
THE ULTIMATE CONTROL COMPUTER
BUILD A UNIVERSAL

INPUT/OUTPUT MODULE FOR
RE's ADVANCED CONTROL SYSTEM

PLANT·WATER MONITOR
EASY-TO-BUILD MOISTURE

METER KEEPS TABS ON
YOUR GARDEN

DON LANCASTER
HARDWARE HACKER COLUMN:

HOW TO FIND PARTS FOR
YOUR PROJECTS AND MORE!
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A ROUNDUP OF MICE
MORE ON THE PT-68K



No

No

$2995

Yes ($500)

8 bits

4K

20 MS/s

2220
60 MHz

100 ns

One,4K

With each scope you can capture
events as narrowas 100ns at any sweep
speed thanksto Tek's proprietary peak
detect mode. View events prior to or follow­
ing a trigger eventwith pre/post trigger.
Store waveforms into 4K records. Auto­
mate measurements with optional GPIB
and RS-232-C interfaces. And output
direct to a printer or plotter.

Tek software is avai lable to help you
make the most of the 2230, 2221 and 2220
in system configurations.

CallTekfor a freevideo
brochure or to placean
order.

Ask about free digital
storage application notes
and educational materials.
Orders include complete
documentation, manuals
and 3-yearwarranty on
labor, parts and CRT.

CallTekdirect:
1-800-426-2200
for free video brochure
for orders/assistance.

No
Yes ($500)
Yes

$3995

4K

100 ns

One, 4K

20 MS/s

8 bits
10 bits
(AVG mode)

60 MHz

. NEW! 2221

Yes (inc with
GPIB/
RS-232-C)

Yes ($750)

$4995

Yes

20 MS/s

4K11K
(selectable)

100 ns

One,4K
Three,1 K

8 bits
10 bits
(AVG mode)
12 bits
(AVG mode
over the bus)

2230
100 MHz

Price

Battery -Backed Memory
(save 26 waveform sets)

GPIB/RS-232-C Options

CRT Readout/Cursors

Analog/Digital Storage BW

Record Length

Features

Maximum Sampling Speed

THE-OSWER-IS-IN
TEK DIGITAL STORAGE:

$2995
$3995
$4995

Now!The new60 MHzTek2221 joinsthe
world'sbest-selling familyof digital
storageoscilloscopes. All featuring 20
MS/s digitizing along with familiar, full­
bandwidth analog operation. It's the best
of both worlds in an easy-to-use portable.

Discover the potential. With digital stor­
age you can freezewaveforms. Capture
events invisible to nonstorage scopes.
Find signals buried in noise. And build a
library of reference waveforms.

Digital storage display accuracy
enhances your confidence in
measurements. And all you
have to do is push a button
for real-time display analysis.

Comparethe 2230,2221
and 2220to eachother-
and all others. The new Peak Detect
2221offerssuch advanced .:.,..=-::::..:...::==-=-- - - - ---=:-=..:=----...:,=:....:..:.=- - -----'::-=..:=---
features as CRT readout and Save Reference Memory

measurement cursors. For -V-ert-ic-a-,-I -R-es-o-Iu-,-ti-on-- -----:..:..::...=..::'-'--'-'-'---- -,...-,...-,---- - --::-:-:- -
even more performance and
flexibility, there'sthe 100
MHz, dual time base 2230
with optional battery-backed
memory for saving up to 26
waveform sets. And if it's
economy you want, choose
the 60 MHz 2220with many
of the samefeaturesat an
even lowercost.

Tektron~
COMMITTEDTO EXCEUENCE

CIRCLE 92 ON FREE INFORMATION CARD

Prices subjec t to change without notice .
Copyright © 1987. Tektronix. Inc . All righ ts reserved. TXA-795E-1
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ON THE COVER
Chernobyl and Three M ile Island

are not just scary headlines from far­
away places-a nuclear accident
can affect all our lives. Maybe your
neighborhood is home to a nuclear
power plant, oryou worry about radi­
ation that might be emitted by com ­
mon household objects. Since we
can't see or feel the radiation that
could be so dangerous, how can you
know ifthere is cause for alarm? You
can find out by building the Geiger
counterwe present on page 41 .With
it you'll be able to test radiation lev-

. e ls , detect_nuclear-plant leaks.by
monitoring radiation levels, and
even sound an alarm if the level is
abnormally high . Gain knowledge­
and peace of mind-by building our
radiation monitor.

COMING NEXT MONTH

THE JULY ISSUE
IS ON SALE

JUNE 2

BUILD A RADIATION DETECTOR
Part 2 describes how to use the detector most effectively.

LIC METER
Build an auto-ranging digital inductance/capacitance meter.
IalIIe
Eleclranics ADVANCED CONTROL SYSTEM
App lications using the universal 110modu le.

CoMi'UiERD,tiESi
Bui ld a line-carrier modem.

As a serv ice to readers, RADIO -ELECTRONICS publishes availab le plans or information relating to newsworthy products,
tech niques and scient ific and technological developments . Becaus e of poss ible variances in the qual ity and cond it ion of
mater ials and workmanship used by readers. RADIO-ELECTRONICS disclaims any rasponsibilily for th e safe and prop er
functioning of reader-built projects based upon or from plans or inform ation pub lished in th is magazine.

Since some of the aquipment and circuitry described in RADIO-ELECTRONICS may relate to or be covered by U.S. patents.
RADIO-ELECTRONICS disclaims any liabil ily for the infringement of such patent s by the making, using. or selli ng of any such
equipment or circuitry. and sug gests that anyone interested in such projects con sult a patent attorn ey.

RADIO-ELECTRONICS . lISSN 0033-7862) Jun e 1988. Published month ly by Gem sback Publications . Inc .• 5OO-B Bi-Counly
Bou levard , Farmingda le , NY11735 Second -Class Postage paid at Farmingd ale. NY and additional mai ling offic es. Second-Class
mail registrat ion No . 9242 authorized at Toronto, Canada. One-year subscription rate U.S.A. and possess ions $17.97, Canada
$23 .97. all other countries $26 .97. All subscription orders payable in U.S.A. funds on ly, via int ernational postal money order or
check drawn on a U.S.A. bank. Single copies $2 .25. © 1988 by Gemsback Publications, Inc .All rights reserved . Print ed in U.S.A.

POSTMASTER, Pleas e send address changes to RADIO ·ELECTRONICS. Subscription Dept. , Box 55115, Boulder, CO
80321-5115.

A stamped self-addressed envelope must accompany all submitted manuscripts and/or artwork or photograph s iftheir return is
des ired should they be rejected . We disclaim any responsibi lity for the loss or damage of manuscripts and/ or artwork or
photographs while in our possession or otherwise .
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Use authentic RCAIGE brand exact replacement parts.

Relle
VCR Replacement Parts

The last thing your customers want to
see after havingtheirVCRs repaired is an instant
replay of the original problem.

But that's what can happen when you
use off-brand replacement parts . Mailings from
unknown discounters may offer incredibly low
prices. Brochures from unproven aftermarket
manufacturers may look very attractive, too.
But that second-rate quality
and service may also cost you
your customers.

That's why you should depend on
RCA/GE exact replacement parts for VCRs.
No one in the industry offers a wider, more
reliable product line. With RCA/GE parts you'll
not only keep your customers happy, you'll also
keep them loving their VCRs - inside and out.

To learn more, see your local RCA/GE
Parts Distributor. Or write: Thomson Consumer

Electronics, Sales Promotion Services ,
Distributor and Special Products, 2000
Clements Bridge Road, Deptford, N.J.
08096-2088.
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WHAT'S NEWS
new standard that's a compromise
between the two existing ones.
The agreement has been tenta­
tively approved by Japan's Tele­
graph and Telephone Committee.
The four companies expect to be
marketing the telephones before
the middle of next year.

New Humidity meter has
- quick comeback

National Bureau of Standards
scientist Peter H. Huang has ob­
tained U.S. patent No. 4,681,855
for an instrument to sense and
measure humidity; it overcomes a
major problem that exists in pres­
ent devices.

One of the weaknesses in com­
mercial humidity-measuring
equipment is known as hysteresis.
That is the inability to return to
zero immediately when measuring
abrupt humidity changes. Many
instruments may be accurate at a
given humidity level , say 50 per
cent. But if used at the 100-percent
level and then quickly returned to
50 per cent, they may not measure
reliably.

Huang bases his instrument on a
halogen-based polymer such as
Teflon. On that he deposits , as a
film, the "tuner" of the system-a
strong- and weak-acid mixture.
Best results have been had with
sulfonic and carboxilic acids . Be­
cause the ratio of the two acids
determines the rate at which water
is purged from the polymer, hys­
teresis problems can be virtually
eliminated.

The polymer is measured elec­
tronically or weighed in order to
determine its water content-and
thus the humidity.

Dr. Huang says he will continue
with the invention and that the Na­
tional Bureau of Standards wel­
comes industrial inquiries or
collaborative research. Contact
Peter H. Huang, B312 Physics
Bldg., National Bureau of Stan­
dards, Gaithersburg, MD 20899. R-E

Format agreement moves video
telephone nearer

A number of Japanese compa­
nies have recently demonstrated
"video telephones" that allow call­
ers to see each other. (The images
are still pictures, and the two par­
ties cannot talk during the picture
transmission-about five to six
seconds.) However, the existence
of two incompatible formats (one
developed by Mitsubishi and sup­
ported by Matsushita and NEC,
and the other developed by Sony),
made the possibility of a format
war-reminiscent of the fight be­
tween VHS and Beta videotape for­
mats-very real.

Now, thanks to an agreement
between Sony and Mitsubishi, that
war appears to have been averted.
Under the agreement, the two
camps will develop and adopt a

CBS Copycode found to protect data transmitted be-
"inadequate" tween or stored in computers. It is

Following a five-month test pro- widely used for protecting trans-
gram, an encoding system pro- fers of funds and securities over
posed by CBS records to prevent transmission lines, which is a pro-
prerecorded music from being cess known as electronics funds
copied by new Digital Audio Tape transfer.
(OAT) recorders was found inade- Federal Information Processing
quate on three counts according Standard Publication 46, Data En-
to a report issued by the National cryption Standard, is available
Bureau .of-Standards-(NBS).- - - -from-the-National TechnicaHnfor-

The NBS tests found that CBS' mation Service, Springfield , VA
Copycode (1) sometimes permit- 22161 , for $9.95 prepaid.
ted the recording of material that
was encoded to prevent record- Home-video sales expanded
ing, and sometimes prevented the throughout 1987
recording of unencoded material; According to the EIA (Electronic
(2) altered the recorded material in Industries Association), sales of
a way that was discernible for home-video products in 1987 out-
some listeners during some selec- paced those in 1986.
tions; and (3) easily could be de- In a report released at the end of
feated through the use of external last November, the EIA said that
signal conditioning . The NBS 1987 sales to that date exceeded
found five di fferent ways to defeat those in 1986 by 6%. VCR sales
or circumvent the encoding were up2.5% and camcorder sales
scheme, each of which would be were up by 36%. That increase
easy to build, and cost on the came despite a sluggish
order of $100. November, during which many

While the NBS report may effec- items sold for prices that were be-
tively kill the Copycode scheme, it low those realized in 1986.
may not be the end of OAT copy
protection. Other schemes have
been proposed, including one by
Kahn Communications (Westbury,
NY) that wi II not allow pre­
recorded tapes to be played back
on tape recorders not equipped to
prevent recording of copyrighted
material.

Computer security standard
reaffirmed for five years

The NBS has reaffirmed use of
Data Encryption Standard (DES)
for another five years, describing it
as a " sound and economical meth-

~ od for protecting valuable but un­
z classified data." (The standard,
~ adopted by the NBS in 1977, is re­
t viewed by the Bureau and the Sec­
~ retary of Commerce every five
w6 years.)
Ci The standard is used in both
£ government and the private sector

4



List Our Price Save
770 695 75
875 695 180
955 795 160
1,895 1,575 320
2,295 1,995 300
3,100 2 565 535

60MHz V-660 List 1,195 100MHz V-1060 List 1,595
Delayed sweep $899 Delayed sweep $1,285

V-223
V-422
V-423
V-l065
V-1100
V-1150

40MHz V-425 List 995
CRT readout $835

$349 · 4oM~PDJa~~~ce JO~~~2
MO 1251 • Dual Time Base

- • High Luminance 6" CRT• 6" CRT • Delayed Sweep • 1mV Sensitivity• Built ln component • 12KV Acce leration Voltage
• 6KV Acceleration Voltage

t ster • Better than Hitachi V-423
e • 10ns Rise Time

• TV Sync • High Luminance 6" CRT
• X-Y Operation. Z Axis

-Much More $595 • Delayed Triggering Sweep
20M Hz Dual Trace Oscilloscope 35MHz Dual Trace Oscilloscope • Much More

Top quality scopes at a very reasonable price. Containsall desired features . Two tx, 10x probes , diagrams and manual.

Function Generator Blox

I ~;~:~~~ $~~~5

50MHz Logic Probe

LP~~

~ $23

Logic Pulser LP-600 $23

Temperature Probe
M·110CF

$29.95
Semiconductor
type
Range
-58F-302F

Fits most digital multimeters

9 Ranges
.1pt-20,OOOuld
.5% basic accuracy
Zero control
w/case

'1.
IC Test Clips

\ i 16pin $5.95
20pin $8.25
24pin $10.75
28pin $11.75
40 pin $18.50

All are gold plated to
assure troubleIree contact

Digital Capacitance Meter
CM·1550

$58.95

#9550
$7.50

550tie pts
including 2 power
bus lines

1.....-----, Multlmeter with
. Capacitance and

Transistor Tester
$55 CM·1500A
Reads Volts, Ohms
Current, Capacitors,
Transistors and
Diodes w/case

Breadboard

94301.100 pins$15
9434 2,170 pins$25
9436 2,860 pins$35

Provides sine, m, squ wave
From 1Hz to 1MHz
AM or FM capability

9436
Shown

Digital 3 Amp Power Supply
Xp·750
$175

0-40V @ 1.5A
0-2V @ 3A

XP·650 with Analog Meters $129.50

Regulated P.S. Breadboard

D.·-$99.95 XK·400
- Fully regulated
- Short circuit protection
- 3550 test points
- 3 power supplies

• 5V @ 2A, 12V @ .3A,-12V @ .3A

GF-8016 Function Generator
with FreQ. Counter

$239
• Sine, Square, Triangle
• Pulse, Ramp, .2 to 2MHz
• Frequency .1 thru 10MHz

GF·8015 without Freq. Meter $179

WE WILL NOT ~ C & S S ALES INC. (8 00) 29 2 -7 711 15 Day Money Back Guarantee
• 1245 Rosewood , Deerfi eld, IL 60015 (312) 541-0710 2 Year Warranty

BE UNDERSOLD! . Add 5% for Postage ($10 Max) IL Res ., 7% Tax ASK FO R F REE CATALOG
(0
ce
co

t...
C
Z
m

.Four-Function Frequency Counters

F·1000 $259
1.2GH

F·100 $179
... .... 120MH

Frequency, Period, Totalize, Self Check with High­
Stabili zed Crystal OvenOscillator, 8 Digit LED Display

XP-580

$59.95
2-20V @ 2A
12V @ l A
5V @3A

-5V @ .4A

Quad Power Supply

FUlly regulated and
short circuit protected

XP·575 without meters $49.95

0-20V @ lA
0-20V @ lA

5V @ 5A

Digital Triple Power Supply Xp.765

$239

Fully Regulated , Short Circuit Protected with
2 Limit Cont. 3 Separate Supplies

XP-660 with Analog Meters $169.50

CIRCLE 109 ON FREE INFORMATION CARD 5
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VIDEO
NEWS

• 8mm "Hi-Band." The 8mm format's answer
to Super VHS and ED Beta wasn't long in coming.
Ten Japanese manufacturers, led by Hitachi,
Matsushita, and Sony, have announced the
development of a super high-resolution version of
the 8mm format, which is being turned over to
the Electronic Industries Association of Japan for
standardization. Although detailed specifications
weren't announced, the developing group said
8mm "Hi-Band" will produce a picture with more
than 400 lines of horizontal resolution, which is
about the same as Super VHS, but somewhat
lower than the 500 lines of ED Beta.

Like both of the other high-resolution systems,
Hi-Band is "forward compatible"-that is, a Hi­
Band VCR can play back a standard 8mm tape,
but a standard 8mm recorder can't p lay back a
Hi-Band tape. Hi-Band u ses a new "high
performance" metal videotape, has a wider video
response, and its output-like that of S-VHS and
ED Beta-consists of separate Y and C
(luminance and chrominance) signals. Its
proponents s8(j' the system is designed as an
option and doesn't replace standard 8mm; it
should be on the market some time in 1989.

• "True Digital" VCR's. The so-called
"digital" home VCR's of today are, of course,
misnamed-they merely have digital memory for
special effects, such as picture-in-picture, clean
freeze, slow-motion, and so forth. However, true
digital videotape recorders are already being
offered by Sony, Ampex, and others for broadcast
and teleproduction use, and Japanese consumer­
products companies are hard at work extending
the technology to home VCR's.

Sony has announced a major step toward the
true digital home VCR-Adaptive Dynamic Range
Coding, a method of compressing a 216-megabit­
per-second signal t o 30 megabits , making it
possible to record 90 minutes of digital video
signal on an 8mm metal-particle tape, with little
or no noticeable degradation.

Sony says it's about halfway to the point of a
practical digital consumer recorder,and that
compression of the signal to 15 megabits and
further improvement in heads and tape could

DAVID LACHEN:BRUCH,
CONTRIBUTING EDITOR

make the goal of true digital recording for
consumer use feasible within four years.

However, when it will reach the marketplace is
another matter. Digital recording's greatest
virtue, the ability to make nearly perfect
recordings, time after time, almost certainly will
cause its introduction to be opposed by the
entertainment industry. Opposition from that
industry has already delayed the introduction of
digital audio tape in this country.

• LCD TV's improving. What once was a
curiosity is now evolving into a legitimate
product, as color liquid-crystal displays have
improved to the point where they can be used as
truly watchable miniature TV screens. Previously,
only Panasonic's three-inch Pocket: Watoh
provided a display with sufficient quality.
SUbsequently, both Sharp and Magnavox
introduced very good versions with 2.7-inch
displays (both displays made by Sharp). Now
Hitachi has introduced a 2.7-inch color monitor
(withou t tuner), designed to clip onto a
camcorder. It also contains an audio amplifier,
speaker, and volume control; and it can serve as a
viewfinder for recording, or a monitor for
playback, Sony also plans to introduce a tiny
combination 3 .3-inch LCD color-TV set and 8-mm
recorder this year.

• 3D camcorder. You will soon be able to
make stereoscopic 3D home movies of your loved
ones popping out of the TV screen-that is , if
Toshiba goes through with its plans to market a
3D camcorder to consumers. The camcorder,
which uses the compact VHS-C cassette, weighs
only 3.7 pounds, although it has two CCD pickup­
and-lens assemblies. It requires LCD viewing
glasses that are connected to the VCR and
synchronized so that each eye see s an alternate
picture field . To eliminate flicker, the number of
fields is doubled to 120 per second, so each eye
sees 60-frames per second. Toshiba says that the
system will first be marketed for educational,
commercial, and industrial uses, and will go on
the consumer market when costs come down
enough to offer it for around $2,000. R-E
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Retail Sale

77 DMMw/Cont. Beeper, Touch Pnce Price EfmW@4i Sugg.
Hold, Auto & Man. Ranging 5145.00 $120.00 Retail

75 DMM w/Cont. Beeper 5109.00 595.95 2120 Dual Trace 20MHz Oscilloscope 5546.95 C O R P Dt-U. J lur oJ

73 DMM with Autoranging $79.00 563.75 1420 15MHz, Dual Trace, Field Datatracker: 100LEDBreakout

8020B 8 Function DMM 5219.00 51 76.60 Portable Mini-Oscilloscope, Box & CableTester w/case&

8021B 6 Function DMM 5169.00 5144.95 wlbatlerypack 1047.00 5740.73 manual. 5239.95

8024B 11 Function DMM, w/PeakHold, 1590AP l00MHz, Quad Trace, CTA-7 Cable Test Adapter, Loops Test

Logic Test & Temp. 5259.00 5208.95 Oscilloscope 21 50.00 1520.64 SignalsFromDatatrackerBackto
PR-37 Deluxe 10:1/REF/1:1 Datatracker 529.95

8026B True RMS, Hand Held DMM 5229.00 5184.66 GM-MM Gendermate, Male. Allows
8050A BenchDMM,4'h Dig.,TrueRMS, Oscilloscope Probe 553.95 540.00

Connectionof Mismatched
w/dBm. 5399.00 5321.75 PR-46 Deluxe 10:1 Oscilloscope Probe 574.95 554.83 Connectors $19.95

8060A 4'h DigitDMM,w/dB,dBm, &True 2125 20MHz, Dual Trace Oscilloscope GM-FF Gendermate, Female. Allows
RMS. 5369.00 5297.95 w/DelayedSweep/Dual TIme

Connectionof Mismatched
80T-150U Universal Temp. Probe: Base 5535.00 5459.64

Connectors 519.95
ConvertsAny Fluke DMM to 810A 3'h Digit Handheld Capacitance UC-4 4'·Universal Cable 539.95
Temp. Probe. 5120.00 596.95 Meter w/LCD Readout 5137.50 51 01.95

UC-8 8' Universal Cable 544.95
C-70 MUltipurposeHolster for 20, 50& 830 3'h Digit Autoranging

MT- l Minitracker, Miniature RS-232
70Series DMM's. 510.00 58.95 Capacitance Meter 5302.50 5222.23

Signal Monitor, 16 LED's,
C-86 Hard Case For Bench DMM's 520.00 $16.12 550 IC Comparator Tester/Logic Monitorsthe8MostUsedRS-232
Y8134 Deluxe Test Lead Kit 522.00 $17.75 MonitorwfTTL IntegratedCircuits $434.50 5319.95 Lines $29.95
Y8140 Slim-Flex Test Leads 520.00 $16.12 552 IC Comparator Tester/Logic MT-2 Minitracker Plus: MiniatureMonitor for CMOS Integrated
C-90 Soft Case For 20, 50 &70 Series Circuits 5434.50 5319.95 RS-232 Signal Monitor, 24Pairs

DMM's. $13.00 $10.50 1541 A 40MHz, DualTraceOscilloscope 1006.00 $738.43
of LED's, Monitors the24Most

37 Bench/Portable Multimeter 5249.00 $1 99.95 Used RS-232 Lines. $49.95
3011 2 MHz Function Generator MP-1 Micropatch: Male·to·Female:

IIFluke Products Come With A wlDigital Display $240.95 $821.00 CustomInterfaceWithoutCutting ,
2 Year Warranty 1805 80 MHzMultifunction Counter, Stripping, Crimping or Soldering. $29.95

5Hz to 80 MHz, w/8 Digit LED MP-2 Micropalch: Same as MP-l
Display. 5350.00 5259.20 except Male-to-Male 529.95

1645 9-16VDC, 0-10ASingle Output MP-3 Micropatch: SameasMP-lPower Supply $192.50 $141.69 except Female-Io-Female 529.95
540 Component Tester w/CRT 1094.50 $802.94 PT-l RS-232 Pulse-Tracker, Can

Beckman

~
Detect Pulse or Data on2 Signal
Lines Simultaneously. $49.95

IndU!ttrlal ,. SPll SpikeSurge Protector, Data Line
SurgeProtector, Protects the 11

310 3'h Digit Handheld DMM, w/l0A Most Commonly Used Lines 534.95
CurrentRange $145.00 51 16.95

320 3'h Digit Handheld DMM,
w/ContinuityCheck $179.00 $144.95

330 3'h Digit Handheld DMM, wfTrue UnGaR
RMS 5219.00 5177.95

HOl l O 3'h Digit, Drop Proof, HD UTC100 Electronic Soldering System,
Overload Protection, wlvariable 400-800'F tem . 577.95 555.95
Contamination Proof DMM. $199.00 5160.47

HD110T Same as HOll OwfTemp. Probe 5219.00 51 77.95
LP1 0A 17MHz, Pulse Memory,

I~ IN TERN ATIO N AL 111'n:lIPLETTSelectable TTL, DTl, HTL or o DATACMOSLogic Probe $17.95 513.95 3525A Digi-Probe, PocketSized DMM, Retail Sale
SM-2 IC& ComponentTester, Tests S C IE NCES, IN C. w/autoranging, 4 Functions & 16 Price Price

Most Electronic Components In LI N CO L N , R . I., U . S .A. Ranges. 555.00 541.95
Or Out Of Circuit: Works w/any 60 EIA Interface Monitor & Breakout 310 Hand Size, AnalogVOM 563.00 551.95
X-Y Mode Oscilloscope. 5395.00 5308.16 Box $159.00 $148.00 · 2030 Pocket Size, AutorangingDMM,

DL243 Deluxe Test Lead Kit $17.25 513.13 61 Tri-State LED EIA Breakout Box 5225.00 5209.00 wl3'h Digit $35.95 524.95

SHIPPING & HANDLING TOOLSe4eU SHOP
S2.70-orderup to SI5.00 'B'TOLL-FR EE
S3.70-order of S15.0 1 to S25.00

1-800-638-6405ss.so-orae: of S25.01 to S50.00
A Division of W.S. Jenks & SonS6.g0-order of S50.01 to SI00.00

S7.g0 -order over S100.00 1933MontanaAve.N.E.WashingtonD,C,20002 MasterCard' Visa
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Only NRI gives you a 27" high-re$olution
stereo color TV you build to prepare you for

today's video servicing careers.

Become one of America's most sought-after technicians . . .
put your talents and spare time to work for you in the

"explosive-growth" world of home entertainment electronics.

Train in state-of-the-art video/audio
servicing and become a fully qualified
service professional the uniquely suc­
cessful NRl way It's hands-on train­
ing, at home . . . designed around the
latest electronic equipment you build
and keep as part of your training. You
start from scratch and "discover by
doing." You conduct key experiments
. . . perform vital tests . . . build your
own systems . .. and do it all at the
pace that suits you best .

There's no stopping the incredible
boom in consumer electronics. Soaring
sales, new and improved video prod­
ucts , entirely new technologies have
opened up new opportunities for the
trained technician as never before.

Now at 526 billion in annual sales,
the consumer electronics industry is
creating a whole new servicing, instal­
lation, and repair market. This year; 1V
sales alone are expected to hit 16.2
million units. Everyday sales of home

VCRs, a product barely conceived of
10 years ago, reach 20,000 units. Every
day!

And the revolution has spread to the
business sector as tens of thousands
of companies are purchasing expen­
sive high-tech video equipment used
for employee training, data storage,
even video conferencing.
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Send For Free Catalog
Now is the time to act. Send the post­
paid card to us tod ay. You'll receive
our 100-page catalog free. It's filled
with all the facts you'll want to know
about our training methods with full
details on the equipme nt you' ll use
and keep as part of your hands-on train­
ing. You' ll see how our more than 70
years of expe rience in uniquely suc ­
cessful at-ho me career training makes
us the leading tec hnical school tod ay.
( If someo ne has already used the card,
wri te to us at the address below:)

III~ISchools
McGraw-Hill Continuing

Education Center
3939 Wisconsin Avenue, NW ~'i~

Washington, DC 20016 I~nllil

NRI has purposely designed your
training around equipment that hasthe
same high-tech circuitry you'll encoun­
ter in commercial equipment. That
means your training is real-world train­
ing. And tbat's unique.

Inside Your 1V
This new state-of-the-art Heath/Zenith
27" JV included with your training
has all the features that allow you to
set up today your complete home
video center of the future . Flat screen,
square comers, and a black matrix to
produce dark, rich colors. Cable­
compatible tuning, built-in stereo
decoder to give you superb reproduc­
tion of stereo 1V broadcasts . . . even
a powerful remote control center that
gives you total command of video and
audio operating modes.

Your NRI Training Has
Another Special Element

Also built into your training is the enor­
mous expe rience of NRl development
specialists and instructors. Their long­
proven training skills and enthusiasm
come to you on a one-to-one basis.

L
.~ Availab le for consultation and help

.,~ whe never you need it, your instruc-
o -~.-;~ «..4i tors ensure your success both

o _~ ~.. du ring your course and after
... '. : • graduation.

r,ttl~'~'--'IIIIill'1II;,; ~" Step Into the Future Today
'" The rich est reward you gain

from your NRI video / audio
training is a firm grip on the

future. Your knowledge and know-
how provide you with the soundest

possible foundation for keeping up
with the rapidly evolving, high ly inno­
vative video industry

...

NRI's com m itment to yo u goes beyon d
p roviding you with eq uip m e n t appropri­
a te to the latest technology . Of equal
importance is our dedication to training
techniques that let you master lV, video
a n d audio troubleshooting an d repair
quickly and easily.:Best o f all, we ensure
that in the learning process yo u acquire
the ve ry skil ls that will make yo u a pro­
fes s ion al se rvice technician on the job.

Hands-On 'Iraining As You Build
a 27" Stereo 1V

In just hours you assemble an excep­
tional state-of-the-art 1V receiver using
easyto follow step-by-step instructions.
During this assembly process, }QU learn
to identify and work with components
and circu its used in actual commer­
cial circuitry. 111en through tests, adjust­
ments, and experiments you quickly
master profession al troubleshooting
and bench techniques.

-...
_ ___.... ~1~

Totally Integrated
Hands-On Training

Sinc e NRI training is built aro und
"learn by doing," right from the start
you co nduc t important experiments
and tests w ith your p rofession al dig­
ital multime ter. You assemble the
remarkable NRI Discovery l.ab and per­
form a co mplete range of demonstra­
tions and experime nts in the process.

Start Right and
There'll Be No Stopping You!
NRI training in video/audio serv­
icing is the perfect w ay for you
to profit from the new explosive
growth in consumer electronics.
You study at home in your spare
tim e at your own pace . No class­
room pressures, no night school
grind.

Even if you've never had elec­
tronics training, NRl prepares you
properly with a thorough ground­
ing in the fundamentals . . . a foun­
dation that you build on to achieve
advanced elec tro nics skills. With
this kind of underst anding and
pract ical be nch experience built
into NRI's exclusive training meth ­
ods, you're on your way to take
advantage of the new opportuni­
ties opening up every day:

Join the Future or
Be Left Behind

C 'Ul you see the opportunity? The serv­
icing and repair market that's there
already . . . and the enormous future
need created by the millionsupon mil­
lions of electronic devices yet to
come? Ifyou're looking fur a high­
potential career . . . ifyou'd like
to get started in a field that's still
wide open for the independent
businessperson . . . even ifyou'd
like to find a way to make extra money
part-time, look into NRl at-home train­
ing now.

The Video Revolution
IsJust Starting

Already, disc players can handle audio
CDs and laser video discs. And now
there are machines that will accom­
modate laser computer disks as we ll.
Camcorders are becoming smaller,
lighter, and more versatile . .. 8 mm
video equipment produces high­
resolution pictures and digital audio.
By 1990 our 1Vs wi ll become inter­
active computer terminals, giving us
entertainment, information, and com­
muni cations in one sophisticated
video/ computer/ audio system.
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Introducing AHeavy-Duty
DMM WithAn Audible Readout
That LetsYou Keep
Both Eyes On TheJob.

Hands-free operationcomes from a
range of features that make HD 150Series
DMMs a must for your tool box or bench:
a tiltstandandSkyhook let you set or
hangit almost anywhere. An audible
readout lets you listen to measurements
without touching the DMM. An intermit­
tent alert pinpoints shorts.

Intermittent alert. Onekey appli­
cation of audible readout. The HD 153
pinpoints intermittentsby emittinga
"crackling" sound when they're detected.
The responsesounds in about 1msec­
far fasterthan theinformation appears on
anyDMMdisplay.

Logic function. The HD 153detects
TTL or CMOS logicpulses usingstandard
test leads-andalertsyou with a beep.

Specs that set the standard. The
HD 150 Series is the latest in a distin­
guished line of instruments thatbegan
when Beckman Industrial pioneered
heavyduty DMMs with their distinctive
yellow color. Since then, many competi­
tors have imitated thatcolor. As for imitat­
ing theirperformance, no onecomes
close.

Easy to use. The HD 150Series lets
you readthe LCDeven at wideangles. A
large rotary dial, full auto-ranginganda
slim-styled case give you a solid grip on
fast, one-handed function selection.

Built tough to work hard. The
HD 150Series DMMs areso tightly sealed
against waterandgrime that they're
guaranteed for five years against contami­
nation. And, because they're built so
tough, they're guaranteed for two years
against anydamage (except abuse):
Crashes, overloads, moisture, dust...
you name it. The HD 150 Series canhandle
it all!

Listening is believing. For a hands­
on demo, see your distributornow Learn
why the HD 150Series is thesoundest
DMMvalueyou'll see. Or hear.

2500
N
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~ 1500
w
:::l
@ 1K
c:
u.. 500

500 1000 1500 2000
A-D SCALE-COUNTS

Key Specifications

HD151 HD152 HD153
Auto-ranging v' v' v'

Range Lock v' v'

Audible readout v'

Tilt Standand Skyhook' Optional Optional Included
Logic pulsedetector v'

DCvoltageaccuracy 0.7% 0.5% 0.25%
10Arange v' v'

Suggested list price $149.00 $169.00 $199.00

In.Service
-lilSttUiTIents,

\tWre One.
BecklTlan Indu!!ttria/ '"

Audible readout. A"sound" reason
to gowith the HD 150 Series. With this
unique feature on the HD153, you mea­
sure parameters bylistening to a continu­
ousvariable tone. As the parameters you
measure rise or fall, the tone's frequency
will increase or decrease, accordingly. Use
theaudiblereadout to measurevolts,
ampsor ohms. It's ideal for peakingand
nulling, too.

Beckman IndustrialCorporation,
Instrumentation Products Division
ASubsidiary ofEmerson Electric Company
3883 Ruffin Road, San Diego. California 92123-1898
(619) 495-3200 ' FAX: (619)268-0172• TLX: 249031
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© 1987 Beckman IndustrialCorporation
valor isa registered trademarkof GeneralElectricCorporation.
Specifications subject to changewithout notice.



WRITE TO:

ASK R-E
Radio-Electro nics
500-B Bi-County Blvd .
Farmingdale, NY 11735

FIG. 1

8 1 I.S V
-I-

VIDEO SIGNALS
I'm interested in experimenting

with video circuits but I am having
difficulty finding information on
standard video signals. Could you
describe the different parts of a vid­
eo signal and let me know what sort
of problems are involved when mix­
ing two or more signals together or
when switching from one to an­
other.-D.R., Marianna, FL.

It 's paradoxical, but the stan­
dard video signal is one of the
most complex signals you'l l ever
come across. But, a lthough video
signals can have many variations,

dictate that you 're right, but d isk­
operating-system designers wou ld
disagree . Figure 3 shows a disk
with its track and sector markings.
If we're talki ng about a 9-sector
IBM disk, the length of a track #0
sector is about 1.7 inches, and a
track #40 sector is about 0.8
inches long. W hile it's true t hat
there's a difference in le ngth be­
tween the two sectors, it's not tr ue
that there's more empty space on
the outer tracks .

The reason for that is because
the data is being read from and
written to the disk at a constant
rate . And since the outer edge of
the disk is moving faster than the
center, there will be more space
between data marks but they'll be
presented to the drive's head at
the same rate no matter what track
is being accessed.

The critical pa rameter in disk
storage is timing . The hardware
that's doing the reading and wr it­
ing expects to see pu lses of a spe ­
cific le ngth. The outer tracks turn
faste r but the data is also spaced
farthe r apart. If the d isk-operating
system wants to store a "1" as a 20­
mic rosecond pu lse, it's going to
need more room on track #0 than
on track #40.

SEC To,R.5
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DISK DILEMMA
You recently ran a series of arti ­

cles on disk storage, but there's one
point that wasn't clear. If the disk is
organized as sectors on concentric
tracks, aren't the sectors on the out­
ermost tracks much larger than the
ones near the center? If that is the
case, and each sector holds the same
amount of data, isn't there a lot of
wasted space in the sectors near the
outer part of the disk?-J.F.,
Chestnut Ridge, NY.

Simple geometry would see m to

The LM3909 can operate from a
w ide variety of supply voltages ,
and an alkaline D-cell battery
should be able to power the IC for
more than two years. Not bad.

F =IH:L

COIL(-)
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PENDULUM PROBLEMS
I'm rebuilding an old electric pen­

dulum clock and I am missing the
circuit that makes the pendulum
swing back and forth. The pendulum
has a magnet on it and the power
supply originally fed a pulsing DC
voltage to a coil that would make the
pendulum move. Rather than work
out the or iginal design, is there some
other circuit that I can use to gener­
ate a pulsing DC voltage between
about 0.5 and 2 Hz from a 1.5 volt
battery?-J.D.G., Ferry, CT.

It doesn 't happen often , but
every once in a whi le there's a sim­
ple answer to a circuit question . In
this case, not on ly is there a really
easy way to take care of the prob­

.Iem, but you can get everything
you need from Radio Shack!

The circuit shown in Fig.1 is built
around the LM39091C. That IC was
really designed to be an LED flash­
er but it can be used for other ap­
pl ications as well. You didn 't
specify how much power your co il
needed, but once you've got the
circuit operating, you can use a
transistor to boost the output to
whatever leve l you need .

B The LM3909 can deliver 45-mA
z current pul se s at more than 2 volt s.
~ You ca . vary the pulse rate by
t3 changing the capacitor C1 as indi­
~ cated in Fig. 1. If you want to use a
6 trimmer potentiometer to vary the
~ pulse rate, use the circuit shown in
c:c Fig. 2.
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uniden®
CBRadios&
Scanners

Com munications Electronics:
theworld's largest distributor of radio
scan ners, introduces new models of
CS, rada r detectors and scanners.

NEW! Bearcart 760XLT-SA3
List price $499.95/CE price $279.95/SPECIAL
1tl-Band, 100 Channel. Crystalless • AC/DC
Frequency range: 29-54.118-174. 406-5 12. 806-956 MHz.
Excludes823.9875-849.0125 and 868.9875-894.0125 MHz.
The Bearcat 760XLT has 100 programmable chan­
ne ls organized as tive channe l banks for easy use,
an d 12 bands of coverage incl udi ng the 800 MHz.
band. You also get automatic scanning of prepro­
grammed aircraft, po lice, marine, and emergency
services. It also includes Weather Search, Priority,
Squelc h, Lockout and Delay. It has automatic and
man ua l band search to f ind new active frequencies
in other areas of the radio spectrum. The Bearcat
760XLT mounts neatly under the dash and con­
nects directly to fuse block or battery. The unit also
has an AC adaptor, f lip down stand and te lescopic
antenna for desk to p use . 6-5/16" W x 1%" H x 7%"
D. Model BC 580XLT·SA is a similar version without
the 800 MHz. band for o nly $219.95.

RegencyV TS2-SA
List price $499.95/CE price $309.95/SPECIAL
12-Band, 75 Channel. Crystalless. AC/DC
Frequencyrange:29-54,118 '175, 406-512, 806-950 MHz.
The Regency TS2 scanner lets you mo nitor
Military, Space Satellites, Government, Rai lroad,
Jus tice Department, State Department, Fish &

. Game, Immigration, Marine, Po lice and Fire Depart­
me nts, Aeronautical AM band, Paramedics, Am­
ateur Rad io, plus thousands of other radio fre­
quencies most scanners can't pick up. The Regency
T52 featu res new 40 channe l per second Turbo
Scan- so you wont miss any of the action. Model
TS1 ·SA is a 35 channel version of this radio without
the 800 MHz. band and costs only $239.95.

Regency@ RH256B-SA
List pr ice $799.95/CE price $329.95/SPECIAL
15 Cha nn el . 25 Watt Transceiver. Priority
The Regency RH256B is a sixteen-channe l VHF land
mobile tra nsceiver designed to cover any frequency
between 150 to 162 MHz. Since this radio is
synthesized, no expensive crystals are needed to
store up to 16 frequencies without battery backup.
All rad ios come with CTCSS tone and scann ing
capabilities. A monitor and nighVday swi tch is a lso
standard. This transceiver even has a priority func­
tion. The RH256 makes an ideal radio for any police
orfire department vo lunteer because of its low cost
and high performance. A 60 Watt VHF 150-162
MHz. version called the RH606B·SA is availab le
for $429.95. A UHF 15 watt, 10 channel version of
this radio called the RU150B·SA is also available
and covers 450-482 MHz. but the cost is $419.95

SALE Bearcat® 100XL-SA
list price $349.95/CE price $159.95/CLOSEOUT
IrSsnd, 18 Channal • Priority. Scan Da/ay
"arch a Limit • Hold. Lockout • AC/DC
Frequency range: 30-50, 118,174, 406·512 MHz.
Unide n has authorized CEI to closeout the famous
Bearcat 1OOXLto make room for new models . This
scanne r has a full 16 channels wit h freque ncy coverage
that includes all pub lic service bands . Wow... what a
scanner! Included in our low CE price is a sturdy
carryi ng case, earphone, baltery charger/AC adapter,
six AA nl-cad batteries and fle xible antenna. Since this
is a special closeout price on our last 200 pieces, you
must order you r Bearcat today to take advantage of this
excellent scanner opportunity.

*** Uniden CB Radios ***
The Vniden line of Citize ns Band Radio transceivers is
styled to compliment other mobile audio equipment.
Uniden CB rad ios are so reliab le that they have a two
year limited warranty. From the feature packed PRO
540e to the 31Oe hand held, there is no belt er Citizens
Band radi o on the market today .
PR031OE-SAVniden 40 Ch. Portabie/MobileCB $85.95
PR0330E·SA Vniden 40 Ch. Remote mountCB $109.95
NINJA·SA PR031OEwith rechargeablebatterypack.$99.95
B-1 o-SA1.2VAANi-cadbatteryfor Ninja(setof 10) $20.95
KARATE-SA Vniden 40 channel rescue radio $69.95
PR051OE-SAVniden 40 channel CB Mobile $49.95
PR0520E-SA Vniden 40 channel CB Mobile $59.95
PR0540E-SA Vniden 40 channel CB Mobile $119.95
PR0640E·SAVniden 40 channelSSBCBMobiie $159.95
PR07tOE-SA Vniden 40 channel CB Base $119.95
PR081OE-SAUnitien 40 channelSSBCBBase $179.95

***Uniden Radar Detectors***
Buy the finest Vniden radar dete ctors from CEI today .
RD7·SAVniden visor mount radar detector $109.95
ROO·SA Vniden "Passport" size radar detector $129.95
ROOXL·SA Unitien "micro" size radar detector $159.95
RD25-SA Vniden visor mount radar detector $59.95
RD500-SA Uniden visor mount radar detector $79.95

NEW! Bearcat®200XLT-SA
List price $509.95/CE price $299.95
HI-Sand, 200 Channal • 800 11Hz. Handheld
"arch • Limit • Hold • Priority. Lockout
Frequency range: 29-54, 118-174,406-512.806-956 MHz.
Excludes 823.9875-849.0125 and 868.9875-894.0125 MHz.
The Bearcat 200XLT sets a new standard for hand­
held scanners in performance and dependability.
This full featured unit has 200 programmable
channels with 20 scanning banks and 12 band
co verage. If you want a very s imilar mod el without
the 800 MHz. band and 100 channels, order the
BC 1OOXLT-SA3 fo r only$199.95. Includes antenna,
carrying case with belt loop, nl-cad battery pack,
AC adapter and earphone. Orderyo ur scanner now.

Bearcat@ 800XLT-SA
List pri ce$549.95/CE price$259.95/SPECIAL
12-Band, 40 Channel a No-crystal scanner
Priority control a Search/Scan a AC/DC
Bands: 29-54, 118 -174, 406-5 12, 806-9 12 M Hz.
The Uniden 800 XLT receives 40 channe ls in two banks.
Scans 15 channels per second. Size 9W ' x 4Y2" x 12%."
If you do not need the 800 MHz. band, a similar model
called the BC 21 OXLT-SA is available for $196.95.

Bearcat@145XL-SA
List price $189.95/CE price $98.95/SPECIAL
1o-Sand, 15 Channel. No-crystal scanner
Priority control. Weather search a AC/DC
Bands: 29-54, 136-174,406-512 MHz.
The Bearca! 145XL is a 16 channe l, programmable
scanner covering ten frequen cy bands. The unitfeatures
a built- in delay funct ion that adds a three second delay
on ali channels to prevent missed transmissions.

Bearcat@175XL-SA
List price$279.95/CE prlce$156.95/SPECIAL
11-Band, 16 Channel a Weather Search
Priority control a Search/Scan a AC/DC
Ba nds: 29-54, 118-174,406-512 MHz.
The Bearca! 175XL has an automatic search feature to
locate new frequencies. Priority, lock out, de lay and
scan speed are ali inciuded.

Regency® lnformant" Scanners
Frequency covera ge: 35-54, 136-174406-512 MHz.
The new Regency Info rmant scanners cover virtu­
ally all the standard police, fire, emergency and
weather frequencies. These specia l scanners are
preprogrammed by state in the units memory. J ust
pick a state and a category. The Informant does the
rest. All Informant radios have a feature called
Turbo Scan- to scan up t040 channels per second.
The IN F1 -SA3 is ideal for tr uckers and is only
$179.95. The new IN F2-SA3 is a de luxe model and
has ham radio, a weather alert and other exciting
features built in for on ly $219.95. For base station
use, the INF5·SA3 is only $129.95 and for those
w ho can aHord the best, the INF3-SA3 at$149.95, is
a state-of-the-art, receiver that spe lls out what
service you're Iist ini ng to such as Military, Airp hone,
Paging, State Police, Coast Guard or Press.

Regencv@HX1500-SA
List pr ice $369 .9 5/ CE price $179.95/SPECIAL
11-Band, 55 Channel a Handheld/Portable
Search a Lockout a Priority a Bank Select
Side'" liquid crystaldisplay a EAROllllemory
Direct ChannelAccess Feature a Scan delay
Bands: 29-54, 118-136, 144-174, 406-420,440-512 MHz.
The new handheld Regency HX1500 scanner is
fully keyboard programmable for the ult imate in
versatility. You can scan up to 55 channels at the
same time including the AM aircraft band. The LCD
display is even sidelit for night use . Incl udes belt
c lip, fle xible antenna and ea rp hone. Operates on 8
1.2 Volt rechargeable Nl-cad batteries (not incl uded).
Be sure to order batteries and battery charger from
the accessory list in this ad.
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*** UnidenCord/essPhones***
A major consumer magazine did a comparison study on
cordless phones . The check points included clarity,
eff iciency and price. Unkien was rated best buy.
XE30C>-SA Unkien Cordless Phone $69.95
XE50C>-SA Vniden Cordless Phone with paging $84.95
XE700·SAUnidenCordlessPhonewithspeaker $114.95

*** Extended Warranty Program ***
If you purchase a scanner, eB, radar det ector or co rdless
phone fromanystore inthe U.S.orCanadawithin the last30
days, you can get up to thr ee years of extend ed warranty
service from Warr ant ech. This se rvice exte nsion plan begin s
after the manuf actur er's warranty expires. Warrant ech will
perf orm al l nec essary labor and will not charge for ret urn
shipping. Extended warranties are non-refundabl e and apply
only to the original purcha ser. A two yearextended warranty on
a mobi le or base scanner is $2 9.99 and three years is $39.99.
For handheld scanners. 2 years is $59.99 and 3 years is
$79.99. For radar detectors, two years is $29.99. For CB
radios, 2 years is $39.99. For cordless phones, 3 years is
$34.99. Order your warranty for your merchandise today.

OTHER RADIOS AND ACCESSORIES
Be 55XL·SA Bearcat 10 channel scanner $114.95
BC 70XLT·SA Bearcat 20 channel scanner $169.95
R1 09O-SARegency45 ch.scanner CLOSEOUT $119.95
Z60·SA Regency 60 ch. scanner CLOSEOUT $129.95
UC102·SARegencyVHF2ch. 1Walt transceiver $117.95
Bpss·SA Regency 16 amp reg. power supply $169.95
MA549-SADrop-incharger forHX1200&HXI500 $84.95
MA51S·SA Wall charger for HX1500scanner $14.95
MA553·SA Carrying case for HX1500scanner $19.95
MA257·SA Cigarette lightercordforHX12/ 1500 $19.95
MA917·SA NI-Cadbatterypack forHXl 000/1200 $34.95
BP205 Ni-CadbatterypackforBG200/BCl ooxt,T $49.95
B-S'SA 1.2 V AANi-Cad batteries (set of eight) $17.95
FB-E·SA Frequency Directoryfor EasternU.S.A. $14.95
FB-W'SA Frequency DirectoryforWestern U.S.A $14.95
ASo-SA Air Scan Directory $14.95
SRF'SA Survival Radio Frequency Directory. . .$14.95
TSG-SA"TopSecret" Registryof U.S.Gov!. Freq $14.95
TIC-SA Techniques for Intercepting Comm $14.95
RRF·SA Railroadfrequency directory $14.95
EEC'SAEmbassy&Esp.ionageCommunications $14.95
CIE-SACovert Intelligenct,Elect.Eavesdropping $14.95
MFF·SA Midwest Federal Frequency directory $14.95
A6o-SA Magnet mount mobile scanner antenna $35.95
A7o-SA Base station scanner antenna $35.95
USAMM·SA Mag mount VHFant. w/ 12' cable $39.95
USAK'SA 'f<" hole mount VHFant. w/ 17' cable $35.95
USAK450·SA'I." hole mountUHFant.w/ 17'cable $35.95
Add$3.00shippingforallaccessoriesordered at thesametime.
Add$7.00 shipping per radio and $3.00 per antenna.

BUY WITH CONFIDENCE
To l1at tha fa.ta.t dall"ery from CE of any scanner,
send or phone your order direct ly to our Scanner
Distribution Cente r" Mich igan residents please add 4%
sales tax or supply your tax I.D. number. Written pur'
chase orders are accepted from approved gove rnment
agencies and most well rated firms at a 10% surcharge
for net 10 billi ng. All sales are subject to avai lability,
acceptance and verification. All sales on accessories
are final. Prices, terms and specifications are subject to
change without not ice. All prices are in U.S. dollars. Out
of stock items will be placed on backorderauto maticaily
unless CE is instructed differentiy. A $5 .00 additional
handling fee will be charged for all orders with a
mercha ndise tota l under$50.00. Shipme nts are F.O.B.
Ann Arbor, Michigan. No COD's. Most products that we
sell have a manufacturer's warranty . Free copies of
warran ties on these products are availab le prior to
purchase by writing to CEo Non-certlfled checks require
bank clearance. Not responsible for typographical errors.

Ma ll orders to: Communications Electron­
ics" Box 1045, Ann Arbor, Michigan 48 106
U.S.A. Add $7.00 per scanner fo r R.P.SJU.P .S .
ground shipping and hand ling in the cont inental
U.S.A For Canada, Puerto Rico, Hawaii, Alaska,
or APO/FPO delivery, shipping charges are
three times continenta l U.S . rates. If you have a
Discover, Visa or Master Card, you may call and
place a credit ca rd order. Order to ll-free in the
U.S . DiaI800-USA-SCAN. In Canada, order to ll­
free by call ing 800-221-3475. FAX anytime,
d ial 313-971-6000. If you are outside the U.S .
or in Michigan diaI313-973-8888. Order today.
Scanner Distribution Center" and CEI logos are trade ­
marks of Communications Electronics Inc.
t Bearcat is a registered tr ademark of Uniden Corporation.
t Regency and Turbo Scan are regist ered tradem arks 01
Regency Electronics Inc. AD0'041588-SA3
Copyrightc 1988CommunlcatlonsElectronlcslnc.

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

C~OMMUNICATIONS
"ELECTRONICS INC.
ConsumerProducts Division
P.O. Box 1045 0 Ann Arbor, Michigan4 8106-1045 U.S.A.
For orders call 313-973·8888 or FAX 313·971 ·6000
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they are all composed of two basic
parts: the image and the co ntro l
signa ls. The tim ing and vo ltage re­
lati on ships between them depend
o n the parti cul ar k ind of video
yo u're talki ng about (NTSC, PAL,
etc.), but t he same co mponents
are present in all of th em .

The basis of most vid eo syste ms
is the horizontal line th at is t raced
by th e electron beam as it moves
from left to right across th e screen.
After each line is f in ished, t he
beam is turne d off, moved back to
the left , down o ne line, t u rne d
back o n, and th e process sta rts
over again. Afte r all of th e lines on
t he scree n are drawn (t he exac t
number of lin es depend s on the
standard), th e beam is moved back
to th e upper left and starts all ove r
again. Each full screen of video is
referred to as a " fie ld" .

Figure 4 is a rep resentati on of a
typi cal lin e of video, and yo u can
see that it has several basic parts.
The comp lex ity is what makes it
di ffi cul t to mix or sw itch two sepa­
rate sig na ls . Picture in formati on
can be com bi ned any way yo u

® 5~ ~/-IO,RlZO /Y7;4L .8 ,y~/Y6

I /. 1 ,1fIC,fOSECO/yIJS 1/10£ 0 I/yFOR I1/A TION
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0COLO~£/RSTr3.579.s1<Sg/l.zJ(2J.8AC'<::; pO,€c/f-

FIG.4

want, but th ere can be only one set to make sure th at the tw o sets of
of control (o r sync) sig na ls. In pi ctu re in format ion are in sync-
orde r to mix two video signals, yo u th e start of pictu re #1 has to be
f irst have to separate th e picture exact ly on top of th e start of pi c-
f ro m th e co ntro l sig na ls. On ce t ure #2. That means th at yo u have
yo u've don e that, the combined to use some part of the origi nal
pi cture has to be locked onto an- cont ro l signals to fi nd the begin-
ot her set of contro l signals. ning of each picture. You can use

H ow ever co m p l icated t hat the edge of the blank ing signal,
sounds, th ere's a further cons id- the horizon tal sync, o r w hatever
eration to keep in mind. You have fo r that. R-E

Prototyping Made Easy. In The Quantities You Require.
Your Electronic Specialty Products
distributor has a wide selection of 3M
breadboards and prototyping labs in
the quantities and styles you desire.

Weinvented solderlessbreadboarding with
one thought in mind: " make it fastand easy!"
And we build these products with American
made reliability.

Whether your requirements demand 3M's
A·C · E 100Seriessolderlessbreadboards or
Powerace prototyping labs with self-contained
powersupplies,or our newestPowerace labs

with removable boards, you'll find what
you need at your authorized 3M Electronic
SpecialtyProducts distributor.

Foreducators, students, hobbyistsand
evenprofessional designers, 3M prototyping
productsmakecircuit bUildingand testingfun
and easy. And whetheryou need one bread­
board or a hundred, we've got them packaged
asyou needthem.

Your Electronic Specialty Productsdistribu­
tor also has all the prototyping tools you'll need.
Tools suchas jumper wires, adaptor pins and
patch cords.

CIRCLE 76 ON FREE INFORMAT ION CARD

Forthe nameof your nearest3M A· C· E
Board and Poweracedistributor, call toll free
800-321-9668 or (216) 354-2101 in Ohio.

Electronic Specialty Products
3M Electronic Products Division

9325 ProgressParkway
Mentor, Ohio44060

We've Packaged Our Solutions.



FULLY OVERLOAD
PROTECTED

TRANSISTOR __----.
TESTER

9 FUNCTIONS__-.
34 RANGES

CONDUCTANCE _
TESTER ADDS
VERSATILITY

TEMPERATURE ~

TESTER TO
2000° F

* i! YEARREPLACEMENT WARRANTY
* 30DAYMONEYBACKIiUARANTEE
* TOLL FREE TECHNICAL §UPPORT
* NEXTDAYAlR§HIPAVAllABLE

MODEL 2000 $389.95
20 MHz DUAL TRACE OSCILLOSCOPE
Model 2000 makes frequency calculation and phase F===;:;:====-;:::::======~
measurement quick and easy. The component tes ter
aids in fast troubleshooting. Serv ice technicians appre ­
ciate the TV Sync circuits for viewi ng TV-V and TV-Hand
accurate synchronization of the video signa l, Blanking,
VITS, and V/H sync pulses .

• Exceptionally bright S" CRT
* Built-incomponenttester
* TV Syncfilter
* X-Yoperation * 110/220 volts

MODEL 3500 $499.95
35 MHz DUAL TRACE OSCILLOSCOPE
Wide bandwidth and exceptional 1mVtDlV sensitivity
make the Model 3500 a power ful diagnos tic tool for
engineersor techn iciansat a remarkablepr ice. Delayed
triggering allows any porti on of a waveform to be
isolated and expanded lor closer inspecti on. Variable
Holdofl allows stable viewing of complex waveforms.
• Exceptionally brightS" CRT
* Delayedand single sweepmodes
* . intensitymodulation

TV syncInter

This full funct ion 3.5 digit DMM oilers highly accurat e performance and a host
of added features to help you do the job-fast. Capacitance, trans istor. tem­
perature, conductance and audible continuity in addition to the ranges you 'd
expect from a DMM of this qualit y, Temperature probe, test leads and battery
included. Input impedance: 10M ohm. Basic DC accuracy: plus/minus 0.25%
Approx . 7" x 3'/'>" x l 'l1. " Wl.1 3'/,> ozs.

DPM·1000 $54.95
3.5 DIGIT PROBE TYPE DMM
Custom 80 pin LSI chip provides accuracy and reliability
in such a compact size. Autoranging, audible continuity
and data hold feature help you pinpoint the problem
quick ly. Case and batteries inc luded.

* Basic DC accuracy:plus/minus1%
* DC voltage:2v-500v, autoranging
* ACvoltage:2v-500v, autoranging
* Resistance:2kohms-2M ohms, autoranging
* FUllyover-load protected
* Input impedance: 11 M ohm
* Approx.6 11.2~x 1 "x 3/4" Under30zs.

DMM·200 $49.95
3.5 DIGIT FULL FUNCTION DMM
Get highly accurate performance at a very affordable
price. Rugged construction, 20 amp current capability
and 22 ranges make it a perfect choice for serio us field
orbenchwork. Lobattery indicator andtilt -stand. Probes
and 2000 hour battery included.

* Basic DC accuracy:plusorminus0.25%
* DC voltage:200mv- l000V, 5 ranges
* ACvoltage:200mv-750V, 5 ranges
* Resistance:200 ohms-20M ohms, 6 ranges
* ACme current:200~A-20A. 6 ranges
* Input impedance: 10M ohm
* FUllyoverloadprotected
* Approx. T' x 31~" x 11/.2"Wt. 11 ozs.

DMM·100 $29.95
3.5 DIGIT POCKET SIZE DMM
Perfect for the field serv ice technician. Shirt pocket size
without compromising features oraccuracy. Large, easy
to read '/,>" LCD display. Fully overload protected for
safety. 2000 hour battery life with standard 9v cell. Probes
and battery Inciuded.

* BasicDC accuracy:plus/minus0.5%
* DC voltage:2v- 1000v.4 ranges
• ACvollage:20Ov-75Ov, 2 ranges
* Resistance:2kohms-2 Mohms. 4 ranges
• DCcurrent:2mA-2A. 4 ranges
* Input impedance: 10Mohm
* Fullyoverloadprotected
* Approx, 5· x 3")( 1· Un



REASONS FOR
SELECTING CIE

• Approved for educational
benefits under the G.!.Bill
for Veterans and other
eligible persons.

• CIEprovides printed job
resumes, letters of recom­
mendation. and lifetime
Employment Service for all
graduates at no extra
charge.

• State-of-the-Art laborctory
equipment isyours to keep
and it comes assembled.
ready for hands-on­
experiments.

• Only CIEoffers an
Associate Degree program
based on actual study
time used. The faster you
complete your degree. the
lessyour overall tuition.

• Upon graduation, CIEoffers
you free preparation to
pass the Certified Elec­
tronics Technician Exam.

CIE
CLEVELAND INSTITUTE OF ELECTRONICS 1n6 East 17th Street • Cleveland Ohio 44114
PHONE TOLL FREE 1-800-321-2155/ln Ohio 1-800-523-9109



A CAREER IN ELECTRONICS STARTS WITH CIE.

CIRCLE 60 ON FREE INFORMATION CARD

PERSONAliZED
TRAINING While some of our

students have a working know­
ledge of electronics others are just
getting started. That'swhy we have
10career course levels from Basic
to Advanced. They let you start
where you want. Learn at your own
pace. And learn as much as you
like. You can even earn an
Associate in Applied Science
Degree in Electronics. And when
you need help, our trained profes­
sionals are on hand to assist you
by phone or mail.

Learning electronics isn't easy,
but getting started is. For a CIE
catalog and enrollment informa­
tion, just mail the coupon below.
Or call toll-free 1-800-321-2155. In
Ohio, call1-800-S23-9109.

~------~ - ---------,
I .... /.. ~ ES! I want to get started. Send me I
I ~ -- my CIE school catalog including details I
I about the Assoolote Degree program. I
I PrintName I
I I
I Address Apt.-- I

I City State Zip I
I I
I Age __ Area Code JPhone No. I
I Check box for G.I. Bulletinon Educational Benefits I
I 0 Veteran 0 Active Duty I
I I
: MAIL TODAY! :

I C I E CLEVELAND INSTITUTE OF ELECTRONICS :
: 1776 East 17th Street, Cleveland, Ohio 44114 I
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L ~

PRACTICAL
TRAINING CIE students learn

by doing, using sophisticated elec­
tronic learning tools that we've
designed and developed. One
such tool, our 4K RAM Microproces­
sor Training laboratory, teaches
proqrornrnlnq, interfacing endlets
vou.work with o .brood.ronqe of­
computers in a way that working
with a single, stock computer
simply can't.

Wecombine that valuable hands­
on training with our unique Auto
Proqrornrned'Tessons, designed to
teach you step-by-step and prin­
ciple-by-principle. The result is
practical training .. .the kind of
experience you can put to work in
the marketplace.

Accredited by the Accrediting Commission of the
Notional Home Study Council, Washington, D,C.

SPECIAliZED '
TRAINING CIE isn't just

another be-everything-to-everybody
correspondence school. We're
accredited by the National Home

StudyCouncil. And with more than
1100 graduates each year, we're

the largest independent home
study school specializing

exclusively in electronics. CIE
has been training career­

minded students like your­
self for over SO years and

we know the business
inside and out.

F
or the last few years, the elec­
tronics field and related indus­
tries have been growing at an

incredible pace. And today; a
career in electronics offers more
opportunities and greater rewards
than ever before.

Just ask any of the many
gr.aduates of the Cleveland Insti­
tute of Electronics who have landed
high-paying positions with aero­
space, computer, medical and
communications firms. They'll tell
you success didn't come easy...
but that CIEmade it all worthwhile.

Some courses feature the elE Microprocessor
Training LDboratory, an Integral part of com­
puters, You'll gain all the practical experience
needed to work with state-of-the-art equip­
ment of today and tomorrow.
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DETAILS FROM DOLBY
We at Do lby Labo rato ries were

gratified to see the art icle on sur­
ro und sound in th e Ap ril1 988 issue
of Radio -Electronics. Overall , Mr.
Hi l l did a co mme ndab le job of
conveying th e essence 2f th e sys­
tem's pr i nc ip les in sim p le an d
clear language. We also appreci­
ated the inclu sion of background
information o n t he system's de­
velopment histo ry.

The art icle is sure to spark inter­
est amo ng yo ur expe rime ntally in­
clined reade rs to attac h add it io nal
speake rs to their systems to ex­
plore the power of matri xin g tec h­
niques with encoded software . For
that we are gratefu l, because once
the mul t i-dimension al aspects of
so und rep ro d ucti on are expe ri­
enced , one is gene rally hook ed .

We wou ld li ke to clarify some
po ints raised in the arti cle . Co n­
trary to yo ur state me nt , Do lby Lab­
o rator ies does not ow n th e righ ts
to th e su r ro u n d- so u n d t ech ­
niques. The work from th e early
1970's to w hich yo u refe r is th at of
Pet er Sche ibe r, wh o hol d s t he
basic patents fo r matrix ing aud io
signa ls . Do lby Laborato ri es is a
sub-lice nso r of Mr. Scheiber's pat­
ents, though the specif ic circuits
we license for manufactu re are of
our own design.

While th e text of the article has it
right , th e "W hich is W hich?" side­
bar is in erro r in its decription of
Dolby Surround decoder features.
The origin al Dolby Surro und logo
signif ies a st ruct ure as in you r Fig.
3 of th e articl e, w hich includes
(am o ng ot h er e le me n ts not
show n) the delay lin e, a low-pass
f ilter, and a noise-red uct io n cir­
cuit. The newer Pro Logic logo sig­
nifies all of th e above plus the use
of an adaptive matri x stage to p ro­
vid e high -separation L, C, R, and S

(left, center, right, and surro und)
outputs. Pro Logic decoding-a di­
rect descendent of th e decoders
we manufacture for Dolby Stereo
ci nemas-aff o rds the highest de­
gree of accuracy and fl exibility in
hom e:):h ~ter ~ ~ay'b ac k of su r­
round-encoded material s.

The article stated that th e delay
lin e isn't really necessary. That is
true only if th e surround speake rs
are located abo ut 10 feet farthe r
away f ro m th e seat ing position
t han th e f ro nt spe ake rs, some­
thing not usu all y possibl e in a
hom e syste m. While you all uded
th at spea ke r positions could be
ju ggled to eliminate th e delay re­
quirem ent, yo u n ev er recom­
mended clearl y how th e desired
delay effect co uld be obtain ed .

We would like to offe r so me
co nst ruct ive cr it ic ism regardin g
yo ur decoder design. As it stands,
th e decoder offer s th e user vir­
tu ally nothing more than th e pas­
sive Dynaquade box of yesteryear,
in which a third speake r was sim­
ply connected across th e two out­
puts of th e main ste reo amplif ie r.
Your active ci rcui t ry co uld have
bee n easily improved at little cost
by the in clu sion of two feat ures.

An input balance contro l wou ld
assure mu ch bette r cance llat ion of
cente r-channe l sig na ls when er­
ro rs in cha n ne l bal an ce ex ist.
Since the matri x sepa rat io n de­
pends solely on th e ability to can­
cel com mo n-mode sig na ls in a
differential amp lif ie r, it is essent ial
t hat the mon aural signal co mpo ­
nent have id ent ical amplitude (and
phase asyou right ly noted) charac­
teris tics in both channe ls. (Note
that an erro r of ju st 2 dB between
t he two in comin g channe ls will
li mi t cente r-to-s u rro und sepa ra­
t io n to on ly 12 dB.) That is es­
pecia lly signif icant in yo ur design

because th ere is no delay lin e to
prevent leakage signals from bein g
perceived ahead of th e front sig­
nals. A lin ear potentiometer w ith a
grounded wiper and four resistors
(two placed in series w ith the po­
te nt iomete r to limit th e range to
about 6 dB) would do nic ely.

The other feature we would sug­
gest to make th e decoder more
user-fri endly would be a master
vo lume co ntro l. Once someone
goes through th e trouble of bal­
anc ing th e f ront- to-rear levels with
th e variou s vo lume co nt ro ls (pos­
sib ly with the aid of th e test tape
yo u offer), he would like it to re­
main balanced wh en mak in g over­
all lev el cha nges . Sin ce yo u r
decod er has no level-sensiti ve cir­
cuit ry, a common dual-ganged vol­
um e co nt ro l pl aced ri gh t at th e
input could do th e job of con trol­
ling the left, right, and surround
output signals togeth er. If op-amp
noise or co nt ro l attenuation rnis­
tracking are of concern (as that af­
fects L-R separat io n), you cou Id opt
fo r a three-ganged o utput- leve l
contro l as is used in typical Dolby
Surro und decod ers.
ROGER DRESSLER
D olb y Laboratories Li cen sing
Corp.
SanFrancisco, CA

FEEDBACK FROM FOSGATE
The art icle, "B ui ld th is Surro und

Sound Decod er" in the April issue
is serio usly f lawed by mis-in forma­
t io n. We don 't begrudge any do- it­
yo urself pro ject ; we've bu il t qui te

.a few o urse lves . Un fortunately,
t he pro ject t hat yo u have p re­
sented is goi ng to produce mar­
ginal perfo rm ance at best. Wh en
used wi th less-th an-p erfect sof t­
ware, th e p rocesso r described in
your articl e will not allow perfo r­
mance rem otel y co mpa rable to
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eve n basic consumer Dolby Sur­
ro u nd processors. Under such cir­
cumstances the obvious result w ill
be a less-th an-sat isfied user.

The descriptio n and back ­
ground in formati on are incorrect.
The ter m "steerlnglogic" is more
often used to describe high- sepa­
rat io n designs such as t he Fosgate
DSM ser ies or the Shure HTS se­
ries . The circu it ry invo lves mu ch
mo re than ju st simple gain riding.

Second, th e Dolby Su rro und
logo is ap plied to any Do lby-l i­
censed su rroun d product that in ­
co rpo rates the processing, in clud­
ing a modi f ied Dolby B-type noi se
red uction ci rcui t as shown in Fig. 3
of the arti cle. The Dolby Pro-Logic
logo is applied only to Dolby-li­
censed produ cts th at use t he logic
ci rcuitry deve loped and licensed
by Do lby Laboratori es. Th e Fos­
gate DSM series and the Shure
HTS series are logi c processors
w ith ind ep endently develo ped cir­
cu it ry. Whil e th ose designs carry
th e st an da rd Dolby Surro u nd
logo, t he i r logi c c i rc u it ry allows
th em to o utperfo rm standard non-

CIRCLE 201 ON FREE INFORMATION CARD

PACESET
Smart sco~es, pertectsetup! ~~~~~~~tt~~ce
$1795/$2 95 for frequent measurementswith automatic front panel

setup. Nonvolatilememory for upto20front-panel
setups(2246A). Timeand voltagecursors. Exclusive SmartCursors ™ trackwaveform
changesfor voltage measurements.All backed byTek's3-yearwarranty. ~

Call Tekdirect
for PaceSetter specs!
1·800·426·2200
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logic designs. The t ime de lay can
be variab le f rom 15 to 30 milli se­
conds or fixed at 20 milli seconds if
desired . The time delay is req uired
fo r both standard Dolby Surro und
products aswell as Pro-Logic p rod­
ucts.

The autho r's description of th e
differences between th e two pro­
cesses incorrect ly implies that hi s
project is a repl ication of a basic
Dolby Surro und processor.

There are add itional er ro rs. The
7-kHz fil t er wa s in corpo rated in

Do lby theate r processors lon g be­
fore the f irstlicensed hom e prod­
uct appeared. It was a requ irem ent
dee med necessary to reduce sib­
ilant leakage and crossta lk. Such
cross ta lk can be int rodu ced by
poor f ilm prints and optical-ste reo
pickups in theater proj ecti on sys­
tem s.

Dolby Lab o ratori es does not
"ow n" the rights to t he surro und­
sound technique. Peter Scheibe r
(a co-de ve lope r, alo ng w it h Jim
Fosgate, of the proprietary logic

technology inco rpo rate d in Fos­
gate products) holds all of th e im­
portan t p at ents in the are a of
mat rix-su rroun d encode/decode
techn ol ogy.

Sche ibe r has li cen sed Dolby
Laboratori es to enco de MP Mat rix
and sublice nse th e manu factu rin g
of Dolby-Surround processors to
Dolby licensees.

Techni cally, th e decoder is se­
riou sly flawed by th e omission of
an input-balan ce co nt ro l. Left/
right channe l amplitude erro rs are
co mmon on home-vid eo software
on both Hi -Fi VCR and video-laser
di sc formats.

Unfortun at ely, yo u r ar ticle,
whil e w ell intend ed , will only
serve to gene rate con fusion about
surro und sound.
CHARLES WOOD
Fosgete, In c.
Heber City, UT

THE AUTHOR ANSWERS
I must defend my manuscript,

. " U n de rs t a n d i ng Surround
Sound, " against all who would la­
bel it in competent. My manuscript
fully exp laine d surround sound
without errors. I regret that the ed­
ited version didn 't.

Very important were the half-an­
gIe fo rmulas and their application
to three channels, from Patent
#3J46J92 (Scheiber, july 1973), as
shown in Fig. 1.

'id'
L Jf/fI6;1T~ sltV(~ ' )
R fI/£/GhiT= cos(X-)

~~. a- ,,o~
.'17L +.ZI-R Y ..i:6L+.7'7R.

+.270°

'id'
. 7/ L - . 7/R.

b

FIG.1

Radio-Electronics faile d to con­
vey the importance of putting the
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FOR OP r1MUM STABILITY
AND RELIABILITY IN

FREQUENCY MANAGEMENT

Crystek Crystals offer s their new 16 page FREE
catalog of crystals an oscillators. Offering state of
the art cry stal components manufactuered by the
latest automated technology. Custom designed or
"o tt the shelf ," Crystek meets the need. worldwide.
Write or call today !

Crystek
crystals

QUARTZ CRYSTALS
FOR

0 1ndustrlal Equipment/Instrumentation

• Micro-processor contrOI~
• Comput ers/M odems •
• TesVMeasurement .,.
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o General Communications

• Channel element Servic e (VHF/UHF)
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o Amateurs/2-Meter/General Coverage
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good seats in the circle's center,
which keeps channel leakage from
being noticeable. And there were
oth er errors too obvious to dis­
cuss.

Mr. Wood and I agree that the
explanatory errors are unaccepta­
ble. However, he claims that the
lack of a balance control is unac­
ceptable (one is available on the
pre-amp)! and condemns my de­
sign as one not even "remotely
comparable" to basic Dolby de­
coders.

On the contrary, Mr. Wood.
I can accept gain control in a

theater-but at home! on my au­
diophile sound system! your 7­
kHz filter, noise reduction! time
delay! and gain control sounds
BAD. Once adjusted with my.iest.
tape! my three-channel approach
produces a delightfully clean!
crisp! and open quality of sur­
round that blows away your AM
radio-grade rear-channel in head­
on comparisons. It's especially su­
perior when listening to music.­
Norman M. Hill! BSEE

continued on page 40

/PACESET II

100 MHz scoge, counter, timer,
OMM-J'ust $2795 Theultra-versatile Tek 22~6

makesmeasuring everything
from frequency, period and width to delaytime and u time push-button easy- 'n
addition toCRTdisplay, you get digital readout display accurate to0.001%and
beyond. PaceSetter performance on amodestbudget? Lookat the 100 MHz, dual­
traceTek2235 with the best of the basics- just $1575!

RMANCE

Call Tekdirect
for PaceSetter specs!
1-800-426-2200

Prices SOOjoct 10 change wittoot nolire.
Copyright" 1988. TeI<lronix.11K:. Alllights re;erved ITA~B

Tektron~
COMMIT TED TO EXCElLE NCE
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EOUIPMENTREPORTS

The Volt-Hound
The prin cipl e of capacitive coup­

lin g is used by t he Volt -Hound to
test electric w ires to determine if
th ey're live or dead . Asshown in
the ph oto , all th at's needed to con­
du ct the test is to place the unit
near the wire. If th e w ire is live­
connected to the powerline-the
Volt-Ho und wi ll beep and f lash a
light, even if there is no current
fl owing in the wi re. If th e w ire is
act ua lly dead-meanin g t here is
no co nnect ion to the powerline­
t here is no sound or light in di ca­
t io n.

part of th e vo ltage in th e person 's
bo dy is appl ied to the amplif ie r's
input. As far as th e amp lif ie r is
conce rne d, it is receivin g a 60-Hz
signal input , w hich is reproduced
in the speake r.

Usually, hum can not be induc­
ed into a low-impedance ampl ifi er
in pu t because t he low impedance
literall y "l oads down " t he body,
sharp ly redu cin g the vol tage de­
veloped through that type of ca­
paci t ive coupli ng.

Anothe r exp lanat io n of phan ­
tom coup ling claim s that th e mag­
neti c fi eld created by AC current
f low ing in a conducto r induces an
AC voltage in nearby objects, such
as a service technician. However,
th at theory does not explain how
voltage or current is induced in a
body w hen no current is f lowing
throu gh th e co nd ucto r, becau se
without current th ere is no mag­
neti c f ie ld. The capacit ive-coup­
lin g th eory is, t he refo re, mo re
viable.

BEEPER

AMPLIFIER

CIRCLE 49 ON FREE INFORMATION CARD
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Phantom coupling
The nature of ph ant om co upli ng

is sub ject to some deb at e. O ne
th eory is that it is actu ally capaci­
tive coupling to th e local AC elec­
tric powerline. That theory works
likes thi s: No matter how infi­

.nitesimal, th ere always is some ca­
pa citive coup lin g b etween a
person and nearby elect ric w ires,
and b etween th e person an d
ground. A very t iny, almost un­
m easurabl e , e lect r ica l cu r re n t
fl ows between th e elect ric w ire,
th e person, and ground; hence,
th ere is an electric vo ltage (or cur­
rent) in th e person 's body. If the
per son tou ch es th e input to a
hi gh-impedan ce ampli fi er-Which
is vol tage, not cur rent sensitive-

SENSITIVITY ADJUST

SENSING TIP AMPLIFIER
~ {VOLTAGE LEVELI 1. DETECTOR)

YEARS AGO, A LMOST EVERY TECHN I­

cian used th e magic of ph antom
coupling to determ ine if an audi o
amplifi er having a high input im­
ped ance was work ing. The tec hni­
cian simp ly put hi s (o r her) fin ger
o n th e amplif ier's input terminal
and hoped a loud 60-Hz hum
would rattle th e speaker- indicat­
in g that th e amp was working. To­
day, that very same phantom
co upling is used by an inex pe nsive
(suggested li st pri ce $34.95) con­
tact-l ess vo ltage detector, called a
" Vo lt -Ho und" VH-600 (A . W. Spe r­
ry Instrum ents, In c., 245 M arcu s
Blvd . , Hauppauge, NY 11787), to
tell if an elect r ic wi re is live or
dead. Despite it s low pr ice, th e
" Vo lt -Hou nd " really works.

Find out if an electric wire
is live or dead, without a

direct connection.

A. ~ Sperry VH-600
Voltage Detector
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STRAY CAPACITANCE
(TO BO DY AND :r

EARTH) '='

FIG.l-THE BLOCKDIAGRAMOF A VOLT-HOU ND. The nsr switc h only chec ks the batte ry, not
the sensitivity of the device. The Regulator is the cir cu it sta bilizes the inpu t signal to produ ce a
co nsta nt out put for the Oscillator/Amplifier.

How it works
The Volt-Hound's block d iagra m

is shown in Fig. 1. Note that the re is
a metal sensing tip, an Amp lif ie r
w it h a SENSITIVITY (gain) co ntro l, a
Regul ato r t hat both amplifies and
provides a constant output level,

26



CONDUCTOR
shows, standi ng on wood or con­
crete, etc. That is th e reason fo r
the SENS IT IV ITY adj ustme nt . In typ­
ical use, the user wo uld positio n
the test dev ice near a known live
electric conducto r and adjust the
SENSIT IVITY co ntro l until th ere was
ju st eno ugh gain to produce a de­
pendabl e audio and visual indica­
tion of live wi res. Then th e device
wo uld be positi on ed near w ires to
be tested . (Bo t h t he SENS ITI V IT Y

cont ro l and th e two LR-44 button­
type batteries that power th e de­
vice are accessed by simply pull ing
th e rear cove r off.

Whil e th e ph antom-couplin g
effect could prob ably be used to
test for AC voltage of any reason­
able value and f requency, th e Vol t­
Hound is spec ifi cally designed fo r
a SO/60-Hz wo rk i ng - ra nge of
100-600 vo lts. Take parti cul ar note
of th e 100 vo lt low- end limit. Al­
tho ugh lack of the beep and light
does indicate a dead w ire, it can
also indicate a w ire carrying less
th an 100 vo lts, so use co mmo n
sense and care even if a wire is
indicated as dead . R-E

,,
I,
I,
I
I

VH-600 !

EARTH GROUND

DETECTOR -+---1-

VO LTAGE
TO

GROUN D

EFFECTIVE I
CAPACITANCE

FIG. 2- THE AC SIGNAL IS COUPLED from
the conductor to the device by effective ca­
pacitan ce, and from the device to liround by
elect rostat ic cap acit an ce-what IS usually
ca lled "st ray capacitance ." _

t he input of the amplifie r, the " de­
tected" AC vo ltage causes the test
instrument to beep and ligh t.

As yo u might expect, the re can
be a conside rab le variation in the
stray capac itance to gro und de­
pending on w hethe r th e user is
wearin g rubber- or leather-sol ed

and an Audio-Osci l lato r/Amp li f ier
that produces a pulsing signa l that
eventua lly feeds th e Beeper and
the LED. A TEST switch feeds bat­
tery vo ltage to the amplif ier input ,
w hic h p rodu ces a beep and ligh t if
th e battery is working. (The test
switc h chec ks o n ly th e batt er y ;
not t he circuit ope rat io n.)

Figure 2 shows how th e device
wo rks . When th e Vo lt-Hound's de­
tecto r- w hic h is actually a metal
pl ate-i s positi on ed near a co n­
du ctor t hat is ca rryi ng vo ltage,
t here is an effective capac itance
between the co nd uc tor and t he
detector, and an effect ive capaci­
tance between the detector and
ground. Actu ally, the capacitance
to ground is t he capaci tance fro m
the detector to th e user 's hand ,
and the stray capacitance fro m th e
user to ground.

Not ice that th e effect ive capaci­
tances form a capacit ive vo ltage di ­
vide r between the conductor and
gro und ; hence, th ere is a minute
AC voltage between th e detector
and gro und . Since, as show n in
Fig. 2, the detector is connected to

PAC
Best-of-class performance at
$995/$2195 Get the?dceSetter start in digital storage with Tek's

NEW 50 MHz 2210. Featuring20 MS/sper channel
digitizing, 4K record lengthper channel plusfamiliar, ful l-bandwidth analog operation
for just $2195.And for pure and simple analog performance withunmatched economy,
look at the popular, 2-channel Tek2225-just$995!

,\£.\N~~------=-.:;7ji~e\ c.~w,, ' -
1~\~ \

ll!ktronlx 22 10

ICE

Call Tek direct
for PaceSetter specs!
1-800-426-2200

Prires Sl1ljEl:l todmge v.i!tnAIllfu.
Ctil¥ig!t ~1008. Tel;tronix.Inc. All righls resef'Ied TIA 9li-C

Tektronixe
COM M ITTED TO EXCELLENCE
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Electronics Engineers & Designers!

Take any 3 books for only $1.95
(Values to $94.95)

SHARPEN YOUR SKILLS-With Qua lity, Affor dable Professional Books

ELECTRONIC CIRCUITS STATE-OF-THE-ART

El..ECTRONlC
ICCfiCUITS

WITH

JJ~s

2920 Regular $28 .95
600 diagrams. schema tics.and
tables showing IC circuits.
352 PI' ·

1938 Regular $60.00
Over 1.300 useful and versa­
tile electro nic circ uit designs.
768 PI'. Counts as tw o.

2657 Regular $32.50
200 diagram s. schema tics &
tab les- gives theory and pr ac­
tical design methods. 256 PI'.

293 1 Regul ar $39.95
330 illustrat ions, a one-volume
reference to satellite design
and application. 44 8 PI'.
Counts as two .

263 1 Regu lar $22 .95
196 illustrations, a pr actical
sourcebook complete with ap­
p lica tions examples. 192 PI'.

ELECTRONIC COMPONENTS COMPUTER SOFTWARE REFERENCE-

ENCYQ,oI'EDll\

ELECTRO:,\!CS
~t\, .,1,,110(1'

COMMUNICATIONS
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2672 Regul ar $49. 50
Linea r integrated cir cuits­
specifica tions. pri ces & data.
6 14 PI'. Count s as two.

2888 Hegula r $26.95
How co mputer net works
\vork , how to make the m work
for you. 340 PI'.

295 7 Regu lar $39.95
192 illustr ati ons of electroni c
disp lay devices. 4 16 PI'.
Count s as two.

2864 Regul ar $49 .95
Stay compe tit ive with R&D,
Stra tegic Plan ning and Effec­
tive mar ket ing. 734 PI'.
Counts as two.

2890 Regu lar $32.95
A l-volurne lan guage pr imer ,
refe rence m an ual and subrou­
tine functi on libr ar y. 588 PI'.
Counts as two .

9 ! ! 9 Regu lar $35 .00
Cet the most out of your IBM
PC or 50 oth er personal com­
puters. 423 PI"
Counts as two.

289 1 Regu lar $29 .95
183 illustr ation s, a newly­
publi shed . reference guide.
496 PI'.

9083 Regu lar $29 .95
Make vour IBM PC wor k for
you \\:ith No rton's pra cti ca l
and informative guide. 362 PI'.

2000 Regu lar $60.00
Over 1.300 diagram s, tables
formulas and schema tics.
3,000 key topi cs-Six pounds
of elect ronics expertise! 1,024
Pl'· Counts as two .

2785 Regular $34.9 5
Easy-to-use reference to 160
elect ronic principles: ac/dc,
solid-sta te, oscilla tor s, amp li­
fiers and radio communica­
tion s. 620 PI' .
Counts as two.



ENGINEERING MATH.
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269 7 Regular $19.95
Ready-to-run math programs
& subrout ines for scientists
and engineers. 304 pp .

2647 Regular $19.95
Read y-to-run math programs
& subroutines for scientists
and engineers. 296 pp .

1962 Regular $22.95
247 illustrations, a pra ctica l
reference to basic electronics
math usage. 256 pp.

2727 Regular $24.95
Perform complex calculations
with simple analog circuits.
200 pp.

261 2 Regular $25.95
102 illustr at ions, step-by-step
methods for solving real-world
parti a l and different ial equa­
tions. 560 pp.

GENERAL SCIENCE OTHER TITLES-----------1

8038&
A Proqrarrm ngoltl(l

lJcsl(j" Hand'",,)k

ELECTRONICS ENGINEERS & DESIGNERS BOOK CLUB®

(write 2 or 3 title numb ers of your choice above)

___ _ _ _ _ ______ STATE / ZIP

3022 Regular $ 18.95 2773 Regular $2 1.95 2626 Regular $16.95

3022 The impact of th is new technology-the discoveries , the applications
and the futur e. 66 illustrat ions. 160 pp .

277 3 " I love everything Pelligrino writes." - Isaac Asimov . 238 pp.

26 26 A fascinating book about man 's oldest question-the search for
und erstanding of cosmic order. 192 pp.

How the Club Works
YOUR BENEFITS: Yo u ge t 3 boo ks for S1.95plus sh ip ping& handling
w hen you join. You kee p on saving with di scounts u p to 50% as
a member .

YOUR PROFESSIONAL BOOKSTORE BY MAIL: Every 3·4
weeks, yo u w ill rece ive th e EE&D Book C lub News d escribing th e Main
Selection a nd Alte rnates, as well as b on us offers an d specia l sa les, w ith
hundreds of titles to ch oose from.

AUTOMATIC ORDER: If you want th e Main selection , do nothing
and it w ill be sen t to yo u automatically , If you prefer an other select ion ,
o r no selection at all , sim p ly indicat e your ch oice on th e reply form
provided. As a m em ber, yo u ag ree to pu rch ase at least 3 books with in th e
next 24 months and may resign at a ny time thereafter.

BONUS BOOKS: Starling im media te ly yo u wi ll be eligib le for our
Bonus Book Plan w ith savings of up to 80 % off publish ers' prices .

IRONCLAD NO·RISK GUARANTEE: If not satisfi ed wi th your
books, re turn them within 10 days w ithout obligation !

EXCEPTIONAL QUALITY: All books are quali ty publi sh ers' editio ns
es pecia lly selec ted b y our E d itor ia l Board ,
Al l books are hardcover unless number is followed by a " P" for paperback . (Publishe rs' Prices shown)

2720 Regular $32.50 2937 Regular $29.95 2700 Regular $49 .95

2720 State-of-the-art design techniques and manufacturing methods. 250
illustrations. 304 pp .

2937 80386 architecture, assembly language progra mming as well as multi­
tasking and multipro cessing. 150 illustra tions. 448 pp .

2700 A sourcebook on computerized print and graphics. Profusely illus­
tr ated, 9" x I I " format . 770 pp. Coun ts as two.

© EE&DBC Blue Ridge Summit, PA 17294-0860

~,?~~U~:'O!:' ~.:>~Y_~~~:A~~N~~<:N_
ELECTRONICS ENGINEERS
& DESIGNERS BOOK CLUB

Blue Ridge Summit, PA 17294-0860
YES! Please accept my membership in the Elec tronics Engineers IXDesign ers
Book CJub~ and send me the volumes I have listed below, billing me only
$ \.95 plus shipping and handling charges. 1 understand th at the books are
sent on a 10.Day Free Examination basis. If dissatisfied in any way, I may
return the books within 10 days and incur no further obligation. Otherwise,
I agree to pay the enclosed invoice promptly and to receive regular club bulle,
tins as described in "How the Club Works." To complete my membership ob­
ligation I need only purchase 3 additional books at regular members pr ices
dur ing the next 24 months, and may resign at any time thereafter.

____I 1'---__
NAME

ADDRESS

CITY

SIGNATURE
Valid for newmembers only. Foreignapplicants will receivespecial ordering instruc­
tions. Canada must remit in U.S. funds. This order is subject to acceptance by the
Electronics Engineers & Designers Book Club~ . DRE- 688L _
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NEW PRODUCTS

BREADBOARD. Global Spec ialties
model PB-BB/4 offers everyo ne
f ro m PC hackers to p ro fession al
designers a co nvenien t way to pro­
totype o r expe riment-with IBM PC­
compat ib le interfaces.

Wi th a special bu ff ered plug-in
card and 60 co nductor cab le that
co nnects ri gh t to any IBM-com­
patibl e PC, t he model PB-BB/4
brin gs all PC bu s sig na ls to la­
bell ed so lde r less socke ts, and
provides more t han 3300 bread­
board contact points.

Power is supplied by th e host
-CI RCl~1O-0N FREE INFORMATION CARD- -computer-and lssw itchable f rom

th e front pan el , with LED "on" in­
dicator. The breadboard area is 6"
hi gh X 13" wide x 11.5" deep.

The model PB-BB/4 is priced at
$299.95 .-Global Specialties, 70
Fulton Terrace, PO Box 1942, New
Haven , CT 06509.

CIRClE 12 ON FREE INFORMATION CARD

GPIB SWITCHING MODULES.
john Fluke now offers th e Phil ip s
System 21, providing test and mea­
surement en gin eers w ith a family
of low-cost , f lexib le GPIB/IEEE-488
sw itching modules.

System 21 is a modular-switch­
ing, di gital I/O and measurem ent/
control subsys tem for small-to­
medium siz e GPIB-based instru­
mentation systems. It is applica­
tion-ind ep endent , all owing test­
system designers and othe r engi­
neers to develop modular, easy-to ­
co nfigure systems for co nt ro ll ing
multipl e pi eces of user-suppli ed
test equipme nt.

Because Sys tem 21 is based on a
bui lding-bl ock con cept , modules
can be purchased on an as-needed
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basis and reco nfigured to accom­
mod ate future test ing need s. It is
composed of a master module and
13 independent slave modules fo r
switc hing, di gi tal I/O, measure­
ment and control , and othe r user­
defined functions. A sing le master
module can suppo rt up to 50 dif­
fer ent slave modules. Six different
typ es of sw itch ing modul es are
availabl e, in cludin g an 18 GHz
sw itch, a low-level sw itc h, a uni­
versal sw itch, and a 50-ohm coax­
ial sw itch.

System 21 is available w it h mod ­
ul es rangin g in cost f rom $450.00
to $995.00, U. S. list price.-john
Fluke Mfg. Co., Inc. P. O. Box C9090,
Everest , WA 98206.

SOLAR ENERGY UNIS. Sune rgy
Inc. , has in troduced a lin e of solar
battery cha rge rs that use space ­
age tec hno logy to co nve rt ene rgy
from th e sun into elect ricity.

The heart of the SunCharger se­
ries is two 12" X 12" hinged pho­
tovoltaic so lar-e ne rgy panel s en­
cased in a mold ed plasti c carry ing
case t hat fo lds in half for compact
storage .

Equipped with a handle fo r com­
pl ete po rtability, th e SunCharger
is availab le in t hree d iff erent mod-

els; each is designed for outdoor
use w it h a boat, truck, o r van, o r
w it h entertai nme nt equi pment.

Th e " M ar i n e Su nC ha rg er"
co mes equipped w it h a 20-foot
charge r co rd ,and batte ry clamp s
th at al low yo u t o cha rge yo ur
boat's 9- o r 12-vol t battery w itho ut
removing it f rom its housing.

The12-volt "Van SunCharge r" al­
lows ve h ic le ow ne rs to tri ckl e­
charge the i r van or truck batt eries;
it comes equi pped wi th a 1-foot
charge r co rd .
. Th e " Un ive rsa l SunC ha rge r"
gives outdoor-entertai nment bu ff s
the optio n of playin g th ei r porta­
bl e radio/cassette players, o r TV
sets, for hours on end in the sun
w it ho ut batteries.

The SunCharger fami ly of p rod­
ucts provi de eight watts of power
and up to 570 mill iamp s of current
in th e sun. The three units range
fro m $100-$149 suggeste d retail
p ri ces.-Suner gy, Inc., P.O . Box
177, Pri nceton , Nj 08542.

CHARACTER GENERATOR. From
RCA co mes the model CCA030
character gene rator, w hich is de­
sig ne d to enhance t he perfor­
mance of Super VHS (S-VHS) and
regul ar VH S vid eo recorders and



TV/VCR COMBINATIO N. From
Goldstar Electronics com es th e

M od el N B-134P ha s 2230 ti e­
poin ts and 183 rows fo r DIP's; its
size is 7,9 x 7.4 inches, and it is
priced at $49.95. M od el N B-145P
has 2940 t ie-po ints and 244 rows
of DI P's; its size is 9.7 x 7.4
in ch es, and it i s pri ced at
$59.95.- Chenesco Products, Inc .,
21 Maple Street, Centereach, NY
11720.

stateCtly

JOSEPH ELECTRONICS, INC.
8830N, Milwaukee Ave, Dept, R
Niles, IL 60648

o Rush merchondiseper attoched order.
Iunderstond ratedacoeunlsoreshipped open
acoeunt; otherwisesend per credit cord,
o VISO 0 MasterCord 0 Discover Io Check 0 Money Order 0 Rush Catalog
Cord No, Exp, Dote__.
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company I ~
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posts th at accept bo th standard '
banana jacks and lead w ires are
standard o n each mod el, and are
intend ed fo r co nnecting exte r­
nal power supplies easily.

The fo ur mod el s are as fo l­
lows: M od el NB-112P has 810 t ie­
points and 61 row s for DIP's; its
size is 4.3 x 7.4 inches, and it is
priced at $16.95. M od el NB124P
has 1620 tie-points and 122 rows
for DIP 's; its size is 6.5 x 7.4
inches, and it is priced at $34.95.

Send for FREE 480 page ' Industrial
ProduclsCatalog' ,IunderstandnisFREE
with any order or nrequested on
company letterhead, (Otherwise, $4,95
to cover catalog and shipping costs)

ORDER TOU FREE

1-800-323-5925
IN IWNOIS

312-297-4200

: IJiEil)r'I
L J"':I'::=~~r:.. __

Each mod el is comprised of a so l­
derless-b readboard area co n­
tainin g both di stribution and
terminal st rips that accommo­
date all DIP sizes, lead compo­
nents (0.3-0.8mm lead diame­
ter) , and 20- to 29-gauge (AWG)
wire fo r interconnecting compo­
nents. The breadboard contacts,
spaced at 0.1" o n center, are
made o f We st-G erman mad e
Stolberger Pho sph o r bronze,
and are nickel-plated for re ­
liability and low resistan ce. Ini ­
tial-contact resistance is less than
3 milliohms at 1 kHz (20CC), and
the co ntacts are rated for a mini­
mum of 10,000 in-out in serti ons .

Four multi -purpo se binding

CIRClE 14 ON FREE INFORMATION CARD

CIRClE 13 ON FREE INFORMATION CARD

camcord ers with th e addition of
titles and special effects. With the
model CCA030, camcorder users
can place up to 60 characters on
the screen at one time-in four dif­
ferent type sizes- and store fre­
quently used words in a word
register. The mod el CCA030 also
enables users to scroll titles and
create effects such as curtain wi pe
and window wipe.

The mod el CCA030 is priced at
$299.95-RCA Video Distributors,
Deptford , NJ 08096.

SOlDERLESS BREADBOARDS.
Chenesco Products introduce
thei r X-tra Edge line of solderless
breadboard s, which comes in
four model s of varying size s.
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$3,295 Patented

Here's what we say:
With just one probehookupyou can confidently analyze any waveform to
100 MHz, 10 times faster, 10 times moreaccurately, absolutely error-free
- guaranteed or your moneyback.

Here's what our customers say:

" The 5C61 givesthe most informationwith a minimum of probe-swapping
and knob turning."

Patrick Lyman
.Biomedical Electronics
Los Angeles , CA

" In my useof the 5C61 Waveform Analyzer, it has reduced theamount of
time in half in fixing communications equipment. "

Jeff Williams
Computer/Communications Repair
Madison , TN

"We havea small shop and need all theshort cuts, time saving equipment
we can get. 5encore passes with flying colors. Every tech should try their
techniques with the 5C61 Waveform Analyzer. Does what it should and
more."

Bill Humble, Jr .
VCR , Audio and CB Repairs
Yulee , FL

Discover What The SC61 Waveform Analyzer
Can Do For You! Call Today 1-800-843-3338.
In Canada Call 1-800-851-8866.

100% American Made

3200 Sencore Drive, Sioux Falls , SO 57107 605-339-0100 In SO Only
-

CIRCLE 185 ON FREE INFORMATION CARD

" View M ax," model KMV-9012, a
combination VHS VCR and 19-inch
co lo r-TV set. It features an eight­
event, 14-day programmabl e timer
and quick-tim e recording up to
eight hou rs, with standby quick­
time recording to 24 hours. The
unit has a 110-channel , cab le-com­
patible elect ro nic tun er and high­
quality HQ picture-enhancement
circuitry.

CIRClE 1S ON FREE INFORMATION CARD

The "Viewmax" is loaded with
additional featu res. Those featu res
include auto power, play, rewind,
eject, and off-functions, as we ll as
record/p lay in th ree speeds . The

. unit's remote offers direct-access
tuning, plus unified controls for
vo lume, power, and VCR func­
tions .

The " V i ew M ax " is p r iced at
$699.00 .-Goldstar Electronics In­
ternatio nal, Inc. , 1050 Wa ll Street
We st, Lyn dh urst , NJ 07071 .

DRIVE HANDLE. From Cooper­
Tools comes the Excel it e Q uick
Driver, a new rotary drive handle
fo r screw and nut drivers that is
ergo no micall y designed to put ad­
ditional torque into your work.
The rotary driver features a bush ­
ing in the hand le to allow it to re­
du ce frict ion and spin freely.

~
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The driver can be used with slot-
. ted and Phi llips screwdrivers, nut
drivers, and A llen hex drivers. In
addition , the driver can be used
with any series -99 blade offered in
the Excelite line.

The Quick Driver is pri ced at
$9.89.-CooperTools, P.O. Box 728,
Apex, NC 27502.



LOW-BAND TRANSCEIVER. Mid­
land introduces a compact, low­
band portabl e transcei ver, t he
model 70-043. It has a one-p iece
die-cast chassis and stainless stee l
front and back. RF ou tput is 5
watts , tu nab le to 2 watts; it pro­
vides up to four crysta l-control led
channe ls in the frequency range
30-50 MHz.

CIRCLE 17 ON FREE INFO RMATION CARD

A twist-off 600-mAh battery pack
is standard; with t hat battery, the
unit is about 5 inches high by 2Y2
inches wide by 1Y2 inches deep
and weig hs approximately 22
ounces without the ante nna . In
addit io n, an optional 1000-mAh
battery pack i s a lso ava i lable.
Othe r optio ns for t he un it incl ude
CTCSS, externa l speake r/m icro­
pho ne with a lapel cl ip, a back­
plate with be lt clip, carrying cases,
and battery chargers .

The model 70-043 is priced at
less than $425.-Midland LMR,1690
N . Topping , Kansas City, MO
64120.

50-WATT SOLDERING IRON. M .
M. Newman Corporation offers
t he Antex mode l X TC, a tem ­
perature-controlled 50-watt so l­
dering iron designed for use with
heat- and vo ltage-sens itive com­
ponents requ iring precise solder­
ing temperatures .

The model XTC features a ther­
mocouple in the tip, combined
with a sliding potentiometer in the
station, for precise temperature
co ntro l with pos itive feedback.
The tip is positively grounded and
zero-crossing electronic switching

,in th e station eliminates th e gene r­
ation of RF interference and mag-
neti c f ields. .

Providi ng temperature co nt ro l
from 140°F to 815°F, with ± 2% ac­
curacy, the model XTC heats up in
45 seconds and has quick recovery
times, because th e heating el e­
ment is d irectly under the t ip.
Three sizes of slid e-on iron-plated
tips are offered : 3h2", Va", and 3116".
The iron has a4 -foot burn-resistant

CIRCLE 18 ON FREE INFORMATION CARD cord , with a stand built into th e
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RADIO TELEGRAPH TERMINAL.
ACE Communications introduces
th e mod el A R-501, a triple-mod e
radio-telegraph (CW) terminal for
amateur-radio operators and
shortwave listeners.

The model AR-501 performs as a
CW decoder, CW trainer, and elec­
tronic keyer. Features include au­
tomatic speed follow-up and

The PS732 series can be oper­
ated in constant-current or con­
stant-voltage modes. The display
provides a clear indication when
the supply crosses over from con­
stant voltage to constant current.

Specifications are as follows:
The model PS732 is single output,
range 0-30 volts/0-2 amps. The
model PS732-Q is dual output/
quad mode , range 2 x 0-30
volt s/0-2 amps , 0-30 volts/0-4
amps, 0-60 volts/0-2 amps, or
0± 30 volts/ 2 amps. The model
PS732-K is tripl e output , range
~30 volts/0-2 amp s, 0-30 volts/0-1
amp, and ± 5 volts/7 amps.

Prices for the PS732 series start
at $345.00.- 0 K Industries, Inc.,
3455 Connor Street, Bronx, NY,
10475.

station for conven ience.
The Antex model XTC 50-watt

so ldering iron and temperature­
control stati on has a li st price of
$167.70.-M. M. Newman Corpora­
tion, 24 Tioga Way, P.O. Box 615 ,
Marblehead , MA 01945.

• Parental co nt ro l fo r all
channels

• Last channel recall
• Fine tun e memor y
• UL listed/F CC

approved
• Simpl e install ation with

any TV
• Inclu des battery and 3

foot coax cable

• Dig ital Filter Typ e, removes
only Macr ovis ion pul ses

• No adjustments , c rystal
controlled

• Compatible wit h all VCR's,
uses auto matic vertical
blan king level

CCopyright 1988 by J&W Electronics Inc.

POBOX 800 • MANSFIELD, MA 02048

• 72-cha nnel capabi lity
• Wire less, Infra-Red

remote control
• Channel output 2 or 3

switc hable
• Micropro cessor

contro lled PLL
operat ion

• Skip channel memory
elimi nates unu sed
cha nnels

Jr,bJ
ELECTRoniCS,Inc.

Add $3.50 shippi ng & handlin g
$9.50 Canadian orders.

Inside MA: 617-695-8699

VISA, MASTERCARD,
or C.O. 'D.

• Record multiple premium play channe ls Add $3 .50 shipping & handling
• Turns cable box on and off $4.50 Canadian orders
• Selects channel for unattended reco rding
• Th ousands sold nationally for $99.95

CABLEMASTER $19.95
Cable/VCR Timer

ORDER TOLL FREE ANYTIME
1-800-227-8529 Ask for FREE

Color Catalog

72-CHANNEL MC-702 CONVERTER

CABLE CONVERTER $79.95
WITH INFRA-RED REMOTE CONTROL

JMAK-3 AC Adaptor $7.95
Original (14 to 18 volt DC @ 285 rna) AC adaptor used in
article .

Free reprint of article on bu ilding a Macro-Scrubber with any purchase above .
Add $2.50 shipping & handling; $4 .50 Canadian orders .
Note: Unauthorized dupl icat ion of copyrighted material is illegal. Use
Macro-Scrubber for viewing only.

POWER SUPPLIES. OK Industries
introduces a new series of bench­
top laboratory power supplies-«­
the PS732 series. Each model in the
series has dual 33f4-digitdisplay for
simultaneous metering of current
and voltage . Output controls pro­
vide 0.1% accuracy for voltage

Macro-Scrubber - We stock the exact parts, PC board, and readings and 0.3% accuracy for
AC adaptor for an article on Building a Macro-Scrubber current readings; the display pro-
appearing in Radio-Electronics December 1987 issue. vides resolution to 0.01 volt and

$
0.001 amp over the entire range of

1- -JMAK-",-1-P-arts P-ackage-.-..-...-r-r-v- s-e- 19.00- - --t he unit. --
Includes all the original resistors, capacitors, diodes,
transistors, integrated circuits, and crystal.

JMAK-2 PC Board $9.95.
Original etched and drilled silk-screened PC board used
in article
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Ta k e the guesswork and hassles out of VCR
mechanical problem diagnosis!

Four Universal, Powerful Tools for VCR Service

Test VCR Mechanics
Fast and Easy!

Tentel ll provides the mo st powerful, easy· to-use, field callb rateable, universal VCR test equipment
available for various mechanical tests. Call our application eng ineers today for answers to your
questions. Ask about the combination discou nt when ordering all 4 gauges.

t!9 • 1506 Dell Avenue (800) 538-6894
Tentel Cor p. Campbell, CA 95008 (408) 3?n9;a~i~~~
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Video Head Protrusion Gauge: Universal, fast,
safe method of measuring the amo unt of video
head tip wear. Measures in microns and ten­
thousandths of an inch . Allows
accurate pred ictions of re­
maining head lif e. Head wear
provides usefu l information
regarding VCR cond itio n and
wear on other components.
Stop guessing about head
wear. Accessory "51" stand
allows use on any VCR.

HPG-1 $495 51 $95

Tape Tension Gauge: The Tentelornetere is the
wo rld's most universal method of measur ing hold
back tension. Calibration can easily be checked
in the "field". Merely slide the
probes over tape to measure
tape tension directly in grams .
Illustrated instr uction manual
inc luded . 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 $325

CIRCLE 20 ON FREE INFORMATION CARD

threshold co nt ro l, LED tuning in­
dicator, 32-character LCD di splay,
random code gene rato r, and elec­
tronic keyer for both stand ard and
iambi c keying.

In all three modes, codes can be
mon it ored by th e internal speaker
and printer throug h th e parallel­
printer port of th e unit. The mod el
AR-501 measures 4.5" x 6.25" x
2.25" and requires a 12-vol t DC
source. It is priced at $299.00, in­
cludin g AC adapte r and parts for
hookup.-ACE Communications,
Inc., 22511 Aspan Street , Lake For­
est, CA 92630. R-E

WM. B. ALLEN SUPPLY COMPANY
ALLEN SQUARE

300 Block North Rampart Street New Orleans Louisiana 70112

CALL TOLL FREE TOLL-FREE LOUISIANA
FOR GREATER SAVINGS! 800 535 9593 800462-9520

ASK FOR - NEW ORLEANS
BOB LADNIER 24HR FAX ORDER LINE 504525-6361 504525-8222

~
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08-34 CAMERA

DISCOUNTS UP TO $400!
POLAROID®

Ins t a n t Hard Copy
Direct From Oscilloscopes

DC to 100MHz 51645
With Cursor Readout

Save$250!
DCto100MHz 51395

Save$200!
DC to 60MHz 51345

With Cursor Readout

Save $150!
DC to 60MHz 51045

Save $150!

Dual Channel e CRT Scopes Dual Channel
V.42S DC to 4OMHz, CRT Mini·Portable Scopes
Readout V.S09 DC to 50MHz,
$845. Save $150! Delayed Sweep
V·423 DCto40MHz, Single $1195. Save $250!
Time Base DelayedSweep V·209 DC to 20MHz
$745. Save $250! $822. Save $175!
V·422 DC to 4OMHz, DC g uad Channel Multi·
Offset Function Scopes
$795. Save $130! V·USO DC to 150MHz,
V.22S DC to 20MHz, CRT Delayed Sweep
Readout $2600. Save $350!
$720. Save $75! V·ll00AU DC to
V·223 DC to 20MHz, lOOMHz, Delayed Sweep
Delayed Sweep $2 175 . Save $315!
$695. Save $100! NTSCWaveform Monitors
V.222 DC to 20MHz, DC V.079 6" CRT
Offset $1625. Save $125! • Pistol Grip For Ease of Operation
$515. Save $2OO! V-099 3.5" CRT • Works on Any Make of Oscilloscope
V·212 DC to 20MHz $950. Save $300! • Three Full Year Wartanty
$440. Save $175! NTSCVector Scopes ~5"' 6" and 7" Hoods Available
Digital StorageScope V.069 6" CRT . . Separately for $ 51 each.
V·6020 IMHz Sampling, $1825. Save $125! - $290
Dual Channels V-089 3.5" CRT ~ ONLY •
$1750. Ssve$2OO! $1284. Ssve$400! I [aJ Save $135!

Probes Included FREE with all HItachi scopes 928 pg Catalog.FREE with your ord er

Call for pricing & quantity discounts on replacement p robes for a ll test equipment

V-660

V-665

V-1060

V-1065

@ H ITA C H I
COMPACT SERIES
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STATE OF
SOLID STATE
Linear IC's ROBERT F. SCOTT,

SEMICONDUCTOR EDITOR

',(Hz) C(/lF)

15 0.68
22 0.47
30 0.33
55 0.22

100 0.1

TO
MIORANG E
AMPLI FIER

b

FIG. 3

high-grade audio op-amps in an 8- ran ge amp l ifie r of a tri-amped
pin minidip pack age. It fea t u res three-way speaker system con sist-
very low di storti on , no pop-noise, ing of a wo ofer, a tweeter, and a
sho rt-ci rcuit protection , and can honker (mid range).
operate from 3-36-vo lt sing le o r An oth er app licat io n is a sub-
sp l i t (b i po lar) pow er supp lies . sonic f ilte r th at can be adapted to
Current consumpti on is not spec - eliminate turn tabl e rumble and
ifi ed wh en Vs is 3 vo lts, but it is a tap e-recorder flutter. That f i lte r is
low 0.8 mA wh en Vs is15volts, and show n in Fig. 3-a. The accompany-
o nly 2 mA wh en Vs is 36 vo lts. The in g tabl e, Fig. 3-b, spe ci f ies th e
internal stru cture and pin connec- value of capacitor C for five fre-
t io ns are show n in Fig. 1. qu encies between 15 and 100 Hz.

The TDA2320A's data sheet in - Other applica t io ns include an
c1udes a wealth of informat ion and electronic two-way crossover net-
circu it s covering a number of ap- work, a hi gh -cut f i lte r, a t h ree-
plicati on s for in st an ce, Fig. 2 band to ne cont ro l and more. For
shows is an active band pass fi lter data sheets and further in forma-
that can be used to drive the mid- t io n o n the TDA2320A, wri te to

SGS Semiconductor Corp., 1000 E.
Bell Rd., Phoeni x, AZ 85022.

High-speed CMOS counter
A new programmabl e di vid e-by­

N counter can d ivide an input f re­
qu ency by values between 3 and
15,999. Ca l led the CD54/74HC/
HCT4059, th e dev ice is a presetta­
bl e down-counter t hat p rodu ces
an output pul se one clock- cycle
wide at a rate equal to th e input
fr equ ency d ivide d by th e preset
valu e (N).

Tw o versi on s are availabl e :FIG. 2

- 15V

FIG.l

+15V

+V

1
r - - -<!)- - -,

( t~lI II OUTPUT
f 3 . + T
T I

l¥~( 6 - .L.
I 71 OUTPUT

{5 + T
T I
L _ --{4)- --l

1:

RI
10K

C2
.056

C1
1 ,056

INPUT

+INPUT

-INPUT

+INPUT

- INPUT

ONE OF TH E MOST INTERESTI N G DEDI­

cate_d lin ear lC's l 've.Lec~ntly_come

ac ross i s SGS Sem ico nd u cto r
Co rp's TDA2320A stereo pre­
ampli fie r, w hich is intended pri­
maril y fo r use in portabl e cassette
pl ayers and hi gh-quali ty aud io sys­
tem s. Note that th e device carries
an A suffix, and is not to be con­
fused w it h SGS's TDA2320, a pre­
amp lifie r designed fo r IR remote­
control systems .

Th e devi ce is esse ntia l ly two
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~can and reGotCl
temperatures
from freezing
to scorching.

K-l)peis +(01% ofreading+orcor1.3'f)

K-type: -2OO"C to+13711"C (-328'F to+2496"F)

Geoelal-purpose K-type bead probe included (lvoo with 52)
1200 hour 'iNbattery life · 3-year warranty
Standardmini-connector input

Measuremml range:

FLUKE 51/52 THERMOMETERS

Scan. OiN".ential. and MiniMax Recording Modes (52ooly)

·CorOfSeIec1able • Hold Mode
J-l)peis +(0.1 % ofreading+0.8'Cor1.4·F)

FROM THE WORLD LEADER IN
HAN DHELD TEST INSTRUMENTS.

.HyPe: -2OO"Clo +76lrC(-32ll"flo +14OO"F)

Il:J 1986Fluke,Ad No 1272-F50
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Thenew Fluke52 goes to great extremes to
outperformany other handheldthermometer.

At thetouchofabutton, it sequentially
scans the readouts of two temperatureinputs
and their difference. Or records the minimum
andmaximum from anyone of these three
channelsfor up to 1,200 hours.

You canmeasureextreme temperatu reswith
MOth of adecree resolution, using standardK
or J typethermocouplesprobes.

Prices for the Fluke50 Series are surpris­
ingly low...starting at just $129 for thesingle­
input Fluke 51. Order yours today.

For the name of your local supplier and a
free brochure call toll-free 1-800-44-FLUKE,
ext. 33.

ForFree Catalog
Call DrWrite

JAN CRYSTALS
P.O. Box 06017

Ft. Myers, FL 33906
(813)936·2397

3. LOWPRICES

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

1. TECHNICALLY CORRECT
Crystals to YourSpecs

QUARTZ CRYSTALS FOR
Two-Way - Industry - Marine

Amateurs - CB - Microprocessor
Scanners

Rely on JAN
for 3-WAY Help

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

New motor driver
The new Sprague UDN-2943Z is

a half-bridge motor driver wi th ex­
te nsive protecti on circuitry. The
24-vo lt, 1-amp bip ol ar IC drives DC
servo moto rsand can be paired for
full -bridge applications, or tripl ed
fo r three-ph ase bru shl ess DC
motor s.

On-chip safeg ua rds includ e
th ermal shutdow n, over-vo ltage
shutdow n, cro ssover-current pro­
tecti on, sho rt-ci rcu it protection
(when the source driver is sho rted
to ground), input logi c lockout
(prevents both so u rce and sink
drivers from turning on simulta­
neously), and trans ient supp res­
sio n . The driver o pe rat es with
pul se-width modulation-either
source or sin kc nopping, and has
sat u rated outputs wi th very low
power consumption .

The new device is in a modified
5-l ead power-tab TO- 220 plast ic
packag e. Price is $1.35 each in 100­
pi ece lots. Detailed technical in­
formation is in Data Sheet 29318.4
from Technical Literature Servi ce,
Sprague Electric Co., PO Box 9102,
Mansfield , MA 02048-9102. R-E

III
I Since I

1965

CD5 4/74H C t yp es for new al l­
C M OS l o gic d e si gn s ;
CD54/74HCT typ es that are pin ,
f unctio n, and performance-corn­
patibl e with low-power Sch ott ky
TIL (LSTTL) bipo lar logic.

Internall y, CD54/74H ClHCT4059
co u nte rs co ntain f ive co unt i ng
secti ons. The first and last sect io ns
are programm ed by three mode­
select inputs ( K", K

B
, Kc) th at set the

modulus or d ivide-by-N number.
The intermediate counting sectio n
consists of three cascaded divide­
by-10BCD counters. The divide-by
number is programmed by preset­
ting th e proper logic levels on 16
jam inputs (]1 through J16).

The mode-select inputs cont ro l
th e f irst and last sect ions. For ex­
ample,-ifthef irst sectionis set to
divide-by-2, the last secti on can be
set to divide-by-8. But , wh en th e
first sect ion is set to divide-by-10,
t he last sect io n cannot per form
any divide-by operations. The first
sectio n can divide-by-10, -8, -5, -5,
o r -2 while th e last section can di ­
vide-by-1, -2, -4, or -8.

Th e counter s can be pro­
g rammed to a " m aste r preset"
state by holding th e KB and Kc lin es
low. The internal counte rs are pre­
set with th e jam inputs and hold
th e levels as long as the KB and Kc
lines are held low. Counting starts
wh en any state other than th e mas­
ter preset is selected . A LATCH - EN ­

ABLE input can be used to hold th e
output high after the occurrence
of an output pu lse. If the LE (latch ­
enable) term inal is low, the output
pulse remains high for only a sin­
gl e clock-cycl e.

HC types ope rate up to 54 MHz;
HCT types ope rate up to 50 MHz.
Th e CD 54H Cl74HC types have a
supply-vo ltage range of 2-6 vo lts
DC , whil e the CD5 4/74HCT ope r­
ate from 4.5-5.5 volts DC.

The CD54HClHCT4059 co unters
are in 24-pin ceramic DIP packages
and carry th e F suffix . CD74HCI
HCT devices are offe red in three
24-pin DIP package s; a narrow­
body package (EN suffix), wid e
body (Esuffix), and surface-mount
(M suffix . When purchased in 100­
pi ece lots, the counters are priced
at $6.77 each .

For fu rth er informati on and a
copy of data shee t File No . 1853,
write to GE/RCASolid State, PO Box
2900, Some rvil le , NJ 08876.



$58p6109
150MHz 10x
Compensation Range
18to22pF
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ARI manufactures a complete line of electronic test equipment , including EPROM, EEPROM, and PLD programmers,
IC testers, Cable testers, DPMs, DMMs, and Logic testing devices. Call or write today for your free Brochure.
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NEW RUGGEDIZED
SCOPE PROBES
Justa phone call away.

$35p610~
50 MHz 10x
Compensation Range
15to 35pF

These new passive voltageprobescan be usedwith any
oscilloscopes having matching compensation ranges.

. Screwin tips mean easy repair, no downtime.

Toorder call toll free1·800·426·2200
f u ~~SA__ ' [.)

Copyright 1Q 1988. Tektronix, Inc . All righ ts reserved , KBA-8 10-1
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LETTERS

continued from page 24

THE EDITOR EXPOUNDS
We regret the errors in exp lana­

tion that were printed in Mr. Hill's
article. We should have stressed
more the importance of proper
speaker placement. And we apolo­
gize to Dolby for mixing up the
details of what their logos repre­
sent.

We are, however, very pleased
with the project we described. All
those who had the opportunity to
hear the decoder were most im­
pressed-especially when they
learned that the decoder could be
built for about $20. They did not
hear performance that was "mar­
ginal at best. II

While we're on the subject of
the decoder, we should note a
change in suppliers for the calibra­
t ion tape : The new supplier is
Sound Solutions, 1535 145th Place
S.E., Suite }-17, Belleview, WA
98007. Only Hi-Fi (not linear) ster­
eo tapes are available.-Editor

Tektronixe
COMMI TTED TO EXCELl.£NCf
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about radiation , where it comes from,
and how it is de tected .

Measuring radiation
A common characteri stic of alpha,

beta , gamma, and X-rays is that they
ionize the material that they strike or
pass through . Therefore , it is possible
to measure the amo unt of radiation by
measuri ng the resulting degree of
ioni zation . One of the first devices
used to detec t ionization was the e lec­
troscope , developed about 100 years
ago. In that device , when a gold leaf
and its metallic support are insulated
from another meta llic memb er and
charged to a DC potential of severa l
hundred volt s , the gold leaf is re­
pelled . With high-quality insulation,
the charge leaks off slowly, but if any
io ni zi ng rad iati on is present the
charge leaks off more quickly. Ob­
viously, only relative-in tensity mea­
surements are possible .

FIG. 1- THE RELATIONSHIP BETWEEN
PULSE AMPLITUDE and the electrode
voltage of a Geiger tube. Region c, which
is the most sensitive to radiation , is called
the Geiger region.

mally high. You can network with
your friend s who have similar instru­
ments to determine radiat ion patterns .
You can identify items in your home
that are radioactive. And you can ex­
plore for underground deposits of ra­
dioactive materials . In short, if you
build a Ge iger counter you will learn

This hand-sized Geiger counter is so sensitive
it can measure the radiation from a ceramic drinking cup.

HAVE YOU EVER DRIV EN PAST A NUCLEAR

power genera ting plant and wondered
whether it was leaking radi atio n? Is
there radioactive radon in your base­
ment? When the Chernobyl nuclear
plant exp loded in April , 1986 , and the
Three Mile Island plant almost had a
meltdow n in March , 1979 , did you
wonder if any of the radi ation was
comi ng your way? If you have a lumi­
nous watch dial that glows in the dark ,
is it giving off radia tion ? Did you
know that common items found in a
home emit small amounts of ionizing
radia tio n?

Construct your own Geiger counter
and you will find the answers to those
questions and man y more . With a
Geiger counter you can reassure your­
self that radiation levels in your area
are normal. You ca n detect nuclear­
plant radiation leaks by monitoring
changes in rad iat ion level , and even
sound an alert if the level is abnor-

41
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The most common sensor used to­
day to detect ionization is the Geiger
~tube , which consists of an enclosed
anode and cathode separated by a
mixture of argon, neon, and either
chlorine or bromine gases. Usually,
the cathode is a thin -wall metallic cyl­
inder sealed at each end with an in­
sulating disk so that the gas is
contained. The anode is an axial wire
in the cylinder that extends through an
insulator. A DC voltage connected to
the electrodes creates an electric field
within the chamber. A pulse of cur­
rent is generated when radiation pass­
es through the container and ionizes
the gas . The pulses are counted and
electronically processed for display in
a variety of ways. The relationship
between pulse amplitude and elec­
trode voltage is shown in Fig. 1.

A single positive ion and one elec­
tron are produced by the initial ioniz­
ing event: the collision of an alpha,
beta, or gamma ray with a neon or
argon gas molecule in the sensor. At

low voltages , region A in Fig. 1, the
electron moves at low velocity to the
central anode and the positive ion
moves more slowly to the cathode,
where they are neutralized. The detec­
tor is rarely operated in that region as
extremely small pulses are generated.
As the voltage is increased , the ve­
locity and energy of the electron in­
creases. At a specific threshold volt­
age, the start of region B, there is
sufficient energy to produce more
ions and electrons by additional colli­
sions, and the pulse amplitude in­
creases dramatically due to gas ampli­
fication . Region B is called the pro­
portional region because the pulse
size is dependent on the energy of the
initial ionizing event.

Specialized instruments operating
region B can distinguish between al­
pha, beta , and gamma rays by mea­
suring the pulse amplitudes.

Region c starts when the gas ampli­
fication reaches saturation . The pulse
amplitudes due to alpha, beta, and

gamma rays become essentially equal
and increase only slightly with in­
creasing voltage . Region c is the
Geiger region; it has the highest sen­
sitivity to incoming rad iation . Most
Geiger counters operate in region c .

When the voltage is increased
beyond the Geiger region, the electric
field becomes high enough to cause
the gas to self-ionize. That occurs in
region D and results in almost continu­
ous discharge, which can only be
stopped by turning off the voltage.
Operation in region D can damage the
tube .

The actual threshold voltages for
each of the regions depend on the size
and shape of the sensor and the con­
figuration of the electrodes .

The thin wall of the Geiger tube
allows high-energy beta and gamma
rays to pass through and ionize the
gas. However, alpha rays have consid­
erably less energy and are blocked by
the metallic tube. To detect alpha
rays, a very thin mica disk or Mylar
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film that is transparent to alpha rays is
used in some Geiger tubes to close off
one end of the cylinder. That end is
called an alpha window . The alpha
window must point toward the radia ­
tion source to detect alpha rays . The
range of alpha rays in air is only about
3 centimeters.

Radon
The primary emissions from radon

are alpha particles that rapidly dissi­
pate in air. Secondary emissions of
beta particles and gamma rays from
radon, and from its decay products
known as radon "daughters" or "pro­
geny," occur in sufficient quantity to
be detected. The EPA has published a
booklet on measurement protocols for
radon.The simplest technique uses a.,
carbon canister to adsorb radon from
the air for weeks or months. At the
end of the measurement period the
canister is sealed and returned to a
laboratory for analysis.

Build a radiation monitor
But waiting for the results of labo­

ratory tests is time -consuming, and if

the canister isn 't placed in a "hot"
spot, false low readings will result.
You can do faster measurements by
building our radiation monitor, which
for simplicity we will henceforth refer
to as the Radalert.

The Radalert, whose block di­
agram is shown in Fig. 2, is an ex­
tremely versatile Geiger counter that
is sensitive to alpha, beta, gamma,
and X-ray radiation . It is designed for
ease of use by people who want to be
better informed about the level of ra­
diation that surrounds them. It also
meets the needs of technical, medi - .
cal, and public-service personnel
who require accurate information in­
volving the use, transportation, and
storage of radioactive materials. A
4Y2=digit LCD display provides a di­
rect reading of the number of ionizing
events detected by the sensor. (A
commercial version of Radalert is cur­
rently being tested at a major universi­
ty laboratory to relate the total counts
over extended time periods with cali­
brated radon levels to determine the
time required to get useful results.
Preliminary results indicate a 12-hour

count may be necessary to detect the
increase in background radiation due
to low levels of radon and its decay
products .)

Two switches allow you to select
the operating mode and type of dis ­
play desired . With switch S2 set to the
MUTE position, the COUNT LED. visu­
ally indicates each ionizing event.
When S2 is set to the COUNT position ,
you will also hear a beep correspond­
ing to each count.

Switch SI gives you a choice of two
display modes. In the CPM (Counts
Per Minute) mode, the number of
counts detected each minute is dis­
played on the LCD until replaced by
the next minute's count. No count is
displayed during the first minute of
operation , but the flashing LCD colon
tells you that the count is in progress.
In the TOTAL COUNT mode, the counts
are accumulated and a running total is
displayed. .

A special feature of our monitor is a
user-adjustable alert level. Using the
CPM mode, the alert level can be set to
a level greater than the normal back­
ground radiation. Using the TOTAL
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FIG. 3-THIS IS THE CIRCUIT FOR THE GEIGER TUBE and its pulse processor. LED1
blinks in step with each pulse. The beeper also can beep in step with each pulse, and can
function as the alert alarm.
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FIG.4-THE CONTROL LOGIC. A 32-kHz master clock is divided down to provide the one­
minute timing for the counts-per-minute function.

COUNT mode you can average the
background radiation over long peri ­
ods when testin g for small changes in
the background radiation. If S2 is set
to. its ALERT position , a pulsating beep
lets you know when the count reaches
the preset alert level.

Portable operation
The monitor is powered by a tran ­

sistor-radio type 9-vo lt battery. Very
low current drain allows up to 6
months operation before the La BAT
(low battery) indication appears on
the LCD disp lay. For continuous 24­
hour operation over long periods, the
Radalert can be powered by an op­
tional AC adapter connected to
EXTERNAL-POWER-jack 11. Notice from
Fig . 2 that the battery is not discon-

----ru:cted when the AC adapter is con­
nected to JI . That arr angem e nt
permits the battery to automatically
take over if the AC powerline fails,
thereby assuring uninterrupted mea­
surements . A diode prevents the AC
adapter 's output voltage from being
applied to the battery.

A SOn-volt regu lated power supply
operates the radiation sensor in the
Geiger region . The crystal-controlled
time-base for the COUNTS PER MINUTE
display has an accuracy of 0 .005% .

How it works
As shown in Fig . 2 , the high-volt­

age supply is connected to the Geiger
tube's anode . Each time an ionizing
particle or photon penetrates the tub e
it creates an avalanche of current. The
current pul se is detected and shaped
by the Radiation Pulse Processor, and
then sent to the counter sec tions of the
display and alert circuits . The Radia­
tion Pulse Processor also provides an
extended pulse to drive the COUNT
LED and the Piezo Beeper.

The Clock Generator produces the
timing signals requ ired by the Control
Logic section to operate the Display
and the Display Counter/Driver cir­
cuits . Control Logic also resets the
Clock Generator, and the Alert Coun­
ter/Comparator at the proper times .

The Alert Counter/Comparator
section accumulates the radiation

~ counts and compares the count to the
z setting on the binary-coded switches
~ (S3 , S4, and S5). When the level on
o the counter is equ al to the BCD set­
~ ting, the alert output pul sates at a 2­
wo Hz rate to drive the Piezo Beeper
Ci when the Audio Mode Switch (S2) is
-ccc in the ALERT position .
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All resistors are 1/8-watt, 5%, un-
less otherwise noted.

A1 , A14-10,OOO ohms
A2-180,OOO ohms
A9, R33-220,OOO ohms
A3, R5, A12. R16, A30-33,OOO

ohms
R4, R1o-12,OOO ohms
A6-1000 ohms
A7, R15, A18--100,OOO ohms
A8-180 ohms
A11-18 megohms
A13, A2o-1 megohm
A17-3.3 megohms, Y2 watt
R19-2.2 megohms
A34-47,OOO ohms
A21-750,OOO ohms
A31 , R32-100 ohms
A22-4700 ohms
A23-1 ohm
A24-510,OOO ohms
R25, A26-3.9 megohms
A27-390,OOO ohms
A28--1000 ohms
A29-10 megohms
RN1 , AN2-220,OOO ohm x 6 re­

sistor network
All capacitors rated at least 15

volts, unless otherwise noted
C1-150 pF, 5%, polyester
C1 , C11-220 pF, 5%, polyester
C2--D.01 }.\oF, ceramicdisc, type X7R
C3, C10, C15, C19, C28, C33, C34,

C36--D.001 }.\oF, ceramic disc
C4-0.022 }.\oF, ceramic disc, type

X7R
C5, C25, C26, C30, C31-not used
C6, C10, C12, C13, C17, C28, C29,

C35, C39, C41-0.1 }.\oF, ceramic
disc

C7, C29-0.01 IJ.F, ceramic disc
C9-22 pF
C8-82 pF
C14-100 pF
C16--D.022 IJ.F

The circuit
As shown in Fig. 3, the cathode of

Geiger tube GMI returns to ground
through Qls base. The current pulse
created in the Geiger tube by a radia­
tion event is about 50 to 75 microse­
conds long . It pulls up Rl , thereby
raising Ql's base voltage and turning
Ql on for the duration of the ionizing
event. That, in turn , pulls up emitter
resistor R3, bringing pin 4 of IC7-a
high , which causes the Q output to go
high, thereby producing a square
wave about 120 microseconds long
(the length is determined by the time ­
constant of R4/C2).

Since Q, pin 7, is always the op­
posite of Q , it goes low, pulling the A

input low again through D1. The Q

PARTSLIST

C18, C37-47 IJ.F, electrolytic
C20, C21 , C22, C23, C24--D.0047

}.\oF, 1KV, ceramic disc
C27-10 IJ.F, tantalum
C32--D.0027 IJ.F, ceramic disc
C38--10 }.\oF, electrolytic
Semiconductors
IC1-4060 oscillator/counter
IC2,IC4, IC5, IC6-4013 dual 0 flip-

flop
IC3-4566 time-base generator
IC7-4538 dual multivibrator
IC8, IC9, IC10-4585 4-bit com-

parator
IC11 , IC12-4518 dual BCD counter
IC13-4584 hex Schmitt trigger
IC14-4070 quad exclusive OR
IC15-4081 quad AND
IC16- .74C946 counter/decoder/

driver
IC17-4069 hex inverter/buffer
IC18-MAX666 micropower reg ­

ulator
OSP1-4Y2-digit LCD display, Seiko

SP501P
01-Q5-PN4401 transistor
06, 07-MPS6515 transistor
08--PN3906 transistor
01, 01o-1N4148 diode
02-Not used
03-06, 012-1N4007 diode
07-09-1N5278B diode
D11-1N5819 diode
D13-1N4148 diode
LE01-Light-emitting diode
Other components
B1-9 volt battery
BZ1-piezo-electric beeper, Kyocera

KBS-270B-3T
GM1-Geiger tube, type LND 712
J1-miniature jack
J2-miniature 2-circuit jack
S1, S2-0POT slide switch
S3, S4, S5-BCO rotary switch, right

angle mount

output to A ensures that the circuitry
will continue to count at extremely
high radiat ion levels and not saturate
or "jam." The Q output is connected
to the display and alert counters. The
Q output is used by the alert circuit
and is also buffered through IC14-d
and R6 to the Count Output port (J2's
tip) , which is the interface to a com­
puter or other data logging device.

One section of IC7, IC7-b, is used
as a pulse extender to drive LEDl and
beeper BZ1. The pul sewidth , about 2
milliseconds, is determined by the
time -constant of R7/C4 .

Beeper BZl is driven in a push-pull
confi guration by two sets of paral­
leled bufferlinverter gates from ICl7 .
The other two gates of the device are

T1-0C/OC blocking transformer
XTAL1-32.768 kHz crystal, watch

type
Miscellaneous: Samtec16-pin male

and female connectors, cabinet,
printed-circuit materials, wire, sol­
der, cabinet, etc.

Note: The follOWing components
are available from International
Medcom, 7497 Kennedy Rd.,
Sebastopol, CA, 95472:
T1 , $3.75; DSP1, $10.00; set of
two double-sided , plated
through printed-circuit boards,
$16; GM1, $45. Add $1.00 for
shipping and handling for those
components. California resi­
dents must add appropriate
sales tax.
A complete kit , which includes
the two printed-circuit boards,
the plastic enclosure with
custom modifications, labels, all
components, hardware, assem­
bly instructions and an operat­
ing manual, is available for
$149.50 (Without battery).
A completely assembled and
tested Radalert with an operat­
ing manual is available for $225
(inclUding battery).
Add $4.00 for shipping and han­
dling to each Radalert or
Radalert kit order. California res­
idents must add appropriate
sales tax.
To order the complete kit or the
assembled Radalert by Visa or
Mastercharge call toll free
1-800-257-3825. In California,
call 1-800-255-3825. (Those
numbers are for credit-card or­
ders only. For technical informa­
tion contact International Med­
com at the above address.

confi gured as a 3.3-kHz oscillator to
match the resonant frequency of BZl .
The oscillator's frequency is deter­
mined by the values of resistors R9
and RIO, and capacitor C7 . The cir­
cuit is very ef f icient , providing a
sound pressure level of about 75 dB at
12 inches, with a current drain of 2
rnA .

Since the drain is only on for 2
milliseconds per count, that 2 rnA
averages out to only I IJ.A at normal
background radiation levels of about
15 counts per minute .

Although LEDl draws 15rnA when
it is on. the average current drain is
sti ll in the low micro ampere range.
Indicators LEDl and BZl are swi tch­
ed by Q2 and Q3, respectively.
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LCD display
The 4V2-digit liquid-crystal display,

DSPI , is the non-multiplexed (direct
drive) type. As shown in Fig. 4, it is
driven by ICI6, a National Semicon­
ductor 74C946, which features 100­
microw att power consumption and
leading-zero blanking. It has internal
counters for each of the 4 digits and a
flip-flop to drive the V2digit.

The pulses from IC7-a, pin 6 (Fig.
3), are fed to ICI6's COUNT INPUT, pin
32. Every negative-going transition
clocks the internal counter chain. The

SlDRE pin, pin 34 of ICI6, controls the
counter latches .

In the lDTAL COUNT mode, pin 34 is
low, the latches are in a flow-through
state, and counts are active ly dis ­
played as they are detected . In the
COUNTS PER MINUTE mode, pin 34 is
high, and the counter latch outputs are
stored . Each minute , CONTROL LOGIC

disables the counter, pin 31, while the
prior minute count is displayed ' and
stored (pin 34). The counter is then
reset to zero (pin 33) to start the count
for the next minute.

Clock generator
All timing ' waveforms are refer­

enced to a 32.768 kHz crysta l os­
cillator built into ICI. That IC has a
14-stage ripple-carry counter that di­
vides the oscillator frequency by two
14times to give a 2-Hz output at pin 3.
The IC2-a flip-flop divides the 2 Hz
by two again to.furnish a I-Hz signal
to IC3, a 4566 industrial time-base
generator that was described in detail
in the January, 1988 issue of Radio­
Elec tronics (see page 56). The time­
base generator divides the I Hz , first
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FIG. 6-THE 500 VOLTS DC for the Geiger tube is generated by the DC-to-DC converter
circuit consist ing of 06, 07, 08, and their associated components.

by six and then by 10, to provide the 1­
minute timing signal for the COUNTS

PER MINUTE mode . One minute is up
when pin 6 goes low; the transition is
inverted by Schmitt trigger ICI3-c.

Control logic
Refer to Fig. 4. The power up/reset

sequence starts when the Radalert is
turned on. Capacitor Cl2 charges
through resistor R13, causing ICl3-a,
pin 2, to go low. Capacitor Cl4 is
momentarily discharged, then re­
charged through R16. The recharge
time is set by the R16/C14 time con­
stant and creates a 3-microsecond
power up/reset pulse at IC13-b, pin 4.

Whenever S1 is switched between
COUNTS PER MINUTE and the TOTAL

COUNT modes, ICI4-c, pin 6, goes
either positive or negative, with a
time delay determined by'RI8/CI3 .
That section ofICl4 is configured as a
one-shot that can be triggered on a
positive or negative transition, and its
output will be high when pin 5 and pin
6. are unequal. The R18/C13 time de­
lay makes them unequal for a very
short time, creating a lO-millisecond
positive pulse at pin 4 that turns on

Q4 . The Q4 collector momentarily
discharges Cl2 to re-initiate the
power up/reset sequence.

In the COUNTS PER MINUTE mode,
critical timing of the ICl6 ENABLE,

RESET, and STORE functions is imple­
mented by four D flip-flops: IC2-b,
the Time Out latch; IC4-a, the Store
latch;, IC4-b, the Reset latch; IC5-b,
the Enable latch. In the TOTAL COUNT

mode, IC15-a inhibits the Master
Clock, allowing the radiation count-

. data from the Pulse Processor to ac­
cumulate on the display.

A count of 19999 triggers the over­
flow detector, freezing the display at
that value, and providing a time out
signal in COUNTS PER MINUTE mode . In
the TOTAL COUNT mode, the 19999 re­
mains on the LCD until Sl is switched.

The colon at the left end of the LCD
display flashes at a 2-Hz rate in the
first minute of the COUNTS PER MINUTE

mode. In the TOTAL COUNT mode, the
colon continues to flash as counts are
accumulated. A D flip-flop, IC15-a,
controls those functions.

Alert counter and comparator
Refer to Fig. 5. Two 4518's, ICll

and ICI2, form a chain of four BCD
up-counters . Counts from the Pulse
Processor feed the least significant
digit of the chain, ICI2-b, pin 9. The
counts are incremented by the X 10,
x 100, and x 1000 registers, ICll -a,
ICll-b, and IC12-a. Register outputs
are compared to the settings of the
BCD ALERT LEVEL switches (S3, S4,
S5) by IC8 , IC9, and IClO. To con­
serve battery life, comparison is made
only as each count is detected. When
the alert level is reached, a true alert
output is clocked into the Alert Latch
IC6-b to energize the beeper at a 2-Hz
rate (if S2-a is set to ALERT). The latch
then disables any more pulses from
clocking through ICI5-c.

Power supply
As shown in Fig. 6, the Radalert

operates from an internal 9-volt bat­
tery, or an external 9-volt powe r
source . Capacitors CI5 and C28 are
RF-bypass capacitors. External power
supply jack 11 does not disconnect the
battery when external power is used E
so that the Radalert will continue to ~

function on battery power if the AC cc;
power fails. Diode Dll is a Shottky &5
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FIG. 7-BOTH THE BEEPER AND THE LCD DISPLAYare on the same board . Takeextreme
care when handling the display. While not unusually fragile, it neverthel ess requires
somewhat gentle handling during assemb ly. Parts IC16, J1, J2, and the connector are
actually mounted on the underside of the board .

Transformer T I, in combination with
the voltage multiplier formed by ca­
pacitors C20, C21, C22, and C23 ,
and diodes D3 , D4 , D5, and D6 ,
steps up the voltage to approximately
500 volts. The Zener diode chain of
D7, D8, and D9 provides feedback
throug h Q7 and Q6, to maintain a
constant output-voltage at minimum
current drai n.
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diode that prevents the battery from
being charged by the external power
supply. Diode D I2 protects the battery
from discharging if there is a short in
the external power source . Capacitor
C37 filters the unregulated 9-volt line
that powers the high voltage power
supply, LED!, and BZ I.

Switch SI turns the Radalert on . A
MAX666 regulator, ici s , provides
regulated 5 volts to the LCD and all
the other IC 's . That regulator is un­
usual in that it con tains a built-in low­
battery detector. The threshold is set
by the ratio of R29 and RI9. The
voltage at pin 3 is compared to an

internal 1.3-volt reference. Whe n the
input voltage falls to a level that re­
duces the voltage at pin 3 below 1.3
volts, then pin 7 , whic h is normally
held high by R20, goes low. A logic
high signal is requ ired to indicate La

BAT on the LCD display, so the state of
pin 7 is inverted by ICI 3-e , an invert­
ing Schmitt trigger.

The high-voltage circuit provides
regulated 500 volts at up to 50 micro ­
amps, as required by the Ge iger tube.
It uses a DC-to- DC blocking-os­
cillator desig n and closed-loop feed­
back regu la t ion. Tra ns istor Q8
osci llates at approx imate ly 25 kHz.
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Pass both wires through the pen cap.
Then pass one of the wires through the
probe body and the forward cap. Strip
about V4-inch of insulation from that
wire . Next insert the forward cap into
the probe body and finish up by insert­
ing the probe tip into the forward cap
in such a way that the stripped wire is
pinched between the cap and the tip.
Finally, trim the second wire to an
appropriate length , strip about V4-inch
of insulatio n from the end, and insert
the rear cap so that the stripped end is
pinched between the probe body and
the cap.

The sensor functions as a variable
resistor that varies Qls base current ,
hence its co llector current. TI1at vary­
ing collector current produces a vary­
ing voltage across 100-ohm resistor

The body is a five-inch length of light­
weight aluminum tubin g. A suitable
body can be salvaged from an old TV
or radio telescoping antenn a. The pro­
be tip is made from a small, %-inch
long , Vs-inch diameter solid alumi­
num rod . File down V4-inch of the rod
to a diameter of about YI6-inch. File
the remainder of the rod to a rounded
point.

The leads from the circ uit are con­
nected to the body and tip of the pro­
be . The leads are held in place using
the two caps shown. In addition, the
for ward cap provid es elec trica l in­
sulation between the probe tip and
body. The cap s are simply end caps
salvaged from old BIC ballpoint pens.

To build the probe , start by drill ing
small hol es through the pen ca ps .

$PIL
MOIST-U
METER

How it works
The moisture meter's circuit is

show n in Fig . I; ICl, an lntersil
ICL7106, is the heart of the circuit. It
contains an A-to-D (Analog-to-Digi­
tal) converter, a 3V2-digit LCD driver,
and all necessary support circuitry,
including a clock , a voltage reference,
and seven segment decoders and dis­
play dri ver s . A sim ilar part , th e
ICL7107, can be used to drive seven­
segment LED 's.

The senso r probe is similar to one
used in Radio-Shack's Plant Light
and Moisture Meter, which is no lon­
ger sold . If you already own one of
those units , you can simply remove
the probe and attach it to the circuit.
Otherwise , you can build a suitable
probe using comon materials .

The construction of the probe is
shown in the photograph of Fig . 2.

FEW T HINGS ARE MO RE FRUSTRATING

than planting a fancy new hybrid rose
and finding , a few days later, that it
died becau se it didn 't receive enough
water. You can avoid dehydrating
your plant s with our digital moisture
meter. It can help you keep all your
plants-indoors and out-in tip-top
condition by' indicatin when a p',.:.:la;;:;n:.;:.t__
needs water. In addition, it will help
you from overwatering your plants;
overwatering can be just as detrimen-
tal as underwatering. The circuit is
inexpensive (under $30), and it can be
put together in an evening or two.

To obtain a digitally-accurate read-
out of moisture content, ju st tum the
meter on, insert the probe into the
earth beneath your plant, and read the
three-di git LCD display. A rose bush,
for exa mple, needs a moisture level
between 70 and 80 (on the scale de­
veloped by our meter). If the mea ­
sured level is equal to or higher than
that , th e plant needs no additional
water. The instruction manual that
comes with the probe (discussed be­
low) contains information about the
proper moisture level for many vari­
eties of plant s .

Don 't let summer heat dry
your plants out! Keep them
properly watered with this
inexpensive digital moisture
meter.
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Other components
D ISP1-LCD disp lay, Amperex

LC513041-301 .15/IS (Digi-Key part
no. LCD004)

S1-SPDT slide or toggle switch
Probe-see text

Semiconductors
IC1-ICL7106, AID converter & LCD

driver (Intersil)
Q1-2N2222

PARTS LIST

All resistors are Y4-watt,5%.
R1, R9-100,OOO ohms
R2-24,OOO ohms
R3--20,OOO ohms, trimmer potenti-

ometer
R4-1 megohm
R5--470,OOO ohms
R6-2200 ohms
R7-100 ohms
R8--1 megohm, trimmer potentiom­
eter

Capacitors
C1-100 pF, ceramic disk
C2--Q.1 !JoF, mylar
C3--0.047 !JoF, mylar
C4-0.22 !JoF, mylar
C5--0.01 !JoF, mylar
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FIG. 1-MOISTURE METER'S COMPLETE SCHEMATIC is shown here. Only one IC is required ; the
enti re circui t can be put together for about $30. Miscellaneous: Perforated con­

struction board, plastic case, wire,
solder, etc.

Calibration
First rotate R3 to the center of its

range . Then place the end of the probe
into a glass of water and adjust R8 for
a reading of 100. When you remove
the probe from the water, the LCD
should indicate 000 . You may have to
adjust R3 slight ly for the disp lay to
indicate 000 . If so , re-adjust R8 with
the probe immersed . Check for a
reading of 000 again with.probe out of.
water. After the resistors are adjusted,
screw the case together.

Now you have one less excuse for
not keeping your flowers and plants
blooming beauti!ully! R-E

hole is cut in the front of the case; the
LCD is visible thro ugh that hole .
Last, another small hole must be cut
for Sl.

The probe cord should be pushed
through the hole in the case . Tie a
knot in the cord for strain relief, and
then solder the ends to QI and R9:

Check your work carefully. When
you're satisfied that you've made no
errors (or after you've fixed them),
you're ready to calibrate the meter.

STRIPPED
WIRE

Construction
Any convenient construction tech­

nique may be used. We used several
pieces of pre -etched perfboard to
mount all components except the
power switch and the batteries. The .
LCD mounts on one board, and ICI
and the remaining components mount
on the other. Short lengths of hookup
wire connect appropriate points on
the two boards .

Everything except the probe
mounts in a plastic case that measures
approximately 2 X 3% x 6 inches . A
small hole, through which the probe
wires pass, is drilled in the side of the
case . A 718 X 2 (inches) rectangular

ALUMINUM
TUBE

FORWARD
CAP

R7, and that voltage is what ICI con­
verts for display.

The LCD specified in the Parts List
is actually a 4Yz-digit device; it also
contains periods and colons between
digits, and a leading plus sign . All
unused characters are simply tied to
pin I (BACKPLANE) to avoid erroneous
displays and excessive power con ­
sumption.

The LCD consumes about 25 mi­
croamperes, and ICI consumes under
2 mA , so the circ uit will run for a long
time when it is powered by a standard
9-volt battery. Current drain of the two
1.5-volt AA cells is also very low:
under 300 f.LA .

FIG. 2-THE SENSOR PROBE shown here can be bui lt from common household items. The end caps,
salvaged from inex pens ive ballpoint pens , are used to hold the leads in place without so ldering.
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Build
THE RADIO-ELECTRONICS

ADVANCED CONTROL SYSTEM
This month, we show
you how to put REACTS
to work to control the

-outside wond-:-----

Part SIN THE PRE -

vious arti ­
cles in this series we built the
basic REACTS control com­
puter. In this article we will
discuss how the REACTS
can perform useful tasks ;
that is , provide automatic
control for the home . We will
build an electronic lock and
provide automatic control of
various appliances in the
home. In a future article we
will add a security system
and we will also provide au­
to matic environment co n­
trol. H. EDWARD ROBERTS

What makes control ap­
plications like those poss ible
is an eight-channel input and
output block that we will use
to provide partial automation
of a home. Spec ifically, we
will build an electronic door
lock and provide for the auto­
mati c se q uenc ing of ap ­
pliances and lights.

What we will show you
this month is ju st a small
portion of our ultimate
home-control system. In fu­
ture articles we will add ca­
pabil itie s such as environ­
mental control and a security
sys tem. The reader should
notic e that the app lication
shown is designed to be both
practical as we ll as i l­
lustrative ; we hope it will

~
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CD
CD

~

c
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FIG. 1-THE REACTS OCTAL 1/0 MODULE allows you to interface the system to the
outside world. The optional relay outputs even allow you to control AC devices.
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FIG.3-BUILD THE MODULEfollowing this parts-placement diagram. The PCpattern can
be found in PC Service.

PARTS LIST

All resistors Y4 watt, 5%, unless IC5-74HC573 octal three-state 0 -
otherwise noted type latch

R1 , R3---4 x 470 ohms, isolated re- IC6-ULN2821 Darlington transistor
sistor network, SIP array

R2, R6-10,000 ohms, s-lnto-i re- IC7-74HC688 8-bit magnitude
sistor network, SIP comparator

R4, R5-4 x 10,000 ohms, isolated LED1-red LED, right -angle PC
resistor network, SIP mount

R7--470 ohms LED2-LED8-green LED, right-an-
Capacitors gle PC mount
C1-e5, C7--Q.47 ILF, ceramic disc Other components
C6--47 ILF, 10 volts, electrolytic S1, S2-8-position DIP switch
C8--47 ILF, 16 volts, electrolytic S01-16 position terminal strip
Semiconductors
IC1-74HC273 octal 0 flip flop S02-S04-10 position terminal strip
IC2-74HC14 inverting Schmitt trig- S05, S06-60-pin male and female

bus-connector set
ger RY1-RY8--6-amp relay, PC mount

IC3-74HCOO quad 2-input NAND (optional, see text)
gate

IC4-74HC245 octal three-state Miscellaneous: PC board , hard-
transciever ware, IC sockets, case, etc.
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give you some idea on how to use the
REACTS control computer.

The I/O module has eight universal
inputs and outputs. The outputs are
eight Darlin gton- array DC drivers (an
option of eight 6-amp relays is also
available). The inputs are TTL level.

How it works
Before we proceed, a brief review

of the input/output system of the Z80
is in order. As· you may remember,
REACTS has 256 input and output
channe ls. Eac h channe l has eig ht
lines that may be set on or off inde­
pendently. That gives us a total of
2048 (256 x 8) potential switc h clos­
ings and 2048 input sensing lines;
more than eno ugh for even the most
complex applicat ion.

Each input and output channel has
a specific address; i .e ., address 0
through 255 . Let 's look at how a com ­
puter performs a typical input opera­
tion . All microprocessors ope ra te
using a cycle syste m. Each cycle per­
forms one type of operation, such as a
memory read, a memory write, an I/O
input, an I/O output , etc. Using the
status lines , the processor " tells" the
rest of the syste m what it is going to
do at the beginning of each cycle . The

signals on the status lines identify the
type of operation to be performed . For
instance , if the system is going to
perform an input , the IORQ (INPUT!
OUTPUT REQUEST) line become s high .
That tells the system that the opera­
tion is to be either an input or an
output. The system decide s whether
or not the operation is an input or an

output by " looking" at the RD (READ)
and WR (WRITE) lines. If the RD line is
low the cycle is an input , if the WR line
is low the cycle is an output.

So far we have determined that the
particular cycle is an input based on
the IORQ and the RD line . But which of
the 256 possible inputs is to be used.
That is determined by simply lookin g



SOURCES

The following items are available • REC-CASEand PANEUREC-OC-
from DataBlocks, Inc TAL: Aluminum case assembly in-
579 Snowhill Road, Glenwood GA. eluding front and rearpanels;$19.50.
30428. Or call (800) 652-1336; in • REC-KEY: 12-button keypad with
Georgia call (912) 568-7101. scan-codedecoding program;$9.00
• DP-OCT: Design package with • VAC-PROG: vacation home-con-
schematic and instructions; $10.00. trol program; free with SASE.
• PC-OCT: PC board for the octal II • Other REACTS productsareavail-
0, including design package;$37.00. able; contact DataBlocks directly for
• REC-OCT: Complete set of parts information and pricing.
including PC board, IC's, terminal Please include $5.00 postage for
strips, etc., but excluding relay option any order of $37.00 or less and
listed below; $109.00. $10.00 postage for any order over
• REC-REL:OCTAL1/0 relayoption $37.00. Georgia residents must add
includes eight, s-ame relays and ter- appropriatesales tax.
minal strips; $42.00.

at the lower eight address bits . Those
bits will be set with the correct ad­
dress (i.e ., the address of the required
input channel) at the beginning of the
cycle. That's all there is to it. Note
that all eight lines will be read in at
one time. Now let' s look at how that
operation appears to the software.
Using BASIC, the command to input
the data would be as follows:

40 X = INP(23)

That command instructs the computer
to input channel 23 and store its eight
lines in a variable called X. You will
see later how we are able to separate
the individual lines from the variable .

Module operation
- Referr ing-to-Fig7'l-;-a- block- di
agram , and Fig. 2, a detailed sche­
matic of the I/O module, will be of
great help to you in follow ing the
module operation discussion.

The octal I/O module provides
eight digital inputs and a choice of
eight DC or relay-isolated outputs
(note the dotted bus line on the block
diagram of Fig. 1). Only one of the
module's output options (either DC or
relay) can be used at a time; however,
room is left on the printed-circuit
board to install terminal strips (the
external devices to be controlled are
connected to those) for both. Select­
ing between the DC or relay option is
accomplished by simply moving a
few power jumpers and setting some
switches. That capability to readily
change between output options is
useful when developing an applica­
tions system.

The module's circuitry performs
three main functions: module selec­
tion , data output (activation of the DC
or relay outputs), and data input.

Module selection occurs when the
A (AO-A7) inputs of IC7, a 74HC688
eight-bit m agnitude comparator,
match its B (BO-B7) inputs and the IORQ
line is active. Note that the B inputs of
IC7 are connected to a bank of eight
switches while the A inputs are con­
nected to the lower eight add ress
lines. That allows the input/output
port used by the module to be user­
selectable. That is, the module will be
selected only when the IORQ line is
active and the I/O address on the
lower eight address lines matches the
110 address selected via the bank of
switches .

Data input occurs when the module

is selected and the RD line is low. That
places the data at terminal strip S04
onto the-system data-bus-by-enabling
the 74HC573 latch (IC5) and chang­
ing the data direction flow of the
74HC245 buffer (IC4) so that data
flows from the B side to the A side.
Since no CMOS inputs should be left .
floating, pull-up resistors have been
connected to the inputs of IC5.

With the inputs pulled high, an
open input (i.e. one that is not con­
nected to any external device) will
cause the corresponding bit to be high
(logic I). The fact that the inputs are
pulled high should be taken into con­
sideration when developing software
for the module. That is , we normally
think of a logic I as being " on" and a
logic 0 as being "off". With an open
input that is pulled high, or with an
open switch connected to the input, a
logic I will be input. Although that is
perfectly legal , it tends to be oontrary
to our normal way of thinking . The
simplest way to remedy this is to com­
plement the input(s) . Another solu­
tion would be to use a normally closed
switch. In the doorlock-application
programs we will discuss shortly, we
use the NOT command to complement
the inputs .

When the module is selected and
the WR line is low, the data on the
system's data bus is latched into lCI,
a 74HC273 octal D-type flip-flop.
When data is being written to the
module, the DIRECTION (DIR) input of
IC4 , a 74HC245 octal three- state
transceiver, is high, causing the direc­
tion of data flow to be from the A side
to the B side . Note that the outputs of
ICI are connected to eight status
LED's. Those provide instant check­
ing of the status of each output
(whether they are on or off) at a

glance . The outputs of the ICI are also
connected to IC6, a ULN2821 that
contains eight Darlington drivers .

If the DC option is used, the de­
vices to be controlled by the module
are connected indirectly (via S03) to
the outputs of the Darlington-array
package (ULN2821). The ULN2821
is a sink device, which basically
means that the Darlington drivers tum
on the device(s) being controlled by
completing the electrical path to
ground. When the Darlington pairs
are turned off, the electrical circuit is
opened (no path to ground), thus turn­
ing the device off. Each DC output
will sink up to 130 rnA at up to 95
volts. Higher current outputs are at­
tainable by paralleling two or more
outputs . To select the DC option, a
jumper is placed in jumper location .
JU3 and all switches of S2 are closed .

'Therelay option uses IC6 to control
the coil pull-in voltage of each relay.
Each relay has normally open, nor­
mally .closed , and center contacts .
The + 12 vo lt s (pul l-i n voltage)
needed to activate the relays can be
provided by the REACTS system 's
power supply or an external source . If
the system power supply is used, care
should be taken not to exceed its max­
imum current ratings.

To select tlie relay option, ajumper
is installed in location JU2 and all
switches of S2 are opened. To select
an external power source for the re­
lays, a jumper is installed in location
JU3; to use the system power supply
as the relay power source , install a
jumper in location JUI.

Because many process-control ap­
plications require instantaneous re- E
sponse, provisions have been made on ~
the module for using one of seven (10 <0
through 16) of the system 's eight ~
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FIG. 4-THE DC OUTPUTS can be tested using the arrangement shown here.

IC6
ULN 282l

maskable interrupt inputs. The sys­
tem's maskable interrupts are pri­
oritized; that is, interrupt 0 has
precedence over interrupt 1, interrupt
1 has precedence over interrupt 2, etc.
The interrupt input to be used by this
month's module (if any) would de­
pend on the importance of the task the
module is performing as compared to
tasks performed by other modules.

10 OUT 24, &X00000100­

20 END

Note: The two characters, &X, pre­
ceding the binary number, 00000100,
in the program tell the interpreter or
compiler that the number is in binary
form . The characters &X are used by
the ZBASIC programming language;
the syntax may differ with other
BASIC programming languages.

Since the outputs of the DC option
of the module are open-collector out­
puts, a resistor that will simulate a
load must be connected between the
external power supply and the out­
put(s) being tested; see Fig. 4 . When
choosing a resistor for that purpose,
remember that each DC output's max­
imum current-handling capability is
130 milliamps. Also, calculate the
amount of power that must be dissi­
pated by the load resistor and make
sure the resistor's wattage rating will
accommodate at least twice that.

For example, if the power supply is
set to 12 volts DC and an 800-ohm
resistor is used, the amount of current
drawn will be approximately .015
amp, or 15milliamps (12 volts divided
by 800 ohms), which is well below the
output's maximum current rating .
Also the amount of power to be dissi­
pated by the resistor is approximately
0.18 watts (.015 amps times 12 volts),
so a resistor capable of dissipating at
least 0.36 watts is needed.

After you have connected the exter­
nal power supply and the resistor, (or
load) to one of the DC outputs, con­
nect the positive lead of a DC volt­
meter to the DC output slot on the

continued on page 62

open output of the same relay. With
the relay open, the resistance reading
should be infinite, and when the relay
is closed, the ohmmeter should read
zero. To close a relay, a logic 1 must
be placed in the correct position of the
byte output to the I/O port used by the
module. For example, in the follow­
ing BASIC program, the module is
located at I/O port 24, and the relay to
be closed is relay 2. The module is set
to I/O port 24 by placing the fourth
and fifth switches from the left on the
modules I/O-addressing switches (Sl)
in the up position and the other six
switches in the down position. Note
that a 1 is at bit 2 of the 'byte being
output to the module; that will cause
relay 2 to close.

LOAD
RESISTOR

t
PLACE POSITIVE

PROBE HERE

S03

structions. For those who do not wish
to go the kit route; a PC pattern will be
provided next month in PC Service;
the board should be built following
the parts-placement diagram shown in
Fig. 3.

After building the module, it must
be tested. Before testing you must de­
cide which of the system's I/O ports
you want the module to occupy. When
choosing an I/O port, do not choose
any that are already in use by the CPU
or any other module in your system. It
is a good idea to keep an I/O-config­
uration log that lists all the I/O ports
used by each module. That way, as
new modules are added, you need
only consult the I/O-configuration log
to determine which of the I/O ports
are unused.

If the module has been configured
for the relay option, a simple test is to
connect one lead of an ohmmeter to
the center output of one of the relays
and the other lead to the normally

11 CHANNEl 7

12 CHANNEL 6

14 CHANNEL 4

13 CHANNEl 5

15 CHANNEL 3

16 CHANNEL 2

17 CHANNEll

16 CHANNEl 0

7 06

6 07

4 03

6 05

2 01

5 04

3 02

1 DO

Construction and checkout
Building the octal I/O module is

fairly simple. The main concerns are
the installation and soldering of the
two 60-pin bus connectors and mak­
ing sure that the input and output ter­
minal strips are correctly oriented .
The available kits listed elsewhere in
this article provide the quickest and
simplest way' of building the module.
The kits come with all the necessary
components, a silk-screened printed­
circuit board, and complete con­
struction and module operation in-
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THE QUEST FOR

New accuracy standards for ohms, volts, amperes, and time itself.

VAUGHN D. MARTIN

ONE CAN IMAGINE PYTHAGORAS , THE

Greek mathematician , sitting beside
his sundial measuring the hours of the
day. Despite his brilliance , could
Pythagoras have envisioned a cesium
atomic clock capable of splitting a
second into a billion parts?

In today 's world, how accurately
can our modern instruments really
measure the time, the volt, the am­
pere, and the ohm? New scientific
instruments based on the physical
constants of nature can now measure
electrical quantities so accurately
that, by comparison, those instru­
ments make your best digital multi ­
meter look like Pythagoras' old
sundial.

Traceable standards
The cornerstone of our system of

scientific measures is the Interna­
tional System of Units, which is of­
ficially abbreviated SI. Length, time,

mass, and temperature, are the Sl
units which represent the ultimate in
physical standards, and are the basis
for all lower levels of traceable mea­
sures. Those lower levels are the pri­
mary standards of the National
Bureau of Standards; the NBS sec­
ondary standards wh ich include
transfer, check, and scaling stan­
dards; the NBS working standards,
which are used to calibrate and certify
local standards , and finally, inter-lab­
oratory standards, local secondary
standards, and tertiary- level stan­
dards. It is the bottom tertiary-level
standards that are the ones we use for
production work, quality control ,
maintenance, and general-measure­
ment purposes .

Notice that the SI standards are the
ultimate standards for the scientific
communities of most industrialized
nation s. As shown in Fig. I, all elec ­
trical standards are traceable to those

Sl units . It's that traceability that
gives us confidence in our bottom­
rung tertiary standards .

In the hierarchy system of calibra­
tion standards , each step in the ladder
costs you some degree of accuracy.
As electronics products become more
and more sophisticated, testing them
requires instruments of increased ac­
curacy. One way to obtain that ac­
curacy is to eliminate some of the
calibratio n hierarchica l steps .
However, it would be even better to
eliminate the concept of calibration
chains altogether. In fact that's what is
being done today using intrinsic stan­
dards-those offer the possibility of a
standard volt, ohm, farad , or what­
ever, that is equivalent to the NBS
primary standard , right there in your
lab .

According to the NBS, one defini­
tion of an intrinsic standard is a stan­
dard that relies on nothing but some
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SECONDARY
STANDARDS

TRANSFER
STANDARDS

SCALE
STANDARDS

CALIBRATELOCAL
STANDARDS

PRODUCTION
WORK

QUALITY GENERAL
CONTROL MEASUREMENT

FIG. 1-AN INSTRUMENT IS CONSIDERED CALIBRATED only if its calibration is trace­
able to the National Bureau of Standards, and ultimately, to the physical units and
constants of the International System of Units (SI).

FIG.2-THE IMPRESSIVEADVANCESIN ACCURACY in measuring the volt. Experiments
presently underway are expected to yield an increase in measurement accuracy of 9 '
parts-per-million In 1990.

Length and time standards
Let 's start our discussion of cal­

ibration standards by con siderin g two
of the most fund amental of all mea­
sures, length (distance) and time. The
basic unit of length is the meter. At

very fundamental properties like the
basic con stant s of nature , such as the
speed of light, the elemental charge of
an electron , Planck's con stant , etc.
The trend of thinking in term s of in­
trin sic standards is exemplified in the
new NBS apparatus, and theories,
that are used to increase the accuracy
of measurement.

Figure 2 shows the impressive ad­
vances in accuracy in measuring the
volt since 1850. The next leap in mea­
surement accuracy for the volt, and
ohm, will occur in 1990 when experi­
ments presently under way will be
completed.

bl y apparent so Lar ti me ,_w hi ch
measures a complete sun cycle as a
24- ho ur day. The device used for
timekeeping was the sundial. As good
as that system was for dividin g the
year into months, weeks, days , and
hours , it could not keep uniform time.
Th e appa re nt so la r day varies in
length for several reasons: the plane­
tary orbit around the sun is non-cir­
cul ar causing the planet to speed up
when closer to the sun , and slow
down when farther away; Earth 's or­
bital plane does not coincide with the
plane of the equ ator; and lastly, Ear­
th 's spinning rotation is not uniform.
Con sequently, apparent solar time is
unsati sfactory for most calibration
purp oses.

Earl y astronomers understood the
laws of motion , and were able to cor­
rect the apparent solar time to a more
uniform mean soLar time. That com­
pen sated for Earth 's ell iptica l or bit
around the sun, and for the 23-degree
27-mi nute tilt from its orbital plane.
Yet, those sa me early astronome rs
could do noth ing to compensate for
the non-uniform planetary rotation.
Consequ entl y, mean solar time is also
too inaccurate for mod ern-day ca l­
ibration purposes.

If you figure the mathematical cor­
rection s for Earth 's ell iptica l orbit,
and tilt , at the Greenwich meridian in
England , then you would have univer­
saL time. It is flawed for the same
reaso n as mean solar time; that is,
Earth 's spinning rotation about its
axis is not uniform.

As clocks with improved accuracy
were developed, scientists noticed
that universal time measured at dif­
fere nt locations around the world

199019801970

one time, the standard for the meter
was defined as the length between two
scratches on a plat inum-iridium bar,
and was originally calculated as one
ten-millionth of the distance between
the North Pol e and th e Equator,
throu gh Paris , France . The meter-bar
now rests at the Intern atio nal Bureau
of Weights and Meas ures, in Sevres ,
outside Paris . It wasn' t long ago that
scientists would actually journey to
Sevres, from all over the globe , ju st to
compare their meter stick with the
sta ndard platinum-iridium bar. Luck­
ily for us , the meter has now bee n
redefined as a certain number of wave­
lengths of an orange-red line of light
irrad iated by atoms of kryp to ne».
Hence , we now have an atomic stan­
dard for length that is reproducible by
any lab with the proper equipment.

What about time? On e of the ea r­
liest methods to keep time was proba-
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relating that rotation to the movement
of Earth with respect to either the sun ;
or far-away stars. Until 1967, the sec­
ond was defined as 1186,400 of a dura­
tion of a single planetary rotation . But
that rotation rate is slowing by about
one second every 10 years.

The second itself had to be re­
defined . Instead of using the cyclic
rotation of Earth as a starting point,
atomic clocks maintain accurate time
by counting frequency cycles of a sig­
nal that is locked to some atomic reso­
nance . The international atomic time,
which is termed TAl, was adopted in
1971 by the General Conference of
Weights and Measures, and is based
on a non-variant transition in the ce­
sium atom. Under TAl , the second is
now equal to 9 ,192,631,770 periods
of electromagnetic radiati on emitted
by that transition . The fractional fre­
quency stability of the emitted radia­
tion is about I part-per 100 billion .
Some of the better atomic clocks are
accurate to less than a few billionths
of a second in a minute .

In general, atomic-time standards
make use of an atomic resonance de­
vice to phase-loc k a fre q ue ncy
source , such as a voltage-controlled
crystal oscill ator. Atomic resonators
are classified as either passive or ac­
tive . Exampl es of passive resonators
incl ude cesi um-beam tu be s , and
rubidium-vapor gas cells . Active res­
onators include hydrogen masers .

An actual cesium-beam frequency
standa rd, manu factured by Hewlett
Packard , model 5061B is shown in
Fig . 3. A functio nal diagram of the
cesium standard is shown in Fig . 4 . A
microwave fiel d is der ived fro m a

FEEDBACK

HOT WI RE IONIZER

DETECTOR

, MICROWAVE
FREQUENCY

J

Ato mic time
So far we've discussed various

methods of keepin g time based on the
24-hour cycle of Earth 's rotation; cor-

FIG. 5-A RUBIDIUM-VAPORFREQUENCYSTANDARD. This device is manufactured by
Hewlett Packard .

3 ms in 1day. Ephemeris time is accu ­
rate to within 50 ms in 9 years. And
fin all y, ato mic time is accurate to
much less than 0 .1 f.1S in 1 minute .
You can now understand why scien­
tists are so excited about atomic time
as a means to maintain accurate time
and frequency standards .

VACUUM CHAMBER

CES IUM BEAM
\.~ ...J

CESIUM OVEN

FIG. 4-FUNCTIONAL DIAGRAM of a Cesium Beam Standard.

yielded unequal results . The discrep­
ancy between times was identified as
being caused by a wobb le in the plan­
et's axis. The wobble is caused by the
spinning rotation that makes the earth
behave like a g iga ntic gyroscope.
When univers al time UTO is co r­
rected to compensate for that wobble
(polar motion), then UTO becomes
UTI. After being corrected for sea­
sonal variations in the rate of rotation,
UTI is designated UT2 .

Apparent sidereal time is used for
many astronomical app licat ions be­
cause its scale is keyed to the relative
posi tion of Earth to the stars , rather
than to the sun . The fact that the ear­
th 's orbit around the sun is elliptical ,
and not circular, becomes unimpor­
tant when measurements are derived
from dis tant stars. A sidereal day is
about 23-hours and 56-minutes in
terms of mean solar time .

Ephemeris time is based on orbital
movements of Earth, the moon , and
the other planetary bodies . In effect ,
ephemeris t ime places ce les tial
bodies in repeatab le astronomical re­
lationships, year after year. It was im­
portan t because it fulfilled the re­
quirements for an non-varying unit of
time .

As a general rule, universa l time
(UTO,UTI ,UT2) is accurate to within
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rivin g ph ysical con stants and the­
oretical model s , and usin g th o se
independent units in determining the
exactness of an electrical measure .

During the late 19th century, Max­
well demonstrated that there is a rela­
tion ship between the speed of light ,
and the product of the permeability
and the permittivity of free space . Ex­
pressed as a formula , .M axwell 's
equation is:

FIG. 6-FUNCTIONAL DIAGRAM of a Rubid ium Frequency Standard.

REFERENCE
MASS

SUSPENDED
COIL

FIXED
COIL ---- ......_."

FIG. 8-THE NBS FORCE BALANCE, just
like a scale measur ing equal weights of
gold and silver, measures an exact am­
pere of current by comparing electric, and
gravitationa l forces. In th is current bal­
ance, the attractive force between two cur­
rent carry ing co i ls is balanced by a
gravitational attraction on a known mass.

Electrical standards
The National Bureau of Stand ard s

uses the four SI unit s of physical stan­
dard s (length, time, mess, and tem­
pe rature ) f ro m w h ic h a ll o the r
elec trical measures ca n be deri ved
mathematic ally; they include voltage, "
resistance , capac itance , inductance ,
frequen cy, time, etc. Nobel pri zes
have been award ed to scientists for
developing laboratory methods, de-

1/c2 = fLoEo

Because we know the speed of ligh t in
amount of light absorbed with respect free .space c, we can select either per-
to applied mi crowave en er gy. Th at meabi lity !Lo' or permittivity Eo, ex-
microwave signal is derived by multi - peri men tally derive a value for one ;
plying the quartz-oscillator frequen- and so lve for the unknown . Th at
cy. A feedback loop connects the brings us to the threshold of our first
detector output and oscillator, so that electrical standard.
the.oscillator-i s.l ocked-to-the reso-- - -
nan ce frequency. A rubidium fre - The farad
quenc y standard costs about $ 12,000, In 1956 , Thompson and Lampard
whil e the cesium frequency standard of the Australian National Measure-
costs about $3 6, 000 . ments Laboratory published a the-

Lastly, WWV radio broadcasts of orem based on e lec tros tat ics to
time are based on the coordinated uni- con struct a calculable cross-capaci-
versal time scale , identified as UTC . tor, shown in Fig . 7, from which an
Since January 1, 1972, UTC has accu- absolute farad could be derived . The
mulated time at the same rate as atom- capacitance can be calculated to a
ic time with occasional one-second very high degree of acc uracy from
adj us tments to keep sy nchronis m kn owing the di st anc e bet ween the
with UTI . Hence , on a seco nd-by-
second basis, UTC is reall y an atomic
rath er than an astronomical standard .
The UTC time scale meets the need s
of mo st users . Somewhat s u r­
prisingly, however, in applications
where very precise navigation is re- ,"
quired, then a time scale that speeds ,
up, and slows down , coincident with
Earth 's rotation rate must be used.
That particular time scale uses UTI ;
and is inferred from astronomical ob­
servat ions of stars and planets .

Now let's move away from mea­
surement and ca libration of time stan­
dards (l ength, time , mass , and
temperature) to other measurement s
used principally in electronics . Those
are the farad, the henry, the ampere ,
the ohm, and the volt.

GROUNDED CYLINDRICAL
SHIELD

'=' GUARD
SECTIONS

INSULATING
SPACERS

d A
c

a
b

FIG. 7-FIRST OPERATING CALCULA­
BLE CROSS-CAPACITOR built by NBS in
1960.

quartz osc illator by frequ ency multi­
plication and synthesis , and is phase­
modulated at an audio rate. When the
microwave frequ ency begins to devi­
ate from the center of atomic reso­
nance, the output current from the
cesium tube contains a component al­
ternating at the modulation rate . The
amplitude of that component is pro­
portional to the frequency deviation ,
and also co nta ins phase information
on the direction of deviation. After
furthe r filt eri ng and amplif ication,
that component is used to provide a
DC voltage to automatica lly fine-tune
the quartz osc illa tor to zero error.

An actu al rub idium -vapor frequen­
cy s ta n da rd, manufactured b y
Hewl ett Packard, model 5065A is
shown in Fig . 5 . The fun ctional di­
agram of the rubidium sta nda rd is
shown in Fig . 6. The rubidium stan­
da rd use s a filt e r compri sed o f
rubidiums> gas vapor, and an inert
buffer. That filter will reduce the pos­
sible effects of Doppler sh ift on fre­
quency. In co njunction with a solar
ce ll illuminated by a beam of filtered
light, a microwave cavity (filled with
rubidiums? gas) monitors changes
near resonance as a function of the
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DC BIAS SUPPLY

ATOMIC TIME SIGNALS
PHASE-LOCKED

fGHzlV = 2elh

exactly equal to two times the elemen­
tary charge of an electron e, divided
by Planck 's Constant h.

A value for the Josephson ratio
commonly used is:

483,594 GHzIV = 2elh

which is known to be about 8 ppm less
than the SI value . Presently, there is a
debate on adapting a new value for the
Josephson frequency-vo ltage ratio ,
2elh, and the Hall resistance ratio , hi
e2 , that would be both consistent with

The volt
The last electrical unit we'll review,

the volt, is the most interesting. Until
recently, NBS measured the volt by
the voltage drop across one ohm pro­
duced by one ampere . Through the
early 1970's , the commonly agreed­
on representation of the volt was tied
to the voltage of a Weston Cell; a wet­
cell battery with a cadmium-sulphate
electrolyte that generates a very stable
voltage of slightly more than a volt.
But even a carefully controlled West­
on cell drifted over time. The NBS
now uses a better device , shown in
Fig. 9 , which resulted from work done
in 1962 by the Nobel-Prize-winning
British physicist , Bri an Josephson ,
who demonstrated what has become
known as the AC Josephson Effect.
The Josephson junction is a micro­
wave frequency-to-voltage converter
with a ratio:

per-IOO million per year in the value of
the NBS resistor stand ard.

REFERENCE
STANDARD

CELL

VOLTAGE
COMPARATOR

RHall = hi&-

generated by a current flowing in a
semiconductor, could be calculated in
terms of the square of the charge of an
electron e, and Planck 's constant h.
For his experiments on the Qunatized
Hall Effect , he won the 1985 Nobel
Prize for physics.

By 19 83 , NBS researchers an d
other spec ialists had developed a in­
trinsic standard for resista nce . The
quantized Hall effect had been de­
veloped to a sufficient degree that it
could be used to check the stability of
NBS wire- wound resistor standard;
tha t elimi nated a dri ft of 5 parts-

The NBS used Ampere's equation
to derive current in terms of magnetic
force. The SI defines the ampere as
that constant current which, if main­
tained in two straight parallel conduc­
tor s of infinite len gth , placed one
meter apart in a vacuum, would pro­
du ce a magn etic fo rce equal to
2 X 10-7 Newton per meter of length .
That implies that the magnetic per­
meability of a vacuum f.Lo·is an exact
constant. A practi cal NBS device
used to measure an ampere is the cur­
rent balance , which is shown in Fig.
8. In the current balance , the force
between two current carrying coils is
matched by the gravitational attrac­
tion on a known mass .

Since 1930 , the NBS standard for
resistance , the ohm, has depended on
a set of 10 standard wire-wound re­
sistors. In 1980, Klaus von Klitzing, a
German researcher, showed that a re­
sistance called the Hall Resistance:

MICROWAVE INPUT

FIG. 9-THIS JOSEPHSON MICRO­
STRIPLINE JUNCTION is mounted in a
metal enclosure. It is kept in a super­
cooled environment enabling the
Josephson junctionto yield a veryprecise
frequency-to-voltage transformation.

cross-capacitor rods, and the permit­
tivity of a vacuum . Using the equation
for permittiv ity:

Eo = 1/ f.Loc2

both f.Lo' and c, are exactly known
constants , then permittivity Eo is also
exactly known.

In 1974 the NBS derived the farad
to within 0 .02 parts-per-mill ionusing
that cross -capacitor model. As shown
in Fig. 7 , a set of precisely measured
parallel rod sections are surrounded
by a grounded cylindrica l shield. The
calc ulated cro ss-capacitance is the
average capaci ta nce per meter of
length , of the capacitor formed by
rods A and C, and those formed by
rods B and D. When the guard section
a, is kept at the same voltage as A, b at

- the-same voltage-as-B.,etc:-;- then-the- - FIG:-1G=Bl OCKDIAGRAM OFA-VOLTAGE STANDARD system usinganACJosephson
rod sections act as if they are infinitely junctionreferenceto calibrate NBS standard cells.
long.

After deriving the farad, the other
electr ical measurem ents fell into
place. A Wheatstone-type bridge was
used to balance a resi stance in terms
of a capacitance . That experiment es­
tabli shed a ca librated measure for
both a farad, and an ohm . The stan­
dard for the henry, the unit of induc­
tance , was derived by applying the
principle that impedance to the flow
of alternating current is minimum in a
series-tuned or resonant LC circuit.
And if the capacitance is well defined ,
the inductance can be derived with
equal precision.
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40 PRINT BIN$(IP)

30 IP = INP(24)

continued f rom page 56

20 REM IP = INPUT FROM
MODULE

REACTS

50 END

Note: Statement 40 tells the CPU to
display the input data in binary form.
The syntax may vary between dif­
ferent versions of BASIC .

That's all we have space for this
month. Next time we' ll take a look at
some applications. Among them will
be a digitally controlled combinati on
lock that will reliably protect your
home. We'll also show you how to
control household appliances. For ex­
ample , you'll be able to automatic ally
turn your lights on and off for a lived­
in appearance . R-E

the SI, and that would be universally junctions that can be tuned up to more
accepted. . . than 2 volts. The feasibili ty of com-

Approximately every 10 years, mercial manu facture of Joseph son
physicists around the world get to- junction arrays is presently being
gether to adjust the fundamental con- studied .
stants , such as the char ge on an terminal strip. Th en connect the
electron, the mass of a proton, and Real world calibrators ground lead of the voltmeter to the
Plank 's constant. Those changes re- We have come a long way in elec- ground slot of the terminal strip.
f1ect improved measuring techniques, trical measurements during the last 40 When the DC output being tested is
and new ways of measuring those years, from volt-ohm meters with ac- turned off, the voltmeter should read
quantities . The constants relating to curacies of 3% to 10% to modem digi- approximately the same voltage as is
the volt and the ohm , will be read- tal voltmeters with accuracies of being supplied by the power supply.
ju sted in 1990. The cutoff date for 0 .001%. That IO ,OOO-fold increase in When the output is turned on, the
values of 2e/h , and hle? is June 15, measurement accuracy was mainl y voltmeter should read from 0.7 to l.l
1988. fostered by both military and aero- volts. Earlier, we noted that the DC

To produce an exact voltage, the space demands for instruments hav- outputs are sink devices that complete
NBS places a Josephson junction , ing greater accuracy. the connection to ground to tum the
shown in Fig. 10, in an environment You will find real-world calibrators load being controlled on. Since the
near absolute zero ( - 273. 15°C). At divided into two broad categories . devices are transistor arrays, there
that temperature , the junction be- Those are passive and active. A pas- will still be a small voltage drop
haves-like-two superconductors-sepa--sive-instrument requires-no-external- - across them when they are turned on.
rated by a thin nonconducting film. power source , contains no signal am- When testing the input portion of
The junction is then irradiated with plification circuitry, and will gener- the module, keep in mind that all the
microwaves from a klystron tube that ally yield greater accuracy than active inputs are pulled high . With none of
is ph ase-locked to NBS WWVB ones. An example of a passive instru- the inputs connected to anything , an
atomic time signals, while a stable ment is a decade resistor box. An input from the module should result in
DC current source is used for bias. example of an active instrument is a a binary reading of 11111111 (all inputs
The DC bias current is increased at a digital voltmeter. You will find pas- high). With channel 0 grounded , an
constant rate until a critical value is sive instruments providing most NBS input from the module should result in
reached . The voltage output from the . primary standards, with tertiary stan- a binary reading of 11111110 (channel
Josephson junction is zero until the dards typically being provided by ac- 0 is low). Unground channel 0 and
critical DC bia s current, at which tive instruments. ground channell , and an input from
point, the voltage output will jump to Because the SI definition s of the the module should result in a reading
a specific value /).V dependent on the volt, ohm , and ampere arc difficult to of 1l1ll10l (channel l is low). Proceed
microwave frequency. If the DC bias realize in practice , the NBS laborato- with that method and test each chan-
current is increased to a slightly great- ries have historically used practical nel. The following BASIC program
er value, the junction voltage will representations of them based on ar- can be used to perform the test:
jump to 2/).V, and so on, each voltage tifacts to act as primary standards . For
jump in perfectly equal AV steps. At example, the ele ctrochemical stan- 10 REM MODULE IS AD-
the point where the /).V voltage is at dard Weston cell (1.018 volts) may ' DRESSED AT I/O PORT 24
the correct level, it is then interfaced serve to define the laboratory voltage
to an external voltage comparator, standard. Similarly, a group of preci-
which uses an NBS standard cell as a sion wire-wound resi stors (l ohm )
reference . may serve to define the laboratory

The Josephson junction produces a standard of resistance. The laboratory
DC voltage of between 1 mV and 10 unit of current (l ampere) is defined in
mV depending on the injected micro- terms of a lab volt, and a lab ohm.
wave frequenc y. If we remember that Unlike the ohm (wire-round resistor),
the microwave frequ ency is phase- or the volt (Wetson voltage cell), the
locked to atomic time, then we have a ampere does not have its own artifact
highly repeatable and accurate meth- that you can carry from one place to
od that produces a DC voltage ap- another.
proaching the accuracy of the atomic- If the primary standards are main-
time standard. Furthermore, that is a tained by artifacts, what maint ain s
portable system, limited only by re- their accuracy over time? The answer
ception of WWVB , or equivalent is intrinsic standards . Most national

B tim e signal s . In 1984 , NBS re- labora tori e s now u se th e AC
z searchers and the West German Na- Josephson effect in superconductors
~ tional Standards laboratory have to maint ain their unit of voltage.
b developed ways to link-up about While not yet in as wide use as the
~ 1,500 Josephson junctions on a single Josephson effect , the quantum Hallw
o integrated circuit to produce a reliable effect promises to do for resistance
15 l-volt standard . And in 1985, a NBS what the Josephson effect has done
<:
a: researcher integrated an array of 2076 for voltage. R-E
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HARDWARE
HACI{ER

Finding parts sources
RS-232 serial interface
Perspective Transforms

More on superconductors
Computer memory expansion

Finding parts, computer communications, and more! DON LANCASTER

7 SIGNAL GROUND

"8 CARRIER DETECT

Stops host from
sending characters.

Becomes active when
far modem answers.

(High = OK to Send)

20 TERMINAL READY

Stops host from
sending characters.

Often used as a
"printer busy " signa l.

(High =OK to Send)

Return path for data
and handshaking signals .

Any other currents may
cause problems.

1 13m---·--- ~00000

o 0 0 0 0 0 0 0 0 0 0_

(Shown as male
pins . cable end)

1 SAFETY GROUND

3 RECEIVED DATA

Ties frame of host to
frame of peripheral.

Should NOT be used as
signa l ground beca use .
of noise problems.

2 TRA NSMITIED DATA

Data sent FROM host
TO perip heral.

Pins 2 and 3 should be
crossed lor printers:
uncrossed lor mode ms.

Data sent TO the host
FROM per ipheral.

High = ·0· or ·mark·
Low = · 1· or "space"

Tells per iphe ral that
host is ready .

Used for a two-way
handshake.

(High = OK to Send)

RS-232-C PINOUTS
4 READY TO SEND 6 DATA SET READY

THE RE SEEM TO BEA LOT OF BRAN D NEW

sources for hacker superconduct-
_ ing sa mples.and.mate rials..Several

of those are ridiculou sly ove r­
pri ced , while othe rs are becoming
real bargain s.

The $8 supe rco nducting sample
from Laborator y Spec ialists wo uld
appear to be the low-cost w inne r,
bu t the re's also a $25 package now
available through National Supe r­
cond uctor that gives you a mu ch
lar ge r an d m o re sta b le samp le
w ith pre-attach ed lead s, alo ng
wi t h the necessary super-s t rength
magnet.

Two of the hi gher-priced super­
co nd uc to r so u rces in clude Ed­
mund Scie nti f ic and Fluoramics.

We w ill put ou r usual reminder
here that thi s is you r co lumn and
you can get technical help per th e
" Nee d Help" box. Al so , pl ease
not e th e "Names and Numbers"
sect io n that shows yo u wh ere to
go fo r more tec h information on
all of the produ cts men ti on ed.

Let's start off w ith....

Getting component parts
Gett in g sma l l q ua nt it ies of

sane ly p r i ced e lect ro nics an d

14 25

FIG. 1-HERE ARE SOME DETAILS on the RS·232 serial communications standard. Note
that the data and handshake lines are often crossed for pr inters and uncrossed for
modems.

NEED HELP?

Phone or write your Hardware
Hacker questions directly to :

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

ot he r hacker co mpo nents can be"
both a major cha lle nge and a real
hassle. O n th e othe r hand , the last
he lp-li ne calle r was someone who
ju st had " looked everywhere for
weeks" and co uld not f ind a SOaK
volu m e co nt ro l in d owntown
Boston.

Rule number one of compo nent
gat he r ing is to tune yo u rse lf in
ahead of t ime to th e sources and

places w here t hose parts can be
fo un d . And ru le number two is
that t he bigger a hurry you are in,
the less li kely yo u wi ll be to getthe
parts in the needed ti me f rame.

Naturally, we wo uld hop e you
would beg in with our many f ine
Radio-Electronicsadve rt isers. All of
th ose peopl e have go ne o ut of
thei r way to provid e small-quant ity
compo nents at reasonable pri ces.

c...
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FIG. 4-THIS RS-232 DRIVER CIRCUIT needs only a single + S-volt supply. An internal
charge-pump circuit generates the needed +10 and - 10 volts for the actual interface
levels.

FIG . 3-MOST RS-232 SERIAL COMMUNICATIONS use this older "teletype"
asynchro nous code. Seven or eight data bits are normally used, with the least-sig nif icant
bit always sent fi rst . Any number of stop bits above the minimum can be sent between
successive characters.

-
j;TOP I ST~~-- . DATA .DATA .DATA. •DATA .DATA_ _DAT.~ DATA .QAT."-

START BIT BIT BIT BIT BIT BIT - BIT- BIT BIT I BIT I
BIT #1 #2 #3 #4 #5 #6 #7 #8 #1 #2

(LSB) (MSB) I I

Old-line distributors sto ck near­
ly everyth ing by practically every­
body and can get mo st anything
e l se o n a ba ck o rd er b asi s ,
however obscure . But th ey do
have steep minimum orders, lon­
ger deliver y tim es , and hi gh er
prices . Not to mention a di stin ct
anti-hacker bia s. Some old-line
distributors are Newark, Schweber,
Allied, Hamilton, and Cramer.

We saw last month how there is
a separate distribution channel for
the repa ir and replacement semi­
conductors and parts , w ith ECG
and NTE be ing two of the leading
sources here.

Surplus and distress houses are
other major parts sources. Those
feature extremely low prices on a
catch-as-catch-can basisr Butr the'"
qua lity can range from first rate
clear on down to floor sweepings'.
Besides the usual ads, you ' ll find
those outfits in the Yellow Pages of
most any city that has a " radio row"
area. Local amateur-radio oper­
ato rs are also a good source of sur­
plus-house locations.

Two of my very favorite surplus
houses are Ierryco and Fair Radio
Sales. The surplus price leader has
to be BNF, but here you "buys your
ticket and you takes your chance. "

If you need larger quantities of
qua lity mainstream parts in a hur­
ry, the distress merchandisers that
advertise in the classified section
of Electronic News should not be
overlooked. A typical price and
quantity might be 2000 light-em it­
ting diodes at three cents each.

Farand away the mo st important
sou rces for info on all of the new
components are the electronics
trade journa ls . Those include
EON, Electronic Design , E. E.
Times , Electronic Products, and
Electronics, among others . Many
of those are free if you requ est a '
subscription on a suitable busi ­
ness letterhead .

The coupons and bingo cards in
those trade journals will then lead
you to the actual data books, price
lists, and application notes from all
of th eir adverti sers. '

A nearly complete listing of all of
the trade journals is available in
Uhlrichts Periodicals D ictionary at
your·loca l library.

Many of the trade journals also
publish annual directories. Three
of the mo st useful and most impor-

RS-232-C

3.3KQ

That is often far and away you r best
source on any particular project,
since substitutions can lead to all
sorts of subt le to major problems .

Another obvious hacker parts
source is a Radio Shack store.
Their component selection is ad­
mittedly limited, particularly in the
smaller stores. But they sure are
handy.

Electronics distributors are your
usual source for most compo­
nents in smaller quantities. You
will find several different types of
t hose distributors, each one of
which has strengths in certain

areas. It pays to get familiar with all
'; of them .

New-age distributors are outfits
like Mouser, larneco . and Digi­
Key. Those peop le offer small
quantities, reasonable prices, and
low minimums. On the debit side,
they only stock stuff that is likely to
move.

v

v

v

2V

+ +
20 J.lFd. 20 J.lFd.

+1

"0"
+3

R

,
-3

"1 "
-12

And nobody has ever gotten filthy
rich selling single quantities of 555
timers to electronics hackers.

We have given you a free "bin­
go" (free information) card-so
use it!

Arrangements are somet imes
made by the author of a project to
provide all the key components.

SYSTEM

CTS -------'---'------.
RTS -_-------,

TO --------,
RO --------,

FIG. 2-HERE ARE the two logic levels
that are needed for RS·232 communica­
tions. Note that a "negative-logic" con­
vention is used.
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NAMES AND NUMBERS
tant are the Electronic Design Gold
Book, the EBG Electronics Buyers
Guide, and the EEM Master.

Computer Shopper magazine is
far and away your best source for
extensive listings of any computer­
related components.

Some of the electronics houses
are liberal with one or two free
samples, while others are not. You
will get the best results with a pro­
fess ional and specific request,
written on a business letterhead,
and clearly stating the intended
application.

If a part seems ridiculously hard
to find, that may be telling you
something. One help-line caller
has been on at least a dozen times,
trying to find some cheaper sub-

s t itl:i"te- fo r-ciStanaara; legal , ana
type approved $5 modem trans­
former. Another is still trying to
find some tunnel diodes for a con­
struction project he found in a
1960 Australian magazine article.

Finally, there is always network­
ing. Ask somebody for he lp . Such
as our help line, a local ham-radio
operator, an engineer or tech at an
electronics firm, a magazine au­
thor or editor, a computer or radio
club, or an on-line BBS system.

Understanding RS-232
It should have been flushed

years ago, with all its ridiculous
connectors, its very limited range,
its unworkable supply voltages, its
user confusion, and its refusal to
network. But, like it or not, the old
RS-232 serial data-communica­
tions standard is still with us, and
is only starting to be replaced by
the very newest of systems.

Figure 1 shows you the RS-232
standard. A big DB25 connector is
normally used, with female on the
machines and male on the cables.
The logic levels are as shown in
Fig. 2, with a digital 0 being a
positive voltage from +3 to +12,
and a digital 1 being a negative
voltage from -3 to - 12.

While there are several ways to
use RS-232 serial communications,
the most popular is to use the old
asynchronous teletype code
shown in Fig. 3. By asynchronous,
we simply mean that any amount
of time at all can elapse between
any successive transmissions .

A character or a word is trans­
mitted by using a start bit, some

Allied Electronics
401 East 8th Street
Ft. Worth, TX 76102
(412) 782-1624

Advanced Micro Devices
901 Thompson Place
Sunnyvale, CA 94086
(408) 732-2400

BNF Enterprises
119 Foster Street
Peabody, MA 01961
(617) 531-5774

Computer Shopper
Box F
Titusville, FL 32781
(305) 269-3211

Cramer
17201 Daimier Street
Irvine, CA 92714
(714) 979-3000

Digi-Key
701 Brooks Avenue South
Thief River Falls, MN 56701
(800) 344-4539

Edmund Scientific
4128 Edscorp Building
Barrington,NJ 08007
(609) 573-6250

Fair Radio Sales
1016E. Eureka Street
Lima, OH 45802
(419) 227-6573

Fluoramics, Inc
103 Pleasant Avenue
Upper Saddle River, NJ 07458
(800) 922-0075

Hygenic Manufacturing
1245 Home Avenue
Akron, OH 44310
(216) 633-8460

Jameco Electronics
1355 Shoreway Road
Belmont, CA 94002
(415) 592-8097

number of data bits starting w ith
the least significant, an optional
parity bit, and some number of
stop bits. One fairly popular text
character format is to use seven
data bits, no par ity, along with two
ending stop bits.

The rate at which the bits go over
the interface is set by the bit rate,
which is also popularly called the

Jerryco
601 Linden Place
Evanstan, IL 60202
(312) 475-8440

Laboratory Specialists
2085 Dahlia
Denver, CO 80207
(303) 322-2120

Maxim
510 Pastoria Avenue
Sunnyvale, CA 94086
(408) 737-7600

Mitsubishi
1050 E. Arques Avenue
Sunnyvale, CA 94086
(408) 730-5900

Mouser Electronics
Box 9003
Lakeside, CA 92040
(619) 449-2222

National Superconductor
13968VanNess Avenue
Gardena,CA 90249
(213) 323-3923

Newark Electronics
228 East Lake Street
Chicago, IL 60640
(312) 941-7200

Siliconix
2201 Laurelwood Road
Santa Clara, CA 95054
(408) 744-1500

Small Parts
6901 NE Third Ave
Miami, FL 33238
(305) 751-0856

Synergetics
Box-809
Thatcher, AZ 95552
(602) 428-4073

Xicor
851 Buckeye Court
Milpitas, CA 95035
(408) 946-6920

baud rate . Current baud rates in­
clude 110, 300,1200, and 9600. It is
of utmost importance that both
ends of the system always are
using the exact same baud rate,
number of data bits, type of parity,
and number of stop bits. 2:

To further confuse you, there ffi
are two styles of RS-232 transmis- ~

sion. With DCE or "modem" com- ~
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Memory upgrades
We sure get a lot of questions on

this topic. The caller usually has an

munications, there are no data or
other pin crossings, and a
"straight" cable that routes pin 2 to
2,3 to 3, etc. is most often used.

With DTEor "printer" communi­
cations, a "crossed" cable is used
that crosses pins 2 and 3, 3 and 2, 4
and 5, 5 and 4,6 and 20 and 20 and
6. That crossing is sometimes
called a modem eliminator.

There are several different types
of handshaking used with RS-232.
When using a hardwire hand­
shake, a printer busy signal ori­
ginating at pin 20, or a modem
carrier detect signal originating at
pin 8, gets connected to the input
busy line over on pin 6.

With the alternate XON/XOFF
handshaking, extra characters are

- inserted into the data-stream to
stop and start the transmission
process.

A handshaking problem usually
will not show up immediately. In­
stead, it is more likely to trash
things after a page or so of data has
been transmitted .

One way to service many RS-232
problems is to start out at a very
low baud rate, preferably at 110
baud. That will separate all of the
handshaking problems from any
of the more fundamental commu­
nications hassles. Servicing can be
done with an oscilloscope or a
plug-in breakout box .

A good baseline for initial
printer work is to separately cross
pins 2 and 3 and to tie pins 6,8, and
20 together.

One RS-232 problem unique to
the COM1: port of an IBM clone is
that it will expect some auxiliary
handshake signals on pins 4 and 5,
while most cables and most other
communications do not provide
those pins at all. One solution is to
directly short pins 4 and 5 on the
COM1: connector.

Many modern computer circuits
use a single +5-volt supply, and do
not have the higher positive and
negative voltages as needed for
RS-232. The simple circuit of Fig. 4
handles that problem. The IC
shown internally generates its own
±10 volts, starting with a single
+5-volt supply. The MAX232 IC is a
Maxim product.

picture
UP plane endpoint in
{I-

~
space

zz -zo
y

y= yo(zz - zo)- - - - - - - - yo+yy

zo zo zo

yo yy
ground level

picture
LEFT plane endpoint in
{} space

xx- xo
y

X= yo(xx - xo)- - - - - - - - yo+ yy

xo xo xo

yo yy
center ofpicture plane

FIG.7-THE HORIZONTAL MATHTRANSFORM that is required for two-point perspective
is similar to the vertical one, except that you are now going left and right, rather than up
anddciwn. .

FIG. 5-A TWO-POINT PERSPECTIVE DRAWING is easily handled by using your favorite
word processor and a PostScript printer. The lettering is also drawn in true perspective,
as are each of the 4783 bricks. The text file for this drawing is only 3K long!

FIG. 6-,--THE VERTICAL MATH TRANSFORM that is required for two-point perspective.
That calculation gets done at the end point of each line and is trivial for most any
computer.
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HERO' 2000
Educational
Robot and
Courseware

Avery special
guide to what

the exciting world
ofcomputer and

electronics kit­
building can

do for you.

The informative HeathkitCatalogshows
youmorethan450excitingelectronicprod­
uctsthat will challenge, instruct, andenter­
tain you, You 'll find countlesskits that you
can build and enjoy, from computers and
robotsto color
tv's andavariety of
homeproducts,
And eachis backed
by our yearsof
experienceand
our promise,
"We won't let
you fail:'

~ ------,
~1 • Send NOWfor
~Q your FREE I

[[J~~=7' Heathkit Catalog. I
Send to: Heath Company, Dept. 020·662 I
Benton Harbor, Michigan 49022 I

---------1
I Address I
I City State__Zip__ II
I A SUbsidiary of Zenith Electronics Corporation CL-78 4R3

I Heathkite.1 E:
I I ~
~------------~ ~
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ning graphic images. Unlike all of
the farmore expensive routes to
perspective drawing, my routines
will automatically handle true per­
spective lettering(!) of any style in
any font, along with precise per­
spective circles and arcs.

Yes, you can now even do an
animated flyby, changing both
your position and viewpoint with a
very few keystrokes. Individual
objects can also all be separately
rotated inside the total view.

Figure 5 shows you a typical
sample . Not too shabby for old
AppleWriter on an Apple lie or
llgs, eh what? The PostScript data
file on that is about the same
length as a business memo. You
do, of course, need to use a
PostScript-speaking printer as an
output device.

What I would like to do here is
share with you the fundamental
perspective transformations. The
chances are that you can apply
those to any graphics program,
even out of BASIC. Only simple
high-school math is involved.

The perspective most people
use most often is known as two­
point perspective, in which all ver­
tical lines stay that way. The sim­
pler one-point perspective that
you would get while looking down
a long hallway is a special centered
case of two-point perspective.

At any rate , Figs. 6 and 7 show
you both the transformations
needed to convert a three-dimen­
sional object directly into a two­
dimensional representation .

Let's assume that you had a giant
plane of glass between you and
your subject. We'll call that plane
of glass our picture plane. We'll
start an origin at the center bottom
of the picture plane. We 'll use xx
for the back and forth di stance
with right positive. We will make
yy the distance into the picture
with the farther from you being
the more positive. And, we'll use
zz for up and down with positive
being up.

Next, we 'll assume that you will
be stand ing pretty far in front of
the picture plane. We can call xo,
yo, and zo the di stance from the
plane to your eyeball. In general,
for two-point perspective to work,
you will want to stand far back,
using a rather large yo. Otherwise,
your perspective illusion will dis-

older "Flugel hoffer-8" or whatever
personal computer and had just
noticed that the pinouts on today's
jelly bean 256K memory IC are
more or less the same as on the 16K
dynamic RAM'salready installed in
his computer.

Couldn 't he simply swap out his
lC's and dramatically increase the
memory he has available on his
older machine?

The answer is that, yes, that is
usually theoretically possible. But
the time, hassle, and involvement
needed to pull it off almost always
is not worth the effort.

If-and this is a very big if-your
computer already has a provision
for memory expansion, then the
lC's can be added without much
hassle. For instance, even on the
earliest of 128K Macintosh com­
puters, you could piggyback addi­
tional memory up to 512K without
creating too many new problems.

In general, though, the larger
lC's will do you no good what­
soever. It is only when you can
simply and positively answer the
following questions that a memory
upgrade is reasonable:

(1) Where are the extra address
lines going to come from?

(2) How is the dynamic refresh
and the address-pin multiplexing
going to be done for those extra
address pins?

(3) How is memory management
beyond 64K being handled and by
what bank-switching circuitry, ac­
tivated in which manner?

(4) What modifications will be
needed for the firmware monitor
and the disk-operating system to
recognize the new memory?

(5) How is the existing software
going to be modified to access the
new memory, particularly if that
locked and protected software was
sold by a now-bankrupt firm?

Now, those are certainly all so lv­
able problems. But the kicker is
that if you are the type of person
that can solve them, your time will
be so valuable that you'll usually
have far better things to be doing.

Perspective transformations
I've been having a lot of fun

lately with some new perspective­
drawing routines that I recently
created . Those let any plain old
word processor and a PostScript
printer produce absolutely stun-
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CONVERTERS &
CABLE DECODERS

INFORMATION
402-554-0417

Orders & Free Catal~g

1-800-624-1150
ALLPRODUcrSGUARANTEED
New Stargate 2000 $99.00
SB-3/2...................... $89.00
Tri-Bi Mode................ $99.00
Hamlin MLD-1200....... $100.00
Oak N-12 WN.S $99.00
Panasonic.................. $99.00
Oak-M-35-B WN.S $100.00
Zenith SSAVI............. $185.00
Eagle PD-3................ $110.00
Scientific Atlanta.......... $120.00
Pioneer WI Parental $105.00
Tocom..................... Call
Oak N-12 WI Auto $140.00
Evaluator Tap Detector.. $495.00
ViewStar Volume+ $129.95
Jerrold Starcom CSV $139.95
M.D. ELECTRONICS
5078 SO. 108th
SUITE 115MD
OMAHA. NE. 68137

• 3 Channel, 8 Trace
• P-P level-lock auto-trigger
• Delayed Sweep

$889.00

COS 5060TM

New tech info
There's a whole pile of new data

books this month . On top of the
stack are the new FETData Bopk by
Silicon ix, a Programmable Logic
Handbook from Advanced Micro

All that my routines or your new
computer's program have to do is
solve those similar triangles for
each and every endpoint of each
and every line to be drawn. While
painful for people, that is utterly
trivial for a computer.

Devices, a Xicor Data Book that
includes info on the EEPOT's we
looked at a few columns back, and
a new Optical Semiconductor Cat­
alog from Mitsubishi that's got
some interesting solid-state laser
stuff in it .

One of my favorite low-cost
sources for small mechanical parts
in small quantities, for robotics or
whatever, are the Small Parts peo­
ple . Besides all sorts of hard-to-get
hardware, they can also custom­
cut smaller pieces of metal and
plastic for you .

~ If you need any rubber sheeting
~==~=;;Ii~===~d(f.~ or tubing, again at very reasonable

1~ =-_~A, ...7) prices, investigate Hygenic. That
~=====~. ;I" outfit is an especially good source

for the low-pressure pneumatic
~===~========- - stuff we recen tly looked-at.- - ­

Turning to my own products, if
you are thinking of starting your
own craft or tech venture, be sure
to look into my Incredible Secret
Money Machine book. And, coin­
cidently, I do seem to have some
pre-release disks now available on
my new PostScript Perspective
Drawing and Lettering Utilities,
configured for most major person­
al computers. R-E

• 3 Channel, 8 Trace
• P-P leve l-lock auto -trigger
• Delayed Sweep

cos 5020TM
·20 MHz
·2 Channel
• CH 1 Signal Output

$449.00

Add $15 per unit shipping and handli ng.

Celebrating our 10th Year in U.S.A.. . .
Proven Quality . . .

Factory Direct Prices!

COS 5100: 100 MHz

(800) 545.8784 (213) 371-4662
Collect CA & AK

Local Service Centers
Nationwide

©Copyright Kikusui International Corp . 1988

~KI

6770 Wow and Flutter
Meter $949.00

255 Frequency Counter : COS 5040TM
150 MHz $299.00 · 40 MHz

·2 Channel
FC01130 Frequency • CH 1 Signal Output

Counter: 1GHz $739.00 $639.00

COS 5042TM, 40 MHz $779.00

cos 5041TM
• 40 MHz, Delayed Sweep
·2 Channel
• Ch 1 Signal Output

$669.00

cos 5021TM
• 20 MHz, Delayed Sweep
·2 Channel
• Ch 1 Signal Output

$489.00

tort and fail. Many times, you
might want your zo to match your
standard eyeball height, par­
ticularly on any of your architec­
tural drawings.

We 'll call X the back-and-forth
..distance on both the final paper
and your picture plane, and Y the
up-and-down distance on the pa­
per and the plane. As Figs. 6 and 7
show us, two simple similar tri­
angles are all that is needed to
transform your perspective image
to the final page.
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ing reset signal shows up at th e
input of 1C1-b .

Both th e exte rna l and th e man­
ual reset signals are debo unced by
R2 and C2 befor e th ey cause th e
output of 1C1-b to go high . Assoon
as an M1 cycle is started, a reset
p u lse will b e se nt to t h e Z80
th rou gh R4. As yo u can see, since
the reset can only take pl ace dur­
ing an op-co de fetc h, th ere's ju st
no way memory conte nts can be
distu rbe d. Not only th at , bu t we
can al so be su re that th e reset
pul se w ill never be wider th an 250
nan osecon d s. That is important
because th e Z80 doesn't execute
any inst ruc t io ns d u r ing a reset
and, since we ' re using the Z80 to
refresh RAM, we can't let it stay
idl e fo r lon ger than 1 millisecon d.
If Z80 inactivi ty lasts any lon ger,
t he co ntents of mem ory wi ll be
lost.

FIG. 1
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power up when there 's a good
chance that the contents of memo-
ry w ill have to be preserved . -

If a reset is generated during the
time that the Z80 is talk ing to mem ­
ory, there 's no way of being sure
that yo u wo n't glitch the locat ion
being accessed . The way around
t hat is to synch ronize the reset
pulse with t he beg inning of the M1
cycle . Fo rtun ately, the Z80 makes
that easy since it announces the
start of a new mach ine cycle by
br inging the M11ine low. The reset
circuitry in Fig. 1 uses t he M1 line
from the Z80 as a t rigger fo r th e
half monostab le made up of R1,
C1, and 1C1-a. That results in a 250
nanosecon d, posit ive pulse at pi n
8 of 1C1-c at the start of each ma­
chine cycle . The output of IC1-c
won't go low unless a high is pre­
sented to pin 9 of 1C1-c and that
only happens w hen a negative-go-

TO PARAPHRASE A CE RTA IN WALRUS,

the.t ime bas CQfllJU~L.talLoLn:LaD..Y

practical th ings . We've spent the
last seve ra l columns go i ng
through the theory, control lin es,
and ti ming req ui rements that have
to come into play when yo u use
dynamic RAM w ith the Z80 micro­
processor. By now we have
enough facts under our be lt to
start looki ng at some hardware.

Since th is column hasn't ap­
peared in qu ite a few months, I
better remind you that I' m refe r­
r ing to the May, July, and De­
cember1987 issues . It's good to be
back, and I'm looking forward to
appear ing mon th ly once again in
Radio-Electronics.

Reset circuitry
The first part of t he circuit we

have to dea l with is the reset ci r­
cuitry. Figure 1 shows one way to
hand le it . The circuit can get a bit
co mp lex because there are th ree
circumstances under which we
want a reset performed :
• W hen the circuit i s f i rst
powered up.
• On demand by an external cir­
cuit .
• By press ing a manual reset but­
ton.
Each of those has to be handled
separately and the last two have to
be t ied into t he Z80 t iming.

A negative-going pulse is gener­
ated at power up by R5 and C3 and
is applied to t he Z80's reset input at
pin 26 through R6 . That clears the
Z80's program counter and starts
program execution at address
OOOOH . The other two reset pu lses
can't be generated as easily since
they' ll only come into play afte r
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DRAM refresh
Now t hat we 've taken care of the

reset circuitry, let 's t u rn to the
reall y sticky part of d y nam i c
RAM-ref resh. You ' l l reca ll that
DRAM's use a mult iplexed add ress
sc he me to sq ueeze 64K (a nd

~ more) into a 16-p in package. The
z memory has intern al lat ch es to
~ sto re t he row and co lu mn ad ­
b dresses that are sequent ial ly pre­
~ sented to the lC's add ress p ins.
6 The DRAM's need a separate ROW

o ADDRESS STROBE (RAS) and a CO LUMN

~ ADDRESS STRO BE (CAS) to sto re both

FIG. 2

halves of the fu ll address.
In theory t he procedu re is sim­

ple. You p resent the row address
to the IC and generate the RAS sig­
nal, then you present th e co lumn
address to t he same pin s and then
gene rate t he CAS signal. In prac­
t ice, however, it takes a bit of wo rk.
The add ress has to be spli t and
control signals have to be gene r­
ated to clock the add ress in to t he
DRAM . The schemat ic in Fig. 2 is
one way to solve th e p rob lem.

The two 74157data selectors , IC2
and IC3, are used to split the 16-bit

address into two 8-bit parts. When
the S ELECT input, pi n 1, is low, the A

inpu ts are rou ted to t he output
and w hen pin 1 is high , the B inputs
appea r at the outputs . As you can
see from t he d rawing, t he low­
orde r address bits are connected
to the A inputs, the high-o rde r ad­
dress bits are con nected to the B

inputs, and the SELECT input, pin 1,
w hich is used to cont ro l w hic h half
of the address w ill show up at the
outputs, is toggled by t he M UX sig­
nal, w hich we have to deri ve from
th e standard Z8Gcontrol lines.

72



c...
c:
Z
rn

and , if yo u're fam il iar w ith t he
truth tab le of the 747S, you kn ow
that we do n't have to do anyth ing
else. Rem ember that when th e Z8G
decid es it's t ime to do a refresh
operation, the f irst th ing it does is
bring RFSH low. That fo rces IC4-a to
immedi ately put a high on th e Q1

ou tp ut and a Iow an the Q1 (M UX)

output. As w it h any memory oper­
ation , a Iow an MU X causes th e low­
order add ress to be present ed to
the memory by IC2 and IC3. That
happens just after th e beginn ing
of th e T3 period .

We've already seen that th e Z8G
uses the T3 and T4 periods of the
M1 cycle to intern ally decode th e
op code it fetched duri ng th e fir st
two l p-eriods. Imm edi ately after
th e falli ng edge of the T3 peri od,
th e Z8G act ivates MEMREQ by drop­
pin g it low. Since"MEMREQ and RAS

are the same lin e, a read isdon e on
the memory row bei ng addressed
and, as we've al ready discu ssed,
that causes a refresh on th at ent ire
row.

So wh at have we des igned so
far? Afte r all this wo rk, the re's st il l
mor e to do. We need some way to
handl e th e data bu s, some 110 to
get access to th e syste m, a system
clock, and a basic BIOS that w il l do
th ree jobs: It has to manage th e 1/
0, manage the memory, and, "in
case we've fo rgo tte n, keep th e Z8G
busy since, if it 's idl e fo r mo re than
1 mill isecon d, th e data in memory
will disappear.

A nd after a ll we'v e b e en
th rough, it wou ld be di sappo int­
ing (to say t he least) to have ou r
data fade away.

Next time
I'm sorry I haven 't been abl e to

an no unce t he w in ne rs in t he
DTMFcontest, but as you've seen,
there ju st wasn't eno ugh room . I'll
t ry to do it next t ime since I th ink
we'll be able to fini sh up th e de­
sign of th is circui t th en .

We 've covered an awfu l lot of
terr ito ry in th is in stallment and
I've stuffe d loads of circuit st uff
into your brain. Take th e time to go
over th is circui t and get it s opera­
t ion clear in your mind since th e
next in stallmen t w ill be just as
heavy and there is no way you'll
un derstand one word of it w ithout
hav i n g t h is m on th's m at e r i al
straight in yo ur mind . R-E

(tne Q2 output) ifOoesn' t get tri g­
ge red until th e fall ing edge of T2.
Noti ce t hat th e s input is co n­
nected to th e M EM REQ lin e by an
invert er. That keeps it low when­
ever MEMREQ is inactive and , as a
result, forces t he flip-fl op to pu t a
high on CAS . IC4-b is only allowed
to change state wh en M EM REQ is
act ive . That mean s t hat C AS can
only be clocked low wh en MEMREQ

is low.
When the clock gets to th e fail­

ing edge of th e T2 per iod , it 's con­
verted to a rising edge by ICS-a.
Th e low at IC4-a 's 0 1 input is
clocked to th e Q1 output (the CA S

line) and the co lumn addresses are
interna lly latch ed in th e DRAM 's.

It 's very importan t t o un der­
stand w hat we 've di scu ssed thus
far befo re go ing any furth er. St udy
th e schemat ic and th e tim in g di ­
agram shown in Fig. 3, and draw
up t ruth tabl es if th at he lps, un t il
yo u are sure t hat you see how the
vario us co ntro l signals are related .
There's ju st no way you' re go ing to
be able to fol low the rest of thi s
discu ssion unl ess yo u get all those
basic relat ion shi ps straight in yo ur
mind .

O nce yo u've got a handl e on
w hat we've do ne so far, you' ll real­
ize that w hat we 've bee n describ­
ing has to do w ith gene ral memory
reads and writes; I have n't said
anythi ng w hatsoeve r about re­
fr e sh. N o w th at we 've go ne
throug h bas ic t im ing, however,
understand ing how a refresh cycle
is handl ed is simp le.

Th e Z8G's RFS H lin e is di rectl y
con nected to the S input of IC4-a

CL.OCI<-

M~E 9 - I III I I\ /
I I I I

~FSff - I IL I Ii
I I I I

M I - I' 1/ I IL
~A 5- I 1/\ I I

I I I I
CAS - I I I II

I } I 1\ I
M UX _ I I I I

I- MACf/INE CYC LE:.. MI -I
FIG. 3

I I I I
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- Tnetnree con trol-lines we nave
to gen erate are RAS, CAS , and M UX .

The two flip-fl ops, IC4-a and IC4­
b , have t he job of t ak in g t he
MEMREQ and RFS H lin es fr om t he
Z8G and creat ing th e three signals
we need to proper ly talk to the
DRAM . There are ot he r ways to
deal with the problem , but using
clocked logic is an advantage since
all th e lin es can be synchronized
wi th t he main syste m clock.

Since th e Z8G begin s all memory
oper ati on s by b r i ng i ng MEMRE Q

low, it 's possible to make th at l ine
identi cal to RAS. Don 't fo rget that
th e row add resses are t he on Iy
ones we need for a refresh and
they're also t he first ones that have
to be presented to the mem ory
during a read or write ope ratio n.
M EM REQ is high at t he beg inni ng of
th e T1 peri od . Since that lin e isalso
used as t he 01 input of IC4-a, the
inverted o utput (th e M UX lin e), is
low at th e same time. That causes
IC2 and IC3 to put th e row ad­
dresses o n th ei r o ut puts.

The next change takes pl ace on
the rising edge of the T2 cycle .
MEMREQ and RAS go low (since
th ey're both th e same lin e) and
that causes the DRAM's to inter­
nall y latch t he row address. As
soo n as IC4-a is t riggered , it puts a
high o n th e M UX l in e causing IC2
and IC3 to put the high-order (col ­
umn) add ress on t he ir outp uts.

The no n-i nve rted output of IC4­
a is used as th e 02 input of IC4-b
and is, co nseq uently, always op­
posite to t he MUX l in e. Since IC4-b
is clocked by an in verted vers ion
of th e system clock, t he C AS lin e

73



AUDIO
UPDATE
Getting the noise out of FM

COMPOSITE
SIGNAL

TO
EXCITER

NEW SERVICE

CONVENTIONAL
SYSTEM

While still in audio form, the origi­
nal separate left (L) and right (R)
channels are mixed and man ipu­
lated to provide an L plus R "sum"
signal and an L minus R "dif­
ference" signal. The L+ R is broad­
cast as the main signal and
provides a fully compatible p ro ­
gram on mono rad ios. However,
the L - R component-which is
also transmitted as part of the
composite FM signal-is carried
on an AM (not FM) 38-kHz sup­
pressed subcarrier.

When recovered by the tuner's
multiplex decoder, the L- R signal
suffers substantial SIN degrada­
tion compared w ith the L+ Rcom­
ponent. When a tuner's matrixing
circuits recombine the relatively
clean L+ R signal with the no isy
L- R signal, the result is separate,
but noisy, Land R signals. Of

MOD ULATOR

SUBCARRIER
&

PILOT
GE NERATOR

L-R

M=L +R

MATRIX

R

L

FIG. 2

one that had been largely igno red
as a serious contender by the hi-fi
magazines. It shortly became the
world -wide FM-stereo broadcast
standard.

It didn't take long, however, for
most listeners to become aware
that even with the best available
stereo tuners, .t hey heard much
more backgrou nd h iss in stereo
than in mo no. The solution recom­
mended by the experts was to in­
stall an outdoor antenna-in fact,
it was gospel during the sixties that
an 'outdoo r antenna was essential
equipment for reasonably quiet
FM-stereo reception .

What was the prob lem? Simply
this: A stereo signal is effectively
23 dB weaker than a mono signa l.
The prob lem arises in the tech­
nique used to encode the stereo
information in the FM broadcast.
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ORIGINAL COM'PRESSED EXPANDED
PROGR~M PROGRAM PROGRAM

100%

THE YEAR 1958 SAW TWO SEM I-RELATED

hi -f i events of note : The U.S. FM
broadcast ind ust ry f inally began to
show a profit, and t he conflict
among the var ious proposed ster­
eo-disc techno logies was resolved
in favor of t he 45°/45° groove-mod­
ulation system that is sti ll in use
today. But the new stereo discs
cou ld not be broadcast in stereo
for the simple reason that FM was
still be ing broadcast in mono.

The path to stereo FM was road ­
blocked mostly by those broad­
casters who had a substant ial
investment in-or income from­
broadcasting background music
to supermarkets and offices using
an SCA subchannel of their regu lar
FM broadcasts. It seems that all the
proposed FM-stereo systems
would either usurp the SCA fre ­
quencies or- horror of ho rro rs­
render them aud ible to anyone
with a FM-stereo multip lex tuner.
After much back-and-forth byp lay,
threats of lawsuits, and so forth, in
Ap ril 1961 t he FCC fi nally decided
in favo r of the GE/Zen ith system,
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course, w hen th e tuner is receiv­
in g an ade q uate ly st ro ng sig na l
and its sensit iv ity is high eno ugh,
th e no ise may be low eno ugh to be
inaudible.

Attacking the noise problem
Since t he noi se problem ori­

ginates in t he L - R sig na l , o b­
viou sly that 's the place to apply a
cure. Early in 1986, th e CBS Tech­
nology Center, whi ch has long
been involved in prof essi on al
broadcastin g in strumentation , an­
nounced the development of th e
FMX broadcast syste m, a new ap-
proach to ste re o transmi ssion.
FMX addresses the problem of the
noi sy L- R signal by encoding it

____with.,a co rnpress io nzexpa nsio n.c ] '-
(compan si on) noise- redu cti on
process (shown in Fig. 1) not un­
like dbx or Dolby.

In th eir o rig inal technical data
sheet on th e system , CBS showe d
a map indicating that th e noi se­
free (i. e., 60 dB SIN) reception area
for an FMX-encoded sig na l was
close to that of a mono signal­
which also meant four t imes th at
of a co nvent io nal stereo signal. For
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broadcasters, that tr anslates into an immedia te ex­
pansion of th eir ste reo-program cove rage area. And
since a wider audi ence usually meansenhanced reve­
nu es, one might have pred icted rapid adoption of
FMX by t he b roadcast in du st ry, parti cularly since
th eir trade organizatio n, the Nat ion al Association of
Broadcasters (NAB) is given join t cred it along with
CBS for having developed FMX.

The broadcast and recepti on of th e co mpanded
L- R signal requi res modi fi cation s of both tran smit­
te rs and hom e receivers. At the broad cast end, th e
problem is how to incorporate the compressed L- R
signal in th e t ransmitte d co mposite FM signal wi th ­
out using additio nal bandwidth , o r invoking other
FCC co nce rns . The compressed L- Rsignal can' t sim­
ply be substituted fo r the normal L- Rsig nal because
its not usabl e by receivers that aren't equipped wi th
expansion decod ers. The FM X sol ut io n was to sepa­
rate ly mod ulate t he compressed L- R in qu adrature
(out of phase) with the nor mal L- R signa l. The nor­
mal L- R signal then provides normal stereo w it h
non -FM X receivers; in FMX eq uipment it serves only
as a reference signal to ensure the accurate decoding
(expansio n) of the compressed L- R signal . Figures 2
and 3 show t he block diag rams of an FMX-equi pped
tra nsmi tter and receive r respect ively. The no ise re­
du cti on achieved by FMX was originally cla imed to be
bett er than 20 dB . Incid entally, the FMX transmi ssion
also includes a 10-Hz pil ot signal th at serves to auto­
mati cally sw itc h eq uipped receivers to t he FMX
mode-and to turn on an FMX-signal li ght.

As an extra bonus, FMX was also claim ed to redu ce
car-ste reo pi cket- fencin g effects. Picket fencing re-
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Manufacturers Original Coline/TPI
Scope Probe Price Equivalent

TEKTRONIX
2300Series P610IA $53 MI2XI

P6108A $75 MI2XlO
2200 Series P6121 $1 00 MI 2XIOAP ...

P6122 $58 PlOO :
2400 Series P6131 $140 MI5XlOHFAP ..

P6133 $115 MI2XlOAP .. .
400 Series P61 05A $93 MI2XIOAP , ..

P6106A $140 MI5XlOHFAP ..
P6130 $130 MI 2XlOAP ... NEWYORK

IWATSU
SS·5321 SS-0014 $92 MI 2XlO
SS·5711 SS-0012 $77 MI2XlO

LEADER
LBO-315 LP-060X $60 SPlOO
LBO-518 LP-lOOX $76 SPIOO

PHILIPS
PM3267 PM8924 $60 MI2XI
&PM3256 PM8926 $70 PlOO
PM3264 PM8928 $95 MI2XIO

HITACHI
V-llOOA
V·670 AT- WALl.5 $64 SPIOO
V·509

HEWLETT PACKARD
171 5A 10018A $135 M20XlO
1722B 10017A $130 MI5XlOHF
1725A 10017A $130 MI5XlOHF
1740 Series 10041A $135 PIOO

10021A $85 IP20

Nine Test Probes
with only one difference
between them and your

scope's original equipment
~I -. ~
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UNITED ELECTRONIC SUPPLY
P.o. BOX 1206 • ELGIN, ILLINOIS 60121 • 312·697·0600

GENERAL
INSTRUMENTS: VCU Amplified Video Switch

Signal Amplifier $59.95

AU UNITS GUARAIfTEED. QUANTITY PRICES AVAILABLE.

recent W in ter 1988 Co nsu me r
Electronics Show. Three local Las
Vegas stat io ns tran smi tted FMX
encoded material, an d D en on ,
Fisher, Luxman, Sansui, and others
showed and played FMX ho me­
component prototypes. Am on g
the car-st e re o manufacturers,
there were prototypes from Al ­
pine, C la r io n, Con cord, Ken ­
wood , Sa nyo, Fujitsu, and others.
Perhaps more impo rtant to th e fu­
ture of FMX, some of the units op­
erated with early samples of FMX

*

CDco
co

C-.
Cz
m

decoder lC's produced by Sanyo .
Sprague is also said to be wo rk ing
on an lC. The manufacturer's cost
to inclu de FMX ci rcui try in a re­
ceiver is said to be unde r $5.

The fina l version
Refer in g back to t he o rigi nal

t echn ical d escr i pti on of FM X,
th ere are several changes in the
way the new circui t handles the
co mpresse d L- R sig na l . Fir st of
all ,' co mpressio n has bee n re-

o continued on page 83

N-12 Mini-Code $89.95

N-12 Mini-Code Vari-Sync $99.95

N-12 Mini-Code Vari-Sync Plus
Auto On-Off $139.95

Sine-wave Anti-Jammer Kit $39.95

400 & 450 Handheld Transmitters $29.95

MLD-1200 Channels 2 or 3 $99 .95

Ripco Tape Copy Stabilizer $109. 95

Scientific Atlanta SA-3 $129.95

CABLE TV
SPECIALS

CONVERTERS
JRX-3 D1C-36 Channel Corded Remote . ' $129.95

RCA 58-3 58 channel set topwith
Jerrold Decode $119.95

SB-3 - 'The Real Thing ' $109.95

SB-M-Refurbished $89.95

DRZ-3D1C-68 Channel Wireless
with Decoder " $199.95

Z-TAC Cable Add-On $189.95

MXC 2001-60 Channel Wireless-
with Parental Lockout $99.95

MXC 2001 A-B-Same as above with
A-B Switch $109.95

MXC 2501-60 Channel Wireless
with Volume $119.95

Universal V7472-72 Channel Wireless Remote
MTS Stereo Converter-Full
Feature Decoder
Compatible -; . $139.95

MISCELLANEOUS

*

OAK:

OAK:
JERROLD:
HAMLIN:
NEW ITEMS:

ZENITH:

VIEW STAR:

suits f rom rapid fluctuatio ns of sig­
nal stre ngth above and be low the
noise level; FMX's abi lity to main­
tai n an effective ly h igh signal level
he lps keep the signal above the
noise .

Start-up difficulties
When FMX was first announced,

many aud io co mpanies exp ressed
interest. Here was an opport unity
to significant ly enhance FM recep­
t io n in t he home. The tec hnology
was re latively inexpe ns ive and
would increase the effective sen­
sitivity of exist ing t uner designs
beyond prev ious theoretical lim­
it s. O ne co mpany, NAD , co m­
m itted t hemselves solid ly to FMX
by incl udi ng FMX circu its in a pro­
duction run of their excellent 4300

o mo nitor series tuner.
There appears to be some con­

troversy as to exact ly how t hings
we nt wrong at t hat poi nt . Broad­
cast fie ld tests of t he FM X syste m
by statio n W PKT in Meridan, Con ­
necti cu t , had bee n comp leted­
and deem ed successful. Figure 4
shows how the cove rage area for
FMX stereo reception is as large as
t he coverage area for mo no. But
subseq uent tests by W FM T in Chi ­
cago d ur i ng t he Sum mer 1986
Co nsumer Electronics Show were
j udged d isappoi nting at best. It
seems t hat FMX-en coded trans­
mi ssi on s some how wo rse ned
multipath effects in conventional
receivers . And t hen , for reason s
havin g to do w ith co mpany re­
st ruc turi ng rat her t ha n tec h ­
nology, in September 1986 CBS
closed down the tec hno logy cen­
te r that developed FMX.

The designers and ot her parties
t hat were invo lved in FM X formed
Broadcast Tech no logy Partne rs
w ith the intentio n of proceedi ng
with the development of FMX .
Given its techn ical prob lems, did
FMX go back to the drawing board
in late 1986? No , because it had
never really left it, accordi ng to
Emi l To rick, one of t he inve nto rs.
Others, including the press (and
apparently at least one manufac­
t ure r) had t he i m press ion t hat
w hat we were shown was a final­
ized system .

In any case, work on debugging
and en hanc ing t he system con ­
t inued, and the f ina l version was
o n dem on st rati on th roughout th e
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SHORTWAVE
RADIO
What makes shortwave possible

STANLEY lEINWOll,
CONTRIBUTING EDITOR
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AS DAYS CO N T IN U E TO LENGTHEN IN

_ t h norther ru.hemisphere .cthe
ionosph ere warms and expands,
and t he manner in which short­
wave radio sig nals propagate
changes dramatically. The longer
days mean that the 15-, 17-, and 21 ­
MHz band s will be open for ex­
tend ed peri ods, with 15MHz open
virtu ally aro und-the-c1ock .

Durin g th e ni ghttime hours ,
wh en both th e t ransmitter and th e
r e c e i vin g location s are in
darkn ess, 6-, 7-, 9-, and 11 -MHz
band s will be open for DX, in add i­
t io n t o th e 15-MHz openings,
whi ch w ill be mo st common from
latin Am erica, Africa, the M iddle
East, and Au stralasia. As far asyour
best DX bets are concerned, for
daytime try 17 MHz, and for night­
time, use 9 and 11 MHz.

O n M ay 1, many broadcasters
w ill mak e major frequency
changes wi th the inauguration of
th ei r summe r sched ules. Those
schedules will reflect not only in­
creased use of the higher frequen­
cies, but w ill also be cha racterized
by fewe r frequency changes dur­
ing the broadcast day.

In M ay and June, noise levels
incr ease b ec au se of increased
thundersto rm activi ty. The noise
produced by lightning affe cts pri ­
maril y th e lower f requencies, and
prop er reception in th e 3- and 4­
MHz tropical band s will be more
di ffi cu lt.

Shortwave fundamentals
As menti on ed in our last col ­

umn , th e io n os p h e re ac t ual ly
consists of several d istinct regions ,
gene rally referred to as " layers" .
Alth ou gh t he height of th ose

layersoverlap to some exte nt, t hey
actually are di sti nct , hav ing dif­
ferent level s of maxi m um inten­
sity. The layers have been des ig­
nated as D , E, F1 , and F2. The
letters were assigned by Sir Ed­
ward App leton, w hen he d is­
covered the ionosphe re (first
cal led the Kennelly-Heaviside
layer, after two early researchers).
Appleton al located the letter E to
the first layer he discovered be­
cause E is the symbol of an electric
vecto r. In 1925 App leton assigned
the letter F to the next layer he
discovered, and sho rtly thereafter
the letter D was give n to a layer
Appleton fo und be low the E layer.
That , he said , wo uld give future
researche rs additional lette rs to
assign as new d iscover ies we re
made . The different layers can be
seen in Fig. 1.

The D layer
The D layer is the lowe st layer of

the ionosphe re. It extends f rom
abo ut 30 to 55 miles (50 to 90 kilo­
meters) above the surface of Earth.
It exists only duri ng the. dayli gh t
hours, peaking arou nd noon , and
then disappearing soo n after sun ­
set.

Because of the relat ively low lev­
els of ionization in the D layer, it
has very little infl uence on the
propagation of shortwave signals.
That ho lds true except during
ionospheric storms, when abso rp­
tion in that reg ion prevents short­
wave signals from reaching t he
higher layers of the io nosphere.

The E layer
The upper boundary of the D

layer blends into another region
called the Elayer. That layer is pres -



ent mainly d uring t he dayl ig ht
hoursat heights between 50 and 75
miles (90 to 120 ki lometers). Whi le
the height of the E layer may vary
somewhat from season to season,
it remains re latively constant
t hroughout the day.

The intensity of ionization in the
E regio n is co nsiderably greater
than in the D layer, and follows
closely the sun's posit ion in the
sky. Maximum ion izati on occurs
near noon when th e sun is almost
direct ly overhead . As soon as the
sun sets, reco mb in ation takes
p lace, an d t he E layer weakens
considerably.

The F layers
The F layers are 0~most impor­

ta nt reg ions of t he ion o sph er e
w he re lon g-d istance sho rtwave­
rad io co m m u n icat io n is co n­
cern ed. Du ri n g t he d ayli g h t
hours, there are two we ll-defi ned
regio ns; the F1 layer, at an alt it ude

·of 90 to 150 miles (150 to 250 kilo­
meters), and th e F2 layer, w hose
height varies from season to sea­
son. In winter, F2's maximum
height is about 200 miles; in the
summe r it is about 300 miles.

The F1 layer behaves much the
same way the E layer, w ith max­
imum io nization occu rri ng aro und
midday; the layer weaken s signifi ­
cant ly afte r sunset. However, un­
li k e t he o th e r layer s of t he
ion osph ere, t he F2 layer exists to a
sig nificant exte nt both day and
ni ght. It is the most high ly ionized
of th e layers, and the most im por­
ta nt to lon g-di stance shortwave
co mm unicat io n . During the night­
t ime hours, the F2 layer (gene rally
refe rred to as the F layer because it
exists by itself) var ies in height
fro m approx imate ly 150 to 250
miles (240 to 400 ki lo meters). The F
layer exists at night because the
recombination rate in that region
is relative ly slow. The intensity of
ion izat ion in the F region is in an
almost co ntin uous state of f lux,
with hou rly, seasona l, geograph­
ical, and cyclica l changes taking
place.

The sporadic-E (Es) layer
In additio n to the D, E, and F

layers, t here is anothe r io nized re­
gion w hich is especially interest­
ing. It does not occu r w ith any
d eg ree of pred ict ab il i ty, and is

therefore referred to as "spo­
radic" . It occurs in the E region of
the ionosphere, but is distinct
from that region because it isn't
primarily dependent upon.solar
radiation.

Sporadic-E occurs in patches
that are highly ionized at an al­
titude of about 60 miles (100 ki lo­
meters). Quite often, those
patches are not greater than 50 to
100 mi les in 'd iameter. Es patches
are frequently so densely io nized
that shortwave signals don't pene­
trate them. As a result , shortwave
signa ls intended fo r distant targets
are cut off and returned to Earth far
short of the ir target area. (The phe ­
nomenon is known as short skip).
Sometimes, ion izat ion is so in ten­
se that it reflects frequencies in the
TV portion of the spectru m (main ­
ly cha nnels 2 to 4), as we ll as the
amate ur 6-meter band . Very inten­
se E, sometimes exte nds to the FM
bands and the higher TV channels,
as we ll as the amateur 2-meter
band.

Sporadic-E is seasonal in nature.
It peaks in t he summer months,
during the late afternoon. There is
a secondary peak in the w inter
t ime, often in the late afternoon
and at night . In rura l and sub urban
areas Es can result in serio us TV
interfe rence on t he lower chan­
ne ls, w hen an E, propagated signal
infringes upon a local signa l on the
same chan ne l.

Sporadic- Eis caused by shearing
fo rces brought on by wi nds in the
lo w e r ion o sph e re hav in g ve­
locit iesof the o rder of several hun­
dred miles per hou r. Those w inds,
wh ich trave l in opposite d i rec ­
tions, force electrons into a very
thin region-sometimes only a
few mi les thick.

Chit-chat
The number of privately owned

·U .S. shortwave broadcasting sta­
tions contin ues to grow. At last
count there were fifteen stations
licensed by the FCC, with six more
granted construction permits .

The largest of the privately
owned U .S. stations is WYFR,
w hich is schedu led to bring into
service its th irteenth and fo u r­
teenth transmitters this summer.
WYFR, which is a Christian broad­
caster, ope rates transmitte rs 10-

continued on page 83

Put Professional Knowledge and a

Add prestige and earning power to
your technical career by earning
your Associate or Bachelor degree
through directed home study.

An important part of being pre­
pared to move up is holding the
right college degree , but the abso­
lutely necessary part is knowing
your field. Grantham can help you
accomplish both objectives-to
learn more and earn your degree,
both of which together will prepare
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employment or for new better em­
ployment. Learn much more about
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and COMPUTERS,

as Grantham helps you understand
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ANTIQUE
RADIOS
Drawing radio schematics

RICHARD D. FITCH,
CONTRIBUTING EDITOR

have to start over again when the
wire gets lost under a component
or in a maze of other wi res. Some­
times we try to draw the circuit on
a piece of paper while tracing it,
but that's hard to do and there is a
better way.

Draw your own
If you have an old set, but don't

have a schematic, it's really not too
hard to draw your own. You can
draw separate sections, or prefera­
bly the entire schematic. And
you'll find that a hand-drawn sche­
matic is much easier to read than a
confusing mess of wires on a piece'
of paper.

To draw my own schematic I
usually start with the tubes. Start­
ing at the left side of a sheet of
paper, I draw a circle for each tube
and one in the center for the rec­
tifier. I space them across the page
leaving a good margin on both
sides. Of course, on a super­
heterodyne receiver, you must
leave space between the tubes for
the IF transformers. For a com­
plete schematic, make the circles
large enough to fit the proper sym­
bols for each type of tube.

FIG. 1

Next I get out my tube-base di­
agrams (all antique-radio hob­
byists should have those) and
complete the connections for the
tubes. On the left margin draw the
schematic symbol for an aerial,
and on the right margin draw the
schematic for the reproducer (the
speaker or earphones).

We now have the 'basic sche­
matic. The input is on the left side
and the output is on the right-the
usual arrangement. The power
supply, while sometimes omitted
on early schematics, is usually
drawn under the signal circuits.
The power supply, including the
power transformer, filter con­
densers, line cord, and the on/off
switch are all drawn in that lower
section .. I finish the power supply
by drawing the power transformer.
I start with a smaller primary wind­
ing on the left, about six vertical
lines for the iron core, and the top
winding for the rectifier filament,
which is not part of the tube fila­
ment string. '

While the schematic diagram
isn't intended to show physical 10­
cation, you will notice that the
component layout on the chassis
often somewhat agrees with the
component layout on the sche­
matic that you've drawn . The main
contradiction to the order is the
field coil. If used, the field coil is
usually schematically located near
the power-supply section . Phys­
ically, the field coil is, of course, on
the speaker array.

On some large receivers, it
would be unwieldy to draw all the
tubes on the top line. On those
sets, the o u t p u t section is
dropped down to the right side of

b

PLATEPLATE

FILAMENT
a

GRID
BACK IN THE 1920's THERE WAS HARDLY

_a_man_o n_the_st reeCw ho_couIdn)
read a schematic. That was the era
of home-built radios. The sche­
matics and parts were available
through the radio magazines of
that era.

As antique-radio restorers, we
need the schematic of an old radio
even more than the radioman of
that era. At the time, they were
working on current models and
were more likely to be able to
identify faulty components that
they would often come across. Un­
fortunately, even with a schematic
we can't always identify some of
those old parts.

That's because over the years ,
there have been many changes in

. the appearance of certain elec­
tronics symbols. Looking at the
late 1920's triode in Fig. 1-a, for in­
stance, it appears somewhat dif­
ferent than the way a modern
triode is shown in Fig. 1-b. Study­
ing the early diagram (Fig. 1-a), the
plate is on one side of the filament,
and the grid is on the other. If we
didn't know better, we'd think the
grid was just a resistor.

Further, many early schematics
were not too generous with com­
ponent values, and voltages were
usually non-existent. The power
supply was not part of an early
schematic diagram at all. To add to
the problem, there was the lack of
standards in color coding for re­
sistors as well as the wiring in cir­
cuits, transformers, and speakers.

But an old-fasioned schematic is
better than none at all. Working
under the chassis of an early set,
many a hobbyist has tried to trace
wires with their fingertips, only to
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R-E Engineering Admart
Rates: Ads are 2W' x 2%". One insertion $825. Six insertions$800 each .Twelve
insertions $775 each. Closing date same as regular rate card. Send order with
remittance to Engineering Admart, Radio Electronics Magazine, 500-B Bi-County
Blvd., Farmingdale, NY 11735. Direct telephone inquiries to Arline Fishman , area
code-516·293·3000. Only 100%Engineering adsareaccepted for this Admart.

117 PRACTICALIC
PROJECTS BUILD YOU CAN
2645T-117 PRAC·
TICAL IC PROJECTS
YOU CAN BUiLD.. .. .
$10.95. Dozens of
fully-tested, ready-to­
build circuits you can
put toget her from
readily-available , low
cost IC's! There are a
total of 117 IC circuits
ranging from an audio mixer and asignal
splitter to atape-deck amplifierand atop­
octave glillQrator organ! From TAB
Books . To order your copy send $10.95
plus $2.75 shipping to Electronic Tech·
nology Today Inc., P.O. Box 240, Mas­
sapequa Park, NY 11762-0240

WPT PUBLICATIONS
979 Young Street. Suite A
Woodburn, Oregon 97071

Phone (503) 981-6122

FCC LICENSE
PREPARATION

The FCC has revised and updated the
commercial lice nse exam. The NEW
EXAM cove rs updated marine and
aviation rules and regulations,
trans istor and digita l circuitry.
THE GENERAL RADIOTELEPHONE
OPE RATOR LICENSE- STUDY GUIDE
contains the necessary preparation
for ONLY $25.00 .

MIDI
Pt'ojOCh

BP182-M IDI interfacing enables any so
equipped instruments, regardless of the
manufacturer, to be easi ly connected to­
gether andused as asystemwith easycom­
puter control of these music systems.
Combineacomputerandsome MIDI instru­
ments and you can have what is virtually a
programmable orchestra Io.pet.yout.copy., - 1------------­
send $6.95 plus $1.00 for shipping in the
U.S. to Electronic TechnologyToday Inc.,
P. O. Box 240, Massapequa Park, NY
11762-0240.

MIDI
PROJECTS
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t he second row. Th at section of the
receive r i nc ludes th e o utp ut
t ubes, o utput transformer, and the
speaker.

Filament str ing
There are pro babl y more ways to

depict t he fi lament connections
for the t ubes than any other ki nd
of ci rc u it. If yo u are draw in g yo ur
own schematic, you can el im inate
q ui te a few lines by checking o ut
so me o f th e var iat ions o n t hose
co n nect ions . Eli m i nati ng a few
lines can make q uite a d ifference
o n the appea rance of t he f inis hed
schematic , and , of co urse, i n the
ease of fol lowing it.

Fo r instance , i f the rece iv e r
you're d rawing a schematic for has
a se ries filament, just draw the
string near t he power supply. Des­
ig nate each tube number and f i la­
m en t p rong number in t he proper
order, and be sure to in clud e any
res istors or pane l l ights , where
t hey are applicab le .

It is even easier to draw the f i la­
me nt designations for t rans ­
former-type sets . Whi l e some
schematics have the entire paral le l
fi lament connectio ns just to t he
right of t he power transformer,
they may or may not show t he sym­
bol for t he f i lament. A n easier way,
I t hink, is just to desig nate t he f ila­
ment winding wit h an x or F w he re

it comes off the secondary of th e
transformer, and draw t he filament
and pin numbers up in the tube
symbol. Eithe r way, you can see all
the d rawi ng you saved by not
d rawi ng li nes f ro m the filament
sou rce to each tu be that appears in
t he schematic. And how mu ch
clearer the resulting d iagram is.

Standardizing your drawing
A few methods are used to rep­

rese nt wires between connection s
and components. Looking at the
schematics , you can see that it
wou ld be imposs ib le to draw all of
t he lines without cross ing over
some. It has to be made clear
whether or not the crossed lines
indicate a connect ion . Th e meth­
od used was not standard in older
schematics and is sometimes indi­
cated in the corner of the sche­
m at ic along w ith oth er informa­
tion t hat everyone wasn't abl e to
agree on .

When drawing your own sche ­
matics , adopt a standard for yo ur­
se lf. I use the litt le bridge for lines
t hat don't connect and a l itt le ci r­
cle at a junction to indicate a co n­
nection-that method leaves n o
doubt. Variou s vo ltages are usuall y
indicated as they come off th e
power transformer. Al l connec­
tions t hat go to a certain voltage
are indi cated by a sm al l arrow and
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No cos tly school. No commu ting to class.
The Or igin al Hom e-Study course pre­
pares you for the "FCC Commercial Radio­
te lep ho ne License". This valuable licens e
is you r "ticket" to thousands of exc it ing
jobs in Communica tions. Radio-Tv, Micro­
wave. Com pu ters. Radar. Avonics an d
more! You don't need a college degree to
q uality. but you do need an FCC License.
No Need to Quit Your Job or Go To School

Thi s proven cou rse is easy. fast and low
cost! GUARANTEED PASS - You get you r
FCC License or money refunded. Send fo r
FREE facts now. MAIL COUPON TODAY!

r----------------------,
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I P.O . Bo x 2223, San Francisco , CA 94126 :
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t he voltage. O th erwi se, t he sch e­
mati c w ould be a maz e of lines and
it would be impossible to trace a
circuit. When drawing yo ur sche-
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POCKET
BATTERY
TESTER

Tests al l 1.5-vo lt cells including A, M,
MA , C, and D. Also checks miniature
watch and calcu lator batteris . Special
side connector provides rapid check of
square 9-volt batteries. Positive meter

- - reading-shows " GOOD,- LOW, RE­
PLACE". $6.00 each. Two for $10.00.
Add $1 .75for UPS. Send check to Elec­
tronic Technology Today Inc., P.O. Box
240, Massapequa Park, NY 11762.

ELEVEN-PIECE
RACHET .
TOOL KIT

Includes reversible ratchet handle, exten­
sion bar, six bits, two precision screw­
drivers , and a cutter. Comes in fitted
case . Get one for your shop, another for
your -cat another for your tool kit. To

- - order-send.$10.00.plus-$1 .75-for-ship-­
ping inthe U.S. toElectronic Technology
Today Inc., P.O. Box 240, Massapequa
Park, NY 11762-0240.
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VCR EDUCATIONAL
PRODUCTS CO.

P.O. BOX 386
GREENVILLE,OHIO 45331

Yo u will learn how the video sig na l is
processed in both record and play­
back. Yo u wi ll a lso learn how th e servo
systems co ntro l th e video drum and
capsta n motor. To save t ime & money
on yo ur VCR repairs , order your tape
now.!
Price $29.95 + $3.00
Postage or ,....-----.....,
Si mply ca ll :
(513) 548-6113
Master Card
and-V isa are
accepted.

INT RODU CTION TO VCR

REPAIR ON VIDEO TAPE

There is no other tape like
ours on the market.
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~ matic, be sure to identify all parts ,
6 such as R1 and C1 , and the compo­
D nent 's value can be listed
~ elsewhere on the schematic.

EARN YOUR \ ,,'V
E ~B.S.E. . \

DEGRE E
THROUGH HOME STUDY
Our New and Highly Effective Advanced-Place­
ment Program for experienced Electronic Tech­
nicians grants credit for previous Schooling and
Professional Experience, and can greatly reo
duce the time required to complete Program and
reach graduation. No resid ence schooling reo
quired for qualified Electronic Technician s.
Through this Special Program you can pull all of
the loose ends of your electron ics background
together and earn your B.S.E.E. Degree. Up­
grade your status and pay to the Engineering
Level. Advance Rapidly! Many finish in 12
months or less. Students and graduates in all 50
States and throughout the World. Established
Over 40 Years! Write for free Descriptive Lit­
erature.
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Originally, th e wiring in your an­
tique radio was probably color co­
ded, and if the colors didn't fade,
you can mak e a note ' of th em on

your schematic. It doesn't matter
whether or not they conform to
any standard color code, although
wi res that conform to standard
codes are a big help.

The radio companies that did
conform to a wire color code in
the 1930's used the following : For
conducto rs that are used in one
ci rcuit only, A + :yellow;
A - : b lac k with a ye llow line ;
B+ : r e d and/or maroon;
B- :black with a red l ine;
C+ :green ; C- :black and green .
The loudspeaker connections
were brown and black with a
brown lin e.

Now that you have completed
the schematic for your antique ra­
dio, it should be a big help in mak­
ing any future repa irs. That is
assuming you don't forget to make
a note of all repairs and circuit
changes on your schemat ic.

Did you eve r find a parched,
rolled-up pi ece of paper with
some diagram on it inside you r an­
tique radio? Hieroglyphics? No, it
was ju st a little note left by a com­
petent rad ioman of long ago . He
wanted to be sure that future an­
tiqu e-radio collectors would be
aware of a circuit change he made.
If you follow his lead, you'll make
things easier on future owners, or
yourself, if further servicing is ever
needed . R-E
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CABLE - TV SIGNAL ELIMINATOR

'­cz
m

STA'iI. csauts - { lJCJ'T. FJ
1'.O. BOX 8067

1'Cf48f!IJKe f'INCS,FlffiUlM ))084

:rJ DAY
taE:Y-BAO<

GUARANTEE
* All mode ls i n stock
* F l!!Is t , fre e shipping
* O'le year wer-r-eney

* O-lantity d iscounts to SOX
TO CPCER .~ Q-EO< OR t-O\E y CR:EA TO:AF TEA

AFTER

FAVORITE
CHANNE

Installs on most phones
includtnq cellular

Easily installed between phones toscramble com­
munication, including tone,wireless and cellular.
Scrambler makes it impossible to intercept or
decode. Solid state unit has 13000 selectable
codes. Excellent sound Quality allows immediate
voice recognition .Fully selt-contained and easy to
use. Small, light weight and portable. Two units
required. Only $369.00 each plus $4.00 shipping
and handling.

OTHER AMC PRODUCTS 12 hr. modified
Panasonic Recorder, Brief Case Recorder, Isle­
phone Recording Adaptor, VOX Switch, Micro
Recorder, Tie clip mike, VOX activated micros,
Wired mikes,Transmitter detectors, etc. Sendfor
FREE data. Mail order, VISA, MIC , C.O.D. ok.,
Cal. Res. add tax.
AMC SALES INC., Dept. A • (21 3)869·8519

9335 Lubec St. , Box 928, Downey, CA 90241

feren ce problems. Otherwise , the
basic operating princip le s of FMX
remain the same, although t he 6­
dB reducti on in co m p ressio n im­
plies a slig ht scaling down of the
o r ig ina l noise-reduction claims.

FM X appe ars bug-free and th e
ru sh to it seems underway. It is
est im ate d that at least 14 stations
will be broadcasting FMX-en­
coded programs by this fall . A sup­
plier already has off-the-shelf FM X
encod ers availab le . R-E

BEFORE

Banner
Technical
Books,' Inc.
1203 Gra nt Ave .
Rockford, IL 61103

8 vo lumes, over 2000 pages,
including a ll necessary math and
p hysics. 29 examinations to help
you gauge your personal pro­
gress. A truly great learning
experience.

Prepare now to take advan­
tage of the growing demand for
people able to work at the engin­
eering level.

Ask for our brochure giving
complete detailsof content. Use
your free inform ation card num­
ber, or wr ite us directly. $99.95,
Postage Included Sat isfaction
guaranteed or mon ey refunded
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ELECTRONIC
ENGINEERING

WCR<S CJ'.l CAEl...E r v a=I 8f()AOCAST TV

EXTEPNAL AO.,.AJSTt-ENTS ALLOW PRECISE T~II'G TO ANY FAEQ...E/".CY FEo.JIF£D
TI-FlEE t-OJELS AVAI L AB.....E :

Po«XEL 26- TlSlcable to cheeoel e 2 t hru 6 [ 54-108 ,....,z]
MOCE.... 142 2 - TU'lea blc to c h anne l s 14 {A) t hru 22( 1) [ 120 - 174 f-lhz]

t-COEL 71 3 - Tl..I"'\e8bl c to charYlC l !l 7 t "'ru 13 174- 21 6 """'z ]

Get A Complete Course In

or

CLEAR UP A CHANNEL
that preSient ly cOl""Italns s evere interference,by ~
Et. IMl NATIN3 -netever sig"1Dl Le c eus i ng this.

NOTE:If p icture an d sound are equal l y a f f e c t ed , th i s
IS interference a nd CANbe r emoved by our produ c t . • .._11
I f only picture is affected, this u~ually I S NOT
interference an d CANNOT be r eercv ed by ou r produc t . BEF ORE

ELIMINATE A CHANNEL
thet you find unm J1t eb l e for fem ily v i a wi ng .
but is po.rl y !licrbITbled by y OIr ccef e company .

duced f ro m 20 to 14 dB and the
signa l is equal iz ed to o ptim ize psy­
choacou stic masking, very much
as i s done in t he D olby hom e
noise-reduction system s. In ad d i­
tion , the po larity of the quadratu re
su b c a r r ier has b e en inverted ,
which apparently e lim inates inter-

AUDIO UPDATE

continued from page 77

We support 300 and1200 baud
operation .

Parameters: 8N1 (8 data bits, no
parity, 1 stop bit) or 7E1 (7 data
bits, even parity, 1 stop bit).

Add yourself to ouruser files to
increase your access. .

The more you use it the more
useful it becomes.

Try the

RE-BBS
516-293-2283

(RE-BBS)
516-293-2283

.adia-
Elealrania.

bulletin board
system

Communicate with other R-E
readers.

continued from page 79

Leave your comments on R-E with
the SYSOP.

SHORTWAVE

cated near Okeechobee, Florida.
Its programs are beamed to th e
Americas , Europe, Africa, the Mid­
d le East, and Asia, in nine lan­
guages-Eng l ish, French, Spa nish,
Germa n, Portuguese, Arabic, Rus­
sian, Mandari n, and H ind i .

WYFR is the on ly p rivately
owned U .S. broadcaster with an
exchange agreement with another
co unt ry. It cu rre nt ly re lays pro­
grams fro m t he Rep u b lic of China
to east and west Ca nada, Mexico,
and Central and So uth America. In
excha nge, WYFR p ro gram s in .En­
g l ish, Russ ian, Hin d i , and Man ­
darinare re layea l5y t n e Broaacast- ­
ing Corporation of C h ina faci l ities
n ear Tai p ei , Taiwan .

W YFR was t he f irst U .S. broad­
caster to operate in t he 13-MHz
band , com menci ng operat ions on
13695 kHz last winter. A complete
program and f req uency schedule
ca n be obtai ned by writing WYFR,
Oakland , CA 94621. R-E
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ZENITH SSAVI UHF input from $199, ch. 3 X-TRA EDGE SOLDER LESS BREAD-
input $229, reconditioned . UHF SSAVI pro- BOARDS. Four (4) models, each includes the
ject handb ook $6.50 ppd. Used Sylvania Multi-use Edge Panel for mounting compo-
4040s $169. N-12s & MLD-1200s. Convert- nents which don't fit the 0.1" DIP size bread-
ers, amplifiers & accessories . Satellite sys- board spacing. Transistors, SCRs, Triacs,
tems . Radar speed guns for car/boat racing, Regulat ors , Heat Sinks, Switches , Lamps,
bowling, skiing, baseball , etc., from $275 Fuses, Pots, Buzzers, etc. Models include
used. Professional police models. Multi-line 810,1620 , 2230 and 2940 tie-points. Priced at
business telephone systems from $1395. $16. 95, $34.95, $49 .95 and $59.95.
Catalog $1. AIS SATELLITE, INC., P.O. Box CHENESKO PRODUCTS, 21 Maple St.,
1226-J,.Dublin, PA_1891 7.-215-453-1400 or__Centereach, NY 11720, 516-736-7977 , Fax:
215-249-9411. 516-732-4650
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SIMPLY SNAP THE WAT-50MINIATURE FM
TRANSMITTER on top of a 9v battery and
hear every sound in an entire house up to 1
mile away! Adjustable from 70-130 MHZ. Use
with any FM radio. Complete kit $29.95 +
$1.50 S + H. Free shipping on 2 or more! COD
add $4. Call or send VISA, MC, MO. DECO

- INDUSTRIES, Box 607, Bedford Hills, NY
10507. (914) 232-3878 .
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P F-IP

MICROPROFESSOR 1-P-LEARN AS­
SEMBLY LANGUAGE PROGRAMMING
Z-80 C.P.U. 8 bit trainer. 158 instruction set.
Teaches essential programming and hard­
ware skills for technicians, trouble-shooters,
circuit designers, system architects and engi­
neers. Industrial controller. Addition al lan­
guages-BASIC and FORTH. Fully expanda­
ble with I/O, EPROM Programm er, Printer
and Accessories. Three manuals included.
$199.95 plus $7.50 shipping . ETRONIX
Dept. RE 688,5326 Ninth N.E., Seattle, WA
98105, 1-800-426-1044.
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PAN ASONIC CABLE CONVERTERS,
Wholesale and Retail. Scientific Atlanta and
Pioneer Cabl e Converte rs in stock. Pan­
asonic model 140N 68 channel converter
$79.95, Panasonic Amplified Video Control
Switch Model VCS-1$59.95. Scientific Atlan­
ta Brand new Model # 8528 550MHZ 80
Channels Converter $89.95. Video Corrector
(MACRO, COPYGUARD , DIGITAL) EN­
HANCER $89.95. We ship to Puerto Rico,
Caribbean countries, & So. Amer.Write or call
BLUE STAR IND., 4712 AVE. N, Dept 105,
Brooklyn, NY 11234. Phone (718) 258-9495.
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CALL NOW
AND

RESERVE
YOUR SPACE

• 6 x rate $815.00 per each insertion.
• Fast reader service cycle.
• Short lead time for the placement of

ads.
• We typeset and layout the ad at no

additional charge.

Call 516-293-3000 to reserve space. Ask
for Arlin e Fishman. Limit ed number of
pages available. Mail materials to:
mini-ADS, RADIO-ELECTRONICS, 500­
B Bi -County Blvd ., Farmingdale , NY
11735.
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THE MODEL WTT-20 IS ONLY THE SIZE OF
A DIME, yet transmits both sides of a tele­
phone conversatio n to any FM radio with
crystal clarity. Telephone line powered - never
needs a battery! Up to Y4 mile range. Adjusta­
ble from 70-130 MHZ. Complete kit $29.95
+$1.50 S + H. Free Shipping on 2 or more!
COD add $4. Call or send VISA, MC, MO.
DECO INDUSTRIES, Box 607, Bedford
Hills, NY 10507. (914) 232-3878.
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RADAR SPEED GUNS. Professional units
for clocking speeds in baseba ll, car & boat
racing, etc., starti ng at $275 used, $350 re­
conditioned. Moving and sta tionary units
available with dual displays. All units are road
tested and have 30-day warranties. Catalog
$1. Complete line of TV accessories. Multi­
line key business telephone systems from
$1395. AIS SATE LLITE, INC ., P.O. Box
1226-R, Dublin, PA 18917.215-453-1400 or
215-249-9411.
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TRI-MODE DESCRAMBLER PARTS Origi­
nal parts as called up in Radio Electronics
Feb 1987 article on ttl-mode descrambling.
Includes pc board, ac adaptor, resistors, ca­
paci to rs , diodes, pots, tr ansistors, IC 's,
LED's, toko coil and Plessey SAW filler. Arti­
cle included. $59 plus $2.50 shipping. ELEC­
TRONIC PARTS, Box 276 , Alburg, VT
05440 (514) 739-9328.
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TABLE 1-VGA MODES AND COLORS

(f)

Vertical Horizontalo
Z Mode Resolution Resolution Colors Type0cc Oh, 1h 360 400 16 Text
I-

2h, 3h 720 400 16 Texto
w

07h 720 400 2 Text....J
w

11h 640 480 2 Graphic0
0 12h 640 480 16 Graphic
-c 13h 320 200 256 Graphiccc
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Orchid's Designer VGA

vz:standards for the IBMfamily have
co me a long way since the low ly

Color/Graph icsadapter. At maximum res­
olution (640 x 200) only two co lors are
availab le; at low er resolution (320 x
200) a maximum of four co lors are avail­
ab le. ln text modes,a total of16 colorsare
availab le.

The EGA standard raises the stakes
somewhat, pe rmitt ing 16 co lors (of a
possible 64) on a 640 x 350 screen. But
that's st iII unsatisfactory; co nseq uently,
most of the major di splay-adapter man­
ufacturers came out w ith higher reso lu­
tion formats (often 640 x 480 w ith 16
co lors) that, although prov id ing more res­
o lutio n, are incom patible w ith each
other. Con sequently, spec ial softwa re
drivers had to be written by each hard­
ware manufacturer for each program it

w anted to support. Obviously,that'seco ­
nomically unattractive.

That all changed last year.w hen IBM
introduced its new line of computers.
Not only were new operating systems
(DOS 3.30 and OS/2) and a new expan­
sion bus (the Micro Channel) introduced,
so was a new video standard : the VGA
(Video Graphics Array). It's built right on
the motherboard of the high-end PS/2
machines, and it's available as an option
for the low-end machines. In addition,
IBM offers an adapter that provid es VGA
capabi lities for traditiona l bus machines
(PC's, XT's, AT's, and clon es).Of courseall
the major display-adapter manufacturers
are racing to provid e similar capabi lities.

VGA provides both enhanced resolu­
tion and a greater number of colors than
previous modes, although not neces­
sarily both simultaneously. The new and
enhanced modes w ith corresponding
numbers of colors are summarized in Ta­
ble t . Modes 0-7 are enhanced versions
of previ ou s C/GA and monochrome
modes; Modes 11-13 are the most inter­
esting new modes.

It's important to understand that the
number of co lors available in a spec ific
mode isa fraction of a total of 256Kpossi­
b le co lors. Forexamp le,Mode13h allow s
256 colorsout of a totalof256K(262,144)
different colors. Although resolut ion in
that mode is very low (C/GA level), the
sheer number of co lors allows for striking

possibi lities. (See the August 1987 cover
of Computer Digest for one examp le,
and IBM's PS/2 tutorials for others.)

Of course, you can't di splay 256K col­
ors on a C/GA monitor,or even on an EGA
mon itor. One of IBM 's new ana log
monitors is required, or else a NEC Multi­
sync (or compatible) w ill do the job.
With an older mult i-frequ ency monitor,
you may have to fid dle w ith the knobs
(especially vertical ho ld and size) w hen
changing between an80 x 25 text mode
and a high-resolution text or graphics

. mode. The IBM monitors are single-fre­
q uency analog types, available in mono­
chrome and color; the relatively inexpen­
sive monochrome monitor displa ys
colors in various shades of gray.

The Designer VGA
Orchid Technology, maker of acceler­

ator cards, networking products, and vid­
eo adapters, is one of the first co mpanies
to introduce a multi-mode VGA adapter
for traditi onal-bus machines.The Design­
er VGA provid es com patibi lity w ith all
previou s vide o standard s: C/GA, EGA,
Hercul es monochrome, and all VGA
modes. Throu gh separate ports, the
board can dri ve TTL (monochrome or
EGA) or analog (Multisync or fixed-fre­
quency analog) monitors. It'sa short card
that w ill fit in an eight-b it slot in any ma­
chine w ith an old -style bus.

We tested a Designer VGA card in an
AST Premium/286, driving a NEC Multi­
sync monitor in both TTL and analog
modes. (A special adapter cab le is re­
q uired to p lug olde r Multi sync 's into the
new 15-pin VGA port connector.)In EGA
(TTL) mod e, the board flawl essly ran the
following software: AutoCAD 9.0, Auto­
Sketch, Wind ow s 2.0, PageMaker 'l .O, Ex­
cel, Dr. Halo III,and IBM'sversion of OS/2.
In VGA mode, it flaw lessly ran Dr. Halo
and OS/2. In add it ion, spec ial drivers are

continued on page 98
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Mice demystified

JEFF HOLTZMAN

..-t"1e mouse is invading! In programs ranging from draft­
l ing (AutoCAD, AutoSketch) to drawing (Dr. Halo, PC

Paintbrush), from spreadsheet(Excel) to word processor
(Word).-not to mention operating environments (DE­
SQvievv, Windows).-they'reeverywhere! More than half
a dozen manufacturers are hawking theirwares, and sev­
eralmo-re-ale-haWkih-~raltemate-techn-bI6gies tnat in some
way hope to alleviate one or more weak points of the
mouse. In this article, we'll examine the basics of how
mice work, and then examine somepopular devices.

'JYpes of mice
There are three basic mouse types: mechanical, op­

tical, and wheel. The most common is the mechanical,
shown in Fig.1. It has a roller ball thatdrivestwo pressure
rollers mounted at right anglesto one another one each
corresponding to the X and Y dimensions.

The pressure rollers in turn drive two encoder wheels.
In a purely mechanical mouse, the encoder wheels have
contact points around the circumference that serve to
make and break anelectric circuit. Inanopto-mechanical
mouse, slits in the encoder wheel make and break an
optical circuit (i.e. an LED/photodetector pair). In either
case, signal-shaping circuitry cleans up the signals and
converts them to a form digestible by a comp uter.

The w heel mouse is quite similar to the mechanical
mouse, except that there is no wheel. Instead, the shafts
from the encoder wheels terminate in small wheels that
contact the table directly
. Thedistinguishing feature of the optical mouseisthat it
hasno movingparts. Instead, a pair of LED's shine through
the case of the mouse. Their beams are reflected by a
specially lined pad and are then detected by pho­
todetectors in the mouse.Aswith the mechanical mouse,
those raw signals are then cleaned up and converted for
computer use. Because they have no moving parts, op­
t ical mice are more reliableand easier to maintain.

As for alternate devices, the most popu lar is the track­
ball, whic h can be viewed as just a mouse lying on its
back. Instead of contactingatable, the ball contactsyour
hand. Intemally, either mechanical or opto-mechanical
technology can be used to decode motion.

Digitizing tablets can also emulate mice, through a
combination of both hardware and software. For exam­
ple, Keytronic's KB5153 keyboardcontains what amounts
to a miniature high-resolution digitizing tablet. Output
from the keypad is transmitted alongwith the usual scan
codes from the keyboard;aspecialsoftwaredriver sepa­
rates keyboard codes from tablet codes, and can trans­
late the latter into equivalent mouse codes if desired.

CONTACT~[r~~

BAR

TABLE SURFACE

FIG. 1-lnside a mechanical mouse. The roller ball drives two
pressure rollers mounted at right angles to each other.

Number of buttons
Among human-interface designers, discussionsof the

optimum numberof buttonson amouse isakin to arguing
about the numberof angels that can fit on the head of a
pin. The arguments become heated, but most real-world
software is written to use only one button (occasionally
two). For example,eventhoughthe Microsoft mouse has
two buttons,Windows uses only one. A few mice have
threebuttons,but thereisalmostno commercial software
that uses all three.

Interface hardware
Whatever the underlying technology, the mouse must

have a way to get signals to your Pc. There are two basic
interface techniques: serial and bus. A serial mouse con­
nectsdirectly to anystandard RS-232 port; a bus mouse
has its own interface card. (Trackballs are generally serial
devices.)

It is claimed that a bus mouse provides better re­
sponse, but unless you're in the habit of racing your
mouse across your desk at full speed, you're not likelyto
notice any difference. So choose the type of mouse
depending onwhetheryou have afreeserial port ora free
slot. The only other thing to keep in mind is that, when e
installing a bus mouse, you'll have to select an interrupt ~

level that is not used by other devices in your Pc. ~

Microsoft has anadditional mouse interface, called the 8l
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InPort.The InPort is a special type of serial interface that is
available on Microsoft's Mach 10 and PC Technologies'
Ra inbow Plus accelerator cards, and a few others. The
InPort connector is non-standard, so you cannot plug an
InPort mouse into a standard serial-port connector.

Interface software
Several protocolsexist bywhich a mouse maycommu ­

nicate with the host PC, including Summagraphics Bit Pad
One (b inary and ASCII protocols), Retrographics RG-512,
three-byte relative, Houston Instruments HiPad, five-byte
relative (Mouse Systems), Tektronics Plot10, Microsoft, USI
OptoMouse, Hitachi Tiger, and others. As the namessug­
gest, some of those protocols were originally developed
for digitizing tablets, ' but are availab le as emulations for
some mice.

The most popular p rotocol, one that is at least
provided as an option by almost all mice and many
d igitizing tablets for PC's, is the Microsoft format. As
shown in Table. 1, it consists of three seven-bit bytes,
transmittecfa t1200-6aua, w itfi no parity, and witil one
start and one stop bit. The most-significant bit of the first
byte is a sync b it that indicates the beginn ing of a trans­
mission frame. The next two bits ind icate the state of the
two mouse buttons; a zero bit corresponds to a pressed
switch. The next two bits are the high-order Y-axis bits,
followed by the high-order X-axis b its. The second byte
contains the remaining X b its, and the third byte co ntains
the remaining Y bits. The high-order b its of bytes two and
three are not used.

TABLE 1-MICROSOFT MOUSE PROTOCOL

software packages; almost invariably they include Micro­
soft emulation modes aswell . Youshould be safe buying
an off-brand mouse (or an alternate device), assuming it
can emulate the Microsoft protocol competently.

.Utility software
Using a mousewith Windows or AutoCAD is a snap­

but w hat about all the other programs that don't know
mice from lice? Many mice now include special pro­
grams that let you bui ld your own mouse interface for
your favorite application program.

Togeneratea mouse-based menu interface,you write a
program using your favorite ASCII text editor, compile it,
and then run it before running your application. In the
application, special menus pop up depending on which
buttons you push, what's displayed on the screen, etc.
With careful thought, you can add a co mp lete menu
interface to just abou t any program that operates in text
mode. The menu-programming language issimp le to use,
easy to master, and easy to experiment with. Microsoft's
menu language is something of a standard, compilers ­
made by other companies (Logitech for one) can co m­
pile Microsoft menu files directly.

Maintenance
Unless you are a total slob, mouse maintenance is

minimal or non-existent. One claimed advantage of op­
tical over mechanical mice is that no cleaning is ever
requ ired. That may be true, but cleaning a mechanical
mouse isa 30-second procedurethat mustbe performed
only a few times a year.

o
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Product evaluations
What follows are our experiences installing and using

more than half a dozen different mice and other devices .
Although there are differences among them, and we
certainly have our favorites, not one has serious defects,
and everyone is well built. Features are summarized in

Normally, you needn 't concern yourself wi th the soft- Table 2. A serial version of each devi ce was installed on
ware interface protocol. Name-brand mice (Microsoft, of an IBM PC XT with a 12-MHz BreakThru 286 accelerator
course, as well as Logitech and Mouse Systems) are card (made by PCSG) and tested with the following
supported directly in their own format by most major software: Microsoft Windows 2.0, DesqView 2.0, Auto-

TABLE 2-FEATURE COMPARISON CHART

Fulcrum Numonics

Trackball Manager Logltech Microsoft Keytronic PC

Plus Mouse Mouse Mouse KB5153 Mouse
Cordless

Length (inches) 4.5 3.6 4.8 4.0 3.5 3.8
Width (inches) 5.8 2.4 2.8 2.1 3.5 2.6
Height (inches) 1.8 1.1 . 1.0 1.2 1.3 1.0
External power Y Y N N N N
Battery Y Y N N N N
Microsoft emulation Y Y Y Y Y N
Total emulations 10 3 3 1 1 1
Cab le length (inches) 48 40' 72 90 72 60
Technology a M OM M M a

(J) Number of buttons 6 3 3 2 2 3o
Z Menu software N N Y N N Y
0 Other utility software N Y Y Y Y Ya:
f- RAM used by basic driver (K) 8 8 10 10 6 7o
w Software version tested 6.02 6.11 3.41 6.11 3.0 5.03...J
W Price $95 $199 $119 $150 $249 $1490
Ci

· With charging cable-c
a:
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Logitech ~

Although boxy looking (as shown in Fig. 4), Logitech's ffi
mouse has an excellent feel, good emulation, and good
utility software. It is available in serial, bus, and PS/2

July1987 issue, wherewe concentrated on itsfunction as
a keyboard. Since then, Keytronic has released new soft­
ware for the keyboard that provides better support for
graphics programs.

The keyboard itself is laid out in theATstyle, w ith the
Escape keyappearing in the numeric keypad. Next to the
numeric keys is the pad itself (shown in Fig. 3), which
measures about 3% inches on a side. The pad has a
resolution of about .001", about five to ten times that of
most mice.

FIG. 3-The Keytronic KB5153

The pad is programmable and may be usedin several
modes, including Function (wherein areas of the pad
function as keys that are user-programmable), Cursor
(wherein the pad functions like the cursor keys), Mouse
(wherein the pad emulates aMicrosoftmouse), Graphics
(wherein the pad emulates a digitizing tablet), and vari­
ouscombinations of the above.

Separate programs are supplied to use the pad as a
mouse under DOS and under Windows. Installing the
Windows driver is slightly difficult, because the installa­
tion instructions refer to an old version of the program
(1.0), andbecause Windows itself is"cantankerous." After
getting through the installation, however, the pad works
well. Special drivers and plasticoverlays are available for
use with PageMaker and Ventura Publisher. By touching
theplastic stylus to various partsof thepad,youcan open
and save files and perform other common functions.
Other parts of the pad function (simultaneously) as a
"drawing" area for mouse emulation.

Mouse emulation worksfairlywell, but, depending on
yoursoftware, you may needto experimentwith some of
the emulation settings (in consultation with Keytronics'
technical support personnel, who are available by toll­
freetelephone). The onlyoddity isthatyoumustget used
to working with both hands, because the mouse buttons
are simulated by pressing keyboard keys.

Since our original revievv, Keytronic has decreased the
price and increased the functionality of the KB5153. It
needs neither a slot nor a serial port, so in its present
incarnation, it'sawinner. Left-handers watch out, though;
the pad is contained in the right side of the keyboard.

FIG. 2-The Fulcrum Trackball Plus

Keytronic
The KB5153 keyboard was originally reviewed in the

The trackball itself has avery nice feel. Butbecause of
the heightof the enclosure, there is no support for your
wrist, so your arm may get tired. The buttons generate a
nice clickwhen pressed, and they have a stiff feel that is
almost too stiff. The interface cable is somewhat short,
and due to the non-symmetric layout of the six buttons,
the device is definitely biased toward right-handed
users. But youneedn't maintainaclearspaceonyourdesk
to use the Trackball Plus, and the trackball itself allows
very precise cursorpositioning.

Sketch, and Dr. Halo. Except as noted, all devices per­
formed adequately with each program. Reviews are
presented alphabetically by manufacturer.

Fulcrum
To some, a big disadvantage of the mouse is that you

must maintain aflat, fairlyclean area onyourdeskinwhich
to operate thedevice.The trackball overcomes thatprob­
lem; you can set the trackball 's housing on just about
anything (including your lap) and still obtain acceptable
results. Inaddition, sometimesyou run off theedgeof the
deskwhen using amouse, aftervyhich you must pick it up,
set it down, and then continue working. That never hap­
pens with a trackball.

Fulcrum's Trackball Plus (shownin Fig.2) has sixbuttons
and emulates nearly all standard protocols (including
Microsoft). You can set the emulation protocol using
eithera software driver or by pressing various combina­
tions of buttons.

There isa potential problem with "dragging," the pro­
cess of pressinga outton wti ile movingamouse~Because;"----;

of the mechanical arrangement, dragging canbe difficult
or impossible with a trackball. Fulcrum solves the prob­
lem by dedicating the fourth button to initiating a drag.
First press it, followed by thedesired button.The trackball
will continue responding as if that button is depressed
until you press anotherbutton.

The fifth button is a dedicated "alternate cursor"
switch, useful in AutoCAD for gettingat the menus with­
out actually moving the drawing cursor from its current
position.
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FIG. 4-The Logltech Mouse

versions, and may alsobe purchased with oneof several
- -applications programs ((fesKtop pu61 ishing, CAD;Graw/

paint). Inaddit ion,ahigh-resolution version of the mouse
is also available for use with large-screen monitors. (The
standard model is sufficient for use with EGA, Hercules,
and similar adapters.)

Logitech's mouse driver can emulate several types of
mice; a separate program called CLICK allows you to
adjustmouse sensitivity on the fly, andalsoattaches itself
to DOS in such a way that it knows when you load
applications for which you have defined mouse menus.
When you do, it loads the appropriate menus for you,
followed by your application.

Like the new Microsoft mouse, the Logitech mouse
buttons have audible and tactile feedback that is just
right. Unlike that mouse, however, the Logitech mouse's
center of gravity is near the rear of the housing, which
makes fingertip control slightly more difficult than with
the Microsoft. But just a little.

Unlike Microsoft, Logitech includes menu-generating
softwareat no extra cost, as well as pre-written menusfor
quitea few applications programs. Inaddition,acompe­
tent mouse-based multi-window text editor (called
Point) is included; Logitech claims to use it for all internal
program development.

Microsoft
Before release of the new mouse (shown in Fig. 5), the

feel of theold mouse wasgood, andon aparwith thatof
the competition. However, the feel of the new mouse
overshadows the old mouse,as well as the competition.
The buttonsare firm but not stiff, theyprovideaudible as
well as tactile feedback (unlike the old mouse), and,
because the ball has been moved forward within the
mouse's housing, you can control movement of the
mouse with your fingertips, almost like a trackbal l. (The
old Microsoftmouse isno longer in production, but may

~ still be available from some distributors.) The Microsoft
z mouse is available in bus, serial-port, and InPort config­
a? urations. (The serial version of the new mouse also in­
t; c ludes an adapter for using the mouse on a PS/2
~ machine.) They are also available bundled with various
6 paintand CAD packages.
i5 Operation of the contro l software is simple. You
~ needn't specifywhichport theserialmouse isconnected
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FIG. 5-The Microsoft Mouse

to; the software wi ll find it. A separate memory-resident
program (CPANEL.COM) allows you to adjus motion
sensitivity on thefly A demonstration program allowsyou
to "play" a piano by moving the mouse and clicking on
the screen representation 'of the white and black keys.
Several menu programs are included(for Lotus 1-2-3, IBM
DisplayWrite, MultiMate, WordStar, etc.), to write your
own programs, you'll needacopy of theMicrosoftMouse
Programmer's Reference Guide, an extra-cost ($25) pur­
chase. A very capable draw/paint program (Microsoft
Paintbrush) is included with each mouse.

The only disadvantage of the new Microsoftmouse is
that you must pay extra for the menuing software and
documentation. However, pre-written mouse menus are
included for several packages, includingWordStar, Lotus
1-2-3, and others.

Mouse Systems
The PC Mouse is an optical mouse thatglides over a

specially marked pad (shown in Fig. 6) that measures
about 8" x 10".You might thinkthatusing the pad would
be inconvenient, but in some ways the opposite is true.
For example, if you don't use your mouse very often, it
tendsto get buried. Then, whenyouare readyto use the
mouse, youhave to dig it out andclearaspace for it.With
the PC Mouse, you could simply drop the pad on top of
the pile and get right to work. .

FIG. 6-The PC Mouse



FIG. 7-The Manager Mouse

Products Discussed

• Fulcrum Trackball ($95), Fulcrum Computer Prod­
ucts, 451 Allan Court, Healdsburg, CA 95448. (707)
433-0202.

CIRCLE 30 ON FREE INFORMATION CARD

Numonics
TheManagerMouse was originallydesigned by a com­

pany called Torrington,and that company was bought by
a company called Numonics. Instal lation programs for ing the course Of this review I saw several versionsof the
various-software packa"ges-ma? refer to the mouse-as·the- -software,-each-of'which provided progressively better
ManagerMouse or by either company's name. compatibility w ith the test programs. Even the latest ver-

The mouse itself (asshown in Fig. 7) isunique in that it is sion, however,had problems with some software. Inboth
cordless. The mouse communicates with a receivervia a AutoSketch and Dr. Halo, while emulating the Microsoft
pair of infrared LED's, and the receiver delivers signals to mouse the ManagerMouse'ssensitivitywas approximate-
your PC via its serial port. A smallwall-mount transformer Iy half what it should havebeen,even after installing it for
powers the receiver. maximum sensitivity.

Themousecontains abuilt-in rechargeablebattery so it Other than that problem, usingthe mousewas pleasur-
can be operated in cordless mode. Tocharge the battery, able. It hasa fairlygood feel; the buttons arefairlystiff and
you connect a cable between the mouse and the re- not mushy; our test surface (a fairly slick wooden desk)
ceiver; a full charge takes about fourteen hours. You can provided plenty of frict ion for the dual plastic rollers. Use
also operate the mouse while charging. Numonics claims with the charging cord attached is slightly awkward,
that a full charge should last for three or four days of because of the cord 's lack of flexibility. However, the
typical use, because the mouse has a built-in "sleep" receiver is quite sensitive and has a very wide angle of
mode, wherein it turns off power to itself after not being response, so you never need to worry about placement
used for about 60 seconds. of the mouse with respect to the receiver.

The ManagerMouse comes with software that allows it No menuing software is included; in fact, the only
to emulate the Mic rosoft mouse and several others. Dur- utility software is a rather limited program called KeyFree

that allows you to usethe mouse for simple cursormotion
in programs that don't support a mouse. In addition,
KeyFree allows you to program each button to de liver a
series of keystrokes, much like a keyboard macro pro­
cessor. However, with only three buttons, that limits the
program's capability.

The mouse itself resembles the Logitech mouse in
shape, but is only slightly harder to use because the felt
pads it rides on provide more friction than does the usual
mouse trackball. In addition, depending on where you
press them,.the buttons are slightly harder to press than
those on the Logitech and Microsoft mice. Havingsaid all
that, however, we should statethat using the mouse is in
no way fatiguing. We're really nit-picking .

As for software, the PC Mouse comes with a menu­
generator and pre-built menus for a number of popular
applications (Lotus 1-2-3, WordStar, etc.). In addition, it
comes with PC Paint, a draw/paint program.

The documentation is logically organized and well
written . It includes a good troubleshqoting section that
helped us pin-point and resolve an installation problem.

• KB5153 ($249), Keytronic, P.O. Box 14687, Spokane,
WA 99214-0687. (509) 928-8000.

CIRCLE 31 ON FREE INFORMATION CARD

• Logitech Mouse ($119), Logitech, 6505 Kaiser Drive,
Fremont, CA 94555. (415) 795-8500.

CIRCLE 32 ON FREE INFORMATION CARD

• Microsoft Mouse ($149.95), Microsoft Corporation,
16011 NE 36th Way, Box 97017, Redmond, WA
98073-9717. (206) 882-8080.

CIRCLE 33 ON FREE INFORMATION CARD

• PC Mouse ($149), MSC Technologies, 2600 San
Tomas Expressway, Santa Clara, CA 95051 . (408)
988-0211.

CIRCLE 34 ON FREE INFORMATION CARD

• Manager Mouse Cordless ($199), Numonics, 101
Commerce Drive, Montgomeryville, PA 18936. (800)
247-4517.

CIRCLE 35 ON FREE INFORMATION CARD

Conclusions
Because none of the devices d iscussed here has any

serious problem, choosing one is largely a matter of
preference. Our personal favorite is the Microsoft mouse.
Its sleek design, its excellent tactile and audible feed­
back, and its overall feel won us over..m.

~
"That's-qUite a home computer you have."
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Rates: Ads are 2W' x 2W'. One insertion5825. Sixinsertions5800 each. Twelve
insertions $775. each. Closing date same as regular rate card. Send order witI]
remittance to Computer Admart, Radio Electronics Magazine, 500-B Bi-County
Blvd ., Farmingdale, NY 11735. Direct telephoneinquiries to ArlineFishman, area
code-516-293-3000. Only 100% Computer adsareaccepted for thisAdman..

COMPUTER Eliminate
ASSEMBLy Guesswork!

Build with
MANUALS Confidence!
BIG BLUE SEED for IBMT.BUILDERS!

Partslist: placementdiagrams, instructions,
mods , fo r assembling over 90 18M­
compatible bare cards. Latestversion with
guides for 640K, Turbo, AT & Baby AT
MthBds $17.95
APPLET• BUILDERSNEEDAPPLE SEEDl
Instructions for assembling over 90 Apple­
compatible bare cards including 11+ & lie
Mth8ds. For ALL Apple enthusiasts and
hobbyists $14.95
SAVE 10% - ORDERTWO OR MOREMANUALS
OVER 40 BARE IBM & APPLE CARDS IN STOCK
(MthBds• Disk• Video • Blmor • MuIllFn• 110 • Modem • Pro4o• ole)

Check/Money-order, VISA/MasterCard to:
- NuScope Associates·, Dept RE

In U.S.A. In CANADA
P.O. Box 790 P.O. Box 742, SIn B

Lewiston, NY 14092 Willowdale, Ont M2K 2R1
-A OMsion of Kosmic MicroTech Inc.

PROMPT DELIVERY!!!
SAME DAY SHIPPING (USUALLY)
0l.lAHTTTY ONE PRICESSHCNtHtot IiIAACH 15, .....

DYNAMIC RAM
I048Kxl lOOns

* 256Kxl 80 ns
256Kxl 60 ns
256Kxl 80 ns
256Kxl lOOns
256Kxl 12 0 ns
256Kxl 150 ns

+ 64Kx4 120 ns
. EPROM

27C1 024 64Kx16 150 ns
27C1000 128Kx8 200 ns
27C512 64Kx8 200 ns
27256 32Kx8 250 ns
27128 16Kx8 250 ns

STATIC RAM
.. 43256L-12 32Kx8 120 ns

5864LP-12 8Kx8 120 ns

CIRCLE 61 ON FREE INFORMATION CARD CIRCLE 72 ON FREE INFORMATION CARD

HARD DISK ACCRERATOR
• Caching eliminates repetitive

disk accesses
• Useup to15 Mb of extended/

expanded or500 Kb of standard memory

DISKETTE ACCELERATOR
SCREEN ACCELERATOR

FAST - FRIENDLY - SAFE

VCACHE
GOLDEN BOW SYSTEMS

$49.951Md S3for . " 2870 fif~~r:~
shlppm~and ~ng San Oiego CA 92103
Callforma residents 800/284 '3269

I add6%sales tax •

LOW COST .. .. -
'MOTION¢ONTRQL, INPUT, OUTPUT
DA7AAQUISITION, RELAYS, AID, Etc:

Analog ir4lul Card 8cl!annel,8 bI!, 0-5V AlH42: $129
Input card 8dIannef ocVoIIwlh oplo IIoIator1 IN-141 :$59
Relay card 8l~ 3Amp contaclI RE-l40: $129
24l.ilemllGlftln,P"P"I~I,O~ 00-148:$55
Touch Tone Decodertortoypodorphcnll1llllKo PIH45:$79
12 bit Analog Input Card,_,nti...-n AN-l48: $139
Steppei' Motor/1..amp ciiver 80I!lpII!I, 350mA... ST-143:$79
CIock/Calendar wlhalInn Cl.-144:$89
QuadSmart~. Wortd'llleIt SC-149: $299
00_Z-«l_4llol>1*_~ .1QlIHMI_

Adapters make arrt c:ornbinaOOn ofcards V/Oll( with:IBM
PC,XT,AT &compatibles; Apple 1I,lIe; Tandy Models
l00,102.200,I,III,4,4P.40CoCo 1-3;Commodore 64,128.

Please call (203) 656-1806 for Catalog

.~ 1fe~veM~

CALL NOW
AND

RESERVE
YOUR SPACE

• 6 x rate $800.00 per each insertion,
• Fast reader service cycle.
• Short lead time for the placement of

ads.

Call 516-293-3000 to reservespace. Ask
for Arline Fishman. Limited number of
pages available. Mail materials to:
Com puter Admart, RADIO-ELEC­
TRONICS, 500-8 8i-County Blvd., Farm­
ingdale, NY 11735,
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ElfCTRONICS At DC

t:==r~· =~~~6SCl ~.5O Commod«e64,t-121
• .... (1211064010<1.)
~ IBMPC(requiresMSDOS
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AN INTRODUCTION TO
BASIC PROGRAMMING
TECHNIQUES

GETTING
THE MOST
FROM YOUR
PRINTER

Ge tting The
Most From You r
Printe r
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ProgramcaJculatesanddisplays general numerical solution toupto40
node electronic circuits ofresistors, capacitors, inductors, voltage orcor­
ren!sourtes , or4typesofcootrolled sourtes , VCCS, CCCS, VfNSor
CCVS. Computer displays nodevoltages,branch voltages b<anch powers
andpower factors (AC). Menu commands make rtpossible tochange
parameters andrecalculatethe solution. Programs alsoaJIow logorlinear
stepping ofhequency orbranch parameters withsolution graphically ds­
p1ayod. Programs aremenucootroll<d,user IriendIy andveryeasy touse.
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Computer Heroes
P.O. Bo x79S
Farmington,CT 06034

ORDERS ONLY
1-800-622-4070::z: _

BP86-This book is based on the author's
own experience in learning BASIC and also
in helping others, mostly beginners to pro­
gramming , tounderstand the language. In­
cluded isaprogram library ofprograms that
the author has actually written and run .
Order your copy today. Send 55.00 plus
$1.00 forshipping inthe U.S. toElectronic
Technology Today Inc., P.O. Box 240, Mas­
sapequa Park, NY 11762-0240.

BP181-lt is probable that 80% of dot-ma­
trix printer users only ever use 20% of the
features offered by their printers. This book
will helpyou unlock the special features and
capabilities that you probably don't even
know exist. To order your copy send $6.95
plus $1.50 forshipping inthe U.S. toElec­
tronic Technology Today Inc:, P.O. Box
240, Massapequa Park, NY 11762-0240.
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BUILD
THE PT·68K

Basic DRAM theory
is our topic this month.

PETER A. STARK f
STARK SOFTWARE SYSTEMS CORPORATION
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FIG .1-BASIC ARRAY-STRUCTURE OF A MEMORY IC. In spite of
differences in cell structure, both DRAM's and SRAM's use this
technique.

Thearray shown consistsof fourhorizontal rowsand four
vertical columns.A real memorychip, on theotherhand,
may contain hundreds of rows and columns.

At the intersection of each row and column is a cell.
Since we have four rows and four columns, the array
shownhasroomforexactlysixteen(4 x 4)cells,although
for simplicity the figureonly shows a few cells. Note that
the row and column w ires do not actually connect to
eachother. Instead,there isacell at each intersection,and
thatcell hasoneconnectionto the row wire and another
connection to the column wire.

To accommodate 16 cells, we could have used one
rowandsixteencolumns, or two rowsandeight columns,
etc., but in practice memory arrays generally have the
same number of rows and columns because that sim­
plifies the required support circuitry. In other words,
memory arrays generally tend to look like a square rather
than a rectangle. Furthermore, the number of rows and
columns is usually a power of 2. For example, a 16K
memorychip has 128 rowsand 128 columns, foratotalof
128 x 128 = 16,384 cells. The next larger chip has 256
rowsand 256columns, foratotalof 256 x 256 = 65,536
cells. Occasionally you see Ks w ith memory contents
that are not an even power of two, but they're built by
piggybacking two Ks or some other means. Regardless,
the chip insidethe IC usually has a number of cellsthat is
an even power of two.

Eachcell inthearray stores onebit,sothe circuit of Fig.
1 can store 16bits. That circuit has 16 locations, each of
which stores one bit, so it would be called a 16 x 1
memory, where the first number gives the number of
locations, and the second gives the number of bits in
each location. Small memory K's often have more than ~

one bit per location, whereas large memory Ie's almost ffi
always have just one bit in each location, but many <0
thousands of locations. . ~
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...1ow that the PT-68K can run simple programs, it's time
l'IIIIIIIIIto add the circuitry that makes it into a full-b lown
system. This monthwe start w ith dynamic RAM (DRAM),
one of the more complex sections of anycomputer. To
understand how it works, let's look first at how DRAM
di ffers from regular(static) RAM.

Computer memory organization
To begin, let's examinea simple memory IC, shown in

Fig. 1. The heart of the IC is the memory array, which
containstheactual memory cells inwh ich data is stored.



DRAM Price Increase

Due to the escalating cost of DRAM Ie's (which have dou­
bled in price during the past few months), Peripheral Tech­
nology regretfully must raise the prices charged for various
versions of the PT-68K kit. The price of the basic kit (which
has no DRAM) remains unchanged at $200, but the price of
the full kit has been raised from $470 to $530. Before
ordering , contact the company for current prices at 1480
Terrell Mill Road, No. 870, Marietta, GA 30067, (404)
984-0742.

TO MULTIPLEXER
(VIA SENSE AMPLIFIER)

FROM
DECODER

Each of the locations in the memory (that is,each cell)
hasan address; each time we read from or write to a cell,
we must specify the address of the cell we want by giving
the IC a binary address on its address input lines. The
circuit hassixteen cells, so it requiresa four-bit address to
specify the cell we want. Thegeneralrule isthat n address
bits are needed to specify 2n addresses, so four address
bits specify 24 or 16 locations in our simple circuit.

The four-bit address is split into two parts: a two-bit
row address and a two-bit column address. Since there
are four rows, we need two bits to choose one of them
(again, because 22 is4)i since there are four columns, we
need two bits to choose aco lumn. Keepingin mind that a
memory IChasa square array(the same number of rows output buffer. The multiplexer acts like an SP4T switch (a
and co lumns), that means that it wi ll need the same single-pole switch with four posltionsrthat selects one of
number of row-address bits as co lumn-address bits . the four inputs and sends it out the output. The input it
Which means that .the total number of address bits is an selects depends on the b inary column address. In our
even number.For example, a16K x 11Cwith128rows and case,the column address is 00, so the multip lexerselects
128 columns has 7 row address bits and 7 column ad- the signal entering input 0, and sends it to the three-state
dress bits (because 27 = 128), for a total of 14 address output buffer. If the chip-enable input is on (i .e., 10Vl,
5its-(ana-214 = 16,384):-Sifililarly, a 64K x~1 IChas256- -5ecausethe buffer has an active-low enaBle-input, as
rows and columns, eight row and column address bits (28 shown by the bubble), then that bit goes out the data
= 256), and a total of 16 address bits (216 = 65,536 = output.
64K). As mentioned earlier, the circuit of Fig.1 issimplified. In

Suppose that we want to read the bit in the memory anactual memory IC, the chip-enable signal might alsogo
cell at the junction of row address1 and column address to the decoder or to the multiplexer to prevent either
O. Todo so, we send binary address'O'lou (4 decimal) to from working (and drawing power) unlessthe chip was
the address inputs. The left two bits, 0\ become the row selected. In addition, there would be circuitry to write
address, and the right two bits, 00, become the column into cells (along with a RNi input), the array would be
address. The row address is sent to the row address much larger, and there would be more components that
decoder, which hastwo inputs (for the row address) and we haven't discussed yet.
four outputs (labeled 0, 1,2,and 3) which correspond to The next question is this: What is in a cell? The answer
rows 0, t, 2, and 3. (Bythe way,a decoder normally hasa depends on the type of memory ICwe arediscussing. Ina
number of outputs, only one of which isactive at atime- ROM or PROM (which, of course, is a programmable
the one specified by the binary input. In this case, the ROM), the cell might consist of just a diode, or a diode in
binary input (the row address) is01, so the decoder turns serieswith a fuse. Sucha cell can storeeither a 0 or a1bit,
on its 1 output and turns off the 0, 2, and 3 outputs.) depending on whether the diode isconnected or not (or

Of the sixteen cells in the array, the 12cells in rows 0,2, on whether the fuse is b lown). In an EPROM (which isan
and 3 receive no signal from the decoder, so they do erasable programmable ROM), the cell consists essen-
nothing. Butthe four cells in row 1all receive a signal from tially of a FET that is biased on or off by a chargestored in
the 1 decoder output, so they all get enabled. Each of an insulating region.
those four cells sends its bit down a column wire to the Therearetwo main kinds of cells in RAM I('s. In a static
column multiplexer. Inother words, even though we want RAM (SRAM), the cell consists of.a flip-flop that stores a 0
the contents of only one cell, all four send their contents or a t, depending on whether it is set or reset, p lussome
down to the multiplexer. additional components that connect the flip-flop to the

The multiplexer's job (which is opposite that of the row and column wires. Sincethe flip-flop involvesseveral
decoder) is to select the desired bit and send it to the transistors (often six or more per cell), the SRAM cell is

quite complex.
By contrast, a DRAM cell consists of just one MOSFET

and a tiny capacitor,which storesa1 or a 0 depending on
whether it is charged or not. Since the DRAM cell is so
much simpler than a SRAM cell, DRAM I('s generally
contain many more cells than SRAM Ks. On the other
hand, DRAM memories require more external support
circuitry than SRAM, and are somewhat slower. For those
reasons, smaller memories are usually made of SRAM,
whereas larger memories are generally made of DRAM,
except when absolute top speed is a necessityand cost
is no object.

In the PT-68K computer, for example, there is a small
amount of SRAM (consisting of two I('s) which allows us
to get the system up and running quickly. But the one
rnegabyte of main memory is strictly dynamic to keep
cost down.

(/)
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o FIG.2-BASIC DRAMCELL. The row-address decoder enables
~ the MOSFET, which allows the charge (If any) stored on the
a: capacitor to be presented to the column multiplexer.
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capacitor from the rest of the circuit, so it can retain its
charge. But whenthe row holding the cell isselected by E
thedecoder, theMOSFET isbiased on,and thecapacitor ffi
is connected to the column wire through the transistor. to
Now the cell can be read from, because the capacitor's ~

FIG. 3-REAL-WORLD DRAM. An actual lC has sense amplifiers and reference cells that
serve to refresh all cells in the row currently being accessed.

Dynamic memory
Figure 2 shows a typical DRAM cell, consisting of a

storage capacitor (which holds the bit of data) in series
with a MOSFET. In normal operation, thedecoder output
isoff,sotheMOSFET isbiased off.Thatisolatesthestorage
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FIG. 4-PT-68K's DRAM CONTROLLER. The three-state buffers multiplex the address
lines and the refresh-counter lines onto the address bus of the DRAM IC's. Details of the
contro l circuit will be shown next time .

voltage appears on the column wire, or written to, by
sending asignal up thecolumnwire, throughtheMOSFET,
and into the capacitor.

Withno addit ional circuitry, there would be two major
problems. First, since the capacitor is very small, it dis­
charges very quickly. In fact, just reading the cell (by
tumingthe MOSFET on) loadsthecapacitorsomuchthat
it discharges almost instantaneously. But even when the
MOSFET is biasedoff,the capacitor typicallywill hold its
charge for only a few seconds, and under somecondi­
tions, onlya few milliseconds.Moreover, whenevera row
wire is turned on by the decoder to select a cell in that
rovv, all of theMOSFET's in thatrow are turnedon! Inother
words, reading justone cell causesall cells in that row to
be selected; with the result that all the capacitors in that
row discharge immediately.

Therefore, something must prevent those cells from
losing their data, and in"fact the DRAM system has addi­
tional circuitry thatw ill perform thatfunction.That circuit­
ry w ill (1) rewrite all the data back into all cells in a row
wheneverany cell in that row is read or written, and (2)
rewrite the data into all the cellsof the entire memory at
mtervels of a few milliseconds.

The first job-which is rewriting cells when a row is
accessed-is handled internally by each DRAM IC; the
second job-which is rewrit ing all memory cells every
few milliseconds-is called refresh and ishandled by an
extemal refreshcircuit.

~ Figure 3 shows the circuitry a typical DRAM IC uses to
~ rewrite data into the cell capacitors whenever a row is
a: selected.Although DRAM's typ ically containthousandsof
~ cells, forsimplicity and claritythediagram in Fig.3 shows
u:l only a small 16 x 1 IC with anarray of four rowsand four
o columns.And onlythe left two columns of thatdevice are
~ actually shown.
a: That circuit has several components we haven't seen
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before. Although the 16 x 1 DRAM circuit needs four
address bits, the diagram shows only two address bits,
andthey're connectedto both the row-address decoder
and thecolumn multiplexerthroughtwo setsof flip-flops
called the row address latches and the columnaddress
latches.Actually, the four-bi t address issent to the IC two
bits at a time. The first two bits are stored in the row­
address latches by a pulseon RAS (row-address strobe),
and then the second two bits are stored in the column­
address latches by a pulse on CAS (column-address
strobe).

That technique is used to save pins. For example, a
256K DRAM would normally needeighteen address lines
(218 = 262,144 = 256K) to address all locations.
However, by splitting the address into two parts, the
eighteenbits may be input through nineaddress pinsand
two address-strobe pins. That allows eleven pins to do
theworkof eighteen, sothe DRAM can be packaged in a
smaller, less expensive case.

There are, of course; disadvantages to that process.
Those disadvantages are that external circuits must split
the address into two parts, and the process takes longer
than it would otherwise.

As before, the two-bit row address isagain sent to the
row-address decoder, which outputs a pulse on one of
the fourrow lines labeled 0-3, depending on thevalue of
the row address. Note, however, that the array is now
divided by a row of sense amplifiers running across the
middle of the diagram. The sense amplifiers are essen­
tially op-amps or comparators, and have inverting ( - )
and non-inverting ( + ) inputs.

Inaddition, thereare two morerows, labeled A and B,
eachof which contains arow of referencecells, which are
similar to regularcells,except thattheyareconnected to a
voltage divider instead of a capacitor. Therefore they
always output aconstant voltage, whose valueishalfway



DRAM refreshing
Most current DRAM's must be completely refreshed

once every two milliseconds, so the refresh circuits must
ensure that every row of memory is accessed at least
once every two milliseconds. To minimize the effort

between logical 0 and 1. In addition, the decoder is required, IC makersbuild larger DRAM lC'sdifferently than
mod ified so that whenever it selectsa data row (0-3), it smaller ones. In smaller DRAM's (up to 16K x 1), the array
also selects a reference ro""" making sure that the refer- isessentially square aswe have d iscussed, and has128or
ence row ison the opposite side of the sense amplifiers. fewer rows. In larger memories, the arraywiring is split to

For example, again let's assume we want to read the make several smaller arrays out of the one large array, with
contents of location four (0100binary). The row address each smaller array having only 128 rows and all arrays
(01)entering the decoder selectsrow 1;at the sametime, being refreshed at the same time. As a result, instead of a
the decoder enables the row of reference cells con- 256K x 1 DRAM having 512 rows and therefore needing
nected to output B. Note that the reference row is op- 51 2 reads for refreshing, it only needs 128 reads. That
posite the sense amplifiers: row Bisselected with rows 0 makes refreshing faster.
and 1, and row A is selected with rows 2 and 3. There are two basic ways of refreshing DRAM. The

Whenrow 1isselected, all MOSFET's connected to that cheapest, requiring little hardware, isto build anoscil lator
row are turned on, and all four capacitors on that row that interrupts the CPU once every two milliseconds,
send their voltage to the inverting input of a sense ampli- forces it to stop the current program, and then execute an
fier. At the same time, the non-inverting input of each interrupt routine that does areadfrom every row and then
sense amplifier gets a reference voltage from a reference returns to the main program. That software approach has
cell at the bottom. Since the reference is a voltage be- the disadvantage that it wastesasignificant po rtion of the
tween ( logical) 0 and 1,the sense amplifier can compare computer's time and slows down every program. For
the capacitor voltage against the reference and decide instance, if a read of one row (counting the time to fetch
whether the capacitor holds a 0 or a 1. and perform the read instruction) requires four microse-
- 7\ lIo n nat musCnappen very quickly, oecaUse- the- -conds (which is-not unusual for an average 8-bit micro-

capacitor discharges almost immediately By then , processor), then 51 2 microseconds (p lus interrupt
however, the bit stored in the capacitor has already ar- processing time) would be taken up out of every 2
rived at the output of the sense amplifier,which sends it milliseconds for refresh. In other words, more than a
down to the multiplexer and the output. quarter of the processor's time would be used up just on

But each of the sense amplifiers has a positive-feed- refresh.
back circuit connected from the output back to both Thesecond approach is to build a counter that counts
inputs. Theactual circuit is somewhat different and more from 0 to 127, and sends itsoutput asa refresh addressto
complicated than what is shown in Fig. 3, but the main the memory The counter must go through the compl ete
idea is this:As soon asthe bit arrives at the output of the cycle at leastonce every 2 milliseconds, and everyone of
sense amplifier, it is immediately sent back to the inputs those counts must be sent to the memory The trick is to
through the two resistors. The signal fed through the do it w ithout slow ing down the processor or affecting
inverting buffer to the inverting input of the sense ampli- any programs. To accomplish that goal, designers use
fier returns in the opposite polarity, but larger. Thatsignal several techniques,someof w hicharebetter than others.
then recharges (refreshes) the capacitor. If the original One approach is to halt the processorperiodically and
capacitor voltage was lower than the reference voltage, send 128counts to the DRAM's instead,either individually
the feedbackcircuit pushes it backdown toward ground; or asa burst. If the computer hasa direct memory-access
jf it was higher than the reference, the circuit pushes it up (DMA) circuit, then that is easily handled by the same
toward the positive supply voltage. circuitry IBM PC's and clones use that app roach; unfor-

Even though we only wanted to read the bit stored in tunately, it slow s down programs, so it's not the best
the capacitor in row 1, every capacitor in that row was possible approach.
read out and refreshed by its own sense amplifier. And The best-and the most expensive-approach is to
that'san important concept: readingoutanycellautomat- split the memory into two halves. Whenever the CPU
ically refreshes all the cells located in the same row accessesone half, refresh the other half. For example, inan

When such a DRAM IC is connected to a micro - eight-bit computer, all the even locationscould be in one
processor, each time the processor reads(or w rites-Fig. half of the memory, and all the odd locations in the other
3 does not show anyof the circuitry for writing into a cell, half. Since most of a computer's time is spent accessing
but that isaccomplished by feeding bits backthroughthe consecutive locations, it mostlyalternates from one half to
multiplexer), it refreshes anentire row of each DRAM Ie. If the other, so each half of memory is unused roughly 50%
the computer were to usedata from every ro""" then the of the time. That leaves p lenty of time to do memory
entire IC would be refreshed automatically and we refresh wi thout slowing down the processor.
wouldn't have to do anything. In general, though, we A middle-of-the-road approach is to detect clock cy-
cannot trustthat to happen, becausethe computer could c1es during w hich the CPU is doing internal operations
easilyget stuck in a loop in wh ich it accessedonly one or instead of using the memory, and then to squeeze refresh
two rows, with the result that the remainder of memory accesses into those unused slots. With a processor that
would be lost. Therefore we must add external refresh usesmany cycles for internal operations, it'seasyto sneak
circuitry to make sure that every row of each DRAM IC is in refreshes without slowing down the processor at all.
properly refreshed. However, that approach doesn't work aswell wi th pro­

cessorsthatuse the addressbus fairlyheavi ly Inthat case,
the refresh circuits may be able to sandwich many-or
even most-of their memory accesses between CPU e
memory accesses, but theremaystill be occasional con- ffi
flicts when both need to access memory at the same cD
time. In that case the refresh circuit must get priority to ~
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Next time
Now that we understand the concepts behind DRAM

refreshing and operation, we can continue w ith the com­
plete DRAM memory ci rcuit of the PT-68K. But we are
running out of room this month, so we'll have to wait for
that until next time. See you then.t o>.

IC38 through IC45 hold all the odd bytes for the first
51 2K.

IC53 through IC60 hold all the even bytes for the first
512K.

IC67 through 104 hold all the odd bytes for the second
51 2K. ,

Back to the PT-68K IC80 through IC87 hold all the even bytes for the sec-
A bloc k d iagram of the DRAMcircuit is shown in Fig. 4. ond 51 2K.

Overall refresh timing is hand led by the DRAM control When a particular byte (o r 16-bitword, in the case of a
circuits, w hich receive the DRAM enab le signal from the two-byte transfer) is accessed, only one or two banks
ad d ress decoder, the AS address strobe, and a clock,and need be enab led . Therefore, the address decoder d oes
which generate the RAS, CAS, and DTACKsignals, as w ell as the final selection, based on the state of AW, UDS, and LDSi
three enab le signalswhich control three sets of three-state and it sends CAS only to those banksbe ing accessed . The
buffers. DRAM I('s use CAS as their main ch ip enab le, and only

Those buffers are separately enabled by the DRAM those l('s gett ing CAS do an actual read or w rite.
contro l circuits, and only one set of buffers is enabled at Refresh is initiated by the 80-kHz clock input to the
anyone time . That way; three different inputs can be refresh counter and the DRAM control circuits. Once
combined onto one set of pins . When the CPU is access- every 12.5 microsecondsaclock pulse arrives, increments
ing memory; the buffers work in this order: the refresh counter to a new row address, and sends a

1. The 68000 outputs an address, the ad d ress d ecoder refresh request to the DRAMcontrol circuits . The co ntro l
recognizes-a DRAM-address'and-sends the 'DRAM enable-r-r-circctts then w ait until the 68000 stops using the memory
signal to the DRAM control circu its. and then begin the ref resh sequence by eneb ling.tbree-

2. The control circuits enable three-state buffer A (and state buffer C (meanwhile d isabling A and B), w hich
d isables Band C), which sends nine bits of the address to sends the refresh address to the DRAM chips, followed
the DRAMI('s. Then RAS ispu lsed, latching the appropriate by pul sing RAS. Since RAS aswell as the address lines go to
addresses in the row-address buffers within each DRAM. all 32 DRAMs, all the DRAMS are refreshed at the same

3. The control circuits then enable buffer B (and dis- time.
abies A and C), which in turn sends the other nine bits of The complete refresh cycle for all 128 rows takes 1.6
the address to the DRAM. Then CAS is pu lsed, latching the mi lliseconds (12.5 microseconds between clock pu lses
appropriate addresses in the column-address buffers times 128 row s), w hich is somewhat less than the 2
within the DRAM. millisecon ds specifi ed for most DRAM's. (There is nothing

The RAS signal goes to each DRAMICso that all Ks, even at all w rong w ith refreshing the DRAMs more often.)
those not being used, receive a row address. But CAS goes
back to the address decoder (shown in Fig. 3 in the
January issue),which steers CAS to the appropriate group
of I('s .

The PT-68K uses 32 256K x 1 DRAM I('s to provide a
tota l of one megabyte of RAM. Those I('s areorganized in
four banks of 256K bytes each as follows:

avoid losing data in memory; so there must be a fairly
comp lex ci rcuit that arbitrates between CPU and refresh
accesses to memory That is the approach used in the
PT-68K computer, and it slow s down CPU operation an
average of one or two percent.

EDITOR'S WORKBENCH

continued from page 86

provided for AutoCAD and Windows
thatallow you to run those programs ata
resolution of 800 x 600. The results are
simplystunning. Infact.the DesignerEGA
hasamaximumresolution of1024 x 768,
but the Multisync used for testing has a
maximum resolution of 800 x 600. An
additional driver (untested) is supplied
that allows Lotus 1-2-3 to run w ith 132
columns and 25, 28, or 44 lines.

Tseng Labs (whose EVN480 was re­
f) viewed in the May1987 issue) designed
~z the VLSI IC that is the core of the board
) (and those sold by several 'other man­
I: ufacturers as well). Several utility pro­
rl grams are provided w ith the Designer
:d VGA that strongly resemble similar pro­
:=, gramsprovided w ith the EVN 480:a font
~ ed itor (for creating your own on-screen
I: fonts),a program for setting text mode in
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D()S(40 x 25,80 x 25, 80 x 60,132 x
25, 132 x 28, and 132 x 44), and a
program thatallows you to do.hardware
zooming in AutoCAD and other pro­
grams. WordStar 4.0 (which can be con­
figured forverious screen sizes) worked
in the large text formats (80 x 60 and132
x 44) just fine.

Compatibi lity is an issue w ith VGA
adapters. Attaining BI()S-Ievel co m­
patibility is relatively simple, but hard­
ware-level compatibility is much more
difficult. In fact, IBM itself hasstated that
itsown old-busVGA adaptermay not be
100% compatib le w ith the built-in PS/2
VGAadapter. As stated, we detected no
problemswhatsoever w ith the Designer
VGA. However, the board did fail a test
program distributed by Paradise Systems
(whose ownVGAcard hasbeendelayed
several times attempting to attain full
hardware-levelcompatibility). Itmay turn
out that the tests in question w ill not be
relevantto real-world software, but at this
time no one knows for sure.to>.

NOTICES

Mario Maniscalco's reader challenge
to decode the encrypted message

that appeared in his article on data en­
cryption in the April 1988 issue has been
extended until April 30; 1989. After that
date, the authorwi ll send the encryption
key and the decrypted message to any
readerwho sendsanSASEto the follow­
ing address: P.O Box 11235, Cleveland,
()H 44111.The IBM formatdiskcontaining
source and executable code for the en­
cryption program, as well as files con­
taining the encrypted message, a proof
of thealgorithm's efficacythat had to be
omitted from the published article be­
cause of space, and other information is
still availableat thataddress for $10.to>.

PRODUCTS REVIEWED
• Designer VGA ($445), Orchid Tech·
nology. 45365 Northport Loop West ,
Frament, CA 94538. (415) 490-8586.



MARKET CENTER
FOR SALE

TV tunable notch filters, free brochure. O.K. VIDEO,
Box63/6025, Margate, FL330631-(305) 752-9202.

TWO-Way-Radio, Atari, Un iden service . General
Radiotelephone licensed technic ian . Cata­
log-RAYS, 2025 Moline, Ft. Worth, TX 76117 (817)
831-7717. .

DESCRAMBLERS. All brands . Specia l: Jerrold
combo 400 and SB3 $165. Complete cable de­
scrambler kit $39. Complete satellite descrambler
kit $45.00. Free catalog. MJM INDUSTRY, Box 531,
Bronx, NY 10461-0531 .

CLASSIFIED AD ORDER FORM

To run your own classified ad, put one word on each of the lines below and send this form along with your check to:

Radio-Electronics Classified Ads, 500-B Bi-County Boulevard, Farmingdale, NY 11735

PLEASE INDICATE in which category of c lassified advertising you wish your ad to appear. For
special headings, there is a surcharge of $23.00.( lPlans/K its () Business Opportunities () For Sale
( Ed ucation/ Instruction () Wanted () Satellite Television
( )--------- - - - - - ------- - - -

Special Category: $23.00

---P LEA S E PRINT-EACH WORD SEPARATELY,.IN BLOCK LETTERS. _
(No refunds or credits for typesetting errors can be made un less you clearly pr int or type your
copy.) Rates indicated are for standard style classified ads only. See below for additional
charges for special ads. Minimum: 15 words.

2 3 4 5

6 7 8 9 10

11 12 13 14 15 ($42.75)

16 ($45.60) 17 ($48.45) 18 ($51.30) 19 ($54.15) 20 ($57.00)

21 ($59.85) 22 ($62.70) 23 ($65.55) 24 ($68.40) 25 ($71 .25)

26 ($74.10) 27 ($76.95) 28 ($79.80) 29 ($82.65) 30 ($85.50)

31 ($88.35) 32 ($91 .10) 33 ($94.05) 34 ($96.90) 35 ($99.75)

Weaccept MasterCard and Visa for payment of orders. If you wish to use your credit card to payfor your ad fill
in the following additional information (Sorry, no telephone orders can be accepted.): .

TUBES. new, unused. Send self-addressed, stamp­
ed envelope for list. FALA ELECTRONICS, Box
1376-2. Milwaukee, WI 53201.

PHOTOFACT folders, under # 1400 $3.00. Others
$5.00. Postpaid. LOEB, 414 Chestnut Lane, East
Meadow, NY 11554. .

TRANSISTORS-tubes: MRF421 $24.00, MRF454
$14.50, MRF455-MRF477 $11.75,MRF492 $16.00,
SRF2072 $12.75, SRF3800 $17.50 , 2SC2290
$16.75, 2SC2879 $22.00, 6LF6, 6LQ6, 6JS6, 8950,
etc-call. New Ranger AR3500 all mode 10 Meter
transceiver $319 .00. Quantity discounts! Best
prices on hard-to-find parts, antennas, mics, power
supplies, & equipment! Catalog $1.00 (refundable),
or free with order. RFPC, Box 700, San Marcos, CA
92069. For information or same day shipment--{;all
619) 744-0728. Visa/MC/C.O.D. -

LASERS, components and accessories. Free cata­
log, M.J. NEAL COMPANY, 6672 Mallard Court,
Orient, OH 43146.

PICTURE flyer lists quality surplus electronics at.
low prices. Since 1970. Send for the last 3 issues.
STAR·TRONICS, Box 683. McMinnville, OR 97128.

MICROWAVEantennas, multichannel 1.9-2.7 Ghz
dual polarity. From only $49.95. "Best in the west!"
GALAXY ELECTRONICS. Call 1 (602) 939-1151 .

SATELLITE & cable equipment. We have those
nard-to-flnd units ready to go. Tired of junk that
doesn't work properly? Try our 10 day satisfaction
guarantee & 90 day warranty (wholesale only). HI
TECH ELECTRONICS, POBox42423, Detroit, Ml ­
48242, (313) 722-9381.
TUBES, name brands, new, 80% off list. KIRBY,
298 West Carmel Drive, Carmel, IN 46032.

IS ittrue...jeeps for $44 through the government?
Call for facts! 1-(312)742-1142, ex1. 4673.

- ----- ---_/_---------

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBERFOR OUR FILES. ADS SUBMITTED WITHOUTTHIS INFORMATIONWILL NOT BE ACCEPTED.
CLASSIFIED COMMERCIAL RATE: (for firms or individuals offering commercial products' or services)
$2.85 per word prepaid (no charge for zip code)...MINIMUM 15 WORDS. 5% discount for same ad in 6
issues; 10% discount for same ad in 12 issues within one year; if prepaid. NON-COMMERCIAL RATE: (for
individuals who want to buy or sell a personal item) $2.30 per word, prepaid....no minimum. ONLY FIRST
WORD AND NAME set in bold caps at no extra charge . Additional bold face (not available as all caps) 50¢
per word additional. Entire ad in boldface,$3.40 per word. TINT SCREEN BEHIND ENTIRE AD: $3.55 per
word. TINT SCREEN BEHIND ENTIRE AD PLUS ALL BOLD FACE AD: $4.15 per word. EXPANDED
TYPE AD: $4.30 per word prepaid. Entiread in boldface. $5.15 per word. TINT SCREEN BEHIND ENTIRE
EXPANDED TYPE AD: $5.40 per word. TINT SCREEN BEHIND ENTIRE EXPANDED TYPE AD PLUS
ALL BOLD FACE AD: $6 .25 per Word. DISPLAY ADS: 1" x 214"- $320.00; 2" x 2W'-$640.00; 3" x
2W'-$960.00. General Information: Frequency rates and prepayment discounts are available. ALL
COPY SUBJECT TO PUBLISHERS APPROVAL. ADVERTISEMENTS USING P.O. BOXADDRESS WILL
NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER WITH PERMANENT ADDRESS
AND PHONE NUMBER. Copy to be in our hands on the 12th of the third month preceding the date of the
issue. (i.e., Aug. issue copy must be received by May 12th). When normal closing date falls on Saturday,
Sunday or Holiday, issue closes on preceding working day. Send for the classified brochure. Circle Number
49 on the Free Information Card.

Card Number

Please Print Name Signature

Expiration Date

GREAT bUys! Surplus prices, ICs, Iinears, transfor­
mers, PS, stepping motors, vacuum pump, pho­
totransistor, meters, lsase, FERTIK'S, 5400 Ella,
Phila., PA19120.

SALE! SCR, transistor, diode tester. Dropproof jew­
eled meter. $69.00 + UPS shipping . GALAXY,
1834 S.E. 22nd. Portland. OR 97214.

LEADER LFC-945A signal level meter $395 .00
(312) 771-4661 .

SURPLUS Zenith Z100 computer motherboards.
No RAM/ROM, over 100 chips in sockets including
8088, 8085, 74LSxxx, crystals and more, $49.95.
Boardswithout chips $12.95shipping included. Visa
Master. LYNBAR INDUSTRIES, (616) 983-3389.
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CABLE descrambler liquidation. Major makes
and mode ls available . Industry pricing! (Examp le:
Hamlin Combo's, $44 each ....minimum 10 orders).
Dea l e r s only! Call WEST COAST ELE C­
TRONICS, (818) 989-0890 .

CRYSTAL radio sets, plans, parts , kits, catalog
$1.00 . MIDCO, 660 North Dixie Highway, Hol ­
lywood, FL 33020.

CLOSEOUTS: SB3 's $59 .95 telephones real thing
" Be ll " dial desk/wall $29 .95. Garfie ld wall T/P
$36 .95,25' handset cords $1.49. Repairs cord less
phones $31.50 + parts, scanners $36 ,00 + parts,
2-way FM radios $45.00 + parts . COD's, Visa/MC ,
warran ty, $l -brochure/order form . RADD, 104 S,
Broadway, Peru, IN 46970.

VCR/ TV adjustment tape VHS $18,50 VCR mainte­
nance /repair guide $7.50 western HEMISPHERE
ENTERPRISES, Box 673, Commack, NY 11725.

ATTENTION, are you looking for surplus test equip­
ment volt meters oscilloscope, etc. J.B. ELEC­
TRONICS, 9518 W. Grand, Frankl in Park, IL 60131,
(312) 451-1750,

LIMITED surplus ele ct ro nic components send
SASE for list. JENNINGS, Box 185, Washington
Depot, CT 06794.

TELEPHONE extension in-use indicator. Ends in­
terrupted calls and eavesdropping. Complete kits
$9.95. D.A . AIREY, 54 Nelson Street, Winchester,
MA 01890 .

PLANS AND KITS

ROOM or telephone monitor. Rang e unlim ited.
$88.00, catalog $3.00. LISTEN, 603 Elgin, Mus­
kogee, OK 74401.1 (800) 633-8277.

RESTRICTED technical Information: Electronic
surveillance, schemat ics, locksm ithing, covert sci­
ences , hacking, etc. Hug e se lection. Free bro­
chures. MENTOR-I, 135-53 No. Blvd ., Flushing,
NY 11354.

HACKER'S handbook, $12.95. Computer under­
ground , $ 14 , 9 5 , s end $1 postage ,
CABLETRONICS, Box 30502R , Bethesda, MD
20814.

fREE power supply, connectors ($8.95 val·
ue) with assortment #103 (February 1984
article) contains PCB, Toko colis, tran­
sistors,IC's,diodes. $25.00. Five/S112,50.
Assortment #104contains all other parts.
$10. Shipping $2.00. JIM RHODES, INC.,
PO Box 3421, Bristol, TN 37625.

FREE remote control converter with purchase of
SB3 , N12, VN12, SA3, etc. While quant ities last.
PONDEROSA, (719) 661-1659,

20 to 40% off retail computer parts! Free catalog.
Dealers wanted . NETCOM, Box 12056 -RE, Omaha,
NE 68152,

COMMODORE Amiga chips or repairs. C-64 repair
$39.95 includes part s/labor. We sell low cost Com­
modore/Amiga chips-£526/651Q-$8.95, 82S100/
PLA-$11 .95 and many others . Heavy duty C64
P.S, $27 ,95 + pp. "Commodore Diagnostician, " a
complete chart for diagnosing faulty IC's $6.95
+ UPS. Send for comp lete catalog, VISNMC. KA­
SARA INC., 31 Murray Hill Drive, Spr ing Valley, NY
10977 , 1-(800) 248 -2983 (Nat ionwide) or (914)
356-3131.

ViDEO sender no wires watch TV in any room even
on patio $69 ,95 plus $5.95 shipping, mo, ck, C,O.D.
to VIDEO SENDER, 481 West Willow #103R, Long
Beach , CA 90806. .

HAVE various selections of electronic parts, and/or
equipment ready made or needs assembly for sale,
Call (201) 752-0181 for info.

CONVERTER sales and repairs on all types SA ,
Jerrold, Panasonic, Pioneer. REDCOAT ELEC­
TRONICS, (718) 459-5088. •

Oak M35B combo $90 .00; VSM35B $100.00; Eagle
channel 3 double notch filters $24 ,00; Jerro ld
DRZ-3DIC rebu ilt combos, new cases, new re­
motes, $175.00 ; Sylvania 4040 combos, wireless
remotes, $135.00; Eagle EVPDC wireless remote
converte r, descrambler, parenta l, favorite channe l,
fine tune; $175.00; all prices COD delivered to you!
PONDEROSA, (719) 661-1659.

CBC INTERNATIONAL :
P.O. BOX 31500RE , PHOENIX, AZ 85046

We spec ialize In a Wide variety of tec hnic al
information, parts and services for CB radios, 10­
Meter and FM conversion kits, repair books, plans,
high-performance accessories, Over 12 years of
satisfied customers!Catalog $2,

CD R~DIO OWNERS!

AIDS? Yes we havel Cable aids to help you. Zenith ,
Jerrold, Sci entific Atlanta, Oa k, Hamli ns, much
more. No Michigan sales! HOTRONICS, (313)
675-5834.

RADAR detectors whist ler all remotes spectrum 1,2
modifi ed compl etely hidden your dash board, flash
brakelite. Send $1.00 info-prices: No N.J, orders!
CARMODS ELECTRONICS, 33 Aldom Circ le,
West Caldwell, NJ 07006 , '

PROGRAMMER for sing le com ponent micro com ­
puter, Learn to program, control circu its, generate
waveforms. SASE detai ls . DELL CO MMU NICA ­
TION S, 538 Grisco m Dr., Deptford, NJ 08096,

SOFTWARE: IBM /compatible, high quality and
priced under $15. For catalog send $2 to GROB­
MAN ENTERPRIZES, 2892 Saddle Ridge Drive,
Yorktown Heights, NY 10598,

ATTENTION laser holographic experimenters :
optical computer components, instructions. $22 .95
postpaid. STELLAR TECHNOLOGIES, 4710 Uni­
versity Way N.E., # 1003, Seattle, WA 98105.

ELECTRONIC liquidators, computer kits , thou ­
sands of parts, chips , trans istors , speakers, hard­
ware, hobby kits, surplus, send $3.50 for catalog.
BOX 27656, Lansing, M148901.

TESLA coils-Kir lian electrophotography-plas­
ma bulbs. i.Frea 1988 scie nce plan catalog! SCIEN­
TIFIC, Box 1054HR H, Duvall, WA 98019.

SOLAR battery chargers. Homes, RVs, boats.
From $30 .00, Brochure. SUN POWER, Texas, Dept.
01B, P.O.s. 2788A, Freeport, TX 77544.

C.A.T.V. Descrambling manual. 220 + f.UlI pages
with schematics, $24.95 . Others available. Catalog
$2 .00. DATA DISTRIBUTORS, P.O. Box 5612,
Springfield, VA 22150. C.O.D.'s welcome (703)
425·0652 .

TUBES. "Oldest," "latest." Parts and schematics.
SASE for lists. STEINMETZ ELECTRONICS, 7519
Maplewood Ave., R.E. Hammond, IN 46324.

TECHNICAL manuals for military surplus elec­
tronics : radios, transmitters, test sets, etc , Hun ­
dreds in stock. Send SASE with want list. BOOKS,
7218 Roanne Drive, Oxon Hill, MD 20745 ,

RUN three-phase motors on single phase, free bro­
chure, MOTORS, Box 63/6025, Margate, FL 33063
1-(305) 752-9202.

Order your 260 page catalogue packed with over 10,000
money saving electronic parts and equipment. Send $3,00
check or money order, or call 1·800-543-3568 today and
use your Mastercard or Visa,
Consolidated Electronics, Incorporated
705 Watervliet Ave., Dayton, Ohio 45420-2599

ADDRESS

NAME

CITY

PLANS-Build Yourseff-AJ1 Parts Av~~bIe InStock
• LC7-BURNING COniNG co, LASER $ 20.00
• RUB4-PORTABlE LASER RAY PlSTOL... .
• TCC1- 3SEPARATE TESLA COIL

PLANS TO 1.5MEV ......•...•... 20.00
• IOGl-ION RAY GUN..... 1000
• GRA1-GRAVITY GENERATOR ................••.................... 10.00
• EML1- ELECTRO MAGNET COILGUN/LAUNCHER.. 6.00

KITS
• MFI3K~M VOICE TRANSMlmR 3MI RANGE 4950
• VWPM7- TELEPHONETRANSMlmR 3MI RANGE.•.. . .... .. .. 39.50
• BTC3K-250,oo VOLT 10-14' SPARKTESLA COIL 199.50
• LHC2K- StMULATEO MULTICOLDR LASER ........ ............... 39.50
• BLS1K- loo,OOO WAn BLASTEROEFENSt DEVICE 69.50
'ITM1K-loo,OOO VOLT 20' AFFECTIVE

RANGE INTIMIDATOR........ 69.50
• PSP4K-T1ME VARIANT SHOCK WAVEPiSTOL........ 59.50
• PTG1K-SPECTACULAR PLASMA

TORNADO GENERATOR . 149,50
• MVPIKStE INDARK KIT 199.50

ASSEMBLED

• PTW1K-5PECIAL EffECTVISUAL PLASMA GENERATOR Ij~~~g~~~~~m~~~~~mlFOR GLOBESlNEON TUBING ETC .,. " ,. " .., $59. 50

_ ~~~~L~,~LT~W.0R~:S ,SMAlt,EST .. ,,, ,, ,, ,, .. 49.50 - -
• LGlJ4ll--1MW HeNeVISIBLE REOLASER GUN ,. . 249.50
• TAT30 AUTO TELEPHONE RECORDING DEVCE , , ,.. , "'" " 24 ,50
• GPVlD--SEE IN TOTAL DARKNESSIR ViEWER " ,..,. .349 50
• L1ST1D--SNooPERPHONEINFINITY TRANSMITIER 169.50
• IPG7D--INVIStBLE PAIN FIELD GENERATOR-

MULTIMODE : 74.50

• CATALOG CONTAINING DESCRIPTIONS OFABOVE PLUS
HUNDREDS MORE AVAILABLE FOR Sl.OD OR USE OUR
PHONE FOR "ORDERS ONLY' 603-673-4730,
PLEASE INCLUDE $3.00PH ON ALL KITSAND PRODUCTS
PLANSAREPOSTAGE PAID,SENDCHECK, MO, VISA, MC IN
USFUNDS.

INFORMATION UNLIMITED
P.O. BOX 716DEPT.RE,AMHERST, NH 03031

UER & lNOUSrRtA.l. EUCTRONJCS CArAt • 17THEDmON

EL E CT R O NI C S
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High fidel ity loudspeak er kits , and components
from the world's finest manufacturers. For begin­
ners, audiophiles and servic e. Free literature, A&S
SPEAKERS, 3170 23rd Street, San Francisco, CA
94110. (415) 641-4573. .

VOICE disgu isers! FM bugs ! Telephone transmit­
ters! Phone snoops ! More! Catalog $1.00 (Refunda ­
ble) : XANDI ELECTRONICS, Box 2564 7, 60B,
Tempe, AZ. 85282.

BUILD this five-digit panel meter and square-wave
generator includ ing an ohms, capacitance and fre­
quency meter. Detailed instructions $2.50. BAG­
NALL ELECTRONICS, 179 May, Fairfi eld, CT
06430.

THE DECODER. National monthly technical satel­
lite/cable descrambling newsletter. News-sche·
matics-modifications·reviews $18.00lyear. Sample
$3.00 . T ELECO D E , Box 6426, Yuma, AZ
85364-08740.

STRANGE stuff, Complete items, plans , kits. Laser
eavesdroppi ng, hidd en weapons, bugg ing and
countermeasure sources, adult toys. Information al
photo package $3.00 retundable. DIRIJO CORPO­
RATION, Box 212·R, Lowell, NC 28098. Information
(704) 868 ·3408. .

RCA 36 CHANN EL CONVERTER (Ch. 3 output onl )
PANASONIC WIRELESS CONV ERTER (our best bu )
400 OR 450 CONVERTER (manual fine tune)

1
UNIT
29.00
88.00
88.00

1DOR
MORE

18.00
69.00
69.00

'J ERROLD 400 COM BO 169.00 119.00
JERROLD 400HAN D REMOTE CONTROL

'JERROLD 450 COMBO
'JERROLD 450 HAND REMOTE CONTROL
JERROLD SB-AD D-ON

'JERROLD SB-A DD-ON WITH TRIMOD E
'M -35 B COMBO UNIT (Ch. 3 output only)
'M-35 B COMBO UNIT WITH VARISYNC
'M INICODE (N-12)
' MINICODE (N-12) WITH VARISYNC
'M INICODE VARISYNC WITH AUTO ON-OFF
ECONOCODE (minicode substi tute)

29.00
199.00
29.00
89.00
99.00
99.00

109.00
89.00
99.00

145.00
69.00

18.00
139.00

18.00
58.00
70.00
70.00
75.00
58.00
62.00

105.00
42.00

' SCIENT IFIC ATLANTA ADD-ON REPLACEMENT DESCRAMBLER
'EAG LE PD-3 DESCRAMB LER (Ch. 3 output onl )

'Z ENITH SSAVI CABL E READY

ECONOCO DE WITH VARISYNC

58.00

65.00
14.00

46.00
58.00

75.00

125.00

TOTAL
PRICE

24.00

79.00
99.00
99.00

119.00
119.00

175.00

Price
Each

Output
Channel

·CALL FOR AVAILABILITY

ItemQuan tity

' MLD-1200-2 (Ch. 2 output)
' MLD-1200-3 (Ch. 3 outpu t)

INTERFERENCE FILTERS (Ch. 3 only)

CHEMICAL magi c. Those hard-to-find formu las.
Catalog $1. CFC, Box 30007 Des Moines, fA 50310.

V1DEOCIPHER II technical manuals. 120+ palles.
Volume t-hardware , V? lume 2-soltware. EIther
$29.95 both $4 9,95, <. '8ta lO9-$3.00. MICRO·
TRONICS. Box 6426, Yuma, AZ. 85364-0840.

MAKE your light bulbs last 10 years, Free infor­
mation. INTERNATIONAL, 5425 -E West Almeria,
Phoenix, AZ. 85035.

PROJECTION TV...Convert your TV to project 7
foot picture . Results comparable to $2,500 proj·
ectors..tota l cost less than $30.00. Plans and 8" lens
$24 .95 . .. lIIustrated info rm at ion free".MAC­
ROCOMA-GJ, Wash ing ton Crossing , PA 18977.
Creditcard orders 24hrs (215) 736-3979.

(EP)ROM Emulator/prog rammers. Develop ROMs
for your own microprocessor-based designs . Free
information sheet. SOLICON, 8825 EI Matador Dr.,
Gilroy, CA 95020 .

Californ ia Penal Code #593-0 forb ids us
from shipping any cable descrambling unit
to anyone residing in the state of California.

Price s subject to cha nge without notice.

SUBTOTAL
Shipping Add
$3.00 per unit

COD & Credit
Cards - Add 5%

o Mastercardo Visa

TOTAL

____________ ---'City _

_______ Zip, Phone Number (

o Money Order 0 COD
______________ Exp. Date _

PLEASE PRINT

An interesting and worth­
whileproject. This EASY·TO·
BUILD circuit lets you use
any regular TV set as a sirn­
pie OSCILLOSCOPE. Build
for less than $10. NOMODI·
FICATIONS TOTV! Single'or
dual trace. Send for FREE
CATALOG of other plans and
kits .

DETAILED PLANS: $4.95

TV-SCOPE
PENN RESEARCH ,

Box 3543
Williamsport, PA 17701

CATALOG: Hobby/broadcastlng/HAM/C B : Ca­
ble TV, transmitters, amplifiers, bugging devices,
compute rs, more! PANAXIS, Box 130-F6 , Para­
dise, CA 95967

VIDEO cataloq, electronic kits, remote control items
much more. Write VIDEO VIBES, 670 Central Park
Ave., Yonkers, NY 10704. (914) 476-4864.

FREE cata log as-cents kits-s-audio, video comp ut·
er parts . ALLKIT, 434 W. 4th St., West Islip, NY
11795.

" CB Trick of the Trade book". Learn CB repair tricks
and transmitting theory. Send $19.95 to MEDI CINE
MAN, CB P.O. Box 37, Clarksville, AR 72830 .

SPECIALTY circui ts/computer programs designed
for your projects send $2 .50 for details to DESIG N
SPECIALTIES, RD # 1, Box 117-A, Weirt on, WV
26062.

FOR OUR RECORDS:
DECLARATION OF AUTHORIZED USE - I. the undersigned, do hereby dec lar e under penalty 01 perjury
that all products pu rchased, now and in the future, will on ly be used on cable TV systems wi th proper l!
authorization from loca l oIficials or cable compeny alfi cia ls in accor dance with all appl icable federal and I
stale laws. FEDERAL AND VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL AND CML
PENALTIES FORUNAUTHORIZEDUSE,

c,
Czm
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continued from page 48

RADIATION MONITOR

printed-circuit board in the high-volt­
age section . In addition to being a
safety precaution , the coating protects
against humidity that migh t cause
leakage in the high-impedance reg­
ulator circuit.

The two printed-circuit boards
mate together through a 16 pin con­
nector. Make sure the high voltage
capacitors, C2{}-c24, are bent over to
provide at least a 0.2-inch clearance
between them and the top board.

Using the Radalert
Now that you have the Radalert operating , it's

time to put it to work . But that's another story,
and it's found in the following article. R·E

Short leads
Clip the component leads very

close in the area of the top board that
is adjacent to the Geiger tube:- Use
care when handling the Geiger tube
because both the mica window and
the glass evacuation bulb adjacent to
the anode connector are delicate. In­
stall the Geiger tube after all other
components have been soldered to the
bottom board. Connect the Geiger
tube's anode-the terminal with the
solder lug-to the printed-circuit
board through a %-inch length of

insulated wire . The wire already welded to the
Geiger tube is the cathode . The tube is posi­
tioned in the cut-out space of the bottom board
and is held in place by double -faced adhesive
foam on the bottom of the case. Insulate the
Geiger tube from the top board with a small
piece of fish paper or other insulating material
rated for at least WOO-volts DC insulation. Make
sure the tube is insulated from all components
and the PC board. If necessary, trim your cab­
inet so the boards and switches fit properly.
Testing

Make sure all leads are trimmed close to the
printed-circuit board. Look for cold solder
joints and solder bridges between traces before
turning the power on. Measuring battery drain
will usually reassure you that everything is con­
nected properly; the current should be between
100 and 150 microamperes.

Check the regulated 5-volt supply at IC18 pin
2. Check the 525-volt regulated high-voltage
supply at the Geiger tube's anode if you have a
meter having an input resistance of at least 10
megohms . (A lower resistance will load down
the power supply, causing a false voltage drop.)

After testing is complete and voltages are
correct, apply the conformal coating previously
described .

'. I II , •

$ 150 .00
8 9. 0 0

SATELLITE TV

1.9-2.7 GHz Parabolic Dish 40> dBGain
LIFETIME WARRANTY

Complete System $99.95 (ShippingIncl.)
__Replacement Components__

& Expert Repairs Available
K& SElECTRONICS Call now IlII" Sam~
P.O. BOX34522 day shlpplngl
PHOENIX. AZ 85067 1602) 230-0640

$2 CREDIT ON PHONEOROERS

RARE IC CHIP

UHF SSAVI UNIT

ORIGINAL Z·TAC
AND

SSAVI POWER SUPPlY

$ 15.0 0

25 db cain with 01l.1y.5 Hr
Ion when mu , mounted.
USES PtWfTct.4 POWER
STRIPUNE CIRCUITRY

CAMERA SYNC CHIP
SUPPLIES ALL SYNC

AND COLOR INRJ
<M.Y

MM532t $10. 50

"BLASTER" $25.00

UHF PREAMP KIT

NO INSTATE SALES

C04S20
coeee

7400
74LS04
74LS74
14l S123
740 006

OTHER

VIDEOCYPHER II descrambllng manu al, sche­
matics, both video and audio encoding, DES, clon­
ing, muskateering, EPROM codes. (HBO, Cinemax.
adu lt chan nels . ) $13 .9 5 , $1 p o s t a g e .
CABLETRONICS, Box 30502R, Bethesda. MD
20814.

AWSOME light sequencer with unbelievable sound
sync. Plans, board, cpu $39.95; complete and test­
ed unit $199.95. DUCK INDUSTR IES, 27 linda,
Colonia, NJ 07067.

PRINTED circuit artwork kit-Convert your ideas to
electronic reality-complete step-by-step inst ruc­
tions and materials for making 1:1 exposure ready
artwork pos itives-sing le o r double sided PC
board-$24.95-VISNMC (include card no. and ex­
piration date) / Check or M.a. We pay tax, postage.
Another quality product by-CXT INC., 313 E. Wal­
nut, Whee ling, IL 60090.

SCRAMBLING news. New series SSAVI·SAVVY
and KEYS-R-US CHIPS. $24.95/yr. Samp les (re­
fundable) $3. Box 1732, Niagra, NY 14302.

KITS·parts·plans. We have hard to find parts! Vari­
ab le tuning capacitors, tuning coils, crystal head­
phones, germanium diodes, shortwave, crystal,
CB radio kits (no soldering). Very inexpensive. Send
large SASE for catalog. YEARLY COMMUNICA­
TIONS, 12922 Harbor #800, Garden Grove, CA
92640.

Assembledand tested
Kit includes all parts

CALL US!!!
WE BUY EXCESS

INVENTORY

WALL PWR SUPPl iES

TEN -TEC DW-12
Metal Enclosure
w . to ·
L - 10 .25' $22
H. 4.50 '
WITH HARDWARE

~~ ~~~ : ~~ ~~ 2 : 6~ \It/power supply $40.00
12 VAC 265 MA W/C 1.75

CM OS

$ 25 .0 0
$ 5.00

AMCOM
P. O. Box 68391 COD ACCEPTED

Virg inia Beac h, VA 23455 MIN IMUM ORDER $15.00
CALL ANYDAY BEFORE 3 PM

80 4- 456 -S S 0 5 (T ECHN I CAL) ORDER Will BE SHIPPED THAT DAY

800 ·8 52 · 6266(OROERS ONLY)

TV TUNER VARAcrORS

LI N E A R

JUST SIMPLY PUT . . ..
"When you're lookin g for a company that provides service and

up-to-date technical advan ces, ca ll us. That' s what we're here for ."
800-85·AMCOM

Standard SSAVI ADD-ON
CH13 IN CH13 OUT

VHF/MID/UHF MITSUMI
UHFONLY MITSUMI

VHF TUNER $1 49 .0 0
NO BLCO< CCNVERlER

5 UNITS $ 13 0. 00 10 UNITS $1 10 .0 0
50 UNITS $ 10 0. 0 0 tOO UNITS $ CALL

INTER FERENCE FILTERS $15.00
CHANNEL #2 . 3. 8. 9. 17 ONLY

ADVANCED TRIMODE ADD-ON
$99.00

Uol)l ' '" Menl O ,~ C04OC2 " CO"Ol1
LMn. '" IlICl n o ... C040 11 ." CO~oI(j

"m. ,. MCU SO '" C04a lt " CO~(7

l fSU " CAl '" s e Cf).101' " CD"Oi '
~. ". MC1. 1oI " C04 0 11 " 00-UOM' " ll.l14 H " C04OI1 " CD~'

UO'" " LIoI, ... 00 ' C~l1 " CD4.:l1 1

Llolsn ." TLon " CD401. " CO..,. ,

"'''' ... ftO U us 00"" " 00-

DEALERS WANTED!! GREAT QUANTITY PRICES

UPS DAILY

We also offer Security and Survival _ .•
books for full list send large (# 10) •
S.A.S.E. .

CABLE EQUIPMENT J!~~ T 0 COM
1---------------1~~"'~ .

~,.; 1<, .~
{~~'ll}. Super Z-TAC ADD-ON rn» THIS KIT WORKS ON ALL

~""'~. ~~~~~A~yE~ii~~EN6~~N: TOCOM SYSTEMS,
INVERTED VIDEO. NO SWITCHES. CHANN EL #3 IN/CHANNEL #3 OUT.

$ 21 9 .00 BUILD IT YOURSELF AND SAVE.

DESCRAMBLlNG, new secret manual. Build your
own descramblers for cable and subscription TV.
ins truc tions, schematics for SSAVI, gated sync,
sinewave. (HBO. Cinemax. Showtime, etc). $8.95.
$1 postage. CABLETRONICS, Box 30502R. Beth­
esda, MD 20814.

CATALOG free for asking plans and kits for comput­
ers, radio, audio and video . F.T.A., Box 574-A, White
Plains, NY 10603.

DETECTION-survei llance, debugging. kits. Latest
high-tech. Catalog $2.00. DETECTION SYSTEMS,
2515 E. Thomas , Suite 16-864, Phoenix, AZ 85016.

••••••••••
• Are you tired of paying outrageous •

, fees? Then let us provide you with a
• Converter or Descrambler that will •

•
entertain you . and your family for •
hours. .

•
For Your

FREE CATALOG •
• write: •

• INTERNATIONAL •

• VIDEO •
• IMPORTERS ' • .

•
8867 Hig hl an d Rd . •

Ba ton Rou g e . LA 708P 8 .

• or call on our . '
• 24-hour .H OTLINE . •
• (800) 642-6866 ' . •

••000'000••••
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I Big Profits!

BUSINESS OPPORTUNITIES

PRINTED CIRCUIT BOARD
LAYOUTS

PROJECTION TV...Make $$$'s assembling proj-
ectors easy...results comparable to $2,500 proj-
ectors Total cost less than $30.00. Plans, 8" lens
and dealers information $20.50... Illustrated infor­
mation free . MACROCOMA GJX, Washi ngton
Crossing, PA 18977. Creditcard orders 24hrs (215)
736-2880.

BUILD yourself complete electronic dashboards.
Instruction manual: $14.45; details free. MOD~RN
LABS, Dept. 12V, 2900 Ruisseau, St. Elizabeth,
oc, JOK 2JO, Canada.

DIGITAL CAR DASHBOARDS

GU.ARANTEED low pricing for single, double sided
artwork layouts. {704) 464-1164. PCBAl, AT-a,Box
662-H; Conover, NC 28613.

ELECTRONIC
ASS EMBLY BUSINESS ' .

BIG
PROFITS

YOUR own radio station! AM, FM, TV, cable. li­
censed/unlicensed. BROADCASTING, Box 130­
F6. Paradise, CA 95967.

Start home. spare time. Investment knowledge or
exper ience unnecessary. BIG DEMAND assem­
bling electronic devices. Sales handled by profes­
sionals. Unusual business opportunity.

FR EE: Complete illustraied literature
BARTA. RE-O Box 248

Walnut Creek. Calif. 94597

MECHANIC ALLY incl ined individuals de siring
ownership of small electronics manufacturing busi­
ness-without investment. Write: BUSINESSES,
92-R, Brighton 11th, Brooklyn, NY 11 235.

EARN thousands with your own part time elec­
tronics business . I do. Free proof, information.
INDUSTRY, Box 531, Bronx, NY 10461. .

EASY, lucrative. One man CRT rebuilding machin­
ery. Free info: (815) 459-0666 CRT, 1909 Louise,
Crystalake, IL 60014.

LEAR~ VCR CLEANIN( j · REPAIR. Prio r Ex perience
UNNECESSARY. Nee d o nly sma ll han d too ls & average
mecha nical ab ilities. B IG DEMAND performi ng VCR
cleaning and repairs. REAL EXAMPLES of VCR ma l­
fun ctions and thei r so lut ions . Photos and Illustrations.
ALSO : Info rmatio n on starting your ow n business.

Free info rm at ion : \~'rite :

Viejo VCR Repair
23 0 I 0 Lake Forest Dr. II 155

Lagu na Hills. CA 92(,5 3
(71 ·1)7(,8- 1925

DESCRAMBLERS for movies, networks, $149. vid­
eo only. $399 complete. Catalog $4 SKYWATCH,
238 Davenport Road, Toronto, Ontario, Canada,
M5R-1J6.

DISHES systems upgrades, Chaparra l, Drake,
Houston, etc . SAVE $$$$$ Toll f re e, (800)
334-6455 SKYVISION, 2066R Collegeway, Fergus
Falls, MN 56537

SATELLITE TV receiver kits! Instruction manual,
boards, semiconductor parts! 59° LNA'sl LNB's!Ku­
Band LNB 's! Cata log $1.00 (refundable): XANDI
ELECTRON ICS, Box 25647 , Dept. 21FF, Tempe,
AZ 85282.

CABLE TV Secrets-the outlaw publication the ca­
ble companies tried to ban. HBO, Movie Channel,
Showtime, descramblers, converters, etc. Sup­
plier's list included $8.95. CABLE FAC;TS, Box 711­
R, Pataskala, OH 43062.

SCRAMBLE FACTS
718-343-0130

PHONE TODAY for 3 minutes of
satel liteTV industry news,technical
tips, and new product information.

~

CD
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FEAT U RES:
1. FOU R GRO UPS OF IN DEPEND ENT OUTPUT SYSTEM1000w/C H. MAX .
4680W 11()().117V} 2. PROFESSION A L COLOR CONTROL SYST EM (KE Y·
BOARD TYPE ) 3. IND EPENDENT INPUT SIGN AL ADJUSTM ENT 4. FOUR
GROUPS OF IND EPENDE NT DI MME R CONTROL 5. SPEED CONTROL
CHASER 6. AUTOMAT IC CHAS ING CONTRO L SYST EM 7. FOU R K IN OS
OF SPECIA L CHAS ING PROGRAM 8 . COMB INATION OF PROGRAM AND
MUSIC CHAS ING ::FF ECT 9. FORWA RDI BACKWARD CHAS ING CONTRO L.
SM·328 c:olor tight ceetrouer is spec:ie liz«:l fo r bi llroom . night c lub ditc o I nd
advert isement light ing. It co nsorts wit h uvetll color control chlr.cteristics. wh ich
emp loy prof nsk!nel colo r contrOl system . nd k. ybolrd prog rll'n selection.
T her. fo... . it is capMJI. of prod ucing li9ht inll . ffecu by using chl sing program end
fluctu-ti ng music signll. There ere two kinds of lighting efflds. Th. f irst tYpe is
co ntro trllCl by 'mu sic:' signel. In orde r to IICIjust the bright nl u of fou r groups of
light ings, each mu sic: stgne l wi ll be sepe ret«:l into hivn. medi um low A• • nd low B
frequency r. rtglI. Furt hermore, n ch group of light i"iS is inc:orponrtfld with an
inde pef'ldent signel Id just ment. The second kind is composed of I hlc tr iu l ci rcuit ,
.nd t his is t he mein pert for c:relting I spec iel I9Iting effeet. It has four ch asing
progre mm e.
Dimension s: 14 5/1 6 " x 81 5/16" x 3 3116"
Ass. with tested $ 150 .00

D I GITAL MENO TA-28 f:j,

PRO FESSIONAL
CO LOR LIGHT
CO NTROLL ER

SM-328 *'

O F FI CE H OU RS: (PACI F I C TIME )
MON.- FRI :.9:30 to 5:0 0 SAT . 10:00 t o 5 :00

I
TEAMS: $10 min onMr • $20 mitl c:hwge cwd 0Idet • Cn.c k. money otOet « phoM
~ K'C~td • We ttl ip UPS Gl"OUrd • A.dd 1010 o f lOu l otdIIr {mi n $2.51 for
lhopp;ng. outside USA edd 2O'l' (m in $5 .00 1 • T"" Mit In-.nttl: Idd 5" of tot . I (OIltw.ide
USA onlyl • CA rHKl _ 1 Idd .* "X • A ll rM«:N'ld'. tubtKt to prio r PrioH
.. tubiKt to e....... withooJ1 nolle. • Any ;oodt pooved to be defen MUST BE
RETURNE D IN ORI GIN AL FORM WITH A copy OF YOUR INVOICE WITHI N 30
DAYS FOR R EPLA CEMENT.

* FREE BALL POINY-PEN
~NiY~ "

* FREE 9 1/4 FLVER
wrTH [I,UlYR.A::HASEr:F$IOO~rr.o:E

• l" AUlILE LMl. STOCKS LASn

INFORMATION:(213l888-8988

1-800-423-3483
TOl l FREE

Only for ord ers pa id by Master or Visa ca rd

IN CA L.: 1-800-521-MAR K

TA-l 000A M

? VIlLK/}I FfJR You~ ffiE~
100W DYNAMIC CLASS " A"
MAIN POWER AMPLIF IER

I

. .'

\ MARK'V, ELECTRONICS INC.,
801 9 , E. SLAUSON AVE.
MONTEBELLO CA90640 • I
TELEX : 3716914 MARK 5 ,

TR-1 0 0 A

300W HQ HI -F I POWER
AMPLIFIER (MONO)
T A -3600~.
a UA SI -eOMPLEMENTAA Y_SYMMETR Y WIT H
PAR A LL EL HI GH OU TPUT TR AN SISTOR S'
SPEC IF ICATIONS :
·PO WER OUTPUT :3 00w IRMS) INTO 8 OHMS ...-

2"'SOWIP.M.P.O .l INTO 8 O HMS
540W (MUSIC POWER) IN TO 8 OHMS

- LO AD IMPEDA NCE: '" OHM S OR 8 OHMS
- FREQU I::NCY R ESPON SE : 10 Hz·2QOOOO Hz

- TOTA L HARMONIC D ISTORT ION lESS T HA N 0 OS'II'~
- INP UT SENSITI V ITY AND IMPEDA NCE AT 1KHz

1V· 1.4 V 47K OHM S t. • "

· SUPPL Y VOlTAG E: DC ;t 75 V OR AC 53V x 2 8A a.1'f;W
~,'~~:·~~~~T~~b·.)·..::::::::::.·::....::..::::::::..::~gg ,\1
8 Digit 1GHz II I
~~~:~~ction* Y'~:l~:~~
F C-1000A .--.----......,

• Output yo1t9 is IIdjurt~. f rom G-15V DC, twO W lTent lim it range .,......i1.,~ for Mlec1:ion : 200mA or 2A
• An . lllbonltecl protection system i. lPICililly destgnecl. I 'BB' sound I nd I

,,**Ie liih t will eppH( when the ou tpu t is ove rloedecl.
• High ItlO ilitY I nd reli.tl le rew ttins f rom .mp40ying high qual itY voIteQI:

regulate lC.
• 3 3'....x 3 1/8" kins size meter m ilk" the rnding of volt. I nd C:UlTftlt

mo re c:1..,ly end aoc:urec:y.
A nMte l c:e... meter Ind al l ec:cft.SOfV WI enc:loted for bot h kit end luembly
form. Molt ' uigble fO( flCt Ot"f. professiON! or ewn• .-nateur.

Ala . with tMt ed .$81.50
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Cable TV Converters
Why Pay A High Monthly Fee?

Jerrold Products include "New Jerrold
Tri-Mode," SB-3. Hamlin , Oak VN-1 2,
M-35-B, Zenith, Magnavox, ScientificAt­
lanta, and more. (Quantity discounts) 60
day warranty. For fast service C.O.D. or­
ders accepted. Send SASE (60 cents
postage) or call for info (312) 658-5320.
MIDWEST ELECTRONICS, INC., 51 43-R
W. Diversey, Chicago , IL60639. MCNisa
orders accepted . No Illinois orders. ac­
cepted . Mon.-Fri. 8 A.M.-5 P.M. CST

ROBOTIC SENSORS
TACTILE and pressure sensors, $5/element, sin­
gles and arrays available. For info, send address to :
RECEPTOR TECHNOLOGY INC., 2 Kenwood
Street, Somerville, MA 02144.

CABLE TV -CONVERTERS
CABLE TV converters. Scientific Atlanta, Jerrold,
Oak, Zen ith, Hamlin. Many others. "New" Video
Hopper "The Copy Killer." Visa , M/C & Amex.
1·(800) 826-7623. B&B INC ., 4030 Beau·O-Rue
Dr., Eagan, MN 55122.

EDUCATION & INSTRUCTION
F.C.C . Commercial General Radiotelephone
license. Electronics home study. Fast, inexpen sive!
"Free" details. COMMAND, 0-176, Box 2223, San
Francisco, CA 94126.

ENGINEERING software for IBM-PC . Com­
pOes .. .ci rcui t desi!;!n . CompMath.. . math tu tor.
CompView...digital signal ana lysis . $49 each. (614)
491·0832. BSOFT SOFTWARE, 444 Colton Road,
Columbus, OH 43207.

100 FCC actual sample test quest ions. $10 and
SAS E. PEl, Box 12056-RE , Omah a, NE 68152.

IDEAL school projects. KIR-1 stereo image ex­
pand er $97. KVSP-1 stereo synthesizer $92. Plans
$1.00 . SOUND CONCEPTS, Box 135 , Brookline ,
MA 02146 (617) 566-0 110.

TUBES - 2000 TYPES
DISCOUNT PRICESI

Early, hard-to-find, andmoderntubes.
Also transformers, capacitors and
parts for tubeequipment.Send $2.00
for 20 page wholesale catalog.

ANTIQUE ELECTRONIC SUPPLY
688 W. First St..Tempe, AZ 85281.602 /89 4-9503

INVENTORS
INVENTORS! Can you patent and profit from your
idea? Call AMERICAN INVENTORS CORPORA·
TION for free information . Over a decad e of service.
1-(800) 338 ·5656. In Massachusetts or Canada call
(413) 568-3753.

DESCRAMBLER MODULE
COMPLETE cable-TV decoder in a min i-module.
Latest technology upgrade for Jerrold SB-3 or Ra­
dio-Elec tronics Feb. 1984 project. Versatile, soph is­
ticated , and low cost. For literature , SOUTHTECH
DISTRIBUTING. (813) 527·2190.

WANTED
INVENTORS! AIM wants---ideas, inventions, new
products, improvements on existing produc ts. We
present ideas to manufacturers . Confidentiality
guaranteed. Call toll free 1-(800) 225-5800.

INVENTIONS, ideas, new products wanted ! Indus ­
try presentat ion/national exposi ti on . Call free
1-(800) 288-IDEA. Can ada, 1-(800) 528- 6060.
X831.

Open your eyes and see just how
many sub jects are covered in the new
edit ion of the Consumer Information
Cata log. It's free just for the asking and
so are nearly half of the 200 federal
publ ications described inside . Book­
lets on subjects like financial and
career plann ing; eating right, exercis­
ing, and staying healthy; hous ing and
ch ild care ; federa l benefit programs.
Just about everything you would need
to know. Write today. We'll send you the
latest edit ion of the Consumer Informa­
tion Catalog, which is updated and
publ ished quarterly It'll be a great
help , you 'll see. Just write:

Consumer Information Center
Dept. TO, Pueblo, Colorado 81009
u.s.G eneral Services Administration

CIRCLE 74 ON FREE INFORMATION CARD

(~• SOLID STATE SALES TEL. (617) 547·7053 WE SH IP OVER 95 % .
, FAX 617-354 '1417 . OF OUR ORDERS WITHIN .

P.O. BOX 74 D . • SOMERVILLE, MASS. 021 43 TOLL FR~;R~~go~~t5230 J 24 HOURS OF RECEIPT

31$1.00
$ .30

51$1.00
s ,60
'.85
' 1.00
$1.10
$1.75

PAL',
16L2 . .. .. • 1.50
16R• . . . . . . 1.9 5
16R6 B ... ,2.75
16 L8A . , . 3.50
2ORBA. . 3.9 5

DIP
SWIT CHES

15U F 16V
22UF 10V
30 UF 6V
33 UF 15V
47UF 20V
68 UF 20V
l 00UF 16V
330UF 10V

CTS 206- 4 4 Pos 't,o n .75
CTS 206- 7 7 Position .9 5
CTS 206- 8 8 PositIon .95
CTS206-10 10Position 1.25

TANTALUM CAPACITORS
.22UF 35V 51$1.00
.4 7UF 35V 51$1.00
.68 UF 35V 51$1.00
1UF 20V 51$1.00
2.2 UF 20V 51$1.00
3 .3 UF 20V 041$1,00
04.7UF 20V 41$1.00
6 .8UF 20V 41$1.00
10U F 20V $ .40

FU LL WAVE
BR IDGE

PRY ZA SA ZSA
100 1.40
200 .80 1.30 220
0400 1,00 165 330 '
600 1.30 1.90 440

SILICON POWER RECti FIERS MULTI TU RN
PRV l A 3A l ZA 50A l ZSA 240A TR IM POTS
100 .05 .104 .35 .90 6.00 7.00 50 OHM
200 .06 ,17 .SO 1.30 800 10.00 100 OHM
0400 .09 .25 .65 1,50 10.00 12.00 1000 OHM
600 .11 .30 .80 2 00 1300 15 00 6K 10K
800 ,13 .35 1.00 2.50 16 .00 18 .00 10 K 50 K l OOK
1000 .20 .04 5 1.25 3 00 20 .00 2'6.00 1 .00

SV OPST
12V OPST

DISC CAPACITORS IN41048l1N91 04 1

.o ~ ~~ ;~~: : ~~:~ :: : ~:::: 15/1.00

REGULATORS
L.A5:JlIU . . , ••• ' 5.95 323 K lL.A140 51. . $2.9 5
78L050r 12 , .... $.30 LM337 . .. , $2 .715
78M05 . 12 or 15' , • $.40 LM338 K , $3.75
LMJ05 . . $ ,75 34OT·5.6.8.12,
309K . . , , • . . . $1.25 15.18 or 14 V.... • .45
LM317T . , . • ... $.90 n 3. . $ .4 5
320T ·5.12,15 01" 24 . . • . ' " $ .55

11 041 H R o.-.;:tor . . . • . • .31$ 1.00
FP 100 PhOtOTr _ .• $ .50
R'd LEO·s .2" . . . • . . • . •.•. 10111.00
V,ll ow, Grw n. or Ambtr Lg LEO's .r· 81$1.00
R'doGrw n BiPOI.r LEO . .. .• .•• .• •.•• • • $ .90
R, d-V,lIow Bipolar LEO. . •. • •. • . . • . , .•• $ .90
MLE092 IR LED. •• . . . • . • • $ .40
MR0 14B ""ato e.t1. XTOR • • $ .60
IL·5 Opto hollum . . . . . . . : . $ .60
4N45OptoCou~. . . . ••. .• $ .60

TTLSIZE PRIPI"..ED CIRCU IT BOAR D
RElAYS 4 " x 6" DOUBLE SID ED EPOXV

BOARDED 1/16" THIC K
.Sl5 $ 60.. . . . 51$2.60
.ss

RCA. HC 2500
6 0 WATTS $34.95

SOLID $TA TE HV8 RI 0
LINEAR AND AUDIO AMP

8 ANO WIDTH 30 KHz . t
80 WATTS. 7 AMP OUTPUT

SEND $.25 FOR OUR CATALOG FEATURING
TRANS ISTORS. RECTIFIERS.

145 HAMPSHIRE ST., CAMBRIDGE, MASS. 02139

74LS SERIES
nLSOO .17 74LS112 .19
704LSOl .17 74 LS113 .33 74 LS.2042 .65
704L$02 .17 74 LS1104 .33 74 LS2043 65
74LS03 .17 7. LS123 .045 74LS244 .65
704 LS04 . 17 74LSl25 .3 5 104LS245 .75
704LS05 .17 704lS126 .35 104LS2046 1.. 0
704 LS08 .17 74 LS132 .39 74LS2047 .75
704lS09 . 17 74LS 136 .35 74LS243 .65
74 LS10 .17 704LS137 .90 74 LS25 1 .04 5
74LS11 .20 704 LS138 .39 74 LS253 .04 5
74LS12 .27 74LS139 .39 7. LS257 .39
74LS13 .25 7. LS1045 .70 74LS258 .04 5
7.LS14 ..36 704LS1047 1.00 704 LS2S9 1.20
74LS15 .25 74 lS1048 .90 74LS260 .45
74LS20 . 17 704LS151 .39 74LS266 .55
74LS21 .22 74 LSl 53 .39 74LS27 3 .75
704LS22 .22 704lS 154 1.50 74LS279 .39
704LS2fi .23 7. LS1S5 .55 74LS280 1.70
704LS27 .23 74LSl56 .04 5 74LS283 .ss
74 L528 .26 74LS157 .35 74LS m .80
704LS30 .17 74LS158 .20 704l S293 .80
704 L$32 .17 704LSl60 .29 704LS198 .615
704 LS37 .26 74LS161 .04 9 74 LS299 1.25
704LS38 .26 74LS162 .49 74LS3 20 2.00
74LS40 .17 704LSl63 .4 9 74LS322 3.00
704LS42 .35 74 LS164 .4 5 704LS323 240

704LS48 65 704 LS165 65 74 LS365 .39 1-~~~".;~~:---;;;;;---174U51 .17 74 LSl 66 95 704LSJ6& .39
74LS54 .22 704LS1G9 .90 74LS387 .39
74LS73 .25 74LS170 .80 704 LS368 .39
74 L$74 .24 74 LS173 .49 704 LS373 .75
74LS75 .29 74LSn04 .39 704 LS3704 .75
74L$715 .29 74LS175 .39 704LS371 .75
704LS83 .45 74 LS181 1.• 0 74lS386 .• 5
704LS85 .04 5 74LS l90 .04 9 704LS390 1.10
704LS86 .22 704LS191 .04 9 74LS3 93 .75
74LS90 .J9 7.LSl92 65 74lS398 2.50
704LS92 .04 5 74LS193 .65 704L.S446 2.00
704LS93 .04 5 7<JLSl904 .65 74 LSS41 1.-40
704 LS95 .048 704 LS195 65 74LS825 1.75
704LS96 .049 74LSl96 .55 74LS645 .95
81LS98 1.40 704L519 7 .55 7<Jl.S668 1.045
74LS107.35 74 LS221 .55 704LSS70 .as
704LS109 .35 74LS2 40 65 25lS2521 1.95

74L$241 .65

74HCOO .35 74HCSERIES 704HC2046 .80
74HC02 .35 704 HC125 .ee 704 HC257 .55
7.HCC)4 .35 704 HCl 33 .60 74HC250 .SO
7.HCOS .35 74HC 137 .1'5 704 HC273 .80
704HC10 .35 74HC1J9 .45 74 HC3S04 .95
704HCl l .40 74HC153 ,55 704 HC3 73 .80
74HC20 .35 704HCl 54 1,75 74HC374 .80
704HC30 .35 74 HC157 .SO 704HC533 1.35
74HC32 .35 74 HC162 .55 704HC534 1.35
74HC50 .45 104HCl 63 .55 704HC5 73 2 ,50

.104HC58 .60 74HC 1G4 .80 704HC595 2.50
74HC704 ,40 74 HCt1 4 .60 704HC640 2.00
74HC75 .40 74 HCt1 5 .60 704 HC4002 .50
704 HC85 .70 74HC194 ,70 704HC4020 1.10
74HC86 .40 704Hcnl .90 704 HC04 Q6fi .60
704 HC107 .35 74HC240 ,75 704HC45 14 3.20
74HC109 .40 704 HC242 .75 704 HC4538 1.40
704HC112 .40 7.HC2"" .80 704 HC45043 1.40

TERMS: FOB CAMBRIOOE. MASS. SENO CHECK OR MONEV OR DER.

MINIMUMT ELEPHONE, C.O.D. PURCHASE OR OEA OR CHARGE $20 .00.
MINIMUM MAIL OROER $5.00.

V"". 14 .95 CPU ', &CHIPS RAM', SCR's TRIA C's
BOOOA 2.75 8086 a.00 5M4C1000A·12 3000 ,.sA OA ,.... l OA POV lA l (l,A; 25A
ZSOA CPU 1.75 8OB8 1.50 21LQ2·3 .10 TIP 318 NPN Si TO-220 . . $." 0 100 .35 .40 1.40 100 .as .60 ' 1.40
Z80B CPU 3.75 8155-2 2.75 2016 1.60 TIP 328 PNP 51ro.ze . · .• $ .40 200 .04 0 .50 1.80 '00 .60 .80 1.90
ZBQAe TC 1.95 .202 .00 2101A·4 1.60 TIP 304PNP S, . ... .. . , . • $ .95 400 .60 .70 2.040 '.00 .00 ,70 1.00 2,60
za OADART5.25 .203 16 .00 211 1A 1.75 TIP 111 ...• $ .50 600 .80 1.00 3 .60 12.00 soc1.00 1.20 3 ,60
ZSOAOMA 5.50 82 12 1.045 21 12<1 1.9 5 TIP 121 NPN S, U84 . .... . $ .60
ZSOA Pl 0 1.95 82104 3.75 2114·2 1.00 TIP 1041 NPN $I U97 . . •. $1.00
Z80AS10 ' .50 82 16 1.50 2118 ·04 1.75 TIP 104 5 ... •.• •.• . . . . $1 .35
Z808 $10 ,., 8224 2 .25 21047·3 ' .60 2N1307 PNP GE TO·S . .• .. $ .040 Tl062C .as l MJ9 3 .' 0 104 56 .80
.2043 2 .75 .". 1.60 3242 6.00 Df'S2000 - 0 UAl Tl 064 CN 1.00 lF 398A 3.00 1458 .60
AM02901 ' .00 823 7·5 6,5 0 TMSJo409 1.75 POWER OARl . . . . . . .. $3 .95 Tl O12 1.00 LF411 1.25 LM1808 1.75
esc 2.75 8238 3 .9 5 MK402 N .90 2N2222 NPN S, TO·92 . , 71$1.00 LJ.' 79BCT .60 AC606.lH 2.50 A02n) lO 04 .95
6533 3.60 82508 6. 75 TMS405QNL 1.75 2N290 7 PNP $I TO·92 • , · . 71$1.00 TL082 .90 ' 31 1.60 LM290 1 .es
6800 1.75 825 1·A ' .40 MK04096- 11 1.25 TIP 295 5 PNP 5i , • , • , . , $ .70 1L 084 U lO l M555 ." CAJ0 18 , .se
680' ' .60 825 3 1,75 04108-3 1.50 2N305 5 NPN 51TO·3 . .. .. $ .60 l M201 .75 LM556 .45 CA304 5 1.20
680 3L a.00 8 255·A-6 1.85 04 116-2 .10 MJE3055T . , . . , $ .GO LM301 .35 '58 1.10 CA3078AT 1.50
68O<l ' .50 825 7 2.040 0411 &-4 1.75 2N3172 NPN 5i TO·3 . . $1.25 l M307 .45 ADSSl 300 CAJOSO .es
58 ' 0 1.75 8259 2.040 4164· 15 '.00 2N3904 NPN 5, TO·U2 . . .. 71$1.00 l M308 .65 ... 1.75 CA3089 E 1.75
58 31 1.75 82 72.11 4.75 44 64· 15 1.50 2N3906 PNP Si TO·U2 , .• . 71$1.00 lM311 .45 56' .90 CA3094 1.30
584' ' .50 8275 ' 00 MK0480 2 6.00 2N490 1 PNP $I TO·3 • . , .. , $1.00 LM318 1.00 5G6 1.25 CA3130 .90
5860 1,75 8279-6 2.75 Z6104-04 ' .60 2H5296 NPH TO·220 . ... . $ .50 LM319 1.10 '61 .75 CA31040 .75
5875 ' .50 8384 ' .50 6116- 3 1.60 2N6100 PNP S, TO·220 .... $ .55 LM3204 .36 NE570 ' .60 SG35204 1.25
8031AH 3.75 .,86 4 .75 616 7p·3 ' . 60 MJE13009A 400V NPN • • . . $1.00 LM339 .60 NE592 .es SG3543 .10
803' 1.75 0365 12.9 5 6264 LP·15 ' .60 MRF·8Ollo4 CM RF NPN . • : . $ .75 LM34 8 .6' 709 CH .80 SG354. 1.00
l1048 6.00 •,48 1.50 8118-1 2 4.9 5 MPSM 1 JOOV NPN . . . , . 51$1.00 LF351 .45 711C H .60 l1'lL3701El .75.... ' .50 TMS?92 7N L 9 .95 412$-12 6.00 LF353 .15 133 .OS LM3900 .60
808'A 2.75 68OOOL. ..60 41256- 15 615 74170 1.50

l F355 .35 '" 1.60 . 136 .es
NS1&450 l a s ROM', TTllC SER IES

7417 3 .15
lF 356 .as 7041CV ." '05000 1.75

68CXDL·12 19.95 IHS26 5·1 '.50
DiSC 1400 .19 1480 .45 741704 .es LM358 .45 141 .60 N553. .75

6888 1 95 .00 TPBl8S42 3 110 Controllers 7401 .19 1483 .60 741 75 .8 '
LM310 1.50 DAC0800 2.95 N5506A 1.60

REGiSTERS 82S123 1.60 D765C '.60 1403 .19 704 85 .55 7417'6 .15
l M3ao .as ADC0809 '06000 1 00

MMl402
825126 1.96 17 71 4.75 1403 .ta 1406 .35 74 171 .65

LM"" 1.50 eN N U l5 803. 3 .95
1.75 B3S1" 1.95 1791 ' .60 1404 ... 14" 1.90 74 180 .75

LM3.. .ae MC13lO 1.00 .1OOCJ 5.95
MM10403 1.75 B3S130 '''' 1193 ' .60 7405 .3S 1490 .39 7418 1 2.00

t.M387 .OS MC1355 1.25 LM13080 .OS
MMl0404 1.75 B2S131 1110 1795 12.00 MC1391 1.00 7&471 2.!)5
MM5013 ' .50 TPB26S166 9.50 1406 .37 70491 .40 74 182 .16
MM5055 2 .50 82S1 8 1 ' 60

1797 12.00 7407 .37 7492 .60 74184 1.50
MM5056 '110 82S 191 .110 "NIlJJ1M14.95 1408 .34 7493 .35 74190 .SO 7~C:OO .35 704C915 1.10 4037 .35 .on .20

MM505B ' .50
745474 3.0 ' 2797 7.95 1409 .1. 14" .60 704 191 .80. 74<04 .35 400' .1' 4038 .65 ' 010 .55

MM5080 '50
370S 3.75 74 10 .1. 7495 .55 74192 .15 14COS .35 4003 .20 4039 6S 4071 .,.
27 16 ...5V 3.75 CRYSTALS 741 1 .35 14.. .60 74193 .15 74Cl 0 .35 4006 .65 4030 .35 'OSI .20

INTERFACE 2 732 ·3 3.75 ' .000 6.144 7412 .35 74107 .30 741904 .SO 74C1. .55 400 1 .20 40341!40 '083 .20

AV!5--1013A
2764-2 5 ' .00 3.000 '000 7413 .35 7411e 1.20 74195 .SO 14C20 .35 4008 .•s 403' 65 '093 .45

3 .75 27 128 ·30 ' .00 3.12 10.000 7414 .45 74121 .30 74C32 .as 4009 .35 4040 .65 .... 1.40
AV3·10150 4 .75 27256·25 • .00 3.5 79 17.3 2

74 196 .15
4041 .15 '601 .95

1486 .40 3341 A ,... 7416 .3S 704122 .45 74 19 7 .80 74C42 1.10 40 10 .35

14" .40 3038A~ a.co '.000 16000 70417 .35 74 123 .45 741 Pal.25 704C74 .55 4011 .19 404' .56 '603 .45

TRl602B 3.0'
8256·5" 1.25 6000 20.000 1420 .20 14125 .45 7422 1 1.25 14C16 .60 4013 .35 404 3 .OS '506 .75

BRl9041L ' '.60
'000 34.550 143S .37 74115 .45 7042731 .00 14C85 1.25 4013 .35 -.65. 04 510 .e,

AV5-3600 PRO 9 ,95 1.75 ea. 1436 .30 704 145 .60 7042781 95 14C86 .cs 4014 .es 4046 es 4 511 .66

70427 .37 7410481.20 74279 .10 74C93 1.00 4015 .' 8 4046 .e~ 4512 .10
CRT503 7 1895

NO. 30 1430 .20 74150 1.3 5 14398 .50 704Cl54 3.00 401. .38 4041 .65 45 104 .95
MM5307 7.95

WIRE WRA' 7432 .37 7.151 .55 74365 .65 704C15 7 .ss 4011 .45 404 • .38 04515 1.60
8830 ' .60 4050 .28 0451e .15
8833 ' .60

WIRE SINGLE 70437 .37 74 153 .55 74367 '.65 74C161 .ss 40 18 .65
405 1 .6S 4518 .M

Vn RE STRANO 7438 ." 741541.25 74 390 .90 704C1704 .• s eots .35 4520 .158834 ' .00 1440 .20 7415 5 sc 751104 .sc 74C175 .ss 4020 .55 405 ' .65
45" .15883 . ' .00 WRAP 100'. $1.40

1443 .45 74156 .15 75115 .sc 704C193 1.25 4031 .65 4053 .65 .." 1.40MPVl12K 25 .00 SOCKETS OB 144' .es 7041 57 .55 75325 1.50 74C24 5 1.75 4033 .65 - .65
'530 .OSM'45369 AA 1.95 14 PIN .45 CONNECTOR 744 71 .00

704 158 .60
7504911.00 74COOl .35 4033 .35 eee ." ..,. 1.60

OIPSOCKETS 16PlN .60 1460 .20
74160 .e,

960 1 1.00 704COO2 .40 4034 .ea -cee .35
18 PIN .65 oese -s .80 704 161 es 406. .1.

045418 1.20
8 PIN , 10 22PIN .15 7472 ." 704 162 .65 960' .90 704C903 .110 4035 .3S .663 1.75

14 PIN .11 204 PIN .20 20 PIN .90 D89S -s .9 5 70473 .35 704 163 65 . '36 1.10 704COO 7 .15 4036 1.25 4010 .38
'583 .90

16 PIN .12 28 PIN .20 204 PIN 1.10 HOOOS·$ .65
7474 .33 74184 .eS aT" 1,10 40 11 20 • •s 1

18 PIN ,15 040PIN ,25 28 PIN t. 25 DB25P ·$1.25 70475 .45 'J4155 .ee aTSl7 1.10
20 PIN .18 40 PIN 1.80 DB255 ·$1 .50 70475 .50 74 166 1.00 8 T" t .to PLEASECALL FORnUANTITY PRICING
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SOURCECODE: RE-45
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Anti-Static Wrist Strap
• Thiswriststrapwhenused
withouranti-static workmat,
will effectively dissipate static
charges. Thefive footcoiled,
cordwith 1Mohmresistor,
snapsto wriststrapto give
useraddedmobility. Cordis
terminated witha banana
plugandalligator clip
#21-660

Be sure to call for your
FREEcatalog!
Over 10,000 items!
Call Toll Free
1-800-543-4330
In Ohio 1-800-762-4315
In Alaska 1-800-858-1849

Diskette File Box
• Stores upto 70- 5%"
diskettes. Casemadeof
anti-static ASSplasticwith
smoked acryliccover. Six
adjustable indexdividers
#83-710

Anti-Static Work Mat
• A mustforthe modem
service shop.• Usein
conjunction withour #21-660
wriststrapto helpeliminate
staticrelated problems
• 18" x 26"
#21-655

FREECATALOG

Tuner Cleaner
• Cleans, lubricates, protects
• Cleans andrestores dirty
andcorroded contacts
• Doesn't harmplastics
.16 oz.
#20·210

I

Super Wash
• Powerful spraycleans
intricate electronic assembly
withoutharming plastics
• Driesinstantly. Spray
literally blastsdirt andgrease
away. 24oz.
#20-290

Deluxe Joystick for Atari
and Commodore
• ForusewithAtari,
Commodore andotherVCS
compatible systems. Two
firingbuttons. 5.5' cordwith
9 pin plug
#83-825
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MCM ELECTRONICS
B5B E. CONGRESS PARK DR.
CENTERVILLE, OH 45459-4072

A PREMIER Company

TEMW~.
Soldering Station
• Adjustable temperature
range of 150°-420°C (300°·
790°F) • Grounded tip for
soldering staticsensitive
devices. Overheat protection
withclosedlooptemperature
control. Replaceable iron
cladtip. Improved circuit
designfor greater
temperature stability
#21-147

7ENM~.Deluxe Anti­
Static Desoldering Tool
• Rugged metalconstruction
• Anti-static tip. Nozzle
cleaner. Lightweight and
compact. Disassembles
easilyfor cleaning. 7%" long
x %" diameter
#21-590

'TE'MW~.15MHz Dual
Trace Portable
Oscilloscope
• Dualtrace model capable
of displaying signals up to
15MHz, for upto two hourson
a singlechargeof its internal
battery. Powercanbe
supplied fromeithera 12VDC
or 120/240V50/60Hz AC
source
#72·335

'7E'Mt4P LCR Meter
• LCR Meterprovides a
convenient wayto accurately
measureinductance,
capacitance andresistance
(.010hmresolution) on its3%
digit LCDdisplay
#72-370



\Nhat's New at
AMERICAN DESIGN COMPONENTS?

3 %" MICROFLOPPY
DISK
DRIVE

1 Mb(unlormatted), 135 TPI,
3 ms. access time. Powe r require­
ments: + 12V, + 5V. (Removed
from operat ional compute rs -

Tested - Like New/)
Mlr - NEC, model FD1 035

Item #17171 $79.00 ea.
2 lor $150.00

5114", 1 .2Mb
HALF-HEIGHT
DISK •
DRIVE ..

.I

5114" FULL HEIGHT
DISK DRIVES -

5114". FULL-HEIGHT
10Mb
HARD
DISK
DRIVE

48 TPI (IBM$ Compatible)
DS/DD, 40 Track
Tandon #TM100 -2 or equiv.

Item #7928 $79.00 New
210r$150.00New

48 TPI (TRS80/Zen ith/Xerox
800 Campat.)DS/DD, 40Track
Shugart #450. Item #1892.
$79.00; 2 lor $150.00

48 TPI, SS/SD, 4 0 Track
Fits standard 51' " spacing. High Shugart #SA400. Item #1895.
speed, low power. Comesw/both SM~aJ40r1m2anCuolmacPtuaret'r·bsl'::. $39.50; 2 lor $7.5.00
lull-ht. and hall-ht. lace plates. 96 TPI DS/Q dO
Mlr - Lapine #LT200 /2000 Ge t them while the y last' ,ua ensrtv
Item #15853 $199.00 New Item #17199 $99.00 ea. CDC # 91;~~~ 1 893 $89.00

3%",20 Mb,
HALF-HEIGHT
HARD D ISK DRIVE

MINDSET® COLOR GRAPHICS RUNS ALL EXTERNAL
Personal Computer System . P~~~~~:::~ D ISK DRIVE CHASSIS

AS THE IBM " PC! ---..

THERE'S NO RISK!
With our full 90-day warranty.

any purchase can be returned for
any reason for full credit or refund .

ADAM C O M PUTE R

W e wa rehouse 60,000 items at
Amer ican Des ign Components ­

expe ns ive, often hard-to -find co m­
ponents for sale at a fraction of their
original cost!

You'll find every part you need ­
eithe r brand new or removed from
equipme nt IRFE)in exce llent condition.
But quantities are limited . Order from
this ad, or visit our retail sh owroom
and find exactly what you need from
th e thousa nds of items on display.

OPENMON. - SA T., 9-5

(Does no t inclu de monitor.)

11 5VAC
60Hz,
21W,
28A.,
3100 RPM , 5-blade model, alumin­
um housi ng. Can be mount ed fo r
blowing or exhaust.
Dimensions : 4' l/ll~ "sq . x t %" deep
NEW - Mlr: IMC

Item #1864 $9.95
USED - Mlr:Centaur/Howard

Item #5345 $5 .95

IBW A T Compatible
48/96 TPI, 1,2 Mb
Double side, high density; 160
track s. Mfr - Panasonic #J U-4 7 5

Item #10005 $109.95 New

115 CFM MUFFIN\!)
FANS

50/60Hz.;
12W. Low
noise-level
fans. Can be
mou nted fo r blowing or exhaust.
1" Thin -
Contai ns 9 plastic blades.
Dimensio ns : 3"' '' sq . x 1" deep
Mlr - Tobishi #U9201B

Item #10960 $7.95 RFE
1 'h" Standard -
Conta ins 7 meta l blades .
Mlr - RolTon #SU2A1

Item #5970 $7.95 New

*NV RAM 8K Cartridge ­
Provides BK non-volatile RAM .

Will
connect

to your EGA
or CGA card.

Has DB 9-pin
connector. Driver

software not inclu ded.
Originally used w/AT& T compu ters.

Item #16454 $39.9 5 New

WE CARRY A FULL LINE OF COMPUTER & GAME EaUIPMENT
and ACCESSORIES; ELECTRONIC COMPONENTS; MODULES!. '

COMMODORE
CARTRIDGES.

C-64
Consists of 8 assorted cartridges,
incl. : Number Nsbber, Stsr Post,
Radar Rat, JupiterLand, Viduzzles,
Golf. Dragon 's Den, & ABC Voice.
Item #13573

Set 018 - $39.95 New

Insides of
the Commodore VIC 20.
For parts only - .
Guaranteed not to wdrk!

Item #12144 $14.95

C16 & +4
Consi sts of 8 assorted cartridges,
inclu ding: Calc Plus, Script + , Jack
Attack, Pirs te AdventuT8s, Atomic
Miss , Strange Odyssey, Financia l
Advisor, & Logo.
Item #13572

Set 018 - $29.95 New
COMMODORE
VIC 20
CPU BOARD

Price

" A ctivate
'on ' or 'off'
with the
sound of your voice,
s whistle or clap . .. "
Ideal for robotics, light s, etc. Turns
on w ith t he f irst sound & off w ith
th e second. Solid-state units w ith
adjust. sensit iv ity control & pic k-up
microphone att ached to PC board .
Dim.: 2%" x 3~ ," x'''''' ,
VOXinput: 6-9VDC; can be used
w ith any standard battery .

Item #1644g switchesI$9.95

Fig
2 $19 .95 ea.

2/$37,50
2 $34.50 ea.

2!$59.50
$12.95 ea.
2/$19,95

VOICE-ACTIVATED
SWITCH I

Glass coat ed, epoxy laminated,
1 oz. Double sided, .022" thick.
Dimensions: 24"Lx 18.5"H
Item # 1 360~ sheetsl $9 .95

COPPER-CLAD
PRINTED
C IRCUIT BOARD
(Double-sided)

16410 1.8 12.0

Consists 01: 2 solidgellcellbat­
teries,6V@9 .5Ahea. Connected
[n series by a fusab le harness.
Mating batterycharger: 12VDC
@ 800Ma. Perfect lor battery­
operated toys, roboti cs, sola r
storage, burglar & fire alarms , etc .
OA Dim. : 4 y.."W x SY,"H x 5%"0

Item #14619 $29.95 New

Contains 10 AA cells. Recharge
rate: 45 rna. 16-1B hours.
Dim. : 2' j, . HH x t % .... W x 215

/ ta ....L
Mlr - GE 123233 or equiv.

Item #5443 $5 .95 New
12V BATTERY PACK
& MATING CHARGER
12V

, ,
------ -- -~~-~ ~-~~

MC68705
HMOS, 8-bit, medium perfo rmance micro­
computer. On-chip resources: 3 7 76 bytes
Eprom, 112 bytes RAM. 8 inputs & 24 pro­
grammable bidirect ional out-puts. Self-pro -

grammingboot st~~~.;., #13608 $9.95

MICROCOMPUTERS
with EPROM
MC6870 1
An 8-b it single chip unit that significa ntly en-'--==:7:::-:;.:===:a=~:-::::;:;:;9t-;;:-;:;-;:;;:;;::::::-~-:-~---..,':;':;::;:;~:=':-~~;;-;,-i-:i;:~="~::-::::::~;'::":-:i:=:::-:-=~=~hancesthe capabilities 01the M6800 lamily.r
TIL compatible, requires one + 5V power
supply for nonprogramming operation. Incl.
2048 bytesEprom, 128 bytes RAM, serial
comm. interface (SCSI), parallel I/O& 3-lunc-
tlon programmab le t imer. Item #9 49 6. @

(house numbered) $9.95 9.5Ah

t3z
oa:
f­o
W
....J
W

o
15-ca:
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liThe First Source"- for electromechanical & electronic
equipment and components - AMERICAN DESIGN COMPONENTS!

$ .99 HM6116l P·3 2048 x 8 1150nsl $1.8 9

~::: ~~467'p'6lP--4 20 48 x 8 (200ns! ~::~

3 .95 6 167 P-6 4 .50

DYNAMIC RAMS

10 24 x 4 14 5nsl

10 24 x 4 14 50nsl211 4 ·45
21 48·55
2 149
2 1675-45

41 16 ·200 16.384 x 1 1200ns l $ .69 TMS441 6 16. 384 x 4 1150nsl $3 .75
41 16 -2 50 16 .384 x 1 12 50 nsl .4 9 44 64 -150 65 .536 x 4 1150n sl 4.95
4 164·150 6 5.536 x 1 " 50 ns) 1.25 81 18 16.384 x 1 1120nsl .49
TMS4164 65 .536 x 1 1150n51 1.95 41256·150262,144 x 1 (1 50ns l e.OO

EPROMS
2708 1024 x8 (450nsl $4 .95 2764-250 8 19 2 x 8 1250nsl $3 .55
27 16 204 8 x 8 14 50 nsl 3 .49 MCM68766 8 192 x8 1350ns l 15 .95
TMS2532 4096 x 8 14 50 nsl 5.95 27128A ·25 16 .38 4 x 8 1250nsl 5.00
27 32 409 6 x 8 1450n sl 3 .95 27 128-250 16 .384 x 8 1250nst 4 .25
2732A·25 4096 x 8 1250ns l 3.95 27C256 32 ,7 68 x 8 1250nsl 7.9 5
27C64 8 192 x 8 1250nsl 4 .95 27256 32 .768 x 8 (250nsl 5 .95
2764 8192 x 8 1450ns l 2.95 2751 2 6 5,53 6 x 8 1250nsl 11 .5 5
2 76 4A -25 8 192 x81250n sl 3 .55

LINEAR
lH OOO2CN $5. 35 Tl497ACN $ 1.97 781 BK $1.2 1
lM 10ClH 2.65 NE55 5V .26 7824K 1.21
lH0070 ·0 H 3.55 XA-l 555 .6 2 7805T .44
Tl07 1CP .53 LM556N .5 3 7812T .44
TlOnep .7 1 NE558 N 1.07 78 15T ,44
lM301 N .3 2 NE564N 1.75 78 18T .44
l M30 7N .4 1 LM5 6 5N .90 7824T .44
l.M310N___ 1. 16 LMS66C N 1.25 _ 78540 _ 1.76
l M3 11N .4 1 lM567V .60 79 0 SK 1.2 1
l M3 17K 2.65 NE570N 2 .24 7906K 1.21
l M3 17lZ .6 2 NE57 1N 1.75 79 12K 1.2 1
lM317MP .8 0 NE59 2N .8 0 79 15K 1.2 1
lM31 7T .90 LM74 8CN .5 3 79 18K 1.21
lM31 8N 1.07 D$8T28N 1.57 7924K 1.21
l M31 9N 1.07 l M 14 56 V 1.75 790 5T .S3
LM324N .35 LM1458N ,44 79 12T .5 3
LM334Z 1.07 LM14 88N .6 2 791 51 .5 3
LM33 6Z .98 LM1496N .90 7918T .5 3
LM337 MP 1.0 3 LM1899N 1.43 79 241 .5 3
LM337T 1.34 ULN200 3A .90 7911 2AC .5 3
LM338 K 3 .55 DS26 LS31CN 1.34 79 l 15AC .5 3
LM339N .44 DS26LS32CN 1.34 LF132 01 N 2.33
LF347N .90 LM 290 1N .53 LM13600N 1.0 7
LM34 8N .6 2 LM2 90 3N .53 LM 1889 1.85
LM350K 3 .55 LM2907N 1.75 7 5107N .90
LF3 53N .5 3 LM 29 17N 1.39 75 108N .90
l F3 56N .80 LM291 7·14N 1.34 75 110 A 1.34
LM358N .44 LM2 931CT 1.07 75115 1.07
lM380N .8 0 MC3346P .90 75 12 3N 1.34
LM380N·8 .98 MC3486 1.34 75124N 1.34
l M381 N 1.16 MC3487 1.34 75 138N 2.65
LM3 83 T 1.34 SG3524 1.75 751 54N 1.2 5
LM385Z 1.70 LM 3900N .S3 754 50N .S3
LM386N4 .8 0 LM39 14 N 1.75 754 51CN .44
LM389~ .90 RC4 136N .8 0 754 52CN .44
LM39 3N .4 1 RC415 1NB .90 75453CN .44
LF39 8N 2.15 RC4193NB (DEI 2.66 7546 3N .5 3
LF41 1CN .7 1 780 5K 1.2 1 75 4 72 .8 0
Tl494CN 1.76 78 12K 1.2 1 7 549 2N .71
Tl496CP 1.34 781 5K 1.21 764 77 3.55

DC Output : + 5V @ 8A
+ 12V @500ma
- 12V @200ma
+24V@2.0A

Input: 115/230VAC, 50 /60Hz.
Dimensions: 8%" x 4 14" x 2" H
Mfr - Power Systems #PS154 7

Item #1658 5 $19 .95

SWITCHING

POWER SUPPLY

+ 5V @ 8 amps.
+ 12V @ 1 amp .

- 5V @250ma.
Input : 110VAC/60 Hz., ± 20%
Dim.: 12- L x 3* - H x 5* - 0
Encl . in alum . housi ng . Fan cooled.
Mf r - Shindenger Elect ric

#130 569SXD
Item #14 047 $19.95 New

COMPUTER GRADE

POWER SUPPLY

Other uses -runs CB & car rsdios.
ComBS f8Bdy to plug in!
DC Output: - 5V @. 5 amp.

+5V@3amp.
+12V @6 amp.

Input : 115V/60 Hz. Dimensions :
9 Y. "W x 3 %"H. (Rubber ft. incl .)

Item #9501 $24.95 New

OS12 16 is a 28 -pin, 6--wide dip
socket w/built-inCMOSwatch func­
tion. Non-volatile RAM cont roller
and lithium energy source. Accepts
either 24-pin 2K x 8 or 28-pin 8Kx
8 CMOS static RAM. Communica­
t ion w /Smart Watch funct ion is es­
tablished by patt ern recognition on a
serial bit stream of 64 bits on D.O.
Mfr - Dallas Semiconductor

Item #159 39 New - $29.95

PUMPS- COMPRESSORS- BlOWERS- MOTORS - POTENTIOMETERS- COUNTERS

TIMERS-RELAYS-VOLTAGE REGULATORS-POWER SUPPLIES

32 column - compatible w /any
of t he Timex-Sinclair computers.
as well as our PC8300 Computer.
Uses sta ndard 4 Yz '" therm al paper .

Item #158 51 $39.95 New

5 -WATT AUDIO
POWER AMPLIFIER
in a CHIP - SGS 830S

* * * * * COMMODORE/AMIGA INTEGRATED CIRCUITS . . .
TIMEX-SINCLAIR. . . POWER SUPPLY STATIC RAMS

2040
PRINTER

PC8300 HOME COMPUTER SMART WATCH
(Advanced version of the Timex 10001 OS 1216

42- key
meehan.
keyboard
2KRAM.

Rev. video,
Z80A,6.5MHz
processor , ROM

8K 8ASIC. Graphics ca p./sound-
music,TVor monitor. Joystick input .

115VAC. AC adapt, TV cable & cass . cables.
Runs tapes for Sinclair/Timex 1000-ZX85.

Mfr-po~~~~O#~~~~~rigN~:': $29.95

* 16K RAMPACK upgrade
Item #10337 New - $9.95

*32K RAM PACK upgrade
Item #12 148 New - $19.95

15"
Data DiSplayl
Monitor Kit Freq. response :
Alphanumeric & graphics display. Green 40 to 10 Khz.,
phosp hor . Input power reg. 24 VDC. Band- .3% distortion . Input sensitivity:
width: 22 -72 Khz. Consists of 2 subassem- 50 mv . Pow er requirements: 4 to
blies (monitor & boa rd), Hook-up diagram 20 VDC. Ideal for building custom
incl. Mfr - Wells Gardner #15V70 25. amplifiers, etc . Item #15390.

Item #16 17 1 $24.95 New $5.95 ea. ; 2 for $10.00

12"
High­
Resolution
12VDC, green phosphor. Subas semblies ,
CRT, board & t ransfor mer included. Comes
w ith hook-up diagram.

. Item #6811 $19.95 New

Price
$ .1 1

.1 2

.13

.15

.18

.20

.2 2

.30
1.75

Item #

13 518
73 50
7354

13649
73 53
1230

1286 5
7351

16169

No. of Pins
8

14
16
18
20
24
28
40
64

IC SOCKETS .
(Low Profile)

Item #
7915

139 11
12 361

7045
13041
13043

6786
12362
13 226

1953
79 20
7362
7359

13 4 25
13227
12360

7389
7037

$1.75 ea .

CRYSTALS

(Microprocessor) HC-18U
Mhz.

1.8432
3 .2768
3 .579 545
4 .0
4 .032
5.0
5.0688
6 .0
6.144

10 .736835
12 .0
13 .7931
14 .3 18 18
16 .0
18.432
20 .0
48 .0

122 .666

7300VAC
@5Ma.
May be used
for powering Multi-posit ion, 30 ",
neon lights , replac- comp letely adjustable
ing oil burner tgnition transforme r, swing arm with 3-w ay
buildingJacob's ladder (spark qapl . metal C-c1amp. Has 4- diopter
Hiqb-volt . output: 1,4 quick connect magnifying lens, w /ruler . Perce-
terminal & case ground input fully lain lamp socket , & on/off swit ch;
enclosed meta l case. Wt .: 12 Ibs. uses up to a BOW bulb. Colo r:
Base mount: 4 Y, "H x 5'A, W x 6',,- Beige. ULlisted .

Item #151 $9.95 RFE Item #13 13 6 $24.95 New

NEON TRANSFORMER MAGN~IFYING•
(Hi-Voltage) LAMP , \

i

~
~"

7.'~

~

ELECTRONIC

CASH REGISTER DRAWER
(Can be Computer Operated)

Fits right und erneath your PC. Comes w /re­
movable cash draw er; and secur ity switch
w /keys. which allow s you to ope n or lock
the drawer manuall y . Cabinet is brown;
mounted on rubber feet . Overall dimen­
sions: 18* -W x 4 -H x 15-deep.

Item #12 26 5 $59.50 New

For aI/phone orders, cal/TOLL-FREE 800-524-0809. In New Jersey, 20 1-93 9- 2 7 10.
A ll inquiries and free catalog requests call 201-939 ·27 /0.

State Zip

c,
Cz
m

MINIMUM
ORDER

$ 15.

RE-688

Numbe r

City

Exp. Oate

Address

Name

Telephone : Area Code

Signature

AMERICAN DESIGN COMPONENTS, 62 J O SEP H STREET, MOO NACHIE, N .J . 0 7074
YES! Please s e n d m e the fo llowin g it e m s : 0 My c heck or mo ney order is enclosed.

Item How 0 Charge my credit card .
No Many? Description Price Total 0 Visa 0 Master Card 0 Ame x

Card No.

Total
Shipping & handling, we ship UPS unless I---

otherwise spec ified. Add $3 plus 10 % total.
"'lilt ....J94!'"4!'" Canadian: $3 plus P.O. cost. Charge only.

I--""ith S"ppI. Sales Tax (N.J . residents only,
el'e/}' lItnellt please add 6 % of totall I---

Order. ORDER TOTAL
'--

Provides voltage
regulation & ult ra­
isolation fo r micro ­
processor-based equipment . Contains less
than 3% harmonic distortion; better than
60 dB traverse noise reject ion. W /dual outlet
for CPU & monitor. and 6·ft . line cord.

Input: 9 5 - 130V, 60Hz.
Output: 120 V @ 1.17A

Dimen.: 11'/a"L x 4 :1/a" H x 5~'. "W

Mounted on metal base w/rubber feet.
Mfr - Sola #63-13-114

Item"'#9 999 $89.00 New

MINI MICRO-COMPUTER
REGULATOR

140 VA

CIRCLE 106 ON FREE INFORMATION CARD 107



MI~HUPHU~t=~:;jUR :;jALt=t .
Part No. " ..,.... • Pri ce

'8052AHBASIC 'CPU w/BASIC Interpreter $.·29 .95 "';
MC68008L8-' 32-Bit MPU (8-Bit Data BUs)~. s 16.95 <

MC68701 . , 8-Bit EPROM Microcomputer $ 14.95 -
. MC687051?3S .8-Bil EPROM Micrpcomputer '; $ 14.95 .
MC6870~4~~ 8-Bit:EP~OM Mic;:ro~ompllter $ 10:95 . •
80286-10 .. ' 16-Blt 1-11 Performance MPU $ 99.95
80287-8 " Math Co-processor (8MHz) $259.95' "
80287-.10' . . Math Co-processor (1.0MHz). : . . .' $309.95 ~

80387-16 . Matl! Co-processor (1(iMHzlA'i.'I.'i'v $494.95
80387-20 Math Co-processor-(20~Hz )A'i.'I.'i'y $895.9.5

I

I
LM 1458N 39
LMl 488N. .49
D51 4C68N (Ctv'OS) 1.19
LMl 489N. •. . •. •. .. .49
D514C8 9N (CMOS) 1.19
LM1496N.. •. •. . .. ..89
MCl 648P 3.49
LM 1871N... • . •.. . . 1.9 5
LM1872N 1.9 5
LMl 896N-l -t,49 .79
ULN2003A . . . . . . . . .79
XR2206. 3.95
XR22 " 2.95
XR2243 1.95
26 LS29. .. • .. • .. . 3.95
26LS31 1.19
26L532 1.19
26L533 1.49
LM2901N ,as .25
LM2907N 129
LM2917N (8 pin) 1.95
MC3419CL 6.95
MC3446N 1.69
MC345OP... •. •. • . . 1.95
MC3470P 1.95
MC3471P 1.95
MC3479P 4.79
MC3486P... •. •... • 1.69
MC3487P 1.69
LM3900N 49
LM3905N 1.19
LM3909N .99
LM3914N 1.95
LM3916N 1.95
NE5532. 69
NE5534 69
7805K (LM34OK.-5) .. 129
7812K(~12) .1 29

7815K(LM34OK-15) . 129
7805T (LM34DT-5 ) . . .49
7812T (LM34DT-12) • .49
7815T (LM34DT-15) . .49
7905K (LM32QK.5) . . 1.35
7905T (LM320T-5) .. .59
754 72 59
75477 .89
MC145106P &25 2.49
MC145406P 2.95

LINEAR

Prec. Sa m p le & Hol d Amp .... 7 .9 5

Du a l RS2 32 Rec ./Tran. .. • •. 5 .19

Dual Co mparato r. . . . . . • . . . .7 9

16K CMOS SRAM (lOOn.) .. . 3 .95

128K EPR OM (4 50n. ) 21V .. 4.95

Mem ory M apper. Tr l- St at e . .. 11 .9 5

IC S O C K E TS

SPECIALS!

Low Pl'Ofllo W.. Wrap (Gold) l.<lwl _3
8LP. .. .. .. .. .11 8WW. .. .. .. . .. .. .59

14 LP. ... . . . . .12 14'INW .. . . .. .6 5
16LP. . . . . .. .13 16WW. .. .. .. .. .. . . .69
24LP. .. .. .. . . .. . .25 24WW. . ... . . . . . 1.19
28 LP. .. .... .27 28WW. . .... .. 1.39
4DLP. .. . .. .... .. .29 4DWW. .... . ... ' " 1.89

DS0026CN. . . . . . •. . 1.95
TL 074CN. .... . • .. . 1.19
TL 084CN. .. . .. .. .99
AF1OD-1CN 8.9 5
LM307N .45
LM309K.. . .. .. .. 1.25
LM 311N .45
LM31 7T .. .... . .79
LM 31 8N 99
LM319N... . 1.29
LM323K .. .. 3.95
LM324N 39
LM338K. .. .. 4.95
LM339N .39
LF3 47N 1.79
LM348N 69
LM350T 2.9 5
LF351N .39
LF3 53 N 49
LF3 55N 79
LF356N .89
LF357N 1.09
LM358N 49
LM36ON 2.19
LM361N 1.79
LM38ON-8. • • .. .99
LM386N-3. .. . .. .89
LM387N 99
LM393N .39
LM399H 2.95
LF411CN 79
TL49 7ACN. .. • •. . .. 1.49
NE540H (C54OH) 229
NE555V .29
XRL5 55 59
LM556N 49
NE558N 89
LM565N 99
LM567V 79
NE592N .89
LM741CN 29
LM747CN .59
MC135OP.. .• • • .... 1.09
MC1372P.. . •. •. . .. 1.95
MC1377P.. .• ... . .• 229
MC1398P. . . •. . . • . • 6.95
LM 1414N. 129

SMPB1FY

MAX232CPE

LM306P

61 16P-1

27128-45

7 4LS612

74COO. . . . 29 740174.. . . .. . .. . . . .79
74002.. .. . .. .. . 29 74C1 75 .. .. .. .. .79
74004. 29 740221 1.79
74C08. . . . . . • . .35 74024D 1.79
74Cl0. .3 5 740244 1.79
74C14 59 74C373 1.9 5
74C3 2. .. . .. .. .. .. . .35 74C374 1.95
74C74 .59 740912 6.95
74085. . ... ... .. •.. 1.49 74091 5 1.39
74C86. . . . . . . . . • . • . .3 5 740920 6.95
74C89 5.49 740921 6 .95
74C90. .. . .99 740922 3.95
74Cl 54 .. .. 2.95 740923 3.95
740173 1.05 740925 5.9 5

•

74HC HI-5PEED CMOS
Part No. Price Part No. Price

74 Hcoo. ~ .19 74H C1 75 ,eg .49
74HC02 ~ .19 74 H0221 +.HI .89
74HC04 ,ji!9 .19 74HC24D ,gg.69
74 HCDa ,ji!9 .19 74 HC244 ,gg .69
74 HC10 ,ji!9 .19 74HC245. ,gg .79
74HC14 ,49 .29 74H 0253 ,59 .49
74HC30 ,ji!9 .19 74H0259 ,eg .49
74 HC32.. . . .,ji!9 25' 74H0273 ,gg.69
74 HC74 ,as.29 74HC373 ,gg .6 5
74HC75. . ,as.35 14HC3 74 ,gg .6 5
74H C76 'os .35 74HC595 +£91.09
74 HC85. ,T9 .55 74HC688 ,gg .79
74 HC86. .. .. .. ,as.35 74HC943 6.95
74H C1 23 ,eg.69 74 HC4040 ,gg .79
74 HC 125. .. ,49 .39 74HC4049 ,59.49
74HC 132 ,;;g.39 74HC4060 ,;;g.49
74 HC l38. .. ,49 .39 74H C4060 ,gg.89
74HC139 ,49 .39 74 HC4511.. <£91 .09
74 HCl54 -t,49 1.19 74H C451 4 ·~1.09

74 HCl63 ,{;5 .39 74 HC4536. 89
74HC174 ,eg.49 74HC4543 +.HI .8 9

I 74HCT - CMOS Tn. I
74HCTOO i!9 .17 74HCTl39.. . •. . .. ;;g .35
74HCT02 i!9 .17 74HCTl57 ,4;9 .35
74HCT04 i!9 .17 74HCTl74.. . ,4;9 .35
74HCT08 i!9 .17 74HCTl75 ~ .39
74HCTlO i!9 .17 74HCT240 $ .89
74HCT32......•.. i!9 .21 74HCT244. . . . $ .59
74HCT74....... .• ,.g .25 74HCT245 +i9 .79
74HCT86 ,.g .29 74HCT373 +i9 .55
74HCTl38 ;;g .35 74HCT374 +i9 .49

I 74C-CMOS

PlirtNo•

LAG570 ~ 9 .95

WD1770 11.95

SI3052P. . . . . .• 2.49

6502 2.6 5

6 504A 1.9 5

6 50 7 . .. . . .. 4 .39

6510 9 .9 5

6 5 2 0 1.95

6522• . . . . . . . .. 3 .95

6525. . . . +.% 3.49

6526. . • . ++.96.12.95

6529.. . . . .. 2 .95

6532. 6,4ll 5 .49

6 545-1 ... . +.% 3. 2 5

655 1. . . .. 4,<!9 2 .95

6560. .. . . . . .. 10 .95

6567 14 .9 5

6 569 2 4.95

6572 8.95

6581 (12V). . . • • 14 .95

6582 (9V) . ++.96 9 .95

8360 14.9 5

8 50 1. 10.9 5

8502 7.95

8563 15.95

8564 9.9 5

8566 24.95

8701 9 .95

8721. 14 .95
8722 9 .95
·251104-04 10.9 5

310654-05 . . .. • 9 .9 5

3 18018-03 10.95

3 18019-03 10 .9 5

3 18020- 04...•. 10.95

325302- 01. • . .. 10 .9 5

325572- 01. 14 .95

'82S1 00PLA·· 15 .9 5

901225 - 0 1. 11.95

9 0 1226-0 1. 1 1.95

9 0 1227-03.• . . . 11 .95

9 0 1229-0 5.. • •. 11 .95

-No spec s. available
"Note: 82S 100PLA =

U17 (C·54)

20 16- 12
20 18-45
2 102 -2 L
2 114N
21 14N-2L
21C14
510 1
6 116P--3
61 16 LP-3
62641.P-12
6264P-15
6264LP- 15
65 14
43256-15L

2816A
28 17A
2865A
52813 (2 1V)

TM52516
TMS2532
TMS2532A
TMS2564
TMS2716
1702A
2708
27 16
2716-1
27C16
2732
2732A-2O
2732A-25
27C32
2764-20
2764-25
2764A-25
2764-45
27064-15
27128-20
27 128-25
27128A-25
27C128-25
27256-20
27256-25
270256-25
27512 -20
27512·25
68 764

Part No. Price

*4 116-15 16.384 x 1 (15Ons) 1.09
4 128-20 131 .072 x 1 (2OOns) (~ll9'I_1 &25 2.75

*4164-100 65.536 x 1 (100ns). . .. ... .. .. . • • 3 .49
*4 164-120 65.536 x 1 {12Ons). . .. . .. ... . . •. 2.75
-4164-150 6 5.536 x 1 (1500 5) 2.49
-4164-200 65.536 x 1 (200ns). . . . . . .. 1.95
-TM54416-12 16.384 x 4 (12011s)..... •. . .. •. .. 4.95
-4 1256-80 262.144 x 1 (BOns). . . 14.9 5
-41256-100 262.144 x 1 (lOOns). . . . .. 13.95
-41256-120 262, 144 x 1 {12Ons) &95
-4 1256-150 262 ,144 x 1 (15Ons) . . . .. . &75
'50464-15 65.536 x 4 (1SOns) (4464) 5.95
*S11()(X)P- 10 1,048.576 x 1 (100ns) 1 Meg 49.95
*514256P- 10 262, 144x4 (100ns) 1 M eg 89.9S

--- - - -STATIC RAMS--- --­
2048 x 8 (12Oos). . . . . . 1.69
2048 x 8 (45os) 6:95 5.49
1024 x 1 (2 5Oos) Low Powe r 1.9 5
1024 x 4 (45Ons).. .. . .. .. .99
1024 x 4 (200ns) Low Power 1.49
1024 x 4 (200ns) (CMOS). . . .49
256 x 4 (4SOns) CMOS 1.95
2048 x 8 (1SOns) CMOS 2.49
2048 x 8 (1SOns) LP CMOS.... •.. 2.59
8 192x8 (12Ons)LPCMOS *-25 3.95
8 192 x 8 (1SOns) CMOS 3.49
8 192 x8 (l5Ons) LPCMOS fr.% 3.49
102 4 x 4 (3SOns) CMOS 3.49
32.768 x 8 (1 SOns) LOW'Power 11.9 5

- - ---- EPROMS- - --- -
2048 x 8 (4SOn.) 25V 6.95
4096 x 8 (4SOns) 25V 6.95
4096 x 8 (4SOns) 21V.. .. .. • •. . .. 5.95
8192 x 8 (45Ons) 25V 9.95
2048 x 8 (45Ons) 3 \bltage 9095 6.95
256 x 8 (1Jls) 6:95 4.95
102 4 x 8 (45Ons) 4.95
2048 x 8 (45Ons) 25V 3.75
2048 x 8 (35Ons) 25V. . . . . ... .• . . 425
2048 x 8 (45Ons) 25V (CMOS) 5.49
4096 x 8 (45Ons) 25V 3.95
4096 x 8 (200ns) 21V 425
4096 x 8 (25Ons) 21V. . . • . • . .... . 3 .95
4096 x 8 (4SOns) 25V (CMOS) •.. 5.95
8192 x 8 (2OOns) 21V 425
8192 x 8 (25005) 2 1V 3.75
8 192 x 8 (2SOns) 12.5V 3 .95
8192 x 8 (4SOns) 21V 2.95
8 192 x 8 (1SOns) 2 1V (CMOS) .. • 6.49
16,384 x 8 (2QOns) 21V 6.95
16,384 x 8 (25Ons) 2 1V 5.95
16,384 x 8 (2SOns) 12.5V . •.. . . .. . . 6.2 5
16,384 x 8 (2SOns) 21V (CMOS) .. 6.95
32.768 x 8 (2OOns) 12.5V.. .. .. 6.95
32.768 x 8 (25Ons) 12.5V 5.95
32 ,768 x 8 (2SOns) 12 .5V (CMOS) . 7.95
65.536 x 8 (200ns) 12.5V 13 .49
65.536 x 8 (2SOns) 12.5V..• .. •... 11.95
8 192x 8 (4SOns) 25V 13.9 5

E£PROMS
2048 x 8 (3 5Ons) 5V AeadlW'ite.... 5.95
2048 x 6 (3 5Ons) 5V ReadJW'ite. . • . 7.95
8 192 x 8 (25Ons) 5V Read/W"ite 9.95
2048 x 8 (3 SOns) 5V Read Only 1.49

MICROPROCESSOR COMPONENTS
MISCf UANEOUS CHIPS 6500 /6800/88000 ClInt 6000 SERIESClInt

Part No. Price Part No. Price PBrt No. Price
D765AC. -+.95 3 .95 6645 8c95 2.95 8226. 2.95
WD9216. . . . . . . .• . 6.95 6850 1.9 5 8237-5 -+.95 4.49
95H90...... • !*IS 5.95 6852 1.49 8243.•....... 2£5 1.75
lSO. Z80A, Z80B SERIES MC6BOOOlA 11.95 8250A 6.49

ZllO +.25 .99 MC6aOOOL10 13.95 82508 (FOI" IBM) 6.95
~C +.T9 .99 MC6801OL10 49 .95 8251A l .89
Z80-DART 4.95 MC6802OAC12 8169.95 8253-5 1.9 5
Z80-PlO +.T9 .99 MC68881 RC l 2A 149.9 5 8254. • 4.95

~~CT6. .·:::::: ~ ~ 8031 . BODO.SERIES. 3.95 ~;~:;.5. . . .. ~:~

~~>::··i.D I~TE4J:U ftiF":::..:iJr2il
ZB08-PIO.. :.:.+.29 a95 :2::.::::::::~~ ~i~~~~~i i2·,Vi: ·.~:~
6500/6600 /6BOOO SER. 8087 (5MHz) 129.9 5 8749 9 .95

6502 2.65 8087- 1 (lOMHz) . 2 29.9 5 87 51 . . . .. 39.95
65C02(CMOS) &.957.75 8087-2 (8MHz) 159.95 8755 14.95

g;~~: : : : ::::: : : :: i~; =2·.: : : ::: ~m ~~~S~~.79
6532 &.49 5.49 8 116. 4.95 A DCOBOBCCN 5.95
6551 +.09 2 .95 81 55 2.49 ADC0809CCN 8c953.69
65C802 (CMOS) 17.95 8 155-2. . 3.49 ADC0816CCN 11.9 5
6800 1.95 8 156 3.95 ADCl205CCJ-1 19.95
6802 3.95 8202 5.95 DACOOOBLCN. 1.9 5
68 10 1.25 82 03 : 9.95 DAC lO08LCN. 4.95

- 69 2 1 : -.-..-. 1.75- - 62 12. .. •.. • . •..•. 2.29 - - AY -3 - 10 15D . ..4.95
6840.. . .. .3.95 8224. .. . 2.2 5 AY-5-1013A 2.95

EC V 2 0 & V30 CHIPS
R~ the 8086 or S088 WI Your 1Bu.flC _nd

Pwt No. 1ncrN.. tts SpNd by up to 40 " 1 Price

UPD70108-5 (5MHz) V20 Chip. . .. . $ 7.49
UPD70108-8 (BMHz) V20 Chip••• •• $ 8.95
UPD70108-10 (10MHz) V20 Chip: • • • $21 .95
UPD70116-8 (8MHz) V30 Chip• •• • • $11.95
UPD70116-10 (10MHz) V30 Ch ip• ••• $24.95

7400 ,
Part No. 1-9 10+ Port No. 1·9 10+
7400. ..... . . 29 .19 7485. . .. ... . .65 .55
7402.. . .. ... .29 .19 7486. . •. .45 .35
7404... . .. .. 29 .19 7489. .. . .... 2.05 1.9 5
7405. . .... . . .3 5 25 7 490. .. . .. . .49 .39
7406... . .. . .39 .29 7493. .. . . .. . .45 .35
74D7 . .. .... .39 .29 7412 1. . . . .. . .45 .35
7408. • . . .... .3 5 .25 74 123. •. .. , .55 .45
74 10. ... .29 .19 74125. . . .. .. .55 .45
74 14. . . . .. . . .49 .39 74 12 6. . . .. . .69 .59
74 16. ... . . .39 .29 74143. .... . .3.95 3.85
7417. . ... . . .39 .29 74 150. . . .. .. 1.35 125
7420. . ..... . .35 2 5 741 54... .... 1.35 1.2 5
7430. ... .... .35 2 5 741 58 . . . . . . 1.59 1.49
7432. . .. .. . . .3 9 29 74173- . . .. .ss .75
7438 . .39 .29 74174. . . .. .59 .49
7442. ... .... .55 .45 74 175 .. .. .59 .49
7445~79-.69 74176.- .-. -..-.-. - .99-.89
7446.... •. • . .89 .79 74 18 1. ... . .1 .95 1.85
7447. .. ... .89 .79 741 8 9. . .. . .. 1.95 1.8 5
7448. .. .. . .. 2.05 1.95 74 193. ..... .79 .69
7472.. • ... . . .89 .79 74 196. . ..... 1.85 1.75
7473. • •. .... .39 .29 74221 . •.. . . . .99 .89
7474. .. . ' " .39 29 74273.. . .... 1.95 1.85
7475.. .. .. . . .49 .39 74365. . . ... .65 .55
7476. . . .... . .45 .35 74367. ... ... .65 .55

I 74LS I
74LSOO.• .. .. 29 .19 74 LS l65. .. .. .75 .6 5
74LS02. . .. .. 29 .19 74 LS 166. .. .. .99 .89
74LS04. .. .. .35 .25 74 LS 173 . • • . . .59 .49
74LS05. . .. . . .35 25 74 LS174. . . . . .49 .39
74LS06. .. .. . 1.09 .99 74LS1 75. . • . . .49 .39
74LS07. . . . . . 1.09 .99 74 LSl89.. . .. 4.59 4.49
74LSOa . .. .. .29 .19 74 LS191. . . . . .59 .49
74LS10.. .. . . 29 .19 74 LSl93. . . . . .79 .69
74LS14. . . .. . .49 .39 74LS221 . .69 .59
74L527.. . . .. .35 25 74 L524D. . . . . .69 .59
74L530.. . .. . 29 .19 74lS243. . . . . .69 .59
74LS32. .. ... .35 25 74 L5244. . . .. .69 .59
74LS42.. .. .• .49 .39 74 LS245..... .89 .79
74LS4 7. . . . . . .99 .89 74LS259. . • . .99 .89
74 LS73. . .. . . .39 29 74 LS273. . .. .89 .79
74LS74.. .. .. .35 .2 5 74 L5279..... .49 .39
74LS75.. .. .. .39 .29 74 1S322. .... 4.05 3.95
74L$76. . .. . • .5 5 .45 74LS365. .. .. .49 .39
74LS8 5. .. . . . .59 .49 741S366. .. .. .49 .39
74LS86. . . . . . .35 25 74LS367. . . .. .49 .39
74 LS90. . .. .. .49 .39 74LS366. .49 .39
74 L$93. •... .49 .39 74LS373. . ... .79 .69
74LS123.... .59 .49 74 LS374. ... .79 .69
74LS125. . .. .49 .39 74LS393. ... .89 .79
74LS138. ... .49 .39 74LS590. . . . . 6.05 5.95
74 LS 139... .49 .39 74 LS6 24 . .. .. 2.05 1.95
74LSl54.. .. . 1.09 .99 74 LS629... .. 2.9 5 2.85
74 L$ 157• . . . . .45 .35 74LS640... . . 1.09 .99
74LSl56. . ... .45 .35 74LS645... .. 1.09 .99
74 LS l63 . . .59 .49 74LS670.. . .. 1.09 .99
74 LS164. . . .. .59 .49 74LS688. . . .. 2.39 2.29

I 74S/PROMS· I
74500. . . . . . . . . . .. . .29 74S188-. .. . . ... . .. 1.49
74504. . ... . .. . .. 29 74S 189 ....... .. .. . 1.69
74S08. . ... ... . . .. .3 5 74S 196 . . . . . . • .... 2.49
74510. . ....... . .. . .29 745240 . .. . .. . . .. 1.49
74532. .. ... ... .. .35 745244.. . ...... . 1.49
745 74.. . . ... .. . .. . .45 745253.. .. . . . . .79
74585... .. . .... ... 1.79 745287'. . . .. .. . .. . 1.49
74Sa6. . . .49 745288'. . . . .. .. .. . 1.49
745124. ... . . ..... . 2 .75 745373. . . .. .. .. . • . 1.49
745174. ... .. .... . .79 745374. .. .. •. . ... . 1.49
74$175. . ...... . ... .79 748472*... . . .... .. 2.95

I 74F I
7 4Foo. .. . . .. .. . .. . 29 74 F139. . . .... .. ... .69
74F04. . .. . . ... . . .. 29 74 F157. . .. .. ...... .69
74 F08.. .. . . ... . . . . 29 74 F193. ... . . .. .. 2.95
74 F1Q. . . .. . ... .. .. 29 74F240. . .... .99
74F32... .. . . . . . . . . 29 74 F244..... .. . . . . . .99
74F74. . . . • . • . ... . . .39 74F253... ... .. ... . .69
74F86. .• .• . ..• .... .39 74 F3 73.. . . .. . ... .. .99
74F1 38. .• . . . .•.. .. .69 74 F374...••. ...... .99

• CD-CMOS I
CD4001 .. .... ...... .19 CD4076. . .. .. .. ... . .59
CD4OO6. .. ....... .. .69 C04061.. ...... . .. . 25
CD4011 . .... .. ... .. .19 CD4062. .. .. .... . .. 25
CD4013.. ... ... . . .. 29 CD4093.. .. .. . .. ... .35
CD4016. ........... 29 CD4094..... . . .. .. . .89
a:>4017. . .. . .. . •. • . .49 CD40103.. . .. .. . .. . 2.49
C040 18...... .. .. .. .59 CD40107 .. ..... .. .. . .49
CD4020........ .. .. .59 CD40109. .. . ... .79
004024.. .. . .. ..... .49 004510.. .... .. .. .. .69
C04027.. .. . .... ... .35 CD4511. ...... .... .69
004030.. .. .. ... ... 29 004520............ .75
C0404O........ .. .. .65 004522. . . . . ... ... . .79
C04049.. ..... .. .. . 29 C04536. ......... .. .79
004050. .. ... ... ... 29 C04541............ .89
C04051 . .. .. .. .. .59 C04543...... . . . .. . .79
004052.. ..... . .. .. .59 004553....... ... .. 4.95
CD4053.. .. .. .. . .. . .59 C04555. ... .... ... .79
C04063.. .. . .. .. . .. 1.49 004559.. .... .. .. . . 7.95
C04066. .......... .29 004566. . .. . . . . .. . 2.49
CD4D67............ 129 C04583. . . . . . . ... .89
C04069.... ... .. 25 004584.. .. ... .. .. . .39
CD4070. . . ........ .25 C04585. .... ... . .. .89
C0407 1. ... . . ... .. 25 MC1441 1P. . ... .... 8.9 5
C04072. . .. ... . . . .25 MCl4490P .. . .. .. . 4.49

PARTIAL LISTING· OVER 4000 COMPONENTS AND ACCESSORIES IN STOCKI • CALL FOR QUANTITY DISCOUNTS*DRAM'S SUBJECT TO FREQUENT PRICE CHANGES

CIRCLE 114 ON FREE INFORMATION CARD



• Hayes co mmand compat­
Ible • Bell 103 1212A com ­
patib le ' Auto-dia llaulo­
answer • FCC app roved
t -vear warranty · Includes
MaxiMite Co mmu nica tio n
Softw are

M4650;
• Handheld ,hig h accuracy
• 4~ Digit LCD
• Manual ranging With
Overload Protect ion

• Audib le cc ntm uuy tes ter
• Tests: AC/DC Voltage ,

Besfstance. Continuity
Capaci tance and Frequ ency

• One Year Warranty
• Size: 7't. x 312 'W x 1\,"H

KD302 :
• Pocket Size in hand y carry
case

• 37 Digit lCD
• Auto or manu al ranging
• Audi ble con tnu ntvlester
· Jest s : AC/ DC Vollag e,.Resis­

tan ce and Continuity
• One Year Warranty
• Size ; 41..' L x 2'V1x 1, H

KD302 .. $27.95

• 80 Col.l64K RAM • Doubl es
amount of data vour Apple fie
can display as well as us mem­
ory capacity • Ideal for word
proces sing' Co mple te with
instru ct ions

JE864 $39.95

Kingdom and Metex

Digital Multimeters

COMPUTER PERIPHERALS
Seagate 20.~0,
40 an d 60 MB
Half He ig ht
Hard Disk

Drives
ST225K (Pictureo)

20MB Drive on ly (PCl XT/AT) •• • • • 5259.95
20MBw/Conlroll... (PC/XT) • •• •• $289.95
30MBDrive only (PClXT/AD $299.95
30MB w/ConL(PCIXT/AD $329.95
40MBDriveonly (PCIXT/AD $439.95
40MB w/Cont.Card(PCIXT) $499.95
40MBw/Cont.Ca,d(AD $539.95
60MB Driv e only (PClXT/AT) • .• • • $549.95
60MB w/Conl. Ca,d (AD $659.95

.... r... ~ If,'
, .. • • - ::' J• •'- - s::e
, ••' iii =:.\, - -
: 'c:u:a ~ •
, " . ' 4 .. , :.~ ".

ADD12 (Disk Drive II, 11 +, l ie) $99 .95
TEST EQUIPMENT

Prometheus 1200B Intemal Modem
PM1200B-2S ISoflw3'eincl ).&149:95 $119.95

Jameco Extended 80-Column
Card for Apple lie

120 0H 1200/300 Baud Int ern al Modem•• •• $ 79.95
24005 2400 /12 00 /300 Interna l Mod em. . • • 51 74.95
1200C 12001300 BaudExternal Modem $119.95
2400E 2400 / 1200 1300 Exte rna l Modem 52 19.95

Jameco PC/XT
& AT Compatible

Disk Drives
J E1022 (Pictu red)

JE1020 360KBlllCkBzl.(PClXT/An ••• $ 89.95
JE1021 360KBeigeBzI. (PCIXT/AD ... $ 89.95
JE1022 1.2MB Be;geBzI. (AD• • • • • $109.95

Datatronics
2400/1200/300 Modems

ST225
ST225K
ST23 8
ST238K
ST251
ST251XT
ST251 AT
ST277
ST277K

Baby
AT!

EGA Card with 256K Video RAM
and Printer Po rt (PC/XT/An • • • • • • • • • • • •• • • • $149.95

JE1 050

Mono Graphics Card w/Pr inter R:lrt (FC/ XT/An• • • • • $59 .95
Color Graphi cs Card w/Prin ter Port (PC/ XT/AT)• •• •• • $49 .95

Multi I/ O with Drive Controlt er
. and Mon o Graphics (PC/xn• • • •• •• • • • ••• • •• $119 .95

IBM AT Compatible Kit
Mini-286 6/8/10/12MHz Kit

JE1078

Floppy and Hard Disk Controller Cards
JE1040 360KB Floppy Disk Drive Controller Card (PC/xn• •• • $29 .95
JE1041 20/40MB Hard Disk Contro ller Card (PC/Xl)••• •• • • $79.95
JE1043 36 0K/720K/1.2MB Floppy Disk ConI. Card (PC/XT/An $49.95

36 0K/720K/1.2MB Floppy/H ard Disk
JE1045 Co ntro ller Card (An • • •• • • • • • • ••• •• • • • ••• $159.95

JE1071

JE1007
JE1015
JE1017

JE1 022
JE1032

Mu ltifunction, 110 and Expansion Cards
I/ O Card with Seri al. Game, Parallel Printer

JE1060 R:lrt and Real Time Clock (PC/Xl)•• • •• •• • • • • • • $59 .95
JE1061 RS232 Serial Hair Card (PC/XT/An••••• • ••• • • • • $29.95

I/O Card with Serial, Game and
JE1065 Parallel Printer R:lrt (Al)• • •• • ••• • • • ••• • • • • • $59.95

~i':;dp~~a~I~~rl~~;~~~~-~:r~m":,u~:~c~ci~~i~I .• $79 .95

JE1052
JE1050

JE1055

14" EGA Color - EGAlCGACompal. , 720 x 350 (max.) reso lutio n (PC/ XT/An
TE5154 $399.95

14" Ultrascan Color - CGA/ EGAlPGCNGA Compatible, 800 X 560 (max.)
Reso lution (PC/ XT/An
4375M ~ 549.95

IBM PC/XT/AT COMPATIBLE CARDS

Graphic
Display
Cards

14" RGB Color - CGA Compatible
Ambe r /Green / Color Switchab le, 640 X TTX1410
200 Resolution (PC/XT/An
TTX1410. . . . . . •.. . $279 .95

12" Amber Monochrome ­
TIL Inpu t, High Resolution (PClXT/ An

AMBER. . . . . $t69-;95 $99 .95

Jameco's NewandImproved ATCompatible Kit!
FREE! Word Processing Software!lNew! Compact Case

Baby ATMotherboa<d
(Zero- K RAM - includes
.....<d 1II0S ROMs)•.• . .• $349.95

XT/AT Style_ <d• . .• • $ 59.95
Baby ATRip·lOp Case. ... $ 69.95
5% ' Hi·Den.;,y DiskDrive . . $109.95
200 Watt Power Supply.. • • $ 89.95

360K/720K11 .2M Floppy
JE1043 Conlroller Card. • • • • .• . • $ 49 .95
41256-12 0 512KRAM(18 Chips) .. . $161 .10

Regular List $890.80

, t:d~~:n~~;~5nd L/.!:~:::====~;:_SAVE $140.85. Cardnot included- /
see be low)

JE1009 IBM AT Compat ible Kit•• •• • •• $749.95
-JE286M-- JE1009 Technical Manual:-:-:-:-:-:-:-. . . $29.95

IBM COMPATIBLE DISPLAY MONITORS

Price

200 0 s 2 .29
400 0 $ 4.49
630 0 s 5.95
83 0 0 $ 7 .4 9

1,360__2_ $ 14 .9 5 _
1,660 3 $22.95
2.39 0 4 $27.95
3.220 4 $37.95

DATA BOOKS

6\; X '!<
311 X 2 \"
61; x 1">
61; X 2'"
61; X 3\1
6l1:X 4 '~

6~1l X 5~

7"' X 7h

Dim.
L" xW·

Zuckerboerd"
TANDY 1000

Expansion Memory
Half Card

Expand the memory of vour
Tandy 1000 (128K Version ) 10
as muc h as 640K. Also inc ludes
OMA co ntroller c hip.

TE512 Includes512K RAM. . • . ... • . • . $199.95

30Meg Hard Disk Drive Board fo r Tandy 1000,
1000A, 1000SX, 1200, 3000 and 3000H L

30MB Hard Disk Drive
Bo ard••• ••• ••• •• $599.95

400041 NSC Un..r Data Book-VoI.1(87) $14 .95
400042 NSC Un.., DataIIooI<-VoI.1I(87) $ 9.95
400043 NSC Un..r Data IIooI<·VoI. 111 (B7) $ 9.95

210830 Inlel Memo<y Handbook (87)• .•. . .. $17.95 Additional Add-Ons Av.ailable!
230843 Inlel Microsyslem Hndbk. Set (87)• ... $2 4.95 M4650 . . $79.95

T30MB

JE1000
JE1 001
JE1002

. Award
BIOS ROMs
inc lud ed

JE1081

JE1082

PROTOTYPING PRODUCTS
Jameco Solderless

Breadboard Sockets

Jameco's
IBM PCIXTI AT

Compatible
Motherboards

Jameco
Computer
Power
Protection JE1190

JE1190 Power Base • •• •••• • • $29.95
JE1191 6-Qutlel Power Strip ••• • $11.95

JE20
J E2 1
J E2 2
J E2 3
JE24
JE25
JE26
JE27

JE23
Part
No.

u.s. Funds Only $20 Minimum Order Data Sheets - 50e each
Shipping: Add 5% plus $1.50 Insurance IBM is .regisleN>d tnodemarl<ofln,ema tiomlIBusin e.. MKhines Prices Subject to Change
(May vary according to wei ght)

California Residents: J ®~ Send $1 .00 Postage for a
Add 6%, 6V2% or 7% ameco @ FREE 1988 CATALOG

Sales Tax VISA Telex: 176043
FAX 4~~~~92-2503 ~ :mrrrrr:r:rr::rmm~~ 0 1988 Jameco Elect ronics

1355 SHOREWAY RD.,BELMONT, CA 94002 • FOR ORDERS ONLY 415-592-8097' ALL OTHERINQUIRIES415-592-8121
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fiSOO Z -BO
'.0MHz i!.SMHz

6502 2 _25 280-CP U 1.25
177165C02 (CMOS ' 7 .9 5 4.0 MHz 17916520 1 _65

6 52 2 2 .95 Z80A-CP U 1.29 1793
6526 13.95 280A· CTC 1.69 1795
6532 5_95 Z80A-DART 5 .95 1797
6545 2 .95 Z80A-DMA 5 .9 5 2791
6 55 1 2.95 2 80A-PIO 1 .89 2793 CRYSTALSZ80A· S IO rO 5 .95 2797 74Foo _3 5

~.OMHz Z80A-510 , 1 5 .95 8272 32.768 KHz .9 5 74F02 .3 5
6502A 2 .69 Z80A-510 /2 5 .95 UPD765 1.0MHz 2 .95 74F04 .3 5
6520A 2 .95 MB8876 1 .8432 2 .95 74F08 _3 5
6522A 5.95 6 .0 MHz MB8877 2 .0 1 .95 74F10 .3 5
6532A 11 .95 280B-CPU 2 .75 1691 2 .4576 1 .95 74F32 .35
6S45A 3 .95 280B·CTC 4 .25 2143 3.579545 1 .95 74F64 _5 5
6551A 6 .95 280B·PI O 4 .25 9216 4 .0 1 .95 74F74 .3 9

Z80B-DART 6 .95 5 _0 1 _95 74F86 .553.0 MHz Z808-510 /0 12 .95 5.0688 1 .95 74F138 .7 9
65028 Z8 0 8 · S10 /2 12 .95 6.0 1 .95 74F139 .7 9

Z8671 ZILOG 9 .95 UARTS' 6 _144 1 .95 74F253 .8 9

3 .95
8 _0 1 .9 5 74F157 .89

10.0 1 .95 74F240 1.29fiBOO 4 .95 10 .738635 1.9 5 74500 .2 93 .95 12.0 1_95 74502 .29r.OMHz 4 .9 5 14.3 1818 1 .95 74504 _29
6800 3 .95 16.0 1 .95 74508 .3 5
6802 9 .95 18_0 1 _95 74510 .2 9
6803 6 .95 18.432 1 .95 74532 .35
6809 10 .95 20 _0 1.95 74574 .4 9
6809E 22_1184 1.95 74586 .35
6810 24.0 1.95 745112 .50
6820 MISC. 32_0 1.95 745124 2.75
6821

OSCILLATOR 745138 .7 9
6840 ADC0804 745153 .7 9
6843 AOC0809 1 .0MHz 5 _95 745157 .7 9
6844 OAC0800 1 .8432 5.95 745158 .9 5
6845 DAC0808 2 .0 5.95 745163 1 .29
6847 DAC1022 2 .4576 5 _95 745175 .7 9
6850 MC1408L8 2 .5 5.95 745195 1. 4 9
6883 22 .95 8T28 4.0 4 .95 745240 1 .49

i!.OMHZ! 8T97 5 .0688 4 .95 745241 1.49
OP83 04 6.0 4 _95 745244 1.49

68800 2 .95 9334 6 .144 4 .95 745280 1.95
68802 3 .95 9368 8 .0 4 .95 745287 1.69
68809E 5 .49 9602 10.0 4 .95 745288 1.6 9
68809 5 .99 ULN2003 12.0 4 .95 745299 2 .9 5
68821 ' .85 MAX232 16.0 4 .95 745373 1 .6 9
68845 4 .95 MC3470 1 8 .4 32 4 .9 5 745374 1.69
68850 1 .75 20.0 4.95 745471 4.95
68000 9 .95 24.0 4 .95 745571 2.95

EPRDM§

lG384xt 12 S0 ns ) .4 9
~ 16384., 1200 ns ) .89

16384x1 11S0 ns ) .9 9
4" 6 -120 16384.1 1120 n s) ' .49
MK4332- - -32768x' - 1200ns) 6.95~

4 164·150 65536.' (1S0 n s ) 1 .79
4 164·120 65536x 1 ('ZOnsl 1.99
MCM6665 65536x 1 (2oonsl 1 .95
TM$4164 65536.1 1150nsl ' .95
4164·REFRESH 65536x1 (150ns)(PIN 1 REFRESHI2.9 5
TMS441 6 16384..4 (150nsl 3.75
41128·1 50 131 072x1 (1S0 ns ) 5 .9 5
TMS4464-15 65536x4 115 0nsl 4 .9 5
41256· 150 262144.1 1150nsl 3.95
41256-120 262144x1 1120ns l 4 .95
41256·100 262144.1 1100ns) 5.49
HM51258·100 262144.1 1100 nsHCM OS) 6.95
1 MB·1 2 0 1048576.1 (120 n s l 31 .9 5
1 M B- too 10 4 8 576 xl (l 00nsl 34.95

740 0 LINEA R
7400 .19 TL0 7 1 .6 9 LM567 .79
7402 .19 TL0 72 1.0 9 NE 57 0 2 .95
7404 .19 TL0 74 1.95 NE592 .9 8
7406 .2 9 TL0 8 2 .9 9 LM72 3 .49
7407 .2 9 TL084 1 .49 LM7 3 3 .9 8
7408 .24 LM301 .34 LM7 4 1 .2 9
7410 .19 LM30 9 K 1.25 LM747 .6 9
7411 .2 5 LM311 .59 MC1330 1.69

. 74 14 .4 9 LM3 11 H .89 MC1350 1.19
7416 .2 5 lM317K 3.49 LM14 58 .3 5
7417 .2 5 LM31n .6 9 l M148 8 .4 9
7420 .1 9 LM3 18 1.49 LM1 48 9 .4 9
7430 .19 LM319 1.25 LM149 6 .8 5
7432 .2 9 lM320 see79 00 ULN2 003 ,7 9
7438 .2 9 LM323K 3.49 XR2206 3.95
7442 .4 9 LM324 .34 XR2 2 11 2 .95
7445 .6 9 LM331 3.95 lM291 7 1.95
7447 .8 9 LM3 34 ' .19 CA 30 46 .89
7473 .34 LM335 ' .79 CA314 6 1.29
74 74 .3 3 LM336 1.75 MC 3 373 1.29
7475 .4 5 LM338K 4 .49 MC3470 1 .95
7476 .3 5 LM3 39 .59 MC3 480 8 .95
7483 .50 LM340 se078 00 MC348 7 2 .95
7485 .5 9 LF353 .59 LM3 900 .4 9
7486 _3 5 LF356 .9 9 LM 3911 2 .2 5
7489 2 .15 LF357 .9 9 LM 3909 .9 8
7490 _3 9 LM3 58 .59 LM3914 1 .8 9
74 9 3 .3 5 LM380 .8 9 MC4024 3 .49
74121 _2 9 LM38 3 1 .95 MC4044 3 .99
74123 .4 9 LM386 _8 9 RC4 1 36 1 .25
74125 .4 5 l M3 9 3 .4 5 RC45 58 .6 9
74150 1.35 LM394H 5 _95 LM13600 1 .49
74151 _5 5 Tl 4 94 4 .20 751 07 1 .49
74153 .5 5 Tl497 3 .25 7 5110 1 .95
74154 1.4 9 NE5 5 5 .2 9 7 5150 1 .9 5
74157 _5 5 NE5 56 .4 9 75154 1 .95
74159 1.65 NE558 .7 9 75188 1.25
74161 .6 9 NE564 1 .95 75189 1 .25
74164 .8 5 LM5 6 5 .9 5 75451 .39
74166 1.00 LM5 66 1.49 75452 .39
74175 .8 9 NE590 2 .50 75 477 1 .29
74367 .6 5 HoTO·5 CA N. KoTO-3 . ToTO-220

CMOS/HIIiH SPEED CMOS
4001 .1 9 4066 .2 9 74 HC 154
4011 .1 9 4069 .19 74HC1 57
4012 .2 5 4 070 .2 9 74H C2 44
4013 .3 5 4081 .2 2 74HC2 4 5
4 015 .2 9 4 093 .4 9 74 HC2 7 3
4016 .2 9 1441 1 9 .95 74HC373
4017 .4 9 14433 14. 95

~~g~4018 .6 9 14497 6 .95
4020 .5 9 4503 .4 9 74HCT02
4 021 .6 9 4511 .69 74HCT04
4023 .2 5 4518 _8 5 74HCT08
4024 .4 9 4528 .79 74 HC T32
4025 .2 5 4538 .9 5 74HCT74
4027 .3 9 4702 9 .95 74HCT1 38
4028 .6 5 74HCoo .2 1 74HCT1 39
4040 .6 9 74HC0 2 .2 1 7 4HCT1 6 1
4042 .5 9 7 4 HC04 .2 5 74HCT240
4044 .69 74HC08 _2 5 74HCT244
4046 .6 9 74 HC1 0 .2 5 74HCT2 4 5
4047 .6 9 74HC 14 .3 5 74HCT2 7 3
4049 .2 9 74HC32 .35 74 HC T373
4050 .2 9 74HC74 .35 74HCT374
405 1 .69 74HC86 .4 5 74HCT39 3
4052 .69 74HC1 38 .4 5 74HCT40 17
4053 .69 74HC 139 .45 7 4HCT4 040
4060 .6 9 74HC151 .5 9 74HCT4060

8087 5 M Hz $9 9.95
8087·2 8 MHz $1 59.95
8087·1 10 M Hz $229.9 5
80287 6 MHz 5179.9 5
80287·8 8 MHz $249.9 5
80287·10 10 MHz 53 09 .95
80387-16 16 MHz 5499.95
80387·20 20 MHz $799.95

** 74LS24174L500 .16 74LSl12 .2 9 .69

BOSi!AH WITH BASIC
74LSOl .18 74L 5 122 .4 5 74LS242 .69
74LS02 .17 74L5123 .4 9 74LS243 .6 9
74LS03 .18 74 LS124 2.75 74L S244 .6 9

~3495
74LS04 .16 74LS125 .3 9 14LS245 .7 9
74LS05 .18 74LS126 .39 74L525 1 .4 9
74LS08 .18 74 LS 132 .39 74LS253 .4 9* SINGLE CHIP MICRO·CONTROLLER WITH BASIC IN ROM 74L509 .18 74lS133 49 7 4 L5 2 57 .3 9* BUILT·IN SERIAL PORT, THREE 16 BIT TIMERS, FIVE 74L510 .16 7 4lS1 36 .39 74L5258 .4 9

INTERRUPTS AND 256 BYTES OF RAM 74LS11 .2 2 74L5138 .39 74L5259 1 .29
* RE Q UI R E S VERY FEW PARTS T O BUILD AND EASY-TO· 74L512 .2 2 74LS 139 .39 74L 5 2 60 .4 9

74L5 13 .2 6 74LS145 .9 9 74lS266 .3 9P R O GRAM CONTROLLER 74 LS14 .39 74LS 14 7 .9 9 74lS2 73 .79* BASIC INTERPRETER IS OPTIMIZED FOR CONTROL 74LS15 .26 7 4LS148 .9 9 74 l S27 9 .39
APPLICATIONS 74 LS20 .17 74LS1 5 1 .39 74LS 2 80 1 .98

74LS2 1 .2 2 74L5153 .39 74 L5283 .59

**
74L522 .2 2 74LS 154 1.4 9 74 l S290 .89
74L527 .2 3 74L5 1 55 .59 74L5293 .89
74L528 .26 74LS156 .4 9 74 L5299 1 .49
74lS30 .1 7 74LS157 . 3 ~ 74LS322 3 .95
74L 5 3 2 .18 74LS158 .2 9 74lS32 3 2 .49____Bi!OO 74L533 .28 74L5160 .2 9 74L5365 .39
7 4 LS 37 .26 74L5161 .39 - 7 4 l 5 367 _398031 3 .95 8203 14.95 8255·5 1 .59 7 4 LS38 .26 74LS162 .49 7 4 L5368 .3 98035 1.49 8205 3 .29 8259 1 .95 74L542 .39 74LS 163 .39 74L5373 .7 98039 1 .95 8212 1.49 8259·5 2 .29 74LS47 .75 74LS164 .4 9 74LS3 74 .7 98052AH BASIC 34_95 8216 1. 49 82 57 2 .25

8080 2_49 8224 2 _25 8272 4 .39 74LS48 .85 74L5165 .6 5 74L5375 .9 5
8085 1.95 8228 2 .25 82 74 4 .95 74L551 .17 74LS166 .9 5 74L5377 .7 9
8 086 6 _49 8237 3 .95 8275 16_95 74L573 .2 9 74L5169 .9 5 74L5390 1.19
8088 5 _99 8237·5 4 .75 8279 2 .49 74LS74 .24 74L S 17 3 .4 9 74L5393 .7 9
8088·2 7 .95 8243 1.95 8279-5 2 .95 74LS75 .29 74LS174 .39 74LS54 1 1 .498155 2 .49 8250 6 _95 8282 3 .9 5 74L576 .2 9 74 L5175 .39 74LS624 1 .958155·2 3 .95 8251 1.29 8283 3 .95 74L583 .4 9 74LS191 .4 9 74L5640 .998741 9 .95 8251A 1 .6 9 8284 2 .2 5 74LS85 .4 9 74 l S192 .6 9 74L564 5 .9 98748 7 .95 8253 1.59 8286 3 .95 74L586 _2 2 74 LS193 .6 9 74L5670 .8 98749 9 .95 8253-5 1 .95 8287 3 .95 74L590 .39 74L5194 .6 9 74L568 2 3 .208755 14 .9 5 8255 1.49 8288 4 .95 74L592 .4 9 74LS195 .6 9 74L568 8 2 .4 0

74LS93 .39 7 4 L5 19 6 .59 74L578 3 22 .9 5
74L595 .4 9 74 LS 197 .59 25L525 21

MATH CDPROCE§§DR§ 74L5 107 .34 74L5221 .59 26 L5 3 1
74L5109 .36 74L5240 .6 9 26L532

2_99
.9 9

1.49
1.95
1.79
1.85
1_85
1.90
2.45
3.95
4.49

12_95
14 _95
19.95

145Ons)
(45005)
12oonsl(LOW POWER)
(lOOns)
(20Ons1( CM 051
(150ns1( CM051
12oonsI(CM05I(LP )
(15 0nsI(CM051( I.P)
1120ns1(CM051(LP)
1150 ns l(C M05 1(LP I
1120 ns l(C M051(LPI
(150nsI(CM05I(LPI
112 0ns l(CM051(LPI
1100 ns 1(CM051(LP)

256.4
1024x4
1024x4
2048.8
2048x8
2048x8
2048.8
2048.8
204&xS
8 192.8
8192.8

32768.8
32768.8
32768x8

2708
2716
2 716·1
TM5253 2
2732
2 732A
2732A·2
27 C64
2764
2764·250
2764·200
MCM68766
27128
27C256
27256
27512
27 C512

2112
2 114
2 114L·2
TMM2016·1oo
HM61 16·4
HM 6 1 16·3
HM6116LP-4
HM6116LP- 3
HM611 6 Lp · 2
HM62 64L p ·1 5
HM6264LP-1 2
HM43256 LP·15
HM43256 Lp · 12
HM43256Lp·10

DYNAMIC RAM§

1024 x8 (4 50ns l(2 5V) 4 .95
2048x8 (450ns)( 2 5V) 3.49
2048.8 135 0n s1l25VI 3.9 5
4096.8 14 50ns 1l2 5VI 5.95
4096x8 (45 0ns)(25V) 3.95
4096x8 (2 50ns1(21 VI 3.9 5
4096.8 120 Ons1l2 1VI 4 .25
8192.8 1250 ns 1(12 _5V CM051 4 .95
8 192x8 1450 nsU12.5V) 3 .49
8192x8 (250ns)(12.5V) 3 .69
8192x8 (200nsI(12.5V) 4.25
8192.8 (3 5Onsl(21V1I24 PIN) 15.95

16384.8 (2 50nsI112.5VI 4 .25
32768.8 (25 0ns1l12.5V CM051 7 .95
32768.8 !250ns1l12_5VI 5.95
65536.8 1250ns1l12.5V) 11 .95
65536.8 125 0 ns 1l12.5V CM051 12_95

u V: Provt"am Voltage--

CIRCL E 113 ON FREE INFORMATION CARD



......
CDceco

c....
Cz
m

7 pos ition
8 position
10 position

.85

.90

.90

FDRXT

CAN BE SNAPPED APART TO
MAKE ANY SIZE HEADER.

ALL WITH .1"" CENTERS

STRAIGHT LEAD
RIGHT ANGLE LEAD
2 STRAIGHT LEADS

H2f{FJANtLE LE~*r9

ff ~ l .~

§PODL§
tOO feet $4. 3 0 250 feet $7 .2 5
500 fe et $13.25 1000 fe et 521 .95

Please specify color:
Blue. Black. Yellow or Red

§DCKET.WRAP f.D T
•

• SLIPS OVER WIRE WRAP PINS
• IDENTIFIES PIN NUMBERS ON WRAP

SIDE OF BOARD
• CAN WRITE ON THE PLASTIC;

SUCH AS AN IC •
PINS PART . PCK . OF PRICE

8 IDWRAP 08 , 0 1.95
14 IDWRAP 14 10 1.95
'6 IDWRAP 16 10 1.95
18 IDWRAP 18 5 1.95
20 IDWRAP 20 5 1.95
22 IDWRAP 22 5 1.95
24 IDWRAP 24 5 1.95
28 IDWRAP 28 5. 1.95
40 IDWRAP 40 5 1.95

PLEASE ORDER BY NUMBER OF
PACKAGES IPCK. OF)

§DWERLE§§
BREADBDARD§

WBU·D '00 TIE POINTS
WBU·T 630 TIE POINTS
WBU-204-3 1360 TIE POINTS
WBU-204 1660 TIE POINTS
WBU·206 4390 TIE POINTS
WBU·208 3220 TIE POINTS

PAIiE WIRE WRAP WIRE
PRECUT ASSORTMENT

IN ASSORTED COLORS $27.50 '
tOOea: 5 .5" , 6 .0 " , 6 .5", 7 .0 "

250ea: 2 .5 " , 4 .5 " , 5 .0"
SOOea : 3.0 " , 3 .5 " , 4 .0"

4 position
5 pos ition
6 position

§WITCHE§
SPOT MINI·TOGGLE ON ·ON
DPDT MINI·TOGGLE ON ·ON
DPDT M INI ·TOGGLE ON ·OFF·ON
SPST M INI·PUSHBUTTON N .O.

DIP §WITCHE§

U§NAPABLE" HEADER§
1 -99

TP~ .10
T P -, .14
T13;. .14
T H '4 .1 0
Tl .10

••-
COM CATHODE .36 2 " 1.25
COM CATHODE .5 " 1.49

COM ANODE .5 " , .4 9
COM ANODE .3" .99

COM CATHODE .3 " .99
COM CATHODE .3" .4 5

4 x7 HEX W /lOGIC .2 7 0 " 10.95

FDR P§/i!
JDR-PR32 $69 .95 IBM·PR' $27.95

32 BIT PROTOTYPE CARD WITH . 5V AND GROUND PLANE
JDR·PR16 $49. 95 IBM·PR2 $29 .95

'6 BIT WITH I /O AS ABOVE WITH DECODING LAYOUT
DECODING CIRCUITRY

JDR·PR16-PK $15.95
PARTS KIT FOR ABOVE

JDR·PR16V $39 .95 FDR AT
EXTENDED CONNECTORS
FOR VIDEO APPLICATIONS JDR-PR,O $34.95

16 BIT WITH DECODING LAYOUT
JDR-PR10-PK $12.95

PARTS KIT FOR ABOVE

UIiHT EMITTINIi DlDDE§
LED DI§PLAY§

Model Timer Chip Intensity
Capacity (uW/Cm1 )

PE·14Q NO 9 8.000
PE-140T YES 9 8.000
PE-240T YES 12 9.600

JUMBO RED
JUMBO GREEN
JUMBO YELLOW
MOUNTING HOW
MINI RED

DIFFU§ED LED§

DATARA§E
• ERASES 2 EPROMS IN 10 MINUTES
• VERY COMPACT. NO DRAWER
• THIN METAL SHUTTER PREVENTS

UV LIGHT FROM ESCAPING

FND·3571359j
FND-50015031
FND·50715'01
MAN-72
MAN·74
TIL·313
Tll-311

§PECTRDNIC§ CDRPDRATID
EPRDM ERA§ER§

EXTENDER CARD§
FOR/8M

EXT-SOSS $29.95
EXT-S02S6 $39.95

$49.95

§OLDER§TATION
UL APPRO VED

• ADJUSTABLE HEAT
S ETTING W/TIP TEMP
READOUT

• QUICK HEATING
& RECOVERY

• RANGE : 200°-900°F

CONTACTS

CONTACTS

DI§CRETE
'N75' .15 4N28 .69
lN414825 ' l c. 4N33 .8 9
lN40041 0 ' 100 4N37 1.19
'N5402 .2 5 MCT·2 .59
KBP02 .55 MCT·6 1.29
2N2222 .2 5 TIL·l" .99
PN2222 .10 2N3906 .10
2N2907 .25 2N4401 .25
2N3055 .7 9 2N4402 .2 5
2N3904 .10 2N4403 .2 5
4N26 .69 2N6045 1.75
4N27 .69 TlP3, .49

i!5 PIN D·§UB
IiENDER

CHANIiER§
.7.95

2 conductor :J9C
3 conductor 99C

3 conductor w /female sock e t
$ 1 .4 9

DESCRIPTION ORDER BY 10 20 26 34 40 50

10' GREY RIBBON CABLE RCxx 1.60 3.20 4 .'0 540 6 .40 7.50

IDC CDNNECTDR§/RIBBDN CABLE

IC §DCKET§/DIP CDNNECTDR§

SOLDER HEADER IDHxxS .82 1.29 1 .68 2.20 2 .58 3.24

RIBBON HEADER IDMxx 5.50 6 .25 7.00 7.50 8.50

RIBBON EDGE CARD IDExx .85 1.25 1.35 1.75 2 .05 2 .45

FOR ORDERING INS TRUCTI ON S. SEE D·SUBM INIA TURE CONNEC TORS. BELOW

wtREWRAP HEADER IDHxxW ' .86 2.98 3.84 4.50 5.28 6.63
RIGHT ANGLE SOLDER HEADER IDHxxSR .85 1.35 1.76 2.31 2.72 3.39

DIP PLUGS IDC IDPxx .95 .49 .59 1.29 1.49 .85 1.49
FOR ORDERING INS TnIl C TI"''I S <fE D·SuBMINIA TURE CONNEC TORS ABOVE

RIGHT ANGLE wtREWRAP HEADER IDHxxWR 2.05 3.28 4.22 4.45 4.80 7.30
RIBBON HEADER SOCKET IDS.. .63 .89 .95 1.29 1.49 1.69

ZIF SOCl(ETS ZIF.. 4.95 4.95 5.95 5.95 6.95
TOOLED SOCKETS AUGAT""ST .62 .79 -:a9 1.09 1.29 1.39 , .49 1.69

OOLED_SOCKETS AUGATxx\Wol ' .30 1.80 2.'0- 2.40 2.50 2.90 3.15 3.70
PONENT CARRIERS ICC"" .49 .59 .69 .99 .99 .99 .99 1.09

W1REWRAP SOCKETS ""INN .59 .69 .69 .99 1.09 1.39 1.49 1.69

DESCRIPTION ORDER BY 8 14 '6 18 20 22 24 28

SOLDERTAILSOCKETS xx$T .11 .11 .12 .15 .18 .1S .20 .22

D·§UBMINIATURE CDNNECTDR§

DESCRIPTION ORDER BY
CONTACTS

9 '5 '9 25 37 50
MALE DBxxP .4 5 .59 .69 .6 9 1.35 1.85

SOLDER CUP
FEMALE DBxxS .49 .69 .75 .7 5 1.39 2.29
MALE D8xxPR .49 .69 .79 2.27

RIGHT ANGLE PC SOLDER
FEMALE DBxxSR .55 .75 .8 5 2.49
MALE DBxxP"W"N 1.69 2.56 3.89 5.60

WIREWRAP
FEMALE DBxxSVNJ 2.76 4 .27 6.84 9.95
MALE IDSuP 1.39 1.99 2.25 4 .25

IDC RIBBON CABLE
FEMALE lOBuS 1.45 2.05 2.35 4.49

METAL MHOODxx 1.05 1.15 1.25 1.25
HOODS

GREY HOODxx .39 .39 .39 .69 .75
ORDERING INSTRUCTIONS:
IN SERT THE N UMBER OF CON TACTS IN THE POSITI ON MARKED "xx- OF THE '"ORDER BY" PART
NU MBER LISTED EXAMPLE: A IS PIN RIGHT ANG LE MALE PC SOLD ER WOULD BE DBISPR

MDUNTINIi HARDWARE59t

CAPACITDR§
TANTALUM

1.0", 15V .12 1 .0", 35V .45
6.8 15V .4 2 2 .2 35v .19
10 15V .4 5 4 .7 35V .39
22 15V .9 9 10 35V .69

Ol!iC
10pt 50V .0 5 .001'" 50V .05
22 50V .0 5 .005 50V .05
33 50V .0 5 .0 1 50V .07
47 50V .05 .05 50V .07
100 50V .05 .1 12V . ' 0
220 50V .0 5 .1 50V .12

MONOLITHIC
.O l~f 50V .14 .1", 50V . ' 8
.047", 50V . ' 5 .47", 50V .25

ELECTROLYTIC
RADIAL · A XIA L

1", 25V .' 4 '''' 50V . ' 4
4 .7 50V ." 10 50V .16
10 50V ." 22 16V .14
47 35V . ' 3 47 50V .19
'00 '6V . ' 5 100 35V .19
220 35V .20 470 50V .29
470 25V .30 1000 16V .29
2200 16V .70 2200 16V .70
4700 25Vl .45 4700 16Vl .25

3B PIN CENTRDNIC§
IDCEN36-RIBBON CABLE 3.95 ­
CEN36 SOLDER CUP 1.85
IDCEN36 /F RIBBON CABLE 4.95
CEN36PC Rt Angle PC Mount 1.85

RE§I§TDR NETWDRK
SIP '0 PIN 9 RESISTOR .69
SIP 8 PIN 7 RESISTOR .59
DIP 16 PIN 8 RESISTOR 1.09
DIP 16 PIN 15 RESISTOR 1.09
DIP 14 PIN 7 RESISTOR .99
DIP '4 PIN 13 RESISTOR .99

EDIiECARD
CDNNECTDR§

100 Pin ST 5-100 .12 5 3.95
100 P in WW S-1OO .125 4 .95

62 Pin ST IBM PC .100 1.95
50 Pin ST APPLE .100 2 .95
44 Pin ST STO .156 1.95
44 Pin WW STO .156 4 .95
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fl. HEIEiHT FLOPPY DISK DRIVES
511." TEAC FD·55B 05/00 360K $99.95
5W ' TEAC FD'55G DSfHD 1.2M $129.95
5W FUJITSU M2551A 0 5/0 0 360K $89.95
5W FUJITSU M2553K DSfHD 1.2M $119.95
5W 0 5100 360K $69.95
5W DSIHD'1.2M $109.95
3'1.1" MITSUBISHI DSfDD (AT OR XT) $129.95

ARCHIIIEXL
TAPE BACK-
!/i3Ei!rs

'.44 MS 3V." DRIVE
• ULTRA HIGH DENSIT Y
• ALSO WORKS WITH 720K DISKS
FDD-1.44X-BLACK FDD-1.44A-BEIGE

BACK UP 40 MB IN 40 MINUTES !
• EASY·TO·U SE MENU DRIVEN

SOFTWARE
• USES STANDARD

OIC DATA FORMAT
• FULL & INCREMENTAL

BACK·UP
- . PARTIAL & FULL RESTORE

AR 5240 XT - FOR XT'S & AT'S
AR 5540 AT - AT'S ONLY. 2X FASTER
TAPE NOT INCLUDED
TAPE CARTRIDGE-40 MB $24.95

$24.95

$559.00 '
$895.00

~9.00

$469.00
$539.00

MEMORY CARDS

40 MB. 40 M S. S T-i!5 '
WITH MCT-HDC CONTROLLER
WITH MCT·ATFH CONTROLLER

30 MB, 40 MS, ST-4038
80 MB, 28 MS, ST-4096

FULL HEIGH T DRI VES
$549.00
$639.00

AT MULTlI/O CARD . 59.95
USE WITH MCT·ATFH FOR MINIMUM OF SLOTS USED

MONOCHROME 6RAPHICS CARD . 5 9 95-· SERIAL ,PARALLEL AND GAME·PORTS ·. USES 1~50--

TRU E HERCU LES COMPATIBILITY. SUPPORTS LOTUS" 23 ~'if+~lil~PPORT CHIPS FOR HIGH SPEED OPS

L':.::R~\;~~;~~~T~~I~~R;~CE~~~~~~~~I~~I~:;'~' OR ATIO-SERIAL-2ND SERIAL PORT

MCT-MGP

&seagate
.::0 ItIS :~~::~::':'s~2!,'VES.i!i!5 .OD

U 1\10.'" WITH MCT-HDC CONTROLLER $269.00

-49
-9- 00 WITH MCT-ATFH CONTROLLER $339.00

3D MB RLL. 65 M S. ST-i!3S .i!49.00
WITH MCT-RLL CONTROLLER $299.00
WITH MCT-ATFH·RLL CONTROLLER $389.00

INTERFACE CARDS FROM
MODULAR CIRCUIT TECHNOLOGY
DISPLAY ADAPTORS

WAS $6.9 AN INCREDIBLE PRICE REDUCTION ' SAVE $'50
AND GET MORE MEGABYTE S PER DOLL AR THAN EVER
BEFORE. THE ST·277 IS AN RLL DRIVE WITH A FAST .0 MS
ACCESS TIME '
ST·277

WITH MCT-RLL CONTROLLER
WITH MCT-AT/FH CONTROLLER

ENHANCED 6RAPHICS ADAPTOR . '49.95
'00" IBM COMPATIBLE . PASSES IBM EGA DIAGNOSTICS
• 256K OF VIDEO RAM ALLOWS 6.0 X 350 IN '6 OF 6.
COLORS • COMPATIBLE WITH CO LOR AND
MONOCHROME ADAPTORS
MCT-EGA

COWR 6RAPHICS ADAPTOR ~9.95
COMPATIBLE WITH IBM GRAPHICS STANDARDS
• SUPPORTS RGB. COLOR & COMPOSITE MONO CHROME
• 6. 0'320 X 200 RESOLUTION . LIGHT PEN INTER FACE
MCT-CG

5761( RAM CARD . 59.95
A CONTIGUOUS MEMORY SOLUT ION IN A SHORT SLOT
• USER SELECTABLE CONF IGURATION UP TO 576 K
• USES 6.K & 256K RAM CHIPS (ZERO K INSTALLED)
MCT·RAM

EXPANDED MEMORY CA RD .'i!9.95
2 MB OF LOTU ~ INTEL MICROSOFT COMPATIBLE MEMORY
FOR AN XT • CONFORMS TO LOTUS INTEL EMS . USER
EXPANDABLE TO 2 MB • CAN BE USED AS EXPANDED OR
CONVENTIONAL MEMORY. RAMDI SK AND SPOOLER

MCT-EMS
MCT-ATEMS AT COMPATIBLE VERSION $139.95

i!OMB HARD DISK
ONACARD

-349
• SAVES SPACE AND REDUCES POWER CONSUMPTION
• IDEAL FOR PC'S WITH FULL HEIGHT FLOPPIES
• LEAVES ROOM FOR A HALF LENGTH CARD IN

ADJACENT SLOT

MULTIFUNCTION CARDS DRIVE CONTROLL ER S
MON06RAPHlai MULTI I/O ."9.75
TOTAL SYSTEM CONTRO L FROM A SINGLE SLOT'
• CTRL 2 FLOPPY·S. SERIAL. PARALLEL. GAME PORT.
CLOCK/CA L . RUN COLOR GRAPHICS SOFTWARE ON A
MONOCH ROME MONITOR
MCT·MGMIO

MULTI I/O FLOPPY m/\lTROLLER . 79 .9 5
A PERFECT COMPANION FOR OUR MOTHERBOARDS
• SUPPORTS UP TO 2 360K FLOPP IES. 720K WITH DOS 3.2
• SERIAL. PARALLEL . GAME PORT. CLOCK /CALENDAR
MCT-MIO
MIO-SERIAL-2ND SERIAL PORT $15.95

MULTI I/O CARD . 5 9 .9 5
USE WITH MCT·FH FOR A MINIMUM OF SLOTS USED
• SERIAL PORT. CLOCK/CALENDAR WITH BATTER Y BACK·
UP • PARALLEL PRINTER PORT ADDRESSAB LE AS LPTl
OR LPT2
MCT-IO

AT MULTlFUNCTION CARD . ' 3 9 .9 5
ADDS UP TO 3 MB OF RAM TO YOUR AT
• USER EXPANDABLE TO ' .5 MB. OR 3 MB WITH OPTIONAL
PIGGYBACK BOARD (0 K INSTALLED) • INCLUDES
SERIAL AN D PARALLEL PORT

MCT-ATMF·MC PIGGYBACK BOARD $29.95
ATMF SERIAL-2ND SERIAL PORT $24.95

CIRCLE 179 ON FREE INFORMATION CARD

FLOPPY 0151( m NTROLLER .i!9 .95
QUALITY DESIGN FOR SINGLE SLOT CON TROL OF.
FLOPPY'S • INTERFACES UP TO. FDD'S TO AN IBM PC
OR COMPATIBLE . SUPPOR TS BOTH DS.D D AND DS'QD
WITH DOS 3.2
MCT·FDC

'.i! MS FLOPPY CONTROLLER ~9.95
ADD VERSATILITY AND CAPACITY TO YOUR XT
• SUPPORTS 2 DRIVES. BOTH MAY BE 360K OR ' .2 MB
• ALLOWS DATA TO FLOW FREELY FROM XT'S TO AT'S
MCT-FDC-1.2

FLOPPY/HARD CONTROLLER .'39.9 5
XT SYSTEM STARVED FOR SLOTS? THIS CARD FREES ONE
UP • INTERFACES UP TO 2 FDD'S & 2 HDD·S. CABLING
FOR 2 FOO" HOD. SUPPORTS BOTH DS.DD & DSiQD
WITH DOS 3.2
MCT·FH

ATIFH CONTROLLER .'49.95
FLOPPY,HARD DISK CONTRO L IN A TRUE AT DESIGN
• SUPPORTS UP TO 2 360K1720KI1.2MB FDD'S AS WELL
AS 2 HDD 'S USING STANDARD CONTROL TABLES
MCT-ATFH

RLL 0151( mNTROLLER .'99_95
IMPROVE SPEED AND STORAGE OF YOUR AT
COMPATIBLE . SUPPORTS UP TO 2 RLL HARD DISCS AND
2 FLOPPY DRIVES . SUPPORTS 360'720/' .2 MB
FLOPPIES IN 525" & 3.5'
MCT-ATFH-RLL

I'M WRITING TO EXPRESS MY PLEASURE WITH THE
PC·XT TYPE COMPUTERS BUILT FROM MCT COMPONENTS
THAT WE HAVE oeTAINED FROM YOUR COMPANY. AFTER
3 YEARS OF DAILY USAGE I AM EXTREMELY PLEASED
WITH THE LEVEL OF COMPATIBILITY AND PERFORMANCE.

WITH A RECENT PURCHASE. I WAS ELATED WITH
THE PROMPT MANNER IN WHICH OUR ORDER WAS
HANDLED. AFTER DEALING WITH OTHER MAIL ORDER
FIRMS. I HAVE FOUND ONLY JDR AND 2 OTHER SOFTWARE
VENDORS HELPFUL AND RELIABLE . KEEP UP THE
EXCELLENT WORK. "

J.R.D.
OMAHA. NE.

INBOARD 3SlilP C
. S 9 5.00
UPGRADE YOUR XT TO A 386 FOR LESS THAN $1000
• '6 MHZ PROC ESSOR REPLAC ES 8088 • , MB
INSTALLED. EXPAND TO 3MB WITH PIGG YBACK CARD
• 5 YR WARRANT Y

INBOARD 3861AT
ABOVE BOARD PS 286
ABOVE BOARD 286

$1199.95
$399.95
$369.95
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NICKEL-CAD
(RECHARGEABLE)

BATIERIES

ITT PUSH BUTTON
ITT MDPLseries. 314" X 112"
gray rectangular key cap.
S.P.S.T. N.O. Push to close.
RATED:
0.1amp ~
switChing, ~
0.25 amp
carrycurrent. P.C. mount
CATtl PB-8 65¢ each
10 for $6.00 • 100for $50.00

HALL EFFECT
SWITCH

MICROSWITCH#4BE3
Slanted keyboard
switch with hall Ci:i>l~
effect sensor. m
Snapsinto 5/8"
squarechassis
hole. Hall effect
sensorslides easily from
switchand can be used in
other applications.

CAT# HESW 4 for $1.00
10 for $2.00

100 for $15.00

AA SIZE $2.00 each
1.25 Volts 500mAh
CAT# NCB-AA

AA SIZE $2.20 each
WITH SOLDER TABS

CAT# NCB·SAA
C SIZE $4.25 each

1.2 Volts 1200mAh
CAT# NCB-C

D SIZE $4.25 each
1.2 Volts 1200 mAh
CAT# NCB-D

TOLL FREE

800 -826-5432
INFO: (818)904·0524
FAX: (818)781·2653

OUANTmU llMmD

MIfQtUM 0l'l0E"' $10.00 c:i£lc.u... ADO1Al 1. TAX VIf"

lMAl ' U101tClll'f'lNG
. 0000aG. OflQIM IJIIelUOI

IUnlCaMT1HN"t"tltO... ......

600 / 600 OHM
COUPLING

TRANSFORMER

60~ .~.hm ft-
p.e. mount .
1" centers
on mounting tabs.

1" X 3/4" X 7/8"
CAT# CPTX
$1.25 each

10 for $11.00

MAIL ORDERS TO:

ALL ELECTRONICS
P.O. BOX 567
VAN NUYS, CA

91408

TELEX: TWX.S1010 101U

Al l ELECTRONICS
FOftEJGNCUSTOMERS UND.,..so

JIO$TAOE fOR fl'U eATAl,OC11I

VAN NUYS
8228 SEPULVEDA BLVD.

VAN NUYS, CA DUll
( 8 1 8 ) 007· 18 0 6

FULL WAVE
BRIDGE

RECTIFIERS

STORES :
LOS ANGELES

005 S. VERMONT AVE.
LOS ANGELES, CA 00006

( 213)380-8000

10 AMP m200 P.I.V.
5/8" SQUARE

CAn FWB-1D20
$1.00 each ' 10 for $9.00

25 AMP ~iRATING ' i .
1 1/8" SQUARE
metal epoxy filled case
200 P.I.V. $2 .50 each

CAT# FWB·251
400 P.I.V. $3 .00 each

CAT# FWB"254
600 P.I .V. $3.50 each

3/4" long X 1/8" diameter
CAT# FLT·1 2 for $1.00

SOUND ACTIVATED SWITCH
This circuit is designedto react to~'J.
high pitched sounds. Eachboard • ~ \
contains many useful parts including ~~~
a condensor mike. Operateson
6 Vdc. CAT# SAB $2.50 each

GRAB
BAGS

$1.00 each

XENON
FLASH TUBES

"" TYPE CAli ' RtCl
PN2222 NPN TO·92 5 for .75

N290< PNP TO·5 3 for $1.00
N2906 PNP TO·18 3 lor $1.00

PN2907 PNP TO·92 5 for. 75
2N3055 NPN TO·3 $1.00 each
PN3569 NPN TO·92 5 tor .50
2N390< NPN TO·92 5 tor .75
2N3906 PNP TO·92 5 lor .75
2N«00 NPN TO·92 5 lor .75
2N" 02 PNP TO·92 5 lor .75
2N5<00 PNP TO·92 <lor $1.00
2N588G PNP TO·3 $2.00 each
2N5882 NPN TO·3 $2.00 each
MJ2955 PNP TO·3 1.50 each
MJE2955T PNP TO·220 .75 each
MJE3055T NPN TO·220 .75 each
TIP30 NPN TO·220 .75 each
TIP31 NPN TO·220 .75 each
TIP32 PNP TO·220 .75 each
TIP<1 NPN TO·220 .75 each
TIP42 PNP TO·220 .75 each
TIP121 NPN TO·220 .75each
TIP128 PNP TO·220 .75each

,a 0
10 . 0
IS , ' e
1[1. ,71
. ' I ~10 ' ' ~

I ~ I ,~

Large enough to
design most

experimental circuits.
This proto board

measures
6 314" X 21 /2".

Contains main board
and two power buss

strips.
CAT# PB-101

$11.00 each

LED HOLDER
Two pieceholder.
CATtI HLED

10for 65¢

WALL
TRANSFORMERS

ALL PLUG
DIRECTLY
INTO
120 VAC
OUTLET
6 Vdc @ 20 0 rna. $2. 25

CAT# DCTX-620
6 Vdc @ 75 0 rna . $3 .50

CAT# DCTX-675
9 Vd c @ 25 0 rna . $2.50

CAT# DCTX-925
12 Vac @ 930 rna . $3.50

CAn ACTX ·1293
18 Vac @ 1 Amp. $3 .50

CAT#ACTX-1885

SWITCHING ~...
POWER SUPPLY

Compact , well regulated~
switching power supply ' - I.
designed to power Texas In- :Ell
strument computer equipment. •
INPUT: 14-25 Vac @ 1 Amp
OUTPUT: +5 Vdc@ 1.2 Amp, -5 Vdc @ 200 ma., 12
Vdc @ 350 maoSIZE: 4 314" square. Includes 18 Vac
@ 1 Amp wall transformer designed to operate this
power supply. CAT# PS -TX $5 .00 each

10 for $45.00

WE STOCK OVER 4000 ITEMS
CALL OR WRITE FOR OUR FREE

CATALOG OF PARTSl

ROSE# 02081905 ~ =V
Molded fiberglass enclosure c-==
with neoprenegasket. - _
2" X 3" X 7 112-. Ught blue.

CAT# WP·905 $7.50 each

RESISTORS· CAPACITORS· DIODES · CABLES.
BRIDGE RECTIFIERS· CHOKE COILS· CRIMP

CONNECTORS· SUB MINIATURED CONNECTORS.
CRYSTALS· LAMPS · HEAT SINKS· I.C.'S

·TRANSISTORS " MOTORS· PROTO BOARDS.
POTENTIOMETERS· POWER SUPPLIES· JACKS
• PLUGS· SWITCHES · PERF BOARD . FANS.

FUSES· SHRINK TUBING · TIE WRAPS·
KEYPADS· VIDEOACCESSORIES· TOOLS

• TRANSFORMERS· TELEPHONE ACCESSORIES
• S.C.R.'S· RELAYS· WIRE · I.C. SOCKETS

• RIBBON CABLE· CRYSTALS · CIRCUIT
BREAKERS· TRANSDUCERS·VO LTAGE

--REGULATORS;-ANDMANYOTHER-ITEMS-....-. -

WATER TIGHT ENCLOSURE

YELLOW 10 for$2.00
CATtI LED·3 100 for $17.00

1000 for $150.00

GREEN 10for$2.00
CATtI LED-2 100 for $17.00

1000for $150.00

STANDARD JUMBO LED FLASHING LED
DIFFUSED _ with buitt in ====--
T 1-314 size - flashing circuit . -
RED 10for$1.50 operateson 5 volts...
CATtI LED·1 100 for $13.00 RED $1.00each

1000for$110.00 CAn LED·4 10 for $9.50 CLlPLlTE LED g
GREEN $1.00each HOLDER .
CAn LED4G 10 for $9.50 Makesa L.E.D. look

likea fancyindicator.
BI-POLAR LED FitsT 1-314 sizeLED.
Lights RED one -==::::ID CLEAR CAn HLDCL·C
direction,GREEN the RED CAn HLDCL·R
other. Twoleads. GREEN CAn HLDCL·G
CAn LED·6 2 for $17.00 YELLOW CATtI HLDCL·Y

LIGH T EMITTING DIODES (L.E.D.)

TRW# OPB815

Ushaped if
opto emitter •

and se~sor unit.
CAn OSU-3

2 for $1.00
Clairex#
CLl8 00W

U shaped unit
with flange

mount.
CAT# OSU-2

75¢ each

Opto emitter ~
and sensor on_ _ _
opposite sides

of slotted
opening. P.C. mount.

CAn ILED-U
2 for $1.00

OPTO
SENSORS

FLASHING
L.E.D. KIT

Two L.E.D.'S \\ '~
flash in ~

unison when •
a 9 volt

~~::~~e~~ .:-.::::.:;
Requires easy assembly,
you solder the parts to

the circuit board .
CAn LEDKIT

$1.50 each

enozo
II:
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THE BUILDER'S STOREI OVER 1000 COMPONENTS IN STOCK

BuilderBargains
1r

(5) 1.5·3 VDC Motor.
#273·223 79C
(6) 1:1 Aud io Transformer. For
phone interconnects.
#273-1374 3.49
(7) Magnet Wire. Three-spool set­
22, 26, 30 gauge. #278-1345 . . . 4.49

(4)
(1) Ruby Red LED.
#276-066 1.19
(2) Jumbo Red LED.
#276-064 3.49
(3) Tri-Sound Siren.
#273-072 5.95
(4) IC Chime. #273-071 7.95

Our Finest Benchtop LCD Multimeter

9995

Low As $15
Per Month *

• Manual or
Autoranging

• MinIMax Values
Can Be Stored

A champion performer for lab or home shop. The 31-segment analog bar
graph display makes input peaks and trends easier to follow . Transistor
checker measures h' E (gain) and tests semiconductor junctions. Buzzer
continu ity checker. Measures to 1000 VDC, 750 VAC, ACIDC current to 10
amps, resistance to 30 megohms . Fused, overload protect ed. #22-195

Data-Connector Headquarters The Right Stuff
(16) (17)

(16) Toggle Switch Set . One DPDT, two
SpST. #275-322 Set 01 3/2 .59
(17) Slide Switch Kit . Assorted one or two
poles/throws. #275-327 . .. Set 01 6/1.89
(18) Micromini Relay . #275-248 2.79
(19) Micro Clips. #270-373 10/1.59

(15)

(13)

Coax Cable TOols

(13) Cable Stripper. For all popul ar sizes .
#278-240 . 11.95

. (14) Coax Cable CUller. Preserves cable
impedance . #278-244 4.95
(15) Prolesslonal Crimp Tool . For all
coax connecto rs. #278-243 . " . . . 12.95

For Computers,
Peripherals and

Video Games

(11) Pr inter Connector. Solder
type , 36 -posit ion . For parall el
printers. #276-1534 4.99
(12) RS-232 Inline Tester. Diag­
nose interface problems without re-
pair calls. #276-1401 14.95

(11)

Fig. Type Positions Cat. No. Each
8 Male 9 276-1537 1.49
9 Female 9 276-1538 2.49

10 Hood 9 276-1539 1.99
Male 25 276-1547 1.99

Female 25 276- 1548 2.99
Hood 25 276-1549 1.99

Hard-to-Find Caps
(22)

(22) CPu/RAM Backup. Backs up CMOS
microprocessors for brief AC fai lure. 0.1
farad, 5.5 VDC. #272-1440 2.95
(23) Dual·Ganged 335 pF Variab le . PC·
mount. With knob. #272-1337 ... . . 4.95
(24) 6-50 pF Trimmer•• PC/perfb oard -
mount. #272-1340 Set 01 2/1.59

(24)
,I

Finishing TOuches
r.-~--~ (20)

(20) Exp erimenters' Boxes. Plasli c wit h
aluminum covers. Includes screws.
61/. x 33/. x 2 ~ #270-627 2.39
31/4X 2'1. x l'I. ~ #270-230 1.59
4 x 2'1. x 1'1.~ #270-231 1.69
73/4X 43/. x 23/. ~ #270-232 . . 2.99
5'11 . x 2'1. x 1'1. ~ #270-233 1.99
(21) Dry-Label Translers . Letters, sym­
bols, numbers. 4 sheets. #270-201 . . . 2.79

Add Speech to
Your Comput er

SP0256·AL2 Speech Synthesizer
IC. Cut 23%. Uses a stored program
to produce natural sounding speech.
Easy to interface with most comput­
ers. Requires 3.12 MHz crystal (spe­
cial order). 28-pin DIP. Includes data.
Reg. $12.95.
#276·1784 Sale 9.95
CTS256·AL2 Text-to-Speech IC.
30% Off . Preprogrammed 8-bit pro­
cessor translates ASCII characters
into control data for #276·1784
above. With data and schematics.
Requires 10 MHz crystal (special or­
der). 40-pin DIP. Reg. $16.95.
#276-1786 Sale 11.88

Exciting New ICs
For Hobbyists

TDA7000 FM Receiver on a Chip.
Combines RF mixer, IF and demodu­
lator stages in one IC. Just what you
need to build a small, inexpensive
FM band receiver, repeater monitor
or public service band monitor. Mute
circuit reduces spurious reception.
Includes application notes .
#276-1304 5.95
TDA1520A 20-Watt High-Power,
High-Fidelity Audio Power Amp.
Build your own quality aud io ampli­
fier! Nine-pin single inline package.
Very low distortion . 20 to 20,000 Hz
response. Requires 15 to 50 VDC.
With data. #276-1305 5.99
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Over 1000 items In stock: Bind ing Posts, Books, Breadboards, Buzzers , Capac itors, Chokes, Clips ,
Coax , Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, Multitesters, PC Boards, Plugs,
Rectifiers, Resistors, Switches, Tools , Transformers, Wire, Zeners, More!

• Revolving c redit from Radio Shack. Actual payment may vary depending on purchases.

Prices apply at parti cip ating Radio Shack stores and dealers

ftadl8/haeK
The Technology Store'·

A DIVISION OF TANDY CORPORATION

Dynamic RAM
4164-64K . Warrantied RAM chips are as
close as your neigh borhood Radio Shack.
150 ns access. Uses single 5 VDC supp ly.
#276-2506 3.95
TMS 4256-256K. 150 ns access. Low­
power design (230 mV typical). Uses sing le
5 VDC suppl y. 16-pin DIP.
#276-1252 6.95

Line Driver ICs
For Data-Transfer

MC1488 RS-232 Qu ad Lin e Driver. Hook
up termin als and remote per ip herals with a
simple "twisted pair" cable.14-pin DIP with
data . #276-2520 1.29
MC1489 RS-232 Quad Line Receiver. For
use with above line driver.
11276-2521 . 1.29

Operational Amps
741. General-purpose , single channel.
Frequ ency-comp ensated, 8-pin DIP.
#276-007 . . . 79~

1458 Dual Op Amp. Internally compen­
sated . Low power consumption. Two inde­
pendent op amps in an 8-pin DIP. Split
supp ly 5 to 16 VDC. #276-038 . . . . . 99~

t~~2~r~~f;??C ~"1~ ' 88~r~~~p~~ ~l~p~
DIP. #276-1711 . .. . . . 1.29
TL082 Dua l High-Performance Op Am p.
Low-noise, high-Z biFET inp uts. Low distor ­
t ion. Spli t 4 to 18 VDC supp ly. 8-pin DIP.
#276-1715 . . . . . 1.89
LM339 Quad Comparator. Four indepen­
dent voltage comp arators in a 14-pin DIP.
Single 2 to 32 VDC. #276-1712 . . . . . 99C
LM567 Tone Detector. Touch-Tone, RC
and FSK decod ing . Req uires 4.75 to 9
VDC. S-pin DIP. #276-1721 . . 1.99

Musical Chips
UMC 348212·Tune Melody Synthe·
sizer IC. 33% Off . Just the thing for
musica l doorbells, clocks , games
and phone music-on-hold. Has an
on-chip audio preamp. Tunes include
Happy Birthday, Row-Row·Row Your
Boat and other all-time "camp" fa­
vorites. Operates on 1.5 VDC, 16-pin
DIP. With data and circuit examples.
Reg. $2.99. #276-1797 . . Sale 1.99

AY·3·8910A Programmable Sound
Generator. Cut 21% . Use with a
computer to provide an astonish ing
variety and range of sounds! Three
independent outputs . Single 5 VDC
supply. 40-pin DIP. With data. Reg.
$9.95. #276-1787 Sale 7.88

CMOS and TTL ICs
All are 100% prime and include pin-
out and specs.

Descripnon Type ~l. No. Each

Quad 2·lnp<rt NOR Gate 4001 276-2401 .99
Quad 2-lnputNAND Gate 4011 276-2411 .99
DualType·Dflip flop 4013 276-2413 1.19

Decade Counter/Olvider 4017 276-2417 1.49
Inverting Hex &lffer 4049 276-2449 1.19
Ouad Bilateral Switch 4066 276-2466 1.19

Description Type Cat No. Each

Quad 2-lnpot NANDGate 7400 276-1801 .89
Hex Inverter 7404 276-1802 .99
lluad2·lnpol AlIDGate 7408 276-1822 1.29

BCD 107·5eg. Driver 7447 276-1805 1.69
0;-,. by 215 BCDCounter 7490 276-1808 1.19
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Try the

bulletin board
system

(RE-BBS)
516-293-2283

Communicate with other
R-E readers.

RE-BBS
516-293-2283

Leave your comments on
R-E withtheSYSOP.

We support 300 and 1200
baud operalion.

Parameters: 8H1 (8 data
bits. noparity,1 stop bit)
or 7E1 (7 data bits, even
parity, 1 stop bitl.

Add yoursellto ouruser
files to Increase your
access.

The more you use It the
more useful it becomes.
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(),I) PIONEER'

(),I) PIONEER'

8" POLY WOOFER
Clear rib bed polypropy lene cone .
60 wat ts AMS. 90 watts max.
power. 20 oz. magnet. 35-2500 Hz.
4-8 oh m compati ble .

mo-<l55 $2050 $1895
(1-3) (.....UP I

5'1,,' CUP MIDRANGE
Tuned cup . Paper cone. 1" voice
coil. 93 oz. magnet. 50watts RMS.
70 walls max. Response: 320-6000
Hz. 8 ohm impedance

"" 80-020 $1150 $995
(1-91 (1o-UP)

• 15 day money bectl; guar.nIH . • $10.00 minimum
orde r. • COD orden~t.ct. • 24 hour ahipplng.
• Shipping cn.rge '"UPS ch. rt ral. ($2.50 min­
imum ctwlr~). Hou rs 8:30 •. m. • S p.m. EST M·F .

PARTS EXPRESS INn iNC.
340 East First St.

Dayton . Oruo 45402

~:watt $395

Call or write today for (),I) PIONEER'
your freecatalog contain­
ing speakers. semi­
conductors, CATV
products, tools. hardware.
TV-VCR parts, and more.

3--Way, 60 watt
.....200

3-Way, 100watt
1260-2 10

$590
( l o-UP)

S65"
(1-9)

(),I) PIONEER'

PIEza TWEETER
Mig . KSN1005A. 3'h" x 3'h" . No
crossover required. 50 watts max­
imum Input power.

""70-0' 0 $4" $395
(1-79) (eo-UP)

HORN TWE ETER
3" wide dispersion horn tweeter 15" WOOFER

~~~,:~zm~no~~35 watts r------------, :~~·~a~~e~h~:~~~c~.~~~
impedance voice coil. 25-2000 Hz.

CROSSOVERS .....'60 $3()95 S2 8 40
(1-3) (4-U P)

CALL TOLL FREE
1-800-338-0531

Local: (513) 222-0173

(),I) PIONEER'

9>
10" WOOF ER

Heavy duty paper cone With 20 01
magnet. 60 watts AMS, 90 watts
max. Response:35-3.500Hz.

1290-083 $18 10 $1690
(1-3) (ot-UP)

18 .. ..1
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It's likehaving your own Standards Engineer
withyou atalltimes .

AUTO·Z is a trademark of Sencore . Inc.

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

CIRCLE 184 ON FREE INFORMATION CARD



$5995

FORDHAM LCR Bridge Meter
• Fully transistorized • 1 KHz signal
generator • Measures resistance
• Inductance• High mechanicaland
electrical stability• Battery operated.

ModelLC-340 $14995
Our Price

FORDHAM Signal Tracer I
Injector
• Easy to operate • VU meter • Two
LED mode indicators. 1 KHz test
tone • 8ohmspeaker • Test leads.

ModelSE-610 $11990
Our Pnce

NEW
FORDHAM Function
Generator,
• 05Hz •500 KHz in6ranges • Sine,
square &triangle wave forms • VCA
and VCFinputs • kcurar:f ±50Al of
full scale.

Model ~~;~~~e$14990

Model FC-7011 ~16995
100 MHz Our Pric:!'

Model FC-7051 $24995550 MHz Our Price

FORDHAM Frequency
Counter
• 10 Hz • 150 MHz Range. 7-digit
LED display . VHFI HF selection
• Gatetime 1sec.,5sec. • ±1count
accuracy

Model~~;~~i~e$13990

NEW!
SCOPE Frequency Counters
• !kJigit LED • Compact • lightweight
• High performance . Automatic
range and Hold function . High
stability inreference oscillator.

ModelDCM·602
Our Price

SCOPE Digital
Capacitance Meter
• Digital LCD display • LSI·drcutt• High
accuracy: 100 rpm 0.5%• Broad test
range • Fast sampling time• Capacitor
discharge protection • Compact, light·
weight design • One-hand operation.

n Cii u ·• ••, i W.:W _

Deluxe carryi ng case
CA-92 $9.95

SCOPE 3Y2 Digit LCD
with Autoranging
• 0.5% Accuracy. AutoI
Manual range selection
• DC Voltage· AC Voltage
• AC Current. DC Current
• Resistance.

~~~~~e31 $4995
Special

Our Price

• 11 Function, 38
ranges including Logic
Level Detector,Audible
and Visual Continuity, t-....~...-.~­
Capacitance and
Conductance
measurements

Model DVM-638

$8750

NEW!
SCOPE 3Y2 Digit, LCD
8Function with
Transistor Tester
• 0.5% k curacy· Audible
continuity and diode test
• 10 Amp measurement
• Resistance • DClAC

Voltage.
Model
DVM-632 $4495Reg. 560.00
Our Price

Zippered carrying case
CC·30 $4.50

• 8Function,rr I
ranges including
Transistor and
Capacitance
measurements

KOPE Hand-Held Digital Multimeten
• Overload protection • Auto-decimal LCDreadout • Polarity indication

• 300 hr. 9V battery life • Lowbattery indicator.

CA-92 Deluxe Padded Case for DVM melers .59.95
Tl-216 Transistor and Capacitance TestLeads59.90

Zippered carryi ng case
CC-30 $4.50

SCOPE 3% Digit
LCD Meter
• 05% kcurar:f • DC Volt­
age• AC Voltage• DC Cur­
rent • Resistance • Diode
Test • Battery Life 300 Hrs.
• Overload Protection: DC
500v, AC 35OV, ohms 250V
DC lAC.

~~~~~:o $2995

Model DVM-636

$6750
Our Price

Ielephone Orders No 'EVERYDAY INCLUDING SATURDAY" W. Mon. - Fri. 8 a.m . • 8 p.m. EST. Sat. 9 a.m . - 3 p.m. EST

ASK FOR FREE CATALOG. Money orders, checks accepted . C.O.D.'s require 25% deposit ! .VISA' Iffi.,

Fordham ~~e 800·645·9518
260 Motor Parkway, Hauppauge;.Ny 11788:.;:;i :. . In NY St ate 800-832-1446

,. . ~.;':; · ~ :-~ . ·1 . . --

:; :
~:":",: .

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

FOR ORDERS ADD
S25-1OO . $4.50
S101-25O .. .. Sfioo
S251·500 . _. saoo
S501·75O . . . . S10.5O
$151-1.000 S12.5O
Sl.ool·1.500. . Slfi50
Sl.501-2.ooo .. S2O.OO
S2.OO1 and Up. .. S25.oo


