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

Now you have three low- Features 2230 @ NEW!2221 2220 memory for saving up to 26

cost choices in Tek digital Analog/Digital Storage BW 100 MHz 60 MHz 60 MHz waveform sets. And if it's

storage oscilloscopes. All -\ .G Sneed 20 MS/s 20 MS/s 20 MS) < economy you want, choose

featuring powerful 20 MS/s ¢ 2R =2 Ping Seeed. Z e " T the 60 MHZz 2220 with many

gigitizing along with familiar (selectable) of the same features at an

full-banawidth analog oper-  pga Detect 100 ns 100 ns 100 ns even lower cost

ation. It's the best of both With each scope you can

f M ne, 4K 4K One, 4K
worlds in one easy-to-use, ~ Save Reference Memory SUS PR T Sue ne automate measurements
po”.able package : Vertical Resolution 8 bits 8 bits 8 bits with 'me,rface opnon_s. And
Discover the potential! 10 bits 10 bits output direct to a printer or

With digital storage you can (AVG mode) (AVG mode plotter. Tek software is avail-

freeze waveforms. Capture (1,;2v%tfnode able for systems

events invisible to non- over the bus) —

storage scopes. Find sig- CRT Readout/Cursors Yes Yes No 1C38" g g|3-re<2:t:.323

nals buried in noise. And GPIBIRS-232-C Options _ Yes ($750)  Yes (8500)  Yes (g500) 1-800~4

build a library of reference TR P — * for free video brochure

waveforms gg‘cg’géaﬁgbggr’:‘nes'z?s')y e b =Np © for orders/assistance

~CRT readout and cursors RS-232-C) In Oregon, call collect

distinguish the new 2221 Warranty 3 year on labor and parts, including the 627-9000

For even hngher perform- CRT

ance, there’s the 100 MHz Price $4995 $3995 $2995 —

dual fime base 2230 with v (@

optional battery-backed —
Tektronix

Copynght ©1987, Tektronix, Inc. Al ri d. TXA-795-8 COMMIT TED TO EXCEULLENCE
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Alexander Graham Bell experi-

Radio & == mented with light beam communica-
8 oo tions back in the 1880's. The

Eleelmn'es technology of the day prevented his

| DygTAL success then, but now, thanks to the

s availability of low-cost lasers, ex-
perimenters can apply their ener-
gies to that fascinating topic. This
month, we'll show you a simple lis-
tening device that will let you use
modulated laser light 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
the story on page 39.
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SPECIAL SECTION: ALL ABOUT SURFACE-MOUNT
TECHNOLOGY

A Radio-Electronics Special section that focuses on that exciting building

technique. Included will be a variety of circuits to get you started.

DIGITAL IC TESTER
A computerized, in-circuit tester.

EARLY DAYS OF RADIO
Some early amplifier circuits.
and much more!
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Hands-on report: Turbo boards
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DMM-700  $49.95 DMM-180  $29.95

W y acurate, full fusc
MWOMuas
capacitance, transistot

re ard conductance allin ore hand
‘meter. Torperature probe, est leads and
‘batesy included.

'+ Basc DC accuracy: plus or menus 0.25%
« DC voltage: 200mv — 1000v, 5 ranges
* aC voitage: 200mv - 750v, 5 rarges
o Raesstance: 200 ohms - 20M ohms,

€ ranges
* aC “DC curmnt: 200uA — 10A, 6 rangs:
+ Cagacitance: 2000pf — 20uf, 3 rages
« " ramsistor tester: hFE test. NPN, PNP
« “ermperature tester: 0° — 2000° F
+ Corductance: 200ns
‘% Fully over-ioed protected
« Inpwt impedance: 10M ohm

&5 DIGIT DMM | MULTITESTER

35DIGIT FULL FUNCTION DMM

High acauracy, 20 amp current capability snd
manywrasge settings make this model ideaMor
seriovs dench or field work Till stand for
hands-frae operation. 2000 hour battery life
with standard 9v cell. Probes and batery
incluoedt
+ Bawsc DC accuracy: plus or minus 0.25%
* DCvatage: 200mv — 1000y, 5 range=
*» AC vortace: 200mv — 75Cv, 5 ranges
+« Resstancs; 200 ohms — 20M ohms,

6 ranges
* ACYDXC current: 200uA — 20A, 6 ranges
+ Fully cver-load protected
+ Inp et Fnpedance: 10M ohm
* 180 xB6 x 37mm, weighs 320 grams

35 DIG T AUTORANGING DMM

Automangeconvenience or fully manual oper-
ation. Selectable LO OHM mode permits
accurate ie -Circuit resistance measurements
nvolving zemi-conductor junctions. MEM
mode for Measurements relative 10 a specitic
reading. Pacbes and battery included.

» Badic DC accuracy: plus or minus 0.5%

» DC vohtage: 200mv — 1000v, autoranging
or 5 manual ranges

* AC vokage: 2v — 750v, autoranging
or 4 manual ranges

# Reristarce: 200 ohms - 20M ohms,
autrangang
« AC/DC current: 20mA — 104, 2 ranges

+ Fulwy over-load protected

+ Audible sontinuity tester

+ Inp.at imoedance: 10M ohm

+« 158 x 75 x 34mm, weighs 230 grams

3.5 D¥3IT POCKET SIZE DM

Shurt- xxcket 50 1ability with no conoromise
n featu-es o accurecy. Large. easy to read
5" LCT dispray 2000 hour battery ife with
standard 9v el provices ovas two gears of
average use. 2rcbes and battery inclmded.

+ Basic JC accwracy plus or mmus J.5%

+ DC wcttage 2% —- 1000v, 4 range=

* AC witage 230v — 750v, 2 rangas

+ Resizance 28 phras — 2M chms, & ranges
+ DC scrront 2nA — 2A. 4 ranges

+ Fully ever-bad protected

* inpur mpedance: ~OM ohm

+ 130% 75 = 2Bmm weighs 195 gams

= MODEL 2000  $349.95 —
20 MHz DUAL TRACE OSCILLOSCDPE

- Model 2000 combines useful features and exacting
¥ quality. Frequency calculation and phase measure-
ment are quick and easy in the X-Y Mode. Sarvice
téchnicians will appreciate the TX Symc clrcuitry for
vewing TV-V and TV-H as well as accurate synchroni
zation of the Video Signal, Blanking Pedestals, VITS
and Verticle/Horizontal sync pulses.

DPM-1000
35 DIGIT PROBE TYPE DAM

Autoranging. pen style design for the ultimate in portability and

$54.95

- " -
- @ * Lab quality compensatad 10X pmbes included ease of use. Custam 80 pin LS| chip increases reliabifity Audible
o . * Built-in component tester continuity tester and data hold feature for added convenience.
L — " - + 110/220 Volt operation Case, test leads and batteries included
a . © =i W= & +XYopeation +Bright5”CRT TV Sync filter

+ Basic DC accuracy: plus or menus 1%

« DC vditage: S00v, autoranging

+ 8C vachtage: 2v — 500v, autoranging

» Resistanse: 2k ohms — 2M ohms,
autorangng

* Fully over-loast protected

* Jnput anpedance: 11M ohm

* #62 x 2€ x 17mm, weighs 7% grams

r y | [
I Vm
A . JB

ORDER TOLL FREE
IR N T RUMEN > 800-538-5000

(408) 866-6200 ® FAX (408) 378-8927 » Telex 171-110  OR VISIT OUR RETAIL STORE
COPYRIGHT 1386 JOR MICRODEVICES 1256 SOUTH SASCOM AVE.

THE JOR INSTRUMENTS LOGQ IS A REGISTERED TRADEMARK OF JDR MICRODEVICES. SAN JOSE’ CA__ (408) 947-8881

JOR INSTRUMENTS IS A TRADEMARK OF JDOR MICROBEVICES.
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2 YEAR

WARRANTY
ON ALL
MODELS |

MODEL 3500 $499.95
35 MHz DUAL TRACE OSCILLOSCOPE

Wide bandwidth and exceptional TmV/ DIV sensitivity
make the Model 3500 a powerfu! diagnostic tool far
engineers or technicians. Delayed triggerins allows any
mortion of a wavetorm: to te isolated and expanced far
doser inspection. Variable Holdot makas possible the
stable viewing of complex wavetoms.

» Lab quality compensated 10X probes included
» Delayed and single sweep modes
= 2 Axis intensity modulation

= X-Y operation v Bright 5” CRT

« TV Sync fiter
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GUEST EDITORIAL

Another attack on home taping

Consumers will soon have the advantages of digital
sound quality in a compact cassette tape format,
but the usetulness of the technology is threatened
by special interest legislation that would prevent
home recording of records, tapes or compact discs.

The new technology is known as Digital Audio Tape
(DAT) recording and, like compact-disc technology,
it uses electronic pulses to store and play back
sound, offering the public much-higher quality
than is possible on conventional analog recording
equipment. In particular, the DAT will create a
market tor pre-recorded audio cassettes that sound
as good as compact discs.

The recording industry is urging Congress to enact
legislation that would require DAT recorders to
incorporate anti-taping systems that would make it
impossible for consumers to record most
prerecorded or broadcast material, including
material they have purchased and are recording for
their personal use. The anti-taping 1C is activated if
the source material is recorded with a notch
inserted in the high frequencies. The notch, which
may be audible to a listener and could distort the
music, would trigger the IC to stop the recording.

The legislation, HR 1384, sponsored by Rep.
Waxman (D)-CA) in the House of Representatives,
and S 506, by Senator Gore (D-TN) in the Senate,
would discourage consumers from buying this
high-potential technology. Historically, consumers
have accepted new recordinng technology only
when it has oftered them the chance to make tapes
themselves. The anti-taping chip, however, would
prevent home taping of notched source recordings
and of tapes or records for use in car stereos and
portable players.

DAT has extra advantages in that DAT tapes can be
made much smaller than conventional cassette
tapes, and they can store huge amounts of
intormation -- nearly one gigabyte (one billion bits).
The information storage capability gives DAT
enormous potential in connection with personal
computers.

Although recording companies claim that they
would produce higher-priced recordings without
anti-taping notches, it is highly questionable how
many would be available, or at what price.
Furthermore, research now shows that the anti-
taping encoding process interferes even with sound
quality on DAT playback.

Anti-taping legislation runs directly counter to the
Supreme Court’s “Betamax” decision, which held
that consumers have a right to record aired material
for their personal use. Just as that Supreme Court
decision did not stop sales of prerecorded video
tapes from topping five billion dollars, there is no
evidence that home DAT recording will in any way
limit the profits of the recording business.

The recording industry is plain wrong in stating that
DAT recorders can make perfect copies of
prerecorded material through conventioal analog
inputs. The DAT is simply a better tape recorder,
with tremendous portable applications, and will
make people even more interested in buying
music.

This latest assault by the recording industry on
home taping is contrary to the intent of Congress
and to Supreme Court precedent. Congress
protected the right to tape during five years of
debate. The recording industry’s anti-consumers,
anti-technological attack should be rejected once
again.

Home Recording Rights Coalition
P.O. Box 33576

1145 19th Street, NW
Washington, DC 20033
(800-282-TAPE)



HANDHELD DIGITAL IC COMPARATOR/
TESTERS FEATURE 20 CHANNEL
LOGIC MONITOR
B&K-PRECISION's Model 550 and 552 1C
Comparator Tester/Laogic Monitors test 1C’s
by comparison to a known good reference in
one simple operation. As logic monitors, they
simultaneously indicate the logic states of up to
1C pins. They test most 141020 pin, 54 and
74 Series TTL (Model 550) or 4000and 74C
Series CMNOS (Model 552) devices. Both
models are available from distributors at
$395. Contact vour local distributor or
B&K-PRECISION, Dynascan Corp., 6460
W. Cortland St.. Chicago, 1. 60635. (312)
889-9087

NEW COMPARATOR
ADDS IC/'COMPONENT TESTING TO SCOPE
Test virtuallv any type of passive or active component
or module with B&K-PRECISION new 541 Com

ponent Comparator. ‘The 541 is designed for use with
the 540 component tester or virtually any x-y
oscilloscope. 1t is well suited for both in-circuit and
out-of-circuit tests. It fast and easv to use. Unlike
single function testing, the 541 can be used on series,
parallel or series/parallel circuits. $395. Contact your
local distributor or: B&K-PRECISION, Dvnascan
Corp., 6460 W. Cortland St., Chicago, 1. 60635

(312) 889-9087

NEW COMPONENT TESTER LOCATES FAULTS
ON UNPOWERED BOARDS IN FIELD OR PLANT
The new Maodel 540 component tester is an extremely
cost effective, highly flexible trouble-shooting aid that
can assist in rapidly locating faults on unpowered
boards. Faults can be traced to the component level
without specific circuit knowledge. Individual com
ponents can also be tested. Test results are displayed
18 a curve on a built-in CRT display. Curve tracing
allows matching of components. Two channels allow
production testing against known good boards. Ideal
for field service or production testing. $995. Con
tact vour local distributor or: B&K-PRFCISION
Dvnascan Corp., 6460 W. Cortland St., Chicago,
. 60635. (312) 889-9087

PROGRAMMABLE IC TESTER TESTS TTL,
CMOS, RAM AND ROM IC'S, IN OR OUT-OF-
CIRCUIT

Called the “first cost-eflective way to test 1C* both in
and out-of-circuit.” the new B&K-PRECISION
Model 560 fills the void between basic component
testers and costly ATE systems. Over 1500 different
14 t0 24 pin devices can be tested, including TTLand
CMOS digital 1Cs, RAMSs and ROMs. The 560
speeds testing, simplifies diagnostics and doesn't re
quire prior test skills. Plain-Linglish user prompts
guide every step of operation. Test results are dis
plaved as positive “pass™ or “fail.” Test results can be
fed to a printer. \pplications include incoming
inspection, QC. production line testing and
troubleshooting faulty products. $3.500. Contact
vour local distributor or: B&K-PRECISION, 1)vnas
can Corp., 6460 W. Cortland 8t., Chicago, 11. 6063
(312) 889-9087

FAULTS IN LAB OR IN FIELD SERVICE
B&K-PRECISION now offers logic and pulser probes

can be used alone or with a logic probe or scope. It
produces a 10uS pulse at 0.5 or 400 PPS rates
and features an external square wave and
synchronizing terminal. Both probes are
multi I.:mllv compul-blr The DP-21 is
$32. ‘The DP-31 is $33. Contact vour

local dmnl)ul. r or: B&K-PRECISION ’
Dynascan Corp., 6460 W. Cortland St " 4
Chicago, 1. 60635. (312) 889-9087

E)d'h in and out-of-circuit. Punch up
ident memory of over 1500 TTL, CMDS ICs,

orent Tester locates taults on unpowered boards,

nent level. Curve-tracing method also allcws fast com-
ts or Doards.

£41 Component Comparator is a companion instrument

for use with yoar scaope or the 540. It tess IC’s, semiconductors, Zapccitors

Incductors, transformers and more.

The Models 550 and 552 IC Comparator Tester/Logic Monitars are
hard-he d portables for TT. and CMOS applications. In-circuit dynamic
tests compare a known-gaod IC to an on-board IC. A 20-char nel logic
monitor is b Jilt-in.

The B&<-FREZISION digital test line-up is rounded out by corwenlent arc
eccnomical pulser and logic probes.

For irrmediate delivery or complete specif cations and apglicatons
information call your local distributor or B&K-FRECISION.
m P’ENMI
\ T SIS Y
DYNASCAN CORPORATION
6460 West Cort.and St. - Chicago, IL 60635 - 31=-889-9087
International Sales, 6460 W. Cortland St., Chicage IL 60E35
Canadian Seles, Atlas Electrenics, Ontarto
South and Sentral American Sales, Erapire Exporters, Plainview, NY 1- 803
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LOGIC/PULSER PROBES HELP LOCATE DIGITAL &
F

24

Ad

14

to fill the needs of engineers and 1echnicians. The DP-2| .

is a 20 MHz probe that also displays pulse presence y /"J
and logic status. Both LED and audible logic state y >y
indicators are leatured. The DP-31 pulser probe .l_ y '

2861 4380100
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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
wireless hand-held alphanumeric keypad which
is aimed at a high-speed microcomputer with
256K RAM as its main memory. Two VCR's are
required—one of which can be a camcorder.
Utilizing on-screen commands and prompts, the
system guides the user through the process of
editing, making titles, and captioning. More

sophisticated add-ons 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.

e 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 individual 4-inch flat CRT built 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 meono 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



'
ll\ ""‘:L*

DESCRAMBLER ARTICLE PARTS

February 1984 Issue February 1987 Issue

We stock the parts, PC Board and AC We stock the parts, PC Board and AC

Adaptor for an article on building a cable TV Adaptor for an artic'e on a tri-mode cable TV

descrambler appearing in Radio-Electronics. descrambler appearing in Radio-Electronics.

#701 Parts Package* .. ...... $29.00 #301 Parts Package® ........ $39.00

Includes all the original resistors, capacitors, Inc'udes all the original resistors, capacitors,

diodes, transistors. integrated circuits, coils, diodes, potentiometers, transistors,

IF transformers (Toko BKAN-K5552AXX) integrated circuits, LED's, Toko coil
(E520HN-3000023) and Plessey Saw Filter

#702 PC Board* ............. $8.95 (SY-323)

Original etched and drilled silk-screened PC #302 PC Board* .. .. .. ... ... $8.95

Board used in the article
Original 5 x 8.8 etched and drilled silk

#704 AC Adaptor .. ... ... .. $7.95 screened PC Board used in the article
Original (14 volts DC @ 285 ma) AC Adaptor #304 AC Adaptor . ........... $7.95
used n the article Original (14 to 18 volt DC @ 200 ma) AC

FREE reprint with Purchase Above Adaptor used in article

#708 Toko Coil Set .. ..... ... $6.95 Free Reprintmith Purchagel Abowe

Includes (2) BKAN-K5552AXX, (1) E520HN #308 Plessey & Toko Set ... .. $6.95
300023, (1) 144LY-120K and BFQ-85 Includes (1) Plessey SY323 Saw Filter plus
Replacement 25C2369 (1) Toko E520HN-300023 Coil

Add $2.50 Shipping & Handling; $4.50 Canadiar Orders

72-CHANNEL MC-702 CONVERTER

CABLE CONVERTER ............ . .................... $79.95

WITH INFRA-RED REMOTE CONTROL

e 72-channel capability ® Parental control for all channels
) ® Wireless, Infra-Red remote control @ Last channel recall
Ty, _ o e Channel output 2 or 3 switchable @ F:ne tune memory
. ax e Microprocessor controlled PLL ® UL listed/FCC approved
operation e Simple installation with any TV
. ) ® Skip channel memory eliminates @ Ircludes battery and 3 foot coax
Add $3.50 Shipping and Handling um?sed channels Y cable b

$4.50 on Canadian Orders

ORDER TOLL FREE 1o W
1-800-227-8529 ELECTRONICS,INC.

VISA, MASTERCARD OR C.0.D —_

—— (X P.O.BOX 800 ® MANSFIELD, MA 02048

MAREETIOC 4530CHTION

‘Not av le to Massachusetts residents due to state iaw
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Pride, quality,

When you unpackage a Heathkit product, you open up a special world, a world
providing a unique blend of achievement and fun. B With your Heathkit prod-
uct, you'll enjoy the pride of building 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. B 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.

B 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 along time. B 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 Kkits,
send NOW for your FREE four-color
Heathkit Catalog.

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

GR-9009 9" AC/DC
Color TV-ONLY $249.95

@




fun... Heathkit

The Heathkit ID-4001 The IC-1001 Logic

weather Computer, which puts Analyzer is the perfect answer for trans-
weather information at vour tingertips. With the forming a PC-compatible computer or standard
press of a button, you can instantly know tempera- terminal into a versatile logic analyzer.
ture, wind speed and direction, and barometric A top-grade troubleshooter and design aid, the
pressure for the exact location in which you live. For compact Logic Analvzer includes 16 data lines plus
planning outdoor activities with greater assurance clock and two qualifier lines, checksum capability,
than ever. and state and timing displays with hex, octal and
And its all done with unsurpassed accuracy. ASCII equivalents. You can even use it in circuits
Long life IR LED's act as sensors to make both the with clock speeds up to 10 MHz, trigger on any digital
wind speed cups and the wind direction vane as sen- word and view events 2,000 pulses before trigger and
sitive and as accurate as a costly laboratory instru- up to 50,000 pulses after. High impedance inputs
ment. While active solid state devices reliably virtually climinate circuit loading.
measure indoor and outdoor temperatures, all stored And it’s casy to use! The highly intuitive user-
by a microprocessor for later recall. friendly software makes the 1C-1001 fully keyboard-
Attractively designed, the 1D-4001 will give vou configurable and menu-driven. All in one portable unit.
extraordinary performance unheard of at such a Put this most advanced technology to work for

reasonable price, $399.95 . vou — for only $269,00,

To order, call toll-free 1-800-253-0570.
Ask for Operator 310.

We also have 66 Heath/Zenith Computers &
Electronics stores in North America.
Call 616-982-3614 for the store location nearest you.

Heathkit

Prices, product availability and specifications are subject to change without notice.

CIRCLE 86 ON FREE INFORMATION CARD



RADIO-ELECTRONICS

-h
o

ASK R-

MORE ON MOTORS

In selecting questions for this col-
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 more
possible solutions to a problem.
At times we consult professionals
and experts before preparing a re-
ply; but, unfortunately, the exper-
tise of experts and professionals is
often governed by their experi-
ence and familiarity with the ques-
tion, and recently we got some
“not-so-expert” opinions. So...we
apologize for the less-than-expert
replies to a couple of inquiries and
will now try and set the record
straight.

In an early inquiry on reversing
electric motors, we pointed out
that there are many types of
motors and suggested that the
reader take the motor to a motor
repair shop and have a technician

install a reversing switch. In a fol-
low-up on the question (See “Ask
R-E” in the April 1987 issue), we
mentioned the possibility of re-
versing a motor by shifting the
pole and field coil assemblies to
the opposite sides of the brush-
holder center-line.

Reader Edward T. Smith, of
Brogue, PA adds that a simpler and
more practical solution is to switch
the leads connected to the brush
holders. Interchanging those
leads reverses the current through
the armature, so the torque and
the direction of rotation are also
reversed.

Now for what we hope will be
the final word on the subject of
reversing motors:

Single-phase, split-phase
motors have a main winding fed
directly from the AC powerline
and an auxiliary winding that is fed
a current that is out of phase with
that in the main winding. The two

MAIN 1 AUX 2

SUPPLY
N

N
_FIELD COIL/

\ '\‘B /
coppsn\.\\x

SHADING e
FORWARD BAND REVERSE

SUPPLY
=

FIELD— ’{ iﬁ;ﬁ'nevmsm’é =

WINDINGS

AUX1  MAIN 2
b

SUPPLY

N

\ ~& },

/

~ BRUSH SHIFT ~——
FORWARD REVERSE

HG. 1

WRITE TO:

LETTERS
Radio-Electronics
500-B Bi-County Blvd.
Farmingdale, NY 11735

windings may be electrically
equal. In this case, the phase shift
is generally produced by an induc-
tor or a capacitor in series with the
auxiliary winding. The usual sin-
gle-phase, split-phase motor can
be reversed by reversing the con-
nections to either the auxiliary
winding or the main stator wind-
ing.

In the single-phase capacitor
motor (Fig. 1-a), the main and aux-
iliary windings are electrically sim-
ilar. One winding is fed directly
from the AC powerline and the
other is ted through the capacitor.
The position of the switch selects
between the forward and reverse
directions of rotation by switching
the series capacitor from one
winding to the other.

In some split-phase motors, the
“start” winding has many turns of
fine gauge wire; the “run” wind-
ing has fewer turns of a much
heavier gauge wire. The phase dif-
terence in the magnetic fields
causes the armature to rotate. The
motor easily is reversed by revers-
ing the connections to one of the
windings.

In the capacitor-start motor (Fig.
1-b), the main or “run” winding is
directly across the AC powerline
and the auxiliary or “start” winding
is fed through a capacitor and cen-
tritugal switch that opens when
the motor comes up to speed. For
forward rotation, the start wind-
ing, switch, and the capacitor are
inaseries string from the midpoint
of the main winding to one side of
the powerline. For reverse opera-
tion, the switch returns the start-
winding assembly to the other
side of the powerline.

The shaded-pole induction
motor (Fig. 1-¢) is usually a low-
torque low-speed type used for
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] AUDIO POWER MODULE 70W PEAX POWER
1 3SW RMS, INPUT SENSITIVY 47K/800mV
OUTPUT 4¥8N POWER SUPPLY 39V D.C.
S A

{TSM 9 $14.00
AUDIO PREAMPLIFIER FOR GUITAR, INP
SENSITIVY 47K/SmV, OUTPUT LEVEL
47)1. 5V, VOLUME CONTROL VARIABL
POWER SUPPLY 25V D.C.7 0.1A

{ TSM 67 $39.74
STEREOQ AMPLIFIER 2X40W PEAX POWER
SENSITIVY INPUT 47%/300mV, OUTPUT
2580 VOLUME, BALANCE, BASS .
TREBLE. CONTROLS. POWER SUPPLY
12V 0OC V4 A

$18.88

AUDIO POWER MODULE, 50W PEAK POWER
25W RMS, INPUT SENSITIVY 800mV/a7K
OUTPUT IMPEDANCE 4/8() POWER SUPPLY
| 40V D.Cs24

 TSM 11 $15.50
AUDIO AMPLIAIER 30W PEAK POWER, 15W
AMS, INPUT SENSITIVY 47K/150mV. 2.5
TO 8 1 OUTPUT. COMPLETE WITH VOLUME,
BASS, TREBLE CONTROL; POWER SUPALY
1216V DC._/2A

f TSM 58 $33.70
AUDIO POWER MODULE 90W PEAK POWER
45W AMS; INPUT SENSITIVY 47k/800mV
OUTPUT 40280 POWER SUPPLY 39V 0.C/34

Yy TSM 18 $12.97 N
AUDIO AMPLIFIER 15W PEAK POWER,7.5W
AMS,INPUT SENSITIVY 47K/150mV, 2.6
TO 80 OUTPUT. COMPLETE WITH VOLUME
BASS. TREBLE CONTROL. POWER SUPPLY
\ 1216V D.C. 1154
Yy TSM 19 $52.05
AUDIO 240W PEAX POWER, 120W RMS
SENSITIVITY 47 0.8 V.OUTPUT 4 .
THD 0.3 %. RESPONSE 15 HZ -100 KHZ,
POWER SUPPLY 79V MAX  HEAT
L SINKS NOT INCLUDED WITH THE KIT
[ TSM 66 $16.50
AUDIO POWER MODULE 40W PEAK POWER
20W RMS, INPUT SENSITIVY 47K/300mV.
\OUTPUT 2.6/80 POWER SUPPLY 12V D.C.2/
Y TSM $22.66 B
STEREO AMPLIFIER 2 X 20W
INPUT 47K/300mV, OUTPUT 2,6/80t SUP
PLIED WITH HEATSINK AND BAL ANCE,
VOLUME, BASS, TREBLE, POWER SUPPLY
\lzv D C/25A
TSM_ 158/1
rsveneo AMP. 2 X S50W
PEAK. INPUT SENSITIVY 47%/300mV
OUTPUT 4/80 . SUPPLIEDWITH HEATS INK
AND BALANCE, VOLUME, BASS, TREBLE
\ CONTROLS.POWER SUPPLY 40V D.C.12A 34/
' TSM 118 $62.31 )
320W PEAK POWER AMPLIFIER MODULE
80 OUTPUT IMPEDANCE INPUT 47K/800mV
FREQUENCY RESPONSE 15H2 TO 60K 2,
POWER SUPPLY 2 X 40V D.C /6A
| HEATSINKS NOT INCLUDED IN THE KIT
y TSM 89 $30.38 N
AUDIO BOOSTER STEREO 2 X 40W FOR
CARRADIO, OUTPUT 2,60 POWER SUPPLY
gznev D.CJ4A

TSM 102 $22.50

18 LED QUTPUT POWER LEVE. METER,
POWERED BY THE MODULATION.

f TSM 128 $20.31
2 X6 LED OUTPUT LEVEL METER_ STEREO

<
<

<
<

24
<

<

v,
$46.30 B

>

<

<
<

(" TSM 34 3018 )
STEREO RIAA PREAMPLIAER, NPUT
SENSITIVY 47K/3mV, OUTPUT 700mV,
POWER SUPPLY 12V D.C/ 0. 1A

A\, Z
[ TSM 35 $9.19 N

MICROPHONE STEREO PREAMPL FIER;
INPUT SENSITIVY 5mV/20002 OR MORE
OUTPUT 700mV, POWER SUPPLY 12V D.C
\/0.14

(Tsm 122 $13.06

ALL-BAND FM/VHF/URF ANTENNA. 2008
AMPLIFIER-. POWER SUPPLY 812V D.C/
\ 2 12A
>
TSM 31 s $14.77
M STEREO DECODER, POWER SUPPLY
A\, 12V D.C./ 0.1A
TSM 62 $13.00
CAR ANTENNA PREAMPLIFIER MWALW/FM_
Q A S Y 1

<

TSM 335 $15.65
PHYSIOLOGIC TONE CONTROL, STEREO,
INPUT IMPEDANCE 150mVv/160K, OUTPUT
AL EVEL 800mY POWER SUPPLY 25V DC A

$26.77

H DIGITAL CLOCK, /16" READ OUT; POWER
i SUPPLY 12V D.C/0 2A WITH HOUR AND £
Hl MINUTE SETTING CONTROLS

P

$17.50
TSM 212 0w OPERATING VOLTAGE
SPOT TSM 220 AND TSM 221 COMPATIBL

 CHINTROLED BY A MICROPHONE ;
POWER SUPPLY 12V/ 1A OUTPUT 0.5A

AMODULATOR  SAFE 3 CHANNEL LIGHT /£

" TSM 157 $40.00 )

DIGITAL CLOCK AND UP TO:24 MN
17100 S CHRONOMETER. COUNT-DOWN

CAPABILITY FOR THE CLOCK
\_ POWER SUPPLY 12VD.C. CRAC. Y,
TSM 177 $33.20
DIGITAL VOLTMETERS 0V TO 999 VD.C

POWER SUPPLY 12V D.C AW SA
" TSM 206 $10.15 )
METRONOME; POWER SUPARLY 9- 12V D.C.
A y,
Y 1SM 210 $10.50 )
FULLY RANDOMISED B.ECTRONIC DICE,
L\ POWER SUPPLY 9 - 12V D.C/0,1A
' TSM 54 $13.85 )
P TRANSMITTER, POWER SUPPALY 9V
D.C. 7 0.5A
. <
y TSM 150 $82.50 )

HOME PROGAMMER 4 DEVICES CONTROL.
20 PROGRAMS. OPERATION WITH RELAYS
POWER SUPPLY 12V D.C /0.BA.

<
y 1SM 13U $26.77
24 TUNE DOOR CHIME, OUTPUT 34 WATTS
\powzasu?mv!zvo.czu
 TSM 123 $46.18

SOUND CONDITIONER OUTPUT LEVEL wOm]
TO BE CONNECTED TO AMPL FIER AUXLIA-
\_RY WPUT. POWER SUPPLY 12vDC._ A
[ TSM 78 UNIVERSAL ALARMFOR )
HOME AND CAR. DELAYED EXIT TIME, AD
JUSTABLE SOUND ALARM TAMPER PROOF.
OPERATION WITH CONTACT SWITCHES.

A POWER SUPPLY 12V D.C/0.15A $33.23

[ Tsm 121 s17.5¢ Y
16 LED DISPLAY THERMOMETER ; POWER
| SuPPLY 15118V D.C10.15A

$15.15 )

{TSM 146 333,09 i
STEREOQ 2X5 BANDS EQUALIZER , SUPPLIED}
WITH 10 POTENTIOMETERS, FREQUENCY [
RESPONSE S0HZ TO 15 KHZ POWER SUPPL

X 12V D.C/0.2A

TSM 147 s18.80
MONO § BANDS EQUALIZER SUPPLIED WIMTH
5 POTENTIOMETERS FREQUENC Y RESPONSE
50 HZ TO 15KHZ. POWER SUPPLY 2 X 12V
\D CJ0.15A

7/ TSM 61 $25.48
FM RECEIVER, OUTPUT 1 WATT 480 ,
POWER SUPPLY 12716V D.C. /0.2A

oy

yTsm 158 12742 Y
A4 RECEIVER, OUTPUT 20 WATTS/82
POWER SUPPLY 12/16V D.C. 712A.

N V.
TSM 211 $10.00 )

MEDIUM WAVE RECEIVER 1 W 0.5 W RMS
AUDIO POWER, POWER SUPPLY

N.912vDpcro1 A v,
GSM 205
AV REC ENVER, HEADPHONE STEREO OUTPUT

$35.40

2 X 60W , POWER SUPPLY 1520V D.C
L J

POWER SUPPLY 9/12V D.C /0.1A
\. y,

r

516-349-7620

KELVIN ELECTRONICS
7 FAIRCHILD AVE.. PLAINVIEW. NY 11803

FAX 516-349- 7830

NUTRON COMPUTER ELECTRONICS

821 E.ROOSEVELT ROD LOMBARD L 60148
TEL 312:691.89-00

AVAILASLE FROM:

AUTO SOUND SYSTEM
1269 EAST MAIN STREET EL CAJON
CA 92021

TEL 619 442.70-22

>

TSM 105

ELECTRONIC ALARM SIREN. 802 MPEDAN-

CE. 10 WATTS RATING. POWER SUPPLY

 TsMm 85 $22.52
TWE DELAY SYSTEM FROM 1SEC TO 15
MINUTES. POWER SUPPLY 12VD.C.

\, <

f TSM 69 $16.93 W
PICK-UP AND SPEAKER, ADJUSTABLE

A, VOLUME, POWER SUPPLY 312V D.C/0.1A)
TSM 168 $12.92
MOGOUTO REPELL ER POWER SOURCE
TSM 86 $36.50
BLECTRONIC MONO REVEREERATION SYS-
TEM, POWER SUPPLY 12V 0.C

f TSM 88 $38.77 )
BHZ TO 200KHZ PROVIDING SINE/TRIANGLE
/SQUARE/SAW TOOTH WAWE FORMS, PO-

A WER SUPPLY 12V D.C/0.3A y

' TSM 58 $10.94 )
VOLUME CONTROL, POWER SOURCE 912V

\. D.C.7 04A )
TSM 160 $16.62
STEREO SIMULATOR, PFOWER SUPPLY 12V
D.C/O.1A.

<

7 NPUT MIXER STEREC PREAMPLIFIER OR
14 INPUT MONO WITHOUT ATTENUATION,
INPUT 47K/100 TO 700mV,OUTPUT 47/
100 TO 750mV, POWER SUPPLY 24V D.C

\,_ 12V D.C.. HORN SPEAKER NOT Ncu.oe_oﬁ
TELEPHONE AMPLIFIER WITH INDUC TIVE
wvoC
FUNCTICN GENERATOR, FREQUENCY RANGE
TWO STATION INTERCOM WITH SPEAKER

f TSM 196 $19.71
10.1A

AR Tt vk e S g B T

FUEEEL
ébrTSM 214 $20.50 \”:

3 CHANNEL CATERPILAR SAFELOW
VOLTAGE CPERATION USING TSM 220
AND 221 SPOT. 9V D.C/ 0.5 A

4

b

(TSM 220

$25.30 1:

64 LED'S SPOT FOR SAFE LIGHT MODUL -
ATION, SUPLIED WITH BOX.

TSM 213
SAFE LOW YOLTAGE 2-WAY CATERPILAR
RANDOMLY FLASHING AND WINKING. TSM
L:zo AND TSM 221 SPOT COMPATIBLE

v,

POWER SUPPLY 12V/I0.5A
(TSM 221 $17.20 Y

25LED'S SFOT FOR SAFE LIGHT MODUL.
A\ ATION SUPPLIED WITH BOX

=%

4 $16.20 ,\

MECANORMA
DIRECT ETCHING

P.C.B. SYMBOLS
©_— oD 191mm
Transiert sheet $2.00 each

QoD 254mm
Transfert sheel $2.00 each

©__ oD 317mm

Transtert sheel $2,00 each

Q@  oo3rmm

Transfen sheet $2.00 each

Q@ o500

Transtert sheel $2 00 each

N\g— ©OP 10mm

Q A | 04omn

A 254mn

Transtert sheel $2.00 each
(] oD 25lm4
o 1 105mf

A 508mny
Transfer1 shect $2 00 each

o —

o= ©0 %60mm
o 8 ) o0vamm
(-]
L] A 188mm,
Transfert sheel $2.00 each
[ A 1270mmy
c=—_8 B 160mmy
[+ 30 6mmy
Transtert sheel $2.00 @ach
- o
< :nmn‘
Transten sheet $2.00 each
¥ 1 254mm
—s000
3_.. 2 07¢mm
3 7s2mm
Al ‘

Translerl sheet $2.00 each

(TSm 2 v2 $22.20
VARIABLE SOLID STATE REGULATED PO-
WER SUPPLY 8V TO 38VR2A. i
TRANEORMER IS NOT INCLUDED WITH THE |
A J

{TSM 115 V5 $11.50 %
REGULATED POWER SUPPLY 5V D.C. :
POWER TRAMSFORMER NOT INCLUDEOWITH|:
THE KIT :

W

TSM 116 V12 s11.50 )
REGULATEC POWER SUPALY 12V D.C.
POWER TRANSFORMER IS NOT INCLUDED

&WHHTHEKTT,

TSM 163 $12.92
POWER SUPPLIES 5, 75,9, 12V11A
POWER TRANSFORME R NOT INCLUDED
A WITH THE KIT.

<
<

7 TSM 99 s130.00
VEGAS KIT - FESTIVE LIGHT DISPLAY {LED|
POWER SUPPLY 12V D.C. 7 2 5A.

| 64 LED'S, AS MANY AS 500 PROGRAMS

TSM 2 v4 $25.85 Y
VARIABLE SOLID STATE REGULATED PO
WER SUPPLY 3V TO 14V/SA TRANSFORMER

—Qluh t

254mm|

3
LY 2 155mm
' 3 762mm

2
Transtert sheet $2.00 each.

(A1) )
Tuns'eﬂ sheet $2.00 each

MECANORMA
DIRECT ETCHING

= 080mm
Transtert sheetl $2.00 each

100mm
Transtert sheel $2.00 each

e 127mm
Transfert sheel $2.00 each
sm— I 178mm
Teanstert sheet $2.00 each
— T 203mm
Transter: sheet $2.00 each
R 254mm
Transtert sneei $2.00 each

&OT INCLUDED IN THE KIT. )
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Crystek
Crystals

QUARTZ CRYSTALS
FOR

O (Industrial Equipment/instrumentation

* Micro-processor control
* Computers/Modems

* Test/Measurement

* Medical

O General Communications
* Channel element Service (VHF/UHF)

* Land Mobile 2-way ‘
* Marine »
* Aircraft b
* Telemetry p

* Monitors/Scanners/Pagers *

O Amateurs/2-Meter/General Coverage
CB/Hobblest/Experimenter

FOR OPTIMUM STABILITY

AND RELIABILITY IN

FREQUENCY MANAGEMENT

The
Pulse of
Dependable Communications

Crystek Crystals offers their new 16 page FREE
catalog of crystals an oscillators. Otfering state of
the art crystal components manufactuered by the
latest automated technology. Custom designed or
“oft the shelf,” Crystek meets the need, worldwide.
Write or call today!

CRYSTEK CORPORATION

DIVISION OF WHITEHALL CORPORATION

2351/2371 Crystal Drive *Ft. 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 N THE U.S.A. EXCEPT FLORIDA, ALASKA, HAWAL!
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Test VCR Mechanics

Fast and Easy!

Take the guesswork and hassles out of VCR

mechanical problem diagnosis!
Four Universal, Powerful Tools for VCR Service

Tape Tension Gauge: The Tentelometer® is the
world's most universal method of measuring hold
back tension. Calibration can easily be checked
in the “tield". Merely slide the
probes over tape to measure
tape tension directly in grams
Ilfustrated instruction manual
included. This is the back
tension gauge referenced by
many of the VCR service man-
uals, and it will work on
all VCRs

T2-H7-UM  $295

Bl wear on other components

Video Head Protrusion Gauge: Universal, fast,
safe method of measuring the amount of video
head tip wear. Measures In microns and ten
thousandths of an inch. Allows [

accurate predictions of re- §
maining head life. Head wear
provides useful information K8
regarding VCR condition and [SE8

Stop guessing about head
wear. Accessory “S1" stand
allows use on any VCR

HPG-1 $479 S1 $95

Spindle/Elevator Gauge: The TSH gauge inserts
into the VCR just like a cassette. The new TSH-V5
performs 6 critical measurements to eliminate
tape binding and edge dam- %
age. This gauge quickly locates
problems that can’t even be
detected by other methods
Fully illustrated instruction
manual is included

TSH-V5 for VHS: $395

RADIO-ELECTRONICS

-
N

Tentel* provides the most powerful, easy-to-use, field calibrateable, universal VCR test equipment

B piete with easy-to-follow, de-

| | modified VHS cassette for
ease-of-use

Complete System

Torque Gauge: A universal, inexpensive, accu-
rate torque gauge for VHS and Beta VCRs
Calibrated in Gram-Centimeters both clockwise
and counterclockwise. Com- [l

tailed instruction manual for
VHS recorders. includes a

TQ-600 $139

available for various mechanical tests. Call our application engineers today for answers to your
qQuestions. Ask about the combination discount when ordering all 4 gauges.

Tentel Corp.

1506 Dell Avenue
Campbell, CA 95008

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

in Cahforma
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pumps and fans. Power generally
ranges from around % to Yw
horsepower. It has copper bands
short-circuiting or “shading” a
portion of each pole face. The
magnetic flux “peaks” first in the
unshaded portion, then it peaks in
the shaded portion; the electrical
effect being arotation from the un-
shaded to the shaded pole piece.
The motion of the rotor follows the
rotating field.

Reversing a shaded-pole motor
is generally a mechanical opera-
tion. Rotate the wound stator-coil
assembly 180 in the case or turn it
end-for-end with respect to the ro-
tor. Special types of shaded-pole
motors have been designed so as
to be electrically reversible; they
can usually be identified by in-
structions on a plate affixed to the
motor’s case.

The basic repulsion-induction
motor (Fig. 1-d) has a slotted arma-
ture with windings connected to a
commutator. The brushes are con-
nected together and the armature
is excited by pulsating currents in
the stator winding. That type of
motor is reversed by rotating the
set of brushes through a small an-
gle around the armature cen-
terline. The brush positions for
forward and reverse directions of
rotation may be marked on the
motor’s frame; another technique
might be to limit the brush posi-
tions using stops.

RHOMBIC ANTENNA
IMPEDANCE

In the “Ask R-E” column of August
1986 you supplied information 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 rhombic
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:
tilt angle, antenna height, and the
length of each leg. The maximum
output design gives maximum ra-
diation of signals in a desired di-
rection and maximum response to
signals arriving from that direc-
tion. Other designs are used to
meet special conditions where



height, leg length, or tiltangle may
be dictated by local conditions. Of
course, all variations in design can
have an effect on the antenna’s in-
put impedance.

When a conventional single-
wire rhombic is used over a 3:1
frequency range, its input imped-
ance ranges from a maximum of
about 830 ohms to a minimum of
700 ohms. When used over a fre-
quency range of 4:1, the input im-
pedance drops to a minimum of
580 ohms. In some authoritative
references, we find:

"The transmission line can some-

times be designed to have a

characteristic impedance the

same as...the {rhombic) antenna
input resistance, or vice versa in
some cases. A 600-ohm two-wire
balanced feeder gives a line of
reasonable cross-section, but be-
comes less reasonable for higher

(line) impedances. For this rea-

son, rhombic antenna and feeder

are designed for a value of 600

ohms for a majority of applica-

tions.”"—Jasik’s Antenna Engineer-
ing Handbook.

“1f the broad frequency charac-

teristics of the rhombic antenna

are to be fully utilized, the feeder
system used with it must be sim-
ilarly broad. This practically dic-
tates the use of atransmission line
of the same characteristic imped-
ance as that shown at the antenna
input terminals, or approximately
750-800 ohms. The spacing re-
quired for an 800-ohm line is
rather awkward, also, rather small
wire must be used. Both these
considerations are disadvan-
tageous mechanically, and the ra-
diation from the line tends to be
comparatively high at frequen-
cies, because of the wide spacing.

On the whole, the best plan is to

connect a 600-ohm line directly to

the antenna and accept the small
mismatch which results.”"—An-
tennas and Antenna Systems, War

Department Technical Manual TM

11-314.

“A 600-ohm line connected to the

antenna feedpoint is perhaps the

most convenient means of feed-
ing the antenna.”—Antenna Sys-

tems, Air Force Manual 52-19.

One thing that is often over-
looked is that at frequencies
where the rhombic’s input imped-
ance is 800 ohms and the feedline
impedance is 600 ohms, the stand-
ing-wave ratiois alow 1.33 to 1, and
the line loss compared to a perfect
match will be negligible. R-E

HITACHI SCOPES AT DISCOUNT PRICES!
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20MHZ R A 100MHZ |
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Model V1060 $1,340
15-25%

OFF LIST
PRICE

# ELENCO PRODUCTS AT DISCOUNT PRICES!

Model V212 $475

Model V-212 20MHZ Dual Channel (1mV Sens.) $475

Mode! V-422 40MHZ Dual Channel (1mV Sens.) $699

Model V-425 40MHZ Dual Channel (with cursor) $795

Model V-660 60MHZ Dual Channel (Delayed Sweep) $330

Model V-1060100MHZ Dual Channel ‘Delayed Sweep) $1.340

All above scopes have a 3 year guaranty on parts and labor
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DELAYED o, Arh
SWEEP W
MO-1253 L
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20MHz DUAL TRACE OSCILLOSCOPE 35MHz DUAL TRACE OSCILLOSCOPE
$359 MO-1251 $498 MO-1252

Tup qualitv scopes at a very reasonable price Contains all the desired features. Elenco’s 2 year guarantee
assures you of continuous service Two 1x, 10 x probes, diagrams and manual included Write for specs

100 MHz Test Probes, 1X. 10X, Ref (Comp with § ies) Fits Most Scopes - $22
MULTIMETER with TRUE RMS 4% )
CAPACITANCE AND B 0T MULTIMETER m Au'opﬁ‘::gmg
IST!
12§$E8F|8 i Mode! —_) Manual Ranging
b= M.T200 - 3v2 Digit Meter
Model 4 3 . 28 Functions
CM-1500A $58 ’ $135 E: { Fully protected
Reads Volts, Ohms, = 05% DC Accuracy o nary
Current, Capacitors, .52 1% Resistance f.!'. -"J'ﬁ f M-1180 7% Acy $36.95
Transistors & - with Freq Counter | 0 ™ M-1182 25% Acy $39.95
Diodes W/Case & Deluxe Case = M-1181 .1% Acy $42.95
GF-8016 FUNCTION GENERATOR 10MHz OSCILLOSCOPE BREADBOARD
with Freq. Counter $21 9
(Y:¢ Model
3239 Model 9436
Y IR $-3000 Shown
* Sine, Square, Triangle |
* Pulse, Ramp, .2 to 2MHz ¢ 10MHz DC or AC
¢ Frequency 1 thru 10MHz = Triggered Sweep 9430 1,100 pins $15
« Calitrated Vert & Hor 9434 2,170 pins §25
GF-8015 without Freq. Meter $179 * Reacs Volts & Freg 9436 2,860 pins $35
DIGITAL TRIPLE POWER SUPPLY DIGITAL LCR METER 50MHz LOGIC PROBE
20 nsec with memory
Modl LP-700
XP-785 : .
g $239 $148 7
\“.‘ R cget] Voxve A " T P
FOoP ow. o@. ocooWAl’ 020Va@ A LC-1800
T 5V @ 5A Measures
| ] . Inductors, $23
Fully Reguiated, Short Circuit Protected with 2 e Capacitors,
Limit Cont. 3 Separate Supplies Resistors Loglc Pulser 323
XP-880 with Analog Meters $169.50 LP-600
DIGITAL 3 AMP POWER SUPPLY MULTI-FUNCTION COUNTERS
Model
XP-750 =
| o EE o $175 SVUE— L2an 9259
- - s -
oul PYY ] g:;g\‘;g;:A AR BN F-100 $179
- - === — 120MH
Fully regulated, short circuit protected current
limit control Frequency, Period, Totalize, Self Check with High
XP-850 with Analog Meters $129.50 Stabilized Crystal Oven Oscillator, 8 Digit LED Display

C&S SALES INC., 8744 W. North Ter., Niles, IL 60648 ™t
ASK FOR CATALOG ™ <

| 800-292-7711 (312) 459-9040

15 DAY MONEY

2 Year Limited Guarantee! Add 5% for Postage ($10 max), IL Res., 7% Tax
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Light weight—just 13 poundsl N 5 b i OMF

Light price-4 models from $1095. - ST JlEandwidihe s |

Great smarts—60 MHz and 100 MHz - |Accelerating potential |

featuring Hitachi’s unique Trigger Lock, Auto Sweep, ~ |[CRTreadout |

Cursor Measurement, and more. Full size -'." ‘--I-_-

screen—Crisp 6-inch (8 x 10 cm) CRT. Hitachi Auto range of sweeptime | |

reliability—all carry our standard three-year warranty. Lﬂ_—
Get more information and more scope for your —

money from Hitachi. Call: NY area 516-921-7200 =
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LETTERS

SCA ERRORS

In the article, “Build This SCA
Receiver,” in the August 1987 issue
of Radio-Electronics, the Parts List
has R42 at 22K and R37 and R38 at
10K. The schematic has R42 at 4.7K
and doesn’t show R37 and R38 at
all. They appear to be in series
with pin 13 of ICI. The Parts List
also says that C27 is not used,
while the schematic shows that itis
in the line between Q2 and Q6.
G. L. McDONAID
Auburn, WA

Resistors R37 and R38 are 10K
units; as you surmised, those are
the unmarked resistors at pin 13 of
IC1. Resistor R42 is 4.7k, as shown
in the schematic; the Parts List is
incorrect. Also, capacitor C27 is a
0.01-uF ceramic disc as shown in
the schematic.

In addition, a ground symbol is
missing in the schematic; it should
be added at the junction ot R23,
R25, and C21.

Finally, if you have trouble find-
ing the National IM3189N used for
ICI, an RCA CA3I89F or CA3089F
can be used in its place; the latter
one should be the easiest to tind.

-Rudoli Graf and William Sheets

MORE ON SCA

| enjoyed “Build this SCA Re-
ceiver”in the August 1987 issue
very much. Iwantto use the unitto
receive data forinput into my com-
puter, as mentioned on page 41.
Some of those transmissions are at
19.2 kilobaud, so the SCA audio
bandwidth must be high enough
to not distort the transmission
wavetorm.

The article states,”SCA is not a
high fidelity service; its audio-re-
sponse bandwidth is limited to
about 5000 Hz.” Is that an FCC lim-

LI )
LrEETRY s .
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LETTERS

RADIO-ELECTRON/ICS
500-8 8/-COUNTY BOULE VARD
FARMINGOALE, NY 11735

itation, or an arbitrary one to elim-
inate noise? I'm concerned that
the 12-dB-per-octave low-pass fil-
ter on the output of the LM565
(R56/C45-R57/C46) will cause wave-
form distortion of any digital-data
transmission.

Ii there is an FCC restriction, the
bandwidth will be limited at the
transmitter, and | don’t have to
worry. | do want to receive the sig-
nal exactly as transmitted,
however.

What is the FCC bandwidth re-
striction on SCA transmissions?
And what component value
changes, if any, are necessary 1o
receive digital-data exactly as
transmitted, without waveform
distortion caused by a restricted
bandwidth?

| believe the authors were
wrong in their statement. “The sig-
nals are FM with = 7.5 kHz devia-
tion maximum.” According to the
FCC’s December 1984 amend-
ment, section 73.319 (d)(2), for
stereo FM plus an SCA and
nothing else (the most common
SCA situation) the following ap-
plies:

“During stereophonic program
transmissions, modulation ot the
carrier by the arithmetic sum of all
subcarriers may not exceed 20%
referenced to 75 kHz modulation
deviation..."”

The maximum used to be 10 %
(7.7 kHz) but now it's 20 percent (15
kHz)—and 30 percent for mon-
aural and SCA-only transmissions.
That error brings up a possible de-
sign errar in the SCA receiver’s cir-
cuit. If the designer’s thought the
maximum allowable deviation was
noticeably less than what actually
might be encountered, might the
circuit distort more than it was de-
signed for when it gets a true max-

PROTECT YOUR COMPUTER

AND SAVE!

SURGE PROTECTOR

Safeguard Sensitive Equipment and
Valuable Data with this Surge Protector
and Power Sequencer. A closeout makes
the LOW liquidation price possible!

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

e Two-Stage Protection. (Diodes, MOVs.)

® Fast-Response. Components Capable of
5 Pico Seconds (5 Trillionths of a Sec)

Electrical Storms, Faulty Wiring, and
Power Line Switching can be disastrous
to sensitive computer circuitry. 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 could be lost in
| | seconds without surge protection. Power
surges and spikes can also cause failure or
slow deterioration of audio equipment. This
1200W surge protector provides surge pro-
tection and sequencing of outlets for power
up. The 2%"H x 3%"W x 7"D housing has
four outlets, LED power indicator light, reset,
and on/off switches. Heavy-gauge 6’ cord

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

$119.95
Liquidation

e 539

tem H-2821-7121-734 S/H: $4.00 each

Mfr. List Price

Credit card customers can order by
phone, 24 hours a day, 7 days a week

Toll-Free: 1-800-328-0609

Sales outside the 48 contiguous states are subject to
special conditions. Please cal or wnile to tnquire
r--————-—————

I SEND TO: item H-2821
SEX0] pirect Marketing Corp.

I 1405 Xenium Lane N/Minneapolis, MN 55441-4494
Send___Surge Protectos(s) ltem H-2821-7121-734 at $39
each, plus $4 each for ship, handking (Minnesota residents

‘ l add 6% sales tax Sorry, no COD orders)
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“If you're going to learn
electronics, you might
as well learn 1t right!”

“Don’t settle for less.
Especially when it comes
to career training...because
everything else in your life
may depend on it.
That’s why you ought to
pick CIE!”’

Stephen J. Simcic
Vice President, Academic Affairs



ouve probably seen adver-
tisements from other
clectronic schools. Maybe you think
thes're all the same. They're not!
CIE is the largest independent
home study school in the world that
specializes exclusively in celectronics,

Meet the Flectronics
Specialists.

When vou pick an electronies school,
vou're getting ready to invest some time
and money. And vour whole future
depends on the education vou get in
return.

That's why it makes so miuch sense
to go with number one . . . with the
specialists ... with ClE!

There’s no such thing as
bargain education.

It vou talk with some of our
graduates, chances are vou'd find a
lot of them shopped around for their
training. Not for the lowest priced
but for the best. They pretty much
knew what was available when
they picked CHe as number one.

We don't promise vou the
moon. We do promise yvou a
proven wayv to build valuable
career shills. The CIE faculty
and staft are dedicated to that.
When vou graduate, vour diploma
shows emiplovers vou know what vou're
about. Today, it’s pretty hard to put a
price on that.

Because we're specialists
we have to stay ahead.

At CIE, wesve got a position of
leadership to maintain, Here are some
of the wavs we hang onto 1t . ..

Programmed Learning

That's exactly what happens with
ClE's Auto-Programmed | essons, Fach
lesson uses famous programmed learn-
ing’" methods to teach yvou important
principles. You explore them, master
them completely, before vou start 1o
apply them. You thoroughly understand
cach step before vou go on to the nest.
You learn at vour own pace.

And. bevond theory, some courses
come fully equipped with electronics
gear (the things vou sce in technical
nagaszines) to actually let vou perform
hundreds of “hands-on™ experiments.

Experienced specialists
work closely with you.

Even though vou study at home, vou
are not alone! Lach time vou return a
completed lesson, vou can be sure it
will be reviewed, graded, and returned
with appropriate instructional help.
When vou need additional individual
help, vou get it fast and in writing from
the faculty technical specialist best
(ualified to answer yvour question in
terms vou can understand.

Pick the pace that’s
right for vou.

ClIE understands people need to learn
at their own pace. There's no pressure
to heep up ... no slow fearners hold
vou back, It vou're a beginner, vou
start with the basies, 1 vou already
know some clectronics, vou move ahead
to vour own level

Enjoy the promptness of CIE’s
“same day” grading cycle.

When we receive vour lesson before
noon Mondav through Saturday, we
erade it and mail it back the same day.
You find out quickly how well vou're
doing!

Microprocessor Trainer

State-of-the-art
Laboratory Equipment

Some courses feature the ClI-
Microprocessor Training | aboratony .
An integral part of computers
microprocessor technotogy is tsed in
many phases of business, including ser
vice and manufacturing industrices.

The NTEE gives vou the opportunin
to program it and interface it with 1 HD
displavs, nemory devices, and switches.,
You'll gain all the practical experience
needed 1o work with state-of-the-art
cquipment ol today and tomorrow

CIF offers you an
Associate Degree.

One of the best credentials vou can
have in clectronies — or any other
career ficld — is a college degree.

That ~ why CIE gives vou the oppor
tunite 1o carn an Associate in Applied
Science in Blectronies Engineering
Technology . Any CHE career course can
offer vou credit toward the degree
more than halt of the number needed
T SCIIC Cases

“Cleveland Institute of EFlectronics s
the enly aceredited imstitution ot higher
learming oftering an Associe Degree
program with tuition based on actual
study time used. The taster vou com-
plete your degree .’l\\l;L'IlIm‘Iil\. the less
vour overall tuition. ™ Steve Simcic

Vice-President Academic Affairs

Which CIF Training fits you?
Beginner? Intermediate?
Advanced? CHE home study

courses are designed for
ambitious people at all entry
levels. People who mav have:
. No previous clectronics
knowledge, but do have an
mterest in it
2. Somie basic hnowledge or
evperience i electronics;
1. In-depth working experience o
prior training in electronics
You can start where vou it and fit
where vou start, then go on from there
to sour Iaploma, Associate Degree,
and career.,

Today is the day.
Send now.

Fitl in and return the postage-free
card attached. 1t some ambitious person
has semoved i, cut out and mail the
coupon, You'll get a IFREE school
catalog plus complete information on
mdependent home study, Tor vour
convenience, we'll try to have a ClE
representative contiact vou 1o answer
any questions vou may have,

Mail in the coupon below or, it vou
prefer, call toll-free 1-8(60-321-21 58
(in Ohio, 1-800-323-9109).

ARE-70

Cleveland Institute of Electronics, Inc.

:CI

l YES..Lwant to learn from the specialisis i electionics
ClE sehool caralog. . including details about the Associate Degree program
plus my EREE package of home study informanon

Print Name

MAIL TODAY!
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Chech box for Gl Bill bullerin on Educanonal Beactins:

1776 East 17th Street. Cleveland, Ohio 44114

Accredited Member National Home Study Council

ClE. Send me my ERIE

Address Apr.
Cin State /p
Age Area Code Phone No.

veteran Active Dury
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imum signal? The output of LM565
and 2N3565 are the two possible
overload points. What deviation
was the circuit designed for, and
what component changes are nec-
essary for the true maximum pos-
sible SCA signal levels? Also, do
you know where | could getallist of
stations with SCA digital data
transmissions?

I look forward to using the SCA
receiver.
PETER SKYE
Glendale, CA

We were not aware ot the change
in the FCC rule when we wrote the
article. Our object was to receive
SCA music and speech transmis-
sion. The 565 PLL will lock and fol-
low any signal up to +60% of the
design frequency depending on
external components. We refer
you to National Semiconductor’s
LM565 data sheets tor more de-
tails.

The circuit was designed to han-
dle the +10% deviation (7.5 kHz).
It does belter than that on the
bench, but we can not guarantee

fiaman
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that you, too, will receive better
performance.

If you tind that the lowpass filter
distorts the waveform, you can try
removing il. However, you may
find that that results in unaccep!a-
ble noise levels. In that event, try
experimenting with smaller levels
of filtering.—Rudolf Grat and
William Sheets

COMPUTER FLEA MARKET

There will be 80 sellers of hard-
ware, software, printers, disk
drives, supplies, books, and more
at the Computer & Hi-Tech Flea
Market on Saturday, November 21,
1987. It will be held at the Veterans
Memorial Building, 4117 Overland
Avenue, Culver City, CA from 10
AM 1o 5 PM. There will be ample
free parking, and the admission
charge is $2.00.

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

e
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call toll free
(800) 247-1241
HAMEG, Inc.

the new Dlgnal Storage Oscnlloscope
with 5 MHz sampling rate and 2 x 1024/ 8 bit storage
realtime bandwidth DC-20 MHz

HM 8148

the new intelligent Graphic Printer
firmware for time, date, interval, linear interpolation
zooming function

DSO Software
with 13 programs
incl. IEEE BUS card

$480.00

R-E ROBOT

| was disappointed to see that
Clifford King was not credited as
the co-author of the article on the
RCL Robo! Command language
(“R-E Robot,” August 1987). Mr.
King designed and wrote the RCL,
then wrote the article describing
it. | offered only general guidance
in terms of the purpose of the pro-
gram and the overall direction of
the article. Without Cliff King’s
consulting group’s—Micro-K Sys-
tems—offer of software support al
the inception of the robot project,
| doubt if | would have started the
project at all.

As you know, it's not the hard-
ware that is the bottleneck in the
design and utilization of robots. It
is the software. The RCL that
Micro-K developed took over 4
man-months of solid effortand the
results are outstanding.

Thank you for correcting the
oversight and printing this infor-
mation.

STEVEN E. SARNS
Vesta Technology Inc.
continued on page 25

$888.00

$788.00
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88-90 Harbor Road - Port Washington, N.Y. 11050

Phone (516) 883-3837 - Telex (023) 497.4606
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Nine Test Probe
with only one difference
between them and your
scope’s original equipment

Manufacturers Original Coline/TPI Manufacturers Original Coline/TPI
Scope Probe Price Equivalent Scope Probe Equivalent Price
TEKTRONIX PHILIPS
2:00 Series P6101A  $53 MI12X1 PM3267 PM8294 M12X1 $38
’ P6108A ¢ M12X] &
200 Series P6121 $100 MI12X10AP PM3256 PM8926 7 P100 $38
P6122 $58  P100 PM3264 PM8328 M12X10 $62
2¢00 Series P6131 $140 MI5X10HFAP — :
P6133 $115 MI2X10AP HITACHI
4(0 Series P6105A  $93  MI2X10AP V-1100A |
P6106A  $140 MI5X10HFAP V-670 ; ¢ $43 |
P6130 $130 MI12X10AP Vv-509
IWATSU
§¢.5321 $S0014  $92  MI2X10 HEWLETT PACKARD
$¢-5711 $S0012  $77  MIX10 1715A $68
L B B 17228 10017A MI5X10HF $79
| LEADER 1725A 10017A M15X10HF $79
LBO-315 LP-060X  $60  SP100 1740 Series A P $38
| LBO-518 LP-100Xx  $76  SP100 10021A IP20 $29

Take up the Coline TPI challenge and compare our prices with the probes you currently use. In many cases you
Zan replace both probes on your dual trace scope at the cost of one probe from th2 scope manufacturer.
Slus, bandwidth and overall performance of the TPI probe typically exceed that of the original equipment.

Satisfaction is guaranteed with a ten day return privilege. Coline TPl = Specialists in probes for over 15 years.

Available from your local distributor.

TOLL FREE INFORMATION LINE
1-800-368-5719, 1-800-643-8382 in Califomnia
1 _ TeI
LOINne iri

TEST PROBES INC.

; 9178 Brown Deer Road. San Diego CA. 92121 Phone: (6193535 9292
gy’ F CIRCLE 123 ON FREE INFORMATION CARD
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EQUIPMENT REPORTS

Mondo-Tronics Space
Wings Robotics Kit

New wing-flapping
technology

CIRCLE 25 ON FREE INFORMATION CARD

ROBOTICSISADIFICUNT HIOBBY 1O I
started in because it requires a
knowledge of so many disciplines
ranging from electronics to me-
chanics. Beginners to the hobby

for 3-WAY Help

1. TECHNICALLY CORRECT
Crystals to Your Specs

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

3. LOW PRICES

QUARTZ CRYSTALS FOR
Two-Way — Industry — Marine
Amateurs — CB — Microprocessor
Scanners

For Free Catalog
Gall or Write

JAN CRYSTALS
PO. Box 06017
Ft. Myers, FL 33906

(813) 936-2397
Since

963 ==

CALL 1-800-237-3063

JAN

CRYSTALS

—
VISA
o= |

, \ FREE (Except Florida)

CIRCLE 104 ON FREE INFORMATION CARD

( Rely on JAN )

arce often discouraged because
building even a simple moving
robot can be a complex project
We recently found, however, what
might be the world’s simplest

EARN YOUR

B.S.E.E.
DEGREE

THROUGH HOME STUDY

Our New and Highly Effective Advanced-Place
ment Program for experienced Electronic Tech
micians 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 quabhied Electromic Technicians
Through this Special Program you can pult all of
the loose ends of your electronics background

together and earn your B S E E Degree Up
grade your status and pay to the Engineenng
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! Wnte for free Descrptive Lit
erature

COOK’S INSTITUTE

OF ELECTRONICS ENGINEERING
347 RAYMOND ROAD

@ XE r.0.BOX20345

JACKSON, MISSISSIPPI 39209

CIRCLE 199 ON FREE INFORMATION CARD

robot project—Space Wings from
Mondo-Tronics (20090 Rodrigues
Avenue #1, Cupertino, CA 95014).

Calling Space Wings a robotics
project might be stretching the
truth a little bit. Usually we would
consider a pair of wings that flap a
dozen times or so per minute
more of a novelty item than a
robot. But this kit is worth men-
tioning because of its use of
BioMetal wire.

Shape-memory alloys

BioMetal wire is an alloy of ti-
tanium and nickel that contracts
when an electrical current passes
through it. In some wavs, itis very
much like a human muscle. We
have seen demonstrations of
robotic arms using BioAtetal wire,

\%”me none
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whose movements seem eerily
human-like. The nickel-titanium
alloy of which BioMetal is made is
known as a shape-memory alloy.
Such alloys undergo a reversible
change in their crystal structure at
certain temperatures.

BioMetal is difierent from other,
similar alloys in that it has a more
uniform crystal structure. That
helps to make its behavior more
consistent and predictable and
makes its usable lifetime much
longer. More important, the uni-
form structure makes electrical
heating of the wire practical be-
cause “hot spots” don’t develop.
For more information on BioMetal,
contact its manufacturer, Toki
America Technologies, Inc. (18662
MacArthur Boulevard, Suite 200,
Irvine, CA 92715).

Building the kit

Space Wings uses BioMetal wire
to move a pair of Mylar wings. A
555-timer circuit controls the cur-
rent through the wire. Each time
current flows, the wire contracts
and pulls down the “V” where the
wings meet. The kit is very casy to
build. After all, the entire circuit
consists of the 555 timer IC, two
resistors, a capacitor, a transistor,
some hardware, and, of course,
the BioMcetal wire. The simplicity,
however is a disadvantage in this
case. The instructions recommend
the use of a 3-volt, 200-mA trans-
former that is available at Radio
Shack, and notes that “higher cur-
rent outputs can adversely affect
the performance” of the kit “and
reduce its operating lifetime.” We
think it would have made sense to
include current limiting on the
board.

In conclusion, Space Wings
makes an interesting conversation
picce. Italso gives you a chance to
play with shape-memory alloy
wire. Since education is its only
real practical use, we feel the com-
pany should have done a better
job atit. All that is included on the
propertics of the wire—the most
exciting part of the kit—is a list of
specitications that are not ex-
plained. Also, although the building
instructions are clear and concise,
there is no circuit explanation.
That's inexcusable. Despite those
complaints, we still liked Space
Wings, and its $19.95 price.  R-E

Call 1-800-843-3338 today
to start thoroughly analyzing
and pinpointing any trouble in any
TV-RF distribution system,

automatically to FCC specifications. ..

TYCHeFNF MO DV PR QOFFRET - Wby

TV O o FM FREQ.
wmacT

with the All New IERE/=458 )

FS74 CHANNELIZER SR.™ TV-RF Signal Analyzer
Patents Pending  $3495

Does your success in servicing RF distritution systems depend on locating
problems quickly and accurately? If so, here's why your all new Sencore FS74
CHANNELIZER SR. will mean success for you . ..

Quickly tune in all TV/FM channels from 5 MHz to 830 MHz. Exclusive all
channel, microprocessor-controlled digital 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 measurements like never before possible.

Automatic hassle-free S/N ratio, A/V ratio. and hum level tests. Exclusive on-
channel signal-to-noise ratio test eliminates time-consuming signal
comparison and chart reading. Exclusive audio-to-video ratio test measures
directly in dB for easy comparison to specifications.

Exclusive checks for ghosts, co-channel interference, line reflections, and other
signal quality checks. Portable 4 MHz wideband battery-operated monitor lets
you finally check the quality of your cable or MATV system and stop
annoying callbacks.

Built-in autoranging AC/DC volt/chmmeter makes troubleshooting a snap.
Exclusive all-weather design holds tighter than FCC specifications from —4°F
to +104°F. Truly portable, field-tested tough 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 today for a free Product Guide or an
industry exclusive “Try before you buy'' 15 Day Self Demo.

“CHANNELIZER SR."" is a trademark of Sencore, Inc.

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

SENCORE

] Means Success In Electronic Servicing
3200 Sencore Drive, Sioux Falls, South Dakota 57107
Call Collect 635-339-0100 In SD & AK
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Some are tamous
for missing parts,
others for
replacing them.

Over the past few
vears we've made quite
a name for oursclves
in the clectronies
industry. Technicians
worldwide know that
the NTE diamond
stands for the highest
quality in replacement
components.

line that includes flameproof resistors, capacitors
and statie control products.

With this kind of reputation for quality and ser-
vice. it's no wonder NTE has become the fastest
growing supplicr of replacement components in
the clectronics industry!

See for yourself why NTE is fmous for replacement
parts. Our Technical Guide and Cross Reference
lists more than 3,400 NTE devices cross-referenced
to over 228,000 industry part numbers,

To distributors, we're known for responsive To obtain yvour copy see your local NTE distributor.
service, customer satistaction and a broad product For their name and location just call us Toll Free.

ONE SOURCE. ONE CALL.

NTE ELECTRONICS, INC.

44 Farrand Street, Bloomtficld, New Jersey 07003
Toll Free 1-800-631-1250 (Except N.J.) @ 1-800-624-2624 (N.J. Only)
CIRCLE 71 ON FREE INFORMATION CARD



LETTERS

continued from page 20

CAR RADIOS

| finished building the converter
described in “New Lite for Old Car
Radios” (Radio-Electronics, June
1987), but found it lacking.
However, | noted great improve-
ment after | tied the bottom of 1.2/
C1 to ground and eliminated C3.
There's no cost in giving that a try,
especially if you are using a varia-
ble capacitor (C1) that has the rotor
connected to the chassis after
mounting.

Thanks for a great magazine and
projects such as that one. They're
greatly appreciated.

I. GRISWOLD
Douglas, AZ

FLIP-FLOPS

I enjoyed your article, “Working
with Flip-Flops,” in the June 1987
issue of Radio-Electronics. | am a
graduate of a technical school
(digital and microprocessor tech-
nician), and have accumulated a
good selection of books on digital
electronics. | found that article to
be the most comprehensive treat-
ment of the topic that | have seen,
and very enlightening. I'm sure
there are many other Radio-Elec-
tronics readers who have had very
intensive courses in electronics,
or who are making the transition
from analog to digital, who tind
areas in their understanding of the
basics a bit sketchy.

May | offer a suggestion? |
would like to see Ray Marston do
an article, oraseries of articles, on
switching techniques used in digi-
tal circuits. He might start with the
use of pull-up and pull-down re-
sistors and continue with tran-
sistor push-pull configurations
and three-state devices to explain
how highs, lows, and pulses may
be applied in digital circuitry. It
could be accompanied by sche-
matics of typical circuitry currently
used, for example, in micro-
processor applications.

Thank you for the tine articles |
receive each month; Radio-Elec-
tronics continues to be the biggest
bargain in my bookcase.

ED JOHNS
West lopsham, 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 sohid
ECL balanced noise cancelling sync amrplifiers, simplified controls, and
bright blue dual trace CRT help you measure <ignals to 100 MHz easier
than ever.

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

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

Confidently analyze complex waveforms fast and easily. Exclusive
Delta measurements let you intensify any waveform portion. Analyze
glitches, interference signals, rise or fall times or voltage equivalents he-
tween levels: direct in frequency or micrpseconds

Speed your digital logic circuit testing. Analyzing troublesome divide
and multiply stages is quicker and error free - no time-consuming
graticule counting or ca'culations. Simply connect one test lead to any test
point, push a button, for test of your chaice. for ERROR FREE results.

To see what the SC61 can do for vour trounleshooting personal productivity
and analyzing confidence. CALL TODAY, WATS FREE, 1-800-843-3338,
for a FREE 15 day Self Demo.

Call Today Wats Free 1-800-843-3338

SENCORE

3200 Sencore Drive

Sioux Falls, SD 57107 innovatively designed
605-339-0100 In SD Only with your time in mind.
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CB RADIO
CLOSEOUT

NEW
PRODUCTS

FUZZBUSTER

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.

e Automatic Noise Limiting Reduces
Annoying Static That Often Comes witha
Received Signal.

® Channel Up/Down Buttons with Con-
venient LED Readout

® Separate Channel 9 Emergency Switch.

o jlluminated 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: 23%"H x 7%4"W x 7%"D.

Limited Factory Warranty:
1-Year Parts; 90-Days Labor.

Mfr. List Price .. ... s149-95

Liquidation $ , 9
PricedAt .. .......

item H-2822-7215-825 S/H: $5.00 ea.

Credit card customers can order by
phone. 24 hours a day. 7 days a week

Toll-Free: 1-800-328-0609

Sales outside the 48 contiguous states are subject to
special conditions. Please call or write to inquire

¥ seno TO: ltem H-2822

CIRCLE 10 ON FREE INFORMATION CARD

ELECTRONIC STILL CAMERA. The auto-exposure system with lock
model VS-101, is capable of record-  function. It can operate at a high
ing images and playing them back  speed, up to five frames per sec-
onastandard TVset. Itrequiresno  ond. Up to 50 frames for record-
chemical processing for develop- ing/playback are possible on a
ment and printing, but records to  single floppy disk; a built-in erase
and plays back from special mag-  function permits multiple reuse of
netic disks (video floppies) for  the disk.
viewing of photographs imme- The model VS5-101 has a sug-
diately after they are taken. gested retail price of under
The camera weighs only 2.1 $1000.00.—Casio, Inc., 15 Gardner
pounds, and has a high-resolution Road, Fairfield, NJ 07006.

RADIO-ELECTRONICS

[
(=]

I EE0 pirect Marketing Corp.

] 1405 Xenium Lane N/Minneapolis, MN 55441-4494 |

Send  Fuzzbuster* CB Radiofs) fem H-2822-7215-825 ||
at $79 each, plus $5 each for ship, handling (Minnesota

| residents add 6% sales tax Sorry, no COD orders)

|
I ZhEE?:iE 0 ?" Ol O g D%
| Acct No i} Exp Z

| PLEASE PRINT CLEARLY

|Name I

| Address —— Apt o

City —
State —— 2P

l Phone

SgnHere — s

L------------‘

ACCELERATOR BOARD, the PC-
BANDIT, is designed for the IBM
PC, PC-XT, and PC compatibles. It

CIRCLE 11 ON FREE INFORMATION CARD

requires no expansion slot; the
PC-BANDIT uses the computer’s
current 8284 clock IC position, and
provides additional clocks with its
own clock IC. The user then con-
nects two leads from the PC-BAN-
DITboard: one to the DMA chip to
retain proper DMA function, and
the other lead to the motherboard
to provide speed selection.
Instead of an externally-mount-
ed switch box, the board uses soft-
ware to toggle between speeds,
and is compatible with certain



BIOS hot-key sequences. That
makes it easy to choose between
the accelerated rate or the stan-
dard 4.77-MHz speed of the 8088
CPU. No other utilities are neces-
sary for the board to function
properly.

Depending on the application,
PC-BANDIT boosts the PC's pro-
cessing speed as much as 60 per-
cent. It is priced at $69.95.—Prism
Electronics, Inc., 14682 NE 95th
Street, Redmond, WA 98052.

EQUIPMENT BELT, the Transporter
2000, is designed for comfort by
allowing its load to be evenly dis-
tributed around the entire *waist ot

CIRCLE 12 ON FREE INFORMATION CARD

the body, and transfers that weight
to the bone structure.

in addition to the comfort of the
convoluted foam interior and the
anti-slip moulding, the belt uses
clip buckles that accommodate
practically any kind of tool bag or
other equipment-holding appara-
tus

The Transporter 2000 is priced at
$49.95.— Transport Technics, 8909
Complex Drive, #F, San Diego, CA
92123.

TINNER/CLEANER, the TTCJ, is a
device for cleaning and re-tinning
soldering iron tips. The tinner/

CIRCLE 13 ON FREE INFORMATION CARD

cleaner is a small block of elec-
tronics-grade solder powder and
chemicals compacted into the

!

|

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

with the exclusive, patented
VAG62 Universal Video Analyzer™ ... $3,495

Would you like to . ..

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

Cut costly callbacks and increase customer referrals by completely performance
testing TVs 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 remcving chassis, plus set traps dynamically
and easily right on the CRT.

Reduce costly inventory from stocking yokes, flybacks, and other coils and
transformers for substitution only, with tae patented Ringing Test? Run
dynamic proof positive tes. on any voke, flyback. and integrated high voltage
transformer.

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
luminance circuit to isolate problems in minutes. Have proof positive tests of the
video record/play heads before you replace the entire mechanism.

Have one piece of test equipment that doesn’t need replacing every time
technology changes? Be able to service Stereo TVs & VCRs profitably, and get in
on the ground floor of this growing market with exclusive phase-locked
accessories.

Find out how the VA62 Universal Video aralyzer will make servicing easier
and more profitable in your shop? Call WATS Free 1-800-843-3338 and ask
your area Sales Engineer ‘or a **Try before you buy™ 10 Day Self Demo or a
full color brochure and join the many servizers already on the road to more
profitable servicing with the VA62.

Universal Video Analyzer is a trademark ot Sencore, Inc

WATS Free 1-300-843-3338 In Canada WATS Free 1-800-851-8866

SENCORE

Means Success In Electronic Servicing
3200 Sencore Drive. Sioux Falls. South Dakota 57107
Call Collect 605-339-0100 In SC & AK

CIRCLE 188 ON FREE 'NFORMATION CARD

2861 4380100

N
~



RADIO-ELECTRONICS

N

CTC140 Color TV Chassis

Technical Training Manual

You are only one manual away
from knowing how the new __|
technology in RCA’s CTC 140
color TV chassis operates | @nen

and how to service it! [~

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.

ORDER FORM

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/Indianapolis, IN 46206

(J 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 $1995 = total

NAME

STREET ADDRESS

CITY -— STATE ZIP

RE1087




shape of a thick disc. Itis packaged
in a metal container complete with
lid and self-adhesive pad on the
underside, so that it can easily be
attached to any convenient sur-
face.

A single wipe of the iron tip
across the TTC1block immediately
cleans, wets, and tins the tip. It will
remove even tin/iron intermetallic
layers that form on iron plated tips
and resists rosin-based fluxes. The
chemicals it contains are non-cor-
rosive and have a low evaporation
point, so that nothing except sol-
der remains on the tip after tin-
ning.

TTC1 blocks are supplied in car-
tons of ten; the price is $3.95
each.—Multicore Solders, Can-
tiague Rock Road, Westbury, NY
11590.

TELEPHONE ACCESSORY, the
TWISSTOP, is a modular tele-
phone-cord rotary connector. It al-

£
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lows the telephone handset to
rotate freely without twising the
cord. Installation is simple.
TWISSTOP clips quickly and easily
into the standard modular tele-
phone-handset jack.

TWISSTOP is available in a vari-
ety of colors, including almond,
white, black, and clear, and can be
imprinted with alogo or message;
itis priced at $5.95.—Telcor, Inc., 88
Hillside Road, Chester, NJ 07930.

PRINTER BUFFER BOXES.The
model BX-64, the model BX-128,
and the model BX-256, are capable
of storing up to 256K bytes of data
for printing.

The model BX-64 buffers up to
64K of data; the model BX-128 buff-
ers up to 128K of data, and the
model BX-256 buffers to 256K of
data. All three boxes are micro-
processor-controlled printer-buff-
ers/interface-converters, which

Discover How The World’s Only
100% Automatic, Dynamic, & Portable
LC Analyzer Gives You Total Confidence
In Your Cap/Coil Testing . ..

Call 1-800-843-3338 Today!
o

MODELLCT?

LC77 AUTO-Z™
Automatic Capacitor and Inductor Analyzer

IEEE — 488

$1,895

The first cap/coil analyzer guaranteed to reliably test anywhere, without
calculations, look-up tables, or error — 10C% automatically so you're confident
of your accuracy.

Double Patented

Do you want to eliminate doubt from your cap/coil testing? The L.C77 AUTO-Z
tests all key parameters with results anvone 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 [.C analyzer on the market.

Are you frustrated trying to test the new high-tech capsicoils used in modern
electronics? Only the 1.LC77 AUTO-Z allows vou 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 m:ss. 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 LLC meter? The 1.C77
is 100% battery portable for use in the field or factory. The full power and
potential of the LC77 AUTO-Z is packed into a light-weight, portable package.
The AUTO-Z puts the complicated electronics on the inside for ease of
operation on the outside.

Do you want maximum efficiency with a bus compatible LC testing system?
Your LLC77 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
WATS Free 1-800-843-3338 today and tell vour Area Sales Engineer you want
to'try before you buy '’ with Sencore’s exclusive 10 Day Self Demo.

AUTQ-Z is a trademark of Sencore, Inc

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

SENCORE

Means Success In Electronic Servicing
3200 Sencore Drive, Sioux Falls. South Dakota 57107
Call Collect 605-339-0100 ir SD & AK
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accept data at very high rates from
a host of computers and simulta-

CIRCLE 15 ON FREE INFORMATION CRD

neously feed that data to your
printer at the printer’s slower data-
acceptance rate. The host comput-
er is then free to process other
data during printing, because the
data transfer to the buffer box is
accomplished very rapidly.

The suggested retail price for
the model BX-64 is $169.95:; the
model BX-128 costs $209.95, and
the model BX-256 sells for
$259.95.—Chenesko Products, inc.,
21 Maple Street, Centereach, NY
1720.

RADIO-ELECTRONICS

Your Career in ELECTRONICS or COMPUTERS

Put Professional Knowledge and a

COLLEGE DEGREE

in your Technical Career through

1
No commuting to class. Study at your
own pace, while you continue on
your present job. Learn from easy-to-
understand lessons, with help from
your instructors when you need it.

Grantham offers two B.S. degree pro-
grams one with major emphasis in
ELLECTRONICS and the other with
major emphasis in COMPUTERS.
Either program can be completed by
correspondence (also known as “dis-
tance education”), NHSC accredited.
I'he sooner you get started. the sooner
vou can be ready to benefit from greater
knowledge and vour B.S. degree.

Our free catalog gives full details of
both degree programs. For vour copy
of the free catalog write to the address
shown below. or phone (213) 493-4422
(no collect calls); ask for Catalog 10-87.

Grantham College of Engineering is
a specialized institution catering to
mature individuals who are employed
in electronics and allied fields such as
computers. These fields are so enor-
mous that advancement opportunity
is always present. Promotions and
natural turn-over make desirable posi-
tions available to those who are pre-
pared to move up!

Advancement in your career is made
easier and more certain by (1) superior
knowledge and (2) documentation of
that knowledge both of which are
obtainable through Grantham distance
education. fully accredited by NHSC.

Grantham’s home study (distance ed-
ucation) programs leading to the

B. S. DEGREE

may fill an important need for you.
These are comprehensive correspond-
ence programs in which vou first review
some things vou already know, in
preparation tor the studies that come
later. Some previous knowledge in
clectronics is presumed, but is thor-
oughly reviewed 1n depth, so as to give
yvou a thorough foundation for the
level of studies vou have not previously
undertaken. Even though some stu-
dents hold associate degrees before en-
rolling. an A. S. Degree /s awarded
along the way toward the B. S. Degree.

For full information, write for Catalog 10-87.

Grantham College of Engineering
10570 Humbolt Street
P. O. Box 539
Los Alamitos, California 90720

w
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REPEATER CONTROL BOARD, the
model SRC-10, is a smart, low-cost,
low-power, self-contained micro-
processor-based repeater control-
ler. All repeater functions have
been incorporated onto a 4" x 6"
G-10 glass-epoxy PC board.

The model SRC-10 controller
provides up to 7 buffered auxiliary
function-control outputs, which
are selected remotely via a three-
digit DTMF command. The con-
troller responds with a function-
complete tone after each valid
DTMF command

In addition to the function-com-
plete tones, there are auxiliary-
function tone responses to indi-
cate an onN or ot condition.
Courtesy-tone responses are also
available to indicate repeater or
link COS activity. There is a lock
command: When it is selected,
the controller ignores all DTMF
commands until the unlock com-
mand is received. That is effective
against jammers.

With the optional model PI-10/S
synthesizer board, the frequency
and offsets of the link radio can be
programmed remotely. After the
frequency and offset is sent in se-
rial format from the controller, it is
converted into parallel outputs to
interface with the link radio’s fre-
quency synthesizer. A read-back
command can be used to verify
the link frequency.

The model SRC-10 with manual
is priced at $149.00. The optional
model PI-10/5 synthesizer board
costs $39.00.—Creative Control

| Products, 31285 Bunting Avenue,

Grand Junction, CO 81504.



COMMUNICATIONS

CORNER

Light makes the perfect wire.

YEARS AGO, BECAUSE ONLY A HANDFUI
of circuits were needed to design
almost all communications equip-
ment, there was a logical pro-
gression to electronics tech-
nology, and it was possible to
make an accurate guess as to what
would come next. Today, the field
of electronics is so fragmented
that, more often than not, a man-
ufacturer has no idea what’s being
developed by acompetitor around

CONVERTER
mopeL DRX3-105/400

%69°

- 58 channels

« Remote channel changing
+ Remote on/off switch

- Remote fine tuning

JERROLD CORDED
CABLE TV CONVERTER
MODEL JRX3-105

$29.95/..

$39.95/
$49.95/

=

l

- Mute control
~ Automatic fine tuning

the block. More important, the
competition might be leaptrog-
ging what is otherwise accepted as
the leading edge of technology,
and suddenly an entire tech-
nology becomes obsolete. It’s as if
someone had already perfected a
20-meter SSB (Single SideBand)
transceiver and the beam antenna
while Marconi was still waiting to
hear the spark signal from his
transmitter located in England.

MODEL STARCOM-460 § -
99 ANY QUANTITY

« Instant channel recall
+ Programmable to go on at
a particular channel and off
automatically
- Compatible with descramb er
————

' JERROLD CORDLESS CABLE TV

[ “THE RABBIT”

[VIDEO MULTIPLYING SYSTEM
TR 7000 Y. /

.\
851 9 " 'I $69.96/1-5

I.—.___
}._—

IT'S LIKE HAVING A
VCR IN EVERY ROOM

@ MASTER CARD B VISA

CIRCLE 110 ON FREE INFORMATION CARD

$59.95/6-11

i : *ADD $5.00 FOR vns_AgnﬂAs_TER CARD
'[JERROLD CORDLESS CABEI I
TV CONVERTER %

MopEL DRZ/450

+ 66 channels
+ Automatic fine tume
« A/B switch option

$69.95/..

$79.95 ea

>
:

HERB FRIEDMAN,
COMMUNICATIONS EDITOR

Just such a leapfrogging situa-
tion is happening today to the de-
velopment of a national consumer
communications network. Re-
cently, there has been much ado
about such a network in which the
same wires used for the telephone
would also provide digital access
1o a wide variety of services, such
as on-line information and
database, cable and pay-per-view
TV, hi-ii stereo music, school-at-

W I I N N
JERROLD CORDLESS CABLE

607(65 TV CONVERTERS

FLECTRONICS

770 Amsterdam ave., New York, NY 10025

SHIPPING CHARGES

For Orgers Add
$25-100 $6 50
$100-500 58 50
$500-750 $10 50
$750 and up $2000

/861 4390100
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KENWOOD

...pacesetter in Amateur radio

Hear itAll!

P
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LS8 | uss | CW _AM M

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
reduction circuits, and has been
designed with the highest perform-
ance standards in mind. Listen

to foreign 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!

e 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
spacing.)

* 100 memory channels. Store mode,

frequency, antenna selection

¢ Voice synthesizer option.

e Computer control option.

¢ Extremely stable, dual digital
VFOs. Accurate to +10 ppm over a
wide temperature range

* Kenwood’s superb interference
reduction. Optional filters further
enhance selectivity. Dual noise
blankers buiit-in

¢ Direct keyboard frequency entry.

R 2000 30 MHz in 30 banc

' T ges e L S

e 10 m

. S( g ® Duce g
lock vith timer ® 3 built-in IF er

] L] )
attenuator, AGC switch, S meter ® 100/12
2 240 peration ® Record. phone jach
® Muti rminals ® VC-10 optional VHF
conver 18-174 Mi

D 0 w 1
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¢ 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 converter 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 fiiter  YK-88C 500 Hz CW
filter ® YK-88CN 270 Hz narrow filter

* DCK-2 DC power cable ® HS-5, HS-6
HS-7 headphones ® MB-430 mobile bracket
e SP-430 external speaker ¢ VS-1 voice
synthesizer ¢ IF-232C/IC-10 computer
interface

More information on the R-5000 and
R-2000 is available from Authorized
Kenwood Dealers

KENWOOD

KENWOOD U.S.A. CORPORATION

2201E. Dominguez St., Long Beach, CA 90810
P.O.Box 22745, Long Beach, CA 90801-5745
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home, picturephone, dial-up
computer-to-computer communi-
cations, and just about anything
else that’s imaginable.

A multi-mode world of home-
and-office communications is pos-
sible because we can now casily
digitize any kind of signal—voice,
music, TV, the printed word—and
anything that’s digitized can be
sent down aline and restored to its
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 talking in
terms of metallic-wire lines—exist-
ing telephone and cable-TV wir-
ing. In my view, putting digitized
signals on a metallic-wired system
is like putting spoilers on an un-
derpowered sports 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 “wiring,” 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 switching center.

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

megabits per second. You're not
going to do that with conventional
wires, and that's the cheap system.
Even higher speeds, to | gigabit
sec, are possible by using laser
transmitters.

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 loss—the bits
needed to encode the individual
digital signals—ten ditferent 20-
megabit signals could be sent
through a 200-megabit system,
and even 20 megabits is unusually
fast for consumer applications.

How it's done

Figure 1shows a simplified fiber-
optic communications system. On
the left we have a sending (trans-
mit) MUX; MUX is shorthand for
several terms having to do with
multiplexing, such as multiplex
and muitiplexer. On the right we
have a receiving MUX, which sepa-
rates the signals and also restores
the bits and pieces of a MUXed
signal to the form it was nwhen it
was input to the sending MUX—its
original digital form.

The sending MUX looks at the
incoming lines in order and strips
off a single data block, or whatever
data or bit group that it’s designed
for. The MUX affixes a header (dig-
ital code) representing a specific
data source to the front ot the
block. (Line 1 has its own header,
Line 2 its own, etc.) The transmit

continued on page 103

Test RS232C
In A Zip.

Test RS232C data

interfaces—like
computers o
printers, computers
w modems. and computers
) computers—fast and
asv in the palm of vour
hand with Beckman Industrial's
low-cost. easv-to-use line of testers. Each

1s self-contained in a Toughpak case
including five models in a durable zippered
pouch. and a 10-year warranty on every
inodel. Prices start as low as §49.95
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See vour nearest Beckman Industrial
distributor today, or send for free
brochure. We'll send it to vou in a zip
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Train for the Fastest Growing Job Skill in America

Only NRI teaches you to
service all computers as you
build your own fully IBM
compatible microcomputer

With computers firmly estab-
lished in offices—and more and
more new applications being
developed for every facet of
business—the demand for
trained computer service tech-
nicians surges forward. The
Department of Labor estimates
that computer service jobs will
actually double in the next ten
vears—a faster growth rate than
for any other occupation.

Total systems training
No computer stands alone. ..
it's part of atotal system. And
if you want to learn to service
and repair computers, you have
to understand computer

Learn Computer Servicing Skills with NRI’s “Hands-On” Training. . .

systems. Only NRI includes a
powerful computer system as
part of your training, centered
around the new, fully IBM PC
compatible Sanyo 880 Series
computer.

As part of your training,
you'll build this highly-rated,
16-bit IBM compatible com-
puter system. You'll assemble
Sanyo's “intelligent " keyboard,
install the power 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 of 8
MHz. It's confidence-building,

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

No experience necessary—
NRI builds it in

Even if you've never had any
previous training in electronics,
you can succeed with NR1
training. You'll start with the
basics, then rapidly build on
them to master 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,

Using NRI's unique Action Audio Cassette, you are talked
through the operation and practical application of your
hand-held digital multimeter—the basic, indispensable
tool for the computer specialist.

You'll set up and perform electronics experiments and

demonstrations using your NRI Discovery Lab. You'll even
intertace the lab with your computer to ““see” keyboard-

generated data.

After you build this digital logic probe, you'll explore the
operation of the Sanyo detached “intelligent™ keyboard
and its dedicated microprocessor.




Your NRI total systems training
inctudes all of this: NRI Discovery
Lab to design and modify circuits ¢
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 “inteltigent™ keyboard &t/
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 as part of your training.
You even get some of the most
popular software, including
WordStar, CalcStar, GW Basic
and MS DOS.

Send for 100)-page free
catalog

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

full-color catalog, with all the
facts about at-home computer

training. Read detailed descrip-
tions of each lesson, each exper-

iment you perform. See each
piece of hands-on equipment
you'll work with and keep.
And check out NRI training in
other high-tech fields such as
Robotics, Data Communi-
cations, TV/Audio/Video
Servicing, and more.

If the card has been
used, write to NRI Schools,
3939 Wisconsin Ave., NW,,
Washington, D.C. 20016.

”R’SCHOOLS

McGraw-Hill Continuing Education Center
3939 Wisconsin Avenue, NW &
Washington, DC 20016 :5"1":

We'll Give You Tomorrow.

as You Build Your Own Sanyo 880 Computer System.

The power supply is assembled in the main unit of the com-
puter. You check out keyboard connecttons and circuits with
the digitat multimeter included for training and fleld use

Next, you instaltthe disk drive. You leam disk drive operation
and adjustment make a copy of MS-DOS operating disk and
begin your expic ration of the 8088 CPU.

Usingehe monitor, you focus on machine language program-
ming, anindispensable troubleshooting tool for the techni-
cian. You continue by leaming BASIC tanguage programming

w
~
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- 6"CRT with Internal Graticule  « Delayed Sweep 3% Accuracy

« Dual Channel X-Y Display « Single Sweep  Bandwidth Limiter
 Sweep Time Autoranging « Trigger Lock + 400V High Input
« CRT Readout Voltage Protection
« TV Sync Trigger Circuit
DC to 100MHz
DC to 100MHz Save
With Readout
th Cursor Readou ; DC to 60MHz
With Cursor readout.
Save Save
DCto 60MHz
Save
Save DCto 20MHz, Dual Channels,
Delayed Sweep
PR =) * CRT: 6" rectangular with 2k V Potential
i’_.""’ » Vertical Deflection: Ver. Modes: CH1, DS-34

m"".
«I.&.l-»l

CH2, ALT, CHOP, ADD (DIFF). Bandwidth:

DC to 20MHz(-3dB). Sensitivity: SmV/div
to SV/div. Max Sensitivity: 1mV/div at X5

Mag. Extends.
« X-Y Operation (CH1:X, CH2:Y). 3° or
i lass from DC to 50kHz
¥ . Waeight: 7kg (15.5b)

DC to 20MHz, Dual Channels

+ CRT: 6"rectangular with 1.5k V Potential

« Vertical Deflection: Ver. Modes: CH1, CH2, [
ALT, CHOP, ADD (DIFF) Bandwidth: DC to
20MHz(-3dB). Sensitivity: SmV/div to 5V/div.

Max Sensitivity: 1mV/div at X5 Mag. Extends.

» X-Y Operation (CH1:X, CH2:Y): 3%or less ]
from DC to 100kHz i

» Weight: 5kg (111b)

Save
rf’& ‘1 u.;

i ees By
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DC to 20MHz, Dual Channels

+ CRT: 6" rectangular with 2k V

« Vertical Deflection: Ver. Modes: CH1,
CH2, ALT, CHOP, ADD (DIFF). Band-
width: DC to 20MHz(-3dB). Sensitivity:
5mV/divto 5V/div. Max Sensitivity:
1mV/div at X5 Mag. Extends.

« X-Y Operation (CH1:X, CH2:Y): 3° or

Save

scope.

poinVdiv. Sweep Time: 0.1mvdiv to 1s/div.Data output: Analog.

1MHz Sampling,
Dual Channels

* Usable as both a conventional oscilloscope and a digital storage
= 2kV Potential 6 CRT -DC to 20MHz(-3dB). Sensitivity:
SmV/div to 5Vidiv. GPIB, IEEE 488Resolution: 8 bit. Max. Storage
Freq:100k Hz(-3dB). Memory Capacity: 1k words/ch. Hor. Ree.:100

CAMERA

B

Save

« Instant Hard Copy From Oscilloscopes

«5",6"and 7” Hoods (Available separately
@ $51 ea. Please Specily size)

» Pistol Grip For Ease of Operation

« Works on Any Make of Oscilloscope

« Three Full Year Warranty

DC to 100MHz, Quad
Channels, Delayed Sweep

DC to 60MHz, Triple Channels,
Detayed Sweep

% DC to 40MHz, Dual Channels,
Single Time Base Delayed Sweep

DC to 100MHz, Quad
Channels, Delayed Sweep

DC to 60MHz, Triple Channels,
Delayed Sweep
DC to 40MHz, Dual Channels

DC to 50MHz, Dual Channels,

less from DC to 50kHz - ALLEN SQUARE Delayed S
+ Weight: 6kg (13.3 Ib) smm 300 Block North yed sweep
Rampan Street DC to 5MHz, Dual Channels
- Same as above, New Orleans
but with CH1 output Louisiana 70112

and DC offset voltage monitor outiet DC to 10MHz, Dual Channels

available for external counter or DVM.
DC to 40MHz, Dual Channels
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LASER
LISTENER

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

RICHARD L. PEARSON

(EAKING AND ENTERING TO PLA
tening device is one to "bug™ i room
Unfortunately. it can earn someone a long
jJail term too. A better and safer way to bug
1 700 is to use a laser beam to eavesdrop

vind 1 ACTOSS the street

The sound waves gencrated by nearby
conversation will cause the glass ina win
dow to vibrate very slightly. If a laser
be 1s bounced ot the window. its re
flection will be modulated by the vibra
tens. All that's needed to hear what is
being said is a demodulating device that
extracts the audio from the reflected laser
beam. That technique 1s used by sophisti
cated “surveillance experts,” but you can
casily duplicate that feat by using a hob
byist’s laser and the inexpensive Laser
Listener demodulator shown in Fig. 1. If
you need something a little more sophisti
cated. it can be made part of the ritle
scope aimed laser-bug system that is

Early light-wave communications

X inication using a modulat
beam of light isn't a new idea. In the
1880°s. Alexander Graham Bell experi

nented with se thir

-4
1

phone: Ju t
sunlight. It had viece tha

irated so y 1 ine di

4 N =
iphragm. which. in wrn. modulated
beam of sunlight that was aimed at the

diaphraem Ccel Vi

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. Guidelines have es-
tablished the classification of lasers. A
biief description of the classification is as
fcllows

Class I: Low-power beam. Not known
ta produce any biological injuries to the

eve or skin,

Class |l: Reserved for visible-light
lasers only. They are limited to less than 1
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 |ll: 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 skin to the beam
is hazardous. The beam is considered to
be a fire hazard
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FIG. 1—THE LASER RECEIVER has extremely high gain, so be sure to keep the wiring of Q1 and IC1
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. Afier all, terrestrial lasers aren’t in-
fiuenced in any way by sunlight or clouds
And perhaps more important, unlike
acoustic sound-detection devices, lasers
aren’t usually subject (o 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: Forexample, AC-powered incan
descent lights can produce a huni; 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-

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 trom 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 eve damage if
someone in the target area un-
knowingly stares into the beam, or if

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 precision aiming on the target.

the laser is operated carelessly by the
user.

Laser basics

Although the details underlying the
generation of laser light are beyond the
scope of this text, an undersianding 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 micromeler 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 wuliravioler.

The light emitted by a conventional in-
candescent or fluorescent source contains
a wide range of frequencies, and the pho-
tons are emitied randomly and spon-
taneously in all directions. 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
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FIG. 3—SINCE LASER LIGHT IS COHERENT, re-
flections can both cancel and reinforce the di-
rect beam.

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 1n 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 cavesdropping 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 sound target’s reflections
caused by tremors in the mountings of the

TARGET REFLECTOR

BEAM
‘ﬁumn
SOURCE —-——/“—1_.._
1 REFERENCE
REFLECTOR
'

RECEIVER

FIG. 4—AN INTERFEROMETER DIVERTS part 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.

interferometer. the laser, and the reflective
target. For super-snooping, a direct retlec-
tion from the target is preferred because
the collimated nature (parallelism) of
laser light also allows modulation of the
beam to oceur just as Bell's photo-phone
modulated the sunlight.

The prototype’s laser

Regardiess how we choose to caves-
drop, we must start out with a laser. so
we 'l cover the prototype laser-bug’s laser
unit tirst. It's a Heathkit model ETS-4200
Laser Trainer. a Helium Neon (HeNe)
unit having an output power of (.9 milli-
watts. It has a beam divergence of 1.64
milliradians, which produces a spot of
light 1%2-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 device
such as a telescope, binocular, etc. The
beam may be safely viewed only if proj-
ected onto a non-reflective surface 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-
native 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.

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

speaker, which permits just about any
high-tidelity or Walkman-type headphone
to be used for monitoring. The circuit
shown in Fig. |, uses a photo transistor
(Q1) tor a sensor, and has a meter (M)
that indicates the relative signal strength
of the reflected laser beam. Because the
meter responds only 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 QI to avoid swamping
of the phototransistor by very high am-
bient light.

Phototransistor QI is an inexpensive
type usually called an /R detector, which
means that it is specifically sensitive to
intrared 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
pertormance in the prototype receiver. No
base connection is used for QI because the
reflected laser light controls the collector
current. The audio signal developed
across collector load-resistor Rl is cou-
pled by C2 to voltage-controlled at-
tenuator IC1, which has a greater than 30-
dB gain variation; [t serves as both a pre-
amplifier and as an electronic volume
control.

Resistor R2 and capacitor Cl decouple
(filter) the power supply voltage to Q1 and
IC1. Be sure to take extreme care not to
chiminate or accidentally bypass the filter
because that will cause unstable opera-
tion. The gain of Q1 and IC1 is too great to
permit non-decoupled operation from the
power supply.

The output from ICI is fed through C4

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

assembly.
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FIG. 6—THE OPTICAL ATTENUATOR assembly fits directly over phototransistor Q1. The front is
painted white to help in aiming the reflected laser beam.

to amplitier IC2. Resistor R4, and capaci-
tors CS and C7. wilor IC2's frequency
response and ensure stable operation with
varying drive levels and output loads.
The output of 1C2 is sphit into two
paths: One goes o output-jack J1 via Co:
the other feeds voltage-follower 1C3,
which drives the meter circuit consisting
of DI, D2, CIl, R8. and MI. The time
constant created by the values of RE. Cl1.
and MI's DC resistunce was selected to
provide a comtortable damping of the

meter pointer’s gyrations. The value of

CI1 may be varied to change the pointer’s
response. Increasing the value of Cil
provides a smoother response: decreasing
C11's value will cause the pointer to more
closely track the variations in the laser
beam’s modulation.

Construction

The prototype receiver was assembled
on a moditied Radio Shuck type 276-/70
pre-drilled PC board. which has strips of
copper toil on the underside that connect
the component mounting holes. (A board
with a parts-placement template in place.
as shown in bBig. 50 is available from the
source given in the Pans List.) Nothing
about the Tavout is critical as long s vou
follow the usual precaution of keeping the
input and output connections reasonably
separated.

Cheek vour parts layout against the foil
strips on the underside of the board. it
appears thatany will be too long. cut them
to size betore mounting any components.
Cut cach toil strip exactly as long as
needed so that a foil carrying the input
signal doesn’t end up running adjacent o
an output connectton.,

For best results when making connec:
tion to the foils. use a small pencil-tipped
soldering ron and 040 diameter rosin-
core solder. 1t vour layout requires jum-
pers between component mounting holes.
use #22 solid. bare wire. Insulated jum-
pers are #22 sohd. insulated wire. Con-
nections between the copper toils should
be #18 insulated wire because 1t's 4 pre-
cise push-fit tor the holes in the specitied
prototyping bourd.

The enclosure isa 6% x 2% X %inch
aluminum cabinet. Phototransistor QI
protrudes from one end of that enclosure
and is mounted with a dab of houschold
cement. Position Q1 correctly betore glu-
ing it in place and be very caretul to not
get glue on the surtace of the lens. Do not
use cyanoacrylate-based instant glue be-
cause it might cloud the transistor’s plas-
tic lens. Output-jack J1. gain-control

—
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SAW SLIT 4 PLACES AS SHOWN

potentiometer RS and the meter are
mounted on the side of the cabinet so as o
encourage the user to face ata right-angle
to the source of the laser light, thereby
lessening the chance of looking directly
into the reflected beam.

The board is mounted in the enclosure
with four ¥ inch 6-32 machine screws
Use Y inch insulated spacers between the
board and the enclosure to insure ade-
quate clearance between the enclosure
and the board’s toil side. A ground lug
located at one mounting screw 18 soldered
to the circuit-bouard’s ground toil 1o
provide the ground connection between
the board and the cabinet. The connec-
tions between the board and the panel-
mounted components can be #18-22
stranded. insulated wire.

Optical attenuator

The optical attenuator assembly. for
which construction details are shown in
Figs. 6and 7. mounts over phototransistor
QI. Figure 6 shows how it's installed over
QL Fig. 7 shows the individual details tor
cach component in the assembly. The
tfront of the assembly is painted tlat white
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FIG. 7—All PARTS OF THE OPTICAL ATTENUATOR are made from brass sheet or tubing. Both the
inner and outer filter bases are soldered to the brass mounting plate.



so that the retlected laser beam can be
casily seen. The attenuator is built in such
a way that the phototransistor can see the
laser beam directly. or through acombina-
tion of one or two polarizing filters. When
both filters are in place. rotation of the
large-diameter filier-mount will cause a
gradual decrease in hght transmission (to
almost total blockage within Y07 of rota-
tion). which allows the receiver to be used
over a wide range of lightintensities with-
out swamping the photo detector. Figure 8
shows the installed assembly and the two
filters.

The attenuator has an inner filter and an
outer filter made from brass telescopic
tubing. Each filter consists of two see-
tions: a filter base that is soldered to small
mounting plate made from brass sheet
(the painted target). and a filter mount that
slips over the base. Polaroid tilters cut
tfrom neutral-tint polarized sunglasses are
cemented o one end of cach filter mount
to complete the attenuator. When com-
plete. the entire optical attentuator’s
mounting plate 1s secured on the en-
closure over phototransistor Q1.

PARTS LIST

All resistors are Ya-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, C10—330 pF, 16 volts,
electrolytic

C2, C4—10 puF, 16V volts, electrolytic

C3—0.001 pF, 50 volts, ceramic disc

C5—0.68 puF, 16 volts, Tantalum

C7,C8—0.047 uF, 50 volts, ceramic disc

C11—4.7 uF, 16 volts, electrolytic

C12—1000 pF, 16 volts, electrolytic

Semiconductors

IC1—SK-3891 attenuator

1C2—LM380 audio amplifier

IC3—LM741 op-amp

Q1—TIL414, NPN phototransistor (Radio
Shack 276-145 or equal)

DI, D2—SK-3090 germanium diode, or
equivalent

Other components B1—8-voit tran-
sistor-radio type battery

J1—miniature phone jack

M1—250 pA meter, panel mounting

S1—SPST switch, part of R5

Miscellaneous—Cabinet, Pre-drilled PC
board, brass sheet and tubing, wire,
solder, etc.

The following is available from Dirijo
Corp., Box 212, Loweli, 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 residents
please add appropriate sales tax.
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FIG. 8—THE ATTENUATOR'S mounting plate is installed directly over photoresistor Q1. The inner and

outer filters are slipped into position when needed.

Testing

We advise that a small speaker be used
rather than headphones tor the initial
tests: then, if a wiring error or a defective
component has created an audiv oscillator
rather than an amplifier. your cars will not
be assaulted by a high-level tone or
squeal.

With the volume control fully coun-
terclockwise and power-switch S1 set to
off. install the battery and connect the
speaker. Turn the unit on and point it to-
ward a source of daylight (not direct sun).
Advance the volume control to maximum.
Correct operation is indicated by a tryving
noise that sharply diminishes when the
light is blocked. The meter-sensitivity
control, RE, should then be setso that the
meter's pointer just begins to move off the
zero calibration. Decrease the gain and
point the receiver toward an AC-powered
light source. such as an incandescent or
fluorescent light, or even an LED driven
by an audio oscillator. Those sources
should produce a loud hum or wne.
Sound will be heard if the LED is driven
from an audio amplifier at the correct
Jevel. 11 everything checks OK. assemble
the enclosure.

Remote sound detection

To use the receiver as a remote sound
pickup. you will nced a laser and a retiec-
tive surtace that sound waves will cause o
vibrate: the receiver must be positioned so
ttcan “cateh™ the direet reflection of the
laser beam (Fig. 9). A particulurly effec-
tive reflector tor experimental use s a
small picce of mirror (about V2 X ¥4 inch)
cemented o the center of a speaker cone
{see Fig. 10). There is no connection made
o the speaker. The movement of the
speaker cone caused by sound waves s
transferred to the mirror-reflecior. which
in turn modulates the laser beam.

Duc to the varving reflectivity and dis-
tances of the targets. the intensity ol the
light falling upon the detector may vary
considerably from setup to setup. That
will be readily apparent if the collector
voltage of QI is measured while the il-
lumination level on Q1 is adjusted. At
some pointof increasing illumination. the
collector voltage will fall sharply and the
audio output from the receiver will drop or
disappear. The small-diameter polarized
tilter should then placed over Q1. It more
light attenuation is required. slip the
large-diameter filter in position and rotate
it for manimum sound output.

REFLECTOR

i
T

REFLECTOR

FIG. 3—A WIDE RANGE of reflection angle is
possible. The laser source and the receiver can
even be at the same location.
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FIG. 10—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, at left, and glass, at left, reflectors.

Thinisin

The thinner and more responsive (o
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 embroidery hoop holding plastic
wrap or Mylar film (see Fig. 10)}—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
play a 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 1-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 retlection can be
caught. That can be done from hundreds
of feet away if conditions are right. Use
the modulated beam for setup, and then

remove the modulation to listen in. Dou-
ble-pane glass and storm windows tend to
greatly reduce sound transmission o the
outer glass. It is possible, however, (0 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
retlection is usually modulated.

At long range

Atranges greater than 100 teet 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. I,
the receiving unit of our prototype laser-
bug system uses a tclescopic gunsight;
and that assembly is, in turn, 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-

FIG. 11—AT LONG DISTANCES, a telescopic gun sight is used to accurately aim the receiver. Thet

assembly is then strapped to the laser, as shown in Fig. 2, so that both units can be aimed together.

SCOPE MOUNT BASE
WASHER

OVERSIZE HOLE

—\WASHER
NUT_M—LOCKNUT
] £

LASER CASE

FIG. 12—DETAIL FOR THE 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.

- — B - 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 of the scope. Dimensions “B" and
“C" are whatever you think will be convenient.
The aiming cross-marks should be made with a
soft pencil or a medium-point marking pen.

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

The scope-to-laser 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 Fg. 13, which is made from
dull. white cardboard. Then. the target is
taped to a wall about 50 feet away from 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 /ower 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-
tfuse 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 eve can result. R-E



DIGITAL AUDIO TAPE

The audio-tape format of tomorrow is here today.

GET READY FOR THE NEXT REVOLUTION 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 with noise reduction!) 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 digitized 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 generation was first demon-
strated a year ago at the Japan Audio Fair,
and then at the January 1987 Winter Con-
sumer Electronics show. But all the DAT
decks shown in this country were “pro-
totypes only. " No one would even discuss
marketing plans.

Finally. this June. Marantz announced
at the Summer Consumer 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 could be in jeopardy thanks to
some controversy in the industry regard-
ing an anti-copy system that may be im-
plemented—and even required by the

BRIAN C. FENTON, MANAGING EDITOR

U.S. government—in all DAT machines.
We'll get to that issue later. First. Jets see
what the advantages of the new digital
audio tape are.

Is digital better?

When audio tape moves across a tape
head. the magnetic particles n the tape
pick up and retain the magnetic 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
create the magnetic field. But in the real
world. things aren’t that simple. The
transfer characteristics of audio tape.
shown in Fig. 1. are non-linear. As a re-

OUTPUT

FIG. 1—THE NON-LINEAR CHARACTERISTICS of audio tape cause distortion in the recorded signal

sult_ the recorded signal is a distorted ver-
sion of the input.

There is a way to decrease the distor
tion—by creating a bias field to force the
audible signal 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 magnetic tape
also has a non-linear transfer charac-
teristic. But as you can see in Fig. 1-b. a
digital signal—which has only two dis-
creet values—is not affected by the tape’s
non-linearity.

But how can an analog audio signal be

101011 01

ouTPUT
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INPUT

(a). However. since digital signals contain only two values, they are not affected by the non-linearity.
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replaced by a string of digital data—
which consists of only ones and zeros™? It's
done by digital sampling. An analog sig-
nal is sampled at a given rate. and the
value of the sample is assigned a number.
Figure 2 shows the process.

It might seem sirange that a staircase-
like signal could accurately represent
smooth analog signal. Butif the sampling
rate is fast enough. and it a sutlicient
number of bits is used to represent cach
sample. the results are excellent. 1 you've
ever heard a compuact disc—which also
uses digital sampling—you know  just
how good the results can be.

DAT vs. CD

Both DAT and CD use 16-bit
Pulse-Code Modulation (PCM), but each
uses a different sampling rate: 48,000
samples/second for DAT, and 44,100 sam-
ples/second for CD. Because of the dif-
ferent sampling rate. it is impossible to
make a direct digital-to-digital recordings
of a CD. In fact. that’s precisely why a
different rate was chosen.

Pre-recorded digital tapes are recorded
with the same sampling rate as CD's are.
But tapes you record at home are recorded
at the higher rate. The DAT player can
play back cither tape. but can record only
at the higher sampling rate. You will be
able to make direct digital-to-digital cop-

ies of tapes you record yourselt, but not of

CD's or pre-recorded tapes.

In terms of sound quality. DAT and CD
compare equally. Each format, however,
has its own outstanding features—and its
own inherent problems. The most obvious
advantage DAT has over CD is that con-
sumers can make their own recordings.
IUs no seeret, however, that rescarch is
underway to create a recordabie CD for-
mat, We have quite a few years to wait
betore that huppens though,

i1

o

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

MAGNETIC

CASSETTE
LD TAPE

TAPE
CASSETTE

FRESSHRE

ROLLER
TAPE
DRIVE

CAPSTAN

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

Another advantage DAT has is its long
playing time—the maximum length of
standard digital audio tape is two hours.,
while the maximum length of a CD s
about an hour.

Speaking of pre-recorded tapes. you
can be sure that recording companies will
release many titles once the anti-copy is-
sue is settled. Will pre-recorded material
sell? Yes, because DAT has some play-
back advantages over CD's—especially in
automobiles. The DAT package is smaller
and much casier to hindle than a CD. The
tapes also fit casily in a shirt pocket, and
will probably be very popular in personal
portable plavers. The package provides a
seli=closing protective cover for the tape,
which is important in the dinty auto en-
vironment. Perhaps more important s that
the ptayback mechanism is much less sub-
jeet to vibration problems than CD play-
ers. so it will be casier to produce portable
and automative players.

CD technology, of course, has some
important advantages over DAT. The CD
is anon-contact technology. Nothing but i
beam of laser light comes in contact with
the dise during playback . so playing a dise
doesn’t wear it out. DAT tape. on the
other hand. wraps 90 degrees around a
drum that spins at a speed of 2000 revolu-
tions per minute. limiting its lifetime.

CD players feature fast track-access. In
less than one second, you can access any
random track. DAT, of course. offers only
sequentiat access. While fast-forward and
fast-rewind are indeed fast—about 20 see-
onds for cach hour of tape—the access
speed will never mateh that of CD.

The mechanics of DAT
Figure 3 shows a basic DAT transport

mechanism. In some wavs, it similar to
the tape transport mechanism in o VCR.
One significant difference is that the tape
wrap is only 90 degrees. That helps keep
tape wear down. and it is one of the rea-
sons that the rapid fast forward and reverse
functions are possible,

The DAT tape head rotates at 2000 rpm,

Lo LOAQING GRIP

SLIOER
- L0CKS =
REEL
HuRS ™
HOLES

POSITIONING HOLES
ANTI-RECORD HOLE
CASSETTE IDENTIFICATION HOLES

FIG. 4—THE DAT CASSETTE provides a dust-
free enclosure for the tape. A series of holes on
the bottom of the cassette identify the tape type,
and whether the tape is pre-recorded.
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and the tape is pulled from the reel
about 0.8 cnysecond. That ereates anap
parent tape speed of 10 feet per second
which s how so much dara can be cram
med onto such asmall cassette

[he DAT cassetie - which s about hali
the size of a standard compact cassetie
is <hown i g 40 Hchas alotm common
with a video cassette. A hinged lid pro
tects the tape from dust and timgerprints
A slider covers the hub holes when the
tape ts not i use. and heeps tape slack to
minmum. Data and reference holes are
included to automatically mstruct the
DAT plaver what tape type and thickness
is used. and whether the tape s pre-i¢
corded. There s also o hole o prevent
accidental erasure

When a cassette s inserted mto the re
corder, the sliders move sothe hubs can by
accessed . The hid opens. and the tape s
wound around a rotary head

What's on the tape
A digital audio tape recording contam
a lot more than the audio signals
Organizing the dati so that 1t can be
plaved back requires i lot ol overhead
Freure S shows how the audio tracks are
placed on the tape and how individual
tracks are organized. Note that crosstalk
(Continted on p ,

I | ELECTROMAGNETIC TRANSFORMING J

N RECDRD
y RECORD B ~

d l } SWITCH
—

PLAY BACK
AMP

=)

AUTO
TRACK

SERVOD
FINDER

CAPSTAN
DRIVER
—

 —

CYLINDER
DRIVER

CAPSTAN CYLINDER
MOTOR MOTOR
TAPE ROTARY
DRIVE HEAD

FIG. 6—A DAT PAYER/RECORDER. Note how the player will record direct digital inputs, and will output digital data directly. However. you will not be able to
make direct digltal-to-digital copies of any pre- recorded materlal because of ditferences in the sampling rates used.
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P t 2 THE VIDEO PALETTE IS
ar 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,
tnverter, and the power supply.

Circuit Description

Refer to Fig. 10, the schematic of the
main board, and Fig. 11, the schematic of
the effects board. Transformer T1, diodes

0\ 1™ |
JUNLD 1061S

and C4, provide =+ 5 volts to IC1 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 RS keeps QI cut off except during
positive sync tips. Negative sync pulses
appear at QI’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 C13, determine the pulse width of the
second section. By proper adjustment of

VIDEO EFFECTS

IN
VIDEO
EFFECTS
ourt

e

INVERT

l

CHROMA

VIDEO

INVERT POST

>

XX
PA

GENERAT

OR

Color correction, deliberate distortion, artistic picture control.
Our video palette puts it all at your fingertips.

D5 and D6. and capacitors C52 through
C55 form two half-wave rectifiers supply-
ing + 8-volts DC to regulator IC12, and
— 8-volts DC to regulator ICI13.

A 1-volt peak-to-peak negative-sync
video signal at input jack J1 is coupled
through Cl to the video amplifier consist-
ing of R2, R3, R78, ICI, and C2. Switch
$4 can bypass C1 if DC coupling is neces-
| sary. Terminating-resistor Rl can be
switched across the input by switch Sl to
provide a 75 ohm termination. Trimmer
potentiometer R78 sets the amplifier’s
| output level.

At least 0.5-volt peak-to-peak video is
necessary for proper operation. ICl is an
LM3I8. a video op-amp. Resistor R3
provides feedback and C2 provides fre-
quency compensation for ICI. Resistors
R18 and R19, together with capacitors C3

RUDOLF F. GRAF AND WILLIAM SHEETS

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 R10 and R11, 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 dual-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 Cl0 determine the pulse width

R8I 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 D2 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-
trol lead, 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
Cl16 and C17 form a lowpass filter, while
CI5, 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 etfects board.

highpass filter. The luminance gin con-
trol. RE3. terminates the lowpass filter,
Video from R83's wiper goes through R29
to summing amplitier IC7. Chroma am-
plifier ICS has w nominal gain ol 10, (The
chroma signal appears at an cqual level,
807 out of phase. at ICS pins 8 und 9.}
Resistor R84 s the chroma-level controt,
Depending on R84 setting. either
positive or negative chroma signal can be
supplied o 1C7 through R30.

During sync intervals, 1C2 pin 9 s
high. so syne. burst. and blanking appear
atpin 3. Capacitors C24 and C25, and 1.3
form a lowpass filter. feeding svne and
blanking to R85, the syne-level control,
The wiper of R8S feeds summing ampli-
tier IC7 through R31. Resistor R21. ca
pacitors C26 and C28. and L4 are used as
a burst take-oft filter. Trimmer capacitor
C26 18 adjusted so that the unt-control

circuit—t.5. C27. R27. R2K, and R86—
produces correct tints when REO'S wiper
is centered. The burst from R86's wiper
goes to burst amplitier [C6. which has
gain of 100 to compensate for the loss in
the tintcontrot cireuit. Potentiometer R87
controls the burst level.

Adding effects

Processed video from the effects board
15 fed to summing amplitier 1C7 at pin 2.
Inaddition to summing the various video-
signal components. 1C7 re-inverts the
video so that it appears as [-volt peak-to-
peak with negative syne (nominal NTSC)
at video output juck J2. Depending on the
settings of the the palette’s controls. up to
2 volts of video is available when the unit
is terminated by 75 ohms,

As shown in Fig. 11, the effects board
receives its video input across RY3. Video

(luminance) is applied to the posterizer
cireuit through C43 and RS55. Resistor
RS54 provides a ground return for 1C9's
comparators. Transistor Q4 provides an
adjustable reference bias for the posteri-
cer. Resistor R4S and diode D3 provide
lemperature compensation of the reler-
ence voltage. The comparator outputs are
summed across level control R89 and tflow
through the inverter input bus to $3-a. the
INVERT-NORMAL switch.

The solarizer, which was discussed in
Part ] (sce Radio-Electronics. page 41,
September 1987). consists of 1C10 and
ICIT. Amplitier IC1O has a gain of four: its
input signal is tihen trom RYOs wiper
through RO4. The output, which has an
amplitude of up to 4-volts peak-to-peak.
appears at IC10 pin 6. Potentiometer RY1
Is the “foldover™ control: resistors R6S
and R71 Timit RIS ellective range tor
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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

cusier operation. Solarized video is ted

All resistors are Ve-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—220,000 ohms

R18, R19, R25, R26, R33, R35, R36, R38,
R39—10 ohms

R23—3300 ohms

R27, R28—1500 ohms

R37—not used

R78—10,000-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 nF, 16 volts, electrolytic

C2, C21—S5 pF, silver mica

C3,C4,C6, C8, C11,C14,C18, C19, C20,
C22,C23, C29-C33—0.01 uF, ceramic
disc

C5—10 uF, 16 volts, electrolytic

C7, C9—0.0033 nF, Myiar

C10—330 pF, silver mica or NPO ceramic
disc

through C51 to solarizer output level con-
trol R92. whose wiper feeds the inverter
input bus through R77. Unprocessed vid-
co luminance is also fed to the bus from
inverter level control R93.

C12—2.2 uF, 10 voits, Tantalum
C13—0.1 uF, 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

Similar circuits

Switch S3-a selects the inverter circuit
consisting of 1C8 and its peripheral com-
ponents. You may have noticed by now
that the circuits using the LM3IE are all
very similar: hence we are not discussing
them in detail except where signiticant
differences are encountered. Resistors
RE7. R41. R42, and RS3 teed an adjusta-
bie DC bias to IC8 to maintain correct
DXC-baseline levels when inversion is
used. Resistor R47 feeds inverted output
through S3-a to summing amplifier 1C7.
which is located on the main board. As in

Semiconductors

IC1, IC7—LM318 wideband op-amp

IC2—CD4053 analog multiplexer/de-
multiplexer

IC3, IC4—CD4528 dual monostable
multivibrator

IC5, IC6—LM733 differential video
amplifier

Q1, Q2, Q3—2N3565 NPN transistor

D1, D2—1N914B small-signal diode

Other camponents

J1, J2, J3—Coaxial jacks, see text

L1, L3—47 pH the other amplifier circuits using the
L2,L4—18 pH LM318. a 10,000-ohm feedback resistor
L5—68 pH (R46) and a 5-pF shunt capacitor (C40)

PL1—Power plug

S1, S4, S5—SPST switch
S2, S3—DPDT switch
T1—6.3 volts, 300 mA

are used to set the gain and provide fre-
quency compensation.

Construction

You can build the video palette from
seratch using the PC-board patterns
provided in PC Service. Also, a kit of

Miscellaneous—Wire, solder, cabinet,
mounting hardware, knobs, etc.
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FIG. 13—ALSO INSTALL THE EFFECTS BOARD components in the order given in the text. As with the
main board, IC sockets are suggested to simply troubleshooting.

PARTS LIST—EFFECTS BOARD

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

R40-R43, R46, R47, R62, R64, R65,
R68, R73-R77—10,000 ohms

R44, R45, R53, R56, R57, R66, R67,
R94, R96—-R98—10 ohms

R48—390 ohms

R49—150 ohms

R50-R52—22 ohms

R54, R55, R58-R61, R69—4700 ohms

R63—2200 ohms

R70—470 ohms

R71—1000 ohms

R72—330 ohms

R95—100,000 ohms

R99—10,000-ohm trimmer potentiometer

R88, R89, R92, R93—1000-ohm
potentiometer

R90, R91-—10,000-ohm potentiometer

Capacitors

C40, C47, C50—5 pF, silver mica

C41,C42,C44,C45,C48,C49, C54, C55,
€58, C59, C60, C61—0.01 wF, ceramic
disc

C43, C46—10 pF, 16 volts, electrolytic

parts that includes the PC boards and all
board-mounted parts is available from the
source listed in the parts list. Knobs,

C51, C56, C57—470 wF, 16 voits,
electrolytic

C52, C53—2200 pF, 25 volts, electrolytic

Semiconductors

IC8, IC10, IC11—LM318 wideband
op-amp

IC9—MC3430 high-speed comparator

IC12—LM7805 + 5-voit regulator

IC13—LM7905 —5-voit requiator

Q4—2N3904, NPN transistor

D3, D4—1N914B smali-signal diode

D5, D6—1N4002 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 board.)
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 suitable
cabinet is the Radio-Shack 270-274.
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It you decide to etch your own boards.
use single-sided .031 or .062 phenolic
matenial, or fiberglass-epoxy G-10 (pre-
ferred). Figures 12 and 13 show the parts
placement for the boards.

Stuff the PC boards in this order: re-
ststors, inductors, capacitors, controls,
transistors, IC’s. The lengths of the inter-
connecting wires aren’t critical, but they
should be as direct as possible. The pal-
ctte’s input and output connections should
be coax when possible. To reduce both
stray capacitance and induced 60- or 120-
Hz pickup. the leads carrying video sig-
nals to and from the effects board should
be dressed away from grounded metal and
the power-supply leads.

The shafts for all the front-panel con-
trols should be strain relieved. That can be
done by passing them through holes in the
front of the cabinet that are about 005"
larger than the shaft diameter. which is
nominally 4", If desired, bushings can be
used around the shafts.

The front panel has eleven controls, a
pilot light (if installed), and three switch-
estdon’t crowd its layout or it will be hard
to use unless you have very small hands.
RCA-phono, HE, BNC, or F-type video
connectors are suggested for the external
connections. Switches can be of the mini-



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 annouricement 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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ature type which use a %" mounting hole.
At this point, check your wiring and PC
boards for correct component insertion
and pin orientations, unwanted solder
bridges, and completeness. 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 casier, do not let the
lack of a scope discourage you. because
final “tweaking™ will be found casiest to
do by watching the picture. If a scope isnt
available. simply observe the effects of
your adjustments on a TV monitor; we'll
tell you what to look tor.

Prepare the video palette for alignment
by setting R78, R79. R8O, 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.

J2  VIDEO| |AUDIO

AUDIO| |VIDEO &

out | lour N[ lour N | |IN
VCR OR VIDEO

TVTUNER | | PaLeTTe | | MONITOR

FIG. 14—USE THIS KIND OF HOOKUP for check-
ing and aligning the video palette. A TV-tuner
signal source can originate in the VCR, or use an
integral TV-tuner device.

Next. connect the ground lead of a
20.000-ohm/volt (or highery VOM that is
set to read about 10-volts tull scale to the
main board’s ground foil: then apply
power to the video palette. Very guickly
check the voltages across C56 and C57
they each should be 5 volts (C56 has its
ncgative lead grounded. and C57 has its
positive lead grounded). Then very quick-
Iy check for the following voltages on the
indicated pins of IC1, 1C7,1C8, IC10, and
ICIH:

Pin 6: 0-volts (+0.5 volts OK)

Pin 7: +5 volis

Pin 4: -5 volts
Make the following checks on IC5 and
1C6:

Pin §: +5 volts

Pin 6: +5 volis

Pin 8: 0 volts (+ [ volt OK)

Pin 9: 0 volts (* I-volt O K)

Then. with no signal input 1o J1 or J3,
cheek ICIL IC3, and IC4 for:

Pin 10: 0 volts

Pin 9: +5V volts

Pin 16: + 5 volts

Pin 8: 0 volts
Also check IC2 for:

Pin 7: — 5 volts

Pin 16: +5 volts
Check 1C9 for:

Pin 16: +5 volts

Pin 12: — 5 volis
Checek QI for:

Collector: + 5 volis

Base: 0 volis
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 REX)

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 signal instead of a
tape signal, use the tuner signal because it
has better stability.

The main board

It an oscilloscope is available, you can
check your adjustments using the pho-
tographs shown in Figs. 15 through 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 J1 (Fig. 15).
Close S1to 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 toits IN position. Adjust R78
for 3-volts peak-to-peak at IC1 pin 6 (Fig.
16). Notice that the signal at pin 6 is inver-

FIG. 16—INVERTED VIDEO AT IC1, pin 6.

RAG. 18—THE NEGATIYS FULSES at Q3's collec-
tor might be difficu t t3 observe.

. 4
FIG. 19—THE SCOPE 1S>LAY shoulc resemble
this at IC3 pin 7.

ed. Check QI's collector for negative-
going pulses (Fg. 17). Transistor Q37
collector should also show negative-
going pulses (Fig. i8), although because
of their short duratien they may be hard to
see on i scope witn screen brightness.
Adjust R79 for a nominal 53-microse-
cond negative-goirg pulse at IC3 pin 7
Fig. 19). Then set R80 for a nominal 10-
microsecond positive-going pulse at 1C3
pin 10 (Fig. 20. Next. adjust R8I for a
negative-going 16-millisecond pulse at
IC4 pin 7 (Fig. 21). Then adjust R82 foran
approximate 6((0-microsecond positive-
going pulse at 1C4 pin 10. If there is no
pulse. tweak R81 until a narrower pulse is
obtained (Fig. 22). Note that a 600-micro-
second pulse will not be generated if the
l6-millisecond muluvibrator is set for too
long a pulse.



FIG. 20—THE SCOPE DISPLAY AT IC3, pin 10
resembles the display at pin 7.

FIG. 22—THE DISPLAY FROM IC4 pin 18 resem-
bles that of pin 7.

Aligning by monito

11 a scope ssn’t avanlable. make the fol-
lowing adjusiments ard use a TV monitor
to observe their eftect

1. Set R83. R8S R86. and R87 to their
mid position. You should see a bluck-and-

hite. weak ¢olor imag th
monitor. Set all the effects-board controls
for minimum resistance (off).

2. Adjust R79—you will see a “transi
tion”" on the right and/or left side of the
screen. That is caused by IC2 switching
the video through the sync channels. It
instability is noticed on the monitor. ad
just R83 for maximum stability. Adjust
R79 and R8O to mow the transitions Just
off the nght and leitedges of the screen so
they are unseen durning normal viewing.
The picture may rofl vertically—that is
OK tor now

3. Adjust R81 and R¥2 tor a stable.
vertically-locked picture. When those
controls are properly set there should be
no ““transitions” at the top or bottom of
the picture
4. With all etfects controls still set tor
minimun: resistance. set S2 to out 1o by-
pass the video palette and adjust the TV
monitor for a normal picture. Then set S2
1o the N position and check that each
control does what it's supposed to do.
® Resistor R83 should vary the picture
contrast (luminance).
® Resistor R85 should vary the picture
brightness. (When R85 is toward mini-
mum, the picture should lose its sync.)

& Resistor R87 may vary the color satura-
tion and reverse the colors (burst).

& Resistor R84 should operate in a sim-
ilar manner to R87 (chroma).

e Resistor R86 should vary the tint. Ad-

21G. 25—AN INVERTED VIC EO OUTPUT 1as the
picture information going segative

FIG. 26—A NORMAL VIDEO OUTPUT looks like
this on your scope.

ust C26 to produce normal tint when

R86 is set 1o its mid position

If you are using a scope, you can place
the scope on IC7 pin 6 and observe the
etfect of each control on the video signal

5. Set up R83 through R86 tor a normal
TV picture. Then set R83 to minimum
(All ettects-board controls should be at
zero again.) You should see a plain raster
with only splotches of color, or on a black
and white monitor. just araster withonly a
very weak. faded picture

6. Set inverter switch S3 to NORMAL
The picture should return as you adjust
R93 clockwise.

7. Set S3 to its INVERT position. A
nezative picture should be seen.

8. Adjust R99 for a satistactory nega-
tive picture. (You may have to touch-up
R85 on the main board first.) When R99 is
properly adjusted. R85 can be left alone
Now set 83 10 its NORMAL. position

9. Rotate R93 fully counter-clockwise.
Set R88 and R89 to their mid position.
Observe the effect on the TV picture. You
should see a posterized image—it will be
obvious. Then adjust R88 and R89 and
take note of their effect on the picture
Finally, return R88 and R89 to zero (full
counter-clockwise).

10. Set R90 and R92 to approximately
their mid position and then slowly adjust
R91—you will see the solarization effect.
Adjust R90 and R92 for the best or the
desired effect, although R85 may have to
be readjusted at some settings

11. Set S3 to both its NORMAL and IN-
VERT positions and observe the solariza
tion eftect (as in step 10).

If you have some form of instability or
an undesired eftect that we haven't men
tioned. the following scope checks will
help your track down the problem. Check
for video only at IC2 pin 5 (Fig. 23): sync
onlv at IC2 pin 3 (Fig. 24): normal video
at output jack J2 when S3 is set {0 NOR-
mar (Fig. 25); inverted video at J2 when
S3 is set 1o inverT (Fig. 26).

That completes the alignment and
checkout. The rest is up to you. A few
hours of just plain experimentation is the
best way to learn what the video palete
can do. R-E
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Adding the arm,

and the electronics to control it.

P t 11 I YOU VE BEEN 1O] -
ar lowing this scries,
by now you have no doubt noticed that our
robot does not have a traditional muli-
jointed robotic arm. In its place is an
“arm™ that resembles a fork ift.

There are several reasons why that ap-
proach was chosen. First, it allows our
robot to lift loads up to 10 pounds—multi-
jointed arms usually are limited to litting
loads of one pound. or less. Second. our
design is relatively inexpensive to imple-
ment. Third. few tasks actually require
multi-jointed dexterity to get the job
done—tasks performed with a multi-
jointed arm often deteriorate into pro-
gramming cxercises. When we consid-
cred those factors, our design secemed o
be the obvious way to go.

Of course. some tasks do require some
measure of dexterity. For those., a pincher
add-on for the lift has been designed: part
of that pincher is shown in Fig. . The
pincher will be described in detail in g
future installment of this series. For now,
let’s concentrate on the basic fork-lift de-
sign.

Mechanical overview

Our intention was to provide a rugged
and reliable workhorse unit. The ift as-
sembly has been designed to lift 10-pound
loads 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. Exactly the
same construction technigues can be used
to build smaller (or larger) lifts.

Lincar ball-bearing slides are used tor
the lift to preserve the efficieney of the
system. Because of the way cantilever
loads are coupled to the bearings. friction

STEVEN E. SARNS

FIG. 1—THIS FORK-LIFT DESIGN can do almost as much as a multi-jointed 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 described in detail in an upcoming installment of this series.
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FIG. 2—THE ROBOT ARM can be fabricated using the mechanical drawings shown here.

could cause the required lifting force to
become several times the total weight of
the load on the hfting forks if sliding bear-
ings were used. That would reduce the
lifting capacity significantly. 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 1s rated at 55 to 90
pounds tensile load. The drive motor is
mounted at the top so that the lifting load
is applied to its shaft and bearings directly
(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
itis mounted there, little load is placed on
the potentiometer.

As with the rest of the robot project, the
mechanical and electrical 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 offering for sale the
complete arm assembly. See the Sources
box for more information.

Electronics overview

The electronics required to operate the
arm are quite straightforward. We will use
the robot's RERBUS expansion bus to
communicate to a quasi-analog servo
positioner. All the computer 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 those linear
slides. We must select a sprocket for the
petentiometer 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 Ya-inch pitch. Expressing 3.5
inches in terms of pitch length:

3.5inches x 4 teeth/inch = 14 teeth

(exactly)

In other words, if our potentiometer
sprocket has 14 teeth, in 10 turns it will
displace 35 inches of chain. We select the
next larger sprocket, 15 tecth, resulting in
a total chain travel of:
15 teeth x 0.25 inches/turn x 10 turns =
37.5 inches

4861 H380120
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FIG. 3—THIS DETAIL DRAWING shows the ladder-chain drive system.

The extra 2 inches of chain travel will not
be used and gives us a margin of error ( +
Ya turn) in the event of some misalignment
of the potentiometer sprocket during the
assembly.

‘The motor used to drive the chainis any

PARTS LIST

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

R1-R7, R9—100,000 ohms

R8—220 ohms

R10—47,000 ohms

R11—1 ohm, 1 watt

R12—10,000 ohms, 10-turn linear
potentiometer

Semiconductors

IC1—DAC0832 digital-to-analog convert-
er

1C2—74LS138 decoder

IC3—LM324 quad op-amp

IC4—UDN2952W motor driver

D1, D2—1N914 diode

Other components

J1—26-conductor ribbon-cable connector

TS1—5-position terminal strip

MOT1—12-volt motor with attached
gearhead (see text)

Miscellaneous: Perforated construction
board. wire, solder, mechanical compo-
nents (see text), etc.

small DC motor with an attached
gearhcad. 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 7 rated
output. The only problem with using un-
der-rated motors is heat build-up. Over-
heating should not be a problem i 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
65:1 gearhead, the lifting speed will be:

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

at sprocket

We can choose 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

Other speeds can be calculated by plug-
ging in the appropriate sprocket size. For
instance. using a [S-tooth sprocket will
give us a lifting speed of 0.77 x 1§ X
0.25 = 2.9 inches-per-second, or 15 teeth
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.

SOURCES

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: two 1000-mm linear-
bearing assemblies, two cross members,
carriage plate, robot end cover, drive
block, chain, motor, sprockets, 10 tum po-
tentiometer, servo positioner, cables, and
connectors.

Stock Drive Products, Division of Desig-
natronics, Inc. 2101 Jericho Turnpike, New
Hyde Park, NY 11040, (516) 328-0200,
can supply the 15-tooth Y-inch pitch
sprocket (part number 6T7-2515) and the
Ye-inch ladder cabin (part number
6C88-25). Contact them directly for pric-
ing, shipping, or other information.

The 1000-mm linear ball-bearing slides
are manufactured in Japan by TH.K. Ltd.
They can be purchased from Bearing En-
gineers, Inc., 6009 Bandini Bivd., Los An-
geles, CA 90040; (213) 754-9660.
Contact them directly for pricing, shipping,
and other information. Ask for part
number FBW 50110F + 1000L.

The Brevel motor, part 715-980155, can
be purchased from Johnstone Supply,
930 Wyandot, P.0O.Box 4605, Denver CO
80204; (303) 573-5626. Contact them for
pricing and shipping. R-E

Turning our attention to the motor. the
15-tooth sprocket has a chain radius of
approximately 0.5 inches. In order to lift
10 pounds. we will require 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. which
means that it can lift 40 pound inches/0.5
inches = 40 pounds. Its running 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
inches/rev = 2.5 inches/second.

We can assume that the motor will de-
liver approximately twice the calculated
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 eftectively lim-
its the lift torque to about 10 pounds.

Arm construction

The arm can be built following the
plans shown in Fig. 2; details for several
sections of that drawing are shown in Fig.
3. The upper and lower cross-members
can be made from aluminum plate. chan-
nel, or angle extrusion. Note that channel
or angle form-factors are stronger than
that of flat plate in resisting twisting
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FIG. 4—THE SERVO CONTROLLER positions the carriage plate without RPC supervision.

forces imposed by off-center loads 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 potentiometer should be
mounted at the bottom of the lower cross-
member. When mounting, use double
nuts or extra washers so that the mounting
bushing extends only Ye-inch beyond the
mounting nut. Installing the motor and
potentiometer as described will allow for
the maximum possible travel of the lincar
bearings with a minimum overhang of the
cross-members.

The cross-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 company mentioned in the
Sources box: they are also provided with
the complete arm assembly that was men-
tioned previously.

Next. mount the carriage plate to the
front of the sliders with 10-32 screws. The
carriage plate should slide over the entire

length of the tracks and overlap the motor
mount in the end position. If the carriage
plate jams, correct the problem by read-
justing the mounting screws. Note that the
type of slide bearings used in this assem-
bly may bind somewhat. particularly
when unloaded. But under load. the bear-
ings provide low friction and long operat-
ing life.

The sprockets should now be mounted
on the motor and potentiometer. They are
positioned 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 polish. Loc-
lite, etc.

Check to be sure that the carriage clears
the sprockets and shafts of the motor and
potentiometer. Install washers behind the
carriage 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 potentiometer fully
clockwise. Use a piece of tape to hold it in

that position until the chain installation is
complete. Note that if the potentiometer is
not positioned properly the full carriage
travel will not be available: or worse. the
potentiometer 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 correct
length. and reassemble 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 alternate to closing the chain into an
endless loop is to connect the ends 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 lifting tines of the fork lift are
formed using 8- to 10-inch steel L-
brackets. You will probably 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 tines to either the outer or inner row of
carriage-plate holes to accommodate the
width of your anticipated loads.

Attach a 26-conductor ribbon cable to
the RERBUS interface on the control
board. and lead the cable out through the
bottom of the robot’s body. Finish up by
meunting 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 fastening nuts and the electronics
pachage. which is mounted on the for-
ward bulkhead.

Arm electronics

The control system for the arm is
straightforward. Once notified of the final
position for the carriage 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 determining 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
begins slewing the motor toward the se-
lected position. 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 during that time the computer is frec to
begin analyzing the next required motion.

continued on page 74

/861 4380100

wn
w0



RADIO-ELECTRONICS

[« 2]
o

Two IC's that retain their
content’s with few hassles—
| and no batteries!

Non =Vola tile
Memory IC'S

| IF YOU HAD TO SINGLE OUT ONE AREA IN
the semiconductor industry as the most
competitive, 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 IC. 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 kinds of memories: volatile and
non-volatile.

By using a single-transistor storage
cell, address multiplexing, and geome-
tries of under 2 microns, 256K-bit
DRAM’s are now so commonplace that
their price in single units is less than $3.
Unfortunately, although DRAM’s (Dy-
namic RAM’s) may be able to store a lot
of data in a small package, theyre not the
easiest chips to use. Because only one
transistor is used for storage, data has to
be refreshed every 2 milliseconds, and
any application using DRAM’s must have
refresh circuitry. Address multiplexing
may cut down the size of the package, but
it means that external gating has to be
used to properly address the IC. And it
goes without saying that permanent—
non-volatile—data retention 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 concentrate on the development of
CMOS static RAM’s. The inherent low-

ROBERT GROSSBLATT

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 sume kind of low-power data-
retention feature. but the amount of stor-
age capacity has been increased to 64K
bits (8K X 8).

Non-volatile memory

But standby batteries are a poor sub-
stitute for real permanence. Battery life is
often an unknown variable and even a
modern lithium cell can’t be considered
absolutely reliable when the temperature
or other operating parameters are outside
predetined limits. True non-volatility in a
read/write memory first appeared in the
late 1970 in the form of EPROM’s (Eras-
able Programmable Read Only Memo-
ries). The carly 1C'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 specifications.

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

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 draw-
backs—they can only be bulk-erased
(cells cannot be erased individually), and
erasure has to be done by narrow-band
ultra-violet light (about 2500 Angstroms).

Electrical erasure

EEPROM’s (Electrically Erasable Pro-
grammable Read Only Memorics) ap-
peared on the market at about the same
time as EPROM’s but never became as
popular in the consumer 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. Altho