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Make Tuning Coils For Any Application

APRIL 1990

Popular Electronics

THE MAGAZINE FOR THE ELECTRONICS ACTIVIST!

BUILD A REACTION TIMER

Use it as a game of skill, or as a training
device to help you improve your reflexes

BUILD A CUSTOM SECURITY SYSTEM

An expandable, adaptable, user-programmable alarm system that
can be used to protect your home, car, and more

REVIVING A RELIC :
Get top-of-the-line SW 45 50 55 B0 65 70
performance with one of v
yesterday’s workhorses

TRANSFORMERLESS
POWER SUPPLY _
High-current capacity, - .
high-voltage output, and _ . - —
no transformer is needed

BUILD THE DITHERIZER

Improves the quality of
digitized music and speech

A “"SOUND”
INSTALLATION

There are lots of ways to
install a mobile radio;
this isn’t one of them!
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ORDER TODAY!!

1-800-729-9000

- THE "GREAT DEAL" CATALOG

- 386 FULL 32-BIT HAND-HELD
(ICEL [T Q=GR COMPUTER & VGA SCANNER wi't“rfégﬁware

PACKARD BELL ===

America grew up listening to us. It still does.

PACKMATE 286 COMPUTER W/ _,
VGA COLOR MONITOR 3

+ 80286 micro-

+ 100% IBM
compatible.
- 32-bit 80386

processor MiCroprocessor.
{operates at + 8/16 MHz speed
12 MHz). (switchable).

+One 3-1/2" 1.44
MB floppy drive

+One 5-1/4" 1.22
MB floppy drive.

» 30 MB hard drive.

-1 MB RAM on
motherboard ex
pandable to 3 MB. |

+ Includes VGA 14" B ‘
color monitor & VGA card. * IBM compatible.

+ AT compatible. + 8 expansion slots

» Dual FDD/HDD controller.

» 2 half height drive cavities exposed

+ 1 half height drive cavity enclosed.

+ 2 serial ports. - 1 parallel port.

* System configuration in CMOS
with battery back-up.

* 40 MB—22 mili-
second hard drive
with integral 1:1
interleave controller

- 1 MB RAM
expandable to 8 MB.

+ One 5.25" 1.2 MB
floppy disk drive

+ Four 16-bit expansion slots. * Two 8-bit expansion slots

+ One 16-bit VGA video adaptor with 256K memory
expandable to 512K, displays up to 1024 x 768
resolution. + 1 Centronics parailel port. + 2 RS-232C
serial ports. + 80387 math coprocessor socket.

» Includes software: MS-DOS 3.3. & GW-BASIC

- Zero wait state. - Supports all VGA/EGA'CGA MDA
Hercules® modes. * Dim.: 155" x 159" x 6.1".

VGA Color Monitor:

SR A R

+ Scanning maximum width: up to 4" wide.

+ 100/200 dpi resolution.

+ Scans at approximately 1" per second. - Quickly reads
signatures, logos, photos, news columns, and clip art

- Display bar charts in 2-D or 3-D. + Scanner, controller
and IMSI Graphic Presentation software.

- 3 dithering patterns for grey scale effects.

- Scanned images look as sharp and clear as originals.

+ Works w/ major graphic & desktop publishing software.

* Uses red LED & CCD light sensors

+ IBM compatible.

+ 101 key keyboard. Mtg. Sugg. Retail: - 14" high res. tilt swivel monitor. ~ Mfg.Sugg. Retail: @ . 13 different graph types Mfg.Sugg. Retail:
+ Includes MS DOS 3.3 & . + IBM compatible. 3.295. with untimited combinations. q
Includes s $3,449.00 $3,295.00 B Requres Iom or 100%, i

+ .31 mm dot pitch. 3

» Analog input signal.

- Resolution: 640 x 480.

T $1999
Factory Warranty!

- Factory New! Item No. B-1861-133967
Factory Perfect! Insured Ship/Hand.: $39.00

compatible computer
and a hard drive.

» Dim.: 5.75"Wx 1.5"H x 3.3'D. $ 9 9

» One Year Warranty!

- Factory New! Item No. B-1861-134270
Factory Perfect! Insured Ship/Hand.: $5.00
= SCHLAGE. Wireless

pw‘m_g "..WATCH TWO TELEVISION
KEEPSAFER PLUS Security System CHANEERIONCE

* Keepsafer » Provides same high-tech

+ 145W Universal power DAMARK PRICE:

supply. * Zero wait state.
- Socket for 80287 $ 1 49 9
Co-processor on

motherboard Item No. B-1861-132142
- One Year Warranty! Insured Ship/Hand.: $39.00

635 DIABLO WIDE CARRIAGE
XEROX DAISYWHEEL PRINTER WITH
DUAL BIN AUTO SHEET FEEDER

« Print speed:

55 CPS. Plus capabilities of TVs costing
- 255 typestyles secuily $1000.00 or more! 7Y
& 15 foreign system-- - View a program on smaller
language wireless! screen while watching
daisywheels * Advanced another on the
with 10, 12 control bigger screen.
15 pitch and E Scaﬂ channeis on
i smaller screen
g;«;%?:glénat away from home, without interrupting
* 100% I1BM set exit and entry delay main program.
compatible. on selected entrances « Switch programs

(up to 40 seconds).
ieave and return without
sounding alarm.

- 5 alarm modes.

+ Handheld remote control.

- 6 transmitters with batteries.
6 sets of sensors.

- Back-up Power Supply Unit.
Insures continuous operation up Mfg.Sugg.

back & forth from
smaller to bigger
screen.

- Move small picture
to any corner of TV.

- Freeze frame function on smalier screen.

+ Wireless remote that controis Double-Play functions.

- Enlarge smaller picture to full size by remote.

- Easy to install.

« Auto paper loading. - Full word processing capabiiities.

« Max print line width is 13.2" and paper width is 16.5".

- Letter quality printer. - Prints 132 columns at 10 CPI.

+ 158 columns at 12 CPI. - 197 columns at 15 CPI

» Snap in IBM/Centronics interface cartridge (with cable)
for istant compatibility with most microcomputer
systems. - Quiet operation: noise level only 56 dBa.

- Can operate on 110/220 VAC 50/60 Hz.

« Printer weight: 30 Ibs

] ) 1o 6 hours if power supply fails. Retail - For use with your current TV. Mfg.Sugg. Retail:
gg:;:;"f’e‘::':ss_ Mfg. Sugg. Retail: Recharges automatically when $499.95 - *VCR required. g$2$g 95
« Diablo F52 dual bin sheet $1,890.00 AC power is on. - + Inciudes cables/connectors. :
teeder w/ 240 sheel capacit + Easy installation—only - Includes 2 AAA batteries
. Drop i ' 15 Racily. ‘ a screwdriver is needed! for remote control.
(eppolipsta aton; $ - Main unit dim.. 13"W. x 8"L $ * Model #: DP5000. $
* Model #: 635 , x 2-1/2"D - 90 Day Warranty!
e aren - One Year Warranty! fem No. B-1861-114462 || * Factory New! -1861-
- Factory New & Perfect! _item No B-1861-105350 [ T F28 (080 CMECCL - ftem No. B ! iy e DNORBIS6 15139468
Insured Ship/Hand.: $39.00 " Insured Ship/Hand.: $9.50 actonyreriect] Insured Ship/Hand.: $7.50

FOR FASTEST SERVICE
CALL TOLL FREE |

VISA MasterCard aty| DEScriPTION ITEM # sHI | PRICE

1-800-729-9000 T

u

L
- CUSTOMER SERVICE: 1-612-566-4940 — Jr— .
A - [ ]
'. ADDRESS ELIVERY TO 48 U.S. CONTINENTAL STATES ONLY SUB TOTAL |
- CITY ST ZIP in MN add 6% Sales Tax .
- PHONE Total S/H/I .
J O CheckMoney Order [JVISA SIGNATURE GRANDI TOTAL —— i
‘ [ MasterCard [] Discover CARD NO EXP. DATE. '

B  scnd To: DAMARK INTERNATIONAL, INC., 6707 Shingle Creek Parkway, Minneapolis, MN 55430 [
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CONSTRUCTION ARTICLES

BUILD A REACTION TIMER .. ...ttt ieeteietiitie et eeeee e e e John Wannamaker 33
Use it as a game of skill or to improve your reaction time.

THEDITHERIZER ...\ ottt iiene it ie sttt et st e ee e e e e eaee e, Jerry Penner 37
Give digitized audio the ambiance of the original analog signal.

THE VERY VERSATILE CODE ALARM ........oooierieeinrieeonannnnnis Mike and Karen Giamportone 39
Protect your valuables with this easy-to-build-and-program digital alarm.

TRANSFORMERLESS DC POWER SUPPLIES ... .. ..cooiiiieeetse e ae oo, Ralph Hubscher 45

RESTORING A CLASSIC SHORTWAVE RECEIVER .........c0viiereenneeeeeeeeeennnnnnns Joseph J. Carr 61
If you can't afford a modern SW receiver, get almost-as-good performance from one of yesterday’s workhorses.

A “SOUND™ INSTALLATION ...ttt ttiie et s e et e e Fred Stock 64
There’s more than one way to install a mobile antenna this isn’t one of them.

THE BOZART 911 STEREO SPEAKER . ........coiiiiitt ittt ettt e, 67
A hands-off report just for April.

FIBER-OPTIC COMMUNICATIONS ... ..uutiivietiiiiee ettt eee e Alvin G. Sydnor 68
How and why we'll all soon be talking on a beam of light.

AN INTRODUCTION TO DIGITAL ELECTRONICS ... .....utiesaeeeeaeeeeeeanrenaennnnnn, JosephJ. Carr 71
Learn about the basic building biocks of digital electronics.

THE DIGITAL ELECTRONICS COURSE .. ....c.uuutiitenn s ioeten et ie e e e, Robert A. Young 77

Light-controlled monostable applications.

PRODUCT REVIEWS
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How to win friends...
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Pushbutton computing.
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Infrared communications links.
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Winding your own adjustable coils.
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DX fare from our northern neighbors
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High-performance, low-tech scanner.
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EDITORIAL .. ..ottt it ettt e e 0000D00600Ea00000PN0NN0DANDn0T Carl Laron 2
= e 4
ELECTRONICS LIBRARY ...ttt etet ittt ettt et e e e e e e e e e e e, 6
NEW PRODU TS ..ttt ittt et et it e e et et e et e et e e e et e e e e 14
FACTCARDS . ...ttt e e e et e e e e e 47
FREE INFORMATION CARD ...ttt ettt et e et e e e et e e et 65
ADVERTISER'S INDEX .. ..ottt ittt ittt et et e e e e e e e e e e e e e, 107
Popilar Essctronlcs (SSM 1042 17000 Pusibihed mertly: by Germaai Pubica: A stamped set-nncmasod onwalns must sccompany sl submsed manuscripts And
ey, ., 51:11}5’ Butnunr_-&umr;af. Fa.-n'b:;'gt:ﬂ:lalg. mtﬁgsm&swﬁx MMUW&MﬁmWMmWWMJM
Topinn. Submselion il UL wnd posesions B 5, Eanein S e e ety e i loss of deerages i
cotrdes §2545. Subscriotion ordors pavabée i UL, funds anty, Inkes nsticra) Posts: >

Moy Crder or chisck crown onea U 5. bani 005, angla cogy piice 38,60, & E0 by

fGrmsnack Publicasons, e, A rights o, Hande-on Elecironkes and Glzmo ” 3

Tracamarks an fegisianed in LS. snd Canads by Germstuk Publizations, 1ne: Popu- As aserece In madkers, Populer Electronios putitshes svsdiable plans ar informason

lar ERectronics Hademair i registered n 0.5, dno Cunada oy Elecioniss Technology rolating in nessaar iy products, technigues and ssientlic and dewalop-

Teay, Ine. =nd is Secreed 1o Gerneback Pubfcations. Prinded in LES A - ments. Becalse of possibla vanancas in e cuaity and condsion of maldnsis and
S ! £ e i . : hip Lso e, Populer Eloctronles disclaims gy msponsibiley for

Pogtmiazcar Fledbe send bddeess changas 1o Popular Electronics, Subecnphon m:ﬁwmzﬂ'm ting of readar bull projacts Based upon o Som plang o

Dlapt. . PO Boo J08, Sturd Morms, 1L #1054 235 ; Infoemiation pubilehed in ik mogazing.

www.americanradiohistorv com

0661 NHdVY

-


www.americanradiohistory.com

POPULAR ELECTRONICS

N

Popular Electronics

Larry Steckler
EME; CET
Editor-In-Chief and Publisher

EDITORIAL DEPARTMENT

Carl Laron
Managing Editor

Robert A. Young

Associaie Editor

John J. Yacono

Associate Editor
Byron G. Wels, K2AVB
Associate Editor

Teri Scaduto
Assistamt Ldiror

Kathy Terenzi

Editorwl Assistunt

Robert A. W. Lowndes

Editorial Associate

Marc Spiwak

Fditorial Associate

Joseph J. Carr, K4IPV
Marc Ellis
Jeffrey K. Holtzman
Don Jensen
Charles D. Rakes
Marc Saxon
Contributing Editors

\
> [Editorial

PRODUCTION DEPARTMENT
Ruby M. Yee

Production Director
Karen S. Tucker

Produciion Manager

Marcella Amoroso
Production Assistant

ART DEPARTMENT

Andre Duzant
Art Director

Russell C. Truelson
Technical Hlustraio

Injae Lee
Assistant Hstrator

Jacqueline P. Cheeseboro
Circulation Director

Michele Torrillo
P-E Bookstore

BUSINESS AND EDITORIAL OFFICES

Gernsback Publications, Inc.
500-B Bi-County Blvd.
Farmingdale, NY 11735

1-516-293-3000
Fax: 1-516-293-3115
President: Larry Steckler
Vice President. Cathy Steckler

Advgrtising Sales Offices listed on page 105

Cover photography by
Diversified Photo Services

Composition by
Mates Graphics
and
Magtype

The

) 6 Audit 3

A A Bureau
of Circulation

The pupiisher has no knowledge of any proprietary rights
which will be viclated by the making or using of any items
disclosed in this issue.

THE LEGEND OF FIPS

April has always been a special time here at Gernsback
Publications. In years-gone-by it was the month when our
founder, Hugo Gernsback, would assume his alter ego—
Mohammed Ulysses Fips. Writing as Fips, and with tongue
firmly in cheek, Hugo would describe some fascinating yet
“impossible” device, and poke some gentle fun at some of the
hype and fads of the day.

His Fips articles were very special on two counts: First, they
were so cleverly written that, were it not for the “April 1" line
with which each story ended, undoubtedly some enterprising
readers would have spent countless hours attempting to
duplicate the project.

Second, each story was firmly rooted in technology. In fact,
many of the things described actually came to be. The
transistor, miniature radios, picture phones, and computer-
based electronic servicing were just some of the
developments that Hugo accurately predicted through his
humor.

Hugo is no longer with us, but his spirit lives on. Each April,
we try to add a little extra fun to our hobby. We hope you enjoy
this year’s efforts as much as we enjoyed bringing them to
you. It's our way of honoring the legend of Mohammed
Ulysses Fips.

W B N

Carl Laron
Managing Editor
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Radio fhaek Parts Plaee:
START SPRING PROJECTS TODAY AT RADIO SHACK

Special-Order “"Hotline”

® No Minimum Order

™ = No Postage Charge

Your Radio Shack store manager
can special-order a wide variety of
parts and accessories from our
warehouse—vacuum tubes, ICs,
microprocessors, phono cartridges
and styli, crystals, even SAMS
Photofacts®. No minimums, no
postage charge. Just fast, direct
delivery to the Radio Shack store
near you.

Electronic Counting Moduile

L 4

b Prewired! Heart of a
Traffic/Event Counter
16°
®

Counts up to 99,999. Advanced (or reset) by external switch closure or
digital circuit. Count rate up to 7 Hz. Features 2" LC display, panel-mount
escutcheon and holder on back for required “AA” battery. Long battery
life—draws only 4uA. 21116 x 138 x 11/8" With data. #277-302

Computer/Peripheral Connectors

o y P
‘—— s
(1)

&“q‘

2) (3)

Solder-Type D-Subs. Metal shield plus gold-plated pins and terminals

for highest reliability.

Fig. Description Cat. No. Only
1 D-Sub 9 Male 276-1537 .99
2 D-Sub 9 Female 276-1538 1.99
3 Shielded Hood 276-1513 1.49

....... s ME ‘ |
(4) (5)
Solderless IDC-Type Connectors

Fig. Description Cat. No. Each
4 D-Sub 25 Male 276-1559 3.99
B D-Sub 25 Female 276-1565 3.99
5 36-Pos. Male Printer 276-1533 4.99
6 34-Pos. Card-Edge 276-1564 1.99
7 34-Pos. Header 276-1525 2.49

super Adhesive

349

Works When
Others Fail
Forms a secure

bond to most plas-
tics, metals, ce-

Shunt Box

by

l!’ 1,.

ne=

Chime & Buzzers

(1} 2 (3)

(1) "Ding-Dong.” #273-071 ... 8.99
(2) Two-Tone. #273-070 .9.95

(3) Miniature Electronic Buzzers.

Strobe Tube

Super Bright! Long Life!

Perfect for photo replacement or

ramics and wood. Top-quality, shielded male-to- [ DC Voitage | Cat No_ | Each | hobby projects and experiments.
Twin-plunger dis- female RS-232 adapter. Wire in- 12103 273-053 | 2.19 Trigger: 4 kV. Anode: 200V min.
penser eliminates cluded jumpers and board to suit 6 273-054 | 2.19 With circuit data.
measuring and waste. #64-2305 your need. #276-1403 .. .9.95 2| 2733055 AR #272-1145 ... .. ..., . 3.29
Shielded Cables Resistor Buys Tantalum Caps service Chems
T SRR L 59¢ I :
e , ow m
(1) Z - 1)
@ / As Each
Our A Z . 1] E—
mowmsameme—~ (3)  Best! PO ' I (2 | High capacity in atiny package. (2

(1) Oxygen-Free Copper A/V Cable.
6 feet, 6 mm dia. #278-1271 ... 5.95
8 mm Diameter. #278-1272 .. 759
(2) Dual Mike Cable. For balanced
hookups. 30 ft. #278-1281 .. 19.95
(3) Super-Flex Mike Cable. Extra-
supple. 30 ft. #278-1282 . 14,95

(2) Precision Thermistor. Resist-
ance changes in proportion to temper-
ature. -50 to +110° C.

#271-110 N 1.99
(2) 15-Turn Trimmer Pots. 3/4 watt.
1k, #271-342. 10k, #271-343. 20k
#271-340 .., Each 1.49

WwF [ WvDC | Cat No. |Each
01 35 2721432 59
047 | 35 | 272-1433 | 59
1.0 35 | 272-1434 | 59
22 35 | 272-1435 | 69 |
10.0 16 272-1436 .79
12.0 16 | 272-1437 | 1.19

(1) Color-TV T;merIControI
Cleaner. #64-2320 . ... 3.19
(2) Precision Lubricator.
Needle-tip applicator reduces
spills and waste. #64-2301, 1.69

Etch Your Own Boards

Q95

Autoranging Probe DVM

Everythin

g You Need
For Two

C Boards

vent, etchant, layout strips/circles, tank, special
the” drill bit and instructions. #276-1576

Extra Etchant and
Pens Available

Archer® PC Board Kit
includes two 412 3“
copper-clad boards,
resist-ink pen, sol-

&

Measures to 400 volts AC/DC and resistance.
It's really handy for tight spaces. Data hold
freezes display and lets you remove tester for
easy reading. Has continuity sounder, low-
battery indicator. Overload protected. Ready to
use with batteries, manual, case. #22-165

“Pro” soldering Station

3995

Solder Better, Faster!

Selectable 15/25-watt
power, grounded tip to
protect sensitive com-
ponents. Tip-cleaner
pad. Ironclad replace-
ment  and surface-
mount tips available.
UL listed AC. #64-2057

Over 1000 items in stock! Binding Posts, Books, Breadboards, Buzzers, Capacitors, Chokes,
Clips, Coax, Connectors, Fuses, Hardwarz, ICs, Jacks, Knobs, Lamps, Multitesters, PC Boards,
Plugs, Rectifiers, Resistors, Switches, Tools, Transformers, Transistors, Wire, Zeners, More!

Prices apply at participating Radio Shack stores and dealers

CIRCLE 14 ON FREE INFORMATION CARD
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POPULAR ELECTRONICS

»

oy
Letters

LOCATING ENCLOSURES

Builders of the “Audio Sweep/Burst Genera-
tor” (Popular Electronics, February 1990)
might have difficulty finding the recommended
Radio Shack enclosure, which does not ap-
pear in their latest catalog. instead, they can
try Dick Smith Electronics (173 East Broad-
way, P.O. Box 468, Greenwood, IN 46142;
317-888-7265) enclosure #DS RXRE2G for
$9.95. It has ABS top and bottom shelis with
aluminum front and rear panels.

Anyone who orders a PC board for the
generator will receive a panel-layout template
for both enclosures. The PC board can be
raised above the bottom with long 4-40 ma-
chine screws so that wire leads from the panel
controls can be tack-soldered directly to the
foil side as the article suggests.

A variation of computer virus, perhaps com-
puter “plague,” is taking its toll as mail-order
houses abandon long-stocked components
for higher profit items. By the time the author
of a construction article sees his work in print,
one or more sources for supplies might have
to be discontinued. Sorry, folks, it's a sign of
the times.

John Wannamaker

THE IC IS EXTRA

Thanks to everyone at Popular Electronics
for doing a superb job on my article “Build
the Sonic Emulator” (February, 1990). How-
ever, | want to clear up an ambiguity in the
ordering information. The basic kit, offered
for $30 plus $2.50 for S/H does not include
the Reticon IC (U4). That IC must be or-
dered separately at the prices listed in the
article. | hope that mix-up will not cause any-
one any inconvenience.

Chadwick Pryson

THE MICROPROCESSOR OF THE 90°’S?

Regarding the Editorial in the January 1990
issue: In January 1980 | was using a
Heathkit H89 CP/M computer with 64K mem-
ory. It ran WordStar, MBASIC, SuperCaic,
and dBASE II. | would /ove to have a pocket
organizer that has more computational ca-
pabilities than my old H89!

Seriously, though, | agree with your per-
ception that the next ten years will have to
produce something special to out-do the mi-
croprocessor. My vote for that “something”

is the prospect of mixed-mode analog-digital
semicustom arrays and Application-Specific
IC’s (ASIC). A number of companies are work-
ing on that new technology.

In order to integrate in a small package a
lot of analog functions along with digital logic,
designers will need a low parts count, just as
VLSI chips from companies such as Chips
and Technology have made available PC add-
on boards with so much power. For high-
performance or high-power, mostly analog
applications, bipolar technology probably will
be used. For mostly digital or low-power ap-
plications, CMOS probably will be used. Both
array-based and standard-cell technology are
being developed. The prospect of combining
both analog and digital functions on one piece
of silicon, while retaining the performance
advantages of both IC technologies, will be
an exciting challenge.

Regarding the “Editor's Note™ in the “Let-
ters” column of the same issue, concerning
the LED chaser schematic error where the
dot was missing at the junction where the
two lines cross: We use the military standard
where no connections can be made where
two lines cross on a schematic. If a circuit
junction exists, one of the lines must be bro-
ken and a jog made in the drawing. That
way, there is never any problem with miss-
ing dots, since a connection is never made
at crossing lines. | hope this is helpful.

C.H.

Tinton Falls, NJ

Using the military standard would eliminate

missing dots as a source of errors in sche-

matics, and we did consider using it at one

time. However, it proved to be impractical

for us to do so for logistic reasons, espe-

cially in larger, more complicated sche-
matics.

Incidently, while it's not a pocket “‘organ-
izer' in the strict sense of the word, take a
look at the Atari ‘'Portfolio” computer re-
viewed in the February 1990 issue of Popular-
Electronics. That palm-top, pocket-sized com-
puter offers all of the usual organizer fea-
tures including a calculator; a diary, which
includes an appointment calendar with pro-
grammable alarms; and an address and tel-
ephone directory. But it also features 128K
of RAM (expandable to 640K) and built-in
software including a Lotus 1-2-3-compati-
ble spreadsheet, a word processor, and an
operating system that uses MS-DOS-com-
patible commands.—Editor

DIGITAL DILEMMA

I've been following the “Digital Electronics
Course” for several months, and | ran into a
problem. On page 105 in the January 1990
issue of Popular Electronics, under the head-
ing “Exercise,” the reader is directed to build
the circuit in Fig. 6A, with the hint that a logic
circuit containing four variables has a total of
16 combinations. I'm not sure what I'm being
asked to do. | see two separate circuits in
Fig. 6A (one on each side of the eguation),
each with two inputs (variables). That should

wwweamericanradiohistorv com.

make four possible input combinations for
each circuit, making a total of eight combina-
tions between the two circuits in Fig. 6A. Any
help you can give will be appreciated, as |
am just beginning to learn about digital cir-
cuits. Thanks.
W.C.C.
Mechanicsburg, PA
You are absolutely right: There are no four-
input circuits shown, and the number of vai-
jables is in fact two to the second power
(22), or 4 (42 appeared due to a typograph-
ical error).

In the exercise you are being asked to
verify that the two circuits are functionaliy
equivalent. And, speaking of equivalents,
note that the two truth tables in Fig. 6B do
not agree (another typo). In the first truth
table, the output column reads, from top to
bottom: 1, 0, 1, 0. It should read: 1,1, 1,0,
as in the second truth table in the figure.—
Editor

CLOSED-CAPTION COMMENTS

As a reader who had a closed-caption de-
coder in my home where it is used by my
deaf son, | was particularly interested in the
description of the National Captioning Insti-
tute’s newest decoder in the “Innovations 89
article in the November 1989 issue of Popu-
lar Electronics.

I'm writing to stress the point that innova-
tions in electronics for the hearing impaired
are valued only insofar as emphasis by the
creators of captions is placed on language
Over the years, | have noticed a frustrating
lack of attention given to the details of lan-
guage by those who write captions for TV
programs. Not only are words often com-
pletely misspelled, but even the gist of the
caption does not always relate to what the
characters are actually saying. | have often
had to interpret a sentence (or would-be sen-
tence) for my son while he is watching a
captioned program.

Without greater attention paid to the accu-
racy of the written language, the whole pur-
pose of captioning will be lost to those read-
ing them on the screen. There is little excuse
for translating what a spoken word sounds
like when the caption is written for the viewer.
Quite often words are not spelled exactly as
they sound. If, for example, the word “home”
is written as “hom” or "homb” in the cap-
tioned text, it could confuse the hearing-
impaired viewer—and constant abuse of Eng-
lish in captioning could diminish that viewer's
respect for the correct use of the language.
Most of us who have hearing-impaired fam-
ily members would like them to use English
properly in whatever they write or even at-
tempt to say.

Finally, I'd like to comment that | find it
ironic that profanity is usually spelled cor-
rectly when it is flashed on the screen in a
captioned program.

S.JK.
Buena Park, CA
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CHRISTMAS CONFUSION

I was looking over the schematic for the “Christ- C ; i

mas Tree Lighting System” (Popular Elec-
tronics, December 1989)—1I like to pick out I
any bugs before | build a project. In the Parts
List under “Capacitors” C5 is listed. | cannot
find C5 in the diagram. Has it been left out
of the schematic diagram or is the Parts List
in error?

Also, in the schematic Fuse 1 is listed as
4 amps, but the Parts List states that Fuse
1is a 5-amp, 250-volt, 3-AG fuse. Could you
please clear up the confusion?

D.L

Laval, Quebec

Although it snuck into the Parts List some-
how, there is no C5 in the project. Also, fuse

F1is a 4-amp, 250-volt, 3-AG fuse. Sorry for N MORE |
d Edt HAMLIN MCC 3000 36 CORDED REMOTE CONVERTER (Chi 18 00
the mix-up.—Editor PANASONIC WIRELESS CONVERTER wr bost by 7900
STAR GATE 2000 69 00
“JERROLD 400 COMBO 119 00
JERROLD 100 HAND REMOTE CONTROL 18 00
HAVES AND NEEDS “JERROLD 450 COMBO 139 00
. "JERROLD 450 HAND REMOTE CONTROL 18 00
HELP! | am desperately seeking a bkand- JERROLD SB'ADD ON 63 00
select switch for my beloved Realistic DX- ERAOUDISEADION WITHTRIMODE o000
160. Th eiver t only h reat ti- 'M-35 8 COMBO UNIT (Ch 3 output only) 70 00
 TeyecelveMnolionyfhaseg sentl "M_35 B COMBO UNIT WITH VARISYNC 7500
mental value but, frankly, is the best | can "MINICODE iN-12) 62 00
afford. I've tried Radio Shack to no avail, MG O A ZNWINEIVARISYNG, o L5100
d h k d th I . "MINICODE VARISYNC WiTH AUTO ON-OF F & 105 00
ansl checaed willy severaiesouncestingyaur ECONOCODE (minicoce subsitulc 3200
advertising pages. | don’t have a schematic, ECONOCODE WITH VARISYNC 46 00
so | can't describe the switch in “pole/throw” 2MED=1200- 31T EARS outpil 62 00
but | dd | iat hel "MLD-1200-2 (Ch 2 output 62 00
terms, but | would deeply appreciate any help "ZENITH SSAVI CABLE READY 7 125 00
from you or your readers. INTERFERENCE FILTERS (Ch 3 only,
By the way, thanks for publishing circuits "EAGLE PD 1 DESCRAMBLER (Ch 3 output oty
f h f | b d t h t t ‘SCIENTIFIC ATLANTA ADD-ON REPLACEMENT DESCRAMBLER
or those of us on low budgets, who get mosf CATNED ARG T

of their parts by scrounging through cast-off
electronic devices!

Qutput
Channel

Quantity

Warren W. Wright
93 York Street
Stoughton, MA 02072

fi tryiry]g teNbeaiErdiaidiiiExe2dos Com.- California Penal Code #593-D forbids us S_UBTOTAL
puter. I've searched everywhere, and can't from shipping any cable descrambling unit Shipping Add
find one to buy that is in good condition. I'm to anyone residing in the state of California. $3.00 per !
willing to pay postage, too. Perhaps another Prices subject to change without notice. nggf gé%dg%
reader has one to sell, or knows of one. Any T TOTAL .
help in finding that computer would be greatly PLEASE PRINT ¢
appreciated. Name c-f
Pierre Le Ber Address City____ 1]
7 -
v 8t332/ Cgsg’bam State Zip Phone Number ( | Py =
ontreal, Quebec . . <
Canada, H2P 2K8 0O Cashier's Check O Money Order 0O CcoD 0O visa O Mastercard ©
Acct # Exp. Date = g
Signature g
VLF DETECTOR FOR OUR RECORDS: (=
. . DECLARATION OF AUTHORIZED USE — |. the undersigned, de hereby declare under penalty of perjury 2
A friend told me that Popular Electronics that all products purchased, now and in the future, will only ba used on cable TV Systems with proper e
recen"y published an article on a very low- authorization from local officials or cable company officials in accordance with all applicable federal and '5
) , siate laws. FEDERAL AND VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL AND CIVIL <+
frequency detector (or receiver). He couldn’t PENALTIES FOR UNAUTHORIZED USE. 2
remember what issue it was in. Can you help : ) _ §
me find the article? D Signed 2
s [ 1]
vl Pacific Cable C |
I acitic Lable Company, Inc.
The article you are looking for is "Build the 7325%> RESEDA BLVD., DEPT. # P-4 -« RESEDA, CA 91335
Whistler VLF Receiver’” in the July, 1989 81 8) 71 6-5 9 ."
issue. That article also looks at some of the (818) -3914 No Collect Cails « (818) 716-5140

i e IMPORTANT: WHEN CALLING FOR INFORMATION
Please have the ma}(ea _ o_gel#ofthe eqpipment used in your area. Thank You
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il
Electronics Library

To obtain additional information on the books

and publications covered in this section from
the publisher. please circle the item’s code num-
ber on the Free Information Card

ELECTRONIC AND COMPUTER PARTS
from American Design Components

Aimed at cost-conscious manufacturers, en-
gineers, students, and electronics and com-
puter hobbyists, this catalog’s emphasis is
on value. The 36-page brochure contains
a wide selection of electronic components,
including semiconductors, batteries, IC’s,
switches, power supplies, fans, connectors,
and LED’s. Computer-related products in-

clude complete computers as well as add-
on boards, disk drives, monitors, keyboards,
and printers. Also included are “plasma-
neon” kits, lasers, infra-red viewers, and
stepper motors for robotics.

The Electronic and Computer Parts cat-
alog is free from American Design Com-
ponents, 815 Fairview Avenue, Fairview,
NJ 07022; Tel. 1-800-776-3700.

CIRCLE 81 ON FREE INFORMATION CARD

book provides a detailed guide to design-
ing, fabricating, and testing printed-circuit
boards using surface-mount technology for
superior packaging densities, circuit per-
formance, and automation efficiency.

The book traces the development of
SMT, explains how it differs from both
through-hole and hybrid technology, eval-
uates its strengths and weaknesses, and
explores both present and future applica-
tions. A broad range of topics are discussed,
including passive, discrete, and active types
of surface-mount components; how to de-
sign surface-mount PC boards, from con-
struction guidelines to reliability; and the
entire process of manufacturing surface-
mount assemblies. Practical approaches to
cleaning surface-mount assemblies; surface-
mount testing; and such reflow soldering
methods as vapor phase, dual wave, hot

bar, and laser reflow are also provided.
Surface Mount Technology: Materials,
Processes, and Equipment is available in
hardcover for $44.95 from McGraw-Hill
Book Company, 11 West 19th Street, New
York, NY 10011, Tel. 1-800-2-MCGRAW.

CIRCLE 96 ON FREE INFORMATION CARD

and a thorough discussion of new develop-
ments in the field—including the electronic
shutter, luminance resampling, S-VHS, and
8mm hi-band. The new servicing method
for determining whether the problem lies in
the camera or the camcorder, called fault
isolation, is also covered.

Major emphasis is placed on solid-state
imagers, which have been incorporated into
the latest consumer video camcorders and
are penetrating all other video-camera and
camcorder applications as well. Detailed
information regarding the processing of sig-
nals from solid-state imagers is provided.

Video Cameras and Camcorders costs
$37.00 in hardcover. It is available from
Prentice Hall, Englewood Cliffs, NJ 07632.

CIRCLE 99 ON FREE INFORMATION CARD

BOB GROVE’S SCANNER AND
SHORTWAVE ANSWER BOOK

by Bob Grove

Question: Where can hams and DX'ers find
the answers to shortwave or scanner ques-
tions? Answer: In the pages of this handy
reference book. Whether the question in-
volves what is the best equipment on the
market, how to reduce interterence, how to
protect equipment from lightning damage,
where to get parts and repairs, or what co-
axial cable to use, the answer is here.
Hundreds of questions, culled from eight
years of letters sent to Monitoring Times
by its readers, are answered in the book.
Amateur-radio enthusiasts will find them-
selves referring to it again and again—
when they have trouble calculating world
time zones or are trying to figure out kilo-
hertz, megahertz, and meter band, for ex-
ample. Puzzling antenna problems (How
high must it be? Can the same one be used
for shortwave and scanner reception? Does

SURFACE MOUNT TECHNOLOGY
Materials, Processes, and Equipment

by Carmen Capilio

First used in the 1960's in defense and
aerospace applications, surface-mount tech-
nology (SMT) is now finding widespread
use in many commercial applications, from
computers and communications equipment
to consumer and medical electronics. This

VIDEO CAMERAS AND CAMCORDERS
by Marvin Hobbs

Not simply another consumer guide, this
book is geared toward service technicians
and engineers. It contains the theory and
circuit technology for video cameras and
camcorders, and explores the broad range
of video-camera applications.

Broadcast and consumer video cameras
and camcorders are covered in two sepa-
rate sections. A third section is devoted to
closed-circuit and non-TV applications, in-
cluding surveillance, image analysis, and
still video. While consumer equipment is
covered in the greatest detalil, there is suf-
ficient information on broadcast equipment
and other video-camera applications to give
the technician an insight into the variety of
work available in the field.

The amply illustrated book contains de-
tailed examples of many specific cameras,

an antenna tuner help reception?) are all
solved, along with hundreds of other di-
lemmas, idiosyncrasies, quandaries, and
queries.

Bob Grove's Scanner and Shortwave An-
swer Book is available for $12.95 (plus
$2.00 shipping in the U.S.) from Grove En-
terprises, P.O. Box 98, Brasstown, NC
28902; Tel. 704-837-9200.

CIRCLE 82 ON FREE INFORMATION CARD

ELECTRONICS ENGINEER’S
REFERENCE BOOK: 6th Edition

edited by F.F. Mazda

While retaining the basic format that has
proven so successful with previous editions
of this well-respected volume, the fast-
paced changes in electronics technology
necessitated revisions in much of the ma-
terial. The comprehensive book is stilt di-

wwWW.americanradiohistorv.com
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vided into five basic subject areas—tech- as communication satellites, ISDN, fiber op- with step-by-step instructions, schematics, ,
niques, physical phenomena, materials and tics, LAN, radar, computers, video record- and theory of operation.

components, electronic design, and eppli- ing, and medical electronics are covered. The Fall/Winter Electronics Catalog is free |
cations. In the first, the mathematical and A lot of material is included in the book's upon request from Ballco Inc., PO. Box l
electrical techniques used in the analysis 63 chapters, without skimping on details. 1078, Snellville, GA 30278-1078; Tel 404-
of electronic systems are examined. Fhys- The hefty reference guide's type is small 979-5900. |
ical phepqmena, inqluding elgctricity, light, and clpsely §paced, though legible, and CIRCLE 84 ON FREE INFORMATION CARD |
and radiation, are given detailed coverage ample illustrations complement the text. The

in the second section. Basic electronics com- book is fully referenced and extensively in- ————— ———— ‘
ponents and materials described in the third dexed, making it easy to extract the infor-

section cover the whole spectrum of de- mation you need. DESIGNING WITH F'ELD'EEEECT

vices, from resistors to microprocessors. A ‘ o TRANSISTORS: Second Edition ’
range of design techniques—from linear to ;gf)k_s’;f,’g%z; iggtl:eérzz g)e::,:ng_ Siliconix, Inc I
digital circuits, at all power levels—are ex- [ Py : ] revised by Ed Oxner
plored in the next section, which includes coner, MisieiaidigfonButigyephsy €0

chapters on electronic circuit design and | VOntvale Avenue, Stoneham, MA 02180. This thorough exploration of both basic and
instrumentation. Finally, applications such CIRCLE 83 ON FREE INFORMATION CARD advanced circuit design using field-effect

transistors (FET’s) includes in-depth expla-
nations of the advantages of their use in

:ttcm!c:mscs ELECTRONIC KITS AND PARTS integrated circuits, detailing how FET’s can
Shamie NGINEER"

be applied most effectively and success- |

REFRNENCE from Ballco Inc. fully. Written for electronics and electrical
The 22-page Fall/Winter Electronics Cata- engineers who are involved with circuit de-
log from Balico has a selection of standard sign, the book provides full coverage of FET
and hard-to-find parts, as well as kits for all theory, operation, and applications. Topics
project builders of all skill levels—trom be- covered range from basic operating princi-
ginner to engineer. Kits are available for ples to static and dynamic parameters, and

; automotive, audio, telephone, sports, and from a step-by-step look at the fabrication
'kw‘,,,,_,,_ test-equipment projects. A digital measur- process to examinations of design tech-

Sarerworths ing system with optional add-on modules niques for low- and high-frequency circuits

is also offered. Each kit is fully documented (Continued on page 12)

18" EMINENCE WOOFER |
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coil. 250 watts RMS, 350
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International Inc.

Efficiency: 95 dB 1W/IM.
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1 i fer. . .
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crosso;/gé pomtsiu?{ veneer cabinet. Kit (4 and 8 ohm compatible). : |
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$12.50 $9.95 mitred top, sides, " Response: 25-700 Hz.
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Take any one of these HANDBOOKS
ELECTRONICS and CONTROL

e your one source for engineering books from
over 100 different publishers

¢ the latest and best information in your field

e discounts of up to 40% off publishers list prices

322/910

Publisher’s Price $119.50

ANTENNA ENGINEERING

HANDBOOK, Second Edition

Edited by R. C. Johnson and H. Jasik

® 1,408 pages, 946 illustrations

o covers all types of antennas currently in
use with a separate chapter devoted
to each

o provides detailed data on physical
fundamentals, operating principles, design
techniques, and performance data

 yp-to-the-minute information on antenna
applications

© a must for those involved in any phase of
antenna engineering

Publisher’s Price $78.00

STANDARD HANDBOOK OF

ENGINEERING CALCULATIONS,

Second Edition

By T. G. Hicks

® 1,468 pages, 793 illustrations, 499 tables

® puts more than 1,100 specific calculation
procedures at your fingertips

® every calculation procedure gives the
exact, numbered steps to follow for a
quick, accurate solution

o virtually all procedures can be easily
programmed on your PC or calculator

® uses USCS and ST units in all calculation
procedures

woaanayr amaricanradinhictan, cam

047/790

Publisher’s Price $99.95

TELEVISION ENGINEERING

HANDBOOK

Edited by K. B. Benson

® 1,478 pages, 1,091 illustrations

® packed with all the technical information
today’s engineer needs to design, operate,
and maintain every type of television
equipment

o extensive coverage of receivers, broadcast
equipment, video tape recording, videa
disc recording, and the latest
technological advances

® provides television system and industry
standards for the U.S. and other countries

o the most comprehensive book on the
subject of television engineering
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for only $14.95 —when you join the

money

404/461

Publisher’s Price $94.95
MODERN ELECTRONIC CIRCUITS
REFERENCE MANUAL

By ] T Markus
® 1,264 pages, 3,000 circuit diagrams

circuits to save you production time and

¢ includes concise summaries of all the
recent applications notes, journal articles,
and reports on each circuit, efficiently
organized and indexed for the practicing
engineer

© a handy, desktop reference with 103 4 reasons I* n
chapters organized by “family” grouping . s ' .
o filled with predesigned and use-tested to join tOday’ o

1. Best and newest books from ALL pub-
lishers! Books are selected from a wide range of
publishers by expert editors and consultants to give
you continuing access to the best and latest books
in your field.

2. Big savings! Build your library and save
money, too! Savings range up to 40% off pub-
lishers’ list prices.

3. Bonus books! You will automatically be eligi-

Publisher’s Price $92.00

STANDARD HANDBOOK FOR

ELECTRICAL ENGINEERS,

Twelfth Edition

Edited by D.G. Fink and H.W. Beaty

® 2,416 pages, 1,388 illustrations, 430 tables

® the essential reference for all electrical
engineers

® ranges from basic circuits and measure-
ments to advanced topics, such as power
distribution and telecommunications

o fully updated to cover all recent advances
and developments

® written and compiled by 115 contributors
— all experts in their fields

ble to participate in our Bonus Book Plan that
allows you savings up to 70% off the publishers’
prices of many professional and general interest
books!

4. Convenience! 14-16 times a year (about once
every 3-4 weeks) you receive the Club Bulletin
FREE. It fully describes the Main Selection and
alternate selections. A dated Reply Card is in-
cluded. If you want the Main Selection, you simply
do nothing — it will be shipped automatically. If you
want an alternate selection — or no book at all — you
simply indicate it on the Reply Card and return it by
the date specified. You will have at least 10 days to
decide. If, because of late delivery of the Bulletin
you receive a Main Selection you do not want, you
may return it for credit at the Club’s expense.

As a Club member you agree only to the purchase
of two additional books during your first year of
membership. Membership may be discontinued by
either you or the Club at any time after you have
purchased the two additional books.

209/758

FOR FASTER SERVICE IN ENROLLING CALL TOLL FREE 1-800-2-MCGRAW

r------------------------------------------------1

McGraw-Hill Book Clubs

Electronics and Control Engineers’ Book Club®
P.0. Box 582

Hightstown, NJ 08520-9959

Please enroll me as a member of the Electronics and
Control Engineers' Book Club® and send me the book 1
have chosen for only $14.95 plus local tax, postage and
handling. 1 agree to purchase a minimum of two addi-
tional books during my first year as outlined under the
Club plan described in this ad. Membership in the club is
cancellable by me or McGraw-Hill any time afier the two
book purchase requirement has been fulfilled. A shipping
and handling charge is added to all shipments.

L------------------------------------------------

1 wish to order the following book:

(] ANTENNA ENGINEERING HANDBOOK (322/910)

[J MODERN ELECTRONIC CIRCUITS REFERENCE MANUAL (404/461)

[ STANDARD HANDBOOK FOR ELECTRICAL ENGINEERS, 12/e (209/758)
[J TELEVISION ENGINEERING HANDBOOK (047/790)

[ STANDARD HANDBOOK OF ENGINEERING CALCULATIONS (287/35X)

5!

Name

Address/Apt. #

City/State/Zip
This order subject to acceptance by McGraw-Hill. Offer good onlv to new members. Foreign member acceptance subject to special conditions

ECGB-029

L-------
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FREE!

New Catalog of
Hard-To-Find
Precision Tools

Jensen's new catalog is jam-packed
with more than 2,000 quality items.
Your single source for hard-to-find
precision tools used by electronic
technicians, scientists, engineers,
schools, instrument mechanics,
laboratories and government agen-
cies. This popular catalog also con-
tains Jensen’s world-famous line of
more than 40 tool kits. Call or write
for your free copy today!

JENSEN“’
TOOLS INC.

CIRCLE 10 ON FREE INFORMATION CARD

BeanFCC
LICENSED

ELECTRDNIC TECHNICIAN!

7815 S. 46th Street
Phoenix, AZ 85044
(602) 968-6231

Earn up to
$30 an hour
and more!

5)-'{‘\ LLcam at home in spare time.

‘//A i No previous experience needed!

Electronics Library
(Continued from page 7)

The original book, written by the applica-
tions engineering staff at Siliconix, Inc., has
been updated by Ed Oxner to include full
coverage of such developments as small-
signal DMOS (double-difftused MOSFET)

SECOND EDITION
————————

SILICOMND ING.
REVISED AY E0 DANER

technology and the process of using the
power FET as a high-speed switch.

Designing with Field-Effect Transistors: Sec-
ond Edition costs $39.95 in hardcover. It
is available from McGraw-Hill Book Com-
pany, 11 West 19th Street, New York, NY
10011; Tel. 1-800-2-MCGRAW.

CIRCLE 96 ON FREE INFORMATION CARD

ers. An in-depth description of each of those
systems, with illustrations and charts, ex-
plains how each computer works and forms
the basis of understanding how to extend
its operational life.

All the major subsystems are explored,
with block diagrams to provide an over-
view of personal computer signals and cir-
cuitry. The book explains how and why com-
puter failures occur, and how to use pre-
ventative maintenance to avoid them. Read-
ers are encouraged to use the information
presented to develop their own diagnostic
hardware and software tools. Throughout
the book, diagnostic techniques are dis-
cussed with an emphasis on how to isolate
and analyze problems and how to decide
on the proper corrective action. Advanced
troubleshooting and malfunction-repair tech-
niques are explained in full detail.

IBM Personal Computer Troubleshooting
& Repair for the IBM PC, PC/XT, and PC
AT costs $24.95. It is available from How-
ard W. Sams & Company, 4300 West 62nd
St., Indianapolis, IN 46268; Tel. 800-428-
SAMS.

CIRCLE 95 ON FREE INFORMATION CARD

No costly School. No commuting to class.
The Original Home-Study course pre-
pares you for the* FCC Commercial Radio-
telephonel icense™. This valuable license
is your “ticket" to thousands of exciting
jobs in Cornmunications, Radio TV, Micro-
wave, Computers, Radar. Avionics and
more! You don't need a college degree to
qualify, but you do need an FCC License.
No Need to Quit Your Job or Go To Schcol
This proven course is easy. fast and low
cost! GUARANTEED PASS — You get your
FCC License or money refunded. Send for
FREE facts now. MAIL COUPON TODAY!

I commanp PRODUCTIONS

FCC LICENSE TRAINING, Dept. 203
P.O. Box 2824, San Francisco, CA 94126

]

]

: Please rush FREE details immediately!
1 NAME P _
]
]
L

ADDRESS _ _ -
cITY . __STATE____ ZIP____ J

- -l

THE VIDEO MAGALOG
from Interstate/Florida, Inc.

This catalog of special-interest and how-to
video tapes contains more than 2,000 video
titles in a wide range of subject areas. The
144-page, magazine-style catalog includes
videos on sports, fitness, education, busi-
ness, art, beauty and fashion, family fun,
pets, finance, personal motivation, home,
parenting, art, music, and computers. A cer-
tificate worth $2.95 off your first order is
included with the catalog.

The Video Magalog is available for $2.95
plus $1.00 shipping and handling (FL res-
idents must add appropriate sales tax) from
Interstate/Florida, Inc., 2165 Sunnydale
Bivd., Suite D, Clearwater, FL 34625.
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LOU SANDER'S GOLD MINE
Game Tips for Commodore Users

by Louis F. Sander

More than 1200 game-winning formulas,
as well as the most comprehensive list of
game sources currently available, are in-
cluded in this book. Tips and tricks for suc-
ceeding at more than 500 computer
games—including such favorites as “Break-
thru,” “Defender of the Crown,” “Gunship,”
“The Last Ninja,” and “Legacy of the An-
cients"—are offered. While most of the strat-
egies and pointers originated with Com-
modore and Amiga owners, many of them
are equally effective with Apple, IBM, Atari,
Macintosh, and other game versions.

Lou Sander’'s Gold Mine: Game Tips for
Commodore Users is available for $19.95
from TAB Books Inc., Blue Ridge Summit,
PA 17294-0850; Tel. 1-800-233-1128.
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iBM PERSONAL COMPUTER
TROUBLESHOOTING & REPAIR for the
iBM PC, PC/XT, and PC AT

by Robert C. Brenner

Written in a style simple enough for nov-
ices to follow, yet detailed enough to be
helpful to experienced technicians, this book
helps readers to locate and correct most
failures on IBM PC, XT, and AT comput-

ISDN, DECnet, AND SNA
COMMUNICATIONS

edited by Thomas C.Bartee

The new age of communications—heralded
by the expansion of computer-to-computer
systems, PC networks, local area networks
(LAN), and leased-line dedicated networks,
combined with the development of ad-
vanced voice facilities—is explored in this
book. A broad view of the subject is taken,
with the international political implications
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given full consideration along with detailed
explanations of the technical aspects. The
integrated services digital network (ISDN),
systems network architecture (SNA), and
Digital Equipment Corporation’'s digital-
network architecture (DECnet) are given
in-depth treatments, along with packet-
switched networks and other major iele-
communications networks.

Taking a global approach, the book of-
fers a look inside international and national
standards committees and major computer
and communications companies. With each
chapter written by an expert in the field, the
book provides “inside” information on the
potential and limitations of digital commu-
nications, the standards process; the newly
emerging field of communications manage-
ment; the structures, operations, and im-
pact of circuit, message, and packet switch-
ing; and the politics of communications. The
book examines areas of potential contro-
versy, including national-defense postures,
information flows across national bounda-
ries, the right to personal privacy, and com-
patibility between competing networks.

ISDN, DECnet, and SNA Communications
is available in hardcover for $39.95 irom
Howard W. Sams & Company, 4300 West
62nd St., Indianapolis, IN 46268; Tel. 300-
428-SAMS.
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1-800-44-HEATH

(1-800-444-3284)

Name

Most Accurate Clock by

Heathkit

Discover the world’s most accurate
time piece plus a large assortment of
other electronic products in your
FREE Heathkit Catalog. It's filled with
both kit and ready-to-use home
theater components, weather sta-

tions and amateur radio products, along with kit
laptop computers and a wide variety of self-study courses for the novice or seasoned
electronics enthusiast. Order your FREE Heathkit Catalog today. Time's a wasting!

Send to: Heath Company, Dept.107-884
Benton Harbor, Michigan 49022

Address

City State

Zip
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PC BOARD CATALOG
from Capital Circuits. Inc.

This brochure describes Capital Circuits’
services as well as their product’line. The
products include single, double, and multi-
layer PC boards; Teflon boards; flexible
boards; and surface-mount technology prod-
ucts. Among the services offered are photo
reduction, first article inspection, subcon-
tracting capabilities for design and assem-
bly, and data transfer by modem.

The PCB Buyer’s Brochure is avaifable
from Capital Circuits, Inc., 7845-J Airpark
Road, Gaithersburg, MD 20879; Tel. 301-
990-6715.
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MAGNETIC RECORDING HANDBOOK:
TECHNOLOGY AND APPLICATIONS

edited by C. Denis Mee
and Eric D. Daniel

The editors’ previously published three-
volume set entitled Magnetic Recording
has been updated, expanded, and com-
bined in this one comprehensive volume.
Providing state-of-the-art information for any-
one involved in the development of com-
puter, video, audio, and instrumentation tech-
nology, the book examines dozens of im-

portant topics, including recent develop-
ments in the magnetic-recording field.

More than 20 specialists have written
about their areas of expertise. Their com-
bined contributions cover everything from
error correction, coding, and magneto-
optical recording to the analog and digital
applications of magnetic-recording technol-
ogy. Also discussed are advances in rigid
and flexible disks, new materials and de-
signs for magnetic media and heads, and
magnetic tapes for computer storage and
video recording.

Magnetic Recording Handbook: Technol-
ogy and Applications, is available in hard-
cover for $94.50 from McGraw-Hill Pub-
lishing Company, 11 West 19th Street, New
York, NY 10011; Tel. 1-800-2-MCGRAW.
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AN INTRODUCTION TO AMATEUR RADIO
by 1.D. Poole

Amateur radio has attracted a broad base
of enthusiasts around the world. This Brit-
ish book, written for those who are new to
the hobby, covers a wide variety of topics
that fall under the far-reaching amateur-
radio heading.

Beginning with a short historical over-
view, the book provides the beginning ham

with a comprehensive but easy-to-follow in-
troduction to the hobby. Basic aspects, in

cluding operating procedures, callsigns, jar-
gon, Morse code, and setting up a station,
are explained in complete detail. Technical
topics include discussions of propagation,
transmitters, receivers, and antennas. The
book is illustrated and contains several
handy charts and lists.

An Introduction to Amateur Radio costs
$7.75, including shipping. It is available
from Electronics Technology Today, Inc.,
P.O. Box 240, Massapequa Park, NY
11762-0240. u
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New Products

To obtain additional information on new
products covered in this section from the
manufacturer, please circle the item's code
number on the Free Information Card

1646 power supplies can be connected in
series or in parallel, as the output terminals
are fully isolated.

The model 1646 DC bench power sup-
ply has a user price of $489.00. For further
information, contact B&K-Precision,
Maxtec International Corporation, 6470
West Cortland Street, Chicago, IL 60635.
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grammed to turn on and off automatically
when no one is home.

The Protector Plus Supervised Home Se-
curity System starter set has a suggested
retail price of $115.00. For further informa-
tion, contact X-10 (USA) Inc., 185A Legrand
Avenue, Northvale, NJ 07647.
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BENCH POWER SUPPLY

A general-purpose bench power supply
from B&K-Precision, the model 1646, has
an output that is variable to 16 volts. The
DC power supply, with its 10-amp capacity
and well-regulated output, is suited for a
servicing, testing, and engineering appli-
cations in the electronic, electrical, labora-
tory, and manufacturing fields. The 1646
has excellent regulation and low-ripple char-
acteristics. Coarse- and fine-voltage con-
trols are provided for convenient, precise
voltage settings. Two large, front-panel-
mounted meters allow simultaneous moni-
toring of voltage and current. Two current
ranges are provided for the highest possi-
ble resolution. The power supply offers au-
tomatic mode selection between constant-
voltage and constant-current operation; the
selected mode is indicated by front-panel
LED’s. In constant-voltage applications, a
current limit can be preset. The 1646 auto-
matically switches to constant-current mode
if variations in the load cause the current to
reach the preset value. Its design includes
automatic overload and short-circuit pro-
tection; reverse polarity and over-voltage
protection are also provided. To supply ad-
ditional voltage or current requirements, two

CYAT R

HOME-SECURITY SYSTEM

It takes only minutes to install X-70’s Protec-
tor Plus Supervised Home Security Sys-
tern (SS5400)—without tools, wiring, or pro-
gramming. The system simply plugs in, and
door/window sensors are easily mounted
with heavy-duty self-adhesive strips. Dur-
ing setup, the system randomly selects a
unique internal code for each sensor to iden-
tify the door or window being protected. A
single button on a hand-held remote con-
trol is used to arm and disarm the system.
Battery backup assures that the Protector
Plus works even when the power fails.
The starter system consists of four units.
The base receiver has a loud built-in siren
and zone-status indicator lights. The remote
control is used for controlling lights as well
as for arming and disarming the system. It
also has a delay switch to give the home-
owner enough time to get in and out of the
house without triggering the alarm. Any two
keys pressed simultaneously will trip the
“panic alarm.” One door/window sensor and

one lamp module—which permits a light to
flash when the system is tripped—complete
the basic starter package.

As many as 16 doors or windows can be
protected by adding more sensors; each is
supervised to let the homeowner know if
there is a problem with it. The system will
not arm if a door or window is open or if
one of the sensors has not “reported in.” If
a door or window is opened when the sys-
tem is armed, the siren sounds and all the
lights connected to the lamp modules flash
on and off. The lights will keep on flashing
until the homeowner turns them off, but the
siren automatically stops after four minutes.
The Protector Plus is completely compati-
ble with X-10 Powerhouse timers and home-
control interfaces; by combining various com-
ponents, lights and appliances can be pro-

MUSIC KEYBOARDS

Featuring “one-finger ad-lib” and 16-bit dig-
ital sound, four new keyboards from Kawai
allow anyone to play like a pro. Midsize
models MS210, MS510, and MS710, and
the full-sized 49-key FS670 (pictured) each
contain 17 notes in the ONE FINGER AD-LIB I€-
gion of the keyboard. When one of those
notes are pressed, the keyboard plays a
phrase that complements the selected
rhythm. For example, when starting with a
disco-rhythm accompaniment, each one of
those 17 notes will play a different ad-lib

melody that is appropriate to disco songs.
When the rhythm is switched to, say, a
march, the phrases will also change to suit
the style of a march. All of the various
rhythms offered on the keyboard have their
own set of 17 phrases. Experienced play-
ers can also instantly add any of up to 408
musical riffs as they play.

The MS210, MS510, MS710, and FS610
carry suggested retail prices ranging from
$99.00 to $199.00. For more information,
contact Kawai America Corporation, 2055
East University Drive, Compton, CA 90224.
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COMPACT STEREO SYSTEM

Consisting of a compact-disc player, a cas-
sette deck, a turntable, and an AM-FM
radio, Soundesign’s model 6988-46 pro-
vides a full range of listening options in a
small package. The front-loading CD player
has three-beam, one-laser pick-up and cus-
tom play controls including skip/fast forward
and skip/fast backward for easy program
selection. The repeat switch can be used
to select and replay one song or an entire
disc. The model 6988-46 records directly
from the tuner, CD player, turntable, PH/
AUX/TV input, or with optional microphones.
The cassette deck features automatic level

(Continued on page 16)
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9 Reasons
you'll really

enjoy
The Modern

Electronics
Manual

1. Filled with practical,
LiEdsdiie useful projects

Over 400 pages of how-to information
that's easy-to-follow and makes projects
faster, easier and more enjoyable. Now
you can build your own electronic
components in wide range of areas—
from telecommunications to stereos,
computers, radio and TV.

2. Circuit layouts on acetate—
Save you time and effort

Here’s how to eliminate the most time
consuming step of almost any project—
fabricating the printed circuit you need.
The Manual gives you the board layout
in black on a clear acetate. Just place
the acetate over a photosensitive PC
copper baseboard, expose it to light,
develop it, and you have your own

rinted circuit board specially crafted
or each project.

r

3. Save money by doing
things yourself

Buiid things for the home and office
that make your life easier and more
pleasant, and give you more efficiency.
Learn when to call the repair man and

Here are just some of the subjects covered:

Introdustion to Satellite TV

Facsimile fundamentals

Guide to using computer
bulletin boards

Short wave radio

Digital logic fundamentals

A DOS tutorial

BASIC programming tutorial

Video display adapters for PCs

Laser printing

Installing accessory cards in

Efectronic components and their
characteristics

Hand tools for electronic kit
building

Electronic component handling

Electrical soldering techniques

Sources of electronic components
and supplies

Printed circuit board layout
techniques

Making printed circuit boards

Surface mount technology

Electrical safety

Basic radio

Basic TV

Solid state darkroom timer

Electrical surge protection

Amplifier for your Walkman

Basic telephone

Telephone testing set

Cellular telephone

Night light that turns on when
telephone rings

your PC

Installing a hard/fixed disk drive
Managing data on your hard drive
Electrical desoldering techniques
Audible voltage continuity tester
General diagnostic techniques
Ground fault-interrupter

Cost effective function generator
Doubie sided printed circuit boards
Soldering iron idler

Improving antenna reception

Look how easy it is to
make your own
printed circuits now

1. Select the board layout you
want

2. Place it on top of a photo
sensitive copper baseboard and
expose to sunlight, spatlight or
incandescent bulb

3. Etch away unwanted material
in bath solution to create your
printed circuit

4. Attach components and solder
to board

$. Plug it in and use 1t

N

i

when you can fix it yourself. Save
. unneeded service calls.

Ay e 44

C)“.fE“] 4. Sources of supply
Your Manual gives you listings of firms
that sell electronic components through
stores and through the mail.

fgf/ kinks”-tips, & new

techniques

Professional techniques are explained
in detail, step-by-steh). You learn the
easy shortcuts as well as the pitfalls to
look out for.

O\ 6. Keep on top of

what's new

Advances in electronics occur rapidly
today, so we send regular updates to
give you insight into new technologies
and how you can work with it.

==+ 7. Trouble-shooting
“d=——:- techniques

Build your understanding from the
ground up. Learn the technology

5. Professional “hints and

r--------

To order your
Manual right
away, call
1-800-222-WEKA

and how it works, then the applica-
tions, the maintenance and repair
procedures.

@ 8. Well-organized, easy

to access information

The FREE, sturdy 3-ring Binder with
Index Tabs organizes material so you
find what you need quickly.

@ 9. Publisher’s

Moneyback Guarantee

There's absolutely no risk in taking

a look at The Modern Electronics

Manual. You pay nothing unless you

are completelgr satisfied it’s for you. If
ou have paid already you will receive

a full 100% of your money back.

No Risk Trial Certificate

Just return the coupon below and
we'll send you the Manual to lock
over in the comfort of your home or
office. Take the time it deserves to
examine it carefully and then decide.

Send for your no risk look today.

The Modern Electronics Manual PEd

97 Indian Field Road, Greenwich, CT 06830

YES, send me The Modern Electronics Manual
for only $69.95 (plus $4.50 for shipping and
handling). Enclosed is my check or credit card
number and signature. 1 understand if I am not
completely delighted I can return the Manual at
any time and receive a complete 100% refund.

O Bill me [ Payment enclosed ] Charge my [JVisa [ MasterCard
Acct. Exp.
No. Date

Signature

Name

Address

City, St, ZIP
All orders must be signed to be processed.

perfcrmance

If I elect to keep the Manual, 1 understand I'll also receive
supplements 4 to 5 times a year at 25¢ per page to ensure my
Manual remains completely up to date. I'll be billed with each
separate supplement and can return them unpaid if I'm not
S Americansadiorsatisfieds I.can also cancel further supplements at any time.
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Put Professional Knowledge and a

COLLEGE DEGREE

in your Technical Career through

Add prestige and earning power to
your technical career by earning
your Associate or Bachelor degree
through directed home study.

Grantham College of Engineering
awards accredited degrees in

electronics and computers.

An important part of being pre-
pared to move up is holding the
right college degree, and the abso-
lutely necessary part is knowing
your field. Grantham can help you
both ways—to learn more and to
earn your degree in the process.

Grantham offers two degree pro-
grams—one with major emphasis
in electronics, the other with major
emphasis in computers. Associate
and bachelor degrees are awarded
in each program, and both pro-
grams are available completely
by correspondence.

No commuting to class. Study at
your own pace, while continuing
on your present job. Learn from
easy-to-understand lessons, with
help from your Grantham instruc-
tors when you need it.

Write for our free catalog (see address
below), or phone us at toll-free
1-800-955-2527 (for catalog requests
only) and ask for our ““degree catalog.”

Accredited by
the Accrediting Commission of the
National Home Study Council

GRANTHAM
College of Engineering
10570 Humbolt Street

Los Alamitos, CA 90720

New Products
(Continued from page 14)

control, built-in synchro-start for use when
recording CD’s onto tape, and auto stop in
both record and playback modes.

The unit's amplifier/tuner section includes
an AM/FM stereo radio, a three-band
graphic equalizer, and rotary-thumbwheel
tuning. A semi-automatic, two-speed turn-
table sits on top of the tuner. It features a
bi-directional cue/pause control, tone-arm

lock, ceramic cartridge, and a black dust
cover. A pair of five-inch, wide-range speak-
ers rounds out the system.

The model 6988-46 compact stereo sys-
tem has a suggested retail price of $269.95.
For more information, contact Soundesign
Corporation, Consumer Electronics Division,
Harborside Financial Center, 400 Plaza
Two, Jersey City, NJ 07311.
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ing intermittent breakdowns and its capa-
bility to take over (using its two-digit alpha-
numeric display) in the event of a computer-
screen blackout. The device can also carry
out loop tests, making 100 loops of 1000
tests for up to 64 hours of looping. On-
screen instructions make the device easy
to use without frequently referring to the
manual, which is also included.

The LOGIMER in-circuit diagnostic mod-
ule costs $399.00. For further information,
contact Total Power International, Inc., 418
Bridge Street, Lowell, MA 01850.
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DIAGNOSTIC MODULE

Consisting of a hardware/firmware add-on
board that contains diagnostic codes, Tota/
Power's LOGIMER is a diagnostic system
designed to simplify the troubleshooting and
repair of IBM PC/XT/AT, 80286, 80386, and
compatible-system boards. It comes with
three ROM chips and plugs into any siot on
the computer, allowing a series of tests to
be performed with little supervision.
LOGIMER can make more than 1000 in-
dividual tests in less than one minute. Par-
ticularly useful are its capacity for detect-

SATELLITE DISHES

Yuppies are often more than upwardly mo-
bile—they also tend to move around a lot
from place to place. To simplify their lives,
Dixee Paper Products has begun shipping
disposable satellite dishes and cups to se-
lected markets across the country. It is no
longer necessary for the relocating yuppie
to uproot, disassemble, crate, and ship his
satellite antenna when he packs up and
BT : :
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moves from one town to another. All he
has to do is crumple up the old dish—
which is made of lightweight, plastic-impreg-
nated cardboard for weather resistance—
throw it away, and buy a fresh dish (or cup,
for smaller Ku-band installations) upon ar-
riving at his new locale. Dixee disposable
paper sateliite dishes come in 6-, 8-, 10-
and 12-foot sizes, in plain or floral pattern.

Prices for the disposable satellite dishes
start at $195.00. For further information,
contact Dixee Paper Products, 1224
Suwanee Drive, South of the Border,
SC 29536.
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8mm CAMCORDER

The Canovision 8 E30 is a fully automatic
8mm camcorder from Canon that is com-
pact, light, and easy to use. Designed for
users who want point-and-shoot simplicity,
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the E30 automatically sets the focus, ex-
posure and white balance when the power
is turned on. No adjustment is required be-
fore recording.

The 2.4-pound (without battery pack)
camcorder features Canon's “180° Flex-
igrip,” a combination grip and electronic
viewfinder that rotates 180 degrees for com-
fortable shooting at almost any camera
angle. Each button on the compact E30 is
dual-function, performing both recording and

playback operations. A wireless remote con-
trol can also be used for both recording
and playback functions, including zooming
and fades.

Other features include a 9 — 54mm /1.4
6 x power zoom lens; macro focusing for
sharp close-up shots; auto backlight com-
pensation; a two-field auto metering sys-
tem to determine the precise exposure ratio;
a built-in titler; and automatic dating func-
tion. The etectronic viewfinder provides an
extensive information display to monitor cam-
era functions including manual camera set-
tings, white-balance lock, interval or self
timer, low-battery charge, and tape end.
The BP-E77K battery pack, include¢ with
the camcorder, supplies power for 45 min-
utes of continuous recording.

The Canovision 8 E30 has a suggssted
retail price of $1,199.00. For additional in-
formation, contact Canon U.S.A., Inc., One
Canon Plaza, Lake Success, NY 11402.
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antenna offers 8-dB forward gain and a
front-to-back ratio of 25 dB; it is power rated
for 2000-watts P.E.P. The Ten-3 has an
8-foot boom and takes a mast size of 11/2
to 2 inches, which makes it easy to install
on a simple mount with only a light rotator.
The “reddi-match” system provides 50-
ohm feed for a standard PL259 connector.
It is easy to assemble from precision-
manufactured components, by following the
detaited instructions. All tubing used in the
antenna is heavy-wall hard-drawn, bright-
finish aluminum.

The Ten-3 10-meter Yagi has a sug-
gested retail price of $125.00. For addi-
tional information, contact Cushcraft Cor-
poration, P.O. Box 4680, 48 Perimeter
Road, Manchester, NH 03108.

CIRCLE 107 ON FREE INFORMATION CARD

SOLDERING STATION

Exceeding Department of Defense stan-
dards, Royel Soldering Systems' Thermatic
7300, T3050, T5000, and T5050 soldering

10-METER YAGI ANTENNA

For novice and experienced hams who want
to enjoy the DX opportunities of the 10-
meter band, the Cushcraft Ten-3 is a three-
element Yagi that combines high perform-
ance with ease of use and durability. The

HITACHI SCOPES AT DISCOUNT PRICES

Digital Storage Soopes

2K Wom Memory

$2349 00

Agvenced storage functions creale new dimensions in

Save

20MH;
B&‘Pcrmanné List 5159

* DC 1o 100MH2
¢ Dual Channe!

« Delayed Sweep
* CAT Readout

* Sweep Time

* Autoranging

v 10 * Trigger Lock

5 $1,359 - 2mV sensitivity

such es one shol obsarvation, ficker free dispiay,
bngnt display for even high spead event, traca observation
tor low spead event, hard copy by piotter and data output to
computer
VC-6045 100MHz S0MS/S 4K word Memory cap  (cail)
All Htachi scopes Includa probes, schamancs, and Hitachi’s
3 year workiwide waranty on parts and labor. Many acces-
sones avaiabie for ail scoPes.

20MHz Dual Trace Oscilloscope

$375
M0-1251

« 8" CRT
* Builtin

* TV Sync

PRICE

1mV sens. DC Otfsat Vart Mode Trigger, At Mag
T.. 1mV sans, Delayed Sweep , OC Offset, At Mag
1., 1mV sans, OC Oftset, CRT Readout, Cursor Meas
.T.. 2mV sens, Delayed Sweep, CRT Readout
. 2mV sens, Dalayed Sweap, CRT Raadout, Cursor Meas
. mV sens. Delayed Swesp, CRT Readout DVM, Courter
. 1mV sens. Delayed Sweap, Cursor Meas, DVM, Counter

ELENCO PRODUCTS AT DISCOUNT PRICES
FREE DMM

with purchase of
ANY SCOPE

SCOPE PROBES

component testar | P-165MHz, 1x. 10x  $19.95
P-2 100MHz. 1x, 10x ~ $23.95

35MHz Dual Trace Oscllloscopa

M0-1252

* High luminance 8" CRT

* imV Sansitivity

* 6KV Acceferation Voitags
* 10ns Rise Time

* X-Y Operation ¢ Z Axis

* Delayed Triggering Sweep

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

PRICE BREAKTHRU True RMS 4%
Digit

Multimater with lDIthaI Capacitance Meter

on Auto Ranging DMMs i
B 3t M-7000
choose $135

from:
.05% DC Accuracy
MDM-1180 1% Resistance

s2495 with Freq. Counter

l ¢l $55 cm-1500

Trlnllnov Yulor

Reads Voits, Ohms,
Current, Capacitors.
Transistors and
Diodes with case

Digial LCR Meter
LC-1801
$125

Measures

CM-1550
$58.95

9 Ranges
1pf-20.00Cufd
5% basic accy
Zero control
with case

i

Res 01.20M

MDM-1181 and deluxe case
$27.95 Bench DMMS
MDM-1182
29.95
~3 172 LCD Dispiay

- 27 Functions
+ Auto Manual Ranges 1500

M.
- Audibie Continlty
Dats Hoig (MOM1162) | 9w aign $125 Ws' ¢|gu 8175

- 1% Accuracy (MDM-1181) ccy

AC Current Meter
ST-1010

$69.95

1000 Amps
DatagPaak Hold
8 Functions
Deluxe Case

Solderless Breadboards

436 SHOWN

AC Clamp-On
_— Currert Adapter
1,100 pins $15
2,170 pins $25,
9436

2,860 pins $38|

All nave cotor
codeg posta

$25.00

0-1000A AC
Works wish
most DM

ST-265 |

Soldering Statlon
Temperatura Controlled

Psin §99

Color Convergence Generator
§G-200

Fines! i the industry
10 rock steady pattetns

$69.95

Overheal proted

10MHz Oscliloscope

$-3000

$275
10MHz DG or AC

quoﬂ 18
ibrated Vert & Hor

Reads Votts & Freq

Temperature Probe

Fits most o
digital mulimeters a0

Autoranglng DMM
s M-110CF M-5000
$29.95 $45

A ermonduclor %m‘;‘;

L Data hold
V% % bask acc
3l aqtlc

Wide Band Signal Gensrators
s6-9000  $129 -

RF Freq 100K-450MHz . -

AM Modulation of 1KHz

variable RF output

$G-9500 with Digital Dispiay
and 150MHz bulltin Fr'q Ctr $248

TRIPLE POWER SUPPLY XP-620
¢ e
L]

Conlains all the desirad teatures for

doing experiments. Features short
circuit Protection all supgiies

Assambled $ 65
Kt § 45

210 15V al 1A

s2t 1SV aria

(o1 410 30V at 1A)
and 5¥ at JA

Functlon Gonarator Decada Blox

gams,  Blox
#9600
. $2B.95

Provides sine.iri.5qu wave
from 1Hz 1o tMHZ
AM ar FM capability

—
#3610 Resistor Blox
47 ohm 1o 1M & 100K pot
#9620 Capachor Blox
A7pf 1o 10MFO

Digital Triple Power Supply XP-765
$249
0-20V at 1A

0-20V at 1A
5V at 5A

Quad Power Supply

XP-580
$59.95

2-20V at 2A
12V at 1A
5V at 3A

Fully Regulated, Short circull protacted with
2 Limit Conl.. 3 Separate supplies

XP-660 with Analog Meters $175

Fully regulated and
8hort circult protected

-5V at.5A

XP-575 without meters §39.95

Four-Function Frequency Counters
F-100 120MH
$179
F-1000 1.26H

Frequency, Perlod, Totaiize, 3259
Self Check with High Stablilzed Crystat Oven
Oscillator, 8 digit LED display
WE WILL NOT BE UNDERSQLD!
UPS Shipping: 48 Stales 5% e
($)0 Maxj IL Res., 7% Tax

GF-8016 Function Generator
with Freq. Counter

$249

3ine, Square, Triangie
Pulse, Ramp, .2 to 2MHz
Freq Counter .1 - 10MHz

GF-8015 without Freg. Meter $178

C & S SALES INC,

. Deerfield, 11. 60015

1245 Rosew

(800) 292-7711 (708) 541-0710
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LEARN TO BUILD AND PROGRAM
COMPUTERS WITH THIS KIT!
INCLUOES: All Parts, Assembly and Lesson Manual

MODEL
MM-8000

$129.00

Startng rom scraich you bulkd a complete system. Our M Master
ringr 1achas you [0 wrie inta RAMS, ROMS and run a 5085
IO OCoSSor, which Uses Sumilar maching language as GM PC. You
wil witg the inital nSinchons to tel the 8085 provessor o ® sanet
2 siore nese n permanent memory In 5 2816 E* PROM
Teachas you all about Input and output pors, computer bmers. Buid
Your own keyboard and learn how B can keyboard end display. No
Provious computer kowledge 1equied. Simple vasy lo undersiand in-
Siruchion teaches you to wrte In machine language

15 Day Money Back Guarantee
2 Year Warranty
WRITE FOR FREE CATALOG
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New Products

stations provide a tip-to-ground resistance
of 0.58 ohms, tip-to-ground leakage of 0.70
mV, and =+ 3°F idling temperature. The units
are designed to increase the user’s control
over the soldering process and minimize
the risks of thermal and electrostatic dis-
charge shock.

Those specifications, along with other fea-
tures, make the soldering stations attrac-
tive to commercial and other non-military
users as well as military users. Heat-up
time is 20 seconds, and recovery time after
solder is 10 seconds. A 24-volt DC power
supply protects the soldering iron from tran-
sient voltage and switching-spike damage.
Tip-to-ground connection requires little main-

tenance, thanks to a design that provides
an air-tight connection that resists oxida-
tion for the life of the tip. The outer barrel
cover screws on and locks the tip between
the shoulder and a tapered spike that pen-
etrates the end of the copper tip core.

Each unit simultaneously displays both
setpoint and actual tip temperature. The
stations each come with a soldering iron,
a power unit with iron holder, sponge
and tray, ground lead, and user's manual.
Analog and digital models of the 115-volt
single-iron station are available, with either
a T300 (40-watt, 3mm) or a 7500 (60-watt,
5mm) tip.

The analog T3000 11£ -volt unit with T300
tip has a list price of $259.00; the same
unit with a T500 tip, model T5000, costs
$269.00. Digital stations, the T3050 115-
volt with T300 tip and the T5050 with T500
tip, cost $359.00 and $369.00, respectively.
Replacement tips cost $5.75 for the T300
and $5.95 for the T500. For more informa-
tion, contact Royel Soldering Systems Inc.,
744 Salem Street, Glendale, CA 91203.

CIRCLE 108 ON FREE INFORMATION CARD

ter features a 6-foot power cord, six
switched outlets, triple MOV protection, an
illuminated on/off switch, a surge-protec-
tion indicator light, and a 15-amp resetta-
ble circuit bréaker. The unit is UL rated at
400 volts. Packaged in a neutrally colored,
high-impact plastic case, the SurgeMaster
can be wall mounted.

The SurgeMaster surge protector/power
strip has a suggested list price of $29.95.
For more information, contact Belkin Com-
ponents, 14550 South Main Street,
Gardena, CA 90248; Tel. 800-2-BELKIN.

CIRCLE 109 ON FREE INFORMATION CARD

stops charging when a critical heat level
is reached.

The RB-55, RB-77, and RB-77S NiCd
batteries have suggested retail prices of
$69.96, $89.95, and $119.95, respectively.
For more information, contact SUNPAK/
ToCAD America, Inc., 401 Hackensack Av-
enue, Hackensack, NJ 07601.
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SURGE PROTECTOR

A six-outlet surge-protector/power strip from
Belkin Components is designed to protect
sensitive computer equipment from high-
voltage surges of up to 76 joules, which
insures that the AC current supplied to the
devices is at a safe level. The SurgeMas-

NiCd BATTERIES

The Sunpak RB series from TOCAD con-
sists of three rechargeable nickel-cadmium
batteries that fit today’s most popular 8mm
camcorders and video lights that accept
NP-series batteries. All three batteries—
the 1100-mAh RB-55, the 1500-mAh RB-
77, and the 2200-mAh RB-77S—use Sanyo
NiCd cells. The cells are precisely
matched in voltage and amperage charac-
teristics to assure consistent, long-lasting

¢ CEMCDRGER

SRR
1 : ! comcomen 8
§  SEFLACEMENT

§ Ty

BEPLACINEST -
BATTERY o

performance. Four-point spot welding on
each battery terminal provides precise
connection between each battery cell,
guaranteeing maximum current flow
through each cell for the life of the battery.
For safety and to prevent overcharging, a
thermal circuit-breaker system automatically

FINGER WARMER

Concert pianists customarily play for half
an hour or more to limber up their fingers
before a performance. And even in these
days of universal central heating, keyboard-
ists of all sorts—pianists, typists, computer
programmers—still need a way to get their
fingers up to speed on those chilly winter
mornings.

The solution for the 1990’s is Cleveland
Microwave's microwave finger warmer,
model 5799. The unit consists of a small
box containing a power supply and Gunn-
diode microwave-generating circuitry. Two
small clip-on dish antennas attach easily to
any sort of keyboard, and direct a beam of

gentle microwaves straight into the area to
be heated. With the 5199, lengthy limbering-
up and warm-up times can be reduced to
just five or ten seconds, increasing produc-
tivity and accuracy. A hi-low switch on the
unit permits it to double as a coffee warmer,
and to be used for heating up light lunches
and small pizzas. Dishes are available in
silver, black, and eggshell finishes.

The model 5199 microwave finger
warmer has a suggested list price of
$149.95. For more information, contact
Cleveland Microwave, 911 Scorched River
Drive, Cleveland, OH 44101. ]
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Discover Your Gareer Potential In The
Fast Growing Field Of High-Tech Electronics!

CIE Gives You The Training You Need to Succeed...
At Your Own Pace...& In Your Own Home!

If you're anxious to get ahead ...and
build a real career...you owe it to
yourself to find out about the Cleveland
Institute of Electronics!

CIE can help you discover your
career potential in the fast growing
field of high-tech electronics. A career
that will challenge and excite you
every day...reward you with a powerful
feeling of personal accomplishment...
and deliver a level of financial security
you may have only dreamed of before!

As the leading schoof in home-study
electronics, CIE has helped over
150,000 students in the U.S.A. and
over 70 foreign countries get started in
this exciting field. To find out how CIE
could be helping you...read on...then
send for a CIE catalog TODAY!

A Growing Need For
Trained Professionals!

The career opportunities shown here
are only a few of the challenging, high-
paying careers you could enjoy as an
electronics technician.

You could be the “brains” behind the
scenes of an exciting TV broadcast. ..
trouble-shoot life-saving medical equip-
ment...design exotic new aeronautics
systems...CIE's job-oriented programs
offer you the quickest possible path to

the career of your dreams! And CIE also features
military and union re-training, to build on what

you already know.
Dozens Of Fascinating

Careers To Choose From!

Even if you aren't sure which career is best for
you, CIE can get you started with core lessons
applicable to all areas of electronics. As you
advance, CIE makes job opportunities available

Consumer Flectronics

Military Electronics

Personal Training From A
Renowned Faculty.

Unlike the impersonal approach of large class-
room study, CIE offers you one-on-one instructional

help 6 days a week, toll-free. Each CIE lesson is

authored by an independent specialist, backed by
CIE instructors who work directly with you to
answer your questions and provide technical assis-
tance when you need it.

Send For Your
Catalog Today!

Practical Training...
At Your Own Pace.

Through CIE, you can train for your
new career while you keep your pres-
ent job. Each course allows a gener-
ous completion time, and there are
no limitations on how fast you can
study. Should you already have some
electronics experience, CIE offers
several courses which start at the
intermediate level.

“State-0f-The-Art”
Facilities & Equipment.

In 1969, CIE pioneered the first elec-
tronics laboratory course, and in 1984,
the first Microprocessor Laboratory.
Today, no other home study school can
match CIE's state-of-the-art equipment.
And all your laboratory equipment is
included in your tuition cost. There is
no extra charge—it's yours to use while
you study at home and on the job after
you complete your course!

Earn Your Degree To
Become A Professional
in Electronics!

Every CIE course you take eams you
credit towards the completion of your
Associate in Applied Science Degree, so
you can work towards your degree in

stages. And CIE is the only school that awards you
for fast study, which can save you thousands of
dollars in obtaining the same electronics education
found in four-year Bachelors Degree programs!

TN 4 MSTITUTE B0 e i

to you through the bimonthly school paper,
The Electron. :

| CIE World Headquarters P RS e

Cleveland Institute of Electronics, Inc. N

| 1776 East 17th St., Cleveland, Ohio 44114 AHO-145 |

: O YES! Please send me your independent study catalog (For your convenience, |

CIE will have a representative contact you—there is no obligation.) |
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Think
Tank

HOW TO WIN FRIENDS...

Iright, the answer is three times. No

matter what you pull out the first
two times (and it might or might not be
a pair) the third time is the charm, By the
time you've pulled out three of them,
you're sure to have a pair.

Meanwhile, | got a letter from one of
our readers, Tom Allston, of Amarillo, TX.
He tells of the three friends that decid-
ed to go to the Consumer Electronics
Show, in Chicago. It was a spur-of-the-
moment decision, and they showed up
in the Loop with no room reservations.
Now you know how crowded Chicago
gets during a show, right? Finally, they
found a hotel with only one room left,
and decided to share the room while it
was still available.

The desk clerk explained that the
room would cost $30 for the night
(some hotel, huh?) so each of them put
up ten dollars. Later, the manager reai-
ized that he had overcharged them,
that the room should only have been
$25. He gave the belihop five single
dollar bills and told him fo take it up and
reimburse the guests.

On the way, the bellhop wondered
how he was going to split five dollars
among the three men, and to simplify
things, he put two of the dollar bills in his
own pocket. At the door, he gave each
of the men a dollar back. So each man
paid $9. for the room, a total of $27. The
belihop got two bucks, for atotal of $29.
Now where did that extra dollar go?

Dont blame mel If you think you've
solved it, write to me with the answer,
and ['ll give you the right answer next
month. Can you wait? And hey Tom,
thanks a whole bunch.

Now I'm going to lay some great
news on you. Remember the Think Tank
book? Well, Volume Il is now available
and ready for sale. It's even better than
the first volume was, and that one was
sold out and reprinted many, many
fimes. And if you still haven't gotten
Volume | as yet, we've got lots of those
left too. Here's how to order: Volume |
(#169) costs $3.50. Volume Il (#169A) is

By Byron G. Wels, K2AV_B

only $3.00. Order both at the same time
and you'll save fifty cents. The price for
both books is $6.00. Please include
$2.00 for postage and handling
charges, and New York State residents
please add applicable sales tax. Order
from Popular Electronics, 500-B Bi-
County Blvd., Farmingdale, NY 11735,

Now, let'’s take a look at what the mail
bag has to offer this month.

Solenoid Tester. You'll find this circuit
(see Fig. 1) to be a great help in check-
ing solenoids and relays. Inductor T1is a
discarded coil from a solenoid that acts
as the secondary of a step-down tfrans-
former. When a solenoid is activated, it
it has current flow in its coil. When T1 is
placed on the solenoid, it picks up this
current flow. Diodes D1 and D2 rectify
and double the output, while C1 and
C2 filter the output. Transistor Q1 is used
as a switch, that when forward biased,
causes LED1 to light. Resistors R1 and R2
are used to absorb excessive current
flow. A piece of iron is added o T1 to
assist in the pick up of current,

The unit is a very simple circuit that
can be point-to-point wired on a sec-
tion of perfboard and mounted in a
small plastic tube.

—Manny Valco, Stony Point, NY

There’s a copy of the Think Tank book
on its way fo you. | hope you'll enjoy it.

D1 R1
1N4007 1K

Fig. 1. The circuit shown here is a great
help in checking solenoids and relays. An
inductor acts as the secondary of a step-
down transformer, picking up induced
current from the solenoid coil.

wwWwW-americanradiohistorv com

555 Controller. While designing a
complex system, | required several
fimed output pulses to occur at dis-
proportionate intervals. My first choice
was to use a 555 timer to provide the
necessary output delays. But the 555
timer always inifiates the timing phase
on power-up. That wasn’t acceptable
for my application. | had two choices.
Drop the fimer and look for other cir-
cuits, or do some head-scratching and
come up with a fix.

| found that a positive voltage ap-
plied to the trigger pin of the timer just
before initialization provided the desir-
ed condition: No output. | used an RC
network (see Fig. 2) using a Ya-watt re-
sistor and an electrolytic capacitor at
pin 8 (V44) of the device. It worked like a
charm. However, the results were not

Voo Vop
b
SRl grR2 @3
00 Tana 2
]
U 12 5 TRIGGER
TIMER
556

6} 3

Y 0o OUTPUT

KT

Fig. 2. The 555 Controller circuit
produces timed output pulses that occur at
disproportionate intervals.

O

always repeatable. It worked with some
units and didn‘t with others. | increased
the capacitance and learned that a
22-uF capacitor and a 470-ohm re-
sistor provided consistent results.

The 555 timer is available in both
CMOS (low power/high speed) and bi-
polar version. In either event, the circuit
can be powered from 12-volt DC
source. The supply voltage is a deter-
mining parameter of the time delay
output. Because of the characteristics
of the two versions of 555, if one is sub-
stituted for the other, it will be necessary
to recalculate the values of the RC
components.

—Daniel R. O'Geary, Albuguerque,
NM

Thanks, Dan. Thats a clip-and-save
for sure. And its what our hobby is all
about. If you can't find what you want,
make it. I sent you a copy of our Think
Tank | book, which | know will keep you
happy for awhile.

(Continued on page 24)
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REPAIRING THE NEW

2809 $27.95
Counts as 2
OPTORLECTRONE
i gm
3205 $24.95 1532P $14.95

e -

"HOME "
ELECTRONICS
FIXIT BOOK

e —

Basic
Electromics i
Course

2613P $15.95 2883P $16.95

S )

¢ The Master |
{ Hankdbook of
‘ ;lCCirg.uoi_t_s,

Y mibir-lnmio a0 ey e

AUDIO EQUIPMENT

p—

=

3185 $34.95
Counts as 2

THE LLUSTRATED
BICTIONARY OF ELEE?RON!C

ERTH FDITION

2900P $24.95
Counts as 2

20

INNOVATIVE
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CIRCUITS
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Electronics projects . . . ideas . . . the latest technology
all at up to 50% off publishers’ prices!

Membership Benefits ® Big Savings. In addition to this introductory
offer, you keep saving substantially with members’ prices of up to 50% off the
publishers’ prices. ¢ Bonus Books. Starting immediately, you will be eligible for
our Bonus Book Plan, with savings of up to 80% off publishers’ prices. ¢ Club
News Bulletins. 14 times per year you wili receive the Book Club News, describ-
ing all the current selections—mains, alternates, extras—plus bonus offers and
special sales, with scores of tities to choose from. ¢ Automatic Order. If you want
the Main Selection, do nothing and it will be sent to you automatically. If you prefer
another selection, or no book at all, simply indicate your choice on the reply form
provided. As a member, you agree to purchase at least 3 books within the next
12 months and may resign at any time thereafter. ¢ Ironclad No-Risk Guaran-
tee. If not satisfied with your books, return them within 10 days without obliga-
tion! ¢ Exceptional Quality. All books are quality publishers’ editions especiaily
selected by our Editorial Board.

1990 ELECTRONICS BOOK CLUB, Blue Ridge Summit, PA 17294-0810
All books are hardcover untess number s tollowed by a "P"" for paperback. (Publishers’ Prices Shown)

FREE when you join!

15 Easy Electronic

- T.Horn
Projects From Delton T. Horn A AllTione Favorite
Projects you can buildl—some 3;-32, St

unique, some old favorites—from
the author’s vast treasury of
electronics know-how.

' %&% EecTranics Baak Cuue

Blue Ridge Summit, PA 17294-0810

Please accept my membership in the Electronics Book Club and send the 5 volumes listed
below, plus my FREE copy of Delton T. Horn's All-Time Favorite Electronic Projects (3105P),
billing me $4.95 plus shipping and handling charges. If not satisfied, | may return the books
within ten days without obligation and have my membership cancelled. | agree to purchase
at least 3 books at regular Club prices (plus shipping/handling) during the next 12 months and
may resign any time thereafter.

Name

Address
City

State Zip Phone

0000080000000 0000000000sbo0000c000000

Signature

Vahd for new members only. Forsign applicants will receive speciat ordering instructions. Canada must remit L

in U.S currency This order subject to acceptance by the Electronics Book Club. PE490 :
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Metal Detector
Catalog

Models for underwater Treasure
Hunting, beachcombing, relic hunt-
ing and gold nugget prospecting.
High performance, lightweight, easy
to use. The very latest from the
world's oldest and proudest name in
metal detectors. Write:

FISHER RESEARCH LABORATORY

1005 I Street, Dept.PE,Los Banos, CA 93635
Ph. (209) 826-3292, FAX (200) 826-0416

FISHER=
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PROFESSIONAL QUALITY
WEATHER STATION
NOW AFFORDABLE

ENOUGH FOR HOME USE!

The new WeatherPro weather station uses state-of-
the-art technology to give you full monitoring capa-
bility at an mcredvlbly ow price The WeatherPro
includes a weather computer, remote precision wind
direction vane, wind speed sensor, external temper-
ature probe, mounting hardware and 40" of cable-all
for only $179!
*WIND SPEED
*TEMPERATURE
*WIND DIRECTION
«TEMPERATURE HI/LO ¢ AUTO SCAN
*RAINFALL (OPTIONAL)* *1 YEAR WARRANTY

*14-DAY MONEY-BACK GUARANTEE

DIGITAR WEATHERPRO
WEATHER STATION: ONLY $179!

ORDER TODAY:1-800-678-3669, PE
M-F 7AM-5:30 PM Pacific Time

'Au'omatic_fm%lymg electronic rain gat:fe-fft‘).%
Add $5.00 for shipping CA residents add sales tax
Fax 1-415-792:9188 « M/C and VISA

DIGITAR’

3465 DIABLO AVE, HAYWARD, CA 94545

*WIND GUST
*WIND CHILL
*TIME

THINK TANK
(Continued from page 22)

Meter Tester. This unit uses switches
and resistors o provide a number of
current ranges. It allows you to test most
of the meters available at surplus out-
lets, and without damaging the sen-
sitve movements when you have no
idea of internal resistance or full-scale
current of the unit.

Here's how it works. In Fig. 3, M1 is a
multimeter set to measure current, and
M2 is the meter-under-test, Starting with
31 set at the maximum resistance and
S2 open, decrease the resistance set-
ting of $1, fine tuning with R12, until M2
reads full scale. Then read M1. It will tell
you the full-scale current for the un-
known meter. As the meters are con-
nected in series, the same current flows
through both.

Now close S2 and adjust R14 and R15
until M2 reads exactly mid-scale and
M1 reads the same current as deter-
mined earlier to be the maximum cur-
rent for M2, Half the current is flowing in
M2 and half is going through R14 and
R15. The voltage drop is the same
across the meter and R14 and R15, be-
cause they're in parallel. That means
that the sum of the resistance of R14
and R15 is the same as the internal resis-
tance of meter M2,

If the internal resistance of M2 is less
than 470 ohms, set R14 at maximum
resistance and close S3. Readjust R14.

Both R14 and R12 should be linear-ta-
per potentiometers.

This circuit will work for a majority of
meters. A few have internal resistances
of several thousand ohms. Switch S3
could be replaced by a rotary switch
and resistor arrangement similar to $1
to extend the meter’s range. You could
have ranges from 500 ohms to 3000
ohms, for example.

—Ed Stiles, Tucson, AZ

Thanks Ed. Nice job, and a useful cir-
cuit. Seems our readers are always in-
terested in test equipment, and as they
come in, we're happy to share them
with you.

Quake Detector. After Stockton, CA
was mildly rattled in the October 17
earthquake, | decided to come up with
a way to provide awarning in the event
of a tremor. After watching my chan-
delier swing, | developed this circuit
(see Fig. 4). We were studying switching
fransistors in electronics school so it tied
in nicely with our class theory.

The circuit is a simple transistor switch.
Any movement closes the switch, trig-
gering the transistor from cutoff to sat-
uration, causing a current to flow
through the buzzer and LED. That pro-
vides both a visual and audible warn-
ing, hopefully alerting sleeping persons
in the early seconds of an earthquake
and perhaps providing a few addi-
tional critical seconds to obtain proper
cover. It can be hung from a chandelier

R14 R13
5002 15K
=
< R15 l\
sz(L $ 4700 s2
S1
SP12T
'S A, A'
R1
M1 5K2
MULTIMETER
—0
P, | o—
— 0 f'o SE—

AAA AAA, AAA [AAA [—iA?MATAAﬂ AAA, lAAA AAA AAA,

AAAS AA AL Yvev " VVYY AAAd 'y AAAL A A it A 4 4 ey ey

R11 R0 R9 R8 R7 RE6 RS R4 R3 R2 Rl

3K 3K 3K 3K 3K 3K 3K 3K 3K 3K 3K

M2

SEE TEXT

N
1.5v

Fig. 3. The Meter Tester uses switches and resistors 10 provide a number of current
ranges, thereby allowing you to test most of the meters available at surplus outlets
without damaging their sensitive movements even though you have no idea of the full-
scale current requirement of the unit.
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LED1 ISADUAL LED FOR
EXTRA BRIGHTNESS
RESISTORS ARE 1/2 WATT

Fig. 4. The Quake Detector circuit is
really a simple transistor switch, in which
tremor detection is accomplished via ¢
mercury-switch sensor.

or by itself from a ceiling where it can
swing freely. It can also be used as a
motion detector on a door, etc. | built
my own unit on a small piece of per-
fboard. It turned out to be more sen-
sitive than | had planned, and it can be

crudely adjusted by changing the an-
gle of the switch. Leave the leads long
enough when soldering so that you can
bend the switch to the desired angle.
| noticed that there are very few
female entries in the Think Tank. Hope-
fully, Il be starting a trend. Come on,
women readers! Let's speak up!
—Annette Mathews, Stockton, CA
Good for you Annette! And I'll echo
Annette’s words. Come on, women of
electronics..lets hear from youlll

Risetime Tester. This circuit (see Fig.
5) is used to test the risetime of digital
encoders. The output of such encoders
is produced by a mechanical wiper
moving across a conductive surface.
That movement results in a slow risetime
as each pulse is created. My tester is
designed to check each pulse for a
minimum 5 ms risetime without using a
scope. In a production environment, it is
easier to teach a worker to check for a
green or red light than itis to train himto
use a scope. Our customer required
that the pulse must rise to a 2.5-volt level
within a 5-ms time frame.

The encoder to be tested is putintoa
frame and its shaft coupled to a small

motor. When the motor is turned on it
rotates the encoder’s shaft so that each
pulse has the same on and off times.
When the first pulse reaches pin 8 of the
comparator, it rises above pin 9's refer-
ence voltage, causing pin 14 to go low,
which then fires the 555. Its time con-
stant is set for 5 ms. The pulse closes
both of the 4066% switches for that
amount of time.

if the voltage level input to the top
comparators pin 4 rises above the 2.5-
volt threshold, the output of the com-
parator pin 2 goes low and fires the top
555 which turns on the green LED indi-
cating a good risetime. However if the
voltage level input to the top com-
parator does not rise above the thresh-
old, pin 2 remains high. That high is fed
o the lower comparator at pin 6, which
will be above the fixed reference volt-
age at pin 7. That comparator’s output
then goes low and fires the bottom 555
fo turn on a red LED to indicate a bad
risetime for that pulse. Finally, when the
pulse being tested goes to the low
state, the first comparator’s output pin
14 returns to the high state and is ready
to receive the next pulse to be tested.

| used the 5585 so the user had time

Professional training and equipment can help
you qualify for a dynamic, high-paying career
" in your spare time.

As the demand for computers and micro-
processors in business and manufacturing
continues to grow, so does the need for
qualified technicians. It’s not unusual for ex-
perienced technicians to earn from $35,000
to more than $40,000 a year.* Now there’s
a way you can train for this exciting field
without interrupting your job or home life.

Choose From These Pruﬁrums of Study

¢ Electronics & Microprocessor Technology

¢ Industrial Electronics & Microprocessor
Technology

*Computer Servicing & Electronics
Technology

¢ Specialized Associate Degree In
Electronics Technology

You Get Professional Equipment
For Professional Training

Depending on the program you select, you’ll
perfect your skills using this advanced equip-
ment, included in the price of tuition:

* Source* U.S. Bureau of Labor Statistics)

Train at Home to be an
Electronics Technician!

® Zenith Data Systems
eaZy Personal Computer

¢ Digital Multimeter
¢ Digital Logic Probe
¢ Elenco Oscilloscope

Exclusive Extras
That Enhance Your Training

Peoples College introduces some training firsts
to make your learning experience more
complete:

® Accelerated Learning System — a scien-
tifically proven study system that lets you
learn faster and easier than ever before.

¢Optional One-Week Seminar — available
with our advanced programs. Conducted
on our campus near Orlando, Fla. Not
required for graduation, but a valuable
opportunity to fine tune your skills with
personal guidance.

eVideo Tutor Training Tapes — give you a
permanent, visual record of informative
lectures and close-up demonstrations.

eExperience Labs — professionally
designed experiments that give you hands-
on *‘bench’’ experience.

¢Industry Certification Training Guide —
provided with three of our programs.
Gives you first-hand insight into the
examination you may take for your
professional license.

For COLOR CATALOG Mail
Coupon or Call TOLL FREE
1-800-366-3113

No Crhligatinn. No sales person will call.

Our programs are accredited by the Accrediting
Commission of the National Home Study Council
<
YES! I would like to know more about your 1
training programs. Send a catalog to:
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Address
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State

___Zip I
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OF INDEPENDENT STUDIES
233 Academy Drive * P.O. Box 421768

Kissimmee, FL 34742-1768
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PROTECTIONS

o

While watching rental
movies, you will notice an-
noyin? periodic color
darkening, color shift, un-
wanted lines, flashing or
jagged edges. This is
caused by the copy protec-
tlon jamming signals em-
bedded in the video tape,
such as Macrovision copy
protection. Digital Video
Stabilizer: RXIl completely
eliminates all copy protec-
tions and jamming signals
and brings you crystal clear

pictures.
FEATURES:
@ Easy to use and a snap
to install
@ State-of-the-art in-
tegrated circuit technol-

® ?gg% automatic - no

need for any
troublesome adjust-
ments

@ Compatible to ail types
of VCRs and TVs

@ The best and most excit-
ing Video Stabilizer in
the market

@®Light weight (8 ounces)
and Compact (1x3.5x5")

@ Beautiful deluxe gift box

@ Uses a standard 9 Volt
battery which will last 1-
2 years.

DIGITAL VIDEO STABILIZER
ELIMINATES ALL VIDEO COPY

o

WARNING :

SCO
Electronics and
RXN dealers do
not encourage
people to use
the Digital
Video Stabilizer
to duplicate
rental movies
or copyrighted
video tapes.
RXll is in-
tended to stabi-
lize and restore
crystal clear
icture quality
or private
home use only.

( Dealers Welcome )

Visa, M/C, COD

ToOrder: $4995 ea + $4 for FAST UPS SHIPPING
1-800-445-9285 o 516-694-1240

M-F.9-6

{battery not Included)

SCO ELECTRONICS INC.
Dept. CAQ 581 W. Merrick Rd. Valley Stream NY 11580
Unconditional 30 days Money Back Guarantee
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Jerrold S.B. .........

Oak N-12 (W/VS).
Scientific Atlanta..
Pioneer..................
Panasonic converter........ $98....$79
73 channel converter.......$79......$59

We Beat Anyone’s Price!
30 Days Money Back Quaranty
Free Catalog
Visa, M/C, COD or send money order to:
US Cable TV Inc. Dept. KAB
4100 N.Powerline Rd., Suite F-4
Pompano Beach, Fl 33073

1-800-445-9285

Please have make and model number of the
equipment used in your area ready.

No Florida Sales!

it's not the intent of US Cable TV Inc. to
defraud any pay TV operator and we will not
assist any company or individual in doing so.

............ $74 ....855
Jerrold SB w/Trimode.....$90 .....$70

— $89 .....865
S $109....875
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to see them turning on the LED's. To cali-
brate the unit, feed a 1 kHz or faster
pulse into the circuit and view pin 3 of
the first 555 on a scope. Adjust R4 unfil a
5-ms pulse is displayed. To test for a
good risetime, feed a 1-Hz or slower
pulse to the input. The green LED should
light. To test the red LED, feed a 1-Hz or
slower pulse into the top of two 10k re-
sistors set up as a voltage divider. Con-
nect the middle of this divider to the
input and the bottom o ground. This
cuts the pulse amplitude in half causing
it to fail the test and light the red LED.

—Jim Abare, Rochester, NH

Good for you Jim. That represented a
greatdeal of effort, and we want you to
know that it is appreciated.

Hot-Part Finder. Very often, you have
to feel around a prototyping board for
hot components. Between crowded
components and rafs-nest wiring, you
can offen do more damage with a fin-
ger than you mean to. This circuit (see
Fig. 6) is the easy way to handle that
problem.

It's an audible temperature probe

whose output rises in frequency when
its tip is placed in contact with a warm
component. | used a Radio Shack ther-
mistor (part 271-110), which is coupled
to an NPN transistor, to control the fre-
quency of a 555 timer. The circuit must
operate on 9 volts or temperature sen-
sitivity will be lowered. By the same
token, you can't use lower-value ca-
pacitors. And believe it or not, the circuit
only works when the transistor is con-
nected backwards as shown in the di-
agram! You'll also be interested to know
that if the supply voltage drops below
three volts, the entire circuit works in
reverse,

it's probably obvious that | have no
fraining in electronics.

—Thomas . Stuart, Cambridge, On-
tario, Canada

Torn, | searched all through our stock,
frying fo find a copy of our Think Tank
book that was bound backwards, but
no luck. You'll have to settie for a normal
one. Listen guy, you've got a big jump
on James Clerk Maxwell, Allesandro
Volta, and Thomas Edison. Those guys
never even heard of an IC!

Tone-Burst Oscillator. This little circuit

1/4 339 .001

5V
.
c3 R8
47 1MEG
I vy
4|8
A
vk |3
555 |
R9
] lf’ 3300
ca
01
LEOT
(GREEN)

i -

R1-LOW THRESHOLD ADJ. 0.4V

(AVOIDS TRIGGERING ON NOISY OFF TIMES)

R5—UPPER THRESHOLD ADJ. 2.5V

R4- 5ms TIME INTERVAL ADJ.

Fig. 5. The Risetime Tester can be used 1o check the risetime of digital encoders without

the use of a scope.
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Fig. 6. The Hot Part Finder is an audible
temperature probe whose output rises in
Sfrequency when its tip is placed in contact
with a warm component.

(see Fig. 7) is used as a building block in
a lot of projects. I've used it as a tone-
burst oscillator to drive a piezo element
directly, with a transistor to ring a bell,
and I've even used it to modulate an
FM tfransmitter to make it beep. It is
comprised of one quad Nanp gate, two
resistors, and two capacitors. The first
two gates are used as the “burst” os-
cillator and the third and fourth gates

1/4
4m

o3

c1
47
H—
1/4 1/4
g 40N ; j3 40N "
g} Ute y—@@:—o—o ouT
1]
R2 €
100K ¢
TONE
c2

Fig. 7. The output of the Tone-Burst
Oscillator can be used to drive a piezo
element directly, or using a transistor-
driver circeuit, to ring a bell; it can also be
used to modulate an FM transmitter.

serve as the “tone” oscillator. The burst
oscillator is much slower than the tone

oscillator and is used to pulse the tone

oscillator on and off.

In circuits where size is notimportant, |
use adjustable resistors for the two re-
sisfors so that | can set the tone and
burst intervals to my liking. The same
circuit will work with a hex inverter
{(40498B) and will produce a bit more in
the way of drive. The only difference is
that a diode has o be used to connect

the two oscillators.

—Jerry Baumeister, Jones, OR

Good, circuit Jerry. I'm sure its one
that our readers will reference offen.

BBS Protector. The attached circuit

(see Fig. 8) describes my solution fo the
typical problem with multi-user bulletin
boards. The device protects the BBS
from users who initiate a 250K down-
load, and head off to bed. An interac-
five line is detected and the modem’s
DTR control is cycled, dropping the user
off-line and readying the system for the

next caller. All without the CPU over-

head of a monitoring program.
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An active carrier-detect enables the
device. An idle transmission line allows
C1to charge. As the voltage across C1
(and thus the voltage applied to the
inverting input of U1 at pin 2) rises
above the reference set at pin 3 of U1
by R4, the output of U1 goes low. That
activates relay K1, forcing DTR low,
which in turn disconnects the user. Tran-
sistor Q1 discharges C1 when the line is
disconnected and the carrier goes low.
An active transmission line keeps the
charge on C1 low through Q2.

Resistor R4 sets the idle-time limit from
1 to 5 minutes. Monitoring the host’s TX
terminal, as opposed to RX, prevents
trips during periods where the host is
processing and minimal user input is
required. The device has been used at
3/12/2400 baud for the last 5 months.

—Dave Bean, Allenstown, NH

Dave we don't get too many com-
puter-oriented ideas, and if 'm not mis-
taken, this is the firstt Congratulations
and welcome!

Broadband RF Amplifier. Byron,
thanks to your constant pestering in
your column, | finally did-up the en-
closed circuit as one of my favorites. It's
an all-purpose broadband RF amplifier,
and has a usable gain of up to 100. |
used it for many years as a preamp
ahead of an old tube receiver. Cur-
rently, it's in use as a preamp in front of a
station monitor scope.

The circuit (see Fig. 9) is simple and
inexpensive. | built it entirely from
junkbox parts. Just make sure it's built
using good RF practice, such as short
leads and make sure you include all the
bypass capacitors. There are a few
things you should be aware of, how-

R2
1K

HOST D1 R1
co PIN 8 1N4001 10K
o——4¢

a1
2N2907

+3vV

2 R3
> IMEG

s @
100K
D3
= 1N4001
al
Ll

REMDTE

02 RS
L
PIN 2 INGDD1 10K i L
J A - - PIN 20
100
02 g
K1
22222 Sl
= = DCo
PIN 8
O
TXPIN2

CI ,3-6,9-19,21-25
DTR PIN 20
o2

]’3_6’9_]9’2]_2?3

GNDPIN 7
—_—

il

GNDPIN 7

Fig. 8. The BBS Protector circuit is designed to save BBS's from users who initiate a
250K download, and head off to bed. An active carrier detect enables the circuit. When
an inactive line is detected, the modem’s DTR control is cyvcled. dropping the user off line

and readving the system for the next caller.

ever. Q1 and Q2 are NPN fransistors
such as the MPS18. Mylar capacitors
are recommended for all bypasses,
and use an LC network at jack J1 to use
the unit as a receiver preselector. As you
can see, Q1 is a common-emitter
stage, and Q2 is an emitter follower.

By, if you like this circuit, please send
me a Fips book, or if they are gone,
whatever.

a3 +12V
1000
AWy » I
K c1 b R? c2 == C3 ‘= R4
1 o
] 215000 I e I T 4K
3 B R1 == L
= 22K a2
—F————————4 MPS918
ca c7
N 1 a ! c6
1 32
@—H— - T MPS818 - - :
' #4.7»( |
RS ] | & RS
| ?‘UK R6 = C5 | 2700
100002 I 1 J_

1S
I

s

Fig. 9. The Broadband RF Amplifier is simple, inexpensive, and can be built entirely from
Jjunkbox parts. The only precaution that you should take is 10 make sure that lead lengths
are kept as short as possible, and that Mylar units be use bypass capacitors as indicated.

wasna araricanradinhictars cam

—Howard Krausse, Ann Arbor, M

They are Howard, butI'm sending you
a copy of the original Think Tank book. /
think some of the projects there will
keep you busy for awhile!

Okay guys, | figure thats just about
enough fo fill the space allocated to us
for this month. You can earn afree copy
of the Think Tank book too. Just send
your pet circuits (along with detailed
explanations) to: Think Tank, Popular
Electronics, 500-8 Bi-County Boule-
vard, Farmingdale, NY 11735. See you
next month! [ ]

Support

American Heart
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5 sure steps

1 m Choose training
that’s right for today’s
good jobs

Jobs for computer service technicians
will almost double in the next 10 years,
according to the latest Department of
Labor projections. For you, that means
unlimited opportunities for advance-
ment, a new career, or even a com-
puter service business of your own. 1990

But to succeed in computer service today, you need training—
complete, practical training that gives you the confidence to service any
brand of computer. You need NRI training.

Only NRI—the leader in career-building, at-home electronics training
for more than 75 years—gives you practical knowledge, hands-on skill,
and real-world experience with a powerful AT-compatible computer you
keep. Only NRI starts you with the basics, then builds your knowledge
step by step until you have everything you need for a fast start as a

% high-paid computer service technician.

COMPUTER!

2- Go beyond
“book learning”
to get true hands-
on experience

NRI knows you learn better by
doing. So NRI training works
overtime to give you that
invaluable practical experience.
You first read about the subject,
studying diagrams, schematics, and photos that make the subject even
clearer. Then you do. You build, examine, remove, test, repair, replace.
You discover for yourself the feel of the real thing, the confidence gained
only with experience.

3- Get inside
a powerful com- |
puter system i

If you really want to get ahead
in computer service, you have
to get inside a state-of-the-art
computer system. That's

why NRl includes the
powerful new West Coast -
1010 ES computer as the

centerpiece of your i
hands-on training.

As you build this
fully IBM AT-com-
patible micro from
the keyboard up,
performing key tests
and demonstrations at each stage of assembly, you actually see for
yourself how every section of your computer works.

You assemble and test your computer’s 101-key “intelligent”
keyboard, install the power supply and 1.2 meg 5%" floppy disk drive,
then interface the high-resolution monitor. But that's not all.

You go on to install a powerful 20 megabyte hard disk
drive—today’s most-wanted computer peripheral—included in your
training to dramatically increase the data storage capacity of your

0§ r e T

I B

B e

1o a fast start
as d high-paid
computer service technician

2000

r

computer while giving you lightning-quick data access.

By getting inside this powerful computer, you
get the confidence-building, real-world experience
you need to work with, troubleshoot, and service
today’s most widely used computer systems.

4- Make sure you’ve always got
someone fo turn to for help

Throughout your NRI
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 if
you should hit a snag,
your instructors will
make you feel as if

» you're in a classroom of
one, giving you as much time and personal attention as you need.

5 a Siep into a bright new future in
computer service—start by sending for
your FREE catalog today!

Discover for yourself how easy NRI makes it to suc-
ceed in computer service. Send today for NRI's big,
100-page, full-color catalog describing every
aspect of NRI's one-of-a-kind computer training,
as well as training in robotics, TV /video/audio
servicing, electronic music technology, security
electronics, and other growing high-tech
career fields.

If the coupon is missing, write to: NRI
School of Electronics, McGraw-Hill Continuing
Education Center, 4401 Connecticut Avenue, NW, Washington, DC 20008.

AT & IBM are registered trademarks of International Business Machines Corp.

L JUR
School of r&ﬁf’ For career courses
| MNIFPF :ccionics WA | approved under Gi Bin| |
R R . 3 check for details.
I McGraw-Hill Continuing Education Center - I
4401 Connecticut Avenue, NW, Washington, DC 20008 I
I O CHECK ONE CATALOG ONLY [0 Security Electronics
I [J Computers and Microprocessors (] Electronic Music Technology I
] Robotics 0 Digital Electronics Servicing I
l O TV/Video/Audio Servicing O Computer Programming
I O Telecommunications [ Basic Electronics I
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I Address - _ I
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CORPORATION AK. Puerto Rico — 218-681-6674 FAX — 218-681-3380 TWX — 9103508982 DIGI KEY CORP
INTEGRATED CIRCUITS INTEGRATED CIRCUITS SILICON TRANSISTORS PANASONIC* SU SERIES | DISC CAPACITORS

74152588N 0C: 4518BCN 48| LM747CN ANTIMI 356 3 i3 Miniature Aluminum Electrolytic ors
7a00 TTL | JiiS2580 BOCOSN I N79WD5 MassE 3705 & ST = PAIZY 1200/ 2.25 | PAN7 047 ut25 TR
Pant Prica | J81S28IN 0 5o I Gs22s0n ol H k A 3 et P30 1800MK 225 | PA3Il Ll 1.61
7800N —'3¢ | 74152808 3 Ik 2 E g T P4131  1800/1K 225 | P4418 1000, 7
e e 2 2 P4132  2200/1K 293 | Padlg 1500 75
7402M 35 | Taisdsin 77 | ee212 10 P8 ZI0IK 293 | paaxd 2200 5
7403y 35 | 74153658N 138 JK 293 | paa2l 3300 75
14048 35 | 71153664N § e I ,‘,‘:}35 %g K 496 |pas2 4700 7%
R = N I 6 4 1K 536 | P
T80k 43 | 74LSI6TN , X . Description  Pkg. 1 1000 1,000 a1 | raats 2z Wbis s&0 ik 836 | basa e
o g 1N40O 50 PIV 4900 ° PAI3E G00/1K  B.44 | Pasds 15000/
g 23 3R ElEE sk fnina :
7909 bt | Memory 56 00, E 219 75 I || &g f o
Sl 43 59 50 IR 7 P4161 10000/ 50 86 | P4428 47000 15!
B . s 22 glesae e I
H N 1750 [ 1N4006 v .25 1 | 4 1.01 ;2
74168 35 |Biisozan  vea | Jancion 3o M EiN i wmMo25n 740 | INADO7 1000 PIV 7525 1fee 18 Mo om0 193 | by e L8
7a17n 35 |BILSIAN 189 jancooy oo M iiea 105 7| Tacieon 937 aa 6223 231 Wow ] Paslz  1500/5C 8
7620 33| 74500 TTL | zamcion 25 [ LF3SSN 120 | 7acaion 52 5% CARBON FILM RESISTORS 3 Pa200 1000/100 68 | P4433 2200/ 8
7426N 3| Brca| 1SHCI2N 25 [l F356N 1.2 24S1B0N 1 Available in 1/8. 1/4 & 1/2 Watt 27 [ P2 1q [ 04202 1500/100 .68 | P4434 3300/ 8
13N a3 |t el zancazn 12 [l 3EIN 50| 1 74S18N 2 A PE330 F 3 15 2200/ 1 79 | Pad3s 4700/ 26
230N 30 | 74sa6h 5[ Tancoon [ & ‘How To Order: Take any standard resistor value {1.e. 3300/1 79 | Pas3s 6800/ 94
432N 3% | 74502M o| e, S| z 32)andaddan “E for 1,8 wattora Q" for 1/4 watt %; g 4 ;? P4206 4700/100 109 | Pad37 10000/50 1.07
74378 30 | J4S03N 35| Fiutien a2k 174 3 ot 8n for 1/2 watt {i.e. 320 for 3.29 1/4 watt, pEES [ 5= L Al P4438 15000/ 101
430N 40 ;:gggm 3| Tancron (Faaion ! 210 W this s the Oig-Key pan number . pe33 5% S rso onnizs s | Paazs zooore0 109
TA80N 48| 351 7ancesn (FaascN 180 H 200 1,000 #6335 i P6230 k) 1022{uti25 Eopd 13
m o mm em sfuRe b o | P AR TR o e e o e e
LMIOCIN 7 70| ‘M 74S4744N A B 1/4 Watt 25 340 13.00 ¥ 5
e ) e R ) R = 3% o [ | e e
7 : ) 2 2 . |
74508 47 | 14815k so| Tt BB LM3086N 74S570N 379 1/8 Wart Rgaistor Assortments PEM0 214 | pe23s 230 10/500 68 | P40 3
0 N 98 LM35(2 600 2 745571N 375 Pa402 15/600 P4410 28
73518 48 | 74520W 38 yancazsn  ap | vapian 57| M3DESN 255 | puene b 3 o8 Ml RS112 Serof5eachof the 73 standard 5% $8.90 pes4t a0 Pad03  18/500 79 | pad1l 91
74530 34 | 1452IN 541 Sincizen 53 [ M307N 5] LM3JCIN 99 | 7435738 450 1/B watt_carbon film resistors in the | P34z 18 1 = PaGA  22/500 79 | pad12 ‘a1
Tasan 30 | Jasaon 4Bl 74nC133N 33 i LM30ON ‘9p | (M3IOZN 98 senes 10, 12, 15, 1.8, 22, et Pa3a3 21 PaL05  27/500 73 | Pad13 ‘a1
mg: :lﬂ Jaston 48] 7anci3an a5 M iM3TIN 54 t:g;m ;% Mo through 1.0 megohm 365 total | 9634; P %3‘;’ :g PA406  33/500 98 | Pa4Y4 a3
4 T | icr pe3:
o | TAHC139N 3 LM317X 495 - pieces) P4ag? 39/500 98 | P45 70
AT a | M ation gz 82| [MAS0ON 88 6, poos [l RS212 Se1of 5 sach of the 72 stancard 5% $9.90 e e 2 [ pascn 47500 173 PATE o
i nE QL SRiw Basel 8 Ber R )T BT S BN B ¢ vauvcaeacions
7a574N 43| = = LOP47ON 4. senes 11. 1.3 16, 2.0, 24 PE349 " o
7485N 01 ) 4saEn ‘as| 74HCIBIN 1 LW31BN  165) tM3ATIK 225 | Copaggn 5.3 through 910 kiohm (360 total pieces) PE350 % | e 3
T4B6N ap | 1458 —22| 24HC15IN LM3IgN 150 LM3GTaN 285 | e 4gh 970 hiohn L5 101201 ] 8242 50 M pat  Cap./von. Price |paoss 22
7489N 750 ;:g”g: 50| 7anc158N IMI200z50 77| \MIDIEN 285 S.?:%??.} gg 1/4 Watt Resistor Assortmonts % % . gg %ﬁ 1213 [ S 3 ‘ il A 43;
14808 55 | J9S11aN  ag| JAMCIGON M320(712 60| LMISIGN 285 | DRBZIZN 330 B AS126 SerofSeachofihe3standaras% %990l 25,3300 | Pe3s3 )71 | pepas  17a P01 4763 31 \P247 47 54
T493AN 55 | 133133 g 7ewciain 63 il MI20L215 77 LMPBLOSACZ 48 [ ppgypgy 5 174 watt carbon him rasistors in the 2524700 | P6354 255 %6 2.8 ] P2012 63 34 |P2048 68 55
455N 8| 7ast3an 7| 7aeciean 3 lLMIZOMPS 225 IMTBLIZACL B4 | pogapey 3 series 10, 12, 15 1.8, 22, et 25 6,800 37 P2013  10/6 42 [P2049  10/2 1
741078 53 | JasiaeN 17| 7MCI6IN 63 B IMIZONF 12 190 LW7BLISACZ 54 | oo N6 through 10 megohm (365 total 25/10,000 | P6356 495 P2014  15/6 .50 | P2050 15/ !
;::nsx 53 | Jas1 8 | ;:ng‘ggz & mgggrms ;33 m;ge;g gg DPBZIBN 6 recas) 35/4.7 P6357 2] | P67 1 ;22812 2/8. %7 P20S1 22/ 1
21 60 H 5! 9 35/10 PG358 26 P6248 14 1! 33/6. 2.
TiW se | SN sl Lok e ez g2s| opsic  se | pERRR, 38 RSEE Oa ofSsachoftheT2suandardS% 8050|555 PEIR 2 | pedag P2017  87/6 85 [P2063 0.1/
741258 6 | jysran — as| 7MCI7sh 58 [ (MazaN 54/ (MII08ON 180 | ppgipsen 1 e i e e e R 35/3 P 3% | P6250 21l p2i8  s8i6 198 |P2054  0.18/35
T 75 | ity as| HC1sn e MK 52| AR 0 eedura 3 thraugh 910 kiohm (360 total vieces) S| B | g ZhER @ B 0B
74545 1.0; ‘g | N . gn 3R P65, . E
javan 100 | JaS & e Wi T38| awmsos 75 | a2 1/2 Watt Resistor Assortmaents 35220 P63 % 2 220063 785 P2057 047 7
74150N 154 aHC221N 110 [ IM32902 81| AN7B0E 7% ' a —- - 35/330 PE364 66 | P8254 53 330/6.3 1165 |P2058 068 8
e 58 | yasigin 28| L N Y o 53| anracy 73 |oesam 58 RS1S0 Sat of & each of the 73 standsrd 5% $3.90 357470 PR38E 72 | pe2ss a5 Nl P 2271 78 |P2058 1.0 i
415N 43 | 1431630 23 ;g:g;m ;g hpiti T85! anraos % :nsmsm‘s‘ gg 1/2 walt carbon fim resistors n the 35/1,000 P66 03 56 97 Brom 3304 3 |P20s0 15/ ‘34
74154N 158 ;‘ém: : Jencaan 76 J (3382 210 &N7803 75 | INS803aN 6 33 ‘S:V-ES r: 0' u‘ 2,15, 18 gé st 35, PE367 371 | PB257 174 @ P2024  a71 34 |P2061 22 2
;4;22: S0 | TISIBIN ~Tag| JOME24N 78 {5332%? Hﬂ AN7B10 ;g INSA028N 11 5 6 ,,,;‘;;,B. megohms & total g P6368 %g; P258 .48 [§ P2025 s‘ ‘I gg szzosz 3;; 51
1 50 8| Jaucoaan 75 ANT8)Z —_— il g o
ngin 75 | SN 178 hicoae a J MIIK  76e| MBI 75 | eeLoat ;; 5ﬂ RSZ50 Set of 5 sach of the 72 standard 5% 8.90 fl 35/ P 88 | : b0z sl O | CED L
74164N 75 | 7astaan 14| 7AHCSIN a0l LMIIIMP L0, ANTB1D 5 s 16N 0B 1/2 watt carbon film resistors in the oo | [EE=E :g i i W |ohee  1e3s 1
TA166N 90 | Tostgsn 143 JoMC2sow 65 [l MadiT 195 ANTS20 MM58174AN10.25 sorss UV W1.02 O32:4 Yotc 50122 = PE26T- 3l P2030  avs 118 |P2090 047735 3
SN 100 | 7akczary 63 [ LM33BK 1020 | ANT8LO4 4 1hrough 910 kilohm (360 10tal jriecas) E A
JAIN U0 Fagzaow  gy| ez 63 NSEL 10| aNzaL0s 43 | wsceooN 1825 60133 PE371 21 1 88/1 182 P20 gas  4g
e IE ZIUI BTN vt Rl e LAl 57 WIREWOUND REC. RESISTORS £ P32 % | pe2ey i feom oo 30 mel Zs 2%
741808 50| Jisash 350 rqicosy oo [l LMdKE 12 210 s OMB33aN 225 Avaitable in 5 & 10 Watt S0 pesrs 2 f| e 5 500 etz 3 E}
e 280 | TS 7auc29n 135 [l LMIAOKETS 2101 ANTESS How To Ordar: Take any standard fesistor valus {1.¢. 50/33 PB375 41 266" b3 1871 23 0.1/50
41828 115 | 74528 105 LM3407-5 87 | AN7BL08 4 AID & DIA e W0 =
e 7457500 90| JSHCISON 110 M \yaanTi2 87| ANTBLID 43— 7 6) and ada WS for § watt, ar add 8 W10 for 10 50/47 PB376 45 | P6267 24 2211 7 0.15/50
JamN 3 e 130 T & 10 W WaoTis 79| ANTBLIZ 33 Pann Prics [ watt (18 7 WS for 7 52 & watt). this Is the Digi-Key % gg . 491 | [S26ey 38 o 0-% 50
s 331\ gaspson 0| JCIS T0 R Nseipss  ag| aW7eLis a3 |ADCOBOBLCN 133 [ part number 5o | paam 7| peon 3w 68/1 47/
741938 3 ;:Z;:gx :gg Taczere 7o lIMISEIZ 100 ANTELIB 43| ADLOROAIEN son ff Cricem 1 100 S0 1,000 e 66380 9 1 2 o) o
741988 3 yaucagan g [ MA34IR15 ANZBLZ0 4 5 Watt 2690 10020 16200 | 50/1,000 | P638) N P6272- 134 1571 o/
ciom AL R R R R ] iw e ool Bk | 2 o i ) ;
TeN g | LS 178 e 1 Wvacn 10| aweMDs 63| ACEDBiGCENTEO 5 Wart Motal Rasistor Assortmonts 203200 o2 B 2
o 55 | 7asamaN 175 | pauestay g [ IM350K  750| ANTBMD? 83 | ADCOBIICTNTT 2: RS105 5 oach of values 0 30 10 0.910 420,10 63/0.47 P65 2 P6274 14 88/ 1 7
7436 70| 7953870 1 9 = U 485 AN78MO8 63 | ADCDBI3CCN 500 total peces) 1.0 P6386 21 | 6275 14 8
74366N 70 | 745472 480 | 74HCS33N 98 M \M3ign 51| AN7BMO9 63 | ADCTOD1CLJ32 A0 3 22 PE387 21 | P6276 15 0,
75450N Jisein  aop| pancsaan on IR % | AkTeM10 83 |ADcasiicon s 2s [ FST05 eacholvalues 1 02109.19 S /33 | pas % | peaz 18
75451N 50 | 745472 480 | 74HCEBANT 153 _ totat preces q
ZeN 50 | Tisery g roieran 130 flLAG an) iawts & :Sé%gé:g%:: 3 ] 55905 £cacn ot aues 09 10310 ol BN % M | eem PANASONIC® V SERIES
50 | 748570N 3.75 N78M1B A0DJ701CCN B BB po otal pleces) ) /22 P6391 4 24
754540 50 | 740N 393| rancean 175 QMBI 281 TS EF| oacoacoccy 1 #5405 4 each of values 1002 10 2.0KQ $31.30 /33 PE32 47 | pozgl 27 Stacked| MeralzedLFiiny Gaomcitors
LM3B2N 186 20 - -
;S:S}" €§ ey 0g 7::5283;‘" gg (MIERAT  405| MNTEM23 g :gg:g;tgn T 1288 wtal preces) //‘407'J P6393 g saas 2 [ Port Cap/voin Price pasys 068150
N1 6394 B .
75N 136 | Tesaaoy ~ ysg| Jnceozon 5 lIVEER, T rae 75 | DACOBIDLCN 6 10 Wats A qghbior Txverimers /220 PEIS 7 el :,1‘3 '% l,/‘-v&c Do o=
I S5 wcoi oo JURSRT &) e ot olcmmcy 3 e 2eoio s e e Ban oe 8 mm (% e con
4] 0 E valugs s [ e -
Jaseo Tt | oracenaEhi o AN 1% W 7 moooners €100 | rege (7 | Pew %
Part _Frice | 74HC40BON 391N AN791 5IEIAAN 1 .. 99 L
N AP I R = =", o T T R e H
24600 5[ 174HCo078Y LM3928 AN7I15 7 h e 50 1 .89
TSI 32 guopy 15| 7éncasce 164 f (MIGIN 51| AN7SIB 75| Imerface How To Order: Take any standard rasistor value (1.6 joorry 56302 9 || B 2 50 144 193
ZASON I g,008n 23| 7ariCesiak 150 f AMDSEP  2.20( AN7S20 7 T.5K) and add 8 “W1" for 1 watt, or add a w2 tor2 ll 100755 o] || B a 19
7415058 7 | 74C08N 45| 74ucasian 105 Ml imagst  300| AN7S24 o] [E2 Prics W ot (1@ 1 5KW1 for 1.5KQ 1 watt), this is the Digi 100/27 PBA0s 3 | pezaz % 0056/50 1 54 2.03
pasoen 2| acion a5 | rancesadn 137 M Iwggsk 10| ANTSLOA a3 OSIeREN - 85 W Key pact number 100/ 10 PEACE a2 | Pe293 31 oi0eaisay (162
Tasin 32| 0% 33| apon cwos WM 2190 RERIGR g Si460aN 120 W pcine 1 6 10 5o 000§ 10/%2 | Pea7 48 K oea/eal 1.7 2z
£l L 5 X - By 100 P6408 54 PGE295 46
731N 2 | 2aCa0N a5 | Part Puce M (MBSECN 90| AN79L07 43| 799508 8 ‘ov.:;‘é g S 56.00 101 100137 PE409 ‘g7 | 6298 2 B .88 2
7aSTN 2 | 7acazn 48| sooieen 27 [l (MSRSCN  195| AN79L0B 43| 7545 1N 7 & ? 00 101.50 B 100, 100 P6410 82 | Pe2o7 81 0.18/50 1.9 28
73S1N 5 | 7aCa2N 105 4D02BCN i0 fll (Msgech 156 AN79L09 13| 754528 by 1 Watt 100/220 27 | pe2es 100 P58 01850 20
;:g;g: gg 7aC48N 33| 4DDBBCK 83 [l (weszon 111 ANTILIO 43| 7545IN 7 {10-1.0MQ) V5 70 9.00  40.00 7250 100/330 | PeaI2 154 | pezes 132 0.22/50 2.1 275
74073 65 | 4007C! 28 [l (M703CN 75 AN79LYZ 43| 75454N 7 2 Wart 106/470 P6413 2.02 189 il P 0.27/50 2.4 2494
paLszIy 740736 53 4008CN ss Quzatn  gs| awsus g ey 100 ) l07090) 23 106 1315 69,40 109.40 fl 100/1.000 % - Pal O30 278 324
74C760 65 | A009CN 35 W M725N 270 L1e 4 2 Watt 47 23
A T e H Bt i
TaC85K 60 (M741CN . d
74L532N 4 20128EN 2 1 Watt Metal Rosistor Assortments e
74LS3TH ?.““: FAR I 0 SILICON“TRANSISTORS RS101 5 each of values 0.47% 1o 560 $26.95 37 PANASONIC" B SERIES
74(S36N A 265 total pieces) 45) Cal
J2ESJEN 3 1. 4014ETN 70 L total pacitors
Tatsazn 769N 123 | aoisach 55 DS 200 1 Mps3393 .27 W RS201 5 each af values 6252 to 7 BKQ $26.95 85
JUSSIN 451 acesw 150 | aDiGBCN 30 z.’;H‘; iy, 3 ces) K3 ey PaSse 00210 105
N 38 | 74C) 4D17BCN 70 N " cl - P4857 0033/ 1.06
TS 4z Jarson  38p | amesch 70 e Jap e X - ?ze;%,:;?;’vs::usse_zm eTCh R 125 W pagss Pim Goaye 108
4LSTIAN 42 | 7aCt SBCN N — 215 W pass2 5 U 1
TASIN A3 | AN 395 | Sbioech 2 160 | Wessin ! 2 Watt Rosistor Assortments B P a0 102
PALSTEN 52 | FACISTN 260 | 40218CN i 51 RS102 Seachof values 0.479 0562 $29.95 PA554 " 0068/50
THSEMN 66 | 7 ] T - € 43 N passs PaSE2 0082/50 105
o T ] ot ] e H —=
T41SBEN EH ot I s N39O 23| w5172 MPSE51E . AS202 5 each of values 622 o 7. 5KQ $29.95 o
TASHN 51 [7aCi6W b o b ) 85 | Megs: 2B 87
735930 7| JACTEaN 123 | 027BCN 3 N3905 2 ;:ggg:“ 72 x:sﬁsgle RS302 5 each of values B 2KQ 10 1.0M $29.95 [ % Digi-Key Pricing
et R Ere B AR 1% METAL OXIDE FILM RESISTORS = =i ™
2 A ke 2NE718 5 | MPSATD 2 47 X045 HC. kil 8
TAISII2AN 45 740178 55 | 4030CN sq [ L2 | oaenos A9 | Mpsa12 Avaitable i 1/4 Watt 55 e ncn % 7
74L5122N 6B | J4CIISN 55 | 40318 83 M onag3s 10 | 2N6727 5 | MPSALd 7 X046 HC %
;:tg:;g:«w 63| 7acigaN 1.1 :gggggu 1 ; N4037 140 | 2NE97 130 | MpsATA How To Order: Teke any standard resistor value li.e. X067 HE-1 2 28
49| 74C193N 11 Nd123 2 15 | MpSaa2 1 69K} and add an X" (e 1.69KX), this 15 the Digr X001 HE- 78 3
Jatsizean 60 | 76Cr9sN 78 | e0avBCN 50 M n310 33| 11328 20 | MPSaad a5 [l Key part mymbe HC) 2477
JUSIN 63 | 24C22IN 150 | 404iCH 3l w25 23| WIET3 2 | MPsag? a X047 HC- 78 31
74(51364 54 | 74CZ4ON 198 | 4042BCN 3 41 201893 114 | MPSAS) X069 HE-} 06 25
74STI8N 84 | 74[244N 198 | 4043BCN 3 W onez208 25 | 2218 95 | MPSLOT 3 342 28
TALSIION 60 | 7403734 223 | 4044BCN 3 W ons208 7 PN2222 1/4 Watt Motal Film Resistor Assortments Part Cap./Volt. Prica X 78 3L
TALSTSIN 51 | 74CIT4N 223 | 4DAEBCN 5 @Ina2as 200 22218 78 | MPSL51 RS1X 5 each of values 102 10 97.6Q No.  ipfifiv) 10 HC-18 73 14
;usvssn 57 | 74C901N 8! Ag:;:EN NA235 230 | N22194 :xgzz;n {480 total pie 7 | p H X005 HC-33 T
41S15aN 144 E N X 5 each t i - C.- 3 ..
T e NER 3| A Pazse - 250| dwaaone PNZ3602 S eactilvaiesi001io 7760 ¥ .3 i
TALS 19BN 7409048 40508CN N 2. PN2384 — ¥ X
7‘:21:7'4 ;z 720905N 8.2 40S18CN N4239 2 2N22224 PN2907 RSIX 5each of values | 00KRQ to 9 76KQ : s q
74iS168% a4 | 7ACO06N 55 | 4052808 N2400 N2369 0 | PN2307A _____ 1480 total prec 54 14 1,
7ALS161AN 69 | 74C907N 55 | 40538CN m:m nﬁggA ”g PN3Z51 RSAX S&Cho( values 10.0KQ t0 97 6K 4 1 13.
J41516, 63 | 749C908N 13 A0B0BEN 4 1otal pieces) A h)
FALS164N £9 | 74C909N 4 40668 N NG103 LK e PN356E RS5X 5 each of values 100KQ to 1.00MQ : 7S 1 1
7451690 123 z:ggmn 688 | 40718CN pan e I || 1480 oip) piocas v 7 ! 13
asian o7 | MCSUN 1045 1 407280 nzs i PANASONIC* SU SERIES x
74181758 7 | T4C31ZN 10.4! 4073BCN N5086 #NJE3S 0 7 J i
JASiGon  B1|ecman o | aarshck N5087 N28058 7 0 Miniature Aluminum Electrolytic Capacitors i 1. 13
TIRIN 103 | s0BYBCN N50BE PN3641 0 1 1.
;:g:g:‘!: g: 14C317M 104 828 ooee "233?‘ 60 Tl 3 WV/Cap. | Di A:v:.l L": o RF:‘ ] 3
¥ NGZ1 N; PN3644 2 8P igh-Key e ey 3. 1
74{5195an 78 | TACO1BN 180 | 4gpgscN 10 N 24 | ZN29074 80 | PN3BAS 2 || wwoci/iuR | Part No. 1 | Part No. 1 1
JaiszziN 3| 74C922N 420 | a093BCN 3 N3D13 90 | PHAI2] il S5 = 1 )
3| Jaca2N 472 2 [ 2N6225 Al 5 | Pe3ot il .62 13.€
74152408 | SD996CN 2M8226 3| 2M3014 110 | eNaT22 2 26 | PB201 198
74LS241N 56 | 74C325N 63 4503BCN 3 285227 3| 2NID19 104 | PNA248 4 5 | Pps202 1.62 13
74iS243n b6 | 74CSZBN B38| a5i08Ck 8O0 WM oN§320 23D ZN3020 04 | PNa249 4 12 | 6203 162 1
741S244N 8 [ 74C827N 638 | a511HCN [ 1 N1053 1.04 | PN425D 4 P6204 162 1
jaszas — pa| 2oz 638 | shizack o M SwB3s; 20| N3107 130 | pwa; 1] 180 15
745240 124 | 7ACS3N 123 | 4514BCN 104 fl oNS33 14| ZN3I0A 30 | PHAZS 0 180 15
7482510 60| 74C84IN 1.9 45158CN 10 2N5400 31| WP PNAZT4 9 1.98
2415753 BO 1125 | a5168CN a3 W n5a01 31| MP§2824 36 | PNAZTS 29 198
741525788 En! 409478 11 2 4518808 8. NB415 B0 : WPS3392 24 | PNAJ5S 5 i

The Dig: Key volume discount and serice Charges a1 simole 1 3pply Mot iems sokd by Dig Key iy be: combined for & volume discount (Tems that sie N1 dmcountable are dentilied by The suttin
Doy Ko v ot v s O K e e e, HANDLING CHARGES VOLUME DISCOUNT
. -NE

Troege W pay o)l shagpung ard insrance 10 adkdrirssirs n e U 5.4 . Canada and Meaico whers chieck o Money order dcuirmpanses ordes Dp Koy anty shfss orders withn the (ont et U S . Akisha, (Add$3.00 $ 0.00$ 99.99,
{awa, Caneda and Memco . B .NoCharge $ 100.00-$249.99 .
WHEN DRDERING 8Y PRONE, CALL 1 800 344 4539 (AX_ call 210 6§1-6674). BY MAIL SEND YDUR ORDER TO: DIGI KEY. P.O. Boa 877, Thiel Riven Falls. MN 56701 Canada and Maxico . . .,Add $5.00 $ 250.00 .99
Vou may pey Iy chack money order, Master Churge. VISA of C O D DIGIKEY GUARANTEE: Any parts 1 uroducts purchased trum Digr Key that prove 10 b tiefecive wil be replaced of atinit $ 500.00-3993.99 . Less 20
$1000& Up Less 25%

ed it rturnes wiitin 90 days from rucexl wit a couy of yout wvoice “PRICES SUBJECT YO CHANGE WITHOUT NOTICE
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Has time begun to take its toll on your reflexes? Is your reaction time equal to or better
than your teenager’s? Now you can find out with this easy-to-build circuit.

ho reacts the fastest, you or a
teenager? Will one beer on
an empty stomach slow vou

down? Can you improve your reaction
fime with practice? Here's a way to find
out by measuring how quickly you can
press a pushbutton switch in response
fo a flash of light..not unlike the guy
behind you when the stoplight turns
green.

With the Reaction Timeryou can play
against yourself by trying to beat your
old record, or you can play against an
opponent. You'll be timed to within five
milliseconds by a sequentially flashing
row of LED’s, or if you are as old as the
author, ten millisecond intervals may be
selected. There’s a 110-millisecond
maximum on the fast range and twice
that on the slow range. if you can't stop

BY JOEN WANNAMAKER

on a lit LED within 0.22 seconds, you
should have doubts about driving—
and we don't mean to say that your
driving will be safe even if you do better
than that when you're foaded.

Two can piay, and each player has a
switch to press. The lirst to press locks out
the other, with one of two LED's lighting
to indicate the winrer. The winning time
is indicated by where the sequencing
LED's stop. On the fast range, where the
lights flash at 5 millisecond intervals, the
timing given above each LED will be
the maximum and you could have ac-
tually been almost 5 milliseconds faster
than that. But you've only got to be a
nanosecond or sa faster than your op-
ponent to be declared the winner.

The enclosure to house the timer may
be almost anything you're willing to

www americanradiohistorv com

look ai, although it has to be big
enough to house the 2 x 5 inch
printed-circuit board, an on/off switch
and a range switch. The player's switch-
es may be mounted on the unit or ex-
tended to hand-held units, perhaps a
bit more fair to players who favor the
same arm. The author’s prototype has
the switches mounted in the ends of
wooden dowels, which were painted
so that either black or red player may
be deciared the winner.

The unit automatically cycles when
its furned on and about every six or
seven seconds the co light is lit for one
second as the cue for the players. The
winner has about six seconds to enjoy
his friumph before the co light turns on
again and all the old information is
wiped out. The players buttons only op-

0661 Tlbddv

w
[


www.americanradiohistory.com

POPULAR ELECTRONICS

w
E-Y

AAA

(=]
=z

Yy o
R1 R4 :: S2 g
I8 B 16 BT R $ RS 03 At 1| 2| B T
r 7 10K :» :»mUK 10 I 14 £ " [}
ul u2 c2 1|9 )] BV
:: R2 XRL565 . Ccb407 A0[i1 10 § a = : ICLR us -
» 22K Q CLK 74“(:15‘
6 LED! Ua ¢ 7
A1 EN R /8 1 R 13
T o 1 EEREEE: \\ b
22K 10 2] g o
My 14 Al _®—_/
Q1 4 d
2N4am zn%m AAA B . b
s3 [ iy - low 5 d
RED S c 5 |
s i 2 : - 3 l
f_— B R11 4= up O P
Us-a - 15K S Tenctes | o A
3 £ s
: 78HC14 . 8 “@ )
RI3 ¢ BLACK Riz ¢ e 0HETA i N
K \}‘ \}‘ K & = _@_4/ b
7
gl _ls 1 . - 12 /
R Q {4 R a j HG p
> | o 13 r
2 NS4 _Ly @.—4.
nd = LED4 — LED11
0 D2
NG gy RS 12 .
10 12K 47K A ——@-—0
g r AAA—9- A 14 //"
‘ 4
S4 ug-b X1 2 RID ) ferw 5 Cad
BLACK v2 HC74 8 e | 7 {4 yr C q
S T 36K [ |~ A
—s . = TIME] us 74HC164 ole Zd|
=3 f‘ﬁT ¢ 6]  XRLSSS >
: R13 - . T_Z a CLK £ L@./_'{,
= 1 L w L@ZJ.
R14 1 c5
4K 001 13 LeD12-LEDY
. A R15 :E
| 1.5K <
*SEE TEXT

Fig. 1. Although the Reaction Timer may appear to be rather complicated, it is just the
opposite, consisting of a couple of 555 timers, some flip-flops, and a few counters. The
rest of the circuit is made up of a wide ussortment of support components.

erate during the time that the co light is
lit, which minimizes having to scrub a
game due to nervous twitching.

Theory of Operation. The object is to
enter asingle “one” into the input stage
of three cascaded shift registers when
the co LED lights and shift it down the
line by clocking the registers with pulses
that are five milliseconds apart. Each
memory in the register lights its LED as it
receives that one piece of information.
When the player presses his/her switch,
he/she stops the clocking oscillator.
Figure 1 is a schematic diagram of
the Reaction Timer. A low-power 555
timer, U1, furnishes pulses at one second
intervals into U2, a decade counter with
one-of-ten decoded outputs. The
eighth count is fed back as a pre-
mature reset to shorten the cycling. At
the end of the sixth count (or the begin-

ning of the seventh), the co LED is ener-
gized through transistor Q1. At the same
time, a D flip-flop (U3-a), acting as an RS
memory, is set and its @ output goes
high while the & output goes low. The
& output wipes out any old information
from the previous game. The @ output
places a high (“one”) on serial-input
pins, 1 and 2, of the first shift register, US.

Atthe same fime thatU3-ais set, U3-b
is set. Its @ output goes high and en-
ables U4, another low power 555 timer,
that produces puises at either five or
ten millisecond intervals, depending on
the setting of the tme (X 1/ x 2) switch, $1.
The positive-going edge of the first
pulse from U4 clocks all shift registers
and the high from the a@ output of U3-a
gets locked into the first memory of the
series of shift registers. The same clock-
ing pulse is slightly delayed in resetting
U3-q, via transistor Q2, and the input to

wWWW-americanradiohistorv- com

the shift register for all clock pulses to
come will be zero volts. With only one bit
being shifted, there is a savings in bat-
tery power since only one LED at atime
will be lit.

Integrated-circuit US has no indicatol
LED's for its eight bits since it shifts its
“one” into the first memory of U6 in 45
milliseconds and no one is fast enough
to be concerned with the actual
lapsed time thus far. The eight memo-
ries of U6, and six of the memories in U7,
light their LED in turn as clocking con-
ftinues.

The first player to press his’/her push-
button causes the voltage at the clock
input (pin 3 or 1) of either U8-a or U8-b fo
go high and enter the data from the
& output of the other D flip-flop. Both
Q outputs would initially be high and the
first to clock in that high causes his/her
g output to drop low and the opponent
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can only clock in a low, which does
nothing.

As soon as the @ output of either U8-a
orU8-b goes low, it resets U3-b via either
D1orD2. That disables the 555 timer, U4,
which stops producing clocking pulses
to the shift registers. The shift-register
LED that happens o be lit at that time
remains lit to indicate the reaction tme.
In about six seconds the sequence re-
peats, wiping out the old data as a first
priority. If neither player resets U3-b, the
last shift register memory (unused) does
the job and maintains sync.

The ICs are CMOS and have fittle
drive current for the LED's necessitating
the use of high-brightness LED's. Those
rated at more than 50 mcd (microcan-
dles) at 30 mA or less are adequate for
all but the co light. The high-efficiency
types often have a viewing angie of
only a few degrees and the co light
must be seen more easily. it should be a
diffused type. Check it for a wide view-
ing angle.

The timing of the one-second pulse
generator (U1} is not critical ‘and the
values given will be close if the timing
capacitor, C1, is not too far off. Lower
the value of the 100k resistor attached
to pin 7 if you want to speed things up.
The timing components for U4 are more
critical if you want an accurate (to with-
in 1%) measurement.

Construction. Figure 2 is a template
for the printed-circuit board on which
the Reaction Timer was assembled. The
pattern can be copied and used to
etch your own printed-circuit board.
After etching the board and obtaining
the parts, begin assembly by installing
sockets at all IC locations indicated in
Fig. 3.

Next install all the jumper connec-
tions (denoted J in Fig. 3). and then the
resistors followed by the capacitors.
Watch the orientation of the polarized
capacitors. After installing the passive
components, move on o the semicon-
ductors. Start with the diodes, and then
the transistors, but do not install the IC’s
in their respective sockets just yet.

Connect lengths of hook-up wire to
the points labeled $1, S2, and
LED1-LED3. Connect S2, an SPST toggle
switch, in series with a 4-unit "AA” bat-
tery holder, and then connect that -
assembly to the appropriate wires
coming from the board. The switch
should be in series with the positive side
of the power source. Install another SPST
toggle switch 1o the circuit for $1.

Note that S3 and S4 are of the push-

Fig. 2. The Reaction Timer was assembled
on a printed-circuit board, a template for
which is shown here.

button variety, and are used to fransmit
your response to the circuit board. In
the author’s prototype, those units were
mounted to the ends of drilled-out
wooden dowels and were connected
o the board via lengths of quad tele-
phone-extension wire.

Finally, solder 14 LED's directly to the
wide foil areas along the long edge of
the board. Starting from the left (or the
right) side of the board, connect the
LEDs anode to the first pad, and the
cathode to-the next. The next LED
should be connect opposite in orienta-
tion to that of the previous one; e.g.,
anode faces anode and cathode
faces cathode. The LED's at the extreme
ends must have one lead bent to be
soldered along the shorter edge.

Although resistors R? and R10 are
shown as fixed resistors in the sche-
matic, they should be replaced with
50k multiturn trimmer potentiometers
for more accurate timing. If frimmer po-
tentiometers are used, adjust the out-
put frequency of U4 to 200 Hz via R9
while $1 is closed, then open $1 and
adjust R10 for the same frequency.

Next prepare the enclosure that will
house the project. The author’s pro-
totype unit was housed in a plastic en-
closure that measures 6%a x 4% x 2
inches. Several holes were drilled in the
front panel (or cover plate) to accom-
modate the off-board components
and the 14 timing LED's connected to
the edge of the printed-circuit board.

LEDI7 LEDIS LED13 LEDI! LED9 LED? LEDS
\ \ N
\ LED16 W LED14 W LED12 A LED10 \ LEDS A LEDG \ LED4
A 2 2 A A A |
I_I | '
g A e A Ny TR —J——RI’S
—J— == k-
BLACK o 0 Loy [l B [T g
6n- | ! ‘R ? n | f
- ] 'DZ’DI RISH | ‘In I =j3
“ — | —R7~—n|a$t : I l—nz_
o | = {us
ca|] us M2 st ] A3 g v2 us
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7 I 4 | L
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S;S'EELJO /@ "l 5 GO N
O« “ED2 > | BLACK ‘_'
BI l'] RED = 7
L

Fig. 3. When ussembling the Reaction Timer it's a good idea to install IC sockets at all IC

{ocations, followed by the jumper connections (denoted J), then the resistors and capacitors.
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PARTS LIST FOR THE
REACTION TIMER

SEMICONDUCTORS

Ul, U4—XRLS5S55 or similar low-power
oscillator/timer, CMOS integrated
circuit

U2—4017 decade counter/divider,
integrated circuit

U3, U8—74HC74 dual high-speed. D
flip-flop, CMOS, integrated circuit

US-U7—74HC164 high-speed 8-bit
serial-in/parallel-out shift register,
CMOS, integrated circuit

Ql. Q2—2N4401 general-purpose NPN
silicon transistor

D1, D2—IN914 general-purpose, smali
signal diode

LEDI1—Wide-angle, diffused light-
emitting diode

LED2-LEDI17—LN28CAL Panasonic
light-emitting diode

RESISTORS

(All resistors are Ya-watt, 5% units,
unless otherwise noted.)

R1, R6—100,000-ohm

R2, R3—22,000-ohm

R4—330-ohm

RS. R7—10,000-ohm

R8, R12-R14—47,000-ohm

R9, R10—50.000-ohm, square upright,
multiturn trimmer potentiometer

R11, R15—1500-ohm

CAPACITORS

Cl, C3—10-pF, 16-WVDC, radial-lead
electrolytic

C2, C5—0.001-pE ceramic-disc

C4—0.1-pF, ceramic-disc

ADDITIONAL PARTS AND MATERIALS

S1. S2—SPST miniature toggle switch

$3, S4—Normally-open. momentary-
contact, pushbutton switch

Bl—Four “AA"™ batteries

Printed-circuit materials, enclosure, IC
sockets. battery holder, wire, solder,
hardware, etc.

Note: A printed-circuit board for the
Reaction Timer is available from John
Wannamaker (Rt. 4 Box 550,
Orangeburg, SC) for $10.95 (money
orders only) postage-paid. Residents
of Canada please add $0.25. South
Carolina residents please add 5% sales
tax. Send S.A.S.E. for free parts-
source listing.

The front-panel holes for the timing
LED’s (LED4 through LED17) were
spaced about ¥-inch apart.

The LED’s, when pushed through the
holes in the front panel, help to hold the
printed-circuit board in place (see
photo). The board is then securely
braced using a strip of aluminum from
the board to the front panel of the en-
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The Reaction Timer's printed-circuit board was mounted 1o the front panel of the
enclosure using the timer LED's for support and an alumirum strip as a brace.
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In the auihor’s prototvpe, switches S2 and S3 were mounted on drilled-out woeoden dowels
and connected 10 the board via modular-telephone wire.

closure. Five additional holes must be
drilled in the front panel of the en-
closure for LED1-LED3, as well as 51 and
S2. Finally slofs were etched out on the
sides of the enclosure through which
the wires to switches that hold S3 and $4
leave the enclosure,

Before applying power, check your
work for construction errors. Assumning
that you find none, power up the circuit

wwWWwW americanradiohistorvy com

and give it a fry. Set §1 to the x 2 posi-
fion and flip 52 to the on position. The
two player LED's should light, promptly
followed by the sequencing of LED4
through LED17. After a short delay, LED1
should light. followed by the sequenc-
ing of LED4 through LEDA7. if your circuit
performs as described, your project is
nearly complete. All that’s left to do is
seal the circuit in its enclosure. =
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ThoT digitation sounds terrible.”

"l did the best | could..| used
the highest sample rate possible,
and made sure the analog input was
wound right up, but not clipping.”

It still sounds terrible. Hear that alias-
ing?”

“You mean that high-pitched ring-
ing?”

“Thats it. That's what you get when
the input frequency is higher than half
the sampling frequency.”

“What can be done about it?”

“Two things. One is tofilter the input to
make sure no frequency thats higher
than half the sampling frequency gets
through.”

“What's the second?”

“Dither the analog input.”

“Like in video?”

“Yep, same idea.”

That was the start of the Ditherizer.
Limiting the input frequency looked too
daunting to try: The filtering would have
to be changed for each sample rate
and the thought of recalculating the
component values for each change
did not fill me with joy. Therefore, dither-
ing the input seemed to be the only
practical way to go.

The Ditherizer was originally de-
veloped for use with the Commodore
Amiga, but since the Ditherizer is an
analog device, it can be used with any
computer or digitizer. The circuit con-

d'o the am

nects between the the signal source’s
output and the digitizer’s input and
mixes a pink-noise output with the sig-
nal to be digitized. Pink noise is a wide-
band accoustic noise in which the
amplitude is inversely proportional to
the frequency. That is, the lower the fre-
quency, the greater the noise ampli-
tude (volume), and vice versa. To round
things out, an amplifier stage is also in-
cluded in the circuit to boost the signal
amplitude if it isn't high enough. The
gains in “fidelity” that can be achieved
with the Ditherizer are absolutely amaz-

ing.

The Theory. Video dithering is a meth-
od of making a picture file look more
redlistic. The color values for each pixel
have a random number added to or
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Fig. 1. An AID converter splits an analog wave into steps so that a sinewave may resemble

subtracted from them. That provides a
deviation that gives the effect of texture
as opposed to a smooth, monocolor
area. The more dithering added, the
more deviant the final output. The same
is true for audio. The more random
noise added to the input, the more de-
viant the output.

Since an A/D converter splits an ana-
log wave into steps, a sinewave may
resemble Fig. 1A; add a bit of dithering
and the output may resemble Fig. 1B.
Dithering crosses each step several
fimes instead of just once. That gives a
digitized output that is more pleasing to
the ear and can even turn an unrecog-
nizable digitization into something that
is more pleasent to listen to.

Through the mere act of dithering. a 4
bit, 10-kHz sample went from absolute

0 T T T T
0 1 2 3 4 5
B

the waveform shown in A; add a bit of dithering and the output may resemble the

waveform shown in B.

wwaaL americanradiohistorvy com

0661 TiHdV

w
~


www.americanradiohistory.com

POPULAR ELECTRONICS

w
@

AAA

garbage to recognizable in a university
lab. The magic number for noise input is
about 70% of 1 bit. Therefore, if your
input is 8 bits and the input signal is 2
volts peak-to-peak (p-p), the noise level
needed is:

About the Circuit. Looking at the cir-
cuitin Fig. 2, you will see that C1-C3, Q1,
Q2, and R1-R4 make up the pink-noise
generator. Transistor Q1 is connected as
a reverse-biased diode junction, and is
used to generate a white-noise (ran-
dom noise) signal. That signal is capaci-

=\ N b )
Vnoise = Vinp.p/2" Difs x 0.7 tively coupled to the base of Q2 via C1.
Vioise = 2V /28 x 07 Transistor @2 amplifies the noise signal.
The output of Q2 is fed across C2, which
Voo = 21256 % 0.7 :
nose removes (filters out) the higher frequen-
Vioise = 9.5 MV ciesto simulate pink noise more closely.
R
i +18V 10K
[} DITHERING i
2N212 AW
R6 >
R3 R2 & C3 100K % +18V
1IMEG 100K @ 01
C1 P—'( AAN
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rIMEG F 1000 | «
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Fig. 2. In the dithering circuit, a bipolar transistor (Q1) generates a white-noise signal
that is capacitively coupled to the base Q2 of via CI, which in turn amplifies the noise
signal and feeds it to C2, which removes (filters out) the higher frequencies to simulate

pink noise more closely.
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Fig. 3. It is recommended that the Ditherizer be assembled on a printed-circuit board; a

template for that board is shown here.
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PARTS LIST FOR
THE DITHERIZER

SEMICONDUCTORS

Ul, U2—741 op-amp, integrated circuit

Ql1, Q2—2N2712, generai-purpose NPN
silicon transistor

RESISTORS

(All fixed resistors are Va-watt, 5%
units.)

RI, R3—I-megohm

R2, R6. R7, R9, R10—100,000-0hm

R4—100-ohm

RS5. R8, R13, R14—10,000-ohm

R11—10,000-ohm, audio-taper
potentiometer

R12—I-megohm, audio-taper
potentiometer

CAPACITORS

Cl, C3—0.1-pF, ceramic-disc

C2—0.005-pF, ceramic-disc

C4-—47-pF, 35-WVDC, miniature
radial-lead electrolytic

ADDITIONAL PARTS AND MATERIALS

Printed-circuit materials, enclosure, 1C
sockets, 9-volt transistor-radio battery
(2), batiery connectors and holder,
phono jack (2), knobs, wire. solder.
hardware, etc.

Components C4, U1, U2, and R5-R14
make up the audio-amplifier/noise-
amplifier/mixer circuit. The output from
the noise generator is high enough for
our purposes and only needs buffering.
The filtered pink-noise signal is fed
through C3 and R5 fo the inverting in-
put of U1, which produces an ampilified
and inverted image of the input signal.

Op-amp U2, along with resistors R12
and R8 are configured to give a max-
imum gain of 100, eliminating the need
for a preamp stage in front of the digi-
tizer as well. The output of U1 and U2
combine at the junction formed by R14
and C4, and are fed to the circuit’s out-
put jacks.

Construction. It is recommended that
the Ditherizer be assembled on a
printed-circuit board. A template for
the Ditherizers printed-circuit board is
shown in Fig. 3. After etching a board
from the pattern provided and collect-
ing the parts, construction can begin.
Start by installing IC sockets at the
positions indicated in Fig. 4. Then install
allcomponents in the circuit. Make sure
that all polarized components are
mounted with the proper orientation.
Use RCA-type phono jacks for the au-

dio input and output.
Only one special consideration is
(Continued on page 104)
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THE VERY VERSATILE

CODE ALARM

Protect your valuables from

would-be burglars and car
thieves alike with this easy
to build and program

digital-lock security system

BY MIKE AND KAREN
GIAMPORTONE

of a sudden your cars horn starts to

blare, waking you up from your
sleep. You go to the bedroom window
to find your cars headlights fiashing,
horn still blaring and you see someone
scampering away to an awaiting car,
which then speeds off.

You immediately call the police.
While you're waiting for the police to
arrive, your car’s alarm shuts off and
resets itself. When the police arrive, you
take them out to the car to inspect it,
showing them the alarm system (which
you've built at a cost of around $30.00).
The same alarm—the \ersatile Code
Alarm—that just discouraged the at-
tempts of awould-be car thief could be
used to protect your home, bcat, or
garage. And it can do more than just
beep horns or turn on lights.

The Versatile Code Alarm has sepa-
rate adjustable enter and exit delays
and automatic alarm reset; it consum-
es minute amounts of energy, is con-
trolled by a 1-digit code you select for
arming, and a 4-digit code for disarm-
ing. In addition, it can be disarmed via
a key switch when necessary or pre-
ferred; it has a famper circuit o keep
prying eyes out of the enclosure; a
flashing red LED to show that the alarm
is "armed,” and a green LED fo show
when all circuits are ready and doors
are closed.

The whole package fits in an en-
closure measuring about 3-inches wide
by 4-Y%.-inches long. and is inexpensive

I ts dark, very dark outside when all

1o build and install. With one ortwo eve-
nings of construction and one for in-
stallation, your total investment will
make it well worth building.

- Circuit Description. Figure 1 shows

the schematic diagram for the Versatile
Code Alarm. The circuit is built around
an LS7220 digital lock (U1). a 4001 quad
2-inputnor gate (U2), accompanied by
assorted support components. The cCir-
cuit is powered from a 12-14-volt DC
source (either battery or AC derived).

When power is applied to the circuit,
U1 self-arms, turning on LED1 (a green
LED) to show the status of the circuit.

With the circuit armed, pin 13 of U1
goes low, biasing Q2 on. With Q2 turned
on, a bias voltage is applied to the
base of Q3, turning it on. With Q3 bi-
ased on, power is delivered to the base
of Q4 and the +V input of U2, With Q4
turned on, a positive voltage (through
$2, 83, and Q¥) is fed to the pin-2 input
of U2, forcing its pin-3 output low. That
low is applied to the gate of SCR1,
keeping it turned off. With the SCR
turned off, alogic high is applied to pins
8 and 9 of U2, forcing its pin-10 output
low. That low is applied to the base of
Q5, keeping it turned off. With Q5
turned off, no, power is applied to the
relay (K1), keeping it off, and preventing
the alarm from sounding.

Now, if S2 or §3 were to open, remov-
ing +V from Q6, pin 2 of U2 would be
pulied low via &4, forcing the pin-3 out-
put of U2 to go high. The high output of

wanlL americanradiohistorv.com

U2 at pin 3 is applied to the gate of
SCRA. triggering it info conduction. With
the SCR conducting. pins 8 and 9 of U2
are pulled low, forcing U2's pin-10 out-
put high. That high is then applied to
the relay, causing its contacts to close,
thereby activating the sounder.

Iif, instead. 54 or S5 were fo close, the
bias voltage at the base of Q6 would
be shorted fo ground, again pulling pin
2 of U2 low via Q4. And again pin 3 of U2
would be forced high, causing the SCR
to conduct, triggering the relay, which
in turn would cause the alarm to sound.

Switch S6 (the tamper swiCH) is an extra
measure of protectian. If the would-be
thief tries to defeat the alarm system by
wrecking its circuitry, the contacts of S6
would close when the alarm’s cover is
removed. With the contacts of Sé6
closed, a positive voltage is applied to
the base of Q5, turning it on, energizing
the relay and causing the alarm to
sound. The SCR will conduct (and thus
the alarm will continue to sound) as
long as the current through the SCR
remcins above the rated holding cur-
rent (I,,) of the unit.

Even if the 1amper switCH were quickly
reopened, the alarm would sound after
a delay because the short pulse pro-
duced as a result of momentarily clos-
ing S6 feeds a trigger voltage to the
gate of the SCR, causing it to conduct,
thereby energizing the relay. The entry
delay starts as soon as the TaMPER SWITCH is
closed.

Zener diode D1 is used fo regulate

0661 iHdV

3

w


www.americanradiohistory.com

POPULAR ELECTRONICS

E-Y
o

St

ARM/DISARM
- KEY SWITCH
+12 4
2 © S6 '_|5 &
TAMPER
1A R g R2 SWITCH A9 el
3 100 : 0
N.O.¢ —
a D7
R3 2N3904 Y
R ' T Ng1s &
12 KEY T
KEYPAD 1 &
o ]
15K
COMMON Q2 2N3904 2
501 2N3906
%] 3 14 -
Lc} " 2N3904 n l
Dl b ¥
LG . $2¢ §3 wazaz A& 5[ 400 o
e (i = 6 9
I 5 o 00 O e |
o N.C. NC T 7 8
S S S |
-5 o— g 1" A %3
K$
L 5 C3 AW AMA
o 0.05 RS
1 D3
-LC 6 "—|€ 4 g A 1N52378 220K
‘P'
el o |3 a6 727« R0 ¢
- 1 ] 2N3904 2K$ scar D
L ) EB 2N5064
o—
D4 on
-:-e 9 3 o VNOS10L I »«)
U1 R12 & } e
-:-G 0 “f Ls1a0 6800 & R3S )
K <
-lc; : 5 RI6 &
51IMEG €
;-C # 6 '_Io S4 < R4
: o NO. 2 470K
£l cs LED? T
0.
D5 L Lo i GD R15
N0 3
{/GD - T “2027%: :
g b K
ks JR
*SEE TEXT "

Fig. 1. The Versatile Code Alarm is built around an LS§7220 digital lock (Ul), a 4001
quad 2-input NOr gate (U2), accompanied by assorted support components.

the voltage applied to U2 to 12 volts.
Capacitor C1 provides the exit delay,
while C2 provides the entry delay. With
the values shown for C1 and C2, the
entry and exit delay times are about 12
seconds. Capacitor C4 determines
how long the alarm sounds; with the
value shown, the alarm sounds for
about 40 seconds before resetting.

Capacitor C4 charges via D3, an 8.2-
volt Zener diode connected to the
positive supply rail through Q3. Diode
D3 provides enough time to aliow Q7 to
reverse bias fully and not lock pins 8
and 9 into an intermediate state. If not
for that unit, SCR1 and Q7 would not
turn fully off. A MOSFET was selected for
Q7 because its low-power attributes
make along delay with a small capaci-
tor possible.

Transistor Q7 is switched off as C4 is
discharged through R16, thus opening
the SCR1 circuit, causing conduction
through the SCRto cease. Doing so also
makes pins 8 and 9 go high and pin 10
go low; turning off Q5 and K1.

The circuit can be disarmed by press-
ing the proper digit on the keypad only
in the right sequence. When the proper
disarm code is entered, pin 13 of U1
goes high and reverse biases Q2, re-
moving base bias from Q3. That re-
moves power from the rest of the circuit.

When the proper arm code is en-
tered via the keypad, a positive voltage
is applied to the base of Q1, causing it
to turn on, pulling pin 1 of U1 low, forcing
pin 13 low, and once again powering
up the rest of the circuit. All other keys if
pressed would require re-entering of
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the code. Those keys are all tied to pin 2
of U1,

Diode D2 protects the circuit from
spikes caused when the relay is switch-
ed off. Diode D4 prevents current from
a dome-light circuit from biasing Q6
while the auto’s doors are closed, but
either S2 or S3 is open, but will aliow a
dome-light switch to ground the base
of Q6, turning it off and starting the de-
lay for the alarm.

Construction. Begin by cutting a
piece of single-sided, unetched cop-
per-clad printed-circuit material to
about 2% x 2% inches, and etching
the board using the pattern in shown in
Fig. 2. A simple way to transfer the pat-
fern to the printed-circuit material is to
use Meadowlake Corp’s TEC-200
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material. The ink from the copier be-
comes the etch-resist. (Printed-circuit
board patterns all ready to be ironed
on are offered in the Parts List),

Before dunking the board into the
etchant, make sure that all traces and
pads have been transferred. If there
are any inconsistencies in the trans-
ferred pattern, they can be corrected
by going over the affected areas with a
permanent marker. The results are ex-
cellent. After efching, drill the compo-
nent-mounting holes in the board, Also
drill the three board-mounting holes to
%2 inch.,

Once all the board holes have been
drilled, the printed-circuit board can
be used as a guide to mark and drill
holes in the enclosure for board mount-
ing. The author’s profotype unit was
housed in a Mason electrical box (Part
C100) with a matching blank cover
plate (Part C340), which are available
from most building-supply outlets.

Begin preparation of the enclosure

coated film. To use it, copy the printed-
circuit board pattern onto the film in a
dry toner, plain-paper copier. Then

place the print ink-down on the
printed-circuit material and iron the
copied image onto the printed-circuit

275 INCHES

© pnannnni)

b 2145 INCHES >

Fig. 2. The Versatile Code Alarm wes assembled on single-sided printed circuit board;
the template for that bourd is shown here.

PARTS LIST FOR THE VERSATILE CODE ALARM

SEMICONDUCTORS

U1—LS7220 digital-lock, integrated
circuit

U2—4001 quad 2-input Nor gate,
integrated circuit

Ql, Q3-Q6—2N3904 general-purpose
NPN silicon transisior

Q2-—2N3906 general-purpose PNP
silicon transistor

Q7—VNO610L N-channel power
MOSFET

SCRI1—2N5064 0.8-amp. 200-PIV
silicon-controlled rectifier

DI—IN4742A 12-volt, I-watl. Zerer
diode

D2—IN914 general-purpose. small-
signal diode

D3—IN5237B 8.2-volt, Ya-watt, Zener
diode

D4, D5—IN4001, 1-amp. 50-PiV.
rectifier diode

LEDI—Jumbo green light-emitting
diode

LED2-—Jumbo red light-emitting diode

RESISTORS

(All resistors arc Ya-watt, 5% units,
unless otherwise noted.)

RI—1000-ohm, Ya-watt

R2—10-ohm

R3—10.000-chm

R4—15.000-ohm

RS. R7, R10-—2700-ohm

R6, R9. R13—1000-0hm

R&—220,000-0hm

Rit, R14—470.000-ohm

R12—680-ohm

RI5. R16—S5.1-megohm

CAPACITORS
Cl. C2—47-pF, 25-WVDC. radiai-lead
electrolytic

C3—0.05-pF, ceramic-disc

C4--10-pE 25-WVDC, radial-lead
electrolytic

C5—0.1-puF, 25-WVDC, Tantalum

SWITCHES

S1—SPST key switch (RS 49-515 or
similar)

S2, $3. S6—Normally-closed,
pushbutton switch, see text

S4, S5—Normally-open. pushbutton
switch. sce text

K1—Normally-open. SPST 12-volt, !-
amp reed relay

Fl—I-amp fuse

ADDITIONAL PARTS AND MATERIALS

12-key keypad (part KL.0025 or KL0026)

Printed-circuit materials. enclosure, IC
sockets, 12-14 volt DC source. siren
(or other signalling device), paint
(optional) wire, solder, hardware. etc.

Note: An iron-on printed-circuit pattern
is available from Mike Giamportone,
7330 Duce Rd.. Yale, MI 48097 for
$1.00 (money order only) and an
S.A.S.E. For technical assistance send
an S.A.S.E. with description of the
problem to the above address.

‘The LS7220 (U1) is available from Belco
Electronics (194 Myrtle, Elemhurst,
IL 60126. Tel. 312-544-3303 or
312-530-1105). The company requies
no minimum purchase.

Keypads and the LS7220 are available
from Tory Sales, 336 Boulevard.
Hasbrouk Heights. NJ 07604, Tel.
201-288-5656 (the company requires a
201-288-5656 (the company requires a
$25 minimun purchase.)
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by labelling (on the inside) the upper
and lower removable, cover-mounting
plates, as top and bottom, respectively.
Remove the mounting plates and cut
as shown in Fig. 3. Enlarge one of the
threaded intake holes of the enclosure
fo % inch to accommodate the key
switch. Above that hole and slightly to
the left, the tamper switch will be

mounted.
Eo‘ﬂ a
LOWER
Lo

CUTOUT

Fig. 3. The electrical junction box used by
the author as an enclosure has inner
mounting plates that must be slightly
modified, as outlined here.

UPPER

A

With the lower mounting plate just
lying in place. position the tamper
switch so that the lever comes through
the cutout notch in the plate. Drill two
holes through the enclosure’s bottom
end, so that the switch lever is fully col-
lapsed when the coveris secured to the
enclosure and fully extended with the
cover removed. Do not fasten the
switch or mounting plate at this time.
Lay the bare, printed-circuit board with
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the foil side down and the pad for the
24-pin DIP socket towards the upper
mounting plate in the enclosure.

Center the printed-circuit board,
then mark and drill the %32-inch mount-
ing holes through the enclosure. Put
threaded plugs (which are supplied
with the electrical box) in the en-
closure’s threaded holes as needed,
leaving one open for the wires that go
to the various switches and power
source to exit the enclosure. Screw the
upper (inside) mounting plate to the
back of the upper end of the cover
plate. Center the mounting plate and
mark the positions of its two %6 inch
holes on the cover plate, That's where
the LED’s will mount in the cover plate.
Drill the cover-plate LED holes to Yainch.
Using the mounting instructions from
the keypad. Here are several keypads
the can be used in the alarm circuit’s
construction. All are essentially the
same, and the only requirement is that
the one you choose not be the matrix
type.

Cut and drill the cover plate as
needed, and then remove all burrs
from the enclosure and the cover plate
with a file or sandpaper. Do not mount
the keypad yet. Clean, then paint all
outside surfaces with wrinkle black
paint (available at most auto-parts
stores). Follow the instructions on the
can for a njce finish. Dont forget to
paint the cover-plate and keypad-
mounting screws. Let everything dry
and warm up the soldering iron.

Here is the fully assembled printed-circuit
board. The circuit, while using relatively
few components, provides features that
rival those found on commercially
available units.

Printed-Circuit Assembly. Start out
by installing 3 DIP sockets at the posi-
tions indicated in Fig. 4. Installing the
sockets first helps to locate the proper
positions for the. other components.
Mount transistor @2 (the 2N3906 PNP

+12V

bbbk

12 KEY
KEYPAD

SO1

0 oO—4— ]D4$ —FRil—%
L S , Rls
PR R12 |
= l l
@[ LED2.
“<

S T e
D3 e

U5t
J (L
\

Lo—&

S
?—_ —V
X T0
SOUNDER

“SEE TEXT

Fig. 4. Install the board-mounted components using this diagram as a guide. Pay close
attention to the orientation of the polarized components.

unit), noting proper orientation. Then in-
stall SCR1 and Q7 (the MOSFET), fol-
lowed by @1, Q3, Q4, @5, and Q6 (all
2N3904 NPN units), and the diodes.
Note: D5 is vertically mounted. If you do
not require that the alarm shut off and
reset after 40 seconds, eliminate R16,
C4, D3, and Q7. But you must install a
jumper between where Q7' source
and drain terminals would have gone.
That allows SCR1 fo conduct directly to
ground.

Install the capacitors, again noting
each units orientation; mount C4 ele-
vated at least ¥a inch off the board.
Mount the remaining components in
place. If you are goingto ground a horn
relay, alarm, or light relay through the
circuit, install a jumper wire at the
ground end of relay K1. If you infend to
power some device through the circuit,
install the jumper connection just
above relay K1.

Next connect the LED's through hook-
up wire to the board. When soldering
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the LED' to their wires, be sure to put
heat shrink tubing over the positive lead
and larger heat shrink tubing over both
wires, then solder the wires to the LED's
and slide the tubing over the joints.

Now we come to the installation of
the keypad, which will require a little
patience. Start by deciphering the pi-
nout on the keypad and marking the
pins on the back of the keypad to show
the actual key represented by each
pin. The pins may be numbered; how-
ever, the numbering may or may not
represent the corresponding key. The
keypad can be mounted with screws
and small nuts, or by heating an old
screw-driver tip on your stove and meift-
ing pins over to fasten it securely to the
dried cover plate. We do not recom-
mend using a soidering iron to melt
plastic, it may ruin the tip.

Shorten the keypad pins as needed.
Solder either a 13 conductor (12 keys
and one common} ribbon cable to the
keypad or separate 22—26 gauge wires
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to each pin. Solder the other ends of
the keypad wires to the printed-circuit
board. After checking the wiring, sil-
icone rubber may be applied to the
pin/wire joints to insulate and strength-
en the connection.

Arm/Disarm Code Selection. The
first step in establishing the arm/disarm
code is to select a four-digit disarm
code and a single-digit arm code.
Note that each number can be used
no more than once. The arm/disarm
code is programmed in to the circuit
via jumper connections installed in the
24-pin DIP socket. Use 22-gauge solid
copper wire for the code jumpers.
Measure and cut off the length of
wire need to make the connection
(plus alittle extra). Strip about %s-inch of
insulation from the ends of the jumper

HORN
- SWITCH

wire, and push one end into position 24
of the 24-pin DIP socket and the other
end to the corresponding pin hole for
the digit you chose for arming the
alarm. If you take a close look at SO1 in
Fig. 1, you'll note that the author used
keypad position 1 as his arming code.

The next jumper is instalied from pin
13 of SO1to the last digit of your disarm-
ing code (in this instance 0). Jumper pin
14 of SO1 to the 3rd digit of the disarm
code, pin 15 to 2nd digit, and pin 16 to
your first digit of the disarm code with
these jumpers. Be sure all jumpers are
fully in the pin holes. Again referring to
Fig. 1, the author’s disarm code was se-
lected to be "7-8-9-0." All unused key-
pad switches can be jumped to any of
the unused socket positions since all of
them are tied to pin 2 of U1.

If, when entering the disarm code,

Ill_é

-— - - o o - -

=]

FLASHER

L

BEFORE

the wiong digit is pushed, you must start
the code over. The circuit provides 5040
possible 4-digit combinations.

Switch/Sounder Selection. All nor-
mally-closed sensor switches (52 and S3
in Fig. 1) used in the alarm must be wired
in series with each other. All normally-
open sensor switches (represented by
S4 ard S6 in Fig. 1) must be wired in
parallel. More normally-open and/or
normatly-closed switches can be add-
ed to the circuit as required.

With the key switch mounted in the
enclosure, connect wires between it
and the printed-circuit board. If you
eliminate any of the normally-closed
sensor switches, jumper wires must be
installed in their place to complete the
circuit. But if your installation does not
reguire normally-open switches, no ad-
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Fig. 5. There are several ways in which the alarm can be installed. The installation
scheme in A show how 1o use the vehicle's existing horn as the alarm sounder; B shows an
installation wherein the Versatile Code Alarm is wired to automatically cut engine power
if the car is started while the alarm is still armed; C shows how to install the alarm o
Sfunction as a no-start (ignition defeat) switch; and D shows how to tie the alarm circuit
into the vehicle’s headlamp flasher.
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ditional jumper connections are re-
quired. The switches needed for your
particularinstallation can most likely be
purchased from electronic suppliers,
who also sell q wide selection sirens to
suit your needs.

Among the switches that might be
used are existing dome-light switches,
door switches, pin switches for auto’s
(hood and trunk); pressure mats, smoke
or heat sensors, window foils, glass-
break detectors, motion detectors, etc.
for the home. In automotive applica-
tions, the alarm can be configured 1o
kill the engine or prevent starting. In the
home, it can also be used tfo trigger
house and/or yard lights.

As for the alarm sounder/annun-
ciator, an existing auto horn, aseparate
siren, lights, a bell, or a buzzer may be
used. But if you use a 117-volt AC siren,
remember that it must be tfotally iso-
lated from the printed-circuit board.

Circuit Board Installation. In the au-
thor's prototype, the printed-circuit
board was installed in its enclosure
mounted on 1-inch nylon spacers using
three #6 screws and nuts. Slide the
printed-circuit board assembly into the
enclosure with the 24-pin DIP socket at
the upper end of enclosure. Fasten the
printed-circuit board to the enclosure
securely. Cut off excess screw length as
needed from the back of enclosure. Be
sure that the printed-circuit board
fraces do not touch the enclosure.

Solder wires to S6 (the tamper switch)
and mount it fo the enclosure. The switch
used in the author’s prototype is a three-
terminal—common, normally-open,
and normally-closed—unit. Connect
your wires to the common and normally-
closed ferminals. That may appear to
contradict whats shown in Fig. 1, but re-
member, as the tamper switch, its control
lever is o be held down by the en-
closure’s cover plate, keeping the switch
open until the cover is removed.

Bend the tamper switch’s lever arm
as needed to adjust it's on/off point.
Carefully install the IC’s in their respec-
tive sockets. Next you must decide how
the circuit, which draws between 30
and 70 mA, isto be powered. Of course,
if the circuit is to be used in an auto-
motive apptlication, it will be impossible
to power it from household current, But
for home installations, there are
choices fo make. For instance, you can
power the circuit from an AC-derived
DC power supply, a battery, or a com-
bination of the two. For the Iatter two
possibilities, you might even consider
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Fig. 6. If your installation requires-that
the alarm sounder be electrically isolated
from the printed circuit board, use this
connection scheme. Note that the jumper
connection that is present in the previous
connection schemes has been eliminated.

5. DOME
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Fig. 7. You can ulso tie the alarm circuit
into a hood- or trunk-light circuit to take
advantage of existing switches.

connecting a trickle charger across the
battery. That would give continuous se-
curity even during power outages.
Plug-in 12-volt DC power supplies work
just fine.

Installation. Before we go into in-
stallation details, it is appropriate that
we caution you on neatness; a sloppy
installation could render even the best
alarm system useless. Concealment is
another consideration. In some ap-
plications you may wish to have just the
control panel (keypad and LED annun-
ciators) visible.

The control panel can be mounted
on a wall, on the dashboard, or in a
console with the rest of the circuit hid-
den away. If you planto use the alarmin
an ignition-disable configuration, it will
be necessary to reduce the value of C2
(the entry-delay component) 1o per-
haps 10 pf fo reduce time allowed to
disarm the alarm or drive away.

Figure 5 shows several ways that the
alarm can be installed. In each di-
agram, the alarm’s key switch is wired as
a failsafe. The key switch can turn off or
disconnect the alarm, so that you don't
have fo give the code 1o a neighbor,
strangers servicing the vehicle, or use
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the disarm code in the presence of a
stranger. The key switch also removes
the ground {in the ignition-defeat in-
stallation), thereby allowing the vehicle
to start or run in case of an alarm-sys-
tem failure.

When using the vehicle’s existing horn
as the alarm sounder, simply tap into
the horn relay’s wire going to the horn
switch, as shown in Fig. 5A. If on your
auto alt the doors are connected to the
dome light, itis necessary to tie into one
dome-light switch wire only, because
they are all connected together at the
dome bulb.

Figure 5B shows an installation
wherein the Versatile Code Alarm is
wired to automatically cut engine
power (after a delay) if the car is started
while the alarm s still armed. Engine
power, of course, can thereafter be re-
stored by disarming the alarm via the
key or disarm code.

Figure 5C shows how the alarm cir-
cuit is installed in the vehicle as a no-
start (ignition defeat) switch. In that
configuration (as in commercial units
that perform the same function), the
auto engine is rendered inoperative
while the alarm circuit is engaged.

Figure 5D shows how to tie the alarm
circuit_into the vehicle's headlamp
flasher. If you are going to turn on flash-
ing headlamps, or use a no start or auto
kill hookup, you'll need a heavy duty
relay. You may wish 1o devise your own
way of flashing on/off your siren or lights,
but, we've found that a two-prong.
heavy-duty, turn-signal flasher installed
between the relay and a medium load,
like your existing horn or headlights,
works just fine.

Figure 6 shows how to connect the
alarm sounder so that it is electrically
isolated from the printed circuit board.
Note that the jumper connection that is
present in the previous connection
schemes has been eliminated. You
may also want to tie into a hood or trunk
light circuit fo take advantage of exist-
ing switches (see Fig. 7).

There are other security schemes
that can be incorporated into the your
installation; for instance, hood-locking
pins controlled via a solenoid that
could be made to engage (lock down
the engine compartment) whenever
the alarm is armed, as is available in
some of the commercial units.

No matter which installation scheme
you use, alittle time and effort (coupled
with some careful thought) can turn the
Versatile Code Alarm into a valuable
asset, |
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The fransformer has been with us
for quite a while, and has lent
itself nicely to several applica-
tions. For instance, it is handy for raising
or lowering AC voltages, and has been
used widely for adjusting impedances
or separating individual stages in multi-
stage systems.

Its hard to imagine tHat the trans-
former will ever become obsolete. But
haven't you wondered whether such a
heavy, cumbersome piece of equip-
ment might not be some day replaced
by something more modern (or, at least
smaller)? Any transformer replacement
is not likely fo be a tiny chip because
when sizable turrents flow, heat must
be dissipated (often sizable amounts of
heat), so surface and butk become
mandatory.

But if it is o power supply that you
seek, certainty one can be built without
a transformer—hence the basis of this
article; the Transformeriess Power Sup-
ply. It should be mentioned, however,

BY RALPH HUBSCHER

While the transformer is

still a key part of most power-supply

designs, it is possible to build a useful power supply
without one...and we’ll show you how!

that such a power supply poses a
greater shock hazard than do those
that incorporate a transformer into
their designs, since the circuit oper-
ates at line (117-volts AC) potential.
As such, a great deal of caution
should be observed when building
and using such a supply.

About the Circuit. Figure 1is a sche-
matic diagram of the Transformeriess
Power Supply. Switch §1 places one of a
bank of non-polarized electrolytic
“scoop” capacitors {C2—C7) across the
AC line, allowing it to charge. (I call
them scoop capacitors because they
sort of scoop the AC to the SCR) The
SCR (SCR1) is configured so that it only
fires (conducts) during positive excur-
sions of the AC waveform. When the
SCR fires, it acts as a conventional di-
ode, allowing the charge from the
scoop capacitor to flow through it to
the output filter capacitor (C9) and out
to the load.

waAdlL americanradiohistornv.com

As you can see. the whole thing is
really quite simple. The balance of the
circuitry serves support functions such
as ensuring that the SCR fires only dur-
ing the positive half-cycles of the AC
waveform. The Zener diode (D1) is
placed in the circuit to regulate the
voltage available at the output. Resistor
R1 essentially acts as a “slo-blo” fuse,
with some “olefactory and visual in-
dicators.” That is, if excessive current
flows. the resistor will become dis-
colored and begin to smell even be-
fore it goes up in smoke. That will give
you glenty of time to pull the plug. Ca-

pacitor C1 acts as an AC resistor.

The voltage and current available at
the output is determined by the value
of the scoop capacitor selected and
the size of the load. If you check Table 1,
you'll see that voltages of 3.2 to 43.5
volts DC were measured with a 100-
ohm, 20-watt load connected across
the output of the circuit. Currents
ranged from 31 to 322 mA,
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Fig. I. The Transformerless Power Supply is made up of relatively few, readily available
components. The output voltuge level (and the amount of available current, see Tuble [)

can be varied by rowting switch S1.

TABLE 1—OUTPUT CURRENT/VOLTAGE AT SPECIFIED LOADS

Load
Capacitance 100 Ohms 200 Ohms 1000 Ohms
(1F) Vour Current Vour Current Vour Current
i V) (mA) (V) (mA) V) (mA)
1 3.2 31 6.0 29 25 24
2 6.4 61 1.2 54 a1 a1
3 9.0 87 16.1 78 52 52
4 11.8 113 20.7 100 61 61
5 15.5 147 24.7 120 67 67
6 17.8 169 28.8 140 68 68
7 18.5 176 31.9 155 69.4 68
¥ 20.3 195 36.8 173 70 n
9 22.8 220 41.0 193 70 7
10 24.9 238 42.0 204 71 7
11 27.1 259 44.9 219 — —e
14 33.0 317 52.7 257 = =
20 435 422 65.8 322 = B
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If you want to supply a specific DC
voltage or current to meet the require-
ments of a specific piece of equip-
ment, check the device’s resistance.
Connect an equivalent resistor across
the output of the Transformeriess Power
Supply. Also connect a voltmeter to the
output and switch through the scoop
capacitors until you get the voltage
needed. It is possible to raise voltage
and/or current further by going fo an

even larger scoop capacitor. However
oil-capacitors beyond 10-pf 200-volts
AC are large. Zener diodes and SCR’s
also need larger heat sinks when
pushed into the 20-watt region. The
power supply described herein is not
exactly small to begin with and it should
not be expanded into a range where it
becomes obvious that it will take up
more space than the transformer/rec-
tifier power supply that it is to replace.
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PARTS LIST FOR THE
TRANSFORMERLESS
POWER SUPPLY

SEMICONDUCTORS

SCRI-TICI06D or similar, 8-amp, 400-
P1V, silicon-controlled rectifier

DI—ZD33, ECG5142 or similar, 33-
volt. 10-watt Zener diode

D2--BY127 or similar, 3-amp, 1000-PIV
silicon rectifier diode

D3, D4—1N4148 or IN914, small
signal, silicon diode

RESISTORS
(All resistors are Ya-watt, 5% units,
unless noted)

RI—5-ohm. 10-watt
R2—330,000-chm
R3, R4—100.000-ohm

CAPACITORS

C1—0.47-pF, 200-WVDC. ceramic-disc

C2—1-pF 200-WVDC. non-polarized
electrolytic

C3—2-pE 200-WVDC, non-polarized
clectrolytic

C4—3-pF, 200-WVDC. non-polarized
clectrolytic

C5—4-pF 200-WVDC, non-polarized
clectrolytic

C6—S5-pF, 200-WVDC, non-polarized
electrolytic

C7—10-pF, 200-WVDC, non-polarized
electrolytic

C8—I1-pF. 50-WVDC. non-polarized
electrolytic

C9—2500-pF 70-WVDC. electrolytic

C10—0.56-pF. 400-WVDC, ceramic-
disc

ADDITIONAL PARTS AND MATERIALS

S1—SPST rotary switch

S$2—SPST toggle switch

PLi1-—117-volt AC molded power plug
with line cord

Pertboard materials. enclosure. wire,
solder, hardware, etc.

Note that the switched scoop ca-
pacitors (C2-C7) must be non-polar-
ized types, meaning that they can be
foil capacitors or oil-filed capacitors.
They cannot be standard electrolytics
because such capacitors would heat
up and may explode. AC motor-start-
ing capacitors will do the job. In place
of the specified SCR (a TIC106D 5-amp
400-PIV unit) equivalent SCR’, such as
the T6N400 (AEG) or others, can be
used. They must be mounted on heat
Sinks.

The Zener diode regulates the volt-
age supplied to C9. For test purposes
and for applications reqguiring only a
few milliamperes, a ZPD30 (30-volt
Zener) or a combination of two ZPD15

{Continued on page 104)
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25 Watts,
No Sweat

CYRUS ONE 25-WATT INTEGRATED
AUDIO AMPLIFIER. Manufactured by:
Mission Electronics USA, Inc., 18303
8th Avenue, Seattle, WA 98148. Price:
$549.

‘For our money, one of the greatest cars
ever manufactured was the MG-TF that
came into this country for a brief couple of
years around 1954. That little two-seat
roadster was, perhaps, the archetype for all
British sports cars. It was far from a luxury
car, even for those days. The wood-
framed(!) MG didn’t even have roll-up
windows—you had to stop and put up side
curtains when you wanted that sort of pro-
tection from the elements. And a heater, as
we recall, was an option (although every-
one had one). The engine was a straightfor-
ward and easily accessible four-cylinder
1250-cc. (later, 1500-cc) design taat al-
ways started. no matter what the weather.
And for handling, the MG could not be
equaled. It cornered like nobody's busi-
ness, and even on snow and ice you always
knew what was going on underneath
you—you never, ever needed chains or
even snow tires. It was a simple and honest
car, and a joy to own and drive.

What'’s this paean to long-lost days of
motoring doing here in Gizmeo? Well, we
recently had the opportunity to use for a
while an amplifier manufactured in Britain
by Mission, known best to date in this
country for its loudspeakers. In desizn and
performance this amplifier, the Cvrus
One, reminded us a lot of our old MG. It is
very plain, almost utilitarian, but it does
the job it is supposed to. and does it well.

The Cyrus One is rated at 25 watts per
channel. (There’s also a Cyrus Two with an
output of 50 watts per channel, boostable
with an accessory power supply to 70.)
“Big deal,” you say, “I have a boom box
with more output than that!”” But wait—
this 1s a solid 25 watts that the am.plifier
can always be depended upon to provide,
under any conditions.

You see, it is a fact of audiophile life that
speaker impedances vary all over the place
according to the frequency of the signal

being fed to them. Thus, tke impedance of
a system whose rating is nominally eight
ohms may drop as low as 'wo ohms when
reproducing certain sounds. That change
in load is reflected to the amplifier. whose
output is (theoretically) & constant wat-
tage. That being the case, then (according
to Ohm’s law) when the load changes
downward by a factor of four, four times
the current that would be cutput into eight
ohms must be delivered. That's a lot, es-
pecially at high volume levels, and many
amplifiers are incapable of keeping up
with the demands mzde as a result of such
impedance changes. Their output and the
dynamics of the music they are reproduc-
ing suffer, and the result is a **constricted ™’
sound.

The power supply in the Cyrus One,
though is designed to deliver up to 35
amps, no matter what! We put the amp
through some pretty demanding exercises,
including portions of the Charles Dutoit
recording of Holst’s The Planets and the
Telarc recording of Tchaikovsky’s /812
Overture—the one that onge destroyed one
of our woofers when the cannons went off.
What a pleasure it was to listen to that
material through the Cyrus! Even at the
crescendos, there was no sense of audio
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constriction, or of the amplifier straining.
Such phenomena tend to make us cringe a
litle inside, but the Cyrus One allowed us
to “just relax and let the music flow.” as it
has sometimes been put. It truly seemed to
be an effortless performance on the part of
the amplifier, and you could tell it. And 25
watts—an honest 25 watts—is nothing to
sneeze at. believe us. The Cyrus One
really delivers as promised.

Now for the ““MG™ pan. The charcoal-
gray front of the Cyrus One presents you
with a not-very-impressive view—at least
you could get an MG in colors like red and
British Racing Green, with a little chrome
here and there. On the Cyrus One, you see
three knobs and a power switch. Two of the
knobs are source selectors for listening
and recording; the third is a large (the
same size as the other two knobs) volume
control with detents. A ring-type knob
around the one for volume adjustment con-
tros balance, but only to the degree of a 5-
dB cut in either channel. No more. If your
situation requires more than that, you'll
have to make the fix otherwise. There's
also a paddle-type power switch with a
small red LED powER ON indicator
alongside it.

{Continued on page 4)
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Master of Time
and Space ...
and
Temperature

CASIO TS5100-1V WORLD TIME/TEM-
PERATURE WATCH. Manufactured by:
Casio, Inc., 570 Mt. Pleasant Ave., P.O.
Box 7000, Dover, NJ 07801. Price:
$64.95.

It used to be that watches just told time.
Then for a while they did almost every-
thing else. t0o, including showing TV pic-
tures and playing games and melodics.
The wrist-TV is gone as, thanktully, seem
to be most of the game- and music-playing
watches (the mating calls of their descen-
dants, though, can stil] be heard in public
places such as movie theaters and concert
halls, usually shortly before or after the
hour). What we have these days are gener-
ally quieter watches. Their uncom:
municative nature. though, belies a
multiplicity of functions.

Serious clock- (or watch-) watchers.
you may have observed. are never content
with knowing the current time. They want
to know, as well, what time it's going to
be, and what time it was five minutes or an
hour ago. Or even what time it was yester-
day at this time. That’s why they're always
looking at their wrists. and then up at the
wall, and then back at their wrists again. [f
there'’s no clock around. they read other
peoples’ watches upside-down. While
knowing the precise time is important to
hirn, the big thing in a watch-watcher’s life
is knowing what time it isn'r. If his watch
can tell him something else that isn’t, as
well. he’s that much the happier. Casio’s
TS100-1v World Time/Temperature watch
may be the answer to a watch-watcher’s
prayer. It tells not only what time it is—
and was, and will be—but the temperature
as well. It does some other things, too.

You cycle through the watch’s modes by
pushing a button (one of four) at the lower
left of the watch’s black plastic body. In the
first mode you come to after the normal
timekeeping one. the time display that fills
the lower half of the LCD is replaced by
what looks tike another time display ex-
cept that it lacks colons. It’s a temperature
display. and we’ll come back to it. What
interests us here is that in the upper right
quadrant of the display. next to a world
map, is now the three letter abbreviation
for a city (it appears that many of these
abbreviations derive from the three-letter
combinations used to identify airports:
LAX for Los Angeles, SIN for Singapore,
and so forth). Below that appears the time
in that city, or more properly, in the entire
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time zone it represents. There are 23 such
cities built into the watch. (You figure out
which time zone is not included!) The time
is shown only to the nearest minute. but
that’s probably close enough for most pco-
ple. Pushing the upper-right or lower-right
button allows you to cycle backward or
forward through the time zones. Time. by
the way, can be displayed in either 12- or
24-hour format. and there’s an indicator
for Daylight Savings.

The mode you come to after the one for
world time/temperature is another tem-
perature one. and after that comes an
alarm display—displays. actually, since
this watch allows you to set not one. not
two, but five daily alarm times! After the
alarm(s) you come to a presettable count-
down timer with alarm. and then an up-
counter (stopwatch) that can keep track of
two separate events and whose display
reads to a hundredth of a second. (Well.
why not?) After that you get back to the
regular timekeeping mode

Now. when you get tired of seeing what
time it is/was/will be. and how long it has
been/will be between now and last/next
time, you can go to one of the temperature
modes and watch that for a while. Beneath
the LCD is an insct sitver button. which is
the cap of a thermistor. Every two min-
utes—precisely on the even minutes (you
can tell because the temperature display,
which you can elect to show in place of the
day of the week in the upper right-hand
corner. winks)—the watch shoots a tiny
blast of current through the thermistor,
measures the resistance it encounters. and
from that calculates the device’s tem-
perature which it displays—in degrees
Fahrenheit or Celsius, of course. There’s
also a somewhat hard-to-read linear scale
that gives you a rough idea of the tem-

{Continued on puge 4)
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Tie A Bare Fax

SHARP UX-100 FACSIMILE. Manufac-
tured by: Sharp Electronics Corp.,
Sharp Plaza, Mahwah, N} 07430-2135.
Price: $1299.99.

Well. it doesn’t look as though the per
sonal computer is going to become a fix-
ture 1n every home as was once expected.
Microprocessors, yes: computers. no.
What we do see happening. though., is the
proliferation of home and office facsimile
devices. Not only do people /ike fax ma-
chines right off—which is a reaction rare
among first-time computer users, terror
being the more usual one—but they may
even prove useful in every-day situations.
(We have a strong suspicion that the cur-
rent fax mania is due largely to the fact that
people think fax works by magic—you put
the paper in at your end and it squeczes
through the phone wire and comes out the
other. It's probably the thrill of working
magic that accounts for fax’s popularity
more than its supposed superiority (o over-
night mail services.)

A popular scene in science-fiction sto-
ries of days gone by involved coming to
the breakfast table and finding a freshly
printed copy of your own newspaper, per-
sonalized to include only the topics in
which you were interested. With a fax ma-
chine and a little computer (whoops')
technology, that scenario has already be-
come a reality in some circles. And fax
could very easily come to replace the mail-
man, and other deliverers of paper. as
well. A telephone without a fax machine
might be as rare in the future as is a tele-
phone without pushbuttons, today.

Fax machines, however, are not cheap
(so far): list prices start above $1000.
Those prices are inflated. of course, and
fax machines can be found discounted for
$600 or so. That puts them in the same
class of affordability as personal copiers,
which are now found in many home-office
situations. If you can justify the expense—
or just like to watch the magic happen—
you can have your own fax pretty easily.

Which brings us to the subject of this
report, the Sharp UX-100 facsimile. By
cutting back on the frills that might be
considered indispensable in an office sit-
uation, Sharp has produced a light-duty
machine intended for home or very-small-
business use.

The purpose of facsimile is to transmit
or receive in a hurry material that has to be
seen to be believed. (In other words. a
picture is worth a thousand words.) The
UX-100 does that, and does it well. 1t
offers three modes of resolution: standard,
fine, and haiftone. Either one of the first
two can be programmed as the default
mode. The standard mode is the **15-sec-
ond™ one quoted in ads: the others take
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longer because as more detail is transmit-
ted more time is required. The halftone
mode can reproduce sixteen shades of gray
(counting, of course, black and white) ata
resolution of 196 dots-per-inch—hetter
than many magazine phatographs. A fax
consisting of mixed text and pictures is a
little difficult (but not impossible) to read
when that mode is used. but the images
come through very well. indeed.

When not engaged in faxing. the
UX-100 can double as a phoiocopier. That
assumes. of course, that you will be satis-
fied with copies produced on thermal pa-
per and that you will restrict yourself to
copying only things that can be ingested
by the unit—in other words, single pages.
Books, magazines, hands. cr other three-
dimensienal objects won't fit into the slot.
Sharp does supply, though. a carrier sheet
that can be used to run documents much
smaller than the standard 8%> X 11 sheet
size through for copying or faxing.

Despite its position at the bottom of
Sharp’s facsimile-machine line. the
UX-100 is more than a bare fax. It does
include a few convenience features.
Among them are a five-page document
feeder and a built-in phone. The phone
itself has a few nice touches. such as on-
hook dialing (you can listzn to the dialing
and answering process through a built-in
speaker) and a HOLD button. Wtile the
phone offers a last-number-redial feature.
there is no other memory—yvou cannot re-
call tfrequently used fax numbers with the
touch of a key or two. That’s a sirange
omission, since it is not a particularly ex-
pensive feature to realize these days. Also
included is the ability to add a 22-character
answer-back message (such as “This is
Gizmo") and your fax-line phone number
on each outgoing page. There's no provi-
sion for time-and-date stamping, however.

On the back of the unit are two RJ-11
modular phone jacks. One accepts the ca-
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ble that connects it to the phone jack in
your wall. The other is intended for ...
well, we're not sure what its purpose is.
According to the manual—which is, we
understand, starting to undergo a badly-
needed rewriting—that jack is for an ex-
tension phone. Why you would want to use
anextension ghone with a unit that already
has a phone built in, or would wish toruna
length of cable from that jack to a phone in
ancther room:, we don't know. Further-
more, the manual states that an extension
phene should not be used (or won't work)
in certain of the unit’s auto-answer modes.
There is a single passing reference to an
*“*answering machine” function in connec-
tion with that jack. We called Sharp about
it, since it would have been nice to have a
phene, a fax. and an answering machine
all on a single line. It turns out that an
answering machine should (and in our
case did) work from that jack. It also turns
out. however, that some machines won’t—
and it seems that Sharp, being overly cau-
tious. simply made the assumption, on the
part of the user, that none would.

The machine also has a Touch Tone-
sensitive system that allows you to switch
from voice to fax by pressing two keys.
That is usable, according to the manual,
from the extension phone plugged into the
jack in question, permitting you to pick up
a call on the extension, and then switch
over to the UX-100 to receive a fax. It turns
out, though, that, subject to the whims of
your local phone system, that function can
also be called from other phones in your
home or office that are on the same line as
the fax, even though not connected directly
to it, and maybe even from a remote
phene. Theoretically, at least, that would
permit you to instruct a caller, via your
answering machine, to leave you a voice
message and then punch two digits on his
phcne and leave a fax. It worked for us,
providing a sophistication of operation we
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would not have expected in a bare-bones
machine.

Among the features the UX-100 does
not offer are such things as the ability to
auto-feed more than five pages atatime. to
place calls unattended (say. late at night to
take advantage of lower phone rates). or to
cut its roll of thermal paper into sheets at
the end of each page. You have to do the
tearing manually. Thoughtfully. though.
the machine prints a dotted line at the end
of each page to guide you in your tearing,
in case you don't rip off each page as it
comes in and so wind up with a long
scroll. We also missed having some kind
of indication that the fax connection. once
having been established, was still in effect.
There arc sometimes long pauses when
nothing happens and you begin to wonder
whether the other machine (or your own,
for that matter) has hung up on you. There
are some who, without that kind of reas-
surance, would hang up and try again ... in
the middle of a perfectly normal fax ses-
sion! We feel. though, that none of these
omissions—except. maybe. the last—is
serious in a machine intended for personal
rather than heavy-duty day-in and day-out
business use.

On one more point. though, we must
take Sharp to task. While the print mecha-
nism and user keypads seem to be well
constructed (the keypad uses real pushbut-
ton switches, not the membrane type. and
has a very good positive feel) the plastic
case and associated parts are unacceptably
flimsy. Our review unit came through with
one of the hinges on the paper-roll cover
broken, and we had a difficult time making
the wire support of the document feeder
stay in its plastic clips. If, though, you
need only a light-duty machine, that factor
may not disturb you. After all, the UX-100
does what a fax machine is supposed to do.
and it does it pretty wetll.

CYRUS ONE
(Continued from page 1)

At the rear of the unit are jacks for the
banana plugs used for speaker connection
{Mission supplies screw-on plugs for your
speaker cable) and RCA-type input jacks.
The Cyrus One can accept moving-coil or
moving-magnet phono cartridges. The
manual supplied with the amplificr needs a
good going over. but if you have attained
the level where you can appreciate the ca-
pabilities of the Cyrus One, you'll encoun-
ter no difficulties with the instructions.

The Cyrus One has no bass, treble,
loudness. or other contouring controls.
Nor does it have a cp-DIRECT switch.
Many amplifiers and receivers of recent
manufacture incorporate such a switch,
which permits you to bypass all the extra
signal processing (bass. treble. loudness,
etc.) and conduct the signal from the CD
player to the amp by the most direct route.
to reduce distortion and attenuation. The
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Cyrus One doesn’t need a switch for that
purpose. since it was designed using what.
Mission terms ' straight-line signal paths™
and has nothing to bypass—everviliing is
“CD direct” ... or “"tunerdirect™ or **pho-
no direct.”” If you want some sort of com-
pensation you'll have to add an equalizer
in one of the tape loops. aithough we sug-
gest you avoid doing so.

What impressed us most—and it was an
overwhelming impression—about this
amplifier was the effortless way in which it
performed. Most amplifiers, even those
with a few dB of “dynamic headroom,”
start to strain when called upon to show
their stuff in a pinch. You can almost see
them wince and try to cover their heads as
they struggle to keep up with the demands
of the music. The end result is a kind of
musical muttering (which your amplifier
does 1o fool you into thinking it's deliver-
ing its full output) that all too frequently
muddies the sonic waters.

You can tell that the Cyrus One doesn't
have that problem. No matter what we
asked it to reproduce—the last movement
of Beethoven's Ninth Svinphony. the cre-
scendo with the organ in the Mars.
Bringer of War movement of The Plan-
e1s—ours took it all in stride, without ever
breaking into a sweat. While the cabinet
got a little warm after a bit of that treat-
ment. it was barely so. and the amp ran
much cooler than most others would have.
To be honest, we were scared (for our
spcakers) to open the Cyrus One up all the
way—ithe output with the volume control
near its midpoint was about as much as we
could stand.

The availability of ample power when-
ever it was needed. coupled perhaps with
the unit's “straight-line signal path™ de-
sign, allowed us to hear things on our CD’s
that we hadn't been aware. or had barely
suspected. were there. Our speakers deliv-
ered highs we hadn’t known they were
capable of reproducing. and the same can
be said for the other end of the spectrum.
Our old amp just mumbled when called
upon to reproduce these sounds; the Cyrus
One delivered! We should add that the
availability of power does not necessarily
equate with volume of sound. Even at rela-
tively low listening levels. the difference
between the Cyrus and our more con-
ventional amplifier was apparent: at higher
ones it was extraordinary.

Mission’s amplifier is certainly not for
everybody. But then. neither was the MG
in its day. If you wanted a car to take the
kids to school and run down to the super-
market. you bought a Chevrolet. If you
wanted handling (and just plain fun), you
bought an MG. It wasn’t fancy and it
didn’t do a lot but what it did, it did very
well. If you want plenty of controls and
flashing lights. buy an amplitier from the
Orient. If you want sound reproduction
that will make you weep for joy. try the
Cyrus One. |

CASIO WATCH
(Continued from page 2)

perature and is always displayed, no matter
what mode you are in.

Because the thermistor is built into the
body of the watch, the temperature it mea-
sures is largely dependent on that of the
watch case. For that reason. you can
switch between OFF-WRIST and ON-wWRIST
modes. The first gives you a straight tem-
perature reading while the second sup-
posedly factors in a correction component
for your body temperature. which would,
of course. affect the watch temperature.
You have to make sure the thermistor gets
plenty of air: otherwise. if it gets trapped
under your shirtsleeve for example. the
readings that will be displayed will be con-
siderably off.

Since this is a world watch/ther-
mometer, it also displays the temperatures
in those 23 cities whose times it can show.
Unfortunately, it’s not as easy to know
what temperature it is in. say. Bangkok at
H in the morning as it is the time. so Casio
has provided the next best thing. Built into
the watch’s ROM is high-temperature/low-
temperature data tor each of the cities for
each month of the year. as compiled from
information gathered during the years
1982-1986. That time-like mode—with-
out the colons—that we mentioned earlier
shows you high temperature. low tem-
perature . and month. with the time thrown
in as a bonus.

And. hold on. there's one more function
to go. The next stop on the “'mode cycle”
after the **high-temperature/low-tem-
perature’ one brings you to a large two-
digit temperature display. At the upper
right of the display is the word “LOC™
(local) and the time rounded off to the
nearest previous hour (9:00, 10:00. 11:00.
etc.). This watch. see, records the tem-
perature in a 24-hour log every hour on the
hour. You can cycle backward or forward
again through the last 24 hours to see how
it varied. As a ncw temperature is record-
ed. it erases the previous entry.

The TS100-1V has a couple of other
neat, if less spectacular, features. If you
hold any of the buttons down. an auto-
repeat function comes into play, allowing
you to run through times or temperatures,
or anything else. without having to push
that button repeatedly. In addition, while
you cycle through the watch's modes by
pressing the lower-left button. if you stop
in any mode and do anything there by
pressing another button. the next press of
the MODE button brings you back to the
timekeeping display. That had us puzzied
for a while, but we fhinally figured it out.
Finally. this watch is waterproof, or as Cas-
10 puts it “water resistant.”’ Ours sup-
posedly would keep running down o a
depth of 100 meters (300 feet). We didn’t
get that far, but it did hold up nicely in the
shower. ]
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A Little Mix-Up

QUICKSHOT STUDIO 4 SOUND
MIXING SYSTEM. From: Bondwell In-
dustrial Company, Inc., 47485 Sea-
bridge Drive, Fremont, CA 94538.
Price: $79.95.

What do you give a teenage niece for a
birthday present? A good question, and
one that has caused us much anguish over
the years. A few years ago we got lucky
and sent her a batch of blank audio cas-
settes. No complaints were heard and we
repeated the gift the next year. The year
after that, seeking a change. we (ried
something different and got a rather
lukewarm response. We've gone back to
tapes. We have no idea what she does with
them all. but they seem to make her happy.

We presume that we are not alone in our
experience and that millions and miltions
of blank cassettes wind up in the hands of
adolescents every year. And. presumably,
those kids use all of that tape to record
music—from the radio, from their friends’
records and tapes. maybe even live, for all
we know-—to play back on their own per-
sonal portable tape systems. Lucky kids
have—or have parents who have-—dub-
bing decks. with everything they need to
make high-speed copies of friends’ tapes.
Other kids arc not so fortunate, and may
have to be satisfied with their parents’ sin-
gle-well Nakamichi Dragon and a second
recorder to make the dub.

Sensing that burgeoning area of kiddie
deprivation, the QuickShot division of
Bondwell (that name is now reserved for
the company’s higher-end electronics
products, such as computers) has leapt to
fill the gap with a kid-size mixing deck it
calls the Studio 4. (There’s also a mono-
phonic version. the Sndio 2, for about
twenty dollars less.) It’s not fancy, and it’s
certainly not going to replace Dad’s
Nakamichi. but it has stuft that kids will
appreciate more than they would a self-
aligning azimuth mechanism, or automat-
ic bias settings with manual fine tuning.

Mostly, kids don’t care too much about
those things. The Studio 4 gives them
what they'd rather have: stuff like sound
effects, a microphone. and built-in speak-
ers so they can sing along with the music
or play disk jockey when they ‘re not busy
ripping off other kids’ tapes. And, of
course, there's a stereo tape deck.

To begin at the beginning, the Studio 4
operates from four D™ -size dry cells (not
included). That. together with the
shoulder strap that is included, makes it
eminently portable and allows the kids to
take their noise anywhere their intition
tells them it will cause the most nuisance.
For stay-at-homes, there’s a 6-volt wall-
plug DC converter.

The tape section of the Studio 4 does
what’s required of it, and nothing more.
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There’s no noise reduction, and the record/
playback electronics seem set for good old
Type 1, low-bias. ferric-oxide formula-
tions. We doubt the kids will care. There's
also no output jack; you can listen through
the 2¥>-inch speakers built into the sides of
the unit, or through the open-ear head-
phones that come with it. (Thank you for
that, QuickShot!) Watch out for those
headphones. though—the way the cord is
cut it will strangle you if you have an
average-size head and don’t open up the
phones all the way before trying to put
them on. Because of the unit's lack of
output jacks, if the kids want to listen to
their mixdowns on higher-end equipment
they'll have to remove the tape to another
deck and feed in the audio from there.

Speaking of mixdcwns. there are five
slide-pot controls on the face of the cab-
inet. The first four of those faders control.
from left to right, the levels of the micro-
phone, the auxiliary input {(which is where
you plug in the ‘'playbuck™ tape deck
when making copies), the effects gener-
ator, and the built-in tape deck. The mike
input and the effects are monophonic. The
right-most pot is a master level control that
adjusts the overall level of the mix. There
is a crude SOUND LEVEL indicator that
seems 10 be built around a small incandes-
cent bulb that’s eithcr on or off. If you set
the level just so. you can make it flicker.
The slide pots are functional over only
about the bottom quarter of their range..
After that they're “‘full on™ and moving
them further serves no purpose. The
portion of their travel ever which they have
any effect is so small as to render them
extremely sensitive (over that limited
range) and very tricky to use.

Wz suspect that the part that kids will
most enjoy about the Studio 4 is its effects
generator. Eight sound effects are avail-
able. each controlled by a single button.
Those effects are labeled: SCAN UP, scaN
DOWN, JET, BOMB, ROCKET, LAZER [yic|,
GUN. and ALARM. None of them sounds
the way its label would lead you to be-
lieve—the jet sounds more like a World
War 'l buzz bomb (and when used in short
bursts, like a Bronx cheer}—but they are
lots of fun to interject into the music.

Wz didn’t measure the Studio 4’s signal-
to-noise ratio, but our initial impression
was that it was only about 16 dB or so.
Tapes made and played back on the unit
were very, very noisy—they sounded as
though they had been made while standing
under a waterfall. Remember, this unit is
“optimized ™ for ferric-oxide formulations
and lacks noise reduction, to boot.

Curiously, when we played one of the
noisy tapes on our big cassette deck the
noise, while still noticeable, appeared to
be niuch less than we originally thought.
It’s our guess that the Studio 4’s elec-
tronics and its itty-bitty speakers have a lot
to do with the phenomenon. Anyway,
given the type of material that will proba-
bly be recorded—chamber music is cer-
tainly far down the list—we suspect that
the flaw will never even be noticed.

Despite ourselves, we were kind of im-
pressed with the Studio 4. It’s the sort of
toy we would have coveted in our youth—
these days we set our sights higher, on
bigger and more expensive ones. We do
have some reservations about the price/
value ratio, but they certainly built in
enough potential for fun! Wish they'd
thought to include a pan pot. |
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POPULAR ELECTRONICS

(4)]
F-Y

“I’m Sorry, He’s
Gone to China
for the
Afternoon”

TELE-RECEPTIONIST ELECTRONIC
SECRETARY. Manufactured by: News
Media Services, Inc., 1615 N. Wilcox
Ave., P.O. Bax 4110, Los Angeles CA
90078. Price: $379.

One of the signs that you’re getting
somewhere in the business world is that
you no longer have to answer your own
phone. It impresses people when they
know you can pay someone to do that for
you, to-screen your calls. and take mes-
sages. Not everyone can afford that luxury,
though. For many small businesses—one-
or two-person operations. for example—
it's more important to pay the rent. For
those who would hire a receptionist if they
could, but can’t, there's now an electronic
solution.

Tele-Receptionist is the product of a
small company called News Media Ser-
vices. The idza behind the device is a
clever one. The unit contains circuitry to
digitize speech and to store it in its internal
256K bytes of solid-state memory. Enter-
ing a one- or two-digit number from the
built-in keypad calls up a particular phrase
or message—a total of up to 48 seconds’
worth can be stored, depending on the
version—and plays it back. If the phrases
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you store ase of the proper kind, and your
fingers are nimble enough. you can make
your Tele-Receptionist answer the phone
for you. screen your calls. and (appear to)
take messages.

The unit is small. about 5% by 6 inches
square. and is intended to sit on & desk
alongside or near your telephone. You plug
it into a modular phone jack (a cable for
that purpose is attached) in parallel with
the phone ycu normally use. Power comes
from a smail wall-plug AC transformer.
also suppiied. There’s no power switch or
POWER ON indicator, a style that seems to
be growing into a trend, and of which we
do not apprcve—you should always know
im what s:ate your Gizmos. big or little,
arc. (The same disaffection holds regard-
ing those wall-plug transformers and AC-
to-DC converters, which are alwavs on,
always run hot, and present a continazal ...
hut that’s fer another time.) A built-in. and
rather inaccessible. battery in the Tele-
Receptionist can keep your stored mes-
sages alive for a number of years (ir: case.
we guess. you accidentally kick the wall-
plug transformer out of its socket) and that
circuit for same reason has a switch.

Programming the Tele-Receptionist is
not particularly difficult once you get the
hang of it The first thing you have to do is
plug a phone into the modular jack pro-
vided on the unit’s back panel. That jack is
used only duning programming, and sits
empty and idle the rest of the time. Taking
the phone off-hook does two things—it
provides one step in the programming-en-
able process. and it lets you use the
phone’s mouthpiece as the speech-input
device. That’s the only way you can get

your data in. so you'd better use the best-
sounding phone you can get your hands
on. The quality of the stored digitized
speech is not up to even phone-company
standards. and it needs all the help it can
get. (You may want to include an apolo-
getic message that says something like.
“1"m sorry for the way | sound. a steam-
roller ran over the phone this morning. ™)

Pressing the FLASH and | keys on the
keypad, followed by the two digits repre-
senting the message number you assign.
sets the unit up for recording. Then, for as
long as you hold down the O key. it will
store the message you—or somebody with
a sweeter voice than yours—speak into the
phone connected at the rear. You recall a
message by pressing its two-digit memory
number. at which time it is played in-
stantaneously—one of the benefits of
using random-access memory instead of a
system such as tape.

To help you add to the illusion that
someone is answering your phone for you,
there's a button on the keypad marked
RING. After you have the canned voice say.
“Hold on, I'll see if he's in his office,”
you can press that button a couple of times
to give the party at the other end the feeling
that he’s hearing your intercom buzzing.
You can’t record that effect: it has to be
provided anew each time.

A typical session might go like this (the
voice of the Tele-Receptionist is shown in
bold type):

Ring, ring, ring ...

Mr. Firefly’s office.

May | speak with Mr. Firefly. please?
One moment, 1’ll see if he’s in (you push
the RING button) ... ring, ring ... I'm
sorry, Mr. Firefly seems to be out of the
country at the moment. Can he call you
back?

Yes. please. Ask him to call ...

You never have to pick up the phone, but
can monitor the conversation through the
unit's tiny built-in speaker and press the
appropriate-response buttons.

For some reason. the Tele-Recep-
tionist's built-in programming tells it to
hang up ten seconds after it has delivered a
message if nothing else happens. Good for
saving on line charges. we suppose. but
potentially a source of embarrassment.
Fortunately. you are allowed to program
what is called a “*hold time™ for each mes-
sage. That is the length of time that will be
allowed to pass (and the amount of time.
presumably. that a caller has to speak his
piece) before hangup occurs. Periods can
range from a long 99 seconds down to one
second, the last being the equivalent. we
guess, of slamming the phone down into
the cradle.

The Tele-Receptionist also has an AUTO
ANSWER mode, in which it will answer the
phone after a specified number of rings
(between two and nine). deliver one of
your programmed messages, and then

(Continued on page 8)
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QST (“Attention

all radio
amateurs’)

RADIO SHACK HTX-100 10-METER
SSB/CW AMATEUR RADIO TRANS-
CEIVER. Manufactured by: Radio
Shack, One Tandy Center, Fort Warth,
TX 76102. Price: $259.

You may never see this again—a piece
of ham-radio equipment reviewed in
Gizmo' However. there are several cir-
cumstances that make a look at such a
product right now especially appropniate.
The first is the manufacturer: Radio Shuck.
a company that is becoming increasiagly
mnvolved in two-way communications. Of
course, Radio Shack has been selling CB
equipment for years. but a look at the cur-
rent catalog shows not only that, but also
such items as two-way marine radios and
cellular telephones. Not to mention the
HTX-100 ten-meter amateur-radio trans-
ceiver.

The ten-meter amateur band. spanning
the frequencies between 28 and 30 MHz,
is generally considered to be the highest of
the amateur HF (high-frequency) bands.
Its characteristics vary from hour to hour,
season to season, and even year 10 year
(more about that shortly). Atits worst. ten
meters is strictly for local. ground-wave,
communications whose effective range is
perhaps 30 miles at best—much like
what's theoreticalty expected on the neigh-
boring Citizens’ Band down at 27 MHz.
At its best. ten meters’ propagation charac-
teristics make it a DX-er’s (long-distance
dficionado) dream. When ten meters is
*open” you can work the world with jista
couple of watts and a wet noodle, as more
than one ham has been heard to note.

One of the conditions that governs the
effectiveness of ten-meter commurnica-
tions is the 1l-year sunspot cycle. As the
cycle approaches its pcak—that is. as the
number of sunspots increases—so does
DX on ten meters. The band opens early in
the morning and stays open for a good part
of the day, and there is a frenzy of acuvity
in what is in other years a completely Jead
part of the RF spectrum. This year will see
us at about the peak of the current sunspot
cycle, and quite a peak it is expecied to be,
too—promising perhaps the best cendi-
tions since the beginning of amateur redio.
Conditions are certainly expected to be at
least as good as those of 1957-58. when
they were. well, fantastic. This is a good
time to be up on ten meters.

The final reason is that now. after many
years, holders of Novice Class licenses,
the easiest class to obtain, have both CW
(Morse code) and phone (voice) privileges

on ten meters. To many a beginning ham,
that, with band conditions being the way
they are. is equivalent to opening the gates
of Paradise. Novices are not known for
their financial well being, and the avail-
ability of a *‘rig” at the price of the
HTX-100 makes Paradise that much more
attainable for them.

We (as well as most of the rest of the
amateur-radio community, we Suspect)
were initially aghast when we saw a ten-
meter transmitter/receiver in the Radio
Shack catalog—Radio Shack, where
Chicken Banders (one of the nicer names
by which CB’ers have sometimes been
known in the ham community over the
years) buy their stuff. There has been ani-
mosity between hams and CB’ers right
from the start of the Citizen's Band ser-
vice—tirst because CB took away what
had formerly been the amateur-radio 11-
meter band. and second because in its hey-
day (and probably even today, in some
places) CB was notorious for sloppy and
iliegal operating procedures. A number of
people who chose to use the CB frequen-
cies thought nothing of doing so with ama-
teur-radio equipment (illegal). too much
power (illegal). and without a license (il-
legal). Some of those operators even de-
cided that the CB frequencies were not
enough for them and encroached on ham
territory—the bottom of the ten-meter
band. Little wonder that CB got such a bad
reputation in so many circles (and in the
confusion some of it was even passed on to
undeserving hams)! Seeing a ham rig sud-
denly pop up in Radio Shack stores all over
the country probably made a lot of hams
suddenly very suspicious.

You don’t need a license to own or listen
to a piece of amateur-radio equipment, but
you do need one to transmit with it. (We
checked with several local Radio Shack

stores and were told that we would not
have to show them a license to purchase
the HTX-100.) However. Radio Shack has
tried to cover itself against misuse of the
unit—and it seems a sincere effort, not just
another token attempt at discouraging il-
legal operation—with warnings and pre-
caulions in its catalogs and in the
instruction manual for the transceiver it-
self. There’s even a sticker warning against
transmitting without a license affixed to
the top of the HXT-100's case. Let's hope
the zfforts work.

Now for the rig itself. It’s not fancy, but
it seems to do the job and even contains a
few “‘luxuries.” For instance, the tuning
on the SSB/CW rig is digitally syn-
thesized, allowing you to dial up a specific
frequency with ease, and the tuner con-
tains ten memories that you can use to
store often-used frequencies. There’s also
a scuelch control to cut interstation and
no-signal noise—something no real ham
would be caught dead using. lest he miss a
weak station as he was tuning past! We
suspect that the design for the HTX-100
was derived from that for a CB transceiver,
and that is one of the things that drifted
over from there.

The rig's wideband output stage re-
quires no tuning to resonance; all you have
to do is find a clear frequency and let
loose. Qutput power is switchable be-
tween S watts and 25 watts. Metering is
provided by a string of five red bar
LED’s—the more of them that are lit, the
greater the signal strength of the station to
which you're listening, or the higher your
output power. Calibration is in S-units
only; the power reading is arbitrary. A
small, bottom-mounted speaker provides
adequate, albeit somewhat tinny, audio.

Tuning is accomplished with a large—
relatively speaking—knob, or from a cou-
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ple of buttons marked up and DOwN on top
of the microphene that’s supplied with the
rig. You can tune in increments of 0.1, 1.0
or 10 kHz, selectable in rotation by press-
ing a switch marked STEP, or in giant leaps
of 500 kHz. If you are in the MEMORY
mode, having chosen one of the ten loca-
tions as a starting point, you can tune con-
tinuously from the front-panel knob, but
the up and DOW~ buttons then serve only (o
walk you through the memories, not up or
down the band as you would expect.

We had somz difficulties in adjusting to
that incremental tuning system, perhaps
because we're accustomed to one that feels
more like an analog one. We found the 0. 1-
kHz steps to bz too small and the 10-kHz
ones fo be toc large. The 1.0-kHz steps
seemed to get as where we wanted to go at
about the right speed. but at the risk of
coming to rest a few hundred hertz away
from the exact frequency we wanted to be
on. That then required switching to either
0.1-kHz steps or, most of the time, using
the receiver's RIT (receiver incremental
tuning) contral, which is analog. We
found ourselves passing by signals that
might have been interesting because it was
too much of a nuisance to stop and fine-
tune them into intelligibility.

While the receiver has an RF GAIN
contrel to prevent very strong signals from
overloading it, there was no way provided
to control the audio level of the outgoing
signal. That did not prove to be a source of

difficulty—we just watched the RELATIVE
outpuT meter and adjusted our distance
from the mike or voice leve} accordingly.
We generally got good reports on our au-
dio, although one station, when prodded.
replied that it sounded tike it was “*almost
on the edge’" of distorting.

A final comment on the HTX-100: Until
we got it, we didn’t know it was a mobile
rig intended to be powered by your auto-
mobile (Radio Shack includes a fused
four-foot cable for that purpose, as well as
amounting bracket). If you run it as a fixed
station, you need to come up with a 12-volt
supply capable of outputting at least six
amperes (if you're going to use the rig in
its 25-watt capacity). The largest power
supply that Radio Shack sells puts out 2.5
amps—aperhaps you can run three of them
in parallel. We were lucky—we had a big
homebrew [0-amp supply lying around.

For the Novice—or even for the ham
who has spent his operating life so far up
on line-of-sight VHF and has just now
decided to see what it’s like to talk to
stations over the horizon—the HTX-100
could be the start of something big. Sure,
it lacks a lot of the conveniences that are
common on lots of ham equipment these
days—dual-slope IF filters, notch filters.
variable-bandwidth AM and CW filters,
digital signal processing. and other such
doodads—but it does have what you need
to get on the air ... and, after all, that's
what counts. [l

TELE-RECEPTIONIST
(Continued from page 6)

hold the line for up to 99 seconds. If you
are frequently far enough away from the
phone that it takes you a bit of time to get
1o it. you can use that feature to answer for
you and request the caller to wait for you to
arrive.

You can also use it to turn the device into
a short-term answering machine, perhaps
to tell callers that you've gone for a short
walk and will be back in ten minutes. or
whatever. That can save wear and tear on
your regular answering machine. Just re-
member two things: Set the Tele-Recep-
tionist to answer after fewer rings than your
regular TAD requires, and educate your
callers to the fact that they'd better try
again in a little while because they can't
leave you messages that way. Incidentally.
there’s no switch for enabling or disabling
the AUTO ANSWER feature—you have to
reprogram the Tele-Receptionist to do so.
a slight inconvenience.

News Media Services also suggests that
you can use the Tele-Receptionist as a fam-
ily message exchange by leaving a phone
plugged into its rear-panel jack all the time
and using this phone to program messages
for Mom. Dad, Junior, etc. Each member
of the family can have his own set of mes-
sage numbers reserved for him so he
knows which ones to check. We'll stick
with pencil and paper. [ ]

ELECTRONICS WISH LIS

Editing VCR

For more information on any
product in this section, circle
the appropriate number on
the Free Information Card.

The Studio Edit VI-S§730A is an S-VHS VCR from Hitachi (401 W. Artesia .
Bivd.. Compton, CA 90220) with a number of features to facilitate tape editing.
Besides using the S-VHS format and VHS Hi-Fi sound for state-of-the-art video
and audio recording and reproduction, the unit includes such editing enhance-
ments as a jog-and-shuttle dial, title and date recording, tape-time-remaining bar
display, double VCR control, and a feature called ““synchro edit,” which enables
synchronized operation of two VCR's during transfers. All functions. including
jog-and-shuttle and assembly editing, can be controlled from the unit’s remote
control, which also contains instruction sets for controlling late-model TV 's made
by ten other manufacturers. Price: $1199.95.
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Hitachi S-VHS Editing VCR

Minimalist Remote Control

Owners of Mitsubishi (5757 Plaza Drive, P.O. Box 6007, Cypress. CA
90630-0007) TV's up to four generations old—the TV''s, not the owners. that is—
now have available to them a remote control whose size and shape—about that of a
fat ballpoint pen—offer convenience and transportability in a simple-to-use
package. The company's PRM-/ **pen” remote operates the basic functions—
power, volume, and channel sel=ction—of all Mitsubishi televisions. Intended as
an alternative to its full-featured remotes, the PRM-I provides users with the
convenience of simpie remote-control operation, perhaps as a **second’’ remote,
at an affordable price. Power is provided by a pair of replaceable “*N”-size
‘batteries. Price: $24.95.

Mitsubishi Remote Control CIRCLE 57 ON FREE INFORMATION CARD
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For more information on any
product in this section, circle
the appropriate number on
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ELECTRONICS WISH LIST

Olde-Time Cassette Recorder

As the first step in developing an entire single-well cassette-deck line, Vecror
Research (1230 Calle Suerte, Camarillo, CA 93010) has announced the introduc-
tion of the VCX-255. This model. says Vector, reflects an old-school, hi-fi-
enthusiast mentality. The VCX-255 features an aluminum front panel, a RECORD
BALANCE control. and has a FINE Bias adjustment for “‘tweaking™ of the bias
current to match it to the tape being used. The mechanical-assist soft-touch
mechanism is said to use heavier-than-usual flywheels and a special high-torque
motor, reminiscent of the early days of hi-fi. Price: $179.
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A/V System

Kenwood Electronics (2201 E. Dominguez St., Long Beach, CA 90810) has
put just about everything you could conceivably need in an A/V system all
together in its Spectrum 7080AV package. The DA-/28 integrated amplifier puts
out 125 watts per channel, and includes a seven-band graphic equalizer and dual
video-sound inputs. The K7-58 digitally synthesized tuner allows for 20 station-
presets and offers both manual- and automatic-tuning modes. A KX-68W dual-
well cassette deck makes possible high-speed dubbing with full logic computer-
controlled tape movement and Dolby B noise reduction. A CD player. Kenwood’s
DP-48 CD, offers 4 X oversampling with dual 16-bit D-to-A converters. A 27-
inch KMT-3327 video monitor provides over 500 lines of horizontal resolution.
The video receiver offers MTS stereo and SAP decoding, as well as a simulated-
stereo mode and has an S-video input. Finally. a pair of JL-980AV three-way
speaker systems offer a power-handling capacity of 180 watts. Price: $2550.
CIRCLE 59 ON FREE INFORMATION CARD Kenwood A’V Center

Portable Color Videogame

“A complete traveling arcade” is the way Atari (1196 Borregas Blvd., Sun-
nyvale, CA 94088-3427) describes its Atari Portable Color Entertainment Sys-
tem. The one-pound portable unit. which is slightly larger than a videocassette.
has a built-in 3.5-inch color LCD screen with a resolution of 160 by 102 pixels.
The screen can display up to 16 colors at a time, chosen from a palette of 4096
colors. Controls include an eight-way joypad that moves the main character of a
game in all directions, as well as two FIRE buttons and five *function” buttons.
The images on the screen can be rotated 180 degrees to aliow both left- and right-
handed players to play at their best. Games feature four-channel sound, and there
is a headphone jack so that players can enjoy all the sound effects without Atari Portable Videogame
disturbing others nearby. A unique feature of the system is its capability to provide
each player with a first-person view of the action. For example, in a two- (or more)
player auto-race game. if the second car is approaching the lead car, the lead car
becomes proportionally larger on the second player’s screen. When the second car
actually passes the first, the first car then sees the second car ahead of it. Each
driver views the race track from the perspective of his car. Up to eight units can be
linked by connecting cable for increased competition and multi-player challenges.

Price: Under $150. :
CIRCLE 60 ON FREE INFORMATION CARD

Portable Communications Center

SWL's, and anyone else with an interest in global communications—and a fat
wallet—will want to get their hands on Sony’s (One Sony Drive. Park Ridge, NJ
07656) CRF-V2/! Visual World Band radio. The 2|-pound portable operates from
rechargeable batteries or from house current and covers “a vast range” of long-
and short-wave frequencies. Among its numerous features are: 350-station memo-
ry. a clock/eight-event programmable timer. pnority tuning to avoid missing
broadcasts, an LCD spectrum monitor, and a built-in thermal printer that can
output radio fax and RTTY messages, or satellite images, unattended. The printer
can also provide hard copy of any of the many displays (station activity graphs,
scan settings. options, etc.) of which the LCD is capable. An 8-pin mini-DIN
connector outputs data in RS-232C format for use with computers. Price: $6500.
CIRCLE 61 ON FREE INFORMATION CARD Sony Communications Receiver

GIZMO/Page$ 57


www.americanradiohistory.com

_ ' B For more information on any

; ,‘ A FE S - product in this section, circle
ELECTRONICS WISH LIST it
ey ; » : the Free Information Card.

Mobile Audio Preamp/Equalizer

With features not usually found on car-stereo preamp/EQ combos, the P-2
preamplificr/equalizer from Alphasonik Inc. (701 Heinz Ave., Berkeley, CA
94710) is designed for ruggedness and reliability. The Y2-inch-high unit features
five adjustable EQ controls, which permits it to operate in a fashion similar to that
of a parametric equalizer. Each band of equalization has switches that allow for {2
different center frequencies and work in Y3-octave increments. The preamplifier
section of the P-2 has a front-rear fader, balance, and volume controls. Inputs for
tape and CD. each with adjustable sensitivity controls, are available on the back
panel. The device uses a switching power supply to isolate the chassis ground from
the audio ground and to improve dynamic headroom by allowing the use of higher
voltages. A switch on the volume control can be used to control the entire audio
system. Front-panel backlighting is switchable between amber and green to match
that of your car. Price: $300.
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Lightweight Laptop

Weighing only 8.5 pounds and measuring just 13 X 12.2 X 2.2 inches. the
B310 laptop computer from Bondwell Industrial Co. (47485 Seabridge Drive,
Fremont. CA 94538) is said to be one of the smallest. lightest, and most powertul
80286-based laptops on the market. The B310 uses a low-power 12-MHz 80C286
microprocessor running with no wait states to yicld performance equivalent to that
of a 16-MHz AT. The computer includes a high-contrast. non-glare. supertwist
LCD display: a megabyte (expandable to 2 Mb) of RAM: a 1.44-Mb. 3.5-inch
disk drive; and a 40-Mb, 25-ms hard-disk drive using a 1-to- interleave factor for
speed. Two serial ports, one parallel port, and a real-time clock are built in.
Operation is from a removable rechargeable battery pack or from the AC adapter
included with the unit. Software supplied with the computer includes MS-DOS
3.3 and GW BASIC 3.22. A soft carrying case and spare rechargeable battery
pack are among the accessories offered as optional extras. Price: $3695.

CIRCLE 63 ON FREE INFORMATION CARD

Round Radio

Looking for the next wave in radios? How about Swirch-/t, an AM/FM receiver
in a clear-plastic spherical shell with speaker and headphone adapter. and multi-
colored internal components? The strap—by which you suspend the radio from
around your neck—doubles as an antenna. The radio, which its marketer, Fun
Products (2397 Shattuck Avenue, Suite 201, Berkeley. CA 94704) calls a **Boom
Ball.” operates for about 40 hours from two ““AAA"-size cells and is the size of a
racketball. According to its manufacturer, Switch-1t took three years to develop.
Price: $39.95.

CIRCLE 64 ON FREE INFORMATION CARD

Electronic Basketball

When things get slow at the office, here’s something that will pick them up
without contributing a singie thing to productivity or profits. Hero Hoops is an
indoor basketball game that includes a 90-second LED timer and score keeper. Its
manufacturer. Express Yourself (1800-A Associates Lane. Charlotte, NC 28217).
is the same company that recently brought you a noisy little gadget for frustrated
drivers called the Revernger. A built-in speaker in the Hero Hoops' backboard
produces a constant background of cheering. as well as comments (**Score,”
“Two points, " *‘Good shot™) each time a basket is made. There's a RESET swilch,
as well as a MUTE button for those occasions when the boss suddenly walks in.
Price: $119.95.

Express Yourself Basketball Game CIRCLE 65 ON FREE INFORMATION CARD
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Bit Stream CD Player

With an entirely new system of digital-to-analog conversion called “bit-stream
conversion.” Harman Kardon's {240 Crossways Park West, Woodbury. NY
11797) HD760 CD player uses pulse-width modulation to achieve what is said to
be an unprecedented level of accuracy and clarity as well as minimizing harmonic
distortion. Within the player. the 18-bit parallel output of a digital filter is
converted to a serial data stream at four times the sampling frequency. That single-
file string of bits is then converted to a digital waveform, the length of whose
pulses is determined by the density of the bits in the serial stream. That pulse-
width-modulated waveform is then integrated by an analog circuit to produce a
signal compatible with conventional analog equipment. The process is said to
eliminate most of the nonlinearities introduced by conventional D-to-A convert-
ers. The HD7600 also has an optical digital output whereby the D-to-A con-

Harman Kardon CD Player

version process is bypassed and a digital signal is conveyed directly to an amplifier —_ TV COLOR'VCR o8
for conversion (and amplification) there, thus avoiding the potential for induced Yen-Lab
distortion and extraneous noise. Price: $700.

CIRCLE 66 ON FREE INFORMATION CARD :ggmrn

Multi-Mode TV/VCR

Videotapes in the VHS format made using the PAL or SECAM standards used
by most of the world, as well as NTSC-format tapes. can be played and viewed on
the Multicombo, a combination VCR and TV receiver from Ten-Lub (11054
Mississippi Ave., Los Angeles, CA 90025). The all-in-one unit contains a VCR
capable of playing NTSC and PAL tapes in colo—and SECAM-format ones in
black-and-white—and a 20-inch NTSC color receiver for displaying them. The
system also features a wireless remote control, 155-channel tuner, on-screen
programming display. and sleep timer. Price: $1345.

CIRCLE 67 ON FREE INFORMATION CARD

Miniature Speaker System

Design Acoustics (1225 Commerce Drive, Stow. OH 44224) has a new high-
performance speaker system, the PS 3, whose small size simplifies placement for
pinpoint imaging. The system consists of three units: two very small (7%e X 4%
X 4%e-inches) satellite speakers and a separate compact subwoofer. The sub-
woofer. which uses a six-inch driver. is finished on all sides, removing potential
hindrances to placement for aesthetic reasons. It can even be placed under or
behind fumiture without compromising its performance. Price: $599.

CIRCLE 68 ON FREE INFORMATION CARD
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VCR Head Cleaner

The Double Shot with Dirt Alert is a VCR head cleaner with a twist—every
thirty days it flashes a light at you te remind you that it’s time (based on an average
of one hour’s usage a day) to use it again. This wet cleaning system from Advanced
Video Dvnamics (289 Great Valley Parkway. Malvem, PA 19355) is designed so
that residue-free freon solvent from a built-in reservoir is dispensed onto a non-
abrasive cleaning tape not only at the beginning of the clean cycle, but also
midway through it. That results in a wet ... dry ... wet ... dry action said to be
especially effective in removing contaminants from the VCR head mechanism.
The device, which comes with its own battery. is good for thirty uses, or 24 years
if used as specified. Price: $29.95.

CIRCLE 69 ON FREE INFORMATION CARD Advariced Video Dynamics VCR Head Cleaner
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Low-Price Videodisc Player

With a suggested retail price of $500, Pioneer’s (2265 E. 220th St., P.O. Box
1720, Long Beach, CA 90801-1720) LD-870 laserdisc player brings the benefits of
videodiscs—among which are improved resolution, high-quality sound, and the
availability of many movies in their original, uncropped, screen formats—within
the reach of most consumers. The player is designed to provide 425-line horizontal
resolution with a 46-dB signal-to-noise ratio. It can play both 12- and 8-inch discs
and features noise-cancellation circuitry and other devices to enhance picture
quality. The player, which comes with a wireless remote control, also generates a
full-screen display showing the disc’s table of contents and uses a visual calendar
to display the programming and play status of up to eight seconds of cach track.
Price: $500.

CIRCLE 70 ON FREE INFORMATION CARD

IBM Monopoly

The best-selling board game of all time, Monopoly, is now available on disk for
IBM-type computers from Virgin Mastertronic International (18001 Cowan,
Suites A & B, Irvine, CA 92714). The fully authorized (by Parker Brothers, its
originator) game is an exact replica of the original classic. Up to eight players—
human, computer, or some of each—can participate. although a full house might
make it somewhat crowded around the screen. Looking at the other side of the
[ coin, if you're all alone but feel the urge to play, your computer can be your
\ opponent. Price: $39.95. (Do not pass go. do not collect ...).
= ; CIRCLE 71 ON FREE INFORMATION CARD

Pull-Out Car Stereo

One of five pull-out DIN-chassis car-stereo receivers/cassette players in a
series, Profile’s (11155 Knott Avenue, Suite I, Cypress. CA 90630) Mode!
R L L T T PR DIN-910 helps foil thieves by being easily removable from its mount. When not in
- place. the unit’s rechargeable battery can maintain its memory for station presets
and keep the clock running for up to a week. Other features include an amplifier
section rated at 25 watts per channel. a loudness control, and a power-antenna
activator. There’s also a front-panel jack for connecting a portable CD player. The
AM/FM receiver has 18 station presets, while the auto-reverse cassette player
includes Dolby noise reduction and metal-tape capability. Price: $319.95.

CIRCLE 72 ON FREE INFORMATION CARD

Digital Radar Detector

A Motorola 56000 microprocessor is at the heart of Cincinnati Microwave's
(One Microwave Plaza, Cincinnati, OH 45249-9502) new Escort radar detector.
The powerful CPU is the basis for a digital signal-processing (DSP) system that
digitizes and analyses 50,000 signal samples per second to find and isolate radar
signals too weak to be detected by conventional technology. and to perform other
signal-enhancement functions. The detector also contains a theft-deterrent system
that sees to it that the unit stops working unless the owner inserts an electronic
“key™ after each 150 hours of use. Price: $295.

CIRCLE 73 ON FREE INFORMATION CARD

Profile Car Stereo

One-Bit CD-Player

The CD-X71/ compact-disc player from Sansui (1250 Valley Brook Avenue.
Lyndhurst. NJ 07071) features four of that company’s i-bit digital-to-analog
converters to produce what Sanyo calls *“the most realistic analog signal yet
achieved in CD reproduction.” The novel system provides a slight. but measura-
ble, improvement in quality when compared with 18- or 20-bit 8 X oversampling
ones. To ensure purity of sound, special attention has been paid to eliminating all
possible sources of noise—including providing a shut-off switch for the unit’s
fluorescent display. In addition to the usual analog outputs. the player also has two
sets (coaxial and optical) of digital outputs. Other features include 20 tracks of
programmability. variable-time music scan, auto spacing. and timer start. Price:
$1100.

Sansui CD Player CIRCLE 74 ON FREE INFORMATION CARD
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Restoring A Classic

Shortwave IReceiver

If you can’t afford a modern SW receiver, take heart;
a visit to a local hamfest and a little revamping can get you a rig to be proud of.

odern shortwave receivers
are a delight to behold, and
they work even better than

they look. But they also cost an arm and
a leg, so for many people a modern
shortwave receiver is simply beyond
their means. But reworking an old unit is
an alternative that can allow you to get
at least a decent shortwave-communi-
cations receiver, if not one of the best
military, commercial, or amateur-radio
receivers of only a few years ago. That
idea might also appeal to those who
(like myself) like antique and classic ra-
dios.

Where to Buy. So where are all of
those receivers of yesteryear? They are,
for the most part, still owned by people
who bought them new and then used
them for years before retiring the old
warhorses in favor of a smart new solid-
state receiver from Japan. | find a lot of
older communications receivers at
hamfests and other amateur-racio get-
togethers. They are also advertised in
both national ham magazines and
(more often) in local ham newsletters.
At the last hamfest | attended, there
were quite a number of decent used
receivers in the “tailgating” section. |
bought a Standard C-6500 for the
nephew of a friend of mine (who is an

BY JOSEPH J. CARR

EI2 amateur from Ireland) for a low
price that | am sure my friend didn't
believe. One reason for the good dedl,
| suspect, is that | got to the hamfest at
the crack of dawn instead of later in the
morning.

What to Buy? The receivers that are
the most desirable are those that were
serjous shortwave-communications or
shortwave-listening receivers. Look for
brands such as Hallicrafters, Ham-
marlund, Collins, National, and RME.
There were other brands, but those just
mentioned were probably the most
popular.

Also. look for surplus military and
naval receivers of the World War It and

Look on the rear panel of the receiver
for indications of added or removed
connectors. Such alterations are
sometimes a bad sign.

wwaaLamericanradiohistorv: com

Korean War eras. Nomenclatures to
look for include BC-342, BC-348,
BC-779, BC-1039, R-388, R-390, and
R-392. There were a number of other
military radios, so don't restrict yourself
to those listed here.

Information on specific receivers can
be found by looking at old issues of
amateur-radio publications in the |-
brary. At one time, The ARRL Radio Ama-
feurs Handbook had an advertising
secfion in the back. Those old ads are
still on the shelves or on microfilm at
many local libraries.

Another source of information on
older receivers, at least those made pri-
or to 1951, is Morgan E. McMahon’s
book A Flick of the Switch 1930—-1950
(Vintage Radio, Box 1331, North High-
lands, CA 95660). Aithough the book is

on cntique broadcast radios, they have.

a section on amateur-radio receivers.

Trudging through the hot swelter of a
summer hamfest last year (N0 mean
trick with my bulk and a heel spur), |
found my own antique treasure of a
shortwave receiver. | admit that saving
money was not my driving ambition, |
was there because I'm an an old-radios
buff. Sitting on the tailgating table of
one of the local amateur-radio clubs
was a nice looking Hallicrafters SX-100
shorfwave receiver. I'd owned its litfle
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A broken dial mechanism may seem like a small matter to repair or replace, but repairing
a dial cord can be a very difficult job. Check that item carefullv before purchasing a

radio.

L T

3
Ry
Take a close look at the main tuning
capucitor, preferably before you make a
purchase. That component, cannot he
easily repaired or replaced.

brother, the SX-99, back in 1959 as a
novice. | bought the SX-99 from a
pawnshop. putting down $5 from my
paper route and then paying for it a
few dollars at a time on “lay-away” until
I'd completed the purchase. But an
SX-100...well, an $X-100 was way
beyond my means. At that time, the
SX-100 was among the best general-
coverage receivers used by hams and
SWLs. In fact, the first time | saw an
SX-100 was in the pages of Popular
Electronics in the same column that |
now conduct. So my purchase was
based on sheer nostaigia, but | none-
theless wanted it to work properly; there
is No room in my ham shack for non-
working equipment!

Preliminaries. When looking over the
receiver that you intend to purchase,
make a few preliminary observations.
First, operate all of the controls looking
for binding, scratchiness, or other signs

of disrepair. Also look for missing knobs,
torn-up or missing controls, and other
signs of abuse. Sometimes a lot of inter-
nal injuries show up as little anomalies
when viewed from the outside. For ex-
ample, a banged up tuning capacitor
(a nearly impossible defect to fix) may
be indicated only by a little binding as
you tune the radio through its range.
Look on the rear panel of the re-
ceiver for signs of alteration. Added or
removed connectors are sometimes a
bad sign. Some possible exceptions to
that rule are SO-239 UHF coaxial anten-
na connectors added fo, or replacing,

the terminal-strip connector normally
used on receivers of that era. Another
possible exception is an RCA phono
connector added to accommodate a
Q-multiplier device. Those units were
external regeneration devices that im-
proved selectivity. They were popularin
the 1950' as after-market add-ons. The
Heathkit QM-1, for example, was ex-
fremely popular,

In the case of my SX-100 receiver, a
required octal jumper plug on the rear
panel was missing. That was remedied
by salvaging the octal base from a
burned-out tube from my junk box.
Those octal plugs are still available in
some parts outlets, but for many peo-
ple it might be necessary to obtain the
schematic and internally wire the unit
fo conform with the required shorting
pattern without using a plug.

Another preliminary is to inspect the
innards of the receiver, if at all possible.
In the case of many receivers of the
1940's and 1950’ there was a hinged lid
on the top of the cabinet to make that
easy. Amoung those was the SX-100, so
it was easy fo peer into the receiver
from outside. Look for obviously missing
parts such as tubes, IF transformers, and
the dial mechanism. Retrofitting the
dial may seem like a small matter, but a
dial cord that is either busted, or about
o break, can be a real dog fo replace.
It isnt one of the more fun jobs in re-
building old radios!

Also take a close look at the main
funing capacitor. That component and
the bandswitch, are probably the only
two components that cannot be re-

If a bandswitch is broken, it is unlikely that you will be able to fix it. If the switch is
merely intermittent. then a little cleaning should do the trick.
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Use your nose to check how the
transformer smells. A pungent odor could
mean trouble. Also look for brown or
black. tar-like material in its viciniy in
case the transformer leaks.

paired, replaced, or worked around. If
either of those components is shol, then
the whole project is in serious jeopardy.
If a bandswitch is broken, then it is un-
likely that you will be able to fix it. If the
switch is merely intermittent, then clean
it with contact cleaner. Some techni-
cians also like to use the eraser of a thin
pencil fo gently remove the dirt from
the switch contacts. That trick, however,
is dangerous unless you are pretty sure
of what you are doing.

Also use contact cleaner on all of the
switches and potentiometers on the ra-
dio receiver. Spray the cleaner as di-
rected on the label, and then operate
the switch or control vigorously several
times to work the cleaner into its in-
nards.

Tuning Trouble. The main tuning ca-
pacitor should rotate easily without
binding as you tune slowly through its
range. If the plates are bent, orif there is
foreign matter between them, then
there will be either binding or scratchy
tuning. My receiver showed a funny—or
perhaps not-so-funny—defect, but |
was able fo fix it.

The problem manifested itself in sev-
eral ways: scratchy tuning; loud funable
oscillations (shreiks like a bansheel);
abrupt, large changes in frequency
while tuning; and the receiver would
suddenly go dead except for ¢ little
scratching while tuning. Before we take
a closer look at the cause of those par-
ticular symptoms, let’s review what the
tuning capacitor is and how it waorks.

The rotor plates of most tuning ca-
pacitors are grounded to the chassis of
the receiver through the capacitor’s
mounting plate. The electrical connec-
tion of rotor to capacitor frame is ac-
complished through one or more brass
or steel “U” or “finger” clips. Those clips
straddle the rotor shaft at the mounting
plate.

The problem with my receiver was
that the clip was no longer making
good electrical contact between the
rotor shaft and the mounting plate.
Corrosion (“crud” as it is sometimes
calledin high-tech circles) had built-up
around the spring-clip contact points
and under the rivet, Repairing that
problem is relatively simple: clean the
corrosion from beneath the clip. | used
a relay burnishing tool to slip between
the end of the clip and the mounting
plate. Those fools are very thin pieces of
spring steel that look very much like a
feeler gauge.

Diagnosing the problem with a short-
ed capacitor is easy. Sometimes you will
hear a scratching sound as the tuning
capacitor is tuned across the band.
That is a good indication of a short in
the capacitor. However, the scratching
could also be due to the spring clip
used to ground the rotor. One way to fell
whether or not the capacitor is shorted
and where that short occurs in the rota-
tion of the capacitor is fo use an ohm-
meter. Although both analog and
digital ohmmeters can be used, ana-
log meters are a little easier fo use in this
application,

Set the ohmmeter to its highest resis-
tance scale. Disconnect the capacitor
from the circuit, and then connect it
across the probes of the ohmmeter.
Slowly tune the capacitor through its
entire range while watching the ohm-
meter. If there is a positional short, then
the ohmmeter will flick downscale
when the short is located. A good eye
and a sfrong magnifying glass may be
needed o see which of the many pairs
of plates are actually shorted, but the
problem should be visible.

There are two ways a capacitor can
be shorted: foreign matter (including
dust or metal parficles) can fall inside
the plate assembly, or the plates can
be bent. Foreign matter can often be
dislodged by a quick blast or two from a
source of dried, compressed air. Elec-
tronics supplies stores, and some auto-
parts stores, sell small cans of dried,
compressed air just for that purpose.
You usually have to buy a nozzle attach-
ment for the can, although I've seen
one type with a plastic nozzle fitted to it
like an aerosol can.

Bent plates are another matter. if @
bent plate is close to the surface, then
small needle-nose pliers will be useful in
bending the plate back to its original
shape. Otherwise, you may have to use
a small tool such as a burnishing tool to
gently work the plate into the correct

wwasLamericanradiohistornv.-com

Be suve to check all the electrolytic
capacitors. If an electrolvtic has a paper
body, then look for discoloration,
especially if it appears to bhe from a liquid,

shap= and position, Do not use a file or
other cutting tool. The file will leave fil-
ings that will further short the plates fo-
gether.

Another problem that affected my
capdacitor was that the tubricant in the
ball-bearing race of the front mounting
plate was dried out. Ordinary spray-on
contact cleaner (or liquid alcohol) can
be used fo clean out the old lubricant. If
you use contact cleaner, don't press the
button on the aerosol can very hard. In
order to keep from spraying fluid all
over the capacitor—or more impor-
tantly between the plates—you should
use a quick, delicate sprifz. A cotton
swab (such as a Q-Tip) can be used fo
clean out the old lubricant and clean-
ing fluid. Once the bearing race is
cleaned, refill it with a dab of white
lubricant (such as Lubriplate). Use a
toothpick as an applicator. Be careful
fo prevent the lubricant from getting
between the plates (work clean).

Other Problem Areas. The power
fransformer is probably the next area of
concarn. One of the best pieces of test
equipment for a transformer, at least
whenr you are inspecting it prior to pur-
chase, is your own nose. Sniff around
the area of the power transformer. A
pungent odor may indicate that the
power transformer is burned out. If you
can, inspect the chassis around the
fransformer and ook for oozing deep-
brown or black, tar-like material. That is
an almost sure sign of problems.
Finally, inspect the other components
on the underside of the chassis. Look for
paper capacitors that have the wax
plugs popped out. In fact, it is my policy
to replace paper capacitors re-
gardiess of whether or not they appear
to be bad. Also look for discolored or
burned resistors, and frayed wires.
Special attention should be paid to
both the tubular and chassis mounted
(Continued on page 100)
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BY FRED STOCK

center in a Los Angeles suburb. A

I twas aslow day at the warehousing
single fruck was being loaded at

one end of a long dock, which was |

surrounded by a two-story building on
three sides. On.the parapet along the
second-story offices | sat waiting for a
meeting to break up. | was a mobile
radio technician, and was there to re-
pair a piece of base-station equipment
in the owners office.

Below me, a yard man drove into the
staging area with a brand-new shiny
white tow-truck-—one of those huge rigs
used to rescue tractor-trailer trucks

along the freeways. The fellow popped ——

out of the cab in a biack tee-shirt and
blue jeans and hoisted a tool bag up
onto the roof of the cab. Then he climb-
ed up himself. | wondered what he was
up to, and he apparently hadn't seen
me, so | slipped back from the railing a
bit and just watched.

It soon became evident he was in-
stalling a citizens-band radio and a
roof-mount antenna. His mounting
method was unique, if not unusual;
here’s the best | can recall it:

First, he grabbed a black-ink marker
and looked at the cab, and imme-
diately marked a circle about an inch
in diameter on the white roof. It didn't
appear to be far from center. Then he
took a nail and a rectanguiar hammer,
and with a mighty blow, marked the
spot very close to the middle of the
circle. Then with an awl and another
whack, he finally made a hole in the
top.

Next a fiat-blade screwdriver was
hammered into the hole and twisted to
make it larger. That was when he. dis-
covered another layer of sheet metal
about an inch under the top.

gt}

“Sound”
Installation

There’s more than one way to install a
mobile antenna, but this isn’t one of them.

Y

“What the...,” he remarked, grabbing
the awl again. Soon the screwdriver
blade went completely down into the
cab. He seemed very proud of himself.

That was the moment the boss’s
meeting ended. and his guests left
through the door at the opposite side.
The owner came toward the glass door,
and, putting my index finger to my lips, |
signaled with a "Shhhhh,” sound and
waved him out onto the parapet. He
silently joined me in reconnaissance.

Below, the “technician” had taken tin
snips. and carefully cut the hole out
near the edges of his black circle,
which is about where the top layer was
now receding into the opening. He
busily crawled into the cab and cut the
inner layer of metal to roughly match.
Then he jumped back on the roof to
measure his success.

He grabbed the base-loaded anten-
na, still attached to its cable and
mounting hardware. He held it over the
hole, and discovered it would now go

WAL americanradiohistorv.com

completely through both layers of the
roof. It landed standing at attention on
the front seat with the tip of it protruding
through the roof next to a PL259 con-
nector Scotch-taped to the raw end of
the cable. Some dilemma.

But, being a pro. he had the answer.
Over to the junkbox in the mechanic’s
corner. Yes! Here it is, a whole box of
washers. Now back to the roof of the
fruck, with a welder’s mask, wire brush,
and red and black cables. He found a
washer that would fit the three-quarter
inch mounting assembly. He carefully
brushed it shiny, apparently wanting to
do his best. Then he brushed the re-
maining bits of white paint around the
cut-out, and spot welded the washer in
place. Ah, perfect!

Next, back to the tool bag for a tube
of sealant, the kind used to repair leaks
around a windshield. That would keep
the openings around the washer from
leaking water. Good thinking!

(Continued on page 103)
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ur magazine has presented a

lot of audio equipment over the

years—amplifiers, speakers, sur-
round-sound processors, efc. Of late we
have been particularly infrigued by de-
velopments in surround sound and
some of the experiences we've had
with it were incredible, to say the least, A
leading innovator in this field has oeen
Bozart (The Gully, Farmingham, MA
01707), and when the phone call came
from them inviting us to fry a new stereo
speaker system, the Model 971, we
jumped at the opportunity.

Before we begin to discuss the 9115
unique qualities, it is best to quickly re-
view a history of stereophony and sur-
round sound. Early stereophonic sound
systems, such as the one used for Walt
Disney’s Fantasia in 1940, used an array
of as'many as eight speakers arranged
in a row in front of the listener, each
speaker reproducing a segment of the
orchestra that had been picked up by
a dedicated microphone and rezord-
ed on its own soundtrack. It was even-
tually determined that just two mikes
and two speakers, however, could
faithfully reproduce the same sound-
stage, and that is the system that is
largely in use tfoday.

The first motion-picture surrcund-
sound systems also used as many as
eight channels of sound fed to speak-
ers arrayed in front of, to the sides of,
and behind the listener. Quadraphonic

sound, briefly popular in the 1970,
used four channels and four speakers,
Processes such as Dolby Surround can
be reproduced faithfully with as few as
three speakers—two in front of, and
one to the rear of, the listener.

Bob Carver’s Sonic Holography also
produces a type of surround sound,
using just two speakers. While true front-
and-back differentiation is not possible
with this system, under good conditions
sounds can appear to come from
beyond the bounds of the soundstage
set by the speakers themselves, and
even to emanate from an arc partially
encircling the listener. It was Carver's
achievement that inspired the engi-
neers at Bozart, “if,” they said, "Carver
can get surround sound out of just two
speakers, why can‘t we get stereo out of
one?” And that was the beginning of
the the Model 911.

Principles of Operation. In ifs initial
efforts to produce stereophonic sound
from a single speaker, Bozart tried a
number of techniques, among them
multiphase, single-phase, and stacked
arrays; multiported ducts; and multi-
ported ducks. Recognizing, finally, that
the answer lay not so much in the en-
closure as in the drivers, Bozart re-
defined its goals, took aim, and
careened off in a new direction.
Designing a speaker that could do
the job was no simple task. Bozart tried

winnresa mericanradiohietory com
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Stereo sound from a
single speaker brings
hope to those with only

i M o
Some of Bozart’s early driver designs did
not work out 100 well. Here's some
evidence of that taken from their labs.

literally dozens of designs, including
polyphasic, polyhedral, and poly-
hedonic ones, but the results were nil,
Indeed, they were sometimes disas-
trous, as can be seen from one of the
photos, which shows a damaged driv-
er. The photograph, taken from the
Bozart archives, was slipped to us by a
disgruntled employee during one of
our visits to the Bozart facilities. We were
also told by that employee that such
violent destruction was not uncommon
in the early Bozart designs and the re-
sultant increase in insurance premiums
is in part responsible for the 911's sug-

gested base price of $18,000.
Recognizing, finally, that the answer
lay nct just in the enclosure or drivers,
but in the crossover network as well,
(Continued on page 108)

a half-vast living space.
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hat is light? What is its nature?
Questions like those have in-
spired intense curiosity in

human minds for thousands of years.
Ancient scholars had very little con-
crete knowledge of the nature of light.
They surmised that light was composed
of many particles emitted from the
source; it was even conjectured that
perhaps the eye itself emitted the parti-
cles of light that illuminate objects.

Surprisingly, those scholars did estab-
lish some theories about light that are
still held today, including the ideas that
light travels in a straight line, that it is
reflected from a mirror at the same an-
gle it arrives at, and that a beam of light
is "bent,” or refracted, when it passes
from air into a transparent material
such as water or glass.

Early Experimentation. In 1666 Sir
Issac Newton demonstrated that white
light could be decomposed into its
seven spectral colors by passing it
through a prism, then recomposed
again by passing the dispersed light
through an inverted prism. He con-
cluded that white light was really a mix-
ture of light components, each
capable of stimulating the eye to pro-
duce the sensation of a color.

Newton’s experiments added sup-
portto the popular theory that light was
made up of tiny particles traveling at
an extremely high speed, which would
explain both the straight-line behavior
of light and refraction.

If light consisted of high-speed parti-
cles, some questions arose that re-
mained unanswered. Why, for example,
was one color of light refracted more
than another; or why didn’t the crossing
of two beams of light cause the streams
of particles to collide, thus distorting the
individual paths of the beams?

It was in 1678 that a Dutch physicist,
Christian Huyghens, theorized that light
was composed of waves whose color
depended on wavelength. The theory
would explain the variation in refraction
of different colors of light, since it was
reasonable to assume that waves of
different lengths would have varying
degreses of refraction. From Huyghens'
theory, it could be explained that two
beam:s of light don't interfere with each
other just as sound waves are able to
cross without becoming distorted.

In spite of being able to answer ques-
tionsthat could not be explained by the
“particle theory,” Huyghens' theory did
not explain why light waves did not trav-
el around objects as did sound and
water waves, or how light waves could
fravel through a vacuum. So, if tight
consisted of waves, whatwas the medi-
um being “waved"” in Space? The an-
swers to those mysteries were slow in
coming despite much determined in-
vestigation.

In 1818, French physicist Augustin
Fresnel presented some concepts that
were so insightful that they are used in
microwave-communications tech-
nology today. Fresnel’s wave theory

WAMA-americantadiohistornv.com

stated that if an obstacle within a beam
of light is small enough, light waves will
definitely “bend” around it, the obsta-
cle’s size must be close to the waye-
length of light for this “diffraction” to
take place. If the object is-arge with
respect fo the wavelength of light, the
light not obstructed by the ‘object will
fravel straight"and cast a sharply de-
fined shadow without diffraction.

Along with many attempts to find gt
more about the nature of light were
studies attempting to determine light's
speed. Gdlileo Galilei was the first to
attempt to measure the speed of light.
Although his principle of measuring
light at increasingly greater distances
would have worked, he did not have
the necessary mechanical devices to
make accurate measurements. More
than 300 years later, a German-Amer-
ican physicist, Albert Michelson, was
able to measure the speed of light in a
vacuum and found it to be 186,284
miles per second. It was not until 1963
that refinements in technique enabled
scientists to determine the speed of
light to be 186,281.7 miles per second
(2,998 x 108 meters/second).

The Ether and Electromagnetism.
While scientists were still gathering in-
creasing amounts of information on
light, some of the old questions still re-
mained. The question of how light, if it
consisted of tiny waves, could travel
through the vacuum of space was par-
ticularly disturbing. Was there an “ether”
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Most communications
systems require a
transmitter, a transmission
medium, and a receiver.
Fiber-optic systems use a
light-emitting trgnsmitter
and a light-sensitive
receiver. A gluss or plastic
fiber is the fransmission
medium!

BY ALVIN/G. SYDNOR

beyond the earth’s atmosphere that
enabled the passage of light from the
sun and other stars? Many scientists
thought so.

In time, Michael Faraday proposed
the concepts of lines of force and re-
lated it to magnetic-field strength. Sub-
sequent mathematical descriptions of
those fields by James Maxwell supplied
new insight into the nature of light. The
relationship between electricity and
magnetism described by Maxwell es-
sentially implied that electric and mag-
netic fields must coexist. It is also true
that a change in a magnetic field
brings about a corresponding change
in its complimentary electric field, and
vice versa. The concept can be further
extended by proposing that a varying
magnetic field can create a varying
electric field, which in turn can create a
varying magnetic field, and so on with

each field further and further from the
source of the first field. That's what Max-
well termed “electromagnetic radia-
tion.” Maxwell calculated that the
velocity of an electromagnetic wave
was equal to the speed of light, and he
speculated that visible light was only
part of a greater spectrum, much of
whose wavelengths are not visible to
the eye.

In spite of the new theories and spec-
ulations, the question of the efhers exis-
tence was not satisfied. t was in 1900
that German-physicist Max Planck pro-
posed thért radiation consisted of dis-
creef units that he called “quanta.” The

‘energy contained in one quanta was in

inverse proportion to its wavelength.
The latter theory implied that some col-
ors of light would contain a greater
amount of energy than others.

It was Albert Einstein who the-
oretically verified the existence of
Plancks quanta while working out an
explanation for the photoelectric
effect. He called the packets of energy
“photons.” That, however, was not to be
a step back to the particle theory of
light; Einstein proposed that the photon
not only had properties of a particle,
but of a wave as well. Either one group
of properties or the other was exhibited
depending on the situation. The theory
made the ether unnecessary; light
could travel through the vacuum of
space due fo its particle-like properties.

The Full Spectrum. Research into the
nature of light has given birth fo new
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terms. In the measurement of the
length of light waves, for example, it has
been found that the wavelength of red
light is around 0.000075 centimeter. Be-
cause numbers such as that are difficult
to work with, a more convenient unit
called the “angstrom” was adopted.
One angstrom equals a hundred mil-
lionth of a centimeter. Thus, the red
wavelength is 7,500 angstroms.

Another unit that is used in connec-
fion with the measurement of light
waves is the micron. That unit of mea-
surement is equal to one millionth of a
meter, or 104 angstroms. As an example,
violet light waves are in the 0.38 micron
range.

The visible-light frequency spectrum
appears within the confines of a larger
spectrum as shown in Fig. 1. The immen-
sity of the frequency spectrum of light—
which includes not only visible light but
also infrared, ultraviolet, and x-ray—al-
lows us to transmit information such as
voice, radio, television, and data sig-
nals.

Lasers and LED’s. Recent advances
in semiconductor technology have
produced two light sources that can be
used for communications purposes: the
light-emitting diode (or LED) and the
laser.

As we know, if slides of P- and N-type
semiconductor materials are joined to
form a diode junction, the free elec-
trons from the N-type material com-
bine with the available holes in the P-
type material over a thin portion of the
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Fig. 1. The full spectrum of light extends beyond the visible. It contains the infrared,

ultraviolet, and x-ray frequencies, too.
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junction (the depletion layer). When a
voltage is applied so that the P material
is more positive than the N material, it
causes current to flow, thus forward-
biasing the semiconductor.

In the case of an LED, any forward-
biasing currentthrough the P-N junction
causes electrons to be temporarily
“pumped" to a higher energy level, but
as each electron falls to a more stable
state, it releases energy in the form of
light whose color (or wavelength) de-
pends on the semiconductor material.
As an example, an LED made of gallium
arsenide (GaAs) will emit light in the
infrared portion of the frequency spec-
frum, while one made of gallium arse-
nide phosphide (GaAsP) will produce
visible red light.

‘The Fiber Medium. Just as it is possi-

ble to send Morse-code like signals
over a distance by using a flashlight, it is
also possible to send signals with an
LED, but at a much faster rate. But why
the push toward optical communica-
tions? Some of the advantages of op-
fical data transmission are the larger
bandwidth available, its freedom from
crosstalk and other types of inter-
ference, its low cost, and its light weight.
In addition, information can be trans-
mitted much faster at optical frequen-
cies than at lower frequencies. Which
brings us to the key element of commu-
nications: the transmission medium.

In any optical system the signal medi-
um is most certain to be one of several
types of hair-thin glass fibers. Such an
optical fiber is actually a tiny wave-
guide that conducts optical waves
using the principle of total internal re-
flection. We'll discuss the specifics of in-
ternal reflection as we look at each
class of optical fiber, since each type
uses the principle in a slightly different
fashion.

Fibers usually come in three “flavors:”
single-mode step-index, multimode
step-index, and muitimode graded-in-
dex. A single-mode fiber (see Fig. 2A)
can only function efficiently by working
in conjunction with the coherent light

from a laser. Thats because its core,

which is the portion of the fiber used for
transmission, is so thin it will only support
one group of in-phase waves.
However, the emission from an LED is
“multimode incoherent light,” which
means that the light emitted is not uni-
form in intensity or phase. itis possible to
make an LED produce coherent light
by turning it info a semiconductor laser,
which produces a very intense light of a

MULTIMODE MULTIMDDE
SINGLE-MDDE CLADDING
STEP-INDEX FIBER STEP-INDEX GRADED-INDEX
FIBER
INDEX OF CENTER OF  INDEX OF
REFRACTION FIBER REFRACTION

]

FIBER
SURFACE

FIBER
SURFACE

c

Fig. 2. These are the three most popular types of optical fiber. The single-mode step-index
fiber (A) can only be used with laser light. The multimode step-index fiber (B) has an
outer laver (cladding) that reflects light back into the fiber should it try to escape. The
multimode graded-index fiber (C) requires no cladding because it has a refractive index

that changes with distance from the core.

OPAQUE JACKET

.y ¥

U
'\_v_/\ \/ /\_v._/

CLADDING CORE CLADDING
Fig. 3. Incoherent light rays from an LED
are confined to the core of a multi-mode
step-index cable because of the change in
the refractive index at the cladding
boundary.
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cerfain wavelength and uniform phase
(when the laser is operated in what's
called its “fundamental mode”). Unfor-
tunately, semiconductor lasers that can
operate at room temperature for long
periods of time are not yet commer-
cially available. However, recent im-
provements in crystal-growing tech-
niques promise to make them a
commercial reality in time.

On the other hand, multimode fibers
(see Figs. 2B and 2C) may be used with
incoherent-light sources such as LEDS.
Incoherent light rays spread out as they
travel along a multimode fiber. In a
step-index fiber (see Fig. 3), when they
reach the cladding (an outer layer of
transparent material that has an index
of refraction that is lower than the core)
some of them pass through and get
absorbed by the opaque jacket. The
rest get reflected back and continue
moving down the fiber core.

The graded-index optical fiber (Fig.
2C) also consists of two materials with
differing refractive indices, but they're
mixed together in such a way that the
index of refraction decreases with dis-
tance from the fiber’s axis. That causes
the light rays to gradually “bend” back
and forth across the axis of the fiberin a
sinusoidal manner (see Fig. 4).

Optical Attenuation. As in any com-
munications system, the transmitted
signals in an optical fiber must span the
distance to the receiver and arrive

(Continued on page 99)
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Digital electronics has moved from

the outskirts to the forefront

of our hobby. Here’s your chance
to learn about or refresh your
knowledge of some of the basic

elements of that technology.

BY JOSEPH J. CARR

An Introduction
to Digital Electronics

\ r ou don't have to be toc old to
remember when digital elec-
tronics was the province of a

few esoteric specialists who werked in
forsaken realms of electronics. Every-
one in those days “knew” that analog
electronics was “real” electronics. But
times changed; Digital electronics
eventually became easily accessible
to all because of the introduction of
integrated-circuit logic elements.

The costs of digital technology also
have dropped precipitously over the
years. The old Popular Electronics was
at the forefront in introducing digital IC
chips to the public. In fact, the maga-
zine was the breakthrough publication
when it came to digital circuits. But
there was one fly in the digital ointment
back then: price. This author can recall
paying $5 for a nanp-gate chip in 1967,
and nearly $14 for a 7490 BCD-output
decade counter. Today the 7490 is less
than a buck.

Another change in digital-circuit
project building is the ease of obtaining
the chips. At the dawn of the digital
revolution one could only purchase
parts from specialized industiial dis-
tfributors who disdained the “no-vol-
ume” electronic-hobbyist market. To-
day. both mail-order and local sources
stumble over each other to bring you
the chips you need, in the quantity you
want, and at competitive prices.

Reliability has improved over the past

two decades as well. At one time, a
large digital project was unreliable by
default. But today, chips hold up well
and projects can be expected to last a
long time. Even green chips, which by
definition have no factory burn-in, per-
form as well as many high-reliability de-
vices.

In this article we will take a look atthe
most fundamental building blocks of
digital electronics: gates and flip-flops.
All larger digital circuits, whether a sim-
ple BCD counter like the 7490 or a
large-scale integration (LSI) micro-
processor chip, ultimately boil down to

Ao- D% —0 B
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INPUT OUTPUT
® B INPUT
0 1 A
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a very few, different forms of digital-log-
ic gates. We will learn about those
basic-circuit elements below.

Logic Families. Digital-logic families
are devices using the sgme technology,
and the same general circuit elements,
that are designed so that it is easy to
interface them using only electrical
conductors (e.g. wires and printed-Cir-
cuittraces). The interfacing chore is thus
eliminated because we don't need to
worry about matching signal levels and
imp=dance values. The two modern
digilal-logic families consist of the fran-

V+ V+

HIGH

tow 2

. b
I

D

Fig. I. The inverter or NOT-gate's schematic symbol is given in A. The circuit in B will
mimic the gate's operation whose truth table is given in C. Typical waveforms for the

device are shown in D.
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Fig. 2. The two-input or-gate (A) can be simulated by the circuit in B to vield the results
shown in C. When operating in a circuit it acts as shown in D.

sistor-to-transistor logic (TTL) and com-
plementary metal-oxide semiconduc-
tor (CMOS) devices. The TTL devices are
based on NPN/PNP bipolar transistors,
while the CMOS devices are based on
field-effect fransistors (MOSFETS).

You can recognize the CMOS de-
vices by their “4xxx-series” part numbers
(e.g. 4049). TTL devices carry part num-
bers of 74xx (e.g. 7490) or 74xxx (e.g.
74161). Military TTL devices are some-
fimes seen in hobbyist parts suppliers as
industrial surplus. Those devices carry
the same number as the civilian ver-
sion, except that the first 7" is replaced
with a "5.” In other words, a 5490 is a
7490 thats been “drafted”.

Digital Vs. Analog. Digital electronics
differs from analog electronics in the
nature of the signals processed. In an
analog circuit, a signal can have any
value within a certain range. For exam-
ple, suppose we have an operational
amplifier connected for analog opera-
tion. Further, suppose that the output
voltage can swing from —12 to +12
volfs DC. In an analog circuit, the output
voltage can take on any value be-
tween —12 volts and + 12 volfs; no val-
ues are forbidden.

In digital circuits, on the other hand,
the signals can take on only one of two
permissible values—all other values are
forbidden. Because only two values are
permitted, we say those circuits are
binary in nature. The two levels are
often called 1 and 0 (or logical-1 and

logical-0), true and faise, or high and
low. In this arficle, we will use high and
low to denote the different states, ex-
cept for a few cases where 1 and 0
seem particularly appropriate.

The two families of digital devices use
different voltage levels for high and low.
For example, the TTL family uses + 2.4to

+5 volts for high, and 0 volts to + 0.8
volts for low. In the CMOS family, on the
other hand, itis possible to use anything

from — 1510 0 volts for low,and O to +15
volts for high. In general, one of two
situations are standard in CMOS cir-
cuits. Either low is zero and high is. + 5
volts (when TTL compatibility is
needed), or low is a negative voltage
and high is a positive voltage of the
same value.

The terms “positive logic” and "nega-
five logic” sometimes confuse people
who are just learning digital electronics.
In positive-logic systems, a high will be a
more positive voltage than a low. In
negative-logic systems, a low will be
more positive than a high.

Gates. The most basic digital elements
are gates. All digital circuits can be
formed from only three of such basic
elements: the nor gate, anp gate, and or
gate. Aithough those three gates can
do it all, we also include the NOR, NAND,
and xor gates among the basic ele-
ments.

While discussing each gate, we’ll
show you its schematic symbol, an
equivalent circuit made of switches
that operate a lamp, and its truth table
(in which 1=high and 0=Ilow). Finally,
we'll present a wavefrain example. You
might want to examine the wavetrain
examples in order to gain insight on
how these gates work in dynamic cir-
cuits.

Inverters. Inverters, also called nor
gates, get their name from the fact that

v+
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Fig. 3. The nor-gate circuit symbol (A) is the same as the or gate but with a circle at the
output indicating inversion. It is functionallv equivalent 10 the circuit in B. Its truth table
output is just the inverse of the 0r gaite’s. Shown in D are some typical waveforms for the

gate.
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Fig. 4. The anp-gate’s circuit symbol (A) should not be confused with the OR-gate’s. A
simple equivalent circuit can be constructed out of two swiiches and a lamp, as in B. It
produces the truth table given in C. Typical waveforms for the device are given in D.

they produce an output thatis opposite
of the input. A high input yields a low
output and vice versa. The letter "A” is
an expression that represents the input,
so "A” can equal a high or a low. In like
fashion, the letter “"B” represents the
output,

An inverter is represented by a tri-
angle on its side with a circle at the
output (the apex; see Fig. 1A). Whenever
a'circle appears at any lead (input or
output) of a digital circuit it indicates
inversion, as we'll see with some of the
other gates.

We can sometimes get better insight
into a circuit’s behavior by looking at a
simple equivalent circuit. In Fig. 1B we
have asimple DC circuitthat represents
the operation of an inverter. Switch S%
selects either a high signal (V+] or a
low signal (ground or O volts) ¢s the
input to the circuit. The lamp indicates
the output—it's on for a high output and
off for a low output. When the switch is in
the niGH position, both sides of the lamp
have the same potential so the lamp is
not illuminated. That indicates a low
output, When the switch is in the low
position, the lamp receives both
ground and V+ so the lamp lights to
indicate a high output.

The truth table for the nor gate is
shown in Fig. 1C. If the input is A and the
output is B, we find that a low input
produces a high output, and a high
input produces a low output.

That circuit action is shown in Fig. 1D.
In this case, the input is A while the
output is called B or A. The line above
the input or output in logic notation in-

dicates that the signal is the opposite of
whatever the “unbarred” signal is. For
example, if A is high, then A is low. We
can use that notation to indicate the
relationship between the input and the
output;

B=A
That is an expression used in Bootean

algebra, which is the mathematics of
digital logic.

OR Gates. An or gate (Fig. 2A) pro-
duces a high output if at least one input

is high. So if A, B, or both A and B are
high, then the output is high. Another,
perhaps simpler, way to putthatis to say
both inputs must be low to get a low
output.

Figure 2B shows a simple equivalent
circuit for the or gate. The lamp (output)
is on (high) if either switch A orswitch Bis
high. That's why they're called or gates.

A fruth table for the or gate is shown
in Fig. 2C. What it says is that the output
is fow only when all inputs are also low,
and a high on any or both inputs pro-
duces a high output.

The circuit action of those rules is
shown in a practical form in Fig. 2D.
Both inputs receive a series of puises,
and the change in output reflects the
operation of the gate in response to
those input levels.

NOR Gates. The nor gate is a gate
made by combining an or gate with an
inverter. (Note the circle on the output
terminal in Fig. 3A) The gate might be
considered a not-0r gate. The Nor gate
produces a low output if any or both
inputs is high.

An equivalent switch circuit for the
nor gate is shown in Fig. 3B. As long as
both switches are open, the lamp is on,
but if either switch is closed then the
lamp is turned off. The truth table for
that type of circuit is shown in Fig. 3C,
which can be summarized by the fol-
lowing rules: The nor output is high if,
and only if, both inputs are low (i.e. the
output is low if any input is high)
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Fig. 5. Here we present the NAND-gate circuit symbol (A), an equivalent circuit (B).

its

truth table (C), and some typical waveforms (D).
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Fig. 6. The xor-gate (A) requires a more complex equivalent circuit, as shown in B. It
generates the unique truth table given in C. The graphs in D are characteristic of its

behavior.
RESET o——— .
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0 0 {NO CHANGE)
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1 0 1 0
1 1 (DISALLOWED)
B

Fig. 7. The circuit for Nor-logic R-S flip-
flop is shown in A, its truth table is given
in B.

As in the case of the or gate, those
rules are presented in @ more dynamic
form in Fig. 3D.

AND Gates. The anp gate (see Fig. 4A)
produces a high output if and only if
both inputs are high. The anp-gate
equivalent switch circuit is shown in Fig.
4B. The lamp is turned on only if both
switch A and switch B are closed.

The truth table of Fig. 4C can be sum-
marized as follows: The output will be
low if either input is low (i.e., the output
will be high only if all inputs are high).
Those rules are summarized for real-
time circuits by the timing diagram in
Fig. 5D.

NAND Gates. The nanp gate (see Fig.
54) is another gate made by combin-
ing an anp gate with an inverter. An
equivalent circuit is shown in Fig. 5B; if
either switch is open the lamp is turned
on, and will only go off if both switches
are closed. The rules of operation are
givenin the truth table (see fig. 5C), and
can be summarized as follows: The out-
put is high if one or both inputs are low,
which is to say the output is low only if
both inputs are high. As in our previous
cases, a dynamic example of those
rules is given in Fig. 5D.

XOR Gates. The last basic gate that
we will consider is the Exclusive-or (xor).
That gate (shown in Fig. 6A) is a little
unusual, but it has a lot of different ap-
plications. An equivalent circuit for the
xor gate is shown in Fig. 6B. The switch-
ing circuit has fwo SPDT switches cross-
connected as shown. The truth table
(Fig. 6C) reveals some interesting be-
havior: If both inputs are low, then the
output is low. If both inputs are high,
then the outputis again low. If one input
is high, and the other is low, then the
output is high.

in other words, a low output occurs
anytime that both inputs are at the
same level (regardless of whether
they're high or low). That behavior is
displayed in Fig. 6D.

Flip-Flops. Once an electronics buff
progresses beyond an understanding
of elementary digital-logic gates, it's
time to tackle the next order of circuit
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organization—flip-flop circuits. A flip-
flop is a one-bit memory device made
of basic gates, although it is rarely
thought of as such in this day of 256K8B
and 1MB dynamic- memory chips. But
flip-flops are still commonly used in digi-
tal electronics, both in computers and

SET RESET u Q
INPUT | INPUT | OUTPUT | OUTPUT
0 0 {NO CHANGE)

0 1 1 0

1 0 0 1

1 1 {DISALLOWED)
B

Fig. 8 The circuit for a NaND-logic R-S
Aip-flop appears in A; its complementary
truth table is given in B.

SET
o
l | SET
( Q
CLOCK
ljD RESET [l
RESET

Fig. 9. The R-S flip-flop is asynchronous—
it is not time-dependent and will operate
whenever a valid input is applied unless a
clock control input is provided.

A B
SET o——1 S1 a1 S2

@}—on
RESET o——{ Rl af —{R2 @zl—ea

— CLK1 CLK2

INVERTER

LOAD/TRANSFER

INPUT
Fig. 10. The master/slave flip-flop circuit
consists of two clocked R-S flip-flops,
designated here as A and B. The circuit is
configured so that the outputs of A drive
the inputs of B. The two clock lines are
driven out of phase from a common clock,
through the loud/transfer inpuz.
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ACTION
HERE

v

INACTIVE
/

v

ACTION
INACTIVE HERE
A B
ACTION  ACTION
c HERE HERE

Fig. 11. In a level-triggering flip-flop, the
circuit action happens when the level is
either high —positive-level triggering, as
in A—or low—negative-level triggering,
as in B. Edge triggering occurs when the
input signal is in transition from either
low-10-high (at the positive edge) or high-
to-low (at the negative edge) as illustrated
in C and D, respectively.

L

— IpERER S
— Gk
SN
A
clock | A B c D |

m T2 T|3 T4 T5 T6 T7 T8

]
| | |
t | |
D 1 ) 1
INPUT | | ! !
_=._ T
|
Q
OUTPUT

B
Fig. I2. The type-D flip-flop (A) is a one-
bit data latch. It will transfer the data on
the D input line only when the clock line
is active. A time chart (B) shows how the
O output switches with the D input and
clock pulses.

in circuits that have little or nothing to
do with computers.

Some flip-flops have two outputs
called Q and Q-not (or Q). The Q output
is the main output, while Q is saic to be
a complimentary output. That is, when
Qs high, then Q will be low, and when
Qis low, then Q will be high. Also, when
aninputiine on a schematic diagram is
shown with a small circle at the flip-flop
body, then that input is active when low.

Otherwise, the input is active when
high.

R-S Flip-Flops. The R-S, or "Reset-Set,”
flip-flop is a flip-flop circuit that has two
inputs: set and reset. When the reset
input is made active, the Q output is
forced low (if a Q output is available,
then it is forced high). The set input has
just the opposite effect: an active input
signal forces the Q output high and the
Q output low.

There are two forms of R-S flip-flop:
NOR-logic and NanD-logic. The Nor-logic
R-S flip-flop circuits are configured with
two-input nor-gates such as in the 7402
devices. The nanp-gate circuits are built
using fwo-input nanD-gates such as in
the 7400 chips.

The nor-logic flip-flop circuit is shown
in Fig. 7A, while the truth table is shown
in Fig. 7B. The nor logic circuit uses ac-
tive-high inpufs. In other words, a low on
both inputs atthe same time will resultin
no output change. But if either input is
made high, while the other is low, then
the result will be an output-state
change.

Which state occurs depends upon
whether it was the set or reset input that
was made active. The condition of both
inputs being simultaneously high is dis-
allowed because the results will be un-
predictable.

o

—Cik
— : o—
BET
A
J K ELK QUTRLT
b t = ND CHANGE
13 1 1]
|
1 a 1
L .| FLIPS TO THE
' ! QPPOSITE STATE

c

The nanp logic circuit (Fig. 8A) uses
two-input nanp gates instead of NOR
gates to form a flip-flop. They act just
the opposite of nano-gate flip-flops
(compare Fig. 8B with Fig. 7B)

There are two R-S flip-flop chips avail-
able in the CMQOS family of devices. The
4043 is a quad nor-logic R-S flip-flop
("qucd” because four R-S flip-flop’s are
in the same package). Similarly, the
4044 device is a quad Nanp-logic R-S
flip-flop.

Clocked R-S Flip-Flops. One of the
problems inherent in the design of the
R-S flip-flop is that noise on the inputs
can trigger an output transition. Also,
the R-S flip-flop is asynchronous—it is
not time-dependent and will operate
wherever a valid input is applied. A
solution to those kinds of problems is the
clocked R-S flip-flop circuit of Fig. 9.

The two gates on the right form a nanD
gate logic R-S flip-flop in the same
manner as in Fig. 8A. The inputs of that
flip-flop are controlled by the outputs of
the other two nanD gates. As long as the
clock input remains low, the outputs of
both left gates are locked high, so the
R-S flip-flop cannot operate. However, if
the clock-input goes high, then the in-
puts of the R-S flip-flop will respond to
the inputs applied to the set or reset
inputs.

PRECLEAR | PRESET OUTRUT 0
1] (1] DISALLOWED
0 1 o
1 i) 1
NORMAL FOR
1 | CLOCKED
DPERATION
B
CLOCK A B A
T2 13 T4 T T
§ | i i | L
1 i ] -
| ]
QUTPUT | '
o} | 1
PR S | |
D

Fig. I3. The J-K flip-flop (A) can be operated in either of two modes: direct and clocked.
The logic truth table for the direct mode is shown in B. The truth table for clocked
operation of the J-K flip-flop is shown in C. Its activiy in a binary-division application is

shown in D.
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QUTPUTS
A
=12 fap =14 foz =118 foq= 16"

CLOCK 1 a2 03— 4

PULSES

WITH  o—{LiK LLK CLK CLK

FREQUENCY
f

a1

a2

a3

a4

Fig. 14. Shown in A is a four-bit binary counter made from 4 J-K flip-flops. The timing

diagram for the circuit is shown in B.

Master-Slave Flip-Flop. The so-
called “master-slave” flip-flop, also
called the load/transfer flip-flop, is
shown in Fig. 10. That circuit consists of
two clocked R-S flip-flops, A and B as
shown. The circuit is configured such
that the outputs of the left flip-flop drive
the inputs of the right one. The two
clock lines are driven out of phase with
one another but from a common clock
line, now called the load/transfer, or the
LT input.

If the LT line is high, then the clock of
the A flip-flop is low and the B one is
high. Under that condition, B is active,
and A is inactive. Whatever levels ap-
pear on the outputs of A are automat-
ically transferred to the outputs of B by
virtue of CLK2 being high. But when the
LT line goes low, B is disabled (but its
outputs remain the same) and A is en-
abled. Any changes on the S and R
inputs are reflected on the Q1/Q1
outputs of A, When the LT line goes high
again, those new levels are transferred

to the outputs of B. The master-slave
flip-flop is used where noise or syn-
chronization is a problem.

In some flip-flops we see a difference
between various types of clock trigger-
ing. Figures 11A and 11B show the dif-
ference between positive- and nega-
tive-level triggering. In level friggering,
the circuit action happens when the
level is either high (positive-level trig-
gering) or low (negative-level trigger-
ing). Edge triggering occurs when the
input signal is in transition from either
low-to-high (called positive-edge trig-
gering), as in Fig. MC, or high-to-low
(called negative-edge triggering), as
shown in Fig. 11D.

Type-D Flip-Flops. The type-D flip-
flop, also sometimes called a one-bit
data latch, is a digital element that will
transfer the data on the D input line (Fig.
12A) only when the clock (CLK) line is
active. In most type-D flip-flops, the
clock is active when high, so that rule

WWW-americanradiohistorn.com

franslates into: the data level on the D
input is transferred to the Q output
whenthe CLK line is high. Thus, the type-
D flip-flop is said to “latch” the data on
the D input for one clock cycle.

Put another way: While the CLK line is
high, the Q output state follows the D
input. All transitions occurring at the D
input are inverted and sent to the Q
output. A high input produces a low
output, and a low input produces a
high output.

Figure 12B shows a timing diagram of
how the type-D flip-flop works. There
are four clock pulses shown: A, B, C, and
D.They are shown as a periodic square-
wave pulse train, but they need not be
that regular. The CLK line could be con-
nected to a line that only goes high
occasionally.

Assume the Q output is initially low. At
fime T1 the CLK goes high and the D
input is low. Thus, the Q output will re-
main low at this time. However, note
that while puise A is still high the D input
makes an abrupt transition to high. At
this point, the Q output snaps high and
remains there after pulse A expires at
fime T2. If the D input had dropped low
again, the Q output would have fol-
lowed. Examine the remaining pulses
for the relationship between the output
and input levels relative to the clock
signal.

Examples of type-D flip-flop include
the 7474 dual edge-triggered TTL flip-
flop, and the 4013 CMOS device. The
7475 is a TTL quad-latch device, but it
has only two clock-inputs. Each clock
input is connected to a pair of flip-flops.
When both clock lines are connected
together the 7475 operates as a four-
bit data latch.

J-K Flip-Flops. The JK flip-flop (Fig.
13A) can be operated in either of two
modes: direct and clocked. The logic
truth table for the direct mode is shown
in Fig. 13B. The direct inputs of the de-
vice (clear and set) are active when
low. For direct operation the J and K
inputs are normally tied to the inactive
state, which in this case is low. The circuit
action depends on those inputs, and
the clock input s irrelevant (in the “don‘t
care” state). Note that all four possible
combinations of clear- and set-input
states are shown.

When both set and clear are low, the
J-K flip-flop does not know what to do,
soO that state is disallowed. The results
are unpredictable when it occurs, so
avoid that combination of inputs. When

(Continued from page 101)
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n the last two exercises, we lcoked
at the 324 op-amp and the 555
oscillator/timer individually. This time

we'll combine the basic monostable
multivibrator with a comparator circuit.
Combining the two into a practical ap-
plication will serve to reinforce your un-
derstanding of the two circuits.

Light-Controlled Monostable.
Figure 1 shows a 555 monostable multi-
vibrator (from the last lesson) combined
with a pair of light-controlled zom-
parators (from two lessons ago) to form
acircuit that can be used to turn cn the
entrance lights of one’s home for a pre-
determined length of time, and at the
end of that period turn them off.

Note that pin 7 of U1-b is connected
to pin 4 (reset) of U2. Recall from the
previous exercise that in order for a tim-
ing cycle to be initiated, pin 4 must be
held high. If pin 4 is held low at the time
that a negative-going trigger pulse is
applied to pin 2 of the 555, no timing
cycle is initiated. Also recall that the
LDR's have a dark resistance of about
0.5 megohm and a full-light resistance
of about 100 ohms.

During the daytime, strong light strikes

*Our gratitude is extended to the EIA/CZG for
the creation of this course, especially to the
consultants who brought it to fruition: Dr.
William Mast, Appalachian State University;
Mr. Joseph Stoop, Surry Community College:;
Dr. Elmer Poe, Eastern Kentucky University.
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present you with just such a circuit.
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RS (we are only concerned with R5
since it is the only LDR that has any af-
fect on the circuit), therefore its resis-
tance is low, say about 100 ohms.
Because R6 has a resistance many
times that of RS, the voltage drop
across it is far greater—about 4.98 volts
for R6, as opposed to .02 volt for RS,
Now, with the values shown for R1 and
R3, less than half of the supply voltage,
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abour 1.02 volt, is applied to inverting
input of U1-b.

With the inverting input of U1-b at a
higher potential than its non-inverting
input, the output of U1-b goes low. That
low is applied to pin 4 (reset) of U2,
inhibiting it, so the application of a
negative-going trigger pulse at pin 2
does not initiate a timing cycle. But as
sundown approaches, the resistance

Vee *
> RS
R6 & R2 & Ri l 2 R7 Tome et
K 3d aKS K S $ 0k LAl 10
e -
gl 7| 6
4 Ut-a ) A
+ 7 324 w2 =
555
5 \ i 2] 3] 4
o >E
j//<:H4
\\ \\ #——0 OUTPUT
b < JJ
‘ P 3 ‘ Y D g hs |,_| —
r i 12K R9
RS R4 St 2700
LED1
| )
A S -

Fig. I. The light-controlled monostable was produced by combining a 555 monostuble
multivibrator with a pair of light-controlled comparators. The circuit can be used to
enable or disable the operation of the load device, depending on the time of day. During
the daylight hours, the timer (U2) is disabled, and so produces no output. However,
during the nighttime hours, U2 is enabled by the output of Ul-b, so that pressing Sl
initiates a timing cvcle, which activates LED! for a time determined by R8 and CI.
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of RS increases toward its maximum
value of about 0.5 megohm.

As the resistance of RS increases, and
hence the voltage drop across it also
increases, the output of U1-b becomes
less negative. When the resistance of RS
crosses the 47k mark, the output of U1-b
swings positive, removing the inhibit sig-
nal applied to pin 4 of U2. Pressing $1 at
that point initiates a timing cycle, pro-
ducing an output at pin 3 of U2, which
would, in turn, frigger the device or cir-
cuitthat follows. For instance, the output
of U2 atf pin 3 might be fed to the base
of a fransistor, which could be used to
activate a relay and thereby turn on an
AC lamp.

Jhat task can also be handled by an
optocoupler with a Triac driver (also
called a bilateral trigger) 1o fire a Triac,
which would apply power to an AC
load.

Light-Controlled Timer Circuit. The
circuit shown in Fig. 2 is basically the
same as that shown in Fig. 1, with the
exception that the switch (81) con-
nected to pin 2 of U2 in Fig. 1 has now
been replaced by the output of U1-a.
Such a circuit can be strategically
placed so the entry lights can be
turned on automatically by the beam
from your automobile’s headlights. The
light sensors (R4 and R5) must be lo-
cated so that your automobile’s head-
lights shine on R4, but not on RS.
Under no-light (nighttime) conditions,
U1-b and its associated components
perform as before. Resistor R4, now at its
maximum dark resistance, causes a

The [igital Microprocsssor Course 15 re-
printed: here with the permnission of the
Elettronio Induskies Association/Consumer
Electronic Group (EIACER] The cormpliels
packs kit s availabie from EIACCEG. For ter
ther infarmation, contact EIACES Prodoct
Servces Departdment, 1722 Eve Slreat, NW,
Suils 200, Washington, DO 20006, or call
2024574566

TO
TIMER il
CIRCUIT 117VAC
LAMP
R10
u3 5 1800
Ay »
TR1
(Q2004F31
"
% ¥i 5—(:
NC
NC O—i =
MOC3009 PL1
MOC3010 117VAC
MOC3011
MOC3012

Fig. 3. The circuits in Figs. | and 2 can
be combined with this circuit (which
contains optocoupler U3 with Triac-driver
output) to control AC power to the load
device.

voltage (about 4.5 volis) close to the
supply voltage to be applied to the
non-inverting input of U1-a, producing
a high output at pin 1. That high is fed to
pin 2 of U2. Since the 555 requires a
negative-going pulse to initiate a tim-
ing cycle, the positive voltage applied
to pin 2 has no affect on the circuit,

VCC
R6 & R Rl & & R o
K $ ak$ K $ $aMEe 10
2 \ d(——]_:
A 6
e 1 8 7
% 324 .
555
5 \ 1 2l 3] 4
o7 8
6 % 324
\\ \\ +———O QUTPUT
> > >
H D s
R R4 :t R
5 $ 2700
WX LEDT

Fig. 2. This light-controlled timer circuit is basically the same as that shown in Fig. I,
with the exception that S, formerly connected to pin 2 of U2 in Fig. 1, has now been
replaced by the output of Ul-a. Such a circuit can be strategically placed so the entry
lights can be turned on automatically by the beam from your automobile's headlights.
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PARTS LIST FOR THE
LIGHT-CONTROLLED
MONOSTABLE EXERCISE

RESISTORS

CAl resistors arc Miewatt, 5% unils
unless otherwise specificd)

Rl R2. Rb-—47 (0-chm

R3=—12,(1}-0bm

Ed. RS—Light-dependent resistor 113.5-
ohm dark resistance, 100-ohms light
Tesishinoe) :

BT —10 00-odbnm

RE—2-mepohm

RE—270-0hm

ADDITIONAL PARTS AND MATERIALS

LH—LM324 quad lov-power, op-amp,
imtegmied circuir

UZ—335 oscillatoritimer, integrated
wircuil

LED—Jumbse light-emitting diode (any
corlog)

SI—SP5T switch

Breadboard, | S-voll pawaer somrce,
wire, gic.

When a light is shined on R4, its resis-
tance decreases, and hence the volt-
age applied to the non-inverting input
of U1-a. As the voltage drop across R4
decreases, the output of U1-a becomes
less positive. When the resistance of R4
drops below 47k, the output of U1-a
goes negative, That negative-going
pulse is applied to pin 2 of U2, initiating
a timing cycle. The output of the circuit
canthen be used o drive some power-
control circuitry.

Power-Control Circuits. Figures 3
and 4 show two AC control circuits that
can be added to the circuit in Figs. 1
and 2 to control an entrance lamp. The
circuitin Fig. 3 uses an optocoupler (U3)
with a Triac-driver output to trigger TR1.
The output of U2 (see Fig. 2) af pin 3 is
tied to pin 1 of U3, and pin 2 of U3 is tied
o ground. When the output of U2 goes
high, U3'sinternal LED is forward-biased,
causing it to light,

Light radiation from the LED striking
the light-sensitive area of U3's internal
Triac-driver (called a bilateral switch or
a Diac) causes it fo conduct, delivering
a frigger voltage, derived from the AC
line through R9, fo the gate of TR1. That
friggers the Triac on for one half of the
AC cycle. As the AC signal collapses
toward zero crossing (i.e., when the sig-
nal swings from positive o negative, or
vice versa), the Triac turns off only to be
re-tfriggered by a negative-going volt-
age for the other half of the AC cycle.

The action of the Triac and its trigger

(Continued on page 103)
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AUDIO-TECHNICA

ATH-909

STEREOPHONES

Low-priced, high quality stereo headphones
that deliver comfort and CD-grade audio performance!

ders, CD players, computers, VCRS,

etc,, it is surprising to discover that
consumers are still concerned about
the quality of more basic audio equip-
ment, like a stereo headset. What is
more surprising is the quality of cur-
rently available products.

One such headset caught the eye of
this reviewer in an audio store while at-
tempting to listen to a new FM tuner
without disturbing the other customers. |
picked up a pair of Audio-Technica
(1221 Commerce Dr,, Stow, OH 44224)
ATH-Q09 Stereophones, which was on
display to promote high-fidelity haad-
set sales. Its presence appeared o do
just that,

Surprise was not the word to describe
this reviewers reaction to the audio
quality that he heard from that moder-
ately priced headset. A sample was ob-
tained from Audio Technica, and from
its examination and testing, the fcilow-
ing Hands-on Reporf was born.

I n this high-tech world of camcor-

Human Engineering. The ATH-909
Stereophone is @ bit unusual in ap-
pearance. When placed on the head,
you may have some difficulty adjusting
the headband the first time, because of
its novel operation. It doesn’t have sep-
arate earpieces that slide up and
down in relation to the headband. In-
stead, the headband consists of two
pieces: an upper headband (made
from stiff plastic) that is a mount for the
earpieces and a second soft-pliable

plastic headband beneath it. The soft
lower band rests on the wearer’s head
while the hard, upper band does not
touch the head at all.

Each earpiece pivots, so the slightest
pressure will ensure good audio coup-
ling between the ears and headset
while making a comfortable fit. The
open-back design of the earpiece de-
livers solid bass response and allows
them to be comfortably worn for long
periods of time with no sense of fatigue
or isolation from the user’s surroundings.

Specifications and Facts. The
ATH-Q09 Stereophones is fabricated
from quality molded-plastic parts and
electronics. An earpiece was removed
from the headband, the cloth cushion
gently pried off, and a felt donut wafer
was removed to facilitate inspection.
Each plastic-earpiece shell is sturdy
and acts as a mount for asingle 44-mm
diameter driver. There’s nothing shoddy
about its construction.

The total weight of the ATH-909 Ster-
eophones without the cord is 6.9
ounces. The lower headband conforms
to the head shape of the wearer, evenly
distributing the headset’s weight along
the breadth of the scalp.

A single 30-ohm driver in each ear-
piece includes a high-flux samarium-
cobait magnet to drive the 1¥s-inch di-
ameter cones. The company’s claimed
frequency response of 20-20,000 Hz
with very low distortion is apparently
valid.

wwwe=americanradiohictorv com

The earpiece wires flow from the bot-
tom of each earpiece 10 meet at a
juncture 14 inches from the headset
and then continue on to a Ya-inch ster-
eo phone plug. The cord is 3 meters
long (about 2 inches short of 10 feef)
and extremely flexible, permitting mo-
tion by the wearer without ungainly tug-
ging by the cord. The cord is extremely
light and flexible—it's not coiled and
didn't tangle during the testing period.

Listening Test. The ultimate test for a
headset s its ability to reproduce sound
for a critical listener who is aware of the
nuances and instruments used to make
the original recordings. Thus, a variety
of familiar recordings were played
ranging from a voice solo to a com-
plete orchestration of a popular classi-
cal piece.

Solid sound reproduction of the RCA
Dirty Dancing soundtrack CD was
heard on the ATH-909 Stereophone.
The voices sounded genuine without
screeching highs. And the headset was
comfortable to wear.

Listening to Van Halen’s QU812 (Warn-
er Bros) CD on the ATH-909 Ster-
eophone revealed limitations of the
original source that were transferred to
the CD. That spoke well of the fidelity of
the headset. A lesser headset would
have smeared the original recording.
Nevertheless, the string instruments and
keyboard-synthesized strings were as
exciting as a live concert.

(Conftinued on page 108)
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Product
Test Reports

By Len Feldman

Yamaha TX-1000U AM/FM Stereo Tuner

hile standards for FM broadcast-

ing have remained essentially
unchanged since 1961 (that was when
the FCC authorized FM-stereo broad-
casting), various manufacturers of au-
dio equipment continue to strive fo
deliver the best possible sound from an
FM program source. Delivering good
sound from FM involves more than just
good frequency response, low distor-
fion, and good sensitivity. With more sta-
fions crowding the FM dial, (especially
in densely populated metropolitan
areas) it's increasingly important for a
good tuner to be able to separate one
station from another. Narrowing the IF
(Intermediate-Frequency) bandwidth
of the tuner accomplishes that pur-
pose, but is often accompanied by
higher distortion levels and poorer ster-
eo separation. The solution is 1o have
two levels of bandwidth: wide and nar-
row. That's what Yamaha has done in
their superb new TX-1000U tuner.
Beyond that, they have even auto-
mated the selection of wide or narrow,
allowing the tuner’s circuitry fo deter-
mine which of those two modes is
needed for a particular station signal.
You can store up to 24 station fre-
quencies for instant recall, In setting up
those two-dozen presets, information
concerning the choice of anfenna in-
put (the funer features two indepen-

dent antenna inputs), IF bandwidth
(wide or narrow mode), and several
other parameters are stored along with
the frequency of the preset signal,
providing optimum reception every
fime the station is recalled.

In addition to the presets, you can
tune the tuner manually or have it
search for the next acceptable signal
on the AM or FM dial. An interesting
added feature is the ability to memo-
rize station signals by name instead of
frequency, if you choose to do so. In
other words, when you want to assign a
preset for a signal you like, you can
identify that signal by using up to four
letters rather than its frequency, which
you may be more likely to forget. For-
funately, a backup power system en-
sures that all of that programming is
retained, even in the event of a brief
power outage.

Yamaha has developed a remark-
able tuning system for this tuner, which
they call “computer servo lock tuning.”
That system provides two different tun-
ing modes, each optimized for different
signal conditions, and both controlled
by a microprocessor. The micro-
processor discriminates between dif-
ferent reception conditions and selects
the appropriate funing mode. If the sta-
fion has a strong, high quality signal, an
“infinite resolution” FM-stereo tuning cir-
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cuit is activated for maximum audio
quality. With a weak, poor-quality sig-
nal, a PLL (phase-locked loop) locks on
fo the broadcast frequency to ensure
the best possible reception.

This tuner has many other features,
including aremote control. Some of the
others will become evident as we dis-
cuss the front-panel controls and their
functions.

The Controls. A power switch is found
at the left end of the front panel. Below
it are eight numbered buttons used to
store and recall presets. Each button
can redlly be thought of as three but-
fons, since successive pushing of an-
other button nearby determines
whether the first button corresponds to
preset number 1, number 9, or number
17, efc. A display window near the up-
per right end of the panel shows preset
numbers, frequency of selected sta-
fions, IF mode {wide or narrow) in use,
signal strength, tuning mode, presence
of a stereo signal, auto/manual tuning
status, which antenna input is in use,
whether stereo blending has been se-
lected (to reduce noise for weak-signal
stereo reception), whether an RF-at-
tenuator button has been depressed
(to aftenuate overly strong signals that
might overload the front end of the
tuner), and whether a “station lock”
function has been activated fo lock in
the required frequency. In short, looking
at this elaborate display pretty well tells
you everything you want to know about
the current status of the tuner.

What looks like a rotary funing knob is
located at the extreme right of the pan-
el. In fact, that control only moves
slightly clockwise or counterclockwise,
serving either to change tuned-to fre-
quencies in either direction or to call up
letters of the alphabet on the display
when you want to store favorite stations
by call letters rather than by frequency.

Secondary controls are hidden from
view until you tip @ movable section
forward, disclosing several additional
controls. Included on that swivel-panel
section are the wide and narrow-IF se-
lectors, the FM/AM band selector, tun-
ing-mode buttons, antenna-input se-
lector buttons, the blend on/off button,
the RF-aftenuator button, the station-
display button (frequency/letters), the
station-lock button (which, incidentally,
also deactivates the tuning knob so
that it won't accidentaily be used to
detune astation), and the memory but-
ton that’s used to store station frequen-
cies in the various presets. If you
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primarily use the presets instead of the
tuning dial, and if each preset has
been memoarized together with its op-
timal reception modes, there s little
need to access those secondary con-
trols at all. That's why they can be hid-
den behind the panel for a less
Cluttered front-panel iook.

The rear panel is equipped with two
75-ohm connectors for the two FM-an-
tenna inputs, a 300-ohm AM antenna
input, and a pair of output jacks. Ac-
cessories supplied with the tuner in-
clude an AM loop antenna that comes
with a small clamp that can serve as a
stand, so that the loop can be posi-

tioned atop the tuner and criented for
best AM recepftion. A 75-ohm/300-ohm
transformer is supplied as well, in case
your FM antenna lead-in is of the 300-
ohm variety.

The Test Results. We tested the FM-
(Continued on page 98)

YAMAHA TX-1000U STEREO TUNER-PUBLISHED SPECIFICATIONS AND ACTUAL PERFORMANCE

larmfude (dB) versus Frequency (Hz); FW Tuner Section, Yamaha TX- 10680 10,90 Manufacmrer’s PE
AR Specification Claim Measured
R .0 FM Tuner Section
e 16000 Usable Sensitivity
4.0000. 4. 000 (30 dB quieting) 10.3 dBf 10.5 dBf
- 200 90 dB Quieting
' Mono 15.3 dBf 18.0 dBf
g B - = SEASSS 000 Stereo 37.2 dBf 40.0 dBf
-2.000 -2.00 Signal/Noise Ratio
4000, , - Mono 98 dB (See text) 82 dB
Stereo 90 dB 80 dB
e B L Distortion, 1 kHz
-5. 000: .09 Mono (wide) 0.02% 0.028%
_10.00: , : g y 1ol Stereo (wide) 0.03% 0.045%
— - — A8 EE grereq Separation, wide 68 dB @ 1 kHz 60 dB
The unit's frequency response wus nearly flat. deviating by no Frequency Response
more than 0.2 dB from 20 Hz 10 15 kH:z. (20 Hz—=15 kHZ) +0.5 dB +0.2 dB
Image Rejection 95 dB 98 dB
Quieting Characteristics, FW Tuner Section; Vamaha TX-100@0 Tuner I 1 Reiection 115d8B >100 dB
o8 & 2o Spurious Rejection 110 dB >100 dB
_,....i/ o.a AM Suppression 70 dB 68 dB
. Capture Ratio 1.2 dB {Wide) 1.5 dB
2000 T 0 Selectivity 90 dB (Narrow) Confirmed
P Y -30.4 AM Tuner Section
- Usable Sensitivity 100 pV/m 90pV/m
: Selectivity 32 dB 34 dB
Signal-to-Noise Ratio 52 dB 55 dB
Image rejection 40 dB 38 dB
Distortion 0.3% 0.28%
Frequency Response
(70 Hz-3.8 kHz) N/A +6 dB

dBf. The upper solid line in the chart is the audio reference level,

_Dimensions

General Specifications
Audio Output (FM/AM) 500 mV/150 mV
Power Requirements

120V AC 60 Hz, 15 W

the lower solid line is mono, and the dashed line is stereo. (WxHxD, inches) 17 x 3% x 1475
Weight 13 1bs. 7 oz.
Price $549.00
THD P;HS Noise vs\ Signal Level, FM Section:; Yamaha IX-100@U Tuner = Distu;tiun + Moise versus Frequency. FW Section, Yamaha TX-18@0U 3
Ap I
1 \ , It 1 1
d \ !

0.018y, 10,09 49,00

This graph shows distortion plus noise versus signal level in the
wide-IF mode. The solid line is mono; the dushed line is stereo.
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In the wide-IF mode, distortion and noise measured only .032%
in mono (solid line) and .07% in stereo (dashed line) at 6 kHz.
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Antique
Radio

By Marc Ellis

WIRELESS RECEIVING—1912-STYLE

f you are one of the many readers

who have been waiting for a report
on the results of powering up the Pilot
A.C. Super-Wasp, I'm going to have to
ask you fo be patient just a little bit
longer. As you know, | accidentally
ruined the wire-wound resistor that was
to be used as the voltage-divider/
bleeder for the Wasp’s power supply,
and couldnt come up with another
one in fime to try out the Wasp for last
month’s column. The parts-procure-
ment problem being what itis today, I'm
still not ready.

Having tried all of the local parts
sources, and even driven out twenty
miles to shop at a small hamfest that
happened to be scheduled a few
weeks ago, | still came up empty-hand-
ed. If this had been strictly a personal
project, | would have now put the partly
completed power supply on the
shelf—indefinitely if necessary—until |
could locate the resistor in a surplus
catalogue or hamfest flea market.

However, since folks out there inread-
er-land are watching and waiting, I've
faken the drastic step of ordering new
material from one of the last of the full-
line mail-order parts dealers. (And,
being the frugal—if not downright
cheap—soul that | am, don't think it
didn’t break my heart to come up with
the twenty-five buck minimum order)
With any luck, we should be ready to
get back the to Super-Wasp next
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This schematic from an early wireless text
shows the “autotransformer” method of
isolating an antennalground circuit from
the phones (P) and the detector (D).

month, and | hope you all appreciate
the sacrifice!

Tuning In With The Radio Boys. So.
without the Wasp to work on, lef's con-
finue with the new story | began last
month. I've been frying to paint a pic-
ture of what it must have been like for a
young experimenter to get started in
radio (or “wireless,” as they called it
then) in the early decades of this cen-
tury when the medium was still new. In
the March issue, we followed our ex-
perimenter as he set up atypical spark-
fransmitter “starter set.” Then we talked
about the steps he would have most
likely taken later to improve it. This
month, we'll do the same thing for the
receiving apparatus.
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Another early receiver schematic shows a
loose coupler hookup. The battery (B) and
potentiometer (P) supply bias for the
detector. This set makes use of a separate
inductor coil for uning the antenna

circuit.

To set the stage, here’s a short pas-
sage from The Radio Boys' First Wireless
by Allen Chapman (copyright 1922 by
Grosset & Dunlap). The scene is the
barn workshop of radio enthusiast Dr.
Amory Dale, church pastor in the small
fown of Clintonia. Dr. Dale is giving a talk
fo a group of the local boys on how to
set up a radio receiver, and he has just
demonstrated a simple crystal set;

“.. You can see how many things i've
used that any one of you can find
about the house, such as tinfoil, curtain
poles, curtain rings, wood for the box,
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and so on. The wire needed for your
tuning coil and your aerial can be ob-
fained for less than a dollar. The detec-
for, including the crystal, can be got for
another dollar. An excellent receiver
(Note: Here the Doctor is referring to an
earphone or telephone receiver) can
be bought for two dollars. A few minor
things will be needed at perhqps five or
ten cents each. Altogether, the cost of
the set can be brought within five dol-
lars.”

So even factoring in the several-hun-
dred-percent difference between the
value of 1920's and 1980s money, al-
most any interested young person with
a talent for scrounging could even-
tually scrape together the makings of a
decent radio receiver. Not only could
the youngster obtain all the necessary
parts for little more than pocket
change, but he wouldnt need the as-
sistance of a graduate electronics
technician to assemble them into a
working radio. Though the technology
of the era was primitive, it was—at
least—accessible to almost everyone.

Don't be too quick, then, to feel supe-
rior to the radio enthusiasts of that by-
gone time or smile at their rudimentary
circuits and homely materials. The state
of the art was such that any scien-
fifically minded person could easily un-
derstand it. Basement and attic
experimenters could, and often did,
make significant contributions to that
art—sometimes using those contribu-
tions as the basis for illustrious careers in
research or industry.

Thus, the neighborhood experi-
menter of the 1910's and 20 found an
excitement and stimulation in the hob-
by of a type that can’t be matched
today. And as he magically plucked sig-
nals from the air—some of them from
hundreds of miles away—he was
looked on with awe and respect by his
family and friends. Such a home-grown
wizard might very well feel sorry for the
electronic hobbyists of the 1980%, who
have a much smaller chance of mak-
ing a similar impact!

The Simplest Receiver. Actually, put-
fing together a “starter” receiver could
be even simpler than Dr. Dale made it
out to be. If you'd already acquired
your crystal detector and earphone, it
was possible to get a taste of radio re-
ceiving without even taking the time to
wind the coil. All you had fo do was
connect one earphone lead and the
antenna to one terminal of the crystal
detector and then connect the other
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A typical loose coupler uses a slider to tune the outer (primary) coil and a tap switch to
tune the inner (secondary) coil. Note the two rails on which the secondary could be moved

in and out.

ind Rotary Slid-

‘ted by us stands /’7‘\

ﬂIe Detector Stand
t :

de

marble base. The contact arm had a niftv ball-joint mounting for easyv adjustinent.

earphone lead and the ground to the
other terminal.

Listening infently to the earphone,
you'd next touch the “cats whisker”
(usually a stiff phosphor bronze wire) to
various locations on the crystal until
you'd found the “sensitive spot” that

pick up anything at alll

8 would enable you to hear radio signals. ing” aradio involved just such a set. And
g Of course, without the coil, there was no even though the event ook place over
T way of funing the receiver. You simply 45 years ago, | still vividly remember my
Q heard anything that was on the air at excitement on first trying out the hook-
o the time and within the range of your up. Since it was the mid 1940 and not
@ simple apparatus (though frequencies the early 19207, there was plenty on the
g that were closest o the natural reso- air to hear. What | got was a jumble of
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