardi ng VCR condition and
wear on other components.
Stop guess ing about head
wear. Accessory "S1" stand
allows use on any VCR-

HPG-1 $479 S1 $95

FOR OPTIMUM STABILITY
AND RELIABILITY IN

FREQUENCY MANAGEMENT

,.., I®C 1506 Dell AvenueIente orp. Campbell, CA 95008
CIRCLE 185 ON FREE INFORMATION CARD

Crystek
crystals

Tentel@provides the most powerful, easy-Io-use, field calib raleabl e, universal VCR test equipment
available for various mechanical tests. Call our applicat ion engineers loday for answers 10 your
questions. Ask about Ihe combination discount when ord ering all 4 gauges.

(800) 538-6894
(408) 379-1881

in Calif orn ia

Tape Tension Gauge: The Tentelornetere is the
wo rld's most universal meth od of measur ing ho ld
back tensio n. Calibration can easily be checked
in the "field". Merely slide the
probes over tape to measure
tape tension direct ly in grams_
Illu strated instruction manual
included. This is the back
tension gaug e referenced by 1...._ _ ....

many of the VCR service man­
ua ls, and it wi ll work on
all VCRs.

T2-H7-UM $295

QUARTZ CRYSTALS
FOR

o Industrial Equipment/Instrumentation

* Micro-processor contrOI~
* Computers/Modems
* Test/Measurement r-

* Med ica l

o General Communications

* Channel element Service (VHF/UH F)

* Land Mob ile 2-way ~
* Marine _.
* Ai rc raft ,.
* Te lemetry
* Monitors/Scanners/Pagers

o Amateurs/2-Meter/General Coverage
CB/Hobblest/Experlmenter

Test VCR Mechanics
Fast and Easy!

CRYSTEK CORPORATION
DIVISION OF WHITEHALL CORPORATION

2351/2371 Crystal Drive eFt. Myers, FL 33907
P.O. Box 06135 eFt. Myers, FL 33906-6135

TOLL FREE 1-800-237-3061
PH 813-936-2109/TWX 510-951-7448/FAX 813-939-4226

TOLL FREE IN THE U.S.A. EXCEPT FLORIDA, ALASKA, HAWAII
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$259
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F·1000
1.2GH

F-100
120MH

M-1180 .7% Acy $36.95
M-1182 .25% Acy $39.95
M-1181 .1% Acy $42.95

Auto Rang ing
plus

Man ual Rangin g
3'12 Digi t Meter

28 Funct ions
Full y protected

BREADBOARD

MOdeI D - ·· ·· · ­
9436 •• -- ---'

Shown =' :: :: :=

9430 1,100 pin s $15
9434 2,170 pins $25
9436 2,860 pins $35

50MHz LOGIC PROBE
20 nsec with memory
Lp·700

~23

.......

Mode l
5·3000

Model V1060 $1,340

15·25%
OFF LIST

PRICE

Model
LC·1800

Measures:
Indu ctors,
Capacito rs,
Resi stors

35MHz DUAL TRACE OSCILLOSCOPE

$498 MO·1252

/800 $148

$135

• 10MHz DC or AC
• Tr iggered Swee p
• Calib rated Vert & Hor
• Reads Yolts & Freq

MULTI·FUNCTION COUNTERS

DIGITAL LCR METER

Frequ ency, Period , Tota lize , Seif Check wit h High ­
Stab ilized Crystal Oven Osci llato r, 8 Dig it LED Display

10M Hz OSCILLOSCOPE

.:? $219

. ... ...~-, ~. -........

.05% DC Acc uracy

.1% Resistance
wi th Freq. Counte r
& Delu xe Case

100MHZ

TRUE RMS 4""
DIGtT MULTIMETER

Model
M·7000

40MHz
DELAYED
SWEEP
MO-1253

$550

-
$239

MULTIM ETER with
CA PACITANC E AN D
TRAN SISTOR
TESTER

Model ' $58
CM·1500A

Reads Volts . Ohms,
Current, Capaci tors ,
Transi st ors &
Diodes W/Caae

DIGITAL 3 AM P POWER SUPPLY
Model
XP·750

$175
0·40Y @ 1.5A
0-20Y @ 3A

• Sine, Square, Triangle
• Pulse, Ramp , .2 to 2M Hz
• Frequ ency. 1 thru 10MH z

GF·8015 wit hout Freq. Me te r 5179

DIGITAL TRIPLE POWER SUPPLY
Model
XP·765

$239
0-20Y @ 1A
0·20Y @ 1A

5Y @ 5A

20MHZ

20MH z DUAL TRACE OSCILLOSCOPE

$359 MO·1251

J
Model V212 $475

Mo de l V·212 20MHZ Dual Channe l (1mV Sens .) $475
Mode l V-422 40M HZ Dual Cha nne l (1mV Sens.) $699
Mode l V·425 40MHZ Dual Channel (w ith cursor) $795
Mode l V-660 60M HZ Dual Channel (Dela yed Sweep) $990
Model V· l060100MHZ Dual Channel (Delayed Sweep) $ 1,340

All above scopes have a 3 yea r guaranty on part s and labor

Top qu ali ty sco pes at a very reason ab le price. Co nta ins all the desir ed features. Elenco's 2 year guarantee
ass ures you of con tin uo us service . Two t x , 10 x pro bes, diagrams and manual included. Wr ite for spec s.

100MHz Test Probes, 1X, 10X, Ref. (Complete with 5 accessories) Fits Most Scopes - 522

HITACHI SCOPES AT DISCOUNT PRICES!

ELENCO PRODUCTS AT DISCOUNT PRICES!

C&S SALES INC., 8744 W. North Ter., Niles, IL 60648 C!C=15 DAY MONEY
800·292·7711 (312) 459·9040 ASK FOR CATALOG '. J BACK GUARANTEE <0

(Xl

2 Year Limited Guarantee! Add 5% for Postage ($10 max), IL Res., 7% Tax "'-J

CIRCLE 109 ON FREE INFORMATION CARD

Full y regul ated, short c irc uit protected current
lim it co nt ro l
XP·650 wl lh Analog Meiers 5129.50

Full y Regul ated, Sho rt Ci rc uit Protect ed wit h 2
Limit Ca nt . 3 Separate Sup plies
XP·660 with Analog Meters $169.50

GF·8016 FUNCTIO N GENERATOR

)llfi~~' with Freq. Coun ter

hei gh t , leg len gth , o r t i lt angle may
be dictated by local co nd it io ns. Of
co urse, all var iations in desig n can
have an effect o n t he anten na 's in ­
put imped an ce.

W he n a conve n t io na l si ng le ­
wire rh ombic is used over a 3:1
f reque ncy range, its input imped ­
ance ran ges from a maximum of
about 830 o h ms to a minimum of
700 o hms. When used over a f re­
quen cy ran ge of 4 :1, the input im­
ped an ce d rops to a minimum of
580 o hms . In so me authoritative
refe re nces , w e find:

"The transmission line can some­
t im es be d esi gn ed t o have a
charac te rist ic im pedan ce th e
same as.. .the (rhombic) antenna
input resistance, o r vice versa in
some cases. A 600-ohm two -wire
balanced feeder gives a lin e of
reasonabl e cross-sect ion, but be­
comes less reasonabl e for higher
(lin e) im pedances. For thi s rea­
son, rhombic ante nna and feeder
are designed for a value of 600
ohm s for a majority of applica­
tions."-Jasik'sAntenna Engineer­
ing Handbook.
" If the broad frequency charac­
teristics of th e rhomb ic antenna
are to be fully utili zed, the feeder
system used with it must be sim­
ilarly broad . This practi cally dic­
tates th e use of a tr ansmission line
of the same characterist ic imped­
ance as that shown at the antenna
input te rminals, or approximately
750-800 ohms. The spac ing re­
qu ired for an 800-o hm l ine is
rather awkward, also, rather small
wire must be used . Both these
co ns ide ra t io ns ar e di sad van­
tageous mechanically, and the ra­
diati on from the lin e tends to be
co mparat ive ly high at freq ue n­
cies, because of the wid e spacing.
On the w hole, the best plan is to
connect a 600-ohm lin e directl y to
the antenna and accept the small
mi smatch w hic h results."-An­
tenna s and Antenna Systems, War
DepartmentTechnical Manual TM
11-314.
"A 600-ohm line connected to the
antenna feedpoint is perhaps the
most convenient means of feed­
ing the ante nna."-Antenna Sys­
tems, Air Force M anual 52-19.
O ne t h ing t hat is often over­

l o ok ed is t h at at frequ en c ie s
w he re the rh ombic's in put imped­
ance is 800 o h ms and t he feedline
impeda nce is 600 o hms, t he stand­
in g-wave rati o is a low1 .33 to 1, and
the line lo ss compared to a per fect
match w i ll be negligible. R-E
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S x 10 em
13 Ibs.l10.S'W x5.1 " x 14.2"D

$1795 $1495 $1395 $1095

HI~HITA

ECOMI?Ai
Light weight-just 13 pou
Light price-4 models from
Great smarts-50 MHz and 100 M
featuring Hitachi 's unique Trigger Cock. Auto Sweep,
Cursor Measurement, and more. Full size
screen-Crisp 6-inch (8x 10 cm) CRT. Hitachi
reliability-all carry ourstandard three-year warranty.

Get more information and more scopefor your
money from Hitachi. Call : NY area 516-921-7200 .
LA area 213-538-4880 . Dallas area 214-233-7623.

Hitachi Denshi America, Ltd., 175 Crossways Park w., Woodbury, NY 11797
CIRCLE 194 ON FREE IN ORMAIION CABD~ ...I
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SCA ERRORS
In th e articl e, " Bui ld Thi s SCA

Receiver," in th e Au gu st 1987 issue
of Radio-Electronics, th e Parts List
has R42 at 22K and R37 and R38 at
10K. The schemat ic has R42 at 4.7 K
and doesn 't show R37 and R38 at
all. Th ey appear to be in se rie s
with pin 13 of IC1. The Parts List
also says that C27 is not u sed,
whil e th e sch em ati c shows that it is
in th e line between Q 2 and Q 6.
G . L. M cDONALD
Auburn , WA

Resistors R37 and R38 are 10K
units; as you surm ised, those are
the unmarked resistors at p in 13 of
IC1. Resistor R42 is 4.7K, as shown
in the schematic; the Parts List is
in correct. Also, capacitor C27 is a
0.01-J.LF ceramic disc as shown in
the schematic.

In add i tio n, a gro und symbol is
missing in th e schematic; it should
be added at the junct ion of R23,
R25, and C21.

Finally, i f you have trouble find­
ing the Natio nal LM3189N used fo r
10, an RCA CA3189E or CA3089E
can be used in its place; the latter
on e should be the easies t to find.
- Rudo lf Graf and Will iam Sheet s

MORE ON SCA
I enjoyed " Bu i ld th is SCA Re­

ce ive r" in t he August 1987 issu e
very mu ch . I wantto use the unit to
receive data for input in to my co m­
puter, as men ti oned o n page 41.
Some of th ose tran smi ssions are at
19.2 ki lobaud , so the SCA aud io
bandw idth must be high enoug h
to n ot di st o rt t he t ra ns mi ssio n
wavefo rm .

Th e articl e states,"SCA is not a
high fi delity serv ice ; its audio-re­
spo ns e bandwidth is lim ited to
abo ut 5000 Hz. " Is th at an FCC lim-

itati on , o r an arbi t rary o ne to el im­
in ate noise? I'm co nce rned that
th e 12-dB-p er-octave low-pass fil ­
t er o n the o utp ut of th e LM565
(R56/C45-R57/C46) wi ll cause wave­
fo rm di storti on of any digital-data
transmi ssion .

If th er e is an FCC restriction, the
bandwidth w il l be limited at the
tran smitter, and I don 't have to
w orry. I do want to receive th e sig­
n al ex ac t ly a s t r an sm itt ed ,
however.

What is th e FCC bandwidth re­
st ri ct io n o n SCA tran smi ssion s?
And wh at co m po ne n t v alu e
changes, if any, are neces sary to
rece ive di gital -data exact ly as
tran smitted , without waveform
di stortion cause d by a restr icted
bandwidth ?

I b eli ev e th e au t h o rs we re
wrong in th eir state me nt : "The sig­
nals are FM with ± 7.5 kHz devia­
ti on maximum." Acco rd ing to the
FCC's D ecember 1984 am end­
m ent , sect io n 73. 319 (d )(2), fo r
st e reo FM plu s an SCA and
nothing else (t he most co mmon
SCA sit uat ion) th e fqllowing ap­
plies:

"D uring stereop honic program
transmission s, modulation of the
carrie r by the ari thme tic sum of all
subcarriers may not exceed 20%
referenced to 75 kHz modulation
deviatio n ..."

Th e maximum used to be 10 %
(7.7 kHz) bu t now it's20 percent (15
kHz)-and 30 percen t for mon ­
aural and SCA-only t ransmi ssion s.
That erro r brin gs up a possibl e de­
sign erro r in the SCA receiver 's cir­
cu it. If th e design er's th ough t th e
maximum allowab le deviati on was
noti ceabl y less than what actually
mi ght be enc o unte red, m ight th e
circu it di stort more than it was de ­
sig ned for when it get s a true max-

SURGE PROTECTOR
Safeguard Sensitive Equipment and
Valuable Data with this Surge Protector
and Power Sequencer. A closeo ut makes
the LOW liquidation price possib le!

• Guards Your Valuable Computer Hard­
ware and Audio System from Power
Surges and Voltage Spikes.

• Two-Stage Protection. (Diodes, MOVs.)
• Fast-Response. Components Capable of

5 Pico Seconds (5 Trillionths of a Sec.).

Electrical Stonns, Faulty Wiring, and
Power Une Switching can be disastrous
to sensitive comp uter circu itry. No micro ­
computer can withstand a major surge
without considerable damage. You have
invested time and money in your computer
system and its programming.The important
data you have entered cou ld be lost in
seconds without surge protection. Power
surges and spikes can also cause fai lure or
slow deterioration of audio equipment. This
1200W surge protector provides surge pro­
tect ion and sequencing of outlets for power
up. The 23,4"H x 3%"W x 7"D housing has
four outlets, LED power indicator light, reset,
and on /off swi tches. Heavy-gauge 6' cord.

2 -Yr. Ltd. Warranty on Parts and Labor.

Mfr. Ust Price . • • • . • $119.95

~~~~~~i~~ $39
Item H-2821-7121-734 5/H: $4.00 each

Credi t card cust omer s can order by
ph one, 24 hours a day, 7 days a week .

Toll-Free: 1-800-328-0609
Sales outside the 48 contig uous states are subject to

specia l conditions. Please call or write to inquire.------------SEND TO: Item H-2821
t3~ Di rect Marketing Corp.
1405 Xenium Lane N/Minneapolis. MN 55441 -4494

Send_Surge Protector(o) Item H-2821-7121-734 at $39
each, plus $4 each for ship. handling. (Minnesota residents
add 6% sales tax. Sorry. no C.O.D. orders.)

o My ch eck or money order IS enclosed (No delay s In

process ing orders paid by check)

PLEASE I ] ICZ51 ld ~
CHECK 0 ~ 0 l':QI 0 I. J OE
Acct. No. Exp-L-
PLEASE PRINT CLEARLY

Name _

Address Apt. #__

City _

State ZIP _

Phone---'-__L- _

Sign Here _

..-----------_..
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CD
m
JJ
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"If you're going to learn
electronics, you might
as well learn it right!"

"Don't settle for less.
Especially when it comes
to career tteining...because
everything else in your life
may depend on it.
That's why you ought to

pick ClEf"

Stephen J. Simcic
fMm~.· Vice President, Academic Affairs



~u've probably seen adver­I ~sements from other
electro nic schoo ls. Maybe you think
thev're all the same. They're not!

en: is the largest independent
home st udy school in the world that
specializes exclusively in electronics.

Meet the Electronics
Specialists.

When yo u pick an electronics school,
you ' re gett ing ready to invest so me time
a nd mon ey. A nd yo ur who le future
depend s on the ed uca tio n yo u get in
return .

That's why 'it ma kes so much sense
to go with number one . . . with the
specialists . . . with C IE !

Pick the pace that's
right for you.

C IE understands people ' need to lea rn
at their ow n pace. T he re ' s no pressure
to keep up . . . no slo w learners hold
yo u back. If yo u're a beginn er, you
sta rt with th e basics. If you a lready
know so me electro nics, yo u mo ve ahead
to yo ur own level.

Enjoy the promptness of CIE's
"same day" gradin g cycle.

When we receive yo ur lesso n before
noon Monday throu gh Sa turday, we
grade it and ma il it back the same da y.
You find out q uick ly ho w well yo u ' re
doing!

crn offers you an
Associate Degree.

On e o f th e best credentia ls yo u ca n
have in electro nics - or any ot her
ca reer field - is a co llege degree.
Th at' s why C IE gives you the oppor­
tu nity to ea rn a n Associate in A pplied
Science in Electro nics Engineering
Tech nology. Any C IE career course ca n
o ffe r you cred it toward the degree ­
mo re than hal f of the number needed
in some cases .

" Cleveland Institute of Electronics is
the onlv accredited institut ion of higher
learning offering an Associate Degree
program with tuition based on ectus l
studv time used. The faster you com ­
plete yo ur degree assignm ents, the less
your overall tuition . " Steve Simcic

Vice-President Acad emic Affairs

r - - - - - - - - - - - - - - - - - I
ARE·70• C IE Cleveland Institute of Elect r onics. Inc.

177 6 E a s t 17th S t r e e t . C le ve land, Ohio 44114

I Acc redit ed Member Nati onal Home Study Counci l

Print Name

Check box for C .l. Bill bulletin on Educational Benefits: 0 Veteran 0 Active Duty
co
OJ
--.j

o
oa
OJ
m
IJ

Which CIE Training fits you?
Beginner? Intermediate?

Advanced? C IE home study
co urses are designed fo r
am bitious peopl e at all entry
levels. Peop le who may have:
I . No pr eviou s electronics

knowledge, but do have an
interest in it;

2. So me basic knowl edge or
experience in electro nics;

3. In-dep th wo rkin g experience or
pr ior tr aini ng in electronics.

Yo u ca n sta rt wher e you fit a nd fit
where vou sta rt , then go on from there
to yo u;' Diplom a , Assoc iate Degree ,
and ca reer.

Today is the day.
Send now.

Fill in and ret urn the postage-fr ee
ca rd att ached . If so me am bitio us per son
has remo ved it , cut o ut and ma il th e
coupon . You' ll get a FR EE schoo l
catalog plu s complete inf ormation on
independent hom e stud y. For yo ur
co nvenience, we' ll t ry to have a C IE
rep resenta tive co ntact you to answer
any quest ions yo u may ha ve.

Mail in the co upo n below or , if yo u
prefer , ca ll to ll-free 1-800·321-2155
(in Ohi o , I-800-523-9 I09) .

. Area Code/ Phone No. / _Age

Addre ss Apt. _

City Stare Zip _

YES.. .I want to learn from the specialists in electronics - Cl E, Send me my FREE
C IE school catalou.. .includinu detai ls about the Associate Degree program ...
plus my FREE pack age of horne study information.

MAIL TODAY!
CIRCLE 60 ON FREE INFORMATION CARD

State-of-the-art
Laboratory Equipment

So me co urses featu re the C IE
Microprocessor Training Lab orato ry.
A n int egra l part of computers ,
microprocesso r techn ology is used in
man y phases o f bu siness, including ser­
vice and ma nufacturing industries.

Th e MT L gives yo u the oppo rt unity
to program it a nd inte rface it wit h LED
disp lays, memory devices, and switches.
You' ll gain all the practical experience
needed to wo rk with state-o f-the-art
eq uipment of today a nd to morrow.

Microprocessor Trainer

•I•I•••

Because we're specialists
we have to stay ahead.

At C IE, we 've go t a position o f
lead ership to maint a in . Here a re some
of the ways we hang onto it .

There 's no such thing as
bargain education.

If yo u talk with some of o ur
gra dua tes, cha nces ar e you 'd find a
lot of th em sho pped aro und for their
tr ainin g. Not fo r th e lowest pri ced
bu t for the best. Th ey prett y mu ch
knew wha t was availab le when
the y picked C IE as number o ne .

We don' t promise yo u th e
moon . We do promise you a
pro ven way to build va lua ble
career skills. The C IE facu lty
and sta ff are ded ica ted to that.
When you grad ua te , yo ur diploma
sho ws employers yo u kn ow what you ' re
about. Toda y, it 's prett y har d to pu t a
pri ce o n that.

Experienced specialists
work closely with you.

Even tho ugh yo u study a t hom e, yo u
are not alone ! Eac h tim e yo u return a
co mpleted lesson, yo u ca n be sure it
will be reviewed , graded, a nd retu rned
with appropriate inst ructiona l help .
Wh en you need add itio na l ind ividu al
help , yo u get it fast a nd in wri ting fro m
the faculty tech nica l specialist best
qua lified to answer your question in
terms yo u ca n understa nd .

Programmed Learning
T ha t' s exact ly what hap pens with

C IE 's A uto-P rog ra mmed Lesso ns. Ea ch
lesso n uses famo us " pro gra m med learn­
ing" meth od s to teach you import an t
prin ciples. You explore them, master
them co mpletely, be fo re yo u sta rt to
apply them. You th oroughly understand
each step befo re yo u go on to the next.
You learn at yo ur ow n pace .

And, beyond the or y, so me co urses
co me fu lly eq uipped with electronics
gea r (th e things yo u see in technica l
magazines) to actu a lly let yo u perform
hundreds of " ha nds-o n" experime nts .
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imum signal? The output of LM565
and 2N3565 are the two possib le
overload points. What deviat ion
was the circuit designed for, and
what component changes are nec­
essary for the true maxi mum pos­
sible SCA signal levels? Also, do
you know w here I co uld get a li st of
stations w ith SCA d igita l data
transmissions?

I loo k forward to using t he SCA
receiver.
PETER SKYE
Glendale, CA

We were not aware of the change
in the FCC ru le when we wrote the
article. Our object was to rece ive
SCA music and speech trans mis­
sion. The 565 PLL will lock and fo l­
low any signa l up to ±60% of the
design freq ue ncy depending o n
external components . We refe r
you to National Semiconductor's
LM565 data sheets fo r more de­
tails.

The circuit was designed to han­
dle the ± 10% deviat ion (7.5 kHz).
It does better than that on the
bench, but we can not guarantee

that you, too, will recei ve better
performance.

If you fi nd that the lowp ass filte r
distorts the waveform, you can try
removing i t . However, you may
find that that resu lts in unaccepta­
ble noise levels . In that event, try
experimenting with smalle r levels
of f ilter ing. -Rudo lf Graf and
Wi ll iam Sheets

COMPUTER FLEA MARKET
There w ill be 80 sellers of hard­

ware, software, pri nters, d isk
drives, supp lies, books, and more
at t he Co mp uter & Hi-Tech Flea
Market on Saturday, November 21,
1987. It w il l be he ld at t he Vete rans
Memorial Bui ld ing, 4117 Overland
Avenue, Cu lver City, CA from 10
AM to 5 PM. There wi ll be ample
free parki ng , and t he ad mission
charge is $2.00.

For those wish ing to set up and
sell at the fair, information can be
obtained by calling (213) 276-1577.
MICHAEL J. FLAHERTY
303 North La Peer Dri ve
Beverly Hills, CA 90211

R-E ROBOT
I was disappointed to see that

Clifford King was not credited as
the co-author of the article on the
RCL Robot Command Language
("R-E Robot," August 1987). Mr.
King designed and w rote the RCL,
t hen wrote the article describ ing
it . I offered only general guidance
in terms of the purpose of the pro­
gram and the ove rall d irect io n of
t he art icle. Without Cliff King's
consu lt ing group's-Micro-K Sys­
tems-offer of software support at
the incept ion of t he robot project,
I doubt if I wo uld have started the
project at all.

As yo u know, it 's not the hard­
ware that is the bott leneck in the
design and utilization of robots. It
is t he software. The RCL that
M icro-K developed took over 4
man-mont hs of solid effort and the
results are o utstanding.

Thank you for correcting the
oversight and printi ng th is infor­
mat ion .
STEVEN E. SARNS
Vesta Technology Inc.

contin ued on page 25
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HM205-2
the new Digital Storage Oscilloscope
with 5 MHz sampling rate and 2 x 1024/8 bit storage
realtime bandwidth DC-20 MHz $ 888.00

HM8148
the new intelligent Graphic Printer
firmware for time, date, interval, linear interpolation
zoom ing function $788.00

DSO Software
with 13 programs
Inc], IEEE BUS card

$480.00

CIRCLE 62 ON FREE INFORMA TION CARD



Price Price

TEKTRONIX PHILIPS
2300 Series P6101A $53 M12X1 PM3267 PM8294 $60 M12X1

P6108A $75 M12X10 &
2200 Series P61 21 $100 M12X10AP PM3256 PM8926 $70 P100

P6122 $58 PlOO PM3264 PM8928 $95 M12XlO
2400Series P6131 $140 M15X10HFAP

P6133 $115 M12XlOAP HITACHI
P6105A $93 M12XlOAP V-1l00A
P6106A $140 M15X10HFAP V-670 AT- lOAL1.5 $64 SP100
P6130 $130 M12XlOAP V-509

SS-0014 $92 M12X10 HEWLETT PACKARD
SS-0012 $77 M12X10 1715A 10018A M20XlO

17228 lOO17A M15XlOHF
1725A 10017A M15XlOHF
1740Series 10041A P100

10021A IP20



EQUIPMENT REPORTS

Mondo-Tronics Space
Wings Robotics Kit

New wing-flapping
technology

CIRCLE 25 ON FREE INFORMATION CARD

RO BOT ICS IS A D IFF ICU LT H O BBY TO GET

sta rte d in b ecause it requires a
knowl edge of so many dis cip lines
rang ing from elect ro n ics to m e­
chanics. Beg inn er s to th e hobby

are of t en di scouraged b ecau se
building eve n a simpl e m ovin g
robot can be a co m p lex project.
We recently found , however, w hat
mi ght be th e w o r ld's sim p les t

ro bo t proj ect- Space Wings fro m
M ondo-Tro ni cs (20090 Rod rig ues
Avenue # 1, Cupe rt ino, CA 95014).

Cal ling Space Wings a ro bo tics
p ro ject mi gh t be st retc hi ng th e
t ruth a littl e bit. Usually we wou ld
co nside r a pair of w ings that f lap a
dozen t imes o r so per minute
m ore o f a novel ty item t ha n a
robot. But th is kit is worth men­
ti onin g because o f its use of
BioMetal wire.

Shape-m emory alloys
BioMetal wi re is an alloy of t i­

tanium and ni ckel th at co nt racts
when an electrica l current passes
throu gh it. In some ways, it is ve ry
mu ch like a human mu scle. We
have see n de mo ns t ra t io ns o f
roboti c arms usin g BioMetal w ire,

CIRCLE 104 ON FREE INFORMATION CARD

3. LOW PRICES

1. TECHNICALLY CORRECT
Crystals to Your Specs

CIRCLE 108 ON FREE INFORMATION CARD

Our New and Highly Effective Advance d-Place­
ment Program for experienced Electronic Tech­
nicians grants credit for previous Schooling and
Professional Experience, and can greatly re­
duce the time required to complete Program and
reach graduation. No residence schooling re­
quired for qualified Electronic Technicians.
Through this Specia l Program you can pull all of
the loose ends of your elec tronics backgro und
together and earn your B.S.E.E. Degree. Up­
grade your status and pay to the Engineering
Level. Advance Rapidly ! Many finish in 12
months or less. Students and graduates in all 50
States and throughout the World. Established
Over 40 Years! Write for free Descr iptive Lit­
erature .

\ ,,'VeB.S.E.E. \
DEGREE

THROUGH HOME STUDY

ForFreeCatalog
Call or Write

JAN CRYSTALS
P.O. Box 06017

Ft. Myers, FL 33906
(813) 936-2397

[ VISA I •
CALL 1-800-237-3063
FREE(Except Florida)

QUARTZ CRYSTALS FOR
Two-Way - Industry - Mar ine

Amateurs - CB - Microprocessor
Scanners

Rely on JAN
for 3-WAY Help

2. QUICK TURNAROUND
with huge inventory, prompt
service and Emergency Order
Plan

II
I Since I

1965
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WATS Free 1-800-843-3338

Means Success In Electronic Servicing
3200 Sencore Drive , Sioux Falls, South Dakota 57107
Call Collect 605-339-0100 In SD & AK
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S E N C O R E

ElNCO,," •

with the All New VEEE~_V
FS74 CHANNELIZER SR.TMTV-RF Signal Analyzer

Patent s Pendi ng $3495

Does your success in servicing RF dist rib ut ion systems depend on locating
pr oblems quickly and accurately? If so, her e's why your all new Sencore FS74
CHANNELIZER SR. will mean success for you . . .

Quickly tune in all TV IFM channels from 5 MHz to 890 MHz. Exclusive all
channel, microprocessor-controll ed digit al tuner checks every standard and
cable channel with better than FCC accuracy to fully analyze any system.

Exclusive 5 microvolt sensitivity to bring in even weak signals. Autoranged
attenuator automatically selects the best sensitivity for simplifying your
VHF, UHF, or FM signal measurement s like never before possible .

Automatic hassle-free SIN ratio, AN ratio, and hum level tests. Exclusive on­
channel signal-to-noise r a tio test eliminates time-consuming signal
comparison and chart read ing. Exclusive audio-to-video ratio test measures
directly in dB for easy comparison to specificat ions.

Exclusive checks for ghosts, co-ehannel int erference, line reflections, and other
signal quality checks. Port abl e 4 MHz wideband battery-operated monitor lets
you finally check t he quality of your cable or MA TV system and stop
annoying callbacks.

Built-in autoranging AC/DC volt/ohmmeter makes troubleshooting a snap.
Exclusive all-weather design holds tighter than FCC specifications from -4 OF
to +104 OF. Truly portable, field-tested to ugh for dependable ease of use.

Begin successfully locating TV -RF signal problems more quickly and
accurately than ever before possible, with the new FS74 CHANNELIZER
SR. Call WATS Free 1·800·843·3338 to day for a free Product Guide or an
indust ry exclusive " Try before you buy" 15 Day Self Demo.

CH"lIlINfUlflllo'l .~ _~

TV..... " a NAL ANALYZI " __ ~ ~_

- :::::::::::::::::: "'::'.:" .:J .;.:~.... .... ............ ................................... .......... ...............................
IW'NVT .:::::::::: ::::::. IW'1WiGI

" CHANNE LIZE R SR." is a trademar k of Sencore, Inc.

Call 1-800-843-3338 today
to start t horoughly analyzing

and pinpoint ing any trouble in any
TV-RF dist ribut ion system,

automatically to FCC specifications ...

"'8""

w hose m ov em ent s see m ee r i ly
hum an-like . Th e ni ckel-ti tanium
alloy of w h ich Bio Metal is made is
known 'as a shape-me mory alloy.
Suc h alloys under go a reversible
change in the ir crys tal st ruc tu re at
certain temperatures.

BioMetal is different from other,
simi lar alloys in th at it has a mo re
uni form crys ta l st ruct u re . That
helps to make it s beh avior more
co ns is te nt and predi ctab le and
mak es its usab le li fet im e mu ch
lon ger. M ore important , the un i­
fo rm st ruc t u re m ak es elect rica l
heating of th e wire pract ical be­
cause " ho t spo ts" don't devel op.
For mo re infor mation on BioMetal,
co n tac t i t s m anufacturer, Toki
Ame rica Techno lo gies, Inc. (18662
M acArthur Bou levard, Su it e 200,
Irv in e, CA 92715).

Building the kit
Space Wings uses BioMetalwi re

to move a pai r of Mylar w ing s. A
555-t ime r circu it cont ro ls the cur­
rent throu gh th e wire. Each tim e
current fl ows, th e w ire co nt racts
and pull s down th e "V" w he re th e
win gs meet. The kit is very easy to
build . Afte r al l, th e ent ire circuit
co nsis ts of th e 555 timer IC, two
resisto rs, a capac ito r, a transisto r,
some hardware, and , of co u rse,
the BioMetal w ire. The simpli city,
however is a di sadvantage in this
case. The in structi ons recommend
th e use of a 3-vo lt, 200-mA tran s­
form er th at is ava i lab le at Rad io
Shack , and not es that " h ighe r cur­
rent outputs can adver sely affect
th e pe rfo rma nce" of the kit "a nd
redu ce it s ope rat ing lifet ime. " We
th ink it would have mad e sense to
inclu de cu rre nt limiting on the
board.

In co nc l us io n, Space W ing s
makes an interesting conversat ion
p iece. It also gives yo u a chance to
p lay wi t h shape -memo ry alloy
w ire. Since educat io n is it s on ly
real p ract ical use, we feel th e co m­
pany sho uld have do ne a better
job at it. All th at is incl uded on th e
p ropert ies of th e w ire- the mo st
exc iting part of the kit-i.s a li st of
spec ifica t ions that are not ex ­
p lained. Also, altho ugh the building
in struct ion s are clear and conc ise,
th er e is no c ircu i t ex p lanatio n.
That's in excu sab le. Des p ite th o se
co mp lain ts, w e st i ll l i ked Space
Wings , and it s $19.95 pri ce. R-E



line that includes flameproof resistors, capacitors
and static control products.
With this kind of reputation for quality and ser­
vice, it's no wonder NTE ha s become the fastest.
growing supplier of replacement components in
the electronics industry!
See for yourself why NTE is famou s for replacement
parts. Our Technical Guide and Cross Reference
lists more than 3,400 NTE devices cross-referenced
to ove r 228,000 industry part numbers.
To obtain your copy see your local NTE distributor.
For their name and location just call us Toll Free.

Some are famous
for missing parts,
others for
replacing them.

Over the past few
years we've made quite
a name for ourselves
in the electronics
industry. Technicians
worldwide kn ow that
the NTE diamond
stands for th e highest
quality in replacement
components.

To distributors, we're known for responsive
service . custo mer satisfaction and a broad product

ONE CALL.ONE SOURCE.

®

NTE ELECTRONICS, INC.
44 Farrand Street . Bloomfield . New Jersey 07003

Toll Free 1-800-6Jl-1250 (Except N.J .) . 1-800 -624-2624 (N.J . Only)
CIRCLE 71 ON FREE INFORMATION CARD24
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LETTERS

continued from page 20

CAR RADIOS
I fini shed building the converter

described in "New Life for Old Car
Radio s" (Rad io-Elect ro nics, Jun e
1987) , but fo u n d it la ckin g .
However, I noted great improve­
ment after I t ied th e bottom of L2/
C1 to ground and eliminated C3.
There's no cost in giv ing th at a try,
especially if yo u are using a varia­
ble capacitor (C1) that has th e rotor
co n necte d t o the chassis afte r
mounting.

Thanks for a great magazine and
projects suc h as that one. They're
great ly app reciated .
I. GRISWOLD
Douglas, AZ

FLIP-FLOPS
I enjoyed yo ur article, "Wo rking

w it h Flip -Flops," in the June 1987
issue of Radio-Electronics. I am a
graduate of a techni ca l sch oo l
(digital and microprocessor tech­
ni cian), and have accumul ated a
good select io n of books on di gital
electronics. I fo und that article to
be th e mo st co mprehensive treat­
ment of th e topic that I have seen,
and ver y enl ig htening. I'm su re
th ere are many other Radio-Elec­
tronics readers who have had very
inten sive courses in elect ro nics,
or who are making the tran sition
from analog to di gital, wh o f ind
areas in th eir understanding of th e
basics a bit sketchy.

M ay I offer a sugg es t io n? I
would like to see Ray Marston do
an article, o r a series of art icles, on
sw itc hing techniques used in digi­
tal ci rcui ts. He mi ght start with th e
use of pull-up and pull -down re­
sistors and co nt i nue wi th tran­
sistor pus h -pu l l co nfig u rat io ns
and t hree-state devices to explain
how high s, lows, and pulses may
be app lied in d ig ita l circui try. It
co uld be acco mpanied by sche­
matics of typ ical ci rcuit ry current ly
used , fo r exa m p le, in m ic ro­
pr ocessor appli cation s.

Thank yo u fo r t he f ine art icles I
receive eac h mo nth ; Radio-Elec­
tronicsco nt inues to be the bi ggest
bargain in my bookcase.
ED JOHN S
West Top sham, VT R-E

Analyze defective waveforms
faster, more accurately, and

more confidently - every time
or your money back

with the SC61 Waveform Analyzer
Patented $2,995

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

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

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

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

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

Speed your digital logic circuit testing. Analyzing troublesome divide
and multiply stages is quicker and error free - no t ime-consuming
graticule counting or calculations. Simply connect one test lead to any test
point, push a bu tton, for te st of your choice, for ERROR FREE results.

To see what the SC61 can do for your troubleshooting personal product ivity
and analyzing confidence, CALL TODAY, WATS FREE, 1-800-843-3338,
for a FREE 15 day Self Dem o.

Call Today Wats Free 1-800-843-3338

SEENCOAEE
3200 Sencore Drive
Sioux Falls, SD 57107 innovatively designed
605-339-0100 In SD Only with y our time in mind.
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NEW
PRODUCTS

CIRCLE 10 ON FREE INFORMATION CARD

40 CHANNEL CB
For Help/Info On-The-Road
Breaker! Breaker! A closeout from Fuzz­
buster ® means BIG savings on a Z-80 40
Channel CB Radio. Now get weather and
road data. Know where traffic delays are.
Signal for help in an emergency or break­
down as you drive.

• Noise Blanker Screens Out Ignition
Static / Interference.

• Automatic Noise Limiting Reduces
Annoying Static That Often Comes with a
Received Signal.

• Channel Up/Down Buttons with Con­
venient LED Readout.

• Separate Channel 9 Emergency Switch .
• Illuminated Power Meter. 6 LED Seg­

ments Glow Green, to Yellow, to Red to
Show Signal Strength Activity.

• Public Address Feature. Speaker Jack.
• Sensitive Squelch Control. Microphone

with 18" Coiled Cord.
• CB Fits Under Almost Any Dash. Heavy­

Duty Mounting Bracket Incl. FCC Reg.
• Metal Case: 2'Ye"H x 7W 'W x 7'14'0.

Limit ed Factory Warranty:
I-Year Parts; 9O-Days Labor.

Mfr. List Pri ce . .. .. $149.95
Liquidation $79
Priced At .

Item H-2822-7215-825 5/H: $5.00 ea.

Credit card customers can order by
phone, 24 hour s a day, 7 days a week.

Toll-Free: 1-800-328-0609
sal es outside the 48 contiguous states are subject to

special conditions. Please cal! or write to inquire.------------

ELECTRONIC STII.I. CAMERA. The
model V5-101, is capable of record ­
ing images and playing them back
on a standard TV set . It requires no
chemical processing for develop­
ment and pr inting, but records to
and plays back from special mag­
ne tic d isks (video floppies) for
vi ewing of photographs imme­
d iately after they are taken .

Th e camera ' weighs only 2 .1
pounds, and has a high-resolution

auto-exposure syst em with lock
function. It can operate at a high
speed, up to five frames per sec­
ond . Up to 50 frames for record­
ing/playback are possible on a
single floppy disk; a built-in erase
function permits multiple reuse of
the disk.

The model V5-101 has a sug­
gested retail price of under
$1000.00.-Casio, Inc., 15 Gardner
Road, Fairfield, NJ 07006.

o M y check or money order IS enclosed (No delay s In
processmq orde rs paid by check)

SEND TO: Item H·2822

~ Direct Marketing Corp.
1405 Xenium Lane N/ Minneapolis, MN 55441· 4494

Send__Fuzzbu sler" CB Radio(s) Item H-2822-7215-825
at $79 eac h. plus $5 each for ship. hand ling. (Minn esota
residents add 6% sales tax. Sorry, no C.O.D. orders.)

requires no expans ion slot; the
PC-BANDIT uses the co mp uter's
current 8284clock IC position , and
provides additional clo cks w ith it s
own clock lC, The user then con ­
nects two leads from th e PC-BAN­
DITboard : on e to the DMA chip to
retain proper DMA function , and
the other lead to the motherboard
to provide speed selection .

Inst ead of an externally-mount­
ed switch box, the board uses soft ­
ware to toggle between speeds,
and is compatible with certainCIRCLE 11 ON FREE INFORMATION CARD

ACCELERATOR BOARD, th e PC­
BANDIT, is designed for th e IBM
PC, PC-XT, and PC compat ib les. It

Name _

Add ress Apt #__

6~~~S~ 0 I VISA I0 raJ 0 d 0 t&~!

Acc t No EXP-L..­
PLEASE PRINT CLEARLY

City _

State ZIP _

Phone--'-__..L- _

Sign Here _Ia ..
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WATS Free 1-800-843-3338 In Canada WATS Free 1-800-851-8866

Means Success In Electronic Servicing
3200 Sencore Drive, Sioux Falls, South Dakota 57107
Call Collect 605-339-0100 In SO & AK
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with the exclusive, patented
VA62 Universal Video Analyzer" ... $3,495

Universal Video Ana lyzer is a trad emark of Sencor e, Inc.

Walk "Tough Dog" Troubles Out
Of Any TV &VCR In Half
The Time ... Guaranteed!

Have one piece of test equipment that doesn't need replacing every time
technology changes? Be able to serv ice Stereo TVs & VCRs profitably, and get in
on the gro und floor of this growing market with exclusi ve phase-locked
accessories .

Reduce costly inventory from stocking yokes, flybacks, and other coils and
transformers for su bstitution only, with the patented Ringing Test? Run
dynamic pr oof positive test on any yoke, flyback, and integrated high voltage
trans former.

Would you like to . . .

Protect your future by servicing VCRs for your customers before they go to your
competition? Walk out "tough dog " troubles in any VCR chrominance or
luminan ce circuit to isolate problems in minutes . Have proof positive tests of the
video recordlplay heads before you replace the entire mechanism .

Find out how the VA62 Universal Video analyzer will make servicing easier
and more profitabl e in your shop? Call W ATS Free 1-800-843-3338 and ask
your area Sales Engineer for a "Try before you buy" 10 Day Self Demo or a
full color brochure and join the many servicers already on the road to more
profit able servicing with the VA62 .

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

Reduce your analyzing time? Isolate any problem to one stage in any TV or VCR
in minutes, without breaking a circuit connection , using the tried and proven
signal substitution method of tro ub leshooting .t he bod y, and t ransfers that weight

to th e bone structure.
In add it io n to the comfort of the

co nvoluted foam interi o r and the
ant i-sl ip mo uldi ng, th e be lt uses
cli p b uck les t hat acco m moda te
p ractica lly any kind of too l bag or
othe r eq uipme nt -ho ld ing appara­
t us

The Transporter 2000 is pri ced at
$49.95.- Transport Technics, 8909
Co mplex Drive, #F, San Di ego , CA
92123 .

CIRCL E 13 ON FREE INFORMATION CARD

cleaner is a small block of elec­
tronics-g rade solder powd er and
che m icals co mpacte d in to th e

CIRCLE 12 ON FREE INFORMATION CARD

,...

TINNER/CLEANER, t he TTO , is a
device for clea ni ng and re-tinn ing
so ldering iron tips . Th e t in ne rl

BIOS hot -key seq ue nces . Th at
makes it easy to choose between
th e accelerated rate or the stan­
dard 4.77-M Hz speed of the 8088
CPU. No ot her uti Iit ies are neces­
sary fo r t he boa rd to f uncti o n
p roper ly.

Depending o n t he applicat io n,
PC-BANDIT boosts the PC's pro­
cessing speed as mu ch as 60 per­
cent. It is priced at $69.95.-Prism
Electron ics, I nc. , 14682 NE 95t h
St reet, Redmo nd, WA 98052.

EQUIPMENT BELT, th e Transporter
2000, is des igned for comfo rt by
allowing its load to be evenly dis­
t ributed aro und th e ent ire "':li st of



You are only one manual away
from knowing how the new

technology in RCA's CTC 140
color TV chassis operates

and how to service it!

CTCl40 Color TV Chassis
Technical Tr aining Manual

enoll

RE1087

Some servicers were expecting tomorrow's high-tech color TV chassis to have a
lot of technician-obsoleting, expensive black boxes .. . The CTC 140 is a high­
tech color TV chassis, but it doesn't have any black boxes. It is a state-of-the-art
unitized chassis with advanced technology that can be easily and economically
serviced by professional consumer electronic technicians ... As a professional
technician you need to learn how the new technology in the CTC 140 operates
and what strategies we recommend you use to proficiently service it. That's why
you should buy and carefully read the CTC 140 Color TV Chassis Technical
Training Manual. Its price of $19.95 is an excellent investment in professional
upgrading ... And to make the learning easier, we've included the companion
Technical Training Workbook content at no extra charge. You get both the
manual and the workbook information in one manual for only $19.95.

ORDERFORM
Complete this order form, make check payable to "RCA Consumer Electronics" for full amount, and send
this form and check to:

RCA Technical Training/1-450/P.O. Box 1976/lndianapolis, IN 46206
-o Send me copies of the RCA CTC140 Color TV Chassis Technical Training Manual with Work-

book content @ $19.95 ea.

Enclosed is my check for: __ copies X $19.95 = total
(/)
oz NAME _
oa:
~ STREET ADDRESS _
-.J
W
o CITY STATE ZIP _
s«a:

28



shape of a thick disc. It is packaged
in a metal co nta ine r com plete with
lid and self-adhesive pad on the
underside, so that it can easily be
attached to any co nvenient sur­
face.

A sing le wipe of t he i ro n t ip
across th e TTO block immediately
clean s, wets, and t ins the tip. It w ill
remove even t in/iron in term etalli c
layers th at fo rm on iron plated t ips
and resists rosin-b ased fluxes. The
chemicals it co nta ins are non-cor­
rosive and have a low evaporat ion
point, so that nothing except sol­
der remain s on th e ti p afte r ti n­
ning.

TTO bl ocks are supplied in car­
ton s of te n; th e price is $3.95
each.-Multicore Sol der s, Can­
t iague Rock Road, Westb ury, NY
11590.

TELEPHONE ACCESSORY, the
TWISSTO p, is a m o d u lar tele ­
ph on e-cord rota ry connector. It al-

Discover How The World's Only
1000/0 Automatic, Dynamic, & Portable

LC Analyzer Gives You Total Confidence
In Your Cap/Coil Testing . ~ .

Call 1-800-843-3338 Today!

~ WARNING: Til" ," ", 10be
1IIfM"'. '..,O• • ,Kh...ull,I HP4'_e ~~ ~~~~~;::::::,~~':': ~:::;:I::~.~O
Do "01 hOld e•••cllo• •n ... nd ll.. "",
IN~"'.'HI

LC77 AUTO-Z™
Automatic Capacitor and Inductor Analyzer

Double Patented $1,895 IEEE - 488)

The first cap/coil analyzer guaranteed to reliably test anywhere, without
calculations, look-up tables, or error -100% automatically so you're confident
of your accuracy.

Do you want to eliminate doubt from your cap/coil testing? The LCn AUTO-Z
tests all key parameters with results anyone can understand. Automatic
good/bad results eliminate the guesswork for error-free analysis. Touch­
sensitive keypad and one-two-three setup makes your AUTO-Z the easiest and
fastest LC analyzer on the market.

Are you frustrated trying to test the new high-tech caps/coils used in modern
electronics? Only the LC77 AUTO-Z allows you to test them all. Test capa­
citors from 1 pf to 20 farads, with leakage tests to 1000 V and ESR to 2000
ohms for locating failures other testers miss. Inductor value from 1 uh to 20 H
and a patented ringing test for dependable, error-free coil testing every time.

Do you need the freedom of a battery-operated portable LC meter? The LCn
is 100 % battery portable for use in the field or factory. The full power and
potential of the LCn AUTO-Z is packed into a light-weight, portable package.
The AUTO-Z puts the complicated electronics on t he inside for ease of
operation on the outside.

Do you want maximum efficiency with a bus compatible LC testing system?
Your LCn AUTO-Z is IEEE 488 compatible for automated cap/coil analysis
for data collection, incoming inspection, and quality assurance tests.

Be satisfied that you can meet all the challenges new technology brings. Call
W ATS Free 1-800-843-3338 today and tell your Area Sales Engineer you want
to " t ry before you buy " with Sencore 's exclus ive 10 Day Self Demo.

AUTO-Z is a trademark of Sencore, Inc.

Means Success In Electronic Servicing
3200 Se ncore Drive , Sioux Falls, South Dakota 57107
Call Collect605-339 -0100 In SO & AK
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lows th e t el eph on e hand set to
rotate free ly wi th ou t twising the
co rd . In st all at i on i s simp le .
TWISSTOP cl ips quick ly and easily
into th e stan da rd modu lar tele­
ph on e-hand set jack.

TWISSTOP is availab le in a vari­
ety of co lo rs, in clu ding almond,
w hite, bl ack, and clear, and can be
imprinted w it h a logo or message;
it is pri ced at $5.95.-Telcor, Inc., 88
Hill sid e Road, Chester, NJ 07930.

PRI NTER BUFFER BOXES. The
mod el BX-64, the model BX-128,
and t he model BX-256, are capable
of sto ri ng up to 256K bytes of data
fo r print ing.

The model BX-64 buffers up to
64Kof data; the model BX-128 buff­
ers up to 128K of data, and the
mod el BX-256 buffers to 256K of
data. All t h ree boxes are micro­
processor-cont roll ed pr inter-buff­
e rs/ interface-converte rs, which

WATS Free 1-800-843-3338 In Canada WATS Free 1-800-851 -8866 0

SE:NCORE: §
m
:IJ
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Your Career in ELECTRONICS or COMPUTERS

CIRCLE 16 ON FREE INFORMATION CARD

Th e model SRC-1O co ntro l le r
provides up to 7 buffered auxiliary
fun cti on-co nt rol o ut puts, w hic h
are selected remote ly via a three­
di git DTMF co mmand . The co n­
t roll er responds w ith a function­
co m p lete to ne afte r each valid
DTMF comma nd

In add it io n to th e funct ion-com­
pl ete ton es, t he re are auxiliary­
functi on to ne respon ses to indi­
cate an O N o r OFF cond ition.
Courtesy-tone responses are also
avail abl e to ind icate repeater or
lin k COS activity. There is a lock
co mmand: Wh en it is selecte d,
th e co ntrol le r ign ores all DTMF
comma nds until th e unlock com­
mand is rece ived. That is effect ive
against jamm ers.

With the optional mod el PI-1O/S
synt hesize r board , the frequ ency
and offsets of the lin k rad io can be
p rogr amm ed rem ot ely. Afte r th e
frequency and offset is sent in se­
rial fo rmat fro m the contro lle r, it is
conve rted in to para lle l outputs to
in terface w it h the link radi o 's fre­
que ncy synthes ize r. A read-back
command can be used to verif y
th e lin k freq uency.

The model SRC-1O wi th manual
is pri ced at $149.00. The optional
model PI-10/S synthes izer board
cos ts $39.00:- Crea t ive Con trol
Products, 31285 Bunti ng Avenu e,
Grand Jun cti on , CO 81504.

REPEATER CONTROL BOARD, th e
mod eI SRC-10, is a smart , low- cost,
low-power, self-conta ined mi cro­
processor-based repeater co ntro l­
ler. Al l repeater f unct io ns have
been incorporated onto a 4" x 6"
G-10 glass-epoxy PC board .

B. S. DEGREE
may fill an important need for you.
These are comprehensive correspond­
ence programs in which you first review
so me things you alr ead y know, in
preparation for the stud ies that co me
lat er. Some pre viou s knowledge in
elect ronics is presum ed, but is th or­
o ughly reviewed in depth , so as to give
you a thorou gh founda tio n fo r the
level of stud ies you have not previously
und ert aken . Even th ough some stu­
dent s hold associat e degrees before en ­
ro lling, an A. S. Degree is awa rded
along the way towa rd the B. S. Degree .

neously feed that data to your
printer at the printer's slowe r data­
acceptance rate. The ho st co mput ­
er is then free to process othe r
data during printing, because the
data transfer to th e bu ff er box is
accomplished very rapidl y.

The suggested retail pri ce fo r
the model BX-64 is $169.95; th e
model BX-128 costs $209.95, and
the model BX-256 se l l s for
$259.95.-Chenesko Products, Inc. ,
21 Maple Street, Centereach, NY
11720.

in your Technical

HOME
STUDY

For full information, write for Catalog 10-87.

Grantham College of Engineering
10570 Humbolt Street

P. O. Box 539
Los Alamitos, California 90720

Put Professional Knowledge and a Grantham College of Engineer ing is
I

COLLEGE DEGREE a specia lized institution cat erin g to
mature individuals who are employed
in electronics and allied fields such as
computers. These fields are so eno r­
mous that adv anc ement opportu nity
is a lways present. Pr om otion s and
natural turn-over mak e desirabl e posi­
tion s available to those who are pre-

~~~iE"~~ pared to move up !
, " " \ .~ ~ . ,,:dvanc ement in yo.ur ca reer is m~de
~. -Lr ·' I-.--,l~.-~ 0: .. ., eas ier and more certam by (I ) supenor
~ "[;."-::-:.. . ~7." : ," ..;...?:; knowledge and (2) documenta~i on of
~~ ' : ~ =-.-::-~ that knowledge - both of which are

No co::nmu~ing to class . Study at your obtain~ble through Gra.ntham distan ce
own pace, while you continue on education, fully accredit ed by N HSC.

your present job. Learn from easy-to- Grantham's home study (d istance ed-
understand lessons, with help from ucation) programs leading to the
your instructors when you need it.

Grantham offers two B.S. degree pro­
grams - one with major emphasis in
ELECT RO NICS and the other with
major emphas is in COMPUTERS .
Either program can be completed by
cor respondence (a lso kno wn as "di s­
tan ce educa tio n"), NHS C accredit ed.
T he soo ner you get sta rted, the soo ner
you ca n be read y to benefit from greater
know ledge a nd your B.S. degree.

Our free cata log gives full details of
both degree progra ms. For your co py
of the free catalog write to the address
show n below, or ph on e (2 13) 493-4422
(no co llect ca lls); ask fo r Catalog 10-87.
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accept data at very high rates from
a host of computers and simulta-
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COMMUNICATIONS 9
CORNER ~~'\~ :\

HERB FRIEDMAN,
Light makes the perfect wire. COMMUNICATIONS EDITOR

YEARS AG O, BECAU SE O NLY A HANDFUL

of circuits were needed to design
almost all communicati on s equip­
ment, the re wa s a logi cal pro­
gre ssion to e lec t ro n ics t ech ­
nol o gy, and it was po ssibl e to
make an accurate guess as to what
would come next. Today, th e fi eld
of electronics is so fr agmented
that, more often than not , a man­
ufacturer has no idea what's bein g
dev eloped by a co mpetito r arou nd

th e b lock. More impo rtan t , the
co mpe t it io n m ight be leapf rog­
ging what is otherwise accepted as
th e leading edge of techno logy,
and su d de n ly an ent ire tech­
nology becomes obso lete . It 's as if
som eone had already perfected a
20-meter SSB (Sin gl e SideBa nd)
transceiver and the beam antenna
whil e Marconi was stil l waiti ng to
hear the spark signal from h is
t ransmitte r located in England .

Just such a leapfroggin g situa­
t ion is happen ing today to the de­
velopment of a nati onal consumer
communicatio ns network. Re­
cent ly, th ere has been mu ch ado
abo ut such a network in w hich the
same wires used for the te lep ho ne
wo uld also provide d ig ital access
to a w ide var iety of services, such
as on -l i n e i n f o r m at i o n and
database, cab le and pay-p er-v iew
TV, hi-fi stereo mu sic, school -at-
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I "THE RABBIT"
VIDEO MU TIP LYING SYSTEM

TR-lOOO

$51 95 ' . ' ') S59 .95/6-11
~. S69.96/' -5

1 2 UP~

IT'S LI KE HAVING A
VCR IN EVERY ROOM

I
I
I .58 channels

• Remote channel changing
• Remote on/off switchI .Remote fine tuning

JERROLD CORDED

I CABLE TV CONVERTER
MODEL JRX3-i05

I $29.95 / 1O UP
I
I 1--
•

• MASTER CARD • VISA••••••••••CIRCLE 110 ON FREE INFORMATION CARD



Hear itAll!

R-5000
High performance receiver
THE high performance receiver is
here from the leader in communica­
tions technology-the Kenwood
R-5000. This all-band, all mode
receiver has superior interference
reduct ion circuits, and has been
designed with the highest perfo rm­
ance standards in mind. Listen
to fore ign music, news, and com­
mentary. Tune in local police, fire,
aircraft, weather, and other public
service channels with the VC-20
VHF converter. All this excitement
and more is yours with a Kenwood
R-5000 receiver!

• Covers 100 kHz-30 MHz in 30
bands, with additional coverage
from 108-174 MHz (with VC-20
converter installed).

• Superior dynamic range. Exclusive
Kenwood DynaMix'" system ensures
an honest 102 dB dynamic range.
(14 MHz, 500 Hz bandwidth, 50 kHz
spac ing.)

R-2000 150 kHz-30 MHz in 30 bands
• All mode s · Digital VFOs tune in 50 Hz.
500 Hz. or 5 kHz steps • 10memory channels
• Programmable scanning . Dual 24-hour dig ital
clocks. with timer . 3 built- in IF filters (CW filter
optio nal) • All mode squelch. noise blanker. RF
attenuato r,AGC switch. S mete r . 100 /1 201
220/240 VACopera tion . Record. pho ne jacks
• Muting terminals • VC-10 optio nal VH F
converter (118-174 MHz)

. 100 memory channels. Store mode,
frequency, antenna selection.

• Voice synthesizer option.
• Computer control option.
• Extremely stable, dual digital

VFOs. Accurate to ±10 ppm over a
wide temp erature range .

• Kenwood's superb interference
reduction. Optional filters further
enhance selectivity. Dual noise
blankers built-in.

• Direct keyboard frequency entry.

• Versatile programmable scanning,
with center-stop tuning.

• Choice of either high or low
impedance antenna connections .

• Kenwood non-volatile operating
system. Lithium battery backs up
memories; all functions remain intact
even after lithium cell expires.

• Power supply built-in . Optional
DCK- 2 allows DC operation.

• Selectable AGC, RF attenuator,
record and headphone jacks, dual
24 -hour clocks with timer, muting
terminals, 120/220/240 VAC
operation.

Optional Accessories:

• VC-20 VHF co nverter for 108- 174 MHz
operation • YK-88A- 1 6 kHz AM filter
• YK-88S 2.4 kHz SSB filter · YK-88SN 1.8
kHz narrow SSB filter · YK-88C 500 Hz CW
filter . YK-88CN 270 Hz narrow filter
• DCK- 2 DC power cable s HS-5, HS-6,
HS-7 headphones · MB-430 mobi le bracket
• SP-430 external speaker s VS-1 voice
synthesizer · IF-232C/lC -10 computer
interface.

More information on the R-5000 and
R-2000 is available from Author ized
Kenwood Dealers.

KENWOOD
KENWOOD U.S.A. CORPORATION
220 1E.Dominguez St.,Long Beach, CA 908 10
PO. Box 22745, Long Beach, CA 90801-5745

Specifications and pr ices are subj ect to cha nge witho ut notice or obligation .
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10 Standard, Low-Cost Models

Beckman lndustnal Corporation lnstrumentatron Products Division
ASubsidiary of Emerson ElectricCompany
3883RuffinRd. San Diego. California92123·1898
(619) 161·4411 ' FAX, (619)268·0172 ' TLX, 249031

© 1987 Beckman Industrial Corporation

EasyPATCHT" 704

Fast RS232CInterfacing and Jesting
LED Identification Q/Cable
Configurations

~D 0(~
See yournearest Beckman Industrial
distributor today, or send for free
brochure. ~' 1I send ittoyou ina zip.

Quick Cable Customizing

Pocket andHand-held Compactness
Speeds Up Trouble Shooting

'lest RS232C data
communications
interfaces-like
computers to
printers, computers
tomodems, and computers
to computers-fast and
easy inthe palm of your
hand withBeckman Industrial's
low-cost, easy-to-use lineof testers. Each
is self-contained ina Thughpakcase,
including five models ina durable Zippered
pouch, and a lO-year warrantyonevery
model. Prices start aslow asS49.95 .

TestRS232C
InAZip.

n..n..n
4

3

2

1

10 DIGITAL
OUTPUT

9

8

7 IUlIU1Jl
6 JI....J"RECEIVE

MUX 5

How it's done
Figure1 shows a simplif ied fiber­

optic commun ications system. On
the left we have a sending (trans­
mit) MUX; MUX is shorthand for
several terms hav ing to do with
multiplexing , such as multiplex
and multiplexer. On the right we
have a receiving MUX, wh ich sepa­
rates the signals and also restores
th e bits and pieces of a MUXed
signal to th e form it was in when it
was input to the sending MUX-its
original digital form .

The sending MUX looks at the
incoming lines in order and st rips
off a single data bl ock, o r wh atever
data or bit group that it's designed
for. The MUX affi xes a header (di g­
ital code) representing a specific
data source to the front of the
block. (Line 1 has its own header,
Line 2 its own, etc.) The tran smit

continued on page 103

megabits per second . You're not
going to do that with conventional
wires, and that's th e cheap syste m.
Even higher speeds, to 1 gigabit/
sec, are possibl e by using laser
tran smitters.

But why would you , or anyone
else, want so high a data rate for
conventional use ? Because the
faster we can push data through a
line the greater the number of sig­
nals that can be multiplexed . Igno­
ring the overhead lo ss-the bits
needed to encode the individual
d igital signals-ten different 20­
megabit signal s could be sent
through a 200-megabit syst em ,
and even 20 megabits is unu sually
fast for consumer applications.

FIBER·OPTIC CABLE

FIG .1

[IT] [IT] rrn-
DATA GROUPS " " &.-__...1, \, \

" \" \
, \

(nnnnE)- HEADER

10

9

8

7

6 SEND
5 (TRANSMIT)
4 MUX

3

DIGITAL
INPUT

n.n..n

home, picturephone, dia l -up
computer-to-computer communi­
cations, and just about anything
else that's imaginable .

A mu lti-mode world of home­
and-office communications is pos­
sible because we can now easily
digitize any kind of signal -voice,
music, TV, the printed word-and
anything that 's digitized can be
sent down a line and restored to it s
original form or structure at the
receiving end. The only problem
with the idea is that many of the
people doing the high-tech work
in digitizing signals are talk ing in
terms of metallic-w ire lines-exist ­
ing te lephone and cable-TV wir­
ing. In my view, putting digitized
signa ls on a metallic-wired system
is li ke putting spoi lers on an un­
derpowered spo rts car. It will look
great, and it might be fun to drive,
but it won 't be a better car.

Fiber optics
In the world of modern commu­

nications systems we rarely talk in
terms of metallic wires; rather, the
term "w iring," if used at all, refers
to fiber optics. Not esoteric fiber
systems that connect cities with
other cities or teleports, but a
stretch of fiber filament from one
office to another perhaps fifty feet
away, or from home to the tele­
phone sw itch ing cente r.

All other considerations aside, a
major advantage of fiber-optic
communications is speed. For ex­
ample, a conventional fiber-optic
office syst em that is presently
available from AT&Twill easily han­
dle data communication s at 200

CIRCLE 98 ON FREE INFORMATION CARD
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,]}ain for the Fastest GrowingJob Skill in America

OnlyNRI teaches you to
serviceallcomputersas you
buildyour own fully IBM
compatiblemicrocomputer
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With computers firmlyestab­
lished inoffices-and more and
more new applications being
developed for every facet of
business-thedemand for
trained computer service tech­
nicians surges forward. The
Department ofLabor estimates
that computer service jobs will
actually double inthenext ten
years-a faster growth ratethan
for any other occupation.

Total systems training
No computer stands alone ...
it'spartofatotalsystem. And
ifyou want tolearn toservice
and repair computers, you have
tounderstand computer

Using NRI's unique Action Audio Cassette , you are ta lked
through the operation and practical application of your
hand-held digita l multi meter-the basic, ind ispensab le
too l for the computer specialist.

systems. Only NRI includes a
powerful computer system as
partofyour training, centered
around thenew, fully IBM PC
compatible Sanyo 880 Series
computer.

As partofyour training,
you'll build this highly-rated,
16-bit IBM compatible com­
puter system. You'll assemble
Sanyo's "intelligent" keyboard,
install thepower supply and
disk drive, and interface the
high-resolution monitor.
The 880 Computer has two
operating speeds: standard
IBM speed of 4.77 MHz and a
remarkable turbo speed of8
MHz. It's confidence-building,

You'll set up and perfonn electronics experiments and
demonst rations using your NRI Discovery Lab. You'll even
interface the lab with your comp uter to "see" keyboard·
generated data.

real-world experience that in­
cludes training inprogramming,
circuit design and peripheral
maintenance.

No experience necessary-
NRIbuilds it in

Even ifyou 've never had any
previous training inelectronics,
you can succeed with NRI
training. You'll startwith the
basics, then rapidly build on
them tomaster such concepts as
digital logic, microprocessor
design, and computer memory.
You'll build and test advanced
electronic circuits using the
exclusive NRI Discovery Lab®,
professional digital multimeter,



Your NRI tota l systems training
includes all of this: NRI Discovery
Lab ' to design and modify circu its'
Four-function digital multimeter with
walk·you ·through instruction on audio tape
• Digital logic probe for visual examination
of computer circuits' Sanyo 880 Series
Computer with " intelli gent" keyboard
and 360K double-density, double-sided
disk drive' High resolution monochrome
monitor • 8K ROM, 256K RAM· Bundled software
including GW BASIC, MS DOS, WordStar, CalcStar' Reference manuals , schematics,
and bite-sized lessons .

and logic probe. Like your
computer, they're all yours to
keep aspartofyour training.
You even getsome ofthemost
popular software, including
WordStar, CalcStar, GW Basic
andMSDOS.

Send for ]OO·page free
catalog

Send thepost-paid reply card
today for NRI's 100-page,

The power supply is assembled in the main unit of the com ­
puter. You check out keyboard connections and circuits with
the digita l multimeter included fortraining and field use.

full-color catalog, with all the
facts about at-home computer
training. Read detailed descrip­
tions ofeach lesson, each exper­
iment you perform. See each
piece ofhands-on equipment
you'll work with and keep.
And check outNRI training in
other high-tech fields such as
Robotics, DataCommuni­
cations, TV/Audio/Video
Servicing, and more.

Next, you install the disk drive. You learn disk drive operation
and adjustment, make a copy of M5-00Soperating disk and
begin your exploration of the 8088CPU.

If thecard has been
used, write to NRI Schools,
3939 Wisconsin Ave., N.W.,
Washington, D.C. 20016.

~~~SCHOOLS
McGraw-Hill Continuing Education Center
3939 Wisconsin Avenue, NW
Washington, DC 20016

We'll Give You Tomorrow.
IBM IS a Registe red Trademark 01Internat ional Business
Machine Corporation.
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V-1060 OCto 100MHz

$1345. Save $1501
V-665 OCto 60MHz
With Cursor readout.

$1145. Save $1501
V-660 DC to 60MHz

$970. Save $1251

$1595.
Save $2001

V-1065
DC to 100MHz
WithCursorReadout

~H ITAC~!TwithE~~~~~!ay~~~pIE~±3~,S~;ES
• Dual Channel X-Y Display • SingleSweep • Bandwidth Limiter
• SweepTimeAutoranging • TriggerLock • 400VHigh Input

• CRTReadout Voltage Protection
• TV SyncTriggerCircuit

,
, PROBES INCLUDED WITH ALL HITACHI

,: ~,- ,:-:" ..... SCOPES AT NO EXTRA CHARGE!

V-110OADC to 100MHz,Quad
Channels,DelayedSweep
$2240. Save $250/
V-680 DC to GOMHz, TripleChannels,
DelayedSweep $1340. Save $1501

V-423 DC to 40MHz, DualChannels,
SingleTime BaseDelayedSweep
$745. Save $250/

V.1050F DC to 100MHz,Quad
Channels, DelayedSweep
$1445. Save $1501

V-650F DC to60MHz,Triple Channels,
DelayedSweep $1070. Save $1251

V-422 DC to40MHz, DualChannels
$795. Save $1301

V-509 DC to 5OMHz, DualChannels,
DelayedSweep $1195. Save $250/

V-D58GDC to5MHz, DualChannels
$838. Save $100/

V-134 DC to 10MHz,DualChannels
$1420. Save $200/

V-425 DC to 40MHz, Dual Channels
$845. Save $150/

POLAROID®
D5-34
CAMERA

Save $135! $290.
• Instant Hard Copy From Oscilloscopes
·5",6"and 7"Hoods (Availableseparately

@ $51 ea. Please Specify size)
• Pistol Grip For Ease ofOperation
• Works on Any Make ofOscilloscope
• Three Full Year Warranty

$1750.
Save $2001
1MHz Sampling,
Dual Channels

$822. Save $1751

DC to 20MHz, Dual Channels,
Delayed Sweep

• CRT: 6" rectangularwith 2k V Potential
• Vertical Deflection: Ver. Modes:CH1,
CH2, ALT, CHOP,ADD (DIFF). BanctNidth:
DC to 2OMHz(-3dB). Sensitivity: 5mV/div
to 5V/div. Max Sensitivity: 1mV/divat X5
Mag. Extends.
• X-V Operation (CH1:X, CH2:y) :3° or
lass from DC to 50kHz
• Weight: ?kg (15.5Ib)

VC-6020

AI~
M. B. ALLEN

•

_ SUPPLY COMPANY
. ~ ~LLEN SQUARE

300 Block North
~ RampartStreet

.........iilliiiiiiI NewOrleans
Un,Dil'i*' Louisiana70112

TOLL FREE 800 535·9593 • LA 800 462·9520
NEW ORLEANS (504) 525-8222· FAX (504)525-6361

• American Express. Visa· MasterCard·

928 pg .CATALOG free with your order

• Usable as both a conventional oscilloscope and a dlgl1al storage
scope. • 2kV Potential 6" CRT • ex:; to 2OMHz(-3dB). Sensijivily:
5mVldiv to 5V/div. GPIB. IEEE 4B8Resolution: 8 b~. Max. Storage
Freq:l00k Hz(-3dB), Memory Capacity: lk wordslch. HOI'. Res.:l00
poinVdiv. S'MlIlp Tirm: 0.1m'div to ls1div.Data oulput: Analog.

V-222 • Same as above,
but with CH1output

and DCoffset voltage monitoroutlet
available for external counter or DVM,

V-209 DC to 20MHz, Dual Channels
• CRT: 6"reclangularwith 1.5k V Potential
• Vertical Deflection: Ver. Modes:CH1, CH2,
ALT, CHOP,ADD (DIFF) Bandwidth: DC to
20MHz(-3dB). Sensitivity: 5mV/div to 5V/div.
Max Sensitivity: 1mV/divat X5 Mag. Extends.
• X·V Operation (CH1:X, CH2:V): 3° or less
from DC to 100kHz
• Weight: 5kg (11 Ib)

$515. Save $2001

DC to 20MHz, Dual Channels
• CRT: 6" rectangularwith 2k V
• Vertical Deflection: Ver. Modes:CH1,
CH2, ALT, CHOP, ADD (DIFF). Band­
width: DC to 2OMHz(-3dB). Sensitivity:
5mV/div to 5V/div. Max Sensitivity:
1mV/divat X5 Mag. Extends.
• X·V Operation (CH1:X, CH2:Y): 3°or
less from DC to 50kHz
• Weight: 6kg (13.3Ib)
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LASER
LISTENER

Use -a light beam to listen in to anything,
anywhere, any time.

RICHARD L. PEARSON

BREA K ING AND ENTERING TO PL A NT A LI S­

tening device is one way to " bug" a room .
Unfort unately, it can earn someone a long
j ail term too . A better and safer way to bug
a room is to use a laser beam to eavesdrop
on a wi ndow from across the street.

The sound waves generated by nearby
conversation wi ll cause the glassin a win­
dow to vibrate very sl ightly. If a laser
beam is bounced off the window, its re­
flecti on wi ll be modul ated by the vibra­
tion s. All that' s needed to hear what is
being said is a demodulating device that
extracts the audio from the reflected laser
beam. That techni que is used by sophisti ­
cated " survei ll ance experts, " but you can
easi ly duplicate that feat by using a hob­
byist's laser and the inexpensive Laser
Listener demodulator shown in Fig. I. If
you need something a littl e more sophisti­
cated, it can be made part of the ri fle­
sco pe aimed laser-bu g system that is
shown in Fig . 2.

Early light-wave communications
Communication usin g a mo dula ted

beam of light isn't a new idea. In the
1880's, Alexander Gr aham Bell exper i­
mented w ith something he called e photo­
phone; a device that modul ated a beam of
sunlight. It had a mouthpiece that concen­
trated sound energy on a reflecting di ­
aphragm, which , in turn , modu lated a
beam of sunli ght that was aimed at the
diaphragm . When a remote receiver con-

WARNING

Extra precautions must be taken be­
cause of a laser beam's intense concen­
trated energy. Among other factors, the
hazards presented depend on the power
density, the frequency of the beam, and
the time of exposure. Guidelineshave es­
tablished the classification of lasers. A
brief description of the classification is as
follows:

Class I: Low-power beam. Not known
to produce any biological injuries to the
eye or skin,

Class II : Reserved for visible-light
lasersonly.They are limitedto less than1­
milliwatt output. Eye damage will result if
stared into for longer than 1 second. The
normal blink response of the human eye
will provide protection. Eye damage will
occur if the beam is viewed directly by
optical instruments. Direct (specular) re­
flection, as from a mirror, should be con­
sidered to be the direct beam. Diffuse
reflection of the light may be viewed.

Class III: Instantaneous eye damage
will occur if exposed to the direct beam.

Class IV: Both direct exposure or direct
and diffuse reflections will produce eye
damage. Exposure of the skinto thebeam
is hazardous. The beam is considered to
be a fire hazard.
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FIG. 2-FOR LONG-RANGE USE the laser and the receiver should be combined Into an Integral unit so
both are aimed together. The telescopic signal provides prec ision aiming on the target.

the laser is operated carelessly by the
user.

Laser basics
Although the details under lying the

generation of laser light are beyond the
scope of this text, an understanding of
some of the characteristics of a laser beam
as compared to ordinary light will be help­
ful in assembling a laser-listener system.

Light is considered to be comprised of
packages of energy particles called pho­
tons . However, light is also electromag­
netic radiation and behaves like radio
waves, although at a much higher fre­
quency. The perceived color of visible
light is determined by the radiation's
wavelength, which is usually given in mi­
crometers (one micrometer = 10-9

meters). The shorter wavelengths are per­
ceived as violet, the longer wavelengths as
red . The spectrum below the visible
portion is called infrared; the spectrum
above is called ultraviolet.

The light emitted by a conventional in­
candescent or fluorescent source contains
a wide range of frequencies , and the pho­
tons are emitted randomly and spon­
taneously in all direct ions. On the other
hand, in a laser light source the 'photons
are released in one direction, at one fre­
quency, making the laser light highly di­
rectional and pure in color. (An analogy
would be to liken ordinary light to the
white noise, while the laser is likened to a
sinewave-a single pure tone.) Since all
of the light emitted by a laser is coherent
(has the same frequency), constructive or
destructive interference occurs when two
beams of laser light meet at the same place
and time (Fig. 3).

As shown in Fig. 3-a, the beams cancel
each other when out of phase (destructive
interference). As shown in Fig. 3-b, the

trically-generated noise, laser-listening
devices have an advantage: They can
seemingly hear through walls or closed
windows , and even selectively monitor
only one window of a building from sever­
al hundred feet away.)

Commercially-available laser sound
pickups use a laser device having an out­
put in the infrared region. Because in­
frared is below the visible portion of the
light spectrum, it cannot be seen by hu­
mans . However, some commercial de­
vices have a power output rating as high as
35 milliwatts . At such a power level
there is clear potential for eye damage if
someone in the target area u n ­
knowingly stares into the beam, or if
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FIG. I-THE LASER RECEIVER has extremely high gam, so be sure to keep the wiri ng of 01 and ICI
separated from IC2's output and the connections to J1.

sisting of a photovoltaic cell and a sen­
sitive earphone was positioned in the

. beam, the voice could be heard clearly
from the receiver. The aiming problems
presented by the movement of the sun,
and the interruptions due to clouds and
night, probably prevented the commercial
exploitation of the device.

But by using coherent light-such as
that produced by a continuous-wave
laser-the principles used by Bell's de­
vice may again be applied in a meaningful
way. After all, terrestrial lasers aren't in­
fluenced in any way by sunlight or clouds.
And perhaps more important, unlike
acoustic sound-detection devices, lasers
aren't usually subject to interference ori­
ginating between the sound source and the
receiver.

For example , remote sound-pickup de­
vices in the form of directional micro­
phones have been available for many
years . Unfortunately, any sound gener­
ated between the listener and the sound
source usually renders the device useless
because the interference is heard at the
receiver, and it can be even louder than the
source . On the other hand, lasers are not
sensitive to sound of any kind between the
source and the receiver. However, lasers
may be subject to other kinds of inter­
ference: For example, AC-powered incan­
descent lights can produce a hum; gas
discharge devices such as fluorescent,
mercury, sodium vapor, and neon lights
might produce a buzz; and direct sunlight
might swamp the laser detector device .
Also, where unusually long distances are
involved, air currents can add flicker to
the laser beam , which on windy days can
result in a noise that is similar to that of
blowing into a microphone. (But even
though sensitive to some kinds of elec-
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speaker, which permits just about any
high-fidelity or Walkman-type headphone
to be used for monitoring. The circuit
shown in Fig. I, uses a photo transistor
(QI) for a sensor, and has a meter (M I)
that indicates the relative signal strength
of the reflected laser beam . Because the
meter respo nds on ly to the amplitude
modulation of the reflected laser beam, it
is unaffected by ambient light and the
relative intensity of the laser beam . An
adjustable polarizing light filter can be
installed in front of Q I to avoid swamping
of the phototransistor by very high am­
bient light.

Phototransistor Ql is an inexpensive
type usually called an IR detector, which
means that it is specifica lly sensitive to
infrared light. Tests comparing the unit
specified in the parts list with other less
readily-available and more-expensive de­
vices show no measurable differences in
performance in the prototype receiver. No
base connection is used for QI because the
reflected laser light controls the collector
curre nt. Th e audio signal devel oped
across collector load-resistor Rl is cou­
pled by C2 to voltage-controlled at­
tenuator IC I, which has a greater than 30­
dB gain variation; It serves as both a pre­
amplifier and as an electronic volume
control.

Resistor R2 and capacitor CI decouple
(filter) the power supply voltage to Q I and
ICI . Be sure to take extreme care not to
eliminate or accidentally bypass the filter
because that will cause unstable opera­
tion . The gain of Q I and ICI is too greatto
permit non-decoupled operation from the
power supply.

The output from ICI is fed through C4

interferometer, the laser, and the reflective
target. For super-snooping, a direct reflec­
tion from the target is preferred because
the co lli mated nature (pa ra lle lis m) of
laser light also allows modulation of the
beam to occur just as Bell 's photo-phone
modulated the sunlight.

The receiver
The Laser Listener's receiver is rela­

tively easy to build and adjust. It is de­
signed to drive a 4-20-ohm headphone or

FIG. 5-A COMPONENT·POSITION TEMPLATE cemented to the pre-drilled PC board will simplify
assembly.

The prototype's laser
Regardless how we choose to eaves­

drop, we must start out with a laser, so
we' ll cover the prototype laser-bug's laser
unit first. It's a Heathkit model ETS-4200
Laser Trainer, a Helium Neon (HeNe)
unit having an output power of 0.9 milli­
watts. It has a beam divergence of 1.64
milliradians, which produces a spot of
light IY2-inches in diameter at 200 feet.
Although 0.9 milliwatts doesn 't appear to
be much power, it can cause extreme eye
damage if allowed to shine or be re­
flected directly into the eye, or if viewed
directly through any optical de vice
such as a telescope, binocular, etc. The
beam may be safely viewed only if proj­
ected onto a non-reflective sur face such
as a white sheet of paper.

If you want to keep costs at rock-bot­
tom , or just want the excitement of a com­
plete home-brew project , another alter­
nati ve is to assemble the helium-neon
laser shown in the June 1986 issue of Ra­
dio-Electronics . Also, if you want to
build a laser from your own design , he­
lium-neon tubes are often available from
" surplus" distributors.

ZEROOUTPUT
CANCELLATION

=rv\;

FIG.4-AN INTERFEROMETERDIVERTSpart of
the laser to the target. Its chief advantage is that
it can sense any kind of movement at all four
points: the source, the reflector, the target, and
the receiver.
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beams are additive when in-phase (con­
structive interference) . It is the inter­
ference between the beams that enables
the movement of any reflecting surface to
be sensed by a device called an inter­
ferometer. An interferometer is a beam
splitter-usually a piece of partially-mir­
rored glass-that deflects only a small
part of a beam aimed through the glass .
As shown in Fig. 4, it can be used to
reflect both the source and reflected laser
beams so that their phasing or amplitude
can be compared by a receiver.

The major problems with using inter­
ferometry for eavesdropping is that only a
part of the laser 's energy is directed at the
target, limiting the working range , and
the interferometer is sensitive to the diffu­
sion of the so und target 's re flectio ns
caused by tremors in the mount ings of the

I

WAVE Y
IN PHASE LIGHT

b
FIG. 3-SINCE LASER LIGHT IS COHERENT,re­
flections can both cancel and reinforce the di­
rect beam.

WAVE X
I
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OUTER FILTER BASE
MATL'" 'lis DIA BRASS TELESCOPETUBE

INNER FILTER BASE
MATL", Y, O. D. TElESCOPE TUBE, BRASS

po te nt io mete r R5, and the meter are
mounted on the side of the cabi net so as to
encourage the user to face at a right-a ng le
to the source of the laser light , thereby
lesseni ng the cha nce of looking direct ly
into the reflected beam .

The boa rd is mo unted in the enclosure
with four -Y4 inch 6-32 mac hine screws.
Use Yx inch insul ated spacers between the
boa rd and the enclosure to insure ade ­
qu ate clearance between the enclosure
and the board 's foi l side. A gro und lug
located at one mo unting screw is so ldered
to the ci rc ui t-board's gro und fo il to
prov ide the gro und co nnec tion betwee n
the board and the cabinet. The connec ­
tions between the board and the panel­
mo unted co mpo nen ts can be # 18-22
stra nde d , insulated wire.

Optical attenuator
The optica l attenua tor assembly, for

wh ich con stru cti on details are shown in
-Figs. 6 and 7 , mo unts over pho totransistor
Q I. Figure 6 shows how it's installed over
Q I; Fig . 7 shows the indi vidual details for
eac h componen t in the assembly. The
front of the asse mbly is painted flat wh ite

b

a

FIlTER BASE MOUNT
MATl'" Y31 SHEET BRASS

- ---- - -- - - -- - - -I=== =r== oll

INNERFILTERMOUNT
MATL = Y31 DIA TELESCOPE TUBE, BRASS

OUTER FILTER MOUNT
INNER MOUNT THRU Y, DIA HOLE

OUTERMOUNT CONCENTRIC WITH INNER
SOLDER AT BASE ONLY BEFORE ASSEMB LY

i 1

¥
16i ~90°

cg- f- \",ooO-l-
,,,,,..I~4 ;;'CES AS SHOWN

PRESS·METAL INWARD FOR SNUG FIT

OUTER FILTER MOUNT
MATL= 'o/>,DIATELESCOPETUBE, BRASS

INNER FILTER MOUNT GWE FILTER MATL.
TO MOUNT

The enclosure is a 6Y2 x 2Yx X IYx inch
aluminum ca bin et. Phototran sistor Q I
protrudes fro m one end of that enc losure
and is mo unted with a dab of household
cement. Posi tion Q I correctly before glu­
ing it in place and be very ca reful to not
get glue on the sur face of the lens. Do not
use cya noacrylate-base d instant glue be­
cause it mig ht cloud the tran sistor 's plas­
ti c len s . O utput-j ack J I , ga in-cont ro l

J
!---_ _ l---_---Ilj'
L=,~

c
. FIG. 7-AII PARTS OF THE OPTICAL ATTENUATOR are made from brass sheet or tub ing . Both the
inner and outer filte r base s are soldered to the brass mounting plate .
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Construction
The proto type receiver was asse mbled

on a mod ified Radio Sh ack type 276 -170
pre-drilled PC board , which has strips of
co pper foil on the und erside that connec t
the co mpo nent mounting holes . (A board
with a parts- place ment temp late in place ,
as shown in Fig. 5 , is available from the
so urce give n in the Part s List. ) Nothing
abo ut the layout is cr it ica l as long as you
follow the usua l precaution of kee ping the
input and output con nec tions reasonably
sepa rated .

Check your parts layout aga inst the foil
st rips on the und er side of the board . If it
appea rs that any will be too long , cut them
to size before mo unting any co mpo nents .
C ut eac h foil str ip exactly as lon g as
needed so that a foil ca rryi ng the input
signal doesn' t end up running adjacent to
an output co nnec tio n.

For bes t resul ts whe n making con nec ­
tion to the foi ls , use a sma ll pencil -tipped
so lde ring iron and .040 diamete r rosi n­
co re so lder. If your layout requires ju m­
per s between co mpo ne nt mounting holes ,
use #22 so lid , bare wire. Insul ated jum­
pe rs are #22 solid, insul ated wire. Co n­
nections bet ween the co pper foils sho uld
be # 18 insul ated wi re" beca use it 's a pre­
c ise push-fit fo r the holes in the spec ified
pro totyping board .

to amplifier IC2 . Resistor R4 , and ca pac i­
tors C5 and C7, tailor IC2 's frequ ency
response and ens ure sta ble ope ration with
varyi ng drive levels and output loads .

The output of IC 2 is sp lit into two
paths: O ne goes to output-jack J I via C6;
th e othe r feeds vo ltage-fo llower IC3 ,
whic h dri ves the met er circuit cons isting
of 01 ,02, cu. R8, and M I. The time
co nstant created by the values of R8, C Il,
and M I's DC resistance was selec ted to
provide a co mforta ble damping of the
meter po inter 's gyrations . The value of
C I I may be varied to change the point er 's
res po nse. Increasin g the value of C l l
provides a smoother response ; decreasin g
C l ls value will cause the pointer to more
c lose ly track the variations in the laser
beam 's modulation.

FIG. 6-THE OPTICAL ATTENUATOR assembly fits directly over phototransistor 01 . The front is
painted white to help in aiming the reflected laser beam .
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REFLECTOR

FIG. 9-A WIDE RANGE of reflection angle is
possible. The laser sou rce and the receiver can
even be at the same location.

REFLECTOR

Due to the varying reflect ivity and dis­
tances of the targets. the intensity of the
light falling upon the detector may vary
co nside rably from setup to se tup. Th at
wi ll be readil y apparent if the co llec tor
voltage of Ql is measured whil e the il­
lumination leve l on Ql is adju sted. At
so me point of increasing illumination , the
co llec tor voltage will fall sharply and the
aud io output from the receiver will drop or
disappear. The sma ll-diame ter polari zed
filter sho uld then placed over QI. If more
light attenuation is required. slip the
large-diameter filter in positi on and rotate
it for maximum sound output.

Remote sound detection
To use the recei ver as a remote so und

pickup. you will need a laser and a re flec­
tive surface that sound waves wi ll ca use to
vibra te; the rece iver must be positioned so
it ca n " catch" the direct reflection of the
laser bea m (Fig. 9). A particul arl y e ffcc­
tive reflector for experime nta l use is a
sma ll piece of mirror (about V4 X .% inch )
ce me nted to the ce nter of a speaker co ne
(see Fig. 10 ). There is no co nnec tio n made
to the~ speaker. The movem e nt of the
speaker co ne caused by sound waves is
tran sferred to the mir ror-reflect or. whi ch
in turn modul ates the laser beam.

FIG. 8-THE ATTENUATOR'S mounting plate is installed directly over photoresistor 01 . The inner and
outer filters are slipped into position when needed.

Testing
We advi se that a sma ll spea ke r be used

rath er than headphon es for the initi al
tests; then , if a wiring error or a defecti ve
component has created an audi o osc illator
rather than an amplifie r, your ea rs will not
be ass aulted by a high-l evel tone or
sq uea l.

With the volume contro l full y co un­
terclockwise and power-switch S I se t to
off, install the battery and co nnect the
speaker. Turn the unit on and point it to­
ward a source of day light (not direct sun).
Ad vance the vo lume control to maximum .
Co rrec t operation is indicated by a fry ing
noise that sharp ly diminishes whe n the
light is blocked . Th e meter-sen sit ivit y
contro l, R8, should then be se t so that the
meter 's pointer just begin s to move off the
zero calibration . Decrease the gain and
point the receiver toward an AC-powe red
light so urce, such as an incand escent or
fluorescent light , or even an LE D drive n
by an aud io osci lla to r. Th ose so urces
sho uld produce a loud hum or to ne .
Sound will be heard if the LED is dri ven
fro m an audio amplifier at the co rrect
level. If everything chec ks OK, asse mb le
the enclosure.

PARTS LIST

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

R1-2200 ohms
R2-220 ohms
R3-33000 ohms
R4-10 ohms
R5--10,000 ohms , miniature

potentiometer with SPST switch
R6, R7-22,000 ohms
R8-25000 ohms , trimmer potentiometer
Capacitors
C1, C6, C9, C1G-330 f.l. F, 16 volts,

electrolytic
C2, C4-10 f.l.F, 16Vvolts, electrolytic
C3-0.001 f.l.F, 50 volts, ceramic disc
C5--0.68 f.l.F, 16 volts , Tantalum
C7, C8-Q.047 f.l. F,50 volts, ce ramic disc
C11--4 .7 f.l. F, 16 volts, electrolytic
C12- 1000 f.l.F, 16 volts, electrolytic
Semiconductors
IC1- SK-3891 attenuator
IC2-LM380 audio amplifier
IC3-LM741 op-amp
Q1-TIL414, NPN phototransistor (Radio

Shack 276-145 or eq ual)
01, 02-SK-3090 ge rmanium diode , or

equivalent
Other components B1-9-vo lt tran -

sistor-radio type battery
J1-miniature phone jack
M1-250 f.l.A meter, panel mounting
S1-SPST switch, part of R5
Miscellaneous-Cabinet, Pre-drilled PC

board , brass s heet and tubing, wire,
solder, etc.

The following is available from Dirijo
Corp., Box 212, Lowell, NC 28098 . A
drilled prototype-board with a com­
ponent layout overlay in place,
model LXVR-1. $4.50 plus $2.50
postage and handling. NC res ide nts
please add appropriate sales tax .

so that the reflected laser beam can be
easily seen . The attenuator is built in such
a way that the phototransistor can see the
laser beam directl y, or thro ugh a combina­
tion of o ne or two polarizing filters . Whe n
both filters are in place , rotation of the
large-diameter filter-mount will cause a
gradual decrease in light tran smi ssion (to
almost total block age within 90° of rota­
tion), which allows the rece iver to be used
over a wide range of light intensities with­
out swamping the photo detector. Figure 8
shows the installed assembly and the two
filters.

The attenu ator has an inner filter and an
outer filter made from brass telescopi c
tub ing . Each filter co nsists of two sec­
tions: a filter base that is so ldere d to small
mounting plate made from brass sheet
(the painted target), and a filter mount that
slips over the base . Polaro id filters cut
from neutral-tint polari zed sung lasses are
ce mented to one end of eac h filter mount
to co mplete the attenuato r. When co m­
plet e , the ent ire o pt ica l atte ntuators
mounting plate is secured on the en ­
closure over phototransistor Q I.
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FIG. 1O-FOR EXPERIMENTAL USE, an effective reflector can be made by gluing a small piece of
mirror to the center cone of a speaker. Also shwon are Mylar, atlef!, and glass, atlef!, reflectors.

1
i

tails for the prototype mount are shown in
Fig. 12.

The scope-to-Iaser alignment is done in
two stages. First, the distance from the
center of the laser beam to the center of
the scope is measured and used as the
spacing for the cross marks of the target
shown in Fig. 13, which is made from
dull, white cardboard. Then, the target is
taped to a wall about 50 feet awayfrom the
laser assembly. Next, with the scope's
cross-hair adjustments at the center of
their range, position the laser beam at the
center of the lower cross . Looking
through the scope, adjust the scope's
mounting bracket so that its cross-hairs
are close to being centered on the target's
upper mark. Making sure that the laser
beam stays centered on the lower mark,
tighten the mounting bracket's nuts and
use the scope's fine adjustments for the
final alignment. In this instance, the di­
ffuse reflection of the laser beam from the
card should present no eye hazard .

When using the laser/scope assembly,
remember that at a range of under 300 feet
you must compensate for the aiming error
introduced by the offset between the
scope and the laser beam centerlines.

Again, let us stress that under no
circumstances should the laser beam or
its direct reflection be viewed through
optical devices of this type because se­
vere damage to the eye can result. R-E

FIG. 13-THE ·AIMING TARGET for the scope!
laser assembly should be made of dull-finish
paper or cardboard. Dimension "A" is the mea­
sured distance between the laser beam and the
optical center ofthe scope. Dimensions "8" and
"C" are whatever you think will be convenient.
The aiming cross-marks should be made with a
sof! pencil or a medium-point marking pen.

FIG.12-DETAIL FORTHE RECEIVER mounting
plate. An oversize hole mounting base allows
coarse adjustment of the scope assembly. Use
an oversize washer on both sides of the hole,
and a lockwasher at the laser's case.

At long range
At ranges greater than 100feet or so, or

when a high ambient light level obscures
the reflected beam, a means must be
provided to accurately aim the receiver to
the reflected laser. As shown in Fig. II,
the receiving unit of our prototype laser­
bug system uses a telescopic gunsight;
and that assembly is, in tum, mounted
directly on the laser housing as shown in
Fig. 2 so both the laser and receiver can be
aimed as a single unit.

The design of a combination receiver
and laser mounting bracket will depend
on the particular laser and scope that's
being used. In general, the mounting
bracket should be sturdy and have provi­
sions for coarse elevation and azimuth ad­
justments; all gun scopes have provisions
for fine adjustments. The adjustment de-

remove the modulation to listen in. Dou­
ble-pane glass and storm windows tend to
greatly reduce sound transmission to the
outer glass. It is possible, however, to aim
through the glass to an object within the
room, such as the glass front of a china
cabinet or a hanging picture. The returned
reflection is usually modulated.

Thin is in
The thinner and more responsive to

sound the reflective medium is, the great­
er the laser bug's sensitivity. Most win­
dow panes will work . Moving the beam to
different spots on the glass can make a
dramatic difference in the sensitivity.

For testing, no additional optics are
needed for the receiver, Set up any conve­
nient reflector-the mirrored speaker, or
even an embro idery hoop holding plastic
wrap or Mylar film (see Fig. IO)-aim the
laser at the reflector, and then position the
reflector so that the beam bounces back to
the receiver. If you speak in the room, or
playa radio or a tape recorder, the sound
will be heard in the receiver's head­
phones. Another test can be done by mod­
ulating the laser with a I-kHz tone while
having an assistant move the target reflec­
tor for maximum tone reception-as indi­
cated by maximum volume in the highest
meter reading .

A non-adjustable target, such as a win­
dow pane , requires that the operator select
a site where a direct reflection can be
caught. That can be done from hundreds
of feet away if conditions are right. Use
the modulated beam for setup, and then

FIG. 11-AT LONG DISTANCES, a telescopic gun sight is used to accurately aim the receiver. That
assembly is then strapped to the laser, as shown in Fig. 2, so that both units can be aimed together.
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DIGITAL AUDIO TAPE

The audio-tape format of tomorrow is here today

BRIAN C. FENTON, MANAG ING EDITOR

INPUT
FIG. 1- THE NON-LINEAR CHARACTER ISTICS of audio tape cause distortion in the recorded signal
(a). However, since digital signals contain on ly two values , they are not affected by the non- linearity.

suit, the record ed signal is a distorted ver­
sion of the input.

There is a way to decrease the distor­
tion-by crea ting a bias field to force the
audible sig nal into the linear portion of the
transfer characteristics . The results aren 't
perfect but , as cassette sales indicate , they
certainly are adequate for many people .

Digital audio tape cassettes also use
magnetic tape, and that magn etic tape
also has a non-lin ear transfer charac­
teristic . But as you can see in Fig. l-b , a
digital signa l-which has only two dis­
cree t values-is not affected by the tape 's
non-linearity.

But how ca n an analog audio signal be

GET READY rox TH E NEXT R EVO L UTION IN

audio . Digital Audio Tape (DAT) is on its
way! Just as the compact disc is replacing
the LP, you can expect DAT to replace the
conventional audio cassette.

Just imagine audio tape with a frequen­
cy response that is flat from 2 Hz to 22
kHz . Imagine making your own hiss-free
recordings with a dynamic range better
than 96 dB . (Compare that to the 50-60
dB dynamic range of a standard cassette
tape wit h noise redu ction! ) DAT is com­
ing, and you should be ready for it.

Actually, digital audio tape has been
around quite a while. As long as a decade
ago , devices were available that would
allow digit ized audio to be recorded on
VCR 's . But they were a far cry from the
dedicated DAT format we' ll be discuss­
ing. The new genera tion was first demon­
strated a year ago at the Japan Audio Fair,
and then at the January i987 Winter Con­
sumer Elect ronics show. But all the DAT
decks shown in this country were " pro­
totypes only." No one would even discuss
marketin g plans.

Fina lly. this June . Marantz announced
at the Summer Co ns umer Electronics
Show that they would bring DAT ma­
chines into the U.S . as early as this fall.
That hasn 't happened yet, and the future
of DAT co uld be in jeopardy thanks to
some controversy in the indu stry regard­
ing an anti -copy system that may be im­
plemented - and eve n required by the

U.S . government- in all DAT mach ines.
We 'll get to that issue later. First, let' s see
what the advantages of the new digital
audio tape are.

Is digital bette r?
When audio tape moves across a tape

head , the magnetic particl es in the tape
pick up arid retain the magneti c field cre­
ated in the head gap. When you play the
tape back , you should , of course, hear a
duplicate of the signal that was used to
crea te the magnetic field . But in the real
world, thin gs are n' t that si mp le . The
tran sfer charac te ris tics of aud io tape ,
shown in Fig. I, are non-linear. As a re-
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FIG. 4- THE OAT CASSETTE provides a dust­
free enclosure for th e tape . A series of holes on
the bottom of the cassette identify the tape type,
and whether th e tape is pre-recorded .

mech anism . In some ways , it s imilar to
the tape transp ort mechanism in a VC R .
One s ignifica nt d iffe rence is that the tap e
wrap is on ly 90 degrees . Th at help s keep
tape wear down , and it is one of the rea­
sons that the rapid fast forward and reverse
funct ions are possible.

The OAT tape head rotates at 2000 rpm ,

The mechanics of OAT
Figure 3 shows a bas ic OAT transport

FIG. 3-A OAT-TRANSPORT MECHAN ISM. When the cassette is inserted into the OAT machine, the
protective cover opens, and the tape is wrapped around a rotary-head drum.

Another advantage OAT has is its lon g
playing tim e-the maximum length of a
standa rd digit al aud io tap e is two hours ,
while the maximum length of a CD is
about an hour.

Spea king of pre-recorded tapes , you
can be sure tha t record ing companies will
rel ease man y titles once the anti -copy is­
sue is sett led . Will pre-recorded materi al
se ll'? Yes , bec ause OAT has so me play­
back advantages over C D 's--espec ially in
aut omobiles. The OAT pac kage is sma ller
and much easier to handle tha n a CD. Th e
tap es al so fit ea sily in a shirt pocket , and
will probably be very popular in personal
port able player s . Th e pac kage prov ide s a
se lf-c los ing protecti ve cover for the tape ,
which is imp ort ant in the dirty aut o en­
vironment. Perhaps more important is that
the playback mech ani sm is much less sub­
ject to vibration problems than CD play­
e rs , so it wi ll be eas ier to produce po rta ble
and automo tive player s .

C D technology, of cou rse , has so me
import ant ad vantages over OAT. Th e CD
is a no n-contact tech nology. No thing but a
beam of lase r light comes in contact with
the d isc during playback , so playin g a disc
doesn 't wear it out. OAT tape , on the
oth er han d , wraps 90 de grees around a
drum that spins at a speed of 2000 revolu­
tions per mi nut e, limiting its lifetime .

CD players feature fas t track -access . In
less than one sec o nd , yo u ca n access any
random track . OAT, of co urse , offers on ly
sequential access. Whi le fast-forward and
fast- rewind are indeed fa st-s-about 20 sec­
o nds for eac h hour of tape-the access
spee d wi ll never match that of CD.b

FIG.2-A DIGITIZED SIGNAL is made up of sam­
ples of an analog signal.

DATvs. CD
Both OAT and C D u s e 16-bit

Pu lse-Code Modulation (PC M ), but each
use s a differen t sampl ing rat e: 48, 000
sa mples/se cond for OAT, and 44 , 100 sa111­
p ies /second for C D . Because of the dif­
ferent sa mpling ra te, it is impossibl e to
make a direct dig ita l-to-dig ita l record ings
of a CD. In fact , that's preci sel y wh y a
di fferent rat e was chosen .

Pre-recorded dig ital tapes are recorded
w ith the same sampling rate as C D's are .
But tapes yo u record at home are recorded
at the higher rate . The OAT player can
play back e ithe r tape , but can reco rd only
at the higher sampling rate . You will be
able to make direct digital-to-di git al cop ­
ies of tapes you record yourse lf, but not of
CD's or pre-recorded tapes .

In term s of sound qu ality, OAT and CD
compare equally. Each form at , however,
ha s its own out standing features- and its
ow n inherent problems. The most obv iou s
advantage OAT has over CD is that con­
sume rs can make their own recordings .
It 's no secret, however, that rese arch is
underway to create a recordable C D for­
mat. We have qu ite a few years to wa it
before that happen s though .

replaced by a str ing of digit al data­
wh ich consist s of only on es and zeros '?It 's
don e by digital sampling : An an alog sig­
na l is sampled at a given rate , and the
va lue of the sample is ass igned a number.
Fig ure 2 shows the pro cess.

It might seem stra nge that a sta ircase­
like signa l co uld accu rat e ly represe nt a
smooth analog signa l. But if the sa mpling
rate is fast en oug h , and if a suffic ient
number o f bit s is used to represent each

. sa mple , the resu lts are excellent. If yo u' ve
eve r heard a compact di sc- whi ch also
use s digi tal samp ling-yo u know just
how good the res ults ca n be .
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an d the tape is pull ed from the ree l at
ab ou t (UI em/seco nd . Th at crea tes an ap ­
parent tape speed of I() feet per sec ond .
which is how so much data can be cram­
med onto such a small casse tte .

Th e DAT cas scttc-e-wh ich is about half
the s ize of a standa rd compact cussc ttc-s­
is show n in Fig . 4 . It has a lot in co m mo n
wit h a video ~asselle . A hin ged lid pro­
tects the tap e from dust and fingerprint s.
A slide r covers the hub ho les whe n the
tap e is not in use . and keeps tap e s lac k to a
min imu m . Data and refe renc e holes a re
inc luded to auto ma tica l ly instruct th e
DAT player what tap e type and th ic kness
is used . and whether the tap e is prc- rc­
co rde d . Th ere is al so a hol e to preve nt
accidenta l erasure .

When a casse tte is inserte d into the re­
corde r. the s lide rs move so the hu bs can be
accessed . The lid opens. and the tape is
wo und aro und a rotary head.

< TAPE MOTI ON I

,~

........<...~'\\

<'~\~\
\,~ \ <P ' \

MARGIN (11 BLOCKSI- - - - -i \ '? \ \

POST AMBLE(1 BLOCK) \ \ \

SUBCOOE2 (8 BLOCKS)

PLL (2 BLOCKS )----~

IBG(3 BLOCKSI~===-=-=-~~~~~~~~~2~1
ATF 15 BLOCKS) -

IBG 13 BLOCKSI- - - - - ----'

PCM AR EA (1 28 BLOCKS)- - -----___o-\

PLL (2 BLOCKS)--- ---,

IBG13 BLOCKS)------===============~=~8\

ATF (5 BLOCKS)- - - ---' Irr~~~~~~~~~~~>..
IBG(3 BLOCKS)-------'I

ATST AMBLE (1 BLOCK)---'

SUBCODE 118 BLOCKS)

PLL (2 BLOCKS) - - - - - -'

MARGIN (11 BLOCKSI- - ----'

SYNC PCM BLOCK PARITY PCM DATA AND PARITY':]
SIGNAL 10 ADDRESS

(8 BITSI (8 BITSI (8 BITSI (8 BITS) (256 BITSI

1"- 1 BLOCK ~ 288 BITS ..
FIG. 5- THE DIGITAL DATA on the tape are a lot more than simple dig ital representations of audio
signals. There are a huge number of " housekeeping" bits as well (a). A block of PCMdata is shown in b .
Subcode blocks are sim ilar to PCM blocks, except for identity words that tell the OATplayer that the
PCM data is a subcode, and which subcode it is.

What 's on the tape
A d ig ital audio tap e recording co nta ins

a lot m ore t han th e audio s ig n a ls .
Orga nizi ng the data so that it ca n be
played back req uires a lot of overh ead .

Figure 5 shows how the audio track s are
placed on the tap e and how ind ividual
track s are organi zed . Note that crossta lk

(Co ntinued O il page 77)
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FIG. 6-A OATPAYER/RECORDER. Note how the player wi ll record direct digital inputs, and will output digital data directly. However, you will not be able to
make direct digital-to-digital copies of any pre- recorded mater ial because of differences in the sampling rates used.
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Part 2 TH E VIDEO PAL ETTE IS

built on two printed­
circuit boards: a "main" board and a
"special-effects" board . The main board
contains the video-signal splitting and re­
combination (summing amplifier) cir­
cuits. The special-effects board contains
the circuits for the solarizer, posterizer,
inverter, and the power supply.

Circuit Description
Refer to Fig. 10, the schematic of the

main board, and Fig. II, the schematic of
the effects board. Transformer TI, diodes

and C4, provide ± 5 volts to ICI and serve
as decoupling networks , reducing video
cross-talk through the power-supply wir­
ing . About 2 to 3 volts of inverted
(positive sync) composite video appears
at ICI pin 6 . .

Inverted composite video is fed directly
from ICI to IC2 , an analog switch, and
through R4, C5 , and QI to the sync-sepa­
rator system . Transistor QI is normally
non-conducting , because bias generated
across R5 keeps QI cut off except during
positive sync tips . Negative sync pulses
appear at Q I's collector. Resistor R6

of the second section-about 10 microse­
conds. A positive-going pulse appears at
IC3 pin 10. By proper adjustment of R80,
the pulse can be made coincident to, and
the same width as, the horizontal-blank­
ing pulse . It's the same with the vertical­
sync pulses at the collector of Q3 trigger
IC4. Both sections of IC4 function identi­
cally to IC3. Resistors R81 and R16, and
capacitor C12, determine the pulse width
of the first section-nominally 16 millise­
conds . Resistors R82 and R17, and capac­
itor Cl3, determine the pulse width of the
second section . By proper.adjustment of

VIDEO EFFECTS

IN
CHROMA lUMA SYNCH

VIDEO •
EFFECTS •

OUT .

VIDEO PALETTE
. 0

INVERT
INVERT
GAIN

POST
LEVEL

StEPS
OFF

SOL FOlPOVER SOL POWER
INI'OT OUTPUT

GENERATOR
Color correction, deliberate distortion, artistic picture control.

Our video palette puts it all at your fingertips.

RUDOLF F.GRAF AND WILLIAM SHEETS

05 and 06, and capacitors C52 through
C55 form two half-wave rectifiers supply­
ing + 8-volts DC to regulator ICI2, and
- 8-volts DC to regulator ICl3.

A I-volt peak-to-peak negative-sync
video signal at input jack 11 is coupled
through CI to the video amplifier consist­
ing of R2 , R3, R78, ICI, and C2 . Switch
S4 can bypass CI if DC coupling is neces­
sary. Terminating-resistor RI can be
switched across the input by switch SI to

(J) provide a 75 ohm termination . Trimmer
~ potentiometer R78 sets the amplifier's
o output level.
g: At least O.5-volt peak-to-peak video is
frl necessary for proper operation . ICI is an
u:J LM318, a video op-amp. Resistor R3
o provides feedback and C2 provides fre­
~ quency compensation for ICI . Resistors
a: RI8 and R19, together with capacitors C3

48

provides a collector pull-up for QI. Re­
sistors R7 and R8 couple the sync pulses
to Q2 . Resistor R9 is the collector load for
Q2. Resistors RIOand RII , and capacitors
C6 and C7 form an integrator network that
extracts vertical timing pulses from the
composite sync at the collector of Q2 .
Capacitor C8 couples the timing pulses to
Q3, which squares and shapes the timing
pulses . The negative-going vertical sync
pulses are used to trigger dua l-multi­
.vibrator IC4 .

Pulses at the collector of QI trigger
dual-multivibrator IC3; the two sections
of IC3 are connected as two cascaded
monostable multivibrators . Resistors R79
and R14, and capacitor C9 determine the
pulse width of the first section-about 53
microseconds . Resistor R80 and R15, and
capacitor CIO determine the pulse width

R81 and R82, the pulse appearing at IC4
pin 10 can be made coincident with the
vertical-sync interval of the video-input
signal. A negative pulse at IC4 pin 9 cuts
off IC3 (horizontal gating) during ver­
tical-retrace intervals . The horizontal and
vertical gating pulses are summed across
R20. Diodes DI and 02 DC-isolate IC3's
and IC4's outputs from each other. The
pulse across R20 is nominally + 5 volts; it
is low during line scan and high during
sync intervals. It is fed to pin 9 , the con­
trollead, of video switch IC2.

Since IC2 pin 9 is low, during line scan
intervals the normal video containing lu­
minance and chroma from IC2 pin 4 ap­
pears at pin 5. Inductor L1, and capacitors
CI6 and CI7 form a lowpass filter, while
C15, R22, and L2 form a highpass filter.
Resistors R23 and R24 terminate the
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FIG. 11-THE EFFECTS BOARD provides the analog effects: posterization, solarization, and inverted
video. The power supply is also built on the effects board.
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highpass filter. The luminance gain con­
trol , R83 , terminates the lowpass filter.
Video from R8 3 's wiper goe s through R29
to summing amplifie r IC7 . Chroma am­
plifier IC5 has a nominal gain of 10. (The
chroma signal appears at an equal level ,
1800 out of phase , at IC5 pin s 8 and 9 .)
Resi stor R84 is the chroma-level control.
Depending on R84's se tt ing, either
positive or negative chroma signal can be
supplied to IC7 through R30.

During sync interval s , IC2 pin 9 is
high , so sync, burst , and blan kin g appea r
a t pin 3 . Capacitors C24 , and C25 , and L3
form a lowpass filter, feedin g sync and
blanking to R85, the sync-leve l contro l.
The wiper of R85 feeds summ ing ampli­
fier IC7 through R31 . Resistor R21, ca ­
pacitors C26 and C28 , and L4 are used as
a burst take-off filter. Trimmer capacitor
C26 is adjusted so that the tint -control

circuit- L5, C27, R27, R28, and R86­
produces correct tints when R86's wiper
is centered . The burst from R86's wiper
goes to burst amplifie r IC6, which has a
gain of 100 to compensate for the loss in
the tint control circuit. Potentiometer R87
contro ls the burst level .

Adding effects
Processed video from the effects board

is fed to summing amp lifier IC7 at pin 2 .
In addition to summing the various video­
signa l compon ents , IC7 re -in vert s the
video so that it appears as I-volt peak-to­
peak w ith negati ve sync (nominal NTS C)
at video output jack J2 . Depending on the
sett ings of the the palette 's controls , up to
2 volts of video is avai lab le when the unit
is terminated by 75 ohms .

As shown in Fig . l l , the effects board
receives its video input across R9 3 . Video

(luminance) is app lied to the pos ter izer
circuit through C43 and R55. Res istor
R54 provides a gro und ret urn for IC9 's
comparators . Transistor Q4 prov ides an
adj ustable reference bias fix the posteri­
zero Resistor R48 and diode D3 provide
temperature compensation of the refe r­
ence voltage. TIle comparator outputs are
summed across leve l control R89 and flow
through the inverter input bus to S3 -a , the
IN V ERT- NO RM A L switch .

The so larizer, which was disc ussed in
Part I (see Radio-Electronics, pag e 41,
September 1987), consi sts of IC IO and
IC II . Amplifier IC IOhas a gain of four; its
input signal is taken from R90 's wiper
through R64 . The output , which has an
amplitude of up to 4-vo lts peak-to-peak ,
appears at IC IO pin 6. Poten tiometer R9 1
is the " foldover" contro l; resi stors R68
and R7 1 limit R9 1's effective range fix
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FIG. 12- INSTALL THE MAIN BOARD COMPONENTS in the order given in the text . While IC sockets
aren't specified, their use is suggested. They make troubleshooting easier if you have any problems.

PARTS LIST-MAIN BOARD
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Construction
You can build the video palette from

scratch usi ng the PC -board patte rns <D

provided in PC Service. Also, a kit of ~

Similar circuits
Switch S3-a selects the inverter circuit

consisting of lC8 and its periph eral com­
ponents. You may have noticed by now
that the circuits using the LM3l 8 are all
very simi lar; hence we are not discussing
them in detail exce pt where significant
differences are encountered . Resistors
R87 , R41, R42, and R53 feed an adjus ta­
ble DC bias to IC8 to maintain correct
DC-basel ine level s when inver s ion is
used . Resistor R47 feeds inverted output
through S3-a to summing amp lifier IC7 ,
which is located on the main board . As in
the othe r amplif ier ci rcu its usin g the
LM318, a IO,OOO-ohm feedback resistor
(R46) and a 5-pF shunt capacitor (C40)
are used to set the gain and provide fre­
quency compensation.

easie r operation . Solarized video is fed
through C5 l to solarizer output level con­
trol R92, whose wiper feeds the inverter
input bus through R77. Unprocessed vid­
eo luminance is also fed to the bus from
inverter level control R93.

C12-2.2 fi F,10 volts, Tantalum
C13-0.1 ILF, Mylar
C15, C28-100 pF, silver mica
C16, C24-43 pF, silver mica
C17, C25-47 pF, silver mica
C26-3-40-pF trimmer
C27-33 pF, silver mica
C34-C39-Not used

Miscellaneous-Wire, solder, cabinet,
mounting hardware, knobs, etc.

Semiconductors
IC1, IC7-LM318 wideband op-amp
IC2-C04053 ana log multiplexer/de-

multiplexer
IC3, IC4--C04528 dual monostable

multivibrator
IC5, IC6-LM733 differential video

amplifier
01, 02, 03-2N3565 NPN transistor
01, 02-1 N9148 small-signal diode
Other components
J1, J2, J3-Coaxial jacks, see text
L1 , L3-47 fiH
L2, L4--18 ILH
L5-68 p.H
PL1-Power plug
81, 84, 85-8P8T switch
82, 83-0POT switch
T1-6.3 volts, 300 rnA

All resistors are Y4-watt, 5% unless
otherwise noted

R1-75 ohms
R2-2200 ohms
R3,R8,R10, R13,R20, R29-R32,R34--

10,000 ohms
R4, R22, R24-1000 ohms
R5, R7, R11 , R14-R17-33,000 ohms
R6, R9, R21-4700 ohms
R12-220,OOO ohms
R18, R19, R25, R26, R33, R35, R36, R38,

R39-10 ohms
R23-3300 ohms
R27, R28-1500 ohms
R37-not used
R78-10,OOO-ohm trimmer potentiometer
R79-R82-25,000-ohm trimmer potenti-

ometer
R83, R84, R85, R87- 1000-ohm

potentiometer
R86-5000-ohm potentiometer
Capacitors
C1-470 ILF,16 volts, electrolytic
C2, C21- 5 pF, silver mica
C3, C4, C6, C8, C11, C14, C18, C19, C20,

C22, C23, C29-C33-0.01 fiF, ceramic
disc

C5-10 fi F, 16 volts, electrolytic
C7, C9-0.0033 ILF, Mylar
C1D-330 pF, silver mica or NPO ceramic

disc
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FIG. 13-ALSO INSTALL THE EFFECTS BOARD components in the order given in the text . As with the
ma in board, IC sockets are suggested to simply troubleshooting .
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PARTS LIST-EFFECTS BOARD

Capacitors
C40, C47, CSD--S pF, silver mica
C41. C42, C44, C4S,C48, C49, C54, C55,

CS8, CS9, C60, C61-o.01 f-lF, ce ramic
disc

C43, C46--10 f-l F, 16 volts, e lectrolytic

All resistors are v.-watt, 5% unless
otherwise noted

R40-R43, R46, R47, R62, R64, R6S,
R68, R73-R77-10,OOO ohms

R44, R4S, RS3; RS6, R57, R66, R67,
R94, R96-R98-10 ohms

R48-390 ohms
R4S---150 ohms
RSD-RS2-22 ohms
R54, R55, RS8-R61, R6!t---4700ohms
R63--2200 ohms
R7~70ohms

R71-1000 ohms
R72-330 ohms
R95-100,OOO ohms
R9S---10,OOO-ohm trimmer potentiometer
R88, RB9, R92. R93-1000-ohm

potentiometer
R90, R91-10,OOO-ohm potentiometer

en
g
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o part s that includes the PC boards and all
~ board-mounted parts is available from the
a: source listed in the parts list. Knob s ,

C51 , C56, CS7-470 f-lF, 16 volts ,
electrolytic

C52, CS3-2200 f-l F, 2S volts, e lectrolytic
Semiconductors
ICB, IC10, IC11-LM318 wideband

op-amp
IGS---MC3430 high-speed comparator
IC1 2-LM780S +S-volt regulator
IC13-LM 7905 - 5-voll regulator
Q4-2N3904, NPN transistor
03 , 04-1N914B sma ll-signal diode
05, 0 6--1 N4002 silicon rectifier
Note: The following items are available

from North CountrY Radio; P.O. Box
53, Wykagyl Station, New Rochelle,
NY 10804: Main PC board $12.50;
main and effects PC boards $25.00;
main PC board and all parts that
mount on the board $49.95 ; main
and effects PC boards and all parts
that mount on the boards $84.95.
(The effects board is sold only in
conjunction with the main bo ard.)
Add $2.50 for postage and handling
per total order. NY State residents
add appropriate sales tax.

switches, jacks, plugs, case, etc., are not
supplied with the parts kit. A suitab le
cab inet is the Radio-Shack 270-274 .

If you decide to etch your own boards,
use single-sided .031 or .062 phenolic
material, or fiberglass-epoxy G-IO (pre ­
ferred) . Figures 12 and 13 show the parts
placem ent for the boards .

Stuff the PC boards in this order : re­
sis tors, inductors, ca pacitors, controls ,
transistors, Ie's. The lengths of the inter­
connecti ng wires aren' t critica l, but they
sho uld be as direct as possible . The pal­
ette 's input arid output connectio ns should
be coax when possi ble. To reduce both
stray capacitance and induced 60- or 120­
Hz pic kup, the leads carrying video sig­
nals to and from the effec ts board should
be dresse d away from grounded metal and
the power-supply lead s.

The shafts for all the front-panel co n­
trols should be stra in relieved. That can be
done by passi ng them through holes in the
front of the cabine t that are about .005"
larger than the shaft dia meter, which is
nominally 14". If desired, bushings can be
used around the shafts .

The front panei has eleven controls, a
pilot light (if installed), and three switch­
es; do n't crowd its layout or it will be hard
to use unless you have very small hands.
RCA-phono, HF, BNC, or F-type video
connec tors are sugges ted for the externa l
connections . Switches can be of the mini-
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Plug a Friend into Radio-Electronics
this Christmas ... and Save $12!

This Christmas give an electrifying gift
... plug a friend into Radio-Electronics and
brighten his whole new year! Whether
electronics is his livelihood or his hobby, your
gift will sharpen his focus and illuminate the
whole spectrum of electronics throughout the
coming year.

Radio-Electronics will keep him informed and
up-to-date with new ideas and innovations in
all areas of electronic technology ...
computers, video, radio, stereo, solid state
technology, satellite TV, industrial and medical
electronics, communications, robotics, and
much, much more.

He'll get complete plans and printed circuit
patterns for building valuable test equipment
and electronic devices for home and car ­
practical money-savers like these ... a TV
signal descrambler ... a video test generator ...
an auto exhaust analyzer ... a clockboard for
his PC ... a radio commercial zapper ... a
solid state barometer ... a working robot ...
and many others!

PLUS ... equipment repair and
troubleshooting ... circuit design ... new

product news and buyer's guides service
clinics ... equipment test reports a special
"Computer Digest" section ... regular columns
on video, stereo, radio, circuits, solid state,
satellite TV and robotics ... and lots more
exciting features and articles.

SAVE $12 ... OR EVEN $24 ... For each gift
of Radio-Electronics you give this Christmas,
you save a full $12.00 off the newsstand price.
And as an R-E gift donor, you're entitled to
start or extend your own subscription at the
same Special Holiday Gift Rate - you save an
additional $12.00!

No need to send money ... if you prefer, we'll
hold the bill till January, 1988. But you must
rush the attached Gift Certificate to us to
allow time to process your order and send a
handsome gift announcement card, signed with
your name, in time for Christmas.

So do it now ... take just a moment to fill in .
the names of a friend or two and mail the Gift
Certificate to us in its attached, postage-paid
reply envelope. That's all it takes to plug your
friends into a whole year of exciting projects
and new ideas in Radio-Electronics!
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FIG.14--USE THIS KIND OF HOOKUP for check­
ing and alig ning the video palette. A TV-tuner
signal source can originate in the VCR, or use an
integral TV-tuner device.

FIG.19-THE SCOPE DISPLAY should resemble
this at IC3 pin 7.

ted. Check QI's collector for negative­
going pulses (Fig. 17). Transistor Q3 's
co llector shou ld also show negative­
going pulses (Fig. 18), although because
of their short duration they may be hard to
see on a scope with screen brightness .

Adjust R79 for a nominal 53-microse­
cond negative-going pulse at IC3 pin 7
(Fig. 19). Then set R80 for a nomina l 10­
microseco nd positive-going pulse at IC3
pin 10 (Fig. 20). Next, adjust R81 for a
negati ve-go ing 16-millisecond pulse at
IC4 pin 7 (Fig. 21). Then adjust R82 for an
approximate 600-microsecond positive­
going pulse at IC4 pin 10. If there is no
pulse, tweak R81until a narrower pulse is
obtained (Fig. 22). Note that a 600-micro ­
second pulse will not be generated if the
16-millisecond multivibrator is set for too
long a pulse .

FIG.18-THE NEGATIVEPULSES at Q3's collec­
tor might be difficult to observe.

FIG. 17- NEGATIVE PULSES at Q1's collector.

.. .

- ------ -_.
FIG. 16-INVERTED VIDEO AT IC1, pin 6.

The main board
If an oscilloscope is available, you can

check your adjustments using the pho­
tographs shown in Figs. 15through 26 as a
general-not an exact-reference. Each
figure shows the vertical sensitivity and
sweep rate used to obtain the trace.

Apply a I-volt peak-to-peak negative­
sync NTSC video signal to 11 (Fig. 15).
Close SI to provide a 75-ohm termination
for the video source. Open S4 so that the
video source is AC-coupled to the pal­
lette . Set S2 to its IN position. Adjust R78
for 3-volts peak-to-peak at ICI pin 6 (Fig.
16). Notice that the signal at pin 6 is inver-

Pin 12: - 5 volts
Check QI for:

Collector: +5 volts
Base: 0 volts

Check Q2 for:
Collector: 0 volts
Base: +0.6 volts

Check Q3 for:
Collector: +5 volts
Base: 0 volts

Check Q4 for:
Collector: +5 volts

. Base: +2-5 volts (depends on setting
of R88)
Emitter: 0.6 volt less than base
Nothing should get hot-if anything

does, there is a problem that must be cor­
rected before proceeding any farther.

If the test signal is provided by a VCR
that can output a tuner signa l instead of a
tape signal, use the tuner signa l because it
has better stability.
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ature type which use a !!.In mounting hole .
At this point , check your wiring and PC
boards for correct component insertio n
and pin orientations , unwanted solder
bridges , and comp leteness . If any wiring
or assembly errors exist, correct them be­
fore proceeding farther.

Alignment
Alignment is simple . If possible , use

an oscilloscope having a bandwidth great­
er than 5-MHz. While a scope does make
the initial alignment easier, do not let the
lack of a scope discourage you, because
final "tweaking" will be found easiest to
do by watching the picture . If a scope isn't
available, simply observe the effects of
your adjustments on a TV monitor; we' ll
tell you what to look for.

Prepare the video palette for alignmen t
by setting R78, R79 , R80 , R81, R82, and
R99 so that they are in the center of their
range (midway). Then connect the video
palette as shown in Fig. 14.

Next, connect the ground lead of a
20,000-ohm/volt (or higher) VOM that is
set to read about IO-volts full scale to the
main board's gro und foi l; then app ly
power to the video palette. VelY quickly
check the voltages across C56 and C57­
they each should be 5 volts (C56 has its
negative lead grounded, and C57 has its
posit ive lead grounded). Then very quick­
ly check for the following voltages on the
indicated pins ofICI, IC7, IC8, ICIO,and
icu

Pin 6: O-volts (±0.5 volts OK)
Pin 7: +5 volts
Pin 4: -5 volts

Make the following checks on IC5 and
IC6:

Pin 5: +5 volts
Pin 6: +5 volts
Pin 8: 0 volts (± I volt OK)
Pin 9: 0 volts (± I-volt 0 K)

Then, with no signal input to 11 or 13,
check ICI, IC3, and IC4 for:

Cf) Pin 10: 0 volts
~ Pin 9: +5V volts
o Pin 16: +5 volts
~ Pin 8: 0 volts
[rl Also check IC2 for:
uJ Pin 7: - 5 volts
6 Pin 16: +5 volts
o Check IC9 for:
(f Pin 16: +5 volts
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Adding the arm,
and the electronics to control it.

FIG.1-THIS FORK-LIFT DESIGN can do almost as much as a mu lti -joi nted arm, but with higher lifting
capacity and at a lower cost . For greater dexterity, the pincher shown can be added. That pincher, part
of which is shown here, will be describe d in detail in an upcoming installment of th is seri es.

STEVEN E. SARNS

R-E

Part 11 1F YOU 'VE BEEN FOL­

lowin g thi s series ,
by now you have no do ubt noticed that our
robot does not have a traditional multi­
jointed robotic arm . In its place is an
"arm" that resembles a fork lift.

There are several reasons why that ap­
proach was chosen . First, it allows our
robot to lift loads up to 10 pounds-multi­
jo inted arms usually are limited to lifting
loads of one pound , or less. Second, our
design is relatively inexpensive to imple­
ment. Th ird , few tasks actually require
mult i-jo inted dexterity to ge t the job
don e-task s per formed with a multi­
jointed arm ofte n deteriorate into pro­
gramming exercises . When we consid­
ered those factors , our design seemed to
be the obvious way to go .

Of course, some tasks do requ ire some
measure of dexterity. For those , a pincher
add-on for the lift has been designed; part
of that pincher is shown in Fig. I. The
pinch er will be describ ed in detail in a
future installment of this series. For now,
let's concentrate on the basic fork-lift de­
sign.

Mechanical overview
Our intent ion was to provide a rugged

and reliable workhor se unit. The lift as­
sembly has been designed to lift IO-pound
load s from floor level to the top of a 32­
inch-high table at a rate of 3 inches-per­
second . The overall height of the assem­
bly described is 43 inches. Exac tly the
same construction tec hniques can be used
to build smaller (or larger) lifts .

Linear ball-b earin g slides are used for
the lift to preserve the efficiency of the
sys tem. Bec ause of the way cantilever
loads are coupled to the bearings , friction

ROBOT
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12-VOLT MOTOR
(BREVEL 715-9S0155

OR EQUAL)
WITH 54:1 GEARHEAD

UPPER CROSS MEMBER
SEE DETAIL MATERIAL 14" AWMINUM
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FIG. 2-THE ROBOT ARM can be fabricated using the mechanical draw ings shown here.
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could cause the required lifting force to
become several times the total weight of
the load on the lifting forks if sliding bear­
ings were used. That would reduce the
lifting capacity sig nificantly. A chain
drive is used to handle forces of 10 to 20
pounds without slipping and without any
uncertainty about the lift position . The
steel ladder-chain used is rated at 55 to 90
pounds tensi le load. The drive motor is
mounted at the top so that the lifting load
is applied to its shaft and bearings direct ly
(a ball-bearing version of that motor is
desirable for heavy use). A potentiometer
used for position-sensing is placed at the
bottom of the chain loop as an idler; when
it is mounted there, little load is placed on
the potentiometer.

As with the rest of the robot project , the
mechanical and electr ical details cover
our implementation of the arm . There are
many other ways that the same results
could be achieved . If you wish to change

the design to accommodate a specific ap­
plication , to incorporate an improvement,
or to use components you have on hand ,
you may do so.

Note that much of the mechanical de­
sign of the arm can be credited to Spectron
Engineering , and they provided the pro­
totype on which this article is based . Fur­
ther, Spectron is offeri ng for sale the
complete arm assembly. See the Sources
box for more information.

Electronics overview
The electronic s required to operate the

arm are quite straightforward. We will use
the robot's RERBUS expansion bus to
communicate to a quasi-a nalog servo
positioner. All the compu ter must do is to
write the desired position of the arm to the
servo circuit and that circuit will do the
rest. The servo circuit also allows the
computer to read back the position of the
arm for analysis and direct control.

Arm design
The heart of the arm is the two linear

ball-bearing slide units. Those are 1000­
mm long , with approximately 35 inches
of travel available. Our first task is to se­
lect the ladder chain-and-sprockets that
move the carriage along tho se linear
slides. We must select a sprocket for the
potentiometer that will allow at least 35
inches of chain travel in ten turns of the
sprocket, or 3.5 inches-per-turn. The lad­
der chain is V4-inch pitch . Expressing 3.5
inches in terms of pitch length:

3.5 inches x 4 teethlinch = 14 teeth
(exactly)

In other word s , if our potentiometer
sprocket has 14 teeth, in 10 turns it will
displace 35 inches of chain . We select the
next larger sprocket, 15teeth , resulting in
a total chain travel of:

15 teeth x 0.25 inches/turn x 10 turns =
37.5 inches

o
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SOURCES

FIG. 3-THIS DETAIL DRAWING shows the ladder-ch ain dr ive system.

The complete arm assembly can be
purchased from Spectron Engineering,
1342 West Cedar Ave., Denver, CO
80223; (303) 744-7088. The cost is $300
plus $8 shipping. Colorado residents add
appropriate sales tax. The assembly in­
cludes the following: two1000-mmlinear­
bearing assemblies, twocross members,
carriage plate, robot end cover, drive
block,chain, motor, sprockets, 10turn po­
tentiometer, servo positioner, cables, and
connectors.

Stock DriveProducts, Division ofDesig­
natronics, Inc.2101 Jericho Turnpike, New
Hyde Park, NY 11040, (516) 328-0200,
can supply the is-tooth Y4-inch pitch
sprocket (part number 6T7-2515) and the
14- inch la dd e r cabin (part number
6C88-25). Contact them directly for pric­
ing, shipping, or other information.

The 1000-mmlinear ball-bearing slides
are manufactured in Japan by T.HK Ltd.
They can be purchased from Bearing En­
gineers , Inc., 6009 BandiniBlvd., Los An­
geles , CA 90040; (213) 754-9660.
Contact them directlyforpricing,sh ipping,
and other information. Ask for part
number FBW50110F+1000L.

The Brevel motor, part 715-980155,can
be purchased from Johnstone Supply,
930 Wyandot, P.O.Box 4605, Denver CO
80204 ; (303) 573-5626. Contact them for
pricingand shipping. R-E

Arm construction
The arm can be built following the

plans shown in Fig . 2; detai ls for severa l
sections of that drawing are shown in Fig .
3. The upper and lower cros s-members
can be made from aluminum plate, chan­
nel, or angle extrusion . Note that channel
or angle form-factors are stro nger than
that of nat plate in resisting twisting

Turning our atte ntion to the motor, the
IS-tooth sprocket has a chain radius of
approximately 0 .5 inches . In order to lift
10 pounds , we will req uire a motor whose
shaft can deliver a torque of 0 .5 inches X

10 pounds = 5 pound inches .
We have chosen a Brevel 715-980155

gearhead 12-volt motor. The motor will be
run at 24 volts, but that is not a problem
because the motor will be subjected to a
low duty cycle . The motor has a starting
torque rating of 40 pound inches, whic h
means that it can lift 40 pound inches /0.5
inches = 40 pounds . Its runn ing torque is
rated at 13 pound inches at 40 rpm, which
means it can lift 26 pounds at a lifting
speed of (40 rev/min/60 sec/min) X 3 .75
inche s/rev = 2 .5 inches/second .

We can assume that the motor will de­
liver approximate ly twice the calc ulated
performance if we run it at 24 volts .
However, the servo circuit will limit the
current drawn by the motor to approx­
imately one ampere . That effectively lim­
its the lift torque to about 10 pounds .

DETAIL
DRIVE BLOCK

MATERIAL-AWMINUM
OR PLEXIGLASS

SECURE LADDER CHAIN
TO DRIVE BLOCK WITH

2 6-32 SCREWS

SECURE CARRIAGE PLATE
TO DRIVE PLATEWITH

10-32 SCREW

DETAI L
POTENTIOMETER

SPROCKET

10 TURN
POTENTIOMETER

small DC motor with an attached
gearhead. The motor may be rated from
12- to 36-volts DC. Using a motor rated at
12 volts will produce approximately twice
the rated output, and using one rated at 36
volts will produce approximately 113 rated
outp ut. The only prob lem with using un­
der-rated motors is heat bui ld-up . Over­
heating should not be a problem if your
applications call for a low duty cycle-the
motor is never on for long , and is off most
of the time . Assuming 3000 rpm and a
65 :I gearhead, the lifting speed will be:

(3000 rpm/60-sec /min)/65 = 0.77 rev/sec
at sprocket

We can choo se the lifting speed by select­
ing the sprocket size for the motor:

0.77 rev/sec x 10 teeth x 0.25 inch/tooth
= 1.9 inch/sec

Otherspeeds can be calculated by plug­
ging in the appropriate sprocket size. For
instance , using a IS-tooth sprocket will
give us a lifting speed of 0.77 X 15 X

0.25 = 2.9 inches-per-second , or 15teeth
X 0 .25 inches/tooth = 3.75 inches-per­
revolution .

Note that as you increase the lifting
rate , the lifting capacity (in pounds) will
be decreased . We have selected the 15­
tooth design for more load capacity.

DETAIL
MOTOR SPROCKET

'- LDWER CROSS MEMBER
Va" AWMINUM

o

-

~

-I'sr
~"t=h_____T

. ~~:~

-I 1-.25
CARRIAGE- t
PLATE "~ v." PITCH

/ LADDER
SLIDE CHAIN

CLOCK WASHER

15 TOOTH
SPRO CKET(2)

DRILL & TAP
6-32

DRILL& TAP
10-32

PARTS LIST

All resistors Y4 watt, 5%, unless other-
wise noted

R1-A7, A9-100,000 ohms
A8-220 ohms
R1(}-47 ,OOO ohms
R11-1 ohm, 1 watt
A12-10,000 ohms, 10-turn linear

potentiometer
Semiconductors
IC1- DAC0832 digitaHo-analog convert-

er
IC2-74LS138 decoder
IC3--LM324 quad op-arnp
IC4-UDN2952W motor driver
D1, D2-1N914 diode
Other components
J1~26-conductorribbon-cable connector
TS1- 5-position te rminal strip
MOT1-12-volt motor with attac hed

gearhead (se e text)
Miscellaneous: Perforated construction

board, wire. so lder, mechanicalcompo­
nents (see text), etc.

The extra 2 inches of chain travel will not
be used and gives us a margin of error ( ±
V4 tum) in the event of some misal ignment
of the potentiometer sprocket dur ing the
assembly.

The motor used to dri ve the chain is any
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FIG. 4-THE SERVO CONTROLLER positions the carriage plate without RPC supervision.
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Arm electronics
The co ntro l sys tem for the arm is

straightforwa rd . Once notified of the final
position for the carria ge plate , the system
will move the plate to that position with­
out further attention from the Robotic Per­
sonal Computer (RPC).

A schematic of the control system is
shown in Fig. 4 . After determ ining where
the carriage plate should be positioned ,
the RPC writes a position value into the ·
Digital-to-Analog Converter (DAC). The
quasi-analog servo system takes over and
begi ns slewing the motor toward the se­
lected posit ion . When the voltage fed
back from the potentiometer is equal to
the voltage output from the DAC, the sys­
tem knows that the selected position has
been reached and the motor is turned off.
All durin g that time the computer is free to
begin analyzing the next requi red motion .

con tinued Oil page 74

that position until the chain installat ion is
complete . Note that if the potentiometer is
not positioned properly the full carriage
travel will not be available; or worse, the
pote ntiomete r stops can be damaged if the
full power of the motor is applied to them .
Thread the chain over the motor and po­
tentiometer sprockets , open it , remove
enough links so that it is the co rrect
length , and reassembl e the chain . Move
the carriage all the way to the top of the
assembly and attach it to the chain via the
drive block. Be sure to thread the chain so
that it is inside the block; i.e ., closer to
the centerline.

An alterna te to closing the chain into an
endless loop is to co nnect the end s using a
spring . Doing so serves to eliminate back­
lash from chain slack and lessens the load
on the potentiometer. However, under
heavy loads, the spring may allow the
chain to become slack, allowing slippage
at the sprockets. Although usually that is
not a problem, slippage can be eliminated
entirely by not using a spring .

The liftin g tine s of the for k lift are
formed usin g 8- to lO-inch stee l L­
brackets . You wi ll probabl y need to drill
some extra holes to allow you to mount
the bracket to the carriage plate. If you
wish, you can add the holes in such a way
to allow the brackets to extend below the
slide bearings and reach the floor. Mount
the tine s to either the outer or inner row of
carriage-plate hole s to accommodate the
width of your anticipated loads .

Attach a 26-conductor ribbon cable to
the RERB US interface on the control
board , and lead the cable out throu gh the
bottom of the robot's body. Finish up by
mounting the arm assembly on the robot's
end cover using four 6-32 screws . In our
implementation , we split that end cover
into two sections to allow for easy access
to the fastenin g nuts and the electronics
package , which is mounted on the for­
ward bulkhead . .

R11
tn

1WATT

MOTOR
(SEE TEXT)

rQJ
R12

~

+ 5V

R3
lOOK

length of the tracks and overlap the motor
mount in the end position . If the carriage
plate jams, correct the problem by read­
just ing the mounting screws. Note that the
type of slide bearings used in this asse m­
bly may bind so mew ha t, parti cul arl y
when unloaded . But under load, the bear­
ings providelow friction and long operat­
ing life.

The sprockets should now be mounted
on the motor and potent iometer. They are
posit ioned with the hub outward so that
the working load is kept close to the bear­
ings. The set screws on the sprockets have
a bad habit of working loose, so seal them
after installation with nail poli sh , Loc­
tite, etc .

Chec k to be sure that the carriage clears
the sprockets and shafts of the motor and
potenti ometer. Install washers behind the
carr iage plate to move it away from the
sprockets if you have an interference prob­
lem . In some instances, you may have to
saw off the ends of the motor and potenti­
ometer shafts to achieve clearance.

Next , turn the pot entiometer full y
clockwise . Use a piece of tape to hold it in
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forces impo sed by off-cent er load s and
provide additional mounting surfaces for
future projects . Mount the motor on the
upper cross-member so that the shaft is
offset to the top, and secure it to the face of
the cross -member using 10-32 flat head
screws. The potentiom et er sho uld be
mounted at the bottom of the lower cross­
member. When mounting, use doubl e
nuts or extra washers so that the mountin g
bushing extends only Vt6-inch beyond the
mount ing nut. Installin g the motor and
potentiometer as describ ed wi ll allow for
the maximum possible travel of the linear
bearings with a minimum overhang of the
cross-members.

The cros s-members are mounted to the
back of the linear bearing tracks . Those
tracks are part of the 1000-mm linear bear­
ing assemblies, which can be purchased
from the co mpany mention ed in the
Sources box; they are also provided with
the complete arm asse mbly that was men­
tioned previously.

Next, mount the carria ge plate to the
front of the sliders with 10-32 screws . The
carriage plate should slide over the entire
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Two IG's that retain their
content's with few hassles­
and no batteries!

Non-Volatile
Memory Ie'S

ROBERT GROSSBLATT

!

FIG. 1-A FLOATING-GATEEEPROM is built on a silicon subs trate . The gates are insulated by silicon
dioxide.

SILICON SUBSTRATE

POLYSILICON
GATE # 1

Electrical erasu re
EEPROM's (Electrically Erasable Pro­

grammable Read Only Memories) ap­
peared on the market at about the same
time as EPROM 's but never became as
pop ular in the co nsumer market. Al­
though they have several major advan­
tages over EPROM's, they're more than
twice as expensive. The best way to think
of an EEPROM is as an EPROM that can
be erased in-circuit under program con­
trol. Although there are some restrictions
in e rasi ng a nd pr o gramming a n
EEPROM, the fact that it can be done at
all makes them an interesting solution to
many circuit and desig n problems.

Storage in an EEPROM is much the
same as it is in an EPROM-a charge
stored on a polysi licon floating gate.
What makes the EEPROM different is the
way charges are either moved to , or taken
from the cell. Figure I is a representation
of an EEPROM storage cell. The three
separate gates are comp letely surrounded

ond-sourcing, storage capacity, and cost­
per-bit have made EPROM 's an attractive
answer to the problem of non-volatility.
But EPROM 's still have major dr aw­
backs-they ca n only be bu lk-erased
(cells cannot be erased individually), and
erasure has to be done by narrow-band
ultra-violet light (about 2500 Angstroms).

POLYSILICON
GATE #2

IFLOATIN GGATEI

SILICON DIOXIDEFUSOLATOR

POLYSILICON
GATE #3

1

Non-volatile memory
But standby batteries are a poor sub­

stitute for real permanence . Battery life is
often an unknown variab le and even a
modem lithium cell can't be considered
absolutely reliable when the temperature
or other operating parameters are outside
predefined limits. True non-volatility in a
read/write memory first appeared in the
late 1970 's in the form of EPROM's (Eras ­
able Programmable Read Only Memo­
ries). The early IC's were hard to use ,
required several voltages, and had the nas­
ty habit of self-destruction if they weren' t
used exactly according to specifica tions.

As EPROM 's developed , they became
so reliable and easy to use that they began
replacing bipolar PROM 's as the memory
of choice. Programming simplicity, sec-

power requirements of CMOS technology
meant that non-volatility could be faked
by using a small battery to provide stand­
by power. That approach produced the
5101 , a 256 x 4 RAM that could be
toggled into a "sleep" mode, in which it
would retain data at a current drain mea­
sured in the low microamps. Modern ver­
sions of that design , such as the 6264,
have the same kind of low-power data­
retention feature , but the amount of stor­
age capac ity has been increased to 64K
bits (8K x 8).

IF YO U H A D TO SINGL E OUT O N E A REA IN

the semiconductor industry as the most
co mpetitive, it would have to be the mem­
ory market, because the advances made in
electronics invariably put increased pres­
sure on memory designers to produce IC' s
that are faster, smaller physically, have
denser storage , and are easier to use .

Unfortunately, it's a lot easier to build a
wish list than it is to build an Ie. As a
result of the market pressure, memory de­
velopment split into two separate parts,
each with different design goals . One
group aimed at increased storage capacity
while the other tackled the problem of
permanence . The result of the dichotomy
has been the production of two very dif­

·ferent kind s of memories: vola tile and
non-volatile .

By using a single-transistor storage
cell, address multiplexing, and geome­
tri es of under 2 microns , 256 K-b it
DRAM's are now so commonplace that
their price in single units is less than $3.
Unfortun ately, although DRAM's (Dy­
namic RAM 's) may be able to store a lot
of data in a small package, they ' re not the
easiest chips to use . Because only one
transistor is used for storage, data has to
be refreshed every 2 milliseconds, and
any applicatio n using DRAM's must have
refresh circuitry. Address multip lexing
may cut down the size of the package , but
it means that external gating has to be
used to properly address the Ie. And it
goes without .saying that permanent­
non- vol ati le-data reten tion is com­
pletely impossible .

Although the designers who tackled the
problem of volatility wanted to keep stor­
age capacity as large as possible , they also
wanted to make sure it was permanent as
well. The first consequence of a decision
to make non-volatility a design goal was
to co ncentrate on the developm ent of
CMOS static RAM 's. The inherent low-
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and gate 2, and the other between gate 2
and gate 3.

In order to disc harge the floating gate,
it must be held near grou nd when the
programming voltage is app lied . Since
gate I is also tied low, the electrons will
move from gate 2 to gate 3 and the nega­
tive charge will be removed from the float­
ing gate .

It takes more than the structure that we
just disc ussed to produce a worki ng
EEPROM cel l. A means must be added to
steer the charges to the floating gate , and
switc hing circuitry has to be added to let
the cell's operation be handled by external
control signals . Figure 3 shows an opera­
tiona l cell. Notice that the floating gate is
only capacitively connected to ;1. ' rest of
the circuit.

The two lines that contro l the data writ­
ten to the cell are the BIT line and the v""
line . If a low is put on the BIT line and the
programming voltage is applied to v"", QI
turns off and floats the junctio n of C3 and
C4. Since their combined capacitance is
made to be much larger than the effect ive
capac itance between gate I and gate 2, the
floating gate (2) will follow the program­
ming voltage and Fowler-Nordhe im tun­
neling will take place, causing a negat ive
charge to accumulate on the floating gate .
If the BIT line is held high when Vpp is

16,384-BIT(2K x 81
EEPRO M
ARRAY

b

a

CONTROL
LOGIC

X
BUFFERS

DECODERS
&

LATCHES

IT DE
-

MODE 10 POWERWE

L L H READ OOUT ACTIVE

L H L WRITE DIN ACTIVE

H X X STAN DBY HiZ STAN DBY

X L X STANDBY - -

X X H STANDBY - -

FIG. 4-THIS IS THE BLOCK DIAGRAM for an X2861A 2K x 8 EEPROM.

A0' TO AllJ
ADDRESS

LINES

Figure 2 shows what happens when you
write to an EEPROM cel l. If gate 3 is tied
to a large enough voltage, and gate I is
gro unded, Fowler-Nordheim tunnel ing
will take place and electrons will migrate
through the silicon-dioxide insulator from
gate 1 to gate 2 (the floating gate) , causing
it to be charged negatively. The applied
electric field causes the gates and insulat­
ing material to act as if two capacitors
were present there-one between gate I

Vpp

VSTORE VSTORE

I « f*,
I
I

POLYSILICON
ELECTRON

POLYSILICON GATE # 2
FLOW POLYSILICON GATE

GATE #3 (FLOATING GATE) GATE # 1

a

VSTORE

I
~-,

~
, ....
' ':"I,

ELECTRON
PO LYSILICON GATE FLOW POLYSILICON GATE

POLYSILICON GATE
GATE # 3 GATE #2

GATE # 1(FLOATING GATE)

b

BIT

FIG. 3-TO WRITE TO AN EEPROM the R/w line
is held low. It is held high for a read.

by silico n dioxide to make sure that
they're totally insulated from both the sil­
icon substrate and each other. Any elec ­
tron that gets caught on the floating gate
will stay trapped there until a sufficiently
large amount of energy forces it to move
th rough the si licon d ioxide . In an
EPROM , the energy comes from bom­
barding the gates with doses of ultraviolet
light. If suffic ient photo ns hit the cell, the
energy level will increase to the po int
where the trapped electro ns will be excit­
ed enough to leave the gate and migrate
through the insulator.

It's also possi ble to force electron mi­
grat ion by app lying a high elec tric field. If
the field is strong enough, the electrons
will tunnel through the silico n dioxide-a
phenomenon first describ ed by Fowler
and Nordheim in 1928 . The Fowler-Nord­
heim tunneling is the basic principle used
to store and remove charges from the iso­
lated gates in EEPROM cell.

FIG. 2-HOW AN EEPROM'S FLOATING GATEis charged is shown in a. The discharge is shown is b.
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FIG. 5-A NOVRAM CELL SCHEMATIC. Transistors 03-08 form a conventional static-RAM cell.

BIT
LINE

EEPROM-in a working circuit has to do
with speed and write cycles .

EEPROM's , j ust like EPROM 's, are
not particularly fast parts. Even the fastest
EEPROM has abo ut a IO-milli sec ond
write cycle, which is made a bit more
bearable because of the EEPROM's inter­
nal latches. A write may be slow but at
least it won' t tie up the system bus. Any
application that has to write data faster
than that will have to take some other
route for emergency data-backup. And of
course , there are only a certain number of
guaranteed write cycles over the normal
lifetime of the Ie.

Those problems are solved, at a price ,
by NOYRAM 's. Data can be written to
the static-RAM half of a NOYRAM at
much higher speeds . A typical NOYRAM
has a 300-nanosecond write time and, of
course, there are an unlimited number of
writes. After all, the front end of the
NOYRAM is ordinary static RAM, so it's
no surprise that it operates at micro ­
processor speeds .

The EEPROM part of the NOYRAM
can only be accessed in one of two ways.
The static-RAM image can be dumped to
the EEPROM with a STORE command,
and the data in the EEPROM can be load­
ed in the static RAM with a RECALL

command . A block diagra m of Xicor's

v.,BIT
LI NE

The NOVRAM
NOn-Volatile RAM's (NOYRAM's) are

also known as shadow RAM's. Their con­
struction can be understood from Fig. 5.
The EEPROM cell we desc ribed earlier is
linked to a regular static RAM cell . The
six transistors in the standard static RAM
cell, Q3-Q8, link to the two-transistor
EEPROM cell. In that way, each static
RAM cell is backed up, or shadowed , by
an EEPROM cell . The advantage of using
a NOYR AM - a s o p posed t o a n

consumpti on probl em is being solved.
Since EEPROM 's store their charges on a
floating gate that is capacitively coupled
to the rest of the chip, EEPROM's are
perfectly suited to bein g made with
CMOS technology. Xicor, and other com­
panies such as Seeq and National Semi­
conductor, are starting to deliver sample
quantities of CMOS EEPROM 's.

Since it's so easy to wr ite to an
EEPROM, they are well-suited for power­
failure protection . A small circuit can
watch the poweriine , and if the voltage
falls below a predeterm ined level an auto­
matic write is done to save system data.
The restriction as to the number of writes
would seem to be a problem , but the an­
swer ca n be found in an offshoo t of
EEPROM techn ology- NOYRAM's.

appl ied , the C 3/C4 junct ion will be
grounded, and since C3 is much larger
than the effec tive capaci tance between
gate 2 and gate 3, the float ing gate will be
held near ground as well. The electrons
will migrate from the floating gate to gate
3 and leave the float ing ga te with a
positive charge .

The process of adding and removing
e lectrons to the floating gate is never
100% efficient. As a result , each write
operation leaves the floatin g gate less able
to retain a stored charge . That is an inher­
ent characteristic of the storage mecha­
nism, and although it can be minimized, it
ca n' t be e liminated altogether. Most
EEPROM 's are guaranteed to be able to
successfully perform 10,000 write opera­
tion s without any noticeable degradation
of data storage-and that 's a lot of writes.

One voltage source
Lik e th e ear ly EPROM 's , ear ly

EEPROM 's were multi voltage compo­
nent s and needed support cir cuit ry to
work properly. Ypp (about 21 volts) had to
be generated independently, latches were
needed to hold the data and address lines
stable durin g addressing, and strict timing
was needed to read or write data. But just
as with most IC families , considerable
improvements have bee-n made. Figure 4
is a functiona l diagram of a modern
EEPROM , Xicor 's 2816A, a 2K x 8
memory that incorporates all the features
found in modern EEPROM 's.

The first thing you should notice is that
the pin configuration is the same as the
indu stry-standard pinout for the 2716
EPROM . As you would expect, the read­
cycle timing is also simil ar to the 2716, so
the 2816 is socket-compatible with the
EPROM . A more interesting comparison
is that the 2816 is both pin and socket
compatible with the 6116 2K x 8 static
RAM. Since the Xicor part only uses a 5­
volt supply, it's possible to literally re­
place a 6116 with a 2816 . The EEPROM
will use more power than the low-power
6116, but that' s not a high price to pay for
real non-volatil ity. And the amount of cur­
rent needed by the 2816 can be reduced to
50 rnA by bringing the CE line high if the
chip isn' t being used by the system.

Since the 21-volt programm ing pulse is
generated internally and a pair of latches
in the IC hold the data and address durin g
a write, the operation of the IC is essen­
tially ident ical to that of a static RAM. All
of the IC's timing is done automatically
by intern al circuitry, and the outp uts

(f) three-state whenever the chip is busy,
~ leaving the bus free for other purposes .
o You can get a better idea of how the chip
g: work s by exa mining the truth tabl e.
f3 shown in Fig . 4 .
m EEPROM's are currentl y available with
6 the same capacity found in the more popu­
~ lar EPROM's , including the I-megabit
a: (256K x 8) size . And even the power-
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FIG. 8--A NOVRAM DIP SWITCHrequires a sin­
gle decoder. NOVRAM's are availab le that can
emulate 4096 mechanica l DIP switches.

will do the same thing for an AC-powered
supply, you can detect the zero crossing
on the AC-line and feed that to a missing­
pulse detector. An easier way would be to
use the circuit in Fig. 7. Even if your
application has no use for a regulated DC
voltage you can still use it to power the
NOVRAM, and just think of the regulator
and the associated components as part of
the detection circuit.

Using NOVRAM's in place of DIP
switches eliminates a potentially noisy
and troublesome mechanical component
with an IC. As an added benefit, fewer
externa l parts are needed as well. As
shown in Fig. 8 , a single decoder (lCI ) is
all that's needed to set up a NOVRAM as
an electronic DIP. The three NOVRAM
control pins are connected to the outputs
of a 4051one-of-eight decode r set to oper­
ate in the digital mode. Using only three
of the 4051's output ports-QO, QI, Q3­
will let the system access anyone of the
switch settings stored in the NOVRAM.
Since Xicor makes NOVRAM's as large
as 512 x 8, (the X2004), you can pack
4096 separate DIP switches in a single IC;
more if you use additional IC's.

Alth ou gh EEPROM technology has
been around for more than 10years, cost,
complexity, and capaci ty have forced
them to take second place to the more
popular EPROM's . That may change in
the near future as manufacturers continue
to refine EEPROM fabrication methods
and produce new IC's whose utility, re­
liability, and versatility compensate for
the dwindling differences in cost.

Many mail order houses now stock
EEPROM's and NOVRAM 's . It's well
worth your time to get your hands on some
parts and their data sheets, and start learn­
ingjust how useful those lC's can be. R-E

NOVRAM is 4 .5 volts, the STORE has to
be triggered at a voltage level that can
guaran tee a lO-millisecond delay before
Vee drops to 4.5 volts.

The values shown in Fig. 7 assume a 5­
volt regulator being fed an unregulated 8
volts . The trip point is set to be 6.7 volts
by a 6-volt Zener diode and the 0 .7-volt
base-emitter drop in the transistor. The
filter capacitor (CI) helps slow down the
voltage drop in the event of a failure.

If you want to put together a circuit that

VUNREG
(BV)

D1
6V

Cl +
500
16V

Rl
lK

.,.. .,..
FIG.7-A DC POWERFAILUREdetector that can
be used for a NOVRAM snapshot circuit.

7 is needed because the STO RE input of
NOVRAM 's such as Xicor's 22x.x family
wants to see a negative TTL trigger pulse
at least 100-nanoseconds long. As soon as
the pulse is received, an automatic STO RE

operation transfers the static RAM image,
bit for bit, into the EEPROM . The write to
EEPROM takes 10-miliiseconds, so any
detect ion circuit that produces the STORE

pulse has to tread a fine line. If it has too
high a trip point there 's a good chance of
producing spurious pulses, and if it's set
too low there won' t be enough time for the
NOVRAM to complete the STORE. Since
the min imum op erat in g Vee for a

STORE
256 x4
STATIC 15&X-.ltROW

SELECT RAM EEPROM

ARRAY ARRAY

RECALL

I I I I
CONTROL COWMN

~ LOGIC 1/0 CIRCUITS

I I I
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INPUT
DATA COWMN
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~ ~ ! ! !
CS WE RECALL STORE 1/0 MODE
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L H H H DOUT READ

L L H H DIN HIGH WRITE AT'
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X H L H Hi-Z RECALL

H X L H Hi-Z RECALL

X H H L Hi-Z STORE
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A1

A2

A3

A4

a

FIG. 6-THE BLOCK DIAGRAM and trut h table for a X2212 NOVRAM.

b

2212, a 256 X 4 NOVRAM is shown in
Fig. 6-a; its truth table is shown in Fig.
6-b.

The larger size of a NOVRAM cell
compared to an EEPROM cell means that
NOVRAM 's will have smaller storage ca­
pacities. In addition, their cost per bit is
going to be much greater. Which one you
should use will depend on your applica­
tion . In general, EEPROM 's are better
suited for off-line work and NOVRAM 's
are fast enough to work as an on-line com­
ponent. If you plan on doing a lot of reads
with only occasional writes , EEPROM's
are your best bet; but if you have to write
data frequently you should look into
NOVRAM's . Even though it will take
more IC' s to build up to the required
memory size, they will still be more cost­
effective than a handful of regular memo­
ry IC's.

Snapshots and DIP's
Two ideal uses for a NOVRAM are for

system snapshots in the event of a power
failu re , and as repl acements for DIP
switches. The circuit shown in Fig. 7 is
one approach for the design of a power­
loss trigger device for a snapshot circuit.
It operates on DC, but can be adapted for
use with an AC-powered circuit.

A trigger device such as the one in Fig.
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Figure 2 shows how the Triac can be
triggered via a line-derived OC supply.
Capacitor CI is charged to + IO-volts OC
(via RI and 01) on each positive half­
cycle of the line . The charge on CI is what
triggers the Triac when SI is closed . Note
that all parts of the circuit are "live," and
that makes it difficult to interface to exter­
nal control circuitry.

Figure 3 shows how to modify the pre­
vious circuit so that it can interface with
external control circuitry. Switch SI is
simply replaced by transistor Q2, which
in turn is driven from the photo-transistor
portion of an inexpensive optocoupler.
The LEO portion of the optocoupler is
driven from a 5-volt OC source via R4.
Opto-couplers have typical insulation po­
tentials of several thousand volts, so the
external circuit is always fully isolated
from the line.

Figure 4 shows an interesting variation
of the previous circuit. Here the Triac is
AC-triggered on each half-cycle via CI,
RI, and back-to-back Zeners 05 and 06.
Note that CI's impedance determines the
magnitude of the Triac's gate current.

The bridge rectifier composed of
01-04 is wired across the 051D6/R2 net­
work and is loaded by QI. When QI is off,
the bridge is effectively open, so the Triac
turns on shortly after the start of each half­
cycle . However, when Q2 is on, a near­
short appears across 051D6/R2, thereby

R4
470n
A"':&,
Vrl

R3
5·VOlT lOOIl
DIGITAL 111INPUT VAC

C2
.I

200V

5·VOLT {.
DIGITAL
INPUT -=:::I----t!

FIG4-QPTICALLY ISOLATED AC power switch, AC tr iggered.

FIG3-OPTICALLY ISOLATED AC power switch, DC triggered.

initial current surge generated during
turn-on at a non-zero point of the AC
cycle can generate significant RFI. Triac
turn-off is automatically synchronized to
the zero-crossing point, because the de­
vice's main-terminal current falls below
the minimum -holding value at the end of
each half-cycle .

Figures 1-8 show a variety of
asynchronous Triac power-switching cir­
cuits . In Fig. I, the Triac is gated on
(whenever SI is closed) via the load and
RI shortly after the start of each half-cy­
cle; the Triac remains off when SI is open.
Note that the trigger point is not line­
synchronized when SI is closed initially;
however, synchronization is maintained
on all subsequent half-cycles .

SI
POWER

Rl
lOon

TRI

R4 117
lOOIl VAC

C2
D2 .1
10V 200V

111
VAC

Asynchronous designs
As explained last time, a Triac may be

triggered (turned on) either syn­
chronously or asynchronously. A syn­
chronous circuit always turns on at the
same point in each half-cycle, usually just
after the zero-crossing point , in order to
minimize RFI. An asynchronous circuit
does not turn on at a fixed point , and the

LAST TIME WE DISCUSSED BASIC SCR AND

Triac theory, paying particular attention to
the principles of synchronous and
asynchronous triggering . (See Radio­
Electronics, September 1987.) This time
we'll present a number of practical cir­
cuits for which the user need only select
an SCR or Triac having suitable voltage
and current ratings . Let's start off by look­
ing at several Triac circuits that can be
used to control some line-voltage­
powered devices .

Twenty-eight practical SCR and Triac circuits.

RAY MARSTON

FIG 2-AC POWER SWITCH, DC triggered.

WORKING WITH
TRIACS AND SCR's

FIG 1-AC POWER SWITCH, AC triggered.
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2N3906

R4
10K

current when 5 I is closed and Q4 is off.
The action of the zero-crossing detec tor is
such that either Q2 or Q3 turns on when­
ever the instantaneou s Iine voltage is
positive or negative by more than a few
volts, depending on the setting of R8. In
either case , Q4 turns on via R3 and there­
by inhibits Q5. The circuit thus produces
minim al RFI .

Figure 10 shows how to modify the pre­
vious circuit so that the Triac can only
turn on when 5 I is open. In both circuits
note that , because only a narrow pulse of
gate current is sent to the Triac, average
consumption of DC current is very low
(one milliampere or so). Also note that 5 I
can be replaced by an electronic switch, to
give automatic opera tion via heat , light ,
time , etc . , or by an optocoupler, to
provide full isolation .

A number of specia l-purpose sy n­
chronous zero-crossover Triac-gating IC' s
are available, the best-know examples
bein g the CA3 059 and the TDAI024.
Both devices incorporate line-derived DC
power-supply circuitry, a zero -crossing
detector, Triac gate-drive circuitry, and a
high- gain differentia l amp lifie r/gating
network .

Figure 11 shows the internal circuitry of
the CA3059 , togeth er with its minimal
external connections. AC line power is
applied to pin 5 via a limiting resistor

r-- - --.._- - - ---...- .... + 15V

G2
.1

200V

R5
lOOn

R5
lOOn

117
VAG

117
VAG

FIG 8-ISOLATED-INPUT AC power switch. The Triac turns on when S1 is open .

FIG 7-TRANSFORMER-COUPLED AC power switch. The Triac turns on when S1 is closed.

Synchronous designs
Figures 9-1 8 show a number of power­

switching circuits that use synchronous
triggering .

Figure 9 shows the circuit of a syn­
chronous line switch that is triggered near
the zero-voltage cros sover point s. The
Triac 's gate-trigger current is obtained
from a IO-volt DC supply that is derived
from the network composed of RI , 01 ,
0 2 , and CI . That supply is delivered to
the gate via QI , which in turn is controll ed
by 5 I and the zero-crossing detector com­
posed of Q2 , Q3 , and Q4 .

Transistor Q5 can only conduct gate

TO Sl {
IN FIG.5

inhibiting the Triac 's gate circuit , so it
remains off.

Figures 5 and 6 show several ways of
triggering the Triac via a transformer-de­
rived DC supply and a transistor-aided
switch. In the Fig . 5 circuit , QI and the
Triac are both turned on when 5 I is
closed , and off when it is open. In prac­
tice , of course, 5 I could be replaced by an
electronic switch , enabling the Triac to be
operated by heat, light , sound, time , etc .
Note , however, that the whole of the Fig . 5
circuit is " live." Figure 6 shows how to
modify the circuit so that is is suitable for
use with an optocoupler.

To complete this section, Figures 7 and
8 show several ways of triggering a Triac
from a fully isolated external circuit. In
both circ uits , triggering is obtained from
an oscillator bu ilt aro und unijunction
transistor QI. The UJT operates at a fre­
quency of several kHz and feeds its output
pulses to the Triac' s gate via pulse trans­
former TI , which provides the desired iso­
lation. Also in both circuits, 5 1can easi ly
be replaced by an electronic switch.

In the Fig . 7 circ uit , Q2 is wired in
series with the UJT's main timing resistor,
so the UJT and the Triac will turn on only
when 5 I is closed . In the Fig . 8 circuit , Q2
is wired in parallel with the UJT' s main
timing capacitor, so the UJT and the Triac
turn on only when 5 I is open .

~
5-VOLT
DIGITAL
INPUT

FIG 6-TRIGGER THE PREVIOUS CIRCUIT with
an optocoupler.

FIG 5-AC POWER SWITCH with transistor- aided DC triggering.



circuitry. It also provides adequate drive
to the gate of the Triac , and a few rnA of
current are available for powering external
circuitry.

Bridge rectifier D3-D6 and transistor
QI function as a zero-crossing detector,
with Q I being driven to saturation when­
ever the pin-5 voltage exceeds - 3Y. Gate
drive to an external Triac can be provided
(via pin 4) from the emitter of the Q8/Q9
Darlington pair; that current is available
only when Q7 is off. When Q I is on (i. e.,
the voltage at pin 5 exceeds -3V), Q6
turns off through lack of base drive, so Q7
is driven to saturation via R7, so no cur­
rent is available at pin 4.

The overall effect is that gate drive is
available only when pin 5 is close to zero
volts. When gate drive is available, it is
delivered as a narrow pulse centered on
the crossover point; the gate-drive current
is supplied via Cl.

The CA3059 incorporates several tran­
sistors (Q2-Q5) that may be configured as
a differential amplifier or a voltage com­
parator. Resistors R4 and R5 are exter­
nally available for biasing the amplifier.
Q4's emitter current flows via the base of
Ql; the configuration is such that gate
drive can be disabled by making pin 9
positive relative to pin 13. The drive can
also be disabled by connecting external
signals to pin I, pin 14, or both .

Fig ures 12 an d 13 show how the
CA3059 can provide manually-controlled
zero-voltage on/off Triac switching. Each
circuit uses a switch (S I) to enable and
disable the Triac 's gate drive via the IC' s
differential amplifier. In the Fig. 12 cir­
cuit, pin 9 is biased at Vcc12and pin 13 is
biased via R2, R3, and Sl. The Triac turns
on only when Sl is closed .

In Fig. 13, pin 13 is biased at Vcc/2 and
pin 9 is biased via R2, R3, and Sl. Again,
the Triac turns on only when SI is closed .
In both circui ts, SI handles maximums of
6 volts and 1 rnA. In both circuit s C2 is
used to apply a slight phase delay to pin 5
(the zero-voltage detecting terminal); that
delay causes gate pulses to be delivered
after the zero-voltage point , rather than
straddl ing it.

Note that, in the Fig. 13 circuit, the
Triac can be turned on by pulling R3 low,
and that it can be turned off by letting that
resistor float. The circuits shown in Fig.
14 and Fig. 15 illustrate how that ability
can increase the versatility of the basic
circuit. In Fig. 14, the Triac can be turned
on and off by transistor QI, which in turn
can be activated by any low-voltage cir­
cuit, even CMOS devices. And Fig. 15
shows how to use the circuit with an op­
tocoupler.

Figure 16 shows how the Signet ics
TDAlO24 can be used in a similar circuit
to provide optically coupled zero-voltage
Triac control.

To complete this section, Fig. 17 and
Fig. 18 show several ways of using the
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external capacitor Cl. That capacitor
stores 'enoug h energy to drive all internal
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FIG 11-THE CA3059'S internal circuit and necessary external components.

(Rs), which should have a value of 12K at
5W for 117-volt use . Diodes DI and D2
function as back-to-back zeners that limit
the potential on pin 5 to ± 8 volts. On

FIG 1Q-ALTERNATE synchronous line switch. The Triac turns on when Sl is open .

FIG 9-ZERO-CROSSING synchronous li ne switch. The Triac turns on when 51 is closed.
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methods of heater contro l can be used:
automatic on/off power swi tching, or
fully automatic proportiona l power con­
trol. In the former case, the heater turns
fully on when room temperature falls be­
Iow a preset level , and it turns fully off
when the temperature rises above that
level.

In proportional power control , the aver­
age power delivered to the heater is auto­
matica lly adjusted so that, when room
temperat ure is at the preset level , the heat­
er's output power self-adjusts to precisely
balance the therma l losses of the room .

R4
PHOTOCEll

R2
2.2K

R4
PHOTOCEll

FIG17-DARK-ACTIVATED zero-voltage switch.

Electric-heater controllers.
A Triac can easi ly be used to provide

automatic room-temperature control by
using an electric heater as the Triac 's load ,
and either thermostats or thermistors as
the thermal feedback elements. Two

FIG 18-DARK-ACTIVATED zero-voltage switch
with hysteresis.
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FIG 16-0 PTlCALLY COUPLED TDA1024-based zero-voltage switch .

FIG 15-0PTICALLY COUPLED CA3059 switch.

R3
4.7K

R2
10K

13 voltage exceeds that at pin 9, and the
Triac is enabled. The circuit's switching
point is set with R3.

Figure 18 shows how a degree of hys­
teresis or "backlash" can be added to the
previous circuit. Doing so prevents the
Triac from switching in response to small
changes (pass ing shadows, etc .) in am­
bient light level.

R1
10K
2W

__. E__-4-__.-.__---I

4

R3
10K

+

R2
10K

C1
100...F

15V

R4
47K

FIG 14-TRANS ISTOR·CONTROLLED CA3059
switch.

lOW­
VOLTAGE

INPUT

R3
4.7K

CA3059 so that the Triac operates as a
light-sensitive dark-operated power
switch. In both des igns the IC's built-in
differential amplifier is used as a precision
voltage comparator that turns the Triac on
or off when one of the comparator input
'voltages goes above or below the other
comparator input voltage .

Figure 17 is the circui t of a simple dark­
activated power switch. Here, pin 9 is tied
to Vcc/2 and pin 13 is controlled via the
R2-R5 resistive string. In bright light,
photocell R4 has low resistance, so the
voltage at pin 9 exceeds that at pin 13, and
the Triac is disab led. In darkness, the
photocell has a high resistance, so the pin

FIG 13-ALTERNATE CA3059 zero-voltage
switch.

FIG 12-ZERO-VOLTAGE line switch built from the CA3059.



TAKE ANY ONE OF THESE HANDBOOKS
- when you join the ELECTRONICS AND

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

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

047/790

Pubiisbers Price $89.50
TELEVISION ENGINEERING
HANDBOOK
Edited by K. B. Benson
• 1,478 pages, 1,091 illustrations
• packed with all the technical information

today'sengineer needs todesign, operate,
andmaintain every type oftelevision
equipment

• extensive coverage ofreceivers, broadcast
equipment, video tape recording, video
discrecording, andthelatest
technological advances

• provides television system andindustry
standards fortheu.s. andother countries

• the most comprehensive book on the
subject oftelevision engineering

287/35X

Publishers Price $64.50
STANDARD HANDBOOK OF
ENGINEERING CALCUlATIONS,
Second Edition
ByT. G. Hicks
• 1,468 pages, 793 illustrations, 499tables
• puts more than 1,100 specific calculation

procedures at your fingertips
• every calculation procedure gives the

exact, numbered steps to follow fora
quick, accurate solution

• virtually allprocedures canbe easily
programmed onyour PC or calculator

• uses USCS andSI units in allcalculation
procedures

322/910

Publisbers Price $110.00
ANTENNA ENGINEERING
HANDBOOK, Second Edition
Edited by R. C. Johnson and H. jasik
• 1,408 pages, 946 illustrations
• covers alltypes ofantennas currently in

use with a separate chapter devoted
to each .

• provides detailed dataon physical
fundamentals, operating principles, design
techniques, andperformance data

• up-to-the-minute information onantenna
applications

• a must for those involved in any phase of
antenna engineering

68

a:
UJ
co
~oo



FOR ONLY $14.95-VALUES UP TO $110.00
CONTROL ENGINEERS' BOOK CLUB®

Publisher's Price $82,50
MODERN ELECIRONIC CIRCUITS
REFERENCE MANUAL
ByJ. T. Markus
• 1,264 pages, 3,666 circuit diagrams
• a handy, desktop reference with 103

chapters organized by"family" grouping
• filledwith predesigned and use-tested

circuitsto save you production time and
money

• includesconcise summaries ofall the
recentapplications notes, journalarticles,
and reports on each circuit, efficiently
organized and indexedfor the practicing
engineer

Publisher's Price $89.00
ELECIRONICS ENGINEERS'
HANDBOOK, SecondEdition
By D. G. Fink and D. Christiansen
• 2,272 pages, 2,189 illustrations
• unrivaled for its completeness, authority,

reliabilityand timeliness
• 80% new or extensively revised
• preparedbya staff of173 expert

contributors
• brings you more than 2,000 formulas and

equations
• has over 2,500 bibliographicentries

4 reasons
to join today!
1. Best and newest books from ALL pub­
lishers! Books areselected from a wide range of
publishers byexpert editorsandconsultants togive
you continuingaccess to thebest and latest books
inyour field.
2. Bigsavings! Build your libraryandsave money,
too! Savings range up to 40% off publishers' list
prices.
3. Bonus books! You will immediatelybegin to
participateinour Bonus Book Planthatallowsyou
savings up to 70% off the publishers' prices of
manyprofessional and general interest books!
4. Convenience! 14-16 times a year (about once
every 3-4 weeks) you receive the Club Bulletin
FREE. It fully describes the Main Selection and
alternate selections. A dated Reply Card is in­
cluded. If you want theMainSelection, you simply
donothing- itwillbeshipped automatically. Ifyou
want an alternate selection - or nobook at all­
you simplyindicate it on the ReplyCard and return
it by the date specified. You will have at least 10
days to decide. If, because of late delivery of the
Bulletin you receive a Main Selection you do not
want, you may return it for credit at the Club's
expense.
Asa Clubmember you agree only to thepurchase
ofthree additional books duringyour first year of
membership. Membershipmaybe discontinuedby
either you or the Club at any time after you have
purchasedthe three additionalbooks.

FORFASTER SERVICE INENROLLING CALL TOLL FREE 1-800-2-MCGRAW

Name _

Signature _

Address/Apt. # _

I wish to orderthe followingbook:

D ANTENNA ENGINEERING HANDBOOK (3221910)

D MoDERN ELECTRONIC CIRCUITS REFERENCE MANUAL (404/461)

D ELECTRONICS ENGINEERS' HANDBOOK(209/812)

D TELEVISIONENGINEERING HANDBOOK (0471790)

D STANDARD HANDBOOK OF ENGINEERINGCALCULATIONS (287/35X)
:D
»
o
6
m
r
mo
-i
:D
o
Z
o
Ul

71

Please enroll me as a member of the Electronics and
Control Engineers' Book ClubQl and send me the book I
hare chosen foronly $14.95, plus localtax, postage, and
handling. I agree to purchase a minimum of three
additionalbooks during my first year as outlined under
the Club plan described in this ad. Membershipin the
club in cancellable by me or McGraw-Hill any time after
h I b k h h fu1fi1l Cily/StalelZip .....,-:-:-::---:::::-::::-----:--;-__.....,---:--,-_-,-__---:-,--_.....,-;----::-:--
t e t tree 00 pure aserequirement as been ed.A This ordersubjecno acceptancebyMcGnw-Hill. Offergoodonlytonewmembers. Foreignmember acceptancesubiectto specialconditions.
shippingand handling charge is added to allshipments. This offer expiresJuly I, 1987. E33894

~--------------- ---------------------------------~

r------------------------------------------------~McGraw-Hill BookClubs
Electronics and ControlEngineers' BookClubili'
11 West 19th Street
4th floor
New York, NY 10011



gated in the + I mode only, and the heater
operates at half maximum power drive.
The circuit thus provides fine temperature
control .

Synchronous circuits
Figure 21 shows how a CA3059 can be

used to build a synchronous thermistor­
regulated electr ic-heater controller. The
circuit is similar to that of the dark-acti­
vated power switc h of Fig. 17, except that
the thermistor (R3) is used as the sensing
element. The circuit is capable of main­
taining room temperature within a degree
or so of the value set by R2.

To complete our discussion of heater
controllers , Fig . 22 shows the circuit of a
proportional heater controller that is capa­
ble of maintaining roo m temperature
within 0 .5°C. In that circuit a thermistor­
controlled voltage is applied to the pin-13
side of the CA3059's comp arator, and a
repetitive 300-mS ramp signal, centered
on Vce/2, is applied to the pin-9 side of
the compara tor from astable multi vibrator
ICI.

The action of the circuit is such that the
Triac is synchronously turned fully on if
the ambient temperature is more than a
couple of degrees below the preset level,
or is cut fully off if the temperature is
more than a couple of degrees above the
preset level. When the temperature is
within a couple of degrees of the preset
value, however, the ramp waveform
comes into effec t and synchronously turns
the Triac on and off once every 300 mS,
with a Mark/Space (MIS) ratio that is pro­
portional to the temperature differential.

For example, if the MIS ratio is I:I , the
heater genera tes only half of maximum

117
VAC

117
VAC

C2
.1

200V

C2
.1

200V

The Fig. 20 circuit, on the other hand ,
is co ntrolled by Negative Temp erature
Coefficeint (NTC) thermi stor R7 and
transistors QI and Q2 . The network com­
posed of R2 , R3, R6 , and R7 is used as a
therm al bridge, and Q2 acts as the bridge­
balance detector. Potentiometer R6 is ad­
justed so that Q2 just starts to turn on as
the tempera ture falls to the desired level.
Below that level , Q2, Q3, and the Triac
are all fully on; above that level all three
components are cut off.

Because the gate-drive polarity is al-

Rl
G811
1W

+ C1
IOOOV-F

12V

D1
lN4OO1

R3
THERMISTOR

T1
G.3V

II

FIG 20--THERMISTOR-SWITCHED heater controller.

FIG 19-THERMOSTAT-SWITCHED heater controller.

FIG 23-SIMPLE LAMP DIMMER.
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DIM
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Cl
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50V

117
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+ C1
lOOv-F

15V

ways posi tive, but the Triac 's main-termi­
nal current alterna tes, the Triac is gated
alternately in the + I and + III quadra nts,
and gate sensitivity varies treme ndous ly
between them . (See our discussion of gate
sensitivity in the Sep tember issue.) Con­
sequently, when the temperature is well
below the preset level, QI is driven fully
on. Therefore, the Triac is gated on in
both quadrants , so it provides full power
to the heater. However, when the tem­
perature is very close to the preset value,
Q l is driven on "gently," so the Triac is

FIG 22-HEATER CONTROLLER with precision temperature requlation,

Because of the high power req uire­
ments of an electric heater, the circuit
must be carefully designed to minimize
RFI generation. The designer's two main
options are to use either continuous DC
gating or synchronous pulsed gating . The
advantage of DC gating is that , in basic
onloff switching applications , the Triac
ge nerates zero RFI under normal runn ing
conditions; the disadvantage is that the
Triac may genera te very powerful RFI as it
is turned on. The adva ntage of sy n­
chronous gati ng is that no high-level RFI
is genera ted as the Triac turns on; the
disadvantage is that the Triac genera tes
continuous low-level RFI under normal
running conditions.

Figures 19 and 20 show several DC­
gated heater-controller circuits. In both
cases the DC supply is derived via TI , DI ,
and C I, and the heater can be controlled
either manuall y or automatically via SI.
The Fig. 19 circuit is turned on and off by
the thermostat , depending on its tem­
perature .

FIG 21-HEATER CONTROLLER with ther­
mistor-regulated zero-voltage switching.
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If the lamp is dimmed by increasing the
R2 's value almost to maximum, the lamp
will not go on aga in until R2 is reduced to
about 80% of the former, at which it burns
at a fairly high brightness level. Backlash
is caused because the Oiac partially dis­
cha rges CI each time the Triac fires.

Backlash can be reduced by wiring a
47-ohm resistor in series with the Diac , to
reduce its effect on CI. An even better
solution is to use the gate-slaving circuit
shown in Fig . 24 , in which the Diac is
triggere d from C2, which " copies" C I's
phase-delay voltage, but provides dis­
charge isolation through R3.

If back las h must be elimi nated al ­
together, the UJT-triggere d circuit shown
in Fig. 25 can be used . The UJT (Q I) is
powered from a 12-volt DC supp ly built
around Zener diode 02. The UJT is line­
synchronized by the Q2-Q3 -Q4 zero ­
crossing detector network, in which Q4 is
turned on (thereby applying power to the
UJT) at all times other than when line
voltage is close to zero.

So , shortly after the start of each half­
cycle, power is applie d to the UJT circui t
via Q4 , and some later time (which is
determi ned by R5, R8, and C2), a trigger
pulse is applied to the Triac 's gate via the
UJT.

Figure 26 shows how a dedicated IC ,
the Siemens S566B " To uc h Di m ­
mer," can be used to build a smart lamp
dimmer that can be controlled by several
devices simultaneously: a touch pad , a
pushbutton switch, or an infrared link.

continued on page 74

FIG 28-SELF-REGULATING UNIVERSAL­
MOTOR heavy-duty speed controller.

FIG 27-UNIVERSAL·MOTOR light-duty speed
controller.

01
IN4004

are: (I ) Diac plus RC phase-de lay net­
work ; (2) line-synchronized variab le-de­
lay UJT trigger; (3) special-purpose IC as
the Triac trigger.

Figure 23 shows the circui t of a Diac­
triggered lamp dimmer. A defect of that
type of design is that it suffers from con­
siderable control hysteresis or backlash .

Lamp-dimmer ci rcuits
A Triac can be used to make a lamp

dimmer by using the phase-tr iggered
power-control principles discussed last
time . In that type of circuit, the Triac is
turned on and off once in each line half­
cycle, its MIS ratio contro lling the mean
power fed to the lamp. All circuits of that
type require the use of a simple LC filter in
the lamp's feed line to eliminate RFI.

The three most popu lar methods of ob­
taining variab le phase -de lay triggering
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power, and if the mark/space ratio is 1:3 it
generates only one quarter of maximum
power. The net effect is that the heate r
does not switch fully off, but generates
just enoug h output power to match the
thermal losses of the room precisely. As a
result, the circuit provides very precise
temperature contro l.

~
LOW·

INPUT VOLTAGE

R7
lOon

FIG 26-SMART LAMP DIMMER controlled by a Siemens S566B.

FIG 25-UJT-TRIGGERED zero-backlash lamp dimmer.

----.....------------------A1-------.

3.3K
2W

FIG 24-IMPROVED LAMP DIMMER with gate
slaving.
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WORKINC WITH TRIACS

continued from page 73

The IC, which provides a phase-delayed
trigger output to the Triac, provides both
on/off and proportional output control.

To do so, the S566B incorporates con­
ditioning circuitry that recognizes a brief
input as a "change stage" command. In
addition , a sustained input causes the IC
to go into the ramp mode, in which lamp
power slowly increases from 3% to 97%
of maximum. After reaching maximum, it
ramp s downward to a minimum of 3%,
and then again reverses.

TIle touch pad used with the circ uit may
be simple strips of conductive materia l;
the operator is safely insulated from the
line voltage via R8 and R9.

Unive rsal motor controllers
Domestic appliances are usually

powered by a series-wound universa l
electric motor, so-called becau se they can
operate from either AC or DC power. In
operation , that type of motor produces a
back EMF that is proportional to the
motor's speed . The effective voltage ap­
plied to that type of motor is equal to the
applied voltage minus the back EMF. That
results in some self-regulation of motor
speed, becau se an increase in motor load­
ing tends to reduce speed and back EMF,
thereby increasing the effective applied
voltage and causing motor speed to try to
increase to its original value .

Most universal moto rs are desig ned to
provide single-speed operation . A Triac­
based phase-control circu it can easi ly be
used to provide that type of moto r with
fully-variable speed control. A suitable
circu it is shown in Fig 27.

That circuit is useful for contro lling
lightl y-loaded appliances (food mixers,
sewing machine s, etc.). However, heavy­
duty tools (electric drills and sanders, for
examp le) are subject to heavy load varia­
tions, and therefore require a circuit like
the one in Fig . 28 .

An SCR is used in that circu it as the
control element; it feeds half-wave power
to the motor, which results in a 20% or so
reduction in available speed and power.
However, durin g the half-cycles when the
motor is off, its back EMF is sensed by the
SCR and is used to adju st the next gating
pulse automatica lly.

The network composed ofRI , R2 , and
DI provide s only 90° of phase adjustment ,
so all motor power pulses have a mini­
mum duration of 90° and provide very
high torque . At low speeds the circuit
goes into a "skip-cycl ing " mode, in
whic h power pulses are provided intermit­
tent ly, to suit motor- loadi ng conditions .
The result is that the circu it provides par­
ticularly high torque under low-speed
conditions . R-E

R..E ROBOT

continued f rom page 59

Even if the motor encounters resistance, it
will continue to move in the necessary
direction until the voltage outputs from
the potentiometer and the DAC are equal.
Later on, if the carriage plate encounters
enough resistance to move it away from
the selected position , in either position ,
the drive circuit will return the carriage
plate to the selected position as soon as it
is able to, without further action by the
computer.

The circu it we used to accomplish all
that is surprisingly simple. As shown in
Fig. 4, a DAC0832 DAC configured in the
voltage mode is used to output the desired

. ana log position . One sectio n of an
LM324 quad op-amp buffer s the output of
the DAC, while another multiples a 2.5­
volt reference voltage by two , resulting in
a 0- to 5-volt output range . Two other
sections of the LM324 are used to com­
pare the output of the DAC to the output of
the position-sensing potentiometer ; the
output of the potentiometer correspond s
to the actual position of the carriage plate.
When the voltage from the potentiometer
is exactly equal to the output from the
DAC, but opposite in sign, with respect to
the 2.5-volt reference, the circuit shuts
down the motor. A small dead band is
introduced into the comparator circuit to
insure that the motor is not forced to oscil ­
late about its target position. A single
74LSI38 address decoder is used to en­
able and disab le the circuit.

The entire control circuit, minu s of
course, the potentiometer and the motor,
can be mounted on a small (2 x 2.5
inches) piece of perforated construction
board; the layout is not critical . When
finished, the circ uit board can be mounted
near the potentiometer using double­
sided foam tape or standoffs.

Software
Note that the use of a 15-tooth sprocket

results in more chain travel in 10 turns of
the potentiometer than the linear ball ­
bearing slide can achieve. That means that
it is possible to program positions that are
beyond the travel limit s of the carriage
plate . If that is done, the motor will con­
tinue to tum after the ball-bearin g slide
has hit a stop. Therefore , the values for the
limit s of travel must be determined experi­
mentally, and the software set up to dis­
allow values greater than those limits.

The RERBUS interface that is used to
communicate with the arm electronics is
contro lled by two digital ports so that all
timing prob lems vanish. We must write
the data to one port and use the other port
to set up our addre ss and control signal.
We will create two Forth words to do that:
XPC @ and XPC!

:XPC@ (address - data )
DUP ( save copy of address)
80 OR ( set WRITE high )
BF AND ( set READ low - active )
130 PC@ ( get the data from 130 )
SWAP ( get the old address)
COOR 140 PC! ; ( both strobes high )

:XPC! (data address -)
SWAP 130 PC! ( write data to port )
DUP ( save a copy of addr )
40 OR ( set READ strobe high )
7F AND ( set WRITE strobe low )
140 PC! ( write addr and cntrl )
CO AND 140 PC! ; ( both strobes
high)

Those two words are direct analogies of
the Forth words PC@ and PC!, which
fetch and store bytes to ordinary ports .

Notes
The mechanical aspects of the arm are

easily modified to suit your needs . If you
wish to do so, here are some design fac­
tors to keep in mind . When considerin g
whether to increase the arm 's lifting ca­
pacity, remember that the capacity must
be consistent with the design of the robot.
It's pointl ess to design an arm that lifts 100
pound s with ease if lifting such a weight
will cause the robot to topple forward .

The steel ladder chain is rated at 90
pounds yield strength. Allowing for a
50% safety factor (highly recommended)
means that you can use the ladder chain to
lift to about 45 pound s. If your require­
ment s call for loads that are greater than
that , you will have to use a different style
of chain (for example , riveted Y4-inch
roller chain).

The motor and gearhead are the govern­
ing factors for lifting capacity and speed .
The lift motor should draw no more than 3
amps, the rating of the connecting ribbon
cable. Use of a worm-gear style gearhead
would improve the design because then
the load could not back drive the motor.

The orientation of the linear ball-bear­
ing slides deserves some consideration .
Building the lift assembly is easiest when
the slides are oriented as descr ibed in this
article . However, greater loading capacity
would be achieved if the slides were
mounted on aluminum angle and rotated
90°. That would allow the use of less cost­
1y FBW 3590N F series linear bearings in­
stead of the FBW501 IOFseries specified .
While the FBW3590NF series is onl y
available in 800-mm maximum length s,
several sections could be joined together
to yield any overall length des ired.

The Brevel motor spec ified comes with
mounting holes for a shaft encoder. That
means that we could use the same position
sensing scheme as the main motor (shaft
encoder and quadrature decoding). That
would allow for greater accuracy when
position ing the carriage plate. See Part 7
in the July 1987 issue of Radio-Elec­
tronics for more information. R-E
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Mode l 383, complete with test lead set, 4' J-type temperature sensor probe,
9 V a lka l in~ battery and operator 's manual, Cat. No. 12415 . $195.00
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The polit ics of OAT
Digital audio tape is an exc iting tech­

nology. But not everyone is excited about
it. The recording indus try is terrified that
if co nsume rs have acce ss to digital recor d­
ing , sa les of all pre-recorded material will
be hurt.

The record ing industry wants to incor­
porate an anti-co py syste m that cuts a
no tch in all pre-recorded softwa re­
tapes , CD's, LP's etc.-that would be
recogn ized by a OAT record er, shutting
the record er down .

The hardware manufacturers point out ,
however, that past events don't lead to the

853 Dundee Avenue, Elgin, Illinois 60120-3090
(312) 697-2260. Telex 72-2416 • Cable SIMELCO

SIMPSON ELECTRIC COMPANY

IHSUU M IN TS 1H Al n A., ACCU I AI(

Simpson Model 383
DigitalTemperatureTester

Does It All!

• Dual Inp uts - measure two temperat ure sources, switch-selectable
• Diff erential and Normal Temperat ure Modes - automatically read the differe nce

between two temperatures or each separately . Provides for accurate relative
temperature determinations. Ideal for heating and air conditioning service and
environmental monitori ng

• DC Millivolt Rang e - quick check of thermocoup les, flame rods and other sensors
• Chart Recorder Outpu t - provides 1 mV DC per degree F or C output with low

source resistance for recording/controlling applications
• Four Ranges: - 30°F to +200°F and + 200°F to + 1200°F

- 34°C to + 93 °C and + 93°C to + 650°C
• High Accuracy - 0.2% of reading + 1°C (1.8° F), from OaF to + 1000 °F
• Swi tch·Selectable Centigrade or Fahrenheit Readout
• Large, High·Contrast , 0.5 " Liquid Crystal Display
• Singl e 9 Vol t Al kaline Battery
• Humidi ty Kit, Dis posa ble Thermocou ples and Other Ac cessories Availa ble

bits . The lO-bit mod ulation help s the OAT
record er keep better track of tim ing infor­
mation . Of course for playback , the pro­
cess is reversed by the 10-to-8 modul ator.

The subcode generator and detector are
used to de code the subco de cha nne l ,
which is a low-capacity channel that can
be used for storing information ranging
from track length to perhaps a tran scr ipt
of the information on the tape. The sub­
code s can also be used to cont rol some of
the OAT deck's functions . For exa mple,
some deck s may allow you to program
repeat-wick funct ion s, or auto-shuto ff
after a certain numb er of plays , etc .

continued f rom page 47

DIGITAL AUDIO TAPE

from adjacent tracks is eliminated by re­
versing the azimuth on each head .

Each track contains 196 blocks of dat a ,
with eac h block co nta ining 288 bit s .
There are three types of data stored on the
tape: I) The music sig nal that is digitally
coded using PCM . 2) Subcodes , which
provide various information abo ut the
tape in the playback mode . 3) An Auto­
matic Track Finder (ATF) signal.

The largest gro up of blocks is con­
tain ed in the PCM area . The struc ture of a
PCM block is show n in Fig . 5-b . Along
with the PCM music signal, each block
contains a synchronizing signal, a code
that identifi es it as a PCM bloc k, a block
address, and pari ty inform ation .

The structure of the sub-co de blocks is
similar. The main difference between the
two blocks is the identity data . The sub­
cod es are used main ly for the convenience
of the user durin g playback. They can
co ntain such information as the tape' s ta­
ble of co ntents, including the location of
eac h selection. They ca n be used to desig­
nate the beginn ing of a selec tion, or they
can instru ct the machin e to skip over areas
of a tape .

Along wit h music and subcode signals
is an Automatic Track Finder (ATF) sig­
nal that help s the head acc ura tely trace
recorded tracks in the playback mode . It
controls the head-to-tape positioning, and
thus eliminates the need for a control head
and a tracking-adju stment knob such as
those found on VCR 's.

The other overhead- margi n, PLL,­
help the OAT player kee p track of where it
is . The subcodes ca n provide info such as
the selection 's inde x number, length, etc .
They facilitate such tape -deck features as
direct-tune se lection, track repeat , length
of selectio n, etc .

Now let 's see how all that information
gets onto the tape . As the block diagram
in Fig. 6 shows, the analog signal to be
recorded is first dig itized . In the next step,
the overhead is added-all the codes that
are needed to keep track of the data flow in
the playback mode . The order that the
data are placed on the tape is interestin g.
The data are interleaved. In other word s,
the position of the left -chann el and right­
channel information are alterna ted on ad­
jacent tracks . That is very important for
error correc tion. We won' t discuss error
correctio n in detai l, except to point out
that since the data rate of OAT is about 2.4
megabit s per second, you ca n be sure that
some of the data will be in error-either
from manu facturing defects , di rt , or any
numb er of reasons. Error correction al­
lows many of the errors to be inaudible
durin g playback.

After the interleave block does its job ,
the data are converted from 8 bits to 10
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PA NA SONI C CABLE CON VERTER S,
Wholesale and Retail. Scientific Atlanta and
Pioneer Cable Converters in stock. Pan­
asonic model 130N 68 channel converter
$79.95, Panasonic Amplified Video Control
Switch Model VCS-1$59.95. Scientific Atlan­
ta Brand new Model # 8528 550MHZ 80
Channels Converter $89~95. Video Corrector
(MACRO, COPY GUARD, DIGITAL) EN­
HANCER $89.95. Write or call BLUE STAR
IND., 4712 AVE. N, Dept 105, Brook lyn, NY
11234. Phone 1-718-258-9495.
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CABLE TV CONVERTERS AND DE ­
SCRAMBLERS. Large sele ction of top
qual ity merchandise. Low prices. Quantity
discounts. We ship COD. Most orders are
shipped within 24 hrs. Send $2.00 forcatalog.
CABLETRONICS UNLIMITED, P.O. Box
266 Dept. R, S. Weymouth, MA 02190(617)
843·5191
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SIMPLYSNAP THE WAT-50 MINIATUREFM
TRANSMITTER on top of a 9v battery and
hear every sound in an entire house up to 1
mile away! Adjustable from 70-130MHZ. Use
with any FM radio. Complete kit $29.95 +
$1.50S+ H. Free shipping on 2 or more!COD
add $4. Call or send VISA, MC, MO. DECO,
INDUSTRIES, Box 607, Bedford Hills, NY'
10507. (914) 232-3878.
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THE LEVITATORSUSPENDS A METALLIC
BALL in mid-air. The Levitator will amaze
everybody as it defies the most basic law of
nature. $79.95 NUKE ALERT , pocket-sized
radiat ion detector monitors Beta, Gamma,
and X-ray radiation. Seen on Good Morning
America. CES. USA Today. $79.95. All prod­
ucts ready to use Guaranteed. Call or write
free catalog (402) 55 4 -0383 . Order
1-800-624-1150. UNITED IMPORTS & MFG.,
6846 Pacific St. # 2, Omaha, NE 68106.

THE PS-1 (TOP) REMOVES MOST of the
small ticks and pops (but not gouges) preva­
lent in even well -eared-for records . Kit
$79 .95, assembled $129.95. The ASRU
c leans up noise in fadeouts, between
grooves, even '60s CD's. Kit $120,assembled
$190. These can make your treasured vinyl
discs near CD quality. Buy both, save $20.
SYMMETRIC SOUND SYSTEMS, INC.,
856R Lynn Rose Ct ., Santa Rosa, CA
95404. (707) 546-3895.

DECODE NEARLY ANY SINGLE LEVE L
GATED PULSE SIGNAL. New circuit works
with Hamlin, Jerro ld, Sylvania, and Eagle
systems. Decodes In-band, Out-band, AM or
FM reference. Complete educational kit in­
cluding P.C. board, parts, case, and 40 page
gated pulse theory booklet is only $47.00
plus $3.00 shipp ing. Order no. 1PFD-1K.
ELEPHANT ELECTRONICS INC. P.O. Box
41865-R , Phoenix, AZ 85080. (602)
581-1973
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conclusion that OAT will hurt the sales of
any pre-record ed media . They note that
each new recording format has opened up
new markets and sales for the recordin g
industry. The hardware manufactures are
convinced that the consumers are ready
for-s-and in fact demand-better quality.
To back up that argument, they point to
the explosive sales of CD's and CD play­
ers, and are happy to remind you of the
initial skepticism that the Recordin g In­
dustry Association of America, or RIAA,
had of the CD format.

While the RIAA is convinced that an
ant i-copy system must be incorporated in
OAT so that sales of pre-recorded OAT
tape and CD's wont' be affected, the hard­
ware manufacturers point out that pre-re­
corded cassettes actually outsell LP 's, and
that direct digital-to-digital copies cannot
be made of either CD's or pre-recorded
OAT's because of the different sampl ing
rates used.

The issue seems to be whether consum­
ers can be trusted to use OAT technology
responsibly. That raises another question:
is making a copy of a CD or LP for person­
al use responsible, or is it piracy ?

Not only is the anti -copy system an
affront to the rights of consumers to make
home recordings, it is not inaudible , as
the recording industry claims . That is not
just our opinion: In May of this year, 200
recording industry executives met to press
their demands that the CBS Copycode
system be rnanditory for all new record­
ings . Engineers and music critics were
brought to the studios of Thom -EMI to
demonstrate that Copycode doesn 't affect
the reproduction of music .

However, the music critics were able to
hear the effects of Copycode. They noted
subtle effects, especially on high piano
notes . If the industry goes ahead with the
use of Copycode, those who take their
music most seriously will be the ones
affected most. That certainly is not a good
marketing strategy. The people most like­
ly to buy a.new and better recording tech­
nology-i-especially in its early stages
before prices come down-are the people
who take their music seriously.

The RIA A 's insisten ce that an anti ­
copy system be used has so far kept OAT
out of this country. Some companies have
insisted that if the bill is passed they sim­
ply compl y with the law and bring in OAT
machines incorporating the anti-copy sys­
tem . We don't believe that is very likely,
and many potentia l OAT manufacturers
agree . Would you buy a digital tape re­
co rder if you couldn't make your own
tapes-s-for your own personal use? We
wouldn't either.

For more on the polit ical arguments
surrounding OAT, see our guest editoral
on page 4 from the Home Recording
Rights Coalition . R-E
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ZENITH SSAVI $169; Level II $199, recondi­
tioned. Sylvania 4040 converter/DIC $169;
N-12, MLD-1200. Converters & accessories.
SSAVI project handbook $6.50 ppd. Radar
speed guns for baseball, car/boat racing ,
bowling,skiing, etc., from $275. Professional
models used by police. IBM-compatible TUR­
BO-XT computer system with fully expanda­
ble memory & many extras from $895.
Catalog $1. AIS SATELLITE, INC., P.O. Box
1226-0 , Dublin , PA 18917.215-249-9411 .
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1 MHz FUNCTION GENERATOR KIT.
Covers 0.1 Hertz to 1 MHz in 6 ranges. 100:1
frequency rat io. Sine , Triangle & Square
wavesavailable, (with DC offset). TTL output.
FM & AM modulation inputs. 47 ohm output.
Includes all parts, board, power supply and
face plate decal. Excellent detailed assembly
and theory of operation manual included. Su­
perb classroom project. OCTE ELEC­
TRONICS, Box 276, Alburg, VT 05440.
(514) 739-9328
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FREE TOOL & INSTRUMENT CATALOG.
Packed with over 5,000 quality products for
testing, repairing and assembling electronic
equipment. A full selection of test instruments
plus precision hand tools, tool cases, solder­
ing equipment and much more. Products are
shown in full color with deta iled descrip ­
tions,pricing and a 100% satisfaction guaran­
tee. CONTACT EAST, P.O. Box 786, No.
Andover, MA 01845. Call (800) 225-5370 or
in MA (617) 682-2000.
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TUNABLE NOTCH FILTER-for elimination
of any TV, FM, or VHF signal. Can be tuned
precisely to ANY signal within these ranges:
' MODEL 26-Ch's. 2-6 plus FM [54-108 Mhz]
' MODEL 1422-Ch's. 14(A)-22(1) [120-174
Mhz] ' MODEL 713-Ch's. 7-13 [174-216 Mhz]
Highly selective 60dB notch. Send $30 each.
Quantity prices as low as $15. Money back
guarantee. STAR CIRCUITS, P.O. Box 8332,
Pembroke Pines, FL. 33084
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NEW 442 SYNE WAVE DECODER WITH
VARI SYNC-Replaces the oak N-12$80.00,
S.B. add on decoder $99.00, S.B. Tri-Bi de­
coder $100.00, Zenith SSAVI $185.00, S.B.­
S.A. decoder $140.00, Starcom converter
$139.95. Buy a decoder take off $(10.00).
Guaranteed. (402) 331-4957. Call or write for
your free cata log. Many other products &
quantity pricing. M.D. ELECTRONICS, 5078
So. 108th #115A, Omaha, NE 68137.
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ULTRASONIC RADAR. An easy to construct
Ultrasonic Ranging System complete with
transceiver module and Polaroid ultrasonic
transducer. System easily connects to any
computer to measu re distances from 18
inches to 35 feet with a resolution of 1.2".Tl0l
Sonar Ranger $79. plus $2. S&H - XDR02
Add'i Transducers $20. CCI, 4 Park St., Suite
12, Vernon, CT 06066. (203) 872-2751.
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A CAREER START FOR THE 21ST CEN­
TURY. Since 1905, Nat ional Technical
Schools has helped people build successful
careers . Enter the 21st Century through
home study courses in Robotics, Computer
Technology and Servicing, Microprocessors,
Video Technology, Basic Electronics, Trans­
portation Technology, Climate Control Tech­
nology or TV and Radio Servicing . For a '
FREE catalog, call 1-800-B-BETTER. Or
write NTS/INDEPENDENT TRAINING
GROUP,456 West M. L. King Jr. Blvd . L.A .,
CA 90037.
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THE MODEL WTT-20 IS ONLYTHE SIZE OF
A DIME, yet transmits both sides of a tele­
phone conversat ion to any FM radio with
crystal clarity. Telephoneline powered- never
needs a battery! Up to V. mile range. Adjusta­
ble from 70-130 MHZ. Complete kit $29.95
+ $1.50 S+ H. Free Shipping on 2 or more!
COD add $4. Call or send VISA, MC, MO.
DECO INDUSTRIES, Box 607, Bedford
Hills, NY 10507. (914) 232-3878.
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DECODE :rHE NEW VIDEO TAPE COPY
PROTECTION SCHEME. Bothered by
brightness changes, vertical jittering and vid­
eo noise while watching rented tapes? Stop it
with the LINE ZAPPER . New kit removes
copy protection that often interferes with nor­
mal television operation. Complete KIT only
$69.95. Assembled with 1 year warranty
$124.95. Add $3.00 shipping per unit. Dealer
inquiries welcome. ELEPHANT ELEC­
TRONICS, Box 41865-L, Phoenix, AZ
85080. (602)581-1973. Allow 6 weeks for
delivery.
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SATELLITE

The international connection, part 2

LAST TIME , WE SAW T HAT SOME COUN­

tri es, unde r pressure from th e
United States, have acted to pre­
vent recepti on of U.S. sate ll ite sig­
n al s o u ts i de o f th i s co u nt ry .
However, some co unt ries have re­
sisted suc h pressure.

Some fee l that nat ion al laws are
fo r the co untry wh ere the laws are
enacted, and those gove rn me nts
see little reason to allow a U. S. law
to be app l ied in Berm ud a, o r a
Frenc h l aw to b e ap p l ie d in
Sw itze rla nd, fo r exa m p le . The
U .S. seems to be slowly reacting to
t hat point of view, and recen tl y
the re have been proposals to co r­
rect that situat io n .

M any co unt ries, such as Jamai­
ca, are very dependent up on co r­
di al re lat ions w ith th e Uni t ed
States . The Caribbean, as an exam­
pl e, now benefits from a U.S.-aid
pro gr am ca l le d th e Car ibbean ­
Basin Init iat ive. Countri es th at
meet certai n legislated provi sion s
of the program can ship products
in to the U. S. wi th no o r very low
d uties. A fi rm manufactu rin g ce­
ramic figuri nes in th e Dom in ican
Republi c, fo r example, is permi t­
ted to brin g its produ cts to th e
U .S. marketpl ace at a du ty-advan­
tage. That is important to that fi rm
and its 100 emp loyees

Under the p roposed legislat ive
changes, a co untry that does not
coope rate w it h poli cin g t he un­
aut ho rized use of American "i ntel-

~ lectu al" p roperty, such as movies,
z wo u ld be di squ al ifi ed fro m t he
~ program's benefi ts .
G That is a strong weapo n in the
~ hand s of U. S. programmers w ho
6 seek to fo rce fo reign govern me nts
(5 to shut down unauthorized users
ri of th eir programming. A co unt ry

80

that resists the int rusio n of U. S.
laws into it s territory on phi lo­
sophical grounds, o r fee ls in t imi­
dated by it s large No rth -Am erican
neighbor would t hi nk tw ice abo ut
not coope rati ng w ith U.S. offic ials
applyi ng U. S. laws w hen local jobs
and co mme rce are at stake .

The United States has reasons
beyond th e eco no mic we ll bei ng
of its satell ite -TV programm ers fo r
rest ricting the rece pt io n of domes­
tic satellite TV. Indeed, if econom­
ics were t he o nly factor, it might
seek to allow such reception . Cur­
ren tly, we have abo ut 50% more
availab le sate ll ite channels or tra n­
spo nde rs t han we have fu l ltime
users. That means that many satel­
lite channe ls are unde r-used . Nat­
urall y a sate l l ite manu facturer
such as GTE o r RCA wo uld li ke to
see all channe ls/t ranspo nde rs pu t
to maximum use to rea l ize th e
maximum possible revenu e.

If the U. S. mark et for tra nspon­
ders is not as large as the supp ly of
transponde rs, and t he sate llites
cove rage exte nds beyond our bor­
der s, w hy not offer t hose t ran­
spo nders fo r rent o r sale to firms
locat ed o utsi de of t he U nited
States? Techn ically, that is i llegal.

Domestic vs. international
The U.S. is a party to various in­

ternational agreements that define
the operation of satell ites . Those
agree me nts have created two gen­
era l catego ries of sate ll ites: do­
rnestic and in tern ati onal. Do mes­
t ic satell ites can only be used to
tra nsmit signals to t he co untry that
ope rates it. That means th at a U.S.
satell ite, like one of the Satcom
ser ies, can o nly transmit program­
min g t o U. S.-l o cated recei v in g

FIG. l

sites; a Canadian sate ll ite, li ke a
member of t he Anik series, can
o n ly tra ns m it p rogra mmi ng to
Canada (the Anik-E, scheduled fo r
laun ch in 1990 is shown in Fig. 1);
and so on.

Internat ional sate lli tes, o n .t he
othe r hand , are operated by inter­
nati on al o rga n iz atio ns and can
only be used to transmit signals
from one co unt ry to anothe r; they
can't be used to beam a sig na l
f rom a co unt ry back to a site w it hin
t he same country. The two intern a­
tio na l sate ll ite o rganizatio ns are
Int el sat and the U. S.S.R.- sp o n­
sore d Interspu tni k.

However, internat ional accords
te nd to be warped wit h time, and
nearly a decade ago Intelsat bega n
renting sate ll ite transponders to
cou nt ries such as Brazil, w ho in
turn used those transponders for
service w ho lly withi n t he i r bo r­
ders . More recently, nat ion s have
rented unused transponde rs o n
domest ic satellites to the ir neigh­
bors.

For in stance, Indo nesia has al­
lowed t he ir ne ig hbors access to
un used tran spon ders on board
t he i r Palapa sate llites. Furthe r, un-
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CARIBBEAN ELECTRONICS MAGAZINE
P.o. Box 100858, Ft. Lauderdale, FL 3331 0 USA

Telephone: 305/733-9955; in Florida 800-367-8150

PLUS - when we receive your QSL card or business card, we will
send you a FREE sample copy of the most exciting electronics
magazine in the Caribbean; Caribbean Electronics. CEM covers
every aspect of communications and broadcasting, just for those
who live in the Caribbean and countries surrounding the Caribbean.
And we do it in English and Spanish with special Spanish summaries
for all feature articles.

OUR twelve FREE home dish systems feature the highly acclaimed
Paraclipse 12 foot dish with tuned feed, state-of-the-art solid state
actuator/controller, and the top- rated by test AVCOM 2 series receiver
system with remote control. This is the best, quality system for home
or commercial use in the Caribbean. Find out how our CEM Lab rates
everything from power line filters to VCRs, shortwave radios to home
computers for Caribbean use in Caribbean Electronics Magazine.
Send us your QSL card or business card today!

SCRAMBLE FACTS
718-343-0130

3 minutes of industrynews, technical
tips, and new product information.

That is happening because of
pressures from satellite owners or
from firms who see satellites as a
link to potential revenue sources
outside of the United States. As a
result, the distinction between do­
mestic and international satellites
in that field is blurring rapidly.

Interestingly, some of the impe­
tus behind the changes has come
about due to reception of U.S .
programming by those outside of
this country. Much of that pro­
gramming is advertiser supported,
and many of the advertisements
offer products that can be ordered
by dialing a toll-free 800 number.
That's no problem for viewers in
the U.S. ; but formerly those num­
bers could not be dialed from
other countries. Since many of the
products can not be purchased lo­
cally in Latin America, the Carri­
bean , etc., there was considerable
demand for such products.
Hence, a great deal of potential
revenue was lost.

That was until the creative mar­
keting genius of U.S. telephone
companies got into the act. Now,
thanks to their urging, a service
known as USA Direct is in place.
For a charge, that service lets those
in the Carribean region bypass the
local telephone systems and tie in
directly to the U.S. telephone sys­
tem, including access to 800 num­
bers. The net result is lower cost
percall forthe users, morevolume
for the telephone company, and
more business for mail-order
companies. Eventually, 800 service
may even be extended to that re­
gion, allowing totally toll-free or­
dering of products.

As you can see, our government
is sending confusing signals to the
rest of the world. On one hand,
new legislation seems to be saying
that we want to restrict the expor­
tation of American " cu lt u re" via
satellite . But we seem to have no
objection to U.S. business using
the "satellite expressway" to ex­
pand into global markets. The de­
velopments that come about
because of that will be interesting
to watch. R-E

Dialing for dollars
That last example brings us to an

important point: Video is not the
only signal delivered by satellite.
And while the U.S. is enacting
new, more restrictive legislation
aimed at curbing distribution of
television programming to other
countries, the same thing isn't
happening in the fields of data and
voice communications . There,
free-wheeling agreements and
regulations are replacing the re­
strictive rules of yesteryear.

IF YOU LIVE IN THE CARIBBEAN,
CENTRAL AMERICA, NORTHERN S. AMERICA

or FLORIDA ...

WIN A PARACLIPSE HOME DISH SYSTEM!

Bob Coopers CARIBBEAN ELECTRONICS MAGAZINE is giving
away 12 complete Paraclipse 12' home dish systems between Sep­
tember 1, 1987 and August 31, 1988. FREE. No obligation of any
kind! If you are an amateur radio operator in the 'qualifying area' (see
map), simply send us your Ham radio QSL card If you are in elec­
tronics but not a licensed amateur, send your business card You may
enter once per month for each of the 12 months but no more than
once per month. The home dish system winners are announced in
'CEM' monthly starting with the November 1987 issue.

der pressure, various U.S. satel ­
lites have been rented part or full­
time on a tran sponder by tran­
sponder basis for service that was
clearly international in scope.

Most recently, a U.S. firm has
created a data-processing opera­
tion within a free-trade zone near
Montego Bay, Jamaica. The opera­
tion processes credit-card orders
for U.S. customers. Those cus­
tomers dial an 800 number in the
U.S. and are linked to the Jamaican
site via satellite .
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Magnetically shielded loudspeakers LARRY KLEIN
AUDIO EDITOR
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side s by a heavy metal yoke. See
Fig.1 . The yo ke was actu ally part of
the magneti c circui t that conce n­
t rated th e magnet f lux in the vo ice­
co il gap. Th e inh erent magn etic
leakage fro m such a structure is
quite low, but today t he high cost
of Alnico magnets has pretty much
eliminated them from speaker use
in favor of ceramic- ring magnets.
The ceramic magnet is usually in
t he fo rm of a f lat-s ide d ceram ic
doughnut that surro unds th e pol e
pi ece as shown in th e cross-sec­
t ion vi ew in Fig. 2. If you 've ever
handled a ceramic-magnet speak­
er you know that th ere is exte nsive
magn etic leakage fro m t he ex ­
posed outer edges of th e ceramic­
magneti c rin g.

M agnetic deflection.
The tec hniq ue used to produ ce

t od ay 's bette r " magnet ica l ly
shie lded" speakers uses no shield­
ing at all ! As illustrated in cross ­
sect io n view in Fig. 3, a seco nd,
fairly heft y ceramic-rin g magnet is
in stalled pi ggyb ack at th e rear of

External shielding
External shie ld ing in th e form of

a judiciou sly placed ferrous-metal
cover can be eff ective w ith small
speakers with low- flux magnetics
such as are found in many con­
ventional TV sets. However, when
such shie ld ing is applied to larger,
better quality speakers, problem s
occur. Althou gh it can be effective
in suppress ing magnet ic leakage,
th e shield ing di verts a substa nt ial
part of the availab le f lux away fro m
the voice-co il gap, w hich can re­
su lt in an un accep tabl e loss of
damping and efficiency.
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Internal shielding
At a ti me w hen all speakers used

Alnico magnets, sh ie lding was a
simp le prop ositi on. Th e A ln ico
magnet was in th e form of a cylin­
drical "s lug" surro unded on two

Preventing flux influx
In my yo ut h I worked fo r an

electronic-kit co mpany as a test­
in strum en t t ro ub les hoote r. Th e
osci lloscopes I se rvice d we re
prim it ive devi ces by today 's stan­
dard s, but they had the vi rtue of
bein g easily f ixed w hen something
went wrong. O ne of the things that
we nt w ro ng in t he custo mer's kits
was t race distort io n cause d by
m agn eti c ra dia t io n fro m t he
scope's power tra nsformer. The f ix
was simple eno ugh : A 3- by 5-inc h
pi ece of t h i n sheet stee l was
bol ted to the scop e'schassis in the
magneti c path and then bent un til
the trace disto rt ion was no lon ger
vis ible. W hat I insta lled was not a
magnetic shie ld but rath er a mag­
neti c deflector, w hich bri ngs us to
a rath er in t e restin g top ic-the
" shield ing" tech n iq ues avai lab le
to t he m an ufacturer s of vi deo­
ready speakers.

THE GROWING POPULARITY OF A UDIO/

v ideo syste ms h as produ ced a
pl eth ora of co mponents, accesso­
ries, and adapters, all in tended to
faci litate the marri age of the two
medi a. From a tec hnical point of
view, one of th e more in teresting
of th e newl y created aud io/video
co mpo nents is t he magn eti call y
shielded speake r syste m. The pur­
pose of the mag netic shie ld ing is
to prevent th e stray magneti c-flu x
fie ld normally emitted by a speak­
er's magnet fro m impingiri g on the
video monitor's picture t ube. Be­
cause th e electro n beams in sid e
t he pi cture t ube are co ntro lled
magneti cally, any extra neous mag­
neti c in fluences can have an ad­
verse effect on t he picture.

83



"I fina lly found the perfect speakers!"

you move away from its source . If
you double the distance, you get a
quarter of t he field strength. It 's
easy to move th e speakers to
w here they wo n't cause any t rou­
b le, conside ri ng h o w co m ­
parative ly weak the stray magneti c
f ield is to start w it h.

It seems to me that with a full
aud io/v ideo system yo u don ' t
want to install stereo speake rs that
close to the TV screen-or each
other. In ot her words, the no rma l
ground ru les of st ereo -speaker
spacing app ly w hether t he pro­
gram source is aud io or video,
ste reo o r mono. Assum ing t hat
you r speake rs are co rrect ly w ired
in phase, a no rma l 5- o r 6-foot
spread between th em wo n't cause
problems with im aging or center­
in g w ith mon o programs. Despi te
w hat some recent Japanese liter­
ature seems to imply, the huma n
eye, ear, and brain comb inat io n is
re markab ly acco m modat i ng i n
pl acin g the app arent source of a
sound where th e eyes say it sho uld
be. If yo u've ever watched te levi ­
sio n w hile listening through head­
pho nes, yo u know how easily th e
b rain is able to shift th e apparent
locat ion of t he so un d t o t he
screen.

There's no technica l reason not
to buy a good aud io/video speaker
if for reasons of decor or silliness
yo u si m p ly mu st p lace t he m
cheek-to-jowl w it h your moni to r.
But the odds are th at some less­
expensive conventional speakers,
properly installed, w il l sound ju st
as good. R-E
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wi ll be increased , but at the ex­
pen se of low-bass performance. A
knowledgeable design er juggl es
(trades off) eff ic iency, bass perfor­
mance, and cabinet size to ach ieve
th e specific resul ts he (or the mar­
keti ng depart ment) wants .

Video psychoacoustics
There's an important quest ion

that no on e seems to be asking
about shielded video speak ers: Is
it a product category that is really
needed? For seve ral years I ' ve
been using a pair of small B&W
LM-1car speaker systems w it h my
Proto n video monitor. The speak­
ers are d riven d irect ly by t he low­
powered ste reo amp lifier bu i lt
into the Proton un it , w hich sits be­
tween them.

The re's no effect on t he picture
as lon g as the LM-1's are spaced a
foot o r so away fro m the screen.
That is not surprising, since mag­
net ic f ields are sub ject to t he " in­
verse square law." That means that
the strength of the f ie ld decreases
in prop orti on to the square of the
d istance (rat her than linearly) as
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with all the derailsabour starting your career in Digital

You learn bydoing . . . the NRIway
As youlearn, you get practical hands-on experience

building yourown 256KIBM-compatiblecomputerand
diskdrive. Youalso build, and learn to useand service,your
own triggered-sweep oscilloscope, digital logic probe, and
digiralmultim eter. . . instruments used by today's
electronicsprofessionals.

DiagnosticSoftware Makes YourComputer
a Dedicated DigitalTesting Device

With the exclusivediagnosricsoftwareincluded in your
course, your computer actuallybecomesyour most impor­
rant pieceof digital testequipm ent . Youuseyourcomputer
to rroubleshootvideodisplaysand terminals, printer>, disk
drives,and more. Plusyou learn to applyyourknowledge to
the diagnosisand rep:urofany digital equipment you en­
counter ill yourservicing career.

A brand newcourseforan exciting new
field. .. servicing computer peripherals (disk
drives, printers, display terminals, modems.
erc.) and the latest digitalequipment found
in indusrrytoday.Job opporruniriesfor the
trained digital technician have neverbeen
grearer.It takesskilled personnelto keep
roday's digirallyautomated production lines
and manufacturing equipment rolling. NRl trains you
robe a high-demand digital technician or preparesyou
for your own independent service business.

1Address

L.- ----.l...C_ity/S=~ 10= :J

the speaker so that its magnetic
po larity is opposite to that of the
main magnet. An iron ho usin g (a
" pot" in speaker-des ign er jargon)
is part of the addit iona l assemb ly
and it s purpose is to foc us t he
magnetic fie ld of the second mag­
net so as to d ivert the stray leak­
age-f lux back toward t he main
magnet . It does that so effective ly
that an add itional be nefit occurs­
there is an in crease in the mag net­
ic f lux appearing in the voice-co il
gap.

In effect, it is as tho ugh the main
magnet we re made more power­
fu l. Add ing an ext ra magnet is not
a cheap solution to th e flux-l eak­
age p ro b le m, however, because
the magnet is the most expensive
part in most speakers.

To digress fo r a mom ent: Do not
assume that a mo re effective or
heavier mag net is always desirab le
in a speaker system . An exces­
sive ly st ro ng m agn et can elec­
tronically ove rdamp a woofer, thus
i n h i bi t i ng it s vo ice -co i l /co ne
m ov em ent at low fr equ en ci es.
Ove rall m id-f requ en cy efficiency

Masterdigital electronics servicing
as you build your own
liM-compatible
computer!
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FIG. 1-The Option Board.

Introducing the Computer Digest
Classroom: Build your own 68000

computer.

In the August issue (see Ed itor 's Work­
bench, p. 63), we announced a new

68000 computer system custom-designed
for readers of Computer Digest. The
PT-68K is now a reality; the price is still $200
for a minimal system-and it's available in a
number of configurations. (Turn to page 90
for more information.)

We'll be publ ishing a series of articles on
the design of the PT-68K.The seriesassumes
know ledge of basic electronics and basic
digita l logic, and it assumes that you have
basic construction skills. By following the
seriesfrom beginning to end, you'll learn in
detail abou t one of today's most popular
microprocessors, the 68000; that knowl ­
edge w ill surely aid you as you make your
career in electronics.

Every effor t has been made to make the
PT-68K as economical as possib le, so it
makesextensive use of IBM PC clone com ­
ponents (keyboard, case, pow er supply,
video adapter, mon itor, etc. ) wherever it is
possible.

Our author wrote a similar series of arti ­
cles on an earlier member of the Motorola
family of microprocessors for a now-de ­
funct co mputer magazine; his d isk-operat­
ing system is used on various co mp uters in
many cou ntries around the w orld; and he is
a practicing teacher w ho is fami liar wi th the
needs of the comp uter neophyte. So he is
w ell-q ualif ied to b e Head master of the
Computer Digest Classroom. • CD.

Central Point Software: The Option
Board

Mention the words "copy protection"
and yo u're sure to start an argument,

because there areas many good reasons for
a programmer to protect his program as

there are for a co nsumer to back it up. Both
sides have reasonab le arguments, so there's
a constant wa r between the two. A nd
w hen a new copy-protect io n sche me
shows up, it's only a matter of time before
someone figures a way around it.

There are several good prog rams avail­
able for the IBM PC that can defeat most
copy-protection schemes, but in the final
analysis they all share a common weakness,
because no matter how soph isticated their
algorithms, they all have to usethe PC's d isk­
cont rol IC, the NEC PD765.

A smart p rogrammer can take advantage
of that IC's known qui rks in a copy-protec­
tion scheme. Since some of those pec u­
liarities cause unreliable reads and wri tes, it
can be difficult for copy-p rotection soft ­
ware to be surethat the data it thinks it sees
is what's really on the disk.

The Option Board (Central Po int Soft­
ware, Inc., 9700 S.w Capitol Hvvy #100,
Port land, OR97219) pl ugs into a standard
expansion slot and provides the ultimate
backup system for the Pc. It gets around the
limitations of the PD765 d isk contro ller by
using its own hardw are to read and w rite
the d isk. The Option Board 's cont rol soft ­
ware makes it simple to copy a disk, and
Central Point also supplies you w ith a very
powerful track and sector ed itor.

Installation consists simply of installing
the boa rd in an unused expansion slot,
p lugging your computer's d isk-d rive cab le
into the board, and then using the supp lied
cable to connect the Option Board to your
d iskcontroller. Then you're ready to run the
software and put the board to work .
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The software
Even though the Option Board is co n­

nected between your standard d isk con ­
troller and your disk d rives, it is transparent
to the system until the supplied software
wakes it up. That software consists of two
programs: TC, a disk copier, and TE, a disk
editor. Both prog ramsare asuncomplicated
as possible; their comm ands are straightfor­
ward and all options are d isp layed on­
screen.

Copying a d iskwith TC is easy You set the
source and destination drives, the number
of sides, and the range of tracks to copy
through a menu. You can also maintain the
track lengths, co py "w eak b its," verify each
w rite, and keep the copy's track alignment
the same asthe original's. Al l optionscan be
specified on the command line when you
run the program, but it's much easier to p ick
and choose from the menu.

One of the first things you'll notice when
running the program is that, even wi th 640K
of RNv\, only 26 tracks are read at a time .
Softwa re-only co p iers can read more data
at a time because they read only the da ta
bytes from a track; the Option Board, on the
other hand, read s the entire track into mem­
ory, includi ng the data headers, address
headers, and the gap bytes that DOS puts
there when the disk is formatted . In other
words, TC loads a complete image of each
track,whereasa software-only copier loads
only data. By reading and w riting whole
track images, the Opti on Board can easily
handle any protection scheme that relieson
a non-standard d isk format.

The success of any disk co p ier depends
to a great extent on the assumptions it
makes when it reads a d isk. The greater the
number of things it expects to find, the
easier it is to fool . The Opt ion Board makes
very few assumptions about d isk format so
it has a much better chance of making a
successful copy, and since it can't be con ­
fused by non-standard di sk formatt ing, you
can use it to co py disks w ritten by other
co rnputers-s-even Apple di sks! It's a real
testament to the design of the Option
Board that it knows how to read them at all.

The disk editor
The full power of the Option Board be­

comes evident when you use TE, the d isk
ed itor. You can get a track dump of both
Apple and IBM disks-no mean accom­
plishment. The boa rd can distinguish be­
tween regular bytes and sync bytes, and
highlights the latter on the screen display to
makethem stand out. Youcan use the editor
to take a b it-level cruise through the d isk
and change anything you find there. One
extra-nice feature of the ed itor is that it w ill
recalculate the CResforyou when you w rite
new data to a track. That is important be­
cause it isvery d ifficult to do by hand, and if
you get it w rong, the d iskwi ll be unreada­
b le by DOS

Examining a track d ump can tell you a lot
about how the di sk was formatted . If you

know what you're doing, you can figure out
how the di rector y is organized, how files
are w ritten, and how the data is stored;
invaluable information if you 're trying to res­
cue a crashed d isk. Being ab le to identify
single- and double -sided d isks simplifies
the process of data conversion.

The manual hand-holds the user through
the process of installing and using the
board . There's a small section on how stan­
dard disks are formatted, but you 'll have to
go elsewhere if you want to learn about
copy protect ion. Since there's abso lutely
no technical d escription of the Op tion
Board itself, you won't be ab le to w rite
software to use it. Central Point Sof tware is
keepi ng the board 's circuitry to itself. That
makes sense because knowing everyth ing
the board can do means you also know
everything it can't do, and that's something
the copy-p rotection people would love to
find out.

Conclusion
If you have a substantial investment in

copy-protected software, or if you really
w ant to get into the nitty gritty of di sk for­
matting, the Option Board is for you. It's
much more powe rful than software-on ly
d isk copiers and, at $100, is only slightly
more expensive. It's an impressive piece of
hardware; the more you use it the more
valuable it becomes. • CD.

[son-I
WARE:

MYCROFT LABS' Mite

\AlE all have our own spec ial use for
T' home computers, but sooner or later
everyone wa nts to get on-line and explore.
Telecommunications lets you tap into a
whole new world of information. Every­
thing from extended data bases, to airline
guides, to remote bul letin boards is only a
phone call away-if you have the hardware
and software to do it.

Once you've decided on the hardware
half of RS-232'ing,you still need software to
make it w ork, and this is w here things can
get very bewi ldering.There are probably as
many terminal p rograms availab le on the
market as there are w ord processors and
choosing the one that is best for you can be
a confusing business. You need software
that is easy to use, yet powerful.

Mycrof t Labs ( P. 0. Box 6045, Tallahassee,
FL 32314) has been marketing successive
versions of Mite since the late seventies so
the current release is the result of nearly 10
yearsof development. If you 're an old hand
when it comes to RS-232 stuff, you 'll find
that Mite has every feature you could con ­
ceivably want and if you 're just learning
what on-line means,you'll find the prog ram
so intuitively organized that you 'll be get­
ting around it in no time at all.

Although Mite started out in the CPIM
world it was rewritten from scratch in 8086
assemb ler to run on the Pc. This means it
can cross d irectories and fol low paths that
might be set before the program isrun.And
it's tight ly w ritten as we ll - because Mite
w eighs in at a mere 51 k,you cou ld run it on a
machine w ith as litt le as128k. The small size
of the program becomes more imp ressive
as you become more familiar w ith it and
realize how pow erful it is.

The most basic function of any terminal
software is the up loading and downl oad ­
ing of f iles. Mi te can do simp le, non­
protoco l transfers of text but has the ab ility
to handl e four d ifferent types of b inary
transfers aswe ll. XMODEM, YMODEM, KER­
MIT, and Mite's own protocolsare fully sup­
ported-in both single and batch mode­
and XMODEM can be set for either check­
sum or CRC error checking. All Mite com ­
mands can be issued in two ways. The first
is by running through a series of menus
whi le in com mand mode, and the second
method isby typing a user-definab le fly key
in terminal mode, and then typing the com ­
mand and ap prop riate argument, (e.g.,
SEND [f ilename], DIR[dr ivel:, PATH [d irec­
toryl ).When you' re first getting started w ith
Mite it's much simp ler to issue co mmands
from the menu but asyou get more familiar
w ith the program, you'll take advantage of
the speed and convenience of remaining in
terminal mode and using the fly key

If you get stuck, Mite's extensive.onl ine
help is only a keystrokeaway Youcan get an
exp lanation of any of the co mmands by
pressing the q uestion mark and the first
letter of the command. If you're in co m­
mand mode you 'll get a full description of
any of the commands on the screen. In
terminal mode the help key wi ll give you a
commented list of the available com­
mands. In either mode however, the help is
well planned-it's complete without be ing
obtrusive.

Mite can be automated as well. You can
preprogram up to 10 macro strings to give
you a one-key logon to dialup services,
simp lify the search command strings used
with on-line data bases and, in general,
make your t ime a lot more efficient-s-end
that'snoth ing to sneeze at when you're on­
line at more than 25 bucks an hour. Macros
can be up to 61 characters long, and there
are six spec ial macro characters that per­
form functions such as making the macro
stop executing until a part icular character is
received or linking to another macro.



Keyboard and screen control has never
been a strong-point of the MS-DOSop­

erating system. Numerous add-in memory­
resident p rograms purpor t to cor rect some
deficiencies, but they tend to conflict w ith
one another or other p rograms.

Along co mes Cruise Control, a prog ram
that emerged as a by-product of another
project. You use it to control cursor speed
w hi le moving through a sp read sheet ,
brow sing a text file, etc. It hasan automatic
repeat (whose rate may be adjusted on the
fly) for hands-free brow sing. Repeat is ap­
plie d to all the usual keys (excluding Con­
trol, A lt, the shift keys, NumLock, etc.).

In add ition, Cruise Contro l has an auto­
continued on page 95

function at that location w ill be executed.
Like the original, most keysactually perform
three different funct ions: the default func­
tion, an F function ( listed above the key)
and a G function ( listed below the key). F
and G funct ions are available by pressing
the F or G key of your PC's keyboard, fol­
low ed by Retum.

The KSH-1 includes several features not
included in the original. To mention just a
few, you can conve rt numbers among sev­
eral bases (decimal, of co urse, as well as
bi nary, octal, and hexadec imal). In addi ­
tion, by pressing F8, the contents of the X, Y,
Z, and T resisters are d isplayed on screen.

The KSH-1 comes with an informative
manual containing usage hints and sample
programs. The program is very easy to in­
stall, and, at $49.95, isa bargain.Contact the
K Software House, Rt. 2 Box 83B1 , Union­
ville, TN 37180.

REVOLUTION SOFTWARE, CURSOR
CONTROL
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K SOFTWARE HOUSE, RESIDENT
SCIENTIFIC CALCULATOR

Mite w ill p rovide you w ith a lot of power
w ithout doing too much damage to your
wallet.-Bob Grossblatt

Certainly,a memory-resident calculator is
no ground -b reaking product. How ever,

like people, calculators are not all created
eq ual,and not all calculate equallywell. For
many people, the typica l "four-benger'
(add, subtract, multip ly, divide) included
w ith prog rams like SideKick, PoiyWindow s,
etc. is sufficient. But engineers often need
transcendental functions, p rogrammab ility,
etc.

If you use a scient ific calculator and a PC,
the KSH-1 calculator can make life much
easier for you. It has all the functions of the
HP-11c it's modeled on, the ability to store
programs on d isk, and an attractive screen
display (co lor or mono). See Fig. 2. It' ll
never get lost in a stack of papers on your
desk; nor can anyone wa lk off w ith it.

You use the cursor-control keys (or a
mouse) to move a blinki ng reverse-vid eo
bar to the screen locations that cor respond
to various keys. Just press Return, and the

If you're really into automating things, you
can learn how to use MO RSE, the program­
ming language that's bu ilt into Dyna-Mite,
Mycroft Lab 's top of the line product. It's a
BA SIC-like languagethat letsyou create pro ­
grams that co ntrol operations w hile you' re
online. It has over 30 bui lt-in co mmands
such as LET, PRINT, GOTO, GOSUB, DIA L,
HANGUp, IF, THEN, etc., and wi ll also accept
any of the standard Mite commands. The
extensive vocabula ry gives you the ability
to create programs to automate the han­
dl ing of electronic mail, do cond it ional
searches through online data bases, or sim­
pl ify an overly co mplex online procedure
so it can be done by any inexperienced
user MORSE is to Mite what batch files are
to DOS. Programmability is not just uniq ue
to Mite-other software, both comm ercial
and shareware, have this feature. As far as
power goes, MORSEfalls about in the mid ­
d le of the p ile. It is, however, extremely easy
to use and even someone who's just start­
ing out wi ll have no troubl e at all w riting
programsafter ten minutesw ith the manual.

Mite's documentat ion is packaged in a 5
x 8 looseleaf bi nd er and it has all the
information yo u need to find you r w ay
around the program as well as a good d is­
cussion of wh at you can find in the larger
d ial-up services such as Comp userve and
The Source. If it means anything to you,
Arth ur C Clarke is a Mite user and he has
'w ritten a book called Mi te For Morons that
will show even the most inexperienced
user how to use the program.

There are two PC versions of Mite: Maxi­
Mite and Dyna-Mi te. The di fference be ­
twee n them isextende d terminal emulation
and the MORSE language interpreter Maxi­
Mite costs $50 and Dyna-Mite costs $100,
so if you' re not interested in the extragood­
iesyou can save the 50 bucks, but the add i­
t ion of MORSE alo ne is w o r th t he
investment. If it w ere a stand -alone pro­
gram, it would cost more than Dyna-Mite
and you'd still need terminal software.

There's even a way to tryout Mite for
nothing. Mycroft Labs has put a version,
called Mini-Mite, in the publi c d omain. It
has a lot of the bells and w histles, (but not
MORSE,of course), and it can do XMODEM
protocol as w ell as ASCII up loads and
downloads. Look for it on your local BBS
and, if it's not there, Mycroft Labs w ill send
the w hole thing to you on a d isk, (includ ing
a small manual file), for a minimal charge of
about $15.

For all us 8-bit lovers, Maxi-Mite is avail­
able in CPIM and there are overlays for a.
mind-b oggling number of terminals. If you
need a good terminal package for CPIM, the
50 bucks you spend for Maxi-Mite w iII turn ,
out to be the best software investment you
ever made.A nd that, of course,goes for the
PC version aswell. Mite meets everyone of
the criteria you should look for in software.
It's pow erful, w ell seasoned, actively sup­
po rted , and reasonab ly priced .

If you need telecommunication software



BUILD THE PT·68K
LEARN 68000 COMPUTING

IN THE CD CLASSROOM

PETER STARK, STARK SOFTWARE SYSTEMS CORPORATION
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System overview
In its simplest form, the PT-68K runs at a clock rate of 8 MHz. With

minor changes, it can run at10 MHz; if that 'snot fast enough,you can

T he two major microprocessor manufactu rers today are Intel and
• Moto rola. Although Intel processors are better known (main ly

due to thei r use in the IBM PC line), astute usersagree that Mo torola's
68000 family of microprocessors is more powerful and easier to
use.When you lookat heavy-duty number-crunching machines, you
will find the 68020 used more often than any other.

We were tempted to use the 68020 in the comptJter described
here (hereafter called the PT-68K), but were put off by the $200
price of that one IC alone . So we settled for its slightly slower
cousin, the 68000, which is used in various computers made by
Atari, Commodore, Apple, in many laser printers, as well as in
ind ustrial controllers and scientific workstations.

The 68000 is roughly in the middle of the 68000 family of
(f) microprocessors; the 68008 is be low it, and the 680201sabove it. A
g fourth p rocessor, the 68010, is theo retica lly faster than the 68000,
B b ut the 68000 can run at faster clock ratesand so isjust about equal
g: in overall speed. You can p lug a 68010 into the PT-68K, b ut you
til pro bably won't notice any difference-s-except in price.
--l
w
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also run it at 12 or possibly 16 MHz. Naturally, faster models w ill cost
more. In add ition, you won't be able to use the 68010 at the higher
clock rates.

Almost all necessary system components are conta ined on the
PT-68K's printed-circuit board. A fully built-up board contains the
68000 microprocessor and support circuitry; 'one megabyte of
dynam ic RAM (main memory); 4K of battery-backed static RAM;
32K of ROM(containing BASIC,a machine-language debugger, and
a link to the disk-operating system); four serial ports; two parallel
ports; floppy-disk interface for up to four drives; sound interface for
a speaker; a clock/calendar IC;expansion connectors for memory
and a hard disk controller; IBM PC keyboard interface; interface
connectors for additional clone-compatib le I/O boards.

Youcan communicate with the PT-68K using an RS-232 terminal or
any computer running a co mmunicat ions program functioning as a
terminal (perhaps an IBM PCor clone, an Apple, or a Commodore).
Or you can pl ug an IBM keyboard and monochrome adapter card
d irectly into the PT-68K and the computer wi ll use them for input
and output. .

What about software? First of ell.the 68K conta ins 32Kof pe rma­
nent memory co ntaining two programs that wi ll let you use the
computer right away,even if you r system does not have d isk drives



or a full compl ement of memory. The first program is called
HUMBUG; as show n in Table 1, it has thirty commands that allow
you to enter machine-language programs into memor y, dump
memory contents, test memory, fill memory,move memory, serch
memory,start and stop programs, single-step or breakpoint them,
and more. HUMBUG also provides a number of useful subroutines
to handle the screen and keyboard (or terminal), boot from disk
(Winchester or floppy), etc.

In addition, HUMBUG's BA command placesyou into its ROM
BASIC interpreter. The ROM BASICis somewhat limited, but it does
allow you to peek and poke in memory,do floating-po int calcula­
tions, and run test programs. You can't save them, but a full d isk
BASIC should be availab le by the time you read this.

SK*DOS
After youadd memory and ad isk interface, HUMBUG allows you

to boot SK*DOS,ad iskoperating system (DOS) develop ed spec if­
ically for ind ivid ual users and small system manufacturers; it has
been adapted to a variety of different computers in the U.s. and
Europe.

SK*DOS comes w ith about forty utility programs, including an
edi tor, an assemb ler, another version of BASIC, a game (Eliza),
programs to read and w rite IBM PC disks, and RAM disk and disk
cache programs (we w ill explain those terms later in this series).
A lso included is an emulator program that letsyou run hundreds of
programs developed for Motorola's 6809 processor. In addition,
device drivers, and a number of other interesting and useful pro­
grams are also included .

SK*DOSrequires at least one standard floppy-diskdrive (single­
or doub le-sided, 40- or 80-track, 3%- or 5Y4-inch). SK*DOS itself
can hand le up to ten dr ives, but the PT-68Khardware w ill support
only four. But you can also add one or two hard-di sk drives to
provide up to 128 megabytes of add itional storage. And because
the 68Kw ill accept some IBM type hard-diskinterfaces,you cando
so relatively cheaply aswe ll.

Unlike some diskop erating systemswhi ch areunique to just one
brand or type of computer, SK*DOShasbeenadapted to a number
of d ifferent 68008, 68000, and 68020 computers in the United
States and Europe. This means that software developed on other
machines wi ll run on your 68K system as w ell. For example, a
number of inexpensive programs (a text processor, communica­
tionssoftware, Edward Ream'sscreen editor, and Ron Cain'ssmall C
compiler, among others) are availab le through the SK*DOS Users'
Group and from the Radio-Electronics BBS (300/1200, 8/N/1 ).

In add ition, several members of the Users' Group are into Unix
programming, and have converted Unix-like programs (such as
Micro-EMACSand NRO) to run under SK*DOS. Last, as this article
w as being w ritten, several commercial developers were working
on larger programs includi ng a full C compi ler and a full Basic
interpreter.

TABLE1-HUMBUG COMMANDS

AD - ASCII Dump JU - Jump to User program
AI - ASCII Input LO - Load S1-S9 format
AO - ASCII Output MC - MemoryCompare
BA - Basic ME - Memory Examine
BP - Breakpoint Print MO - MOvememory
BR - BReakpoint set/reset MS - MemoryStore
CO - COntinue MT - MemoryTest
CS - CheckSum RC - RegisterChange
FD - Boot / Floppy Disk RD - Return to DOS
FI - Find 1-5 bytes RE - RegisterExamine
FM - Fill Memory SS - SingleStep
HA - Hex and ASCII dump ST - STart single-step
HD - Hex memory Dump WA • Boot / Winchester A
HE • HElp WB - Boot / Winchester B
JS - Jump to System program !! - Force reset

Educational value
The PT-68K w ill not be presented as an "appliance" computer

that you plug in and use w ith no know ledge of w hat's going on
under the hood . Rather, we are going to spend a greatdeal of time
build ingthe PT-68Ksection by section, testingand explainingasw e
go along. Due to its unique construction, you w ill be able to run
machine-languageand BASIC programs wi th a minimal system.

That approach has two big advantages. First, it allows us to
spend time d iscussing and understand ingw hateachsection does.
More important, though, is the fact that you can catch and fix a
mistake or probl em soon after it is made.At any stage, you w iIIadd
justa few lCs, and thatw ill simplify debugging,aswellasgiveyoua
chance to really understand how various circuits work.

Of course, if you feel that you already possess the necessary
expertise, you're free to purchase parts, build the computer, and
get to w ork. Just make sure you are ready!

The bottom line
The PT-68Kisn't being built by the millions in the Far East, so you

can't expect it to beascheap asamass-produced PCclone.On the
other hand, it is surprisingly inexpensive, partly because we use PC
clonecomponentsw herever possib le,and also because our moth­
erboard contains much hardware that must be added to most
computerson p lug-in boards. To illustrate how clone components
can save costs, an early prototyp e of the PT-68K-which d id not
have the PC bus slots-needed a $220 hard-d isk controller. The
current versionallows you to use astandard WesternDigitalcontrol­
ler that costs about $90. Kit prices are summarized in the sidebar.

System overview
The block d iagram in Fig. 1 shows the major sections of the

PT-68K. In general terms, the diagram describes just about any
cornputer, not just the PT-68K. At this po int we won 't define some
of the terms w e'll use (RAM, ROM, etc.) in much detail; a later
installment w ill do so.

The heart of the diagram is the microprocessor, a Motorola
68000. It is driven by a cloc k, whi ch is nothing more than a high­
frequency oscillator that generates a squarewave. The clock syn­
chronizes everything that occurs in the system. In the PT-68K, the
cloc kw ill most likely be an8-MHz signal, though it could go ashigh
as 16 MHz.

In the PT-68K, two EPROM (Erasable Prograrnmable Read-Only
Memory) ICs contain the system software. Unlike RAM (Random­
AccessMemory) the contentsof an EPROM is not lostw hen powe r
is removed.Whenyou purchase an EPROM, it is "empty" or erased.
But the two PT-68KEPROM'shave been programmed w ith HUMBUG
and BASIC.The computer can read and usethose programs,but it
cannot erase or change them.

RAM (wh ich should really be called RWM, for Read-Write memo­
ry- but have you ever tried to pronounce RWM?) is memory in
wh ich the microprocessor can store information and then read it
back ata later time.Of course, the contentsof RAM isusually erased
w hen you turn the power off.

The PT-68K actually has two kinds of RAM: static and dynarnic.
Many computers use only one or the other, but we use both
because each has its advantages. For large amounts of memory,
dynamic RAM (DRAM) is cheaper and smaller-without DRAM, it
would be impractical to provide one megabyte of memory at any
reasonab le cost.On the other hand, for small memories static RAM
is the right choice because it is much simp ler to design w ith, and
therefore the supp ort circuitry is easier to debug.

The minimal PT-68Khasa small amount (4K)of static RAM that is
contained in just two integrated circuits. Because the static-RAM
circuitry is so simple, it will most likely work immediately with no
prob lems. That RAM w ill allow you to run BASIC and HUMBUG.
After the static RAM is working, you can add the DRAM, wh ich
consists of thirty-two 256KICs, p lusa batch of support ICs. If there
isa probl emw ith the DRAM,you can use HUMBUG to debug it. That
kind of "bootstrappin g" rnakes the building of a large system like
the 68K from scratch practical.

o
o
d
OJ
m
:0

91



There is another reason for providing static RAf.A; a specia l clock!
calenda r IC is p lug-compatible w ith the RAf.A IC we use. So we
need only unplug one of the RAf.A I('s and plug in the clock!
calenda r IC, a MK48T02, which provides not only a clock and
calendar, but also some static RAf.A of its own, and a bui lt-in battery
to power the clock and RAf.A while the computer is off.

1/0 interlace
Although the block diagram in Fig. 1 shows just a single box

labeled I/O Interfaces, the PT-68K's 1/0 is actually quite complex. It
cons istsof two MC68681DUART's that provide four serial interfaces,
one 68230 parallel interface/t imer, a 1772 floppy-disk control ler,
keyboard interface, speaker interface, a number of extra support
I('s, the PC interface ci rcuitry, p lus the interrup t ci rcuitry, w hich
allow s 1/0 devices to interrupt the 68000 w hen they need it.

Some microcomputers provide DMA (Direct Memory Access)
circuits. DMA is often used w hen the microprocessor hasdi ff icu lty
keep ing up w ith d isk drives and other relatively fast 1/0 devices.
The 68000 has no p rob lem keepin g up w ith the d isk drives, and
DMA really co mp licates the comp uter (and increases its cost), so
w e chose not to use it in the PT-68K.

System buses
As Fig. 1 shows, the two main sets of co nnect ions between the

microprocessor and the ROM, the RAf.A, and the I/O interfaces are
the data bus and the address bus. The term bus is used to signify
that a numb er of parallel wi res are used to carry signals simulta­
neously.

The data bus is used to move data of any sort (numeric data,
microprocessor instructions, or plain text) between the micro ­
processor, memory, and I/O devices. The arrowheads leading from
and going to the various functional blocks in the block diagram
show the di rection that data may flow from various devices. For
example, data can on ly flow out of ROM, but it can flow both into
and out of RAf.A. The data bus is said to be bidirectional because
data may flow either into or out of the microprocessor.The add ress
bu s, by co ntrast, is unidirectional, because address information
only flows out of not into the microprocessor.

The PT-68K'sdata bus co nsists of 16 signals,each of w hich carries
one bin ary di git (b it). Therefore, the 68000 can transferan entire 16­
bit number to or from memory all at once. Other microprocessors
handle eight b its, 32 bi ts, and othe r values. As w e w ill see, the
68000 hand les numbers in 8-bit chunks (ca lled bytes), 16-bit
chunks (two bytes, or a word), and 32-bit chunks (four bytes, or a
long word.)When transferring a byte, the 68000 usesonly half of the
data bus; when transferring a long word, it uses the data bus twice,
transferring 16 bits at a time.

The numb er of bits on a data bus (also called the w id th of the
bus) obv iously hasa bearing on speed: the w ide r the bus, the more
b its that can be moved at a time, so the faster the co mputer runs.
How ever, buswi dth is by no means the only factor limiting speed;
the microprocessor's internal bus width is also important.

Early general-purpose microp rocessors ( includ ing the 8080, the
6800, the 6502, and the Z80) have an eight-b it data bus and also
hand le most numb ers internally in an eight-b it format. For that
reason they are called eight-b it microprocessors.

The next generation of microprocessors ( includ ing the 6809 and
the 8088) still have eight-b it external data buses, but 16-bi t internal
buses.That gives thern extrapower, but they are stiII bogged down
by the slow speed at w hich they can transfer data to and frorn
memory and I/O devices.

The next step includes the 8086, the 80186, and the 80286,
p rocessorsw hich hand le 16-b it numbers both internally and exter­
nally, and w hich are p roperly called 16-bit processors.

The 68000 isone step higheryet-it has a16-bit external bus, but
a 32-bi t internal bus. The 68008 hasthe same 32-bit internal b us as
the 68000, but an external width of only eight bits .That may appear
to be ad isadvantage, but in cost- and space-sensitive applications,
the reduced wi dth can be valuable, because fewer support I('sare
necessary.

Last, at the top of the current pyramid are the 80386 and the
68020, both of w hich hand le 32-b it numbers both internally and
externally. They are true 32-bit processors.

Internal and external bus w id th are not the only factors that affect
co mputer speed . A bus that's twice as wi de doesn't necessarily
mean a computer that's twice as fast, unless you consistently run
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programsthat make full use of that w idth . For example, a program
that uses many byte-oriented instructions may not operate much
faster on a 32-b it bus than on a 16-b it bus.

Another factor that can affect overall system speed isthe use of a
cache. Both the 68020 and the 80386 use a cache, an area of
memory with in the IC itself that holds instructions or data that are
loaded from main memory before they are needed. Older pro­
cessorsgenerally read data from main memory only at the instant it
is needed, and main memory is invariably slowe r than memory
inside the IC How ever, the newer processors spend their spare
time pre-reading a few bytes ahead of themselves,and store those
bytes for possib le future use. In that w ay they avoid having to wait
for data or instructions to load from main memory The 68000 and
corresponding members of the Intel family have small caches, but
they're too small to provide significant savings.

The address bus
The other major bus, the address bus, carries addresses. That is,

in ord er to store data in memory, or read data from memory, the
processor must spec ify exactly w here in memory that data is
located . That is done w ith a numeric address, sent out on the
address bus. As stated earlier, the address bus is unidirectional.
How ever, there isan important exception to that statement:A DMA
cont roller may seize control and supply addresses instead of the
microprocessor.A DMA controller allows extremely quick transfer
of large amounts of data without involving the microprocessor.

Transfers may occur from a d isk drive (or other mass-storage de­
vice) to main memory, from main memory to a disk dr ive, or even
from memory to memory But because the PT-68K has no DMA
circuit, we' ll say no more about it.

The w idth of the add ress bus determ ines the maximum amount
of memory a computer can have. If the bus had only three lines, for
example, then each address would consist of just three bits . Each
bit can be either 0 or 1, so there would be only eight possible
add resses : 000, 001, 010, 011, 100, 101, 110, and 111. Hence the
maximum number of addresseswould be 23, or 8.

In general, the maximum number of addresses is 2 to the same
power as the number of address lines. For example, most 8-bit
microprocessors have16add ress lines, so the maximum number of
add resses would be: 216, or 65,536.

In electronics, the symbol K stands for multiples of 1000 (a 10K
resistor, for example), but in computers, a K is1024(210 ) . So 65,536
turns out to be exactly 64K (64 x 1024) locations.

Newermicrop rocessorshavemoreadd ress linesthan their pred ­
ecessors. For example, the eight-bit p rocessors mentioned earlier
have 16address lines, for a total of64Kof memory The 8088 and the
68008 each have 20 add ress lines, for a total of 1 megabyte. The
68000 and the 80286 each have 24 address lines, for a total of 16
megabytes. Last, the 68020 and the 80386 have32 address lines for
a total of four billion bytes of physical memory

As you might expect, the mere width of the address bus is not
the only thing that affects system performance. Consider the 20-b it

PARTS LIST

All resistors are Y4-w att, 10% unless othe rwis e
noted.

R1-R6-150 ohms
R7-4700 ohms
R8-R10, R12, R13-10,000 ohms
R11-not used
R14, R15-330 ohms
R16-220 ohms
R17. R18-33-ohm 16-pin DIP package
R19-10,000-ohm 8-pin SIP package
R20 , R21, R24 , R26-2200 ohms
R22 , R23-1 megohm
R25-33 ohms
Capacitors
C1. C2 , C6-C62, C64. C67, C68-0.1 IJ.F, d isc , ceramic
C3 , C4. C5-47 pF, disc, ceramic
C63-1 f..I.F, 16 volts , tantalum
C65-10 IJ.F, 16 volts , tantalum
C68-33 pF. disk, ceramic
Semiconductors
IC1-74LS245 octal bus transceiver
IC2-MC68230P8 peripheral interface/tim er
IC3-3.68-MHz oscillator
IC4 , IC1Q-MC68681 DUART
IC5-WD1772 floppy-disk controller
IC6, IC22, IC32-7406 open-collector hex inverter
IC7- 74LS367 hex bus drive r
IC8, IC29-1489 RS-232 rece iver
IC9, IC3Q-1488 RS-232 driver
IC11. IC24, IC31, IC33, IC76-74LS175 quad D flip-flop
IC12-7442 BCD decoder
IC13, IC5Q-74LS74 dual D flip-flop
IC14, IC26. IC51-74LS32 quad 2-input OR gate
IC15, IC35-74LSOO quad 2-input NAND gate
IC16-74LS174 hex D flip-flop
IC17-IC19-74LS373 octal latch
IC20 , IC27-2712816K x 8 450ns EPROM
IC21-6116 2K x 8 400ns static RAM
IC23-74274 dual D flip- flop

IC25-74LS322 8-bit shift register
IC28-6116 2K x 8 400ns static RAM or MK48T02

clock
IC34-74LS138 3-to-8 Iine decoder
IC36-74LS30 8-input NAND gate
IC37-74LS10 triple a-input NAND gate
IC38-IC45, IC53-IC60, IC67-IC74, IC8Q-IC87-256K

150ns dynamic RAM
IC46-74LS393 dual4-bit counter
IC47-MC68000P8 microprocessor
IC48-74LS08 quad 2-input AND gate
IC49, IC77-74ALS74 dual D flip-flop
IC52-150ns delay gate
IC62, IC75, IC88-74LS257 quad 2-input multiplexer
IC61- 74S373 octal latch
IC63-16L8 PAL
IC64-74LS139 dua l 2-to-4 line decoder
IC65-74LS390 dual decade counter
IC66-74LS04 hex inverter
IC78-16-MHz oscillator
IC79-0 ptional 20- or 24-MH z oscillator
IC89-74LS148 a-to-a line priority encoder
IC9Q-74LS164 8-bit shift register
IC91- 555 timer
IC92-optionaI14.313-MHz osc illator
Connectors
J1-J6-62-pin card edge connector (for IBM slots)
J7 , J8-40-pin dual header strip
J9-5-pin DIN connector (for IBM keyboard)
J10a , J10b-6-pin power connector (IBM style)
J11, J12, J21, J22-6-pin dual header strip
J13-34-pin dua l header strip
J14-J17-notused
J18-4-pin sing le header
J19, J20, J24, J25-3-pin single header strip
J23-2-pin single header strip
Other componen ts: PC board, cabinet (PC , XT, or AT

clone), power supply (135-watt minimum, PC or XT
clone).
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bu s of the 8088 and the 68008, for example . Both processors can
address a megabyte of memory, but the 68008 can do so in one
con tinuous p iece, whereas the 8088 splits that memory into 64K
segments. Hand ling the segmenting greatly complicates a program,
and that's why many p rograms written for the 8088 (Microsoft
BASIC, for example) can only use 64K of memory at a time, wh ereas
BASIC on the 68008 has no such limitation.

So the 68000 can easily handle p rograms and data that use up
the entire 16megabytes of memory-almost. The reason is that Intel
and Motorola p rocessors d iffer in the w ays they handle 1/0. In a
Motorola-based co mputer, 1/0 devicescon nect to the processor in
exactly the same w ay as memory does, and the result is that
availab le memory space decreases slightly. So if a 68000 were to
ded icate one megabyte of memory to 1/0, there would be only 15
megabytes lef t for memory.

Intel processors do not have that limitat ion; they use the entire
address range for memory, and they have a separate (usually small­
er) set of addressesjust for 1/0. Some people claim that Motorol a's
sharing memory and 1/0 space is a d isadvantage, but in p ract ice it
makes very little d ifference, because a given system seldom re­
qu ires more than a few dozen (or perhaps a few hundred) 1/0
addresses, and that leaves plenty of space for memory. In fact, in
most cases, a 68000 or 68020 has so much unused address space
that we can afford to waste thousands-maybe even millions-of
addresses on 1/0 w ithout feeling the pinch.

A list of add resses in a computer and what they are used for is
called a memory map. Table 2 shows the memory map of the
PT-68K. As you can see, there is still p lenty of memory left for
expansion, probably much more than most of us w ould ever care
to pay for.

Decoding memory
As Fig. 1 shows, the microprocessor's address bus is sp lit into

two sections: part goes to the address decoder, and part goes to
the ROM, RAM, and 1/0 interfaces.

The address decoder's job is to examine the address bus and
route a given ad dress to the appropriate circu it. For example, as
Tab le 2 shows, the on-board dynamic RAM occupies addresses
000000 through 0FFFFF. Whenever the address decoder sees an
address beginning w ith the hexadecimal d igit 0, it recognizes that
address as a RAM address, and sends a signal to the RAM that
effect ively says "Hey, you ! This address is meant for you- get to
work!" That signal is called an enable or select signal. If it goes
d irectly to an IC, then it is called a chip enable or chip select, often
abb reviated CE or CS.

The block diagram implies that there isjust one addressdecode r,
but in practi ce most computers sp lit the function among two or
more decod ers, each of wh ich services just one part of the com­
puter. One reason is that c ircuit design is easier, but there is a
second reason aswell: different decoders deal wi th d ifferent parts
of the add ress bus.

For example, to decode the dynamic RAM space, the address
decoder need only look at the leftmost hex digit of the add ress,

TABLE 2-PT-68K COMPUTER MEMORY MAP
Memory Range Description

ooסס00 - OFFFFF On-board RAM (1 megabyte)
100000 - BFFFFF Expansion RAM (11 megabytes)
COOOOO - DFFFFF PC address-space slots (2 megabytes)
EOOOOO - F7FFFF Unused (1.5 megabytes)
F80000 - F9FFFF ROM (128K)
FAOooO - FBFFFF PC I 0 space slots (128K)
FCooOO - FDFFFF Unused (128K)
FEOOOO - FE3FFF 110 Interfaces (16K)
FE4000 - FEFFFF Unused (48K)
FFOOOO - FF7FFF Static RAM (32K)
FF8000 - FFFFFF Unused (32K)
Note: Parts of some segments may not be used, For example, 32K

is assigned to static RAM, but only 4K is actually installed.

PARTS AND PRICES

The following kits and components are available from Peripheral
Technology,1480TerrellMill Rd #870, Marietta GA 30067, 404-984­
0742.

Basic Kit, PT1, $200. Contains all parts (except power supply
and case) to bui ld the basic 8-MHz PT-68K: double-sided solder­
masked silk-screened PC board, MC68000 microprocessor, HUM­
BUG and BASIC EPROM's, clock oscillator, static RAM, two serial
ports, power and signal connectors, Ie sockets, resistors, capaci­
tors, and all other components to make a functional system. Add
$20 for the 10-MHz version, or $70 for the 12-MHz version. Please
inquire about the cost of the 16-MHz version,The8-MHz board can
b e updated later to 10 MHz ; conversion to 12 or 16 MHz may be
more difficult.

First 512K RAM, PT!la, $90. DRAMcontroller circuitry and first
512Kof 150-nsRAMICswith sockets, for 8 or 10MHz. Second S12K
RAM, PT2b, $SO. 512Kof dynamic RAM I('s with sockets, can be
added at any time. DRAMprices are highly unstable at this time so
prices may vary. ,

Floppy-disk Controller, PT3, $100. Floppy-disk controller and
all support I('s, connectors, IC sockets, and SK'DOS, which in­
c ludes editor, assembler, BASIC, RAM disk, disk cache, and utility
programs. Disk drives extra.

Parallel port and clock/calendar, PT4, $SO. All parts and IC
sockets included.

PC-c~mpatible slots, PTSa, $40. Includes connectors, sup­
port ICs, and sockets for the first three bus slots and compatible
keyboard. Three additional connectors, PTSb, $10. (The slots
can be added at any time, but you may want to install them
Immediately if you have no serial terminal or computer that can act
as a serial terminal.)

Full basic system, PT68K, $470. Includes all circuitry from kits
PT1, PT2a, PT3, PT4, and PT5a, aswell as the 10MHz upgrade kit. You
needn't purchase the full kit to get started; however we recom­
mend that options be added in the order described. A bare
motherboard with EPROM's and PALis available for $170.

Other components can be obtained through the clone marketor
from Peripheral Technology: "Baby" AT cabinet, as shown in the
accompanying photographs, $45; lS0-watt power supply, $60;AT­
style keyboard, $60; 5amsung1252Gamber monitor, $90; Hercules­
compatible monochrome text/graphics card, $50; Western Digital
hard-disk controller card, $90;80-track double-sided 720K floppy­
disk drive, $120;20 megabyte half-height hard disk, $295.

All orders add $5 shipping and handling . Heavy items (monitors
disk drives, etc.) extra. Georgia residents add applicable salestax.'

that is, the four leftmost b its, which must equal 0000 (a hex 0) for
the RAM to go to w ork.

The ROM-d ecode signal, by contrast, is der ived from seven bits .
The ROM occupies addresses F80000 through F9FFFF. The low est
address(F80000) beg ins w ith 1111100 and then continues wi th 17
zeroes; address F9FFFF also beginsw ith 1111100 but then co ntinues
w ith 17 ones. All other ROM addresses also begin w ith the bits
1111100, but have d ifferent combinations of zeroes and ones at the
end . So any address that starts w ith 1111100 applies to the ROM.
Therefore, whenever the address decoder sees a 1111100 it sends
an enab le signal to the ROM. '

Hands-on
The preced ing servesasa brief introduction to the PT-68K and it

indicates the kind of material we'll be cove ring in futureinstall­
ments. Now we'll d iscuss some basics of construction. As d is­
cussed in the sideba r, the hard w are is avai lab le in several
configurations. If you wa nt (and are able), you can purchase the
parts, assemble the computer, and start using it. If, how ever, you're



FIG. 2-MQUNT THE PT68K on a 12" x 24" slab of wood.

coming along for the ed ucational ride, you'll wa nt to fo llow the
steps outl ined below. You'll want to buy either the basic kit (PT1) or
the full kit (PT-68K). The basic kit can be expanded to the same
capabil ities of the full kit, b ut w ith a smaller initial cash outlay In
addi tio n, you'll want to obtain the fo llowi ng:
• A power supply Al most any supply that can p rovide five volts at
abou t five amp eres w ill do; how ever,a PC clo ne supp ly is reco m­
mended because it provides ampl e pow er for add ing d isk drives

and p lug-in boards. It is also about as cheap asyou can get, and it
hasa set of connectors that pl ug direct ly into the PC board without
having to jury-rig some kluge.
• A 12" x 24" wooden board to mount the PC board and power
supply so you can work on them easily (See Fig. 2). Don't fasten the
PC board to the wood; just hammer two thin brads into the wood
so the board 'smounting ho les slip over them to prevent the board
from slid ing.The w hite markers in Fig. 2 indi cate which holes to use.
IMPORTANT: do not use any of the ot her 7 mounting holes yet.
Those holes have a ground trace on the bottom of the board, and a
+5-vo lt trace on the top of the board; if you insert a metal screw or
nail into the hole, you may short out the power supply and cause
damage.When it is time to mount the board in the cab inet, you w ill
use plastic hardware to avoid a short.
• A voltmeter, logic probe, or oscill oscope would be helpful, but
is not essential. If none of those is available, you can bui ld a simp le
LED-based logic probe right on the board. We'll show you how
next time.
• Some thin wi re, 30 gauge or so, will be needed for some of our
expe riments.
• Last, you need some simp le hand tools : screwdriver, needle­
nose p liers,diagonal cutters, and, above all, a good solde ring iron,
rated at no more than 45 w atts.A penci l type iron rated 35 w atts or
so is good; a tempera ture-controlled low-vol tage soldering station
is better. In any case, don't use anything over 45 w atts. Good
solde ring technique is extremely important in a project of this
complexity

When w e get together next t ime, we'l l start to build and test the
PT-68K·tCD.

FIG. 3

EDITOR'S WORKBENCH

continued from page 89

dimmer that w ill blank your screen after a
time period you select. A nd for privacy you
can blank the screen at any time by pressing
a key Press any key to restore the screen. .

You can use Cruise Contro l to insert the
current time, date, or both, into your current
enivronment, be it a word p rocessor, a
spreadsheet, or just about any other p ro­
gram. The characters flow into the program
just as if you had typed them at the key­
board.

A help panel, shown in Fig. 3, that lists all
available options, is availble at the DOS
prompt. Four "strategies" (also changeab le
on the fly) help adapt Cruise Control to
various environments.

Cruise Control has been part of our A U­
TOEXEC.BAT file since the day we received
it. It uses only about 3Kof RAM,and lists for
$39.95 plus $3.50 shipping and handl ing,
from Revolution Software,715Route10 East,
Randolph, NJ 07869.

COVE SOFTWARE GROUp, PCED

Several month s ago (March 1987, page
95) w e mentioned a li tt le program

called CED that we d iscovered on the PC­
SIG CD-ROM. (The CD-ROM co ntains more
than 10,000 public -domain p rograms for
the IBM family of co mputers.) CEDhas now
gone commercial; the new incamation is

called PCED (for Professional Command ­
line Ed itor). PCED includesall the featuresof
CED (the most important of w hich are the
abi lity to edit the current command line; the
ability to call up p revious ones, ed it them,
and re-execute them; and the ab ility to de ­
fine synonyms for single or multiple DOS
commands). In addition, PCEDadds several
new commands, including the abili ty to
load and save its configuration file, the abil­
ity to be tumed off tempora ri11,the abiIity to
log every comm and executed by DOS in a
d isk file, and more.

CED had provisions for addi ng extemal
pseudo -commands to DOS; PCED includes
several such co mmands. For examp le, an
optionally installeble directory program al­
low s you to get di rectory listings that are
sorted in one of several ways, Another in­
stallable pseudo-command allow s you to
send codes out various communications
ports, thereby allow ing you to set up a
printer, a modem, etc. At $35, PCED is a
bargain. Order from the Cove Sof tware
Group ( PO. Box 1072, Col umb ia, MD
21044)·tCD.
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COMMODORE
PULSE
GENERATOR

Only three components are needed to make a Commodore C64 into a pulsegenerator.

JIM BARBARELLO
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If your test gear does n't include a pulse generator it's p robably
becauseyou just never got around to buying one. Of co urse, in a

p inch you can always use a 555 timer and a few inexpensive
components to assemble a q uick-and-d irty squarewave or pulse
generato r. But for abo ut the same cost you can build a simple
device that w ill put your Commodore 64 to work as a stab le,
accurate source of squarewaves and pulses, and also provide a
debounced one-sho t trigger source to boot. Actually, the pulse
generator consists of the hardw are accessory and an accompany­
ing BA SIC program.

The software simulates a physical pulse generator. Its screen
d isplay co mbines a d igital frequency ind icator w ith a menu for
eight functions that are available through the Commodore (-64's
normal function keys. No calib ration procedure is necessary be­
cause the pulse generator uses the computer's 1-MHz crystal­
cont rolled clock for a time base:What you seeon the screen iswhat
yo u get.

Capabilities and limitations
The pulsegeneratorcan generateco ntinuoussquarewaves in the

range of 15 Hz- 500,000 Hz, or 1-microsecond w idth pulseswith a
repetition rate of 30 pps (pu lsesper second) to 1-mill ion pps. A
one-shot function produces a single 1-millisecond pulse on de­
mand . A ll outputs vary between zero and about 4.3 volts.

The output frequency and waveform is determined entirely by
the software. For those of you who might want to experiment w ith
the c ircuit,we'l l taketime out to describe how the hardware device
uses the Comp lex Interface Adapter (CIA) IC that drives the com ­
puter's user port. With that information and some BASIC program­
ming skill, you can add featuressuch as frequency sweeping, auto
sequencing of discrete frequencies, and repetitive trigger pulses
having a programmable interval.

The characteristics of the CIA IC require the output frequency to
be eq ual to 500,000IN,where N is a whole number between 1 and
65535. For that reason, the pulse generator'soutp ut frequency isn't
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crystal-controlled accuracy, good reso lution in the audio range,
and a construction cost of well under $10.00, its performance will
adequate for many applications.

FIG. 4-THE WIDTH OF THE PULSE OUTPUT is so narrow that
the signal is changed to a spike by conventional coaxial cable.
Use low-capacitance cables and test leads.

Assembly
The circuit is so simp le that a pr inted ci rcuit board assembly isn't

necessary Instead, use a 1" x 3" p iece of perforated const ruction

The hardware interface:
The simpl e circuit shown in Fig. 1 interfaces the signal from the

Commodore's user port to the outside world . Transistor Q1,which
functions as a current amplifier, buffers the output from user-port
co nnector J1 's p in K(Port B6of the CIA), an arrangement that allows
the signal to dr ive circuits having current demands that would
otherwise distort a direct output from the user port. All output
signals appear at banana-type jacks J2 (signal) and J3 (ground).

Operating pow er is p rovid ed by the computer itself from the
user port's p ins 2 ( +5 vo lts) and 1(ground ). The 100-mA maximum
rating of the user port allows the c ircuit to easily d rive a 50-ohm
load .

The CIA adapter
The Commodore C-64's user port is co nnected d irectly to a 6526

CIA, w hich has two interval timers.The p ulsegenerator usesthe one
called Timer A, w hich ope rates just like a stand ard co untdown
timer. Before start ing, a number representing the co unt is load ed
into the timer. When started, the count beginsdecreasing by one for
each clock cycle. When the co unt reaches zero, the timer can eithe r
stop or reset and beg in co unting again. Memory locations 56580
and 56581 hold the low and high byte values (respectively) for the
coun t. For examp le, a cou nt of1000would have a high byte value of
3 (the integer par t of the product of the count value divided by
256) and a low byte value of 232 (1000 less the high byte value
time s256). With a clock rate of 1MHz, the count can p roduce either
1000 alternating transitions per second (a squarewave w ith a fre­
quency of 500 Hz) or 2000 pulses per second.

The value loaded into memory address 56590 controls most
aspects of the timer. A value of 2 sets the CIA for pulse output, a
value of 3 begins pulse generation, a value of 6 sets the CIA for a
squarewave output, a value of 7 begi ns sq uarewave generation, a
value of 15 produces a single pul se w hose w idth is determined by
the value stored in memory locations 56580 and 56581.

Once the timer is in operation, it continues ind epend ent of the
computer unti l one ofthe values in memory locations 56580, 56581,
or 56590 are changed. Therefore, all control can be performed
d irectly from the BASIC program by mon itoring the contents of
those locations.

R2
lOOfl

Ql

2N2222

Rl
10K

2

K

>---+-'-------- - --.........-~.l J2 BLACK

Jl

FIG. 3-THIS IS THE MENU screen display. The frequency or
pulses-per-second of the output is shown in the rectangle near
the top.

FIG. 2-ALTHOUGH THE LAYOUTISN'T CRITICAL, try to approxi­
mate this layout to insure the interface will fit on the user port.

Fig.1- THE USER PORT INTERFACE uses only three compo­
nents and a connector.

continuously adj ustable. When you key in a desired frequency the
software selects the closest value it can generate. As the freq uency
increases, the d ifference between the current and the next fre­
quency value increases. For examp le, at 100 Hz the next value is
100.02 Hz; at 1000 Hz the next value is 1002 Hz; at 10,000 Hz the
next value is 10,204 Hz . Considering that the p ulse generato r has

97



10 GOSUB 3000:PRINT:F-SOO:SP"'2:PS(l)""" PPS ":PS(2)=" HZ
20 GOSUB 5000
30 COL= 10: RO=9: GOSUBS050: PRINTBS" FREQ "WS"~~ "BS" SET"
3S RO=10:GOSUB ,S050:PRINTBS" UP "WS"IFll IF21"BS" FREQ"
40 RO= 11 :'GOSUB5050: PRI NTBS" "WS" '---J '----I "

50 RO""1 2: GOSUB5050: PRI NTBS" FREQ "WS",---,~ "BS" "WS" SQUARE"
S5 RO=13:GOSUB 50S0:PRINTBS" DOWN "WS"IF31 IF41"BS" PULSE"
60 RO=14:GOSUBS050:PRINTBS" "WS" '---J '----I"

70 RO= 15: GOSUBSOSO: PRI NTBS" "W$" ,---,~ "BS" ONE ".
7S RO=16:GOSUB 'S050:PRINTB$" RUN "WS"tFSI IF61"BS" SHOT"
80 RO= 17: GOSUBS050: PRI NTBS" "WS" '---J '----I "

85 RO= 18: GOSUBS050: PRI NTBS" "WS" ,---,~ "
90 RO=19:GOSUB 5050:PRINTBS" STOP "WS"tF7t tF81"BS" OFF"
95 RO=20: GOSUB50SI): PRI NTBS" "WS" '---J L-....I " : GOSUB SOO:GOSUB 4000
97 POKE 56S90,6
100 CO=12:RO=5:GOSUB SOSO:PRINT SPS
11 I) GET AS: IF AS="" THEN 110
120 G=ASC(AS):IF G<133 OR G)140 THEN 110
130 ON G-132 GOSUB 200.300.400,500,600,700,800,1000
140 GOTO 100
200 CO=17: RO=10: GOSUB 50S0: PRINTBS"Fl ·"
210 F=F-l
220 IF F<l THEN F""l
230 GOSUB 4000: IF PEEK(197)=4 THEN 210
240 CO=17:RO=10:GOSUB 5050:PRINTWS"Fl":RETURN
300 CO=17:RO=13:GOSUB 50S0:PRINTBS"F2"
310 F=F+l
320 IF F)33334 THEN F=33334
330 GOSUB 4000: IF PEEK(197)=5 THEN 310
340 CO=17:RO=13:GOSUB S050:PRINTWS"F2":RETURN
400 REM 'F5
410 CO=16: RO=15: GOSUB 50S0:PRINT" _": RO""16: GOSUB S050: PRINTBS"IFS I"
420 RO::a17:GOSUBS050:PRINT"."BS"_"WS"."
430 RO=18: GOSUB 5050: PRINTWS",..--," :RO-19:GOSUBS050:PRINT" IF7,"
440 RO.20: GOSUB5050: PRINT" '----I "

450 PT·PEEK(56590):POKE 56590,PT OR l:RETURN
500 REM F7
510 CO-16:RO...18:GOSUB 5050: PRINT" _":RO-19:GOSUB 50S0:PRINTBS"IF7 I"
520 RO-20:GOSUB5050:PRINT"."BS"_"WS"."
530 RO= lS: GOSUB S050: PRIN rws" ,..--, ":RO-16: GOSUB5050: PRINT" tF5 , "
540 RO-17: GOSUB50S0: PRINT" '----I"

550 PT""PEEK(56S90):CO-21:RO-16:GOSUB 5050
560 POKE S6590,PT AND 14:GOSUB 820:RETURN
600 REM F2
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PARTS LIST
J1-12/24-pin card edge connector (mating

connector for the C64's user port)
J2-Redbananajack
J3-Black banana jack
Q1-2N2222, NPN transistor
R1-10,000 ohms, Y4-waU, 10%
R2-100 ohms, Y4-waU, 10%
Miscellaneous: Perforated construction board, wires,
solder, hardware.
NOTE: The 12/24-pin connector (J1) is available for
$3.25 each, and the complete program with addi­
tional programming information is available on a
Com modore-mode disk for $5.00 from B&BTC,
RD#1, Box 241H, Tennent Road, Manalapan, NJ
07726. Add $2.00 postage and handling with each
order. New Jersey residents must include appropri­
ate sales tax.

board , A ny kind of perforated b oard w ill do, but the kind having
holes spaced at 0.1" intervals and foil pads on one side w ill make
attaching the transistor and resistor easier. In addit ion to the board
material, you w ill need two 6-32 x 1" round-head machine screws
and six 6-32 nuts, Mount the two screws through the mountin g
holes located on either side of J1. If you're using a standard co n­
nector the screws w ill thread into the ho les, making for firm fit. The
threaded ends of the screws should be on the same side of the
co nnector as the solder terminals. Secure each screw to J1 w ith a
nut. Drill a hole on both ends of the boa rd about 3fs" up from the
bottom edge. Place one nut on each of the screws abou t 1/4" from
the end of the screw

Temp orarily mount the board on the screws and then place one
more nut on each of the screws, securing the board ab out 3fs" away
from the ends of J1's terminals, When you are satisfied w ith the fit,
remove the boa rd, cut it to size, install the compo nents on the
board, and attach short w iresfor the connections to J1 p ins1, 2, and
K. Reassemble the board to J1 and solder the three wi res to the
approp riate terminals. The finished unit should resembl e the pro-



610 CO-20: RO-9: GOSUB 50~0 : PRINT" _": RO-l0: GOSUB ~O~O: PRINTB$"I F2 I"
620 RO-Il: GOSUB~O~O:PRINT" ."B$"_"W$"." .
630 CO-0:RO~4:GOSUB ~O~O:PRINTBB$:PRINTBB$:PRINTBB$

635 CO=0:RO~23:GOSUB 5050:PRINT BL$:GOSUB 5050
640 CO=0:RO-23:GOSUB 5050:PRINT BL$:GOSUB 5050
650 INPUT"ENTER NEW FREQUENCY";F9$:F9=VALCF9$):lF F9<15 OR F9>.5E6 THEN 640
660 GOSUB 5050:PRINT BL$:F=INTC.5E6/F9):GOSUB 4000 .
670 CO~20:RO=9: GOSUB 5050: PRINTW$" ,..---.,": RO~10: GOSUB5050: PRINT" I F21"
680 RO= 11 : GOSUB~050: F'RI NT N~ ..

690 RETURN
700 REM F4
710 CO=21:RO=13:GOSUB 5050:PRINTB$"F4":CO=2:;i:RO=12:GOSUB 5050
720 IF SP~l THEN PRINTW$"SQUARE":RO""13:GOSUB5050:PRINTB$"PULSE":SP~2:GO TO 740
730 PRINTB$"SQUARE":RO=13:GOSUB 5050:PRINTW$"PULSE":SP=1
740 CO=21:RO=13:GOSUB 5050:PRINTW$"F4"
750 PT=PEEK(56590):IF SP~2 THEN POKE 56590,PT OR 4
760 IF SP=l THEN POKE 56590,PT AND 11
770 GOSUB 4000:RETURN
800 REM F6
810 CO=21:RO=16:GOSUB 5050:PRINTB$"F6":GOSUB 5050
815 POKE 56580,232:POKE 565Bl ~3:PT=PEEK(56590)

820 PT=PEEK(56~9.0):POKE5659d,15
830 POKE 56590,PT:PRINT W$"F6":GOSUB 4000:RETURN
1000 REM** END
1010 PRINTCHR$(147):RO=12:CO=6:GOSUB5050:POKE 56590, 0: POKE 56579,0
1020 PRINTCHR$(18);" GENERATOR OFF ";CHR$(146);" - PROGRAM ENDED."
1030 PRINT:PRINT:PRINT:END
3000 REM** FORMAT SCREEN=
3010 POKE 53280,6:POKE 53281,6:PRINTCHR$(147)
3020 B$=CHR$ (05) +CHR$ C18) : BL$=" "+B$+" ": PRINTBL$
3030 PRINTTAB(8) ; CHR$ (05) ; CHR$ C18) ;" C64 FUNCTION GENERATOR "
3040 PR.lNTBL$:8B$~" "+8$+" "+CHR$(146)+" "+B$+"
3050 PRINTB8$:PRINTBB$:PRINT88$:W$=CHR$(146)
3060 FORI~lT014:PRINT8L$:NEXTI:PRINT 8L$
3070 BL$=" ": RETURN
4000 REM ** FORMAT/PRINT OUTPUT
4010 P$~LEFT$(STR$(lE6/CF*SP»,8):P~INTCVAL(P$»

4015 IF P=lE6 THEN P$~ "1000000":GOTO 4050
4020 IF P<1000 OR P>99999 THEN P$=LEFT$CP$+" ",7):GOTO 4050
4030 IF P<10000 THEN P$=LEFT$CP$+" ",5):GOTO 4050
4040 P$=LEFT$CP$+" ",6)
4050 P$=P$+P$CSP)
4060 CO=16:RO=5:GOSUB 5050
4070 H~INTCF/256):L=F-H*256:POKE56580,L:POKE 56581,H
4080 PRINT P$:RETURN
5000 REM* CURSOR CONTROL USING PLOT KERNEL ($FFFO)
5010 DATA 162,0,160,0,24,32, 240,255,96 ,999
5020 A=49300:SC=A
5030 READ B:IF B<>999 THEN POKE A,B:A=A+l:GOTO 5030
5040 RETURN
5050 POKE SC+3,COL:POKE SC+l ,ROW:SYS SC
5060 RE TURN

totype shown in Fig. 2. Be sure to t ighten all six screws firmly since
you don't w ant the assembly to flex w hen you're installing it on the
user port. Most 24-pin connectors make a very tight fit to the user
port, so make sure all mounting nuts are tight. Finally, install the
adapter to the user port.

The software:
The program listing is shown in Listing 1. It is a relatively long

p rogram, and if you feel that you' re not up to keying in so large a
p rogram w ithout making errorsyo u can obtain the program on di sk
from the source given in the Parts List.

When you run the program,you' ll get the screen d isp lay shown in
Fig.3. Note that the freq uency,wh ich always initializesat 1033 Hz, is
displayed in the small dark rectangle at the top of the d isplay Below

the frequency d isplay areaare representations of the computer's F1
through F8 function keys, w ith each key's function clearly labeled .
On startup, F7 w ill be highlighted, indicating that the generator isn't
running.

Pressing the F1 key once w ill increease the ouput freq uency one
interval. Ho ldi ng the F1 key down w ill cause the frequency to
continually increase. Similarly, the F3 key causes the frequency to
decrease. When the freq uency reaches its upper or lower limit, the
display w ill freeze and yo u will have to reverse the d irection of the
freq uency selection.

Press the F2 key to get to a desired frequ ency quickly The F2
screen d isp lay w ill highlight, the frequen cy d isp lay area w ill clear,
and the prompt Enter New Frequency? w ill appear. Typing any
number between 15and 500000 resetsthe frequency to the closest
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R-E Computer Admart'
Rates: Ads are 2Y4" x 27/a". One insertion S825. Sixinsertions S800 each . Twelve
insertions S775. each. Closing date same as regular rate card . Send order with
remittance to Computer Admart , Radio Electronics Magazine . 500-B Bi-County
Blvd.. Farmingdale, NY 11735. Direct telephone inquiries to Arline Fishman . area
code-516-293-3000. Only 100%Computer adsareaccepted for this Admart.'

AZ-80 WORKSHOP
MANUAL

A
BP112-Starting with a re­
view of computer princi­
ples, this book describes
typical machine-code in­
structionsfollowed by ade­
tailed description of the
Z-80 instruction set. As-
sembly languageprogram- '-_....L._--J

mingisalsodiscussed with examples . Z-80
hex machine-code and assembler instruc­
tions are given in tabular form , along with
in-our connectionsfortheZ-80andteasso­
ciated devices....Order your copy from
Electronic Technology Today Inc., PO Box
240, Massapequa Park, NY 11762. Price is
$6.95plus $1.00 for shipping.

~~~i~i~~ :
Eliminate Guesswork!
Build with Confidence!

BIG BLUE SEED for IBM'· BUILDERS
Parts list.placement diagrams &instructions
for assembling over 75 IBM-compatible
bare cards. Latest version includes guides
for 640K. Turbo. & AT MthBds $17.95

APPLE SEED II for APPLE'· BUILDERS
Instructions for assembling over 85 Apple­
compatible bare cards including 11+ & lie
MthBds. For all Apple enthusiasts ..$14.95
Both for $30.00! Also bare cards in stock!

Check /money-order. VISA/MasterCard to:

NuScope Associates*, Dept RE
P.O. Box 790 • Lewiston, NY • 14092

0'"D,v'soon01Kosm,c M,croTech Inc

BP181- lt is probable that80% of dot-ma­
trix printer users on ly ever use 20% of the
featuresoffered by their printers. This book
will help you unlockthe special featuresand
capabilities that you probably don 't even
know exist. To orderyour copy send $6.95
plus $1.50 forshippinginthe U.S. to Elec­
tron ic Techno logy Today Inc., P.O. Box
240, Massapequa Park, NY 11762-0240.

.. CALL NOW
AND

RESERVE
YOUR SPACE

• 6 x rafe $800.00 per each insertion.
• Reaches 239.312 readers.
• Fast reader service cycle.
• Short lead time for the placement of

ads.

Call 516-293-3000 to reserve space. Ask
for Arline Fishman. Limited number of
pages available. Mail materials to:
Co mputer Adm art , RADI O-ELE C­
TRONICS. 500-B Bi-County Blvd.. Farm­
ingdale. NY 11 735.

CIRCLE 196 ON FREE INFORMATION CARD

Ie PROMPT DELIVERY!!!
S ~CA~~T~~~ESp~ :~isl~L~~o~~~~\~. ""

DYNAMIC RAM
1oooxo 100 ns $26 .50
256Kx4 120 ns 32 .00

*256Kxl 100 ns 6.95
64Kx4 150 ns 3.50

256Kx 1 80 ns 4.95
256Kx1 100 ns 4.40
256Kx l 120 ns 3.30
256Kx l 150 ns 3.20

64Kxl 150 ns 1.50
EPROM

64Kx8 200 ns $11 .25
32Kx8 250 ns 6.65
32Kx8 250 ns 5.50
16Kx8 250 ns 4.75

STATIC RAM
.. 43256L-12 32Kx8 120 ns $12 .75

5565PL-15 8Kx8 150 n s 3.30

SUNDAYS& HOlIDAYS: SHIPMENT OR D£UVERY, VIA U.S. EXPRESS MAIL

f:6L~~bE~~ F~S~~t~~r; NS:~: UPr)~:~~~~S .uPOO
F~~i:'~O:: .S MICROPRO CESSORS UNLIMITED, INC.

~~"$10~ :::' ~~g~s~o":";~~~;· (9 1 8) 267-4961
=:....::.::.:::c.:.= No min im um ord er. P:N ", no le l~t p'oCctS .. ' U~0Cl1O
CI\I."Q4!S"ilP<'l) & "'k>f;troceexlr" &"l'IoS1 jor~ ""'tl"<<llI$ Ord... rK . lvl'db'f
9PM CSTcan ulua llybe dallvlr<tdlhe nax lmornllHJ.via F.-;l, .,1 Exprali St and . td
Air .. $4 .DO.or!l ua .l ntHd n exlday PIiOfnyOna .. $10.50 ! AI1p,;lI\I 9" . ' ....IHd

Getting The
Most From Your
Printer

GETTING
THE MOST
FROM YOUR
PRINTER

CIRCLE 61 ON FREE INFORMATION CARD

Scope displays
The level and waveform from the pulse generator can be af­

fected by capacitive loadi ng. The most common source of capaci ­
t ive loadin g is using a long shielded cable to feed the output to

allow able value. Decim al numbers such as100.56 are allowed, but
co mmas are not (i.e ., 500000, not 500,000), If a value outs ide the
w orking range is entered, it w ill be ignored and the prompt w ill be
repeated . The di spl ay area wil l then show the selected freq uency
in Hz or the co rrespo ndi ng pul se rate in pps--and remember, the
p ulse rate is twice the selected frequency in Hz.

The right function
On startup, the freque ncy is set to 1033 Hz and the SQUARE

function of F4 is automatically initialized . Pressing F4 togg les the
output between squarewave (Hz) and pulse (pps), Aga in, note
that the p ulse rate is twice the freq uency

Pressing F6 for ONE SHO T generates a single, 1-millisecond pu lse.
F6 must be released and then p ressed again to generate a second

~ pu lse. Pressing F8 clears the screen, causes the screen to d isp lay the
z message GENERATORO FF-PROGRAM ENDED. turns off Timer A,
~ and removes any signal present from the base of Q1 (thus turning it
t:) off)
ill
....J
ill

6
(5
<l:
a:

another ci rcuit, or to other test equ ipment. Normally,high test lead
or cab le capac itance affects only the higher frequencies. If exces­
sive lead capac itance does exist, the resulting waveform w ill re­
semble a triangular wave rather than a squarewave, and the signal
level wi ll decrease by as much as 25%. For example, a M OO-Hz
squarewave fed through a co nventional coaxial -cable test lead had
sharp rising and falling edges. How ever, the signal shown in Fig. 4
also started out asa pe rfect squarewave, b ut because its frequency
is 500 kHz, the test lead 's internal capacitance turned the square­
wave into a pulse-shaped wave. To avoid capac itive load ing, keep
cables short, prefe rably under two feet, and use a low-capac itance
oscilloscope test p robe.

The capacitive-loading effect wi ll be even more pronounced on
short duration pu lses.As shown in Fig. 4, a conventional shielded
cabl e turnsan essentially rectangular pul se of 20,000 pps into a thin
sp ike.

Finally,keep in mind thatthe effect ive load resistance seen by the
adapter should not go below 50 ohms. If yo u are d riving a circuit
w ith an inp ut impedance less than 100 ohms, tempora rily d iscon­
nect resistor R2 so that it does not parallel the inp ut irnpedance of
the c ircuit being tested, which w ould result in a total load of less
than 50 ohms. Add an SPST switch if yo uw orkwith low-impedance
circuits often.• CD.
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ARE YOU TIRED OF BEING
RIPPED OFF BY FOREIGN KITS

WITH POOR DOCUMENTATION
AND NO SUPPORT?

DESIGNER'S
NOTEBOOI< FROM

small multi-turn PC-mount device
will provide the greatest precision.

By ' using a variable-voltage
power supply, you should be able
to set the circuit to trigger within
less than a tenth of a volt of the
target voltage . The Zener you use
isn 't critical. For most appli ca­
tions, a Y4-watt unit will do. The
transi stor can be any small-s ignal
NPN type. The circuit is so small
that it can be installed easily in the
case of just about anything. If you
want to keep an eye on more than
one voltage , you can build several
circuits on the same board.

Although the output device is

No Previous
Experience

Necessary

Train fora
Money-Making career

inTV/VCR REPAIR

CIRCLE 208 ON FREE INFORMATION CARD

The best kit line in America .

• Fully Guaranteed
• Fully documented - easy to understand
• Fully supported
• Something for every level of kit builder.

(A udi o. test equipment & morel )

Send $ 1.00 postage for FREE Color
Catalogue to :

INVERTOR TECHNOLOGY ,
17, North 2128 Pines Road,
Spokane , Wash., 99206
(509) 928-9384

or. INVERTOR TECHNOLOGY
P.O. Box 3874, Station " B",
Calgary, Alberta T2M 4M5
(403) 932·5626

DISTRIBUTOR ENQUIRIES WElCOME

NORTH AMERICAN MADE

Now you can train at home in spare time for a
money-making career as a TVNCR Repair

Specia list. No need to quit your job or school.
Everything is explained in easy-to-understand lan­
guage with plenty of drawings, diagrams and pho­
tos. We show you how to troubleshoot and repair
video-cassette recorders and TV sets. how to han­
dle house calls and shop repairs for almost any
make of television or VCR. You learn about TV
receivers, tuners and antennas, x-ray emission, the
characteristics of sound, how electrical impulses
are converted into a TV picture, and much, much
more. Tools are included with your course so you
can get "hands-on" practice as you follow the les­
sons step by step. Send for free facts about oppor­
tunities in TVNCR Repair and find out how you
can start making money in this great career. l:1

- - - MAIL COUPON TODAY - - - -

I ICS SCHOOL OF TV/VCR REPAIR , Dept. DE097 II SINC E 1891 Scranton. Pennsylvan ia 18515 I
I

Please send me full information and color brochure on I
how I can learn TViVCR Repair at home in my sparetime. 0

I I understand there is no obligation and no salesman will I o
VISit me. ~

I Name Age_ _ I ~
I Address I gJ
I City/State /Zip I <0
I Phone ( ) I ~L .J
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The minimalist approach
If all you need is a circuitthatwill

light an LED, sound an alarm , etc.,
when a particular voltage level is
reached, the easiest way to get the
job done is with the circuit shown
in Fig. 1. It has the whole range of
good things-it 's simple, it 's
straightforward , it co sts next to
nothing to put together, and it 's
totally bulletproof. .

It works like this. When the volt­
age acro ss potentiometer R3
reaches a particular level, Zener
diode 01 will start conducting and
turn on the transistor. That , in
turn , will light the LED. Resistor R2
limits the current through the LED
and R1 does the same for the Zener
diode. The accuracy of the circuit
is mostly a function of how finely
you can tune R3. You can use just
about any control you want, but a

I GET A GREAT DEAL OF MAIL A SKING

for circuits that can add to the well
being of batteries. People want to
know how to keep them charged,
how to prevent memory effects in
Ni-Cd's, how to watch out for
dying cell s, and so on. I thought I
had covered just about every pos­
sibility until I got a letter asking for
a circuit that could be used to indi­
cate an overvoltage condition .

There are many circuits that
could do the job, but this is one
occasion when simpler is better.
You can get LM3914's and LM3Q15's
(bar/dot display drivers) at low
prices these days , but if you use
one of them, you 're still faced with
the problem of setting it up for a
specific voltage. Not only that, but
an LM3914 (or a '15) may be a clas-
sic case of overkill. .

Over-voltage indicator
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FCC LICEN SE
PREPARATION

The fCC has revised and updated the
commercial license exam. The NEWEXAM
covers updated rules and regulations
transistor and digital circuitry.
THE GENERAL RADIOTELEPHONE
OPERATOR LICENSE - STUDY GUIDE
contains the necessa ry prepa ration for
ONLY $25,00.

ASK ABOUT OUR OTHER STU DY PROGRAMS.
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8031
IBM' PC based emulators for the 8031 family
(8031,8032, 8344, 80535)
• IBM ' PC plug rn boards • Po.....ertul Macro commands
• Commands like ICE·...·51 • Sup ports PUM ·51 and C·S1
• 16 MH z real time emvrancn • ln-hne assembler. disassemble r
• 64K emula tion memory • No external boxes
• 48 b.te Wide. 16K deep trace • Execut ion lime counter

bulle ' With rccc coun ter • Trace can be Viewed dUring emoranon'

PRICE: Emulato r $1795, Trace $1495
CALL OR WRITE FOR FREE DEMO DISK!
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Lin e ar Ie
Equivalents
and Pin
Connections

LINEAR IC EQUIVALENTS
& PIN CONNECTIONS

: ir '(
. ·1

BP141-Shows equivalents & pin con­
nections of a popular user-oriented
selection of European, American and
Japanese liner IC.'s 320 pages , 8 x 10
inches. $12.50 Plus $2.75 shipping.
ELECTRONIC TECHNOLOGY TODAY
INC. , PO Box 240, Massapequa Park .
New York 11762-0240.
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Call 516-293-3000 to reserve space. Ask
for Arline Fishman. Limited number of
pages available. Mail materials to:
Engine ering Adm art , RAD IO-ELEC ­
TRONICS, 500-B Bi-County Blvd., Farm­
ingdale, NY 11 735.
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shown as an LED, yo u can co up le
just about anyth ing to it by usin g
the tra nsistor to drive a rel ay.

The va lues shown in th e sche­
mat ic are set to work with pow er
supp l ies as hi gh as 12 vo lts . Ex­
cee d i ng t ha t va l ue w i l l require
so m e co m po n en t cha nges , b ut
basic circu it ope rat io n rem ain s th e
sam e. A Y4-watt Ze ne r w i ll p roba­
b ly suffic e, but its breakd own vo lt ­
age sho u ld be abo u t h alf t he
m aximum voltage yo u ex pect to
app ly to the ci rc ui t. A nd R1 shou ld
be chosen usin g O h m's Law, to
m ak e su re th at Zene r curre nt is
kept wi th in th e di ode's limits.

Th e same restricti ons app ly to
th e tran sistor. Make su re that it s
rate d co l lec to r-e mitter vo ltage ex­
cee ds any vo ltage yo u expect to
app ly to th e ci rcu it.

Advanced uses
O ne co nseq uence of keep ing

th e ci rcu it so simple is t hat it 's very
fast, so yo u can use it fo r othe r
thin gs. For exa m p le , yo u can have
th e transistor swi tc h in so me so rt
of ci rcu it ry to drop th e vo ltage in
yo u r ci rcu it to a safe leve l. A nd a
b it of thou ght should let yo u add
to th e c irc u it an d m ak e an elec ­
tr oni c fuse .

Th at 's poss ib le b ec au se t h e
ove rvo ltage ind icato r draw s very
li ttl e c u r re n t. O rd i na r i ly y o u
wou ld co n nect it across th e batt ery
or power supply. But , because it
uses so li ttle power, yo u can use it
to moni to r the vo ltage just about
anywhere in a ci rc uit.

Fig u re 2 illu strat es th e basic
id ea. Even though the moni to r is
design ed to sense excess vo ltag e,
it can sense excess current f low by
m oni toring th e vo lt age across a
co m pone nt. M ake sure th at V1 ex ­
cee ds V2 by at least six vo lts; o the r­
wi se y ou m ay h av e to u se a
di ffer ent Ze ner. R-E
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... 0 BP5~2ND BOOK OF
CMOS IC PROJECTS . . . .
$5.00. Still more ways to
use these versat ile devices.
None of these projects over­
lap those in book # 224.
The pair make a wonderful
circuit reference set.

... 0 B P44-IC 555 PROJ ­
ECTS .. .. $5.95. Included
are basic and gene ral timer
ci rcuits , automobi le and
mod el railr oad ci rcuits ,
alarms and noise makers,
as well as a section on 556 .
558. and 559 timers.

o # 22 3- P R OJ EC T S ~
USING THE CA3130 . _. .
$5.00. 50 different ways to
put this op-amp to work in­
c luding audio . RF. tes t
equipment. household and
miscellaneous projects.

MAIL TO: Electronic TechnologyToday Inc.
p.D. Box 240
Massapequa Park, NY 11 762-0240

SHIPPINGCHARGES IN USA & CANAOA
$0.01to $5.00 $1.00 $30.01to 40.00 $4.75
$5.01to $10 .00 $1 .75 $40.01to 50.00 $5.75
$10.01to 20.00 $2.75 $50.01 and above $7.00
$20.01to 30.00 $3.75

OUTSIDE USA & CANADA
MUltiply Shipping by 2 for sea mail
Multiply Shipping by 4 for air mail

Total price of merchandise $ _
Shipping(see chart) $ _

Subtotal $ _
SalesTax (NYS only) $ _

Total Enclosed $ _

Name _

Address _

City State Zip _

o # 224- 50 CMO S tC ~
PROJECT S .... $5.25 .
These IC's are suitable for
an extraordinary range of
applic atio ns . Thi s book
shows you just how much
you can do with them.

O ' B P84- Dt GITA L I C ~

PROJECTS .. . . $5.25.
Both simple and more ad­
vanced projects to help the
reader develop a knowl­
edge of the workings of digi­
tal circ uits. A num ber of
board layouts are included.

,- BUiUJ~TBOOKS -,
: FOR EXPERIMENTERS
I

Mod e m Op ·Amp ... 0 BP106-MODERN OP-P",_. A MP PROJECTS . . ..

I
$5.00. Wide range of build-
it projec ts that use op -
amps. Easy to build boardI layouts provided for most. A
varie ty of projects of allI kinds are included.

I
I
I
i

th e same time on th e same circuit,
and all at very hi gh speed ; yet , it 's
made possibl e because fibe r op­
tics are inherent ly a hig h-speed ,
w ide -bandwidth medium. I, fo r
one, cannot conceive of th e same
faci lity using w ires, and I'm only
talking about 200 megabi ts/sec.
Wh at's more, since 1 gigabit/sec is
easily acco mplished today, im ag­
in e the speeds that wi ll be avail­
ab le next year.

Noise free
In addition to the advantage of

speed , fibe r optics p rovid es its sig­
nal s w ith a no ise-free env i ro n­
ment, something almost impossi­
bl e to att ain w ith lon g metalli c
lines even wh en th ey are shie lded .
M ore than th at , a fibe r-optic cab le
passing th rou gh an area of high
elect r ical di stu rb an ce, such as
li ghtnin g, will not pi ck up elec­
tr ical noi ses; nor w ill a fibe r-opt ic
lin e rad iate interfererice-a com ­
mon oc cu rre nce wh en passin g
di gital signals th rough wi res. Not
only do fiber optics prevent inte r­
ference to nearby receivin g equ ip­
ment , because the re is no radi­
at io n of 'any kind the fila ment is
secure; exte rnal equipment can­
not " read" the data in a fibe r-opt ic
filament. Short of actually cutting
into t he f i lame nt, th er e is no
kn own means fo r unauth orized in­
tercepti on of th e signals f lowing in
a f ibe r-opt ic lin e.

Different wires
On e of the su rp r is ing thin gs

about co nsume r f ibe r-opt ic ci r­
cui ts is t hat they are not mu ch
more difficult to in stall th an co n­
venti onal metall ic w iring . Hom e­
and- offic e fi be r-optic cables look
very similar to co nvent io nal wire
cables, and they can even be sta­
pl ed to mouldin gs, door jambs ,
etc. A fou r- or six-filament fibe r­
opti c cab le terminated o n bot h
ends by a co nnecto r loo ks very
simi lar to a fo ur- or six-wire metal­
li c cab le that's terminated with
standard modular plugs. Even the
fi be r-optics LED-equipped send er
co n nector, and t he d i od e ­
eq ui pped receiver co nnector, is
just abo ut the size of a modular
plu g. So as far as hom e or office
wirin g is co nce rned, one kind of
lin e is abo ut aseasy to install as the
othe r. R-E

COMMUNICATIONS CORNER

con tinued fro m page 33

M UX sends the d igi tal signa ls
down the fiber-optic path to the
receiving MUX, whi ch ro utes each
data bl ock to its specific restorer.
The receivin g M UX knows w hich
data block goes where because of
th e header.

Because it 's th e header th at de­
termines the rou ting, th e data or
bit gro ups need not be sent in any
parti cul ar o rde r. As shown in Fig.
1, t he tr an smit MU X mi ght
organ ize the signal blocks in their
mo st e ff icie nt progression . In th e
example show n, although inputs
1, 3, 7 and 8 are bein g M UXed, th e
data gro up o rde r at a particular
time peri od is 1, 7,3, 6.

A restorer in the receive MUX
puts togeth er however mu ch data
it 's designed to handl e and passes
it through to th e proper outgoing
lin e in digital form. That 's an im­
portant point to keep in mind : The
receivin g MUX simp ly recreates
th e o ri ginal di gital sig na ls that
we re input to th e sending M UX;
but afte r th e receiving MUX, the
devices mu st know what to do
with th e data .

Assume fo r th e moment th at th e
send ing MUX is at th e teleph on e
co mpany's sw itch ing ce nte r and
t he rece iv i ng MU X is in yo u r
home. At any given mom ent the
following could be taking place:
The sign al on Line 1 mi ght be th e
co mmunicat io ns Circuit between
yo ur person al co mputer and th e
bank's mainframe (yo u' re un tan­
gling your credi t-card bill). Line 3 is
a di gi ti i ed -TV download of pay­
per-view spo rts (junio r is watc hing
the hockey game he used to see
for free befo re all fo rms of ente r­
tainment were sold out to pay-per­
vi ew). Lin e 6 is a pay-per- copy
download f ro m th e local record
sto re to yo ur daug hter 's di gi tal
tape recorde r. Line 7 is Mom talk­
in g to her Mom via a lon g-distance
provid er, and both are usin g d igi ­
ti zin g te le pho nes ; th at is, th eir
output is a d igital representati on
of the voice so that the signals can
be sent d irectl y through, and to ,
di gital teleph on e equipme nt and
personal co mpute rs.

Now th at is a lot takin g pl ace at
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Outdoor light controller
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M O ST AUTOMAT IC YARD LIGHTS ARE

co ntro lled using ju st a simple ph o­
toce ll. However, since the ambient
l ight lev el s at dawn and du sk
change rath er slow ly, that ap ­
p roac h usu all y results in so me
fl ickering ju st befo re th e light fu lly
locks on or off, w hich can sign if i­
cant ly sho rte n bulb life . That can
be avoided by usin g th e cont ro lle r
shown in Fig. 1. That ci rcuit snaps
the light on o r off, depending on
w hether ambient light levels are
rising o r fall ing.

How it works
The key to the circu it'soperat io n

is an optocoupler made up of a

This soldering system can be tailored to fit your job requirements by
means of interchangeable handles and tips. With a variable tempera­
ture range of 450 to 850°F. it features electronic control and 24 volt at
the handle. Handles have quick disconne ct plugs. A 2-position switch
on the power base matches the correct calibration to the proper
handle. Meets MIL-S-45743E. WS 6536E and OOD-STD-2000 -1B.
and is ESD safe,
Model 9920AS includes a traditional macro-size handle and heater
barrel which is wellsuited for genera l electronic and standard soldering
applications, Call TOLL-FREE for other handles and tips to expand
this versatile soldering system.

1933 Montana Ave. NE Wash ington DC 20002
(202) 529~6020 TELEX: 89-2667 FAX: (202) 832-3411

, .~ .
W.8·JENKS & Son~_

TOLL-FREE

1-800-638-6405

w.s. Jenks & Ungar bring you
temperature

controlled,
anti-static

soldering with a
2-year warranty

and a great
price! $115.95

One tree can make
),000,00o matches.

One match can burn
),000,00o trees.

mg .!A
\.~J
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& T Il( A~,...rrlJl"l c~.""

Learn at home in spare time.
No previous experience needed.

.~ 11inU
No cos tly school. No commuting to class.
The Original Home -Study course pre ­
pares you for th e "FCC Commercial Radio­
telephone License" . This valuable license
is you r "ticket" to tho usands of exciting
jobs In Communications. Radio-Tv, Micro­
wave, Co m pu ters . Radar, Avonics and
more! You do n '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 prove n course is easy. fast and low
cost! GUARANTEED PASS - You get you r
FCC License or money refunded . Send for
FREE facts now. MAIL COUPON TODAY!,

en
oz
o
~ r----------------------,G I commdnD PRODUCTiOnS I
~ I FCC LICENSE T RA IN ING, Dept, 90 I
W I P,O. Bo x 2223, San Francisco, CA 94126 :g : Please rus h FREE details immediately! I
~ I NAME I
c: I ADDRESS I

I CITY STATE----ZIP__ JI
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neon bulb (NE2 type) and a CaS
photocell whose resistance vari es
inversely with light f rom 10K to
100K; those co mpo nents are en­
closed in a light-tight housing. A
Diac/Tr iac combinat io n is used to
provide th e snap-sw itc h eff ect . A
second CdS photocell acts as th e
main sensor.

As evening approaches the re­
sistance of R6 begin s to increase.
W hen it reaches a threshold leve l,
which is set by adjustin g R1 , the
Diac triggers th e Triac and causes
the neon bulb to li ght. Even a mo­
mentary flicker of the bu lb is suffi­
cient to reduce the resistance of
R5, causing the Diac to trigger the
Triac, w hich lights the neon bu lb,
and so on .

As morn ing approache s, the
process is reversed . The resistance
of R6 begins to decrease until it
drops below the thresho ld level.
That causes the Diac to cease trig­
ger ing the Triac , w hich ex­
ti ngu ishes the bu lb , wh ich causes
t he resistance of RS to increase,
and so on .

Most of the components can be
mounted on a piece of perforated

constructio n board and placed
w ith in a smal l experimenters box.
Parts p lacement is not at all crit ical.
All resisto rs, exce pt th e potenti ­
ometer and the photocells are Y2 ­
watt units. Once the threshold
level for the circuit has been estab­
lished, t he potentiometer can be
replaced by a f ixed resistor of the
appropriate value . Before mou nt ­
ing RS and NE1, place them in a
ligh t-ti ght enclosure. For my unit,
th e two were simply wrapped to­
gether using some black elec trical
tape .

Mount R6 so that it can be illumi­
n at ed by the ambient light.
However, take care to sh ie ld it
from any.art if icia l lighting . In my
installat ion , the unit was mounted
in side the lamp post, with the sen­
sor looking out through a conve­
nient ly placed plast ic lens.
. To set up the un it, simply adj ust

the sett ing of R1 at dusk until the
Triac is tr iggered . Remember that
you are working with lin e voltages
in this circuit, so take the appro­
pr iate precautio ns to protect your­
self and others f rom potentially
dangerous shocks.-E.}. Holtke

THE MOST'POPULAR
WIRE-WOUND CB ANTENNAS

IN THE WORLD
Because... ther perform!

FACT

'When CB was legalized in England,
'Firesti~' antennas were barred from sale
because the emitte d signa l was too
strong. Fortunately, no other country,
inc lud ing t he U.S .. limi ts anten na
efficiency,"

YOU CAN HAVE SECOND
BEST OR , 'Firestilt'!

Call or Write for FREE Catalog

'Firesti~' Antenna Company
2614 East Adams

Phoenix, Ar izona 85034
(602) 273-7151

MILLIONS OF SATISFIED OWNERS "

CIRCLE 100 ON FREE INFORMATION CARD

TELEPHONE LINE TESTER-THIS
SMALL UNIT ALERTS YOU TO PROP­
ER CONNECTION OF PHONE LINES.
USES LED INDICATOR. $4.95 EACH

oo
d
OJ
m
:0

PLUG IN WALL TRANSFORMERS
(ALL PLUG DIRECTLY INTO 117VAC)
6VDC (ii' 500 MA . . $3.95
12 VDC @ 300 MA $3.95
12VAC (4 930 MA $4.95
14VDC @ 500 MA $3.95

TERMS: $10 MINIMUM ORDER. ADD $2.50 FOR
SHIPPING (SOME MAY REQUIRE ADDL.). ADD 8.25
TAX IN NY. CALL IN OR MAIL IN ORDER WITH
CHECK. VISAIM/CIAMEX OK. ALL ITEMS SUBJECT
TO PRIOR SALE.

ELECTRONIC KITS

SWITCHING POWER SUPPLY- BUILT FOR APPLE
III TH IS UNIT MEASURE S 4W' x 17" x3" HIGH .
SWITCHABLE FOR 110 OR 220VAC. COMP UTER
TYPE PLUG FOR THIS UNIT ADD $3.95. VALUES
ARE- + 12VDC @'2.5AMPS. - 12VDC @ 0.3 AMPS.
+ 5VDC (ii 4 AMPS, - 5VDC @) 0.25 AMPS. WAS
$49.95...NOW...$24.95!

10 LED CHASER KIT-1 0 LEDS CHASE IN ONE
DIRECTION AT VARIABLE SPEEDS. SKILL LEVEL ­
EASY $8.95

ALTERNATING FLASHER KIT-2 9V BULBS
FLASH ALTERN ATELY AT A VARIABLE SPEED.
GREAT FOR MODEL TRAINS. SKILL LEVEL - EASY

$7.95

STARBURST KIT-25 LEDS IN THE SHAPE OF A
STAR OSCILLATING AT VARIABLE SPEEDS. SKILL
LEVEL - HARDER $14.95

16 LED BACK AND FORTH KIT-1 6 LEDS CHASE
BACK AND FORTH AT VARIABLE SPEEDS. SKILL
LEVEL - HARDEST. $14.95

ALL KITS COME WiTH PC BOARD AND ALL PARTS
AND DIAGRAM NECESSARY FORCONSTRUCTION.
THESE KITS REQUIRE 9 VOLTS DC. PLEASE SPEC­
IFY RED, GREEN OR YELLOW.

TRANS-AM
ELECTRONICS

! .m I 383 CANA L ST NYC, NY 10013 r~:'\: ~
(212) 226-389 3 ~_<

ISCEr Offers License Renewal

For More Inf ormat ion Contact :

ISCET 2708 W. Berry, Ft. Worth, TX
76109. (817 ) 921 ·9101

ISCET has developed a program for regis­
t rat ion of those who current ly hold a
valid Radiote lephone Operator License.
By sending a completed application, a
photocopy of your FCC License, and $10
your license wi ll be renewed with the
assurance of a recognized national tec h­
nicians association behind it .

The Internati onal Society Of Certified
Electronics Technicians offers permanent
certifi cat ion by administering th e CET
exam wi th the FCC recogni zed com muni·
catio ns option f or $20 . A second exam
on FCC regulat ions fo r a $10 fee is re­
qui red f or a Radiote lepho ne Ucense.
Upon passing, technicia ns receive bot h a
permanent Radiote lephon e Operator Cer­
tifi cate and a CET Certificate issued by
ISCET.

You Can Be

One Of The

WE'D LIKE TO
REMIND YOU

THAT THE
.UNCENSORED

CONTENT
OF THIS

MAGAZINE
IS MADE

POSSIBLE
BY THE

CONSTITUTION
OF THE

UNITED STATES.

T o learn m ore about the Constitut ion write : C0n-~
stinnion. \Vashington. D,C. ~ OSQ9 ' The Comm ie- ! •

sian en the- Bicentennial of T he l l.S. Constinu lcn. ~I

. THE
CONSTITUTION

The words we live by
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MARI{ET CENTER

CLASSIFIED AD ORDER FORM

FOR SALE
RESTRICTED technical information: Electronic
surveillance, schematics, locksmithing, covert sci­
ences , hacking, etc. Huge selection. Free bro­
chure MENTOR-Z, 135-53 No. Blvd., Flushing, NY
11354. .

ZENITH SSAVI, ready to go $100.00 plus shipping,
order C.O.D. 1 (305) 752-9202.

SILVER solder syringe just add heat $13.95. MIS­
CO, 7619 Detour, Cleveland, OH 44103.

TV tunable notch filters, free brochure. O.K. VIDEO,
Box 6¥ 6025 , Margate, FL 33063..(305) 752-9202.

DESCRAMBLER catalog. All brands. Special com­
bo Jerrold 400 and SB3 $165. Descrambler kit
$39.00 (assembles in half hour). Send $1.00. MJ
INDUSTRY, Box 531, Bronx, NY 10461.

IS it true...Jeeps for $44 through the government?
Call for facts! 1 (312) 742-1142, ext. 4673.

OLDTIME radio programs on high quality tapes.
Comedy! Adventure! Music! Free catalog. CARL F.
FROE LICH, Heritage Farm , New Freedom , PA
17349.

TEST equipment, reconditioned. For sale. $1.25 for
catalog. WALTER'S, 2697 Nickel, San Pablo, CA
94806. (415) 724-0587.

ROBOT! kits. Books and Plans! Learn to build your
own robots. Free catalogs contain hundreds of af­
fordable robot systems . Explore the wor ld of
robotics today. Catalog: CEARGS-ROBOTS!, POB
458, Peterborough, NH 03458. (603) 924-3843.

LASERS, components and accessories. Free cata­
log, M.J. NEAL COMPANY, 6672 Mallard Ct., Ori­
ent, OH 43146.

TUBES . new, unused. Send self-addressed, stamp­
ed envelope for list. FALA ELECTRONICS, Box
1376-2, Milwaukee, WI 53201.

DECODE nearly any single level Gated Pulse signal
with our new super simple circuit. Works on In-band,
Out-band, AM or FM pilot tone-use with Hamlin,
Jerrold, Sylvania, Eagle. Complete plans and theo­
ry only $13.50 plus $1.50 P&H. PC boards and kits
available. ELEPHANT ELECTRONICS INC., Box
41865-J, Phoenix, AZ 85080. (602) 581-1973.

We specialize in a wide variety of technical infor­
mation, parts and services for CB radios. 10M­
FM conversions, repa irs , books , plans, kits ,
high-performance accessories. Our 11th year!
Catalog $2.

CBC INTERNATIONAL, P.O. BOX 31500RE.
PHOENIX, AZ 85046

To run your own clas sifi ed ad, put one word on each of the lines below and send this form along with your check to :

Radio-Electronics Classified Ads, 500-B Bi-County Boulevard, Farmingdale, NY 11735

PLEASE INDICATE in which category of classified advertising you wish your ad ioappear. For
special headings, there is a surcharge of $23.00.
( ) Plans/Kits () Business Opportunities ( ) For Sale
( ) Education/Instruct ion ( ) Wanted () Satellite Television
( ) - - - --- - - --- - - --- - - - - - - - -

Special Category: $23.00

PLEASE PRINT EAcH WORD SEPARATELY, IN BLOCK LETTERS.
(No refunds or credits for typesetting errors can be made unless you clearly print or type your
copy.) Rates indicated are for standard style classified ads only. See below for additional
charges for special ads. Min imum: 15 words.

2 3 4 5

6 7 8 9 10

11 12 13 14 15 ($42.75)
J

16 ($45.60) 17 ($48.45) 18 ($51.30) 19 ($54.15) 20 ($57.00)

21 ($59.85) 22 ($62.70) 23 ($65.55) 24 ($68.40) 25 ($71.25)

26 ($74.10) 27 ($76.95) 28 ($79.80) 29 ($82.65) 30 ($85.50)

31 ($88 .35) 32 ($91.10) 33 ($94.05) 34 ($96.90) 35 ($99.75)

We accept MasterCard and Visa for payment of orders. If you wish to use your credit card to pay for your ad fill
in the following adoitional information (Sorry, no telephone orders can be accepted.) :

--------- - _/ - - --- -----

SIZZLING deals: Zenith (The Real Thing): Jerold
Oa k Sci en t if ic Atl anta . No Mich iga n Sales
HOTRONICS (313) 283-4299.

FLASHLIGHT that needs no batteries measures 5'
x 3 ' ideal for every situation rrioney back guarantee
$1O.- SAMUELS ENTER PRIZES, 724 East 231
Street, Bronx, NY 10466.

Card Number

Please Print Name Signature

Expiration Date

(f)
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o
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o
W
...J
W
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HACKING, crashing, pirating, and phreaking.Who 's
doing it, why they're doing it, and how they're doing
it. Sample programs, phone numbers, and the tools
of the trade. Hacker's Handbook, $12.95. Com­
puter Underground, $14.95, $1 postag e to
CABLETRONICS, Box 30502R, Bethesda, MD
20814.

CABLE TV converters. Scientific Atlanta, Jerrold,
Oak, Zenith, Hamlin. Many others. New Video Hop­
per "The Copy Killer." Visa, MIC & Amex accepted.
Toll free 1 (800) 826-7623 . B&B Inc., 10517 Upton
Circle, Bloomington, MN 55431.

NEW product protects electronics from lightning.
Free details. GIFT SHOP, 13012nd Ave. # 2R, Rock
Island, IL 61201.

SURVELILLANCE-Counter, Security. 52 prod­
uct s-bulletproof to w ire le ss ! Cata log $2.00.
SPYPRO, 042ER, POB 45521, Seattle, WA 98145­
0521.

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANEN L,bDRESS AND PHONE
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATIONWILL NOT BE ACCEPTED.
CLASSIFIED COMMERCIAL RATE: (for firms or individuals offering commercial products or services)
$2.85 per word prepaid (no charge for zip code)...MINIMUM 15 WORbs. 5% discount tor same ad in 6
issues; 10% discount for same ad in 12 issues within one year; if prepaid. NON:COMMERCIAL RATE: (for
individuals who want to buy or sell a persohalitern) $2.30 per word, prepaid....no minimum. ONLY FIRST
WORD AND NAME set in bold caps at no extra charge. Additional bold face (not available as all caps) 50¢
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 word
prepaid. All other items same as for STANDARD COMMERCIAL RATE. TINT SCREEN BEHIND ENTIRE
EXPANDED TYPE AD: add 25% premium to total price. TINT SCREEN BEHIND ENTIRE EXPANDED
TYPE AD PLUS ALL BOLD FACE AO: add 45% premium to total price. DISPLAY ADS: 1" x 2V4'­
$320.00; 2" x 2V4'-$640.00; 3" x. 2V4'-'-$960.00. Genera l lnformation: Frequency fates and prepay­
ment discounts are available. ALL COPY SUBJECT TO PUBLISHERS APPROVAL. ADVERTISEMENTS
USING P.O. BOX ADDRESS WILL NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER
WITH PERMANENT ADDRESS AND PHONE NUMBER: Copy to be in our hands on the 12th of the third
month preceding the dateot the issue. (i.e., Sept. issue copy must be received by May 12th). When normal
closing date falls on Saturday, Sunday or Holiday, issue closes on preceding working day.



DO .YOU

REALLY
GET THE BEST BUY
. .. . FROM ·

THEM?
~

t's face it: There will always be some outf it
that can unde rcut a published price. They

do it by having no overhead, and no
responsibility to you, the consumer.

"So, you want that Jerrold 450
combo? The one that Pacilic C8IIle

Co.. Inc.. is offering for $199OO?
Well, that's a good price, but

here's what I'll do..." What may
happen is that you may save a

couple of bucks at the time. But suppose
there's a problem (and it happens to the best

of them,) and vou call that " Dealer"... This could be what you' ll hear:
"No, Steve isn't here. He moved out, the bum! And he owes me $43700 on the phone bill! No, I don't

know about any guarantees on your Gerald , who 's that? Listen, if you see that creep.. ." etc.
At Pacmc cab/eCD.,you've got an establ ished company who will be here for you,time after time.We may be tough competitors, but we've

got a soft spot for our cl ients! Try us, and be treated right-and we'll prove it by giving a one- year warranty on everyth ing we sell.

CheCk our prices on SCientific lilaniil Unltsl

State _ _ Zip Phone Number (

Narne _

CD
CD
--J

o
o
b
OJ
m
JJ

10 OR
MORE

58.00

62.00

105.00

52.00

56.00

58.00

58.00

125.00
14.00

65.00

75.00

o Masterca rd

1
UNIT

89.00

99.00

145.00

79.00

89.00

99.00

99.00

175.00
24.00

119.00

119.00

o Visao C.O.D.o Mo ney Orde r

ITEM

*Mi nicode (N-12) .

* Mi nicode (N- 12) with var t Sync .

* Minicode VariSync with Auto On-Off .

Econocode (minicode substitute) .

Econocode with VariSync .

* MLD- 1200-3 (Ch.3 output) ..

* MLD-1200 -2 (C~.2 output) .

*Zenith SSAVI Cable Ready .

Interference Filters (Ch.3 only) .

* Eagle PD-3 Descrambler (Ch.3 output only) .

*Scientific Atlanta Add-on Replacement Oescr~mbler ~ .

10 OR
MORE

18.00

69.00

69.00

119.00

18.00

139.00

18.00

58.00

70.00

70.00

75.00

o Cashier's Check

Accl # Exp. Date _

Qua ntity Item Output Price TOTAL
Channel Each PRICE

'J

,

»

SUB TOTAL

California Penal Code #593-D forbids us from Shipping Add
shipping any cable descrambling unit to anyone $3.00 per unit
residing in the state of California.

COD & Cred it
Prices subjec t to change without notice Cards-Add 5%

PLEASE PRINT TOTAL

FOR OUR RECORDS

DECLARATION OF AUTHORIZED USE - I. the und ersigned. do hereby declare under penalty of pe~ury

that all products purch ased , now and in the futu re, will only be used on ca ble TV systems with proper
authorization from local offic ials or ca bie compan y offic ials in accordance with all applica ble feder al and
sta te laws.

Add ress City _

Siqnature _

• Dated : Signed: _

1
UNIT

29.00

88.00

88.00

169.00

29.00

199.00

29.00

89.00

99.00

99.00

109.00

,---------------------------------------------------
I
I
I
I

ITEM

RCA 36 Channel Converter (Ch.3 output only) . . .

Panasonic Wireless Converter (our best buy) . . .

400 or 450 Conver ter (manual fine tune) . . .. . ... •. • . • • • • • • • • . .

*Jerrold 400 Combo .

Jerro ld 400 Hand Remote Control .

"Jerrold 450 Comb o .

*Je rrold 450 Hand Remote Control .

Jerrold SB-Add -On .

"Jerrold SB-Add- On with Trimode .

' M-35 B Combo unit (Ch.3 output only) .

* M·35 B Combo unit wit h VariSync .

Jerrold is a regis tered trademark of Generallnstrurrents Corp .

IMPORTANT. When ordering, please have
the make and model numb er of the equipm ent
used in your area-Thank you!

* Call for availab ility

Prices subject to change without notice

CHECK US OUT-WE'LL
MEET OR BEATTHE OTHER'S
ADVERTISED WHOLESALE
OR RETAIL PRICES!

~
PaCific Cable Co.; Inc.
7325% Reseda BIvd., Dept. R-10

Reseda, CA 91335
(818) 716 -5914. (818) 716 -5140

• NO COLLECT CALLS! •
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SCIENTIFIC Atlanta cable users series 8500 8550
get all channels instructions for simple modification
costs under $10.00 to make. Complete instructions.
Send $10.00 no checks to K.F. SPECIALTIES, P.O.
Box 443, Forked River, NJ 08731.

SURPLUS auction bid kit $1.00. ends 11/21/87.
Reserve your 1988 parts catalog. LYNBAR INDUS­
TRIES, 205 Main. Box 822. St. Joseph. MI 49085­
0822 .

PHOTOFACT folders. under # 1400 $3.00. Others
$5.00. Postpaid. LOEB, 414 Chestnut Lane. East
Meadow, NY 11 554.

CUSTOM front panel nameplates for your projects.
For details: J & E ENTERPRISES, 2457 N. Mar­
mora•.Chicago. IL 60639.

ASSORTMENT #1 03, (February ' 84 article)
printed circui t, toko co ils , transistors, ie's, di­
odes, power supply, $25.00. FlveJ$112.50. Ship­
ping $3.00. JIM RHOOES INC., P.O. Box 3421.
Bristol, TN 37625 .

Super High Gain System$99.95( t shipping)
AMR High Gain System $79.95 (+ shipping)

Multl-Channel.1 .9 to ~ .7 GHz
Dealership s, Qty . Pricing , Replacement Parts

Phllllps·TeCh Electronics
I!D. Box 8533 ! SCottsdale. AI 85252

LIFETIME (602) 947·7700 IS3,OO Credit , " phone order,11
WARRANTY MasterCard. Vi" • COO',

ViDEO scrambling techniques. the original "secret
manual': covers Sinewave. Gatedpulse. and SSAVI
systems. 56 pages of solid. useful. legible informa­
tion , onl y $14.95 ELEPHANT ELECTRONICS
INC. , Box 41865- J, Phoeni x, AZ 85080 . (602)
581-1973.

TI-90/4A software/hardware bargains. Hard to find
Items. Huge selection. Fast service. Free catalog.
DYNA, Box 690, Hicksville. NY 11 801.

COMMODORE chips. distributor factory fresh (e.g.
6526-$9.95 and many others). C64 power supply­
$27.95...."Commodore Diagnostician", a complete
chart for diagnosing faulty IC's $6.95. Send for com­
plet e chips/pa rts cata log . Kasa ra MICROSYS,
INC., 33 Murray Hill Drive, Spring Valley, NY 10977.
(800) 642-7634 (outside NY) or (914) 356-3131 .

APEXRscrewdriving bits. Any size. Complimentary
illustrated list. R. SHOCKEY'S , 5841 Longford.
Dayton, OH 45424. (513)236-2983.

MICROWAVEantennas, multi-channel 1.9-2.7 ghz.
DUAL POLARITY Now only $49.95. Oldest and
largest man ufac ture r. ST!'R ELECTRONICS
CO.RP., Call 1-800-247-1151"or 1 (602) 939-11 51.

TUBES. name brands. new 80% off list. KIRBY, 298
West Carmel Drive. Carmel, IN 46032. .

FLASH! Xenon Strobes. Laser Equipment! Col­
ored microminiature fluorescent lamps. Ultraviolets.
Electronic kits. Free catalog. Write/call! (203) 672­
0123. AL LEGRO ELECTRONIC SYSTEMS, 3E
Mine Mountain, Cornwall Bridge, CT 06754.

TUBES "Oldest," "Latest." Parts and schematics.
SASE for list. STEINMETZ, 7519 Maplewood Ave.,
RE Hammond, IN 46324.

TAP complete set volumes 1-84 quality cop ies
$100.00 ppd. PEl, P.O. Box 463, Mt. Laurel, NJ
08054.

TUBES 59¢. Year Guarantee. Free Catalog. Tube
Tester $8.95. CORNELL, 4215 University, San Di­
ego, CA 92105

THIS IS AREGULAR CLASSIFIEDAD WITH/('
TINT BACKGROUND.Tohave youradappear
like this one, there isa25%premium.

PLANS AND KITS
MOBILE TELEPHONE , plans $9.95. with PC/brds
$24.95. Paging Controller, plans $7.95, with PC/
brds $17.95. All using your 2-way radio. Parts avail­
able. CURRENT DEVELOPMENT CORP., Box
384. Westmoreland, NY 13490.

HI-FI speaker systems, kits and speaker compo­
nents from the world's finest manufacturers. For
beginn ers and audiophiles. Free literature. A&S
SPEAKERS , Box 7462, Denver, CO 80207. (303)
399-8609.

VOICE disguisers! FM bugsl Telephone transmit­
tersl Phone snoops! Morel Catalog $1.00 (Refunda­
ble): XANDI ELECTRONICS, Box 25647, Dept.
60S, Tempe. AZ 85282.

CATALOG: hobby/broadcasting/1750 meters/ham/
CB: transmitters. antennas, scramblers, bugging
devices, more! PANAXIS, Box 130-F10, Paradise.
CA 95967.

FREE catalog 99-cent kits- audio, video. TV.
computer parts. ALLKIT, 434 W.4th St., West Islip,
NY 11 795.

STRANGE stuff. Plans, kits. new items. Build satel­
lite dish $69.00. Descramblers, bugs. adult toys.
Informational photo package $3.00 refundable. 01­
RIJO CORPORATION, Box 212,Lowell, NC 28098,

SOURCE DISKETTE:
PCIXT FORMAT

5'1, IN. $15

TERMS: Add $3.DO postege. We pay balence. Orde.. under $15add 7Se handling. No
C.O.D. We accept VII. and Malt erCard. Tex. I Rei. I dd 6-1/4% Tax. Foreign ord ers
(except Canida) Idd 20010 P " H. Orders over $50 add 8Se for Inlu rance.

Call or w ri te fo r a f ree catalog on Z-80 or 6809 Single Board

Computers , S5 -50 Boards, and other 5 -100 products.

Digital Research Computers
P.O. BOX 381450 • DUNCANVILLE, TX 75138.' (214) 225-2309

THE NEW 65/9028 VT .
ANSI VIDEO TERMINAL BOARD!

* FROM LINGER ENTERPRISES *
A second generation, low cost, high performance, mini
sized, single board for making your own RS232 Video
Terminal. This highly versatile board can be used as a
s tand alone video terminal , or without a keyboard, ' as a
video console. VT100, VT52 Compatible.
FEATURES: MICRO SIZEI
* Uses the new CRT9128 Video Con-

troller driven by a 6502A CPU
* On-Screen Non-Volatile Configuration
* 10 Term inal Modes: ANSI, H19,

ADM-5 , WYSE 50, TVI-920, KT-7,
HAZ-1500, ADDS 60, QUME-101, and
Datapolnt 8200 .

* Supports IBM PC/XT , and Parallel , I 1~
ASCII Keyboa rds I -'- --. - 1~* Supports standard 15.75 kHz (Horlz.) ' ": - . .... '"!!!"" 11

* Composite or Split Video (50 /60 Hz} :~ ~_!'* 25 X 80 Format with Non-Scrolling I ---."..,
User Row • " . ...

* Jump or Smooth Scroll* RS-232 at 16 Baud Rates from 50 to
19,200

* On Board Print er Port
* Wide and Th ln.Llne Graph ics
* Normal and Reverse Screen Attribute s w/100 Page Manual
* Cumulative Character Attributes: De-Inten; ADD $40 FOR A&T

Reverse, Underline and Blank* 10 Programmable Function Keys and OPTIONAL EPROM FOR
An swerb ack message PCIXT STYLE SERIAL

* 5 X 8 Character Matri x or 7 X 9 for KEYBOARD: $15
IBM Mon itors

* Mini Size: 6.5 X 5 Inches* Low Power: 5VDC @ .7A, ± 12VDC
@20mA.

5'1." CUP MIDRANGE
Tuned cup . Paper con e, t " voi ce
coil. 9 3 oz. magne t. 50 watts AMS.
70 watts max . Response . 32Q-6(X)()
Hz, 8 ohm Imped ance

" 80.020 '1150 $995
(1-9) PO-UP)

@PIONEER"

@PIONEen"

15"WOOFER
20 oz. magnet. 60 watts RMS. 90
watts max . 8 ohm impedance. " h"
voice co il. 25-2000 Hz.

1290-160 ' 30" S2840
. (1-3) ("- UP)

$590
(lo- UP)

$650

1'- 9)

FREE CATALOG

HORN TWEETER
3" wide dispersion horn tweeter
1800-15,000 Hz response. 35 watts
RMS. 50 watts max 8 ohm
imp edance

@PIONEER"

@PIONEER'

• 15 day money b.ck guarant... . $10.00 mini mu m
order. • COD orders aceepled . • 24 hou r shipping.
• Shipping charge = UPS chart rate ($2.50 min·
Imum charge). Hours 8:30 I. m. - 6 p.m. EST M-F.

PARTS EXPRESS INrL INC.
340 East First St.

Oayton. Ohio 45402

HARDWARE AND ELECTRONICS

Call or write toda y for your free
catalog con tai ni ng speake rs. semi­
conducto rs. CATV products. too ls.
hardware. TV-V CR parts. and
more.

. 270-050

8" POLY WOOFER
Clear ribbed po lypr op yl ene cone
60 watt s AMS, 90 watts max .
power. 20 oz. magne t 35-2500 Hz.
4-8 ohm co mpat ible.

11290-055 ' 2050 $1895
(1-3) ("'-UP)

@ MOTOROLA

@PIONEER"

9
12" POLY WOOFER

Clear polypropylen e co ne. 65
watts RMS, 11 oz. magn et. Ferro
fluid cooled ,'1\" voice co il. Trim
ring included. 25~2500 Hz.

' 290-100 ' 1550 $1395
(1-3) ("- UP)

~.: walt $395

;;:.~ watt $750

~1,~OO watt $1250

CROSSOVERS

W
'

., .. ;" , .,,'.:-
,< _, , " ' d _ .

PIEZO TWEETER
Mig NKSN1005A, 3'h" x 3'h" . No
crossover requ ired. 50 watts max­
imum input power.

1270-01 0 '4" $395
(1- 79) (SI).-UPj

CALL TOLL FREE
1-800-255-3525

In Ohio: 1-800-322-3525
Local: (513) 222-0173
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SATELLITE TV

SATELLITE TV equipment. Buyers guide, discount
prices. $3.00 N.E.C.S. INC., .Box 22808-R1, Little
Rock, AR 72221.

MINIATURE electronic devices, like James Bond's.
Catalog $2.00. F&P ENTERPRISES , Box 51272,
Palo Alto, CA 94303-L.

' ..

VISA/MC/COD

I
-..,........ 1.9-2.7GHz Parabolic Dish 40+ dBGain

LIFETIME WARRANTY
CompleteSystem $89.95 (ShippingIncl.)
OealerRates, Re placement Components

& Expert RepairsAvailable
K& SELECTRONICS Callnow forsame
P.O. BOX34522 dayshlpplngl
PHOENIX. AZ 85067 16021 230-0640

$2 credit on phone orders!

MOVIE-network descramblers $295 up. Catalog
$4 US. SKYWATCH, 238 Davenport Road, Toronto,
Ontario. Canada, M5R-1J6.

BUILD this five-digit panel meter and square wave
generator including an ohms, capacitance and fre­
quency meter. Detailed instructions $2.50. BAG­
NALL ELECTRONICS, 179 May, Fair field, CT
06430.

CABLE TV Secrets- the outlaw publication the ca­
ble companies tried to ban. HBO, Movie Channel,
Showtime, descramb lers , converters, etc. Sup­
pliers list included $8.95. CABLE FACTS, Box 711­
R, Pataskala, OH 43062.

SATELLITE TV receiver kits! LNA's! Instructions!
Schematics! Catalog $1.00 (refundable) : XANDI
ELECTRONICS , Box 25647, Dept. 21W, Tempe,
AZ 85282.

TELEASE-MAST assortment # 301 (October '86
art icle) Printed circuit, IC's, transistors , diodes.
$25.00. Shipping $3.00. JIM RHODES, INC., P.O.
Box 3421, Bristol, TN 37625.

Cable TV Converters
Why Pay A High Monthly Fee?

I ~ I

SATELLITE descrambling manual, Video Cypher
II. Schematics, thorough explanation of digital audio
encoding , EPROM cod e, DES. (HBO, Cinema x,
Showt ime .) $10.95 + $1.00 postage . CABLE­
TRONICS, Box 30502R, Bethesda, MD 20814.

DETECTIVES , experimenters. Exciting new plans.
Hard to find micro and restricted devices. Large
catalog $5.00 refundable on 1st order. WILSON,
P.O. Box 5264, Augusta, GA 30906.

Tri-Mode ," SB-3, Hamlin , Oak VN-12,
M-35-B , Zenith , Magnavox, Scientific
Atlan ta, and more. (Quantity dis­
counts) 60 day warranty. For fast ser­
vice C. O. D. orders accepted. Send
SASE (60 cents postage) orcallfor info
(31 2) 658-5320. Midwest Electronics,
Inc.!, HIGGINS ELECTRONICS, 5143-R
W. Diversey, Chicago, IL 60639. MCI
Visa ordersaccepted. No Illinois orders
accepted . Mon.-Fri.-9 A.M.-6 PM.CST

FREE microprocessors, memory chips, etc. Free
electronics magazine subscriptions. Free education
in computers. For information write MICROSAT
CORPORATION, 2401 N.E. Cornell , Bldg. 133, Mail
Stop 125, Hillsboro, OR 97124.

DESCRAMBLlNG, New secret manual. Build your
own descramblers for Cab le and SUbscription TV.
Instructions, schematics for SSAVI, gated sync,
sinewave. (HBO, Cinemax, Showtime, etc.) $8.95
+$1.00 postage. Catalog $1.00. CABLETRONICS,
Box 30502R, Bethesda, MD 20814.

ROBOTMAN build him! Easy plans. $20.00 gets
you started. Send to: JUPITER ENGINEERING ,
14550 Haynes, Suite #204, Van Nuys, CA 91411.

PROJECTION TV convert your TV to project 7 foot
pictu re . Resul ts co mparable to $2 ,500 pro j­
ectors....Total cost less than $30.00. Plans and 8"
Lens $21.95....lIlustrated information free...MAC­
ROCOMA-GB, Washington Crossing , PA 18977.
Creditcard orders 24hrs . (215) 736-3979.

VIDEOCIPHER II manual119 pages- $27.45/ Oak
"Orion" manual 120 pages-$22.45/ Macrovision
"Stabilizer"-$99.95/ Plans-kits-descrambling
books. Cata log-$2.00 . MICROTRONICS, Box
6426, Yuma, AZ 85364-08 40.

DESCRAMBLE the latest video cassette copy-pro­
tection scheme. Oursimple line zapper circuit takes
the jitter out of your picture. Complete plans and
theory only$13.95 plus $1.50 postage and handling .
PC board and complete kits also available. ELE­
PHANT ELECTRONICS INC., Box 41865-J, Phoe­
nix, AZ 85080. (602) 581-1973.

NOVELTY type elect ron ic ' pro jects for the
gadgeteer. Weird, unusual and fascinating. Free in­
formation.TAYLOR ELECTRONICS, P.O. Box 1612,
Destin, FL 32541.

PLANS. Plasma display, H.V.generator, CB modu­
lator, Linear amplifie rs, Pain field generators, shock
sensor. Plans for all $20 .00 complete . AET, Suite
173, 5800-A, North Sharon, Amity Rd., Charlotte,
NC 28215.

JERROLD gated pulse theory.·Twelve information­
packed pages covering 01 & OIC converter opera­
tion. Includes introduction to trimode system. $6.95
plu s·$1.50 postage and handlin g. ELEPHANT
ELECTRONICS INC., Box 41865-J, Phoenix, AZ
85080. (602) 581-1973.

ELECTRONIC house bimonthly magazine cover­
ing smart houses, integrated electronics, security,
energy, sensors, more. Send $14.95 for one year
subscription to: ELECTRON IC HOUSE, Dept. RE,
524 East McKinley, Mishawaka, IN 46545 . (219)
256-2060.

MARK V ELECTRONICS INC., 1.. 800-423.. 3483 INFORMATION : 1·818 ·282 .. 1196
248 EAST tvlAIN STREET SUITE 100 ~ TOLL FREE r==l MAIL ORDER : P.O.BOX 6610
ALHAtvlBRA CA 9 180 1 IIiiiiiIIIj O nly for order s pa id by Master or v isacard~ ALHAMBRA,
TELEX 37 1 69 1 4 MARK ~ IN CAL. : 1-800.. 521 .. MARK CA91802

oo
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.. . • . . . • • .. . . ... $22.10beh set

120W MOSFET POWER
TA -477~ AMPLIFIE R

~ffffION.Af
}UtWIr PRO vtVKif~f

~
rh is amp lif i.r co nsists of th ree super low T IM d iff'r,nti.1st.'. 1M! H it 8Chi
2SJ49/2SK 134 m.tch p.i r " MOSFET" . s output compon.nt WhOH fr~u.ncy

respon H Ind trlnsilnt re spon M' is superior to lh. other power trans istor .
T het"efo re this I mplif ier h" high .fideli ty I nd su per ior I nl lvtic power o .... r th .
. nti r. Audio Spectrum. It is suitlble fo r repr odu cing cllssic Ind modern mu sic.
Hel VYDut v Hut Sink w ith 28 rad il l fins is incl uded l
KIT _ _ _ _.._ _ $ 61.26
Me,,1c.;;""/X'Fonneo- (Opt;onoI) .._ _._ __ _ _ $ 26 .00/$ I 9.86

4% HI - PRECISION
D. P. M.

Nf-CR Bl-fET
PRE-AMP

STATE OF AR TS HQ FET ST. PRE - AMP I
'Tho ; ........" ' .....1oY' , ..... 0' HIGH TA 377A

QUALI TY N chenMI and " chMnel FET . nd •

, ,, mfbl f ilm rHinor to form . IUIt. of..-11~
lu H compllnMntary I'(mmI'D'ie mirror cirellI! .

-~,,::..':. .~~:" .;::::'~:.~ '::::~:~·h; 0.001~o lH.D
f tdel hy .

• The JKlW"l' IUpply Ii bMed on by J*I coupling
DC nlbiliur which u.. ell" A detiQn to obtai n
low Internel ImpedMca It h igh freq~ncy ~ to
ll~ly ,..sue. tr.n"'nt diltonlon .

• Prof.-Ionel reillY delay circuit p ,...".., u no'­
whic h may occur ck.Iring powe r on n d ett.

• All FEll __ t" t .cf and paired In the f.ctory

to no pro blem it Iik.1y to occuNd du ring build ·,,,,.
• It een be direc tly conrwcted to ~v pow« am­

pUf_. TlM belt pwtMt II T........77 120N MOS
FETp(lIMf.npllfief.

KIT/A SS WITH T ESTED. • • • • • • • • • • • . • • . . • . . •• • . • $55/85
METAL CAB INET ••• • • . • • .•••• • . • . . •• . . . . • . . . . • • • $18
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01 GITRON ELECTRONIC COR PORATI ON 110 HILLSIDE AVENUE. SPRINGFIELD. NEW JERSEY 07081

201 -379-9016 • 201-379-9019 • 1-800-526-4928 • TLX 138441 • FAX201-467-8065

ADDITIONAL REPLACEMENT FOR POPULAR ECG®TYPES

ELECTRONIC
ASS EMBLY BUSINESS

MINIMUM ORD ER $25

BIG
PROFIT

ID 50 100

LA1 365 .85 . .75 . . .65

2S01398 . ..... 1.95 . . .. .. . 1.85 . 1.75

2S0313 .40 . .38 . .35

2SB324 . .. . 35 . .. .28 . .25

2S0613 . .48 . .44 . .38

2S0401A .85 . .75 . . 65

OUTPUT TRANSISTORS

MORE SAVINGS

Start home. spare time. Investment knowledge or
experience unnecessa ry. BIG DEMAND assem­
bling electronic devices. Sales handled by profes­
sionals. Unusual business opportunity.

FR EE: Comp lete ill ustraied literature
BARTA. RE-O Box 248

Walnut Creek. Calif. 94597

COMPUTERITV/RAD IO
TROUBLESHOOTING

PROBLEMS?
BECOME a sup er tech instan tly wi th your os ­
cillosc ope and The Octopuss analog and digita l
comp o nent tr oub lesh o ot er. $59 .9 5 co mp le te .
HUNTC01 6161 EI Cajon Blvd ., Suite B-57, San
Diego, CA 92115 (619) 226-5139.

GUARANTEED lowpricing for single,doublesided
artwork laYouts. (704) 464·1164. PCBAL, RT"3, I30x
662-H; Conover, NC 28613.

DEALERS wanted. Notch filters for any channe l.
Send for further Information or $15 for sample unit
(specify outpu t channel of conver ter). DB ELEC­
TRONICS , P.O. Box 8644, Pembroke Pines FL
33084. '

PROJECTION TV ...Make $$$ 's asse mb ling proj-
ecto rs Easy...Resu lts comparab le to $2; 500 proj-
ectors Total cos t less than $30.00...Plans, 8" lens
and deale rs information $20.50 ... lIlu str ated infor­
mation free... MACROCOMA-GAX, Wash ingt on
Cross ing, PA 18977 . Creditcard orders 24hrs. (215)
736-2880.

~
TUE W W 1M
165 .. 1.99 . . 1.75 1.55

238 . . . . . . 1.99 . 175 1.55

283 2.49 .. 2.25 1.65

389 .. . .. .. . .. 2.95 .. 2.75 .. . 2.25

2S01341P 1.65 .. . 1.45 1.35

BUY69A . .. 2.49 .. .... . 2.25 1.65

.... ..8.95

PRINTED CIRCUIT BOARD
LAYOUTS

FOCUS DIVIDERS r)
FD10D " .1

REPLACESSANVO & SEARS # ESPA-98-Fl o # Z0064° ESPA-94

.... 8.95
FD20D

REPLACESSANVO & SEARS # ESPA-91

ME CHANIC A LLY inc lined ind ivid uals desiring
ownership of small electronics manufactur ing busi­
ness- without investment. Writ e : BUSINESSES,
92-R, Brig hton 11th, Brooklyn , NY 11235.

EARN thousands with your ow n part -tim e el ec­
troni cs business. I do. Free proof , information . IN­
DUSTRY, Box 531, Bronx, NY 10461.

PERSONA L comp uter owners can earn $1000 to
$5000 monthly se lling simp le services part tim e.
Free list of 100 serv ices. Write: A.I.M.J.K., P.O. Box
6036 9, San Diego, CA 92106-8369.

FLYBACKS

BUSINESS OPPORTUN ITIES

YOUR own radio station! AM , FM, cable . Licensed
or unli cen sed . BR OA DCASTING, Box 130- F10 ,
Paradise, CA 95967.

ORDER TYPE DESCRIPTION PR ICE

FLY200 SANYO # 4-2751-60108 .. 7.95
FLY 205 SANYO # 4-2751-48600 7.95
FLY 210 SANYO #4-2751-48500 7.95
FLY 215 SANYO#FO-192 11.95
FLY 220 SANYO # F1123 11.95
FLY 225 SANYO# FO-239 12.75
FLY 230 IBM # 74730102538 22.50
FLY 235 SHARP # RTRNF2037TAZZ 12.95
FLY 235 SAMPO#8FT046 12.95

CRT equipme ni rebu ilds So ny/color tub es/oth er.
CRT SYSTEMS, 633 Nort h Semo ran, Orlando, FL
32807. Ca ll (305) 275-9543 .

FULL serv ice elec tronics busi ness . Reasonab ly
pr iced . Hub of northern Arizona. CORNERSTONE
REALTY, Box 88, Williams, AZ 86046 .

DESCRAMBLER build our low cos t satellite TV
video only descrambl er for all major movies and
spo rts . Uses all Radi o Sh ack par ts . Order P.C .
board and inst ruct ions by sendin g cheque, money
ord er, or Visa for $35 .00 U.S. funds to: VALLEY
MIC ROWAVE ELE CTRONICS, Bear River, Nova
Scotia , Ca nada , BOS -180. (902) 467-3577 .

100MIN
6.95
6.50
6.50
7.75
7.75

16.95
16.25
12.95

TYPE 10 50 100 TYPE 10 50 100 TYPE 10 50 100
85 .17. .16 . .15 171 . . . . .30 .. .. .28 .. .. .25 291 . . .. .45. .43. .39
102A . .25 . . .22 . . .19 172A .. .12 .. .11 . . .09 292 .. .45 ... . .43 .. . . .39
116 . .07 . .06 . . 05 184 .. . .30 .. . .28 . . . . .25 319P . . .24 .. . .20 .. .. .18
123A . .14 . . .12 .10 185 . .. .. .30 .... .28 . . . . .25 331 .. . .40 . . . . .38.. . . .35
123AP. .08 .07 . .06 194 .10 .. .. .09. .08 332 .40. .. .38. .. . .35
125 . .07. .06 .... .05 196 . . .38 .. .34 .. .30 375 .45 . .. .43. .39
128 . . .29. .26 . .23 197 . . .38 .. .. .34 . . .30 376 .48. . .44 . .40
129 . .29. .26 . .23 198 . .. . .44 .. .. .39 . .. . .36 379 . ... . . 1.45 . . .. 1.35 . ... 1.25
152 .25 . .22. .18 199 .10 . . . . .09. .. . .08 394 . .. ... 1.95 . .. 1.85 .. .. 1.75
153 .25 .. .22. .18 233 .. . . . . .10. .09 . . .08 396 . .. . .75 .. . .68.. .. .60
154 .. .49 .. . . .45 .. . . .40 234 .. . .. . .10 .. .. .09 . .08 397 ...... .75 ... .68 . .60
156 .19 . .17. .15 261 .. .39 .. .. .36. .33 398 .. . .55 .. . .49 .. . . .45
157 . .38 . .34 . .30 262 .42 . . .39 .36 399 . . .39 . .. .36. .30
158 .30 . .28. . .25 263 .39 .. .. .36 . .33 506 . .48 .. .. .38. .29
159 . .10 . .09 . .07 264 .42 ... .39 . . .36 552' .. .. . . .28 .24. .19
162 . . . . . . 1.80 ... . 1.65 . . . . 1.45 265 .36 .. .. .33 .. .. .30 712 . .. .. .85 .. . .75. .65

HIGH VOLTAGE TRIPLERS/~
MULTIPLIERS . e:= ,
REPLACEMENTS FOR ECG @. .. Pt. .
GE@...SK@ '"
TYPE NO 3 MIN

5OOA/GE527 SK3304 . . . 7.90 .
523/G E528 SK3306 7.75 .
52i1A/SK3306 7.75 ..
52 8/ SK3906 . .. . . .. . . . . 8.75 ..
529/GE 529 .. .. SK3307 8.75 ..

NEW 559 .... .. . .. .. .. 18.95 .
NEW 580 .. 17.75
NEW 581 18.45 ..

BUY ALL 3 AND GET 1 FREE
8 l IZ BY II " V ELL ILLUSTRATEDBOOKS (1M
V ITH EASYTOREAD TYPE. EACHIS OVER
200 PAGES ANOIS FILLEDWITH HINTS, AND, ' .
SHORTCUTSKNOVN ONLY TOPROGRAM DESIGNERS
MacPainl I HAVE USED MacPe.inl FORTVO
VEARS AND THIS BOO KTAUGHT MESOME NEW TRICKS
MacWrile THIS BOOK CAN CUT YOURTIME BV 209l>
WHILE IMPROVING THE APPEARANCEOF YOUWORK
Mu ltiPlan ALL THE HINTS AND SHORTCUTS THE
ONWER 'S MANUAL LET OUT ARE IN THIS BOO K

I' II'

•

en
O ·
Z
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W
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W PRICESSUBJECT TO CHANGE WITHOUT NonCE. OFFER GOOD WHILE SUPPLYlASTS. ECGis a Trece Mail< 01 Phil", ECG. O~rtr", Ei, . no( associated WlI!1 PhinllSlECG
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.... 42500

............" . 74.50

44 .SO
299.SO
24.SO

... 29950

... 169.50

........ 149.50
...... 169.SO

• CATALOG CONTAININGDESCRIPTIONS OFABOVEPLUS
HUNDREDSMOREAVAI LABLE FORSI ODORINCLUDED FREE
WITH ALLABOVEORDE RS.
PLEASE INCLUDE $3.DO PH ON ALL KITSAND PRODUCTS
PLANS AREPOSTAGE PAID.SENDCHECK. MO.VISA. MC IN
USFUNDS.

INFORMATI ON UNLIMITED
P.D.BDX71 6 DEPT.RE,AMHERST, NH 03031

PLANS- BUIldYourself-A lfPartsAvailable InSlack
• LC7- BURNINGCUTIING CO,LASER s 2000
• RUB4-PORTABLE LASER RAYPISTOl............................ 2000
• TCCl-3 SEPARATETESLA COIL

PLANS TO 15MEV ..................................................... 2000
' IOGI- IONRAY GUN 1000
• GRA1-GRAVITY GENERATOR 10.00
• EMl1-ELECTRO MAGNET COIL GUN/LAUNCHER 6.00

KITS
• MFT1K-FMVOICETRANSMITIER31,11 RANGE 49 .SO
• VWPM5K- TELEPHONE TRANSMITIER31,11 RANGE 39.50
• BTC3K- 2SO ,00 VOLT10·14"SPARK TESLA COIL 199,50
• LHC2K- SIMULATED MULTICOLOR LASER 39 SO
• BLS1K-loo,OOOWATI BLASTERDEFENSEDEVICE 69 SO
• ITMIK-loo.OOO VOLT20'AFFECTIVE

RANGE INTIMIDATOR. ................ 69,SO
• PSP4K-TiME VARIANT SHOCK WAVE PiSTOL................... 5950
• PTG1K-SPECTACULARPLASMA

TORNADO GENERATOR ..
• MVPIK SEEINDARKKIT ..

ASSEMBLED
• PG70H-MULTlCDLORED VARIABLE

MODE PLASMAGLOBE'T ..
• BTClo-SO.000 VOLT-WORLD'SSMALLEST

TESLACOIL .. . .. .
• LGU4o-1 MW HeNe VISIBLE REO LASER GUN ..
• TAT20 AUTO TElEPHONE RECORDING DEVICE ..
• GPVIo-SEEINTOTALDARKNESSIR VIEWER ..
• lISTl o-SNOOPER PHONE INFINITY TRANSMITIER
• IPG7o-iNVISIBLE PAIN FIELD GENERATDR-

MULTI MODE .

EDUCATION & INSTRUCTION
EC .C. Commercial General Radiotelephone
license. Electronics home study. Fast, inexpensive!
"Free" details. COMMAND, 0- 176, Box 2223, San
Francisco. CA 94126.

HAM licenses supereasy. Cut exam preps 50%.
All classes. Free catalog. SASE. BAHR, 2549-E5
Temple. Palmbay, FL 32905.

TELEPHONE VOICE
SCRAMBLERS

INVENTOR'S packet: protect ideas, save money
without invention brokers. Sample contracts, man­
ufacturers lists and more inside information $12.95
check/MO. NON·GENRE ENTERPRISES, P.O.
Box 1888. Manhattan, KS 66502.

SCRAMBLE you r telephone conversations.
Fully self-contained voice privacy system that pre­
vents unauthorized interceptions. Highly recom­
mended for Cellular and I.M.T.S. telephones. Call·
N.A.S. (213) 631-3552.

SCIENTIFIC ATLANTA & SB-3

MASTERCARD AND VISA are now accepted
for payment of your advertising Simply
complete the form on the first page of the
Market Center and we will bill.

SCIENTIFIC Atlanta models 8500-8550, remote
incl uded...$240.00. SB-3 's ...$74 .00 . TRI ·
BI's...$95.00. SBSA ·3 's ...$99.00. Zen ith (Z-Tac)
descramblers...$169.00. N·12 (Vari-sync)...$89.00.
M·35 B (Vari-sync)...$99.00. Jerrold-450 and 550­
Meg converters...$95.00. Dealer discount <\n (5)
units. Brochure availab le. CaII...N.A.S. , {213)
631-3552.

DO IT YOURSELF TV REPAIR

WANTED

NEW...REPAIR ANY TV...EASY. Anyone can do it.
Write RESEARCH, Rt. 3, Box 601BR, Colville. WA
99114.

INVENTORS! AIM wants-ideas, inventions. new
products. improvements on existing products. We
present ideas to manufacturers. Confidentiality
guaranteed. Call toll free 1-(800) 225-5800 for infor­
mation kit.

WANTED excess inventories of I.C.s. disk drives,
circuit boards. computers. etc. WESTERN TECH,
(818) 882-1355. (CAL.)

INVENTIONS, ideas, new products wanted! Indus­
try presentation/national exposition. Call free
1-(800) 288-IDEA. Can ada . 1-(800) 528-6060 .
X831.

~MCGEE'S
SPEAKER & ELECTRONICS CATAlOG

1001 BARGAINS IN SPEAKERS
to ll free 1-800-346- 2433 for ordering only.

19(H MCGEE STREET KANSAS CITY, MO. M108

o
oo
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m
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5295
52 1S
$3 7~

s "
s "s ;s

3 $1 00
, 50

10 s t 00
8 $1 00

, 90
$ 90
, ' 0
s 60
S 60
, ' 0

MUL TI TURN
T RI M P OTS

50 OHI,!
teoOH '~

1000 OHM

51' 101(
:'O~ ~I( lOOK

3/$2 .00

IN4 148 lIN9141

15 '100

PAL 's

16L1 . 1 50
16R.4. . • • 1 95
:N ABA • • • 3 95

DIP SW ITC H ES

CTS 106 4 4 P"" tolln 75
CTS 206 1 1 PO\'t.on 9 '>
CTS2or, 8 8 P,"'l ,on 95­
CTS:'06 10 10P,,. ,t,,,n 115

PR INTED C IR CU IT BOARD
4 ' • 6 " OOUfH r SIOEO r I'QXY
BO.vH)r O 1/16·' THie f:
s 50 ~~ " ,$7 fin

REGUL ATOR S
55 95 37JK fLA140'!l1
5 30 l ~33 7 .

$ 40 LM338 K
5 75 340T S.6, S 17.
5 1 25 15.18 0 ' 14 V
$ 90 723

22UF 35V 5 1$100 15UF 16 v 3 'S 1 00
41u r 35 V 5 ·'$\ 00 22 UF l OV , 30
68 UF 35V 5SI. 00 30UF 6 V 5 $ 1 00
l UF 20 V 5 ,'Sl 00 33 UF 15V S 50
2 2 UF 20V 51S100 47UF 10V S "3 3UF 20V 4'$100 68UF 20V $100
41UF 70V 41$100 toovr 16V srt o
68UF 20 V 41S100 330 u r 10V $175-
10UF 'OV 5 040

L141 11 R Det ec te. ,
FP 100 Pho to T'Jn, .
Red LED ', 2·' .
Yl"llo..... G' Hn , c - Ambo" Lq LED', T '
Red G,nn 6' 11'01.-, LEO .
Rl"d Yellow B,pola, LED
MLED9' IR lE O . . . .
MRD1.8 Photo D,lt t XTOR
Il 5 0 "" 0 h o .. tou .
'-""4!) Opl 0 COup'e '

D IS C CAP ACITOR S
.1 u r 16 V . 10 lS1 00 100 '$SW

0 1UF 35V 16 .1$1 00 100 .1$500

SILICON POW E R RE CT IF IER S

PRV l A 3A 12A 50A 125A '''OA
100 05 lot J ~ 90 (, 00 ' Itt
:'00 06 11 '>0 1 ~O , tJ ('0
400 09 25 651 '.>0 10 00 12 00
eoo 11 )0 eo 1 00 l J OO 15 00
800 13 35100 2 ~ 16 00 1800
1000 70 45 1 15 ) 00 7000 1&00

LAS39 U . •
18L0 50. 12 , .
78M05 170, 15
LMJ05
309<
lM311T
320T 5.1 2.15 0' 2'-

RCA. HC 2500
60 WA TTS $34.95

SO LiD STATE HYBRID
LINEAR AND AUDIO AMP

BANO WIDTH 30 KHz ,11
60 WATT5, 7 AMP OUTPUT

TANTULUM CAPACITORS

TTl SIZE
REl AYS

5VSPST
5V o PST 95

l1V o PST 9'i '-.-::= -,--c= =---II
_ _____ 20KV D IO DES S 1.95

FUB~LI~t~E 1_ ----=-," :;0,,"':::' = =::-_-1
PRY 2A SA 2SA
100 1 40
200 80 1 30 220
400 '1 00 1 65 )30
600 1 30 1 90 '- '-0

SEN D $ 75 FOR OUR C....TALOG FE....TURIN G
H'M~SI S TORS & REc n f"IERS

145 HAMPSHIR E ST . CAM8 RIDGE. MASS 02 139

74L52. 0 65

~~~;;~~ ~; I-"'==c...:..:::':';~:::-::::::-:O:::~-----I
74 LS243 65
74LS 244 65
74LS2-' 5 75
74 LS,.. 6 140
7" LS241 15
74 LS243 65
74 LS25 1 45

~:~~;;~ ;~ r = ':::'::-----'---'---'---'--'-
74L5258 45
74L5759 120
74LS26 0 45
74LS266 55
74L 5213 75
74LS119 J!l
14LS28 0 1 70
74 LS28J 55
74 LS790 80

~: ~;;;~ ~~. I_-:'~-:--.,;..c~==:,:-===-::-:,=,..
74LS320 2 00
74LS3n 3 00
14 LS313 740
74LSJ65 39
74LSJ66 ]9
74 LS367 39
74L S368 .39
74 LS]73 75
74 LS37 4 75
74 lS3 77 15
74 LSJ 86
14 l S390 1 10

~: ~;~~~ , ~~ t-:.,:,:-:-:-:..,.:-,-:..:...L.- - -,= -:-=:-::c="
l 4 LS4'-5 200
74 LS5o'I 1 1 40
14LSf.>7!i 1 75
74LS645 9S
74 1$668 1 4~

NLS&10 .9!>
251S752 1 1 95

14S SERI ES
74S 165 1 50
745 17'- . 75
745175 .75
14S18 1 JOO
745 182200
745189 160
7451941 10
74S 195 130
74S740 1 40
74S24 1 1 40
74S74" 1'25
74S151 .75
74S757 90
14S16 0 7S
74S373 165o
7'-537 4 165

74LS SERIES

' ''500 .25 7. S85 90
7" S02 .19 74S86 35
'''S03 29 74S89 200
74S1).4 .29 74S11250
74505 .29 7451 13 ,50
14508 .35 7. S124 2 20
74S09 .0 74S133 '-5
14510 79 74S135 85
14511 35 745138 15
14S15 .35 745139 75
14S20 19 74S140 50
74530 19 14S151 75
74S3 2 35 14S15 3 .75
7-4540 29 74S15 7 .75
7.542 85 74S 158 90
74S5 1 35 14S16 11 25
7"57" .• 5 74S16 3 1 25

7~LSOO .17 14 LS112 29
'''LSOl .17 7.. LS113 33
7" LS02 17 N LSI1 4 33
7-4LS03 17 7" LS123 45
74 LSa. . 17 7" LS125 35
7"LS05 .17 7" LSl 7'6 35
74LS08 , 11 ' ''' LSI32 .39
74LS09 17 74LS1 36 35
74 LS10 .17 74 LS13 7 90
741 5 11 20 14LSI38 39
74 LS17 21 74LS1 39 39
7US1 3 25 74 LS145 .70
14LS1 4 3G 74LS14 7 1 00
74 LS15 75 74LS14 8 .90
7"L S20 . 17 74LS 151 39
14 lS21 n 14 L5 153 39
74 LS77 21 74 LS1!;4 150
74 l S76 23 74lS15S 55
74LS21 23 7" LSl 56 45
l .. LS28 7'6 14LS 15 7 35
74L S30 17 74 L5158 70
74LS37 17 74 LS160 79
14 lS3 7 2G 74 LS16 1 '-9
74L S38 16 7" lS167 49
14L S40 .11 74lS163 .9
7"'LS4 7 35 7"L 5 164 45
74 LS48 65 NLS165 65
14 LS5 1 17 74L 5166 95
l '-LS 5<4 77 74LS169 90
74 lS73 25 7'-LS170 80
14L574 24 74LS173 .49
74 LS75 19 74LSl1.. 19
74 LS76 "2'9 74 l S115 3'1
14LS8 3 .5 ' '- LS18 1 1 40
74LS85 45 7HSl90 49
74LS86 21 7US191 49
74 LS90 39 14LS I92 65
74L S97 45 74LS19 J 65-
74LS93 45 74LSl94 65
74 LS95o 48 lUS 195 65
74 LS96 49 7US196 55
81LS98140 HLS197 55
7HS1 0 7 35 74 l S17 1
74lS109 35

TERMS : FOB CAM8 RIOGE. MASS SE~D CHECI( OR MONEY ORDER

MINIMUM TEL EPHQtl E. C O 0 PURCH....SE ORDER OR CHAR GE S10 00
MINIMUM MAIL ORDER $500

V 20 ·!5 10 .95 CPU's& CHIPS RAM', se A's TRI AC',
V20· B '495 8086 8 .00 20 16 150 1..... 6A 35A ". PRV ' " l OA 2SA.
INS 26SQ 2.'" 8088 7.50 2 1L02·J . ' 0 TIP J I B NPN 5, TO ·;120 . . . . $ ." 0 100 ,35 "0 1 40 100 .35 60 '40
l80A CPU 1.75 8155-2 2.75 2 10 1A· .. 1.50 TIP 328 PNP $1TO·220 . . . $ AO 200 .40 50 1,80 200 50 80 190zeoe CPU ':U S 821" 900 21 1 1A 1.7 5 T IP 304PNP $, . . .. ... .. . $ .9 5 40060 .70 2,"'0 9.00 <00 .70 1,00 260
zaOAere 1.95 8203 1600 2112· ' 1.£15 T IP 111 . . . . • $ .50 60080 100 3 .60 , 1200 60 0 1.00 1.20 J 60
l80A DART 525 8212 1..45 211 "'·2 ' ,00 TIP 121 NPN S, U84 • · .. . $60
l 80.4.OMA 5.50 82'''' 3 .75 211 8-'" 1.75 T IP , . , NPN S, U97 . . $1.00
lBOA P10 1.95 8216 .. 50 21.7·3 2.50 TIP ''''5 .• . . .•. .. . •• • $1 .35

eoc280A510 .'" 8224 2. 25 3242 6 .00 2N1 305 PNP <if TO 5 · . .• $ ..40
'*09 CCN 8.95 LM386 8' 1456 80

18 0B $10 9 .95 8225 1.60 TMS3.09 1.75 DPS2000-DUAL
TL0Ei2cP .9 '

LM387 ,9' ' . 58 sc
82C4 3 2 _75 8237 ·5 650 MK.027·3 .90 POWER OAR L . . • • . $3 .95

TLOEi.CN 100 LM393 .' 0 LM1808 1.7 5
AM02901 .00 8238 H. TMS40SONL 1 75 2N2222 NPN Si TO-92 . . •• 7/'$100

TL072 1 DC LFJ 98A 3 00 ADVOOlD . 95

'502 2 .75 82 51).A 6 .75 MK. 09EH l 12. 2N2907 PNP S, TO·92 • . • • 7 /'$1.00
TL082 .90 LF411 1.25 LM290 1 9.

6522 3 .50 8251 -A 2.• 0 .'083 1.60 TIP 29 55 PNP S, . . • . $ .70
TlOB< , . 0 AD506JH 2.50 CA3018 , 9.

5800 1.75 8253 1.75 . 116· 2 ,70 2N3055 NPN S, TO-3 . . • $ .60
LM201 .7'

537 1 .50 CA3045 1 20
6802 ' .50 8255·A5 1.85 '-118. 1.75 MJE3055 T . $ .60

LM301n .- 8 35 LM555 .29 CAJ078AT 1 so
6803 L 8 .00 8257 2.'-0 .16oi1 5 12. 2N377 2 NPN Si TO ·3 $125

LM307 .. LM556 .ae CA3080 8'
6809 550 8259 2. '-0 . 125 6 ,15 3'"

2N 390.tl NPN S, TO·92 . • . • 7f$ 1.00 LM308 ss .68 110 CA30 89 E 1,75

6810 1.75 8272A • .75 ••6.,15 '00
2N3906 PNP S, TO-92 . . 7/$1 00 LM310 1.10 A0561 300 CA309. 1.30

6821 1.75 827 5 9 .00 MK.802 .00 2N.901 PNP S, TO·3 . .. $ 1.00 LMJ 11 es ... 1.75 CA3130 .sc,... ' .50 8279 ·5 2.75 Z6HM ·. 250 2N5296 NPN TO·220 . . . . $ ,50 LMJ 18 1 00 68' ,90 CA) 1.0 7.
6850 1.75 828-4 2 .50 61 16·) 160 2N6109 PNP S, TO·220 . . . $ .55 LM319 1.10 566 125 SG3s i . 1.15

68 7. '- .50 8288 • .75 6167p·J ' .50 MJE13 009 A . OOV NPN • . . $1 00 LM32'- 3. 567 .7' SG354 3 .70

803. 1.7 5 83es 12.9 5 6264 LP 15 ' 50 MRF·8004 CM RF NPN . • • . $ .75 LM339 so NE5 70 250 SG35<4'- , 00

80<8 ' .00 87.8 7.'" 8118-12 '9' LM3'-8 ss NE592 9' UNL) 701E 1.75

....9 2.50 TM5992 7NL 9 95 LF351 .. 709CH 80 CA3 822 .zs
808" 2 ,75 68OOOl8 8 .50 DISC 7'-170 1.SO LF353 ss 71 1CH ' 0 LM3909 80

Controllers TT L rc SE R IES 733 9' '-1 36 8 .
7. 173 .7' LF355 3.ROM', D765C '-.50 "00 19 7.80 .. 7. 17. 8' LF356 8.

7. 1CV .19 SD!lOOO 1.75

INS26 5·1 .'" 177 1 " .75 7"0 1 .19 7"83 50 7.. 175 8' LM358 .. '" .s0 N553.- .t s

REGISTERS TPB18S42 3 .'" 1791 9 ,50 7"02 . ' 9 7"85 es 7.. 176 .7' LM370 160
LM79BCT ,60 N5596 A '.0

825 123 1 ,50 ' 793 9,50 7..03 .19 7'" as 7.. 177 ss LM3f10 8.
oACOBOO1 95 • 506000 1 00

MM1"02 1.75 825126 1 ,95 1795 12 .00 "'" .19 ".. 1 00 LM3 10 " 0
8038 39.

MM1" 03 1.75 82S 129 195 7.. 180 .zs LM38o' 1.60 8 700 CJ .9.
MM141).4 ". 82S13 0 1.95 179 7 12.00 740 5 2. ".. 3S 74 1812 00 MC1330 1 00

LM13080 9'
MM50 13 2.'" 82S131 1.'" 2797 7 9. ".. 22 749 1 .. 74 182 ,7' ~C1391 '00

MM50 55 2'" 11'8285166 950 7407 22 749 2 50 74 180' 1 50 74C915 110 4027 3' 4072 20
M'-450 56 2_50 82S19 1 ' .50 CRYSTALS ".. ." 7493 3. 74190 80 " COO 2.

7454 74 3 .95 2000 8 000 "09 " ".. ec 141 91 80 74C01 as 74C9 2135O 4028 es 4076 ..
MM5058 2 .50 2108 3 .75 '00 ' , ' 9 '029 ee 4071 28
MM506() 2 .50 3000 10 ,000 14 10 .18 7495 ,.

74192 . 75 7«'''' as
2116·SV 3 .75 3 ' 79 '8 000 14 11 2. ".. 60 74193 . 1' " COB 2' '00' 20 '-030 3. ' 081 20

INTERFACE 2132·3 31. • 000 18 .32 14 12 2' 7.101 3o 74 19-4 .80 74C l0 2. ' 006 es 4034140 ' 082 20
AY5 1013A 31. 27 64-25 ' 00 .000 20000 '. 13 .3' 74 116 1 20 74 195 80 74Cl. ... '001 20 4035 ss '093 ..
AY3 10 150 ". 2112830 '00 '008 8 5 ' '''0 es '099 "027256 25 8.0 '000 3. 560 ,.,... , .. 121 ,30 74196 .1' 7" C70 .2'
148 8 '0 33'-1A 1.95 614. 7416 2. 74 122 .. 7" 197 80 ''' C32 3. .... 3. '-041 ,25 .501 95
1489 '0 3628A·3 3 .00 1.75 ea. 7;<'17 2. 74 123 .. 74 199 1 25 74C.-2 1.10 "010 3. '.,..2 se .503 ..
TR 160 2B 3 95 5256 5 12. 7420 20 7"125 .. 74221 1 25 74C7.- 55 "all , ' 9 '''' 3 85 '506 .1'
BR19.-1L s e0 f'm . 30 7425 22 7"126 .. 14213 I 00 74 C16 60 401 2 zs ."'. 55 "51 0 es
AYS 36ooPAO 995 WIRE WRAP '''26 30 , .. 1'-5 ' 0 1"21B 1 9 5 74C85 12' .J013 3. 404f- 8. 4 511 es
CRTS037 lB95 W IR E SIN G LE 1427 22 141'-81.20 74279 .rc 7.C86 .3' "01 • .,. ."', 8 5 4 517 .1'
MM5307 1.95 ST RA N O 1430 20 74 150 1 35 " 298 60 74C93 '00 4015 ' 8 ''''7 es 4 51" 9.
MI,'5369 ". 100' .$ 1.40 743 2 27 741 51 ss ' '' 365 es 74Cl54 3 00 4016 28 '",9 28 '-515 ''''8830 250 '''37 27 14 153 es 74361 ss 7"C1 51 9. .011 .. '050 28 45 16 25

250 4018 es '-051 ee 4 518 8...31 VlIRE 743 8 ,. 14 154 125 74390 eo 1.C161 9. "20 15
883' 200

WRAP 7440 20 , . 155 50 75114 90 14C114 9. 4019 3. 4051 es
..28 15

8838 200 DB 74" 7 .. 74 156 .1' 75115 90 14C 175 9' '020 ss • 053 es ..,. "0MPYI 11K 25 00 SOCKETS CONNECTOR 7445 es 14 157 es 75325 1.50 7"C193 1 25 4021 .es '06. 6s '- 53B 9.14 PIN ... o B9P - $ 80 7448 ,1.
74158 60 75491100 7"C2-'5 1.15 4022 ,. 40G6 28 '-539 ' '''DIPSOCKETS 16 PIN s0 OM S · $ .95 ' '' 160 8' 7. Cool .07J .as ' 068 3s1450 20 74161 ss 060 1 ' 00 3. 45<4181 20

8 PIN ' 0 77 PIN te 18 PIN 6 5 HOODS $ '5 H72 29 7" '62 es 0602 .so 74C902 .0 4074 .. 406 9 .19 '-55 3 175
14 PIN " 14 PIN 20 10PI N .90 0 82 5P , $ 1 75 H13 .3' 74163 ss 8T26 "0 74C90 3 80 4025 ,. 40 10 28

'683 90
16 PIN " 28 PIN 20 24 PIN 1 10 OB25S $ 1.50 H 7.. 32 7'-16oi 8. 8T2 8 11 0 14C907 .1' ' 025 ". '-01 1 20 4585 "18 PIN " 40PIN zs 78 PIN 1 25 HOODS · S es 741 5 .. ...-16 S 8. 8T97 ".lO PIN "

40 PIN 1 80 74 76 sc 74 166100 8T98 " 0 PLEASE CAl l FOROUANTITY PRICING

(~, SOLID STATE SALES TEL. (617) 547·7053 WE SHIP OVER 95"10
, FAX 617-:154-1417 OF OUR ORDERS WITHIN

P.O. BOX 74 D • SOMERVILLE, MASS. 02143 TOLL FR~~R1~~~5230 24 HOURS OF RECEIPT

CIRCLE 74 ON FREE INFORMATION CARD
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IBM-PC SOFTWARE

DESCRAMBLER MODULE

INVENTORS

Copies ofarticles from this
publication are now available from
the UMI Article Clearinghouse.
Mail to: University MicrofilmsInternational
300 North Zeeb Road. Box 91 Ann Arbor, ~1I 48106

THIS IS AN EXPANDED TYPE AD. Notice
how it stands out on this page. To getyour
ad setinthistype style mark your classified
ad order, "Expanded-type ad," and calcu­
lateyour cost at $4.30perword.

MASTERCARD AND VISA are now accepted
for payment of your advertising. Simply
complete the form on the first page of the
Market Center and we will bill.

CABLE TV TURN·ON'S

INVENTORS! Can you patent and profit from your
idea ? Call AMERICAN INVENTORS CORPORA·
TION for free inform ation . Over a decade of service.
1-(800) 338 -5656. In Massachusetts or Canada call
(413) 568-3753.

TURN ·ON, boards & kits for Jerrold 400 ; Jerrold
450 (all models-no internal modifi cation); Tocom
5504 & 5503. Special requests no probl em-let us
know what make & model you are interested in.
Fully guaranteed. Call or write for inform ation and
price s. VIDEO SOLUTIONS, 3938 E. Grant, Suite
236, Tucson , AZ 85712. (602) 323-6072

VIDEO TAPE

COPYGUARD

BUY BONDS

TUBES - 2000 TYPES
DISCOUNT PRICES!

Early, hard-to-find, and modern tubes.
Also transformers, capacitors and

-lI . ' partsfor tubeequipment. Send$2.00
r , . for 20 page wholesale catalog.

ANTIQUE ELECTRONIC SUPPLY
688 W. First St.oTempe, AZ. 85281.602/894-9503

Eliminate the latest CQPyguard problems

units from $5995 to $1699 5

'.DdW\t 'Euctromcs . ' ... .. (714}998·6S66
1432!Jfmn ., 01: , Ca. 926$5

COMPDES-Computer-Aided circuit design , se­
lections from basic electricity to circuit des igns. Very
educational. $49.95 (614) 491-0832 . ESOFT SOFT·
WARE, 444 Colton Road , Columbus, OH 43207.

COMPLETE cable-Tv decoder in a mini-modul e.
Latest techno logy upg rade for Jerrold SB· 3 or Ra­
dio-Electroni cs Feb . 1984 proje ct . Available at very·
low cost. For literature. SOUTHTECH DISTRIBUT·
ING . (813) 222-3293.

Stocking Large Inventories
Fastest Service

For Orders Only Call
1-800-874-1765

Nat'!
1-800-874-1764

N.Y, Only
For ALL Other Inquiries Call

516-585-8111

GMB SALES, INC.
2700 Middle Country Rd.

Centereach, N.Y. 11720
CIRCLE 193 ON FREE INFORMATION CARD

CIRCLE 63 ON FREE INFORMATION CARD

DIP IC SOCKETS
8 PIN/.09, 14 PINI.13, 16 PIN/.15, 18 PIN/.17. 20
PINI.19, 22 PIN/.21. 24 PINI.23, 28 PIN/.26, 40 PIN/.28
Zero Insertion Test Socket 28 PIN . . . 5.00

TOKO COILS FOR FEB 1984
TV PROJECT

Toko *' s BKAN-K5552AXX(2), *E52OHN·3000023
(.071uH) & L-2(12uH) Fixed. 1 Sot of 4 pes $6.00 , 3 Sets
$15.00, 10 Sets $45.00.
Opto Isolator Hl 1AX(Transistor Typo). . ":65
Opto Isolator HXXCX(SCR Type) . . . • .85
Hewlett Packard Clock (No Specs) . • 2.50
line Cord 6 feet UL listed SPT 2 60
Scopo Probe Sot w/Everything xllx10 .• . • 24.95
Wire Stand Offs • •. •.. . .• • 101$1
Zener Ass't - 65 pcs Total - Includes Minimum 3
Different 1W Devices . •. . . . . ...... . •.. •. . $1.95
Resistor Ass't - 1,000 pcs 35 Values Minimum.
Popular Values (1K,10K,1OQK) Included. Mostly 114&
11m. Some 1 & 2W. Lots of Precisions. Carbon Film.
Taped and Reoled for Easy Sorting • . .• . .• . $9.95
Jumper Plugs (Cambion) - Male to Male for Bread-
board & Connectors . . . . . . . . . . . 101$1.25
9VDC Wall Transformer. 200ma . • . .. $2.95
9VDC Wall Transformer, 500ma • . . . ... $3.95
12VDC Wall Transformer, 400ma ... •.. • $6.95
6.3V 1.2A Transformer . • . • . . • . . . $1.60
12.6 VCT 1A . . • . . . • . . • . . . . .. • . . . • . • . . . _$3.50
7 (Seven) Amp Tapped Transformer - 71/2115VAC
or 9V/18VAC . •• .•• • . . . . .•• .. . . . .•. . . . • . $8.95
Muffin/Sprite Stylo Fan I SU2C7 (EG & G Rotron).
3 112" Sq, 115V $5,95
Jumbo Red LED's . . •• . . • . . . . 15/$1.00, 100/$6.00
Jumbo Green LED's .. •. • •. . 101$1.30, 1001$10.00
Jumbo Yellow LED·s ...•. . .. 101$1.40, 100/$11.00
Jumbo Yellow Hi Intensity with Rt Angle & Black Case
Features • . • . . . ••• • .• •• .• .••. 10/$1.20.1 001$10
Jumbo Amber LED's . • ... •. . 101$1.40, 100/$11.00
Mini Yellow Hi Intensity with Discreet, Pale Blue
Lens/Caso Feature 1011.20, 100110 LED Clips/Rings
lor Jumbo • . • • • • • . • • • • • . • • • • . • . . • 15/$1, 1001$6

50 PIN IDC Ribbon Cable Connector . • . . " .50
36 PIN Rt Angle " Snap Off" Header . .. .50
14 PIN Header for Ribbon Cable • .• •.. • . . . . 31$1
7 PIN Male Header . . . 201$1
IC Storage " Bug" Box . . . . . . . . . . $2.45
Heavy Duty All igator Clips (10 Sets) • .. .. . . $2.30
RegUlar Alligator Clips (10 Sets) • . $1.80
Wire Strippers (Spring Loaded, Adjust.) . . 52.50
5~ Needle Nose Pliers (Spring Loaded) .. $3.95
4 1/2 H Diagonal Cuttors (Spring Loaded) .. . . $3.95
Nut Driver set for 3I 1 6~ . 114N

, 5/16 H
• 31$2

Jeweler's Screwdrivers (4 pcs) • . . .. $2,65
Desoldering Pump (Solder Sucker) .. . .. • . . $4.00
Roplacement Tips for Soldor Sucker 2/$3.00
25W Precision Soldering Iron . . . . . • . . $5.00
Safety Goggles . . . . • . . ... .. . . . . . .. •. . .. $2.95
De-Soldering Braid (5 Foot Roll) ..99
Solder Aid Tool Kit (4 pcs) . . . . . $3.00
Model 610B Logic Probe (Pencil Type) . • • $18.95
Model 620B Logic Pulser (Pencil Type) . . . . $18.95
.01uF 100V Mylar Cap . . . 20'$1
.1uF 200V Mylar Cap . . . . . . . . 15/$1
?Mystery? Bag *1 The "O HM" Bag . . •• . $1
?Mystory? Bag * 2 The " Volt" Bag . $1
?Mystery? Bag ' 3 The " Circuit" Bag . . • $1
?Mystery? Bag U The " Frequency" Bag . • . $1
?Mystery? Bag 15 The " Tolerance" Bag . • $1
No Returns or Exchanges with Mystery Bags
9V Battery Snaps . . • . . . 7/$1
Self Adhesive Rubber Stripping - Cut to Any Lengths
You Choose (3M-Bumpon), 3 FeeV$2, 10 FeeV$5.00,
50 FoeV$2O.oo.
Hi Reliability TO-3 Socket (Augut). . .. . .85
Low Fluid Level Detector Kit - Parts, PC Board &
Instructions . . • . • . . ...... . • •.. .. .. . .. ... 4.95
Soldering Iron Convenience Stands 5/$1.00
Voltage Mate Switching Regulator Kit • ...• $18.95

COMMO DO RECOMPUTER KEY80ARO&MOTHER­
80ARD CO MBO, INCLUDESARTICLEFOR COM­
PATIBILITY(INTERFAC E) 81 2.95

DC Voli. 100",V to 1000v

~g~~~ ~~::t': 1~ $51 95
AC Cunent 0.1~A 10 lOA
HI·Lo ResIstance 0.1Q 10 2QNQ
capac itance l pF to 2O..F
Diode Test lC)(Werd voltage testtng
Hn I. st transistor testing

UHF-TV PREAMP
(As featured in Radio Electronics March i
May artICles, 1982)
ThIS inexpenSIve antenna mount ed pre­
amp can add more than 25 dB of gain to
your system . Lots of sa~ ;sfied cust~mers

and repeat orders for thIShigh quality lot,
which includes all component parts , PC
BD, Case. Power Supplyand Balu n $34 .50
Assembled VersIOn $57 .50

MODEL 705 Digital Multlmeter
MM.IQIjf·"wl"'lllj'f

Tlrms' MICRO·MART accepts V,sa MCand telephone CODs Minimum Older$1000 Sh,ppmg- ­
US Ol ~er s 52 50 Canada and othel countnes 53 50 Sh,pplng rate adlusted whereapplicable
N J resroents add 6""0sales tax

MICRO-MART. 508 CENTRAL AVE.. WESTFIELD.NJ 07090.1201]654-6008

MAN6910 - Double Digit 7 Segment Display, Hi
Efficiency Red .56 H Comm Ann •. .. 1.25
MM5481 - 14 Segment Driver Chip . • .75
Hewlett Packard 7 Seg .4 H Rod Annf 7651 •.. .. 95
7 Seg .3" Bent Lead (Hobby Grade) • • 4/$1
7 Seg .6N Bent Lead (Hobby Grade) .• .. .. . . 31$1
1.5A SOV Bridge (TO-5) • . . . .50
4A 50V Bridge (KBU05) •. . 75
6A 60QV Bridge 518~ Square . . . . 1.00
lOA 50QV Bridge 5/8 H Square . . . 1.15
25A 200 Bridge (Solder Lug Type) . . .. 2.00
12VDC SPST Reed Relay PC Mount . . .60
SPST PB Switch (Keyboard Type) . •. 31$1
Mini Toggle DPDT (Lock Latch Feature) 75
DPDT " Snap In" Rocker with Bulb Socket 95
Push-lighted Switch (No BUlb) Off - Mom - • .45
Pushbutt on DPST Off - Mom PC Mount . . • 31$1
DPDT Push Button 6A 125V . •. .. . . . .. • .•. . . .65
TPDT " Bat" Handle Toggle (On Off On) . . . .. 1.65
DPDT At Angle PC Togglo (On Off On) . . . .95
11 LED Bar Graph Display. 2·314H

, Rectangular LED's
(Specify Aed, Green, Amber) . . • . . . . . • . . 2.69
Giant Alpha Numeric Display 1-112~ x 2" 7 x 5 (35 Total)
Red LED Matrix . . . . . . . •. •. . 4.95
22uf 35V Solid Tantalum (Kemet) • • 311.00
Radial Lytics - 1uF 50V .13. 2.2uF SOV.13, 3.3uF SOV
.14, 4.7uF 40V .12, 10uF 50V .14 22uF 35V ,15, 33uF
35V .15, 47uF 50V .15, l oouF 35V .20, 220uF 35V .22,
330uF 35V .33 470uF 35V .39, 1,OOOuf 16V .45
1,OOOuF 75V Axial . .75
3,200uF 50V Twist Lock . . . . . . . . . . . . . . . . . .65
3,300uF 50V Axial Lytic . . . . . • . . • . • . . • . . . .85
5.000uF 40V Computer Grade (Mallory) . . . 1.50
Ceramic Monolithics - All 50V or Higher;
330pF, 470pF, .001uF, .OO18uF, .OO22uF, .OO27uF,
.0033uF, .0039uF «All 30/$1). ,01uF - 20/$1, .022uF
151$1, .1uF 101$1 .22uF 101$1
Crystal Clock Oscillator 14 9760 MHZ. . . . . . . • .50
UCN4116B - OSC/Freq Div Clock IC . . . . . 5/1.00
AM/FM Radio IC wlData Sheet (12204) .•. 15/$1.00
Slide Pots - 1 Each50K, 100K, 1.2M.2M,5M - $1
74165 (Shift Register) House* 8095 • . . . . . . . 101$1
ULN2231 (Delco DM50) Dual Preamp IC •.. •.. 2/1
Switching Power Supply - Plus & Minus 5 & 12 Volts
2OOW. by Conver • • . . . . .• . . .• . . . . . • • $49.95
MRF901 (Hobby - You Test) .• •... . •..... 101$1
Piher PT10V 3/8" HOf'izontal Mount Trimpots 100 OHM,
1K. 5K. 10K, 20K, 50K, 100K, zoos , 500K, 1M.
Single Turn . •• • • • . . . • • • . . . • . .• . . . . . . . . . • 4/$1
Multi Turn Procision 't nrnpots. 50 OHM, 100 OHM, 200
OHM, 250 OHM, 500 OHM, 1K,.2K, 5K, 10K, 2OK, 25K,
5OK, 100K, 200K, 250+<, SOOK, 1Mog .75 Each, 1001$66
Zonith TV Replacement IC Special $1 Each 221·42,
221·43, 221·48, 221·69, 221-79, 221-87. 221-96,
221·104, 221·105. 221·106, 221-140.
Motion DelectOf'Mooule (Includes ULN22321C& Caps).
$2 Each. 71$10, 251$25.
Motion Detect, ULN2232 IC Only 31$2, 20/$10 Black,
PlastiC Case for Detector . . . . . . . . • . . . . . . $2.25
Minia ture Speaker for Detector .. . . . .• . . .••. . .75
Model SG-l05 Signal Generator - 20Hz to 150 kHz,
Low Distortion, 46 STEP . • • . • . . . • $45.95
22/44 PIN Edgecard Connector . . • . • . • . ... .65
40 PIN IDC Ribbon Cable Connoctor .. •.. •.. • .40
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CD- CMOS

NEC V20 & V30 CHIPS
Replac e the 8086 or 8088 in Your IBM-PC and

Part No. Incr ease Its Speed by up to 40 % ! Price

UP070108-5 (5MHz) V20 Chip . . . . • $ 9.95
UP070108-8 (8MHz) V20 Chip• • •. • $11.95
UP0701 08-10 (1 0 MHz ) V20 Chip. . . . $34 .95
UPD70116-8 (8MHz) V30 Chip. • .• • $14.95
UP070116-10 (10MHz) V30 Chip...• $34 .95

7400
Part No. 1-9 10 + Part No. 1-9 10 +
7 4 00.. .29 .19 7485_. .6 5 .55
7402.. .29 .19 7 486. .45 .35
7404. . .3 5 .25 7489 ....... 2.05 1.9 5
7 40 5 . . .39 .29 7490. .. .49 .39
74 06. .. .3 9 .29 7493.. .4 5 .3 5
74 0 7 . .39 .29 74 12 1.. .4 5 .35
7408. .35 .2 5 74 123 . . . .59 .49
74 10. . .3 5 .25 74 125. . .55 .45
7414.. . .49 .3 9 74126. . .75 .65
74 16 . . . .4 5 .3 5 7 4 143. . . . . . . 4 .05 3 .95
74 17. .45 .3 5 74 150. . . .. .. 1.35 1.2 5
7420. .. .3 5 .25 7415 4 . .. .. 1.3 5 1.25
7430. . . .35 .2 5 74158. . . . 1.5 9 1.49
7432.. .39 .29 74 173. .85 .7 5
; 438. . . .39 .29 74174. .. . . . .6 5 .55
74 4 2 . . . .5 5 .4 5 7 4 17 5. .. . . .65 .55
74 4 5 . . .79 .69 74176. .. .99 .8 9
7446. . .8 9 .79 74181 . ..... . 1.95 1 .8 5
7447.. .8 9 .79 74189. . . . . . . 2 .05 1.95
7448.. _ _... . 2 .05 1.9 5 74193. . .. .79 .69
7472.. .75 .6 5 74 198. .. 1.8 5 1.75
7473. . _ .45 .3 5 74221... ,_ .99 .8 9
7 4 7 4 .. .45 .35 74273. .. . 2.0 5 1.95
74 75. . .49 .39 7436 5. . ... .69 .59
7476.. .45 .3 5 74367. _ .69 .5 9

74LS
74 LSOO.. .29 .19 74 LS 16 5. . . . . .75 .6 5
74 LS02.. .29 .19 74L$166. . . . .99 .89
74LS04.. .35 .25 74 LS 173. .5 9 .49
74 LS05. .3 5 .25 74LS174 .. . . .49 .39
74 LS06. ..... 1.09 .99 74 LS175. . .49 .39
74LS07 . .. .. . 1.09 .99 74LS189 . . . . 4 ,59 4.49
74 LS 08. .29 .19 74 LS 19 1. . . .59 .49
74 LS 10 . . .29 .19 74 LS 193.. .79 .69
74LS14. . . .49 .39 74 LS221. . .69 .59
74 LS27. .. .3 5 .25 74LS240. . .79 .69
74LS30. . .29 .19 74 LS243.. .79 .69
74LS32. . .3 5 .25 74 LS244. . .79 .69
74 LS 42.. .49 .39 74 LS 245 .. .8 9 .79
74LS47.. .99 .89 74LS259.. .99 .8 9
74LS 73. .39 .29 74LS273. . .89 .79
74 LS 74. . .35 .2 5 74 LS 279.. .49 .39
74 LS75. . .39 .29 74LS322.. .. 4.0 5 3 .9 5
74LS 76. .5 5 .45 74 LS365 .49 .39
74 LS85. .5 9 .49 74 LS366. .49 .39
74 LS86... .3 5 .25 74L$36 7. .49 .39
74 LS90.. .49 .3 9 74LS368 . . . . .49 .39
74 LS93. .49 .39 74 LS3 73 . .. .79 .69
74 LS 123. . .59 .49 74LS374... .79 .69
74LS 12 5. . . .49 .3 9 74LS393.. .8 9 .79
74LS l38.. . .49 .39 7 4 LS5OO. .. .. 6.0 5 5.95
74 LS 139 .49 .39 74LS624 . 2.05 1.95
74 LS 154.. " . 1.09 .99 74LS629. 2.29 2.19
74 LS 157 . .45 .35 74 LS64 0. .... 1.09 .99
74 LS l 58 . . .45 .3 5 74LS645 ... . 1.09 .99
74LS l63. . .59 .49 74 LS670 .. . . 1.09 .99
74 LS164. . .59 .49 74LS688. . . . . 2.05 1.9 5

74S/PROMS·
74500. . . .29 745188*. . .. .. ... .. 1.29
745 04. . .3 5 745189.. . 1.69
74S08 . . .3 5 74S196. . .. 2.4 9
74510. . . .29 745240. . . 1.49
74S32.. .3 5 74S244. . . . ... . 1.49
74S 74 . . .45 745 253 . .. .79
74585. . .. . . . . 1.79 745287* . 1.49
74886. .3 5 74$288*.. . ... . 1.49
74 S 124. . . . . ..... 2 .95 74$373 . . . . . . . 1.49
74517 4. .79 74$374. .. 1.4 9
74S 175. . .79 745472*. ... 2.9 5

74F
74FOO. .39 74F139.. .89
74 F04. .39 74F157 . . .9 5
74F08. . .39 74 F193. ........... 3.9 5
74 F10. .39 74 F240.. .... 1.39
74F32.. .39 74 F244.. .... 1.39
74F74. . .49 74 F253. . .99
74 F86. . . .59 74 F37 3 . . .... .. .. 1.39
74 F138.. .89 74 F374. . . 1.39

.79

.79
...... 1.49

.. 1.29
.... 1.29
. .. . 1.49

1.49
. 7.9 5

1.39
... 9 .95

9 .95
.. 3 .9 5

..... 3.9 5
.. 5 .9 5

LM1 458N . . . . .39
LM 1488N .49
DS 14CBBN (CM O S ) 1.19
LM1 489N 49
DS 14C8 9N (CMOS) 1.19
LM14 96N. . . 85
MCl 64 8P. 4.95
LM1 8 7 1N 2.95
LM1 8 72N 2.95
LM1896N - l . . 1.59
U LN2oo3A. . . . . . . .. .99
XR22 06. . . . 3 .95
XR2211 . . . . 2.95
XR22 43 1.9 5
OS26LS29CN 4.49
OS26 LS31 CN 1.19
DS26LS32CN 1.19
OS26LS33CN 1.95
LM2901N 49
LM2907N 2.49
LM2917N (8 p in) 1.55
MC3419CL . . 9.95
MC3446N. . 2 .95
MC345OP. . 2.95
M C3 470P. . . 1.95
M C3 471 P. . . 4.95
MC3479P 4 .79
M C3 486P. . 1.69
M C3 48 7P 1.69
LM3900N. . . . . . . . .. .49
LM 3905N . . 1.19
LM 39 09N. .99
LM 39 14N. . . . 1.9 5
LM 39 16N . . . 1.9 5
NE5532. . . .89
N E5534 69
78 05 K (LM3 4OK-5) .. 1.29
7812 K (LM34 0 K- 12) . 1.29
7815K (LM340K-l 5) . 1.29
7oo5T (LM340T-5) . . .49
7812T (LM 340T- 12) . .49
78 15T (LM 340T- 15) ..49
79 05 K (LM3 20 K- 5) .. 1.3 5
7OO5T (LM320 T-5) .. .59
75472 99
7547 7.. . .• . . . ... . . 1.29
M C145 106P 3.49
MC14 S406P 2.95

74C 174. . .
74C175..
74 C22 1 .
74C240 .
74C244
74C373
74C374 .
74C912 .
74C9 15 .
74C920 . . . . . • . .
74C921 .
74C922 .
74C923 .
74C925

LINEAR

74C-CMOS
.29
.29
.29
.3 5
.3 5
.49
.35
.59

....... .. . 1.39
......3 5

. . .. 5.19
.... ..99
..... 2.95

... 1.05

OSOO26C N 1.95
TL 074CN 89
TL084CN 99
A Fl DO-ICN. . . 8.95
LM 307N . .4 5
LM309K. . 1.25
LM311N. .45
LM31 7T. . .79
LM318N. .99
LM31 9N 99
LM32 3 K. . 3.95
LM32 4N . . .39
LM338K. . . . . 4.95
LM339N. . . .39
LF347N. . ... 1.79
LM348N. . . .69
LM350T ... 2.95
LF3 5 1N .39
LF3 53 N .49
LF355N. .79
LF356N . . .79
LF357N, . . . . . . . 1.09
LM358N. . . . . ... .49
LM36ON. . 2 .19
LM361N . . . 1.79
LM380N-8 . .99
LM386N-3 . .99
LM387N. . .99
LM393N. . .39
LM399H 2.95
LF4 11CN. . .79
TL 497AC N. . . . .. .. 2.69
NE5 40H (C 540H) .. . 2.9 5
N E555V. . .29
XR-L5 55. . .75
LM556N . .49
NE 558N. .89
LM565N . . .99
LM56 7V. . .69
N E592N . . .89
LM74 1CN .29
LM747CN .59
M C 1350. . .. 1.49
M C1372P. . . .. . 2.49
MC13 77P. . . 3 .19
M C 1398P 8 .9 5
LM1414N 1.29

74COO..
74C02. .
74C04.
74C08.
74Cl0. . .
74 C14.
74C3 2.
74C 74 .
74C85. .
74 C86.
74C89
74C90. .
74Cl54
74C 173

Low Pro fi le Wire Wrap (Gol d) L~ #3
8 p in LP .11 8pinWW. . . .... .59

14 pin LP. . . . . . .12 14 p in WW. . . . . .65
16 pi n LP. . . . . .13 16 pin WW. . . . . . .69
24 p in LP. . .2 5 24 pIn WW 1.19
28 pin LP. .27 28 pin WW. . . 1.39
40 p in LP .29 40 pi n WW. . . . . . 1.89
Soktertall Standard (Gold &TIn)&Header PlugSockets Also Aa ilable

ICSOCKETS

74HC HI-SPEED CMOS

74HCT - CMOS TTL

SATELLITE TV
DESCRAMBLER CHIP

Part No.

74HCOO. . .
74 HC02..
74 HC04..
74HC08
74 HC10..
74HC14. .
74 HC30.
74 HC32. .
74 HC 74 . ..
74HC 75. .
74 HC76...
74HC85..
74HC8 6. .
74 HC123. .
74HC125 ..
74 HC 132..
74HC l38.
74 HC139.
74 HC l 54 .
74HC 163 .
74HC1 74

The MM5321 is a TV camera sync generato r de signed 10
supply the bas ic sync functions lor either color or mon o­
chrome 525 line/ 60Hz interfaced and camera video reco rder
app lica tion s. COLOR BURST GATE & SYNC

ALLOW STABLE COLOR OPERATION

MM5321 N. , . , , .. , . , . . $11,95
INTERSIL Also Available!

Price

8000 SERIES ConI.
Part No. Price

8228. . . . 2.49
82 37-5 . . . . 4.9 5
8 243. . . . . 2.2 5
825OA 5.49
8250B (Fe< IBM) 6 .9 5
825 1A . . . . .. 1.75
8253-5. . . . . . . 1.95
8254 4.9 5
8255A-5. . 1.69
8257- 5 .. 2.49
8259-5. . 1.9 5
8272. . . .. 4.49
8279·5 2.9 5
874 1 10.9 5

~~~~g (~~(2; Vi .·. ·16§~
87 49 9 .95
87 51 39.95
8755 14.95

A~~~Eg~SITI O~ 19
ADCOBOBCCN 5.95
ADC0809CCN 3.9 5
AOC0816CC N 1.. .95
A DC 12 05CCJ-l 19.95
DAC0808LC N 1.9 5
OAC l00BLC N 6.49
AY-3-10 150 4.95
AY -5-1013 A . . 9:95 2.9 5

WD 1770. 14 .9 5

S I- 305 2P. 5 .9 5

6 502. . . . .. 2 .2 5

6 504A. 1.95

6 507 . . 3.49

6 5 10. . . 9 .95

6520. 1.75

652 2 . . 2 .9 5

6 525. . . 4 .9 5

652 6 14 .9 5

6529 . . 2 .95

6 532. . 6 .4 9

6545- 1 . . 2 .4 9

655 1. 3 .29

6 5 6 0 10.95

6 567 . . . . . 14 .9 5

6569 . . . . . 10 .9 5

6 572. . . . . 10.95

6 581 (12V) 14.9 5

6582 (9V) 14 .9 5

8 3 60. . . .. 10 .9 5

8 5 0 1. . 10 .9 5

8 502. 5 .95

8563. . . 15.95

8 5 6 4 .. . 12 .9 5

8 566. . 1 5 .9 5

8701. 9 9 5

8721. 14.9 5

8 7 22. . 7 .95

' 2 5 1104 -04.. . 10 .95

3 180 18-0 3 .. . . . 15 .9 5

3 18 0 19 - 0 3 . . . 1 5 .9 5

3 18020-04 15.95

3 25302 -01 15.95

' 3 2 5 572- 0 1 . . . 24.95

'82S 100PLA" . . . 13.95

901225 -0 1. .. 1 1 .95

9 0 1226- 0 1 . . . . . 11.9 5

9 0 1227 - 03. .. 11 .9 5

9 0 1 229 - 05. . .. 15.95

'N o specs . available
" Note: 82S 100PLA =

U17 (C-64 )

Part No.Pric e

28 16 A
28 17A
2865A
52813 (2 1V)

1702A
TMS2 51 6
TM5 2 53 2
TM5 2 53 2A
TMS 2 564
2708
TMS2 7 16
27 16
27 16 - 1
27C16
2732
2732A-20
27 32A-25
27 C32
2764-20
27 64-25
27 64A-25
2764 -.45
27C64-15
271 2 8-20
27 128-25
27 128A-2 5
27C128-25
27256-20
27 256-25
27C256-25
275 12 -2 0
27512-25
68 764

20 16-12
TMM201 8 D-45
2 102 -2 L
21 14N
2 114 N -2L
2 1C 14
2149
5101
6116P-3
6 116 LP-3
6264LP-1 2
6264P-15
6264LP-1 5
65 14
43256-15 L

41 16 - 15
4128 -20
4164-120
4164-1 50
4164-200
TMS4416-1 2
811 8
41256-120
4 1256-1 so
50464-15
5 1 1000P-l0
5 14256P- l0

16.384 x 1 (1 5Ons).. . . . .89
131 .0 72 x 1 (2oo ns) (Pig g y bac k ) . 3.25
65 .536 x 1 (120 n5) 1.7 5
65 .536 x 1 (150 n5 ) 1.15
65.536 x 1 (2OOn5) . . . .9 5
16.384x 4 (12On5) 3.75
16.384 x 1 (12Ons) . . .69
26 2.144 x 1 (12On5). 3.9 5
262.144 x 1 (15On5 ). . . . . . 2.75
65 .536 x 4 (150n5) (4464) 4.95
1.048 .576 x 1 ( lOO ns) 1 M eg 27.95
262.144 x 4 (l OOns) 1 Meg 29.95

---- - - STATIC RAMS ----- -
2048 x 8 (120n5). . 1.69
2048 x 8 (45 ns) 6.95
10 24 x 1 (2 5On5) Lo w Po w e r 1.9 5
1024 x 4 (45On5). . .99
1024 x 4 (2oons) Low Power ... 1.49
1024 x 4 (200n5) (C MOS). . .49
1024 x 4 (45ns). . . 3 .49
256 x 4 (45Oos) CMOS. . . 1.95
2048 x 8 (15Ons) CMOS. . . 1.89
2048 x 8 (15Ons) LP CMOS 1.95
8192 x 8 (120ns) LP C MOS 4.25
8 192x8 (l 5Ons)CM O S 3 .59
8 192 x8 ( l 5Ons) LP C M O S 3.75
1024 x 4 (3 5Oos) CMOS. . . . 3.95
32.768x a (15On5) Low Power . . 17 .9 5

- - - - --- EPROMS - - - - - - -
256 x 8 (l ps ). . . . 6.9 5
2048 x 8 (4 5On5) 2 5V 4 .95
4096 x 8 (4 50 ns) 2 5V . 6.9 5
4096 x 8 (4 50 ns) 2 1V 6.49
8 19 2 x 8 (4 5Ons) 25V 8.95
1024 x 8 (4 5Ons). . . . . . . 4.9 5
2048 x 8 (4 50ns) 3 Vo ltage. . 9 .95
2048 x 8 (45O ns) 25V. . 3 .75
2048 x 8 (35O ns) 25 V . . . . 4.95
20 48 x 8 (450ns) 25 V (CMOS) .. 6.49
4096 x 8 (45O ns) 25V. . . . . . 3 .95
4096 x 8 (200ns) 2 1V 4.2 5
4096 x 8 (2 5Oo s) 2 1V 3 .95
4096 x 8 (4 5On5) 25 V (C M OS) 6.49
8192 x 8 (200ns) 21 V . . . . 4.25
8 192 x 8 (250ns) 2 1V 3.75
8 19 2 x 8 (25Ons) 12.5V . . . .. 4.2 5
8192 x 8 (45Ons) ;21V . . . . .. 3.49
8 19 2 x 8 (15Ons) 2 1V (C M 0 5 ) 6.49
16.384 x 8 (2oons) 2 1V 5.95
16 .384 x 8 (250ns) 2 1V 5.2 5
16 ,384 x 8 (25Ons) 12.5V 4 ,9 5
16.384 x 8 (25Ons) 21V (C MO S ) .. 5 .95
32.768 x 8 (2oo n s) 12 .5V. . . . . .. 6.95
32.7 68 x 8 (2 5Ons) 12 .5V 5.9 5
32.768x8 (2 50 ns) 12.5V (C M O S) . 8.9 5
65 .53 6 x 8 (2oon5) 12.5V 19 .95
65 .536 x 8 (25O ns) 12.5V 16.95
8192 x 8 (45Ons) 25V . . 15.9 5

EEPROMS
2048 x 8 (350n s) 5V Re ad lWrite .. 5.95
20 48 x 8 (3 50n s) 5V Re ad /W"ite . . 8.95
8 192 x 8 (25Ons) 5V ReadlVVrit e . 14.9 5
2048 x 8 (3 5005) 5V Re ad O nly . . . . 1.69

MISCElLANEOUS CHIPS
Part No. Price

0 76 5AC... . •... . . 4.49
WD92 16 9:95 6.95
zae.Z80A,zsaa SERIES
zoo 1.25
ZOO-C TC 1.79
ZOO-DART. . . 4.95
ZOO-PlO. . ... . 1.79
ZOOA . . 1.35
ZOOA-CT C 1.49
Z OOA-DA RT 4.95
ZOOA-PIO 1.49
ZOOA· SJOto 4.95
ZOOS 2.95
ZOOS-C TC . . 3.49
ZOOS-AO 4.29

6500/6800 /68000 SER.
6502. .. 2.2 5
65C02 (CMOS) 8.95
6520. . . 1.7 5
6522. . . 2.9 5
6532. .. 6.49
6551 3 .29
65C802 (CMOS) 19 .9 5
6800 1.75
6802. . . 3.49
6810. . . 1.25
682 1. . . . 1.29
68 40 . . .. 3.9 5

Part No.

MICROPROCESSOR COMPONENTS

C 0 4076 .65
C 04081 . . .25
C D4082. . . .25
C04093. . .3 5
C D4094. .89
C040103 2.49
C040107 -:69 .39
C0401 09 +49 .79
C0451 0 . .69
CD4511 .69
CD4520. .7 5
C 0 4522 .79
CD4538. .79
C04541 .. .69
C04543 .79
C 0 4553 . . . 4.9 5
C D4555. .79
C 04559 7.9 5
CD456 6 . . 2.49
C0458 3 . .89
C 04584 39
C 0 458 5. .89
M C1 4411 P 8 .95
M C 14490 P 4 .49

.19

.89

.19

.29

.29

.55

.59

.59

.49

.3 5

.29

.65

.29

.29

.59

.59

.59
.. ... 1.95

.29
..... 2 .39

.25

.25

.25

.25

CD 4001..
CD4008.
CD4011. .
C D40 13 . .
C D40 16.
CD401 7
C D40 18.
C D4020. .
CD4024. .
C D4 027 .
C D4030 .
C D4040. .
C D4049. .
C0 4050
CD4051 . .
CD4052... .
CD4053.
C04063
C 0 4066. . . .
C 04067.
C04069.
C04070
C 0 4071.
C 0 4072..

PARTIAL LISTING· OVER 4000 COMPONENTS AND ACCESSORIES IN STOCKl • CALL FOR QUANTITY DISCOUNTS
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• 80 CoU64K RAM • Doubles
amount of data your Apple fie
can display as well as Its mem­
ory capacity • Ideal for wor d
pr oc essing • Co mplete with
instru ctions

JE864 $59.95

MUF60 $9.95
Torin Industries ( 4 . 68~ sq., 60 cfm)

SU2A 1 $ 8.95
EG&G Rotron (3 1 25~ square, 20 cfm)

NEW! Sea gate 20,
30 & 40MB
Half Height
Hard Disk

Drives

30003 National Un..r Da.. Book (82) $14.95
30005 l ogic Do.. Book - 'obi. II (8'). , • • . . . $14.95
30009 Int...i1Do.. Book (8S). . . • . •.•. . . $ 9.95
30032 National Un..r Supplement (8' ) 5 6.95
21083 0 Intel Memort Handbook (87) $17 ,95
230843 Intel Mic...ysIemHndbk. Set (87). . .• $24.95

Jameco PCIXT

~
~;~~~ & ATCompatibleDisk Drives

JE1022 (Pictured)

JE1020 (360KDrtve, PC/XTlAT) _•• $ 99.95
JE1022 (1.2MB, ATCompatible) • • • $119.95

DATA BOOKS

ST22SK (Pictur ed)

ST225 2OMBDriveonly (PCIXT/AT) $274.95
ST225K 2OMBw/Co_(PCIXT) $339.95
ST238K 30MBw/Conl(PCIXT/AT) •• $399.95
ST251XT 40MBw/ConlCard (PCIXT) • $599.95
ST251AT 'OMBw/Conl Card (AT)••• $659.95

ADD-12 (D;" Drive 11 .11+,/10) $99.95
Additional Apple Compatible

Products Available

JE23 JE2' JE27
Part Dim. Contact Bindin g

Prie.No. L" xWN Points Posls

JE20 612x ~ 100 0 $ 2,49
JE21 31.~ X 2" 400 0 $ 4.95
JE22 612X 1 ~ 630 0 $ 6.49
JE23 612X 211 830 0 $ 7.49
JE24 612X 311 1,360 2 $13 .95
JE25 612x 4110 1,660 3 $24.95
JE26 6~' X 5~ 2,390 4 $29,95
JE27 7110 X 712 3,220 4 $39.95

Extended 80-Column
Card for Apple lie

. n; """;-.. .: " 'l. . ..

. . .., 11>: : : ~ . ~ :

~ O~ .:: .".: .z ' .- ~.

Multi I/O w/Cont ro ll er
& Graphics for PC/ XT

, Printer port • AS232 port · AOPDY controller
, Graphics · Manual included

JE1071 $159.95

• Graphic s: 720 x 348 • 16 out o f 64 colors
• Manua l incl uded

JE105~ $1 9~95

I/O Cards for
PC/XT/AT

I h l'

: :, . : .. .),
. • c:> I •

• '. 4"'_ -
- " , .... :.... '

":"-. _ .•~ - :..-

• Printer Port
• RS232Port
• Game Port
• Manual incl uded

JE10 60 (Pictured)

JE1060 1I0fo,lIT•• •• $69.95
JE1065 1I0fo,AT• • , • $69.95

. Text 40 or 80 x 25 • Graphics: 320 or 640 x
200 ' Manual includ ed

JE1052 , . $59.95

Color Graphics Card EGA Card for PCIXT/ AT
for PC/XT1AT

Additional Add-Ons Available!

INTRODUCING JAMECO'S NEW
COMPUTER KITS!!

Jameco's IBM lM AT Compatible Kit!
Mini-286 6/8/10/12 MHz Kit !

. - . . ..'

: .. ~

• • t ~.. - ' -. -. . ', .-..~ -

Part No. Description Price

JE1 01 5 lIT/AT Style Keyboard. . . . $ 59.95
41256-120 512KRAM(18Chips) .. $ 71.10
JE1 012 Baby AT Aip-TopCa.e $ 79.95
JE1032 200W0.- Supply 5 99.95
JE1 022 5V. - H;ghDensityDi..Drtve $1 19.95
JE1 045 HardDisk/FloppyControl.... 5199.95
JE1003 Baby ATMotl1ert>oard
(Zero-KRAM-incl. AwardBIOSROM). $449.95

~\ Regular List $1 ,080.80

tlt::o~.. SAVE $ 105. 8 5 1

JE1008 IBM"" AT Compatible Kit. . •..... • $974.95
JE1059 EGAMonitor & Card SAVE$30.00 . . $ 5 69. 9 5

Jameco's IBM PCIXT Compat ib le Kit
4164-150 128KRAM(18Ch;ps).... 52 0.70
IBM-FCC FloppyContrcuer Ca,d • . $34.95
IBM-Gase Alp-TopCa $34 .95
JE1015 lIT/ATStyleKeyboard 5 59.95
JE1030 150 Wett PowerSupply .. 56 9.95
JE105 0 Mono/Graph.Crd. w/P.1'ort 569.95

~~.; t~~~~N ~~:'~:~."~::.:'::fto"" ~:::~;
IBM-MB XT Motherboard (Zero- K RAM-inc!.

DTKlERSO BIOSROM) . . $ 99.95

FREE! a UICKSOFT PC
WRITEWORD PROCESSING
SOFTWARE INCLUDED!

Regular List $590.30
JE1004 (IBM"" PCIXT Compatib le Kit). •... $~

Jameco's 4.77/8MHz Turbo IBM Com patib le Kit
Same as JE1004 excep t com es with 640K RAM, TURBO 4.7718MHz motherboard.
JE1071 multi 1/0 with co ntroller and 9raphics, and AMB ER monitor.

SAVE $146.50 Regular List $746.45
JE1005 (IBM"" PC/XT Turbo Compatibl e Kit) . $ 599:95

IBM Compatible Motherbo ards
, 4.7718MHz operatio n (Turbo only)

• 808 7 Math Co- processor capability 5 A ...e!
• BIOS ROM incl uded 11&

TURBO 4.77/8MHz • •~ $119.95
IBM-MB 4.77MHz ••••~ $ 99.95

TANDY 1000
Multifunction
Board with

Clock Calendar

JE419 (Pictured)

$20 Minimum Order - U.S. Funds Only
Shipping: Add 5% plus $1 .50 Insurance

California Residents: Add 6%, 61/2%or 7% Sales Tax Data Sheets - 50 ¢ each
IB/ofisa registeredlrademarlr of Inrematlonal SUS;ne.. /ofachines Prices Subject to Change

J
®~ Send $1.00 Postage fora

Send $1.00 Postage fora ameco~ FREE1988CATALOG
FREESeasonal Flyer Vlr A ""
FAX 415-592-2503 ~..Nt Telex: 176043

10/87 ~ fffffffffffff © 1987 Jameco Electronics

1355 SHOREWAY RD., BELMONT, CA 94002 • FOR ORDERS ONLY 415-592-8097· ALL OTHER INQUIRIES 415-592-8121

.dJ(:I{I:I~I~OAI~I)
TANDY 1000

Expansion Memory
Half Card

Expand the memory of your
Tandy 1000 (128K 'krsion) to
as much as 640K.Also inc ludes
OMA co ntroller chip.

TAN-EM512K Inclu,," 512K RAM.•. . .. . $119.95
TAN-C Plug-in Clock optionchip (only) $39.95

SALE! 20Meg Hard Disk SALE!
T20MB 20MB Hard Disk Drive Boa rd

for Tandy 1000 . . $5n:95 5494.95
SX20MB 20 MB Hard Disk Drive Board

for Tand y 1OO0SX $569:95 $499.95

Expand the memory on your Tandy 1000 (128K Ikrslon) to as
much as 640K. Complete with an RS232 port, c lock/calenda r,
RAM Disk, Printer Spoo ler and on-bo ard DMA controller chip.

MTAN-512K Includ.. 512K RAM • • $199 .95

May have to troubl eshoot or just use for spa re parts .

CV20 Includes: (1) 6560. (2) 6522, (1) 6502 , (2)
6116 P- 4, and much more!

CV64 Includes: (1) 6567. (1) 6581. (1) 6510, (1) 82 ­
S100PlA, (1) 90 1227-03, (2) 6526.and much more!

CV20 (VIC-20 Mothert>oard)• •• • • $14.95
08903-3 (SAMSVIC-20Schematics) ••• $19.95
CV64 (C-6' MOIhert>oard)• •• • •• $49.95
08906-8 (SAMS C-6' Schematics) • • • • $19.95

Additional Commodore Accessories
*CM-1 (300BModemVlC-20,C-64) . $19.95
*JE232CM(RS232Inter;VIC-20. c-se) • $39.95
CPS-10 (C-640.- Supply)•••• • $39.95
CPS-128 (C-128 Powe,Supply)• • • • $59.95

' Also compatibl e with C- 128 in 64 mod e only.

Commodore VIC-20 and C-64
Motherboards

JE419 (5'"Extendef; 221.4 Connecto,) •• $19.95
JE421 (. ..· Extende<, 311S2Connecto' ) •• $19.95

Jem!i!ir.2 rGen era l Purpose
NEW! Prototype PC Boards

• • Wire Wrap
• Component

Testing
• Point-to­

Point Wiring
• 31 /62

JE'17 (Pletu.ed) Connection
JE411 (S"", NoPads, Gen. Pu,p.)• • • • • $12.95
JE415 (S"" , No Pads,PCJXT) • •• •••• $14.95
JE417 (S"" , Plated wlPads,PCJXT) • •• • $19.95

EXtender Boa rds
Des igned for

Troubleshooting
and Testing

CIRCLE 114 ON FREE INFORMATION CARD



nSPECTRONICS EPROM ERASERSU CORPORATION

74HCT166 3 .05
74HCT174 1 .0 9
74HCT193 1 .39
74HCT194 1 .19
74HCT240 2 .19
74HCT241 2 .19
14HCT244 2 .19
74 HCT24 5 2 .19
74HCT257 .99
74HCT259 1 .59
74HCT273 209
74HCT367 1 .09
74 HCTJ7 3 2 .49
74HCTJ74 249
74HCT393 1 .59
7 4 HCT4 017 2 .19
74HCT4040 1 .59
74HCT4060 1.49

74FOO

(4 50 ns' 4 .95
1450nsH5V) 3.49
1350nsH5V) 3 .95
1450n sH5V) 5.95
14 50 ns )(5VI 3 .95
{250no)(5VH21V PGMI 3.95
{2oons )(5V )(21V PGMI 4 .25
{250ns)(5V)(CMOSI 5 .95
1450ns)(5VI 3 .49
1250nsH5VI 3 .95
12 00 nsH 5VI 4 .25
13 50 ns H5VH24 PIN I 17.95
(250nsH5V I 4 .25
1250nsH5VHCMOSI 10.95
12 50n s H5V) 7 .49
(250ns)(5VI 11 .95
(250n s)(5VHCMOSI 12.95
21V PGM-ProgrBm • • 21 Votts

74F74

.6 9

.6 9

.6 9

.69

.69

.69

.69

.6 9

.7 9

.8 5

.9 5
1 .15
1 .15
2 .99

.9 9

.9 9
1 .29
1 .39

Tim er Capacity Intens ity Unit
C h ip luW/ Cm'1 Price

NO 9 8.000 083 .00
YES 9 8.000 01 19 .00
YES 12 _~. 600 0175 .00

74HCTOO
74HCT: Direct. drop-in repla cements tor l S TIL

and can be interm ixed w ith 74lS in th e sa me c ircuit
74HCTOO
74HCT02
74HCT04
74HCT08
74HCT10
74HCT11
7 4 HCT27
74HCTJO
74HCTJ2
74HC1'74
74Hcn5
74HCT138
7 4HCT139
74HCT154
74HCT157
74HCT158
74HCT161
7 4HCT164

74HCOO .59 74HC148 1.19
74HC02 .59 74H C15 1 .89
74HC04 59 74HC 154 2 .49
74HC08 .59 74H C15 7 .89
74HC10 .59 74HC158 .9 5
74HC14 .79 74HC163 1 15
74HC20 .59 74HC175 99
74HC27 .59 74HC240 1.89
74HC30 .59 74HC244 1.89
74HC32 .6 9 7 4HC245 1.89
74HC51 .5 9 74HC257 .8 5
74HC74 .7 5 74HC259 1 .39
74HC85 1 .35 7 4HC273 1 .89
74HC86 .69 74HC299 4 .99
74HC93 1.19 7 4HC368 .99
74 HC107 .79 74HC373 2.29
74HC109 .79 74HC374 2 .29
74HC112 .79 74HC390 1 .39
74HC125 1.19 74HC393 1 .39
74HC132 1 .19 74HC4017 1 .99
74 HC1 33 .6 9 74HC4020 1 .39
74HC138 .9 9 74HC4049 .8 9
74HC139 .9 9 74HC4050 .89

HIGH SPEED CMOS
A new fam ily of high speed CM OS log ic featuring

the speed of low power Schot1ky (8n~ typ i<Al1gate
propagation delay). co-n bined with the advantages of

~~~~~i~=~C=~~:::' supe rior noise I

74HCOO
74HC: Ope rate at CMOS log ic levels and ere ideal

for ne...... !l1I·CM O S de9g ns

2708 10 24 .8
2716 2048.8
271 6-1 2048)(8
TMS2532 4096w8
27 32 4096x8
27 32A 4096x8
27 32A·2 4096.8
27C64 8192x8
2764 8192x8
2764-2 50 8192 .8
2 764 ·20 0 8192)(8
MCM68766 8192.8
27128 16384x8
27 C2 56 32768x8
27256 32768.8
27512 65536x8
27C512 65536x8

5V =Sing le 5 Vah Supply

• INCREASE THE SPEED OF YOUR PC BY 67% OR MORE!
• SIMPLE NO-SLOT INSTALLATION
• SOFTWARE OR HARDWARE SPEED SELECTION
* 8 MHz V20 PROCESSOR & SOFTWA RE INCLUDED
• SELEC T FOR 3 TURBO FREQUENCIES
* EXTERNAL RESET SWITCH
* OPTIONAL 8088 8 MHz PROCESSOR AVAILABLE
eertalf'lea rtyPCs may not run at 8 MHl ·thew mack,"" may be swit ct'led to one of the
*'wer speeds 6 66 MHl =4O'% 7 37 MHt t.SS% 80 MHz-::67%

**** HIGH-TECH
NICKEL EXPRESS $6995

PC/XT SPEED UP KIT

8000 V20SERIES 6500
1.49 V20' 5 MHz 895 1.0MHz 32768 KH z .9 5 74lS00 .16 74LS165 .6 58039 1.95 V20· 8 MH z 10.95 1 .0MHz 2.95 74lS01 .18 74LS166 .958052AH BAS IC 34 .95 V30 8 MH ;r 13 95 6502 2 .69 1 .8 4 32 2.95 74lS02 .17 74lS1 69 958080 295 -R e pl aces 8088 t o 65C02 (C,"OSI12.95 2 .0 1 .95 74lS03 .18 74lS173 .498085 2.49 s peed u p y o ur PC 6507 9 .95 2 09 7 15 2 1 .95 74lS04 .16 74lS174 398087 5 MHz 129.00 by 10 t o 40% 6520 1.9 5 2 .4576 1 .95 74lS05 .18 74lS175 .398087~2 8 MHz 16995 6522 4 .95 3 .2768 1.95 74LS08 .18 74lS191 .498088 6.95 6526 26.95 3579545 1 .95 74lS09 .18 74LS192 .698088·2 9.95 6532 6 .95 4 .0 1 .95 74lS10 .16 74lS193 .6981 55 2 .49 CRT 6545 6 .95 4 .032 1 .95 74LS11 .2 2 74lS194 .6 98748 7 .95

CONTROLLERS
6551 5 .9 5 5 .0 1 .95 74lS12 .2 2 74LS195 .6987 55 14.95 6561 19.95 5 .0688 1 .9 5 74lS13 .2 6 74lS196 .5980 286 129. 9 5 6581 3495 6 .0 1 .95 74LS14 .39 74lS197 .5980287 6 MH z 199 .95 6845 4.95

2.0MHz 6 .144 1 .95 74lS15 .2 6 74lS221 .5980287-8 8 " 299.95 68845 8.95
6 .5536 1 .95 74LS20 .17 74lS240 .6980287·10 10 " 399.95 6847 11 .95 6502A 2.95 8 .0 1.95 74LS21 .22 74lS241 69HD46505SP 6.95 6520A 2 .9 5 10. 0 1 .95 74lS22 .2 2 74lS242 .69MC1372 2.95 6522A 5 .95 10.738635 1.95 7 4LS 27 .2 3 7 4lS243 .698275 26 .95 6532A 11 .95 12.0 1 .95 74LS28 .2 6 7 4lS244 .698200 7220 19.95 6545A 7 .95 1 4 .31 818 1 .95 74lS30 17 74LS245 .7 9CRT5027 12.95 6551A 6 .9 5 15.0 1 .95 74LS32 .18 74LS2S1 .498205 3 .2 9 CRT50 37 9 .95

8212 ' .49 TMS9 9 18 A 19.95 3.0MHz 16.0 1_95 74LS33 .2 8 7 4lS253 49
8216 1 49 17.430 1 .95 74 LS3 7 .2 6 74lS256 1 .79
8224 2 .25 6502B 6 .9 5 18.0 1 .95 74LS38 .2 6 74LS257 .39
8237 4 .95 18.432 1 .95 74LS4 2 .3 9 74LS258 49
8 237-5 5 .49 DISK 20 .0 1 .95 74LS47 .7 5 74lS259 1 .2 9
8250 6 .95 22 ." 8 4 1 .95 74LS48 .8 5 74LS260 .4 9
8251 1 .69 CONTROLLERS 24 .0 1 .95 74lS51 .17 74LS266 .39
8 2 51A 189 32.0 1.95 74LS73 .2 9 74LS273 .79
8253 1 .89 1771 4 .95 CRYSTAL 74lS74 .24 74LS279 .39
8253-5 1 _95 1791 9 .95 7 4 l S75 29 74lS280 1 .98
8255 1 .69 1793 9 .95 OSCILLATORS 74 LS76 .2 9 74LS283 .59
8255-5 1 .89 1795 1 2 .95 74LS83 .49 74LS290 89
8 2 59 1 ,95 1797 12.95 1.0MHz 5 .95 74LS85 .4 9 74LS293 .89
8259 -5 2 .29 27 91 1995 1.8 4 32 5 .95 7 4lS86 .2 2 74LS299 1 .49
8 272 495 2793 1 9 .9 5 2 .0 5 .95 74lS90 .39 74LS322 3 .95
8279 2 .49 2797 29 .95 2 .4576 5 .95 74LS92 .49 74 LS 32 3 2 .49
8 279-5 2 .95 8272 4 .9 5 2 .5 4 .95 74lS93 .39 74LS364 1 .95
8282 3 .95 UP 0 7 6 5 495 4 .0 4 .95 74lS95 .49 74LS365 .39
8284 2 .95 MB8876 1 2 .9 5 5 .0688 4 .95 74lS107 .34 74LS367 .39
8 286 3 .95 MB8 877 12.9 5 6 .0 4 .95 74LS109 .36 74LS368 .39
8288 495 1691 6 .95 6 .144 4 .95 7 4 lS112 .29 74LS373 .79

2143 6 .9 5 8.0 4 .95 74lS122 .4 5 74LS374 .79
9216 7 .95 10.0 4 .95 74lS1 23 .49 74lS375 .95

12.0 4 .95 74lS124 2 .7 5 74LS377 .791·80 12.480 4 .95 74lS1 25 .39 74LS378 1.1a
15.0 4 .95 74lS126 .39 74lS390 1.19BIT RATE 16.0 4 .95 74lS132 .39 74LS393 .7 9

4.0MHZ GENERATORS 18432 4 .95 74lS133 .4 9 74lS541 1.49
20 .0 4 .95 74LS136 39 74lS624 1 .95laOA-CPU 1 .7 9 24 .0 4 .95 74LS138 .39 74lS640 .99Z80A·CT C 1 .8 9 MC 144 11

74lS139 .39 74lS645 .99Z80A-DART 5 .95 BR1941
74lS145 .99 74lS669 1.29zaOA-DMA 5 .95 4702

MISC. 74lS147 .9 9 74LS670 .89Z80 A· P IO 1 .8 9 CO M8 116
74lS148 .9 9 74lS682 3.20Z80A· S IO / O 5 .95 7 .95 74lS151 .39 74LS683 3.20Z8 0A -S IO/l 5 .95

19 .95 74lS153 .39 74lS684 3 .20280A·S IOI2 595 UARTS .79 74lS154 1.49 74lS688 2 .40
8.0MHz 7 _95 74lS155 .59 74lS783 22 .95

4 .95 74lS156 .4 9 81 lS95 1 .49
1.95 74LS157 .35 81lS96 149
8 .95 74lS158 .2 9 81lS97 1 .49
2 .95 74LS160 .29 81lS98 1 .49

19.95 74lS161 .39 25 LS2 52 1 2 .80
6 .95 74LS162 49 25LS2569 2 .80

AY5 -2376 11 .95 74lS163 .39 26lS31 1 .95
AY5 -3600 PRO11 .95 74LS164 .4 9 26lS32 1 .95

STATIC RAMS / DYNAMIC RAMS
2101 256x4 1450nsl 1.9 5
2102l-4 1024)(1 141)On,l(lP I .9 9
2112 256..4 1450 n . ) 2.99
211 4 1024)(4 (4500 1 ) .99
2114L-4 1024)(4 1450nsULP) 1 .09
2 114l-2 1024.4 120 0 n s Hl P) 1.49
2114l-15 1024. 4 115 0n s Hl P) 1.95
TMS4044-4 4096x1 (450ns) 1.95
TMM2016-150 2048.8 (150ns l 1.49
TM M2016·100 2048x8 (lOOn s) 1.95
HM6116-4 2048.8 (200ns HCMOS ) 1.89
HM61 16-3 2048.8 (150 n sHCMOS) 1.95
HM61 16Lp·4 2048.8 (2 00nsHCMOSHLPI 1.95
HM6116LP-3 2048.8 (15 0n sHCMO SHLP I 2.0 5
HM6116LP-2 2048.8 1120nsHCMOSHLP) 2.95
HM6264P-15 8 192.8 1150nsHCMOS) 3.89
HM6264LP-15 8192.8 (150nsHCMOSHlPI 3.95
HM6264LP-12 81Q2.8 112 0 ns HC MOS HLPI 4 4 9
HM43256LP-15 327 68.8 (150nsHCMOSHLPI 12 .95
HM43256LP-12 32768.8 (120nsHCMOSHLPI 14 .95
HM4 3 2 56 LP-l 0 32768.8 (loon sHCMOSHLPI 19 .95
4 1 '6·250 16384xl (2500s) .49
4116-200 16384)(1 (200ns) .89
41 16-'50 16384)(1 (150nsl .99
4116-'20 16384x1 (120nsl 1.49
MK4332 32 768x1 (200na) 6 .95
4 164-150 65536'1( 1 (150ns) 1 .29
4 164-1 20 65536)(1 (120ns) 1 .95
MCM6665 65536)(1 (200ns) 1 .95
TM S4164 65536)(1 (1 SOn s) 1.95
4164-REFRESH 65536.1 (150nsHREFRESHI 2 .95
TMS4416 16384 . 4 (15 0ns ) 4 .95
41128- 15 0 131072xl I' S0 ns' 5 .95
TMS44 6 4 ·1 5 65536.4 (15 0 ns l 6 .95
4 1256-150 262144.1 (15 0 nsl 2 .9 5
41256-100 262144x1 1100ns' 4.95
HM 5 1 2 58·1 00 262144.1 110 0ns )(CMOS I 6 .95
1 MB·120 1048576)(1 (120ns' 19 .95
1 MB-100 1 048~76x 1 1100 ns' 24 .95

lP=low power REFRESH =Pin 1 Refresh
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$4995

SOLDER STATION
JDR PAR T . : 168-2C

* FULLY ADJUSTABLE HEAT
SEITING WITH TIP TEMP·
ERATURE READOUT

.. Q UICK HEATING AND
RECOV ERY

* VARIETY OF REPLACE­
M ENTTIPS ARE AVAILABLE

* RANGE: 20 00·900oF
* UL A PPROVED

e5S» Seagate
51/4" HARD DISK DRIVES

5T-225 HALF HT 20MB 65ms $ 27 5
5T-238 HA LF HT 30MB 65ms (Rll) $299
5T·251 HALF HT 40MO 40ms $ 59 9
5T·277 HAlFHT 60MB 40 ms IRll) CALL
5T-4038 FUL L HT 30MB 40ms $559
5T·4096 FUllHT 80MB 28ms $ 1 1 9 5

DISK DRIVE ACCESSORIES
TEAC SPECIFICATION MANUAL $5.00
TEAC MAINTENANCE MANUAL $2 5.00
'12 HT MNTG HARDWARE FOR IBM $2.95
MOUNTING RAILS FOR IBM AT $4 .95
··Y" POWER CABLE FOR 5 1/ . " FDD s $2.95
5'A." FDD POWER CONNECTORS $1.19

• SAVES SPACE AND REDUCES POWER
CONSUMPTION

.. IDEAL FOR PC. WITH FULL HEIGHT
FLOPPIES

* LEAVES ROOM FOR A HALF LENGTH
CARD IN ADJACENT SLOT

ONLY $389

1/2 HEIGHT FLOPPY DISK DRIVES
5'1." TEAC FD-55B DS/DD 5109.95
5'1." TEAC FD-55F DS / QUAD 5 1 2 4 .9 5
5'1." TEAC FD-55GFV DS/HD 5154.95
5';''' MITSUBISHI DS/ HD 5129.95
3Vz" TOSHIBA KIT DS/DD 5149.95
KI T INCLUOES MOUNTING HA RD WARE TO
FIT 5'1,' SLO T & FAC EPLA TES FOR A T & XT

FORTRONICS
MONOCHROME

• IBM COM PATIBLE TTL INPUT
* 12" NON·GLAR E SCR EEN
• VERY HIGH RESOLUTION ,

1100 LINES (CENTER)
* 25 MHz BANDWIDTH
• CA BLE FOR IBM PC INCLU DED

aMBEI 01OlEn avaiLABLE

$99.95

IC TEST CARD
* aU ICKlY TESTS MANY

COMMON ICs
* DISPLAYS PASS OR FAil
* TEST 4000 & 74 HC SERIES

CMOS. 7400 . 74LS. 74l.
74 H & 74S

Ie·TESTER $12995

NASHUA DISKEnES
NASHUA DISKETTES WERE JUDGED TO HAVE
THE HIGHEST POLI SH AND RE C ORDED

AMPLITUDE OF ANY DISKETTES TESTED
(COMPARING FLOPPY DISKS. BYTE 9/84)

.. 160 CPS DRAFT. 32 CPS NLQ

.. 9 )( 9 DOT MATRIX

.. SUPPORTS EPSON /IBM GRAPHICS
* FRICTION AND PIN FEEDS
* VARIABLE LINE SPACING AND PITCH

$219.95
IBM PIIIlEI CIBlE $9.95
IEPLACEMEIl IIBBOI CUtllOBE $7.95

$299.95

CASPER
RGB MONITOR

• COLOR/ GREEN / A M BER
SWITCH ON REAR

...DIGITAlRG B-IBM COMPATIBLE

.14" NON-GLA RE SCR EEN
* RESOLU TION: 640H x 24QV
* .39 mm DOT PITCH
* CA BLE FOR IB M PC IN CLUD ED

* FUl l 2 YEAR WARRANTY
* EXPAND YOUR 48K M ACHINE

TO A FULl 64K OF M EMORY
* CAN BE USED IN PLACE OF

THE APPLE LANGUAGE CARD

$399.95
APPLE COMPATIBLE INTERFACE CARDS

I I I I I................
CRT MONITORS FOR ALL APPLICATIONS

EPROM PROGRAMMER

SWITCH BOXES
ALL LINES SWITCHED, GOLD PLA TED
CO NNECTORS, QUALI TY SWITCHES

2 WAY $39.95
• CONNECTS 2 PRINTERS TO 1

COMPUTER OR VICE VERSA

IB-P (CENTRONICS PARALLEL )
IB·I (RS232 SERIAL)

* DUPUCATE OR BURN ANY
27xx SERIES EPROM
(2716 TO 271281

* MENU-DRIVEN SQFlWARE
* HIGH SPEED WRITE ALGO­

RITHM

Rp·525 $5995

IBM PARALLEL PRINTER CABLE
CENTRONICS (MALE TO FEM ALE)
CENTRONICS (M ALE TO MALE}
MODEM CABLE (FOR IBM)
RS232 SERIAL (MALE TO FEMALE'
RS232 SERIAL (MALE TO MALE'
KEYBOARD EXTENDER (COILED}
APPLE II JOYSTICK EXTENDER

MOLDED INTERFACE CABLES
6 FOOT, lOO'lio SHIELDED, MEETS FCC

CASPER
EGA MONITOR

• EGA & CGA COM PATIB LE
• SCANNING FREQUENCIES,

15 .7 5 I 21.85 KHz
",. RES: 640 x 200 I 350
",. .3 1m m DOT PITCH . 25 M Hz
• 16 COLO RS OUT OF 64
",. 14 " , BLAC K M ATRI X SC REEN

••••••

",. 10 0 % APPLE lie COMPATIBLE.

~i~11I°rloL~'l;bNir~I~H IELDED
CONNECTOR

• ~?t~JEREUABLE SLlMLlNE DIRECT

* SIX MONTH WARRANTY

DISK DRIVE ACCESSORIES
FDD CONTROLLER CARD 549.95

lie ADAPTOR CABLE 519.95
ADAPTS STANDARD APPLE DRIVES

FOR USE WITH APPLE lie

AD·3e
$139.95

Ap·150
$99.95

DISK DRIVES
FOR APPLE COMPUTERS

KB·1000 $79.95
CASE WITH KEYBOARD

FOR APPLE TYPE MOTHERBOARD
• U SER DEFINED FUNCTION KEYS
* NUMERIC KEYPAD W I CURSOR CONTROL
* CAPS LOCK ",. AUTO-REPEAT

",. TI LTS AN D SWIVELS
",. BUILY· IN POWER STATION

INDEPENDANTLY CONTROLS UP TO 5
120 VO LT AC OUTLETS

• BU ILT-IN SURGE SUPRESSOR
* U L APPR OV ED

",. Y2HT. DIRECT DRIVE
. 100% APPLE COMPATIBLE
* SIX M ON TH WARRANTY

Ap·135
$1 29.95
• FULL HT SHUGART MECHANISM
• DIRECT REPLACEMENT FOR APPLE

DISK II
* SIX MONTH WA RRA N TY

MONITOR STANDS
MODEL MS·100 $12.95
",. T ILTS AND SWIVELS
• STURDY A BS PLA STIC CONSTRUCTION

MODEL MS·200 $39.95

BULK DISKEnE SALE

N-MD2D
N-MD2F
N-MD2H
N -FD1
N ·FD2D

05/ 0 0 5IA" SOFT
OS/ QUAD 5'1." SOFT
DSIHO 5114" FOR AT

SS / D D 8" SOFT
DS/DD 8 " SOFT

DISK DRIVE ENCLOSURES
WITH POWER SUPPLIES

CIB·2IV5 DUAL SLiMLINE 5 '1." '491!
CIB·1FH5 FULL HT 5'1." 'B91!
CIB-2IVB DUAL SLIMLINE 8 " '2091!
CIB-2FHB DUAL FULL HT 8" '2191!

",. sar x-v AXIS FOR AUTO CENTER OR
FREE M OVEM EN T

• FIRE BUTTON FOR USE WITH GAM E
SO FTW A RE

• ATTRACTIVE, SOUD, PLASTIC CASE
• INCLUDES A DA PT OR CA BLE FOR IBM,

APPLE lI,n.

JOYSTICK 8C·10

JDR PART . : POWER-S TRIP

* 15 AMP CIRCUIT BREAKER
* 6 RECEPTACLES
.. 6 FOOT POWER CORD
• PILOT SWITCH

WITH SURGE PROTECTION
JDR PART . : M T-«J(J

$12.95

5'1." SOFT SECTOR, DS /DD
W /TYVEC SLEEVES & HUB RINGS

69Cea 59Cea
BUll( an 50 BUll Oll 250

DISKEnE ~ILES
51'." DIIKFILE 31/2" DIIKFILE
HOLDS 70 HOLDS 40

$B,95 $9.95

BUILD STEVE ClARClA'S
INTELLIOENT
EPROM PROGRAMMER

AS SEEN IN B YTE, OC T. 86

• STA ND·A LONE OR RS· 23 2 SERIAL
OPERATIO N

• MENU SELECTAB LE EPROM TYPES­
NO CO NFIG URATION JUMPERS

• PROGRAM S A LL 5V 27XXX EPROMS
FRO M 27 16 TO 2751 2

• READ , COPY OR VERI FY EPROM
• UPLOA D / DOWNLOA D INTEL HEX FILES
• PROGR AM M ER DRIVER USER

M OD IFIA BLE

Kit includes PCB
& al/ compon ents

except case &
power supply

o
o
d
OJ
m
:D

CIRCLE 176 ON FREE INFORMATION CARD
117



$199.95
1

$269.95
1

MICROPROCESSOR PROGRAMMER
PROGRAMS 1J14112/8/9 PROCESS OR CHIPS

• EASY TO USE M EN U· D RIV EN SOFTWARE
SU PPORTS READ. WRITE, BLANK CHECK
AND VERIFY OPERATIONS

• PORT A D DRESS SELECTION IS USER
CO NFIGURABLE

• SAVE AND RESTORE PROGRAM IMAGES
ON DI SK

• IN CLU D ES SO FTWARE FOR STANDARD
H EX AND INTEL HEX FORM A TS

MCT DEVELOPMENT TOOLS
PAL PROGRAMMER

ON E ARRA Y LOG IC CHIP CAN REPLACE 4-5 TTL ICs
• PROGR A M S 20 & 24 PIN PALS FROM TI .

N SC & MMI
• EA SY TO USE MENU-DRIVEN SOFTWARE

A LLOW S PROGRA M M IN G. VERIFICATION
READING. MAP BUILDING & BURNING
THE SECURITY FU SE

• READ AND SAVE BURN PROFILES IN
JEDEC FORM A T ON YOUR DISK

CUPl STARTER KIT $4915

MCT-MGP $59.95
COMPA TlBLE WITH IBM MONOCHROME AND HERCULES GRAPHICS STANDARDS

• SH ORT SLOT CARD USE S VLSI CH IP S TO
IN SURE RELIABILITY

• PA RA LLEL PRINTER PORT, CONFIGURABLE A S
LPT1 OR LPT2

· 720 x 34 8 GRAPHICS MODE
• LOTUS COM PA TIBLE
• CAN RUN WITH COLOR GRAPHICS CARD IN

THE SAME SYSTEM

MCT DISPLAY CARDS
MCT-EGA $179.95

100% IBM COMPA TlBLE, PASSES IBM EGA DIAGNOST ICS
...COMPATI BLE WITH IBM EGA. CO LOR GRAPHICS

A N D M ON OCH ROM E ADAPTORS
• TRIPLE SCAN NING FREQUENCY FOR DISPLAY

ON EGA. STA N DA RD RGB OR H IGH RES·
OLUTION M ON OCH ROM E MONITOR

• FU LL 256K OF VIDEO RAM ALLOWS 640 x 350
PIX ELS IN 16 OF 64 COLORS

• LI GH T PEN INTERFACE

MCT-EPROM EPROM PROGRAMMERS $129.95
PROGRAMS 27xx AN D 27xxx SERIES EPROMS UP TO 27512

• SU PPORTS VARIOUS MANUFACTURERS
FORMAT S WITH 12 .5. 21 AND 25 VOLT
PROG RA M M IM G

• MENU·D RIV EN SOFTWAR E A LLOWS
EAS Y MANIPU LATION OF DA TA FILES

• SPLIT OR CO M BIN E TH E CONTENTS OF
SEVERAL EPROMS OF DIFFERENT SiZES

• READ. WR ITE , COPY. ERASE CHECK AND
VERI FY WITH EASY ONE K EY SELECTION

• IN CLU DES SOFTWARE FOR STANDARD
H EX A N D INTEL HEX FORMATS

4 8AN8 PR08RAMMER $18985

10 8AN8 PR08RAMMER $29985

MCT-CG $49.95
COM PA TlBLE WITH IBM COLOR GRAPHI CS STANDARD

• SHORT SLOT CARD USES VLS I CHIPS TO
INSURE RELIABILITY

• SUPPORTS RGB. COMPOSITE MONOCHROME
& COLO R A N D A N RF MODULATOR OUTPUT

.. 320 x 200 COLO R GRAPHICS MODE
• 64 0 x 20 0 M ONOGRA PH ICS MODE
.. LIGHT PEN INTERFACE

EASYDATA MODEMS
Allmodels feature autD-dial/answer/redial on busy, Hayescompetible, power up self
test, touchtone Dr pulse dialing, built-in speaker, PC Talk Iff Communicstions
sottwere, Bell Systems 103 & 212A full Dr half duplex and more.

INTERNAL
EASYDATA·12H $99.95

1200 BAUD HALF CARD

EASYDATA·12B $119.95
1200 BAUD 10" CARD

EASYDATA·24B $199.95
2400 BAU D FULL CARD

EXTERNAL
NO SOFTWARE INCLUDED

EASYDATA·12D $119.95
1200 BAUD

EASYDATA·24D $219.95
2400 BAUD

$89.95

IBM COMPATIBLE
FLOPPY DISK DRIVE

JDRPART' ; FDD-300
GODD QUALITY DRIVES

BY MAJDR MANUFACTURERS SUCH AS
QUME. TANDDN a CDC

'" 5 th." HALF HE IGHT • DS /DD
* 360K STORAGE CAP AC ITY ...48 TPI

31/2" FDD KIT
BY TOSHIBA

IBM XT STYLE
COMPUTERCASE

IBM COMPATIBLE KEYBOARDS
-=-=:::::;-1 MGT·5060 $59.95

• IBM AT STYLE LAY OUT
• SOFTWARE AUTOSENS E FOR XT OR AT

COMPATIBLES
.. EX TRA ,LARGE SH IFT & RETURN KE YS
• LED INDICATORS FOR SCROLL, CA PS &

NUMBER LOCI<;

::=~::-:::~===::=:~~ . AUTO REPEAT FEA TURE

.. SWITCH CUT-OUT ON SID E FOR PC/ X T
STYLE POWE R SUPPLY

• CUT -OUT FOR 8 EXPANSION SLO TS
• ALL HARDWARE INCLUDED

$34.95
XT STYLE SLIDETYPE CI SE $39.95
ITSTYLE SLIDE TYPECASE $89.95

JDR PART' ; FDD-3.5KIT
.. 720K FORMAT. DOS 3.2 COM PA TIBLE
• ALLOWS DATA INTERCH A NGE WITH

NEW IBM M ACHINES
'" MOUNTIN G HARDWARE FOR 51;.... SLOT
• FACEPLATES FOR BOT H A T & XT

$149.95

80286 6 / 8 MHz $499.00
JDR PART #: MCT-ATMB

· 8 SLOT (2 EIGHT BIT. 6 SIX TEE N BI T) A T
MO THERBOARD

'" HARDWARE SELECTION OF 6 OR 8 MHz
• 1 WAIT STATE
'" REseT SWITCH , FRON T PANEL LED

INDICATOR A N D KEYLOCK SU PPORTED
• SOCKETS FOR 1 MB OF RAM A ND 80 287 ON

BOARD
'" ON BOARD BATTERY BAC KED CLOC K

OPERATES WITH PC·DO S OR M S·DOS

EVERYTHING-IN-ONE CARD
$119.95

• H ERCU LES COMPATIBLE M ON O·
CHR OM E GRAPHICS. 720 x 384 PIXELS

• 1 STANDARD SERIAL PORT IN STA LLED. ::i~IC~~~lI!itd~OPTIONAL 2nd PORT AVAILA B LE
• 1 PAR ALLEL PORT AND REAL TIME

CLOCK/CALENDAR INCLUDED
• SU PPORTS BOTH DS/DD & DS / QD

WH EN USED W/ DOS 3.2 OR JFORMAT

a:IIJ CfJD aIJ:l6:fJ _

-EEEg'BE '
.. cfu . -

$59.95
XT STYLE LAYOUT

QUALITYIBM COMPATIBLE MOTHERBOARDS
TURBO 4.77/ 8 MHZ $129.95

JDR PART #: MCT-TURBO
• 4.n OR 8 MHz OPERATION WITH 8088·2

& OPTIONAL 8087·2 CO- PROCESS OR
• DYNAMICALLY A DJ US TS SPEED DU RI NG

DIS KETTE OPER ATION FOR MAXIM UM
THROUGHPUT A N D RELI ABILITY

• CHOICE OF NO RM A L / TURBO MODE OR
SOFTWARE SELECT PROCES SOR SPEED

ITIIDIRD MOTHERBOI RD $109.95
JDR PART , ;MCT-XTMB
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MCT-ATMF

MCT-MID $79.95
A PERFECT COMPANION FOR OUR MOTHERBOARD

'" 2 DRIVE FLOPPY DISK CONTROLLER
• INCLUDES SERI AL PORT, PARALLEL PORT ,

GAME PORT AND CLOCK/CALENDAR
WITH BATTERY BACK·UP

• SOFTWARE FOR A RAMDISK, PRINT SPOO LER
AND CLOCK/CALENDAR

MIO-SERIAL 2nd SERIAL PORT 115U

MCT-10 $59.95
USE WITH MCT·FH FOR A MINIM UM OF SLO TS USED

'" SERIAL PORT ADDRESSABLE AS COM1 . COM2,
COM3OR CDM4

...PARALLEL PRINTER PORT ADDRESSABLE AS
LPT1 OT LPT2 1.378 OR .2781

...CLOCK/CALENDA R WITH A BATTERY
BACK·UP

IO-SERIAL 2nd SERIAL PO RT 11515

MCT-ATIO $59.95
USE WITH MCT·A TFH FOR A MINIMUM OF SLOTS USED

• SERIAL PORT ADDRESSABLE A S CO M 1, COM2,
COM3OR COM4

• PARALLEL PRINTER PORT ADORE SSABLE AS
LPTA OR LPTB (.37 8 OR .278)

...GAME PORT
• USES 16450SERIALSUPPORTCHIPS FOR HIGH

SPEED OPERATION IN AN A T £.-.-, ~ C. ~

AnD-SERIAL 2nd SERIAL PORT 12415

RAM CARDS
FROM MODULAR CIRCUIT TECHNOLOGY

MCT-RAM $69.95
A CONTIGUOUS MEMORY SOLUTION FOR YOUR SHORT OR REGULA R SLO T

• SH ORT SLOT , LOW POWER PC CO MPATIBLE
DESIGN

.. CAN OFFER UP TO 576K OF A DDITIO N A L
MEMORY

• USER SELECTABLE CONFIGURATION
A M OUNTS OF 19 2, 384, 5 12 , 2 56 & 576K,
USING COMBINATIONS OF 64 & 25 6 K RA M

MCT-ATRAM

$599
DISK CONTROLLER CARDS

FROM MODULAR CIRCUIT TECHNOLOGY

MCT-FDC $34.95
QUALITY DESIGN OFFERS 4 FLOPP Y CONTRO L IN A SINGLE SLO T

...INTERFACES UP TO 4 FOD s TO A N IB M
PC OR COMPATIBLE

• INCLU DES CABLING FOR 2 INTERN A L
DRIVES

• USES STANDARD DB37 CONNECTOR
FOR EXTERNAL DRIVES

• SUPPORTS BOTH DS /DD AND DS /OD
WHEN USED W / DOS 3.2 OR JFORMAT

MCT-HOC $89.95
HARD DISK CONTROL FOR WHA T OTHERS CHARGE FOR FLOPP Y CONTROL

... IBM XT COMPATIBLE CONTROLLER
SUPPORTS 16 DRIVE SIZES INCLUDING
5,10,20,30 & 40M B

• OPTIONS INCLUDE THE A BILI TY TO
DIVIDE 1 LARGE DRIVE IN TO Z
SM A LLER, LOGICAL DRIVES

• INCLUDES CABLING FOR 1 IN TERN A L
DRIVE

MCT-RLL $119.95
GET UP TO 50% MORE STORAGE SPAC E ON YOUR HARD DISK

... INCREASES TH E CAPACITY OF PLA TED
MEDIA DRIVES BY sos..

• RLL 2,7 ENCODING FO R MORE
RELIABLE STORAGE

'" TRANSFER RATE IS ALSO 50 % FASTER;
750K/ sec Y S SOOK/ soc

• USE WITH ST·2 38 DRIVE TO ACHIEVE
30 + M B IN A HALF HE IGHT SLOT

MCT-FH $139.95
STARVED FOR SLOTS ? SATlSF Y IT WITH THIS TIMEL Y DESIGN

...IN TERFA CES UP TO 2 FODs & 2 HODs

...CABLING FOR 2 FOD s & 1 HOD
• FLOPPY IN TER FACE SUPPORTS BOTH

DS /DD & DS /OD WHEN USED WITH
DOS 3.2 OR JFORMAT

• ALL POPULAR HOD SIZES ARE
SUPPORTED, INCLUDIN G 5, 10 . 20, 3 0 &
40M B

* CAN DIVIDE 1 LARGE DRIVE INTO 2
SMALLER. LOGICAL DRIVES

MCT-ATFH $169.95
FLOPPY AND HARD DISK CON TROL IN A TRUE AT DESIGN

• AT COMPATIBLE, CONTROL UP TO 2
360K/720K OR 1.2MB FDD s AS WELL
AS 2 HOD. USING TH E A T STA N DA RD
CONTROL TABLES

• SU PPO RTS AT STYLE FRONT PA N EL
LED TO INDICATE HD ACT IVITY

· 16 BIT BUSS PROVIDES RAPID DATA
TRANSFERS

• FU LLY SUPPORTED BY A T BIOS

o
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2 VOLUME SET
Ie MASTER

THE INDUSTRY STANDARD

$129.95

EMI FILTER $4.95

6' LINE CORDS
2 conductor .39 3 conductor .9 9
3 conductor w /female soc ke t 1.49

PS ·A

PS ·AT

APPLE
BARE· NO FOil PADS . • • ... • . • • • $15.15
HORIZONTAL BUS • • • • • • • • • • • • •• $22.75
SINGLE FOil PADS PER HOLE • . • • • • $21 .80
FOR APPLE lie AUX SLOT • • • • • . •• • $30. 00

5-100
BARE · NO FOil PADS • • . . ••• .•. . $15.15
HORIZONTAL BUS • . . . . .• • • . ••• • $21.80
VERTICAL BUS .. •.. • • . • • • • • • • • $21.80
SINGLE FOIL PADS PER HOLE • • • .•• $22 .75

PS· IBM/ l50

BOTH CARDS HAVE SILK SCREENED LEGENDS
AND INCLUDES MOUNTING BRACKET
WITH +5V AND GROUND PLANE • • • • $27 .95
AS ABOVE W /DECODING LAYOUT • ••• $29.95

P100-1
Pl0Q·2
Pl00·3
Pl00·4

AT
IBM-PRAT LARGE +5V & GROUND PLANES • .• •. $29 .95

LITHIUM BATTERY
AS USED IN CLOCK CIRCUITSI@

BIUlD YOUR OWN
Z80 COMPUTER $19. 95

$1 7 .95
$ 18 .9 5
$18.95
$18.95
$19 .95

BOOKS BY STEVE ClARClA

$34.95
. 75 WATTS, Ul APPROVED
* +5V @ 7A. +12V @ 3A

- 12V @ 250ma. -5V @ 300ma

$89.95
* FOR IBM PC -AT COMPATIBLE
* 220 WATTS
"* +5V@ 22A , +1ZV@ SA

·SV @ .5A. ·12V @ .SA
.. 1 YEAR WARRANTY

$49.95
* USE TO POWER APPLE TYPE

SYSTEMS. 79 .5 WATTS
,.,. +5V @ 7 A. +12V @ 3A

·SV@ .5A.·12V @ .SA
• APPLE POWER CONNECTOR

SWITCHING POWER SUPPLIES
$89.95

* FOR IBM PC·XT COMPATIBLE
* 135 WATTS
'" +5V @ 15A. +12V@ 4.2A

·SV@ .SA. ·12V @.SA
* ONE YEAR WARRANTY

$79.95
* FOR IBM PC·XT COMPATIBLE
'* 1S0WATTS
'" +1ZV @ S.2A . +5V @ 16A

· 12V @ .5A, ·5V @ .5A
* ONE YEAR WARRANTY

EXTENDER CARDS
IBM-PC $29.95
IBM-AT $39.95

SPOOLS
100 f eet $4.30 250 feet $7 .25
5OO1 00t $ 13 .2 5 1000foe t $21 .95

Please specify color:
Blue. Black. Yellow or Red

PAGE WIRE WRAP WIRE
PRECUT ASSORTMENT

IN ASSORTED COLORS 527.50
100ea : 5 .5 " , 6.0", 6 .5 " , 7 .0"

250e8: 2.5 " , 4 .5", 5 .0 "
50 0ea: 3 .0 ". 3.5 " , 4 .0 "

MONOLITHIC
SOV .14 .1J1f SOV
SOV .15 .47J1f SOV

DISC
SOV .05 680 SOV
50V .05 .00 1J1f 50V
SOV .05 .0022 50V
SOV .05 .005 SOV
SOV .05 .0 1 SOV
SOV .05 .02 SOV
SOV .05 .05 SOV
SOV .05 .1 12V
50V .05 .1 SOV

ELECTROLYTIC
RADIAL AXIAL

2SV .14 lJ1f SOV
35V .15 10 SOV
SOV .15 22 16V
SOV .15 47 SOV
3SV .18 100 3SV
16V .18 220 2SV
35V .20 470 50V
2SV .30 1000 16V
16V .70 2200 16V .70
2SV 1.45 4700 16V 1.25

BARGAIN HUNTERS CORNER

H¥UNDAI
MONOCHROME

MONITOR

CAPACITORS
TANTALUM

15V .35 .47J1f
15V .70 1.0
15V .80 2.2
15V 1.35 4.7
35V .40 10

SOCKET-WRAP I.D.TM
* SLIPS OVER WIRE WRAP PINS
* IDENTIFIES PIN NUMBERS ON WRAP e==

SIDE OF BOARD le ZS
• CAN WRITE ON PLASTIC; SUCH AS IC # I . ~
PINS PART# PCK. OF PRICE.-

8 IDWRAP 08 10 1.95 • ....,

~: :g==:=~: ~g ~ :~~ .~
18 ICWRAP 18 5 1 .95 . ......
20 IDWRAP 20 5 1.95 ."..
22 IDWRAP 22 5 1.95 • "'*
24 IDWRAP 24 5 1.95 • '"
28 IDWRAP 28 5 1.95
40 IDWRAP 40 5 1.95 "'- ---=.:......0

PLEASE ORDER BY NUMBER OF
PACKAGES IPCK. OF)

* AMBER SCREEN
* IBM COMPATIBLE
* ATTRACTIVE CASE WITH TILT &

SWIVEL BASE

ONLY $69.95
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ONE-STOP PARTS SHOPPINC- NEICHBORHOOD CLOSE
Save With Our "Hotline" Order Service

Battery Data Book

Explains how batteries work. differ­
ent types, performance data and ap-
plications. #62-1396 1.99

Indispensable
For CMOS

Experimenters

Switch Selection
(15) (16) J. (17)

~..
Fig. Type Cat. No. Each
15 SPST Lighted 275-678 5.95
16 Knife Switch 275-1537 .99
17 Submini SPST 275-645 1.79
18 SPDT Roller Lever 275-017 1.59

SPOT Lever 275-016 1.49

(2) Speech Synthesizer IC. Re­
quires 3.12 MHz crystal (special -
order). #276-1784 12.95
(3) Text- to -Speech IC. Use wi th
above . Requ ires 10 MHz crystal
(special-order). #276-1786 .. 16.95

Communication
Projects by

Forrest Mim s

Engineer's I
Mini-Notebook I
~ I

I

I
.-J

Learn by building Morse code tele­
graphs. light-wave communicators.
more. #276-5015 1.49

(1) TDA 7000 FM Receiver. Build
your own custom FM monitor. Com­
bines an RF mixer. IF and demodu­
lator stages in one monolithic IC. PLL
system with 70 KHz IF.
#276-1304 5.95

New Mini-Notebook

Experiment With Our High-Tech LSIS

550 Indexed Connection Points.
Silver-nickel contacts accept 22 to
30-gauge wire . #276-174 . . . . 11.95
270 Ind exed Connection Points.
Two bus strips . #276-175 . . . . 7.49

(13)

NEW!(14) 1'IliiiWii"'"

project Lighting

-===(.

computer Hookups

Save Postage! We Deliver
To Your Local Radio Shack

Save Time! Delivery On
Most Items Just One Week

NEW!

(12) Super-BrightLED. 300 mcd output.
*276-066 1.19
(13) 1.5V ut.amps. *272-1090 2/1.19
(14) Super-Jumbo LED. Six elements in
20mmdisplay. *276-064 . . . . . 3.49

Fig. Type Cat.No. Each
4 D-Sub 25 Male 276-1559 3.99
5 D-Sub 25 Female 276-1565 3.99
6 Printer Male 276-1533 4.99
7 Printer Female 276-1523 4.99

(11)

11 10A DPDT 120 VAC 275-2175.49
10... DPDT 12 VDC 275-218 5.49

Fig. Type Coil Cat.No. Only
9 Mini SPDT 6-9 VDC 275-004 2.99

10 SPSTReed 5 VDC 275-232 1.69
SPST Reed 12 VDC 275-233 1.69

AUdio Amp / Speaker

Dozens of uses-get one for your
test bench. Ready-to-use amp fea­
tures high-gain IC design and 200­
mW output. ' /a" input/output phone
jacks . #277-1008 11.95

(24J " AA" Battery Holder.
#270-391 ggc
(25) 5 x 20 mm Fuse Holder.
#270-1238 1.19
Inline. #270-1281 89c
(26) Panel Meter. #270-1754 7.95
(27) 'Gator Clips. #270-347 .. 10/1.69

Look! New Devices

(21) (22) ':t (23)~

(21) 335 pF Variabl e Capacitor.
Two-section. #272-1337 4.95
(22) 100 ,000 MF D Cap. Reall y
handy for CMOS memory backup.
5.5 WVDC. #272-1440 2.95
(23) Thermistor. #271-110 1.99

Ilmllll!!II
-~...

:::::::::::::

Makes an
Excellent
Test Amp

Buzzer Bonanza
(20)

(19) Tri-Sound Siren . Wiring op­
tions for three unique sounds . Built-in
IC, driver. #273-072 5.95
(20) Electronic Chime. Pleasant
" ding-dong" output.
#273-071 7.95

<0co
---J

o
o
C
co
m
JJ

oTight Regul at ion
And Lo w Ripple

A DIVISION OF TANDY CORPORATION
ltadl8 Ihae R

Our Micronta'" bench supply delivers rock-stable
DC voltages adjustable from 0 to +15 VDC, or
connect in series for up to 30 VDC. Selectable
independent or slave operation. Rated 1 amp per
channel, maximum. UL listed AC. #22-121

DUal-Tracking
Power Supply

6995 Cd 6 (5

Pocket Autoranging YOM

NEW!
2495

The mighty midget!
Feat ures " be ep "
continuity, autopola r­
ity, low-battery indi­
cator. Measu res to
400 volt s ACIDC .
With probes, case ,
batteries. #22-171

Remote
Command

Center

Over 1000 items in stock: Binding Posts, Capacitors, Cho kes , Diodes, Enclosures, Fuses , Induc­
tors, Jacks, Knobs, Lamps, LEOs, Motors, Multitesters , Optoelectronics, PC Boards , Rectif ier s,
Relays , Resistors, SCRs, Solder, Tools, Transformers, Transistors, Triac s , Wire and more!

Prices apply at participating Radio Shack storesand dealers

Use with Plug 'n Power" Modules (below) to turn
lights and applian ces on or off from chair or bed­
side . #61-2690 Appliance Module. #61-2681,
12.95 . Lamp Dimmer. #61-2682. 12.95 . Wall
Switch. #61-2683. 12.95 . Universal Appliance.
#61-2684, 13.95

CIRCLE 78 ON FREE INFORMATION CARD
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"Nhat's New at
AMERICAN DESIGN COMPONENTS?

"The Source" of the
electro-mechanical components
for the hobbyist.

7300 VAC
@5Ma.
May be used fo r powering neon
light s, replacing oil burn er igniti on
transform er, building Jacob ' s lad­
der (spark gap). A high-volt. out­
put : 1h quick connect te rminal &
case groun d input fully enclose d
met al case. Weig ht: 12 lbs.
Base mount: 4 %'"H X 5'!~"'W x 67/. '"

Item #151 $9.95 RFE

Fit s Ata n. Apple , Commodore ,
and our Item #10 33 6 PC8300
Comp uter. Has 4·ft . cord w /pluq.
Dimen. : 3 Yz "sq . x 1 Yz '" H.

Item #12 14 3 $5 .95 New

NEON TRANSFORMER
(Hi-Voltagel

NS 87P50D-11
MICROCOMPUTER

Bvbitsingle chip microcompute r
emulates: 8048 /49150. Piggy-back
conf ig. allows you to plug in eprom
2758 & 2716 . 2732 . XMaS. 5V.
8-16 bit , 4K direct access . memo ry .
256 bits ROM , 11MHz. max. treo.

Item #88 99 $24.95 New

Binary output: 12 bit . Conver sion
time : 8 ms . Linearity: 8 ms . ±
1/2 lb . Parallel and series out ­
put s; internal reference.
Mfr - Datel ADC-HZ-12BGC
Item #7 052 IRFE -tested good"

Originally~

Special - $39 .95

DOS 3 .2 Compatibl e
96 TPI, DS/QUAD DENSITY
Tandon TM55D -4

Item #1904 • $79.00
2 for $150.00

ANALOG to DIGITAL
CONVERTER

Bulk erased. Major mf rs . :
Ampe x, Scotch, etc .

Item #67 1 1 - 1h Mil.

79¢ ea. ; 3 for $2 .00

.--

. . .
.~~~-~..., ----- ._---~

12 VDC/ l 10VA C (w/built-in
power supply). Green phosphor,
Mtd , in metal housing .
Schemati c supplied.
Mfr - Capetronic #DS-l 030;

Item #68 11 $19 .95 New

RECORDING TAPE
7 % " Reel.
2400 ft.

MC68705 - HMOS, 8-bit, medi­
um perfo rmance microcomputer.
On-chip resources: 3776 bytes
Eprom, 112 bytes RAM . 8 inputs
& 24 programmable bidirectional
outputs. Self programming boot
strap.

5%" FULL HT. 5%" 1 /2 HT.
DISK DISK DRIVE
DRIVES

48 TPI (IBM'" Compat.)
Double sided/double density , full
height drive. 48 T.P.I., 80 tracks .
Mfr - Tandon TM100 ·2
Item #79 28 $79.00

2for $ 1 5 0. 0 0
96 TPI, DS/Quad Density
Mfr - CDC #9409T

Item #1893 $99 .00

MICROCOMPUTERS

with EPROM

'.

AUDIO & VIDEO

MODULATOR

48-KEY - Timex Z8 1/1000
Item # 671 2 $5 .95 New

66-KEY - CommodoreC-16
Item #9 394 $5.95 New

75-KEY - Timex or Adam
For computer upgrad e , . .

Item #74 29 $5.95 New

115VAC;
50 /60Hz.;
12W. Low noise
level fans, can be
mount ed fo r blow -
ing or exhaust.

1y," STANDARD
7 metal blades
Dim . : 3 '/. '" sq. x 1%" deep
NEW- Rotron #SU2A1

Item #59 70 $ 7 . 9 5
USED - Rotron

Item #18 73 $5.95

5%",1.2 Mb . AT

HALF HT. DISK DRIVE

48/96 TPI
(IBM'" Compatible)
Double sided, sing le/do uble
density ; 80 track.
M fr - Panasonic #JU-4 7 5

Item #1000 5 $119.00 New

27 CFM

MINI
FANS

Compl ete unit, without housing.
Can be easily mounted on any
base. Conta ins: game board, 2
contro llers, power supply, TV
game sw itch & connect ing coa x-

ial c ~~~';;, #7 4 11 $19.95

Caleca Vision. . .
Expansion Module #2
Allows you to play arcade Quality

gr~r~~~~~~O~~cli~~I .g,~~S~~gyour Design ed for
. use with TI

ft':,'~,~~e3146 $39 .95 New compute rs

Super Action ~i~~~~au~:~a~ith
Controller Set games , or othe r
Gives you individ ual cont rol of 4 audiovideo
or more on-sc reen players. Incl . sources . Built -in
" BASEBA LL" cart ridge . A /B sw itch enables
Item #13 148 $39.95 New userto switchfrom
Roller Controller TV ant enna without
Gives you full 36 0 0 game con- disconnec t ion. Channel 3
trol. Bring s home th e high-speed or 4 select ion. Operat es on
actio n of an arcade. Can also be 12 V DC. Schemat ic includ ed .
used with the Ada m. Includes IBM and A pple compat ible.
"SLITHER" ca rtridge. Mfr - TI #UM1381-1 .
Item #13 14 7 $39.95 New Item #67 13 $4.95 New

Fits standard 5 Y. H spacing.
Shock mount ed . High speed, low
power. Mfr - Rodime #R0252 F
Item #10 151 $159.00 New
Controller Card for above

Item # 10 150 $89 .00

115 CFM

M UFFIN®'J;iii~!!!!!i:;;;§'
TYPE

FANS

3Y>", 10Mb
HARD DISK DRIVE
(IBM'" Compatible)

THERE'S NO RISK.
With our full 90-day warranty.

any purchase can be returned for
any reason for full credit or refund.

Gives your Adam fast, reliable dat a storage &
retrieval. Can hold up to 160 Kbytes of infor­
mation. Uses industry-st andard SS/DD disks.
Connects directly to your Adam memory con­
sole. Comes w/disk drive pow er supply, Disk
Manager disk and own er's manual.
Mfr - Caleca, model 7817
Item #12830 LlkeN8w - $199.00

ADAM Accessories.

Cole coVision to Adam
Expansion Kit - $59.50

Item #991 8

Adam Printer ­
Item #883 9 $69.50

Data Drive - I--....!.!~..!!..!..~~-:.:....!.;~~+"""""~:..:.:~~..::::.:~~..:.::.:;:.::...-I...:~~~~,..::..~:..:::-::-:=:..+.~~~~~,;.:~~~~

Item # 664 1 $19 .95

Printer Power Supply ­
Item # 664 2 $14.95

ASCII Keyboard - $19.95
Item #664 3

Controllers -
(Setof 4) Item #70 13 $9 .95

Adam Cassettes ­
(Consisting of Smart Basic, Buck Rogers &
blank cassette .) Item #77 8 6

BAKER 'S DOZEN - $19.95

Adam Link Modem ­
(Software included.)

Item #123 58 $29.95

Au to-Dialer
Address Book ­

Item #123 6 5 $19.95

115VAC/60 Hz.; 21W.; 28A .;
3 10 0 RPM; 5-blade model; alu­
minum housing . Can be mounte d
for blowing or exhaust .

ADAM COMPUTER NEW - ltem#1 8 64 $12.95

11IIIi!• • • ~ IUSED - Howard Ind. 3-15 -3455
Item #534 5 $5.95
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liThe First SOllrce"- for electromechanical & electronic
equipment and components - AMERICAN DESIGN COMPONENTS!

COMPUTER & GAME EQUIPMENT - ACCESSORIES - MODULES
ELECTRONIC COMPONENTS-INTEGRATED CIRCUITS - OPTICS

75115 $1.07
751 23N 1.3 4
7~124N 1.34
75138N 2.65
75154N 1.2 5
75 450N .53
75451CN .44
75452CN .44
75453CN .44
75463N .53
75472 .80
75492N .7 1
76 477 3.55

Z8000 Series . . .

Z80 $1.57
l80-CTC 1.61
Z80-DART 4 .45
l80-DMA 4.45
l80-PIO 1.61
zso-sion 4 .45
Z80A 1.66
l80A-DART 4.72
l80A-DMA 5.35
Z80A-PIO 1.75
l80B 3.55
l80B-CTC 4.45
l80B-PIO 4 .45

EPROMS . . .

TMS2532 $3 .55
TMs2564 8.05
27 08 3.55
TMs2716 5.99
27 16 2.24
27C16 8.95
2732 2.50
2732A-25 2.95
27C32 9 .85
2764 -25 2.95
2764A-25 2 .9 5
27C64 6.25
27 128-25 2.65
2 7 128A-25 4.45
27256-25 7. 15
27C256-25 12 .55
68701 9.95
68705 9 .95

6800 Series . . .

Ds8T28N $1.57
LM 1456V 1.75
LM1458N .4 4
LM1 488N .6 2
LM1496N .90
LM1 899N 1.43
ULN2003A .90
Ds26Ls3 1CN 1.34
Ds26Ls32CN 1.34
LM2901N .53
LM2903N .53
LM2907N 1.75
LM2917N 1.39
LM2917-14N 1.34
LM2931CT 1.07
MC3346P .90
MC3486 1.34
MC3487 1.34
sG3524 1.75
LM3900N .53
LM3914N 1.75
RC41 36N .80
RC4151NB .90
RC41 93N8(DE)2 .66
7805K 1.21
7812K 1.2 1
7815K 1.21
7818K 1.21
7824K 1.21
7805T .44
781 2T .44
7815T .44
78 18T .44
7824T .44
78 540 1.75
790 5K 1.21
79 06K 1.21
791 2K 1.21
791 5K 1.21
7918K 1.21
7924K 1.21
790 5T .53
791 2T .53
79 15T .53
791 8T .53
7924T .53
79 L12AC .53
79L 15AC .53
LF13201N 2 .33
LM 13600N 1.0 7
LM 1889 1.8 5
751 0 7N .90 6800 $2 .12
75 10 8N .90 6821 2 .72
75 110A 1.34 68A09EP 5.99

2 .65
3 .55

.5 3

.7 1

.3 2

.41
1.16

.41
2.65

.62

.80

.90
1.07
1.0 7

.3 5
1.07

.9 8
1.03
1.34
3.55

.44

.90

.6 2
3 .55

.53

.80

.44

.80

.98
1.16
1.34
1.70

.80

.90

.4 1
2 .15

.7 1
1.7 5
1.34
1.9 7

.2 6

.6 2

.53
1.07
1.7 5

.90
1.25

.80
2 .24
1.75

.80

Linear . . .
LH0002CN $5.3 5

INTEGRATED CIRCUITS.

OUTPUT: + 5 VDC. .9A
- 5 VDC. .1A

+ 12 VDC. 3A
INPUT: 120 VAC/60 Hz.. .25A
Mf r Coleco #5 54 16

Item #188 2 $4 . 95 New

PLUG-IN
POWER SUPPLIES

Input : 115 VA C. 50 160 Hz.
OutPu~:" 9 . 5Y " @ " 1 A .
Dirn. : 2 e W x 3 !l H x 2 deep
Com mod ore #2 5 1 539 ·0 1 /0 2

Item #9 393 $ 5. 9 5 New

NICAD - ~
BATTERIES ~"V..l
(Rechargeable) ~

l . __ I

12V @450 ma -._--'
Contains 10 A A cell s. Recharge
rate: 4 5 mao16 - 18 hour s.
Dim. : 2 1

U , " H x 1 % "W x 2 1 !> u, " L
Mfr - GE 123233 or equiv.

Item #544 3 $ 5 .9 5 New

"0" CELLS r---.,.....­
Dual Pack C IL l)
2.4V @ 1.2A h
2 D cells, stacked & series con ­
nected (easily ganged for carry ­
ing). Recharge in 12 -14 hrs . OA
Dim. : 1Yl " dia. x 4 1J.l " l
Item #12 14 2 (pack of 21$ 5. 9 5
[Maje r mfrs.1 5 packs/ $ 2 5. 00

DC Outpu t : + 24V @ 2 .7 amps.
Input: 110 /230 VAC . 50 /60Hz.
Enclosed in bla ck metal bo x.
Dlm. : 8"l x 2 %" H x 5 :J , "d eep .
Mfr - Dotronlx #0 2-00 -24 3
Item #13607 $ 14.95 New

COMPUT ER GRADE
POWER SUPPLY

.-"-",
Other uses -runs CB & car radios.
Comes ready to plug in!
DC Output: - 5V @ .5 amp .

+ 5V @ 3amp.
+ 12V @ 6 amp.

Input 115V /60 Hz. Dim . : 9 % "w
x 3 1~ " H. (Rubber f t. incl .)

Item #9 50 1 $24.95 New

115 & 23 0V . 47 -440 Hz.
Input : 90 -1 35V/ 180-270 V
Output : 5VDC @ 5.5A

+ 12 VDC @ .4A
- 12VDC @.3A

Perforated metal case enclosure.
Dim.: 9 % " L x 3 % " W x 2 1t H.
Mfr - General Instrument

Item #7983 $ 14. 95 New

SWITCHING
POWER SUPPLIES

PC 8300
HOME COMPUTER
(Advanced version of the
Timex 1000)

4 2·key mechanical keyboard (not mem­
brane). Cont ains 2K of RAM . Reverse
video. Z80A. 6.5MHz processor. ROM 8K
BA SIC. Graphics capability /sound - music,
TV or m on itor. Joystick input operates on
I I 5 VAC. Includes: AC adapter . TV cable.
and pair of cassette cabl es. W ill run all
prereco rded tapes for Sinclair/T imex
10 00-ZX8 1.
Mf r - Pow er 3000 , In orig . boxes.

Item #10 33 6 $29.95 New

Accessories . . .
* 16K RAMPACK upgrade

Item #10 337 $9 . 9 5 New

* 32K RAMPACK upgrade
Item #12 14 8 $19 .9 5 New

* COLOR PACK
Item #12 14 7 $ 1 9. 9 5 New

15" COMPOSITE
VIDEO MONITOR

15" , green phos pho r, high res . (12 lines
center) & bandwidth from 10Hz to 30 Hz
± 3d B. Operating volt . : 120 /240VAC.
50 /60Hz.• 6 5VA max.
M fr - Motorola - Alpha Series

Item #10044 $34.9 5 New

140 VA

M INI MICRO-COMPUTER
REGULATOR

Fig. 2 MAGNIFYING
Shaft 1' . L LAMP

X 3," dia.

PM Superior Elec tnc

2 0 M061 FF 6 201 6

Shaft9 ' 16"L
x l ~" dia.

721 R

Stan
Item Step Vo lt s Tor que
No. Angl e ~C ozrin Type Mfr. & Part No.

5 4 31 1 5 17 PM N A Phrlhps

A8 23 10 M 2

5 27 5 18

Precision
st eppers wi th
inc rem ents from
1 to 7 .5 deg rees.
Speeds up to
5.0 00 steps.

STEPPING MOTORS
for ROBOTICS

Fig. 1

Commodore VIC 20 CPU board &
mechanical key board. For part s
only - guarant eed not to work !

Item #12 14 4 $14.95_RFE+ ...;.;.~::...;..:..._.:.:..__.:..._:...:..:.;.::....:..~=~~~....:l:.:;~=~;.:::::...L...:=~=::::........:::.;=~~=~

COMMODORE
CARTRIDGES

Insides of the
COMMODORE
COMPUTER

Exp. Date

Tot al Name
Shipp ing & handling, w e ship UPS unless = = --- - --- ----- --- - ---

otherw ise specif ied. Add $3 plus 10 % tot al. :.cA.::.dd.::.r.::.es.::.s'- _
PJ9££ Canadian: $3 plus P.O. cost . Charge only . City

~4"'4Lo'987 Sales Tax (N.J . resident s only . .::..c.'-- _

With e"e G se1)t please add 6 % of to tall State Zip

ry Otdet. ORDER TOTAL All inquiries and free catalog requests call 201- 939 -2 7 10 .

For all phone orders, call TOLL-FREE 800-524-0809. In New Jersey, 201-939-2710.

C·64
Con sists of 12 asstd . cart ridges . Includes:
Number Nabber, Star Post. Financial
Advisor. RadlJrRat, Jupiter Lsnd, Magic
Compos. Viduzzles, Golf, Eas y Calc,
Simon Basic, Dragon 's Den, & ABC Voice .
Set of 12.

Item #13573 $49.95New

C16 & +4
Consists of 9 asstd . cartridges . Includes:
Script + 2. Calc Plus, Sc ript + . Jack
Attack, Pirate Adventures. Atomic Miss .
Strange Odyssey. Financial Advisor, and
Logo. Set of 9 .
It em #13572 $29.9 5 New

Signature

Telephone: Ar ea Code Num ber

oo
o
CD
m
:IJ
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J -800-344-4539

T:~=~~I:::;-.:-:or~"=;:i~=.~=.~~,~9~=::.:~~~~::;,,~I-::~:.,~~~~it::~~r:.~,= SERVICE CHARGES VOLUME DISCOUNT
l tw~ w, p.ty 'O .,.PIW'lI~ "*"..-.c. loaddl_ .lltw U S A . c.n..d.1 and ~... ICO""'twndw<;k or mClf-v orde...~ordM09 K"' (JnlrUtopsDfd""ul""Wll"'cont~t.II U 5 A1AIo.. ' 0 .00-$ 9 .99 • • ••• • • •Add . 2 .00 $ 0 .00- . 99 99 • ••• . • •• N I::I
H_... Co"""'..-.d .....co , 10.00-'25 00 •• • • •• • . Add $0.15 ' 100.00-$249 99 . .. • . . Le n 10.10

WHENORDERING8Y PHONE, CAll 1 aDO3444 539 [AM. t all 21U8, 66141 BYMAil SEND YOUR ORDEn TO OIGt KEY. PO. B ox 611. ThIll RIve r fa lls. MN 56101. • 25.1)0.$49.99 ••• •• • • •Add $0.50 $ 250.00-$499 99 . . . . less 15. '0

You ITY'Y~ by ct!K. lJlOI"o'y OI<Mo Ma,.. Chargol VISA 01 C O D DIGI KEY GUAR ANTEE Any PAIUor Pl'o4ucU PUrctwnMt 'lOm D9 K.... I"", P' 0'0. 1O'" d.f ecl ..... 1II1Ilto.,~ or I.f..,nd ., 50 00- $99 .99 • • • • • • • •Add $0 .2 5 " SOOQO.$999.99 • • • . • l ... 20 %
I'd II'.I...~ _ It>on90cWys, Item ' ec""Cll' .....11t(I toP¥' of your~ · PRICES S UBJ ECT TO CHANGE W"HOUT NonCE " ' 1000 & Up • • •• •• . • • . No Cha rg e ' 1000 & Up • • • • l e u 25 '; ,

1l1oOD1 3 ..: ",,,, ... -.- v.oo ,o l GlCQ
' M toUI lIC&l

o-.tll'l, T....,....__ II....., IO't '0 .16'C
C_1ty 11_ : O O I~ r,~ 1 o.. ~

1 2 ~"T....,..•• 1<I• • C-t'fklonl k ' .
I_C_ItyT_ _ .: t S'

D........... ' -etotI ....n. l" 0....
"' .....--II__ la·CI: l~~f
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FREE

1987 CATALOG,,.,,, ""ss....,,",..,......,....""""""'~
OUR NEW MAILING

ADDRESS IS:
P.O. BOX 567

VAN NUYS, CA 91408

800-826-5432

THIRD TAIL LIGHT

Standard J umbo Diffused
T 1-3/ 4 Si ze

RED 10 f or Sl.50
CAT' LED- 1 100 for S13 . 00

1000 f or S11 0 .00

GREEN 10 f or S2. 00
CAT' LED- 2 1 0 0 for S17 .0 0

10 00 for S15 0 . 0 0

LED'S

YELLOW 10 f o r S2 . 00
CAT' LED- 3 100 for S1 7 . 00

1000 f or S150 . 00

FLASHING LED ==-.::.
w/ b ui lt i n f l a s h ing ci rcu i t
o pera t es o n 5 Vo lts • • •

LIGHT ACTIVATED
MOTION SENSOR

OO~~~~~[~~

rnlWJ
Th i s device
c ontains a
photocel l
which senses
sud d e n c hange
i n amb ien t
1 ight . Co u l d
be u s e d as a d oor ann u n c i ator
o r mo d i f ied to tri g ge r othe r
d evices . 5 1/ 2" X 4 " X l " .
Operates o n 6 Vd c . Requires
4 AA batte ries (not i n c luded ).
CAT. LSMD S5. 7 5 per uni t

Mouser' 25LM04 4 Highly
sensit ive mini mi"cr oph one .
6 " wire leads . 0 .39 " dal e
X 0.2 7" hi g h . Omn i directio na l.
Operates on 2-10 Vd c @ less
than 1 rnA. lK impedance. 50 t o
8 K Hz r an g e .
CAT' MKE-1 Sl .00 EACH

NI-CAD CHARGER / TESTER

BLACKLIGHT ASSEMBLY

Complete ,
f un c tioni ng
a s s e mbly includes ballast , .
o n - o f f switch , power cord , sockets
and F 4T5 -BL b l a c k l i g h t • Moun ted on
a 7 1 /8 " X 3 1/8" metal plate . Us e
f or special e f f e c t s ligh t ing o r
e rasing EPROMS.
CATt BLTA S10.0 0 EACH

10 for 6 5c

S1. 00 e ach
10 fo r S9. 50

S1. 0 0 eac h
10 f or S9. 50

LED HOLDERS

CLIPLIGHTE
LED HOLDER

Ma k e s L. E.D . g
l o o k l i k e a L

fa n c y indicato r .

CLEAR CAT' HLDCL- C
RED CAT' HLDCL-R
GREEN CAT' HLDCL- G
YELLOW CAT ' HLDCL- Y
4 o f o ne c o l o r $1.00

CAT' HLED

Two Pie c e
Holde r

BI - POLAR LED ==D

GREEN
CAT' LED- 4G

RED
CAT' LED-4

S1. 0 0 e a c h

PN3569

3 for S1. 00

2N3055

10 f or S1. 00

TRANSISTORS
2N2222A

3 for S1. 00

PN2222A
4 f or S1. 0 0

2N2904
3 fo r S1. 0 0

2N2905

TRANSFORMER

-4

RELAYS
12 VDC-4PDT

S l e ek hig h - t e c h !lamp a s sem b ly. ,. _ ' 1;; :.
Red lens i s 2 3/4 "
X 5 1 /2" mounted o n
a 4" hi gh ped e s t al
wi th up-down swivel
adjus tme nt . Has
l 2V r e p l acea bl e b u lb .
CAT' TLB S3 . 95 ea c h . , e '

2 K 10 TURN

RECHARGEABLE
NI-CAD BATTERIES

AM SIZE 52.25
AA SIZE 52.00
AA with solder tab $2.20
C SIZE \. 2V 1200 mAH 54.25
SUB-C S IZE solder tab 54.25
o SIZE \.2V 1200mAH $4 .25

SOUND EFFECTS BOARD

VENTED PROJECT~AS_
Bop1a ' BO 71 8L ....,
Vented t op a n d
bo t tom. Bl a ck
plas tic wi t h
removable e nd pa ne l s . B==========;r:!!::=======!:::;r===========;
§'" X 8 1/2 " X 3 "
CATt MB- 7 18 S12 . 5 0 each

_.I.-. 6-12 VDC MOTOR

~
~_ Mabuch i ' RS- 5 50S

---:- Pe rmanen t ma g n e t mo t or .
7 / 1 6 " d ia X 2 1/4" l o ng .
2 . 600 RPM @ 6 Vd c - 200 rnA

h J 5,300 RPM @ 12 Vdc
CAT' DCM- 7 S3 .00 each

PUSHBUTTON PHONE

Spectra -phone Mode l • OP-l
1 piece t e l e p h o ne with
r o ta r y (pulse ) o utput .
Opera te s on mos t r o tary o r
t o uch t o ne s yste ms . Fe a t ur e s
l a s t mi n u t e r ed i a l a nd mute
b u t ton . I n clud e s coi l c o r d
with standard modu lar p lug .
I VORY.
CAT' PHN- 1 SS . 50 EACH

2 FOR S1 5 .00

SLIM LINE FAN

SWITCHING POWER SUPPLY

(I
TOYoJ TF92 11 5A New 11 5 Vac
c oo l i n g fan . 3 5/ 8" squar e

~ X I II dee~ . Me t a l h ou si ng .
q;;J 5 b l a d e I mp e Lle r ,
. CAT' SCF E- 115 S8.50 e ach

1 0 f o r S75 .00

1 mA METER ~-
Modutec 0- 1 rnA • \. \ I J I~"

sign al s treng th ... I
me t er wi t h KLM l o g o .
1 / 4" X 1 3/4 " X 7/ 8 " d eep .
CAT' MET- 2 S2.0 0 each

Compact , we l l regu lated s wi t c hing
power supply de s igned to power Te xas
Ins truments computer equipment .
IN PUT : 14 -25 vac @ 1 amp
OUTPUT: +12 vdc @ 350 rna.

+5 vdc @ 1.2 a mp
- 5 vd c @ 200 rna.

SI ZE: 4 3/4 " squ a re .
Inclu d e s 1 8 Vac @ 1 amp
wa l l t r a n s fo r mer d esign e d
t o p ower th i s suppl y .
CAT' PS- TX $5 .00 / s e t

1 0 fo r S45 .00
P .C. boa rd with 2 1/ 4 " s p e a ker ,
2 LEOs , IC, batte ry snap, o the r::==================:;:I components 2 3/8" X 3" .
Whe n s wi t c h is pus hed~
bo a rd beep s and 1eds~.@> ..
l igh t. Oper a te s~ ~. ~

(~o~Vi~~i~~~~ I . - ~~ J;)
CAT' ST-3 Sl . 25 e ach
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CAT' TCTXS
S2 .5 0 e ach

TELEPHONE COUPLING
TRANSFORMER

STANCOR ~
'TTPC-S 1m
60 0 o hms c . t .
to 600 oh ms c . t.
P . C . bo ard mount.
3 / 4" X 5/ S " X 3/ 4"

S4 .8 5CAT' TX-241

24 V.c.l - 2 amp
CAT' TX-2 42 S6 .75

24 V.c.l - 3 amp
CAT' TX-2 43 S9 .5 0

24 V.c.l - 4 amp
CAT' TX-2 44 Sll .00

SOUND AND VIDEO
MODULATOR

TIl UM13S 1-1. Designed for ~ D
use wi t h T.I. computers. Can I.~
b e u sed with video cameras , : ~
games .o r other a udio/video Ii ,_=~
s ources. Bui ltin AlB switch - ..
enables u s e r t o switch fr om
T .V . a ntenna without d iscon ­
nection. Op e r a t e s on channel
3 o r 4 . Requires 12 Vdc . Hook
up d iagram inc l uded .
CAT' AVMOD S5 . 00 e a c h

XENON FLASH TUBE
~

3/ 4 " l o n g X 1 / 8 " d ia.
CAT' FLT - 1 2 f o r S1. 00

POLARITY (}'t:7.,DSWITCH
De sig ned to contro l a n
exte r na l coax ia l r ela y
on a s a t e l l i t e T . V.
s y s t em. I dea l f o r p a rts .
Cont a in s a 5 Vd c r e l a y
a nd many o t her p a rts on
a P .C . boa rd .
CAT' RDPS Sl . 75 each

10 for S15.00

TOLL FREE
800-826-5432

INFO:(818) 904-0524
FAX~818) 781-2653

QUANTITIES LIMI TED aiC
MINIMUM ORDERS S10.00 I· VIS4
CALIF. ADD SA LES TAX

USA: S3.OOSHIPPING
NO e .O.D.!

FOREIGN ORDERS:
INCLUDe SUFFICIENT

SHIPPING

MAIL ORDERS TO:
ALL ELECTRONICS

P.O.BOX 5 6 7
VAN NUYS,
CA 91408

TELEX
TWX-101010163
ALL ELECTRONICS

Fo r e i g n Customers
Send Sl . 50 postage
fo r FREE Cata log ! l

VIC 20 MOTHERBOARD

26 I C 's i n c lud i ng 6 50 2A and 6 56 0 .
2 ea. 65 2 2 , 2 ea. 8128 , 2 e a . 90 14 86,
3 ea . 211 4 . Not guarantee d but g reat
f or replac ement parts or exp~rimentation .

CAT' VI C- 20 S15 .00 e ach

STORES
LOS ANGELES

905 S.VERMONT AVE .
LOS ANGELES, CA
90006
(2 13) 380-8000
VAN NUYS

6228 SEPULVEDA BLVD.
VAN NUYS, CA 91411
(818) 997-1806

48 KEY ASSEMBLY

~.~~---

NEW T .I. KEYBOARDS .
Or ig ina l ly u sed o n
c omput er s , t hese
k e y b oard s conta i n
4 8 S. P .S . T . me c h a n ica l
s wi t c h e s . Termina te s
to 1 5 p in connector .
F r ame 4 " X 9 "
CAT' KP- 48 S3 .50 e ach
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AND THIS
IDENTIF IES TRANSISTORS (NPN, PNP)
AND THEIR lEADS (E, B, C, ETC.)

AND THIS
TESTS ZENER DIODES AND RECTIFIERS.
UP TO 20V ZENER WITH AC ADAPTOR,
ZENER VOLTAGE WITH 9V BATIERY
DEPENDS ON ITS CONDITION

AND THIS
AUTOMATICALLY CALCULATES LENGTHS
OF CABLES IN FEET, METRES, MILES,
KILOMETRES (THEORETICAL RANGE
OF 9,999 MILES)

AND THIS
ABILITY TO SORT CAPACITORS IN
MANY DIF FERENT MODES

AND THIS
ABILITY TO READ LEAKY CAPACITANCE
(INSULATION RESISTANCE OR CURRENT)

AND THIS
CALCULATES TIME CONSTANTS WITH
USER DEFINED RESISTANCE VALUES

AND THIS
HOLD FUNCTION FREEZES DISPLAY

STATE _

PLEASE SEND ME
___ (QUANTITY) MC300(S) @ $169.95

CARRYING CASE s ,6.95

AC ADAPTOR $ 9.95
SHIPPING AND HANDLiN G @ $5.00 PER INSTRUMENT

[ ICHECK [IMONEY ORDER
[ I VISA [ I MASTERCARD

[ J CARD NO.
EXPIRY DATE _

NAME
ADDRESS

CITY

SHIPPING INSTRUCTIONS:
All units shipped out F.O .B. Buffalo NY via United Parcel Service (exce pt Hawaii & Alaska)
unless otherwise ind icated (in which case shipme nts will be F.O.B. Canada )

FOR ONLY THIS

AND THIS
RANGE OF 0.0 pF to 1 FARAD (999.9 mF)

0.5% BASIC ACCURACY UP TO 100 uF

AND THIS
READS DIELECTRIC ABSORPTION

AND THIS
EXTENDED PSEUDO 5 DIGIT

RESOLUTION ON SOME RANGES ONLY

AND THIS
ABILITY TO ZERO LARGE CAPACITANCE

VALUES UP TO 99.99 uF

AND THIS
CALCULATES TRUE CAPACITANCE

IF CAPACITOR IS LEAKY

AND THIS
DIODE CLAMP AND FUSED

PROTECTED INPUT.
DISCHARGE RESISTOR IN OFF

POSITION AT TERMINAL INPUTS.
POWERED BY 9V BATIERY

ONE YEAR PARTS &
LABOUR WARRANTY

a division of Bergeron Technologies Inc
7686 KIMBEL STREET. UNIT 5
MISSISSAUGA. ONT.. CANADA
L5S l E9 (416)676-1600
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Electronics Paperback Books
EVERY BOOK IN THIS AD $6 OR LESS!
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o BP12!;-25 SIMPLE AMATEUR BAND ANTENNAS.... .ss.oo.All are inexpensive
to build, yet perform well. Diodes, beams, triangle and even a mini rhombic.

o BP128-20 PROGRAMS FOR THE ZX SPECTRUM AND 16K ZX82.••..S5.75.
Included with each program is a flow chart and a description at what happens.
Notes for convert ing programs for use on otner com puters are also included .

o 16o--COIL DESIGN & CONSTRUCTION MANUAL.•.•.S5.95. How the hobbyist
can build RF, IF, audio and power coils , chokes and transformers. Covers AM, FM
and TV applications.

o 208-PRACTICAL STEREO & QUADROPHONY HANDBOOK.....sa.oo,A refer­
ence book for all interested in stereo and multichannel sound reproduction.

o BP9~MINI-MATRIX BOARD PROJECTS .....S5.00. Here are 20 useful circuits
that can be built on a mini-matrix board that is just 24 holes by ten copper-foil strips.

o BP157-HOW TO WRITE ZX SPECTRUM AND SPECTRUM + GAMES PRO.
GRAMS .•...S5.95. A crystal -clear step-by-step guide to writing your own graphics
games progr ams.

o BP117-PRACTICAL ELECTRONIC BUILDING BLOCKS-Book 1.... .S5.75.
Osc illators, Timers, Noise Generators, Rectifiers. Comparators, Triggers and more.

o 21~SOLID-STATE NOVELTY PROJECTS .....S4.95. Fun projects include the
Optomin, a musical instrument that is played by reflecting a light beam with your
hand, and many more.

o BP179-ELECTRONIC CIRCUITS FOR THE COMPUTER CON TROL OF
ROBOTS .,... S5.OO. Data and circuits for interlc ing the computer to the robot's
motors and sensors.

o BP126-BASIC & PASCAL IN PARALLE L.....S4.95. Takes these two program­
ming languages and develops programs in both languages simultaneously.

o 224-50 CMOS IC PROJECTS .....S5.25. Includes sections on multivibrators,
amplifiers and oscillato rs, trigger devices , and special devices.

o 22!;-A PRACTICAL INTRODUCTION TO DIGITAL IC·S.....S4.95. Mainly con­
cerned with TTL devices. Includes several simple projects plus a logic circuit test
set and a digital counter timer.

o BP17o--INTRODUCTION TO COMPUTER PERIPHERALS.....S5.95. Shows how
to use a variety of co computer add-ons in as non-technical a way as possible.

o 227-BEGINNERS GUIDE TO BUILDING ELECTRONIC PROJECTS.....S5.00.
How to tackle the practical side of electronics so you can successfully build
electronic projects.

o BP16~HOW TO GET YOUR COMPUTER PROGRAMS RUNNING .....S5.95.
Shows how to identify error in program and what to do about them.

o 123-FIRST BOOK OF PRACTICAL ELECTRONIC PROJECTS.....S3.75. Proj­
ects include audio distortion meter, super FET receiver, guitar amplifier, metronome
and more.

o BP24-52 PROJECTS USING IC 741.. ...S5.25. Lots of projects buiit around this
one available IC.

o BP11O--HOW TO GET YOUR ELECTRONIC PROJEC TS WORKING_....S5.00.
How to find and solve the common problems that can occur when building projects.
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o BP33-ELECTRONIC CALCULATOR USERS HANDBOOK.....S5.75. Invaluable
book lor all calculator owners. Tells how to get the most out of your calculator.

o BP36-50 CIRCUITS USING GERMANIUM, SILICON & ZENER 01­
ODES.....S5.00. A collection of useful circuits you'll want in your library.

o BP37-50 PROJECTS USING RELAYS, SCR'S & TRIACS.....ss.oo. Build pri­
ority indicators, light modulators, warning devices, light dimmers and more.

o BP183-AN INTRODUCTION TO CP/M.....S5.75. To run and use programs oper­
ating under the CP/M operating system you will find this book extremely useful.

o BP42-SIMPLE LED CIRCUITS .....S5.00. A large selection of simple applications
for this simple electronic component.

o BP127-HOW TO DESIGN ELECTRONIC PROJECTS .....S5.75. Helps the reader
to put projects together from standard circuit blocks with a minimum of trial and
error.

o BP122-AUDIO AMPLIFIER CONSTRUCTION.....S5.75. Construction details for
preamps and power amplifiers up through a t oo-wan DC-coupled FED ampiifier.

o BP92-CRYSTAL SET CONSTRUCTION.....S5.oo. Everything you need to know
about bUilding crystal radio receivers.

o BP4!;-PROJECTS IN OPTOELECTRONICS.....S5.00. Includes infra-red detec­
tors, transmitters, modulated light transmission and photographic applications.

o BP48-ELECTRONIC PROJECTS FOR BEGINNERS.....S5.00. A wide range of
easily completed projects for the beginner. Includes some no-soldering projects.

o BP4~POPULAR ELECTRONIC PROJECTS .....S5.50. Radio, audio, household
and test equipment projects are all included.

o BP51-ELECTRONIC MUSIC AND CREATIVE TAPE RECORDING .....S5.50.
Shows how you can make electronic music at home with the simplest and most
inexpensive equipment.

o BP56-ELECTRONIC SECURITY DEVICES .....S5.oo. Includes both simple and
more sophisticated burglar alarm circuits using light, infra-red, and ultrasonics.

o BP5~SECOND BOOK OF CMOS IC PROJECTS .....S5.oo. More clrcints show­
ing CMOS applications. Most are of a fairly simple design.

o BP72-A MICROPROCESSOR PRIMER.....S5.00. We start by designing a small
computer and show how we can overcome its shortco mings.

o BP74-ELECTRONIC MUSIC PROJECTS .....S5.95. Provides the experimenter
with a variety ot practical circuits including a Fuzz Box, Sustain Unit, Reverberation
Unit, Tremelo Generator and more.

o BP91-AN INTRODUCT ION TO RADIO DXING.....S5.00. How you can tune in on
those amateur and commercial broadcasts from around the world in the comfort of
your home.

o BP94-ELECTRONIC PROJECTS FOR CARS AND BOATS.....S5.00. Fifteen
simple projects that you can use with your car or boat. All are designed to operate
from l 2-volt DC supplies.
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ELECTRONIC TECHNOLOGY TOOAY INC.
p.o. Box240, Massapequa Park, NY 11762-0240

SHIPPINGCHARGES IN OUTSIDE USA & CANADA D
USA & CANADA Number of books ordered

Multiply Shipping by 2 for sea mail
$0.01 to $5.00 $1.00 Multiply Shipping by 4 for air mail
$5.01 to $10.00 $1.75

Name $10.01 to 20.00 $2.75 Totalpriceofmerchandise . . . . . . . $-----
Address $20.01 to 30.00 $3.75 Sales Tax (NewYorkState Residents only) $-----

$30.01 to 40.00 . . $4.75 Shipping (see chart) . . .. . . . .. .. . . . $ - - - --
City State Zip $40.01 to 50.00 . $5.75 All payments must Total Enclosed $ _

R-l087 $50.01 and above. $7.00 be in U.S. funds . .

~------ ----- --- -- ----------------------------- J



ASK FOR FREE CATALOG.
Money orders, checks accepted. C.O.Do's require 25% deposit.

ADD
$450

. . . .. $600
.. $800
.. $1050

. . . $12.50

.. $ 1650
. .. . . . $20.00

' " $25 00Fordh· ·111
260 Motor Parkway, Hauppauge. NY 11788

Toll Free

800-645-9518
InNY State 800-832-1446

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

FOR ORDERS
$25-$100 .
$10 1-$250 ..
$251-500 ..
$50 1-750 . . . ..
$751- 1.000 .
$ 1.001- 1500
$1.501-2000 . .
$2.001 an d Up


