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- Simpson Electric Company Introduces

1L er e

The Ultimate in Low-Cost Test Equlpment

At last! Here is your opportunity to take your pick from a new test equipment line that has all
the features you need and more. . .and a} a price that is unbelievably low. - .
Here are six digital and two analog instruments . . . see them at your local

distributor to make your chonce =

MODEL.9670
. Digital gapacitance
> tester govering
0.1 pF to
MODEL 9340 s i
Pocket size, 3% -digit 98"
] 7 DMM with 20 megohm
= range and 10 megohm.
input resistance {
544"

MODEL 9301\‘.-' 3

M‘o_ogg 9370 3%-digit, hand-herd.
3Y2-digit autoranging DMM with 0.25% 8
DMM with a mema e i t

basic accuracy. and
2,000-hour battery lite

12 A D\, range
and 9utput jack

53 '900

MODEL 9401
4% -digit, full function,
hand-held DMM with

.05% accuracy and
data hold

“129”

MODEL 9101
Compact VOM
with 27 ranges,

MODEL 9701
digi-clamp™ compact
AC clamp-on volt-ohm- ' :
ammeter with data hold including a 100
megohm range

69" . sqe

Mercer Electronics products refiect the design and guality standards
established by Simpson Electric Company, an industry leader for over 50
years and known worldwide for its integrity and product exceillence.
E L E C TR O N | C S In Stock. . . Available Now! Stop in at your nearest distributor and see
Division of Simpson Electric Company this new, complete line of Mercer test instruments. For the name of the
859 Dundee Avenue, Elgin, IL 60120-3090 MERCER distributor in your area, call (312) 697-2265, or send for our
(312) 697-2265 » Telex 72-2416 new line catalog.
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Which Way To YOUR Future? .. T

Are you at a crossroads in your career?
Have you really thought about it? Are
you planning for your future, or perhaps
refusing to face the subject? Which way
will you go — down the same old road?
Or are you ready for something else?

In electronics you can’t stand still. If you
are not moving ahead, then you're falling
behind. At the crossroads of your career,
various choices are available — and, yes,
decisions have to be made.

Which road will you take — one that
doesn’t go where you want to be, or one
that leads to hard work bur also to the
better life? Ah, decisions, decisions!

Career decisions are so important that you need all the input
you can get before locking-in on one of them. Grantham Col-
lege of Engineering offers you one source of input which may
help you in making that decision. It’s our free catalog “ \
[l

Ask for our free catalog and you may be surprised to learn how [ ]
it is easily possible to earn a B.S. degree in electronics without l
attending traditional classes. Since you are already in electronics J
(you are, aren’t you?), you can complete your B.S. degree work }

Put Professional
KNOWLEDGE

| and a
! [ COLLEGE DEGREE
| in your
% [ Electronics Career
J ‘ through
| HOME sTUDY

with Grantham while studying at home or at any convenient f 1

place.

But don’t expect to earn that degree without hard

work. Any degree that’s worth your effort can’t be

had without giving effort to the task. And of course

it is what you learn in the process, as much as the

degree itself, that makes you stand out above the

crowd — that places you in an enviable position,
- prestige-wise and financially.

Grantham College of Engineering
10570 Humbolt Street
Los Alamitos, California, 90720

»Ti'lig booklet
FREE!

This free booklet
explains the
Grantham B.S.
Degree Program,

for
FREE
Booklet
cLip
COUPON

offered by inde- paste on
pendent study to
those who work

in electronics.

and mail in
envelope .or

Grantham offers this program, complete but with-
out laboratory, to electronics technicians whose
objectives are to upgrade their level of technical
employment.

Recognition and Quality Assurance

Grantham College of Engineering is accredited by
the Accrediting Commission of the National Home
Study Council, as a degree-granting institution.

All lessons and other study materials, as well as com-
munications between the college and students, are in the
English language. However, we have students in many
foreign countries; about 809% of our students live in the
United States of America.

A
I Grantham College of Engineering  M-2-87 |
| 10570 Humbolt Street, Los Alamitos, CA 90720 I
| Please mail me your free catalog which explains your |
| B.S. Degree independent-study program. |

|
| Name Age |
| |
I Address |

|
I city. State Zip |




W

MODERN
EELECTRONICS

THE MAGAZINE FOR ELECTRONICS & COMPUTER ENTHUSIASTS

FEBRUARY 1987

CW Commun
inCider M
Elm Stree
Peterboro

Coming Ne

wine (merl
Tandy 3888 HL .ri—
Words & Figures i ’
Intuit 18-20008

paper towels |o
cole slaw

corn flakes
sugar
doggie tre

D isk

CHom

Call Tom P. re Bethe [K8-9

82

¥
[ELIRTINETE]S

18

32

40

50

69

76

82

86

104

VOLUME 4, NUMBER 2

FEATURES

The Versatile LM723

Demystifies what this flexible power-supply IC can
do. By J. Daniel Gifford

A $30 6-MHz PC Speed-Up Board

Increases 4.77-MHz PC’s typical operating speed by
30% without changing parts. By Barry W. Grider

Surface-Mount-Device Circuits: A Design
& Construction Guide

How to work with SMDs to produce three personal
subminiature devices. By Forrest M. Mims IlI

A Stand-Alone EPROM Programmer,
Part 1

Manual/automatic programmer handles up to 32K
EPROMs and expands to handle 64K and 128K
EPROMSs. By W. Schopp

Inexpensive Wireless Headphones

Simple induction system for private, cordless listen-
ing to mono audio sound. By Philip Kane

A Radio-Controlled Doorbell

Adds remotely located doorbells without
troublesome house wiring. By Anthony J. Caristi

COLUMNS

Hardware Hacker
Author answers readers’ questions. By Don Lancaster

PC Papers

Nice and Simple: Tornado Notes & JumpStart.
By Eric Grevstad

Communications

English-Language Broadcasts.
By Gerry L. Dexter

DEPARTMENTS

Editorial
By Art Saisberg

Letters

Modern Electronics News
New Products

Books & Literature

Advertisers Index

2 / MODERN ELECTRONICS / February 1987

EDITORIAL STAFF

Art Salsberg
Editor-in-Chief
Alexander W. Burawa
Managing Editor
Dorothy Kehrwieder
Production Manager
Elizabeth Ryan
Art Director
Barbara Scully
Artist
Pat Le Blanc
Florence Martin
Phototypographers
Hal Keith
Illustrator
Bruce Morgan
Photographer
Joseph Desposito, Leonard Feldman,
Eric Grevstad, Glenn Hauser,
Don Lancaster, Forrest Mims III,
Stan Prentiss
Contributing Editors

BUSINESS STAFF

Richard A. Ross
Publisher

Art Salsberg
Associate Publisher

Dorothy Kehrwieder
General Manager

Frank V. Fuzia
Controller

Arlene Caggiano
Accounting

Cheryl Chomicki
Subscriber Services

SALES OFFICES

Modern Electronics

76 North Broadway

Hicksville, NY 11801
(516) 681-2922

Eastern Advertising Representative
Herb Pressman
76 North Broadway
Hicksville, NY 11801
(516) 681-2922

Midwest & West Advertising Representative
Market/Media Associates
1150 Wilmette Ave.
Wilmette, IL 60091
(312) 251-2541
Ted Rickard
Kevin Sullivan

Offices: 76 North Broadway, Hicksville, NY 11801. Tele-
phone: (516) 681-2922. Modern Electronics (ISSN 0748-
9889) is published monthly by Modern Electronics, Inc.
Application to mail at second class rates pending at
Hicksville, NY and other points. Subscription prices
{payable in US Dollars only): Domestic—one year
$16.97, two years $31.00, three years $45.00; Canada/
Mexico—one year $19.00, two years $35.00, three years
$51.00; Foreign—one year $21.00, two years $39.00,
three years $57.00. Foreign Air Mail—one year $74.00,
two years $145.00, three years $216.00.

Entire contents copyright 1987 by Modern Electronics,
Inc. Modern Electronics or Modern Electronics, Inc. as-
sumes no responsibility for unsolicited manuscripts. Al-
low six weeks for delivery of first issue and for change of
address. Printed in the United States of America.
Postmaster: Please send change of address notice to
Modern Electronics, Inc., 76 North Broadway, Hicks-
ville, NY 11801.

Say You Saw It In Modern Electronics




Radie fhaek Parts Plaec.
PARTS FOR PROJECTS—NEIGHBORHOOD CLOSE

Top-Quality Capacitors Breadboarders - - Circuit — =3
) ) “Cookbooks” Design ——“ %——-———
Tantalums. IC pin spacing. 20% tolerance. Engineer's Programs e
uF [VDCT Cat. No. [Each uF [VOC| Cat. No. [Each Low 99¢ Mini-Notebogk ELE(TRONI(
011 35 (2721432 | 49 | |22 | 35 |272-1435 | 59 As b e
047| 35 |272-1433 | 49 | [10 | 16 |272-1436 | .69 5 495 =
10| 35 |272-1434 | 49 | P2 | 16 |2721437] 89 | { Qur Mini-Notebooks s .
High-“Q” Ceramics. Moistureproof coating. By Forrest Mims III g %ﬁﬂmm
oF WVDC Cat. No. Pkg of 2 help you learn to B—=ifd Use Your Computer FInci iT DECICN DESIGN
£y o0 272-120 39 use ICs and other To Select Proper CIRCUIT DESIGN
100 % e % solid-state devices o Component Values i
220 50 272-124 39
270 = Zi2ai2y = Mini-Notebook Subject [Pages|[ Cat. No. [Only| | This 132‘%";‘19?,1'5’("0'( °°gta'n5 “?“”tgs for BASt'C
WF WVDC Cat. No. Pkg. of 2 - programs that help you design electronic circuits.
501 500 572576 9 Timer (Cs 32 1276-5010| .99/ | Tapics include R-C, R-C-L and filter circuits, tran-
‘0047 500 272.130 49 Op Amp (Cs 48 1276-50111.49 | | gigior circuits and timer circuits using the popular
01 500 272-131 49 Optoelectronics 48 1276-501211.49| | 555 (C. All programs are written in “universal”
047 50 272134 29 Basic Semiconductors | 48 276-5013 (1.49 | | BASIC and are designed to run on virtually any
H 50 272-135 49 Basic Logic Circuits 48 |276-5014[1.49] | home computer. #62-1054
4000-Series Speech Synthesis Chips Sound Values
CMOS ICs

With Pin-Out, Specs

Description Type | Cat No. | Each
Quad 2-Input NOR Gate 4001 | 276-2401 79
Quad 2-Input NAND Gate 4011 | 276-2411 79
Dual Type-D Flip Flop [ 4013 | 276-2413 | 1.19
Decade Counter/Divider 4017 | 276-2417 | 1.49
Inverting Hex Buffer 4049 | 276-2449 | 99
Quad Bilateral Switch 4066 | 276-2466 | 1.19

CTS256-AL2 Text-to- geech IC. 40-pin device
translates ASCII from RS-232 into control data for
synthesizer below. With data. #276-1786, 16.95
SP0256-AL2 Speech Synthesis IC. 28-pin MOS
LSl device uses a stored program to produce nat-
ural speech. With detailed data and circuit exam-
pies. #276-1784 .. ... ... ... ... .. ..... 12.95

1)5 mm

(1) Tri-Sound Siren. You’ve never heard a
buzzer like this! Contains an IC, driver and
speaker in a compact case. Wiring options pro-
vide three unique, extra-loud sounds. Requires 3
VDC. #273-072 . ... ... ... ... ..... 5.95
(2) PC-Mount Piezo Buzzer. Loud, yet con-
sumes only 12 mA at 12 VDC. #273-065, 2.49

7400-Series

TTLICs

All Include Pin-Out | 1

And Specs
Description Type | Cat No. | Each |

Quad 2-Input NAND Gate 7400 | 276-1801 .89
Hex Inverter 7404 | 276-1802 | 99
Quad 2-Input AND Gate 7408 | 276-1822 | 1.29
BCD to 7-Seq. Decoger/Driver 7447 | 276-1805 | 1.69
Div. by 2 or 5 BCD Counter 7490 | 276-1808 | 1.19

Voltage Spike Protectors

Guard Your o

Valuable =y

Equipment! 0

. 4 s g

Six-Outlet. Features dual MOVs for common and
differential mode protection, push-to-reset
breaker, bidirectional noise filter with 500 kHz to 5
MHz range, and status indicator lamp. Handles 13
amps. UL listed AC. #61-2786
One-Outlet. With status indicator. Rated 15 amps
UL listed AC. #61-2791 . ............... 7.95

Low-Current Switches

(3) . (5)
?)yg @) ""‘M o

{3) Mini SPST Momentary. 0.5 amp at 125 VAC.
Normally Open. #275-1547 . . .. . Pkg. of 5/2.49
Normally Closed. #275-1548 . Pkg. of 5/2.69
gt) Slide Switch Kit. Includes one each: SPDT, DPST,
POT, plus 3 SPSTs. Raled 0.5 amp at 125 VAC.
#275-327 Set of 6/1.79
(5) Rotary Switches. Rated 0.3 amp at 125 VAC.
2-Pole, 6-Position. Non-shorting. #275-1386 .. .. . 1.19
1-Pole, 12-Position. Shorting type. #275-1385 ... . 1.19

Power Supply Diodes

Resistor Kit Bargains!

Mini Printed
Circuit Pots

Lightweight yet delivers 27 CFM airflow. Ideal for
cooling circuitry that’s sensitive to hum or AC
fields, or mobile equipment. Ball bearings for long
life and low noise. Requires 7 to 13.8 VDC.

#273-243

Dress up your project! These deluxe all-metal en-
closures feature eggshell white bottoms and black
tops. Complete with hardware and rubber feet.

Size Cat. No. Each
118/16x B1/ax 61/8" 270-272 6.99
316 x8'/ax6/8" 270-274 8.99

Micromini 1-Amp. 30-amp surge. (6) @)
Type PIV Cat. No. Pkg. of 2 g - 1/s-Watt
1N4001 50 276-1101 49 -
1N4003 200 276-1102 59 Only 49‘ Each
1N4004 400 276-1103 69 ) ) .
1N4005 600 276-1104 79 (6) '/s-Watt Carbon Film. Set of 100 with 13 pop- | Sealed against noise-causing contaminants.
3-Amp “Barrel”. 200-amp surge. :‘;?ér;g::‘ées#g%%:? ohms “° O”%ért‘e(%o:‘(;g'l 1590/8 Ohms Cat. No. Each
Type Piv Cat. No. Pkg. of 2 (7) /a-Watt Carbon Film. Jumbo 500-piece set 1k 271-333 49
1N5400 50 276-1141 79 with 54 popular values from 10 ohms to 10 meg- 10k 271-335 49
1N5402 200 276-1143 89 ohms. 5% tolerance. 25k 271-336 | .49
B 200 276144 99 WRTI2 Set of 500/7.95 100k 271-338 49
Brushless | High-Style The Relay Corner
3” DC Fan | Enclosures Q l (9) i l‘f 1
/174 '
Quiet Superb Looks m
Compact, And Quality (8) 2F (10
Powerful (8) SPST Reed Relays. Contacts rated 1 amp at 125 VAC.

Pins for circuit board mounting. Each, Only 1.49

5 VDC Coil. #275-232 12 VDC Coil. #275-233
(9) Heavy-Duty DPDT Relays. Contacts rated 10amps at
125 VAC. Plug in or mount on chassis. Each, 5.49

12 VDC Coil. #275-218 120 VAC COll #275 -217
10-Amp Socket for Above. #275-220 . 1.59
(10) SPDT Mini-Relay. 6-9 VDC, 500-Ohm Coil. Contacls
rated 1 amp at 125 VAC. #275-004 ... .. ... . .. .. .99

Over 1000 items in stock: Binding posts, Books, Breadboards, Buzzers, Capacitors, Chokes, Clips, Radlo ’haek

Coax, Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, Multitesters, PC Boards, Plugs,
Rectifiers, Relays, Resistors, Switches, Tools, Transformers, Transistors, Wire, Zeners and more!
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_CompuCover’

z?g{ %ﬁ e

COVER YOUR INVESTMENT

Macintosh Monitor & Keyboard . . .

.12.95
Macintosh Plus Keyboard .. .. ., add-1.00
with Mac Bottom . ..add - 3.00
Image Writer 12.95
Image Writer I . .., . ..., ., . 1495
External Drive ... ... . A )

IBM PC or XT or AT .., 22.95
IBM Pro Printer ,.,16.95

Epson - C.ltoh - Okidata
Over 3000 covers to choose from.
You name it - We got it!

Anti- Static-ditferent colors

1-800-874-6391

FLORIDA ORDER LINE
1-800-342-9008
Dealer inquiries Invited
Customer
Service
(904) 243-5793
Telex 469783

CompuCover
P.0. Box 310 Dept. D
Mary Esther, FL 32569

CIRCLE 6 ON FREE INFORMATION CARD

FOX
MICROFOX

Packed with features and perfor-
mance, MicroFox redefines pocket-
size radar protection. This beautifully
crafted superheterodyne unit is
scarcely larger than a deck of cards—
compactness made possible by anew
analog microchip, a Fox design exclu-
sive. Incorporating new ways to boost
sensitivity, MicroFox can actually ex-
tract weak radar signals buried in ran-
dom electronic noise. MicroFox em-
ploys a varactor tuned microwave cav-
ity (VTC), the latest advance in non-
radar signal reduction. When Micro-
Fox alarms, it has to be radar—not a
false alarm,

$299.95

Plus $4.00 shipping
& handling

1.800-522-2636 For Orders Only
(617) 843-1900 For Information

CIRCLE 34 ON FREE INFORMATION CARD

W/ EDITORIAL /A

Electronic Surprises

Purchasing electronic or computer equip-
ment can let you in for a lot of surprises.
To be sure, it’s not like buying a con-
tainer of milk.

As an example, I ordered a few sets of
256K dynamic RAMs from one of our
advertisers (I.C. Express). The 41256
150-ns chips were boldly advertised as
$2.69 each ($24.21 per set of 9). These
memory ICs go for anywhere from $20.25
to $30 per set, so the price was right, fall-
ing in the middle of the range. Besides, 1
always try to buy from advertising sup-
porters. Calling in my order, using my
credit card number, I got a (pleasant) sur-
prise—the RAM was priced at $2.50 each
instead of the advertised $2.69! Seems
that such parts are commodities whose
prices fluctuate in the marketplace much
as commodities on the stock market do.
Prices can go the other way, too, sodon’t
necessarily believe what you read, I
guess.

A friend of mine bought these chips
last month from alocal retailer that is not
conveniently located for me. He paid
more than twice as much ($5.89 each vs.
$2.50)! He also paid 8% % sales tax and
local transportation costs. He did save a
few days, of course, trading personal
time for UPS delivery time.

You’ll typically pay $5 for shipping
costs on a lightweight order, so you must
figure this into your cost. But this is can-
celed out, in truth, by not paying sales tax
(unless the mailorder supplier is located
in your state). Many mailorder compan-
ies also have a minimum purchase
amount, which generally ranges from
$10 to $25. In the case of the aforemen-
tioned supplier, it was $10. There was
also a 3% charge for paying by credit
card, which added $1.35 to the bill, fora
total of $51.35. Still, this was less than
half of what my friend paid, so I was ra-
ther pleased.

To avoid ‘‘surprises,’” be sure to read
the small print in any advertisement,
which will note any additional charges.
Also, be sure to observe what is not
printed. For instance, some mailorder
companies charge a restocking fee that
may range from 10% to 20% of the pur-
chase cost, and you pay one-way ship-
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ping charges. This is fair I think if you
change your mind about a purchase. It
strikes me as being unfair, however, if
such a charge is made for exchange of a
defective unit. I hear that this has been
the case with some computers that were
returned because they did not work prop-
erly. So check this (for exchange of a de-
fective product) before you plunk down
your money for a big-ticket purchase.

Among other things to look for in the
omissions field is the absence of a de-
vice’s speed, where there are choices.
Whereas IC Express clearly printed de-
vice speeds and accompanying prices,
giving the buyer a choice of 100 ns, 120 ns
or 150 ns, I’ve seen ads where speed is
omitted. So if you expect, say, an 8 MHz
NEC V20 microprocessor that’s adver-
tised without mentioning speed, don’t be
unpleasantly surprised if you get a 5-
MHz device. Check it out first, which is
easy enough to do (and doesn’t even cost
you anything because most mailorder op-
erations have a toll-free phone number).

The same caveat goes for any other
product that you order through the mail.
If you’re buying a computer, for exam-
ple, and the ad does not explicitly state
that it comes with a serial port or two
drives, or whatever, be sure to ask ques-
tions about the system. Don’t assume
anything; sometimes it’s just wishful
thinking. For computer software, check
out the version number you’re getting.
They change as often as a woman
changes her hairdo, you know. Be aware,
too, that some products are advertised
with prices that are for quantity pur-
chases, which is noted somewhere in
an ad.

In sum, be a wise buyer. Ask intelligent
questions beforehand, read an adver-
tisement thoroughly, fine print and all,
and you’ll reduce the number of elec-
tronic surprises you get in your life.

(i duttey
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W/ LETTERS |/l

Updates
e In the ‘‘100-Watt/Channel, Distor- |
tionless Digital Audio Amplifier Boost- |
er’’ in the Dec. 1986 issue, there appear
to be a number of short circuits in the
etching-and-drilling guide (lower) for the |
amplifier board. Is there a corrected
guide available that I can use for making
my own board?
J.E. Fuhrmann
Kew Gardens, NY

You’re correct. During printing, a num-

ber of short-circuit paths between closely
spaced pads and conductors did indeed |
develop as a result of ink “‘bleed.”’ Here’s
the corrected pc guide. Let’s hope that
the outcome is good this time. . . . Ed.

e My “VCR Hookups With Cable
Boxes’’ article looks very good. How-
ever, two of the illustrations need clarifi-
cation. The A/B switch in Figs. 4 and 5 is
actually a flat box with two connection
points on the input end and one connec-
tion point on the output end. This box is
identical to the switch box used with

(Continued on page 92)

SHORTWAVE RADIO
HEADQUARTERS

The Nations LEADING shortwave equipment
dealer invites you to share the world
through shortwave listening from music

to news & views of far of f lands!

SEND $1.00 (refundable with Ist purchase)
to receive your copy of our NEW (987
SHORTWAVE EQUIPMENT CATALOG:
Radios, Antennas, Scanners, Accessories,
Books. New products; all items of interest
to the SHORTWAVE listener.

ORDER TOLL FREE: 800-368-3270

B | = :CcTRONIC EQUIPMENT BANK

EEB @%/ 516 MILL STREET

VIENNA ,VIRGINIA 22180

- Technical and VA orders:(703) 938-3350

CONNECTION
PROTECTION

Sy
€4
X

EDGE comnvecropg

Even the finest equipment in the world cannat guarantee noise-free operation.
One *‘dirty’’ connection anywhere in the electrical path can cause unwanted
noise or signal loss.

“MORE THAN A CONTACT CLEANER”

CRAMOLIN® is a fast-acting, anti-oxidizing lubricant that cleans and
preserves all metal surfaces, including gold.

When applied to metal contacts and connectors, CRAMOLIN® removes
resistive oxides as it forms a protective molecular layer that adheres to the metal
surfaces and maintains maximum electrical conductivity.

CRAMOLIN® - USED BY THOSE WHO DEMAND THE BEST:

Bell & Howell Hewlett Packard MCI(Sony) Nakamichi

Boeing John Fluke Mtg. Magtorola RCA

Capiltol Recards Mcintosh Labs NASA Switchcraft
SINCE 1956

CAIG)#.%:1e): 7. Wyl 20 1 "

1175-O Industrial Ave., (P.O. Box J) - Escondido, CA 92025.G051 U.S.A. - (619) 743-7143
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GRAY-MARKET UPDATE. The gray market labeling bill that requires re-
tailers to notify consumers that they may be buying a gray-market pro-
duct was signed into law as California AB2735. It went into effect
January 1, 1987, and marks California as the only state with a specific
statute allowing right of action against retailers who sell gray-market
products without disclosure. Good for you, California.

CELLULAR PHONE SNOOPING. As many scanner radio enthusiasts know, con-
versations on cellular telephones can be overheard on some scanners
that include its frequencies. There's a congressional bill, H.R. 3378,
to make such cellular eavesdropping illegal. Radio Shack announced
that it supports the bill and has never made a scanner that's capable
of intercepting cellular frequencies. Its upcoming PRO-S2004 broad-
band scanner, which includes cellular frequencies, will have these fre-
quencies disabled. Now what about Marine RadioTelephone conversations?

TYPEWRITTEN SHORTHAND. A bevy of new electronic typewriters from Sharp
Electronics feature a user-ability to plug their own abbreviations

into the machines' memories. Thus, by storing "asap" in a unit's mem-
ory, the phrase, "as soon as possible,” would be typed when the short-
hand abbreviation is entered. Neat, though computers have had this

facility for years with macro programs.

DIALING BY NAME. Dialing a telephone number by a name instead of digits
promises to grow rapidly. Such a system allows one to dail "MOM" to
call your mother, for example, so you don't have to memorize phone num-
bers. Colonial Data Services (New Milford, CT) has a few models that
does this handy electronic trick for you. The company's pocket-size
autodialer, Model AD-2 ($79.95), stores up to 200 names and phone num-
bers for this purpose.

BIOMETRIC COMPUTER SECURITY. The Electronic Signature Lock Corp. (Ard-
more, PA) was awarded a U.S. patent for its innovative method of safe-
guarding computer data. It's based on individuals' neurophysiological
patterns when typing on a keyboard or a touchtone keypad. By using
mathematical analysis to measure timing between keystrokes and the typ-
ing consistency of each subject, the technique is said to monitor in-
dividuals accurately. To register, a new user enters an access phrase
a number of successive times, which is recorded as an electronic sig-
nature. Thereafter, whenever the user enters an electronic signature,
it's compared to the registered one. Experiments show that a properly
registered person has a one-in-two chance of gaining access on the
first try, while an unauthorized person, even one who knows the access
phrase, would have a one in one-million chance of gaining access. The
Electronic Signature Lock can be implemented in software and/or hardware.

THICK-FILM PRESSURE SENSOR. A thick-film linear potentiometer that's
used to measure an object's position and its surface pressure was de-

veloped by Interlink Electronics (Santa Barbara, CA). Its very low
profile (only 0.015" high) allows it to be integrated within a membrane
panel or into any design where space is critical. A Linear Pot Kit for

evaluation purposes is available for $30, which includes three linear-
pot formats, sample interfacing circuit schematic, and a data sheet.
Call 805-965~5155.
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RCA rebwl! RCA module

Only modules rebuilt by RCA guarantee RCA quality.

Recently, one of our competitors
slashed prices on their rebuilt RCA
modules by up to 40%. Sounds good,
until you review their products’ perfor-
mance. Then you'll wonder why they
didn’t do it sooner.

To demonstrate, we selected a
random cross-section of their “bargain”
boards for inspection. Using the same
stringent testing methods RCA applies to
its remanufactured boards, more than an
incredible 70% of their rebuilt modules
were rated unacceptabile.

Some simply didn’t work.
Others lacked design updates, or
had a wrong or missing component.
The rest suffered from problems in

workmanship, such as the use of wire
to bridge broken circuit board etchings,
which could affect both reliability

and performance.

Which all goes to show, RCA modules
remanufactured by RCA remain your best
bet. Ours are re-created to perform as
well as, if not better than, the RCA
original. Each contains the latest design
updates. And all are thoroughly tested,
inspected, and covered by warranty.

Their rebuilt modules may cost less,
but the quality just isn't equal.
Sodo it right the first time. Insist on
RCA. Because the quality and per-
formance are built in.

“c " Distributor and

Special Products Division
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Train for the Fastest Growing Job Skill in America

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

compatible microcomputer

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

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

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

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

As part of your training,
you'll build this highly-rated,
16-bit IBM compatible com-
puter system. You'll assemble
Sanyo’s “intelligent” keyboard,
install the power supply and
disk drive, and interface the
high-resolution monitor.

The 880 Computer has two
operating speeds: standard
IBM speed of .77 MHz and a
remarkable turbo speed of 8
MHz. It’s confidence-building,

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

No experience necessary—
NRI builds it in

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

Using NRI’s unique Action Audm Cassette you are talked

the and p of your
handx'eld digital multimeter—the basic, indispensable
tool for the computer specialist.

You'll set up and pertorm electronics experiments and
demonstrations using your NRI Discovery Lab. You'll even
intertace the lab with your computer to “see” keyboard-
generated data.

After you build this digital lagic probe ou’ll explore the
operation of the Sanyo detached “intelligent” keyboard
and its dedi




Your NRI total systems training
includes all of this: NFil Discovery
Lab' to design and mcdify circuits ¢
Four-function digital multimeter with
walk-you-through instruction on audio tap=
« Digital logic probe far visual examina-ior
of computer circuits * Sanyo 880 Series
Computer with “intelligent” keyboard .&
and 360K double-density, double-sided
disk drive ¢ High resolution monochrorse
monitor « 8K ROM, 25¢ K RAM ¢ Bundled s stware

including GW BASIC, 11S DOS, WordStar, >z IcRar « Reierenc 2 manuals, Schematics.

and bite-sized lessons.

and logic probe. Like your
computer, they're all yours to
keep as part of your training.
You even get some of the most
popular software, including
WordStar, CalcStar, GW Basic
and MS DOS.

Send for 100)-page free

catalog

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

full-color catalog, with all the
facts about at-home computer
training. Read detailed descrip-
tions of each lesson, each exper-
iment you perform. See each
piece of hands-on equipment
you'll work with and keep.

And check out NRI training in
other high-tech fields such as
Robotics, Data Communi-
cations, TV/Audio/Video
Servicing, and more.

If the card has been
used, writz to NRI Schools,
3939 Wisconsin Ave., N.W,,
Washington, D.C. 20016.

NFof .. -

McGraw-Hill Continuing Education Center
3939 Wisconsin Avenue, NW

Washingtor, DC 20016 Ej,';‘rl'»:

We'll Give You Tomorrow.

(BM is a Registered Trademark of International Business
Machine Corporatio

as You Build Your Own Sanyo 880 Computer System.

The power supply is assembled in the main uni- oftt e cem-
puter. You check out keyboard connections and cirauits with
the digital multimeterincluded for training and ‘ield ise

Nezt, you install the disk drive. You leamn disk drive operation
anc adjustment, make a copy of MS-DOS operating disk and
bedin your exploration of the 8088 CPU.

Using the monitor, yoa toc 4s on machine language program-
ming, anindispensa bie traubleshooting tool tor the techni-
cian. You continue by eameng BASIC language programming.




Wi/ NEW PRODUCTS |/

For more information on products
described, please circle the appropri-
ate number on the Free Information
Card bound into this issue or write to
the manufacturer.

Digital Multimeter/
Storage Oscilloscope

Leader’s new Model LCD-5840 is a
combination digital multimeter and
200-kHz storage oscilloscope that
uses an LCD screen rather than a
CRT tube for display. In the scope
mode, the LCD-5840 offers a 10-mV
sensitivity and an auto-range func-
tion that automatically sets the time-
base. Sensitivity, timebase, trigger-

ing, slope and sync settings are dis-
played on-screen. Other scope fea-
tures include roll mode, pretrigger
mode and a memory that stores up to
three waveforms with their setting
conditions. Memory is battery pro-
tected when the instrument is turned
off. The LCD window has a 64 X
192-dot resolution, of which 64 X
160 dots are used for waveform dis-
play and the remaining 62 x 32 dots
are used for on-screen indication of
setting conditions.

The DMM mode allows the user to
measure ac and dc voltages and cur-
rents and resistance. In the voltage
function, range is from 320 mV to
1,000 Vdcand from3.2mVto 750V
on ac. Currents up to 320 mA can be
measured in both dc and ac. Resis-
tance can be measured from 320.0
ohms to 32.0 megohms full-scale.
Measurement values are displayed in
the LCD window with a maximum
count of 3199. $950.

CIRCLE 7 ON FREE INFORMATION CARD

= flE -

T e ISR S R e - —

Cueing CD Player

A High Speed Transport (HST) that
locates the beginning of any track on
a compact disc in less than a second
and sets the precise movement of the
laser pickup for cueing operations is
highlighted in Technics’ new Model
SL-P720 programmable compact-
disc player. Cueing can be per-
formed at either of two speeds. In
““fast,”’ one revolution of the cueing
dial in either direction advances or
regresses the sound by about 30 sec-
onds, while in “‘slow,’’ one revolu-
tion moves the pickup through about
1 second of sound.

The high-resolution laser pickup
uses a six-segment photodetector for
optimum tracking capability. Class

AA technology in the sample/hold
circuitry and line output amplifiers
help to improve high-frequency reso-
lution and amplifier linearity. The
high-resolution digital filter employs
double-oversampling at 88.2 kHz
and is said to exhibit superb phase
(group delay) characteristics. Separ-
ate power supplies reduce interfer-
ence between the digital and analog
circuits. Other features include:
20-step random-access programming;
auto space; A-B repeat; repeat;
search; skip; recall; programmable
preview music scan; fluorescent dis-
play; and a preset editing function.
Almost all functions, including vol-
ume, are accessible via the handheld
wireless remote controller. $549.

CIRCLE 8 ON FREE INFORMATION CARD

Scanning Monitor Receiver

A professional-grade scanning mon-
itor receiver that covers 25 to 550
MHz and 800to 1,300 MHz continu-
ously has been introduced by Ace
Communications (Lake Forest,
CA). The Model AR-2002 receiver,
with an LCD display, utilizes micro-
processor technology to provide 20-
channel memory scan, priority scan,

band search, multi-mode reception,
conventional dial tuning, selectable
frequency increments and bargraph
signal strength indication. Also fea-
tured are a 750-MHzi-f carrier, high-
level double balanced mixer, low-
noise wideband r-f amplifier and

high-stability vco unit. $499.
CIRCLE 9 ON FREE INFORMATION CARD

Autoranging DMM

Mercer Electronics (Div. of Simpson
Electric) introduced a compact
handheld autoranging digital multi-
meter, Model 9370, that allows a
user to choose autoranging or man-
ual selection of voltage and resis-
tance ranges. It can measure full-
scale to 1,000 volts dc in five ranges,

(Continued on page 49)
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CABLE-TV

LOWEST
PRICES
ANYWHERE

SINGLE | DEALER
ITEM | UNIT 10-UNIT
PRICE PRICE

RCA 36 CHANNEL CONVERTER (CH. 3 OUTPUT ONLY) | 29.95 | 18.00 ea|
PIONEER WIRELESS CONVERTER (OUR BEST BUY) Pgs.gs | 7200 ea
LCC-58 WIRELESS CONVERTER B | 9295 | 76.00 ea|
JERROLD 450 WIRELESS CONVERTER (CH 3 OUTPUT ONLY) = 10595 | 9000 ea.
SB ADD-ON UNIT 109.95 | 5800 ea
BRAND NEW — UNITS FOR SCIENTIFIC ATLANTA Call for specifics
MINICODE (N-12) 109.95 | 58.00 ea
MINICODE (N-12) VARISYNC 119.95 | 6200 ea
MINICODE VARISYNC W/AUTO ON-OFF | 17995 [115.00 ea
M-35 B (CH. 3 OUTPUT ONLY) | 13995 | 70.00 ea
M-35 B W/AUTO ON-OFF (CALL FOR AVAILABILITY) 9995 112500 ea
MLD-1200-3 (CALL IF CH. 2 OUTPUT) 10995 | 58.00 ea|
INTERFERENCE FILTERS — CH. 3 2495 [ 1400 ea
JERROLD 400 OR 450 REMOTE CONTROLLER 2995 | 18.00 ea.
ZENITH SSAVI CABLE READY (DEALER PRICE BASED ON 5 UNITS) | 22500 [185.00 ea.
SPECIFY CHANNEL 20r 3OUTPUT  Other producls available — Please Call

Qutput

Quantity Channel

+
California Penal Code #593-D forbids us SUBTOTAL
from shipping any cable descrambliing unit Shipping Add
to anyone residing in the state of California $3.00 per unit
COD & Credit
Prices subject to change without notice Cards - Add 5%

PLEASE PRINT MOMAL
Name
Address City
State 2ip Phone Number (

Cashier's Check Money Order CcoD Mastercard
Acct # Exp. Date

Signature

NWH—2ZC >HZ>Pr-H» O—T—4HZM-0O0W®

FOR OUR RECORDS

DECLARATION OF AUTHORIZED USE — |, the undersigned. do hereby declare under
penalty of perjury thatall products purchased. now and in the future, will only be used on cable
TV systems with proper authorization from local officials or cable company officials in
accordance with all applicable federal and state laws LOW EST

S PRICES
Pacific Cable Company, Inc. AN"WHERE

73252 RESEDA BLVD., DEPT. #.20 « RESEDA, CA 91335
(818) 716-5914 « ‘No Collect Calls * (818) 716-5140

IMPORTANT: WHEN CALLING FOR INFORMATION

Please have the make and model # of the equipment used in your area. Thank You
SRS e
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To be partof it, you need the right kind of
training, the kind you get from Cleveland
Institute of Electronics, the kind that can take you
to a fast growing career in business, aerospace,
medicine, science, government, communica-
tions, and more.

T oday’s world is the world of electronics.

Specialized training.

You learn best from a specialist, and that’s CIE.
We're the leader in teaching electronics through
independent study, we teach only electronics and
we’ve been doing it for over 50 years. You can put
that experience to work for you just like more than
25,000 CIE students are currently doing all
around the world.

Practical training.

You learn best with practical training, so CIE’s
Auto-Programmed® lessons are designed to take
you step-by-step, principle-by-principle. You also
get valuable hands-on experience at every stage
with sophisticated electronics tools CIE-designed
for teaching. Our 4K RAM Microprocessor
Training Laboratory, for example, trains you

to work with a broad range of computers ina

way that working with a single, stock computer
simply can't.

Personalized training.

You learn best with flexible training, so we let you
choose from a broad range of courses. You start
with what you know, a little or a lot, and you go

CIRCLE NO. 171 ON FREE INFORMATION CARD

CIE MAKES THE

WORLD OF

LECTRONICS
YOURS.

wherever you want, as far as you want. With CIE,
you can even earn your Associate in Applied
Science Degree in Electronics Engineering
Technology. Of course, you set your own pace,
and, if you ever have questions or problems, our
instructors are only a toll-free phone call away.

The first step is yours.

To find out more, mail in the coupon below. Or, if
you prefer, call toll-free 1-800-321-2155 (in Ohio,
1-800-523-9109). We'll send a copy of CIE’s
school catalog and a complete package of enroll-
ment information. For your convenience, we'll
try to have a representative contact you to answer
your questions.

Cleveland Institute of Electronics
1776 East [7th St Cleveland. Ohio 34114

Ci

YES! Iwant to getstarted. Send me my CIE school catalog including
details about the Associate Degree Program. [am mostinterested in:
computer repair television/high tidelity service

teleccommunications medical electronics
robotics/automation broadcast enginecering
other B

Print Nume

Address Apt

City State Zap _

Ape Arca Code Phone No
Check box tor G.1. Bulletin on Educational Benefits

Veteran Active Duty MAIL TODAY!

MO-74




Design Technology

The Versatile LM723

This may well be the world’s greatest power-supply IC—
if you can understand what it can do

By J. Daniel Gifford

ne of the oldest and most
repetitious problems in
electronics is that of regu-

lating power supplies. Whether for
bench or project use, regulated sup-
plies have become more and more
necessary, due to the ever more fin-
icky requirements of ICs and discrete
circuits. While small-size, high-con-
version-efficiency switch-mode pow-
er supplies have become popular for
commercial use (especially in com-
puters), the traditional linear power
supply will probably remain the
choice of hobbyists and experiment-
ers in the forseeable future, basically
due to its relative ease of design and
construction.

A linear power supply is best de-
signed from scratch, using individual
op amps, precision voltage refer-
ences, and hand-selected transistors.
Since this is obviously an overkill ap-
proach for all but the most demand-
ing circuits, a better alternative for
the experimenter is to use an ‘‘all-in-
one”’ IC to do the job.

Of the many all-in-one ICs avail-
able, three types are the most com-
mon and least expensive. The first
actually represent a group of devices
in the LM78xx and LM79xx, along
with the nearly identical LM340/
320 fixed-voltage three-terminal
types. These easy-to-use devices are
often found in simple +5- and 12-
volt supplies so popular in experi-
menter projects and commercial
products. For variable and adjust-
able supplies, there is also the popu-
lar three-terminal LM317.

The third all-in-one IC is the
LM723, a ‘‘precision voltage regula-
tor’’ that is one of the oldest and
least expensive ICs around and is
also one of the most versatile! It is so
versatile, in fact, that it can replace
all other linear power-supply chips
and do a better job for less money.
(Many mail-order houses sell prime
723s for about 50¢, even Radio
Shack’s price is only 99¢.)

If you’re like most hobbyists,
you’ve probably skipped over the
723 in favor of the LM317. The
LM317 is very easy to use because it

requires only two resistors and an
optional capacitor to provide a regu-
lated 1.2-to-37-volt output. The 723
is also easy to use, though not as easy
as the 317. It would be a lot easier to
use if it didn’t suffer from poor doc-
umentation by the manufacturers of
the device. Current data and applica-
tion notes are so confusing that
many potential users of the 723 shy
away from it for lack of information
they can understand.

In this article, we will cut through
the confusion about the 723 and take
a detailed look at this versatile IC
chip. Once you understand how flex-
ible and talented this device is, you’ll
probably never use any of the other
ICs for your fixed and variable low-
voltage power supplies again.

Regulated Power Supplies

A regulated power supply requires
four things: a source of clean, ripple-
free dc power, a precision voltage
reference, a means of sampling the
output voltage, and a means of com-
paring the reference and output volt-

Fig. 1. Pinout and internal details the LM723/LM723C.
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ages and correcting the latter as the
load and supply voltage fluctuate.
The three-terminal fixed-voltage reg-
ulators have all but the first of these
built into them, with the output sam-
pling fixed for a particular output
voltage (usually 5, 12, 15, 18 or 24
volts). Though the LM317 is similar
in design, its output sampling is con-
trolled with two external resistors.

The major drawback of all three-
terminal regulators is that current
limiting is internally fixed and is,
thus, not adjustable. Hence, the only
way to lower the level of current lim-
iting in these devices is with external
circuitry. The external circuitry can
be a simple ‘‘brute-force’’ limiting
resistor or, for variable-voltage sup-
plies, a relatively complex circuit us-
ing op amps and a negative-voltage
supply. Neither type of circuit is par-
ticularly satisfactory because a great
deal of heat must usually be dissipat-
ed by the resistor, while the external
operational-amplifier circuit is un-
necessarily complicated.

Enter the LM723. Not only does
this device have a precision voltage
reference, an output comparator (er-
ror amplifier) and all of the circuitry
needed for adjustable current limit-
ing on-board, this circuitry is only
partially interconnected. Most of the
circuit connections are made exter-
nally, which lets you tailor your pow-
er supply to suit particular require-
ments. Obviously, this results in a
more complex circuit layout than is
needed for three-terminal regula-
tors. But the enormous flexibility
gained by using the LM723 more than
makes up for the added complexity.

Inside The LM723

Two versions of the 723 are avail-
able, as with nearly all ICs: the mili-
tary-grade LM723 in a ceramic case
and featuring an extended tempera-
ture range, and the more common
LM723C in a plastic case with a 0-to-
70-degree C temperature range. The
pinout of the device is shown in Fig.
1, along with a diagram of the inter-

Say You Saw It In Modern Electronics

nal circuitry. At the left of the dia-
gram is the voltage reference circuit,
the heart of which is a nominal 7.15-
volt zener diode. (The specified range
for the LM723C is 6.80 to 7.50
volts.) The zener is connected to a
buffer amplifier and is biased by a
constant-current source to keep the
reference level stable under varying
supply conditions. For the most
part, this portion of the circuit can be
ignored, because the only external
portion of the reference circuit is the
Vref output at pin 6, which is a stable
7.15 volts for external reference use.

In the center of the diagram is a
regular op amp with both its invert-
ing (—) and noninverting (+ ) inputs
externally available at pins 4 and 5.
This ‘‘error’’ amplifier and the refer-
ence circuit are powered via the V +
and V — at pins 12 and 7. Maximum
supply voltage to the 723 must not
exceed 40 volts, but the IC is protect-
ed against spikes of up to 50 volts
that are no longer than 50 ms in dura-
tion. Sustained voltages greater than
40 volts will damage the IC.

Minimum supply level is about 9.5
volts; any lower than this will impair
the reference voltage’s accuracy and
stability. Supply voltage must always
be at least 2.5 volts higher than the
maximum desired output voltage,
due to common-mode voltage range
limitations of the error amp.

The output of the error amplifier
is connected to the base of an inter-
nal npn pass transistor. Both the col-
lector and the emitter of this device
are externally available at V¢ and
Vout pins 11 and 10. In most circuits,
the V¢ pin will be connected to the
same supply as the V+ pin; indeed,
these pins are side by side to facilitate
such a connection. Having separate
pins permits use of a separate output
supply source, which can be an ad-
vantage under some circumstances.
The internal pass transistor can pass
up to 150 mA over the 723’s full out-
put voltage range. (Higher output
currents can be obtained by using an
external pass transistor.)

Also available at FC pin 13 is the
connection between the error ampli-
fier’s output and the pass transistor’s
base. This connection is provided be-
cause the error amplifier isn’t inter-
nally compensated like a 741. An ex-
ternal capacitor between pin 13 and
either the inverting input or (more
rarely) V— or ground stabilizes the
amplifier.

A second internal npn transistor
has its collector connected to the
base of the pass transistor and has its
base and emitter externally available
at current limit (CL) and current
sense (CS) pins 2 and 3. This transis-
tor is the current-limiting sensor.
The CL and CS pins are connected
across a series output resistor. When
current drawn from the output is suf-
ficient to cause a 0.65-volt difference
across the resistor, the sense transis-
tor turns on and either reduces or
cuts off the error amplifier’s drive to
the pass transistor. This limits out-
put current flow to the selected level.
Limiting is basically the same wheth-
er the internal pass transistor is used
or an external pass device is added
for up to 10 amperes or more of out-
put current.

The only remaining element of the
723 is the zener diode connected to
the pass transistor’s emitter, with its
anode available at V; pin 9. The volt-
age rating of this diode is nominally
the same as the reference voltage and
is primarily used to offset the output
voltage when the 723 is used as a neg-
ative voltage regulator.

Voltage Adjustment

Setting the output voltage of the 723
is simple, though from the applica-
tion sheets, you would never know it.
Of the three basic ways to set the
723’s output, two are best suited to
fixed-voltage regulation, and the
third is the all-around best technique
and is best suited to variable or ad-
justable output supplies.

With respect to voltage, the 723
has three inherent limitations. The
first is the maximum 40-volt differ-
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Fig. 2. The basic circuit for low out-
puts between about 2 and 7 volts.

ential that can be applied between
the V+ and V- pins. There’s no
way to get around this, although the
723 can be used to regulate potentials
up to 250 volts or more by offsetting
its V — voltage.

Next is the 723’s 2.0-volt lowest
possible output referenced to the
V — pin, which is due to common-
mode voltage range limitations of
the error amplifier. But an output
adjustable to 0 volt is possible by off-
setting the IC’s V- pin by 3 to 4
volts below ground.

A final voltage limitation is that
the maximum is about 2.5 volts be-
low the V+ supply level, which is
again due to common-mode limita-
tions. Thus, for an output of 20
volts, V + must be at least 22.5 volts.
With a V+ of 40 volts, maximum
output is about 37.5 volts.

Shown in Figs. 2 and 3 are the two
most basic circuit configurations
that are most suitable for fixed-out-
put and limited-adjustability sup-
plies. In all circuit configurations,
Vref is coupled to the error amplifi-
er’s + input and the output voltage
is coupled to the amp’s — input. To
adjust the regulated output voltage,
the reference voltage is divided be-

fore connection to pin 5 (Fig. 2), or
the output voltage is divided down
before connection to pin 4 (Fig. 3).
In Fig. 2, with the output voltage
connected directly to the error ampli-
fier’s — input, the output voltage is
held equal to the actual reference
voltage at the + input. If the refer-
ence voltage is connected directly to
this input (if RA = 0 chm), the out-
put voltage will be equal to the refer-
ence, or about 7.1 volts. If RA and
Rp are equal, the reference voltage
will be divided in half, and the out-
put will be about 3.5 volts. Thus, it’s
the ratio of RA to RpB that deter-
mines the output voltage, as the first
equation in Fig. 2 shows. The total
value of RA and Rp should be about
10,000 ochms, but this isn’t critical.
For maximum simplicity, the out-
put voltage can be connected directly
to the error amplifier’s + input.
However, for maximum thermal sta-
bility, resitor RC should be added to
the circuit. The value of RC to have
maximum stability is determined by
dividing the product of RA and RB
by the sum of their values in Fig. 2.
Since the output range of this cir-
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Vout = [RB/ARA + RB)IVret
RA + Rp=10k

Vout Range = 7 to 37.5V
Rc(optional) = RARB/(RA + Rp)

Fig. 3. The basic circuit for high out-
puts between about 7 and 37 volts.

cuit is from 2 (the error amplifier’s
lower limit) to 7 volts (the reference
level), it’s best used for low-voltage
fixed-output regulation. (Ignore
Rg in this and the following figures
for the time being.)

Figure 3’s circuit is the exact oppo-
site of Fig. 2’s. Here, VREF is con-
nected directly to the error amplifier,
and the output voltage is divided
down before reaching the amplifier’s
— input. With the output voltage
connected directly to the error ampli-
fier (RA = 0 ohms), output voltage
will be equal to VREF, or about 7.1
volts. If RA and RB are equal, the
output voltage will be divided in half
before reaching the error amp and
the absolute level will thus be double
the VREF level, or about 14.1 volts.

Here again, it is the ratio of RA to
Ry that determines the output volt-
age. The output range of this circuit
is from about 7 (the reference level)
to about 37.5 volts (assuming a 40-
volt supply). As with the Fig. 2 cir-
cuit, RA and RB should total about
10,000 chms, and R is optional but
recommended for stability. This cir-
cuit is best used for higher-voltage,
fixed-output and limited-adjustabil-
ity supplies.

A major problem with the 723’s
data sheets is that they show only
these two configurations, with no
hint given as to how to bridge the
7-volt barrier. It’s quite easy, as you
might have guessed. All you have to
do is divide down both the reference
and output voltage inputs! This is il-
lustrated in Fig. 4, where RA and RB
divide VREF down to any conve-
nient level. The voltage thus deliv-
ered to the error amplifier’s + input
sets both the minimum output volt-
age and the ‘“multiplier’’ for the out-
put voltage divider string consisting
of Rc and Rp and is used to vary the
output voltage. Minimum output
(with RC = 0 ohm) is equal to the
voltage at the — input, which cannot
be lower than 2 volts. Maximum
voltage, assuming a V + of 40 volts,
is 37.5 volts. Thus, this configura-
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Fig. 4. A configuration for any out-
put between 2 and 37 volts.

tion can be used for a variable supply
that can be swept from 2 to 37.5 volts
with a single control.

One drawback is that RA and RC
are difficult to optimize for maxi-
mum thermal stability. But this is a
minor problem because the 723 has
good stability even without optimi-
zation.

Note in Figs. 2, 3 and 4 the com-
pensating capacitor connected be-
tween the FC and - input pins. Al-
though the recommended all-around
value for this capacitor is about
0.001 uF, it can range from 100 pF to
0.01 uF without causing difficulties.

To external
> pass transistor
2N2222
Vin
(>40V)
1K
1w
40V, 1Wor
2x 20V, 1W

Fig. 5. Preregulator circuit used to
protect LM723 against greater than
40 volts at V + input terminal.

Fig. 6. A negative bias supply permits adjustment of 723’s output down to 0
volt. Negative supply can come from an extra tap on power transformer.

There is often a bit of a problem,
particularly with high-voltage, high-
current supplies, with keeping the
supply to the 723 within the 40-volt
limit. Although designing the supply
transformer to suit the application is
one way to go, a much easier ap-
proach for hobbyists is shown in Fig.
5. Here, a preregulator circuit is used
to limit the 723’s supply. A zener-re-
sistor string biases a medium-power
npn transistor to provide a limited
and semiregulated supply to the IC.

A 40-volt zener diode would be
ideal in the Fig. 5 circuit. Because
this is not a common value two 20-
volt zeners are used for DI. With the
0.7-volt drop across the transistor,
the resulting supply to the 723 will be
about 39.3 volts, assuming a 40-volt
V + supply. If necessary, exactly 40
volts can be obtained at the IC’s in-
puts by hand-selecting the zener di-
ode(s) or by adding a forward-biased
1N914 diode to the zener-diode string
to exactly compensate for the 0.7-
volt drop.

A limitation to the preregulator
trick is that the preregulator tran-
sistor must carry the entire current
that passes through the regulator and
the internal pass transistor, which
can be as high as 160 mA. This
should not be a problem as long as a
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suitable transistor is used in the
preregulator. Even so, there’s a bet-
ter way to accomplish your aim.

If an external pass transistor with
a Ve higher than the raw dc supply
level is used, the preregulator can be
used to provide power to only the 723
itself, and the raw dc is passed to the
external transistor’s collector. This
drops the current required from the
preregulator to about 5 mA or less.

Another voltage-related problem
with the 723 is that its minimum out-
put of 2 volts may be a drawback in
some applications, particularly with
variable-output bench supplies.
Since the ony reason for the 2-volt
minimum is the common-mode
range limits of the error amplifier,
the problem is easy to circumvent.
As Fig. 6 shows, all you need do is
offset the 723’s V— level by a few
volts negative with respect to power
ground.

Raw dc of about — 5 to — 10 volts
is regulated and stabilized by low-
voltage zener diode DI and capacitor
C1. All of the 723’s negative connec-
tions (V — pin and the bottoms of the
reference and output divider strings)
are connected to the resulting — 3 to
— 5-volt rail instead of to 0 volt. The
common-mode limit of the error am-
plifier doesn’t vanish; it’s now offset

Say You Saw It In Modern Electronics
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Fig. 7. Foldback current limiting, which gets its name
from its voltage/current plot on a graph that appears to

““fold back’’ on itself, requires slightly more complex cir-

below 0 volt, and the regulated out-
put voltage can be reduced to 0 volt
with respect to power ground.

It’s important to note that resistor
strings RA/RpB and RC/Rp must be
selected so that it’s impossible to ad-
just the output to below 0 volt. Oth-
erwise, damage to the 723 may result.

Current Limiting

Setting the 723’s short-circuit cur-
rent level is a simple procedure. It’s
determined solely by the value of Rgc
shown in most of the figures. Under
no circumstances should Rgc be
omitted. Although the 723 will oper-
ate without its over-current protec-
tion connected, even a momentary
short-circuit in this mode will de-
stroy the regulator IC and external
pass transistor.

Setting the desired short-circuit
current-limiting level is a simple mat-
ter of choosing a value for Rgc by di-
viding the base-emitter or turn-on
voltage of the current sensor transis-
tor (nominally 0.65 volt) by the de-
sired current-limiting level in am-
peres. For example, with maximum
output current using the internal
pass transistor being 150 mA,, Ry
would equal 0.65/0.150 = 4.3 ohms.

You must take into account the
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power rating of Rgc as well. To deter-
mine the resistor’s wattage rating,
simply multiply the short-circuit cur-
rent (Igc) by the maximum output
voltage to determine the maximum
output power in watts. If the output
is 20 volts and Igc is 150 mA, output
power would be 20 x 0.150 = 3
watts. In this example, a 4.3-ohm,
5-watt resistor would probably be
the closest standard value you would
be able to find.

Use of a simple short-circuit limit-
ing resistor provides for only con-
stant-current or shutdown limiting.
If the load exceeds the Igc level or if
the output is shorted to ground,
maximum current will flow while
output voltage drops to nearly zero.
While this kind of protection is ade-
quate for most types of circuits, a
slightly more forgiving type of limit-
ing called ‘‘foldback current limit-
ing’’ is also possible with the 723.

Foldback limiting is best suited to
fixed-voltage supplies and limited-
adjustability supplies, such as a
nominal 12-volt supply that can be
adjusted for output between 10 and
14 volts. This is because the current-
limiting point changes with the out-
put voltage with foldback limiting.

To design a 723 circuit with fold-
back current limiting, you must se-

cuitry than simple short-circuit limiting does. However,
the forgiving nature of its limiting characteristic makes it
ideal for test supplies.

lect three values. Choose output
voltage Vout or the center point of
the adjustment range. Then select
short-circuit current level Igc. Final-
ly, select the maximum current that
you want to flow before the output
begins to ‘‘fold back’’ towards the
short-circuit level. This peak level,
called the ‘‘knee current,’” or Ik, is
always higher than the short-circuit
current. How much higher it is is up
to you. Now that you have these fig-
ures, vou can use the circuit and

V+ Ve
(9.5 to 40V) (< Ve Q1)

Ve Qt
Vour]
cL
S, Rsc
—>Vour
To Pin5 or
_—— divider
Rsc = 0.65/gut
lout.max. {recommended) = 10A

Fig. 8. Using a single external pass
transistor with the LM723.
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Fig. 9. Dual pass transistor arrange-
ment is better than single transistor
type and is recommended for all sup-
Dplies with outputs greater than 5 A.

V+

Ve
(9.5 to 40V) (< Vee Q1,Q2)
O

Ve

Vour

CL

>

%RZ To Pin5or

divider

Fig. 10. Using foldback limiting with
a pass transistor output.

equations in Fig. 7 to design a fold-
back limiting circuit.

Note that Iy must be less than 150
maA if the internal pass transistor is
being used, or less than the I rating
of an external pass transistor. It
should also be evident from Fig. 7
that current-limiting circuitry Rgc,
R and R2 remains the same whether
the error amplifier’s input is directly
connected to the output or a divider
string is used.

The first equation in Fig. 7 lets you

Fig. 11. A simple means of obtaining
adjustable current limiting; use only
without an external pass transistor.

determine the ratio of R2’s value to
that of RI. (RI is temporarily as-
signed a value of 1). When you have
the ratio, the next step is to find the
nearest standard resistence values
for RI and R2that add up to approx-
imately 10,000 ohms while maintain-
ing the ratio. For example, if the cal-
culated ratio is 24.26:1, first add the
two figures (25.26), divide the result
into 1(1/25.26 = 0.0396) and multi-
ply this result by 10,000 to obtain
RDI’s value, which is 396 ochms. The
value of R2 would then be 10,000 —
396 = 9,604 ohms. The closest stan-
dard values to those -calculated
would be 392 (or 390) ohms and
9,530 (or 9,100) ohms.

The second equation in Fig. 7 is
used to determine the value of Rgc.
Note that Igc remains the same for all
output voltages, but the knee current
increases as voltage increases. If
you’re designing a supply with an ad-
justable range of more than 2 to 3
volts, use the highest output voltage
for design purposes—not the center
voltage—to prevent an inadvertent
overload. The power rating of Rgc is
determined in this circuit by multi-
plying the knee current by maximum
output voltage. Resistors R/ and R2
can be rated at 2 watt.

Pass Transistors

Since many power supplies must pro-
vide more current than the 723’s in-
ternal capacity of 150 mA, an exter-
nal pass transistor is needed. This is
very easy to add, since only the tran-
sistor itself is required. Additionally,
all phases of design remain exactly
the same when using a pass transis-

tor. The only change is that the rated
collector current of the pass transis-
tor now becomes the upper limit.

Figure 8 shows the 723 in a single
external pass-transistor arrangement
and illustrates just how simple this
addition is to make. The transistor’s
collector can be connected either to
the same supply as the 723, or (par-
ticularly when using a preregulator
circuit) to the raw dc supply. The
overall voltage rating (V¢e) of the
transistor must be higher than the
peak dc supply voltage, and the tran-
sistor’s current rating (I¢) must be
higher than the maximum current
that will be required from the supply.
A heatsink is required for almost all
pass transistors.

Though a single pass transistor is
adequate for any output current up
to 10 amperes, a better design for all
pass-transistor circuits, especially
those to provide more than 5 am-
peres, is the dual-transistor circuit
shown in Fig. 9. This circuit has a
small buffer transistor between the
723 and the pass transsitor, and can
be used for any practical current,
even 50 amperes or more if a suitable
pass transistor (or several paralleled
transistors) is used. Buffer transistor
Q2musthavea Vceand an I that are
at least equal to the pass transistor’s
up to a maximum of about 1.5 am-
peres. Transistor Q2 should not re-
quire a heatsink, except in very high-
current supplies.

Figure 10 shows that foldback cur-
rent limiting can be used with either a
single or dual pass transistor, as well
as with simple short-circuit limiting.
The knee current of a foldback limit-
ing circuit must be below the pass
transistor’s I¢ rating, of course.

Selection of Rgc for high-current
pass-transistor supplies is the same
as for lower-current types, but a
combination of very low values and
high power ratings will be required.
For example, a 5-ampere, 20-volt
supply will require a 0.13-ohm,
100-watt resistor for Rgc. Wire-
wound resistors with the necessary
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combination of ratings are relatively
cheap, and smaller resistors can be
paralleled to obtain the required re-
sistance and power ratings. Wattage
ratings in parallel-connected resis-
tors add to each other. For example,
connecting in parallel a 25- and a 50-
watt resistor yields a combined pow-
er rating of 75 watts.)

Many variable-voltage supplies
cannot produce the full designed
output current at maximum voltage.
For example, the supply shown in
Fig. 13 will produce the full 3.5 am-
peres up to an output of about 20
volts, but current will fall off (at a
rate depending on the supply’s trans-
former, among other things) to
about 0.75 ampere at the full 35-volt
output. The point is that Rgc in this
circuit doesn’t have to be large
enough to handle the theoretical
maximum power (3.5 X 35 = 122.5
watts)—only the peak actual power
of 3.5 X 20 = 70 watts. Using an
oversized power resistor is never a
bad idea, but the difference in size
(and cost) between a resistor selected
to meet an unobtainable theoretical
maximum and one chosen to suit the
actual maximum output power can
be considerable.

Variable-Current Limiting

Most fixed-voltage power supplies
will be adequately protected with
fixed current limiting of either the
constant-current or foldback type.
However, most bench and test sup-
plies will require adjustable current
limiting to accommodate and protect
avariety of experimental circuits and
gear under test. Fortunately, smooth,
effective variable limiting is easy to
achieve with the 723.

The first variable current-limiting
technique that may occur to you is
something like that shown in Fig. 11,
where a potentiometer replaces a
fixed-value Rgc. Though this ar-
rangement will work, it is limited in
operating range by the 2-to-3-watt
rating of most panel potentiometers,
Higher power pots and rheostats are

(A)

V+ Ve
(9.5 to 40V) («Vee Q1,Q2) V+
7 ?
a1 D1 2.2K
(see text) ¥y
cL '\pf 07 2N2222
e cuun : IETNT Rsc 10K Constant
ADJUST Y current
»L 7 Yout (2 To3mA)
ToPin5or V- e
e— divider

(8)

Fig. 12. An adjustable current-limiting scheme (A) that can be used to adjust

limiting from near zero to maximum limit, even if upper limit is 10 amperes or

more. Suitable constant-current source (B) for use with circuit (A) allows re-

placement of 2.2k resistor with trimmer to obtain fine adjustment of minimum
current level.

available, but they’re bulky, expen-
sive and inefficient.

The simple technique shown in
Fig. 11 is suitable for use in circuits
without pass transistors designed to
deliver no more than 150 mA, since
even ordinary panel pots can handle
the maximum 3 watts of power pro-
duced. A fixed resistor should al-
ways be used in series with the pot, to
protect it against overcurrent. If a
4.3-ohm, 5-watt resistor is used in
series with a 100-ohm pot, minimum
output current will be 0.65/104.3 =
6.2 mA, and maximum current will
be 0.65/4.3 = 150 mA.

A far more satisfactory technique
for variable current limiting is shown
in Fig. 12(A). Here once again, Rgc is
selected to set maximum output cur-
rent. A 1,000-ohm panel pot is in-
serted between the emitter of the pass
transistor and the CL pin of the 723,
along with a 2-to-3-mA constant-
current source connected to the CL
pin. When the panel pot is set to
minimum resistance, the constant-
current source will be swamped by
the current flowing from the pass
transistor, requiring a full 0.65-volt
difference across Rgc (full output

current draw) to initiate current lim-
iting. However, the farther advanced
the pot, the stronger the influence of
the current source on the CL pin and
the smaller the differtial across Rgc
(the smaller the current draw) will
have to be to cause an apparent
0.65-volt difference to have current
limiting to take effect. In fact, with
the potentiometer set for maximum
resistance, only a few milliamperes
of output current are required to
trigger current limiting.

Any sort of constant-current
source can be used in this circuit—
constant-current diode, op-amp cir-
cuit, etc.—as long as it can withstand
the maximum supply voltage used in
the circuit. A very suitable source is
shown in Fig. 12(B). Here, the npn
transistor is biased by a constant col-
lector-base voltage (the drop across
DI), regardless of the output voltage
at its emitter. The diode should have
a drop of between about 1.2 and 2.5
volts. Suitable diodes for this pur-
pose include two 1N914s in series
(1.4 volts), a red LED (1.5 volts), a
yellow or orange LED (1.8 volts) and
a green LED (2.0 volts). To fine-
adjust the current, the 2,200-ohm re-
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Fig. 13. An all-in-one bench power

et é% %’- g supply with 0-to-35-volt output at
5o T 0-to-3.5-ampere adjustable limiting.
Trim points are provided to optimize
% os circuit operatiori_ -
& SR
A~ i sistor can be replaced with a 1,000-
:‘:}% 5 ohm resistor in series with a 2,000-
¢z ohm trimmer potentiometer.
a Figure 12(A)’s circuit can be
trimmed to provide a smooth adjust-
+ = ¢ ment from zero to the maximum cur-
3y 3 § rent set by Rgc, even if the upper lim-
= gg g.g §§ it is 10 amperes or more.
3 533 823
W S =S Practical Circuit

Shownin Fig. 13 is the schematic dia-
gram of a complete variable bench-
power supply that utilizes almost
every element of design we’ve dis-
cussed above and features a variable
output from 0 to 35 volts and adjust-
able current limiting from 0 to 3.5
amperes. The circuit is pretty
straightforward, but two areas are
5 worthy of discussion, beginning with
the negative bias supply. Note that
an ordinary single secondary power
transformer is used, and no extra tap
is needed to provide the negative
> voltage supply. Instead, a 100-xF ca-
pacitor and a pair of rectifier diodes
are used to produce a raw dc of ap-
proximately 5 to 10 volts below
ground reference. A 470-yF capaci-
tor smooths the supply, and a resis-
tor/zener-diode circuit produces a
stabilized —3.6 volts. This trick
works only with circuits like this one
in which a minimal amount of cur-
rent (5 mA) is all that’s needed.
Since the 723 is now referenced to
— 3.6 volts at its V— pin, V+ must
be reduced accordingly, which is
done by lowering preregulation di-
odes from 40 to about 36 volts. Con-
necting a pair of 22- and 15-volt zen-
ers in series as shown provides a sup-
ply of about 36.3 volts (22 + 15 —
0.7) to the 723’s V+ and V¢ pins.
This gives the 723 a total maximum
supply of about 39.9 volts. If you
hand pick the zeners, you can bring
this up to the full 40 volts. ME
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Regency “Scanner Answer” Giveaway

Here's your chance to win a ccmplete monitoring
package from Regency Electronics and Lunar Antennas.
18 scanners in all will be awarded, including a grand
prize of the set-up you see above: the Regency HX1500
handheld, the Z60 base station scanner, the R806 mobile
unit, and a Lunar GDX-4 Broadband monitoring/
reference antenna.

55 Channels to go!

When you're on the go, and you need to stay tuned into
the action, take along the Regency HX1500. It’s got 55
channels, 4 independent scan banks, a top mounted
auxilliary scan control, liquid crystal display, rugged die-
cast aluminum chassis, covers ten public service bands
including aircraft, and, it's keyboard programmable.

Compact Mobile

With today’s smaller cars and limited installation space
in mind, Regency has developed a new compact mobile
scanner, the R806. It’s the world’s first microprocessor
controlled crystal scanner. In acdition, the R806 features
8 channels, programmable priority, dual scan speed, and
bright LED channel indicators.

Base Station Plus!

Besides covering all the standard public service bands,
the Regency Z60 scanner receives FM broadcast,
aircraft transmissions, and has a built-in digital quartz
clock with an alarm. Other Z60 features include 60

e 3

Send in a photo (like
this one of Mike
Nikolich and his

| afree gift from

! to include your

Regency monitoring
2 station) and receive

Regency. Be sure

channels, keyboard programming, priority control, digital
display and permanent memory.

Lunar Antenna

Also included in the grand prize is a broadband
monitoring/reference antenna from Lunar Electronics.
The GDX-4 covers 25 to 1300 MHz, and includes

a 6 foot tower.

-F- %% ELECTRONICS INC.

7707 Records Street
Indianapolis, IN 46226

e e ey

I (1 awarded)
1—Regency Z60 Base station scanner
1—Regency HX1500 Handheld scanner
1—Regency R806 Mobile scanner

1— Lunar GDX-4 Antenna

(5 awarded)

1—Regency Z60 Base station scanner
1—Regency R806 Mobile scanner

(5 awarded)

1—Regency HX1500 scanner

Contest rules: Just answer the questions on the coupon, (all answers are
in the ad copy) fill in your name and address and send the coupon to
Regency Electronics, Inc., 7707 Records Street, Indianapolis, IN 46226.
Winners will be selected from all correct entries. One entry per person. No
purchase necessary. Void where prohibited by law. Contest ends June
30, 1987.

1. The Regency 760 is
[J a digital alarm clock [ an FM radio
[J a scanner O all of the above

2. The Regency R806 is the world’s first
controlled crystal scanner.
3. The Regency HX1500 features
O 55 channels [0 Bank scanning
O Liquid crystal display O all of the above

4. The Lunar GDX-4 antenna covers ____to — MHz.

Name:

Address:

City: State: Zipcode:
I currently own scanners.

Brands owned:

k————_————————————_—d

CIRCLE 4ON FREE INFORMATION CARD




Computer Project

A $30 6-MHz
PC Speed-Up Board

Gives 30% more typical operating speed to 4.77- MHZ
IBM PCs and compatibles without changing any parts

By Barry W. Grider

hough I was happy with my
4.77-MHz IBM PC-compati-

ble computer’s features, I did
yearn for the much faster operating
speed that later models provide. I con-
sidered upgrading old faithful with a
commercial speed-up board, but these
run $100 to $500, with the lower-cost
ones giving only a marginal increase in
speed. What I wanted was something
a lot less expensive that boosted speed
significantly—Ilike the $30 PC Accele-
rator (PCA) described here.

By just installing the PC Accelera-
tor in my 4.77-MHz computer, I can
now run my software and hardware at
a much faster 6-MHz and still retain
the original speed for software that
won’t run in this faster environment.
Typically, you’ll enjoy a 30% speed
increase with the PCA installed in an
IBM PC or compatible with an 8088
CPU; this rises to 40% if you substi-
tute a NEC V20-8 (8-MHz version) for
the 8088. It wasn’t necessary to change
logic or RAM chips, or install special
software to be able to do this, either.

In designing the PC Accelerator,
my aim was to make as few changes
in the computer’s circuitry as possi-
ble so that it was fully compatible
with my existing hardware and soft-
ware. To accomplish this, I had to
make sure that I didn’t make my
computer run too fast. Happily, the
PCA satisfies all requirements. Only
one chip in the computer had to be
removed—and that plugs into the
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PCA board, which is then plugged
into the vacated socket in the compu-
ter. The project is very easy to install
and requires no special hardware
and/or software to use the faster
speed. Speed selection is accom-
plished at the DOS prompt simply by
flipping a switch on the external con-
trol box to the desired position.

This speed-up board will work in
any IBM PC or compatible compu-
ter built around the 5-MHz Intel
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PC ACCELERATOR

8086 family of logic elements. It re-
quires no permanent changes to the
computer and retains all the func-
tions of the original, in addition to
providing a substantial increase in
speed when desired.

Preliminary Information

Speeding up a PC involves a complex
relationship between four separate
conditions. The first is how fast the

Say You Saw It In Modern Electronics
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System Speed Evaluator Ver #2, by T. Gray

Fig. 1. Composite of four screen displays obtained by
author when SSE-V20 program was run in his Zenith
Z-151 PC-compatible computer. When compared against
IBM PC references, the ‘““Yours’’ columns from left to

8088 CPU (microprocessor) in IBM
PC and compatible computers runs
and what’s the system clock (4.77
MHz, 8 MHz, etc.). The second is
the speed of the RAMs and ROMs
used in the system and the number of
wait states during access of data in
memory. The third is speed of peri-
pheralsin the system, especially flop-
py- and hard-disk drives. (A slow
disk drive can make even the fastest
computer unbearably slow.) Finally,
is the design of the overall system.
This takes into account the mother-
board’s bandwidth, bus loading,
etc. To be able to speed up any com-
puter, each of these conditions must
be addressed.

On the surface, the CPU’s speed
appears to be easiest to adjust. You
might think that all you have to do is
install a faster version 8088 micro-
processor or a NEC V20 processor in
place of the original 8088 and change
the crystal to obtain a faster clock
that will speed up everything and put
you in business. Unfortunately, the
problem is that all PCs and compati-
bles are built around the Intel 8086
family of components. If you install
a faster CPU, you must also upgrade

Say You Saw It In Modern Electronics

the speed of the bus controller, clock
driver, peripheral interrupt control-
ler (PIC), peripheral interval timer
(PIT), etc. In fact, the whole compu-
ter is only as fast as the slowest com-
ponent in the system. Additionally,
the manner in which the components
are tied together by the system logic
significantly affects total operating
speed of the system.

Fortunately, Intel does not manu-
facture ‘‘S-MHz”’ components. All
elements in the 8086 family are in-
tended to operate at 8 MHz or faster.
The 5-MHz operating-speed Intel
specifies simply means that the com-
pany tests these components at §
MHz and guarantees their perfor-
mance at this speed and below. You
can probably increase the system
clock speed and not have any prob-
lems. The exact speed is best deter-
mined by experimentation.

A relatively simple way to increase
system operating speed is to replace
the Intel 8088 with NEC’s V20-8 mi-
croprocessor, which is selling for as
low as $14 from mail-order sup-
pliers. NEC enhanced the microcode
of the V20 to make some arithmetic
and string operations faster than in

right show that the author’s computer performs margi-

nally better than IBM PC and became increasingly faster

when he installed the V20-8 microprocessor only, the PCA
only, and the PCA plus V20 installed.

the 8088. Just replacing the 8088
with the V20 gives you 10% to 20%
faster speed if nothing else in the
computer is changed. (How much of
an increase you get within this range
depends on the computer’s design.)
Another benefit of the switch to the
V20 is that a public-domain CP/M
system that uses the V20’s Z80 mode
is available. This gives you access to
and lets you use any CP/M programs
you might have.

PCs and compatibles originally
designed for 4.77-MHz operation
could use slow RAMs that require
wait states to be able to interface to a
faster CPU. A wait state is used dur-
ing CPU access to RAM or PROM to
make the CPU wait one or more ex-
tra clock cycles while data is read
from or written to memory. Many
PCs already have one or more wait
states included in their designs, al-
lowing manufacturers to take advan-
tage of less expensive slower RAMs
to keep prices down.

Use of wait states means that an
8-MHz CPU designed for three wait
states will actually run slower than a
4.77-MHz machine with only one
wait state. This occurs wher running
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EXISTING SOCKET
S1A
—O O res osc |2 —o—eTo—o AAA \;‘,
52 | B o 2 R6 LED1
RESET g: 51 0
——-0-—0/0—-0
8284 RGN
Y rovi
21 Reni
READY 2
® vCc CLK 8
2 GND RESET 10
R5
1K
—AAA
=l RES osc 12 i RES
[_Ki F/C PCLK 2 3 F/C
1 17 1 17
CSYNC X1 CSYNC x1 .
Bl asvne U2 Y1 58 asvne Ui l
.. 8284A = 14.318 ] . 8284A =
o T 24MHz
2 rovs 1 Y rov1
: AENT x2 10 R2§ : AENT x2 L5 R4§
- RDY2 510 c2 RDY2 510 ¢
0.1uF U AEN2 0.1uF ? AEN2 READY -]
Al Y vece i By vce cen k&
i R1 " R3
94 GnD §510 21 ano reseT |2 §510
PARTS LIST
C1,C2—0.1-xF, 50-volt monolithic U1—8284A clock generator NRG Electronics, P.O. Box 24138,
capacitor U2—8284 clock generator from ex- Ft. Lauderdale, FL 33307: Complete
LED1—Red panel-mount light- isting PC (see text) kit of parts plus public-domain soft-
emitting diode Y1—14.318-MHz crystal ware mentioned in text for $29.95
R1 thru R4,R6—510-ohm, V4-watt, Y2—18.00-MHz crystal (see text) plus $2.50 P&H; software alone for
5% resistor Misc.—Printed-circuit board; switch/ $2.50 to cover P&H. For free down-
R5—10,000-ohm, Y4-watt, 5% resistor LED box (see text); sockets for ICs; load of software, call Plantation
S1—Dpdt miniature toggle switch 3- to 4-ft. 4-conductor ribbon cable; bulletin board 24 hours a day;
S2—Normally-open spst pushbutton etc. 305-791-7302 (2400 baud, 8 data bits,
switch Note: The following are available from no party and 1 stop bit).

Fig. 2.

RAM-access-intensive programs or
when a lot of ROM BIOS calls must
be made. Like CPUs and other logic
elements, RAM and ROM/PROM
chips are only tested at the specified
rating and may actually run much
faster. Also, since most PCs and
compatibles are designed with one or

Overall shcematic diagram of the PC Accelerator.

more wait states and have RAMs
with an access time of 150 ns, they
are able to support an 8-MHz clock
without any changes.

Floppy and hard disks in any com-
puter can be improved by using a
software caching program or by in-
stalling faster units. By adding a
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cache program (these are commonly
available in the public domain) to
your computer, you can obtain in-
creased disk performance, especially
with floppy disks, when running
memory-intensive programs like
dBase III. The other side of the coin
is that a cache program can also de-
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crease the performance of some
types of programs. The best way to
evaluate a cache program is to try it
in your computer.

The last problem area is the com-
puter’s overall design. The maxi-
mum speed any system can achieve
depends on how many corners were
cut during initial design of the hard-
ware. The greatest problem is usually
in the address decoding logic. So
much time can be used up in the chip-
select process that even fast memory
chips require wait states to operate
properly. In the case of the Zenith
Data Systems PC design, for exam-
ple, the RAM is a separate board on
the bus, which means that the num-
ber and types of expansion cards on
the bus could affect the speed of the
overall system.

About the Circuit

The PC Accelerator uses a very sim-
ple method to boost the speed of a
PC or compatible computer, provid-
ing a fast 6-MHz CPU clock and a
switch that allows you to set the
clock to the compatible 4.77-MHz
speed. Identical time tests run on a
Zenith Z-158 with an 8-MHz clock
and an earlier Z-151 in which the
PCA was installed and operating at 6
MHz, revealed that both computers
tested out at exactly the same speed.
(The wait states used in Zenith’s new
computers don’t make it possible to
achieve the full 8-MHz benefit.)

All time tests were run with the
public-domain SSE-V20 program,
which is designed to accurately mea-
sure the performance of PCs and
compatibles, including a V20 micro-
processor if it has been installed in
place of the original 8088 CPU.

Shown in Fig. 1. is a composite of
four screen displays I obtained when
I ran the SSE-V20 program in my
Zenith Z-151 computer. In the “‘IBM
PC’’ columns, all numbers in paren-
theses are at the 1.0 reference. In the
““Yours’’ columns, the parenthetical
number that is greater than 1.0 indi-
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cates an increase in speed. From left
to right, the ““Yours’’ columns show
performance figures for the Z-151
with no modifications, with a NEC
V20-8 microprocessor substituted
for the Intel 8088, with the PC Accel-
erator only, and with both the V20
and PC Accelerator installed.

Using the Total Timing entries at
the bottoms of the columns, you can
see that the basic Z-151 performs a
smidgen better than the IBM PC
(first “‘Yours’’ column). Installing
only the V20 gave a 10% increase in
performance (second ‘‘Yours” col-
umn). Note that the ‘‘integer count”’’
speed actually was slower with the
V20 installed, though overall speed
was up as a result of better perfor-
mance in all other areas, especially
string manipulation. With just the
PC Accelerator installed and no
other changes to the computer, a
30% increase in operating speed was
realized (third ‘‘Yours’’ column).
Best overall performance, represent-
ing an increase in speed of 40%, was
achieved with both a V20 and the
PCA installed (final ‘‘Yours>’ col-
umn). For comparison, performance
figures for the IBM PC AT at 6 and 8
MHz are also shown.

Clock speed can be checked with
the public-domain V20TIMER pro-
gram, which gives the user a measure
of how well his computer is designed.
If an 8-MHz PC tests out at 7 MHz,
some corners were cut in the design.

Any speed problems in the Z-151
with the PCA installed have been
dealt with by limiting the board’s op-
erating speed to 6 MHz. However, if
you wish to use the PCA in a true
IBM PC, you can safely boost the
speed up to 7 MHz by changing Y2 in
the PCA to a 21-MHz crystal.

Three clocks ar supplied by the
PCA board. These are the CPU
clock, the peripheral clock and the
oscillator. For an 8088, the CPU
clock is derived by dividing a crystal
oscillator’s frequency by 3 to pro-
duce a 2:1 duty-cycle square wave.
The peripheral clock is the same os-

cillator frequency divided‘ﬂy 2 to
produced a 1:1 duty-cycle square
wave. The oscillator’s square wave is
at the same frequency as the crystal.

These clocks are provided by an
Intel 8284 clock generator. In the
IBM PC, the crystal’s frequency is
14.318 MHz, originally chosen by
IBM to make the RS-232 baud and
video controller clocks easy to de-
rive. According to the IBM Techni-
cal Reference, all peripherals should
use the peripheral clock when exter-
nal timing is required. Because the
time-of-day clock is driven by the
peripheral clock, it must always main-
tain 7.15 MHz to keep correct time.

The 8284 clock driver chip permits
a crystal or an external square wave
to control the rate of the three clocks
provided. The PCA uses one 8284A
(U2 in Fig. 2) to supply clocks at ex-
actly the standard rates for a
4.77-MHz IBM PC. A 14.318-MH:z
crystal (Y1) is on the PCA board to
assure that the 4.77-MHz mode ac-
tually operates at 4.77 MHz. If jump-
ering were to be done to the existing
crystal on the CPU board, the extra
capacitance and lead length would
have produced a clock that operated
slower than the intended rate.

A second 8284A, Ul in Fig. 2, is
driven by 18-MHz crystal Y2 to yield
a 6-MHz CPU clock. Changing the
crystal frequency will increase or de-
crease the high-speed operation rate.
The oscillator and peripheral clock
are always supplied from U2. The
CPU clock is supplied from Ul, with
a switch that selects the 18-MHz
crystal or the oscillator from U2 to

_drive the CPU clock.

Light-emitting diode LEDI is
wired to the external speed switch to
indicate which PCA mode has been
selected. If the U2 oscillator drives
the input of Ul, the CPU clock is
4.77 MHz and LED! will be off. If
the crystal drives the input of Ul,
CPU clock speed will be 6 MHz and
LED] will be on,

Synchronization of the wait-state
logic to the CPU ready control is
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Fig. 3. Actual-size etching-and-drilling guide for the

PCA board.

handled by the RDY1 and AENI1 sig-
nals. Momentary pushbutton switch
SWI1 wired between the reset input
and circuit ground provides an alter-
native to the Ctrl-Alt-Del sequence
required to boot the computer. This
is especially helpful when interrupts
are disabled and you can’t boot from
the keyboard.

This PC Accelerator is designed to
be installed in place of the existing
8284 on the CPU board of a Zenith
Z-151/161 computer or on the
motherboard of an IBM PC or PC
XT computer. It can also be em-
ployed with other PC-compatible
computers that use the 8284 in the
same manner as these two computers
do. The switches are located in a
small box that attaches to the PCA
board by several feet of cable to
permit convenient location outside
the computer.

Construction

Printed-circuit-board wiring is re-
commended for construction of the
PCA to maintain compact size and
facilitate easy installation inside
your computer. You can etch and
drill your own pc board using the ac-
tual-size etching-and-drilling guide
shown in Fig. 3. Alternatively, you
can purchase a ready-to-wire pc
board from the source given in the
Note at the end of the Parts List.
Wiring the circuit is fairly simple,
as shown in Fig. 4. Begin wiring the
board by installing and soldering in-

to place the solid bare jumper wire
labeled JI. Next, install and solder
into place 18-pin DIP sockets at the
Ul and U2 locations. (Do not install
the ICs in the sockets until last.) In-
stall the capacitors and resistors in
their respective locations on the
board, followed by crystals Y/ and
Y2. Use heat judiciously when sol-
dering the crystal pins to the copper
pads on the bottom of the board.

In the blank unlabeled box on the
left side of the board is where you
must install the machined socket pins
that allow the board to be plugged in-
to the computer. These pins must be
carefully broken out of an 18-pin
DIP socket. When you have all 18
pins ready, install them in the holes
one at a time and solder them to the
copper pads on the bottom of the
board. Be sure you orient these pins
properly so that they sit exactly as
they would if they were still in the
moulded socket body. Otherwise,
they will not properly plug into the
socket in the computer.

Because the machined pins broken
out of the IC socket must be soldered
to the foil side of the PCA’s board,
you must reinforce them with wires
that solder inside each pin. When
this is done, fold each wire over on
the component side of the board and
make sure that none touches any
other. Then epoxy the wire ends to
the top of the board.

Machine a small plastic box to ac-
commodate LEDI and both switches
on one panel. Then use a sharp knife
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Fig. 4. Pc board wiring diagram.

to slice a channel to allow a 4-con-
ductor ribbon cable to pass through
one wall where the two box halves
join (see lead photo). Mount the
switches and LED, and connect but
do notsolder R6into place until after
the cable that connects to the board
is wired into place.

Prepare a 3- to 4-ft. length of
4-conductor ribbon cable, prefer-
ably color coded for easy reference,
by removing %" of insulation from
all conductors at both ends and sepa-
rating the conductors by about 1% " .
Tightly twist together the fine wires
in each conductor and sparingly tin
with solder. Then plug the conduc-
tors at one end of this cable into the
holes labeled 1, 2, 3 and 4 and solder
them to the pads on the bottom of
the board.

Pass the free end of the 4-conduc-
tor ribbon cable into the small plastic
box in which the switches and LED
are mounted. Use the cable’s color
coding or an ohmmeter or continuity
tester to identify each conductor as
you connect and solder it as follows.
The conductor from board hole 1
goes to one lug of S2. The conductor
from hole 2 goes to S2’s other lug
and both center lugs of S1. The con-
ductor from hole 3 goes to the S lug
away from LEDI that will be on with
the switch set to FAST. Connect
LEDI’s cathode lead (the shorter
lead or the one near the flat on the
case) to the S/ lug closest to the LED
that will be on with the switch set to

(Continued on page 104)
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the fourth law of robotics
A robot shail make
learning fun for man
and thereby improve 2
the quatity of life « 4 #iihg HERO 2000 is much more than a
for mankind. 4 - !
s omputer. With 64K ROM and 24K
= RAM expandable to more than half
megabyte. And a fully articulated arm with five
xes of motion. Yours to program. Command. Modify
and expand. Total system access and solderless
experimenter boards provide almost limitless pos-
sibilities. Its remote RF console with ASCII keyboard
gives total control. Available with three self-study
courses. Backed by Heath Company, world leader
in electronic kits.
Build your own
HERO 2000. Or buy
it assembled. Have
fun learning skills
that translate
directly tothe
world of work.

HNowiedoge
Duiicer

%\ Mail coupon today to receive a FREE
Heathkit Catalog featuring HERO 2000.
\ Mail to: Heath Company
Dept. 079492
Benton Harbor, Michigan 49022

A subisidiary of Zenith Electronics Corporation.



New Technology/Projects

Surface-Mount-Device Circuits:
A Design & Construction Guide

The author describes how to work with surface- mount
technology to produce three personal subminiature devices

cedures that you can use both in your
home workshop and on the job.

I am confident that once you mas-
ter the easy techniques needed to
work with SMCs, you will share my
enthusiasm for this personal assem-
bly method that is revolutionizing
how electronic circuits are built.

Circuit Boards for SMCs

Surface-mountable components are
are leadless or have very short pins.
Therefore, wiring must be on a sub-
strate having preformed conductive
traces. Ordinary etched circuit boards
work well in this role, with double-
sided boards permitting SMCs to be
installed on both sides.

Although any copper-clad board

By Forrest M. Mims III

ar = = omm g wm wm

ast month, I set the stage for

I this article by discussing the
current state of surface- | 00 Sl R e M B B B

mount technology and reviewing a
kit that can get you started in SMT
assembly techniques. Now I will de- 1 :
scribe how to assemble three sub- i E o
miniature circuits: an LED transmit- s
ter, an LED bargraph ‘‘meter’’ and a
light probe. By using tiny surface-
mountable components (SMCs), the
overall size of these circuits is sub-
stantially smaller than if convention- £
al components were used. The em-  Standard 40-pin DIP and P-Tape Pak ICs dwarf surface-mount 44-pin plastic
phasis is on hand-assembly pro- leaded chip carrier (PLCC) IC at lower right. (Photo courtesy: National Semiconductor)
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can be used for SMCs, to preserve
their very-small-size advantage, I
prefer to use very thin (20-mil or less)
single- and double-sided board. Un-
fortunately, this thin a board is not
readily available to small-quantity
purchasers. Hopefully, as demands
develop for supplies suitable for
hand-assembled boards using SMCs,
thin copper-clad board will be stocked
by electronics suppliers.

If you are unable to locate a source
for 20-mil boards, you can use stan-
dard boards, of course. Alternative-
ly, you can use ultra-thin (5-mil),
double-sided material from Edmund
Scientific (Cat. No. G35,738; $2.50).
Supplied in 127 x 18" sheets, this
material is very flexible before etch-
ing and can be used as is or be ce-
mented to a rigid substrate. Keep in
mind that after this board has been
etched, excessive bending will frac-
ture the very thin substrate.

Of the many ways to create etched
circuit patterns on copper-clad
boards suitable for SMCs, the four
most common are:

(1) Use of a standard resist pen to draw
the desired SMC ““footprints’’ and traces
directly on a shiny copper-clad board. In
view of the very small size of SMCs, this
method may seem impractical. However,
I have found it works surprisingly well,
and is the method I used to assemble the
miniature circuits described here.

(2) Use of dry-transfer component
patterns and traces to form actual-size
(1:1 or 1 x) footprints and traces directly
on the copper-clad side of a board. This
one-shot method provides circuit traces
as neat as those formed by photographic
techniques. Datak sells a complete line of
suitable dry transfers. Their flat-pack dry
transfers have 0.05” centers and can,
therefore, be used for SO (small outline)
integrated circuits.

(3) Use of dry-transfer or self-adhesive
component patterns and traces to form a
1 X circuit pattern on a clear substrate
and then using this pattern to expose a
copper-clad board coated with positive
photoresist. Suitable patterns are avail-
able from Bishop Graphics and Datak.

(4) Use of dry-transfer or self-adhesive
component patterns and traces to com-
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pose a 2 X or 4 X circuit pattern. Photo-
graphing the pattern to obtain a 1 X neg-
ative yields a ““‘mask’’ that can be used to
photographically expose circuit boards
coated with negative photoresist. This
method permits boards to be made in
batches.

How to Install SMCs

The principal manufacturing me-
thods for installing surface-mount-
able components were covered last
month. I will focus here on hand-as-
sembly procedures, the method like-
ly to be used for putting together
prototype models by engineers and
technicians, and for building micro-
miniature products by electronics en-
thusiasts.

The circuits to be described were
assembled with a hand-held 15-watt
soldering iron. Most SMCs are so
tiny that soldering them to a circuit
board with a hand-held iron might at
first seem impossible, as I initially
felt. I soon learned that, with a little
care and patience, the procedure is
fast and simple. Here are the basic
requirements:

(1) It is essential to use a low-power
soldering iron with a sharp conical tip.
Irons designed specifically for soldering
and desoldering SMCs are an added ex-
pense, but I have had excellent results
with an inexpensive 15-watt pencil iron.

(2) Always pretin the copper compo-
nent footprints on the circuit board. You
can do this chemically by immersing the
etched board in TINNIT™ to plate the
copper pattern with a thin film of tin.
Datak sells TINNIT for $4.60 for a 1-pint
bottle. The alternative is to heat the cop-
per traces with a soldering iron and flow
a thin layer of solder onto them, which is
what I did to assemble the circuits to
be described.

(3) The SMC must be secured in place
before it can be soldered. Otherwise, the
surface tension of the molten solder will
attract it toward the tip of your soldering
iron. Though you can cement SMCs in
place before soldering, this requires ex-
treme care to avoid getting cement on the
component footprints. A much simpler
and faster method is to simply secure one

end or side of the SMC in place with a
small piece of masking tape. Pick up one
end or side of the SMC with the tape, po-
sition the SMC in place over its footprint,
and press into place on the board.

To solder the connection, first touch
the point of the iron to the junction of the
footprint and SMC lead and then touch
the end of a thin (0.03” or less) diameter
solder wire to the tip of the iron. When a
tiny bit of solder flows between the foot-
print and the SMC terminal, quickly re-
move both the iron and the solder. Each
connection should take only a second or
two. After soldering one or more termi-
nals to the copper pads, remove the tape
and solder the terminal(s) previously cov-
ered and any remaining terminals.

(4) It is very important to inspect every
solder connection through a magnifying
lens immediately after the connection is
made and before making the next con-
nection so that SMC movement, solder
bridges, etc. are immediately found
and corrected.

(5) If the SMC is a small outline (SO)
integrated circuit, transistor, or diode,
make sure all leads are lined up before
and after the first lead is soldered into
place. If necessary, slightly realign the
device after making the first connection.

(6) If you tin the copper footprints
with solder, be sure to slurp up any excess
solder with copper desoldering braid.

(7) For best results, any pretinned sol-
der layer placed over the footprints in-
tended for SMCs should be as thin as
possible. If solder tends to pool under an
SMC’s terminal while soldering, espe-
cially a chip resistor or capacitor, care-
fully press the SMC against the board
while the solder is still molten. If the
SMC is a leadless device, such as a chip
resistor, this technique works for only
the first terminal soldered. Otherwise,
the chip SMC might be fractured. There-
fore, the tinning over the second foot-
print should be as thin as possible.

Subminiature LED
Transmitter

The first circuit I assembled with sur-
face-mountable components was the
LED tone transmitter shown at the
left in Fig. 1. This is a 555 timer con-
figured as an astable multivibrator
that drives a high-brightness GaA1lAs
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red LED at around 100 Hz. This cir-
cuit can be used as an optical trans-
mitter for miniature remote-control
systems, intrusion alarms, and ob-
ject-detection systems. For higher
output power or for applications in
which an invisible beam is desired,
the LED can be replaced with an in-
frared-emitting diode.

Before building this circuit you
may wish to assemble a breadboard
version to determine whether or not
you want to modify component val-
ues. For example, increasing the

value of RI or CI will slow the cir-
cuit’s pulse repetition rate.

A sketch I made to determine
where to place the components in the
circuit is shown at the right in Fig. 1.
Since I wanted the finished circuit to
be as small as possible, I modified
the location of the parts by placing
them in a row. The result was the fi-
nal layout shown at the left in Fig. 2,
which is a drawing of the completed
circuit. To duplicate this circuit lay-
out, first draw the traces on the pc
blank with a pencil, placing the

Fig. 1. A 555-timer-based miniature LED tone transmitter
circuit (left) and preliminary circuit-board layout (right).

SMCs on the board one at a time (use
tweezers) and drawing the foot-
prints. Then connect the footprints
in accordance with the circuit dia-
gram. Hand-trace the faint pencil
traces with a sharp-pointed resist pen
(Radio Shack Cat. No. 276-1530
or similar).

Next, etch the board in ferric
chloride to remove the unwanted
copper and strip the resist with resist
solvent. (Caution: Always follow the
precautions given with these chemi-
cals.) The board shown measures on-

Fig. 2. Assembly details for the miniature LED transmitter circuit (left) and the assembled circuit (right).
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Fig. 3. A simple four-element LED bargraph or “‘metering”’ circuit.

ly 0.25” x 0.7”. You may want to
start with a somewhat larger board.
After the SMCs are soldered into
place, use scissors to trim the board
to its final size.

Begin ‘‘wiring’’ the board by first
soldering the SO 555 into place using
the masking-tape technique described
above. Tape one end of the board it-
self to your workbench to keep it
from moving. It is important to work
slowly and carefully, and remember
that it is absolutely essential to check
each connection with a magnifier be-
fore soldering the next one.

Although a tiny surface-mount-
able LED can be used, I used a stan-
dard LED because of its higher out-
put power. All that’s necessary to

convert the LED into an SMC is to
clip off all but 0.1" of its leads. To
finish the wiring, solder power supply
leads to the board as shown. Wrap-
ping wire works well here. The photo
in Fig. 2 shows the completed circuit.
Before applying power to the cir-
cuit, carefully inspect the ‘‘wired”’
board with a magnifier. Use a sharp
instrument to remove all solder balls.
Carefully remove solder bridges with
a soldering iron and desoldering
braid. Use caution to avoid over-
heating or moving nearby SMCs.
Apply power (a 3-volt lithium coin
cell works well) and point the LED at
a nearby optical receiver to test the
circuit. A suitable receiver can be
made by connecting a solar cell or

phototransistor to the input of a bat-
tery-powered audio amplifier. [For
more specialized receivers, see The
Forrest Mims Circuit Scrapbook
(McGraw-Hill, 1983) and Forrest
Mims Circuit Scrapbook II (Sams,
1987). Also see Engineer’s Mini-
Notebook: Optoelectronic Projects
(Radio Shack, 1986).—Editor] If
you use the parts values shown in
Fig. 1, you can determine if the cir-
cuit is oscillating by simply swinging
it sideways. The LED will then be
seen to emit a series of fast flashes as
it moves.

LED Bargraph

The circuit in Fig. 3 is a parallel or
flash analog-to-digital (A/D) con-
verter. Though this basic circuit
shows only four LEDs (not counting
LED], which indicates when power
is applied), the comparator/LED
string can be extended indefinitely.
When the inputs are open, all
LEDs glow. Connecting a variable
resistance across the inputs causes
the LEDs to extinguish successively
as the resistance is decreased. A vari-
able voltage source connected across
the inputs causes LED2 through
LEDS to extinguish. The LEDs begin
to glow in sequence when the voltage
is reduced. In both cases, R1 deter-
mines the trigger points for the LEDs.
Since this basic circuit responds to
both resistance and voltage, it has
many applications as an LED ‘‘me-
ter.”’ For example, it can function as
a miniature light meter if a photore-
sistor or solar cell is connected across
the inputs; it can be adjusted to indi-
cate the voltage of small batteries
and power cells; and can even indi-
cate the resistance of the hum: 1n body.
At the left in Fig. 4 is a drawing of
how the circuit in Fig. 3 can be as-
sembled on a board measuring only
1.05” in diameter. (Incidentally, if
you are skeptical about your ability
to assemble these miniature circuits,
keep in mind that more time was re-
quired for me to make the Fig. 3
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Fig. 4. Assembly details for the four-element bargraph circuit (left) and the assembled circuit (right).

drawing than to design and assemble
the entire circuit!) The board is de-
signed to be soldered to the two ter-
minals that protrude from the back
of a 3-volt lithium coin cell holder
(Mouser Electronics Cat. No. 534-
106 or 534-105 or similar). The entire
circuit, including the coin cell hold-
er, is % " thick.

Lay out the board with a pencil,
coat the traces with a resist pen, and
etch it in ferric chloride. Then re-
move the resist with solvent and drill
two holes to receive the coin cell’s
terminals. Solder the SMCs in place
as detailed above. Start with the SO
IC and work outward from the cen-
ter of the board. I used Stettner cera-
mic chip CR 10 red LEDs for LEDI
through LEDS. Slightly larger chip
LEDs are also available from Mous-
er Electronics and other sources.
Though the LEDs may seem more
fragile than the chip resistors, they
can be soldered using the masking
tape method described above.

Trimmer potentiometer R will be
difficult to hand solder if the center
terminal is under the device. There-

fore, use a 4-mm trimmer having ex-
posed terminals. For best results, se-
lect a trimmer having the two stator
terminals on one side and the rotor
terminal on the opposite side. I used
a Bourns single-turn cermet trimmer
(Part No. 3304X-1-104). This re-
markably tiny device can be adjusted
with a small screwdriver.

After the SMCs are soldered in
place, slide the board over the termi-

oughly testing this circuit, I misplaced
it somewhere in my office shortly af-
ter taking the photo. The lesson here
is that special attention should be
given to storing SMCs and subminia-
ture circuits made from them.)

Subminiature Light Probe

Figure 5 shows a simple light-sensi-
tive oscillator designed around a 555

nals of the coin cell holder and care-
fully solder them into place. You
may wish to trim the terminals be-
fore soldering to avoid damaging
any of the SMCs or the relatively fra-
gile circuit board.

Finally, solder the input leads to
the circuit as shown. The ground
lead can be threaded through a small
hole near the IC. The ground lead
can be threaded through the negative
battery terminal hole. Use a short
piece of heat-shrinkable tubing for a
switch. Force the tubing over the ex-
posed battery terminal to switch off
the power.

Figure 4 also shows the completed
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LED bargraph circuit. (After thor-
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Fig.6. Assembly details for the light-probe circuit (upper) and a switch board

Sfor the light-probe circuit (lower).

timer. In operation, light falling on
the active surface of phototransistor
Q1 causes the frequency of oscilla-
tion to increase. Pulses from the os-
cillator are made audible by a small
piezoelectric alerter element. Among
the uses for this circuit is a light
probe for the blind.

Figure 6 illustrates how the light
probe can be installed on a circuit
board measuring 0.9” x 1.9”. The
speaker is a MuRata % " piezoelectric
alerter disk. If you cannot find this
item, remove the disk from the plas-
tic housing of a Radio Shack Cat.
No. 273-064 piezo buzzer element,
and clip the blue lead flush with
the element.

Say You Saw It In Modern Electronics

Fabricate the circuit board as de-
scribed above, being sure to leave
space for the alerter disk and a
CR2016 3-volt lithium coin cell. Af-
ter the board is etched, solder the
SMC:s into place. The phototransis-
tor is a CR10TE-1 ceramic chip unit
available from Stettner Electronics.
Though QI can be mounted flat on
the board, I soldered it on its side so
that its lens faces in the same direc-
tion as the plane of the board. Since
one terminal of the phototransistor
was not fully metalized, it was neces-
sary to use a bit of wire to bridge
the space between it and the foot-
print pad.

Form two solder bumps on the

corners of the board as indicated.
These bumps should extend very
slightly above the back of the piezo
disk. If necessary, use short bits or
wire to extend the bumps.

After the components are installed
carefully drill a " hole in the board
centered under the space for the pie-
zo disk and a pair of 0.1” holes in
the board adjacent to the space for
the battery.

Next, form a thin ring of flexible
silicone sealant on the face of the
disk, invert the disk, and place it
face down over the %" hole. Don’t
press the disk against the board; in-
stead, allow it to ride just above the
board on the sealant bead so that it
can resonate.

Incidentally, it’s important to ap-
ply the sealant bead to the annular
node around the center of the disk.
Otherwise, the disk will not vibrate
freely. If you use a Radio Shack disk,
apply the sealant bead to the rem-
nants of the original sealant ring that
attached the disk to its plastic case. If
you use a new disk, place it flat on a
table, connect it to a signal source
and place powdered sugar on its sur-
face. The sugar will form a ring di-
rectly over the nodal region. Use a
pencil to outline the node. (For more
details, see Modern Electronics, Sep-
tember 1986 ‘‘Electronics Note-
book.”’) After the sealant cures, trim
the leads to the disk and solder them
as shown in Fig. 10.

The lower drawing in Fig. 6 de-
monstrates how to make a squeeze
switch for the light probe from a sec-
ond circuit board identical in size to
the first. Apply resist to the board as
shown and etch the board. Remove
the resist and plate the copper with
TINNIT or solder. Then drill two
0.1" holes as shown, lined up with
the 0.1” holes in the main board. The
left photo Fig. 7 shows the assembled
circuit and the switch boards.

The circuit can be installed in the
lidofal” x 1” x 2” plastic box
available from gift and craft shops.
Using the switch board as a pattern,
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Fig. 7. The completed circuit boards for the light probe circuit (left) and the

0.1"-thin “‘sandwich’’ the two make (right).

drill %" and 0.1" holes in the plastic
lid. Place the assembled circuit
board, component side up, in the lid.
Then place a small piece of foam
plastic on the center of the piezo disk
and a CR2016 lithium coil cell, posi-
tive side down, over the battery space
on the board. Finally, place the
switch board, copper side down,
over the circuit and secure it with
2-56 screws and nuts.

Gently squeeze the piezo disk end
of the switch board to switch on the
probe. This will bridge the gap be-
tween the negative battery terminal
and the two solder bumps.

You may have to experiment with
the light probe to obtain best results.
If the circuit fails to switch on when
squeezed, the foam plastic may be
too thick, the solder bumps may not
extend high enough above the board,
or the light level may be too high.
The phototransistor is so sensitive it
may be necessary to restrict the light
striking it with tape or a daub of
paint. Sound volume can be in-
creased by stacking two CR2016 coin
cells, but this will increase the thick-
ness of the circuit.

Though the encased circuit is

0.25 " thick, the photo at the right in
Fig. 7 shows that the two circuit
boards sandwiched together form an
assembly only 0.1 thin.

Going Further

The circuits presented here provide
convincing proof that experiment-
ers, technicians, and engineers can
readily assemble subminiature cir-
cuits that rival in size considerably
more expensive hybrid microcir-
cuits. Consequently, building tiny
circuits is now in the grasp of in-
dividuals. Though SMCs are more
difficult to acquire than conven-
tional components, they will become
much more readily available in com-
ing years.

In conclusion, I invite you to join
the surface-mount era now by using
SMCs to assemble one or more work-
ing circuits. In the meantime, stay
tuned to my future ‘Electronics
Notebook’’ columns for more sur-
face-mount ideas and projects.

This article was substituted for the
author’s “‘Electronics Notebook™
column, which will return next
month.—Ed. ME

SMT Materials Suppliers
Bishop Graphics, Inc.

5388 Sterling Center Dr.
Westlake Village, CA 91359

Bourns, Inc.
1200 Columbia Ave.
Eiverside, CA 92507

Datak Corp.
3117 Patterson Plank Rd.
Morth Bergen, NI 07047

Edmund Scientific Co.
101 E. Gloucester Pike
Barrington, NJ 08007

International Instrumentation
Box 3751
Thousand Oaks, CA 91361

Mouser Electronics
2401 Hwy. 287 North
Mansfield, TX 76065

MuRata Erie North America, Inc.
645 W, 11 5t.
Erie, PA 16512

Mewark Electronics
4801 M, Ravenswood 5t.
Chicago, L 60640

{Plus major cities)

Radio Shack

One Tandy Center

Ft. Worth, TX 76102
{Plus local retail stores)

SMD Technology Development Center
5855 N. Glen Park Rd.
Milwaukee, W1 53209

Stettmer Electromics, Inc.
P.O. Box 21947
Chattanoogsa, TN 37421

Vector Electronic Co.
12460 Gladstone Ave.
Sylmar, CA 91342

Note: Since we published our re-
port on the Vector Electronic Model
SMT2000 Surface-Mount Technol-
ogy Training Kit last month, the
company has announced an almost
20-percent decrease in price for the
kit, from the originally reported 3348
to $279.95.

ﬂ
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e ALPHA OMEGA

BUY YOUR VECTOR SMT
TRAINING KIT DIRECT FROM
THE DESIGNER/
MANUFACTURER

Special Pricing for Schools, Institutions
and O.E.M.s.

Parts of the kit may be purchased
separately.

CALL OR WRITE FOR PRICE
LIST AND SMT BULLETIN

4859 SCOTTS VALLEY DRIVE - SUITE B
SCOTTS VALLEY, CA 95066
(408) 438-5665

An ETCHED
circuit board

from a
Printed PAGE
in just 3 Hours

The ER-4 PHOTO ETCH KIT gives you the tools, materials and chemicals
to make your own printed circuit boards. The patented Pos-Neg™ process
copies artwork from magazines like this one without damaging the page.
Use the circuit patterns, tapes and drafting fitm to make your own 1X
artwork. Or try the Direct Etch™ system (also included), to make single
circuit boards without artwork. The ER-4 is stocked by many electronic
parts distributors, or order direct, postpaid.

ER-4 PHOTO ETCH KIT (NJ and CA residents add sales tax) .. ... $37.00

DATAK'S COMPLETE CATALOG lists hundreds of printed circuit products
and art patterns. Also contains dry transfer letter sheets and electronic title
sets for professional looking control panels. WRITE FOR IT NOW!

The DATAK Corporation e 65 71st Street e Guttenberg, NJ 07093

CIRCLE 43 ON FREE INFORMATION CARD

NEW Pﬂ‘wwrs e ee (frompagel2)

g e

A memory mode provides up to 99
counts of zero offset. Among the
DMM’s features are a large 3 /2-digit
liquid-crystal display (LCD) with
function, under- and overrange and
low-battery indicators; a rotary
function selector switch; pushbutton
mode switches; 9-volt battery opera-
tion; and low- and high-energy fus-
ing. The instrument measures 5.9"H
X 2.95"W X 1.34"D and weighs 12
ozs. It comes with color-coded test-
leads with screw-on alligator clips
and an operator’s manual. $59.

CIRCLE 10 ON FREE INFORMATION CARD

Graphics System for Apple IlIs

750 volts ac in four ranges, 10 am-
peres ac and dc in two ranges and 2
megohms in five high-power and
four low-power ranges. Basic dc
voltage accuracy is 0.5%.

e e T e e
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Demco Electronics (Inglewood, CA)
has a versatile, easy-to-use graphics
hardware system for Apple II +, Ile
and IIGS and compatible computers.
It displays the complete width and
half the height of an 82" x 11”

CIRCLE 15 ON FREE INFORMATION CARD

drawing. Since it stores the complete
drawing in memory and automati-
cally scrolls to the second half, a full
page of graphics can be dumped to a
dot-matrix printer. Any one of eight
640 x 384 hi-res graphics screens can
be displayed. The board has a 100-
percent Apple-compatible mouse
port built into it.

Included is graphics-design soft-
ware, similar to MacPaint on the
Macintosh, that provides: automatic
windowing; variable grid lock; draw
options accessible from menu; text
insert in four directions; text cursor
that matches font height and posi-
tion; proportionally spaced fonts;
block functions (fat bits, move, ro-
tate, flip, duplicate, invert, cut/
paste); inverse data displayed to
monitor; work on two 812" x 11"
pages simultaneously. The system is

(continued on page 93)
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Project

A Stand-Alone

EPROM Programmer
Part 1

Read a program or copy programs from one EPROM

to another with this versatile Programmer that can be easily
upgraded as needed to accommodate new EPROMs as

they become available

By W. Schopp

ost inexpensive EPROM
programmer/readers are
designed to accommo-

date a single type of EPROM, gener-
ally using a personal computer as the
controller. If you want a more versa-
tile programmer/reader that can
handle a variety of EPROMs of dif-
ferent storage capacities, it’s very
costly. The Stand-Alone EPROM
Programmer to be described offers
an alternative to both types of pro-
grammers at only a moderate cost.
With it, you can program and read
most popular EPROMs with capaci-
ties up to 32K in the basic unit pre-
sented here. Additionally, our Pro-
grammer will handle EPROMs with
capacities ranging up to 128K with a
retrofit add-on adapter that we’ll
discuss next month.

General Information

An address is the only information
needed to access or program data in-
to an EPROM at a specific location.
Putting a code consisting of 1sand Os
on the EPROM’s address lines finds
the location of the desired data,
which then appears on the EPROM’s
data lines and is similarly presented
in the form of 1s and Os.

To be able to address the large

#
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Fig.1. A sequence generator is the heart of the EPROM Programmer.

number of memory cells in some log-
ical and repeatable order, a three-
stage counter is used. Outputs from
the counters are connected to the
EPROM’s address lines. Counting
from all Os to all 1s on the 12 lines of
this basic project gives you 4096 dif-
ferent combinations of Os and 1s.
This binary information is read on
LED hexidecimal displays. The bi-
nary information is decoded by the
special displays and is presented in
hex format for readings ranging
from 000 to FFF.

Two more LED hex displays read
the data output after programming
has taken place. This method of dis-
play verifies that the program being
placed in an EPROM has been ac-
cepted. Three pushbutton switches
provide for counter reset, single-step
counter advance and program initia-
tion. Slide switches on the Program-
mer’s main board allow you to select
count direction, manual or automat-
ic mode of operation and to select the
program source data.

About the Circuit

All waveforms and voltages for pro-

Say You Saw It In Modern Electronics

gramming a variety of EPROMs are
available at the project’s PERSONALLI-
TY socket. Personality plugs for the
various EPROMSs connect the wave-
forms and programming pulses to
the correct pins of the type of
EPROM being programmed. These
personality plugs are wired by you on
24-pin headers with covers and are
individually labeled according to the
type of EPROM with which they are
to be used.

The heart of the Programmer is
the sequence waveform generator
shown in Fig. 1. This circuit provides
all the waveforms and programming
voltages needed to program 16K
2716, 32K 2732, 64K 2764 and 128K
27128 EPROMs. The generator is
made up of half the buffers in hex in-
verter ICI, decade counter IC4 and
latch ICS.

Clock pulses of 13 ms duration are
generated by ICI and applied to the
clock input of IC4, which feeds
pulses in the correct sequence to the
set-reset latches in ICS5. The Q out-
puts of these latches produce the
timed waveform shown. Initiating
the program cycle, the counter runs
through one complete cycle of wave-

forms and stops until the program is
reinitiated.

A good understanding of this se-
quence generator will allow you to
make up personality modules for
new EPROMs, using the waveforms
and technical information available
from the manufacturers for each
type of EPROM. Hence, the Pro-
grammer will not become obsolete as
new EPROMs become available.

The waveforms produced by the
sequencing generator are used to
turn on the EPROM’s chip-enable
(CE) and output-enable (OE) func-
tions. Optoisolator IC14 (see Part 3
of Fig. 2) keys the higher program-
ming voltages needed to program the
EPROM. The appropriate wave-
form is connected to pin 5 through
the personality plug to turn on IC14
and make the higher programming
voltages available at pins 6, 7 and 22
of SO3 (see Part 2 of Fig. 2).

Pin 14 of SO3 provides + 5 volts
and allows the higher programming
voltages to be superimposed on it at
the EPROM’s pin without feeding
back into the S-volt supply. The 22-
volt supply required by some
EPROMs is derived from the 25-volt

RS e ——————=:_ ==
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minus its ac power supply. This is only
the first of three parts.
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7220 NW 58th Street
Miami, FL 33166
(305) 477-2600

MOTHER BOARDS
(W/O BIOS & MEMORY)

Regular640K .................... STV $87
XT Turbo 4.77/8 MHZ (2 Layers) ........... $96
XT Turbo(4layers) ..................... $125
XT Turbo4.77/10MHZ .. ................ $125
AT6/8MHZ . .......... ... . $450
AT Turbo1IOMHZ ... ... ... ........... $450
CASES
XT-FlipToporSlide...................... $27
MiniATForXT ... ... . . i iieiiiicn $50

INTERFACE CARDS
Monochrome Adapter . . ..................$41
Mono GraphicPrinter . ................... $60
CT6040Herc.Comp. ............:.. .....$65
Color GraphicDisplay .................... $44
Color GraphicPrinter . ................ ... $55
EGACards .................. . ... ... .. $190

EXPANSION CARDS
XT Disk Controller, 1Port . ................ $25
XT Disk Controller,2Ports ................ $27
AT Floppy Disk Controller. . ............... $60
RS232,1Port.......c0i i ininaniinnns $21
RS 232,2Ports.......... Ak weB el i . .$29
Parallel Card . «v..s . :omramssosvaonnsismes $14
Multil/O ..o $7
I/OPlusCard ............... ... . ... $65
BBAKMTF“O"K .. .. i $74
640K Ram “O" K ... ... .o $38
ClockCards.............c.oiiviiinnnon.. $25
GameCards ........... ...t $15
ATI/OCards ........... ..., $65
AT2MBMTF .. ... .. i $127

FLOPPY DISK DRIVES
Teac Look-Alikke ... .. ................... $68
eat 360 . iinsu - . wakan . ma - sdcwviom a5l - Saas $86
Teac1.2MB .. ... .. $110
Chinon360 ........... ... ... i, $78
Chinon1.2MB ............... M $110
FUJItSU’ . e vnz , . o7d . 57708 nioa Sd7ge Hglim Tas o $78

HARD DRIVES & CONTROLLERS
20 MB Seagate (68MS) ................. $295
30MB Seagate{40MS) . ... ............. $598

20 MB Seagate ST238 w/Adaptec Controller$480

D e S S S I T s S e <>

TAIWAN COMPUTER TRADE CENTER

800-342-2332

MANUFACTURER’S REPRESENTATIVE
DIRECT IMPORTERS OF IBM PC/XT COMPATIBLES
FACTORY PRICES TO DISTRIBUTORS/DEALERS

(Prices Are For Quantities of 50)

2215 N. Broadway
Los Angeles, CA 90031
(213) 222-9680 » (213) 224-8610

Waestern Digital Controller. . .............. $101
AT Floppy & Hard Disk Controller w/Cable .$200

POWER SUPPLIES

TBEW 118 7 80mm o - B e S 2 0 1 7 g $50
VBOW ;20 amigre . iwy sty sk Savisialiaad e $55
2000V ona b3 an5a5. o o5 L6 6 000> $BEE X $90
KEYBOARDS
K7S(150) . ... oiieeeiicaaiaan, $40
Lo L $55
BOB0 X T /BT y/sah 3 a0 WA s VR o o o $50
SIBOIXTHAT i ar wisuh  waiiwan warmaaen we $50

K. e $56
< A o O SR SR $65
MONITORS
Samsung Amber .......... ... .. .. $68
Samsung Green ........ ... i $65
Belton Tilt & Swivel . ........ ............ $85
MitsubishiRGB ......... .............. $230
TVM RGB Green/Amber ................ $275
EGAMitsubishi......................... $395
OTHERS
Speaker ............. i $1
Disk Storage (100) .. ...................... $7
Keyboard Drawer . . ... ... AT o e e A S $30
Moduminternal ........................ $121
LogiMouse .. ...................coovun.. $77
JoyStick . ...... ... .. $16
Printer Stand, Big ........................ $8
Printer Stand, Small .............. P . ciird $7
Power Strip (6 Qutlets) .................... $5
Power Strip w/Surge Protector . . . .......... $6
Power Pad w/Surge Protector .. .....,..... $18
Printer SwitchBox .. ..................... $20
Bulk Diskettes . .....................c..... 39¢
EpromWriter. . .........c.coiuininin. $160
Printers ........ ... .. ... . e Call
Cables . 7.¢. .o 00 99, pr el 500, .« comle Call
CRIPS! gyt g 4 o M ey wrss sl cas)s Call

LIMITED OFFER
1. XT System. 640K w/2 Floppy Disk Drives,
Keyboard & Amber Monitor for .. ... Only $588
2. We will assemble Systems to your Configura-
tions for ONLY $5.00 for Components purchas-
ed from us.

> P SN AT

CIRCLE NO. 180 ON FREE INFORMATION CARD



supply by dropping 0.6 volt for each
of the D2 through D7 diodes between
pins 7 and 22 of SO3. Future expan-
sion connections are also brought to
PERSONALITY socket SO3. These
connections include reset, carry up
and carry down lines.

The balance of the Programmer is™

straightforward, as shown in the
three Parts that make up Fig. 2.
(Note: Because this Programmer’s
circuit is fairly complicated, though
relatively inexpensive, to be able to
present it in its entirety, the very
large schematic diagram had to be di-
vided into the three Parts that make
up Fig. 2.—Editor.)

Pushbutton switches S6 and S7 are
debounced by Schmitt trigger buffer
IC2. The half of ICI not used in the
sequence generator produces 48-ms
pulses for the automatic program
mode. These pulses go to decade
counter IC3, which alternately pro-
duces step and program pulses. Tri-
state buffer IC6 selects manual in-
puts from S6 and S7 or automatic
step and program pulses from /C3.
Switch S3 controls IC6’s tristate op-
eration.

Counters IC10, ICI1 and ICI2
have outputs that are tied directly to
the address inputs of MASTER and
PROGRAM sockets SOI and SO2. The
outputs of each counter are read with
hex displays DISI, DIS2 and DIS3.
The data lines of the EPROM being
programmed are read on DIS4 and
DIS5. The LED numeric displays are
isolated from the input program data
by IC7, IC8 and IC9. These ICs read
data only after it has been pro-
grammed into the EPROM. The tri-
state buffers momentarily make the
connection between the data to be
programmed and the EPROM being
programmed. All buffers are nor-
mally in the tristate (float) mode and
are opened briefly during the pro-
gramming cycle by the waveform
from pin 12 of SO3.

Switch S5 selects IC7 and half of
IC8 to select the input data from
manual programming switches S/

Fig. 2 Part 2.
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C18 thru C23—1,000-uF, 50-volt
45V electrolytic
2N3§)13 a1 Resistors (/4-watt, 5% tolerance)
150 R1 thru R6,R15 thru R22— 10,000 ohms
R7,R8—1 megohm
e R9—47,000 ohms
c1o R10—13,000 ohms
t R11,R12—150 ohms
. e | - >|\! - cia R13,R14—220,000 ohms

14
i
e
4

04uF T T OauF 2401
Switches

S1,S2—Hex thumbwheel type
(Unimax No. SF-52 plus end plates;
o = available from Jameco)
+12V +25V S3,54,S5—Miniature pc-type dpdt
o T D 3 slide type (No. 1201 M2QE; available
T ] [ l from M&Q Components)
! ¢ = $6,S7,S8—Normally-open spst push-
2 button type (Panasonic No. EVQ-
(MSD) PARI11K; available from Digi-Key)

D1 7
D2 5
D3 3 10
D4 9
D5 n 4
DB 13 6

@ & 0N =

w Miscellaneous
T1—24-volt, 180-mA center-

tapped transformer (EWC No. EL-24-
12 % 180A18; available from Digi-Key as
Cb ) 0 +5V Part No. T104-ND)
1 T2—12-volt, 350-mA center-tapped
C1a transformer (EWC No. El-12-350A.6;
available from Digi-Key as Part No.

C13>—\§5 0 12 118 v T101-ND)
T 13 a S Double-sided main printed-circait

cory MANUAL
T board with plated-through holes and
two single-sided power-supply pc
NOTE: boards (see text); 24-pin ZIF sockets
R15-R22 - 10K (3); sockets for all other ICs (except
w1 IC15, IC16 and IC17) and displays;

R6 2 REZ R3Z R4 l materials for personality modules (see
10K 10»% 10K§ 10K +5V % % %

R18
R15

R17
R16

- N &5 ®

D7
D8

R22
R21
R20
R19

text); suitable enclosure; machine
hardware; hookup wire; solder, etc.
= Note: A ready-to-wire main board with
plated-through holes is available for
5 $22.00, including P&H, from Electronic
Fig. 2 Part 3. Enterprises, 33085 Pestana Way, Liver-
PARTS LIST more, CA 94550.

Semiconductors I1C13—CD4001 quad 2-input NOR gate Addresses of Suppliers

D1 thru D13—1N4001 rectifier diode IC14—NEC 2401 dual optical isolator C&K Components

DISI thru DISS—TIL-311 LED hexi- (available from Digi-Key) 15 Riverdale Ave.
decimal display (Texas Instruments; IC15—7824 + 24-volt regulator Newton, MA 02158-1082
available from Jameco) 1C16—7812 + 12-volt regulator

IC1—CD4049 hex inverting buffer IC17—7805 + 5-volt regulator Digi-Key Corp.

1C2—CD4585 hex Schmitt trigger Q1—2N3903 or equivalent transistor PO qu )

1C3,1C4—CD4017 decade counter T};&g l;ze; 5F ;;ns’ MN 56701

IC5—CD4043 quad R/ flip-flop Capacitors (25-volt) 1-800-334-

IC6 thru IC9—CD4503 tristate hex C1,C2—0.47-4F tantalum Jameco Electronics
buffer C3 thru C6—0.05-uF disc 1355 Shoreway Rd.

1C10,IC11,1C12—741.S193 4-bit C7,C8—100-4F electrolytic Belmont, CA 94002
up/down counter C9 thru C17—0.1-xF disc 415-592-8097

R ————_r o e e R R A e e e e e
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and S2 or selects IC9 and the other
half of IC8 to accept program data 1N?1§01 o5 Nour +25.2v
from the EPROM plugged into » 1 7624 e
MASTER socket SOJ. Only ‘‘read” T GND .| ci9
voltages are present on SO/ so that o—1 Y oe L 2 ?,\}2001 T 1000sF
no alterations can be accidentally Ve IN4001 w[ icie Jour v
made to the EPROM being copied. o pihics

Not shownin Fig. 2are C7and C8, o— v WG g DN €20 L e 2l e
which provide extra on-board dc fil- W 1000wF T ING001 1000w 1000 \D
tering, and C9, C10and C13 through Go
C17, which provide electrical noise ey
bypassing from the + dc lines to 2 T » = '7352 = e
ground in various parts of the circuit. bV 15;501 GnD

Figure 3 is the schematic diagram D13 L C22 €23 v
of the Programmer’s three-voltage ?V 1N4001 100047 10004
ac-operated power supply. Each of o GND
the output lines from this power sup- —°

ply is fully regulated and filtered.
Note that 24-volt regulator ICI5 is
raised 1.2 volts above ground by the
voltage dropped across diodes D10
and DI1. This gives an actual output
from this supply of 25.2 volts. HN482716

Wiring details for personality T,'\‘,”Tszzf:: T
modules for a variety of popular T
EPROMs are shown in Fig. 4.

Fig. 3. Three dc voltages are required by the Programmer for powering the cir-
cuitry and programming EPROM:s.
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Because this project makes extensive
use of integrated circuits, sockets
and other miniature components,
printed-circuit wiring is the recom- 10
mended method of construction. n
Though it is possible to wire the Pro- 2 4 3 1 y
grammer using Wire Wrap hardware
and wire, the many wire runs that INT2732 INT2732-A
must be made can easily result in wir-
ing errors. The basic project is wired
on three boards—one large one for
the programming circuits and two
smaller ones for the power supplies.

To keep the project as compact as
possible, a double-sided pc board
with plated-through holes is actually
needed for the main board. The actu- B el
al-size etching-and-drilling guides :
for both sides of this board are AN 3
shown in Fig. 5. The actual-size
guides for the two power supply
boards are shown in Fig. 6.

If you cannot have the double-sid-  Fig. 4. Different personality modules are required for different types of
ed board with plated-through holes = EPROMSs. Wiring for four such modules inside plug-in headers is shown here
made locally, you can purchase it for popular 16K and 32K EPROM:s.
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Computer Parts Galore, Inc.

1 800 431 9008

* % x CABLES * * *

PARALLEL...The standard cable used to hook up an IBM or
compatible to a printer.

8......58.95 10'......89.95
Serial Cables...DB2S to DB25-all pins connected

g....58895 10'......$9.95

. 1/2 HEIGHT, 48 TPi
PANASONIC JU455-5.........$100.00ea |  Extsion Cabls. Sepin cemronics comecion. Mle

2for $199.00 8..$1095 10...$1295 20...$19.95
QUMETRACK 142................. $79.95ea

DISC DRIVES

@ 360K CAPACITY, DSDD

All types are fully shieled

Don't Pass Up This Bargain!
AA SIZE NICADS

pack $1.79

pack $2.79

IBM COMPATIBLE KEYBOARDS

2 battery
4 battery

OTHER STUFF YOU MIGHT NEED

® Model 5151 (pictured).......ccoveinnnnad $74.95

Seperaio keypad and cursor pad. PC and XT compatibie. PC & XT extender board.
Parallel switch box x 2.
Parallel switch box x
Serlal switch box x 2...

Serlal switch box x

MONITOR CHASSIS

s Model 5060. $64.95

LED status panel, large rotum key, sutomatically switches

betwoen AT and XT! Parallel printer card, fully assembied,
fully addressabl $23.95
20 MEG hard drive - Seagaxr ST225 &
ca $389.95
Model 5150 $54.95 d
O T ..354.95 T =
. XT compatible. Laid ont just like the gemine article. Lightod '~ rrubtable power '“ppg,’n.% L

Num Lock and Cape Lock kays

3:!0( case. Great housing for our mother-
boards or you can put your real IBM stuff
inside. Takes side switch power supply.

i $4995

A complete monitor. Requires
composite video input and for
power it uses 21VAC. On
board controls for focus,

Model 5161 $88.95
© The biggost, the bost. Similar to 5151 but switches automatically
b XT and AT compatibiliry. Has a large rotum key.

Mounltor swivel base, 14° siz
Dust cover covers your manitor and your

640K Motherboards in your choice of flavors:
whale camputer. Don't take chances with

Flavor One: Totally Bare, no parts at all. Comes with a parts list.
Parts placement is clearly silk screened on the board. Not a turbo

board $29.95

Flavor two:Assembled & tested with OK installed. 2 layer
construction. BIOS included.........cccoevciennnerrcncne $129.95
Flavor three:Same as two but 4 layer............cco........ $149.95

e s 1 S—. . L. | ]
Oscllloscope probes-switch sclectable to
1x or 10x. In 10x, freq. response is DC to

150 Watt power supply-direct balt
replacement. Has four drive connectors &
motherboard connectars. 1 year warranty,
RCC typo accopied......................389 95

vertical hold, brigthness,
contrast, vertical size, hori-
zontal hold.
AMERICAN MADE!
A SUPER DEAL

$19.95

| FLAVORS TWO & THREE ARE TURBO (8MHz) BOARDS

Terms :our minimum order is $10.00. There is a
shipping and handling fee of 5% for UPS ground delivery.
Minimum shipping & handling is $2.00. If you want your
order sent COD, there is an additional $2.50 charge.

EOR COD ORDERS. we only accept CASH, CERTIFIED CHECK, OR
MONEY ORDERS unless you are a big corporation or have
previously established credit with us.

On phone orders, we also accept VISA, MASTER CARD, &
AMEX.

PREPAID MAIL ORDERS can be paid by personal check, but
allow two extra weeks for processing.

RETURNED ITEMS ARE SUBJECT TO A RESTOCKING FEE.

Computer Parts Galore, Inc.
56 Harvester Avenue
Batavia, NY 14020
NY RESIDENTS CALL
1 716 343 6133

CIRCLE 75 ON FREE INFORMATION CARD.




Fig. 5. Actual-size etching-and-drill-
ing guides for both sides of project’s
main printed-circuit board.

ready to wire from the source given
in the Note at the end of the Parts
List. This is the easiest—and recom-
mended—approach because all you
have to do is install the components
and solder them into place, rather
than running the risk of having the
top and bottom foil patterns being
misregistered and having to go
through a complicated and tedious
procedure to make do. (The power-
supply boards are not commercially
available from the same source as the
main board. Therefore, you must ei-
ther fabricate them yourself or have
them made locally.)

You can, of course, fabricate all
three boards yourself—even the dou-
ble-sided main board—using single-
sided techniques. A couple of tricks
when working with the double-sided
main board will yield a properly op-
erating project. Before you do any-
thing after fabricating your boards,
carefully read and do the following.

For the main board, the easiest
way around the plated-through di-
lemma is to install the ICs directly
and solder their pins to the pads on
both sides of the board. If you wish
to socket the ICs, use Molex Solder-
cons or Wire Wrap sockets to pro-
vide soldering access to the pin/pad
junctions on the top as well as on the
bottom of the board.

Soldercons are easier to work with
because you install them and solder
their pins to the board’s pads just as
you do for the pins of the ICs
themselves. If you use Wire Wrap
sockets, you must space them about
Y% " above the top surface of the
board to have soldering access and
work very carefully with a fine con-
ical or needle point soldering tip and
fine-wire solder to avoid creating
solder bridges between the closely
spaced soldering pads. No matter
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© what method you use to install the

ICs, Wire Wrap zero-insertion-force
(ZIF) sockets should be used for
SO1, SO2 and SO3.

The LED hex displays present a
problem because their pins are mold-
ed into cases with no pin/pad solder-
ing access when they are directly in-
stalled on the board. For these dz-
vices, you must use Soldercons or
Wire Wrap sockets. Also, note that
several pins that are not needed have
been left off the hex displays by the
manufacturer and that for these no
holes are provided on the board. So
when using Soldercons omit those
for which no holes are provided and
when using sockets clip the associat-
ed pins flush with the bottoms of the
sockets.

Pc-mount slide, toggle and push-
button switches generally have
shouldered lugs whose pins plug into
the board holes and provide limited
access for soldering on the top side of
the board. So you should have few
problems in this area, except if you
use keyboard-type switches for S6,
S7 and S8. If you do find yourself in
difficulty here, you have the option
of locating the switches off the board
—on a separate panel—and running
hookup wires between their lugs and
the appropriate holes on the board.
Thumbwheel switches S/ and S2 can
mount on the board regardless of
whether or not your board has plat-
ed-through holes.

Small components—like resistors,
capacitors, diodes and the transis-
tor—offer no obstacle in terms of
whether or not your main board has
plated-through holes. Because these
components have no hidden leads or
pins, it is a simple matter to solder all
leads to all visible pads on both sides
of the board.

If you are using a main board that
does not have plated-through holes,
refer to Fig. 7 and do the following
first. With a soft black pencil, mark

(. the locations of every point indicated

by a large solid black dot. Each of
these locations indicates a point
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Fig. 6. Actual-size etching-and-drilling guides for power supply boards.

where the conductor pattern on one
side continues on the other side of
the board and, hence, requires a wire
jumper to bridge the pads for the
hole so that the conductor pattern is
indeed continuous and the project
operates properly.

Use solid bare 22-gauge wire to
make the jumpers. Pass the end of
the wire through one hole until it
protrudes through the hole on the

other side of the board by about %’
and solder the short end to the pad
on that side of the board. Flip over
the board and solder the wire to the
pad on the other side. Allow the con-
nection to cool, and then clip the
wire close to the board. Repeat this
for all the holes you marked. There
are quite a number of these bridging
conductors; so work carefully to
make sure you get every one of them.

If you miss just one and discover it
after installing the component, you
may have to destroy the component
or an expensive socket to be able to
rectify your oversight.

Once the bridging conductors are
installed, you can proceed to popu-
late the main board. Start with in-
stallation of the sockets—not the ICs
themselves—so that you have unob-
structed soldering access to their

T T e R R T e e e e e s e A e T PO Pl Sl AT T S
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XT Mother Board/Bios

XT Turbo Board/Blos

Monochrome /Qraphic/Printer Card . . .
Monochrome Qraphic Card

Color Qraphlc/Printer Card

Color Qraphlc Card

XT Multi1/0 Card

XT1/0Plus 1

Floppy Disk Controller

RS232 Interface Card

Parallel Printer Card
Clock Card

Qame Card

Hard Disk Controller Card
Hard Disk/Floppy Disk Controller Card $123
XT 2 MB RAM Card

AT Mother Board/Blos

AT 3 MB Multifunction Card

AT 4 MB RAM Card

AT 1.2M Floppy Disk Card

EQA Card

AT HDC/FDC Controller w/Cable . .

.. $2215

KEYBOARDS
5151 Style AT /XT Keyboard
747 AT Style AT/XT Keyboard

POWER SUPPLY
® 150 Watt XT Power Supply
® 200 Watt AT Fower Supply

MONITORS

PARCO (Sony)
Helght Resolution
12 ” 80° Monitor 800
X 700 Lines With
Mon-Qlare
Screen/Swlvels
Base Amber. $115

® SAMSUNQ — Amber
TAXAN 620 Color
TAXAN 630 Super Hl-Res. Color
TAXAN 640 Super Hi-Res. Color
TAXAN 760 EGA Monitor
PRINTERS
RITEMAN PLUS (120 cps. 80 col.)
RITEMAN -15(160c¢cps. 136¢col.) ... ... $345
BROTHER M1509 (180 cps. 136 col.} . .. $395

DRIVES
TEAC 360K Floppy Drive
FUJISU 360K Floppy Drive
CHINON 360K Floppy Drive
20MB Hard Disk /WD
30MB Hard Disk /WD
1.2MB TEAC AT Drive

CHASSIS
Flip Top XT Case
Slide Off XT Case
AT Jr. Style XT Case

All Cases Include Speaker/Hardware
MODEMS
® Internal Modem-Everex
Select 300/1200 bps,
Communication Software
answer /dial.
® External Modem-Smarteam

powerful
Included. Auto

Fig. 7. Wiring diagram for main board.
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pin/pad connections on the top of
the board. Use only enough solder to
assure a good electrical joint on the
component side of the board at each
connection point.

After installing the sockets, mount
the transistor and diodes in their re-
spective locations, taking care to
properly orient them according to
Fig. 7. Use soldering heat judiciously
to avoid damaging these compo-
nents. Then install and solder into
place the capacitors (observe polari-
ty where required). After soldering
the leads of all components to the
pads on the bottom, flip over the

—r

board and do the same for all leads
on the top of the board.
Thumbwheel switches S/ and S2
drop into the cutout area in the low-
er-right of the board. Connections
from their lugs to the appropriate
holes in the board are made with in-
sulated hookup wire with % * of in-
sulation removed from both ends.
When all components, except the
ICs and displays, have been in-
stalled, carefully inspect the board
for poor soldering and for solder
bridges, especially between the close-
ly spaced IC and socket pads with re-
spect to the latter. Reflow the solder
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Fig. 8. Wiring diagram for power supplies.

at any suspect connection and re-
move excess solder to clear away any
solder bridges you discover.

If you have purchased the com-
mercial plated-through-hole board,
all you have to do is stuff it with the
components and sockets according
to the wiring details in Fig. 7. Solder-
ing of each connection need be done
on the bottom side of the board only
because the plating completes the cir-
cuit and draws solder to the top-of-
the-board connections by capillary
action. Use solder judiciously to
avoid creating solder bridges be-
tween the closely spaced conductors
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of the foil pattern. Do not install the
displays and ICs in their sockets yet.

Now wire the power-supply
boards, referring to Fig. 8 for de-
tails. These single-sided boards re-
quire soldering on only one side.
Make sure you properly orient the
rectifier diodes and electrolytic capa-
citors and double check that the cor-
rect transformer is installed on each
board before soldering any leads or
pins to the copper pads.

You can house your Programmer
in any enclosure of your choice that
is large enough to accommodate the
two power-supply and main boards
and provides a panel on which to
mount any switches you decide to lo-
cate off the board. The prototype of
the Programmer project was housed
inside a home-made wooden enclo-
sure with a hinged top, as shown in
the lead photo. The flip-up top was

made deep enough so that it does not
interfere with the circuitry—includ-
ing the retrofit expansion add-on
board that will be described next
month. It also has room for handy
storage of the personality modules.

Only after the Programmer is in-
stalled in its enclosure (do not forget
to wire the power supplies to the
main board), should you install the
LED hex displays and integrated cir-
cuits. Make sure as you install these
devices in their sockets that you ori-
ent them as shown in Fig. 7 and that
no pins fold under or overhang the
sockets. Also, practice safe handling
when working with the ICs, since
these devices can be damaged by stat-
ic electricity.

Using the Programmer

Plug the EPROM Programmer’s line
cord into an ac outlet and set AUTO/

MANUAL switch S3 to MANUAL. In
this position, nothing happens until
a pushbutton switch is pressed. Set
COUNT DIRECTION switch S4 to UP
and MANUAL/COPY switch S5 to
MANUAL to accept programming
data from thumbwheel switches S/
and S2. Press and release RESET
switch S8 to set the counter to 000.
Momentarily set S3 to AUTO and
note that the counter starts incre-
menting sequentially. Return S3 to
MANUAL and press and release S8 to
reset the counter to 000.

Select the proper personality mod-
ule for the EPROM to be pro-
grammed and plug it into PERSONAL-
ITY socket SO3. Plug the EPROM to
be programmed into PROGRAM sock-
et SO2. The Programmer is now
ready to run a manual-entry program.

Enter the program data for the
first address by setting S/ and S2.

’_-------------------------------

AFFORIDABL EY
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patio mount that sets up in 30 seconds!

PORTABLE SATELLITE SYSTEM

¢ Aztec 5 fi. spun aluminum antenna - beige powder coated with

— SPECIAL —
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XT SYSTEM 3-BASIC TURBO
FCC approved ¢ IBM® |

* XTtype case * 150-watt power supply
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I Floppy Disk Controller No. 99010 $75 « 360 KB 40 track direct drive No. 96840 .
« Drives 2 internal dsives * Includes cabh
I No. r;m e " . reludes canle 329 No. 96360 text only : 354
Parallel Printer Card $ 640K RAM Expansion Board $ 4 4 MODEMS
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Multi /O Card RS 232 Serial Port Board 327 SmarTeam
I « Builtin floppy controller that can drive 2 floppy drives No. 92310 . .. ... .. . Hay_es compatible « 300/1200 BAUD * Auto answer/redial ®
1 RS 232 serial port * Calendar clock © Paratlel printer port Clock/Calendar Card LED lights 81 57
I « Joystick adapter s « Built-in calendar « Real time clock 329 :aa?;igg‘ odem :
No. 96770 . . 88 oo « Auto answer, dial, & redial * PC talk Ill software inciuded <
I Hard Drive Controller Board Color Gmphics Board Automatic selttest on power up 8
 Controls 2 hard drives from 5 mb to 32 mb $ « RGB & composite port « Light pen interface  Graphics 320 No. 97070 . 87
No. 96230 . . . 1 1 0 x 200 (color) 640 x 200 (B/W) * Text 25 x 80 $ Internal Modem
« Controls 2 hard & 2 ﬂoppy drives S1 30 No. 92280 o . . 65 ;‘/2 size can; b‘(:00/1200 BAUD « Bell 103/212A compatible «
S
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The LED hex displays should read
FF if there is no program data at that
address. Push the PROGRAM button
and, as you release it, notice that the
program data entered is displayed on
DIS4 and DIS5. This completes your
first entry.

Press and release STEP button S7

to advance the counter by one step
and program in your next data entry.
Then keep programming in data at
each successive address according to
the program you wish to burn into
the EPROM.

You can reverse count direction at
any time to check cntered program

af fordable prices

Our credentials are impeccable — triendly service, superb
quality, affordable prices and quick delivery.

All of these things can be found in our latest
catalog. And we've reserved a copy especially for
you. To receive yours, simply call TOLL-FREE.

1-800-543-4330
In Ohio 1-800-762-4315
In Hawaii or Alaska
1-800-858-1849

858 E. Congress Park Drive ¢ Centerville, Oh. 45459

MCM ELECTRONICS

A PREMIER Company

Source No. ME-20

CIRCLE 2 ON FREE INFORMATION CARD
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data at any previous address by set-
ting COUNT DIRECTION switch S4 to
DOWN. It is a good idea to record on

paper each step of your program as it

is entered so that if you stop in the
middle of a programming job you
can return to where you left off when
you resume programming.

Some EPROM s will instantly read
programmed data, while others will
have a short lag between the time the
data is programmed and when the
data appears in the display. This de-
lay is in the display circuitry and only
when in the manual mode and you
wish to see a piece of data.

To read data from an EPROM
that has already been programmed,
plug into the PERSONALITY socket
the appropriate personality module
and plug the EPROM into the PRO-
GRAM socket. Set SI and S2 to read
location FF to insure that the existing
program does not become altered
should the PROGRAM button acci-
dentally be pressed during the read
operation. Step through the
EPROM'’s addresses with the man-
ual STEP button. The data for each
address will appear in DIS4 and DISS5.

To copy an EPROM, set S3 1o
MANUAL to stop the action. Set S4 to
UP and S5 to COPY to accept data
from the programmed EPROM.
Plug the EPROM to be copied into
the MASTER socket and the EPROM
to be programmed into the PRO-
GRAM socket. Set S3 to AUTO to start
the Programmer copying at a rate of
2.5 to 3 addresses per second. This is
a slow enough speed for you to see
the data being displayed to verify
that programming is taking place.

Coming Next Month

This completes the information on
constructing and using our basic 32K
EPROM Programmer. Next month,
we will show you how to upgrade the
basic Programmer so that you can
program and read 64K 2764 and
128K 27128 EPROMs with a plug-in
add-on board that retrofits on the
main programmer board.
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Project

Inexpensive Wireless

Headphones

A simple induction system lets you listen to audio sound in
privacy without disturbing others in the same room

By Philip Kane

ave you ever wished you
could hear the sound from
your TV receiver, radio or

hi-fi system without bothering anyone
else in the same room — but dislike us-
ing headphones with a long cable teth-
er? Perhaps you thought of buying a
commercially available infrared wire-
less headphone system but didn’t want
to pay its hefty price. If you’d really
like the convenience of wireless head-
phone listening without breaking your
budget, our low-cost mono induction
headphone system provides an inex-
pensive solution.

You can build this wireless head-
phone system for about $25, including
the low-cost phones (if you don’t al-
ready have them). The project is built
around readily available components,
many of which you may already have
on hand. Though our wireless head-
phones do not provide for stereo lis-
tening, they do produce good audio
quality for mono listening.

How it Works

Three basic elements make up the
wireless headphone system: a trans-
mitter, an antenna and a receiver.
The transmitter you already have in
the form of your TV receiver, radio,
hi-fi system or shortwave receiver.
All you need to transform these into
a transmitter of audio signals are a
resistor and a long loop of wire to
serve as a load/antenna system. The
receiver can be any battery-powered

audio amplifier that is small enough
for you to conveniently carry around.
All you need to convert the amplifier
into a ‘‘receiver’’ is an inductive
pickup coil that you can purchase
from your local electronic parts store.

A loop of wire you string com-
pletely around the perimeter of the
room in which you have the equip-
ment to which you wish to listen
serves as the transmitting antenna.
As shownin Fig. 1, the loop connects
across the ‘‘transmitter’s’” output
terminals. Since this wire is rarely
long enough to have a safe enough
resistance to prevent damage to the
equipment’s amplifier, load resistor
R9must be installed in series with the
antenna as shown.

The value and power rating of R9
must be chosen to match the charac-

teristics of the speaker output cof the
transmitting amplifier. For example,
if your amplifier is rated at 25 watts
into 8 ohms, you would use a 25-watt
power resistor whose value, when
added to the resistance of the wire
used for the antenna, is 8 ohms.

The system works in much the
same manner as an ordinary trans-
former does. That is, the transmit-‘
ter’s antenna and the receiver’s tele-'
phone pickup coil serve as the pri-
mary and secondary windings, re-
spectively, of the ‘‘transformer.”’
The ac signal (the audio signal) is
coupled through the ‘‘primary,”’
which creates an electromagnetic sig-
nal that travels through the air. This
signal is intercepted by the ‘‘second-
ary,”’ which converts it into a current
that is then coupled into an amplifi-

R9

SPTAKLM TCmWMIMNALSL

4 o 4 il -

-

IMFETANCE WA TCHIMNG
RESIZTOR

TRANSMITTER
{any audio amplifier)

&

RECEIVER

Amplifier

Headphones

&Y

=3

WIRE AROURD PERIMETER OF ROOW

Fig. 1. Overall functional diagram of inductive wireless headphone system.
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er. The ‘“‘receiver’’ then amplifies the
weak signal to a level sufficient to
drive headphones.

Though you can purchase a com-
pact battery-powered audio amplifi-
er that can serve as the receiver for
your wireless headphone system, it is
more fun—and usually less expen-
sive—to build your own. A typical
example of a circuit for such an au-
dio amplifier is shown in Fig. 2.

Operation of the Fig. 2 audio am-
plifier is quite simple. An ordinary
telephone pickup coil plugged into
INPUT jack JI serves as the receiver’s
antenna that picks up the audio sig-
nal from the transmitter. This signal
is passed through RI into the base of
preamplifier Q/, which boosts the
low-level signal to drive the ICI op-

erational amplifier via its noninvert-
S

ing (+) input. Additional gain is
provided by ICI, sufficient to drive
mono headphones plugged into
OUTPUT jack J2. Potentiometer R/
serves as the volume control for
the receiver.

Resistors R6 and R7 and capaci-
tors C2 and C3 isolate the QI pre-
amplifier and ICI amplifier stages
from each other. This is done to pre-
vent feedback that could otherwise re-
sult in unwanted circuit oscillation.

Power for the amplifier is pro-
vided by an ordinary 9-volt transis-
tor battery connected between the
+9 V terminal and circuit ground.
You might wish to install an spst
switch between the positive terminal
of the battery and amplifier circuit.

Note in Fig. 2 that a phono jack is
shown at the receiving amplifier’s

INPUT. This jack is optional. If you
plan on using the amplifier as a dedi-
cated mono headphone receiver, you
can permanently wire the telephone
pickup coil directly across R! and
eliminate JI altogether.

Construction

The very simple receiver circuit can
be assembled with any of the tradi-
tional wiring techniques. You can
fabricate and use a printed-circuit
board of your own design or assem-
ble the circuit on perforated board
using a socket for IC1 and other sol-
dering hardware. In fact, the circuit
is so simple, it can be assembled on a

small solderless socket.
When assembling the receiver cir-

cuit, make sure you observe the pro-
per polarity of the electrolytic ca-

C7,C8—0.04-uF elecrolytic
C9—220-4F electrolytic

Resistors (%-watt, 10% tolerance)
R2—47,000 ohms

J1—Phono jack (optional; see text)

J2—Miniature phone jack
Printed-circuit board or perforated
board and suitable soldering hard-

+9V
R6 R7
270 22
R2 R4 c2 l. .J_ c3 lcr
47K 10K 10uF I I 100uF T 0.04uF
1 4 c6
- - 10uF
g c9
o}l “y El P
c1 2N3904 ca mis 22?,“ F 42
4.7uF Y | p—
ol e 2.2uF o e~ T
LS i T c8
J1 0.04uF
INPUT FROM%
PICKUP COIL
R3 RS c5 |+ R8
4.7k 470 WwkT 10
<
PARTS LIST

Semiconductors R3—4,700 ohms ware (see text); socket for ICI;
IC1—1.M386 operational amplifier R4—10,000 ohms plastic enclosure for receiver; tele-
Q1—2N3904 or similar npn transistor R5—470 ohms phone pickup coil (available from
Capacitors (15 volts) R6—270 ohms Radio Shack telephone section and
C1—4.7-uF electrolytic R7—22 ohms other electronic/telephone  part
C2,C6—10-xF electrolytic R8—10 ohms stores); 9-volt transistor battery and
C3—100-F electrolytic R1—5,000-ohm audio-taper snap connector; load resistor for
C4—2.2-uF electrolytic potentiometer transmitter antenna (see text for
C5—1-4F electrolytic Miscellaneous value/power rating); mono head-

phones with miniature plug; heat-
shrinkable tubing; machine hard-
ware; hookup wire; solder; etc.

Fig. 2. Schematic diagram of “‘receiver’’ amplifier.

_
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pacitors, properly orient the transis-
tor and operational amplifier, and
keep all lead lengths as short as possi-
ble. It is just as important that you
wire the battery’s snap connector to
the proper points in the circuit.

When you have your receiving am-
plifier assembled, select a suitably
sized enclosure in which to house it.
The enclosure should be plastic and
should be large enough to accommo-
date the circuit assembly, 9-volt bat-
tery, jacks, power switch and volume
control R1. If you plan on making
the telephone pickup coil an integral
part of the receiver, the enclosure se-
lected should be large enough to ac-
commodate it, too.

To make the transmitter, run a
length of insulated hookup wire com-
pletely around the room in which
you plan to listen. Strip about %” of
insulation from both ends of the wire
and connect one end to either speak-
er output terminal on the transmit-
ting amplifier. Using an ohmmeter,
measure the resistance of the anten-
na wire. Then select a value for R9
that, when added to the resistance of
the wire, is the same as the output
rating of the amplifier. For example,
if the wire’s resistance measures 1
ohm and your transmitting amplifi-
er’s output is rated at 8 ohms, R9’s
value should be 8 ohms — 1 ohm, or
7 ohms. If you can’t find a resistor of
the calculated value, use the next high-
er standard value. In our example,
you would use an 8-ohm resistor.

Remember, too, to choose a resis-
tor for R9 whose power rating is the
same as or greater than the maxi-
mum output power rating of your
transmitting amplifier. If you’re us-
ing an amplifier rated to deliver 50
watts (use the per-channel rating if
it’s a stereo amplifier), R9 should be
rated at at least 50 watts. If in doubt,
always use a higher-power resistor.

Clip both leads of R9 to 1” in
length and form a small hook in
both. Prepare a 6” to 10" length of
insulated hookup wire by removing
% " of insulation from both ends. Slip
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2" lengths of small-diameter heat-
shrinkable tubing over the free end
of the antenna wire and the just pre-
pared hookup wire. Crimp the free
end of the antenna wire to one lead
and one end of the hookup wire to
the other lead of R9. Securely solder
both connections. Then push the
heat-shrinkable tubing over the con-
nections and against the body of the
resistor and shrink tight.

Connect the other end of the
hookup wire to the other speaker ter-
minal. If you are using a stereo am-
plifier as your ‘‘transmitter,”’ make
sure you use the speaker terminals
for a single channel. Don’t bridge
from a speaker terminal in one chan-
nel to a speaker terminal in the other.

System Operation

To test your wireless headphone sys-

tem, connect the telephone pickup
coil and headphone to the receiving
amplifier and turn on the ‘‘transmit-
ter.”” Set the latter’s volume control
to a low to moderate level. Turn on
the system’s receiver and slowly turn
up the volume via R1 until you hear
the audio signal. If you notice that
power-line noise is interfering with
reception, reorient the pickup coil to
reduce it to a minimum. (Using a
smaller value for CI will also help,
though bass response of the system
will suffer a bit.)

Once you know that your wireless
headphone system works as de-
signed, you’re ready to listen in pri-
vate. If you are using it with a
““transmitter’’ that you wish to also
use in the normal manner, you might
wish to install a switch that will let
you disable its speaker(s) and switch
in the antenna as needed. ME

SURPRISE!

You don’t have to be a licensed
ham to join ARRL and receive
QST every month.

Join the over 10,000 radio enthusiasts who are un-
licensed ARRL ASSOCIATE MEMBERS, and receive
QST every month. It's jam-packed with articles and
columns on ham-DX, VHF-UHF, “Making Waves”
— for young hams, radio clubs, emergency com-
munications, antennas and simple build-it yourself
projects up through the cutting edge of communi-

cations technology. We hope to have you as

a member!

MEMBERSHIP APPLICATION
Name

Street

City Prov./State

_ PC/Zip

O Yes! Sign me up as an ARRL member. Send me 12 big issues of QST and
my membership certificate. Enclosed is $25 ($33 outside of the US)
O Please send me information on how to become a licensed radio amateur

Expires

Bank. No

Expires

The American Radio Relay League

225 Main St.

Newington, CT. 06111

USA

CIRCLE 18 ON FREE INFORMATION CARD
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Project

A Radio-Controlled

Doorbell

This wireless system makes it easy to add remotely
located doorbells so that you can hear someone
ringing you at an outside entrance while you are
in the basement, attic or other distant area

By Anthony J. Caristi

home or apartment defective?

Or would you like to know
when a visitor or delivery person
rings your entrance doorbell when
you are in your basement, workshop
or attic, on your patio, or even when
you are at poolside? The Radio-Con-
trolled Doorbell presented here of-
fers an easy solution to all these situ-
ations. It uses radio waves to bypass
the problems posed by running wires
throughout your home. Its only con-
dition is that the remotely located re-
ceiving element that contains an at-
tention-getting piezoelectric buzzer
(instead of a bell or chime) must be
positioned close to an ac outlet to
provide power. The small transmit-
ter, on the other hand, is battery
powered.

This project takes advantage of
Part 15.205 of the FCC Rules and
Regulations that permits unlicensed
transmitters to be operated as re-
mote-control devices, providing that
the r-f energy of the fundamental
carrier frequency does not exceed
1,250 microvolts per meter at a dis-
tance of 3 meters. Operating at very
low power, the Doorbell’s transmit-
ter is legally limited in length, but
there is no length restriction on the
receiver’s antenna. It is even possible

I s the doorbell wiring in your
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to take advantage of the enormous
signal-gathering power of your
home’s ac power wiring.

Construction of the Doorbell sys-
tem has been designed to be simple.
The only requirement is that you
must use printed-circuit wiring as de-
tailed here. Since the system operates
at high frequencies, point-to-point
wiring on perforated board is not an
acceptable alternative.

About the Circuit

Two basic elements make up the
Doorbell system. These are the re-
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ceiving module and its power supply,
and the miniature transmitting mod-
ule. The schematic diagram of the
basic receiver, minus its power sup-
ply, is shown is Fig. 1. This tuned ra-
dio-frequency (TRF) receiver is built
around just two integrated circuits
and their support components, plus
a piezoelectric buzzer.

Differential r-f amplifier IC/ hasa
voltage gain of approximately 400
(52 dB). One input of this IC is
grounded; the other is driven by an
r-f signal intercepted by the antenna.
The r-f signal appears across the
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PARTS LIST
Semiconductors Shack Cat. No. 272-1340 or similar) T1—12.6-volt, 300-mA power trans-

D1 thru D4—1N4001 silicon rectifier
diode

D5—1N34A germanium detector diode
(Radio Shack Cat. No. 276-1123 or
similar)

D6—1N4148 silicon switching diode
(Radio Shack Cat. No. 276-1122 or
similar)

D7,D8—6.8-volt zener diode (IN5235
or similar)

IC1—MCI1733CP differential amplifi-
er (Motorola)

IC2—LM741CN operational amplifier
(Radio Shack Cat. No. 276-007 or
equivalent)

Q1—2NS5179 npn high-frequency tran-
sistor

RECT1—50-volt, 1-ampere bridge rec-
tifier

Capacitors (15 or more working volts)

C1,C13—5-t0-60-pF trimmer (Radio

C2,C3,C6,C8,C15—0.1-uF ceramic disc

C4,C5—0.002-4F ceramic disc

C7—0.01-u4F ceramic disc

C9,C10—470-4F electrolytic

C11—10-pF, 100-volt ceramic disc

C12—0.001-xF ceramic disc

C14—10-pF ceramic disc

Resistors (V4-watt, 5% tolerance)

R1,R2—1,000 ohms

R3—22,000 ohms

R4—15,000 ohms

R5—22 ohms

R6—47,000 ohms

R7,R8—56 ohms

R9—33,000 ohms

R10—150 ohms

Miscellaneous

B1—9-volt transistor battery

L1,L2—R-f coil (see text)

S1—Spst momentary-action, normal-
ly-open pushbutton switch

former (Radio Shack Cat. No. 273-
1385A or similar)

Piezoelectric buzzer (Radio Shack
Cat. No. 273-069 or similar); print-
ed-circuit boards (see text); wire for
L1 and L2; suitable enclosures for re-
ceiver and transmitter; ac line cord
with plug; zip cord (see text); battery
holder and snap for BI; stranded
hookup wire for antennas; machine
hardware; hookup wire; solder; etc.

Note: The following are available from:
A. Caristi, 69 White Pond Rd., Wald-
wick, NJ 07463: Etched and drilled trans-
mitter pc board for $3.00; etched and
drilled receiver pc board for $6.00;
MC1733CP integrated circuit for $3.75;
2N5179 transistor for $3.50. Add $1.00
S&H; New Jersey residents, please add
state sales tax.

Fig. 1. Schematic diagram of receiver minus its power supply.

tuned circuit composed of L]/ and
C1. The incoming signal is coupled
through CI1 into the tuned circuit,
which must be tuned to the carrier
frequency of the system’s transmit-
ter. This signal is then passed into
IC1 through input pin 14.

Variable capacitor C/ in the tuned
circuit provides a means for tuning
the receiver to the system’s transmit-
ter carrier. This is necessary to assure
that only the system’s transmitter—
not a standard broadcast FM trans-
mitter operating near the same fre-
quency—triggers the ‘‘bell.”’

Say You Saw It In Modern Electronics

Only one of ICI’s differential out-
puts, at pin 7, is used in this applica-
tion. The amplified r-f carrier volt-
age that appears at pin 7 is detected
by D5 to produce a dc voltage that is
then fed to the noninverting (+) in-
put of operational amplifier IC2 at
pin 3. Capacitor C6 attenuates any
unwanted noise pulses that might be
detected by the receiver, which could
otherwise result in spurious opera-
tion of the buzzer. Op amp IC2 is
configured as a voltage comparator
in this setup. This arrangement takes
advantage of the operational ampli-

fier’s very high gain without requir-
ing negative feedback.

The inverting (—) input at pin 2 of
IC1isbiased with a positive potential
of about 10 millivolts to ensure that
the output at pin 6-is driven to about
— 5 volts when no signal is detected
by the receiver. This cuts off D6 to
ensure that the buzzer remains silent.

When an r-f signal from the sys-
tem’s transmitter appears at output
pin 7 of IC1, the positive voltage that
results due to detection by DS5 is suf-
ficient to drive the pin 3 input of IC2
to a level that is greater than 10 milli-

e
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““Due to high r-f frequencies, printed-circuit wiring is mandatory”’

volts at output pin 6. Since this is
greater than the bias level delivered
to inverting input pin 2, the output of
the op amp is driven to about +5
volts, which is sufficient for D6 to
conduct and turn on the buzzer.

Power for the receiver is supplied
from the 117-volt ac line with the
power supply shown schematically in
Fig. 2. Note that this is a bipolar
power supply that delivers both the
+6.8 and — 6.8 volts with respect to
ground required by the receiver cir-
cuit. The + 12 and — 12 volts out of
the DI through D5 bridge rectifier
circuit are regulated down to the de-
sired + 6.8 and — 6.8 volts by zener
diodes D7 and D8 to ensure that the
voltages fed to IC1 do not exceed the
IC’s maximum ratings under any
power-line variation conditions.

Power consumption of the receiv-
er is less than 5 watts. So it is eco-
nomical to leave it on continuously
(average power consumption cost
should not exceed 25¢ to 30¢ per
month). For this reason, no power
cord or switch is included in the cir-
cuit. If practical, the receiver’s pow-
er supply can be wired directly into
your house wiring so that it is always
ready to signal when a caller
‘“‘rings.”’ Alternatively, youcan use a
standard ac line cord and plug this
into a convenient ac outlet.

Shown in Fig. 3 is the system’s
simple transmitter. It consists of a
single-transistor oscillator powered
by a common 9-volt transistor bat-
tery and operates at a carrier fre-
quency of approximately 88 MHz.
Operating frequency is basically de-
termined by the tuned circuit made
up of L2 and CI3. Capacitor C13 is
variable to allow the oscillator’s fre-
quency to be set to a point at the low
end of the FM radio dial where there
are no broadcast transmitters oper-
ating to ensure against interference.

Transistor QI is specifically de-
signed for use in very-high-frequen-
cy (vhf) oscillator and amplifier ap-
plications. Its base is held at r-f
ground potential by CI12. The

5 T
D1 D2 R7
56
117Vac " 12.6V AAN —0 +8.8V
g2 +l C9 407
‘ D4 T a70uF 1N5235
5 o -0 Ground
= . ‘_4: R8 D8
NOTE: 470012 i 56 F 1ns23s
D1-D4 = 1N4001. H AN 0 68V

Fig. 2. Schematic diagram of receiver’s ac-line-operated power supply.

L2/C13 tuned circuit is in the collec-
tor circuit. The feedback path that
initiates and maintains oscillation is
through Ci4.

An unmodulated carrier that can
be detected by the system’s receiver is
generated by the transmitter whose
schematic diagram is shown in Fig.
3. The transmitter is unpowered ex-
cept when ‘‘doorbell’’ pushbutton
switch S/ is pressed. It remains pow-
ered only as long as this switch is held
closed. Since in this doorbell applica-
tion the battery is used infrequently
and only very briefly when S/ is
pressed to signal a caller, BI’s useful
life should approach what its normal
shelf life would be. Generally, this
would be a year or more.

Construction

Due to the very-high r-f frequencies
involved in this system, printed-cir-
cuit wiring is mandatory, both to en-
sure proper operation and to con-
form with FCC regulations. Each of
the two circuit boards in this project,
one for the receiver and the other for

the transmitter, must be double-sid-
ed. This is necessary because one side
of each board must serve as a ground
plane for the circuit.

If you plan to fabricate your own
pc boards, use the actual-size etch-
ing-and-drilling guides shown in Fig.
4. Start with pc blanks that are cop-
per clad on both sides. Mask off the
side that will be the tops of the
boards to make sure that when etch-
ing the copper on this side remains
intact. If you prefer not to make
your own pc boards, you can pur-
chase them ready to wire from the
source given in the Note at the end of
the Parts List.

Although the top (component-
mounting) sides of the pc boards are
solid copper, certain holes on each
must be cleared of the conductive
copper cladding so that component
leads and pins do not short out. It is
not necessary (or even advisable) to
etch the copper from these areas, as
you do for the conductor traces and
pads on the bottom (solder) side of
the board.

After etching and bottoms per the
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Fig. 3. Schematic diagram of system transmitter.
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etching-and-drilling guides, you drill
all lead and pin holes. Then refer to
Fig. 5 and carefully mark on the cop-
per cladding only those holes indicat-
ed. Then use a sharp %" drill bit to
remove only enough copper around
each marked hole to assure that the
component leads or pins that are to
go into them will not short out to the
ground plane. Work carefully to
avoid drilling clear through the
board. As you complete removal of
the copper for each component’s
leads or pins, test install the compo-
nent and check to make sure enough
copper has been removed.

Coils L1 in the receiver and L2 in
the transmitter must be hand-
wound. This is a simple operation
that requires only a % ” coilform (a
standard wooden lead pencil will do)
and a length of No. 20 enameled
magnet wire. Simply wind five turns
of the wire for each coil, leaving
about %" of lead length at each end
of each coil. After winding each coil,
slip it off the coilform and use a
sharp knife to scrape away % ” of the
insulating enamel from the lead
ends. Then carefully spread the coils
so that their leads plug into the pro-
per holes of the receiver and trans-
mitter boards (left and right, respec-
tively, in Fig. 6). Space the turns of
the coils evenly. Remove the coils,
identify which is which, and set them
aside until called for during circuit
board wiring.

Referring to the left guide in Fig.
6, wire the receiver board exactly as
shown. When you install trimmer ca-
pacitor CI, mount it so that the ad-
justment slot is connected to the
““‘cold”’ side of the circuit. Failure to
do this can result in a difficult-to-
tune circuit. You can use sockets for
the integrated circuits to facilitate
easy replacement should either or
both become defective during the cir-
cuit’s lifetime. Even though pin 1 of
IC1 is to go to ground, this will be
adequately accomplished by solder-
ing its socket pin on the bottom of
the board.
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Fig. 4. Actual-size etching-and-drilling guides for receiver and transmitter.

As you install the components on
the receiver board, ground-plane
side up, make sure you properly ori-
ent the diodes, electrolytic capacitors
and power transformer, and make
sure that you do not forget LI.
Solder all leads and pins to the pads
surrounding the holes through which
they pass on the bottom of the
board. Then flip over the board and
note which component leads are to
be soldered to the ground plane, as
evidenced by those that pass through
holes that are not cleared of copper.
In each case where a component lead
is to connect to the ground plane
make a good soldered electrical con-
nection. This is very important be-

cause if you fail to make these ex-
tremely short ground connections,
the circuit will not operate as desired
at the very-high 88-MHz frequency
for which it is designed.

Install the ICs (or sockets) in their
respective locations, making certain
that they are properly oriented. Sol-
der the pins only to the pads on the
bottom of the board. All pins of both
ICs should pass through holes that
have been cleared of ground-plane
copper. Hence, no IC pin should be
soldered to the ground plane. When
you are finished wiring the board
carefully inspect it for solder bridges

(Continued on page 98)
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Fig. 5. Top views of top (ground-plane) sides of receiver (left) and transmitter

(right) pc boards showing holes that must be cleared of copper cladding.
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W/ HARDWARE HACKER |/

Thermoelectric modules, multiple video monitor setups, $5 toner
cartridge refills for laser printers, unique hacker sources

By Don Lancaster

There have been a lot of help-line calls
lately, with a lot of you working on some
really exotic things, like home recorded
CD disks using photo techniques, neon
sign sequencers, cattle weighing stations,
vehicle position sensing, gas-leak alarms,
laser-printed sheet music, voice synthe-
sizers, perspective drawing software, ca-
pacitance meters and bunches more.

I guess it was Pogo that first intro-
duced the concept of the insurmountable
opportunity. We seem to be buried in
them today. One thing fer sure, there
never was a time like the present to be in-
to hardware hacking. There’s so much
out there that can be done in so many
newer, better, cheaper, and more power-
fully different ways.

But, my oh my, where do we even
start? Maybe by asking . . . .

How do thermoelectric
modules work?

They don’t! At least not well.

Since there has been mucho interest on
this, let’s have at it anyway. A thermo-
electric module is a solid-state cooling de-
vice. All you do is input a current, and
heat moves through the device, cooling
one side and heating the other.

Figure 1 shows a typical package. This
one is the Cambion No. 801-2007. Simi-
lar units are also available from Melcor.
This dude measures some two inches
square and can move up to 22 watts
of heat when powered by a 12-volt car
battery at 7 amps. Cost is in the $20 to
$30 range.

Solid-state cooling modules use the
Peltier effect. Figure 2 shows details.
You start with bismuth telluride or some
other semiconductor. Then cut it into
blocks while heavily p-doping some of
them and n-doping others.

When a current is applied in the proper
direction, the electron carriers in the n
material and the hole carriers in the p ma-

Fig. 1. Typical thermoelectric module.

terial ‘“tow’’ thermal energy along with
their motion. In both cases, the heat gets
moved downward, creating a hot side
and a cold side.

The amount of heat you move depends
highly upon the temperature differential
you have to maintain. As Fig. 3 shows,
this particular device can hold a 60-de-
gree C difference between the hot and
cold side provided you pump no heat
through it. On the other hand, if you
maintain both sides at the same tempera-
ture, you can pump up to 22 watts of heat
through the device.

In most uses, of course, you will both
want to cool something and move heat,
so you must use the middle of the curve.
For instance, you can pump 8 watts of
heat at a 40-degree centigrade drop. To
put this into perspective, this module

can, under ideal conditions, make a small
ice cube in around one hour.

The trouble is that conditions are never
ideal for TE modules. There are a num-
ber of nasty gotchas that will gang up on
you when you try to use them.

Thermoelectric modules are rather ex-
pensive, mostly because they have not
been improved one iota in the last two de-
cades. Worse yet, these modules are hor-
ribly inefficient. In a typical use, you
have to input § watts of power to provide
just 1 watt of cooling. Mechanical air
conditioners are almost 50 times more ef-
ficient than this!

The heat sink you connect the hot side
of the module to must be absolutely flat,
machined to within 0.001 inch over its en-
tire area and carefully covered with a thin
layer of thermal grease. Obviously, those
portions of a module not thoroughly
contacting the heat sink cannot deliver
any useful cooling.

The real killer to most TM module ap-
plications lies in the thermal drop be-
tween the heat sink and the ambient tem-
perature. For higher-power uses, a fan or
water cooling is almost essential.

For instance, alarge plain old heat sink
will have at best a 1-degree C-per-watt
temperature rise above ambient. Say you
want to pump the 8 watts at a 40-degree
drop. The heat sink will have to sink
these 8 watts, plus an additional 32 watts
or so of input power for a total of 40
watts. At 1 degree C per watt heat sink

cold

Electron carriersin N
material "tow" heat
energy downward.

(+)

Hole carriers in P
material "tow” heat
energy downward.

)

hot

Fig. 2. How a thermoelectric module works.
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Fig.3. In thermoelectric modules, heat pumped depends on temperature difference as

shown here.

rise, the heat sink will warm to 40 degrees
C above ambient temperature.

So, a low thermal drop from heat sink
to ambient is absolutely essential. Also
essential is an incredible amount of insu-
lation around whatever you are cooling,
for any net heat into the area being cooled
will only make matters much worse than
they already are.

The modules are reversible by revers-
ing the current. Because of the inefficien-
cy, the heating mode is five times more
effective than the cooling mode.

One side effect of this inefficiency is
that you must run the modules off nearly
pure direct current. The least bit of pow-
er supply ripple will dramatically cut the
cooling ability, since the ripple troughs
will heat five times better than the ripple
peaks will cool.

A car battery is often the best choice
to drive a TE module. You can tempo-
rarily demonstrate a module by holding it
between your thumb and finger and then
connecting the module to a single alka-
line D cell. Do not use the D cell for more
than a few seconds at a time.

What good are TE modules? You defi-
nitely can’t buy a 4 X 8 foot panel of
these and use them to air-condition your
house. But they are lots of fun to play
with. These are a sure-fire topic for a
winning science fair project or student
paper. Besides that, though, thermoelec-
trics are limited to specialized and low-
load uses where nothing else can do the
job, such as coolers for infrared detec-
tors, dew-point humidity sensors, chill-
ers for microscope stages, and for ther-
mal management in satellites.

Both Cambion and Melcor have lots of
interesting tech literature on thermoelec-
trics, sO you may want to contact them
both for more info.

Can more than one monitor
be used with a personal
computer?

Yes, if you are careful enough about it. If
you are lucky, you might even be able to
put some of the monitors as much as sev-
eral hundred feet away from the com-
puter with which it is used.

There are some gotchas involved,
though. First, it is far and away best to
run one continuous cable from monitor
to monitor, rather than using a bunch
of separate cables from computer to
each monitor.

Secondly, just about all monitors have
provisions to terminate or not terminate
their inputs. Termination is done by put-
ting a 75-ohm resistor directly across the
video input. Sometimes this is done with
a switch at the back of the monitor.
Other times, you have to use a solder
jumper or a custom plug of some sort.

Regardless of the method used, only
the final monitor in the daisy chain
should be terminated! All of the interme-
diate monitors should be switched to
their unterminated, or high-input-im-
pedance, mode.

Naturally, you should keep cables as
short as possible, and never use a long
cable without terminating its far end. For
longer runs, you will get the best results
with ‘‘real’’ coaxial cable and BNC con-
nectors, instead of plain old audio cable
and the usual phono plugs.

For extremely long lengths of cable,
you might need a video buffer of some
sort. RCA has a 3450 video op amp that
could be useful here. There’s also a new
product called the Rabbit, that’s in the
Heath catalog, among many other
places. This device gives you a way to ex-
tend VCR signals all over your house by
cable. I'm not sure if this product also
handles baseband video.

Tell me about toner cartridge
reloading

Toner cartridges used in both the Laser-
writer and the Laserjet laser printers cost
nearly $100 each and are only good for
2,500 copies, giving you an operating
toner cost of around 4¢ per page. Yet,
you can easily reload these cartridges up
to six or more times, using a 3-minute
process that costs $5 and needs no spe-
cial tools.

If you are an owner of a laser printer,

e s e e e e e _ — — _— ——— ——_ — i ————
February 1987 / MODERN ELECTRONICS / 79

Say You Saw It In Modern Electronics



#

HARDWARE HACKER ...

S

\

Fig. 4. Large black dot indicates where to add filling hole to top of fresh toner tank.

you’ll get dramatically lower toner costs
while at the same time producing much
blacker images. The blacker images re-
sult because the cartridge itself does not
get up to full blackness until after the sec-
ond or third reload, and because the refill
toner is usually blacker than the original.
If you do not own a laser printer, this
could be an interesting and profitable
sideline business for you, since toner car-
tridge refills can easily be resold for as
much as $19.

First, you will need a reliable source of
refill toner. Three sources that I have
found useful are EP-350 refills from any

Minolta copier dealer, kits and pads
from Laser Printer Products, and whole-
sale CX toner from Repeat-O-Type.
Their CX toner sells in bulk for as little as
$5 per refill. Around 170 to 225 grams of
toner (0.4 pound) is needed per refill.
One gotcha here. It is extremely impor-
tant to use monocomponent negative-
acting toner intended specifically for or-
ganic drum laser printers. Ordinary cop-
ier toner refills definitely will not work.

Two simple modifications must be

made to the cartridge for refilling. Note
that you do not have to disassemble the
cartridge. What you have to do is add a
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Fig. 5. Large black dot indicates where to add emptying hole to bottom of spent

toner tank.

filling hole to the toner tank and an
emptying hole to the spent toner hold-
ing tank.

First, pop off the large cardboard label
by lifting an end with a pocket knife. The
toner tank will be under this label. As
Fig. 4 shows, you melt a 4-inch diameter
C-shaped hole in the end of the tank with
asoldering iron. Then, while the plasticis
still hot, snap this hole off and trim the
bead with a pocket knife.

Be very careful to get no plastic chips
into the hole and do not under any cir-
cumstances sand the hole or use steel
wool on it. Acutal refilling is done with a
plastic funnel and dumping one bottle of
toner into this hole, while tilting and
shaking slightly.

After refilling, tape the hole shut and
replace the label. Put a new label on top
of the existing one and write the cartridge
history on it. Include the date, brand of
refill, number of the refill, and any drum
defects noted.

To provide an emptying hole in the
holding tank, turn the cartridge upside
down and find the area shown in Fig. 5.
Then melt a Y%-inch hole in the area
shown. This hole can be sanded smooth
without major problems. Go outside and
shake the used toner out of this hole.
Since there are some baffles in the hold-
ing tank, you will have to rock the car-
tridge back and forth a few times to get
rid of all the spent toner. When finished,
tape the hole shut.

For successive refills, just untape the
holding tank, empty and retape. Then
untape the toner tank, fill and retape.
You should also use the special tool to
clean the corona wire at this time.

Instead of replacing the fusion wiper
pad, just remove the wiper portion of it
and lay a new wiper in place. I’ve found
that you can use both the top and bottom
surfaces of the new wiper this way.
Wipers cost around 50¢ each.

Keep the toner cartridge right-side up
as much as possible while you do your re-
filling. It is definitely not feasible to ship
cartridges refilled this way except by
hand carrying.
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Adistor Technology, Inc. EVCO
PO Box 51160
Seattle, WA 98115

(206) 523-6468

Beta Phase Inc.

1060 Marsh Rd

Menlo Park, CA 94025
(415) 494-8410

Cambion

One Alewife Pl.
Cambridge, MA 02140
(617) 491-5400

Circuit Specialists
PO Box 3047
Scottsdale, AZ 85257
(800) 528-1417

There is absolutely no need to take the
cartridge apart. But if you really want to
open one, the special screwdriver needed
is a #10 tamper-proof torx insert bit from
EVCO’s No. 945B700 set, that is also
available from Jensen Tools.

How about a grab bag?

Sure thing. Here wego . . . .

Meredith Instruments has a $75 special
on helium-neon lasers that include power
supplies. Low-cost ceramic resonators
that are useful as filters and crystal re-
placements are available from Radio Ma-
terials. An RS-232C adaptor kit for null
modems and custom interfaces is bargain
priced at $10 from L-COM Inc. Shape
memory (nitional) and super-elastic al-
loys are newly available through Beta
Phase Inc.

A new catalog from Circuit Specialists
lists all sorts of unique hacker integrated
circuits available in small quantities.
Signcraftis a neat magazine on sign pain-
ting. For the location of your nearest Ap-
ple Computer club, call (800) 538-
9696, extension 500. One low-cost source
of clock parts, electronic and otherwise,
is Precision Movements.

Say You Saw It In Modern Electronics

3451 Lorna Rd.
Birmingham, AL 35236
(205) 822-5381

Jensen Tools Inc.
7815 South 46th St.
Phoenix, AZ 85044
(602) 968-6231

Laser Printer Products
11 Freeman St.
Sloughton, MA 02072
(617) 341-3005

L-COM, Inc.

1755 Osgood St.

North Andover, MA 01845
(617) 682-6936

NAMES AND NUMBERS

Melcor

990 Spruce St.
Trenton, NJ 08648
(609) 393-4178

Meredith Instruments
6403 North 59th Ave.
Glendale, AZ 85301
(602) 934-9387

Motorola Semiconductor
Box 20912

Phoenix, AZ 85036

(602) 244-6900

Precision Movements
2024 Chestnut St.

PO Box 689
Emmaus, PA 18049
(215) 967-3156

A new component from Adistor Tech-
nology can be used for low-cost fuel-va-
por detection and other ‘‘sniffer’” appli-
cations. Motrorola’s new MC14534 LCD
driver should very much simplify low-
power microprocessor display interfaces.
For ‘‘old-line,”’ high-quality tools that
are hard to get elsewhere, check into the
catalog from C.S. Osborne.

For some new products of my own,
check into my Postscript Show & Tell
that shows off laser printers on the Ap-
ple, Mac, or PC (plus others), or the new-
ly bound reprint volumes from my Ask
the Guru column,

As our usual reminder, this is your col-
umn and you can get technical help per
the box below. If you haven’t done so al-
ready, be sure to write or call for your
copy of the brand new free stuff list. ME |

NEED HELP?

Phone or write your Hardware Hacker
questions directly to:

Don Lancaster

Synergetics

Thatcher, AZ 85552
(602) 428-4073

1
i
i
i
Box 809 |
1
i
|
|

YES! Send my copy of the 1986./87 DSE

catalog today! Enclosed 1s $1.00 tor postage’

DICK SMITH ELECTRONICS.INC.
P.O Box 2249, Redwood City, CA 94063 N\ |

RCA Solid State
Route 202
Somerville, NJ 08876
(201) 685-6000

Repeat-O-Type
665 State Hwy. 23
PO Box 486
Wayne, NJ 07470
(201) 696-3330

RMC

East Park Ave.
Attica, IN 47918
(317) 762-2491

SignCraft

1938 Hill Ave.

PO Box 06031

Fort Myers, FL 33906
(813) 939-4644

Where’s my
CATALOG?

What? You haven’t seen the FREE DICK SMITH
ELECTRONICS catalog? Or did someone steal
your copy again? After all. who can resist 148
colorful pages crammed with 1000’s of electronic
goodies ranging from kits & components to com-
puters & radio-controlled cars. The selection is
incredible, the values are even better! Top it all off
with our exclusive 15-page electronic data section,
and you'll have more than a catalog, more than 8
referencae: it's a totally entertaining experience for
the electronic enthusiast, and it's FREE! All we ask
is your name, address and $1.00 for first-class
postage.What are your waiting for? Order yours
rodsy’

z |

o) |

|
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Wi PC PAPERS |/

Nice and Simple: Tornado Notes and JumpStart

By Eric Grevstad

[Ee-: Did L. Scott write me about moving to NYC? I milk

Let me try a theory on you: If earlier days
in personal computing were dominated
by the idea of or desire for an individual
application, the computer as a means to
run a spreadsheet such as VisiCalc or
word processor such as WordStar, the ar-
chetypal image today is Borland’s Side-
Kick. With the latter, the computer is
used as a grab bag of smaller solutions,
replacing a group of separate tools or
desk accessories. We’re not willing to use
a computer for one thing at a time any-
more. What’s the impatient frenzy for a
multi-tasking 80286 or 80386 DOS but an
admission that we’re hooked on the Side-
Kick concept, wanting WordPerfect for
a notepad and Lotus 1-2-3 for a pop-up
calculator?
Memory-resident, multi-purpose utili-
ties are so popular nowadays that they’re
nspiring new types of programs as well
s straightforward SideKick imitations
fike HomeBase or Spotlight. Of the two
programs tested this month, one takes a
component of many pop-up packages—
the notepad—and transforms it into a
new category of software in its own right.
The other, aimed at computing begin-
ners, presents a decent set of background
utilities—calculator, phone dialer, and
s0 on—as a foreground program, an in-
tegrated package that’s like using Side-
Kick without a ‘‘real’’ application in
front of it.

Jotting Up a Storm

I’'ve never personally relied on pop-up
utilities—1I already have a calculator, ap-
pointment calendar, and phone list in my
watch, though I’m not crazy about the
tiny keyboard. But Tornado Notes
(349.95) is a memory-resident program
that’s worth keeping on your computer
all day, or even using without other soft-
ware. If you want an address book or
card file, Tornado Notes is a free-form,
fast-fetching database. If you’d like a
clipboard to cut and paste between your
programs, Tornado Notes gives you two
dozen. If you want to jot thoughts in a
notepad, Tornado’s has a hundred pages
to SideKick’s one.

1-8881 9-1881
2-8818 A-1010
3-8811 B-10811
4-8188 C-1100
5-8181 D-1181

House (T. Kidder)
Money (M. Amis)

Fifth Business (R. Davies)
The Quiller Memorandum (A. Hall) tea

Art Salsbherg, Editor—in—Chief
Modern Electronics

76 North Broadway

Hicksville, NY 11881

ae88
bread 8e88-2
butter ae8e | t,
eggs 88188 |r move
beer 80186 |ands
88286 |Done:
pizza 88386 Hain
toothpaste -
CW Commun|paper towels {orough
inCider M|cole slaw
Elm Stree|corn flakes
Peterboro|sugar

ex: 1C=99 Clzlﬁ{AAJ

doggie tre
-lwine (merl

Fi-Help t}

Bills to pay: Coming Ne Note Edit
Federal Express Tandy 3808 HL Get Form
Public Service Remember to send Words & Figures Important
Cabie TV flowers for Roxi’'s Intuit 1S-2008 Bury Throw
1st Natl Bank birthday 2/13. isk Print Other
(car) {Home)>(End>Clear

Rent #*»OQUERDUE*»
New England Tel.

nce tax meeting

Call Tom P. re Bethe

8-9>(PgUp)>{PgDn>

HAIN MENU Note FILE 26e 25t 1p Gds

2-13-87

Free-form information: a powerful pile of Tornado Notes.

Tornado’s trick is that, once it’s in
memory (taking S3K plus a 5K to 50K
buffer), typing Alt-J or another specified
sequence jumps from your application to
adesktop cluttered with overlapping, un-
related notes. You can have as many
notes as your buffer can hold, adding
new ones as fast as you can press <N>
and type them into blank rectangles (with
word wrap and WordStar editing com-
mands), using the program’s shrink-to-
fit borders or setting shape and size your-
self. Your 20 or 200 notes are free of titles
or filenames, loaded into RAM from a
single disk file.

You can rummage through the pile
with the arrow keys, bring a note to the
top or bury it at the bottom, delete it
from memory, edit it with cut-and-paste
commands or date and time stamps, or
save or load a note pile to disk. If you’d
rather not write your own notes, you can
capture an ASCII or WordStar file or
take a snapshot of the underlying appli-
cation screen (first 78 columns), trim or
edit that note as you like, then paste it in-
to another application—with a carriage
return, space, or down arrow after each
line, fitting into either a word processor
or spreadsheet.

Tornado Notes encourages you to
make disorganized, disordered remind-
ers because it’s wickedly fast at retrieving

notes from RAM as you type a search
string. This narrows the pile as your text
grows more specific, finally popping up
the one note that contains ‘ ‘electronics”’
if you haven’t already pressed Enter

to scan those matching ‘‘elk,”” ‘‘ele-
phant,”” and ““elector.”” You can winnow
the new pile in a second (and/or) search.

A “forms’’ command turns your notes
into database records, the tab key mov-
ing among fields labeled ‘‘Name,” “‘Ad-
dress,”’ or whatever, but I prefer Torna-
do’s free-form searching speed, even if
looking for contacts in New York (NY)
also finds ‘‘Call Danny about tickets’’
and ‘“Ask if anyone reads PC Papers.”’
Tornado Notes is genuinely, as its pack-
age says, ‘“‘a new idea,”’ a wonderfully
fast, handy replacement for the scraps of
paper we all accumulate every day.

Any bad news? While Tornado’s the
neatest program I’ve seen in months, you
might appreciate Micro Logic Corp.’s
30-day money-back guarantee. Cute lit-
tle menus teach you the program in min-
utes, but the manual is skimpy—saying
that you can use your word processor to
edit a note file, for instance, without a
hint about the cryptic numbers and for-
mat codes therein.

I had mixed results with a common
pop-up problem, calling Tornado from
graphics programs—easily returning to

e —
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JumpStart (tm) Copyright 1986 Ascent, Inc. Version 1.8 18:48

Name . Working breakfast with C. Snedeker [ APPOINTMENT BOOK ]
Date : 82716787

Time :89:38 AM Monthly Calendar
Duration: B81:15 Add Appt

Work ¢ (283)555-8092 Search/Edit Appts
Home ( ) = Print All Appts
Other | ) - Print Calendar
Comment ! Discuss the Celtics

Ascent Inc.

190 Sobrante Way, Suite 201
Sunnyvale, CA 94086
408-720-9200

Micro Logic Corp.

P.O. Box 174, 100 Second St.
Hackensack, NJ 07602
201-342-6518

February 1987
S M T W T F S
1 2 3 4 5 6 4
8 9e 18 11% 12 13 14
15 16 17 18 19 280 21
22 23 24 25 26 27 28

F1 F3 F4
Help Dial Edit

82/16787 Memo:

12} x 1. 2 st 18 gy

4 5 ghes 6 i P .

8 . 9 .= 10 —— 11 ...

120 ewen: 1§ 20w 3 Wans

4 . B sy 67047 . W lavw,

8w 9 yave 108Lca gl e
F7 Fi18 ESC

Calc Accept Quit

Fixed-form information: the rigid but practical JumpStart.

Micrasoft Word on a Tandy 1000, but

aren’t using their PCs and want some
—=~= +hraataning, somewhat useful desk
e’s an ASCII text editor with
-and-paste commands, and a
e utilities to guide you through
ame, and delete functions.
index-card-style, disk-search-
is book and an appointment
shows a monthly calendar and
:dule. A financial calculator
:rent variables for standard in-
interest, depreciation, and
ulas.
that JumpStart doesn’t work.
<ceep track of a bunch of things
id it has some sharp printing op-
t transcribe your data in calen-
aone-list form. But I can’t im-
: least experienced user staying
[t makes DeskMate, the begin-
ckage shipped free with Tandy
rs or copies of DOS, look like
ny.
Start lets you type and scan your
:, but doesn’t sound an alarm or
se alert you to appointments. The
or can plot 12.6-percent interest
1r years, but can’t add or subtract
four-function calculator. And
ing seems to take 20 keystrokes—
ressing << Enter > a few times to
hrough menus, you’re obliged to
< F10 > (Accept). The < F2 >

(Choices) key is a help when you’re
prompted to enter a filename for disk
jobs, but an outrage when you’d rather
type YES or NO for ‘“‘Dial 1?”’ in a
phone-number macro.

Except for its communications module,
J umpStaf‘t isn’t an alternative to real soft-
ware like Reflex or Enable, or even a de-
cent rookie kit. For executives with shiny
micros on their desks, it’s an alternative to
leaving the computer turned off. ME

DESCRAMBLER PARTS

We stock the exact parts, PC Board and A C.
Adaptor for an article published in Radio Elec-
tronics Magazine {Feb., 1984) on building your
own CABLE TV DESCRAMBLER.
#701 PARTS PACKAGE . . $29.95
Includes all the original resistors, capacitors,
diodes, transistors, integrated circuits, coils and
IF transformers
#702 PC BOARD .. $12.95
Original etched & drilled sitk-screened PC Board
used in the article.

#704 AC ADAPTOR . .. . $12.95
(14 voits DC @ 285MA)
Both #701 & #702 .. . . $39.00

#701, 702 & 704 .

FREE!! Reprint of Radio Electronics
Article on Buiiding Your Own Cable TV
Descrambler with any purchase.

Add $2.50 Shipping & Handling
$4.50 for Canadian Orders

ORDER TOLL FREE
1-800-227-8529

Visa, MasterCard or C.O.D.

J+W ELECTROMICS,INC.

P.O. Box 8002 ‘
Mansfield, MA 02048

CIRCLE 19 ON FREE INFORMATION CARD
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English-Language Broadcasts

BY GERRY L. DEXTER Time Station/Country Frequencies
Voice of Free China 5985, 9680, 9765,
11740, 11745,

Note: This list of English-language broadcasts was accurate at the

time of compilation, but stations often make changes in the hours o ) 11825
and frequencies of their broadcasts with little advance notice. Radio Kiev, Ukraine SSR 7165, 7175, 7205,
Hundreds of broadcasts are aired in English on the shortwave 11790, 13605,
broadcast bands every day, many of them directed to an audience ) ) 15180
in North America. This is a representative sampling of Winter Radfo Belize ) 3285
1987 broadcasts. Some broadcasters air only a part of their pro- Radio Prague, Czechoslovakia 5930, 7345, 9540,
gram in English during a given hour, or may run the English seg- . 9740, 11990
ment into the following hour. Times are UTC. Numbers in paren- RA_E' Ar (illn 9690, 11710
theses indicate a starting time in English in that many minutes Swiss Radio International 9725, 9885
Radio RSA, South Africa 5980, 6010, 9615
past the hour. .
Radio Bucharest, Romania 5990, 6155, 9510,
9570, 11810, 11940
Time Station/Country Frequencies Radio Cairo, Egypt 9475, 9675
0000 Radio Canada International 5960, 9755 Radio Sweden 9695
Radio Baghdad, Irag 11750
Kol Israel 5885, 7465, 9435 0300 DW, West Germany 9545, 9565, 9640,
Vatican Radio (50) 6015, 9605, 11845 9735
Radio Tirana, Albania 7065, 9750 Radio Polonia, Poland 6095, 6135, 7145,
BBC, England 5975, 6005, 6120, 7270, 9525, 11815,
6175, 7325, 9410, 15120
9515, 9590, 9915 Radio New Zealand (45) 9620, 11780
RBI, East Germany 6080, 6125, 9730 Radio Tirana, Albania 7120, 9750
Radio Beijing, China 15445 Radio Netherlands (30) 6165, 9590
RHC, Cuba 6100, 6140 RBI, East Germany 6080, 9730
Radio Moscow 7115, 7175, 7185, Radio Portugal 9565
9600, 9720, 9865 Voice of Turkey 9560
Spanish Foreign Radio 6055, 9630 HRVC, Honduras 4820
BRT, Belgium (30) 9830, 9925 TIFC, Costa Rica 5055
Radio Portugal 9680 TWR, Netherlands Antilles 9535
Radio France International (15,45) 7135, 9535, 9790,
0100 Radio Canada International 9535, 11845, 11940 9800
DW, West Germany 6040, 6085, 6145, Voice of Greece (40) 7430, 9420
9545, 9565, 11785
RAI, Italy 5990, 11800 0400 Radio Botswana 4820, 7255
Voice of Nicaragua 6015 Radio Japan 9505
Radio Tirana, Albania 7120, 9750 Voice of Nicaragua 6015
HCIJB, Ecuador 9870, 11910, 15155 TGNA, Guatemala 3300
Radio Netherlands 6020, 9895 Swiss Radio International 6135, 9725, 9885
Voice of Greece (30) 7430, 9395, 9420 Radio Baghdad, Irag 11750
Radio Austria International (30) 9770 Radio France International (15,45) 6055, 6175, 7135,
9535, 9550, 9790,
0200 Radio Budapest, Hungary 6025, 6110, 9520, 9800
9835, 11910 Radio Austria International (30) 6155,9755
Radio Polonia, Poland 6095, 6135, 7145,
7270, 9525, 11815, 0500 DW, West Germany 5960, 6120, 6130,
15120 9700
Radiobras, Brazil 11745 Radio Netherlands (30) 6165, 9590
Kol Israel 5885, 7465, 9435 Radio Lesotho 4800
Radio Japan 15195, 15420 TWR, Netherlands Antilles 9535
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Time

0600

-0700

0800

0900

1000

1100

Station/Country

Kol Israel

RBI, East Germany
RHC, Cuba
Radio Nigeria

Radio Canada International

HCIB, Ecuador
GBC, Ghana
CRFX, Canada
BBC, England

Swiss Radio International

Voice of Free China
ELWA, Liberia

Radio Bucharest, Romania
CHNX, Canada

Radio Moscow

Solomon Is. Broadcasting Service
HCIJB, Ecuador

BRT, Belgium
KTWR, Guam
KYOI, Saipan
Radio Australia
TWR, Monaco

Radio Australia
Radio Afghanistan

Radio Korea, South Korea
KNLS, Alaska

Radio Japan

Radio Singapore

Radio New Zealand (30)
Radio Norway (Sunday)

Voice of Vietnam
BSKSA, Saudi Arabia
Radio Australia
Radio Netherlands

Radio Pyongyang, North Korea
NBC, Papaua, New Guinea
Radio Pakistan

Radio Finland

Radio Japan

Frequencies

7465, 9009, 9435,
9860

9500, 11960
6090, 6100, 6140
7255

6140, 7155, 9740,
11775

6230, 9870, 15155
3366, 4915

6070

5975, 6175, 7150,
9510, 9600

6165, 9535, 9870

5985
4760
11940
6130
7290

5020, 9545

6130, 9745, 9845,
9860

9880

11735

15190

5995, 9580

7105

9580, 9655

4450, 6085, 15255,
17665

7275

11850

9675, 11955

5010, 11940

6100, 9620
9590, 15175,
15185, 15230
9840, 12035
11855

9580, 9655, 9770
6020, 9650

9750, 9977
4890

15605, 17660
11945, 15400
9675

Time Station/Country

1200

1300

1400

1500

SLBC, Sri Lanka

Voice of Vietnam

Radio Beijing

Radio Korea, South Korea
TWR, Netherlands Antilles
VOIRI, Iran

Radio Canada International

Voice of People of Kampuchea
Radio Pyongyang, North Korea
Radio Tirana, Albania (30)
HCIB, Ecuador

Radio Finland

Radio Tashkent, Uzbek SSR
Radio Ulan Bator, Mongolia
KYOI, Saipan

RAE, Argentina

All India Radio

Radio Austria International (30)
Radio Bangladesh

Radio Sweden (30)

Radio Norway (Sunday)

Radio Canada International
Radio Finland

BRT, Belgium

HCIJB, Ecuador

Radio Beijing, China

UAE Radio, United Arab
Emirates (30)

Voice of Vietnam (30)

Radio Norway (Sunday)

Radio Finland

Radio Japan

Radio Sweden

All India Radio

HCIJB, Ecuador

Radio Korea, South Korea
Radio Moscow

HCJB, Ecuador
Radio Veritas, Philippines

TWR, Guam
BBC, England

Frequencies

11835
9840, 12035
9535
15575
11815
15084

9650, 11855,
11955, 15440,
17820

9695, 11938
9600, 9715
9515, 11960
11740, 15115,
17890

11945, 15400
9600

12015

11900

15345

11620

6155, 11915, 11955
15525

9565, 11940

6040, 9590, 15300,
15305, 17775
9715, 11955
15400, 17800
15590, 17590
15115

9730, 11660, 11755

11955, 17775
10040, 15010

11860, 15300,
15305

15400, 17800
9695

11785, 15345
11810, 15335
15115, 17890
9750, 15575
9655, 11840

11740, 15115,
17890

9570

9870

15260, 17775

e e e e e e e e e e —————————
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THE AMAZING

COMMUNICATIONS ...

OF FM BROADCAST STATION CLASSES & FREQUENCIES
COMMUNICA"ONS Chonnel No. Fraquency For Class Channel No. Frequency For Closs
) ) ) 201 88.1 MHz t 251" 98.1 MHz B-C
Tthe\'/e is nochm? else like 202 88.3 MHz + 252+ 98.3 MHz A
it. Voice Master gives 203 88.5 MHz + 253+ 98.5 MHz B-C
both speech output ' N ’
and voice recognition with this single hardware product! Your voice ;g; :g; x:z : ;5:.. Z:’; TA:Z gg
controls programs, of home appliances, robots. and more with spoken : z 5 . . z )
commands. Verbal response back gives status, verifies, of requests your 206 89.1 MHz + 256 99.1 MHz 8-C
reply! Speech output and recognition potterns are recorded in with your 207 89.3 MHz ¥ 257 99.3 MHz A
voice Or use the voice of your friend. boss, teacher, mother, even the 208 89.5 MHz + 258" 99.5 MHz 8.C
tamily pet! Programming Is simple with new commands added to BASIC 209 89.7 MHz T 259+ 99.7 MHz B-C
A musiC bonus program lets you yvrite onq compose musical scores 210 89.9 MHz + 260 99.9 MHz 8-C
simply by humming the tune. Unlimited applications for fun, education. 211 90.1 MHz + 261" 100.1 MHz A
and commercial use. Design your own programs for profit. Speech and 212 90'3 MHz + 262* 100.3 MHz B.C
recognition quality unsurpassed by even the most sophisticated N 90'5 MH N 263" ]00'5 M ¢
machines. Only Covox provides this high-tech marvet at a price less than 13 ’ z ! . . 2 e
most common peripherals 214 90.7 MHz + 264 100.7 MHz B-C
215 90.9 MH + 265* 100.9 MH A
The Covox Voice Master comes complete with all hardware and software 216 91.1 MHi + 266* 1011 MHzZ B-C
for only $89.95. (Add $4 shipping and handling for USA, 6 Canada, $10 217 . '3 e . 267" 10]'3 e B.C
overseas.) Available for Commodore 64/128, Apple ll. lI+. lIc, lle, Atari 800, ’ z ' . : i -
800XL 130 XE. Specify when ordering. Visa. MasterCard phone orders AU AU i 268 Al Lo
accepted 219 91.7 MHz ; 269" 101.7 MHz A
220 91.9 MH 270 101.9 MH B-C
Cal or write for FREE Volce Master infopak . o . SR o
and spec . : :
N, al c.omblnaﬂon package offers Cop] 92.3 MHz ac 270 102.3 MHz N
223 92.5 MHz B-C 273" 102.5 MHz 8-C
COVOX INC., DEPT. me 224 92.7 MHz A 274* 1027 MHz BC
675-D Conger Street ® Eugene, Oregon 97402 USA 225 92.9 MHz B-C 275" 102.9 MHz B-C
Area Code (503) 342-1271 o Telex 706017 (Av Alarm UD) 226 93.1 MHz 8-C 276" 103.1 MHz A
227 93.3 MHz 8-C 277" 103.3 MHz 8-C
CIRCLE 20 ON FREE INFORMATION CARD 228 93.5 MHz A 4278 103.5 MHz B-C
229 93.7 MHz 8-C 279* 103.7 MHz B-C
230 93.9 MHz B-C 280" 103.9 MHz A
USE 231 94.1 MHz 8C 281* 1041 MHz B-C
an 1 232 94.3 MHz A 282~ 104.3 MHz B-C
233 94.5 MHz 8-C 283~ 104.5 MHz B-C
YOUR 234 94.7 MHz B-C 284~ 104.7 MHz B-C
235 94.9 MHz 8-C 285" 104.9 MHz A
| 236 95.1 MHz B-C 286" 105.1 MHz B-C
ELECTRONIC TECHNICIANI 237 95.3 MHz A 287" 105.3 MHz B-C
o ¥ 238 95.5 MHz B-C 288" 105.5 MHz A
] | 239 95.7 MHz B-C 289+ 105.7 MHz 8-C
R 240 95.9 MHz A 290 105.9 MHz B-C
. E 241 96.1 MHz B-C 291+ 106.1 MHz B-C
Earn up to E 242 96.3 MHz B-C 292" 106.3 MHz A
243 96.5 MHz B-C 293" 106.5 MHz B-C
$30an hu'ur 244 96.7 MHz A 294" 106.7 MHz B-C
and more! I 245 96.9 MHz B-C 295+ 106.9 MHz B-C
246 97.1 MHz B-C 296* 107.1 MHz A
I 247 97.3 MHz B-C 297" 107.3 MHz B-C
N 248 97.5 MHz B-C 298" 107.5 MHz B-C
" - 249 97.7 MHz A 299 107.7 MHz B-C
No costly school. No commuting to class. F — T at - 3007 107.9 MHz BC
The Original Home-Study course pre- )
pares you for the "FCC Commercial Radio- tFor classes of noncommercial educational stations and their definition,
telephone License”. This valuable license R see FCC R_ules and Regulations, Paragraph 73.504.
is your “ticket” to thousands of exciting *In Hawaii, the band 98 to 108 MHz is allocated for nonbroadcast use, and
. ) o the frequencies 98.1 to 107.9 MHz will not be assigned i i
jobs in Communications, Radio-TV. Micro- M I FM broqadcast stations. n R
wave. Computers, Radar, Avonics and A
more! You don’t need a college degree to T
qualify, but you do need an FCC License.
No Need to Quit Your Job or Go To School I . . 3
This proven course is easy. fast and low 0O Time Station/Country Frequencies
cost! GUARANTEED PASS - You get your Radi ;
adio Au
FCC License or money refunded. Send for N I X io Australia . 9380
FREE facts now. MAIL COUPON TODAY! Voice of Indonesia 11790, 15150
-C-o-ﬁ'li'ﬁa-ﬁs -P-R-O-D-d-c-ﬁ-o-“-s- - Voice of Greece (40) 11645, 15630
1 1
1 FCC LICENSE TRAINING, Dept, 220 1! C : :
1 P.0. Box 2223, San Francisco, CA 94126 ! A 1600 Radio Pakistan 11675, 15595,
1 Please rush FREE details immediately! 1 I 17660
I Nave | R Radio Norway (Sunday) 9510, 11925, 17840
! apDRESS — — 1 D
CITY _ o STATE___ ZIP____ | |
AR e A e ————— e
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Time Station/Country

1700

1800

1900

2000

2100

2200

e e e e

Voice of Vietnam
UAE Radio, United Arab
Emirates

BSKSA, Saudi Arabia
Radio France International

Radio Surinam International (30)
BBC, England

Radio Norway (Sunday)

Radio Moscow

Radio Canada International
Radio Kuwait

BRT, Belgium

Radio Nigeria

RHC, Cuba

Voice of Greece (40)

Radio Afghanistan
Radio Canada International

Radio Norway (Sunday)
BBC, England

HCIJB, Ecuador
VOIRI, Iran (30)

Radio Algiers, Algeria
Radio Budapest, Hungary
Radio Moscow

Radio Cairo, Egypt
Voice of Nigeria (30)
All India Radio (45)

Radio Damascus, Syria
Radio Netherlands
Radio Japan

RHC, Cuba

Voice of Nigeria

Radio Yugoslavia
HCJB, Ecuador

Kol Israel

Radio Norway (Sunday)
Radio Vilnius, Latvian SSR

Say You Saw It In Modern Electronics

Frequencies
10040, 15010

11955, 15300,
15320
11855
11705, 17620,
17795

17775

9740, 15070, 15260
9655, 11925, 15310
9580, 9640, 9705,
9775, 9885, 11840,
12030

15260, 17820
11675
15510
15120, 17800
11795
11645, 15630

9665, 11880
11945, 15260,
15325, 17820,
17895

11865, 15310
12095, 15070
15270, 17790
9022, 11930

9640, 15215, 17745
9835, 11910

12030, 12050,
15425

15375

11770

9910, 11620

7455, 9950, 12085
9540, 9715, 9895
9675, 11815
11725, 17885
15120

6100, 7240, 9620
15270, 17790
9435, 9815, 9860,
12080

9605, 11930
7165, 7400, 9800,
11750, 11860,
15100

Time Station/Country

Voice of Turkey
BBC, England

Radio Moscow

Kol Israel (30)

CBCNQS, Canada
Swiss Radio International (30)
Radio Yugoslavia

Radio New Zealand (45)
Radio Kiev, Ukraine SSR (30)

RBI, East Germany

Radio Japan

Voice of Turkey

Radio Prague, Czechoslovakia
Radio Luxembourg

Frequencies

9560

5975, 6120, 6170,
6175, 7325, 9590,
9915

7400, 9610, 9720,
9820, 9880, 12030,
13665, 15425
7410, 9435, 9815,
9860

9625, 9755, 11720
9590, 9885

6100, 7240, 9620

11780, 15150

7205, 9685, 11790,
13605, 15180

6080, 9730

9695, 11705

9560

9630

6050 ME

DYNAMIC RAMS

1Mbit
44256
44256

1744256
4464
1”4464

100ns
100ns
120ns
150ns
150ns

*38.00
> 3.60
v 2.60

<W¥IX
5 3.25
. 1.004

B PROCESSORS
8087-2 8mHz $449.00 27542
8087 SmHz  $409.00 27C256
80287-6 6mHz  $469.00 27256
80287-8 8mHz $265.00 27428
V-20 8mHz § 12.75 27Co4
V-30 8mHz § 14.00 2764
STATIC RAMS 2732A
6264LP-15 150ns §  2.95

.C. EXPR

B E PROMS

250ns $48.50
250ns  § 5.50
250ns $ 4.95
250ns § 3.75
200ns  § 4.50
250ns  § 3.25
250ns § 4.25

B 8000's (Parts in stock)

ESS

15358 Valley Bivd, City of Industry, CA 91746

Phone 818-369-2688
ORDER TOLL FREE

(Mon-Fri e 8-5)

(800) 892-8889 « (800) 882-8181

OQutside Caltorria

Inside Cal:formia

CALL FOR CURRENT PRICES & VOLUME DISCOUNTS

Price Shown for Cash @ MasterCard, VISA
Prices are subject to change Min mum

add 3% more
order $1000

Caltornia residents must agd 6 5% sales 1ax
Shipping & Handiing UPS Ground $500 UPS Air $7 00 (under 1 1b)
ALL MERCHANDISE 15 100% GUARANTEED

CIRCLE NO. 103 ON FREE INFORMATION CARD
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LE TTERS ® @ @ (from page 5)

home computers designed to work with
TV receivers. The switch’s toggle is
pushed to either the DIRECT position,
which is near the direct input, to the VCR
(or whatever else is labeled), which is
near the associated input connector.
Also, to be technically correct, the
PREMIUM and NORMAL positions on A/B
switch 1 in Fig. 5 should be transposed.
Cass R. Lewart

¢ Builders of the ‘“CASS/RS232 Adap-
ter”’ (Dec. 1986) should make the follow-
ing corrections: In Fig. 1, the polarity of
D2 should be reversed; in Fig. 3, the “K”’
at the top of R5 should be at the top of
D1, and the top of C3 should be labeled
with a ‘“+*’ sign.

Duane M. Perkins

o The printed-circuit board etching-and-
drilling and wiring guides that appeared
in my ““Ni-Cd Recycler”’ (Oct. 1986) had
two errors. Here is the revised artwork.
Any reader who has made his own
board can easily rectify the errors by cut-
ting traces, installing a ground wire for
IC3 and moving two wires. Readers who
purchased boards from R&R Associates
can obtain revised boards by writing to
“the company.
Peter A. Lovelock

Combo VCR

¢ With reference to Samsung Electron-
ics’ new VHS/8 Combo VCR mentioned
in your September issue, is this unit in
production and where can I purchase
one? I called the “FREE 8-mm VIDEO
INFO’’ number listed in the October is-
sue, but they don’t have a listing on it yet
or Samsung’s address for my inquiry.

James R. Wall

Amarillo, TX

It was reported that the company
planned to produce the combo machine,
but we haven’t heard anything since.
Their address is: Samsung Electronics
America, 301 Mayhill St., Saddlebrook,
NJ 07662.—Ed.

Flying High
e In ‘“‘An Experimenter’s Aviation-Band
Receiver” (September 1986), Fig. 1
shows the values of C4 and C7to be 2,000
and 200 pF, respectively, while the Parts
List lists the values of both capacitors as

o o
°© ¢

Q

o o

-0

LT

§ : %ﬁ.; NS ,E@ R RS

PR R A TR 3

IN
com IC1

—3GND in

2,000-pF. Which is correct? I note also in

Fig. 1 only three leads for QI, but Fig. 4

shows four leads going into holes in the

pc board. Why the discrepancy? Finally,

on another matter, what is the size of the
powdered-iron toroid core used for 71?

Joseph A. Corbeil

Chicopee, MA

To answer your questions in the order

stated: The Parts List correctly gives the

value of both capacitors as 2,000-pF. The

fourth lead on Q1 is a shield that con-
nects internally directly to the transis-
tor’s case. if Q1 is plugged into the pc
board with its tab exactly as shown, all
four leads will be properly connected into
the circuit. The No. T-25-0 toroid core
specified is commonly available from
electronic parts dealers; it has an outer
diameter of about 0.5"—Ed.
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NEW mmm ® @ o (frompage49)

to 47 pF capacitance. Both Series
have slender low-capacitance cable
for optimum transient response, spe-
cial cable lengths, head modules and
various levels of attenuation.

configurable for most popular dot-
matrix printers and interface cards.
A Quality Print Mode (160 dots/
inch) and full 11" x 14" printouts
are supported on printers that have
these capabilities.

In the supplied software package
are fonts and font maker/editor,
vector shapes and shape maker/edi-
tor, and basic programs, sample pic-
tures and clip art. $395.

CIRCLE 11 ON FREE INFORMATION CARD

Plug-in Oscilloscope Probes

HHSmith (Manasquan, NJ) has two
new series of probes that can be used
with any oscilloscopes, the OP1000
Series standard modular and the
OP2000 Series professional modu-

lar. The probes utilize a ‘‘plug-in”’
module concept that permits inter-
changing with Tektronics, Philips,
Hewlett-Packard, Hameg and other
oscilloscopes that have an input im-
pedance of 1 megohm shunted by 15

Specified bandwidths are 20 to 100
MHz for the OP1000 Series and 15 to
250 MHz for the OP2000 Series. The
OP2000 also has a compensation box
on a BNC-end that permits use with
wide end scopes. A complete set of
accessories is available for both
probe Series.

CIRCLE 12 ON FREE INFORMATION CARD

CALL FOR FREE CATALOG

U cacicanc

CONVERTER.

95

TEXT TO SPEECH BOARD!

PC/XT COMPATIBLE. MAKE YOUR COMPUTER TALK!
A VERY POWERFUL AND AMAZING SPEECH CARD. USES THE NEW GENERAL
INSTRUMENTS SPO256-AL2 SPEECH CHIP AND THE CTS256A-AL2 TEXT TO SPEECH

THIS BOARD USES ONE SLOT ON THE
MOTHERBOARD AND REQUIRES A COM
SERIAL PORT. BOARD MAY ALSOBE USED INA
STAND ALONE ENVIRONMENT WITH ALMOST

B-s.l:.. |—|||\ka§~=;~,,

ANY COMPUTER THAT HAS A R$232 SERIAL ﬁl

PORT. FEATURES ON BOARD AUDIO AMP OR ¥,

MAY BE USED WITH EXTERNAL AMPS. X e ..
DEMONSTRATION SOFTWARE AND A LIBRARY *% i - e
BUILDING PROGRAM ARE INCLUDED ON A 5% iRk .

INCH PC/XT DISKETTE. FULL DOCUMENTA-
TION AND SCHEMATICS ARE ALSO INCLUDED.

69

.
COMPLETE
KIT

589 95

.
ASSEMBLED
& TESTED

NEW!

$1.00 Surface Shipping. CA
Over 190 items tor your HP-4+

Money Back Guarantee

FOR FASTEST SERVICE
(714) 582-2637
8-5pm Mon -Fr

EduCALC, 27953-P CABOT ROAD

BNUENEEEBRERBCO OO
B EEERERB OO

SEND FOR NG RUEEERE
FREE BOEEEEERE
CATALOG _ = -
HP-11C Scientific, List $66 |
HP-15C Advanced Scientific, List $99 ..
HP-41CV  Alphanumeric, List $1756 .. .. ..., .., ..
HP-41CX  Alphanumeric, List $249 R T—
HP-71B Newest Computer, List$525 .. ... ........
HP-12C Business. List $99 .
THINKJET HP-IL Printer, List $495

residents add 6% tax

ORDER TODAY!

ORDERS ONLY

(800) 633-2252 ext. 345
Anytime Day or Night

LAGUNA NIGUEL, CA 92677 U.S.A.

ARD DISK CONTROLLER CARD

THE FANTASTIC KONAN KDC-230. WITH MANUAL. SUPER EASY
TO CONFIGURE AND USE, FOR PC/XT.
HALF SIZE PCB. *99% — ADD $8.00 FOR CABLES

PC/XT EPROM

47.95
. $75.95 PROGRAMMER
$129.95
. $179.95 $199
$399.95
$75.95 * LATEST DESIGN » PROGRAMS UP TO 4 DEVICES AT UNE 1'ME + re ATURES EASY
$399.95 TO USE MENU DRIVEN SOFTWARE THAT RUNS UNDER PC OR M$S-DOS. » USES AN

SOFTWARE.

INTELLIGENT PROGRAMMING ALGORITHM FOR SUPER FAST (8X) EPROM
BURNING. * THIS PLUG-IN BOARD ATTACHES TO AN EXTERNAL MINI CHASSIS
CONTAINING 4 TEXTOOL Z.LF. SOCKETS. » NO PERSONALITY MODULES
REQUIRED » AUTOMATIC VPP SELECTION: 12.5V, 21V, OR 25V. » EPROM DATA CAN
ALSO BE LOADED FROM OR SAVEDTO A DISKETTE. * PROGRAMMING SOFTWARE
SUPPORTS: 2716, 2732, 2732A, 2764, 2764A, 27128, 27128A, 27256, 27256A, 27512, AND
27512A. * ASSEMBLED AND TESTED BURNED. IN WITH MANUAL. $199 WITH

PERSO |
[ | soasmss
SN2S |oeaven

Digital Research Computers

(OF TEXAS)

P. 0. BOX 381450 « DUNCANVILLE, TX 75138 « (214) 225-2309

CIRCLE 92 ON FREE INFORMATION CARD

ALL SALES SUBJECT TO THE TERMS OF OUR 90 DAY LIMITED WARRANTY.FREE COPY UPON REQUEST.

TERMS: Add $3.00 postage. We pay balance. Orders under $15 add 75¢ handling. No
C€.0.D. We accept Visa and MasterCard. Texas Res. add 5-1/8% Tax. Foreign orders
{except Canada) add 20% P & H. Orders over $50 add 85¢ for insurance.
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2 APSTAR

Advanced Surge Protector/Filter
11 SURGE PROTECTION !t

Do you want the best protection available at the best price
with a lifetime warranty? The U.S. NAVY, AT&T, U.S. AR
MY . NASA and the Colorado state school system did so
THEY CALLED US!

ZAPSTAR S-6 SURGE PROTECTOR/FILTER
$59.95

* Six Grounded Outlets

* Light to Indicate Protection is in Effect
* Dual Stage EMI/RFI Filtering

* On/Off Power Control Rocker Switch
* 15 Amp Circuit Breaker

* Full Three Mode Surge Protection

ZAPSTAR S-6 — SPECIFICATIONS

First Book of Modern Electronics Proj-
ects, Edited by Art Salsberg. (Howard
W. Sams, Soft cover, 165 pages. $12.95.)

This large-format (8%” x 11") book
contains the most popular construction
projects from the pages of Modern Elec-
tronics magazine. Original authors up-
graded their work and corrected glitches
where they had occurred. The book is ar-
ranged in a very logical manner, consist-
ing of eight sections. It starts off with a
discussion of the basic ‘‘tools’’ needed
for project and kit building and gives tips
on buying components and parts. Fol-
lowing this come details for fabricating
printed-circuit boards without chemicals
and for making professional-appearing

W/ BOOKS |/

communications is well advised to add
this book to his library. This practical
guide can solve a wide variety of common
reception problems. In addition to telling
the reader how noncommercial antennas
work and how to select and install them,
it gives valuable practical information on
how to deal with electrical noise and in-
terference. The text is handled in a rela-
tively nontechnical manner so that read-
ers who have no knowledge of radio the-
ory can understand and apply the infor-
mation. Many drawings and photos sup-
port the clearly written copy, too. Con-
sidering the value of the information it

contains and its unusually low price, this

RESPONSE TIME: Under 1 Nanosecond front panels_
CLAMPING VOLTAGE: 151 Volts : : book is a double bargain.
DISSIPATION CAPABILITY: 100 Joules (1,000,000 Watt Succeeding chapters provide full plans U
100 Microsecond) for building more than 20 projects. These
FILTER ATTENUATION: 55 DB (1-1000 MHZ)

are: Home Electronics, Audio/Video

NEW LITERATURE

et

So it's no wonder that the people with the
most to protect call us for protection.
Call Toll Free

1-800-624-8189

| In Florida, call (305) 722-7770.
m Why settle for less? wﬁ

_J

Manufactured by
SEVERTS-ZORMAN ENGINEERING, INC
Ft. Lauderdale, FL

CIRCLE NO. 48 ON FREE INFORMATION CARD

NEW FROM
DON LANCASTER

HANDS-ON BOOKS
CMOS Cookbook 14.50
TTL Cookbook 12.50
TV Typewriter Cookbook 12.50
Active Filter Cookbook 14.50
Ask the Guru (vol | or Il 22.50
Micro Cookbook (vol | or II) 15.50
Enhancing your Apple vol | 15.50
Enhancing your Apple vol Il 15.50
Applewriter Cookbook 19.50
Apple Assembly Cookbook 21.50
Incredible Secret Money Machine  7.50
Postscript Ref. Man. (Adobe) 22.50
Postscript Cookbook {Adobe) 16.50

UNLOCKED & SOFTWARE

Absolute Reset lle & lic 19.50
Applewriter/Laserwriter Utilities ~ 49.50
Postscript Show & Tell 39.50
Laserwriter Demo Pack FREE
Apple Ram Card Disassembly Script 24.50
Appleworks Disassembly Script ~ CALL
Enhance vol | Companion Disk 19.50
Enhance vol Il Companion Disk 19.50
Assembly CB Companion Disk 19.50
Applewriter CB ProDOS C. Disk 24.50

FREE VOICE HELPLINE VISA/MC

SYNERGETICS

Box B0OS-ME
Thatcher, AZ B5552
(602) 428-4073

CIRCLE NO. 28 ON FREE INFORMATION CARD

Electronics, Security Electronics, Tele-
phone Electronics, Computers, Test
Equipment and Electronic Designing.
Among the projects featured are a touch-
sensitive light controller; a device that
cuts the cost of operating a gas or oil
heating system; a ‘‘Surround-Sound’
Audio Enhancer; gas and microwave
leakage detectors; a power controller for
a computer system; a low-cost digital log-
ic probe; a telephone security system; a
thermometer accessory for voltmeters,
and much more. All projects are accom-
panied by a Parts List, many with kit-
availability information. Many of the
construction projects include actual-size
etching-and-drilling guides for fabricat-
ing pc boards, and all are fully illustrated
with schematics, drawings and photos.

A fitting conclusion is the ‘“Electronic
Design”’ chapter. Here a bevy of articles
provides the reader with information on
how to go about designing his own proj-
ects, using practicable examples such as
employing logic devices to create a
‘‘smart’’ water pump controller.

Coupled with in-depth ‘‘how it
works’’ discussions for each project pre-
sented, this book is actually an exciting,
hands-on electronics course for both di-
gital and analog circuits. Building the
useful electronic devices detailed in the
book, most of which are either not avail-
able commercially or substantially low-
er in cost, caps the inviting theory be-
hind them.

Antennas—Selection and Installation by
Alvis J. Evans. (Radio Shack. Soft cov-
er. 112 pages. $3.95.)

Anyone who is experiencing reception
problems for broadcast or satellite TV,
FM radio, CB radio, shortwave and ama-
teur radio, or mobile cellular telephone

Quartz Crystal Catalog. New from Jan
Crystals is a 12-page catalog that lists the
company’s full line of quartz crystals for
communications and special applica-
tions. Each crystal is grouped according
to use and is fully described by frequen-
cy, tolerance, maximum drive level and
holder. All listings also include prices.
For a free copy of Cat. No. 30, write to:
Jan Crystals, P.O. Box 06017, Ft. Myers,
FL 33907.

Information Brochure on 8-mm Video.
The 8 MM Video Council has a 12-page
booklet that answers the most-asked
questions about the 8-mm video record-
ing format. Using a Q&A approach, it
explains what 8-mm video is, discusses its
evolution and compares and contrasts it
with other video formats. Compatibility
of formats, product and software avail-
ability and present/future applications
of the 8-mm medium are also addressed.
For a copy of the *‘8MM: The New Video
Generation’’ booklet, send a stamped,
self-addressed envelope to: Video Book-
let Offer, 8MM Video Council, 99 Park
Ave., New York, NY 10016.

Analog Panel Meter Note. A 4-page arti-
cle that explains the details of selecting
the right analog panel meter for a given
application is available from Simpson.
Detailed explanations and illustrations
are included for construction details and
materials, pointer types, pivot and jewel
mechanisms, sensitivity, accuracy, track-
ing accuracy, temperature compensation,
response time, etc. For a copy, write to:
Simpson Electric Co., 583 Dundee Ave.,
Elgin, IL 60120-3090.

#
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Make Any Computer Do Exactly What You Want With McGraw-Hill’s

Contemporary

Make no mistake. Almost all bocks and courses on “programming”
teach you only the final 5% of the -otal programming process—
namely, how to code in a specific anguage . . . information of little
value if you don’t know how to rezch the point in the programming
process when you are ready to code.

. . ’ With the Series, however, you'll learn to create your own programs
- e - from scratch, even modify off-theshelf programs. You'll learn enough

From Writing Your Own Programs to g SI} 5 - -

Modifying Existing Software, Here’s the New, BASIC and machine language to get you started on the remaining

Easy, and Low Cost Way to Unlock the Secrets
of Your Computer

Whether you use computers for business, for personal
applications, or for fun, off-the-shelf programs will never do
everything you want them to do for you. That's because they
were written by programmers to satisfy what they perceived
as the needs of the greatest number of potential
users—often missing some or many of your

specific needs.

That’s why McGraw-Hill's new Contemporary
Programming and Software Design Series teaches
you how to create your own software. . .either
from scratch or by making key modifications to
existing programs.

There is nothing magical about it. You learn the
process of building a computer program step-by-
step with McGraw-Hill Concept Modules sent to you one at a
time, once a month. Each of the ten modules in the Series takes
you through an important step in the development of the
structure and detailed logic of a program, including testing,
debugging, and documentation.

Unique Interactive Hands-On Instruction

Each module includes an easy-to-understand guide PLUS a
5" floppy disk containing typical programs and interactive
instruction that you can run on Commodore 64 and 128 computers, [BM
PCs and PC compatibles for hands-on experience.

In the first Module, for example, when your sample program (Declining
Interest Loans) appears on your screen, you'll find errors on certain pro-
gram lines. You'll also see that the program is only three-quarters completed.

Now comes the fun part. You'll discover
il

Rouse hold
“S‘Tmuﬂovg

¥ how this program is built, and in the process
you'll learn how to identify and correct
errors. And by the end of Module 1,
you'll actually have completed this
program yourself.
But there’s more. Special graphics
on your screen work in conjunc-
tion with the accompanying guide
to amplify, illustrate, and deepen
your understanding of software =1
design principles.

5% of the programming process.

Build Your Own Personal Software Library

The sample programs you work with throughout the
Series are excellent leaming tools. But they're more than
that. By combining the sample programs onto one master
disk, you'll have the start of your own personal software
library. In addition to the programs you've written and
modified throughout th= Series, you'll also receive dozens
of the most popular putlic domain and user-supported pro-
grams, such as data base manager, word processor, calen-
dar generator, appointments reminder and much,
much more.

15-Dzy No-Risk Trial

To cxder your first module without risk,

send the card today.

Examine the first module
for 15 days and see how
the Series will help you
make your computer do
exactly what you want
it to do!

e

If someone has beaten you to the card, write to us for order-
ing information about the Contemporary Programming and
Software Design Series.

'
I*n i

The Crucial 95%—Learn the Foundation of Computer Programming
While the Series includes interactive disks that run on specific computers, everything
you learn you can apply to any language or machine. Why is this possible? Because
McGraw-Hill knows programming is far more than coding a program into the computer
using a specific language. In the real world of computers, 95% of the programming pro-
cess is carried out using design techniques that are independent of specific language or
machine. [t is this crucial 95% that you thoroughly understand and master in the Series.

McGraw-Hill
Continuing Education Center

3939 Wisconsin Avenue
Washington, DC 20016



A Radio Controlled Doorbell (from page75)
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Fig. 6. Wiring guides for receiver (left) and transmitter (right) boards.

between closely spaced conductors
on the bottom of the board, especial-
ly between the IC pads. Do not in-
stall the antenna wire and buzzer yet.

Now wire the transmitter board
exactly as shown in the right guide in
Fig. 6, again taking care to properly
orient the transistor. When installing
CI3, observe the same instructions
as for CI above. Also note that the
transistor has four leads, one of
which is internally connected to the
case. Be sure the emitter, base, col-
lector and case (shield) leads plug in-
to the appropriate holes in the board
and that you solder to the ground
plane those component leads that
pass through holes from which no
copper has been removed.

You can use a short length of
stranded hookup wire for the trans-
mitter’s antenna to achieve the de-
sired operating range. Start with an
18" wire connected to the transmit-
ter’s board as shown in Fig. 5.

Since there is no restriction on the
length of the antenna used for the re-
ceiver, you should use as long a
stranded hookup wire as necessary to
achieve maximum system sensitivity.
Start with about a 36”-long wire,
connecting it to the receiver board as
indicated in Fig. 4.

It is possible to use a short insulat-
ed jumper wire connected from the
antenna side of C11 to one side of the

T e s e e e——.

ac line at the primary side of the pow-
er transformer in the power supply
section to pick up the transmitter’s
signal. Make absolutely certain if
you do this that CII is rated at at
least 200 volts and preferably 1,000
volts, and make sure to insulate the
antenna wire to eliminate any possi-
bility of shock hazard. This arrange-
ment takes advantage of the enor-
mous signal-gathering power of your
home’s ac wiring. A disadvantage of
this arrangement is that electrical
noise on the ac power line is likely to
periodically cause the receiver’s
beeper to sound when no one has
pressed the transmitter’s switch.
You can house the receiver and
transmitter circuits in suitably sized
plastic boxes. For the transmitter,
which will normally be in a location
near your front door that is accessi-
ble to any passerby, you might want
to use a metal box that mounts on a
wall, or mount the circuitry behind a
more secure panel with only the
pushbutton switch accessible. If you
are planning on using the receiver as
a portable unit that can be taken to
different locations in and around
your home as needed, a better box
might be one of those plastic types
with an aluminim front panel.
Mount the transmitter’s battery
close to the circuit board assembly.
The receiver requires 117-volt ac
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power and must, therefore, be
mounted in a location where line
power is available if it is to be perma-
nently mounted. In any event, the
piezoelectric buzzer should be
mounted on the front of the box so
that its sound can be clearly heard.

Checkout and Use

The transmitter must be checked out
first to set it to the desired frequency.
You can do this with the help of a
standard FM broadcast radio or re-
ceiver. Tune the latter to a ‘‘dead”
spot on the dial near 88 MHz where
there are no stations broadcasting.

Turn on your FM radio and tune it
to a spot near 88 MHz where no sta-
tion is broadcasting. All you should
hear at this point is a steady rush of
static. Move the transmitter away
from the FM receiver as far as prac-
tical and press and hold its pushbut-
ton switch as you tune CI3 with a
plastic alignment tool until you hear
the static coming from the FM radio.

Tune C13 so that the transmitter’s
frequency is peaked to the setting of
the FM radio. This is a very sensitive
adjustment that takes a lot of pa-
tience to perform correctly. Be sure
you peak the transmitter to the FM
radio because there may be one or
several false settings that are not at
the correct frequency. If you set the
transmitter to one of these false fre-
quencies, you may not be able to get
your Doorbell to work properly.

Caution: Under no circumstances
should you set the transmitter to a
frequency beyond 108 MHz. This
portion of the radio spectrum is re-
served for aircraft communications.
The FCC Rules and Regulations
strictly forbids transmitting of re-
mote-control devices in the 108-to-
130 MHz band!

When the transmitter has been
tuned to the correct frequency, use it
to tune the system’s receiver. For this
operation, you will need a plastic
alignment tool and a sensitive dc
voltmeter (a digital multimeter set to
low ac volts will do) or an oscillo-
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scope. If possible, have someone op-
erate the transmitter across the room
from where you are working on the
receiver.

Connect the voltmeter or oscillo-
scope, set to its most sensitive range,
across R3 in the receiver. Have your
helper press and hold the pushbutton
switch on the transmitter as you ad-
just the setting of CI for maximum
voltage across R3, asindicated by the
voltmeter or oscilloscope. You may
find that as you approach peak, the
instrument will have to be set to a
less-sensitive range.

As the voltage indicated exceeds
10 millivolts, the piezoelectric buzzer
should sound. Continue adjusting
C! until the indicated voltage has
reached its peak. If you go beyond
the peak indication, back off and
stop at peak. This completes adjust-
ment of the system.

To check operating range, verti-
cally orient the receiver and trans-
mitters and walk away from the re-
ceiver while holding down the push-
button switch of the transmitter. If
the resulting operating range is too
great for your application, it is sug-
gested that you reduce transmitter
radiation by shortening its antenna
in ¥2" increments at a time until the
range is just right or perhaps just a
bit better than you really need. You
may have to peak the receiver after
doing this if the transmitter’s fre-
quency is affected by the trimming.

There is an alternative way you
can reduce the sensitivity of the sys-
tem without having to trim transmit-
ter antenna length. You can reduce
the receiver’s sensitivity by increas-
ing the value of R5. This resistor sets
the operating bias on IC2. By in-
creasing the value of R5, you in-
crease the transmitter signal strength
required to set off the buzzer.

It is always best to set your remote
Doorbell for the shortest satisfactory
operating range. By doing this, you
avoid interference with other trans-
mitting and receiving equipment in
your area. ME
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35 MHz DUAL TRACE OSCILLOSCOPE

$498- MO-1252

20 MHz DUAL TRACE OSCILLOSCOPE

$349- MO-1251

Top quality scopes at a very reasonable price. Contains all the desirable teatures. Elenco's 2 year guarantee
assures you of continuous service. Two 1x, 10x probes, diagrams and manual included. Write for specifications,

MULTI METER with
CAPACITANCE and
transistor tester

TRUE RMS 4.
DIGIT MULTIMETER

E AUTO RANGING
b plus

ey - MANUAL RANGING

e
" $ Model [*] 3% DIGIT METER
$65 Cmf;éo . 1 35 M-7000 e 28 FUNCTIONS
o / 05% DC Accuracy oy~
Reads Volts, Ohms, 1 % Resistance vwd | M-1180 . 7% ACY $36.95
®® os Current, Capacitors with Freq Counter - M-1182 25% ACY $39.95
cuemernes  Transistors & Diodes & Deluxe Case ole 0 e M-1181 . 1% ACY $42.95

BREADBOARD
» e

GF-8016 Function Generator
y vith Freq. Counter \

219

¢ Sine, Square, Triangle,
*Pulse, Ramp, .2 10 2 MHz|
eFrequency .1 thru 10 MHz

= ¢ ¥ Shown

5 " 9434
L"!l: ! 1o

10 MHz DC or AC 1
Triggered Sweep $1 90 9430 1, 100 Plns $15
Calibrated Vert 8 Hor  g.3000 9434 2,170pins  $25

Reads Volts & Freq 9436 2,860 pins  $35

LOGIC PULSER

$25

50 MHz LOGIC PROBE

T 1514950 523
E"i—l-l';*-f‘ covam B =% = =
Tl ial =

LP-700 LP-600

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

2us pulse @ 1A

20 nec with memory

3 Amp Power Supply XP-650 '
) & = DIGITAL LCR METER
= $ Model LC-:IBOO $
e I =41 11950 geasures mavciers 3148
> p LB 0-40V @ 1.5A
g e - 0-20V % 3A ggg:éﬁ?r 1;]ng>2200&;i
° Resistor .01Q to 20M @

Fully regulated, short circut protected current

~ul Ranges 6!nd. 7 cap. 7 res
limit control

15 DAY MONEY
BACK GUARANTEE
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EARN YOUR

B.S.E.E.
DEGREE

THROUGH HOME STUDY

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

COOK’S INSTITUTE
OF ELECTRONICS ENGINEERING

EXE ro.soxzas

JACKSON, MISSISSIPPI 39205
CIRCLE 3 ON FREE INFORMATION CARD

SUPER SAVINGS-SHOP WINDSOR
: SPECTRA—STRIP
i1y, -

= 50 conductor
l{ = 6~ twist, 2~ flat 20¢ a foot
T

= Color coded Minimum order 250
= 28 AWG equip.

IBM Compatible
Switching Power Supplies
- Volts  Current Reg. Ripple & Noise
WESP.135W T r———
0A Mi
WAH)  +5 | oM 5% | 50 MVP-P Max
65.00 ea
. 2.5A Min
WESP-150W 73aMax | T5% 50 MVP-PMax
for IBM PCIXT |- T
68.00 ea -5 005\'":":)( +5% | 100 MVP-P Max
WESP-200W | T 10.8V Min
for IBM PC/AT | —12 OOE:\N:«::x 5% | |nstantaneous
9900ea [ | 13.2V Max

PLUG IN WALL TRANSFORMER

All transformers have 115V input

78VDC @39MA..... $1.00 each
95VDC @ 1 Amp .., ..$3.00 each
6 VDC @ 300 M.A....$1.50 each
19.5 VAC @ 300 M.A....$1.50 each

Quantity pricing avaliable

POWER SUPPLY_ [

& " TOY
50 Watt = b,
Outpt - g7 A W;\oﬁr MOTORS
+ 55A | -5V100M.A. ‘4 70 6012 v0C
+12 1.5A | -12V.5A 50¢ each

Lo

To 49/08 $20 ea. - T
COMMODORE
KEYBOARD

[ %
$595each el

PLASTIC BUZZERS
12VOLT: 100 M.A.: 83db

p.c. plns: Tan N
35¢ each
>
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gory heading. A special heading is available for a $6 surcharge. First word only is set
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month preceding the cover date. Send Advertising material with check or money order
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VIDEQ

ZENITH SSAVI Decoders also great for
video dubbing and sync stabilizer $49.50 ea.
Yool, 2060 S. Val Vista, A.J., AZ 85219 (602)
982-7263.

VIDEOCIPHER and satellite system owners:
Demo chips $49.50, closed caption modules
$195. Yool, 2060 S. Val Vista, A.J., AZ 85219
(602) 982-7263.

DESCRAMBLING manuals. VIDEOCIPHER
11-$24.95. ORION-$19.95. LSASE brings
brochure. Satellite systems catalog $2.00 (re-
fundable) MICROTRONICS Box 2517-M,
Covina, CA 91722.

CABLE TV CONVERTERS. Scientific At-
lantic, Jerrold, Oak, Zenith, Hamlin. Many
others. Visa & M.C. accepted. Toll Free
1-800-826-7623 B&B Inc. 10517 Upton Circle,
Bloomington, MN 55431.

SUBSCRIPTION TV descrambler plans.
Parts list schematics, instructions, $3.00.
Lugo, Box 68-ME, Brooklyn, NY 11207.

JERROLD gated pulse theory. Twelve infor-
mation packed pages covering DI & DIC con-
verter operation. Includes introduction to tri-
mode system. $6.95 plus $1.50 postage and
handling. Elephant Electronics Inc., Box
41865-M, Phoenix, AZ 85080 (602) 581-1973.

SERVICE schematic for the popular SB-3 add
on unit from Taiwan. $9.95 ea. Also service
manuals for Archer model 15-1285 and Unika
#RC-60, Technica #6301, 6401, 6510, CV-22.
$12.95 ea. Send check or M.O. to Scott Olson,
400 Virginia Street, Crystal Lake, Illinois
60014.

PROJECTION TV . .. Convert your TV to
project 7 Foot picture . . . Results comparable
to $2,500 projectors . . . Total cost less than
$30.00...PLANSAND 8" LENS $21.95. ..
Iltustrated information FREE. Macrocoma-
MF, Washington Crossing, Pennsylvania
18977. Credit card orders 24HRS. (215) 736-
3979.

VIDEO Scrambling Techniques, the original
“‘secret manual”’ covers Sinewave, Gated-
pulse, and SSA VI systems. 56 pages of solid,
useful, legible information, only $14.95. Ele-
phant Electronics Inc., Box 41865-M, Phoe-
nix, AZ 85080 (602) 581-1973.

STRANGE Stuff. Plans, kits, items. Build Sa-
tellite Dish $69. Descramblers, bugs, adult
toys. Informational photo package $3. Re-
fundable. Dirijo Corporation, Box 212-M,
Lowell, NC 28098.

CABLE TV Secrets - the outlaw publication the
Cable Companies tried to Ban. HBO, Movie
Channel, Showtime, Descramblers, Converters,
etc. Suppliers list included. $8.95. Cable Facts,
Box 711-ME, Pataskala, OH 43062.

DESCRAMBLE the latest video cassette copy
protection scheme. Our simple LINE ZAP-
PER circuit takes the jitter out of your picture.
Complete plans and theory only $9.95 plus
$1.50 postage and handling. Printed circuit
board or complete kit also available. Elephant
Electronics Inc., Box 41865-M, Phoenix, AZ
85080 (602) 581-1973.

SATELLITE Receiver without down conver-
ters. Some have minor scratches, all new,
$35.00. Satellite Visions, Rt. 1, Box 22, Mar-
shall, OK 73056.

CABLE and Satellite Descramblers. Major
brands, Catalog 3.00. Cabletech 3310-10 W.
Bell, Phoenix, AZ 85023.

FREE microprocessors, memory chips, etc.
Free electronics magazine subscriptions. Free
education in computers. For information
write MICRO-SAT CORPORATION, 2401
N.E. Cornell, Bldg. 133, Hillsboro, OR
97124.

TUBES: 59¢. Year Guarantee. Free Catalog.
Tube Tester $8.95. CORNELL, 4213-17 Uni-
versity, San Diego, CA 92105.

$$$$$ Super Savings $$$$$
on electronic parts, components, supplies and
computer accessories. Free 40-page catalog
for SASE. Get on our mailing list. BCD Elec-
tro, P.O. Box 830119, Richardson, TX 75083
or call 214-343-1770.

TOP QUALITY imported, domestic kits, sur-
plus, discount electronics, computer compo-
nents. Free catalog. TEKTRASONIX, 80-50
Baxter Ave., Suite 120, Elmhurst, NY 11373,

FREE RFI Technical Note tells how to keep
RF out of TV’s, telephones, etc. with ferrite
beads. Palomar Engineers, Box 455, Escon-
dido, CA 92025.

LASERS and Nightvision surplus components.
FREE catalog, M.J. NEAL COMPANY, 6672
Mallard Ct., Orient, OH 43146.

TUBES get quote on rare and current types.
Youngman, 2225 Vigo, Lake Station, IN
46405.

YOUR electronics knowledge means honest
part-time income. Details SASE. York, 479
Cherokee Ridge, Athens, GA 30606.
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The Dig-Key volume discount and sarvice charges are simple 10 apply. Most items sold by Digi-Key may be combined for 8 volume discount Items that 18 not discountabl are identied by the suffix SERVICE CH ARGES VOLUME DISCOU NT

-ND following the part number. After writing your order. totat alt of the discountable items and apply the appropriate discount. To this subtotal. add the non-discountable items. Then add the service
charge. We pay ail shipPing and insurance to addresses in the U.S. A., Canada and Mexico when check of money order accompanies order. Drgi-Key Oly ships orders within (he contiameal U & . Aaeey -Add $2.00

Hawaii, Canada and Mexico. -Add $0.76 ‘ wo unus 99
WHEN ORDERING BY PHONE. CALL 1-80D-344- 153’ {AK. call 218-661-6674). BY MAIL SEND YOUR ORDER TO: DIGFKEY. P.0. Box 677, Thief River Falls. MN 56701. -Add $0.50 $ 250.00-$499.99

You may pay by check, manev order, Master Charge, VISA or C.0.D. DIGHKEY GUARANTEE: Any pans or products purchased from Digi-Key that prove to be detective will bs replaced or refund 4 d $0.

ed if raturned within 90 days from receit with & copy of your invoice. “PRICES SUBJECT TO CHANGE WITNOUT NOTICE.

CIRCLE % ON FREE INFORMATION CARD
Say You Saw It In Modern Electronics February 1987 / MODERN ELECTRONICS / 101



»-a
HW
PICKS UP A WHISPER 50 FEET AWAY!
The model WAT-50 miniature FM tranmitter uses a
4-stage circuit NOT to be confused with a simple wire-
less microphone. Simply snap the unit on top of a 8V
battery and you can hear every sound in an entire house
up to 1 mile away! Use with any FM radio. Tunes to any

frequency from 70mhz - 130mhz. Easy to assemble kit
includes all parts and instructions. Only 29.98 tax incl.

¢ %

The WIRELESS TELEPHONE TRANSMITTER model
WTT-20 is only about the size of a dime, yet transmits
both sides of a telephone conversation to any FM radio
with crystal clarity. Completely automatic. Uses power
from the telephone line itself - never needs a battery!
Up to % mile range. Tunes from 70mhz - 130mhz. Easy
to assemble kit includes all parts and instructions. On-
ly $29.98 tax incl.

Call or send MO, VISA, MC for i diate deli

e

TEKTRONIX, H.P., etc., test equipment.
Buy & sell. Free catalog. Cal-Scope, 983D
Ponderosa Ave., Sunnyvale, CA 94086, (408)
730-4573.

TI-99/4A Software/Hardware bargains.
Hard to find items. Huge selection. Fast Ser-
vice. Free Catalog. TYNAMIC, Box 690,
Hicksville, NY 11801.

COMPUTERAS.

CADIT—Menu driven CAD program draw
schematics or pictures. SIMIT—Menu driven
digita] simulator for CADIT schematics or
net-list. IBM PC, 384K, CGA card required.
$25.00 each. Other technical programs avail-
able. JB-Software, P.O. Box 36299, Denver,
CO 80236.

CLOSEOQOUT. TS1000 and ZX81 software
from 99¢. SIMULUSION-ME]1, Box 2382, La
Jolla, CA 92038.

AT last your microcomputer can make you
rich. Details write to: McGruder Enterprises,
3313 South Landess, Marion, IN 46953.

BASIC COMPUTERS, 10 lesson correspon-
dence course, $39.50. Certificate. Details free.
AMERICAN TECHNICAL INSTITUTE,
Box 201, Cedar Mountain, NC 28718.

COMMUNICATIONS

FM TRANSMITTER KIT, matchbox size,
super sound sensitivity, adjustable frequency/
gain. Board, parts, educational instructions,
$19.95. Pershing Technical, P.O. Box 1951,
Fort Worth, Texas 76101.

VOICE DISGUISER, FM Transmitter, Tele-
phone Transmitter and More! Catalog $1.00
(Refundable): XANDI, Box 25647, “E”,
Tempe, AZ 85282.

Y.
Single kit orders inciude $1.50 S&H. FREE SHIPPING
on orders of 2 or more. All orders shipped by U.S. Mail.
COD add $4.00. Personal checks allow 21 days.

DECO INDUSTRIES
BOX 607, BEDFORD HILLS, NY 10507

914-232-3878
CIRCLE 50 ON FREE INFORMATION CARD

a...l SPEAKER CATALOGHIO M@
® 1001 bargains in electronics. Save
up to 50% call toll free 1-800-346-
2433 for ordering only. Order by
VISA/MC/AMX. No COD’s. Missouri,
Alaska, Hawaii call 1-816-842-5092,
or write McGee Radio, 1901 McGee
St., K.C., MO 64108. Postage for
catalog $1.00.

Y

®
n
®
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®
n
®
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®
9

PAY TV and Salellite Descrambling.

100 pages of theory and working schematics
13 cable and 7 sateilite systems. Includes
bypasses. Best reference avallabie $14.95 Ex-
p with Videocipher. Turn-ons $9.95
Cable TV. Function, bidirectional and security
systems $12.95. MDS/MMDS Handbook. For
hackers. $9.95. Build Satellite Systems under
$600. $12.95. Winter 87 catalog $1. Many new
products,

SHOJIKI ELECTROMICS CORP 1327P Miagara Sireef,
Niagara Fails, NY 14303 COD s T16-284-2 161

Order Form
Please print in block letters.

MODERN ELECTRONICS 76 North Broadway, Hicksviile, NY 11801

Name

Street

City

State

Zip

1" 12

14 15

16 17

19

Order Back Issues of

MODERN
ELECTRONICS

THE MAGAZINE FOR ELECTRONICS & COMPUTER ENTHUSIASTS

BACK ISSUE ORDER FORM

Please send me the following issues of Modern Electronics @ $2.50 each:

Month(s) & Year(s):

Number ordered @ $2.50 each: Total Payment Enclosed:

(Check or M.O. only.)
NAME:
COMPANY (Optional):
STREET ADDRESS:
CITY:

STATE: ZIP:

102 / MODERN ELECTRONICS / February 1987 Say You Saw It In Modern Electronics



e T 4 e e e e e e e Sl ? s s,

LINEAR PARTS—Transistors: MRF454
$15, MRF455 $12, MRF477 $11, MRF492
$16.75, MRF421 $22.50, SRF2072 $13,
SRF3662 $25, 3800 $18.75, 28C2290 $19.75,
2SC2879 $25. Tubes: 6KD6 $10.50, 6L.Q6
$9.75, 6LF6 $9.75, 8950$16.75. Best Prices on
Palomar Road Noise Mics, Ranger AR3300.
New 16 page Catalog listing radio/amplifier
tricks—Channel Modification, PLL-Sliders,
Peaking for Range, Hard-to-Find Linear
Parts—Mail $1.00 to: RFPC, Box 700, San
Marcos, CA 92069. For Same Day Parts Ship-
ment, Call (619) 744-0728.

COMMUNICATIONS PLANS, BOOKS,
KITS! AM/FM broadcasting (licensed/unli-
censed), 1750 Meter transceivers, ham/CB
amplifiers, surveillance bugs, more! FREE
catalog. PAN-COM, Box 130-MEZ2, Paradise,
CA 95967.

SUPERFAST morse code supereasy. Sublimi-
nal cassette. $10. Satisfaction guaranteed.
Bahr, 2549 Temple, Palmbay, FL 32905.

HUGE COMMUNICATIONS CATALOG.
Over 70 pages! See what’s new in: shortwave
receivers, antennas, radioteletype and facsi-
mile equipment, headphones, communica-
tions books, and accessories. Send $1 (refund-
able). Universal Shortwave Radio, 1280 Aida
Drive, Reynoldsburg, OH 43068.

EPROM PROGRAMMING

FREE catalog. Your software/data installed
in (E)PROM of your choice. Fast, low cost
service. Write/call: Romulus Microcontrol,
Dept. C, Box 8669, Rockville, Maryland
20856, (301) 540-8863.

LASERS
HE-NE Complete $129.95, Modulated sys-
tems available. LES Electronics, P.O. Box

800276, Dallas, TX 75380.

HARD Disks 10,20,30 MEG Y2 HT, Starting
at $149.ea LES Electronics, P.O. Box 800276,
Dallas, TX 75380.

INVENTORS! Can you profit from your
idea? Call AMERICAN INVENTORS COR-
PORATION for free information. Over a de-
cade of service, 1-800-338-5656. In Massachu-
setts or Canada call (413) 568-3753.

INVENTORS
INVENTORS! Have idea for product or in-
vention, don’t know what to do? Call AIM we
present idea’s to manufacturers - Toll Free

1-800-225-5800.

CABLE TV

Cable TV converters and descramblers. Low
prices, quality merchandise, we ship C.0.D.
Send $2.00 for catalog. Cabletronics Unli-
mited, P.O. Box 266-M, S. Weymouth, MA
02190 (617) 871-6500.

MISCELLANEOUS

ASIAN LADIES want correspondence for
friendship, marriage. SUNSHINE INTERNA-
TIONAL, Dept. TW, Box 260, North Holly-
wood, CA 91603.

ROBOTICS parts catalog for hobbyists, $2
(refundable). Alpha Robotics Inc., Box
21091, St. Paul, MN 55121.

COMPUTER ROOM
RADIO STATION

HAM SHACK

STYLISH PLLEXIGLAS CASE
BATTERY BACK UP 110VAC/12vDC OPLRATION

VERY LARGE FORMAT HIGIH TECII STYLE DIGITAL CLOCK
6 DIGIT 12/214 HOUR DISPLAY 2.25" I1IGH RED LED DIGITS

£ AMAZING ™\

SCIENTIFIC and ELECTRONIC

"\~ DEVICES _+

PLANS—AII Parts Available In Stock

e LC5BURNING CUTTING CO2 LASER $20.00
* RUB3 RUBY LASER RAY PISTOL 20.00
® BTC5 1.5MILLION VOLT TESLA COIL 15.00
® PTG1 PLASMA TORNADO GENERATOR 8.00
e GRA1GRAVITY GENERATOR 10.00
* MAGNETIC CANNON/PROJECTOR 10.00
KiTS—includes Plans and Parts
® LHC2K SIMULATED REO/GRN/YEL LIGHT

LASER 34.50
* BTC3K 250.000 VOLT TESLA COIL 159.50
* {0GtKION RAY GUN 109.50
e PSP3K PHASOR SHOCK WAVE PISTOL 49.50
e STG1K STUN/PARALYZING GUN 39.50
® INFIKINFINITY TRANSMITTER 134.50
* MFT1K 2-3 MILE RANGE FM VOICE

XMTR PC BOARD 49.50
ASSEMBLED AND TESTED PRODUCTS
e LGU30 RED 1MW PORTABLE He-Ne

LASER 315.00
e TCL30 SOLID STATE TESLA COIL 35KV 74.50
e |PGSO POCKET PAIN FIELD GENERATOR 64.50
® BLS10 BLASTER DEFENSE WEAPON 89.50
e ITM10 100KV SHOCK ANDSTUN GUN 99.50
® PPF10 PHASOR PAIN FIELD PORTABLE 249.50
© SNP20 SECURITY PHONE LISTENER 99.50

* CATALOG CONTAINING DESCRIPTIONS OF ABOVE
PLUS HUNDREDS MORE AVAILABLE FOR $1.00 OR IN-
CLUDED FREE WITH ALL ABOVE ORDERS.
PLEASE INCLUDE $3.00 PH ON ALL KITS AND PRO-
DUCTS. PLANS ARE POSTAGE PAID. SEND CHECK, MO
VISA, MC TO:

INFORMATION UNLIMITED

P.0. BOX 716, DEPT. ME4, AMHERST, NH 03031
CIRCLE 81 ON FREE INFORMATION CARD

$59.95 KI'T $99 ASSEMBLED

ACCELERATE YOUR PC
WITH THE NRG PCA

ACTUAL 30% SPEED INCREASE
WORKS WITH PC AT, XT. Z151
161, AND CLONES
HIARDWARE RESET INCLUDED
COMIIS WIT1I SSE SPEED
EVALUATION SOFTWARE

¢ f [ s—— $29.95
ASSEMBLED ... $49.95

320 WATTS PEAK POWER

IFOR YOUR CAR STEREO!

320 AMPLIFIER KIF.o $150
320 ASSEMBLLD AND TESTED... $200

ALSO: T-100 PRECISION THERMOMETER, $19.95, NITE RIDER SEQULENCING
LIGHTS $49.95, NRG AUDITOR ELECT POWER MONITOR $39.95, NRG FAN
DELAY FOR AIR COND/HEAT $24.95 AND ELECTRADICE $17.95 AND MANY

I COMPONENTS FOR PROJECTS SEND

YOR INFORMATION. I

ORDER BY MAIL PREPAID OR COp FrROM NRG ELECTRONICS, PO BOX
24138 FT LAUDEROALE. FL 33307 OR BY PHONF (305) 971-3823 AFTER
SPM EST. INCLUDE $3 SHIPPING, FL RESIDENTS ADD SALES TAX.

CIRCLE 21 ON FREE INFORMATION CARD
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10 AMP
SOLID STATE RELAY

CONTROL 3 -32vde | &2

BN
LOAD: 140 vac 10 amp nc\‘

SIZE: 2¥2" x %" x %
$9.50 EACH 10 FOR $90.00

REGULATED POWER SUPPLY

y
////////////‘;4 These are solid state, fully requlated 13 8 vdc
%

77 power supplies Both feature 100% sold state
,/ //////////4? construction. fuse protection. and L.E D power
/ fﬂ indicator U L listed
%t
) ampconstant, 4 amp surge  $20.00 each
3 amp constanl, 5amp surge  $27.50 each

PHOTO-FLASH 48 KEY ASSEMBLY

RECHARGEABLE 8 sl CAPS _ | FORCOMPUTEROR
— ea. Tee St AT
NI-CAD (.78 | caty prc170 ) r ) HOBBYIST
4 e | oy
BATTERIES m=s | amia> G2 L) ooy st
AAA SIZE1 25V 500mAn $1.85) caTy pre.a00 | 1 amr %.—
AR SIZE | 25V 500mAHS1.85] goo mt 330v | HArg) ¢ £
AA with saider tab $2.00 135 ea bl “ ) - -
CSIZE | 2v 1200mAH $3.50] .- 9 4 NEW T I KEYBOARDS Orngraily
- e, CAT# PPC-800 ® ssed on computars, thene key
guﬁzg s o o gg g% yL boards contam 488 1S 7 mch
e dOmA 33501 FLASHER LED anical switches Ter "
5 volt operation ;‘5 D““" gonr\e\or ;;"v;\n'?f:px‘.:“
8 OHMS 15 WATTS red jumbo T 13 CAT #KP-48 $3.50 each
10 for $30.00
= EXTRA size $1.00 each
1%/ S\ SPECIAL NEW GREEN FLASHER | MINIATURE TOGGLE
CAT#LED 4G $1.00 SWITCHES
N VALUE o
’ i XENON FLASH TUBE| S.PD.T. S.PD.T.
&/ 1 man o =T (on-on) (on-off-on)
4 4" long X 1/8" dia. Flash | Soider tug Soider lug
MODEL 883079 f 1 ne designed for use terminals lerminals
3 LOUDSPEAKER. .. ....... compact camera flash units |
Ideal for experimentors S Sakcaen UG
8 OHMS COIL 100 - 10,0001z CAT# FLT-1 2 for $1.00 |10for$9.00 100 for $80.00

Power rating 15 watts max
3.0 oz ferrite magnet
Typical response range:

CAT34 SK-B1S% §3.50 each.|

case of B $25.00

96 pcs @ $2.75 each.

TOLL FREE ORDERS a

1-800-826-5432
(IN CA: 1-800-258-6666)
INFO « (213) 380-8000

TWX ~ 5101010163 ALL ELECTRONIC ¢ SHEtS 10051 2

ULTRA-MINIATURE

5 VDC RELAY
Fujitsu # %
FBR211NEDOO5M20 E «,,%

ngh sensitivity
COL-. 120 ohms $1.25 each
CONTACTS: tamp 10for $10.00
Mounts in 14 pin DIP socket

D.PS.T. LIGHTED
ROCKER SWITCH _

115 vac hghted rocker .~ x
snap mounts in Nos

” S,
T8’ X 1¥a hole { T
Orangelens 16 amp

Jd

contact.  ¢q.5p

® QUANTITIES LIMITED
® MINIMUM ORDER $10.00
® USA $300 SHIPPING

MINI-PUSH BUTTON

S.PS T momentary ;]
NOCO normally open
® FOREIGN ORDERS %’ bushing

INCLUDE SUFFICIENT [N v LTI
10 for $3.00

- ]
[Z:7)
—

CIRCLE 17 ON FREE INFORMATION CARD

February 1987 / MODERN ELECTRONICS / 103



State of the Art Kils by Hal-Tronix, Inc.

TOUCH-TONE DECODER AND ENCODER KITS
HAL-567-12 o K . $39 95
TOUCH-TONE DECODER. SINGLE LINE IN 12 LINES
OUT COMES COMPLETE WITH P C BOARD AND ALL
PARTS NO SOCKETS, CASE OR POWER SUPPLY
HAL-567-16 .. $69.95
TOUCH-TONE DECODER. SINGLE LINE IN 16 LINES
OUT COMES COMPLETE WITH P C BOARD AND ALL
PARTS PLUS SOCKETS NO CASE OR POWER SUPPLY
HAL-ECD-12 o g A $29.95
TOUCH-TONE ENCODER. 3 x 4 12 CHARACTER USE
FOR DIALING COMPLETE WITH ALL ELECTRONIC
PARTS INCLUDES SPEAKERS FOR AUDIO COUPLING
AND L.ED FOR VISUAL INDICATION CRYSTAL CON-
TROLLED SINGLE IC CHIP & ALUM CASE
HAL-ECD-16 e $39.95
TOUCH-TONE ENCODER. 4x4 16 CHARACTER USE
FOR DIALING COMPLETE WITH ALL ELECTRONIC
PARTS. INCLUDES SPEAKER FOR AUDIO COUPLING
AND L € D. FOR VISUAL INDICATION CRYSTAL CON-

TROLLED. SINGLE iC CHIP, & ALUM CASE

PRE-AMPLIFIERS

HAL PA 19 o $995
WIDE BAND - 2-200 MHZ - 19 DB - BUILT AND TESTED

KEYERS AND OPTIONAL MEMORY KITS
ACCUKEYER KIT . ... $16.95
THIS ACCUKEYER KIT IS A REVISED VERSION OF THE
FAMOUS WB4VVF ACCUKEYER, BUT WITH SIDE TONE
ONBOARD COMES COMPLETE WITHALL ELECTRONIC
PARTS LESS SOCKETS. POWER SUPPLY AND CASE
ACCU-MEMORY 1101 i L, $16.95
LOW COST METHOD OF ADDING MEMORY TO THE
ACCUKEYER COMES WITH TWO 1101 MEMORIES GIV-
ING YOU CHANNELS CAPABLE OF 30 CHARACTERS
PER CHANNEL COMES COMPLETE WITH ALL ELEC-
TRONIC PARTS INCLUDING SOCKETS LESS CASE
AND POWER SUPPLY
ACCU-MEMORY 2102 . . $21.95
LOW COST METHOD OF ADDING LARGER MEMORY
TO THE ACCUKEYER PROVISIONS FOR 42102'S (ONLY
12102 COMES WITH THE KIT) HAS THE CAPABILITY OF
4 CHANNELS WITH 120 CHARACTERS EACH COMES
COMPLETE WITH SOCKETS. LESS 3 OF THE 2102'S
LESS POWER SUPPLY AND CASE

SPECIAL OFFER

#1BUY THE ACCUKEYERAND 1101 OPTION TOGETHER
e i ... (ONLY) $32.00
#2BUY THE ACCUKEYERAND 2102 OPTION TOGETHER
— (ONLY) $37.00
#3 BUY THE ACCUKEYER AND 2102 OPTION ALONG
WITH THREE EXTRA 2102'S AND SOCKETS .
i B 2 (ONLY) $40.
PROXIMITY KEYER . ... $19.95
KEYER PADDLE ENABLES ONE TO GENERATE DOTS
AND DASHES WITH THE TOUCH OF A FINGER (NO
MOVING PARTS) COME COMPLETE WITH ALL ELEC
TRONIC PARTS LESS CASE AND POWER SUPPLY

“HAL" HAROLD C. NOWLAND W8ZXH
HAL-TRONIX, INC.
12671 Dix-Toledo Hwy.
P.0. Box 1101, DeptC.
Southgate, Mi 48195 (_2:...4 f
(313) 281-7773 k| |
Hours: 12:00 - 6:00 EST Mon.-Sat
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ADVERTISERS’ INDEX
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PC Speed-Up Board (from page 36)

FAST. The last conductor picks up
the + 5-volt supply from the end of
RS near C! (hole 4) and connects to
R6, with the anode end of LEDI con-
nected to the other end of R6. Refer
to Figs. 2 and 4.

Now, exercising safe handling
procedures for MOS devices, care-
fully plug a new 8284 into the Ul
socket on the PCA board. Make sure
you properly orient this IC, as shown
in Fig. 4. Also make sure that no IC
pins fold under or overhang the
socket as you push it home. The 8284
for U2 comes from your existing
computer, as will be discussed next.

Installation and Use

Before doing anything else, ‘‘park’’
your hard-disk system (if you have
one) and turn off power to the com-
puter. Then remove the system unit’s
cover. Actual installation of the PC
Accelerator is surprisingly easy.
First, find the 8284 IC, which must
be removed and plugged into the
PCA’s U2 socket. (Exercise the same
care as you did for U1.) If you havea
Zenith Z-151 or Z-161, you’ll find it
on the separate CPU board. This is
plugged into a bus, so you'll have to
pull it out. In an IBM PC or XT,
you’ll find the 8284 on the mother-
board close to the floppy-disk drive
on the left (with the system unit’s
front facing you). With any other
PC-compatible computer, refer to its
technical or operating manual to lo-
cate the 8284.

If you're working with a CPU
board you unplugged from the bus
of a Zenith computer, protect it from
any damage that might be caused by
static electricity while handling it. To
do this, place the board on a sheet of
aluminum foil and touch the foil be-
fore handling the board. Leave the
board on the foil during the entire
time you’re installing the PCA
board. If you wish to, you can re-
place the 8088 CPU with a NEC V20-
8 at this time.

Only the PC Accelerator circuit
board installs inside your computer,

plugging into the socket in which the
8284 was removed. The control box
remains external for easy access to
the FAST-NORMAL switch and the
RESET pushbutton switch. Thread
the PCA board into your computer
through an open expansion card slot
in the rear of the system unit and
plugitinto the empty 8284 socket. Be
sure to use the proper orientation
when you plug the PCA board into
the vacated socket. That is, the up-
per-left of the board coincides with
pin 1 of the 8284 socket in the com-
puter. If you’re modifying a Zenith
computer, reinstall the CPU board by
plugging it into the system bus once
the PCA board has been installed.

Reassemble the computer’s system
unit. Your computer is now ready to
run at both its originally designed
4.77-MHz speed or at the PC Accel-
erator’s faster 6MHz.

When you turn on power to your
computer, the LED on the external
switch box should come on to indi-
cate that high-speed operation is in
effect. If your computer boots up as
it should, you’re ready to test it at
this operating speed. If you installed
the PC Accelerator board in a Zenith
PC and get a timer or keyboard error
during high-speed booting, there are
two ways around the problem. One is
to boot up at 4.77 MHz and then
switch to the high-speed mode at the
DOS prompt. The other is to use the
ROM monitor to boot the computer.
Use Ctrl-Alt-Ins to enter the monitor
and then type < B > to initiate boot-
up. IBM PCs appear to work proper-
ly in either mode.

You now have a faster computer
for very little upgrade cost. If you in-
stall a V20-8 CPU as well as the PC
Accelerator, your computer should
work about twice as fast as it origi-
nally did for string manipulations,
with an overall 40% increase when
averaging all functions.

Thus, the PC Accelerator may be
just what you want to breathe new
life into your old PC, as it did to
mine. And for little cost and effort.
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Weird Musi¢?

Now you can listen to music that’s coursing through the AC wiring system of your home. It's exciting. It’s soothing. It's vi-

brant. And, it’s all around you.
By Drew Kapian

No, | don'twantyou to listen to the 60
cycle hum of your AC power. No, | don't
want you to listen to a 120 volt blast.

But, if you're like me you're going to
find that this ‘Weird Music’ is really going
to end musical frustration. And frankly,
I've been frustrated.

As you might expect from reading my
catalogs, | have 4 complete music sys-
tems in my home, and a very large col-
lection of records, cassettes, open reel
tapes and CDs.

One reason I'm frustrated is because |
can'tlisten to my open reel tapes uniess
I'm at one of my two main systems.

And, if I'm on the patio, in the kitchen, or
in the garage, I'm relegated to AM, FM or
cassettes on a pocket stereo or portable.

And frankly,'I've never taken the time
to transfer all my albums, open reel tapes
and CDs to cassettes. So, | haven't been
able to listen towhati wantwhere | want.

WELL, NO MORE

It may seem weird to plug a speaker
into an AC outlet, but a new techno-
logical breakthrough has allowed me to
listen to any music | choose from my
best stereo, anywhere in my home.

The music (or speaking) is transmit-
ted through the AC wiring in my home.

So, instead of running speaker wires
all over my house, | just plug in a speaker
wherever |l wantrich, room filling sound.

| really like it. | had always wanted to
have wireless speakers in my living room
because my wife hates having me run
wires everywhere.

In the dining room, we can have unin-
terrupted music from one of my auto-
reverse cassette decks ‘piped in’ while
we entertain guests.

In the bedroom, now | can listen to my
old open reel tapes. And in the garage, |
can use the continuous programmable
playback from my CDs. Of course, my
system can transmit AM or FM too.

NOT STEREO AND PROBLEMS

It's not a perfect system. But, you'll be
shocked by the magnificent rich sound.

And, installation consists of simply
plugging its cable into the left and right
tape jacks of your receiver and plugging
in the AC power transmitter.

It will have no effect whatsoever on
your stereo system.

NOTE: Don't worry about your tape
jacks. Extra jacks are provided so you
won't lose the use of your tape jacks.

s

But, it's not stereo. It combines the
signals from the left and right channels

and transmits a combined signal through-
out your home's electrical system. So,
you'll enjoy full rich music anywhere.
You can plug in as many 2-way speaker
systems as you wish. And, you can plug
them in anywhere in your home, or office,
thatyou'd like vibrant, room filling music.

=

The 92" X 4% X 6" speakers will knock
your socks off with their rich full sound.
A 4%2” woofer combined with an acous-
tically designed cabinet really beits out
the bass, while a 2%2" tweeter easily
matches the high frequency response of
most traditional speaker systems.

A word about noise. You can virtually
forget it. This system is virtually noise-
less. It operates on VLF (Very Low Fre-
quency) FM that is virtually unaffected
by noisy motors and fluorescent lights.

It will, however, react to wireless inter-
coms and the BSR’s X10 remote control
system that we sell. But, the reaction is
momentary and not too bothersome.

So, in short, although it's not stereo
(youcan puttwo speakersin aroom),it’s
afabulous sounding way to listen toyour
favorite music wherever you are.

IT'S PORTABLE

Installation of the speakers consists
of simply plugging them in. Then you
can adjust their On/Off volume controls.

Each even has a handle on the back so
you can take them out to the garage, the
patio or even to unattached barns.

As long as you're on the same side of
the AC transformer (most houses are),
virtually any plug in your home should be
a source of your favorite vibrant music.

It's made by Universal Security and
backed by their limited warranty.
NON-WEIRD MUSIC EVERYWHERE

RISK FREE

Wait till you hear the quality and depth
of the sound. Wait till you listen to your
favorite music in the bathroom, guest
room, laundry or bedroom.

If you're not 100% satisfied, simply
returnitinits original box within 30 days
for a courteous refund.

To order your Wireless Music System
complete with Transmitter, Cablesand a
2-Way Speaker System risk free with
your credit card, call toll free, or send
your check for DAK's breakthrough price
of just $69% ($6 P&H). Order Na. 4631.

You can add as many extra, Dramatic
Sounding 2-Way Powered Speakers as
you wish. Each is just $49% ($4 P&H).
Order No. 4632. CA res add tax.

It's big sound wherever you arg. Don't

just expect boom box quality. You’'ll have
best of all, you'll have your favorite music.
'A" INDUSTRIES

ine.
24 Hours A Day 7 Days A Week
1-800-325-0800
Technical Information. . . .1-800-272-3200
Any Other Inquiries. ... ... 1-800-423-2866

rich deep bass and clean highs. And,

Call Toll Free For Credit Card Orders Only
For Toll Free Information, Call 6AM-5PM Monday-Friday PST
8200 Remmet Ave., Canoga Park, CA 91304
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