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We Only Skimped OnThe Pric:

Introducing The Fluke Series 10—From $69%

Fluke quality: Made in the USA by Fluke, Large, easy-to-read display:
with the same rugged reliability that's made
us the world leader in digital multimeters.
Count on hard-working high performance—
and a two-year warranty to back it up.

Actual size: Easy to carry,
easy to use.

New! V Chek™: For fast accurate
checks on power sources and
supplies, set your meter on V Chek—
and let it do the rest. \V Chek will
determine continuity/ohms; if voltage
is present, it will aufomaticall

change modes to measure AC or DG
volts, whichever is detected. For most
initial troubleshooting checks, here's
the only setting you need to make.

Autoranging with manual option:
Your choice, depending on your situation.

Sleep Mode: Shuts itself off
if you forget, extending long
battery life even further.

New! Slide switch and a
few pushbuttons control
all functions: Designed for
true one-hand operation.

Fast, accurate tests
and measurements:
AC and DC voltage
measurements to
600 volts, ohms to
40 MQ; audible __
continuity test:
and diode test.

Desthed to meet UL 1244
Boignea 0 Mea ! Audible Continuity:

IEC 1010, CSA and VDE safety L

requirements: extensive To perform fast continuity

. A checks, just listen for
overload protection built in, the beep: no need to watch

the display.

New! TL75 Hard Point™ Test Leads:
Comfort grip with extra strong tips
for extended service life.

CIRCLE 121 ON FREE INFORMATION CARD

4000 count digital readout.

New! Min/Max record with relativ
time stamp and Continuity Captur:
Makes intermittent problems easie
find. Records highs and lows—an
“time stamps” when they occurrec
continuity mode, opens or shorts ¢
as 250 ps are captured and display

Capacitance: Autoranging from
.001 pF to 9999 pF. No need to carry
a dedicated capacitance meter.

/

For high performance at Fluke's lowest pri
rour hands on the new Series 10. Stop by
ocal Fluke distributor and feel what a pow
difference the right multimeter makes—a
right price. For a free product brochure or th
of your nearest distributor, call 1-800-87-F

Fluke 10 Fluke 11 Fluke 12
$68.95° §79.95° $80.95°
4000 count digital |V Chek™ \/ Chek™
display Capacitance, Min/Max re
1.5% basic dc volts | 001 to 9999 uF with relat
accuracy 4000 count digital | time stam
2.9% basicac volts|  display Continuity
accuracy 0.9% basic dc Capture™
1.5% basic ohms volts accuracy | Capacitanci
accuracy 1.9% basicac volts | 001 to 9¢
Fast continuity accuracy 4000 count
beeper 0.9% basic ohms display
Diode Test accuracy 0.9% basic
Sleep Mode Fast continuity volts acct
Two-year warranty | beeper 1.9% basic
Diode Test accuracy
Sleep Mode 0.9% basic
Two-year warranty | accuracy
Fast contini
beeper
Diode Test
Sleep Mode
Two-year w
" Suggested U.S. list price. Optional holsi
L tiit-stand av

The New Series 10.
A Small Price For A Fh

FLUKE AND PHILII
THE T&M ALLIANC

@1991 John Fluke Mfg. Co,, Inc. Prices and specifica
subject to change. Ad no. 00130.

FLUKE.
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Do you often find yourself dis-
tracted and irritated by the noisy sur-
roundings—barkingdogs, scream-
; y ing kids, droning lawn mowers,
El e beeping horns, bone-shaking con-

El:lnmll?s struction work, blaring music? One
ecoanss simple solution is to replace that an-
v noying noise with one that is
soothing and relaxing. You can do
just that with the SurfMan, a pocket-
sized gadget that lets you listen to
the sounds of the sea through Walk-
man-style headphones, whether
you're at the shore or stuck in the
office. The SurfMan surrounds you
with the rhythmic sound of waves
crashing on the shore, while drow-
ing out the noisy sounds of the real
world. For construction details, turn
to page 33.

mnm
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THE SEPTEMBER ISSUE
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BUILD A DSP VOICE-EFFECTS BOARD
Use digital signal processing to alter your voice.

NOTWORKING TO NETWORKING
Basic and advanced equipment for troubleshooting LAN’s.

PC-BASED TEST BENCH
Build an IC tester and identifier.

ATV DOWNCONVERTER
Use a standard TV receiver to view amateur TV signals.

CIRCUIT COOKBOOK
Learn—or re-learn—how to use the 555 timer.
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Reiease Your Imaginal:ian

Experience Ehe POWER of Electronics with TAB/McGraw-Hill, Inc.

DIGITAL

HANDBOOK

Includes an index to
all four volumes!

ENCYCLOPEDIA OF ELECTRONIC
CIRCUITS—VOLUME 4

Turn here for the latest circuitry used in com-
puters, controls, instrumentation, telecom-
munications, sensors, and more. You get over
1000 + all-new circuits that answer your ques-
tions on modern circuit design.

768 pp., 1,000 ilus. #3752H, $39.95 [regularly $60.00]

Save 22%—Get thousands of circuits
and project ideas in Vols. 1,2 and 3
(#5489C) for only $139.95 [regularly
$180.00].

PRACTICAL ANTENNA HANDBOOK
Design, build, and install antennas to suit your
needs—and save money! Build a variety of anten-
nas, including: high-frequency dipole, shortwave,
microwave, mobile, VHF and UHF transmitting,
directional beam, marine radio, multi-band, and
maore. 416 pp., 351 ilus. #3270H, $32.95

THE RADIO AMATEUR’S DIGITAL
COMMUNICATIONS HANDBOOK

You get tips and tricks on how to  distinguish
various models * understand the different
methods of modulation used * and set up a com-
munications workstation that fits your needs—and
budget. 208 pp., 80 lus. #3362H, $22.95

PROGRAMMABLE CONTROLLERS:

Hardware, Software, and Applications
You get details on: how PLCs are used. . .types of
hardware and software. . . high- and low-level pro-
gramming languages. . .interfacing PLCs with peri-
pherals. . .and creating networks of PLCs.

304 pp., 187 llius. #3147TH, $38.95

MICROWAVE OVEN REPAIR

—2ND ED.

Service low-and high-voltage problems = locate
and replace the magnetron * repair oven motors
and control circuits * and test for microwave
leakage. Includes diagrams and case histories for
many of the popular brands of microwaves.

368 pp., 366 flus. ¥K345TH, §29.95

SECRETS OF RF CIRCUIT DESIGN
Design and build your own radio frequency

“IC“‘.‘“:“E amplifiers, preselectors, signal generators,

inductor coils, antennas, microwave circuits,
and other devices. Repair receivers, com-
ponents and use the principles of low-frequency
propagation. 416 pp., 175 illus. #3710H, $32.95

MASTERING TECHNICAL
MATHEMATICS

Use this one-stop source to solve any technical
math problem. You get step-by-step instruc-
tions and sample equations for using algebra,
geometry, trigonometry, and calculus.

586 pp., 420 [iUs. #¥3438H, $39.95

MASTERING
TECHNICAL
MATHEMATICS | 1
-
[ LENK’S RF HANDBOOK:
Operation and Troubleshooting
Repair any AF problem you encounter. You get
troubleshooting tips for RF basics—RF
amplifier types, narrowband RF, RF power
amplifiers, RF multipliers and more. You also
get techniques for RF tests.
304 pp., 150 Hius. #037504-6, $39.95

INTERNATIONAL ENCYCLOPEDIA

Lenk’s RF OF INTEGRATED CIRCUITS
 Handbook —2ND ED.

Find the circuits you need fast. This all-in-one
reference gives you complete descriptions of:
circuit functions and uses, pinout diagrams with
external connections, tables, manufacturer
data, and more. 1,168 pp., 4,000 ius,

#3802H, SBADS . ... ...iiirinias Now $44.95

THE NEW STEREO SOUNDBOOK

Optimize your stereo equipment and listening
environment with phantom imaging, binaural
recordings, mid-size mic arrangements, comb-
filtering effects, combining 3 mono-signals to
stereo, and the Ambiosonics® system.

296 pp., 251 ilus. ¥3789H, §$29.95

< Call TOLL FREE 1-800-822-8158
FAX Orders: 717-794-2080

Or mail coupon to:
TAB/McGraw-Hill, Inc., Blue Ridge Summit, PA 17294-0840

Satisfaction Guaranteed—If you are not satisfied, return the books within 15 days for a full refund.
Please send me the book(s) indicated below:

# $ # $ # $

[ Check or money order enclosed made payable to TAB/McGraw-Hill, Inc.

0O @ M Please Print
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Address
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EDITORIAL

EVERYTHING CHANGES

We live in a world of change. Nowhere is that
more true than in the world of electronics.
Although this magazine has always changed
to keep pace with the changes in electronics,
our name has remained unchanged for 44
years.

When Radio-Craft became Radio-Electronics
in 1948, we thought it was a final choice for a
new name. But earlier, in 1929, when we
changed from Radio News to Radio-Craft we
also believed that we had made a final
change.

And so, we now do it again. The name Radio-
Electronics no longer adequately describes
what this magazine is all about. As we
continue to change and evolve, we welcome
you to the era of Electronics Now.

If you take a few moments to think about it,
you can see that Electronics Now is what we
have really always been. Looking back | see
us having covered the very first days of
radio—evolving from our start in 1908 as
Modern Electrics to the Electrical
Experimenter in 1912. Yes, even then we were
Electronics Now. Even before the word
“electronics” had been coined.

In 1919 we started covering the birth of
commercial radio and told our readers how to
build their own receivers—crystal radios with
headphones, of course.

In 1927 we introduced the birth of television in
the pages of All About Television. In 1930
Radio-Craft listed 27 experimental TV stations
and in 1931, Television News came into being.
In 1937 Radio-Craft showed readers how to
build their own television receivers.

Then came FM radio, the consumer
electronics revolution—color TV, computers,
CB radio, high-fidelity, stereo, surround
sound, satellite TV, The VCR, videodisc, CD,
DAT, projection TV, cellular telephone, and

Radio-Electronics was always there—and
always will be.

Today we continue our evolution to the future.
Today we become Electronics Now. But
most important of all, even as we change, we
continue to be what we have always been:
your source of everything new and wonderful
that the modern world of electronics has
created for us. No matter where tomorrow
takes us, Electronics Now will be there, just
as Radio-Electronics, Radio-Craft, The
Electrical Experimenter, and Modern Electrics
have always been there—bringing you every
word of every new happening.

When the first ham operator transmits from
Mars, when the first solid-block electronic
device is sold, when the first 3-D holographic
display is ready for your video room,
Electronics Now will bring you the news.
Electronics Now will explain how it works.
Electronics Now will help you build your own.
Electronics Now will continue to be your
magazine. That is my promise. That is the
promise of our entire staff—the editors,
artists, production, circulation, advertising and
clerical people that bring this publication to
life.

So join with us now and come along with us
on our continuing journey into the 21st
century. Adventure with us from today into
tomorrow. We carry the banner of a proud
new name, but we also follow the dream and
tradition of the great magazines we have
always been. Come along with us on our
quest, our never-ending quest through the
world of electronics—from yesterday, through
today and on into tomorrow. Welcome
Electronics Now!

i,é/ Larry Stecker, EHF/CET
Editor-in-Chief and Publisher




Standard Features - Models 100, 150, 200 & 400
® AC & DC VOLTAGES @ DC CURRENT @ RESISTANCE

@ CONTINUITY TESTER - Buzzer @ DIODE TEST @ 3 1/2 Digit LCD §

® LOW BATTERY INDICATOR @ ACCURACY +/- 0.5% RDG
PRO 400

Kelvin Meters backed by a
2 Yr Warranty - Parts & Labor

150 Basic+

BATTERY TEST TRANSISTORhFE TRANSISTORKFE 20MHz FREQ
BATTERY TEST CAPACITANCE COUNTER

AC/DC CURRENT  AC/DC CURRENT

KELVIN KELVIN KELVIN Ll'.TS;AIC?_IF_I'EAsNrCE

# 990087 # 990090 # 990091

100 Basic 150 Basic+ 200 Advanced [PANRSTORNFE

RIFY
$19%5 9299 3399 B

Protective Cases
For Models 100, 150, 200 $4.95 (290088)
Case For Model Pro 400 5 (ag0094)

Maodel 92
PERFORMANCE ™'=

Model 93
DIAGNOSTIC ™S

Model 95
ENGINE ANALYZER ™=

Standard Features - Models 92, 93, 94 & 95
® DC/AC VOLTMETERS @ AC/DC CURRENT @ OHM METER
® FREQUENCY COUNTER to 4 MHz @ AUDIBLE CONTINUITY TESTER
@ DIODE TESTER @ MAX/MIN AVERAGE MEMORY RECORD
® RELATIVE MODE @ 10A HIGH-ENERGY FUSE PROTECTION
® DATAHOLD @ AUTO SLEEP & AUTO POWER OFF

IANCE PLUs  Complete with above Standard Features plus
:f:'f,c:’:" 4990109 WATER RESISTANT (92 & 94 Models only),
2 YEAR WARRANTY, YELLOW HOLSTER,
$119¢95 PROBES, BATTERY, FUSE, STAND
DIAGNOSTIC P8

Complete with Standard & Model 92 Features plus
LOGIC PROBE, CAPACITANCE TESTER,

Model 93 #990110 TRANSISTOR TESTER, TEMPERATURE

$1 4995 TESTER & K-TYPE PROBE, HIGH VOLTAGE

ENGINE ANALYZER R\®

Model 95 # 990112

WARNING BUZZER
te with Standard & Model 92 Features plus
$19995

Complel

TEMPERATURE, TACHOMETER & DWELL
ANGLE TESTER, DUTY CYCLE, 10 MEGA
OHM IMPEDANCE, ANALOG BAR GRAPH,
K-TYPE TEMP PROBE, ALLIGATOR CLIP
TEST LEADS, INDUCTIVE PICKUP CLIP,
6'TEST LEADS & CARRY CASE

fnmummum nllllulflnlrllll
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Lo

power off

A ah-mA-Lx

[ LCR-Hz-dBm )

COM ¥-Q-Hz-Cx

uIFUSEII
'V 10R MAX

KELVIN TRUE RMS *¢ 94

12 INSTRUMENTS IN ONE - DC VOLTMETER, AC VOLTMETER,
OHMMETER, AC CURRENT, DC CURRENT, DIODE TESTER, AUDIBLE
CONTINUITY TESTER, dBm, FREQ COUN%& ,CAPACITANCE METEH

INDUCTANCE METEH LOGIC PROBE 1 9 9

0 19, A 2 A
0 [ 0 [
\"ELLOWI HOLSTER FROBES
MAX/MIN AVERAGE MEMORY RECORD
10A HIGH-ENERGY FUSE PROTECTION BATIERY, FUSE, STAND

AUTO SLEEP & AUTO POWER OFF with Bypass | Freq Counter to 20 MHz |

This meter is designed In

accordance with relevant safety
ified in IEC-

VDE-0411.

Water
Resistant
10 MEGA OHM IMPEDANCE
RELATIVE MODE / DATA HOLD

MODEL 94
#990111

requirements as s|
348, UL-1244 an
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A review of the latest happenings in electronics.

Tandy's new retail format

Tandy Corporation (Fort Worth,
TX), parent company of Radio
Shack and Computer City stores,
will introduce a new style of retailing
this fall at two of its “'Incredible Uni-
verse' electronics stores located in
shopping malls. The stores will sell a
large selection of competitively
priced products from more than 50
leading manufacturers. Included will
be home-entertainment compo-
nents and systems, auto elec-
tronics, appliances, computers, and
software. The first two stores will be
located near Portland, OR, and
Arlington, TX, with others locations
promised.

As stores go, these will be
large—about 100,000 square feet
of selling floor space at each loca-
tion. The center of each Incredible
Universe store will have a rotunda, a
kind of arena for hands-on demon-
strations, entertainment, and edu-
cational presentations by manufac-
turers’ representatives.

Customers will have an oppor-
tunity to try out the products right in
the store. Tandy will try to ovecome
complaints it has heard in the past
about sales personnel being either
too pushy or indifferent as well as
having incomplete knowledge of the
product available.

Tandy said that Incredible Uni-
verse salespersons will be salaried
so they won't have an incentive for
being pushy to earn commissions.
Moreover, the company says that
the sales people will spend at least
10% of their workday in the store's
training center learning about the
products and keeping up with the
latest in technology.

In its attempt to make shopping
for electronics a “positive * experi-
ence Tandy will provide repair, in-
stallation, delivery, training in the
use of the products, child-care facili-
ties and a restaurant at each store.
Customers have also been prom-
ised an advanced efficient check-

TANDY’'S “INCREDIBLE UNIVERSE”
mall-style stores will carry consumer-
electronics, appliances, and computers.

out system. Direct computer links
between each store and each man-
ufacturer will provide daily sales in-
formation to manufacturers, en-
abling them to keep up with
customer demand.

Self-healing integrated
circuits

"Self-healing chips' have been
developed by scientists at the GE's
Research and Development Center
(Schenectady, NY). According to
GE, the advanced integrated cir-
cuits will monitor themselves for er
rors caused by any malfunctioning
elements and produce signals that
will compensate for those errors.

Fault-tolerant chips are seen as
having applications in circuitry
aboard satellites and unmanned
spacecraft that cannot be repaired
or replaced. Errors in processed
data caused by faulty circuitry can
cause failure of the mission. Inter-
mittent errors introduced by elec-
tromagnetic interference and other
transisent phenomena, as well as
errors caused caused by perma-
nently damaged or destroyed com-
ponents, will be detectable and
correctable.

GE reports that its methodology
is applicable to both digital and ana-
log fault-tolerant IC's whose perfor-
mance can be representated by
state-variable equations. Included in
this class of circuit are filters and
controllers for diverse control and

signal-processing applications.

Error detection and correctic
the GE approach are carried ot
a small, built-in “checking circ
The checking circuit is couple
the chip's primary circuitry at st
gic locations.

The checking circuit comp
“checksum codes''—speci
weighted linear sums of the te
on both sides of the state equal
that the primary circuit solves \
performing its function. If there
fault, the checksums do not a¢
and an error is signalled. The ck

ENGINEERS MANUEL D’ABREU
ABHIJIT CHATTERJEE set up a fau
erant circuit breadboard for testi
GE’s Research and Development C:

ing circuit then error checks i
and if okay, it computes the
value and automatically feeds
value back to the main circui
error correction.

GE scientists see the fault-1
ant chips as two or three years
from their first practical apg
tions. GE is currently working t
tend the technology to the desi
complex fault-tolerant circuits
exhibit nonlinear behavior. 1
present efforts are limited to th
sign of linear systems.
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SHIPPING

Hitachi RSO Series

(Portable Real-time Digital Storage Oscilloscopes)

ELENCO & HITACHI PRODUCTS
AT DISCOUNT PRICES

SPECIAL BUY

TO ORDER
CALL TOLL FREE
1-800-292-7711

HITACHI COMPACT SERIES SCOPES

This senes provides many new functions such as CRT

1-800-445-3201 (Can.)

VC-6023 - 20MHz, 20MS/s $1,695 V-212 - 20MHz Scope 09 Readout, Cursor measurements (V-1085/1065A/665A), Fre-
VC-6024 - 50MHz, 20MS/s $1,995 pe $4 quency Or. :Iv-waisx \Svavpime Aucranoiny; Dateyec
VC-6025 - 50MHz. 20MS/s $2.195 sweep and Tripper Lock using a 6-incl -You don't fee
VC-6045 - 100MHz, 40MS/s Call Hitachi Portable Scopes 1o COMeAcYEs 11 19/Tha 0f PETIoiANce ANd operation.
VC-6145 - 100MHz, 100MS/s Call DC fo 50MHz, 2-Channel, DC offset func- V-660 - 60MHz, Dual Trace____ §1.149
RSO's from Hitachi feature roll mode, averaging, save tion, Altermate magnifier function V-665A - 60MHz, DT, w/cursor ____ §1,345
memory, smaothing, interpolation, prefriggering, cursor T V-1080 - 100MHz, Dual Trace $1,395
measurements. These scopes enable more accurate, V-525 - CRT Readout, Cursor Meas. $995 V-1065A - 100MHz, DT, w/cursor 1
iti V: Delayed S . DT, wicursor ____ $1,649
simplier observation of complex waveforms, in addition to -523 - Del ?Ye weep $975 V-1085 - 100MHz, QT, w/cursor $1.095
such functions as hardcopy via a plotter interface and V-522 - Basic Model $875 Vo A M : ! ==t
waveform transfer via the RS-232C interface. Enjoy the V-422 - 40MHz §775 -1100A - 100MHz, Quad Trace _____ $2,195
comfort of analog and the power fo digital. V-223 - 20MHz delayed sweep $695 V-1150 - 150MHz, Quad Trace _____ $2,695
25MHz Elenco Oscilloscope  V-222-20MHz deluxe $625  Elenco 40MHz Dual Trace
Good to
PR  PRICE BREAKTHRU w3493
S > & S-1325  MH0MHz Digital Storage Oscilloscope e et If : ! =
| w.mfj : 4 = Dual Trace |, Analog/Digital Scope j l . - [ | = High luminance 6" CRT
| - i = 1mV Sensitivity |e 2K word per channel memory DS203 AR5 = 1mV Sensitivity
1| (TICHS | g; s +6" GRT |=10MS/s sampling rate il D=Vl ] “155 «10KV Acceleration Voltage
r— i + X-Y Operation |* State-of-art technology $775 « 9ns Rise Time
; W + TV Sync |*Includes probes » X-Y Operation

$-1360 60MHz Delay Sweep $775

= (2) 1x, 10x Probes included » Includes (2) 1x, 10x Probes

All scopes include probes, schematics, operators manual and 3 year (2 yrs for Elenco scopes) world wide warranty on parts & labor. Many accessories available for all Hitachi
scopes. Call or write for complete specifications on these and many other fine oscilloscopes.  1x, 10x Scope Probes: P-1 65MHz $17.95, P-2 100MHz $21.95

Digital Capacitance Meter | j.e=== Digital LCR Meter ——— Multimeter with
Ry, CM-15508 | Lc-1801 | [ 000" Capacitance & FLUKE MULTIMETERS
ﬂ' m _Sem= Transistor Tester | Scopemeters (All Models Available Call)
Sere $58.95 $125 Model 93  §$1,095.00 70 Series
2 9 Ranges Measures: $55 CM-1500B | Modei95  $1,395.00  Model 701l $65.00
1p1-20,000u1d Coils 1uH-200H Reads Volts, Ohms | Model 97 $1,695.00 Model 7711 $145.00
5% basic accy. Caps . 1pl-200ul Current, Capacitors, 10 Series Model 79I $169.00
Zero contral w/ Case =SS Res .01-20M Transistors and Model 10 $62.95 80 Series
Big 1 Display | Big 1~ Displéy Diodes / with case | Model 12 $79.95  Model 87 $289.00
Quad Power Supply XP-580 Triple Power Supply XP-620 AM/FM Transistor True RMS 4 1/2
$69 95 Assembled $75 Radio Kit Digit Multimeter
220V @ 2A Kit$50 |  with Training Course M-700T
12V @ 1A 210 15V @ 1A, $135
V@34 L ;0?’ @“: Model AM/FM 108
5V @ .5A (or :nd 5\% 3; $2 6.95 _?g’%ngg :‘\:::;acy
Fully regulated and short circuit prolacted All the desired leatures for doing experiments. 14 Transistors « 5 Diodes with Freq. Counter
Fealures shor circuit protection, all supplies Makes a greal school project Data Hold

Function Generator
Pie ez Blox

;J #9600
| $28.95

GF-8016 Function Generator
with Freq. Counter

$249

Sine, Square, Triangle

LASER KITS

Build your own |aser. This great kit includes all parts neededto build a class |l laser.
Safe to use, output is under one milliwatt. Kit includes a new He-Ne 1.125 dia x 5.75"
long laser tube. Comes with building instructions, schematic and all parts.

Pulse, Ramp, .2 to 2MHz
Freq Counter .1 - 10MHz
IntExt operation

Provides sine, Iriangle, square
wave from 1Hz to 1MHz

Model LK-1 $79.95

GF-8015 without Freq. Meter $179 AM or FM capability

Specifications LK-1:
Input voltage
Output voltage

Learn fo Build and Program

Wide Band Signal
Computers with this Kif

Generators

12VDC @ 1.25 amp
2-3KV @ 3-4.5MA

Includes: All Parts, Assembly and Lesson Manual Trigger voltage B-BKV
Model Laser power 1 milliwatt

MM-8000 Laser tube type helium - neon

$1 29.00 Laser tube size 1.125" dia x 5.75" long

Mirror & Motor Kit

This unique kit allows you to project laser patterns on the ceiling or walls. You change
the patterns by varying the speed of the motors. The kit comes complete with 2
motors, 2 front surface mirrors, 2 motor brackets and 1 power rheostat control to vary

speed of the motor.
E" 15 DAY MONEY BACK GUARANTEE
2 YEAR WARRANTY
1245 ROSEWOOD, DEERFIELD, IL 60015 L
FAX: 708-520-0085 » (708) 541-0710 WRITE FOR FREE CATALOG

CIRCLE 109 ON FREE INFORMATION CARD

SG-9000 $129

AF Freq 100K-450MHz AM Modula-
tion of 1KHz Yariable RF output

SG-9500 w/ Digital Display &
150 MHz bulit-in Counter $249

C&S SALES INC.

Starting from scratch you build a complete system. Our
Micro-Master trainer teaches you to write into RAMs,
ROMs and run a B085 microprocessor, which uses
similar machine language as IBM PC,

WE WILL NOT BE UNDERSOLD
UPS SHIPPING: 48 STATES 5%

Model LM-1 $19.95

IL RES 7.5% TAX ($3 min $10 max)
OTHERS CALL




if You're Serious
About a Future ir
' Electronics, Ensure thai
Future with the Best
Educational Training

i Available

SEND FOR YOUR CIE HOME

STUDY COURSE CATALOG AND
RECEIVE A FREE 24 PAGE CIE
ELECTRONICS SYMBOL HANDBOOK!

Includes hundreds of the most frequently
used electronic symbols. Published by ‘
CIE exclusively for our students and

alumni. Yours free when you

request a CIE Course Catalog.
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[f you want to learn about electron-
ts, and earn a good income with that
:nowledge then CIE is your best
ducational value.

CIE’s reputation as the world
eader in home study electronics is
)ased solely on the success of our
jraduates. And we've earned that
eputation with an unconditional
:ommitment to provide our students
vith the very best electronics

CIE PROVIDES YOU WITH A
LEARNING METHOD SO
GOOD, IT'S PATENTED.

CIE's Auto-programmed lessons are a
proven learning method for building
valuable electronics career skills. Each
lesson is designed to take you step-by-
step and principle-by-principle. And
while all CIE lessons are designed for
independent study, CIE’s instructors
are personally available to assist you

raining. 2 to.
Just ask with just a toll-
iny of the free call. The
150,000-plus result is practical
jraduates of training... the
‘he Cleveland kind of experi-
nstitute of ence you can put
zlectronics to work in today’s
w~vho are marketplace.
wvorking in
ligh-paying LEARN BY
yositions with DOING...W
ierospace,
computer, STATE-OF-
medical, THE-ART
automotive FACILITIES
2 AND
throughout the EQUIPMENT.
world. In 1969, CIE

They'll tell you success didn't
come easy...but, it did come....thanks
to CIE. And today, a career in elec-
tronics offers more opportunities and
greater rewards than ever before.

CIE's COMMITTED TO BEING
THE BEST....IN ONE
AREA....ELECTRONICS.

CIE isn't another be-everything-to-
everybody school. \We teach only one
subject and we believe we're the best
at what we do. Also, CIE is accredited
by the National Home Study Council.
And with more than a 1,000 gradu-
ates each year, we're the largest
home study school specializing
exclusively in electronics. CIE has
been training career-minded students
like yourself for nearly 60 years and
we're the best at our subject .....
ELECTRONICS ... BECAUSE IT'S THE
ONLY SUBJECT WE TEACH!

pioneered the first Electronics Labora-
tory course and in 1984, the first
Mircoprocessor Laboratory course.
Today, no other home study school
can match CIE's state-of-the-art equip-
ment and training. And all your
laboratory equipment, books, and
lessons are included in your tuition.
It's all yours to use while you study at
home and for on -the -job after
graduation.

PERSONALIZED
TRAINING....TO MATCH YOUR
BACKGROUND.

While some of our students have a
working knowledge of electronics
others are just starting out. That's
why we've developed twelve career
courses and an A.A.S. Degree program
to choose from. So, even if your not
sure which electronics career is best
for you, CIE can get you started with

WHY CHOOSE CIE FOR YOUR TRAINING?
= 150,000 successful graduates from every country around the world.

= Only CIE rewards you for fast study. CIE offers an Associate Degree
program based on actual study time used. The faster you complete your

degree the less your overall tuition.

= State-of-the-art laboratory equipment is yours to keep and it comes
assembled, ready for hands-on experiments.

= Approved for educational benefits under the G.I. Bill for veterans and other

eligible persons.

= Upon graduation, CIE offers free preparation to pass the Certified

Electronics Technician Exams.

core lessons applicable to all areas of
electronics. And every CIE course you
take earns you credit towards comple-
tion of your Associate in Applied
Science Degree. So you can work
toward your degree in stages or as
fast as you wish. In fact, CIE is the
only school that actually rewards you
for fast study, which can save you
thousands of dollars.

SEND TODAY FOR YOUR CIE COURSE
CATALOG AND WE'LL SEND YOU A
FREE 24 PAGE CIE ELECTRONICS
SYMBOL HANDBOOK!

D YES- | want to get started.

i Send me my CIE school catalog includ-
ing details about the Associate Degree
Program. (For your convenience, CIE

] will have a representative contact you -
there is no obligation.)

AE4

I Name:

l Address:

B cv:
i

Zip: Age:
l g

State:

I Phone No. | P

l Check box for G.1. Bulletin Benefits
1 Veteran [ Active Duty

IS

CLEVELAND
INSTITUTE OF
ELECTRONICS
1776 East 17th Street
Cleveland, Ohio 44114
(216) 781-9400

A school of thousanc
A class of one.
Since 1934
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Whats new in the fast-changing video industry.

DAVID LACHENBRUCH

® Ghostbuster compromise.
There's peace at last in the ghost-
busting arena. Developers of the
two leading systems have gotten
together and merged their systems
into one that should satisfy the
needs of broadcasters and cable
operators alike—as well as viewers
plagued with ghosting problems.
Tests by the National Association of
Broadcasters (NAB) had found the
ghost-canceling system developed
by Philips to be superior, but a rival
system by the David Sarnoff Re-
search Center and backed by
Thomson Consumer Electronics
was favored in tests by Cable TV
Laboratories (Radio-Elec-
tronics, July 1992).

The Philips system performed
better in eradicating the widely
spaced ghosts generally found in
broadcast signals, while Sarnoff's
technology did better with the more
closely spaced ghosts developed
within cable systems. In a model
cooperative effort, both proponents
got together and developed a third
system that combines the best ele-
ments of both. The ghost-canceling
system uses a reference signal
transmitted during the vertical
blanking interval to direct specially
equipped receivers to eliminate
ghosts. Ghost-canceling circuits
are expected to add at least $100 to
the cost of TV sets, and will be mar-
keted for the current NTSC system.
HDTV sets are expected to use a
different method of dealing with
ghosts.

® Standards-converting
VCR's. An answer to a common
question—how to swap tapes with
friends and relatives in countries
with different TV standards—is in
sight. Aiwa, which has been out of
the video field in the U.S. for several
years, this summer will start mar
keting a reasonably priced VCR that
can play NTSC tapes on PAL re-
ceivers and vice versa. The stan-
dards-converting VCR will carry a
suggested list price of about

S500—far below previous stan-
dards converters—and is sched-
uled to be available this month. At
the same time, Aiwa will offer a
stand-alone standards converter,
that will adapt any tape or videodisc
to a different standard, at $400.
That model has three input and out-
put terminals, a stereo-mono
switch, 500-kilobyte-per-second
field memory, and a 7-bit A/D con-
verter. It provides 240 lines of hori-
zontal resolution and will operate on
NTSC, PAL, and SECAM.

The first VCR model will have no
tuner, but a tuner-equipped version
(for tuning NTSC broadcasts) is due
early next year. A model with a PAL
tuner is already on sale in the U.K.,
where one expert judged the picture
quality not as good as the original,
but “quite good enough for most
viewers wanting to watch family
tapes from abroad."

® TV Data System. Next year's
TV receivers could have vastly ex-
panded on-screen graphic ca-
pabhilities, thanks to a new “TV Data
System™ approved by an EIA engi-
neering committee for submission
to the FCC. The system is an ex-
pansion of the technology de-
veloped for closed captioning,
which will be required by law in all TV
sets 13 inches and larger made
after June 30, 1993. The new data
system adds a second field to the
single field in the vertical interval line
reserved for captioning. That addi-
tional allocation will make possible
closed captions in a second lan-
guage and add new options, includ-
ing a variety of background colors
for the captions.

It will also permit broadcasters
and cable operators to develop new
graphic and labeling ideas, including
program identification service,
which would offer on-screen label-
ing of program titles at the push of a
remote-control button—a feature
especially useful to channel
browsers. With additional software
in home TV's and VCR's, the sys-

tem would permit such features
automatic on-screen weather we
ings for emergencies. Perhaps

choicest feature would be static
transmission of their advance g
gram schedules. Receivers co
be programmed to seek and st
that information.

® VCR programming sy
tems. While the system descrit
above could be used to prograr
VCR to tune to a single channe
multi-channel on-screen progre
selection system is scheduled to
introduced next year in sets me
by Zenith, which has a one-year
clusive license. This system was |
veloped by InSight Telecast
California firm whose backers
clude the cable programnm
Viacom, the Japanese trading cc
pany C. ltoh, and several othercc
munications and entertainme
firms. InSight plans to use a port
of the vertical blanking interval
the PBS network (which reack
90% of TV sets in the U.S.)) to se
out a detailed program guide g
Zenith TV sets equipped with
system will be able to call up the
grids, as well as detailed desc
tions of each program and even |
ings of programs by type (spo
talk, drama, etc.). The on-scre
grid would be used to set up VC
by program name rather than ti
and channel. The TV set contains
“IR blaster,” an infrared transmit
at the end of a cable that sets up
VCR through its remote-control
ceiver. Future VCR's are expec
to have InSight built in. InSight pl:
to offer the service by subscripti
and its goal is to supply it for ab
half the price of a subscription to
Guide.

TV Guide also is experiment
with a programming system, in c
junction with major cable interes
That system apparently is simila
InSight, except that it would be «
ried on cable TV systems.
Guide's goal is for the service to
supported by advertisers. F




here will it be? Hawaii? Las Vegas? Mexico? The Ba-

‘ K / hamas? It's up to you. We're going to send you a free

coupon for up to six days and five nights of free lodg-

ing at the destination of your choice. Now did we get your at-
tention?

Here's how it works: We sell books, and instead of adver-
lising our program on TV (at great expense) we decided to
pass the savings along to you.

When you decide to participate in our program, we'll send
you a booklet of 40 coupons and a catalog listing our current
book offerings. Purchase one book and include one of the
coupons for your second book. In all, you'll get 40 books for
your $19.95 investment.

When we receive your fifth coupon, there's a bonus for you
in the form of a free membership in the Grocery Savers of Amer-
ica. This will entitle you to save up to $50 or more on your
monthly grocery bill. And on receipt of your 15th coupon, you
automatically get a free membership in The Great American
Traveler, entitling you to receive a 50% savings on hotels, mo-
tels and car rentals. On receipt of your 20th coupon, Bingo!
You get that big free lodging for six days and five nights at your
choice of Hawaii, Mexico, Las Vegas or the Bahamas.

You're going to be very impressed with the book selections
as well. These are not all paperbacks, but the same, high-qual-
ity volumes you see in bookstores at many times your own pur-
chase price. Frankly, there just isn't enough room on this page
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to outline all of
the details, but
don't pass this up!
Send us your name,
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of the information, in-
cluding your catalog
and 40-coupon book
today. MasterCharge and
Visa are accepted.
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CLAGGK Inc.
P.0. Box 4099
Farmingdale, New York 11735

Gentlemen: I've enclosed $19.95 in full payment. Please send my “The
Great Two for One Give Away” booklet of 40 coupons and catalog.

[[] Check Enclosed [ Visa [C] MasterCard

Name —_— =

Address =

City 5 _ S pAIT u
Credit Card No el A L 3 Bepi Dsié

o

14 — 4l

(Clip coupon and mail today! Do not send cash through the mail.)
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Write to Ask R-E, Radio-Electronics, 500-B Bi-County Blvd., Farmingdale, NY 11735

AUTOMATIC VOLTAGE SENSING

I'm interested in learning the
basic approach for designing a
power supply that can be
plugged into any outlet with a
voltage from a low of 85 to a high
of 270 volts. Those supplies,
found on some TV’s and VCR's,
automatically sense the input
voltage and supply the correct
output voltages needed by the
devices they’re powering. How
do these things work?—R.
Llanes, Curacao, Netherlands
Antilles

There's always more than one
way to approach a problem like
yours. | can't say how any one sup-
ply like that works, but | do know
how | would go about designing
one.

The first thing to realize is that it's
much more useful to think about the
output voltage supplied by the cir-
cuit than it is to think about the volt-
ages being supplied to the circuit.
What we want to design is a supply
that can provide 5, 12, 24, or some
other DC voltages. Once you think
about the device in that way, the
design of the front end that “sees”
the AC outlet voltage becomes a bit
simpler.

The basic block diagram for a
power supply that can automatically
provide the same output voltage for
a wide range of input voltages is
shown in Fig. 1. As you can see, the
only thing that makes it different
from a fixed-input supply is the box
labelled “voltage limiter." The job of
that section of the circuitis to take a
range of DC voltages at its input and
provide a constant DC voltage at its
output.

This isn't a difficult circuit to de-
sign because we are really talking
about a "preregulator’ for the last
section of the supply that generates
the final output. The parts of the
preregulator can include Zener di-
odes, fixed output regulators, or
other devices. In fact, the pre-
regulator is really the same as a
standard regulator circuit.

L5
70 240 !
VoLrTs REDUCED VAR /ABLE FIXED Vo /]
AC IN vAC Voo Voo Vi
ATAIN VOLTAGE
STEPDOWN \ MW \ L IMITER \ VZ’;’;&
TRANS— RECTIFIER[o ~re— [t TICE |
FORMER CHRCLNTRY REGLHLATAR) CecugRY
CIRCUITRY CRCUITRY

FIG. 1—POWER SUPPLY BLOCK DIAGRAM. It can automatically provide the
output voltage for a wide range of input voltages.

It is most important to know that
the preregulation of the voltage is
done after the input voltage from the
wall outlet has been reduced to a
manageable level by the front-end
transformers. Trying some brute-
force approach to the problem at
the main input transformer is cer
tainly possible, but it would involve a
lot more circuitry.

You could have the preregulator
control the input transformer so that
it would switch among several sec-
ondary windings but, off the top of
my head, | think this approach would
result in a much more complicated
circuit. A design for chopping the
DC voltage is a more straightfor-
ward way.

If you start experimenting with
that idea, or any other approach to
the problem, don't ever forget that
you're dealing with some very high
voltages.

POCKET-STEREO AMP

I've been experimenting with
the LM386 amplifier, and I'm
wondering if it can be used as an
audio amplifier. When | play my
pocket stereo through the en-
closed circuit, the sound is dis-
torted—even at low volume. Do
you have any suggestions
about what’s wrong?—R. Mar-
cachen, Algonquin, IL

I'm really surprised at your ques-
tion because the LM386 was de-
signed specifically for use with
audio. The circuit you've sent me is
one that usually shows up in the
data books and should work without

any trouble at all. | think your
lem is elsewhere—particularly
the output of your pocket stere

The LM386 is a virtually
letproof IC that can put out a
300 milliwatts into an 8-ohm lo:
can drive a small speaker at |
spectable level, but only if you
it with the right levels at it's ir
and give it enough supply pow
operate without clipping.

The overall gain of the chip is
trolled by the resistance betv
pins 1 and 8. The LM386 ha
internal 1350-ohm resistor ac
those pins to give the chip a ge
about 20 dB. The maximum gair
can get from the chip is abou
dB, obtained by bypassing the i
nal resistor with an external 1
capacitor. That's what you did ii
circuit you sent in.

Assuming you have enough :
able DC power for the LM3§&
operate properly, the only thing
can be causing a problem is
much power being supplied t
input. Although you have a trin
between the stereo’s output an
input of the LM386, remember
power is a product of both cu
and voltage, and you have to be
trol each of these separately.
means you need a resistor in s
as well as a trimmer to ground

To give you an idea of how e:
is to use the LM386, look a
circuit shown in Fig. 2. This
minimum amplifier circuit
around an LM386 and, as yo
see, the component count is
low. Because there's nothing



tween pins 1 and 8, the IC will give
you a 20-dB gain at the output. Con-
sidering the signal level that usually
comes out of a typical pocket ster-
eo's headphone jack, a 20 dB gain
should be more than enough to
drive a speaker at what is usually
referred to as a "'comfortable listen-
ing level.”

Notice the resistor on the input
line that's in series with the stereo's
output and the LM386's input.
That's what cuts the current level of
the signal, and it's also what's miss-
ing from the circuit you sent in. The
value of the resistor to use depends
on the output power from the ear
phone jack, but you should start
your experiments with a value in the
area of 10K or so. You'll know when
you have a good value because
you'll get a clean sound at the
speaker regardless of how you set
the volume control on the stereo.

<
<
<

FIG. 2—THIS AMPLIFIER CIRCUIT will
give you a 20-dB gain at the output.

The frequency response of the
LLM386 is pretty flat, but the specs
show that harmonic distortion will
exceed one percent THD when the
input signal gets much above 12
kHz. Even with that limitation, the
LM386 is the ideal chip when it
comes to building a power amplifier
for a small speaker. Breadboard the
circuit shown in Fig. 2, and use it to
determine the value of the resistor
you'll need. Once you've found the
right number, you can put it in your
circuit.

If you decide that the LM386 cir-
cuit in Fig. 2 provides enough gain
and suitable sound quality, you
might consider scrapping the more
complex circuit you sent in favor of
the simple one. One of the goals in
electronic design, as in other fields,
is to keep things simple.

1-INCH RECORDER HEADS

I’'m currently building a multi-
track recording system and I'm
putting it together by rebuilding
several multitrack reel to reel re-
corders. | have lots of broken
ones at my disposal and I’m able
to steal parts from several dead
machines to make a good one.
The only problem I’'m having is
that | can’t seem to find a source
for the heads on the machines.

Lots of people have stereo tape
heads for sale but | haven’t been
able to find replacement heads
with multiple tracks for 1-inch
recorders. Any ideas?—T. Hold-

er, Coshocton, OH
I'm always in favor of anyone who
wants to turn old scrap equipment
into usable products. I'm surprised
you're having so much trouble get-

ting the tape heads.
continued on page 90

Powerful software to build
and simulate analog and
digital circuits.

Electronics Workbench’

The electronics lab in a computer

DOS Professional Version - $299
Macintosh Version - $§199

CIRCLE 186 ON FREE INFORMATION CARD
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Learn to troubleshoot an
service today’s computer
systems as you build a

386sx/20 mini tower
computer!

Train the NRI way—and learn to
service today’s computers as you build
your own 386sx computer system, now
with 1 meg RAM, 40 meg IDE hard
drive, and exciting new diagnostic
hardware and software!

Jobs for computer service technicians
will almost double in the next 10
years according to Department of
Labor statistics, making computer
service one of the top growth
fields in the nation.

NEW!
386sx/20 MHz
Mini Tower
Computer

Now you can cash in on this
exciting opportunity—either as a
full-time industry technician or in
a money-making computer service
business of your own—once you've
mastered electronics and computers

the NRI way.

NRI's practical combination of “reason-why” theory Plus you now go on to work with today’s most
and hands-on building skills starts you with the funda- popular integrated software package, Microsoft Wor
mentals of electronics, then guides you through more learning to use its word processing, spreadsheet, da
sophisticated circuitry all the way up to the latest ad- base, and communications utilities for your own per
vances in computer technology. and professional applications. But that’s not all.

Train with and keep a powerful 386sx/20 MHz
computer system plus popular Microsoft®
Works software!

Only NRI gives you hands-on training with the finest s ez,
example of state-of-the-art technology: the powerful new training 1
West Coast 386sx/20 MHz mini tower computer. As you the remar
assemble this 1 meg RAM, 32-bit CPU computer from the RA.CER
keyboard up, you actually see for yourself how each section in diagno
of your computer works. 3’3 m
You assemble and test your computer’s “intelligent” diagnosti
keyboard, install the power supply and 1.2 meg, high- ﬁm
density floppy disk drive, then interface the high-resolu- professio
tion monitor. state-of-tl
Your hands-on training continues as you install a f):m
powerful new 40 meg IDE hard disk drive—now included computer
in your course to dramatically increase the data storage troublesh
capacity of your computer while giving you lightning-guick fast and «
data access. rate.



Your NRI computer training includes all this: * NRI's unique Discovery Lab® for circuit design and

testing Haruf held digital multimeter with “talk-you-through?” instructions on audio cassette * Digiial

logic probe that lets you visually examine computer circuits * The new West Coast 386sx/20 MHz

cm;qo:;;ier s‘;{sten&, featur;ng bg;:r:g,hfsgeed 8238}?3;8 CPU, 1 meg RAM,
ey “intelligent” key. meg hig nsi
drive, and hi, %1 resolution monitor ;g 40 meg ID ‘zaﬂf g’r'we .
MS-DOS, GW-BASIC, and Microsoft Works software *

R.A.C.E.R. plug-in diagnostic card and QuickTech menu-
driven diagnostic software * Reference manuals with
guidelines and schematics

printer ports, serial communications ports, video display
memory, floppy drives, and hard disk drives.
Only NRI gives you such confidence-building, real-world
experience. Only NRI gives you both the knowledge and the
professional tools to succeed as today’s in-demand computer
service technician.

No experience needed ... NRI builds it in

NRI training gives you practical, hands-on experience
that makes you uniquely prepared to take advan-
tage of today’s opportunities in computer service.

You learn at your own convenience in your
own home. No classroom pressures, no night
school, no need to quit your present job until

you're ready to make your move. NRI starts you
with the basics, building on that foundation
step by step until you have the knowledge and
skills you need for success.

And all throughout your training you've
got the full support of your personal NRI
instructor and the entire NRI technical
staff, always ready to answer your questions
and help you achieve your training goals.

FREE catalog tells more. Send today!

Send today for NRI's big, free catalog that
" describes every aspect of NRI's innovative
| computer training, as well as hands-on
training in other growing high-tech
career fields.

If the coupon is missing, write to:
NRI School of Electronics, McGraw-Hill

NOW! Training now includes Ultra-X Continuing Education Center, 4401 Connecticut Avenue,
diagnostic hardware and software for quick, NW, Washington, DC 20008.

accurate troubleshooting!

IBM is a registered trademark of International Business Machines Corp. R.A.C.E.R. and
NOW you train with and keep the latest i.l'l QuickTech are registered trademarks of Ultra-X, Inc.
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DIGITAL VIDEO STABILIZER
ELIMINATES ALL VIDEO COPYGUARDS

While watching rent-  FEATURES
al movies, you will

notice annoying pe- o Easy to use and a
riodic color darken-  spap to install
ing, color shift, , State-of-the-art
unwanted lines

Microchip technol-

0 085% automatic
» Compatible to aII
Was of VCRs and

« The best and most
exciting Video Sta-
bilizer in the
market

flashing or ]agged
edges. This s
caused by the copy
protection jammin
signals embedde
in the video tape,
such as Macrovision
copy protection. THE
DIGITAL VIDEQ STABI-
UZER: RXl COMPLETELY o Light weight (8
ELIMINATES ALL COPY  punces) and com-
PROTECTIONS AND JAM- Elact (1x3.5x5")
MING SIGNALS AND ses a standard 9
BRINGS YOU CRYSTAL  \/olt battery ( last 1-
CLEAR PICTURES. 2 years

WARNING - FastU S delivery

THE DIGITAL VIDEO STA- ® Ag gh'F'P""G avai

BILIZER IS INTENDED FOR
o UNCONDITIONAL
PRIVATE HOME USE 30 day money

ONLY. IT IS NOT IN-

TENDED To COPY RENT-  Dack guarantee
AL Movies op * 1yearwarranty
COPYRIGHTED  VIDEO

TAPES THAT MAY con- (Dealers Welcome)

STITUTE COPYRIGHT IN- FREE 20P Catalog
FRINGEMENT.

To Order: $59.95ea +$4forp & h
Visa, M/C, COD Mon-Fri: -6 EST

1-800-445-9285
ZENTEK CORP. DEPT. CRES8
3670-12 WEST OCEANSIDE RD. OCEANSIDE, NY 11572
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ESCRAMBLERS

ou Can Save Money ¢ on
_ Cable Rental Fees

Bullet Proof |

BEST Super Tri-Bi Auto/ g : o
Var. Gain Adjustment $119.95.585 US Cable’ll Beat
Jerrold Super Tri-Bi... $109.95.8%  Anyone’s Price
Saenuﬁc Atlanta ......... §109......579 : S
..... . s109._sm  Advertised in
Pmm'r'zrcus-_ $99.95..579  this Magazine!

Stargate Converter....... $95.......569
Digital Video Stabilizer. $59.95....529
Wireless Video Sender..§59.95...$49.95
30 Day Money Back Guarantee
FREE 20 page Catalog
Visa, M/C, COD or send money order to:
U.S. Cable TV Inc. Dept. KRES
4100 N. Powerline Rd., Bldg. F-4
Pompano Beach, FL 33073

1-800-772-6244

For Our Record

L, the undersigned, do hereby declare under penalty of perj

that all products now and in the ful Lure,\ullouiyhe
with proper authori

local officials or cable company officials in lcmrdanmmth:ll

applicable federal and state laws. FEDERAL AND VARIOUS

STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL

AND CIVIL PENALTIES FOR UNAUTHORIZED USE.

Date:,
Signed:

No Florida Sales!
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Write to Letters, Electronics Now, 500-B Bi-County Blvd
Farmingdale, NY 11735

DOUBLE-BLIND AUDIO TESTS

I'd like to comment on “double-
blind audio tests,” that have been
discussed recently in Larry Klein's
Audio Update (Radio-Elec-
tronics, June 1992) column.

About 10 or 12 years ago,
Scientific American magazine had
an article on the physical processes
of hearing. As | recall, the article
stated that the ear generated a se-
ries of electrical pulses that were
intercepted by the brain and de-
coded into sounds as we “hear”
them. The article showed that the
electrical signals were a family of
short-duration pulses that varied in
spacing, amplitude, and polarity. An
illustration showed a sample that
looked like nothing recognizable as
a "signal” by electrical standards.
As | recall, the article said that the
complexity of the coded signal from
the ear was beyond anyone's ability
to understand with the state-of-the-
art technology at that time.

The article also said that the sig-
nal seemed to be primarily gener-
ated by ‘‘crossings of the zero
datum line" of the sounds in the
amplitude realm. Time between
crossings entered into the encoding
scheme as well. To me, this indi-
cates that frequency, amplitude,
and phase will all contribute to the
“encoding process of the ear.” That
being the case, it is understandable
that the need for “double-blind" au
dio tests exists. It also explains the
rather strange results between indi-
vidual responses to the sounds.

There is no reason to believe that
every ear “encodes” sound exactly
as all other ears. Proof of that state-
ment can be deduced from “normal
aging'' of the ear through life, result-
ing in the loss of high-frequency re-
sponse in the elderly.

In view of the previous com-
ments, it seems to me that “double-
blind" tests are quite useful. In fact,
in view of all of the variables in-
volved, it would seem that ten or

more tests should be duplicate:
be sure that the results are corr
| hope to see continued inqui
into the nature of audio for thos
us who read and enjoy Klein's At
Update. "
RAYMOND H. GRIESE, K¢
Santa Clara, CA

GET THOSE NUMBERS STRAIG
| am very impressed by the qui
of the “Build This ..." articles
have appeared in Radio-El
tronics over the past decade, ¢
have built or adapted many of
devices that control AC power.

Yet | am annoyed by the freqt
references to “110,” “115,"
“220." when describing housel
AC receptacle voltages. Altho
some old-timers can be forgiver
using such terms, there is no
cuse for seeing them in Rac
Electronics!

“110/220" voltage does not €
anywhere in the United States,
has not for more than 30 year:
the mid-1950's, “115/230"
common, but changed
“117/234" briefly before becon
the now-standard "120/240
1970. The American National S
dards Institute publishes a dc
ment entitled: "American Nati
Standard for Electric Power ¢
tems and Equipment—Voltage |
ings (60 Hertz)." This Stanc
(ANSI C84.1) specifies that
Nominal System Voltage shal
120/240 VAC in three-wire systt
commonly found in resider
areas. The great majority of ele
utilities try to keep receptacle
ages at 120+ 3 volts AC.

Some appliances might car
nameplate voltage rating of 11.
230 volts, but that considers
wiring voltage drop under load
is correctly termed “Utilization ®
age."” It is expected that the no-
voltage will be 120 or 240 volts
ERIC G. LEMMON
Lompoc, CA



MORE ON MICROPROCESSORS,
PLEASE

I'm writing to commend you on
the "Build This Microprocessor De-
velopment System™ articles (Ra-
dio-Electronics, April and May
1992), concerning the CMOS-
based 1802 microprocessor. During
the mid-1970's, your sister maga-
zine, Popular Electronics, ran a se-
ries of articles dealing with the
1802. Many of those older articles
can be photocopied at local public
libraries.

The two new articles, as well as
the older ones, point to a very inter-
esting fact—namely, that the 1802,
in its use of chip pins and design
philosophy, is a very useful compro-
mise between a general-purpose
microprocessor and a micro-
controller. Some other interesting
things to note are that as a CMOS-
based device it can easily be used in
battery-powered projects, and it is
one of the few microprocessors that
will operate within the full military
specification temperature range of
—55to +125°C. That last feature is
also due to the processor's CMOS
construction.

| would very much like to see
more articles in Radio-Elec-
tronics about small micro-
processor-based projects, es-
pecially those that use the 1802.
JIM PARSONS
Rapid City, SD

DRIVEWAY ALARM SOURCE

In Ask R-E (Radio-Elec-
tronics, May 1992), the solution
givento D. Ingebright’s request fora
driveway alarm will work. | installed
that system in my driveway about
ten years ago, and it is in operation
NOW.

The manufacturer of the Air
Switch is Acme Air Appliance Co.
Inc., 203 Newman Street, Hacken-
sack, NJ 07601. Ask for Air Switch
Control No. 118.

RALPH MARSHALL
The Rock, GA

CALL-WAITING SOLUTION
In Ask R-E (Radio-Elec-
tronics, May 1992) the "Call-Wait-
ing Dilemma’ was discussed.
In Houston, to defeat call waiting
(for one call), you enter ""*-7-4."

That defeats call waiting for one call
and then resets. (Other phone sys-
tems have similar features. Call your
local phone company’s business of-
fice for details. Some phone books
also explain how to defeat call wait-
ing) This feature is a part of call
waiting, and—at least in Houston—
you do not have to pay extra for it.

| use the modem on my PC alot. |
have programmed that "prefix"
ahead of the number | want to call

and have experienced no interrup-
tions. The caller just gets a ringing
with no one answering and can call
back later with his voice call. That
does not interrupt the data transfer
via modem. If the modem call is "'in-
bound," then the "*-7-4" command
will not work to defeat the call wait-
ing, so | always try to be the one to
initiate the call.

JOHN CALLAHAN

Houston, TX R-E

Ecepomic Choice for Higlg®lirallisY
fii©pnGO L DSIFAIR

0S-85020A
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oCRT Readout
eDelayed Sweep

0S-8040D
©40MHz, Dual Trace
®Delayed Sweep
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®8 Trace
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DM-8135
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13013 East 166th Street, Cerritos, Ca 90701 U, 5 A,
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EQUIPMENT REPORTS

Gage Applied Science CompuScope Lite PC Oscilloscope

Put a DSO in your PC!

here's no question that PC-

I based test equipment is the
leading area of growth for test

and measurement. It's easy to un-
derstand why: Computers make it
easy to custom-program the equip-
ment for specific test or series of
tests. And nothing beats a comput-
er at being able to store and track
measurements. Along with the ben-
efits of programmability, PC-based

CIRCLE 10 ON FREE INFORMATION CARD

equipment should have a price ad-
vantage over stand-alone instru-
ments because there's no need to
manufacture a front panel, display,
or other input/output devices. Un-
fortunately, it doesn't always seem
to work out that way. PC-based test
equipment often carries a hefty
price tag.

A Canadian-based company,
Gage Applied Sciences, Inc. (5465

Vanden Abeele, Montreal, Quel
Canada, H4S 1S1) is makinc
effort to offer the advantages of
based equipment at a price tt
competitive with low-cost st
alone instruments. Gag
CompuScope Lite is pricec
$595.

CompuScope Lite requires, i
minimum, an IBM XT (or comj
ble) with an available full-length ¢
512K RAM, a single 360K flc
disk drive, and a Hercules- or E
compatible graphics adapter
monitor. The scope has a full-pc
analog bandwidth of 7 MHz ar
small-signal analog bandwidth o
MHz. It can accept inputs betw
+ 1 volt. (Larger inputs requil
% 10 probe.) If used as a sin
channel scope, the card can san
signals at a rate as fast as 40 v

The dirtiest part of yo

Use Envi-Ro-Tech™
Precision Duster™ For Pure
Cleaning with No CFCs

To remove particles from sensitive equipment without harmful sol
Tech Spray's CFC-free Envi-Ro-Tech™ Precision Duster™.

Clean Without CFCs

or 1,1,1-Trichloroethane
With New HCFC Blend

Tech Spray has developed a fast-acting and highly effective cleaner called
Envi-Ro-Tech™ 1677 (1677) that uses a formulation of HCFCs and other
non-CFC chemicals.

Envi-Ro-Tech Precision Duster (1668-OFS) is a moisture-free inert gas
quad-filtered for ultimate purity. It is odorless and non-abrasive, and
use on most surfaces to remove microscopic contaminants, lint, dus!

This extremely pure product is non-corrosive, making it safe for use on most
electronic equipment. Envi-Ro-Tech 1677 is effective in removing oils, greases,

dirt, silicone, fluxes and similar soils.

Although Envi-Ro-Tech 1677
has universal cleaning power, its
low surface tension makes it
ideal for precision and
microscopic cleaning.

For a sample of this, or any
Tech Spray cleaner, defluxer,
duster or freeze spray, contact
our Technical Assistance
Department toll free at
1-800-858-4043.

Envi-Ro-Tech™ 1677 (1677)

oxide deposits and similar soils.

The Precision Duster Kit (1668-OFK)
comes with a Chrome Trigger Sprayer
22 for precise dusting. The Chrome
Trigger Sprayer is a convenient and
safe attachment that can be removed
and replaced without loss of product.

Tech Spray also offers a totally new
dusting gas formulated with HFCs,
Envi-Ro-Tech™ Duster 1671 (1671),
which has an ozone depletion potential
of zero.

For a sample of Envi-Ro-Tech
Precision Duster (1668-0FS), contact
our Technical Assistance Department
toll free at 1-800-858-4043.

7
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Envi-Ro-Tech™ Precision Duster™
(1668-0OFK)



(megasamples per second). If both
channels are used, a maximum rate
of 20 Ms/s per channel is available.
The memory depth of the card is 16
kilobytes (8K on each channel). A
64K version is available from Gage;
it's priced at $995.

CompuScope Lite provides sev-
eral trigger options. Either channel
can be chosen as the trigger
source, as can an external signal, or
a keystroke. The scope uses real-
time sampling. Equivalent-time
sampling, where a signal is "built
up'* with successive samples is not
used. (Equivalent-time sampling re-
quires that the signal being mea-
sured is repetitive; transients or
glitches are usually missed by dig-
ital scopes that use this sampling
method.)

Installing CompuScope Lite
The installation of CompuScope
Lite is relatively straightforward.
The most difficult part is selecting
the memory and /O addresses that
the card will use. The card uses 4
kilobytes of memory space in the

THE COMPUSCOPE SCREEN consists
of four main areas. Along the top edge is
the pull-down menu bar. The left edge
contains setting information, while the
bottom edge holds the command-line in-
formation. Most of the screen holds the
actual scope display. The non-repetitive
signal shown here could not be dis-
played properly on a scope that used
equivalent-time sampling.

PC's memory map, and two con-
tiguous I/0O addresses. Unfor-
tunately, if you run into problems
with conflicts with other cards in-
stalled in your PC, you'll have to rely
on your own troubleshooting skills.
The manual assumes that installing
an expansion card is second nature
to any user, and it does a poor job

explaining what to do if something
goes wrong.

Software installation requires that
you simply copy files from the single
diskette to a directory of your
choice. Before the software and
hardware can work together, you
must run an installation program to
enter the memory and I/O ad-
dresses that you chose for the hard-
ware.

Using the scope
Pull-down menus are used to con-
figure and operate CompuScope
Lite. When making measurements,
it's also possible to use the function
keys to change the timebase, ver-
tical amplifiers, input coupling, and
more. The system should be easy
enough to figure out for anyone who
has previous experience with a dig-
ital oscilloscope and menu-driven
software. That's fortunate; here
also, the operating manual could
use some improvement.
A host of features, too numerous
to mention here, are provided by the
continued on page 90

job just got

W7 Every Cleaning Task Made
Easier with New

Brushes, Swabs & Wipes

Whether you're tackling the dirtiest job, or cleaning a precision piece of
squipment, Tech Spray has a cleaning product that makes the task easier.

Tech Spray has expanded its line of brushes, swabs and wipes to cover the wide
qariety of cleaning and maintenance needs in the electronic industry.

All TechBrushes™, Techswabs™
ind Techclean™ Wipes are
srecisely manufactured under Tech
Spray's rigid specifications.

Tech Spray takes special care
throughout the manufacturing
orocess and in its packaging to
maximize cleanliness and
orotection against electrostatic
discharge.

For a sample of these, or any
Tech Spray product, contact our
Technical Assistance Department
toll free at 1-800-858-4043,

A sampling of TechBrushes™, Techswabs™ and
Techclean™ Wipes

cleaner

The makers of Blue Shower are bringing you a sophisticatec
line of new formulations and accessories to make your cleaning
and defluxing jobs easier.

Tech Spray has expanded its proven line of cleaners anc
defluxers by adding the non-CFC Envi-Ro-Tech™ series, nev
products formulated with HCFCs, HFCs and other non-CF(
chemicals. These innovative formulas have been engineered t
clean quickly and thoroughly, matching and in some case:
surpassing the performance of comparable CFC-based products

In addition, Tech Spray has added to its line of
brushes, swabs and wipes to accommodate
the wide variety of cleaning tasks
found in the electronics service
industry today.

Ask for a sample of these or any Tech
Spray product or a copy of Tech Spray's
full-line catalog by contacting our
Technical Assistance Department toll free
at 1-800-858-4043.

TECH SPRAY

P.O. Box 949

Amarillo, TX 79105-0949
(806) 372-8523
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NEW PRODUCTS

- Use the Free Information Card for more details on these products.

MACINTOSH CAD/CAM
SOFTWARE SYSTEM. The
easy-to-use Macintosh
computer, supported by
the Douglas Electronics’
CAD/CAM Professional
System, is a low-cost alter-
native for the design and
manufacture of circuit-
boards. The enhanced
software package for the
Macintosh consists of
three separate programs
covering all phases of the
design of PC boards up to
those with with multilayers
measuring 32 X 32 inches.
The package provides for
schematic entry, digital
simulation, component po-
sitioning, and autorouting.

The DesignWorks pro-
gram performs schematic
entry, extracts net-list and
parts-list data, creates and
edits custom parts, and
carries out ongoing digital
circuit simulation. The
Professional Layout pro-
gram does board layout,
editing, and component-
positioning. Editing done
with Professional Layout
program can be automat-
ically merged into the De-
signWorks program. The
AutoRouter program com-
pletes circuit connections
automatically. The net-list
and parts-list data captured
in DesignWorks, and the
parts-placement data cap-
tured by the Professional
Layout program provide the

4
........

necessary information for
routing.

The CAD/CAM Profes-
sional System includes a
communications program
that allows users to down-
load their completed de-
signs via modem to Doug-
las" manufacturing plant.
Price quotes and order
forms are provided auto-
matically. Douglas says
boards can be completed
and ready to ship in as few
as three days. For those
who want their boards
made by another vendor,
the Professional System
also provides direct output
to dot-matrix and laser

CIRCLE 16 ON FREE INFORMATION CARD

i

printers, as well as pen
plotters. Utility programs
are available for generating
Gerber files for photoplot-
ting and Excellon files for
generating drill tapes.

The CAD/CAM Profes-

sional System can be pur
chased as a complete
package or as separate
modules. The price for
Professional Layout is
$1500; DesignWorks is
$995; and AutoRouter is
$700.
Douglas Electronics, Inc.,
2777 Alvarado Street, San
Leandro, CA 94577,
Phone: 510-483-8770;
Fax: 510-483-6453.

PC-BASED CABLE TESTER.
Anyone inspecting, pur-
chasing, installing, and
troubleshooting computer
cables will find that this PC-
based cable tester is a val-
uable helpmate in analyzing
and documenting

=11
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RS-232C and other cables.
Cable Master from
Houston Computer Ser-
vices sorts out and identi-
fies the wiring in cables
with up to 25 conductors
and finds shorts, opens
and miswires.

The manufacturer ¢
that Cable Master mak
easy to “look inside" ¢
puter cables to see
they are wired so that
conductor functions ca
documented. That fee
eliminates the need for
by-pin cable testing
complete printout of i
the most unusual corr
er cable can be produ
The tester, which we
just under a pound
measures 4.5 X 7 X
inches, is connected tc
open serial port of a C
based PC with 128 to
kbytes of free memory.
software is menu-dr
and window-orienf
providing on-line help
mouse support.

Cable Master can
any RS-232C cable
male and female DE
connectors at 50 pc
(25 per connector) in
than 4 seconds. Ada
kits are available for ¢
cables, connector or pl
The cable tester's soft
displays the cable’s sps
cations including wire
cable diagram, labels,
types of terminating
nectors on the PC sc
and permits that data t
printed out on a compe
printer.

Thousands of diffe
cables connect termi
PC's, printers, mod
and other serial comn
cations devices.
users, systems il
grators, and service tes
cians frequently must
the correct wiring co
uration for cables betv
two different devices.
tester simplifies the ta:
analyzing existing ca
for repair and replacer



or for transferring those
designs to other systems.

A cable data base can be
developed and kept up-
dated on diskette or hard
disk to retain information
about cables as they are
designed, purchased, orin-
stalled. Software is in-
cluded for searching a
cable data base for suitable
matches.

The Cable Master is
priced at $395.—Houston
Computer Services, Inc.
3207 Ashfield Drive,
Houston, TX 77082;
Phone: 713-489-9900.

CONDUCTIVE PEN. A con-
ductive pen from Planned
Products has an improved
tip and better silver con-
ducting ink for drawing fine
conductive traces on PC
boards. The Micro Tip
2200 Circuit Works, in-
tended primarily for the re-

CIRCLE 18 ON FREE
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pair of traces on leaded-
part and surface-mount cir-
cuit boards, also works on
membrane and flexible cir-
cuits. The pen can also be
put to use in circuit pro-
totyping, modification, and
component shielding.

The silver-based con-
ductive liquid in the pen
dries in 5 to 10 minutes at
room temperature and

reaches its maximum con-
ductivity when air-dried for
20 minutes. The repair of
circuit traces takes about
15 minutes. The resistance
of the traces is given as
0.01 ohms or less. Max-
imum conductivity and ad-
hesion occur after a heat
cure at 250° to 300°F for
five minutes. The cured
conductors can be sol-
dered at temperatures be-
low 350°F with lead-tin or
silver solder. The pen con-
tains enough conductive
ink to draw up to 100 feet of
traces, jumpers, or shields.
An unopened pen has a
shelf life of 18 months.
The Micro Tip 2200 Con-
ductive Pen is priced at
$10.95.—Planned Prod-
ucts, 303 Potrero Street,
Suite 53, Santa Cruz, CA
95060; Phone:
408-459-8088; Fax:
408-459-0426.

TIME ZONE MAP DECAL. A
decal illustrating time
zones of the world gives
the radio amateur or any-
one with a need to know
local time elsewhere in the
world a handy reference.
World Time Zone Map De-
cals from Time & Again,
drawn as Mercator proj-
ections are available in two

sizes.

CIRCLE 19 ON FREE
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The decals, made of
polyester with a self-adhe-
sive backing, can be ap-
plied to any surface such
as the front panel of an am-
ateur radio. Sizes are 2V
X 4% and 1% X 3%
inches.

_00‘. T
5‘\\90(\'\0 5““%26

r-----------—----_--ﬂ

NO COMPLICATED ELECTRONICS, NO EXPENSIVE INSTRUMENTS:

Home study course shows you how

to make good money in VCR repair.

An amazing fact: you can T
do more than four out of five - L R e
VCR repairs with ordinary
tools and basic fix-it proce-
dures. Our home study pro-
gram shows you how.

Learn all of the systems,
mechanisms, and parts of
almost all brands of VCRs.
With no expensive instru-
ments. No complicated elec-
tronics. No fancy workshop.
The step-by-step texts and -
close personal attention from your instructor make learning easy.
Texts, course materials, and tool kit are sent to your
home. Graduate ready to make up to $50.00 or more
per hour in your own spare-time or full-time business.

Send today for your free career
booklet. Or call 800-223-4542

State

The School of VCR Repair

2245 Perimeter Park, Dept.VJ342 Atlanta, Georgia 30341

[ ——— e —————
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Large World Time Zone
decals are priced at $2.00
and small decals are $1.50;
one of each is $3.00. Pay-
ment and self-addressed
stamped envelope are re-
quested with each order—
Time and Again, P.O. Box
306, Dickinson, TX 77539;
Phone: 713-337-5319.

DIGITAL UNIVERSAL COUN-
TERS. These line-powered
digital counters offer en-
hanced performance in the
1- and 2-GHz range. The
Model B-1000 and Model
B-2000 from Protek mea-
sure frequency, period,
total event, ratio, time, and
interval, and they have a
self-test feature—all avail-
able with switch setting.
Display hold and reset
functions are also switch-
activated.

The 1-GHZ Model
B-1000 and the 2-GHz
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Model B-2000 have eight
LED displays and LED in-
dicators for annunciators,
function selection, and
gate timing. They permit
the usertoread results at a
single glance. Key features
include 10-MHz basic fre-
quency output via a rear-
panel BNC, Channel A and
B outputs with 1:10 at-
tenuators, AC or DC coup-
ling-selection switches,
and a low-pass filter for
accurate low-frequency
measurements. The coun-
ters are intended for design
and service as well as for

monitoring signals.

The Model B-1000digital
counter is priced at $330
and the B-2000 is priced at
S425.—Protek, P.O. Box
59, Norwood, NJ 07648;
Phone: 201-767-7242;
Fax: 201-767-7343.

RECEIVER DOWNCON-
VERTER. This 800-MHz
downconverter converts
signals in the 806- to 900-
MHz frequency range
down to 406 to 500 MHz.
Ace Communications’ DC
89 is a compact amplifier
measuring 3 x2x 1%
inches. Frequency is sta-
bilized by a surface-mount
prescaler/ synthesizer that
is referenced to a precision
quartz crystal clock. The
downconverter has two
BNC connectors and an
on/off switch. An internal
battery permits it to oper
ate on handheld receivers.
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The amplifier can ex
the performance of
equipment and UHF
munications receivers
The DC 89 800-|
downconverter is prict
$89.—Ace Commur
tions, Monitor Divis
10707 East 106th St
Fishers, IN 46038; Ph
317-842-7115; F
317-849-8794.

HANDS-ON TECHNICAL SEMINARS
For Professionals

*CD School® —EIA/CEG
"Microprocessor School* —EIA/CEG
“Camcorder School' —Hitachi
‘Car Audio CD" —Kenwood USA
*Microwave Oven School"
—Matsushita Services Co.
‘Cellular Telephones”
—Mitsubishi Electronics America

“Digital Compact Casseite

Overview"
—Philips Consumer Electronics

“Switch Mode Power Supplies"

—Sencore Inc.

*LN-1 TV Chassis* —Sony Corp.
*PIP in the X90-E TV Chassis"

—Toshiba America

PLUS: The Introduction of the All New EIA Curriculum
for Consumer Elecironics

Courses FREE when registered af the

National Professional Electronics Convention
August 3-8, 1992 » Worthington Hotel « Ft. Worth TX

Full $275 Registration Includes:

* All Technical Seminars

* All Management and Business
Seminars

* Continuing Education Unifs for all
seminars aftended

« All Sponsored Meals and
Functions

* Head-to-head Meefings with

Manufacturers® Representatives

* NESDA/ISCET Association

Meetings

+ Price Discounis Available for

Pre-Regisiration

* Daily Registration Available

For more information, contact NPEC ’92
2708 West Berry St., Fort Worth TX 76109 = (817) 921-9061; Fax (817) 921-3741

AL

CABLETV
DESCRAMBLER!

WE’LL BEA

ANY PRICE
CALL TOLL-FREE

1-800-284-843

e JERROLD  TOCOM = ZENIT!
¢ OAK » PIONEER » HAMLIN
® SCIENTIFIC ATLANTA »
24 HOUR SHIPMENTS!
QUANTITY DISCOUNTS!
MONEY BACK GUARANTEE!
FREE CATALOG & INFORMATIO}

SSH -

Mastercard » American Express = Visa = C.i
i HAVE MAKE AND MODEL NUMBER OF EQUIPMENT USED IN YO
1 1-800-284-843
1 . FORORDERS ONLY

For technical & customer service: 305-745
| * ALL SHIPPING & HANDUING FEES AT CUSTOMER'S EX1

CABLE WAREHOU

10117 WEST DAKLAND PARK BLVD., SUITE 515, SUNRISE,
NO FLORIDA SALES
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Let’s explore the mysteries of video scrambling.

ROBERT GROSSBLATT

source for prewired LED ma-

trixes to use in our home-made
oscilloscope but, so far at least, |
haven't had a whole lot of luck. A
few places had them but they were
fairly expensive and, to make mat-
ters even worse, there were mini-
mum quantities and minimum
orders. The problem is that the mini-
mums for each order are usually
more than you or | would normally
spend on electronic parts over the
next six months.

| can't believe that sorme supplier
somewhere out there doesn't have
a barrel or two full of those things
hanging around. If anyone out there
knows of a source for an LED ma-
trix, please drop me a note and let
me know about it so | can share it
with everyone. I'll put it in the col-
umn and post the address as a mes-
sage on the E-Mail section of the
RE-BBS (516-293-2283), as well.
(It's hard to get on the bulletin board
because it's always in use, but a bit
of perseverance will win out.)

I'm still waiting to hear from any of
you out there who have done some-
thing terrific and ingenious with the
scope we designed over the last few
months. The contest is still on, and
the prizes are still waiting for a few
winners.

On a different subject entirely,
I've been getting lots and lots of mail
about video in general and
scrambled video in particular. For
some reason a lot of you really get
enraged because some cable com-
panies insist on scrambling certain
premium channels. Before we go
any further on this, let me tell you
that | don't see anything wrong with
it. Now, wait a minute—before you
write me off as a stooge of the cable
industry, let me finish.

The cable companies have every
right to scramble whatever they

I've been looking around for a

want, although the rumors that
some companies are scrambling
everything they transmit—including
the standard VHF channels—is go-
ing much, much too far. Premium
stations and the pay-per-view
shows are okay to scramble. What's
not okay are some of the regula-
tions that a lot of the cable compa-
nies insist are their God-given right
to impose on you.

To begin with, hitting you with an
extra fee for putting in another out-
let is ridiculous. Some years ago the
phone company did the same
thing—anyone who added an exten-
sion phone on his own was risking
life imprisonment or, even worse,
being regarded as a not-nice person
in the eyes of Ma Bell. That all went
out the window years ago, and |
thinkit's only a matter of time before
the same thing happens in the ca-
ble-TV business. And, as far as | am
concerned, the sooner the better.

The most annoying part of the ca-
ble system is the whole business of
sending me scrambled signals, and
then telling me | can't do anything
with them! As | said, if the cable
companies don't want me to get a
particular channel (because I'm not
paying for it, or some other perfectly
legitimate reason), then don't send
it to me. Trap it out of the line before
the cable comes into my home. The
additional cost of the traps has to be
offset by the reduced cost of the
cable box needed for the system,
and the cost of installation should
be the same because anyone with
an opposable thumb and finger can
put a trap on the line.

| agree that the signal coming into
my home is the property of the ca-
ble company but, and this is impor-
tant, at a certain time the real
ownership of the signal becomes
less clear. When the RF has been
reduced to baseband video and has

spent lots of milliseconds running
around the inside of my TV set, |
think things are a bit different and
the cable companies' original claim
of ownership is a lot weaker. And if |
worked out a way to record
scrambled signals and then de-
scrambled them on playback, what
then?

If | built a box that scrambled
some of the channels currently sent
to me in the clear, the cable compa-
ny would look at me in a funny way,
but | really doubt they'd care one
way of the other.

Now that you know how | feel
about this stuff, I'd like to show you
how to descramble signals, but |
can't because there are several
ways that signals can be scrambled.
It's sad but true that being able to
descramble one system is no guar
antee that you can descramble any
other system.

The scrambling methods can be
broken into two basic categories.
The method you have in your home
depends on the kind of cable ser-
vice you have, how it's sent to you,
and the economics of your viewing
region. That last reason is important
because the cable companies have
to pay for the decoder boxes; the
more sophisticated the way the sig-
nal is scrambled, the more the box
costs. A cable company that has its
franchise in a large city with lots of
customers needs lots of boxes, and
that translates into some serious
numbers for the purchase of the
boxes. And don't forget that the
more extensive the scrambling
method, the more expensive the
equipment needed to scramble the
signal in the first place.

Taking apart the video signal and
turning it upside down and inside
out is pretty simple, but putting it
back together correctly is a different
matter altogether. And the FCC
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FIG. 1—THE MOST COMMON APPROACH to scrambling video involves manipulating
the information in the horizontal interval. For example, without a sync pulse, the TV’s
horizontal circuitry will freewheel.

keeps a careful watch on how close
the reconstituted signal comes to
real video. If the new signal is too
messy, the FCC will give it a big
thumbs down.

The most common approach to
scrambling video involves manip-
ulating the information in the hori-
zontal interval. In the beginning,
every cable company used the
same method—they suppressed
the horizontal sync pulse, which
meant that the TV had no idea
where each line of video started and
ended. The sync pulse can be seen
in the video waveform shown in Fig.
1. Without a sync pulse, the TV's
horizontal circuitry will freewheel
and you'll most likely see the hori-
zontal weaving down near the cen-
ter of your screen rather than being
located discreetly off to the side.
That also means that the TV won't
see the transmitted burst signal in
the right place, and the colors will
be off as well.

To descramble the video, a de-
coding signal was sent, buried in the
audio. It would restore the sync
pulse at the proper time and for the
proper interval. | don't want to
spend a lot of time on this because
there's as much chance of seeing
this as there is of seeing a mast-
odon. Once upon a time they were
everywhere, but they're long gone
today.

The best way to get a good han-
dle on the whole business of video

scrambling is to get into the theory
and the circuitry needed to turn the
theory into practice. | have to stress
at this point that you're not going to
get much out of this unless you un-
derstand how video works in the
first place. Some time ago | did a
series of columns on this subject. |
strongly suggest that you get your
hands on them, read them, and then
keep them handy for reference. I'll
assume that you understand the
basics of a clear video signal as we
go through the methods that are
often used to mess it up.

Every scrambling method de-
pends on altering some or all of the
control pulses that are included in
the definition of the standard video
waveform. That means that the
most basic operation of any scram-
bling/unscrambling system is the
separation of the control informa-
tion from the picture information.
That isn't such a complex job be-
cause the NTSC standard was de-
vised with a strictly mathematical
timing relationship between every
individual part of the signal. There-
fore, looking at a video signal is
somewhat like reading a street
map—if you know exactly where
you are, you automatically know
where everything else is. Or, in the
case of scrambled video, just where
everything else is supposed to be.

Splitting the sync signal from the
video waveform is, as | said, a very
common job. After all, every TV

does exactly that over and over
long as it's turned on. Most se
conductor manufacturers with lir
of video IC’s have several sync-se
arator chips in their catalogs,

though it's usually hard to buy ths
in single quantities from supplie
And they're not the cheapest I(
around either. | wonder if that mee
anything.

Over the next several inst:
ments we'll be looking at varic
scrambling methods commoi
used by the cable companies. I'll
through the theory and show y
how you can find out what your
ble company is shipping to the be
of your TV set. And yes, we'll
looking at the circuitry needed
descramble the signals—practi
examples with component valu

I'll be using standard IC's tl
meet all our usual criteria of pr
(low) and availability (everywher
but this is one area where you
really going to need an ¢
cilloscope. If you're serious abx
electronics you should have one
these things anyway, becau
they're just about the most ba
and essential piece of test eqL
ment you can own.

When we get together next ti
we'll start things out by build
some stuff that will scramble a st
dard video signal. That may seer
bit strange, but remember that
first step in defeating an enemy is
learn to think like he does. I
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GET YOUR RECHARGE CATALOG
FREE...EARN BIG $$ IN YOUR SPARE
TIME—AII supplies and Do-It-Yourself kits
with complete instructions available. Sup-
plies cost from $9.95 in gty and you can sell
recharged toner cartridges for $40.00 to
$55.00 each. Printers include HP LaserJet
and Series I, Apple LaserWriter, QMS, etc.
Canon PC-25 Copier also. CHENESKO
PRODUCTS, 2221 Fifth Ave., Suite #4,
Ronkonkoma, NY 11779, 516-467-3205.
FAX 516-467-3223, 1-800-221-3516

NOW YOU CAN PURCHASE ALL OF YOUR
BATTERY PRODUCTS from one dis-
tributor . . . and be assured of the lowest
prices available anywhere. NPS is also a
leading supplier of cellular telephone ac-
cessories, such as leather bags, battery elim-
inators, and camcorder accessories. We
accept COD’s, VISA & MASTERCARD. Add
$3.50 for shipping & for COD additional
$4.00. Call 1-800-453-6655.
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TOOLPAK BY PAKTEK. Save time, effort,
and frustration by organizing your most im-
portant tools, in over 100 specially designed
tool pockets and panels, made from durable,
Cordura nylon. Patent pending. @ Three zip-
pered compartments hold 100 tools ® Six
panels that fold-out for easy tool access e
Large map/diagram pocket ® Quick-release
trouble-light loop @ Two outer pockets ® Back-
pack straps e Attaché handles for carrying
unzipped. $89.97. Credit card & COD orders
call 1-800-258-8458 or send $89.97 + $4.00
S&H to PAKTEK INC., 7307 82nd St. Ct. SW,
Tacoma, WA 98498.
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TWO TRANSMITTERS IN ONE! 5 MINUTE
ASSEMBLY! MONEYBACK GUARANTEE!
New Law Enforcement grade device on a
single chip is the most sensitive, powerful,
stable room transmitter you can buy. Uses
any 3V-12V battery. Or attach to telephone
line to monitor all telephone conversations
over 1 mile away without batteries! 100mW
output! 80-130MHZ. Receive on any FM radio
or wideband scanner. VT-75 microtransmitter.
$49.95 + 1.50 S&H. VISA, MC, MO. COD’s
add $4.00. DECO INDUSTRIES, Box 607,
Bedford Hills, NY 10507. 1-800-759-5553.
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CABLE TV CONVERTERS AND DE-
SCRAMBLERS SB-3 $79.00 TRI-BI $95.00
MLD-$79.00 M35B $69.00 DRZ-DIC
$149.00. Special combos available. We ship
COD. Quantity discounts. Call for pricing on
other products. Dealers wanted. FREE CATA-
LOG. We stand behind our products where

others fail. One year warranty. ACE PROD- |

UCTS, P.O. Box 582, Saco, ME 04072.
1-800-234-0726.
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TUNABLE 50dB NOTCH FILTERS—for TV.
Can be tuned precisely to required frequency.
Model 23H-Ch's 2-3 (50-66 Mhz) Model
46FM-Ch's 4-6 plus FM (66-108 Mhz) Model
713-Ch's 7-13 (174-216 Mhz) Model 1417-Ch'’s
14-17 (120-144 Mhz) Model 1822-Ch's 18-22
(144-174 Mhz) $30 each, includes shipping.
Visa, MC, or check. (C.O.D. $5 extra). Fast
delivery, 30 day money back. Quantity prices
to $16. STAR CIRCUITS, P.O. Box 94917,
Las Vegas, Nevada 89193, 1-800-535-7827.

CALL NOW
AND

RESERVE
YOUR SPACE

e 6 x rate $940.00 per each insertion.

e Fast reader service cycle.

@ Short lead time for the placement of
ads.

e We typeset and layout the ad at no
additional charge.

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

FAX: 516-293-3115

GEIP
STANDARD

WORLD'S SMALLEST FM TRANSMIT-
TERS! New Surface Mount Technology
(SMT) makes all others obsolete! XST500
Transmitter—powerful 3 transistor audio am-
plifier, transmits whispers up to 1 mile.
XSP250 Telephone Transmitter—line
powered, transmits conversations up to ¥
mile. Both tune 88-108 MHz. Easy to assem-
ble E-Z KITS (SMT components pre-
assembled to circuit board)! XST500—
$39.95, XSP250—%$29.95, VISA/MC. COD
add $5. XANDI ELECTRONICS, 201 E.
Southern Ave., Suite 111, Tempe, AZ
85282. 1-800-336-7389.
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$495 FOR A PROGRAMMABLE DC
POWER SUPPLY IS NOW A REALITY!
© GPIB Interface Standard ® Output Voltage/
Current Programming & Readback e Local &
Remote GPIB Operations ® Remote Sense
Function ® Programmable Overvoltage and
Overcurrent Protection @ Software Calibra-
tion ® Superior Line/Load Regulatior
e Output Enable/Disable e 3 Year Warranty
FREE Orientation Video available. For de-
tails, call: AMERICAN RELIANCE INC
800-654-9838 FAX: 818-575-0801.

CIRCLE 180 ON FREE INFORMATION CARD
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TELEVISION ENGINEERING
HANDBOOK: REVISED EDI-
TION; by K. Blair Benson; re-
vised by Jerry Whitaker.
McGraw-Hill, Inc., 1221 Av-
enue of the Americas, New
York, NY 10020; $99.95.
Since this book was first
published 35 years ago,
television engineering has
undergone many changes.
One of the most fudamen-
tal changes was the re-
placement of vacuum

tubes by transistors and
IC's.
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Other milestones in- .

clude the worldwide accep-
tance of color TV, the
introduction of cable TV,
and the use of satellites as
relays. The new tech-
nologies that have im-
pacted television engineer-
ing during that period
include digital recording
and transmission, hand-
held video cameras, and
the video cassette record-
er (VCR). The video cas-
sette and its format has
been standardized and the
laser disk has appeared.
On the horizon is high-defi-
nition television (HDTV).
What system will be se-
lected, will it be accepted,
and how will it affect exist-

e

ing transmission and re-
ceiving methods?

The original handbook
has been completely re-
written by a team of 70
contributors, each a spe-
cialist in his field. In more
than 1500 pages, the hand-
book provides comprehen-
sive technical information
and reference data for engi-
neers who design, develop,
service, and operate televi-
sion systems.

The topics covered in-
clude the fundamentals of
television, signal genera-
tion and processing, trans-
mission, reception, and
picture reproduction. Ad-
vanced TV systems are
discussed and reference
data is included. Opening
chapters contain sufficient
tutorial content to provide
the reader with a back-
ground for understanding
the principles involved in
the subjects covered in
subsequent chapters.

Those tutorial subjects
include reviews of the prin-
ciples of color vision, pho-
tometry, and optics as they
relate to television engi-
neering. Later chapters
cover broadcasting, cable
and satellite distribution,
signal and image storage
on videotape, video disks,
and film. The latest tech-
niques for digital signal pro-
cessing and transmission
are also included. Other
chapters discuss graphics
generation, picture manip-
ulation, and TV standards
conversion.

A thorough coverage of
the TV standards in the
United States and the rest
of the world is presented. A

chapter is devoted to data,
equations, and definitions
not generally found in tele-
vision-engineering hand-
books. Finally, a detailed
survey of HDTV contains a
discussion of the digital
and analog HDTV pro-
posals from competing
teams of corporations and
laboratories. It explains
their operating principals
and benefits.

THE SODER-WICK SYSTEM;
from Chemtronics Inc.,
Soder-Wick Fine-Braid, P.0.
Box 1448, Norcross, GA
30091-9931; free.

This six-page, full-color
brochure explains the
Soder-Wick Fine-Braid
desoldering system. It is
said to be useful in the re-
moval of both leaded and
surface-mount compo-
nents from all boards.

T Seder i S,

S
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Chemtronics says its
desoldering braids are
made from oxygen-free,
high-conductivity (OFHC)
copper wire braided in a
geometric pattern that effi-
ciently wicks molten sol-
der. The braid is cleaned to
prevent the contamination
of parts being desoldered.
Braids are available in nine
widths from 0.022 to 0.210
inch. The braid is available

fluxed (pure water whi
rosin or no-clean) and
fluxed.

Soder-Wick Fine-Bre
will remove accidental s
der bridges and exce
solder from all locatio
and correct poor sold
joints. It is said to be help
in the removal and
mounting of all circuit co
ponents.

HOW TO ETCH YOUR 0OV
PRINTED CIRCUIT BOARL
by Neil Petrucelli. Cover
Cover Deskiop Publishin
Attn: PCB Book, P.0. B
8064, Westfield, N
01086-8064; $9.95.

This step-by-step i
struction manual is fill
with valuable informati

2w 72 HTEW Teun LWy
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for anyone interested
etching printed circi
boards. It leads reade
through the entire proce
from analyzing the circuit
laying out the correspor
ing traces and pads. A pt
tographic process forr
the circuit board mask tt
is then positioned agair
the copper-clad board a
exposed to light.

The author says the p
cess produces PC boar
comparable to those frc
industrial vendors. t
keeps the hobbyist in mi



by providing a list of readily
available and affordable
equipment. The PC board
manual is fully illustrated
with computer-aided de-
sign drawings.

EASY PC MAINTENANCE
AND REPAIR; by Phil
Laplante. Windcrest/
McGraw-Hill, Blue Ridge
Summit, PA 17294-0850;
$14.95.

This guide contains clear
instructions that make it
easy and inexpensive to
troubleshoot and maintain
your personal computer.
No technical experience is
needed to take advantage
of the diagnostic advice
given in this book; the only
tools necessary are a
screwdriver and a pair of
pliers. However, the reader
who wants to do his own
servicing should at least

of how personal computers
work.

The book applies to all
IBM-compatible PC's

Easy PC
Maintenance
and Repair

Pl b
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based on Intel 8088,
80286, 80386, and 80486
microprocessors.

Laplante's book explains
the fundamentals of com-
puter architecture and in-
troduces PC terms and
concepts. It explains how
to perform the most fre-
quently needed repairs and
carry out routine mainte-
nance procedures. Those

with many helpful pho-
tographs, drawings, and ta-
bles. The book tells you
how to prevent common
hardware failures, dis-
cusses the latest upgrade
options, and reviews vital
software tools that can
help you to optimize your
PC's performance.

TELECOMMUNICATION
WIRING; by Clyde N. Herrick
and C. Lee McKim. Prentice
Hall, Englewood Cliffs, NJ
07632; $34.00

Written for the telecom-
munications professional,
this book covers the impor-
tant issues of wiring sys-
tems. It is a valuable
reference for decision mak-
ing in cable design, materi-
als, writing the job pro-
posal, documenting exist-
ing systems, and establish-
ing maintenance pro-

=5 o
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specialized wiring for com-

puter installations.

Wiring design, power
sources, alternative power
supplies, and expansion of
existing facilities are dis-
cussed, and maintenance,
and troubleshooting pro-
cedures are given. A tu-
torial guide to the 1990
National Electric Code is
included. This book gives
the reader an outline for
successful planning, in-
stallation, and testing of ca-

cedures. Topics include ble systems. R-E

BeanFC
LICENSED

ELECTRONIC TECHNICIAN!

procedures are illustrated

Cable TV

Article Parts

We stock the exact Parts & PC
Board for an article published in
Radio Electronics Magazine on
building a Snooper Stopper.

have a basic understanding

" Model WS-10
Windstation
$129.50

PLUG &"INTD
THE WEATHER!

The WS-10 Windstation roof-top sensor plugs
directly into the PC Game Port. It sends
you immediate measurements of your local
weather patterns, Wind speed, direction and
gust value data are continuously displayed.
Outside temperature, 24 hour extremes and
wind chill values are optional.
Months of information can be
stored for viewing, plotting
and analysis. To plug into the
. weather, call the order line:

L 1:800-992-8110
2% WeatherPort

Earn up to
au $30 an hour

Y ==l and more!
5@

Snooper Stopper KHt...........519.95
Includes all the original Parts & Etched, Drilled
Silk-Scresned PC Board.

Snooper Stopper................538.00
This is an assembled and tested fixed frequency
106.5Mhz. Snooper Stopper for most Jerrold systems.

= ——

Learn at home in spare time.
21 | No previous experience neede

No costly school. No commuting to clas
The Original Home-Study course prepar
you for the “FCC Commercial Radi
telephone License." This valuablelicense
your professional “ticket” to thousands
exciting jobs in Communications, Radi
TV, Microwave, Maritime, Radar, Avioni
and more...even start your own busines
You don't need a college degree to qualil
but you do need an FCC License.

No Need to Quit Your Job or Go To Scho
This proven course is easy, fast and 1c
cost! GUARANTEED PASS—You get yo
FCC License or money refunded. Send {
FREE facts now. MAIL COUPON TODA

r-----u----------------

1 COMIMAND PRODUCTIONS
FCC LICENSE TRAINING, Dept. 90
P.O. Box 2824, San Francisco, CA 94126

Protect yourself from descrambler
detection and stop the Bullet with
one of our Snooper Stoppers.

Macrovision..now you see it,
now you don’t.
Macrovision Kit...................$28.00

Inciudes all the onginal Parts & Etched, Drill
Silk-Screened PC Board. Onginally Published in
Radio Electronics Magazine.

Call Toll Free 1-800-886-8699
Visa, MasterCard or COD

|

1
é@ﬁm&;m. Northeast Electronics, Inc. i Please rush FREE details immediately!
(916)274-8100 PO Box 3310 Sicne
Fax (916) 273-6429 N. Attleboro, Ma. 02761 ! oy SWE___z2p____
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GET THE LATEST ADVANCES IN ELECTRONICS

WITH A SUBSCRIPTION TO

Electronics

Electronics. REgAT

8 ENJOY THE WORLD OF ELECTRONICS EACH MONTH!

Radio =
E’ " ﬂ"’ﬂs Subscribe to the best electronics magazine—

the one that brings you the latest high-tech
construction projects, feature arficles on new
2 o technology, practical froubleshooting
o L AR techniques, circuit design fundamentails, and
: Eh a much more.

BUYER'S GUIDE TO
[ TERS

Electronics Now looks to the future and shows
you what new video, audio and computer
products are on the horizon, What's more
you'll find helpful, monthly departments such
as Video News, Equipment Reports, Hardware
Hacker, Audio Update, Drawing Board,
Computer Connections, New Products, and
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Battered by a noisy world? Create {your own soothing sound
background with SurfMan.

LISTEN. IT'S A NOISY WORLD. WHEN THE KID'S TV IS GOING UPSTAIRS, AND THE HI-
fi is on in the living room, it can be hard just trying to think. If you'd like
something to block out irritating, distracting sounds, here's something
you'll like: SurfMan. It's a gadget that’s small enough to fit in your shirt
pocket and uses Walkman-style headphones to provide a soothing per-
sonal audio ambiance of rain, crashing surf, or unmodulated pink noise.
We like to think that the surf sound is something like
__ Hawaii’s Waimea with the Banzai Pipeli _'- thundering in
.. the background, and we hope that you gree.

Flghlsing noxse mth noise

ground Wthh. despite your best intenti :
your attention from time to time. Yo can however,
mask unwanted noise with another kigd of noise.

dlStI‘lbUtl()n of all audio trequenme imixed to-
“gether—just as white light contains @il colors.
Pink noise, like the color pink, is wei ihted to-
ward the lower-frequency énd of the s bectrum.
Nmse has mterest' :

tam controlled
conditions, but
“the effects are

‘ tran51ent Lo g

aw learm s

;.;.Mwew oo ;’

JOHN SIMONTON
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the base rate observed without
the noise. White noise has also
been used instead of local anes-
thetic by dentists, but whether
positive results were from actu-
al analgesic properties or simply
placebo effects is debatable.

In the old spy movies the he-
roes/villains would discuss
their plans to save/control the
world in the bathroom with the
shower running. You might
think that this was just some
kinky quirk that accompanies
the Bond mentality, but in real-
ity the sound of water from a
shower is a kind of pink noise,
and its uniform distribution of
frequencies is quite effective at
masking speech and disabling
hidden electronic bugs.

A lot of natural sounds are es-
sentially noise—rain on a roof,
for example, is white noise. And
others, like wind and surf, are
“voiced” noise, which means
that their amplitude and fre-
quency spectrum are modu-
lated over time.

Generating noise

A number of methods have
been commonly used to produce
random noise. SurfMan de-
pends on the noise produced by
electronic components for truly
random noise generation. All
electronic components produce
some noise, mainly because
they're not working at absolute
zero temperature, and the heat-
induced movement of electrons
through the part results in ran-
dom voltage and current fluc-
tuations. In most components,
the noise level is just enough to
be a source of aggravation in
critical circuits, but not enough
to be useful for what we're
doing.

When its reverse-voltage toler-
ance is exceeded, a semicon-
ductor junction breaks down
and produces just the kind of
noise that we're looking for.
Zener diodes do that, but some
are specifically designed to min-
imize the random fluctuations.
The base-emitter junction of a
silicon transistor that has been
reverse biased to the point of av-
alanching produces the kind of
noise we're after, and it hasn't
been designed out. So that's
what we'll use.

FIG. 1—SURF MAN SCHEMATIC. The circuit produces relaxing surf-like sounc

How it works

A minor complication with
using a transistor for the noise
source is that it’s rare to find a
base-emitter junction that will
avalanche at less than about 10
volts—not quite low enough to
be produced reliably with a 9-
volt battery. We could use two
batteries of course, but then the
battery size would get to be a
problem. The solution is to use
a voltage doubler.

Look at the schematic in Fig.
1. One stage of a 74HC14 hex
Schmitt trigger inverter (IC1-c)
is configured as a square-wave
oscillator whose frequency is set
to about 40 kHz by feedback re-
sistor R10 and capacitor C6.
When the output of the os-
cillator is low, C7 charges
through D1 so that the junction
of the diode and capacitor is
positive with respect to the out-
put of the amplifier. When the
output switches high, the volt-
age on the capacitor is added to
the output, and the resulting
voltage charges C8 through D2
to roughly 18 volts. When that

voltage 1s applied to the reve
biased base-emitter junctio
Q1 by way of R11, the junc
avalanches and noise appt
across the resistor. The 18-
supply only biases the nt
source and does not power
other circuitry.

The low-level noise is couj
by C9 to the non-inverting
put of op-amp IC2-a, a 5.
dual low-noise op-amp. Beca
the op-amp is billed as a :
noise component for audio
plications, it might not m
much sense to use it in an
plication where noise is our
jective. But the part was chc
for its drive capabilities becz
it will drive low-impeda
headphones.

The 5532 is intended fo1
polar operation, but here
have only a single-ended suy
the 9-volt battery. To comg
sate for the lack of a bi-p
supply, we provide a 4.5-volt
erence using voltage div:
R15-R16. Every point t
would normally be connecte
ground is returned to that rt



|
I
|
|
|
|
|
|
|
|
|
|
]
|
|
1
|
|
|
|
|
|
|
|
|

FIG. 2—PARTS PLACEMENT DIAGRAM. To conserve space, stand resistors on end
and mount tall electrolytic capacitors on the solder side of the board so they lie fiat.

ence point, thereby fooling the
amplifier’s inputs into thinking
that there are positive and nega-
tive supply rails. Capacitor C10
bypasses the reference voltage
source so that it appears as a
ground for audio signals.

SurfMan's “wave action™
sound effect is produced by
three separate low-frequency
oscillators running asynchro-
nously. The oscillators are sim-
ilar to the one that drives the
voltage doubler, but their oper-
ating frequencies are set at a
only one cycle every few seconds
with larger resistor values (R1,
R4, R7) and capacitors (C1, C2,
C3). When added together, the
three oscillator outputs form
chaotic voltages that are an elec-
tronic approximation of surf
sounds.

Two separate control voltages
are generated. The first is
through resistors R2, R5, and
R8. Because those resistors are
of equal value, only four dif-
ferent control-voltage levels can
be generated. The voltage level
depends on how many of those
outputs are high, and not
which outputs they are. You can
think of this voltage as repre-
senting the “sets” of ocean
waves. The second voltage is

produced through R3, R6, and
R9, whose values were selected
as powers of two to produce
eight different control-voltage
levels. They can be thought of as
representing the individual
waves within the set. The volt-
ages produced are smoothed by
integrating them with capaci-
tors C4 and C5.

Two voltage-controlled filters
(VCF's) convert the control volt-
ages into a changing frequency
spectrum. Ordinarily, VCF's use
transconductance amplifiers,
FET's, or optocouplers as con-
trol elements, but here we use
diodes. It's not common to see
diodes used this way in audio,
but they function very well and
they're hard to beat when low
cost and a small size are impor-
tant. The basic idea is to control
the effective impedance of the
diodes with a DC current while
AC coupling the signal of inter-
est to them. As long as the AC
signal level is much less than
the DC controlling current, the
current works well.

The filter consists of two “L”
section circuits comprising
R22, R23, C12, and C13, with
D3 and D4 as the tuning ele-
ments. Notice that the anodes of
the diodes are returned to the

reference voltage source men-
tioned earlier so that the con-
trolling voltages can both for-
ward- and reverse-bias them.
Control voltages are coupled to
the diodes through R20 and
R21 with potentiometer R17
and fixed resistors R18 and R19
providing a control of their fixed
bias. As the control voltages for-
ward bias their respective di-
odes, the decrease in imped-
ance pulls the corner frequen-
cies of the filters back so that
higher frequencies are by-
passed to ground.

Finally, the output of the filter
appears across volume-control
R27, which sets the amount of
signal applied to the final out-
put amplifier that includes IC2-
b. The output of the amplifier is
current-limited by R26 before
appearing at the headphone

jack J1. While the wiring of J1

might look strange, it is done
that way so that the two head-
phone elements are in series.
This is not a stereo system and
doubling the impedance of the
headphones makes it easier for
the op-amp to drive them.

Building SurfMan

If you're not concerned about
the size of the finished unit,
only the standard construction
precautions apply: be careful
about orientation of polarized
components such as IC’s, di-
odes, electrolytic capacitors,
and transistor Q1. The 74HC14
is a CMOS part and subject to
damage by electrostatic dis-
charge. Avoid shuffling along
on a nylon carpet while han-
dling the part. There are no par-
ticularly high frequencies in-
volved, so any construction
technique will work just fine.
Because of some fairly high-
gain stages, keep wire lengths
as short a possible to prevent
hum pickup.

If you're interested in build-
ing a compact SurfMan such as
the one you see in the photos,
you're going to have to pack a
good number of components in
arelatively small space. Figure 2
is the parts placement diagram.
To make maximum use of the
circuit board area, stand re-
sistors on end and mount all tall
electrolytic capacitors on the
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PARTS LIST

All resistors are Vs-watt, 5%, un-
less noted otherwise.

R1—2.2 hms

R2, R5, R8, R9—100,000 ohms

R3, R19—47,000 ohms

R4—1.5 megohms

R6—220,000 ohms

R7, R13, R25—680,000 ohms

R10—33,000 ohms

R11—1 megohm

R12, R24—15,000 ohms

R14, R20—150,000 ohms

R15, R16—2200 ohms

R17—10,000 ohms, trimmer poten-
tiometer

' R18—39,000 ohms

R21—100,000 ohms
R22, R23—1000 ohms
R26 120 ohms

E"HZT;ﬁO:UUUTbﬁ_ﬁis._ﬁllﬁfﬁ"lﬁpél’""'

potentiometer with on/off switch
(S1)

Capacitors

C1, C2, C3, C10—10 pF, 16 volts,
electrolytic

C4, C5, C16—33 pF, 16 volts, elec-

trolytic
C6—470 pF, ceramic disk
C7, C8, C9—0.01 pF, ceramic disk
C11—4.7 uF, 16 volts, electrolytic
C12, C13—0.05 pF, ceramic disk
C14, C15—220 pF, Mylar or poly-
styrene
Semiconductors
1C1—74HC14 hex Schmitt trigger
inverter
IC2—NE5532N dual op-amp
D1-D4—1N4148 silicon diode
Q1—NPN silicon transistor se-
lected for noise (see text)

' Other components

J1—miniature stereo phone jack

S1—SPST switch (part of potenti-
ometer R27)

Miscellaneous: 9-volt battery and
connector, case, PC board, knob,
headphones, wire, solder, etc.

Note: The following are avaialble
from PAIA Electronics, Inc.,
3200 Teakwood Lane, Edmond,
OK 73013 (405) 340-6300:

e Etched, drilled and
silkscreened PC board
(9160pc)—$6.95

e Complete SurfMan kit in-
cluding PC board, case, and
selected noise transistor (no
headphones) (9160K)—$27.75

Please add $3.50 shipping and
handling to each order.

solder side of the board to allow
them to lie flush with the board.
Capacitors that are short
enough to stand up on the com-
ponent side of the board and

10 = Rine | 0 CAUH
T =
SURFMAN
OUTPUT T 10K 104F INEUTS

FIG. 4—TO CONNECT SURF MAN to your hi-fi setup, use this capacitively
coupled voltage divider. The “Y" connector lets SuriMan drive stereo inputs.
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USE THIS FOIL PATTERN to make your
own PC board for SurfMan.

still allow the board to fit into
the case are available, but
they're more expensive and they
are not really necessary.

You can etch your own board
with the foil pattern provided or
buy a ready-to-use board from
the source given in the Parts
List. Even if you skip the circuit
board and build the SurfMan on
a piece of perforated con-
struction board, it is recom-
mended that you follow the
general component layout in
Fig. 2. (A lot of effort went into
minimizing trace length and
placing components, so you
should take advantage of this
work.)

Fully assemble the circuit
board by mounting all resistors,
diodes, capacitors, and ICs. Do
not install the noise transistor
(Q1) yet. Use 22-gauge or small-
er stranded wire to make con-
nections from the circuit board
to the volume control (R27),
power switch (S1, which is part
of R27), and phone jack (J1).

The five jumpers on the circ
board should be made w
insulated wire to keep th
from shorting against adjac
component leads.

Snap a 9-volt battery into
connector and plug a paii
headphones into J1. The ge1
ally less expensive 32-o.
headphones are preferable t
ohm phones because th
higher impedance is more ea
driven by the output ampli:
Turn on the unit transfer by
tating the shaft of the volu
control fully clockwise.
won't hear any noise because
has not been installed, but :
can perform a quick test
touching your finger to pin:
IC2. You should hear a fa
loud buzz as environmer
electromagnetic fields are c
pled into the amplifier. If the:
no hum, you have a clear ind
tion that something is wror.

With that test successh
completed you're ready to ins
the noise transistor. Almost
NPN silicon transistor, such
2N2712, 2N2222, or 2N390¢
a good candidate for QI.
might not like the first t1
sistor you pick because smc
noise is what we're after.
may run into a device that er
a lot of “popcorn” noise, wt
you'll recognize if you hear !

Turn on the unit and set
fully clockwise. Press the e1
ter and base leads of the 1
sistor that you're test
against the pads on the
board. You might have to 1
the device in place for a sec
or two so that voltages can
bilize. Also be careful no
touch any of the transis

continued on pagt



TELEPHONE-VOICE SCRAMBLING IS
the most effective method for
eliminating unwanted eves-
dropping on your confidential
phone calls. It should be consid-
ered if you have reason to be-
lieve that unauthorized persons
are or could be listening in on
your telephone conversations. A
system consisting of two com-
patible telephone-voice
scramblers will permit normal
conversation between you and
your intended listener, while
making all speech unintelligible
to anyone listening on exten-
sions at either end of the line.
Only a person with a compatible
unscrambler will be able to un-
derstand what is being said.
Many circuits are available
that can monitor your phone
line and detect intentional or
unintentional removal of hand-
sets from their hooks on any ex-
tension. Because they're easily
defeated, those circuits could
lull you into a false sense of se-
curity. Even if you detect an un-
authorized listener “horning

in,” you have only two choices:
hang up or be on guard against
saying anything that you don't
want to be heard by an un-
authorized third party.

Matched telephone voice
scramblers enable you to carry
on conversations without
guarding your speech. They
also eliminate the threat of wire-
tapping and covert tape record-
ing, unless the intruder has the
necessary circuitry to unscram-
ble your garbled conversations.

In the past, factory-made tele-
phone voice scramblers were ex-
pensive and difficult to find. To-
day scramblers are more readily
available and their prices have
fallen because of the availability
of low-cost voice scrambler/de-
scrambler IC’s. However, those
scramblers might include cer-
tain features that you don’t
want such as a briefcase hous-
ing. This article will permit you
to build inexpensive, compact,
and effective voice scramblers
in the form of loaded circuit
boards.

Figure 1 shows the TVS250
voice scrambler coupled be-
tween the headset and base of a
standard telephone. It is half of
a complete telephone security
system. Connections between
the scrambler circuit and tele-
phone are easily made with
standard telephone cords ter-
minated with standard modu-
lar plugs. A second voice
scrambler would be similarly
connected to another telephone
to form the secure telephone
system shown in Fig. 2.

Theory of operation

The heart of the TVS250 is
the COM9046, a voice
scrambler/descrambler IC made
by Standard Microsystems
Corp. Figure 3 is a simplified
block diagram of that dedicated
chip. The IC contains two iden-
tical speech channels that per-
mit full-duplex operation when
connected between two tele-
phones. Each channel is capa-
ble of scrambling and descram-
bling voice communications.



Electronics Now, August 1992

8

FIG. 1—ONE END OF A SECURE TELEPHONE SYSTEM, a TVS250 scrambler circuit
coupled between the handset and the base of a telephone with standard jacks and

cord.

SCRAMBLED
MODE SCRAME
FIG. 2—COMPLETE TELEPHONE SECURITY is obtained with a TVS250 at both ends of
the phone line forming a duplex scrambler/descrambler system.

To render the speech chan-
nels unintelligible, the incom-
ing audio signal is inverted by
the IC’s internal double-side-

band modulator. While one
channel accepts the normal fre-
quency spectrum from the
handset microphone, inverts

and transmits it, the ot
channel accepts the incom
inverted signal, normalizes :
sends it to the handset spea

Circuit design

The COM9046 vo
scrambler/descrambler IC ¢
tains a crystal oscillator t

" controls system timing. The

chip oscillator requires an ex
nal 3.58-MHz crystal tha
commonly used in TV color-t
st applications. The chip ¢
contains switched-capacitor
ters, so input speech must
filtered by an anti-aliasing ¢
gle-pole, low-pass filter befor
is applied to the audio inpu
pins 5 and 11.

- Thefilter’s 3-dB cutoff poir
determined by the resistors :
capacitors connected to pin
and 11. The values of those c«
ponents were selected so t
the cutoff point is less than
kHz. As shown in the sc
matic, Fig. 4, both R5 and
have values of 3.9 K, and b
Cl1and C12 have values of 2!
pE. Applying those RC value
the equation for filter cutoff
quency, F, = (2rRC)/2, yielc
3 dB cutoff frequency of ab
18.5 kHz.

The COM9046 was desig
to operate on =2.6 volts (+
volts at pins 9 and 7, and -
volts at pins 3 and 8). This o
ating voltage is measured w
respect to a ground referenc
pin 4 of the IC. However,
TVS250 operates from a sit
9-volt transistor battery so i
necessary to obtain the
quired *+2.6 volts from a 1
polar 9-volt transistor batt
Those voltages are measu
with respect to the IC's an:
reference at input pin 4.

The 9 volts can be reduce:
5 volts by IC4, a 78L0O5A |
voltage regulator, as showr
schematic Fig. 4. The 5-volt
put is applied to a voltage di
er consisting of R16 and F
Pins 7 and 9 of IC1 are c
nected to the 5-volt source. I
3 and 8 are connected to
supply ground (0 volts). *
midpoint of the two resisi
R18 and R16 is connected to
4 of the IC. Because the twc
sistors are of equal value, t]
junction produces +2.6 vc



FIG. 3—SIMPLIFIED DIAGRAM OF THE COM9046 SCRAMBLER/ DESCRAMBLER IC
and some peripheral components that are the heart of each TVS250 voice scrambler.

FIG. 4—SCHEMATIC DIAGRAM FOR THE TVS250 voice scrambler.

Now, with respect to pin 4, pins
9 and 7 are at +2.6 volts, and
pins 3 and 8 are at -2.6 volts as
shown in Fig. 3. Both of those
values are within the acceptable
limits for IC1.

The scrambler/descrambler
IC1 can be interfaced with a
standard telephone. The audio
output from the base of the tele-
phone is AC coupled to IC1 via
C5. After the audio signal from

the telephone base passes IC1, it
drives the handset speaker. The
audio output signal from pin 6
of IC1 is filtered by an active low-
pass filter consisting of IC3-b,
R14, R15, C13, and C14.

Inserting those RC values in
the low-frequency cutoff equa-
tion given earlier will show that
the filter can pass all frequen-
cies below 3.1 kHz. The filter
greatly reduces high-frequency
noise, especially that produced
by clock feedthrough from IC1's
internal oscillator.

The output from this low-
pass filter is applied to the audio
amplifier IC2 which acts as a
low-power differential driver
connected to the handset
speaker. Potentiometer R1%s re-
sistance value of 100 K will per-
mit volume adjustment of the
handset speaker.

The equivalent circuit for the
handset microphone is a poten-
tiometer that changes its resis-
tance with applied input audio
signals. In quiet periods, its
effective resistance is constant,
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but when audio input is ap-
plied, its resistance changes lin-
early with the varying input
frequencies.

Because the microphone can
be considered as equivalent to a
potentiometer, a voltage divider
can be formed with R17 as one
resistor and the handset micro-
phone as the other one. As the
microphone’s resistance
changes. the voltage at JU4 will
follow. That voltage is AC cou-
pled by C3 to the amplifier cir-
cuit that includes IC3-a.

Filter resistor R21 and capaci-
tor C8 form a high-pass RC filter
for the amplifier circuit that will
attenuate low-frequency noise
and prevent DC bias amplifica-
tion. Applying the values of this
filter to the cutoff frequency
equation yields a high-frequen-
cy cutoff point of 312 Hz. Below
that frequency C8 will act as an
open circuit, effectively remov-
ing R21 so that the signal will
not be amplified. At frequencies
higher than 312 Hz, C8 will act
as a short, and amplification
will be determined by the values
of feedback potentiometer R2
and filter resistor R21. The out-
put of the amplifier stage is then
AC coupled to IC1 via coupling
capacitor C4.

The audio input from the
handset microphone goes to
IC1, and the output audio at pin
10 of that IC must be interfaced
with the telephone base. This is
done by applying it to the base
of transistor Q1. The current to
Q1 is limited by R20 to prevent
saturation. As the applied base
voltage changes, Q1s collector
current will vary accordingly.

A change in collector current
causes a direct change in collec-
tor-to- emitter voltage across
the transistor. This voltage is
similiar to the voltage at JU4
which was derived for the hand-
set interface. Lines from both
collector and emitter of Q1 con-
nect the microphone input to
the telephone base. The tele-
phone base sees transistor Q1
as a microphone.

The resistance of potentiome-
ter R2 was selected as 500 K to
permit varying the amplifica-
tion of the audio input. That po-
tentiometer varies the audio
applied to the base of Q1. The

o

+

FIG. 6—PHOTOGRAPH OF LOADED
BOARD for the TVS250.

circuit permits the user to ad-
just the transistor drive as well
as compensate for internal cir-
cuit differences in telephones.

-

Construction

Because of the complexit
the telephone voice scraml
the double-sided PC bo
made with the foil patte
shown in this article is rec
mended. The finished PC b
is available both as a sepa
item or as part of the comg
kit available from the sol
given in the Parts List.

Begin the assembly of the
phone voice scrambler by ir
ting and soldering fixed
sistors R3 to R21 where sh
on parts placement diag
Fig. 5. (Figure 6 is a photogr
of the loaded circuit board.
sert and solder potentiome
R1and R2. Do the same for1
polarized capacitors C1 to (
Next, insert and solder pc
ized capacitors C16 to C18,
ing their polarity. Trim all ex
lead lengths.



All resistors are Ya-watt, 5 %, un-
less otherwise noted

R1—100,000 ohms, PC-mount po-
tentiometer, screwdriver adjust

R2—500,000 ohms, PC-mount po-
tentiometer, screwdriver adjust

R3, R4—10,000 ohms

R5, R6—3900 ohms

R8, R9—100,000 ohms

R10-R13—1000 chms

R7, R14, R15—51,000 ohms

R16-R18—2200 ohms

R19—10,000,000 ohms

R20—150,000 ohms

R21—5100 ohms

Capacitors

C1, C2—15 pF, ceramic disc

C3-C10—0.1 pF, metal film

C11, C12—2200 pF, ceramic disc

C13-C15—0.001 w.F, ceramic disc

C16—1uF, 35 volts, tantalum

C17, C18—10 pF, 16 volts, elec-
trolytic, polarized

Semiconductors

IC1—COM9046 voice-scrambling
IC, (Standard Microsystems)

1C2—MC34119, audio amplifier
driver (Motorola or equiv.)

=]
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PARTS LIST

IC3—LM358 dual operational am-
plifier, single supply

IC3—78L05A, 5-volt regulator
(Texas Instruments or equiv.)

Q1—2N2222A, NPN transistor

LED1—green light-emitting diode,
T1, 5mm

LED2—red light-emitting diode, T1,
Smm

Other components

S1—SPST slide, PC-mount, side-
actuated switch

S2—SPST slide, PC-mount, top-
actuated switch

S3-S6—STS2400 PC, 2PA4T slide,
PC-mount, top-actuated (Augat/
Alcoswitch or equiv.) switch

J1, J2—telephone jack, 4-4, Type
616, PC-mount

JU1-JU4—two-post jumper, Fa2-
inch-on-centers with insulated
shorting clips(see text)

XTL1—crystal 3.579545 MHz, met-
al case (ITT 4183 or equiv)

B1—9-volt transistor battery, al-
kaline, standard

Miscellaneous: TVS250 PC
board, 5-inch length of telephone

+ -

off iteees O

+ -

| 27/s INCHES

; ©

cord terminated with standard
telephone plugs, 9-volt transistor-
battery clip-type holder (Key-
stone No. 79 or equiv.) with two
2-56 screws and nuts, 9-volt tran-
sistor battery terminal snap with
leads, four rubber or plastic PC
board feet (see text), and solder.

Note: The following parts are
available from Securicom, P.O.
Box 5227, Chatsworth, CA
91313-5227 (818)-710-0110
® COM9046 scrambler/de-
scrambler IC only—$18.00
® Double-sided, silk-screened
and drilled PC board—$20.00
® A complete kit including PC
board, all components, and 5-
inch plug-terminated phone
cord—$59.95
® Assembled and tested
TVS250 with user’'s manual—
$79.95

Check, money order, and Master-
card orders accepted. Please
add $3.75 for postage and han-
dling. California residents
must add 8.5% sales tax.
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TOP LAYER (COMPONENT SIDE) of telephone voice scrambler BOTTOM LAYER (SOLDER SIDE) of telephone voice scrambler
PC board shown actual size.

PC board shown actual size.
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Then insert the jumper posts,
switches, LED’, crystal, and
telephone jacks where shown
on Fig. 5. (Place the shorting
clips (see Fig. 7) on the jumper
posts JU1 to JU4 to prevent los-
ing them.) All switches can be
inserted in only one position.
Orientation is not critical for in-
serting the crystal XTAL1. Note
that the flats at the base of LED1
and LED2 are next to their cath-
odes. Solder all leads or wires
and trim excess lengths.

Assemble the 9-volt battery
holder to the PC board with
screws and nuts. Insert the red
and black insulated wires of the
battery terminal snap in the PC
board with the black wire in the
hole marked “-" and the red wire
in the hole marked “+" as
shown in Fig. 5. After soldering
the wires, trim their ends.

Insert all semiconductor de-
vices (IC1 to IC4 and transistor
Q1) where shown in Fig. 5 last.
Be sure to note the dots or
notches that indicate the pin 1
positions on IC1 to IC3, and the
orientation of IC4 and Q1. Ob-
serve all precautions necessary
to prevent electrostatic dis-
charge damage of these devices.
Solder their leads and trim ex-
cess lengths.

Make a careful visual exam-
ination of the soldered side of
the PC board to be sure that all
connections are sound and
clean and that no stray solder
has shorted any of the traces to-
gether. Remove any unwanted
“bridging” by standard deso-
ldering techniques or a sharp
knife blade.

Connecting the scrambler
Connections to the telephone
line are well defined and stan-
dardized, but there are no stan-
dards for the wiring that
connects a specific telephone
handset to its base. The
TVS250 was designed to adapt
to a variety of telephones. The
four wires inside the retractile
telephone cord that connects
the handset to the base are usu-
ally color coded black, red, green
and yellow. Two of these wires go
to the handset speaker, and two
go to the handset microphone.
Unfortunately, telephone man-
ufacturers have not agreed on

—_
FIG. 7—SHORTING CLIPS ON JUMPER
POSTS are removed while adapting the

TVS250 to a specific telephone.
CONNECTION TO BASE—>
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FIG. 8—FUNCTIONS OF THE FOUR
SWITCHES S3 to S6 that adapt the
TVS250 to a specific telephone.

either the color coding or func-
tion of those wires.

The four two-pole, four-throw
switches (S3 to S6) control the
handset wiring order. By chang-
ing the actuator positions of
these switches, any cord wiring
configuration can be accommo-
dated by the TVS250. Figure 8
shows the functions of each of
those four switches.

After some experimentation,
it should take only a minute or

so to arrange the switch a¢
ators to accommodate va
tions in cord wiring. The eas
method for connecting
TVS250 to your particular t
phone is as follows:

1) Set the midpoints of pote
ometers R1 and R2 by turn
their control knobs wit]
screwdriver so that their arr
point toward the bottom of
PC board.

2) Switch S1 to its oFF positi
Attach the terminal clip to th
volt transistor battery and s:
the battery into its spring h:
er on the circuit board.

3) Connect the TVS250 to y
telephone by plugging one |
of the five-inch phone cord i
the telephone base and
other end into phone jack
Then plug the retractile ¢
that normally connects
handset to the base into jack
and hang up the phone.

4) Remove the shorting c!
from posts JU1 to JU4. This
moves switches S4 and S5 fi
the circuit (see Figures 4, 5
and 7).

5)Caution: Be sure that non
the actuators of the four swii
es S3 to S6 are in the same p
tions (see Fig. 9). If the jum
post shorting clips remair
place and two of the switc
are in the same position,
unit will malfunction. Mc
over, power indicator LE
(green) might not light. The
moval of the four shorting ¢
prevents this.

6) Move Sl's actuator on :
green LEDI1 should light. M
S2's actuator back and fo
and red LED2 should turn
and off. When red LED2 is
luminated, the scrambler is
the scrambled mode. Bef
continuing, be sure red LED
off (normal mode). When con
ured properly, the actuator:
S3 to S6 will be in one of f
possible positions as showr
Fig. 9. Remember that no
switch actuators should be
in the same position. Switc
S3 and S6, which control
handset speaker connecti
should be adjusted first. To |
the proper switch settings
the handset speaker, listen
the phone’s dial tone.

7) Set S3’s actuator to posit



1, pick up the phone, and listen
normally. Now move S6s actu-
ator in sequence to positions 3,
4 and then 5. If you hear a dial
tone in any of those actuator po-
sitions, leave it there. If no tone
is heard, move S3's actuator to
position 2 and again try S6's ac-
tuator in the other three posi-
tions. Continue this procedure
until the dial tone is heard.

While the complete procedure
should take only about a min-
ute, remember that if a handset
is left off of its base (hook) for
more than about 15 seconds,
the dial tone will automatically
turn off. Hang up the phone be-
tween actuator settings to be
sure that a dial tone is present
when the right combination is
found.

8) With the dial tone present,
adjust potentiometer R1 to the
desired volume.

9) Turn the TVS250 off (green
LEDI1 is off). Place the shorting
clips on all four jumper posts.
After the dial tone is heard, the
handset microphone switches
S4 and S5 can be adjusted. For
this step ask someone to assist
you by listening in on an exten-
sion to your phone.

10) Set the actuator of S4 to one
of the positions not used by S3
or S6, and set S5% actuator to
the last available position. Turn
the TVS250 on after making
sure that it is set for normal
mode (red LED2 is off). Ask your
assistant on the extension to
pick up the handset and key in
any number to eliminate the
dial tone before proceeding.
Then speak normally into the
handset. Your assistant can tell
you if the sound volume is with-
in normal limits. Then adjust
potentiometer R2 for the best
speech quality.

If, after adjusting R2, you
cannot obtain quality speech, it
is probable that the actuators
for switches S4 and S5 are in
reversed positions. (This can be
determined if your assistant’s
voice seems distant or in-
comprehensible even after you
have turned R2 both completely
clockwise and counterclock-
wise. A screeching sound might
alsobe heard.) If this is the case,
simply switch the actuator posi-
tions of S4 and S5 and repeat

the adjustments to R2 while
speaking to your assistant.
The positioning of actuators
of S3 and S6 is critical. If you
still cannot get quality speech
from your phone after perform-
ing the previous procedure, the
positions of actuators of S3 and
56 are reversed. Exchange their
positions and repeat step 10.
Although the TVS250 is rug-
ged and will not require special
handling, the unprotected cir-
cuit board must not be placed in
any position where conductive

POSITIONT ___

_POsiTIONs

SLIDE SWITCHES

FIG. 9—FOUR POSSIBLE ACTUATOR

SETTINGS of the two-pole, four-throw
slide switches S3 to S6 that adapt the
TVS250 to a specific phone.

surfaces could short out un-
protected soldered connections
on the underside of the board.
The insulating feet at the cor-
ners of the PC board’s underside
will help to prevent damage
from this cause by elevating it
above any flat surface on which
it is positioned. However, you
might also want to enclose your
scrambler in an insulated pro-
tective case for more protection.
After the fine adjustments
have been made, your voice
scrambler will be ready for use,
but, of course, two scramblers
are needed to form a system.
Make the following simple test:
e Turn on the TVS250 with S1
noting that green LEDI is on.
® Pick up the handset and lis-
ten for the dial tone.
® Switch S2 to the scrambled
mode (red LED2 is on).

@ Listen for the scrambled dial
tone.

® Change back to normal mode
and phone someone.

® Speak normally into the
phone with the scrambler mode
off (green LEDI is always on
when using the phone).

® Switch the unit into the
scrambled mode (red LED2 is
on).

® As the other party speaks,
you will hear his scrambled
speech and he will hear yours.
® Switch back and forth from
the scrambled to the normal
mode as often as necessary to
check out a single unit.

When two tested scramblers
on the same line are in the
scrambled mode, both your
voice and that of the person you
called will sound normal. Any-
one listening on extensions to
either phone will only hear
garbled speech.

Scramblers should be turned
off when a call has been com-
pleted to conserve battery
power. In continuous opera-
tion, a 9-volt alkaline battery
will provide about 30 hours of
scrambler operation.

Answering and call waiting

The scrambler can leave se-
cure messages on an automatic
answering machine. Turn on
your scrambler and speak nor-
mally to any telephone with
both a compatible scrambler
and answering machine. When
a receiving party plays back
your message and hears the
garbled speech, he turns on his
scrambler and listens to your
normalized speech through his
handset.

The TVS250 can be switched
back and forth from scrambled
to normal mode at any time dur-
ing a conversation. If you have
call waiting, you could be in a
secure conversation with an-
other party whose telephone
has a compatible scrambler
when you are interrupted by an-
other caller. To answer the call
waiting signal, simply switch
your scrambler to its normal
mode and answer the call as
usual. After the call is com-
pleted, return your unit to the
scrambled mode and continue
your secure conversation. R-E
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OPTOCOUPLER
DEVICES

Learn to use optocouplers in circuits that require high
electrical isolation between input and output.

RAY M. MARSTON

OPTOCOUPLERS OR OPTOISOLATORS
have applications in many sit-
uations where signals or data
must pass between two cir-
cuits, but high electrical isola-
tion must be maintained be-
tween those circuits. Optocoup-
ling devices are useful in
changing logic levels between
the circuits, blocking noise
transmission from one circuit
to another, isolating logic levels
from AC-line voltage, and elim-
inating ground loops.

DC level as well as signal in-
formation can be transmitted
by an optocoupler while it main-
tains the high electrical isola-
tion between input and output.
Optocouplers can also replace
relays and transformers in
many digital interfaces. More-
over, the frequency response of
optocouplers is excellent in ana-
log circuits.

Optocoupler basics.

An optocoupler consists of an
infrared-emitting LED (typ-
ically made from gallium arse-
nide) optically coupled to a
silicon photodetector (photo-
transistor, photodiode or other
photosensitive device) in an
opaque light-shielding pack-
age. Figure 1 is a cutaway view
of a popular single-channel, six-
pin dual-in-line-(DIP) packaged
optocoupler. The IR-emitting
LED or IRED emits infrared ra-
diation in the 900- to 940-
nanometer region when for-
ward biased current flows
through it. The photodetector is
an NPN phototransistor sen-
sitive in the same 900- to 940-
nanometer region. Both IRED
and phototransistor are in chip
or die form.

DETECTOR
PHOTOTRANSISTOR

LIGHT-CONDUCTING
MATERIAL AROUND
SOURCE AND DETECTOR

IR SOURCE
LED

N

FIG. 1—CUTAWAY VIEW OF AN OPTOCOUPLER with a phototransistor output.

Most commercial opto-
couplers are made by mounting
the IRED and phototransistor
on adjacent arms of a lead-
frame, as shown. The leadframe
is a stamping made from thin
conductive sheet metal with
many branch-like contours.
The isolated substrates that
support the device chips are
formed from the inner
branches, and the multiple pins
of the DIP are formed from the
outer branches.

After the wire bonds are made

between the device dies anc
propriate leadframe pins,
region around both device
encapsulated in an IR-tr:
parent resin that acts as a*l
pipe” or optical waveguide
tween the devices. The ass
bly is then molded in ope
epoxy resin to form the DIP,
the leadframe pins are t
downward.

Figure 2 is a pin diagra
the most popular single-cl
nel, 6-pin phototransistor
tocoupler DIP. It is callec
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FIG. 2—TOP VIEW SCHEMATIC of a
phototransistor-output optocoupler.

optocoupler because only in-
frared energy or photons couple
the input IRED to the output
phototransistor. The device is
also an optoisolator because no
electric current passes between
the two chips; the emitter and
detector are electrically insu-
lated and isolated. These de-
vices are also known as photo-
coupler or photon-coupled iso-
lators.

The base terminal of the pho-
totransistor is available at pin 6
on the six-pin DIP, but in nor-
mal ues it is left open-circuited.
Also, no connection (NC) is
made to pin 3. The phototran-
sistor can be converted to a pho-
todiode by shorting together
base pin 6 and emitter pin 4.
That option is not available in
four-pin optocoupler DIP's and

100

multi-channel optocouplers.
There are, however, photodiode-
output optocouplers optimized
for the wider bandwidth and
higher speeds needed in data
communications, but they are
far less efficient as couplers.

Large-volume producers of
commercial optocouplers in-
clude Motorola, Sharp Elec-
tronics Corp., and Siemens
Components, Inc. Optek Tech-
nology concentrates on optoin-
terrupters and optoreflectors
while Hewlett-Packard’s op-
tocouplers are focused on high-
speed communications and
special applications.

Optocoupler characteristics

One of the most important
characteristics of the op-
tocoupler is its light-coupling
efficiency specified as current
transfer ratio, CTR. That ratio
is maximized by matching the
IRED’s IR emission spectrum
closely with its detector/output
device's detection spectrum.
CTR is the ratio of output cur-
rent to input current, at a spec-
ified bias, of an optocoupler. It is
given as a percent:
CTR =(Icgo)llx) X 100%

A CTR of 100% provides an
output current of 1 milliampere

50

10

OUTPUT CURRENT, Igs (pA)

o i — o~ e o 2 ]y A _“--_ r 10
INPUT CURRENT, I(mA)

FIG. 3—TYPICAL OUTPUT CURRENT vs. input current for a phototransistor-output

optocoupler with a Vg of 10 volis.

for each milliampere of current
to the IRED. Minimum values of
CTR for a phototransistor-out-
put optocoupler such as that
shown in Figs. 1 and 2 can be
expected to vary from 20 to 100
%. CTR depends on the input
and output operating currents
and on the phototransistor's
supply voltage.

Figure 3 is a plot of phototran-
sistor output current (Iog) vs.
input current (I) for a typical
phototransistor optocoupler at
a collector-to-base voltage (V)
of 10 volts.

Other important optocoupler
specifications include:
® [solation voltage (V,go). The
maximum permissible AC volt-
age that can exist between the
input and output circuits with-
out destruction of the device.
Those values typically range
from 500 volts to 5 kilovolts
RMS for a phototransistor-out-
put coupler.
® V... The maximum DC volt-
age permitted across the pho-
totransistor output. Typical
values for a phototransistor -
output coupler range from 30 to
70 volts.
® | The maximum continuous
DC forward current permitted
to flow in the IRED. Typical val-
ues for a phototransistor-out-
put coupler range from 40 to
100 milliamperes.
® Rise/fall time for a phototran-
sistor-output coupler is typ-
ically from 2 to 5 microseconds
for both rise and fall. Those de-
termine device bandwidth.

Industry-standards

A wide variety of optocouplers
is produced by many manufac-
turers throughout the world.
Some of the suppliers of com-
modity optocouplers include
Motorola, Sharp Electronics,
Toshiba, and Siemens. In addi-
tion to the industry standard
six-pin DIP shown in Figs. 1 and
2, some transistor-output op-
tocouplers are packaged in four-
pin DIP’s and surface-mount
packages.

Multi-channel configurations
of the popular optocouplers are
also available with dual and
quad emitter-detector pairs per
package. Those optocouplers
repeat the basic schematic of



Electronics Now, August 1992

Fig. 2 except that they lack ex-
ternal base pins. It is important
to note, however, that certain
electrical and thermal charac-
teristics are derated in those
packages because of the closer
spacing of the semiconductor
dies.

The lowest cost industry-
standard phototransistor op-
tocouplers with single channels
have been designated by the
JEDEC prefix “4N" and include
the 4N25 to 4N28 and 4N35 to
4N37. However, many suppliers
have developed their own pro-
prietary parts with unusual fea-
tures which are sold under their
own designations. Popular pho-
totransistor optocouplers are

- now available in small quan-

tities for less than a dollar each.

Because optocouplers are
used in AC-line powered cir-
cuits, they are subject to safety
tests such as those of Under-
writers Laboratories Inc. (UL)
and Canadian Standards As-
sosiation (CSA). Most suppliers
are offering UL-Recognized op-
tocouplers and many make cou-
plers that conform to the tighter
Verband Deutsch Electro-
techniker (VDE) specifications.
Compliance with those specifi-
cations or the equivalent na-
tional specifications is a man-
datory requirement for their
use in Europe.

Figure 4 illustrates a simple
optocoupler circuit. The con-
duction current of the pho-
totransistor can be controlled
by the forward bias current of
the IRED although the two de-
vices are separated. When S1 is
open no current flows in the
IRED so no infrared energy falls
on the phototransistor, making
it a virtual open-circuit with
zero voltage developed across

FIG.5—AC INPUT PHOTOTRANSISTOR-
output optocoupler schematic.

FIG. 6—PHOTODARLINGTON-OUTPUT
optocoupler schematic.

FIG 7——BI-DIRECTIONAL LINEAR out-
put optocoupler schematic showing
MOSFET output.

FIG. 8B—PHOTOSCR-OUTPUT opto-
coupler schematic.

FIG. 4—CIRCUIT for phototransistor-
output optocoupler.

FIG. s—PHOTOTﬂAC-OUTPUT opto-
coupler schematic.

output resistor R2. When £
closed, current flows thro
the IRED and R1, and the res
ing IR emission on the [
totransistor causes it to«
duct and generate an out
voltage across R2.

The simple optically-cou;
circuit shown in Fig. 4 wil
spond only to on-off signals,
it can be modified to accept ¢
log input signals and pro
analog output signals as wi
seen later. The phototransi
provides output gain.

The schematics of six o
optocouplers with differ
combinations of IRED and
put photodetector are presei
as Figs. 5 thru 10. Figure 5
schematic for a bidirectio
input phototransistor-out
optocoupler with two back
back gallium-arsenide IRF
for coupling AC signals or
verse polarity input protect
A typical minimum CTR for
device is 20%.

Figure 6 illustrates an o
coupler with a silicon p
todarlington amplifier out]
It provides a higher output
rent than that available fro
phototransistor coupler.
cause of their high cur:
gain, Photodarlington coug
typically have minimum 5(
CTR’s at a collector-to-emi
voltage of 30 to 35 volts. ~
value is about ten times that
phototransistor optocouple

However, there is a speed-
put current tradeoff w.
using a photodarlington ¢
pler. Effective bandwith is
duced by about a factor of
Industry standard version
those devices include the 4
to 4N33 and 6N138 and 6N
Dual- and quad-channel
todarlington couplers are
available.

The schematic of Fig. 7 il
trates a bi-directional lin
output optocoupler consis
of an IRED and a MOSF
Those couplers typically I
isolation voltages of 2500 1\
RMS, breakdown voltages c
to 30 volts, and typical rise
fall times of 15 microsecao
each.

Figure 8 is the schematic
one of two basic types of o
thyristor-output optocoup!



FIG. 10—SCHMITT-TRIGGER-OUTPUT
optocoupler schematic.

FIG. 11—SERIES RESISTOR must limit
IRED current. It can be R1 at (a) or R2 at

(b)-

FIG. 12—IRED IS PROTECTED against
reverse voltage with external diode D1.

one with an SCR output. Op-
toSCR couplers have typical iso-
lation voltages of 1000 to 4000
volts RMS, minimum blocking
voltages of 200 to 400 volts, and
maximum turn-on currents
(Ir) of 10 milliamperes. The
schematic in Fig. 9 illustrates a
phototriac-output coupler. Thy-
ristor-output couplers typically
have forward blocking voltages
(Vpram) of 400 volts.
Schmitt-trigger outputs are
available from optocouplers.
Figure 10 is the schematic for
an optocoupler that includes a
Schmitt-trigger IC capable of
producing a rectangular output
from a sine-wave or pulsed in-
put signal. The IC is a form of
multivibrator circuit. Isolation
voltages are from 2500 to 4000
volts, maximum, turn-on cur-
rent is typically from 1 to 10 mil-
liamperes, the minimum and
maximum operating voltages
are 3 to 26 volts, and the max-
imum data rate (NRZ) is 1 MHz.

Coupler applications
Optocouplers function in cir-
cuits the same way as discrete
emitters and detectors. The in-
put current to the optocoupler’s
IRED must be limited with a se-
ries-connected external resistor
which can be connected in one
of the two ways shown in Fig 10,

FIG. 14—PHOTOTRANSISTOR-TO-
photodiode conversion with base pin
connection.

either on the anode side (a) or
cathode side (b) of the IRED.
Figure 5 showed an op-
tocoupler optimized for AC op-
eration, but a conventional
phototransistor coupler can
also be driven from an AC
source with the addition of an
external conventional diode as
shown in Fig. 12. That circuit
also provides protection for the
IRED if there is a possibility

that a reverse voltage could be
applied accidentally across the
[RED.

The operating current of the
coupler’s phototransistor can
be converted to a voltage by plac-
ing an external resistor in series
with the transistor’s collector or
emitter as shown in Fig. 13. The
collector option is shown in (a)
and the emitter option is shown
in (b). The sensitivity of the cir-
cuit will be directly proportional
to the value of either of the se-
ries resistors.

A phototransistor-output op-
tocoupler in a six-pin DIP can be
converted to a photodiode-out-
put optocoupler by using the
base pin 6 as shown in Fig. 14
and ignoring the emitter pin 4
(or shorting it to the base). This
connection results in a greatly
increased input signal rise
time, but it sharply reduces
CTR to a value of about 0.2%.

Digital interfacing.

Optocouplers are ideally suit-
ed for interfacing digital signal
circuits that are driven at dif-
ferent voltage levels. They can
interface digital IC’s within the
same TTL, ECL or CMOS family,
and they can interface digital
IC’s between those families. The
devices can also interface the
digital outputs of personal com-
puters (or other mainframe
computers, workstations and
programmable controllers) to
motors, relays, solenoids and
lamps.

Figure 15 shows how to inter-
face two TTL circuits. The op-
tocoupler IRED and current-
limiting resistor R1 are con-
nected between the 5-volt
positive supply bus and the out-
put driving terminal of the TTL
logic gate. This connection is
made rather than between the
TTL gate’s output and ground
because TTL outputs can sink
fairly high current (typically 16
milliamperes). However, TTL
outputs can only source a very
low current (typically 400 mi-
croamperes).

The open-circuit output volt-
age of a TTL IC falls to less than
400 millivolts when in the logic
Ostate, butit canrise toonly 2.4
volts in the logic 1 state if the IC
does not have a suitable inter-
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FIG. 16—CMOS-GATE INTERFACE provided by a phototransistor-output optocoupler.

nal pull-up resistor. In that
case, the optocoupler’s IRED
current will not fall to zero when
the TTL output is at logic 1. This
drawback can be overcome with
external pull-up resistor R3
shown in Fig. 15.

The optocoupler’s phototran-
sistor should be connected be-
tween the input and ground of
the TTL IC as shown because a
TTL input must be pulled down
below 800 millivolts at 1.6 milli-
amperes to ensure correct logic
0 operation. Note that the cir-
cuit in Fig. 15 provides non-in-
verting optocoupling.

CMOS IC outputs can source
or sink currents up to several
milliamperes with equal ease.
Consequently, these IC’s can be
interfaced with a sink config-
uration similar to that of Fig 15,
or they can be in the source con-
figuration shown in Fig. 16. In
either case, R2 must be large
enough to provide an output
voltage swing that switches
fully between the CMOS logic O
and 1 states.

Figure 17 shows how a photo-
transistor-output optocoupler
can interface a computer’s dig-
ital output signal (5 volts, 5 mil-
liamperes) to a 12-volt DC motor
whose operating current is less
than 1 amp. With the computer
output high, the optocoupler
IRED and phototransistor are

Analog interfacing

An optocoupler can inter!
analog signals from one cir
to another by setting u
“standing” current through
IRED and then modulating {
current with the analog sig
Fig 18 shows this method
plied to audio coupling. The
erational amplifier IC2 is
nected in a unity-gain volt:
follower mode. The «
tocouplers IRED is wired i
the op-amp’s negative feedb
loop so that the voltage aci
R3 (and thus the curr
through the IRED) precisely
lows the voltage applied to 1
inverting input pin 3 of the
amp. This pin is DC biase«
half-supply voltage with the
R2 voltage divider. The op-g
can be AC modulated with
audio signal applied at C1. "’
quiescent IRED current is s¢

FIG. 177—COMPUTER TO DC-MOTOR INTERFACE provided by a phototransistor-
put optocoupler.

FIG. 18—AUDIO INTERFACE provided by a phototransistor-output optocoupler.

both off, so the motor is turned
on by Q1 and Q2. When the com-
puter output goes low, the IRED
and phototransistor are driven
on, so Q1, Q2 and the motor are
turned off. Note the l-ampere
current limitation.

1 to 2 milliamperes with R3.

On the output side of the ¢
pler a quiescent current is
up by its transistor. That ¢
rent creates a voltage across
tentiometer R4 which sho
have its value adjusted to gi



FIG. 199—NON-SYNCHRONOUS TRIAC power switch with optocoupled input.

FIG. 20—SYNCHRONOUS TRIAC power switch with optocoupled input.

FIG. 23—INDUCTIVE LOAD CONTROL with Triac-driver output optocoupler and Triac

slave.

quiescent output equal to half
the supply voltage. The audio-
output signal appears across
potentiometer R4, and it is de-
coupled by C2.

Triac interfacing.

Interfacing the output of a
low-voltage control circuit to the
input of a Triac power-control
circuit driven from the AC line

is an ideal application for the
optocoupler. (It is advisable that
one side of its power supply be
grounded.) That arrangement
shown in Fig. 19 can control the
power tolamps, heaters, motors
and other loads.

Figures 20 and 21 show prac-
tical control circuits. The Triacs
should be selected to match load
requirements. The circuit in
Fig. 19 provides non-syn-
chronous switching in which
the Triac's initial switch-on
point is not synchronized to the
60-Hz voltage waveform. Here,
R2, D1 Zener diode D2 and C1
develop a 10-volt DC supply
from the AC line. This voltage
can be fed to the Triac gate with
Q1, which turns the Triac on or
off. Thus, when Sl is open, the
optocoupler is off, so zero base
drive is applied to Q1 (keeping
Triac and load off). When S1 is
closed, the optocoupler drives
Q1 on and connects the 10-volt
DC supply to the Triac gate with
R3, thus applying full line volt-
age to the load.

The circuit in Fig. 20 includes
a silicon monolithic zero-volt-
age switch, the CA3059/
CA3079, sourced by Motorola
and Harris Semiconductor.
That IC with a phototransistor-
output optocoupler provides
synchronous power switching.
The gate current is applied to
the Triac only when the in-
stantaneous AC line voltage is
within a few volts of the zero
cross-over value. This syn-
chronous switching method
permits power loads to be
switched on without generating
sudden power surges (and con-
sequent radio [requency inter-
ference (RFI) in the power lines).
This scheme is used in many
factory-made solid- state relay
modules.

PhotoSCR’s and PhotoTriacs
Both photoSCR and photo-
Triac-output optocouplers have
rather limited output-current
ratings. However, in common
with other semiconductor de-
vices, their surge-current rat-
ings are far greater than their
RMS values. In the case of the
SCR, the surge current rating is
5 amps, but this applies toa 100
microsecond pulse width and a
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duty cycle of less than 1%. In the
case of the Triac, the surge rat-
ing is 1.2 amps, and this applies
toa 10 microsecond pulse width
and a maximum duty cycle of
10%.

The input IRED of opto-
coupled SCR's and Triac’s is
driven the same way as in a
phototransistor-output op-
tocoupler, and the photoSCR
and photoTriac perform the
same way as their conventional
counterparts with limited cur-
rent-handling capacity. Figures
21, 22, and 23 illustrate prac-
tical applications for the photo-
Triac-output optocoupler. In all
circuits R1 should be selected to
permit an IRED forward cur-
rent of at least 20 milliamperes.

In Fig. 21, the photoTriac di-
rectly activates an AC-line-
powered incandescent lamp,
which should have an RMS rat-
ing of less than 100 milli-
amperes and a peak inrush
current rating of less than 1.2
amps to work in this circuit.

Figure 22 shows how the
photoTriac optocoupler can
trigger a slave Triac, thereby ac-
tivating a load of any desired
power rating. This circuit is
only suitable for use with non-
inductive (i.e.resistive loads)
such as incandescent lamps
and heating elements.

Finally, Fig. 23 shows how the
circuit in Fig. 22 can be modi-
fied for inductive loads such as
motors. The network made up
of R2, C1, and R3 shifts the
phase to the Triac gate-drive
network to ensure correct Triac
triggering action. Resistor R4
and C2 form a snubber network
to suppress surge effects.

Figures 24 and 25 show two
other variations on the opto-
coupler theme. A slotted cou-
pler-interrupter module is
shown in Fig. 23-a. The slot is
an air gap between the IRED
and the phototransistor. In-
frared energy passes across the
unobstructed slot without sig-
nificant attenuation when the
interrupter is “on’. Opto-
coupling can, however, be com-
pletely blocked by opaque ob-
jects such spokes of a wheel or
unpunched tape moving across
the slot.

A typical slot width is about 3

b

FIG. 24—OPTICALLY-COUPLED INTERRUPTER MODULE (a) and speed-counting

plication (b).

ROTATING

FIG. 25—OPTICALLY-COUPLED REFLECTOR MODULE (a) and revolution coun

application (b).

mm (0.12 inch) wide, and the
module has a phototransistor
output that gives an “open”
minimum CTR of about 10%.
The schematic for this device is
similar to that of Figure 2 except
that the IRED and photodetec-
tor are enclosed in separate
boxes.

Figure 24-b illustrates a
method for counting revolu-
tions with the interrupter. Each
time a tab on the wheel blocks
the optical path, a count is
made. Other interrupter uses
include end-of-tape detection,
limit switching, and liquid-level
detection.

A reflective optocoupler mod-
ule is shown in Fig. 25-a. Direct
infrared emission from the
IRED is blocked from the pho-
totransistor by a wall within the
module, but both IRED and
phototransistor face a common
focal point 5 mm (0.2-inch)
away. Interrupters are used to

detect the presence of movi
objects that cannot be eas
passed through a thin slot. I
typical application, a reflec
module can count the pass:
of large objects on a conve
belt or sliding down a feed tu

Figure 25-b illustrates a re
lution counter based on refle
ing IR from the IRED back to-
phototransistor with reflect
mounted on the face of a sp
ning disk. The module-d
separation is equal to the 5-n
focallength of the emitter-det
tor pair. The reflective surfa
can be metallic paint or ta
Other applications for the
flective module include tape-
sition detection, engine-sh
revolution counting, and |
gine-shaft speed detection.

Photointerrupters and phc
reflectors are also availa
with photodarlington, pl
toSCR, and photoTriac ouj
stages.
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NETWORKING IS PERVASIVE. FROM
two-PC home offices to corpora-
tions with literally thousands of
computers, people want to con-
nect. People want to share data
and peripherals (laser printers
and large hard disks). People
want efficient ways to set up,
configure, and maintain soft-
ware. People want to send mes-
sages to individuals and
groups. People want to tap into
corporate databases and out-
side sources.

If your daily work involves
computers, chances are good
that you are using and main-
taining a Local Area Network
(LAN). Even if you're not now,
chances are you will be soon, as
more and more companies dis-
cover the benefits a LAN has to
offer.

In this first of a three-part se-
ries we provide background on
LAN basics and important ter-
minology. In Part II, we will dis-
cuss tools and test equipment,
along with useful troubleshoot-
ing techniques. Last, in Part III,
we’ll discuss several case histo-
ries, including discussions of
actual LAN faults, how they
were located, and how they were
repaired.

There are many career oppor-
tunities in LAN’s; this series will
give you a good taste for the ser-
vice side of the business. You
should know that industry ex-
perts predict that new LAN in-
stallations will peak in 1994,
with lots of service oppor-
tunities following. LAN use is
spreading from Fortune 100
companies into legal and medi-
cal clinics, and many other
kinds of small businesses. This
means that there will be plenty
of work for people who can in-
stall and maintain computers,
software, peripherals, and LAN
cabling. So keep reading, and
get in on the action!

LAN origins

In the early 1970's, some
smart people at Xerox Corpora-
tion's Palo Alto Research Center
(PARC) realized that the
centralized model of computing
in force at the time was unsuita-
ble for some tasks and some
users. The centralized model in-
cludes a big, expensive main-

frame servicing several “"dumb”
terminals, which were little
more than TV's with built-in al-
phanumeric character gener-
ators. Instead, the revolution-
aries at PARC developed a
distributed model in which
each local machine contained a
fair amount of intelligence of its
own. The problem was that each
local machine was isolated from
the others. Thus, in going from
a centralized to a distributed
model, something was lost: the
ability to share data. Hence the
PARC folks (primarily Bob Met-
calfe, founder of networking pi-
oneer 3Com, now an editor at
InfoWorld magazine), had to in-
vent a new form of communica-
tion, and that’s how the Xerox
Network System (XNS) came
into existence. XNS was a pre-
cursor to Ethernet.

In the ensuing twenty or so
years, Ethernet has evolved and
several new network tech-
nologies have become popular.
The remainder of this article
outlines these technologies. For
more detailed information, see
the books, magazines, and cata-
logs listed in the sidebar.

Basic terms

Networking involves four
basic concepts: cable type, to-
pology, access method, and sig-
nal type. It's important to
understand that each of those is
independent of the others. Most
protocols can run on different
kinds of cables in several to-
pologies. For example, Ethernet
can run on coaxial cable, tele-
phone wire, or fiberoptic cables,
in both bus and star topologies.
However, this does not mean
that one can run any protocol
on any cable across any network
topology.

Topology LAN's come in three
basic topologies: bus, star, and
ring, as shown in Fig. 1. Inabus
topology (a), all machines (or
nodes) are connected in parallel
through a common cable. In a
star topology (b), a separate ca-
ble connects each machine to a
common device called a hub or
concentrator. In a ring topology
(c), Media Access Units (MAU'S)
connect and disconnect par-
ticular devices from the main
ring, at all times maintaining a

continuous electrical loop.

Bus and ring systems use le
cable, so they can be cheaper
install. A star configuratic
uses more cable, but offe
higher reliability, because
broken connection to a giv
node cannot bring down the e
tire network. Cable for mode
ring-based topologies is oft
laid in a star configurati
using shut-out relays or spec
connectors that help ensure i
tegrity of the network if a s
tion on it develops trouble.

Cable: LAN cabling syster
today include thin and thi
coax, shielded and unshield
twisted pair, and fiberopt
Thick coax offers high 1
liability and bandwidth, but
expensive and awkward to i
stall. Thin coax is easier to |
stall and less expensive, but h
limited distance and number
workstations.

The ability to run netwc
protocols on unshielded twi
ed-pair (UTP) wiring was ¢
veloped to take advantage
existing telephone wiring. Hc
ever, due to lack of shieldi1
existing telephone wire is ofl
unreliable, so shielded twists
pair (STP) wiring is often
stalled in new buildings, anc
is increasingly used in retro
ting existing sites.

Most existing LAN instal
tions use some form of copj
cable, but fiberoptic cable pric
have dropped in recent yea
making fiber an increasingly
tractive option. Compared w
copper, fiber offers much higt
bandwidth, total immunity
EMI, and total immunity
“snooping” or “eavesdroppin
Fiber is most often used to int
connect networks in separ;
buildings, cities, and ev
countries.

Signal Type: There are t
basic signal types: broadba
and baseband. A baseba
scheme allows only a sin
communications signalon a
ble at one time. A broadba
scheme allows several. For
ample, a broadband cable mij
simultaneously carry netwo
video, and voice signals.

Access Method: There :
two basic access metho
token passing and Carr



FIG. 1i—BASIC NETWORK TOPOLOGIES: bus (a), star (b), and ring (c). Bus nets
typically offer lower cost and simpler installation; star and ring offer increased re-

liability and flexibility at higher cost.

Sense Multiple Access/Collision
Detection (CSMA/CD), both of
which deal with how various de-
vices on the wire communicate.
One way to understand token
passing is to think of a railroad
train with an engine, several
boxcars, and a caboose (the
token). As the train moves from
station to station through the
network, “cars’” are added to
and removed from it. Adding
and removing cars can not hap-

happen at random, but only
when the train is at a station.
One story has it that the idea of
token passing dates from the
late 1800%s. It seems there were
two trains that hauled cargo
over a bridge and back again.
Unfortunately, there was only
one set of tracks. so the trains
would collide if they tried to use
the bridge at the same time.
Someone developed the idea of
placing large hooks at each end

of the bridge. When one train
wanted to cross, a large, round
metal disk (the token) was re-
moved from the hook and it
crossed the bridge. Upon reach-
ing the other side, the train
placed the token on the second
hook and continued on its way.
When the other train came
along, it picked up the token,
crossed the bridge, replaced the
token on the first hook, and de-
parted. The point is that trains
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were forbidden to cross the
bridge without the token.

In a CSMA/CD system, any
machine can begin transmis-
sion at any time (assuming no
other machine is already “talk-
ing”). However, there is a proba-
bility that several machines can
begin speaking at the same
time, in which case there is a
collision. In that event, each
machine waits a random
amount of time and attempts to
begin transmission again.

The relative merits of
deterministic (token-passing)
vs. probabilistic (CSMA/CD)
schemes have fueled many spir-
ited debates in the network
community. However, few would
dispute that small installations
without constant high-volume
traffic perform similarly using
either token passing or CSMA,
or that very busy networks func-
tion better with token-passing
than CSMA/CD.

Access methods are typically
implemented on a network in-
terface card that plugs into a
personal computer or worksta-
tion. The card gathers signals
from the wire, converts them to
digital format, then decodes
them. Higher-level software
then takes over to perform error
detection and gradually add
more useful information to the
message. The end result is that
an analog signal on a wire is
converted to a format that can
be understood by a computer’s
operating system and the ap-
plications that run on it.

The OSI stack

Due to the proliferation of in-
compatible network communi-
cations protocols in the 1970’
and 1980’s, the International
Standards Organization (ISO)
defined the well-known Open
Systems Interconnect (OSI) ref-
erence model. The OSI model
defines a seven-layer “stack” of
software modules that provides
a clean way of interconnecting
different kinds of computers.
Details of the model are beyond
the scope of this article, but Fig.
2 shows its essential features.

The seven layers consist of
two main groups of services:
transportation services con-
cerned with the reliable transfer
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FIG. 2—THE OSI STACK is an internationally accepted seven-layer reference mo
that defines a set of options for implementing network communications. Layers1:
2 were hotly contended at first, but focus is now shifting to higher level issues.

of information, and interwork-
ing services concerned with the
structure and meaning of that
information.

The reason for using layers is
to isolate and allow indepen-
dent implementation of each
layer. Any two layers separated
by at least one intervening layer
need know nothing about how
physical communications are
performed. When two OSI-com-
pliant machines are commu-
nicating, corresponding layers
on the two machines perform
the communications (e.g., layer
four talks to layer four).

Application software (e.g., E-
mail) resides in layer seven. Pro-
tocols like NetBIOS and Novell's
IPX occupy layers two through
six. One widely held misconcep-
tion is that layer one, the phys-
ical layer, refers to cables,
connectors, and interface
cards. In spite of its name, layer
one refers to a stream of bits and
how they move on a cable, not to
the paraphernalia itself.

In this series of articles, we
are most interested in the bot-

tom two layers, which prov
internationally recognized stz
dards for the access methc
we've been discussing. Nt
that 802.3 is the official stz
dard corresponding to Ef

. ernet, and 802.5 is the offic

standard corresponding
Token Ring. The remaining p
tocol, 802.4, puts a token-bas
protocol on a broadband br
General Motors at one time tr:
to make 802.4 a broadly acce
ed standard for manufacturi
but 802.4 provided little perf
mance advantage at subst:
tially greater cost than the otl
protocols, which genera
turned out to be good enouy

What does all that mean
terms of real-world produci
The layered approach allo
various high-level softwe
packages to run regardless
the low-level protocol. So, for
ample, you can run most ma
network operating syste:
(e.g., Novell's NetWare or Mic
softs LAN Manager) on Tok
Ring or Ethernet.

Ethernet is a particular i



plementation of a CSMA/CD ac-
cess method. Ethernet can (and
does) run on thick coax, thin
coax, twisted pair, and fiber, all
of which can be implemented in
bus and star topologies. You
might also have heard of IBM's
Token Ring. It too can run on
various types of cables (twisted
pair and fiber) and topologies
(bus and ring).

Connecting networks

A group of connected comput-
ers—a network—must all use
the same low-level protocol. But
it is also possible to connect sev-
eral groups of computers to-
gether by means of special
devices (presented in increasing
order of internal intelligence,
circuit complexity, and cost): re-
peaters, bridges, routers,
brouters (combination bridge
and router), and gateways. Fig-
ure 3 shows the OSI level at
which each functions.

Repeaters and bridges are
fairly dumb, inexpensive de-
vices. A repeater is little more
than an amplifier that allows ca-
ble-length and number-of-sta-
tion limitations to be overcome.
Repeaters work at OSI level two.

A bridge works at OSI level
three to connect networks that
use different access protocols,
or different high-level protocols.
For example, you would use a
bridge to connect a NetWare seg-
ment running Ethernet to an-
other NetWare segment run-
ning Token Ring. Bridges typ-
ically contain intelligent filters

APPLICATION

R

GATEWAY

e BTN
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that only pass network traffic
from one segment to the other if
it really needs to pass. Modern
bridges can even convert high-
level protocols such as NetWare,
TCP/IP, and OSI.

A router contains even more
intelligence, and it works at OSI
level four to help route network
data in the most efficient way
possible. A brouter functions as
a combined bridge and router.

A gateway allows connection
between totally dissimilar sys-
tems (e.g., a PC running Net-
Ware to a mainframe). A
gateway functions at OSI layer
seven.

Net types

Now lets look at some of the
practicalities of common net-
works. We'll discuss the basic
issues (cable, topology, access,
signal) for Ethernet, Token
Ring, and ARCnet.

Ethernet: Ethernet (and
IEEE 802.3) uses a CSMA/CD
access method that runs at 10
megabits per second (Mbps).
Ethernet can run on two types
of coax. With thick Ethernet
(10Base5), a thick backbone ca-
ble runs through a plant or of-
fice. The backbone is typically a
yellow-jacketed coaxial cable
about one-half inch in diameter.
Attached to each end of the
backbone is a 50-ohm terminat-
ing resistor. Typically you will
find backbone cable installed on
the wall of the building located
between the ceiling panels and
the roof.

APPLICATION

FIG. 3—REPEATERS, bridges, routers, and gateways work at progressively higher

levels of the 0S| stack.

Every 8.2 feet a transceiver
can tap into the backbone, and
from the transceiver a cable
drops down to an attached
workstation, file server, PC, or
other device. Most thick Eth-
ernet LAN's use RG-58 coax
with BNC connectors as drop
cables. However, there is a grow-
ing tendency to use twisted-pair
cable with RJ-45 modular con-
nectors in more recent Ethernet
installations.

The maximum length of a
thick Ethernet segment is 1640
feet; the maximum number of
transceivers per segment is
100. To extend that maximum
distance or add units, a re-
peater must be used.

Thin Ethernet (sometimes
called Cheapernet) uses RG-58
coax (10Base2) that snakes di-
rectly from machine to machine
using T connectors. In this set-
up, the transceiver mounts di-
rectly on the network interface
card in the PC or other device.
The maximum length of a thin
Ethernet segment is 607 feet,
with a maximum of 30 devices
per segment.

Ethernet also runs on un-
shielded twisted pair (10BaseT)
in a star topology. The max-
imum length of any segment
from hub to workstation is 328
feet. 10BaseT is growing in pop-
ularity due for the most part to
its low cost and easy configura-
tion with modular telephone-
style connectors.

Last, Ethernet runs on fiber
cables, including 50-, 62.5-,
and 100-micron duplex and
plenum duplex cables. Cur-
rently (unless cost is no object),
fiber is used mostly to link indi-
vidual networks separated by
some distance.

Token Ring: Token Ring
(IEEE 802.5) uses a token-pass-
ing protocol, and runs at 4 or 16
Mbps. A given network (or sub-
net) runs at either 4 or 16 Mbps,
butitis possible to bridge Token
Ring nets running at different
speeds.

Token-ring topology is some-
what more complicated than
the name might suggest, as
shown back in Fig. 1. Note that
the ring really consists of a ring
of Media Access Units (MAUS),

Continued on page 66
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IN THE EARLY EIGHTIES
there was no easy way for
personal computers and
control circuitry to inter-
act with each other. The
interfaces that were avail-
able were cumbersome
and expensive. Today,
however, real-world inter- |
faces like our T1003 let
your PC receive and send
both analog and digital
signals. The T1003 is ca-
pable of 24-bit digital I/O,
eight channels of 8- or 12- |
bit analog-to-digital con-
version, and a single 8-
bit digital-to-analog con- |
version,
The T1008 comes with
easy-to-use software that -
allows you to quickly con-
figure every aspect of the |
unit. As an example of
what the T1003 can be
used for, the software in-
cludes a storage-os-
cilloscope program that
lets you monitor eight
low-frequency voltages I
graphically and save the |
results to disk.

24-bit /O port

Look at the block di-
agram in Fig. 1. The I/O
section is composed of

é‘." :
Al hs po ek b ik s
- e b ot b hlh‘u'i
e LS b b v e

ME AT L

PC-BASED
TEST BENCH

The T1003 has 24-bit digital

steps. To achieve 1-mi
volt resolution (grea
than 12 bits), the referer
multiplexer is set to p:
2.5 volts to the Viepn P
The reference DAC whi

is connected to Viy_ is

to O volts. The analog m
tiplexer is set to conn
~ oneof its 8 channels to"
' .. The A/D converter
| sent a start conversi
| pulse and, after 100 mic
| seconds (conversion tim
| itisready toreturn they
ue measured. The val
measured is then re
| back into the software.
The reference multipl
| er is now re-addressed
| pass 128 millivolts to the
| Dconverters Vppr/o Pin,
full-scale is set to 256 mi
volts. Since our A/D cc
verter has a total of 2
counts (0—-255), the T10
is now set to a resolution
1 millivolt per count. Ho
ever, we are not yet hoi
= free. If we are measuring
volts, then we are, in
| sence, measuring 30!
millivolts. If V,,,_is still ¢
to O volts, then we will ov
run our A/D’s capability
2745 millivolts. Th
would yield a reading

one IC (an 8255 program- ’/0, 8 channels of 8- or 12-bit 255 which, in this ca:

mable peripheral inter-
face, or PPI). The IC is
configurable as three 8-
bit ports or two 8-bit
ports and two 4-bit ports.
Additionally, each port
can be configured for ei-
ther input or output using the
software included with the
T1003.

The output DAC (D to A Con-
verter) section consists of a data
latch, a DAC IC (a DAC0800 or
DACO8), and an operational
amplifier. Any byte sent to the
DAC section will be output as a
voltage between 0 and 5 volts at
pin 33 of the terminal block
(TB1-33).

The A/D section uses three
analog signals: Vipme: Vg
and Viy.. Vigere 1s used as a
reference voltage by the A/D con-
verter. From that voltage the A/D
establishes full scale. If Voo i
2.500 volts, full scale is 5.000
volts. If the byte read back from

A/D conversion, and a single
8-bit D/A conversion.

STEVE WOLFE

the A/D converter is 128
(10000000), the voltage being
measured at Vi, . 15 2.500, This
assumes that V;,_ is set to 0
volts. V,_ is similar to the
ground lead of a voltmeter. It is
grounded during operation.
The A/D converter measures the
difference between V. and
Vin_. The analog multiplexer
section is software addressable.
Address values of 0 through 7
cause channels 1 through 8, re-
spectively, to be connected to
the A/D converters V., pin.
The A/D converter used in the
T1003 (an ADCO0803) is an 8-bit
device. A 5-volt 8-bit device is
typically capable of approxi-
mately 20-millivolt resolution

would mean overrange. |
stead, we will set the ref
ence DAC section ty
counts (40 millivolts) &
low what we measur
using the 20 millivc
mode.

The V;,,_is now 20 to 60 mi
volts below the actual volta
being measured. While in the
millivolt mode we are able to
solve 255 millivolts in 1-milliv
steps. The A/D converter
again told to start conversic
The resultant reading is t
number of millivolts to be add
to the voltage we are produci
at the reference DAC (V,,
First, we did a 20-millivolt cc
version to determine a rou,
value of the voltage being me¢
sured. Next, we adjusted V
a value just below the measur
voltage and did a 1-millivolt cc
version. Vi, plus the 1-milliv
result equals the 1-millivolt ¢
olution final value.
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FIG. 1—T1003 BLOCK DIAGRAM. The I/O section contains an 8255 programmable
peripheral interface (PPI), which is configurable as three 8-bit ports or two 8-bit ports

and two 4-bit ports. Each port can be configured for either input or output.

Detailed operation

As was the case with the pre-
vious 11000 peripherals, we'll
continue using BASIC lan-
guage. The first step in control-
ling any 1000 peripheral is to
establish a base address and se-
lect the desired peripheral. The
first bit of code will be:
BAS=768 : out BAS +31.,3
768 (hex 300) is the factory-pre-
setbase address of the [1000. As
noted earlier; the address is DIP-
switch selectable. Next, we have
an OUT to BAS +31. As you
might recall that address is re-
served for peripheral selection.
The T1003 has a unit or pe-
ripheral address of “3." Con-
sequently, if I send an OUT to
BAS + 31 with a data byte of “3,"
the T1003 will be readied for full
I/0 operation.

Look at the schematic in Fig.
2. Address lines as through a9
are used by the 11000 only, and
Ao through a4 (32 bytes) are
used by the peripherals to ad-
dress their ICs. Address line Ao

|

is the LSB of the address lines.
The chip-select section is made
up of ICI-IC5 and IC19.
(IC1-IC4 are 74HCT138's;
whenever c2a and c2B are low
and c1 is high, one of eight out-
puts will go low, depending on
the address present at the a. B,
and ¢ inputs.) Chip IC1 is active
when Ben is high and SEnD is
low. If IC1 is inactive then
I[C2—IC4 are also inactive.

IfIC1 is active and the address
value is less than 8, then IC1 pin
15 activates IC2. If the address
in use is between 0 and 3 then
IC19 activates IC6 (the 8255).
Therefore, IC6 is active during
writes and reads in the address
range of BAS+0 to BAS +8. If
the address is BAS + 4, then the
cHIP SELECT line of the A/D con-
verter is activated, allowing it to
respond to read or write pulses.
IfIC1 is active and the address is
between 8 and 15, then IC1 pin
14 becomes active. If the func-
tion is read, and the address is
8, IC3 pin 15 becomes active
causing IC10 to move its latched
data to the data bus.

Chip IC10 holds seven hard-
wired bits that are used to deter-
mine whether the T1003 is at-

T1003 PARTS LIST

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

R1—2200 ohms

R2, R4—10,000 ohms

R3—33 ohms

R5—not used

R6, R10—2320 ohms, 1%

R7, R11, R16—1000 ohms

R8, R12—5110 ohms, 1%

R9, R13—2050 ochms

R14—1100 ohms

R15—240 ohms

R17—10,000 ohms, multiturn
potentiometer

R18—1000 ohms, muititurm
potentiometer

R19, R20—500 ohms, multiturn
potentiometer

R21—5000 ohms, potentiometer

Capacitors

C1, C2, C5, C17, C24, C25, C31, C32,
C35, C36, C45-C49—not used

C3, C4, C10, G12-C15, C19—0.15 uF,
ceramic

C6, C11, C38, C41, C43—100 pF, 25
volts, electrolytic

C7-C89, C16, C18, C20-C22, C28, C29,
C39, C40, C42, C44, C50, C51—10
wF, 35 volts, electrolytic

C23, C26,C33,C37,C52,C53—2.2 uF,
50 volts, electrolytic

C27—150 pF, mica

C30, C34—36 pF, mica

Semiconductors

IC1-1C4—74HCT138 3-t0-8 line de-
multiplexer

IC5—74HCT540 octal inverting buffer

IC6—8255A programmable peripheral
interface

IC7-1C9—TL082 dual JFET-input op-

amp

IC10, IC12, IC15, IC17—74HCT573 oc-
tal D-type latch

IC11—ADC0803 8-bit A/D converter

IC13, IC14—74HCT4051 8-channel
multiplexer

IC16, IC18—DAC0800 D/A converter

IC19—74HCT20 dual 4-input NAND
gate

IC20—LM336-2.5 reference diode

IC21—LM317T adjustable voltage reg-
ulator

1C22—1 M340K-5.0 voltage regulator

1C23—LM7905T negative 5-volt reg-
ulator

D1—1N4002 diode

Other components

TB1—two 18-position terminal blocks

TP1-TP4, TP6—PC-mount test point

TP5—not used

Miscellaneous: IC sockets, TO3-type
heatsink, instrument case, wire, sol-
der, etc.



Electronics Now, August 1992

5

L
+
£

-5
1§ 100uF
cis = P2 P4
62 A5 IE11
TANCTISE o10-e 2
1 18] ADCoSO
7 Lﬁ | [ 14| 12 7cTR0 ot L]
i .
i %, 5 02
o X 3 3
A 7 3
B b : as 11 4
—° ¥ - AEd
£-| 6 y o7
awhi—L +4 (3
5
I 0] 8 T
ic19: TR
"5 TANCTIE|

TR

I O .

El

FRONT
END

HE ]

5l gl =) 81 81

=i

MAIRDWR ., D76 5 4 3 2

5

+0
AD 1 2 3 4
413127 1] ]

MRERERER

100

5 153 T
(3 foﬂr I
=
3 ' &2
167 1 10K,
s ‘2 TLORZ ;m"
P
z [P B
1C8-a \
| o %
= ar
W | I A
L3 oacoste |15 ;
AL L
& _"\k
AouF
= 2] 1
A TLORZ L
2
2 = 4
TouF
K =
IcH o2 icn
LMTTT 211 LMK a3 LM78L0S
12 - auri—’ O+ «iW 1 outd O+ 1 ouT| o5
AL s GND GND
1 Faa GJ‘ 1
. »— 1oyt = w2 = = 3 = A
Too T 3N e i ! o W
100 1
- {' “
FIG. 2—T1003 SCHEMATIC. The chip-select section is made up of IC1-IC5 and IC18. If
IC1 is inactive then IC2-1C4 are also inactive.
tached to the I1000. It is also tion is a write, and the address  spectively.

used to check the A/D INTERRUPT
line. The line indicates whether
the A/D has finished its con-
version process. If IC1 is active
and the address is in the range
of 16 through 23, then IC1 pin
13 becomes active. If the fun-

is in the range of 16 through 18,
then IC4 pins 15 through 13 be-
come active. The signals pass
through IC5 where they are in-
verted. The three inverted sig-
nals are used to load three
latches; IC12, IC15, and IC17 re-

OUTSs and IN’s in the range
BAS +0 to BAS +3 activate I(
(the 8255). “OUT BAS +3,BYT!
is used to configure the 82!
where "BYTE" is the inpt
output configuration. BAS +
through BAS +2 represe;



ports 1 through 3 respectively.
If the 8255 is configured
with port 1 an input, port 2 an
output, and port 3 an output,
then an “"OUT BAS+2,85"
would place alternating ones
and zeros on TBI1 pins 17—24.
The line “A=INP(BAS +0):
A=INP(BAS+0)" would read
into the computer the byte pres-
ent on TBI1 pins 1-8. As you
might recall from the previous
articles, two input statements
are used to read data. The first
statement moves the data from
the peripheral to the 11000. The
second statement moves the
data from the 11000 to the com-
puter's memory (variable a).

The voltage-reference section
generates the reference voltages
used by the DAC and A/D con-
verter sections. Five volts is ap-
plied to Rl and subsequently
1C20, an LM336 voltage reg-
ulator. Potentiometer R17 is ad-
justed for 2.5 volts at TP6; the
2.5-volt reference is buffered by
IC7-a, IC8-a, and IC9-a, and
then sent to IC14, IC16, and
IC18. The reference voltage is
also sent through R2, R18, IC7-
b, and across C26 and R3 (R18
is adjusted for 128 millivolts at
IC14 pin 13).

The output DAC section is
composed of IC17, IC18, and
IC9-b. An “OUT BAS +17,BYTE”
will cause a data byte to be load-
ed into IC17. The data byte is
converted to a current in IC18.
The current is fed to IC9-b
where it is converted to voltage.
The voltage is available to the
user on TB1 pin 33. Potentiome-
ter R20 is used to adjust the full-
scale voltage output to 5 volts.

As for the A/D section, well
jump right to the explanation of
the 12-bit mode because it in-
cludes the 8-bit explanation.
Let’s assume that we want to
measure the voltage on TB1 pin
25 using the 12-bit mode.

First, we will do an “OUT to
BAS +16" with a data byte of 8
(OUT BAS +16,8). That causes
2.5 volts to pass through IC14
and be applied to A/D converter
IC11 pin 9 (Vgggs) It also ap-
plies an address of 0 to ICI13
which connects TB1 pin 25 to
IC11 pin 6 (V). Next, we will
“OUT" the value “0" to BAS + 18.
That causes the reference DAC

;
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to apply O volts to IC11 pi
(Vin_). Now we are ready to s
the A/D converter. That is
complished by doing an “C
to BAS+4. The data byte i
relevant when sending a ¢
pulse so you can use any v
you like (as long as it is in
range from O to 255).

Next, we will read IC10 to
if the A/D interrupt line
gone low (end of conversior
it is still high, then the A/D
not finished, and we will 1
IC10 again. When IC10’s |
goes low the A/D converte
ready to be read. A pair of inf
to BAS + 4 brings the meast
byte back into the computer
now have an 8-bit measuren
of the voltage under test. We
call our result byte 1.

To get a 12-bit reading,
must continue from where
left off. An “OUT" to BAS-
carrying a byte of 0 is do
which changes Vigp,s to
millivolts. We are still connec
to TB1 pin 25 as before. Next
“OUT" to BAS + 18 is done us
the byte received during th
bit measurement (BYT
minus two counts. In ot
words, if the byte was a 100,
now OUT a 98. That causes
Vin_ to be 20 to 60 millivolts
low the voltage received fi
the terminal block. We are ag
ready to start the A/D conve
using an OUT to BAS +4.
read BAS + 8 until the A/D ¢
verter finishes its convers
and then read back the new
ue (BYTE2). Since Vigp,.
presently equal to 128 m
volts, BYTE2 is equal to
number of millivolts above V
Vin_ is equal to (BYTE1—-2
(5/255). Therefore, the valu
the voltage at pin 25 is eque
(BYTE1 —2) x ((5/255) + BYTE

Power supplies

Regulator IC21 makes us
the computer’s + 12-volt suj
to produce the + 7 volts
quired by IC7-IC9. Regul:
IC22 makes use of the comyj
ers +12-volt supply to prod
the +5 volts required by a
the other ICs. Regulator It
makes use of the comput
—12-volt supply to produce
—5 volts required by IC7, 1
IC9, IC13, IC14, IC16, and IC



(BOTTOM VIEW)

FIG. 3—T1003 PARTS-PLACEMENT DIAGRAM. You can either buy a PC board or make
your own from the foil patterns we’ve provided. The Front End parts are shown with a

dark line around them.

FRONT-END PARTS LIST

Resistors
R1—33 ohms, 16-pin DIP resistor
R2—2200 ohms, 10-pin SIP resistor
'R3—1000 ohms, 10-pin SIP resistor
Capacitors
G1-C7—0.15 F, 50 volts, monolythic or
Ppolystyrene
C8-C11, C20-C28—1500 pF, 63 volts,

Polystyrene

C12-C19—220 pF, 100 volts, ceramic
disc

Semiconductors

1C1—74L.S573D octal latch
IC2—741.5688D 8-bit magnitude com-
parator

1C3—741.5245D octal transceiver
1C4—74L.802D quad 2-lnPUt NOR gate
IC5, IC6—octal buffer

IC7—74L.808D quad 2-input AND gate
‘Other components

J1—16-pin male header

J2—18-pin male header

J3—26-pin dual-row header with match-
ing IDC connector, ribbon cable, and
male IDC DB25 connector
Miscellaneous: 17 shorting blocks (for
J1 and J2)

Note: The following items are avail-
able from TSW Electronics Corp.,
2756 N. University Drive, Suite 168,
Sunrise, FL. 33322 (305) 748-3387:

Construction

To build the T1003 pe-
ripheral, a PC board is recom-
mended. You can either buy a
PC board from the source men-
tioned in the Parts List or make

® 11000 kit—$65.00

e 11000 PC board only—$35.00

® 11000, assembled and tested—
$77.00

e 6-foot interface cable (DB-25-6)—
$12.95

e T1001 kit (includes PC board, all
listed parts, project case, and pre-
assembled front and rear panels—
$149.00

¢ T1001 PC board only—$49.00

e T1001, assembled—$179.00

® T1001 software (included free with
T1001 order)—$10.00

® Capacitor kit (unmeasured)—
$21.00

® Capacitor kit (measured to within
1%)—$26.00

@ T1003 kit (includes PC board, all
listed parts, project case, and pre-
assembled front and rear panels—
$159.00 .

e T1003 PC board only—$59.00

¢ T1003, assembled and tested—
$189.00

® T1003 software (included free with
T1003 order)—$10.00

Add $5.00 S&H to any order. Check or
money order only. Florida residents
must add 6% sales tax.

your own from the foil patterns
we've provided. Note that the
parts for the Front End are con-
tained on the T1003 board
shown with a dark line around
them in the Parts-Placement di-

FIG. 4—THE DB-25 CONNECTOR at-
taches to the board with a length of rib-
bon cable and a 26-pin header and
matching connector. The LM340K reg-
ulator mounts on the back panel of the
T1003 case along with a heatsink.

agram of Fig. 3. There is also a
separate Parts List for the Front
End. (The Front End circuitry
was discussed in detail in the
June issue.) Do not confuse the
two lists of parts, or where the
parts go on the board. Also,
notice that there are three holes
on the board for many of the
capacitors, with two of them
electrically the same. The holes
can accommodate capacitors of
different sizes. Use the pair of
holes that best fits the capaci-
tors that are available to you.
Four voltage regulators are in
the T1003: IC20-IC23. Three of
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them mount directly on the PC
board, but one of them (IC22) is
an LM340K in a TO-3 case that
must be mounted on the back
panel of the T1003 case. Mount
the regulator, along with an ap-
propriate heatsink, on the back
panel and hardwire it to the
board. Figure 4 shows the com-
pleted T1003 board.

Software

Each peripheral, including
the 11000, has its own software
program to control its own oper-
ation. All of the programs end
up in one directory as more pe-
ripherals are added. Software
for the I1000 and the entire se-
ries of peripherals, including
the T1003, can be downloaded
all at once from the RE-BBS
(516-293-2283, 1200/2400,
8N1) as a self-unarchiving zip
file called I1000.EXE. Both com-
piled and uncompiled software
is included. Software is in-
cluded free with the purchase of
any peripheral from the source
in the Parts List. (Software can
also be purchased from that
source without purchasing any
hardware items ifyou have no
way of downloading it from the
RE-BBS.)

The T1003 peripheral must
be calibrated precisely if you ex-
pect it to work properly. You'll
need a DC voltmeter for elec-
trical testing. The hand tools
you'll need include a non-con-
ductive alignment tool to set the
potentiometers, a small flat-
blade jeweler’s screwdriver, a 5K
calibration potentiometer (in-
cluded with the T1003), and a
“U"” shaped wire (also supplied
with the T1003). The main, or
“TSW"” menu allows you to select
"A/D, D/A, 1/0.” That starts the
T1003. Select “C" from the next
menu to calibrate the T1003,
and carefully follow all of the in-
structions that you are given.

The T1003 will provide you
with a relatively simple method
for obtaining real-world data
and getting it into your PC. With
practice you will be able to gen-
erate your own custom applica-
tions for this project. R-E

each of which has one or more
connectors for cables that drop
to individual workstations. If a
station drops off the network,
the MAU takes on the respon-
sibility of ensuring that the ring
maintains electrical continuity
throughout.

Calculating maximum cable

STP), and Type 9 (26 AWG &
Unshielded Type 3 is not rec
mended for 16-Mbps operai
Types 6 and 9 are more flex
hence convenient, than Ty
and 3. Types 1 and 3 are ¢
used for the main ring,
Types 6 or 9 for runs from a
plate to a PC or device. Ty
was the first type offered, a1
still most popular.
ARCnet: ARCnet usc
token-passing protocol, ar

FIG. 4——ARCNET offers a hybrid star/bus topology that runs on twisted-pair ca
Note that the middle cluster of PC’s is wired as a bus, which is itself connected to
that services another PC and cluster in a star configuration.

lengths is straightforward, but
it is a little bit more complicated
than the simple maximums for
802.3.

Token ring runs on several
types of cable; common types
include Type 1 (22 AWG STP),
Type 2 (22 AWG STP plus four
unshielded pairs for phone, e.g.
RS-232), Type 3 (24 AWG UTP),
Type 5 (fiber), Type 6 (26 AWG

runs at 2.5 Mbps over R(
coax or UTE. ARCnet has a |
ble topology configuration
cluding daisy chained coax
thin Ethernet), coax star,
twisted pair star. With pr
network interface ca:
ARCnet also supports hy
bus/star topologies, as sh
in Fig. 4.

Continued on pag



Build this linear amplifier to boost the output of an amateur

television transmitter from 2 to 10 watts

Lincar Am

RUDOLF F. GRAF and WILLIAM SHEETS

THIS ARTICLE DESCRIBES THE DE-
sign and construction of an am-
plifier that can increase the
power output of the amateur
television transmitter de-
scribed in the June and July
1989 issues of Radio-Elec-
tronics. That transmitter had a
nominal 2-watt peak output.
However, with this linear ampli-
fier, the transmitter’s output
can be increased to 10 to 15
walftts over the frequency range
from 420 to 480 MHz. (The
power output will be slightly
less up to 500 MHz, and slightly
more below 420 MHz.) The am-
plifier should also be useful for
amateur FM at 450 MHz as a
power booster for 1- or 2-watt
handheld portable trans-
ceivers, provided that a suitable
switching relay is added.
Referring to the schematic in

Fig. 1, the amplifier has a single
Motorola MRF654 RF power
transistor (@Q1) as the active ele-
ment. RF input power is fed to
J1, where C1, C2, and L1 form
an adjustable matching net-
work to transform the low input
impedance of Q1 (typically 3
ohms) to about 50 ohms. (L1
and L3 are part of the PC board
etching, so you should not
make changes in the design of
the foil pattern.) Base bias for
Ql is fed through R2 and L2.
Ferrite choke L4 supplies 13.2-
volts DC to the collector of Q1.
For optimum performance, Q1
should have a low-impedance
load, so L3, C3. and C4 trans-
form the nominal 50-ohm load
(the coaxial line to the antenna)
to 2.6 ohms.

Although Q1 is designed for
FM service, it can function as a

linear amplifier if it is forward-
biased with about 0.6-volt to an
idling current (when no signal
is present) of 50 to 100 milliam-
peres. Good linearity is impor-
tant, because it is handling an
AM signal with video modula-
tion. Also, the matching net-
works should have adequate
bandwidth (about 10 MHz) to
avoid cutting the higher video
frequencies. Poor linearity will
show up as sync compression,
sync buzz in audio, or video
level clipping.

Bias for Q1 is provided by di-
ode D1. It's important that D1 be
thermally connected to QI so
that Q1 and D1 are at nearly the
same temperature to avoid ther-
mal runaway. That is done by
soldering one lead of D1 directly
to the emitter lead of Q1, and
keeping DI in contact with the
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FIG. 1—LINEAR AMPLIFIER SCHEMATIC. The amplifier has a single Motorola MRF654
RF power transistor (Q1) as its active element.

PC board foil around Q1. Capac-
itors C5 and C6 provide broad-
band bypassing of D1, and L2
and R2 feed DC bias into the
base of Q1. Coil L2 is a low-Q
broadband choke that prevents
parasitic oscillation.

Potentiometer R1 is adjusted
so that, in the absence of an in-
put signal to Jl, the amplifier
draws about 125 milliamperes
from a 13.2-volt DC supply. Ca-
pacitors C7 and C8 perform
broadband bypassing in the col-
lector circuit, and D2 and D3
provide reverse-polarity protec-
tion in the event of power-sup-
ply spikes or accidental miscon-
nection. A 3-amp fuse, not
included on the PC board, is de-
sirable in the positive lead of the
power supply.

Construction

The linear amplifier is con-
structed on a G-10 0.062-inch
epoxy fiberglass double-sided
PC board. Note that one side of
the PC board is a ground plane
with no components or traces
on it. That is absolutely essen-
tial to the operation of this cir-
cuit. The PC board traces have
capacitance and inductance
that are incorporated into the
design of the amplifier. Induc-
tors L1 and L3 are two exam-

ples, as are the mounting pads
for C1, C2, C3, and C4, which
offer significant capacitance to
ground. Therefore, it is impor-
tant that you do not modify the
foil pattern provided. You can
buy the PC board from the
source given in the Parts List.
Figure 2 is the parts-place-
ment diagram. All components
are mounted on the component
side of the board and soldered to
their respective pads with zero
lead length, exceptas in the spe-
cialized instructions that fol-
low. Refer to Fig. 3 for details

1/16-INCH COPPER RIBBON

concerning those speciali:
instructions.

A number of grounding w:
must be passed through h
in the board and soldered
both sides to connect the
and bottom ground planes
gether. All of those points
designated on the board wit
“G." A short length of exc
component lead can be us
Wrap a length of %e-inch ¢
per-foil tape around all four ¢
side edges of the PC board, |
it over, and then completely .
der it on both sides.

Variable capacitors C1 and
must have their leads bent
90° angles and soldered
against the board. However,
sert the leads of variable cap:
tors C2 and C3 through hole;
the board and solder them
each side. The leads of pote:
ometer R1 must also be ben
90° angles and soldered
against the board. Bend
leads of electrolytics C6 and
at right angles so they are fli
with their cases, and sol
them to the PC board. Trim
leads as short as possible.

Coil L2 is actually just «
lead of R2 (a 6.8-ohm resis
formed into a 2'-turn ind
tor. Wrap the lead 2% tir
around an Ys-inch thick nai
similar form. When solderin
to the board, make sure t
you raise the coil part of thel
slightly above the board so t
itdoesn't touch the copper tr
below it.

Two chip capacitors are u

_ MISSING CORNER

FIG. 2—PARTS-PLACEMENT DIAGRAM. All components are mounted on the

surface of the board.



INSTALL GROUNDING
WIRES IN ALL LOCATIONS
MARKED “G" IN FIG.2
AS SHOWN HERE

SOLDER ALL
RESISTORS, DIODES, ETC.,
LIKE THIS

SOLDER

I
PC BOARD

PC BOARD

SOLDER

SOLDERED AT 90°

CENTER LEAD

¥,

THE TWO GROUNDING

LEADS OF G2 AND C3
GO STRAIGHT THROUGH

THE BOARD AND ARE
SOLDERED ON BOTH SIDES

FIG. 3—CONSTRUCTION DETAILS. Because of the high frequencies involved, certain

aspects of the design are very critical.

in this project (C5 and C7). To
install them properly, first tin
the area where the chip is to be
installed, and then place the
chip on the board. Hold the chip
down with the tip of a small
screwdriver and tack solder one
side to the tinned surface. After
one side is tacked in place, tack
solder the other side. After both
sides are tacked in place, per-
manently solder both sides as
shown in Fig. 3.

Now install Q1. Note that a
hole is drilled in the board for
Q1, large enough so that no part
of Ql's case touches the board.
Look for the lead that's missing
a corner, and position that lead
as indicated in Fig. 2. There are

two larger holes near each emit-
ter lead of Q1. Thread a short
length of copper foil, Ys-inch
wide (cut from foil tape)
through those holes and solder
it to both sides of the board after
Q1 is installed. The copper sol-
idly grounds both emitter leads
to the top and bottom ground
planes (see Fig. 4).

After Q1 is soldered in place,
mount the PC board inside the
case, as shown in Fig. 4, so that
the bottom of Q1 is level with the
outside surface of the case. Use
a metal case for proper shield-
ing. Mount the board with the
four corner mounting holes and
4-40 or 6-32 screws. Use wash-
ers or available spacers that will

WRAP COPPER-FOIL TAPE
OVER ALL FOUR EDGES OF BOARD
AND SOLDER BOTH SIDES

SOLDER SHOULD BE SMOOTH AND

FULLY BONDED TO CHIP

CHIP 5 T

FORM AND
SOLDER LEADS
OF C1 AND C4

LIKE THIS

allow the proper fit for Q1. Drilla
hole in the heatsink for Ql's
8-32 threaded stud, and deburr
the hole so that the bottom of Q1
mounts flush. Secure the heat-
sink with an appropriate nut
and lockwasher.

Make sure that Q1 fits in its
mounting hole and that no part
of it, except for the four ribbon
leads, touches the PC board.
There must be no mechanical
stress on Q1's leads. If Q1 is off-
center or cocked at an angle to
the PC board, the stud might
break off when the mounting
nut is tightened.

The heatsink for Q1 should be
at least a %e- or Ys-inch alumi-
num plate measuring about 32
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FIG. 4—Q1 IS INSTALLED so that no part of its case touches the board. Heatsinking is

very important.

FIG. 5—THE AUTHOR’'S PROTOTYPE. A metal case provides superior shielding.

INPUTO: .
2.1z(pr 2-10pF
_ AR VIDEO OUTPUT
AN i T VIDED R S
3 TURNS OF #22 S —O SCOPE WITH
TAPPED AT 1 TURN I8 G
14710, x 3" LONG ERORE 1000

FIG. 6—THE AMPLIFIER can be monitored for linearity with this video-detector circuit

and an oscilloscope.

x 5 inches. The heatsink tem-
perature should not exceed
140°F (60°C) during amplifier
operation. If the amplifier runs

too warm, replace the heatsink
with a larger one. A suitable
heatsink is included with the
kit available from the source

PARTS LIST

All resistors are Ya-watt, 5%, u
less otherwise noted.

R1—100 ohms, potentiometer

R2—6.8 ohms

R3-R6—1000 ohms

Capacitors

C1-C4—2-18 pF trimmer

C5, C7—0.001 wF, 50 volts, chip

C6—10 pF, 16 volts, electrolytic

C8—470 pF, 16 volts, electrolytic

Semiconductors

D1-D3—1N4007 diode

Q1—MRF654 transistor

other componenis

L1, L3—part of PCB etching

L2—one lead of R2 wrapped £
times around a Ysth-inch thick n
(see text)

L4—VK200-19-4B bead chol
(Ferroxcube)

J1, J2—BNC connector
Miscellaneous: PC board, me
case, heatsink, hardware,
inches of copper-foil tape, coax

cable, wire, solder, etc.

Note: The following items a
available from North Count
Radio, P.O. Box 53 Wykag
Station, New Rochelle, P
10804:

e Linear amplifier kit (includ
PC board, all parts, case, hei
sink, hardware, copper-ft
tape, coaxial cable, and co
nectors)—$79.50

® Linear amplifier PC boa
only—$11.50

e ATV transmitter kit (includ
all parts, case, 439.25-M|
crystal, and all connectors)
$125.00

® ATV transmitier PC boa
only—$12.50

® Additional crystals for t
ATV transmitier (channels *
15, 16, 17, or 18)—$7.50 each

Add $3.50 shipping and handli
to any order. New York re
dents must add appropriz
sales tax.

given in the Parts List.
Connectors J1 and J2 ca
BNC- or N-type. Do not use
F connectors because the
pedance is not satisfactol
400 to 500 MHz. Use a s
length of miniature coaxia
ble to connect J1 and J2 tc
PC board. Figure 5 shows
inside of the author's protol

Alignment

After carefully inspecting
board, set R1 fully counterc]
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FIG. 7—THE TRANSMITTER connects to
the linear amplifier with a short coaxial
cable, and the antenna is connected to
the amplifier.

draws about 1 ampere. Quickly
adjust C3 and C4 for maximum
RF output. Now go back and ad-
just C1 and C2 for maximum RF
output. Now readjust C3 and
C4. Repeat that procedure until
a maximum RF output is ob-
tained. You should obtain 10 to
15 watts or more from J2, and
the amplifier will draw about 1.5
to 2.2 amperes. Check to see if
any part is overheating. Now
vary the drive to J1; the RF out-
put should smoothly follow the
input, if it is correctly tuned.
For amateur TV use, the am-
plifier can be monitored for lin-

| 4 INCHES

COMPONENT SIDE for the linear amp.

wise and connect a regulated 3-
amp, 13.2-volt DC supply, ob-
serving proper polarity. An am-
meter must be installed in
series with the positive lead un-
less the power supply has a
built-in meter. Connect a suit-
able wattmeter (0—25 watts)
and a 50-ohm dummy load to
J2. (Do not use an antenna, be-
cause the circuit might radiate
interference during tests.) Make
sure your wattmeter and load
are both functional at 400—500
MHz (many CB and ham-radio
meters are unsatisfactory at
those frequencies). Do not yet
connect anything to J1. Adjust
R1 so that the amplifier draws
100 to 125 milliamperes (do this
very quickly).

Next, apply RF drive of 1.5 to 2
watts to J1 and slowly tune C1
and C2 until the amplifier

= [

earity with a video detector on
the output and an oscilloscope.
Fig. 6 shows a suitable detector
for that purpose.

Figure 7 shows how to con-
nect the transmitter (from the
June and July 1989 issues of
Radio-Electronics) to the lin-
ear amplifier. The best perfor-
mance is obtained by adjusting
R33 in the transmitter so that
initially there is an output of 3
to 5 watts from J2 with no video
input. Check to see that the out-
put varies smoothly with R3.
Then adjust R32 and R33 for
the best video performance
without sync clipping or white
clipping. Slight adjustments of
Rl in the linear amplifier might
be needed for optimum lin-
earity. Do not overdrive the am-
plifier, or sync clipping and de-
graded video will occur. R-E

TROUBLESHOOTING LAN’S

continued from page 66

The chief attractions of
ARCnet have always been low
cost and ease of network expan-
sion (to a limit of about 100
users). For example, ARCnet
network interface cards from
brand-name dealers cost about
$150, half that of comparable
thin Ethernet cards. In com-
parison, 4-Mbps Token Ring
cards from the same vendor
cost about $400. Offshore-
made ARCnet cards sell for un-
der $100.

Conclusions

This whirlwind tour of net-
work cabling, topologies, signal
schemes, and access protocols
will not make you a full-fledged
network wizard. But if you mas-
ter the concepts presented here,
everything else will fall into
place easily. Next time we'll delve
into what to do when these won-
derful beasts don't do what
they're supposed to do. See you
then. R-E

RESOURCES

Following are reference materials,
equipment suppliers, and network-re-
lated standards organizations. We es-
pecially recommend The Black Box LAN
Catalog.
References:
® The Practical Guide to Local Area
Networks, Rowland Archer, Osborne-
McGraw Hill. Good introduction to cable
types, topologies, and access methods.
e Networking IBM PCs, Michael Durr,
Que Corporation. Chapter 14 contains
good overview of bridges, routers, and
gateways.
® LAN Magazine, 600 Harrison Street,
San Francisco, CA 94107 (415)
905-2200.
Suppliers:
e Black Box Corporation, P.O. Box
12800, Pittsburgh, PA 15241, (412)
746-5530.
e JDR Microdevices, 2233 Samaritan
Drive, San Jose, CA 95124, (800)
538-5000.
@ Cable Express Corporation, 500 East
Brighton Avenue, Syracuse, NY 13210,
(315) 476-3100.
Standards Organizations:
® American National Standards In-
stitute, 1430 Broadway, New York,
NY 10018, (212), 642-4900.
e [EEE Headquarters, 345 E. 47th
Street, New York, NY 10017-2394,
(212) 705-7900.
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HARDWARE HACKER

quickie update before we
Abegin: We've found out that
most of those popular FM
wireless broadcaster circuits will no
longer work because nearly all of
the newer synthesized receivers
positively demand exactly on-chan-
nel frequencies. In recent columns,
we've seen how that Pioneer CD-
FM-1 can easily be maodified into a
fine crystal-controlled and high-
quality FM stereo broadcaster.

At the time, | didn't really believe
that a plain old third-overtone crys-
tal could really get pulled that far and
still provide a CD-quality result. So, |
asked an outstanding VCXO de-
signer by the name of Jim
FitzSimons to do a circuit analysis
for me. The bottom line: Yes, you
can pull an ordinary third-overtone
crystal far enough and linearly
enough to do the job.

But just barely.

Some other fallout from the
VCXO analysis: The temperature-
compensated 1.4-volt supply is
quite critical for linearity, and you
should not try and raise the voltage.
And the varactor modulator does its
work by shifting the series resonant
point of the crystal.

Do let me know if you need any
further information on this. Now let
us go on to some new stuff that
involves...

Electronic correlation

This is one topic that can get real
hairy fast, but let us try it anyhow.
Many fancy electronic applications
need correlation techniques of one
sort or another. A few of the zillions
of possible examples include
spread-spectrum communications,
machine vision, radar, GPS naviga-
tion, speech recognition, video
compression, radio astronomy,
planetary probes, fuzzy logic con-
cepts, pattern recognition, neuron
computing, etc...

Well, correlation is simply looking

for a match. A match against some
original signal. Or any replica of that
signal. Or against some expected
pattern. And the longer you look for
your match, the deeper the noise
you can extract it from. With luck
and a decent correlator, all your
noise and interfering signals will
cancel out or, at the least, pile up far
more slowly. As a general rule, if any
electronic system has to push the
limits of what can be done, correla-
tion often will end up playing a big
role.

A trivially simple ferinstance of
correlation is the Morse Code. You
(or some machine) receive a pattern
of short-long-short-short. You can
then compare that pattern against a
stored list of all of the acceptable
characters and numbers. A begin-
ner might note that it sounds like “li-
no-le-um™ and linoleum starts with
an “'L." With practice, you can do a
near-immediate correlation, rather
than having to go and compare each
and every possible pattern. You sim-
ply “hear" the code as letters, in the
same way a musician “sees’ notes.
But, inside your brain, a very elegant
wetware correlation is coming
down.

Let's see how correlation can
help push the detection limits of a
simple problem. Say you have a very
long driveway and want to know
whenever anyone shows up. You
put a bright LED on one post and a
photocell on the other and build an
"“electric eye." And it works just fine
at night.

DON LANCASTER

But when the sun comes uj
photocell saturates and no
seems to work. You next try !
obvious non-correlation curt
see if they help. You raise the
power, add a deep red filtei
some focusing optics to imj
your signal and reduce the r
You amplify only those receive
nal changes that are in the exp
frequency range of a passing
And you even use some sc
AGC loop to keep the sensec
in the linear detector range.

Any of those stunts should
in a plain old driveway senso
let's pretend that, after trying ¢
thing you could think of to im
your linearity, noise rejection
signal-to-noise ratio, that thing
aren't quite reliable enough.

Now what?

Figure 1 shows you one ¢
oldest and simplest of the
tronic correlation techniques.
called a synchronous demodv
and may still even go by its ar
name of a lock-in amplifier.
chop your LED at an audio
turning it on and off at, maybe,
times a second. You design
ceiver that amplifies only si
near 1000 Hertz.

Now for the tricky part. Inste
just detecting your 1000 Hert:
take a copy of your original :
and route that to a specially ct
demodulator which follows: th
“amplify when | am positive, bt
plify and invert when | am nega

Well, neglecting any phase
or delays (they can be easily ¢
around), your real received :
will always match your signal
and it should nicely pile up. Bt
interfering signals will some
add and sometimes subtracl
the interference cancels. At
some of it some of the time.

By correlating, or looking 1
exact match for an expected
signal, you have quite drama



improved your ability to reject nearly
all types of potential interference or
conflicting signals.

You can also view a synchronous
demodulator as an extremely nar-
row bandpass filter that automat-
ically and exactly tracks your input
signal. Even if your input signal is
varying. But synchronous demod-
ulation goes one step further than a
simple filter. Note that signals of the
wrong phase get more or less re-
jected. For instance, any interfering
signal that happens to be at a phase
angle of plus or minus 90 degrees
gets completely rejected. Other
phase angles might only get par
tially rejected. but they will still be
reduced.

Go through the math, and you'll
find that a synchronous demod-
ulator offers a “'free'" additional
three decibels of signal-to-noise
ratio improvement over the best de-
tector you can come up with that
does not use correlation. And three
decibels at or near a digital detec-
tion threshold can mean a big world
of difference in reliability. From er-
rors per second to errors per hour.

Building a correlator

In general, you do a correlation by
multiplying and then by adding. You
first find out how well a smaller
piece of your received signal can
match. You might assign a +1 for
"agree” and a —1 for “disagree.”
Then you add up (or integrate) each
individual agreement or disagree-
ment to get some overall total. The
summed total is called your
correlation coefficient. If your final
correlation coefficient ends up high
enough, you vote "yes." Or else
you simply pass the correlation val-
ue on to more circuitry that wants to
know relatively how well you hap-
pened to do this time around.

Correlation can be done by using
analog, digital, or mixed signals. In
the digital world, you can correlate
in either a serial or parallel mode.
Serial is slow and low in cost, while
parallel is fast and complex. But se-
rial might not be nearly fast enough
for many real-world uses. A special
class of microprocessors we know
as digital signal processors are ar-
ranged to do many correlation tech-
niques faster and easier than can
the traditional personal computer

1 kHzehopped light beam

12 s , Alarm
from LED to photodiode T
1kHz [ _ 1 kHz
square wave Y narrow band 1’;?23?:;‘:’?
generator 1 amplifier

. 1 kHz demod reference
FIG. 1—A “LOCK-IN AMPLIFIER,” or synchronous demodulator is an older and sim-

p!er example of electronic correlation. In this driveway detector, the desired “no cars”
signal can easily be extracted from sunlight or other interference.

CPU chips.

Several simple correlator circuits
are shown in Fig. 2. For linear cir
cuits, a diode bridge or any four
quadrant multiplier should work just
fine. For high-frequency RF work,
the Signetics NEBOS is a great
choice.

But my favorite lower frequency
linear synchronous demodulator is
the gated gain amplifier of 2-a. If the
mask signal is low, the gain is plus
one. If it is high then the gain is
minus one. This is a synchronous
full-wave rectifier that does all of the
multiplying for us. A following
integration stage will do the addition
for us. Often the addition can be
done with nothing but a series re-
sistor and storage capacitor.

The fundamental digital correla-
tion circuit is the compare gate, oth-
erwise known as an exclusive NOR,
shown in Fig. 2-b. A compare gate
gives you a one out if the inputs are
identical and a zero out if they are
different. For serial use, one com-
pare gate can be followed by an up-
down counter. For parallel use,
bunches of compare gates are fol-
lowed by a special pile of adders
configured as a “how many ones
are in this word?" circuit. Figure 2-c
shows the details.

Yes, you can go out and buy dig-
ital correlator chips, but they do
tend to be specialized and expen-
sive. TRW and Stanford Telecomm
are two big sources for these chips.
A second more popular route is to
use firmware and a digital signal pro-
cessing chip.

On your own, you can easily and
cheaply hack up an eight-bit digital
correlator out of any plain-Jane
2764 EPROM, following the details
from Fig. 2-d. Your truth table simply

answers the question “How many
bits match?" The answer will be a
four-bit word ranging from —8 to
+8.

For any sixteen-bit parallel digital
correlator, simply precede a dif-
ferent 2716 EPROM with four quad
xor gates. Or use a device suchas a
PLA or PLD.

Correlation could also be done in
software. For instance, in
PostScript, just do an exclusive-or-
not sequence, followed by a table
lookup which converts a binary
number to the number of ones in the
word. Fast and fun.

NEW FROM

DON LANCASTER

HARDWARE HACKER STUFF
Hardware Hacker Reprints Il or Il 24.50
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Real World Postscript (Roth) 22,50
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Thinking in PostScript (Reid) 22.50
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(B) Serial digital correlator uses
an exclusive-NOR gate.

(C) Parallel digital correlator uses
gates and a special adder.
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FIG. 2—HERE ARE FOUR POPU
Correlation functions

An exact match against your ini-
tial signal is called an auto-
correlation. Attempting a match
against anything else is a crosscor
relation. Should you try a match
against some shifted or delayed ver-
sion of your initial signal, you are
now performing a shifted auto-
correlation.

Ideally, your autocorrelations will
always strongly agree, and most of
your crosscorrelations will more or
less cancel to zero. But those shift-
ed autocorrelations get interesting
in a very big hurry.

For instance, say you now have a
planetary probe flying past Nep-
tune. The extension cord needed to
deliver an exact copy of your auto-
correlation signal tends to end up a
tad on the long side. Not to mention
asteroid breakage. The trick, in-
stead, is to take a local shifted auto-
correlation signal and move it
-around until you get a strong match
to your incoming data. This is called

LAR METHODS for doing electronic correlations.

signal in

match out

(D) 2764 EPROM made into a
parallel 8-bit correlator.

T A ..'.--.i’-fi-.".‘:.’..""

acquiring a lock. Until you have your
local clone reference precisely lock-
ed to the incoming data, you can't
receive any useful information.

By far the most unique autocor
relation function occurs with the se-
quence 1000. Like so...

1 0 0 0
1 0 0 0

+1  +1 +1 +1 —> 4
1 0 0 0
0 1 0 0
-1 4+ +1 —
1 0 0 0
0 1 1 0
A -1 +1 —»
1 0 0 0
0 0 0 1
-1+ 41 -1 —

Here we are not adding. We are
comparing two vertical bits at a
time, and putting down a “+1" if
they are identical and a * — 1" if they
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FIG. 3—SHIFTED AUTOCORRELATION FUNCTIONS appear when you correlate a
digital word against a time-shifted or bit-shifted replica of itself. Those functions get
important in a hurry whenever you are irying to lock onto an incoming digital data
stream. These examples are from GEnie PSRT download #427.

are different. Only then do you add
up the total results. Note that the
second, third, and fourth examples
represent shifts of one, two, and
three bits in your target word.
Amazingly, all of the shifted autocor-
relation results are precisely zero!

Very sadly, this is the only known
digital sequence that gives a "per
fect' shifted autocorrelation. The
longer codes will do all sorts of
weird things with the shifted sum-
mations. Most of which can end up
as less than useless. Some of the
more interesting (and more useful)
shorter autocorrelation codes are
shown in Fig. 3.

There are far fewer autocorrela-
tion functions than there are possi-
ble bit combinations in any word.
Why? Because shifted bit patterns,
mirror patterns, and complemen-
tary patterns will all end up generat-
ing identical functions.

The best possible autocorrelation
codes are called Barker Codes.
Sadly, these are all short, and are
few and far between. Instead, when

you are using a long correlation
code, you'll often have to settle for
one that is simply “well behaved,"
rather than the best possible.

On any longer digital codes, most
crosscorrelation values will be very
low. For any code length, you could
easily predict how badly a random
interfering noise code might
crosscorrelate. Just use a messy
piece of mathematics known as the
bionomial coefficients. For in-
stance, on a fairly short code of 20
bits, only one crosscorrelation will
total to +20 and one other to —20.
A mere twenty will sum to a value of
+18.

Why twenty? Because there are
only twenty possible places in a 20-
bit word for the one-bit errors. How
many possible errors of two bits?
Go through the binomial math and
the answer is a scant 190 cases that
sum to +16. Of the 1048576 possi-
ble 20-bit crosscorrelations, a huge
772616 willsumto +4, +2,0, —2,
or —4. Put another way, a tad over
three quarters of all of those possi-
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- | Ina SYNCHRONOUS RECTIFIER, power switches are turned on only

| when conduction is desired. Because of the lower forward drop of a
switched transistor, the efficiencies can be much higher than using
ordinary silicon diodes in low voltage, high current supplies.

Linear time delay
-vs- frequency
correllator

In a CHIRP radar system, a frequency swept pulse is transmitted that |
permits both high power (for long range) and narrow time resolution (for
closer target separation.) A linear delay-versus-frequency correlator g
converts the received target swept phase histories back into actual x
viewable or recordable target maps.
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FIG. 4—AS THESE TWO WILDLY DIFFERENT EXAMPLES show us, there is now an
incredible number of applications for electronic correlation techniques.

ble 20-bit interfering signals will be
strongly attenuated by your cor
relator. As you go to longer codes,
the odds of noise interference be-
come astronomically low.

I've now posted a quick-and-dirty
autocorrelation generator to GEnie
PSRT as my file #435 AUTO-
CORR.PS. As is, it will generate all
of those unique autocorrelation
codes up to 20 or so bits in length.
Yes, duplicate codes are discarded

and not reported. And you can easi-
ly extend the technique to quickly
and accurately find autocorrelation
functions as long as 65536 bits! It's
written in PostScript, of course.

The trick is to put all your ones
and zeros into a string. Then play
around with the string. That by-
passes the precision limits of any
conventional digital arithmetic.
Sneaky, huh?

We will be seeing much more on

correlation in some future colur
Especially if we do get into mon
spread-spectrum communicat
and GPS navigation. | just wante
give a bare bones intro to a tr
topic here. Those shifted autc
relation functions are lots of fu
play with (and a winning schoo
per topic) just because they
there.

Let's wrap this up by lookin
two wildly different examples ¢
electronic correlation in Fig. 4—
simple, one elaborate.

Say you want to build up a
voltage, high-current power suj
maybe 5 volts and 100 amps. If
try using plain old silicon diode:
your outputs, you'll get a volt or
of forward drop across your dio
And lots of waste heat and ter
efficiency. While the ne
Schottky diodes help some, «
those are very inefficient at hi
currents.

But a properly chosen and dt
power transistor could have an
lower forward drop than a diode
instead of using diodes, use f{
effect transistors as switches
up as synchronous rectifiers.
turn your transistor on only v
you desire conduction and turn
otherwise. The forward drop ca
much lower and the efficien
much higher.

The synchronous rectifier is r
likely to be your least elegant
relator example. Solar energy
verters are another area in w
high rectification efficiencies
super important.

Shortly after World War I,
radar systems hit their limits.
resolution of a traditional p
radar is inversely proportional {
pulse width; the range is prc
tional to the energy inside the ¢
area. |deally, you want a s
powerful yet ultra-narrow p
waveform.

The trick is to conjure up s
method of sending a long pulse
still gives you acceptable resolu
And the solution was called ¢
By sending a long linearly sweg
pulse out and then by routing
received swept waveforms thr
a linear delay vs. frequency net
(a fancier example of a correle
the individual bits and pieces o
swept waveform would pile ur



generate a narrow target pulse.

The exotic coherent radar sys-
tems even went one step further,
especially those that were side-
looking. The swept transmitted
chirp pulses were suitably record-
ed, generating what were known as
target phase histories. Those phase
histories were converted into view-
able data by using linear delay-vs-
frequency networks, optics that
made a Fourier Transformation, ho-
lography techniques, or electronic
digital correlators. All of those tech-
niques perform a correlation in one
way or another.

Chirp may sound really complex
and hairy. But bats have done it for
eons. Compactly and elegantly in
wetware. And the bat's “figure of
merit" for their radar beats out our
best and newest military radars by
some ten orders of magnitude.
That's 10,000,000,000:1. And not
half bad for amateurs!

But, in all fairness, they did have a
head start.

Printed-circuit update

From time to time in the past, we
have looked at the new direct-toner
method for making printed circuit
boards. The new direct-toner meth-
od promises to revolutionize hacker
PC boards, doing the job in minutes
for pennies with zero darkroom
work or other special techniques.

The two key secrets to the direct-
toner method are that laser-printer
toner does make an outstanding
etch resist, and that the great
PostScript computer language
makes printed circuit layout excep-
tionally fast, fun, and easy to do.
From any computer, using nothing
but your favorite word processor.

One early transfer film sheet was
the TEC-200 film from
Meadowlake. Sadly, many hackers
swore at this new product, rather
than by it. Even though many of the
partial-transfer problems were
caused by improperly cleaned
boards, not doing a pre-etch or pre-
heat, by using any old copier (in-
stead of an SX laser printer), and
trying to use an iron (instead of a
Kroy Kolor machine or suitable heat
press of some sort). As we saw last
month, a very much improved trans-
fer film is now offered by Technics
Inc as its PCBF-1000.

Both of those products suffer a
common flaw: They both expect a
differential transfer to take place
reliably in the real world. You first
ask all of your toner to stick loosely
to the transfer film. Later, you ex-
pect all of your toner to adhere
strongly to the board, leaving zero
residue on the film.

The differential transfer problem
has been solved in spades by a
brand new Toner Transfer System
offered by DynaArt Designs and
available from All Electronics and
DC Electronics. The system is
basically a polyester film coated
with some high-tech sugar water.
There are two different ways to use
the film, called the cold method and
the hot method. Both methods
open all sorts of new hacker oppor-
tunities.

The hot method is best for hacker
circuit boards. With the hot method,
you will laser print a backwards but
positive image by using an SX
printer with a good grade of graph-
ics refill toner. As with the previous
films, you then iron the toner onto a
super-clean bare printed circuit
board. You now have toner that is
very tightly stuck to both the PC
board and the film.

Soak your board in warm water
for a few minutes, and all the high-
tech sugar water dissolves, floating
away the backing sheet. And leaving
pretty near all of the toner on your
circuit board nearly all of the time.
Gently wash the board in warm
water to remove any residue. Then
etch as usual.

The cold method is best for cir
cuit-board component-callout over-
lays, dial plates, and ordinary
decals. Print the normal and positive
image to the film. Then spray the
image using several light coats of a
clear lacquer, urethane, or epoxy.
Cut out all your images slightly over-
sized and soak them in warm water.
Then transfer the images just as you
would any model-railroad decal. You
can either remove the lacquer with
alcohol to get at the bare toner, or
add additional and more protecting
clear sprays for extra durability.

Those cold method results look
especially impressive when you use
a Canon color copier. Note that you
can now transfer toner onto
anything. The cost of the introducto-
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Camcorders in use, there

currently is a serious shortage of
trained techs to perform cleaning and
repair jobs on these popular devices... |
Learn how you can start yo
own highly profitable,
Home-Based video

servicing
business...

And since up to
95% of all VCR
and
Camcorder
malfunctions
are due to a simple
mechanical or electro-

failure, you need not spend
months or even years of
complicated study before starting pald,
professional service work!

Let Viejo s Training Program show you how!

1-800-537-0589

or mail coupon today!

VIEJO PUBLICATIONS, INC.

-“s\‘\ ‘.o\)‘
\J\o‘“" Sime

hl‘iil

I 4470-107 Sunset Blvd., Suite 600 I
Dept. VK Los Angeles, CA 90027

I Yes! Rush me your FREE OPPORTUNITY KIT today! I

I (Check appropriate box) I
‘A VCR Repair
d Camcorder Repair l
2 Advanced VCR Repair

I - Fax Machine Repair I
Name

I Address____ Pl I

I City/State Zip, l

L peiglec S |

-
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br ol bnwimn by Theor presenis thal

ADMIT ONE

Your Ticket To

SUCCESS

Over 28,000 technicians have gained admit
l tance worldwide as certified professionals
Let your ticket start opening doors for you

ISCET offers Journeyman certification ir
Consumer Electronics, Industrial, Medica
| Communications, Radar, Computer anc
Video. For more information, contact th
International Society of Certified Electrc
I nics Technicians, 2708 West Berry Streei
| Fort Worth, TX 76109; (817) 921-910°

| Name
| Address
l City
| State Zip
l Send material about ISCET and
I becoming certified.
Send one "Study Guide for the
I Associate Level CET Test."" En-

closed is $10 (inc. postage).



R-E Engineering Admart

Mini
i Projects

MIDI o g
PROJECTS  m

BP182—MIDI interfacing enables any so
equipped instruments, regardless of the man-
ufacturer, to be easily connected together and
used as a system with easy computer control
of these music systems. Combine a computer
and some MIDI instruments and you can have
what is virtually a programmable orchestra. To
order your copy send $6.95 plus $2.50 for
shipping in the U.S. to Electronic Technology
Today Inc., P.0. Box 240, Massapequa Park,
NY 11762-0240.

DR. "CHIP" MIUNK SAYS
6805

SIS

QUALITY and SERviCE

AFFORBARILITY

"Chip" experts agree with Dr. Munk.
TECI’s PC based microcontroller devel-
opment tools are the most cost effective
for veterans or beginners.

6805 PRIMER FOR BEGINNERS. . . .. o0ovvven $195.00
6805/68HCOS/68HCT1 CROSS ASSEMBLERS. . . . . §99.00
G805/68HC0S SIMULATOR /| DEBUGGERS .. .. .. $99.00

68705P3,P5,U3USRIRS PROGRAMMERS FROM $349.00
68HCT705/68HC805 PROGRAMMERS FROM $395.00
COMPLETE PC BASED DEY. SYSTEMS FROM $449.00

| GHCOSESHCIl REAL TIME EMULATORS FROM S$855.00

TEC="

. CALL TOLL FREE 1-800-336-8321

The Engineers Collaborative, Inc.
Rt #3 Box 8C, Barton, VT 05822 TUSA
TEL:(802)525-3458 FAX:(802)525-3451

CIRCLE 187 ON FREE INFORMATION CARD

Rates: Ads are 2/4" x 2/4". One insertion $995 each. Six insertions $950 each. 1
insertions $925 each. Closing date same as regular rate card. Send order with remitta
Engineering Admart, Radio-Electronics Magazine, 500-B Bi-County Blvd., Farmingda
11735. Direct telephane inquiries to Arline Fishman, area code-1-516-293-3000
1-516-293-3115. Only 100% Engineering ads are accepied for this Admari.

FCC LICENSI
PREPARATIO!

The FCC has revised and updated th
commercial license exam. The NEW
EXAM covers updated marine and
aviation rules and regulations,
transistor and digital circuitry.

THE GENERAL RADIOTELEPHONE
OPERATOR LICENSE - STUDY GUID
contains vital information. VIDEO
SEMINAR KITS ARE NOW AVAILABL

WPT PUBLICATIONS
7015 N.E. 61st Ave.
Vancouver, WA 98661
Phone (206) 750-9933 Dept. 50

CIRCLE 183 ON FREE INFORMATION C,

new, different, or off-the-wall that
you can do using either the hot or
cold method of the DynaArt transfer

ry kit with five sheets is $9.95.
For the first of our two contests
this month, just show me something

system.

As this month's resource side
| have gathered together a few of
better known direct-toner

TONER RESOURCES sources. Besides the three films

All Electronics
P.O. Box 567
Van Nuys, CA 91408

(818) 904-0524
CIRCLE 323 ON FREE INFORMATION CARD

Black Lightning
Riddle Pond Road
West Topsham, VT 05086

(800) BLACKS99
CIRCLE 313 ON FREE INFORMATION CARD

DC Electronics
P.O. Box 3203
Scottsdale, AZ 85271

(602) 945-7736
CIRCLE 324 ON FREE INFORMATION CARD

DynaArt Designs
3535 Stillmeadow Lane
Lancaster, CA 93536

Lazer Products
12741 E Caley Ave #130
Englewood, CO 80155

(800) 843-5277
CIRCLE 317 ON FREE INFORMATION CARD

Meadowlake
Box 497
Northport, NY 11768

(616) 757-3385
CIRCLE 318 ON FREE INFORMATION CARD

Midnight Engineering
111 E Drake Road Ste 7041
Ft Collins, CO 80525

(303) 491-9092
CIRCLE 319 ON FREE INFORMATION CARD

Recharger
101 Granite Street Ste F

just looked at, Kepro is your leac
source of hacker printed circuit €
plies. More on the direct-to
method is likely to appear in
Flash or in Midnight Enginee
magazines. My two very favo
toner sources remain Lazer P
ucts and Black Lightning, w
others advertise in the Rechai
and Supplies Unlimited magazir
I've recently posted my sh
ware PostScript printed circl
layout package over to GEnie P
as our file #401 PRNCRCT.C
Plus a new summary tutorial or
new hacker printed circuit tt
niques as file #419 NUTS3
There will be bunches of exc
new stuff on toner in genera

oy
§  (805) 943-4746 G #435 TONERTRX.PS.
% CIRCLE 314 ON FREE INFORMATION CARD "2 £ 320 ON FREE INFORMATION CARD
S ST A second contest
=] ici-ti - :
8  West Topsham, VT 05086 101 Granite Street Ste F PRy IEAS B e,
= (800) BLACK99 Corona, CA 91719 stupidly discontinued all of its
'é CIRCLE 315 ON FREE INFORMATION CARD  (714) 371-8288 broadcast services. And it's ir
S CIRCLE 321 ON FREE INFORMATION CARD area where any decent and us
8  Kepro FM stations are extremely har
w 630 Axminister Drive Techniks, Inc pull in otherwise 3 i)
Fenton, MO 63026 45 J. Ringo Road What really saddens me is
(800) 325-3878 Ringoes, NJ 08551 h :
CIRCLE 316 ON FREE INFORMATION CARD  CIRCLE 322 ON FREE INFORMATION CARD the reception on top of the moun
78 in my front yard is exceptional. 1



any old $4 receiver up the moun-
tain, and a Tucson FM station
comes in loud and clear. Tilt the an-
tenna slightly, and the El Paso sta-
tion on the same channel frequency
booms in, again loud and clear. The
same goes for Phoenix and Albu-
querque at 93.3.

So, | guess this month’s contest
is in that “Don’t get mad... get
even'' category. Just tell me all
about any favorite tricks, circuits,
antennas, or other products you
know of which really work for relia-
ble long-range FM reception.

With both contests, there will be
the usual dozen or so newly revised
Incredible Secret Money Machine Il
book prizes, plus an all-expense-
paid (FOB Thatcher, AZ) tinaja
quest for two going to the very best.

As usual, send your written en-
tries directly to me per that Need
Help? box, rather than to Radio-
Electronics editorial.

New tech lit

Two reliable sources for foreign
semiconductor replacements are
MCM Electronics and Consolidated
Electronics. Both send free cata-
logs.

A free video on laser-printer re-
pair training is now available from
Don Thompson. Don is regarded as
having the finest training services in
this field, and stocks hard-to-find re-
placement parts.

Two environmental trade journals
are Environmental Protection and
Pollution Equipment News. The lat-
ter has plenty of ads for interesting
and unusual sensors.

For lots more information on San-
ta Claus Machines, check out the
brand new stereolithography user’s
group on GEnie UNIX. And a good
tutorial on wavelets has appeared
on page 16 of Dr. Dobbs Journal for
April 1992.

Two free software sources for
this month: lterated Systems has a
free demo diskette on its new real
time fractal decompression soft-
ware. And Burr-Brown now has a
new freebie Active Filter Design

disk available.
If you are interested in active fil-

ters, be sure to check out my clas-
sic Active Filter Cookbook. It's
available by itself or as part of my
Lancaster Classics Library, as per
my nearby Synergetics ad. R-E

SURFMAN

continued from page 36

leads with your fingers or all
you'll hear is hum. Listen to the
noise produced; it should be
loud and smooth. If it’s not, try
another transistor. If you find a
transistor that produces good
quality noise, but the volume is
not loud enough, the gain of the
preamp stage IC2-a can be in-
creased by decreasing the value
of R12. But don't go below 10K.

Drill holes for the volume con-
trol and earphone jack in the
front panel of the case (notice
that the circuit board is
notched to allow space for these
parts) and mount them. Install
the circuit board as shown in
Fig. 3. No hardware mounts the
circuit board directly; instead,
the two large mounting holes in
the corners of the board fit over
the mounting posts in the case
so that when the top is installed
it holds the circuit board in
place.

Using SurfMan

Trimmer R17 controls rain/
surf/pink noise selection. By
setting R17 fully clockwise, you
turn the filters off and obtain
white noise (rain). When R17 is
fully counterclockwise, the fil-
ters are fully on for pink noise.
At intermediate settings, the fil-
ters will be modulated by the
chaotic voltage generators for
various surf sounds.

If you want to connect Surf-
Man to your hi-fi setup, the sim-
ple capacitively coupled voltage
divider shown in Fig. 4 will iso-
late and attenuate the signal so
that it can be plugged into an
auxiliary input of your ampli-
fier. A“Y” connector can be used
as shown to drive both stereo
inputs. If you're really adven-
turesome, build two SurfMans
for stereo.

A word of caution: SurfMan
really blocks outside noise and
putsyou in a kind of sound clos-
et. Nothing short of a Scud at-
tack will attract your attention.
Don't use it while you're sup-
posed to be baby-sitting the
kids. Don't use it while jogging
down the boulevard, and please
don't use it while driving. R-E

ELECTRONIC
COMPONENTS

Whether you order 1 part or
all 38,904...MOUSER stocks
and...can ship today!!

CALL..

(800) 992-9943

far your

CIRCLE 117 ON FREE INFORMATION CARD

ADVANCE YOUR
ELECTRONIC
INTERESTS

WITH A NEW SUBSCRIPTION TO:
THE SPEC-COM JOURNAL!

Getting your FCC Amateur Radio Li-
cense is easier than ever before
(NO-CODE requirement - see R.E.
April 91 issue, pages 27-28). SGj is
an 80-page per issue HAM RADIO
magazine that covers ALL the s%-
cialized modes. Modes like HAM
Radioteletype, Satellites, WXFAX
and Computer Data Transmissions.
Current issue - just $3.75 ppd.

Annual Subscriptions (6 issues):
$20 USA $25 Canada/Mexico
$30 Foreign (Surface)

The SPEC-COM Journal
P.O. Box 1002,
Dubuque, IA 52004-1002
(319) 557-8791
BBS (319) 582-3235
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COMPUTER CONNECTIONS

A User Manifesto

get excited when a new tool
Icomes along that provides me
with a better way of doing my
work. | am disappointed when the
tool lets me down. In the software
industry these days, there is a lot of
excitement; there is also a lot of
disappointment.

In analyzing the causes of this dis-
appointment, | came up with the
Software User Manifesto (SUM)
shown in the sidebar. It includes ev-
erything | could think of, but it un-
doubtedly misses some things. If
you think of additions, send them to
me c/o the magazine; we'll publish
an update later. For this project, I'm
looking for general rules, not com-
plaints about specific products.

The purpose of the SUM is as
follows: If you have ever been or are
now disappointed by a software
product, make two photocopies of
the SUM. Send one to the CEO and
the other to the marketing depart-
ment of the vendor of the offending
product, along with a cover note ex-
pressing your displeasure. Add a
specific explanation of the circum-
stances that raised your blood pres-
sure. Then put your money where
your mouth is.

Windows product watch

In all the hoopla surrounding the
release of Windows 3.1, it's easy to
lose sight of the fact that Microsoft
has also released significant up-
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FIG. 1—EXCEL 4.0 gives new meaning to the phrase user-friendly. Multiple customiza-
ble toolbars let you set up for the way you work; automatic table generating, format-
ting, and charting features make fast work of common operations; powerful macro

tools simplify development of custom functions and operations.

dates to numerous products, incl
ing Excel, Project, Visual BAS
and the C compiler. The Excel

grade is particularly significant,

cause new features typically app
there first and subsequently

grate to other products.

There are far too many new .
improved features to cover he
Among the most interesting are
user-interface improvements,
cluding fully customizable toolb:
right-button mouse usage, di
and-drop table building, auto-fill,
automatic table formatting.

Toolbars have become requ
on most serious Windows pi
ucts; Excel pushes the conceg
new ways. Typically a tool bar ad
row of “buttons” somewhere r
the top of the screen. You clic
button to execute a built-in ¢
mand or custom macro. Most p
ucts allow you to add and de
buttons, change the icon ass
ated with a button, or change
associated command or macro.
cel 4.0 does all that and quite i
more. It comes with seven tooll
covering common functions suc
formatting, charting, creating,
debugging macros; you can cn
your own at will. A toolbar can -
over the current document, or ¢
along a screen edge.

Now the right button works
sistently throughout the progi
Select an object (cell, range, cl
graphic), press the right button,
up pops a menu of actions appr
ate to that object. Typically y
see cut, copy, and paste, fol
changes such as font, color,
border.

Drag-and-drop allows you tc
lect a rectangular range, then di
with the mouse to a new loce
Often this is much more conve
than the old method of cutting t
clipboard, going to a new locz



Software User Manifesto

Dear :
| am a user of personal computer
software, and | am dissatisfied. The
following statements express my
needs. If you do not pay attention to
my needs, | will not pay attention to
your product.

Product Functionality

The tool should extend the range of
tasks that | currently perform, while
providing a smooth transition into
new user features. The tool must
not be underpowered; | want as-
surance that | can use all the latest
and greatest features—when I'm
ready. But | don't wantthem to getin
the way until | am ready.
Integration With Other Tools

I want your tool to integrate smooth=
ly with the others in my toolbox, and
I want your tool to work /ike my other
tools.

| want plug-and-play functionality. If
| break a 2" socket wrench, | can go
to any hardware store and get a re-
placement. | want the equivalent
with software. Include a mini graph-
ics editor with your word processor,
butlet me substitute my full-fledged
editor seamlessly.

I want your tool to share data easily,
and to read the various files in the
various formats I've collected over
the years reliably.

| want to be able to automate your
tool and make it work with my other
tools.

| want your tool to overlap the func-
tionality of my other tools so | can
get by with just it in an emergency.
But | don’t want to be penalized for
using more capable tools when it is
necessary.

Inner Workings

I don’t care what's under the hood. |
don’t care whether it's object-ori-
ented or structured; | don't care
whether its written in COBOL or
C+ +.Goahead and use whatever
you think is best. If you make a mis-
take, you lose. But don't try to con-
fuse me with technology. All | want
is a solution.

and pasting.

Auto-fill is special. Type "Janu-
ary" into a cell, drag the lower right
corner of the cell across eleven ad-
jacent columns, and Excel fills in the
remaining months for you. It can do
the same with other labels and arith-
metic series.

Automatic table formatting allows

Customization And Automation
| want to be able to customize your
tool, even in trivial ways like chang-
ing colors or icons, just to prove
who's master—me, not it.

| want you to leave room in your
menus and toolbars for two, three or
four of my most importantitems so |
can automate my most important
tasks without drowning in macro
languages or complex cus-
tomization procedures.

User Interface

| want your tool to faithfully mimic
the real world, and where that's not
possible, to extend current meta-
phors in non-arbitrary ways con-
sistent with mainstream directions.
Don't create whole new interfaces
built around small incremental im-
provements in limited areas. Let en-
gineers design the engines; let
writers, graphic designers, and
users create the interfaces.
Product Support

Give me a built-in, on-line tutorial,
with beginning and advanced
lessons, for every facet of your tool.
Provide context-sensitive help for
every dialog box and screen item.
Give me all reference information
on-line and on paper. | need de-
tailed, integrated, hyper-linked on-
line reference information when I'm
under deadline pressure. | want de-
cent paper documentation when
I've time to browse (e.g., for toilet-
side or air-travel reading).

For paper documents, provide con-
cise, comprehensive, well-orga-
nized manuals, not six or eight
separately, bound booklets with no
obvious relations between them.
Put as much effort into designing
the document as the product—it is
part of the product. Use spiral or
loose-leaf binding. Provide quick-
reference charts and keyboard tem-
plates, including blanks for creating
my own manuals.

Product Updates And Upgrades
Provide regular upgrades and easy
access to updates. I'd rather wait for
bug-free code than waste time on
buggy early releases. Post bug

you to select a range, choose a
menu item, and automatically for
mat the range in one of several at-
tractive pre-defined styles. Al-
though the style-selection dialog
box allows you to preview styles,
you cannot modify them or add your
own.

There's also lots more horse-

fixes and driver updates on Com-
puServe or some other accessible
public forum.

Product Performance

Both maximize speed and minimize
storage. If you must choose, go for
speed. Storage continues to get
cheaper, but God has shown little
willingness to give us more time.
Product Installation

Provide simple installation and
complete un-installation routines.
For the latter, remove every file and
every setting in every system file.
Provide separate initialization files.
Don't muck around with system
files. Don't require your tool to be on
the path; keep all its setup files in its
startup directory. Don't put any files
in the root directory. Use the main
product directory as the root for all
support files.

Document every file included with
your product, and minimize the
number of them. Provide a list of
files required for a minimal installa-
tion, and a setup procedure to
quickly clone a minimal instaliation
from an existing one (for last-minute
traveling).

Run your installation routine in the
background, letting me accomplish
something in the meantime.
Network Support

Don't store customization files in a
common network directory. Better
yet, store organizational level
customization files on the network,
and user-specific overrides locally.
In General

Make designers listen to me, not to
the engineers building my tool. If
your management doesn't support
that philosophy, kiss your company
goodbye.

Provide smooth transitions. | will
probably never accept drastic
changes to totally new ways of
doing things. Evolve me gradually.
Apply this to both hardware and
software.

Signed

A (satisfied) (disgruntled) (former)
user.

power under the hood, including
workbooks that allow you to save
several spreadsheets in one file,
spelling checker, better printing ca-
pabilities, voice annotation (if you
have a sound card), rotated text,
and text centered over multiple col-
umns. Many new analysis features

Continued on page 86
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Home Remote-Control
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Select any 5 books [ $4?§

only

when you join the Electronics Book Club ™ (values up to $172.75)
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savings of up to 50% off of regular publishers’ prices. If
you want the Main Selection do nothing and it will be ship-

at all, simply return the Reply Form to us by the date
specified. You'll have at least 10 days to decide. Your only
obligation is to purchase 3 more books during the next 12
months, after which you may cancel your membership at
any time. (Publishers' Pricas Showr)
All books are hardcover unless ctherwise noted.  £/1692 EBC

Your most complete
and comprehensive

source for the finest
electronics books

-
|
|
|
I
|
|
|

ped automatically. If you want another book, or no book :
|
|
|
|
|
|
|
|
|
|
|
|
|

VCRs s -

SECOND EDIMON

3632 $18.95

Gordan McComb

FEEREEERRERE

3777 $32.95
Counts as 2

==ELECTRONICS
=7.' BOOK cLUBS‘M Blue Ridge Summit, PA 17294-0810

CYES! Please accept my membership in the Electronics Book Club and send the 5 volumes

listed below for just $4.95 plus $4.80 shipping/handling+ and sales tax. If not satisfied, | may |
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continued from page 81

for science and engineering, im-
proved graphing, and quite a bit
more are included as well.

Industry leadership

Microsoft shows true leadership
with Excel 4.0; | look forward to
seeing these improvements in other
products, particularly Word for Win-
dows. The gripers who complain
about Microsoft's domination of the
industry should understand that the
company is doing so not by legal
wrangling but by paying increased
attention to user needs and deliver-
ing quality products to meet those
needs.

In fact, Microsoft's domination
appears likely to increase even
more. We are headed toward the
day when the word computer
doesn't refer just to hardware, but
to a complete solution that includes

both hardware and software. And
Microsoft is gearing up to provide a
complete software solution, every-
thing from operating system (DOS,
Windows, NT) to word processing,
spreadsheet, database (to be re-
leased this year), E-mail (likewise),
and more.

When you buy a car you don't just
buy an engine, you buy a solution for
the problem of traveling. Sure, the
engine is important, but for most
people, even more important are the
seats, the console, and the body
style. Microsoft already dominates
engines and is in the process of
mastering the rest.

When you buy a car, you don't
buy the engine here, the transmis-
sion there, the body elsewhere: You
buy a complete solution. Computer
buyers have never had that luxury.
Soon, though, you'llbe able to buy a
single CD-ROM with a complete
suite of applications under your fin-
gers. You won't think of them as
separate applications, they'll work

GREAT MONEY IN
VCR REPAIR

Start your own highly profitable

cash business from your home !

44 Earn up to 51,000 Per week ¢
Proven Turnkey Operation: Your own
business in less than 30 days.
¢ Big Money Making Opportunity ¢
Millions of VCR's are sold each year. There
is a serious shortage of trained VCR
technicians. Learn to service and repair the
most popular appliance in America. No
complicated electronics. No expensive
instruments. No fancy workshop
LEARN VCR REPAIR with easy step-by-
step video instruction. Video training
allows you to learn faster with
higher retention.
VCR Repair Technician
ac Repair Tect
) Electronic Security Technician

CALL TOLL FREE: 24 HRS » 7 DAYS
1-800-824-7761, ext. Vi4

or write to:
SJD VIDEO LEARNING CENTER
22700 Crenshaw Boulevard, Suite 203
Torrance, CA 90505
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The Hardest Part Of
_ Giving A Bond Is
Choosing The Right Size.

From 530 to $10,000 - U.S. Savings
Bonds make the perfect gift for all
occasions. They earn interest for up to
30 vears - guaranteed. Give the gift
that fits evervone. A US. Savings Bond.
Call 1 8004 US BOND to find out more.

US. Savings Bonds

Making American Dreams A Reality

A public service of this magazine

together as if they were made

Microsoft will be the Ger
Motors of the Information ,
Borland will be Ford; some
bination of Novell, Lotus, and ¢
antec will be Chrysler; pieces ¢
remainder will end up as supplie
the big three. Enthusiastic u
may buy racing stripes and f
carburetors from specialty hot
but most will stick with stock fat
offerings.

0S/2 update

Shrink-wrapped copies of C
2.0 finally hit the shelves. IBM
done a nice job with all the
pieces. As reported here in the,
issue, 2.0 does a better DOS
DOS. However, it still does not
better Windows than Windows
though you can now run Winc
apps on-screen simultaneously
0S/2 apps, doing so is slow:; in
slower on the same hardware
simply running Windows. In ¢
tion, the product currently supg
Windows apps only in stan:
VGA mode. Windows 3.1 suppt
absent, and hard-disk requirem
are two to four times that of '
dows. However, IBM promises :
compatibility update in early ¢
mer, and Stac Electronics has
firmed development of an C
version of Stacker.

0S/2 is still missing signifi
driver support, and system c
patibility issues keep cropping
However, IBM promises better
er support soon, and | have ¢
concrete evidence that IBMis tr
to resolve OS/2's compatibilit
sues expeditiously.

Windows 3.1 promised to €
nate UAE's, and has not made ¢
on that promise. OS/2 stan:
good chance of providing a r
stable environment than Win31
still asks too many compromis:
the way of speed, resolution,
space, and device support. For
| still prefer Windows to 0S/2,
think the vast majority of Winc
users will too. IBM’s best bet n
be to position OS/2 against
dows NT, which makes more st
anyway. Then they should try t
solve current difficulties before
rolls out. At least we'll have ar
ples-to-apples comparison. As
say in Michigan, go Blue!



BUYER'S MART

FOR SALE

TUBES: “oldest," "latest." Parts and schematics.
SASE for lists. STEINMETZ, 7519 Maplewood
Ave., R.E., Hammond, IN 46324.

TUBES, new, up to 90% off, SASE, KIRBY, 298
West Carmel Drive, Carmel, IN 46032.

CLOCK, 1-32MHz variable square wave gener-
ator. Request specs, price. TROLEX, 1292 Mear-
ns Rd., Warminster, PA 18974.

TOCOM-Jerrold Impulse-Scientific Atlanta
Converters, two year warranties, also test mod-
ules for your converters. Contact NATIONAL CA-
BLE, (219) 935-4128 full details.

RESTRICTED technical information: Electronic
surveillance, schematics, locksmithing, covert
sciences, hacking, etc. Huge selection. Free
brochures. MENTOR-Z, Drawer 1549, Asbury
Park, NJ.07712.

CABLE TV converters: Jerrold, Oak, Scientific
Atlantic, Zenith & many others. "New MTS" stereo

add-on: mute & volume. Ideal for 400 and 450
owners! 1 (800) 826-7623, Amex, Visa, M/C ac-
cepted. B & B INC., 4030 Beau-D-Rue Drive,
Eagan, MN 55122.

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:
Electronics Now Classified Ads, 500-B Bi-County Boulevard, Farmingdale, NY 11735

WIRELESS CABLE RECEIVERS 1.9 T0 2.7 GHz
30 CH PARABOLIC DISH SYSTEM $173.90
30 CH ROD ANTENNA SYSTEM $193.90
30 CH CRYSTAL CONTROLLED SYSTEM $294.95
SUM MICROWAVE INT'L. INC. SEND $1.00 FOR
CATALOG ON THESE
AND OTHER FINE
VIDED PRODUCTS

PLEASE INDICATE in which category of classified advertising you wish your ad to appear. For
special headings, there is a surcharge of $25.00.
( ) For Sale

( ) Plans/Kits  ( ) Business Ow)onunities
() Education/Instruction () Wanted () Satellite Television
(

P0. BOX #34522
PHOENIX, AZ. 85067
(602) 230-1245
QUANTITY DISCOUNTS

Special Category: $25.00

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.
(No refunds or credits for typesetting errors can be made unless you clearly print or type your
copy.) Rates indicated are for standard style classified ads only. See below for additional
charges for special ads. Minimum: 15 words.

VISA/MC/AME X DADERS DMLY 1-800-484-4190 CODE 5733

T.V. notch filters, phone recording equipment, bro-
chure $1.00. MICRO THinc. Box 63/6025, Mar-
gate, FL 33063. (305) 752-9202.

SPEAKER repair. All makes — models. Stereo &

1 2 3 2 3 professional. Kits available. Refoaming $18.00.
ATLANTA AUDIO LABS, 1 (800) 568-6971.
ENGINEERING software and hardware, PC/
6 7 8 9 10 MSDOS. Circuit design and drawing, PCB
layout, FFT analysis, mathematics, circuit
analysis, etc. Data acquisition, generation,
1 12 13 14 15 ($46.50) I/0 PCB's, etc. Call or write for free catalog.
(614) 491-0832, BSOFT SOFTWARE,
16 ($49.60) 17 ($52.70) 18 ($55.80) 19 (§58.90) 20 (862.00) !E,'gb'?““ Colton Rd., Columbus, OH
CABLE TV Equipment. Most type available.
21 ($65.10) 22 ($68.20) 23 ($71.30) 24 ($74.40) 25 ($77.50) Special: Oak M358 $39.95. No catalog. COD or-
ders only. 1 (800) 822-9955.
26 ($80.60) 27 ($83.70) 28 ($86.80) 29 ($89.90) 30 ($93.00)
DESCRAMBLERS
31 ($96.10) 32 ($99.20) 33 ($102.30) 34 ($105.40) 35 ($108.50) MAKE THE CONNECTION

NU-TEK ELECTRONICS|[RS

CABLE TV EQUIPMENT

We accept MasterCard and Visa for payment of orders. If you wish to use your credit card to pay for your ad fill
in the following additional information (Sorry, no telephone orders can be accepted.):

Card Number Expiration Date

ORDER TOLL FREE
/ 1-800-228-7404

Signature DON'T FORGET 1o ask asour our

FREE caaoc witH BUYING GUIDE
FRIENDLY, PROFESSIONAL SERVICE

30 DAY MONEY BACK GUARANTY
BEST PRICE - BEST SERVICE

=l (@2 ™ [Eod [CON

FOR MORE IFORMATON INU-TEK BLECTRONICS
1-912- 200008 | e e o

SECRET cable descramblers! Build your own
descrambler for less than $12.00 in seven easy
steps. Complete instructions $10.00. Radio
Shack parts list and free descrambling methods
that cost nothlngto try included. HAR ITE,
PO Box 1790D, Baytown, TX 77520.

Please Print Name

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATION WILL NOT BE ACCEPTED.
CLASSIFIED COMMERCIAL RATE: (for firms or individuals offering commercial products or services)
$3.10 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) $2.50 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) 55¢
per word additional. Entire ad in boldface, $3.70 per word. TINT SCREEN BEHIND ENTIRE AD: $3.85 per
word. TINT SCREEN BEHIND ENTIRE AD PLUS ALL BOLD FACE AD: $4.50 per word. EXPANDED
TYPE AD: $4.70 per word prepaid. Entire ad in boldface, $5.60 per word. TINT SCREEN BEHIND ENTIRE
EXPANDED TYPE AD: $5.90 per word. TINT SCREEN BEHIND ENTIRE EXPANDED TYPE AD PLUS
ALL BOLD FACE AD: $6.80 per word. DISPLAY ADS: 1" x 21"—$410.00; 2° = 2W"—$820.00; 3" =
2¥4"—$1230.00. General Information: Freque rates and prepayment discounts are available. ALL
COPY SUBJECT TO PUBLISHERS APPROVAL. ADVERTISEMENTS USING P.O. BOX ADDRESS WILL
NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER WITH PERMANENT ADDRESS
AND PHONE NUMBER. Copy to be in our hands on the 5th of the third month preceding the date of the
issue, (i.e., Aug. issue copy must be received by May 5th). 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.
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MARK V ELGCTRONICS, INC.

Competitive Prices * Fast Shipping *Since 1985
A indicates the lovel of difficulty in the assembiling of our Products. Spo:rai
offer will be given to the purchase of Ampifier + Cabsnat + Tr

TA-1000A

Metal Cabinet

Transformer

MODEL DESCRIPTION
TA-ZEMKZ  Duptal Voice Mema Ak M0
TASOAE  Muli-Perpose Melody Generator & 1M
Ta-50C uum P\am Medody Generator (Melody such as Hapgy
Wedding March eic) & 1365 1N

TA-120MK2 Mtlﬂsl Main Powar Mono Amp. Ak 3150
TA-300  30W Mult- Purpose Single Chamnel Amp. A& o
SM-302  GOW +BOW Stereo Powes Ampidier [wiih Mic. sput cane

& transfomer included) Ak # o

TA-X2IA  JOW + J0W Stereo Pre-main Amp A 3150 4280
TA-3TTA_ Stabe of the An Fully Complementary Syslemmetrical

Fol Pra-Amp. Add 5855 7500
TA-A00 AUW Sold State Mono Amp. A 2000 U
TA4TT  120W Meatel Power Mono Amp. A& 6300 8500
SM-T20 120W +120W AC/DC Stereo Hi-FI & Pre-Mam Amp

(cane & ransiome mcluded) A A % 7500 8900
TA-BO0M2 120W + 120W Low Tien Pra-Main Stereo Power Amp. A4 6352 7395
TA-802 BOW + BOW Pure DC Sterea Main Power Amp. Ad 45 AN
TA-10004  100W Dynamic Class 'A° Main Power Mono Amp. & 5000 8500
TA-1500  100W + 1O0W New Class "A° DC Shereo Pre-| Ita-nw Ada 1?0 ]
TAZ200  OC Fet Super Class A PraAmp Ad& S84
TA-2500  HO Pre-Amp w10 band graplec equatoer # o
TA-2000  BI-FET IC Pre-Amp. w3 way lone contrel Ak 4% a5
TA-3000  Stereo Semulaioe (For Mong TV o Any Mono Scarce) A 2700 3850
TA-3600 300 HO He-Fi Power Mono Amp A4 A 8500 11000
SM-222 7 Band Sweeo HI-Fi Graghic Equalizer A& %80 38M0
SM-328 4 Crannel Professonal Color Light Controlier « 16500
SM-1XY Assofieo Samound Sound Processol cise B

Irasvibormer MINM:IAILI 7300 8500
SM-BB6  Dyramic Morse Reduct W™WOD MO0
SM-85  Unwersal AudoVieo K.MADKE Miizee Pre-Amp. % 15500

MISCELLANEQUS KIT ASSEMB.

TY-1AMKS  Battery Fiowrescent Light Oriver & 850 1050
YT [Elecironic Towth Switch A 820 1020
Y4 Emcironic Lotio & 1500 2100
TY-11A Multi-Functional Controd Swich & 618 079
T¥-124 | Dl Clock wTamer & 1785 2600
TY13 Colar Led Aude Level Meter & M15 WA
V14 Electrone Shock A 825
TY-18 Hagh precisan Sound Conirol Switch & 02 45
Y- ' Shape color Led Level Metsr A4 45 B0
V238 3 Crannet Color Light Contrcliar ]
V25 Steren Loudsptaker Protector & Has 085
V35 I Wireless Microphone & 1125
TY-3% AGTC Quarts dgral Clock & 1500 2620
Y- SeendTouch Control Swath & 2o 1550
TY-41MKS.  intrared Remote Control Uniicase ransmatter &

eCanE hadte| A kA %00 330
TY-42 Bar/Dot Level Mater & M5 Yy
TY-43 30 Dhgrtal Panel Meter & 2900 3800
TY-45 20 Steps Bar/Det Audio Level Drsplay A& 2845 4B M
Y47 Superior Eiecironic Rovletie A A 1946 2T
Ll 10.000u% BOV Capaceor [Segorisd lor TA:3600. TA-4TT TA-1000A4 TA-S0Z)  23.00
nir B.200u7 S0V Capacitor [Suggeted for TA-B02, TA- 120MK2§ 1300
azt NOBEL [SingieVariable Ressttor (Seggested for Th-3600,

TR-ATT.TA-1000A & TA- 12082 1200
oz ALPS (DualVanable Resator (Suggested fer TA-37TA

TA-2200 & TA-807) 200

REGULATORS KIT ASSEMB.

TR-355A  0-15V 5A Reguiated DC Power Supply (case. fransiormar
inchuted,

L ) A
TR-3558  0-30V JA Reguisted DC Power Sapply (case. Iransformer
il included) & 1565 2178
TA-503  0-50V 34 Reguated IC Power Supply w/Shart Circit &
Overtoad Profection (case. ransformer not nchided] A& 1675 2368

DIGITAL METERS AND COUNTERS KIT _ASSEMB.

Sh-an 3ty Muli-Functional Led DP M. (wABS plashic cane) A M50 L300

CB RADIO OWNERS!

We specialize in a wide variety of technical
information, parts and services for CB radios.
10-Meter and FM conversion kits, repair books,

plans, high-performance accessories, Thousands
of satisfied customers since 1976! Catalog $2.
CBC INTERNATIONAL
P.0. BOX 31500RE, PHOENIX, AZ 85046

LOW cost logic analyzer — A must for compa-
nies and serious hobbyists: 8 digital inputs, sam-
pling rate from 50 nsec to 1 msec. Connects to PC
or compatible via RS-232. Only $250.00 US. For

info: OPENTEK, PO Box 71, Sorel, Quebec, Can-
ada, J3P 2T6.
PROTECT yourself and equipment from electrical

shocks. Complete unit $98.95. SAFETY-UN-
LIMITED, 1743 Baldwin Road, Yorktown, NY
10598. S/H $5.00.

CABLE converters/descramblers all mat
bullet proof, full mode test chips for Toco
Zenith $29.00 ea. S.A.C. 1 (800) 622-379!

LASERS, light shows, plans, books, .5mv
watts, free catalog call 1 (800) 356-7714 ¢
MWK IND., 198 Lewis Ct., Corona, CA 91

SUBWOOFER design software. Compu
signs all subwoofer enclosures! Free 24 h
formation: (503) 754-6051 ext. 2.

DESCRAMBLERS, converters, all maki
models, Zenith w/r $199.00, Pioneer &
$99.00, Oak RTC-56 $99.00, Hamlin MLI
$39.00. Super SA add on $89.00, add or
buster $39.00, Tocom 5503-A $199.00,
5503-5507 VIP-Zenith test chips $29.00
plete line of Jerrold, all items bullet BI’I:
warrantev C.0.D. OK, MOUNT HOO!
TRONICS (206) 260-0107.

PREVENT descrambler damage. Don't £
bullet! Snoag sto r data blocker $29.9
EO CONNEC , 1(800) 933-3038.

FREE CATALOG

FAMOUS “FIRESTIK™* BRAND CB ANTENNAS
AND ACCESSORIES. QUALITY PRODUCTS
FOR THE SERIOUS CB’er. SINCE 1962
FIRESTIK ANTENNA COMPANY

2614 EAST ADAMS
PHOENIX, ARIZONA 85034

ZENITH turned on from $125.00. Also testi
kits for Zenith, from $12.95. SA 8580 t.
available at Ims;&nws We also buy, s

trade all models cable boxes. (305) 425-4

CABLE descramblers, Tocoms, Oak, F
Jerrold, Pioneer, Scientific Atlanta Zannth
let proof. Full warranty. Free calalog K
KONNECTION (702) 433-6959.

SOFTWARE for IBM PC — electronics, pn
ming, math, signal processing. Fractals,
and calculus too! Send SASE to MICR
PLICATIONS, Box 1583, Suisun, CA 945¢

TESTARhfortewngumlnful!mm
Starcom VI, $4000 Starcom VI, $30.00: Star

com DPBB, $50.00 Pnoneer$7500 Tcooran
5503/5507 szsmsawzzmmnmooﬂs
EHGINEENHG. (617) 770-3830.

CABLE test chips S-A 8550, S-A 8500 — 310,
311, 320, 321 (specify) — $33.95. S-A 8580/338
— $69.95. Tocom 5503/07 VIP — $33.95. Star-
com 6 — $33.95. Starcom 7 — $49.95. TELE-
CODE, PO Box 6426-RE, Yuma, AZ B5366-6426.

OSCILLOSCOPE 50 MHz, Hewlett-Packard, sol-
id state calibrated, manual $290.00. 1 (800)
B835-8335 X-159.

Quality Microwave TV Antennas
|| WIRELESS CABLE - IFTS - MMDS - Amateur TV
Ultra High Gain 50db(+) » Tuneable 1.9 to 2.7 Ghz.
g * 55-Channel Dish System §199.95
* 36-Channel Dish System $149.95
* 20-Channel Dish System $124.95
« Opbonal Commercial Grad Antenna (not shown) Add S50 00
= Yagi Antennas. I:nrnponmu Custom Tuning Avaitable
= Cad or wrile (SASE] for “FREE" Catalog
F ** PHILLIPS- ELECTRONICS
pish System P.0. Box 8533 « Scottsdale, AZ 85252

UFETIME _ (602) 947-7700 ($3.00 Credit all phone orders)
WARRANTY  MuslerCard » Viza » American Express » COD's » Quantity Pricing

FIBER optics kits, Experimenters $24.50,

g::l a x-::mw g :: AdA uw 4o Datalink w/PCB $‘\‘36,25, ILL ELECTRONICS,
s fi'.'é"’u?”'.‘.‘:’"f“ Lw'l',:f Tf;::m;_l‘“ :3:::‘3 ::;% Box 47103, Phoenix, AZ 85068-7103.
" ety 10 AhA
80C52-Basic microcontroller board. Basic inter-
METAL CABINETS WITH ALUMINUM PANEL E|reter 32K RAM, 16K Eprom, Eprom programmer,
T & o T I AT 0 iy’ 5232, expansion connector. Bare board with
e o e e 2150 manual, schematics $22.95. 80C52-Basic micro-
T TR T T T T Tha . processor chip $25.95. Assembled and tested
LG-1980 2w 19 E  TAITTA TA-2800, TAZ200, TA-120MK2 050 $124.95. PROLOGIC DESIGNS, PO Box 19026,
POWER TRANSFORMERS Baltimore, MD 21204.
%EL Eiﬁ‘;:'?:m.;“ ﬁ;ﬂ;aﬁ TA-802. TA-1000A. TA-1500 {;Tfu[; JEHROLD‘ Tocom and Zenith “test” chlg
2.8 s d2an TR, TSN TA4DTA 0, TATTA -~ 300 Fully activates unit. $50.00. Cable de-
L) 24V 12 6A Th-120MK2 7m0
S Va2IA R-1558 1700
ey 18V 52 5A TR-355A 1700
woar EWa28A TA-3600 4500

W accept magor Credit Cands, Money Oroers and Checxs - We sho by UPS ground

inside US (min 54 00j and ship by Us mal ou.ua US Pleate caf cur saies
218 o o 30cays

warranty + Quality or Voluma de We are not

lor typographical errors

MARK V ELECTRONICS, INC.
ORDER IN CALIFORNIA 1-800-521-MARK
ORDER OUTSIDE CA 1-800-423-FIVE

CATALOG & INFORMATION (213) 888-8988

ORDER BY FAX (213) 888-6868 = ]
8019 E. Skauson Ave, Montebello, C A 90640

CIRCLE 93 ON FREE INFORMATION CARD

scramblers from $40.00. Orders 1 (800}
452-7090. Information (310) 867-0081.

POWER inverter 100% portable 115V AC 100W
from built in rechargable battery 13 Ibs $185.00
lus $10.00 S/H. Circuit and brochure only $10.00.
ROGRESS TECH, 13222 Carolyn St., Cerritos,
CA 90701.

CABLE conv/descramblers, Pioneer, Qak,
Zenith, Jerrold, SA, Hamlin, Tocom, most models
in stock, all bullet proof, examples — Pioneer add
on descrambler $99.00, Oak RTC-56 $89.00,
Tocom-Zenith test chips $29.00, full warranté
C.0.D. OK, catalog/orders. ULTIMATE CABL
PRODUCTS, (702) 646-6952.

PAY TV AND SATELLITE DESCRAMBLING
ALL NEW 1992 EDITION ALLN

1992 edition update on cable, wireless and salelie. Tum-ons
bullets, bags, B-Mac, blackciphers. Includes New VC Plus Fixes. Ou

Only $15.95. Other (all different) editions: Volume One (Basics), 19
1991 Edition, $15.95 each. MDS Handbook $9.95. Sateliile Syst

$600, $12.95. Any 3/$29.95 or 5/549.95. Scrambling News Yeal
vages) $39.95. Video $20.95. Scrambling News Monthly $24.95/
$3. New catalog $1. Special this month everything Nisted for $99.
Scrambling News, 1552 Hertel Ave.
Butfalo, NY, 14216 ce/Fax (716) 874-20
co 0D §6

SATELLITE TV

FREE catalog — Lowest prices worldwide.

faction guarantee on everything sold — Sy:

pgrades parts, all major bfands factory

warrantied. SKYVISION, 1012 Frontie

Elus Falls, MN 56537. 1 {BDO) 334-6455. C
S (218) 739-5231.

VIDEOCIPHER I, descrambling manual.
matics, video, and audio. Explains DES, E
CloneMaster, 3Musketeer, Y- er-view
Cinemax, Showtime, Adult, etc.) $16.95,
postoga Schematics for Videocypher

Schematics for Videocypher 032, §
Collection of software to copy and alter
codes, $25.00. CABLETRONICS, Box 3
Bethesda, MD 20824.

ANTIQUE RADIO CLASSIF
Free Sample! &LA05]
Antique Radio's
Largest Circulation Monthly.
Articles, Ads & Classifieds.
6-Month Trial: $15. 1-Yr: $27 ($4{}-13H
A.R.C., P.O. Box 802-L9, Carlisle, MA C

EDUCATION & INSTRUCTI

F.C.C. Commercial General Radioteleph:
cense. Electronics home study. Fast, ine
sive! “Free" details. COMMAND, D-17¢
2824, San Francisco, CA 94126.

ELECTRONIC engineering. 8 volumes
lete. $109.95. No prior knowledge requirec
rochure. BANNER TECHNICAL BOOKS

Grant Avenue, Rockford, IL 61103.




PLANS AND KITS

FASCINATING electronic devices! Dazers!
Lasers! Transmitters! Detectors! Free energy!
Tesla! Kits/assembled! Catalo '-? $4.00 (refunda-
ble). QUANTUM RESEARCH, 17919-77 Ave.,
Edmonton, AB. TST 251.

HOBBY/broadcasting/HAM/CB/surveillance
transmitters, amplifiers, cable TV, science, bugs,
other great projects! Catalog $1.00. PANAX S
Box 130-F8, Paradise, CA 95967.

GREAT Project. Silent
Sam reminds you when
you forget. SSTSR (Turn
Signal Reminder) beeps
3 seconds after 15 sec-
onds. Cycle repeats until cancelled. Unobtrusive, dis-
abled when braking; compact electronics kit mounts
atop your flasher. Parts, case, PCB, schematic, instruc-
tions $20 PPD, 2/§35. Visa, MC. 1-800-398-5605.
Silent Sam, 1627 Basil Dr., Columbus, OH 43227,

iEMOTE CONTROL KEYCHAIN

(:omplete wimini-transmitter
nd +5 vdc RF recejver

u!l{ aasembled including plans
o build yuur own auto alarm

24 95 heck,Visa'or M/C.

Add’s 3 shipping
5,10 @ 95

2 55 Fremont, 453
‘Fax (510} 651—8454

Jisitect Inc. Box-
510) 65121425

DESCRAMBLING. New secret manual. Build
your own descramblers for cable and subscrip-
tion TV. Instructions, schematics for SSAVI, gated
sync, Sinewave, (HBO, Cinemax, Showtime,
UHF, Adult) $12.95, $2.00 posta?ﬁe_
CABLETRONICS, Box 30502R, Bethesda,
20824,

CREDIT card encoding standard explained in
plain English. lllustrative examples included, send
$5.00 BSC, Box 1841, Alexandria, VA 22314,

CELLULAR hackers bible Theory — hacks —
modifications — $53.95. TELECODE, PO Box
6426-XX, Yuma, AZ 85366-6426.

DESCRAMBLER kits. Complete cable kit $44.95,
Complete satellite kit $49.95. Add $5.00 5halpme
Free brochure. No New York sales. SUMMIT R
Box 489, Bronx, NY 10465.

SURVEILLANCE transmitter kits tune from 65
to 305 MHz. Mains powered duplex, telephone,
room, combination telephone/room. Catalog with
Popular Communications, Popular Elec-
tronics and Radio-Electronics book reviews of
“Electronic EavesdroEBinE Equipment De-
sign,” $2.00. SHEFFIELD ELECTRONICS, PO
Box 377785-C, Chicago, IL 60637-7785.

HAND held digital recorder announcer. New
lechnoloc?y permits permanent storage of person-
al recordings and messages. Plans $9.95. Kit
$49.95. Send check or money order to CD&M,
303 Northwoods Drive, Ballground, GA 30107.

R E M OVE vocals from standz;rd stereo records,
LEAD
VOCALS

WIRELESS guitar transmission system. Build
our own for $39.95! (kit) RADIOACTIVE
RANSMISSIONS 1 (800) 263-9221 Ext. 2587.

Build this kit which removes lead

CD’s, tapes or FM broadcasts. Sing
along with the background music.
Use with any home component
stereo. Additional kit adds reverb to
our voice, then mixes it with music.
re-assembled boards also avail-
able. Call or write for free info.
Weeder Technologies, 14773
Lindsey Rd., Mt. Orab, Ohio 45154.

From
Records & CD's
513-444-2276

6 MONTH WARRANTY!

CABLE TV DESCRAMBLERS!
CABLE KINGDOM!

*JEROLD* *x0AK* *HAMLIN*
*ZENITH* *PIONEER*
*SCIENTIFIC ATLANTA*

IN STOCK

WE SHIP COD!
ABSOLTLEY LOWEST
WHOLESALE/RETAIL PRICES!
*%kkkkkFREE CATALOGkkxkikx
J.P. VWIDEO
1470 OLD COUNTRY RD
SUITE 315
PLAINVIEW, NY 11803
NO N.Y. SALES
CALL NOW! 1 (800) 950-9145

VIDEOCIPHER Il/satellite/scanner/cable/ama-
teur/cellular/repair manuals, modification books &
software. Catalog — $3.00. TELECODE, PO Box
6426-RE, Yuma, AZ 85366-6426.

KENWOOD & ICOM service bulletins. 175+
pages covering all models. $39.95. Catalog —
$3.00. CODs (602) 782-2316 / FAX (602
343-2141. TELECODE, Box 6426-RE, Yuma,
85366-6426.

FREE! Catal

of fantastic electronic kits. LNS

TECHNOLOGIES, 20993 Foothill Bivd., Suite

307R, Hayward, CA 94541-1511.

with a

Super Horn Tweeter

7 microfared capacitor. Sold in

= o . B
Technician’s Turntable Piezo Super Tweeter BBC 12" Dual Voice Coil VCR Parts Assorlment
Tumtable to speed This extremely Subwoofer (= Convenient
repair of VCRs, TVs small tweeter assortment of clips, W= w--!“-m
and more. Lets incorporates all the Super quality Italian P washers, sd)nngs and | Wl
technician easily advantages of piezo made cast frame dual screws. ‘10 pieces  [EENEE S
turn unit for tweeters into a voice coil subwoofer. each of 4 slzos of ‘E° =
convenient repair. 20° diameter. small package 1hal Paper cone with foam clips, 10 pieces of et
White color. Net weight: 5 Ibs. can be mounted surround. 2° dual i 2 sizes o rela:mn?
4 C g }l(nggt annggflf! QI;re uenwc ﬁs%msa ;OICB coll. fs= 45 Hz. '-\ " rings, 10 pieces of 14

-360-4 Hz 1 ower Freguency response: '\ sizes of washers,

#RH-360-425 $19Each handling: 80 watts RMS, when used & KHz. SenSl!Mty b ‘ ] each of 8 sizes of

96691 WM. \FAS

" tension and compression spnn sand

B paper cone subwoofer with polymer

resin coating. Dual voice coils with 8 chm

impedance per coil. Porled plale speaker
with integral crossover. Frequen

response: 30-500 Hz. 50 watts AMS, 100

watts maximum d%&mer handling capabnlliy

Sansmvn\xl 1W/1M. Dimensions:

10-5/8" (W) 14-5/8° iLevi'(a 501

Hole dlmansmns 9

Net weight: 8

#RH-300-430 iﬁ,;';‘i' s85 $79%
- -uj
EParts v

inhesnalae

Local: 1-513-222-0173
FAX: 513-222-4644

340 E. First St., Dayton, Ohio 45402

This 85 piece kit contains a
selection of 250, 350, and 450 volt
electrolytic capacitors. 5 pieces
each of 1, 2.2, 3.3, 4.7, 6.8, 10, 22uf
and 2 pleces each of :33 and 47uf,
250V radial caps. 5 pieces each of
1,22, 3.3, 4.7, 10uf and 2 pieces
each of 22, 33Uf, 350V radial caps.
5 pieces each of 1,22, 4.7uf and 2

pieces of 10uf, 450V radial caps. Over $62. 00 wholesale
cost if purchased individually.  Net waight: 1 Ib.

#RH-020-950

*30 daymon

on orders exceeding

{w}ybacis guarantee »$20.00 minimum order» We accept
Mastercard, Visa, Discover, and C. O. D. orders. * 24 hour shipping
» Shipping charge = UPS char rate + $1.00 ($3.50 minimum charge)
= Hours 8:30 am - 7.00 pm EST, Menday - Friday = 9:00 am - 5:00 pm
Saturday. Mail order customers, please call for shipping estimate |
5 Ibs. = Foreign destination customers pbease
send $5.00 U.S. funds for catalog postage »

CIRCLE 56 ON FREE INFORMATION CARD

FREE CATALOG

CALL TOLL FREE
| 1-800-338-0531

121 3.73 cuft, QTS=.3
pairs. Net weight: 1/2 Ib. it Boe SaWas1/Re. et | R 24 assorted screws. Total of 246 pieces.
#RH-265-267 $24® $22% weight 9ibs. #RH-430-315 $6% $5% |
The original (1-3)  (4up) #RH-294-130 $1399° $128% (19 (up) |
ezo tweeter . |
maa‘ufact&md 12 Ga. Speaker Wire 9 @@ gyction Cup Mount |
ety 04 o8, Eiie brge et — . 8Ga.In-Line Fuse Holder Cellular Antenna g |
30??5‘12 oo with very high power e The ideal antenna for
mately 50 walts) stereo syslems and for . e portable phones. Suction
power handling use in extramaly Iung — cup grip mounts on inside
capability. cable runs. Over 25 T T S of car. Never have your car
Produces crisp, strands of 36 ga. wire. = : vandalized again. Antenna
clean highs. El’gl?a::ggk g‘lgg”z\"c Screw together Bakei::li g:ae hclr?er with 8 colr;!ersN\.gth 9 feetl of FiaGng
7 { . wire, For use wi e fuses or wi connector.
Eﬂﬁf’:nes'.‘o“n;es Jﬁs < :; ;".(;E'zxzz é'éfz order in multiplies & = reqular AGC fuses when spmm; spacer is ain. Made in the U.S.A. v
3" hole. Motorola #KSN1 DO5A. of 5 feet. . used. 50 amp max at 12 volts. * overall height.
#RH-270-010 $5% $4% $3% #RH-100-151 #RH-070-800 $3*  $27°  #RH-265-200 $1 4&lch
(1-9) (10-79) (80-up) (1-9) {10-up)
In-Wall Subwoofer High Voltage Cap Kit s amman

$49 Kit
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CAB LE DESCRAMBLERS

Converters, Remote Controls, Descramblers, more
—

[FEX102

All major brands carried
*JERROLD, *TOCOM, *ZENITH
*GENERAL INSTRUMENTS
*SCIENTIFIC ATLANTA, *0OAK
*HAMLIN, *EAGLE, *PIONEER
7th Year in business. Thank You
Member of Omaha Chamber of Commerce
1 Year warranty on new equipment

30 Day money back guarantee
Orders shipped from stock within 24 hours

CALL TODAY FOR A FREE CATALOG

1-800-624-1150

g

& 44*"'-4’3">

3 » 87550 T2ndst.
%aua@*@ Omaha, NE 68114

CABLE TV DESCRAMBLERS

* CONVERTERS *
and ACCESSORIES.

A 0
» Al
[P

PANASONIC, JERROLD, OAK,

PIONEER, SCIENTIFIC ATLANTA
AND MORE. LOWEST PRICES. FREE CATALOG.

CABLE READY (800) 234-1006

CABLE T\

CIRCLE 53 ON FREE INFORMATION CARD

DEFEAT videotape anti-co llﬂi PCB, PAL, instruc-
tions w/P&H $17.50. NORM HOGARTH, 955 NW
Ogden, Bend, OR 97701.

VIDEOTAPE dubbing enhancer. Complete kit
$39.00, add $5.00 S/H. Plans and instructions
$5.00. Free brochure. C-TRAN, 1757 W. San Car-
los St., Suite 117, San Jose, CA 95128-5205.

CAMPALERT — Backpackable perimeter alarm
kit $39.95 + $3.00. Send stamp — info PROTEC-
;I’ét'é);IOCONCE PTS, 340 Torrance Ave., Vestal, NY

DESCRAMBLERS
BEST BUYS BEST SERVICE

BULLET PROOF TV TESTED
WANT TO BUY:
TOCOM, SA B590,DPV7212
Must be reasonable price.

FREE Catalog

Dealers Wanted

Muld-Vision  (402)331-3228 800-835-2330

“CABLE BOXES”

BELOW WHOLESALE
GUARANTEED STOCK - COD'S

- DESCRAMBLERS -
(QTY) (10 (20) (40)
NEW TBI3 70 55 CALL
TB2or3 45 40 CALL
SA-3B 45 40 CALL
OAK N-12 43 38 CALL
SB20R3 43 38 CALL

COMBINATION UNITS

DRX-DIC 89 CALL

SYL DIC 59 CALL

PIONEER 295 275 CALL

- CONVERTERS W/REMOTES -
PANASONIC-

TZPC145 65 60 CALL
STARQUEST-

E-Z550 65 60 CALL

E-ZY550 75 65 CALL

THEFT OF SERVICE IS A CRIME. INSTALLING ANY DEVICE
WITHOUT PERMISSION MAY SUBJECT YOU TO CIVIL OR
CRIMINAL PENALTIES. YOU MUST CHECK WITH YOUR
LOCAL CABLE COMPANY AND PAY FOR ALL SERVICE YOU
USE_IT IS NOT THE INTENT OF LAKE SYLVAN TQ DEFRAUD
ANY TELEVISION OPERATOR AND WE WILL NOT ASSIST ANY
COMPANY OR INDIVIDUAL IN DOING THE SAME

LAKE SYLVAN SALES, INC.
SORRY NO MINNESOTA SALES

CALL FOR A CATALOG NOW!!
800-800-4582

CIRCLE 179 ON FREE INFORMATION CARD

2730 50.123rd Cr#126 Omaha, NE 68144

WANTED

INVENTIONS/ new products/ideas wanted: call
TLCI for free information/inventors newsletter. 1
(800) 468-7200 24 hours/day — USA/Canada.

ASK R-E

continued from page 15

I'll assume that you've alre
tried getting in touch with the ¢
nal equipment manufacturers
found them to be either no hel
out of business. There are sex
companies that make new i
heads and also have tape-head
onditioning services.

Here are two companies in
tape-head business and if they ¢
help you, the chances are they’
able to direct you to someone
can.

International Electro Magnetics,
Eric Drive and Cornell Avenus
Palatine, lllinois 60067
(312) 358-4662

Nortronics Company, Inc.
8101 Tenth Avenue
Minneapolis, MN 55427
(612) 545-0401

There's no guarantee that e
of those companies will have e
ly what you need, but I'd be
prised if they can't supply sc
thing similar that will work jus
well.

INVENTORS: We submit ideas to industry. Find
out what we can do for you. 1 (800) 288-IDEA.

EQUIPMENT REPORT

continued from page 23

INVENTORS

INVENTORS! Can atent and profit from your
idea? Call AMERI APJ)INVENTORS CORP. for
free information. Serving inventors since 1975. 1
(800) 338-5656.

B EARN CompuTERS

LEARN COMPUTER

Home study. Be
come a personal
computer expert at
home and in busi-
ness. Learn at your
1 own pace. Exciting
. and easy to follow.

.. Send or call today
%\ forfree literature.
: 800-223-4542
Name
Address
City. State___ Zip

I ScHooL oF CoMPUTER TRAINING i

2245 Perimeter Park
Dept. KJ342 Atlanta, Georgia 30341

CompuScope Lite card and ¢
ware. At $595, the product

price/performance leader. H
ever, many sophisticated users
find it inadequate for their ne:
The $995 64K version adds cor
erable measurement power, as
five GageCalc software modu
each priced at $100. One moc
for example, lets you add, subti
multiply, and divide signals, and
ates a dual-channel digital »
meter. Another lets you differen
and integrate any signals disple
by CompuScope, while yet anc
lets you use the card as a freque
counter. Even without the adi
modules, you are free to write
own custom programs to mar
late and measure signals. And ti
the real beauty behind PC-be
test equipment.
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# & %4 % STARRING + 4 4 4 &
JERROLD, HAMLIN, OAK

AND OTHER FAMOUS MANUFACTURERS
= FINEST \WARRANTY PROGRAM AVAILABLE
= LOWVEST RETAIL / \WWHOLESALE PRICES IN US.
* ORDERS SHIPPED FROM STOCK WITHIN 24 HRS
* ALL MAJOR CREDIT CARDS ACCEPTED
FOR ALL INFORMATION

1-800-345-8927

PACIFIC CABLE CO., INC.
7325': Reseda Blvd.. Dept. 2117
Reseda. CA 91335

BUSINESS OPPORTUNITIES

YOUR own radio station! Licensed/unlicensed
AM, FM, TV, cable. Information $1.00. BROAD-
CASTING, Box 130-F8, Paradise, CA 95967.

LET the government finance your small business.
Grants/loans to $500,000. Free recorded mes-
sage: (707) 449-8600. (KS1).

EASY work! Excellent pay! Assemble products at
home. Call toll free 1 (B00) 467-5566 Ext. 5192.

HOME assembly work available! Guaranteed
easy money! Free detailsl HOMEWORK-R, Box
520, Danville, NH 03819.

FREE CATALOG

+CABLET.V. BOXES - ALL TYPES -
+ LOW PRICES - DEALER PRICES -

AcE PRODUCTS
Q 1-800-234-0726

MONEYMAKERS! Easy! One man CRT rebuild-
|ng.rrnachlneryt $6,900.00 rebuilt. $15,900.00 new.
CRT, 1909 Louise, Crystalake, IL 60014. (815)
477-8655. FAX (815) 477-7013.

MAKE $75,000.00 to $250,000.00 yearly or more
fixing IBM color monitors. No investment, start
doing it from your home (a telephone required).
Information, USA, Canada $2.00 cash for bro-
chure, other countries $10.00 US funds. RAN-
DALL DISPLAY, Box 2168-R, Van Nuys, CA
91404 USA. FAX (818) 990-7803.

WHY pay retail? Order your computer equipment
from the same wholesale suppliers as dealers/
retailers. For a list of over 100 wholesale suppliers,
send $10.00 check or money order to CRM, 2615
Edenborn, Suite B, Metairie, LA 70002, Allow 4 to
6 weeks for delivery.

CABLE TV
DESCRAMBLERS

EE CATALOG
GUARANTEED BEST PRICES * IMMEDIATE SHIPPING

.K. ELECTRONICS

8362 Pines Blvd. Sulte 276 fhastercan)
Pembroke Pines, Fl 33024 e,

MASTERCARD AND VISA are now accepted
for payment of your advertising. Simply
complete the form on the first page of this
section and we will bill.

BUY BONDS

.k mem Electronics

Has a Constant
Flow of New
Products for

Today's tough marketplace
makes the ready availability
of quality electronic parts
more important than ever.
That's never a concern
when you deal with MCM
Electronics. Just go with
the flow—our constant
flow of new products for
audio, video, computer and
telephone repair work.
With each catalog, we add :
hundreds of new products to our
current stock of over 17,000 top-
quality items. And since they're

stocked they're ready for immediate 4 B
shipment, within 24 hours from x LN
your telephone order. *"‘ P

L, | .. -

So call our experts toll free ™ o
at 1-800-543-4330 or FAX
1-513-434-6959. They’re ready ~ S

to keep the parts you need 2\
flowing to guarantee a steady N
_ stream of work. % a% 0

And ask for

our new MCM '.
Electronics ) d
catalog while ,
e YOU're on the

18005434330 WI[ITIK

i ta e f\\

MCM ELECTRONICS .

550 CONGRESS PARK DR,
CENTERVILLE, OH 45458-4072

A PREMIER Campany
Source No. RE-78

o
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A Monumental Selectic

Test/Measurement and Prototype Equipment

n*' =

Jameco Solderless Breadboards

Metex Digital Multimeters
* Handheld, high accura? * AC/DC voltage, AC/DC
current, resistance, diodes, continuity, transistor hFE

Jameco's long-lasting breadboards feature screen-printed color coordinates and are
suitable for many kinds ofprutor}'%ing and circuit design, Larger models feature a

heavy-duty aluminum backing wit

voltage and grounding posts.

(except M3900)
* Manual ranging w/overload protection

* Comes with probes, batteries, case and manual

M3650 & M4650 only:
* Also measures frequency and capacitance
M3800 3.5 Digit Multimeter vesvens $39.95
M3610 3.5 Digit Multimeter ..,....$59.95
M3900 3.5 Digit Multimeter

with Tach/Dwell viiiseennen $59.95
M3650 3.5 Digit Multimeter wiFrequency

& Capacitance wusssssereess 574,95
M4650 4.5 Digit w/Frequency & Capacitance

& Dara Hold Switch.vaee..$99.95

Jameco IC Test Clip Series

* Test Clips are designed for tempor:

Part Dim. — Contact Bind.inﬁ : Part Dim, ~Contact Binding connections to DIP package compon

N No. L"xW" Points Posts Price * Heavy-duty spring loaded hinge pr
JE21 325x2125 400 0 $4.95 JE25 6500x425 1660 3 $17.95 positive contact
JE23 650x2.125 830 0 695 JE26 6875x575 2390 4 24.95 i

JE24 650x3125 1,360 2 1295 JE27 7250x7.50 3220 4 32.95 JTC16  16-pin (for 8, 14 & 16-pin

TC20 20-pin (for 18 & 20-pin IC

GoldStar 20MHz Dual Trace Oscilloscope iTczé 24_::E fox s
The perfect unit for roday's Jrcas 28—pin 4 2
testing and measurement JTCA0  40-pin evursessssnsasssssessnsns

needs! Fearures include a 6"
CRT display, and bandwidth
from DC to 20 MHz. The

EPROMs - for your programming ne

GoldSras Osall Part No. Pricc  Part No. Price  Part No.
O CCpC O | | [ TM52516..........8425  2764A°20 . 27256-25...
B b 0 | TMSI5324 695 2764A25.. 27C256-12
manual, schematics and block | TMS2564...........5.95  27C64-15.. 27C256-15
and wiring diagram. It's TMS2716. <3 27C64-25.. 27C256-20
lighrweight and portable with 27C64-45.. 27C256-25
a two-year warranty. 271280TP 275120TP
27128-20 27512-20...
GS§7020..........$399.95 27128-25... : 27512-25..
A 27128A-15 ..oviiens 4.95 27C512-12
BNC Cable Assemblies National and Intel 27128A-20 vonnnnn 475 27C512-15
for GS7020 Databooks 27128A-25 .........3.75  27C512-20
27C128-15... 575 27C512-25
BNC1  BNC(M) to BNC(M) RG58 \ 27C128-25.........7.95  27C010-15
AU (39"L) verrrnesnenns$3.95 272560TP 19 27C020-15
- k 27256-15... 5.49  27C020-20
pAC2 ﬁgfé:‘;;‘ﬁ"“’m""ags 27256-20...00005.29  68766-35..
BNC3  BNC(M) to Macro Hook A.R.T. EPROM UVP EPROM |

RG174 (39"L)sieersnnsena3.95

COMPUTER PRODUCTS

24 Hour Toll-Free Order Hotline
18008314242

400026 National General Purpose
Linear Devices Databook..19.95

400039 Narional Logic Databook ...19.95

400015 National Data Acquisition
Linear Devices Databook..11.95

400104 National Special Purpose
Linear Devices Databook..11.95

400044 Narional LS/S/TTL
Databook eeceesiascsnneanssn 14:95

* Programs all current EPROMs in the 2716 .
to 27512 range plus the X2864 EEPROM

* Erases all EPROM's * Erase
15 minures and 8 chips in {

Please rofer to 230843 Intel Memory Databook...24.95 | RS232 port * Software included * UV intensity: 6800 UW/C
Mail th' 002 2?0645 Intel Embedded Conrroller EPP ‘199.95 10) R e e

when N
ity ErocssonDasboskeance 260 * Partial Listing * Over 4000 Electronic and Com
Additional Databooks available! Components in Stock! * Call for quantity discou

CIRCLE 114 ON FREE INFORMATION CARD



it Competitive Prices

Computer Upgrade Products and Electronic Components

Upgrade your existing computer system! Jameco will help you upgrade easily and economically.

Fujitsu 101-Key Enhanced Keyboard

s keyboard features 12 funcrion keys, separate cursor and numeric keys.
* IBM PC/XT/AT and compatible computers
+ Automatically switches between XT or AT
* LED Indicators for Num Lock, Caps

Lock, and Scroll Lock
» Tactile Feedback
* Manual included * One-year Warranty

$79.95

Toshiba 1.44MB 3.5" Internal
Floppy Disk Drive

BM PC/XT/AT and compatibles
“ompatible with DOS versions 3.3 or higher
ncludes all necessary installation hardware
44MB formatted high density mode
"20KB formarted low density mode

JE1030:

= 150 Wart

* Built-in fan

* Qurput: +5V @ 154, -5V @ 0.5A,
+12V @ 5.5A, -12V @ (0.5A

* 110/220V switchable

Jameco B80386SX Motherboard

* 16MHz processing sp:ed

* Baby motherboard (8.5"x13")

* Zero or one wait state operation

* Supports up to 16MB of RAM

* Intel 803875X/compatible math coprocessor socket
* AMI BIOS

* Six 16-bir and two 8-bit expansion bus slots

* One-year Warranty

JE3616SN

$249.95

Jameco IBM Compatible Power Supplies

JE1036:

* Qurput: +5V @ 204, -5V @
0.5A,+12V @ 8A, -12V @0.5A

* 200 Wart

« 110/220V switchable

* Built-in fan

vize: 1"H x 4"W x 5.9"D (actual drive size) * Size: 9.5"Lx 5.5"Wx 4.625"H * Size: 6.5"L x 5.88"W x 6"H JE1030
Ine-year Manufacturer's Warranty * One-year Warranty * One-year Warranty
| Additional
6KU $99.95  JE1030  150Warr PC/XT Power Supply sicessssssssasascessssss$69.95 power supplies
Many more upgrade products available! JE1036 200 Wart AT Power Supply $89.95 “"““’“fff’
Integrated Circuits* Memory Connectors IC Sockets
1 No, Part No. Function Price | Part No. Description Price ire W, ! #2
LS00 41256-120 256K DIP 120n5....81.69 | DB25P Male, 25-pin $.65 W
LS02 Gt s 41256-150 256KDIP  150n5....1.59 | DB258 Female, 25-pin 75 | ﬂ{p s:{(]) ?éW s:?';
L504 . 2 511000P-80  IMBDIP  80ns.......5.99 | DB25H  Hood 39 [ 16Lp .12 16WW .89
g?g pEEs s 511000P-10  IMBDIP  100ns.....5.49 | DB25MH Metal Hood L35 | 241p - .19  24WW 139
1630 41256A9B-80 256K SIMM 80ns.....16.95 LEDs | 28LP - 22 28WW  1.69
LS32 421000A9A-80 IMBSIPP  80ns......54.95 XC209R  TI, (Red) $.14 40LP -28 40WW 1.89
1LS74 2 421000A9B-60 1MB SIMM G0ns.......64.95 XC556G T1'3/4 (Green) 16
YA o e et i 421000A9B-70 IMBSIMM 7005....59.95 | XC556R  T1 3/4. (Red) 1z | - Aee
Ifssﬁz 421000A9B-80 IMBSIMM 80ns......54.95 | XC556Y  T1 3/4, (Yellow) .16 3
ngB | Miscellaneous
138 ... | * .
Rt | Components Call or Write for your
1 .

s Potentiometers FREE Spring Catalog:
Eg;g Values available (insert ohms into space marked Ie 800" 637‘ 8471

"XX%):
L8374 e 5002, 1K, 5K, 10K, 20K, 50K, 100K, IMEG

Li 1es* 43PXX  3/4 Ware 15 Turn.... $.99 24 Hour Toll-Free Order Hotline:

RONr 5 63PXX  1/2 Watt, | Tum cwn.er .89 Te 800 83 ' 4242

rt No. 1-9
EOS 2GR 8.5 Transistors And Diodes
v317T... ..59 ® $30.00 Minimum Order
V324N 35 PN2222 $.12 IN751 $.15 : .

18, FAX: 1480042376948 (Domessic)
V3367 ... 1.09 PN2907 .12 C106B1 .65 y
V339N... . .45 1N4004 10 2N4401 .15 ELECTHON!C COMPONENTS FAX: 41525922503 (international)
E555V.... .29 2N2222A .25 IN4148 .07 Jameco ServiceLine™ (Computer Repair);
M556N... .49 1N4735 .25 2N3055 .69 COMPUTER PRODUCTS 1+800+831+8020
:;ﬁgg : ;3 2N3904 .12 IN270 .25 1355 Shoreway Road  Technical Support: 1+800+831:0084
V1458N. 30 Switches Belmont, CA 94002  BBS Support: 415+637:9025
M1488N. .45 MT123 SPDT, On-On (Toggle) $1.15
MI1489N. . .45 JZGG-B SPST, 16-pin ([{, J:Jﬂ’] ______ 1.09 l For International Sales, Customer Service, Credit Department and All Other
LN2003A... ..69 MPC121 SPDT. Inquiries: Call 415:592+8097 between 7AM-SPM P.S.T.
M3914N. 2.49 On-Off-On (Toggle) wersnna1.19 : ; s AU : )
E5532 ... 1.19 MS102  SPST. Momentary CA Residents please add applicable sales tax - Terms: Prices subject to change withour notice.
305T 45 -1,‘ Ve o 39 E3 shipping, handling  Irems subject to availability and prior sale.
312T 45 (Push-Button)sesssessssssssss . m @ md insurance are Complete list of terms/warranties is available

*Call far a mm‘pfﬂ( listing of ICs *Additional components available

upon request.

0 1992 Jameco 892  All trademarks are registered trademarks of their respective companies.
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AMAZING

Remember those Martian

Space Ships in HG Wells -
War of the Worlds?
MYSTERY

Levitating Device

Obijects float on air and move to the
touch. Defies gravity! Amazing gift, 2
conversation piece, magic trick or

PRODUCTS and KITS

FREE CATALOG!
1-800-648-7938

JERROLD HAMLIN OAK

CABLE TV
DESCRAMBLE

e Special Dealer Prices!
= Compare our Low Retail Prices!
s Guaranteed Prices & Warranties!

* ELECTRONIC @

Laser Pen
Pen sized laser, great for movies,
drive- ins, pointer. Ready to use, with
batt's. LAPN1 Laser Pen . $149.50

» Orders Shipped Immediately!

“| Pocket Laser Kit REPUBLIC CABLE PRODUCTS, IN(

3mw or Smw kits, with solid state

great scientific project.
ANT1K Easy-Ass'y Kit/Plans$19.50

TV & FM Joker/Jammer

Pocket size device lets you remotely

670nm diode. Caution, Class lila item.
VRL3KM 3mw Laser Kit ... $99.50
VRL5KM 5mw Laser Kit .. $119.50

Lo 4080 Paradise Rd. #15, Dept REBY2
— Las Vegas, NV 89109
For all other information (702) 362-902

3 MILE | disrupt TV or radio reception. Great
Wirel gag! Discretion required. Easy-build MORE Laser Kits!
Fﬁ?,‘ %essi electronic kit. EJKTKM ... $19.50 | | AS1KM 1mw Laser, 632nm, HeNe
icrophone: Easy to Build Kit ........ $69.50

100,000 V - 20’ Range
Intimidation Device!

Electronic module, may be enclosed
for handheld, portable, or fixed uses.

Crystal clear, ultra-sensitive pickup
transmits voices, sounds to any FM
radio. For security, monitoring

children, invalids. Be the local DJ!

LAS4KM 3mw Version, Kit $99.50

LATOS Low Cost HeNe Laser Tube!
.5mw Tube & Plans .. only $24.50

4 ELECTECH /
CABLE T.V. DESCRAMBLE

MVPPlans  .......... $7.00 | /M2 Plans (creditable to ki) $10.00 | o Ourer Pars avaiable separately. . All qual }
MVPIR KPS oo $3950 | 1TM2K Kit & Plans ... $49.50 | Sront ~ow Budget Sclence Project « All fuﬁl’ 33:2%33"? 'mﬁse ti
3 MILE @PRE | READY-TO-USE, AUTOMATIC Shocker Force Field Knowledgeable Sales Service Depart
Telephone Phone Recording @@ Vehicle Electrifier FOR FREE CATALOG 800-253-0
Transmitter! System

Automatically transmits 2 sides of
phone conversation to any FM radio.
Tunable, easy-assembly PC board.
Operates only when phone is in use.
VWPM7 Plans
VWPMK?7 Kit/Plans

INFORMATION UNLIMITED/@m
Dept RE-4 Box 716, Amherst NH 03031 r by Mai, or by
Phone 603-673-4730 ~ FAX 603-672-5406 | 509911706
MC, VISA, COD, Check Accepted. ADD $5 S&H.

The World is Talking!

Shortwave
Listening
Guidebook

Complete with extended play tape
recorder & line interface switch.
Automatically records both sides of
conversation. Check Local Laws on
Proper Use! Ready-to-Use System.
TAP20X System ........ $149.50

«fi{’%

—_—

Make hand shock balls, shock wands
electrify objects, charge capacitors.
Great pay back for those wise guys!
SHK1KM Easy-Assembly Kit$24.50

Stop Smoking

&
&) American Heart Associatic

with many more items!
FREE with order, or send $1 P&H |

Enter A World Of Excitement with a Subscription to

Popular Flectronics

Get the latest electronic technology and information monthiy!

by H Helms : : !

YAy Popular Electronics brings you informative new prod- T
I‘Iere’s your guide uct and literature listings, feature articles on test P “l El
to getting the most equipment and tools—all designed to keep you tuned 01] ar

from a shortwave

radio! In clear,
nontechnical lanﬁuage. Harry

| explains how, when, and where to listen

| in. Its 320 heavily-illustrated pages are

| packed with advice on:

in to the latest developments in electronics. So if you &l e e e
love to build fascinating electronics, just fill out the i
subscription form below to subscribe to Popular
Electronics . . . It’s a power-house of fun for the
electronics enthusiast.

EXCITING MONTHLY FEATURES LIKE: [_1SPECIAL COLUMNS
[JCONSTRUCTION  [JFEATURES [J HANDS-ON-REPORTS

FOR FASTER SERVICE CALL TODAY
1-800-827-0383

(7:30 AM-8:30 PM—EASTERN STANDARD TIME)

mplllal‘ FlectronicS  SUBSCRIPTION ORDER FORM

PO Box 338, ML Morris 1L, 61054 PLEASE PRINT BELOW’

e antennas

« selecting the right radio
= accessories

* reception techniques

Learn how to hear the BBC, Radio
Moscow, ham operators, ships, even
spies and *‘pirate” radio stations! Includes
hundreds of station frequencies and the
times you can hear them.

YES! [ want to subscribe to Popular Electronics for
1 Full year (12 Issues) for only $18.95. That's a savings
of $23.05 off the newstand price. SAME ~——rT —
(Basic Subscription Rate—1 yr/$21,95) it

[ Payment Enclosed [_] Bill me later

Only $16.95 at radio equipment dealers,

or order direct from HighText! Add $3
shic‘:uping (34 Canada, $5 elsewhere). CA
add sales tax. U.S. funds only please.

Electronics Now, August 1992

I* I g th xt Please chargemy: [ Visa  [_) Mastercard ey

publications inc. Acct. #| {0 T | S | | | CITY STATE i
7 it . E :‘\llu}&' 6to8 W\?L’}Iis for delivery of first issue, U.S. Funds o
Sl ZSDML mé‘;%"zaldils””e 15 . In Canada add $6.68 Postage (Includes G.S.T) All Other
anLIEED, | Signature Exp.Date  Foreign add $7.50 Postage. AHH
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CAT# FSH-2  $6.00 sach

CAT# MAG-5 $1.50 each
Wireless Remote Control
FOR NINTENDO™

CAMERICA “Freedcm Connection” ™
Turns your wired Nintendo™ control pad-
dle into a remote control unit. Infrared re-
mote like those used on TV's and VCR's
sliminates massy wires. Allows players
more mobility. Two players can use one
remote unit except on games where they
play simutanecusly. Inthose games two
“Freedom Conneclions™ units are re-
quired. A wall-k r ional di

toy chain sells these lor more than twice
our prica. Operates on 4 AAA batleries
(not included). CAT#IR-1 $9.95

FLASH UNITS

NEW compact flash assemblies from a
camera manufacturer. Operates on
3 Vdc. Measures 2 1/2" X 1 1/4%, Ideal
for use as a strobe, waming light or atten-
tion getter. Includes a hook-up diagram.
CATH FSH-1 $3.75 each
10 for $35.00 » 100 for $325.00

()

- % |
o)
AAA
AA 1.20 500 mAh
AA wi Solder Tabs 1.20 500 mAh
Sub C w/ Scider Tabs 1.20 1200 mAh
c 1.20 1200 mAh
C Heavy Duty 1.25 1800 mAh
D 1.20 1200 mAh
D Heavy Duty 1.25 4000 mAh

Small, cowerful neodymium magnel, Irregular shape
apprc... 0.84" X 0.7° X 0.1 thick. Strong for its size.

COURTEOUS SERVICE - QUALITY PARTS - DISCOUNT PRICES - FAST SHIPPING

Electronic FLASH

ITT Magicflash. Originally designed for Polaroid
One-Step and Pronto cameras. Nice bright flash
can be triggered by external 3 Vdc pulse. Operales
on 6 Vdc, 4 AA cells (not included). Useful for
special effects of flash lighting. Circuitry includes

a very desirable 600 uF 330V photoflash capacitor
which is, by itself, worth the price of the unit.

e

SMALL NEODYMIUM MAGNET

J'/q
L

Surface mount ‘r-a;
LED chip. e
Clear when off, green when lit.
Very tiny - whaole unit is 0.115"
X 0.055" X 0.05" thick. 1mm
{0.04") lens diameter. Gold-
plated mounting surfaces for
superior conductivity.
CAT# SMLED-2 10 for $2.00
100 for $18.00
1000 for $140.00

Standard JUMBO
Difiused T 1-3/4 size (5 mm)

“as

RED CAT#LED-1
10 for $1.50 = 100 for $13.00
GREEN CAT# LED-2
10 for $2.00 + 100 for $17.00
YELLOW CAT# LED-3
10 for $2.00 = 100 for $17.00

FLASHING LED

Wi built in flashing circuit
5 volt operation, T 1-3/4

(Smm) i Iy
aft—

-—

RED 50¢ sach
CAT#LED-4 10for$4.75
GREEN 75¢ each
CAT# LED4G 10 for $7.00
YELLOW 75¢ each
CAT# LED-4Y 10 for $7.00

LED HOLDER
T jace holder.
cavHien (B[]
10for 65¢

RECHARGEABLE BATTERIES (nickel-cadmium)

oty 4
Cacs 1-8 »
NCB-AAA $1.50 $13.50
NCB-AA $2.00 §18.50
NCB-SAA $220 $20.00
NCB-SC $4.25  $40.00
NCB-C $4.25  $40.00
HONCB-C $525 $42.50
NCB-D 3450 84250
HDNCB-D $7.00 $65.00

FAX (818) 781-2653

REDUCED PRICES

INFRARED Remote A.C. SWITCH

A.C. Line Cord

A This infrared remate control device lets you turn on/off lamps, appliances
| ~ 3 K or other 120 Vac devices using an IR transmitter similar to the one on your
8 1 r"""-a-\_}}_‘ TV or VCR. Originally designed for use with a hydromassage unit, these
4151 | ":-\.. AR, transmitiers and receivers will apparently operate most A.C. devices with
11 1 | | | 1 2 prong non-polarized plugs. Not recommended for use with healers. Re-
i ey | & quires a 9 volt battery (not included).
it 2
| |

CAT# RC-1
g smch 8" Black A.C. power cords. SPT-1 insulation. Polarized plug. Hanked.
2 for $17.00 CAT# LCAC-7 2 for $1.00 » 100 for $45.00 » 1000 for $400.00

D.C. Wall Transformers (120 Vac INPUT) Electret MIKE
Yoits Amps Plug Style Center Catw Price High sfficiency, omnl-
4Vde TOma. 2.5mm co-ax negative DCTX-470  $2.00 directional, miniature |
6Vde 300ma. 2.1 mm co-ax posilive DCTX-632 $2.75 electret condenser i
8.3 Vde 10 ma. battery snap DCTX-8310 $1.50 microphione element. Low current
9Vde 300ma. 2.1 mmoco-ax positve DCTX-832  $3.00 drain, good signal to noise ratio, cper-
12Vde 100ma. 2. 1mm co-ax negatve DCTX-1210 $2.50 ates on 2 1o 10 Vdc. |deal for noise-
12Vdec 500 ma  2.1mm co-ax negative DCTX-125  $4.50 activated alarms telephones, lape re-
12Vde 1 Amp none DCTX-121  $6.50 corders, and other applications. 0.39"
14 Vde 700ma. 1.3mm co-ax negative DCTX-1470 $5.25 dia X 0.31" high.
15Vde 400ma. 2.5mm co-ax negative DCTX-1540 $4.50 CAT# MIKE-10

200 pes $150.00 each

VERY SPECIAL DEAL
17 Vde 210 ma. WALL
TRANSFORMERS

ELECTROLUMINESCENT

110 WATT SWITCHING

BACKLIGHTS POWER SUPPLY

Sl

Al last] A low cost electroluminescent glow
sirip and inverter, These brand-new unils
wera dasigned to backlight small LCD TVs
made by the Citizen Watch company. The
inverter circuit changes 3 or 6 Vdc to ap-

New 17 Vde,
210 ma wall
transformers.
6 ft. cord.
Unusual
co-axial device on end of
cord can be cut off and used
for another application.
Large quantity available.
CAT# DCTX-1721 $1.50 ea.
100 for $1.25 each

proximately 100 Vac, the voltage required to 1000 for $1.00 each Regulated sritcrt-ir;g‘ ?ovwer supply.
light the glowstrip. Luminescent surface nput: ac
area is 1.7 X 2.25". The strip is a salmon 10 AMP SOLID Output: +5 Vdc @ 6 amps
color in its off state, and glows white when STATE RELAY -5 Vdc @ 1amp
energized, The circuit board is 2.2° X 1°, +12 Vde @ 3 amps

Glow strip and circuitry can be removed | (USED) -12Vdc@3amps
easily from plastic housing. Ideal for 10 amp Overload alnd shoﬂ-u_lcutl protection.
special lighting effects. solid state Voltage adjustment trimmer. Fused.

9.62" X 3.5" X 2.22° vented aluminum
chassis. Requires standard IEC style
power cord ( not included).

CAT# PS-50 $22.00 each

relays, removed

from equipment and tested.
Control voltage: 250 volis AC
a 10 amps, Standard “hock-
ey-puck” size: 2.27° X 1.72"
X 0.95%, UL and CSA listed.
CAT# SSRLY-11U

$8.25 each - 10 for $80.00

PC Board With Rf Modulator
(and lots of other paris)

We recently received a load of thesa PC
boards which contain, among other things,

a RF modulator. With a little desaldering

you should be able to liberate a working

unit from the board. Also contains a 7805T
voltage regulator with a couple of heatsinks,
20 ICs, capaciors, resistors,diodes and
connectors, No hook-up information available
on the modulaior.

CAT# VMB-1 $2.75 each

Citizen® 92TA operates on 3-6 Vdc
CAT# BLU-92
LARGE QUANTITY AVAILABLE

10 for $32.00
£330,

100 for $275.00

Power cord for above switching power
supply. CAT# LCAC-C7 $3.00 each

Piezo Element

3 wire piezo 3
elamant. Ao
Taiyo Yuden Co.

# CB358BKR4 [l

Self-excited piezo 1/
alectric diaphram, },r
1.40" diameter x i,
0.021" thick.

Resonant resistance: 400
ohms. 5" color-coded leads.

CAT# PE-12 $1.00 each
10 for $8.50 + 100 for $65.00

INFORMATION (818) 904-0524

Call Or Write For Our

Free 64 Page Catalog

Outside the U.S.A. send $2.00
postage for a catalog.

Minimum Order $10.00 « All Orders Can Be Charged To Visa, Mastercard
Or Discovercard « Checks and Money Orders Accepted By Mail « California, Add
Sales Tax « Shipping And Handling $3.50 for the 48 Continental United States -
All Others Including Alaska, Hawaii, P.R. And Canada Must Pay Full Shipping -
Quantities Limited « No C.0.D. « Prices Subject to change without notice.

MAIL ORDERS TO: ALL ELECTRONICS CORP - P.O. BOX 567 - VAN NUYS, CA 91408

CIRCLE 107 ON FREE INFORMATION CARD
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CABLETRONICS

CONVERTERS

1-4Units 5 Units 10 Units

PANASONIC TZP 145 $88.00 $75.00 $70.00
STARGATE 2000 $79.00 $69.00 $65.00
*MCC 3000 $25.00 $19.00 $15.00
ADD-ON DECODERS
SB-3 (NEW) $50.00 $45.00 $43.00
*SB-3 FACTORY $45.00 $39.00 $35.00
SA-3 $56.00 $50.00 $45.00
DTB-3 $65.00 $55.00 $50.00
KNI2A-2 or 3 $49.00 $45.00 $40.00
*HAMILIN MLD 1200-3 $49.00 $40.00 $35.00

*ZENITH SSAVI

$165.00 $149.00 $125.00
$159.00 $139.00 $125.00

SA-DF

COMBOS
JERROLD DPV7 $299.00
JERROLD DPBB $319.00
SA8580 COMBO $299.00

*JERROLD DRX-3-DIC
JERROLD DRZ-3-DIC
*OAK M35B

HAMLIN SPC COMBO
ADD $10.00 FOR VARISYNCH

*Refurbished as New

$165.00
$175.00
$45.00
$50.00

$149.00 $239.00
$259.00 $249.00
$225.00 $215.00
$105.00 $89.00
$115.00 $99.00

$35.00 $30.00

$44.00 $44.00|

Qary OUTPUT

CHANNEL

PRICE
EACH

TOTAL
PRICE

California Penal Code #593-D Forbids us from | SUB TOTAL

shipping any cable descrambling unit to Shipping Add

anyone residing In the state of california. 5.00 Per unit

COD/CreditCard
Add 5%

Prices subject to change without notice.

TOTAL

Please Print

Name

Address City

State Zip Tel:( )

D Cashier's Check [CIMoney order Ocop

Owvisa [Omc cc# Exp. Date
DECLARATION OF AUTHORIZED USE- |, the undersigned, do hereby declare
under penalty of perjury that all products purchased, now and in the future,
will only be used on TV systems with all applicable federal and state laws.
FEDERAL AND VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL
CRIMINAL AND CIVIL PENALTIES FOR UNAUTHORIZED USE.

Date Signed

Cabletronics

9800 D Topanga Canyon Blvd., Suite 323,
Chatsworth, CA 91311

For Free Catalog, or to place an order call
(800) 433-2011 » FAX (818) 709-7565

THIS LAND

Gave us our past...
It can give us ot
future

Help protect
America’s
so1l and wate
today.

We owe it to our
children.

Find out what you can do.
Call 1-800-THE SOIL to get your free

United States Soil
Department of Conservation
Agriculture Service \




CORN

ELECTRONICS

10010 Canoga Ave., Unit B-8

Chatsworth, CA 91311
. _LASERDIODES |

WAVE- OUTPUT OPER. OPER.

STOCK # MFG. LENGTH POWER CURR. VOLT. 1-24 25-99 100+
LS9220 TOSHIBA  660nm 3 mw 85mA 25V 12999 12349 111.14
LS9200 TOSHIBA  670nm 3mw B5mA 23V 49.99 4799 43.19
LS9201 TOSHIBA  670nm 5 mW B0mA 24V 59.99 5699 51.29
LS9211 TOSHIBA  670nm 5mwW S50mA 23V 69.99 66.49 59.84
L§9215 TOSHIBA  670nm 10mW 45mA 24V 10999 104.49 94.04
LS3200 NEC 670nm 3mwW 85mA 22V 59.99 56.89 51.29
Ls022 SHARP 780nm 5mw 65mA 175V 19.99 1899 17.09
SB1053 PHILLIPS  820nm 10mW 90mA 22V 1099 1044 9.40

WAOQ Il PROGRAMMABLE ROBOTIC KIT

The pen mechanism in-
cluded with the robot allows it
to draw. In addition to drawing
straight lines, it can also accu-
rately draw circles, and even
draw oul words and short
phrases. WAQ |l comes with
128 x 4 bits RAM and 2K ROM,
and is pregrammed directly via
the keypad attached to it. With
its built-in connector port, WAQ
Il is ready to communicate with
your computer. With the
optional interface kit, you can
connect WAO |l to an Apple II,
Ile, or II+ computer. Editing and
transfering of any movement
program, as well as saving and
loading a program can be
periormed by the interface kit.
The kit includes software,
%ble. card, and Ill'lstrumion;.

@ programming language is
BASIC.

o

* Power Source - 3 AA batteries (n'ol included)

STOCK # DESCRIPTION 1-9 10-24 25+
MV361 WAO Il Programmable Robotic Kit 79.99 7599 68.39
WILAP Interface Kit For Apple ll, lIE, i+ 39.98 37.99 3419

SINCE 1983 — YOUR I.C. SOURCE — AND MUCH MORE!
NO SHIPPING CHARGES ON PRE-PAID ORDERS!*

NO CREDIT CARD SURCHARGE!
SCHOOL P.O.'s WELCOME!

_PR

= i

© The total design workstation - including
expanded instrumentation, breadboard
and power supply.

® |deal for analog, digital and micro-
processor circuits

® 8 logic praobe circuits

® Function generator with continuously
variable size, square, triangle wave
forms, plus TTL pulses

® Triple power supply offers fixed 5 VDC
supply plus 2 variable outputs — +5 - 15
VDC and -5 - 15 VDC

® § TTL compatible LED indicators, switches

® Puisers

® Potentiometers

® Audio experimentation speaker

® Multiple features in one complete test
instrument saves hundreds of dollars
needed for individual units

@ Unlimited lifetime guarantee on bread-
board sockets

* Fixed DC output
+5VDC @ 1.0 amp, ripple - S5mV

L]

Variable DC output
+5-to+15 VDC @ 0.5 amp, ripple -
5mV

DESCRIPTION

PB503

Protoboard Design Station

N |
® Variable DC outpul

-5-to-15VDC @05 amp, ripple -
smv

Frequency generator

frequency range: 0.1 Hz to 100 KHz in 6

ranges

output voltage: 0 to £ 10V (20 Vp-p)

output impedance: 800  (except TTL)

output current: 10mA max., short circuit

protected

output waveforms: sine, square, triange,

TIL

sine wave: distortion
KHz)

TTL pulse: rise and fall time
drive 20 TTL loads

Square wave: rise and fall time £1.5 s
Logic indicators

8 LED's, active high, 1.4 volt (nominal)
Eprgshold. ianutEProleclefi t? > 2(‘1 volts

3% (10 Hz to 100
25ns

2 push-button operated, open-collector
output pulsers, each with 1 normally-
open, 1 normally-closed output. Each
output can sink up to 250 mA
Potentiometers
1-1K 110K
and uncommitted
BNC connectors
2 BNC connectors pin available and
uncommitted shell connected to ground
Speaker
025W,8 0
Breadboarding area
2520 uncommitted tie points
Dimensions
11.5" long x 16" wide x 6.5" high
® Input

3 wire AC line input (117 V, 60 Hz

typical)
® Weight

7 Ibs.

, all leads available

299.99 284.99 256.49

IDC BENCH ASSEMBLY PRESS

The Panavise PVS505 1/4 ton
manual IDC bench assembly
Frr.‘ss isa rugged, practical instal-
tion tool designed for low
volume, mass termination of
various |DC connectors on flat
ribbon cable.
® Assemnbly base & standard
platen included
Base plate & platen may be
rotated 90° for maximum
versatility
Base plates & cutling acces-
sories are quickly changed
without any tools required
Additional accessories below
Size- 10" Wx 875" Dx 9" H
Weight - 5.5 [bs,

A

cw

80-1

and
The

mm in diameter and 27.0 mm fong.

DESCRIPTION 1-9
Panavise Bench Assembly Press  149.99

COLLIMATING LENS

This economical collimating
lens assembly consists of a
black anodized aluminum
barrel that acts as a heat sink,
and a glass lens with a focal
point of 7.5 mm, Designed to fit
standard Smm laser diodes,
this assembly will fit all the
above laser diodes. Simply
place diode in the lans assam-
bly, adjust beam lo desired E5¢s'sl3
focus, then set with adhesive. LP3s

10-24
142.49

25+
128.24

STOCK #
881052

STOCK # DESCRIPTION

PVS05

DESCRIPTION

25+
2137

STOCK #
LSLENS

DESCRIPTION 1-8 10-24

Collimating Lens Assembly 2489 2374
POWER SUPPLY

s |nput 115/230V

= Output: +5v @ 3.75A

4@‘-

COLLIMATING PEN

ing a MOVPE grown gain
This collimator pen delivers a maximum

The cperating vollage of 2.2-25v @

applications such as data retrieval,
telemetry, alignment, etc.

The non-hermetic stainless steel case
is specifically designed for easy align-
ment in an optical read or write system,

ing laser light .18 mrad. The wavefront
quality is diffraction limited.
The housing is circular and precision manufactured measuring 11.0

As with all special buy items, quantity |s limited 1o alock an hand

Infra-Red Collimator Pen

L MODE LASER POINTER

Dual Mode Laser Pointer
ROBOTIC ARM KIT

Robots were once confined to science
fiction movies. Today, whether they're
perlorming dangerous tasks of putting
together complex
are finding their way into more and
more industries. The Robotic Arm Kit

low power collimator pen contain-

aAlAs laser,
output power of 2.5 mW at 820 nm,
50mA is designed lor lower power

consists of a lens and a laser diode.
lens system collimates the diverg-

Data sheet included

STOCK #

1-9 10-24 25+ 19 10-24 25+
4993 4749 4274 | LDM135-5 .5 mW Laser Diode Moduie 17999 17099 15389
LDM135-1 1 mW Laser Diode Module 18999 18049 162.44
LDM135-2 2 mW Laser Diode Module 199.99 18989 170.99
New siimline laser pointer isonly %" | LOM135-3 3 mW Laser Diode Module 20999 19949 17954

in diameter x 64" long and weighs
under 2 oz., 670 nm @ less than 1
mW produces a 6 mm beam 2
switches, one for continuous mode,
and one for pulse mode (red dot
flashes rapidly). 2 AAA batteries
provide 8+ hours of use. 1 year
warranty

1-9
199.99

10-24
189.99

25+
170.99

STOCK =
LT1001

preducts, robotics

LASER DIODE MODULE

The LDM 135 integrated as-
sembly consisting of a laser
diode, coliimating optics and
drive electronics within a single
compact nuuslnﬁgﬁ.ozfa:;nur.es a
bright red dot at nm. It is
supplied complete with leads for
connection to a DC power supply
from 310525V

Though pre-set to produce a
paraliel beam, the focal length
can readily be adjusted to focus
the beam to a spot.

Sturdy, small and self-con-
tained, the LDM135 is a precision
device designed for a wide range
of applications. 0.84" diam. x 2"
long.

DESCRIPTION

He-Ne TUBES

Mew, lested 632nm He-MNe laser
tubes ranging from SmW to 3mW
(our choice). Perfect for hobbyists
for home projects. Because of the
variety we purchase, we cannol
guarantee specific outputs will be
available at time of order. All units
are new, tested. and guaranteed
to function at manufacturers
specifications.

DESCRIPTION 1-9 10-24
He-He Laser Tube 6999 ©6649

AVOIDER ROBOT KIT

An intelligent robot that knows how
to avoid hitting walls. This robot

25+
53.84

“12v @ 1.5A is an educational kit thal teaches a i
e s e S IR e
® Size: 7L x5 Wx 2% H Command 1 to perform simple tasks. :‘;{‘m:‘“”’ torna- lefk-and con-
STOCK # PRICE STOCK # PRICE STOCK # PRICE
PS1003 §19.99 YO1 $43.99 MVai2 $43.99
ORDER LINE — (800) 824-3432 ® INTERNATIONAL ORDERS — (818) 341-8833 s

L ¥ FAX ORDERS — (818) 998-7975 ® TECHNICAL SUPPORT — (818) 341-8833 ===
o 15.00 MINIMUM ORDER  UPS BLUE, RED & FEDERAL EXPRESS SHIPPING AVAILABLE ¢ OPEN MON-FRI 9:00 AM - 6:00 PM, SAT 10:00 AM - 3:00 PM PDT
e CA RESIDENTS ADD 8%% SALES TAX ® CALL FOR QUANTITY DISCOUNTS e CALL FOR FREE CATALOG (FOR 15T CLASS DELIVERY OR
CATALOGS DELIVERED OUTSIDE THE U.S. — SEND $2.00)  WE CARRY A COMPLETE LINE OF ELECTRONIC COMPONENTS
“NO SHIPPING CHARGES ON PRE-PAID ORDERS DELIVERED IN THE CONTINENTAL U.S.

CIRCLE 197 ON FREE INFORMATION CARD
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THE ELECTRONIC GOLDMINE
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Cable TV
Descrambler Kits

Universal Kit.......cceeevennnrs $55.00

Includes all parts and PC Board. Not included
is the ac adaptor or enclosure.

Tri-Mode Kit....................$39.00

Includes all pans, PC Board and AC Adaptor. Not
Included is the enclosure.

SB-3 Kit....ocviennnrenenennn...$29.00

Includes all parts, PC Board and AC Adaptor. Not
included is the enclosure.

Universal Tutorial.............$9.95
Includes an in depth study of the techonclogy used
and has troubleshooting hints.

Tri-Mode Tutorial..............$9.95

Includes a gate by gate study of the circuit and has
troubleshocting hints.

Snooper Stopper............$39.00

Protect yourself from descrambler detection and
stop the *bullet®.

Call Toll Free
1-800-258-1134
C.0.D.

M & G Electronics, Inc.
301 Westminister Street
Providence, Rl. 02903

CIRCLE 195 ON FREE INFORMATION CARD
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Gernsback Publications, Inc.
500-B Bi-County Bivd.
Farmingdale, NY 11735
1-(516) 293-3000
President: Larry Steckler
For Advertising ONLY
516-293-3000
Fax 1-516-293-3115
Larry Steckler
ublisher
Christina Estrada
istant to the President

Arline Fishman

advertising director
Denise Haven

advertising assistant
Kelly McQuade

credit manager
Subscriber Cust Service
1-800-288-0652
Order Entry for New Subscribers
1-800-999-7139
7:00 AM - 6:00 PM M-F MST

SALES OFFICES

EAST/SOUTHEAST

Stanley Levitan, Eastern Sales Man
Electronics Now

1 Overlook Ave.

Great Neck, NY 11021
1-516-487-9357, 1-516-293-3000

Fax 1-516-487-8402

MIDWEST/Texas/Arkansas/Okla
Ralph Bergen, Midwest Sales Mana
Electronics Now

One Northfield Plaza, Suite 300
Northfield, IL 60093-1214
1-708-446-1444

Fax 1-708-559-0562

PACIFIC COAST/Mountain State
Marvin Green, Pacific Sales Manag:
Electronics Now

5430 Van Nuys Blvd. Suite 316

Van Nuys, 91401

1-818-986-2001

Fax 1-818-986-2009

EN Shopper

Joe Shere, National Representative
P.O. Box 169

Idyllwild; CA 92549

1-714-659-9743

Fax 1-714-659-2469



Call for free catalog - Factory Direct Order Line:

FL (305)771-2050 ¢ FAX (305)771-2052
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You want a 51
bargraph & a full

range counter — g *

Optoelectronics ™, "iay,
> can deliver!

) Now for a limited time only, $160.
off the list price. for our Full Range
. Model 2810 with bargraph — plus:

FAY/
o """’(fv-;'ns-

\.- Full range -10Hz to 3GHz.
) » LCD display (daylight visibility).

* True state-of-the-art technology
with the high speed ASIC.

| . NiCads & Charger included.
» Ultra-high sensitivity.
e 4 fast gate times.
e Extruded metal case.
* Compatible with MFJ207.

Suggested options
TA100S:
Telescoping Whip Antenna
CC30
Vinyl Carry Case........cccoomrririniarenenen B
BL28:
EL Backlight for use in roomlight and low

TCXO 30:
Precision £0.2ppm 20 to 40°C temp.
compensated time base ............ $100.

Universal
Handi-Counter™

Model 3000, $375. and
Bench Model 8030, $579.
Both offer frequency,
period, ratio and time
interval.

5821 NE 14th Ave. = Ft. Lauderdale, FL 33334
5% Ship/Handling (Max. $10) U.S. & Canada.
15% outside continental U.S.A.

Visa and Master Card accepted.
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The DMM our
customers designed.

Before we built the new generation Beckman
Industrial Series 2000 DMMs, we asked people
like you what you really want.

You want more. More test and measurement
capabilities. More troubleshooting features. All
in an affordable hand-held DMM. The Series 2000
features the widest range Frequency Counter in
any professional DMM, a full-range Capacitance
Meter, True RMS measurements, Intermittent
Detection, 50ns Pulse Detection, and Peak
Measurement capabilities. Plus, the Series 2000
is the only meter to offer autoranging Min/Max
recording and relative modes.

You want a DMM that’s easier to use. The
Series 2000's display is 25% larger, with bigger
digits and backlighting for easier reading, even
in the worst light. Plus the fast 4 digit display
provides the high resolution needed for adjusting
power supplies and generators down to 1mV. (inside CA) 1-800-227-9781. Beckman
And only the Series 2000 features a menuing Industrial Corporation. 3883 Ruffin Rd..
system for fast, simple feature access. San Diego, CA 92123-1898. —

MLMSW " Specifications subject to change with

An Affiliate of Emerson Electric Co. © 1992 Beckman Industrial Corp.
CIRCLE 98 ON FREE INFORMATION CARD

The Beckman Industrial Series 2000, pric
from $209 to $279 offers you the best perfc
mance for your dollar. Look again at these featu
e 4 Digit, 10,000 Count Resolution
e Basic Accuracy to 0.1%

e True RMS, AC or AC on DC

* 0.01Q Resolution

* Automatic Reading Hold

* Ims Peak Hold

e Fully Autoranging Relative and Min Max M
e Intermittent Detector

» UL1244, IEC1010 Design

e Three Year Warranty

The Series 2000 offers the most solutions for
everyday test and measurement needs. The
DMMs designed by the people who use them.

For more information on these new DMM:
call (outside CA) 1-800-854-2708 or

Made in the USA



