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OPTOELECTRONICS ING.

NEW FREQUENCY

POCKET SIZE

wrsztms. COUNTERS

TO 2.4 GHZ

8 LED DIGITS - 2 GATE TIMES
ALUMINUM CABINET
INTERNAL NI-CAD BATTERIES INCLUDED
AC ADAPTER/CHARGER INCLUDED

#TA-1008

EXCELLENT SENSITIVITY
=370 & ACCURACY
r—" AC-DC - PORTABLE
Y24 1390 OPERATION

-\ e
e

Small enough to fit into & shirt pocket, our new 1.3 GHz and 2.4 GHz, 8 digit frequency counters are not toys! They
can actually out perform units many times their size and pricel included are rechargeable Ni-Cad batteries
installed inside the unit for hours of portable, cordiess operation. The batteries are easily recharged using the AC
adapter/charger supplied with the unit.

The excellent sensitivity of the 1300H/A makes it ideal for use with the telescoping RF pick-up antenna;
accurately and easily measure transmit frequencies from handheld, fixed, or mobile radios such as: Police,
firefighters, Ham, taxi, car telephone, aircraft, marine, etc. May be used for counter surveillance, locating hidden
“bug” transmitters. Use with grid dip oscillator when designing and tuning antennas. May be used with a probe
for measuring clock frequencies in computers, various digital circuitry or oscillators. Can be built into transmitters,
signal generators and other devices to accurately monitor frequency.

The size, price and performance of these new instruments make them indispensible for technicians, engineers,
schools, Hams, CBers, electronic hobbyists, short wave listeners, law enforcement personnel and many others.

STOCK NO:
#1300H/A Model 1300H/A 1-1300 MHz counter with preamp, sensitivity, < ImV, [F eproesccrromes me.
27MHz to 450MHz includes Ni-Cad batteries and AC adapter .. .. ... .. $169.95
#2400H Model 2400H 10-2400 MHz microwave counter Includes Ni-Cad
batteriesand ACadapter . ... ......... ... ... i $299.95 ara Ok Cebi i
#CCA Model CCA counter/counter, for debugging, uitra sensitive, < 50 micro
volts at 1 50MHz! 1-600 MHz with adjustable threshold, RF indicator o H’ ~ MM U D D
LED. includes Ni-Cad batteriesand ACadapter . ................. $299.95 - uoun
ACCESSCORIES: : g MHZ
#TA-1008 Telescoping FF pick-up antenna with BNC connector . .......... ....$12.00 L]
#P-100 Probe, direct connection 50 ohm, BNC connector .................. $20.00
#CC-12 Carrying case, gray vinyl with zipper openlng Will hold a counter and
#TA-1000Santenna. . .................. ML . T - eI $10.00

MasterCard |

ORDER FACTORY DIRECT

FLA (305) 771-2050  4_g80)()-327-5912 _‘iV_ISAPi AVAILABLE NOWI
OPTOELECTRONICS INC.

Orders to US and Ganada add 5% of total ($2 min, $10 max)
5821 N.E. 14th Avenue Florida residents add 6% sales tax. COD fee $2.

Ft. Lauderdale. Florida 33334 Foreign orders add 15%

CIRCLE 74 ON READER SERVICE CARD
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For SUCCESS in your Vocation or Profession
LEARNING is Where It’s At!

You’'ll need a “Learning Environment” in your home (or office)
to work on your degree with “the college that comes to you,”

GRANTHAM COLLEGE OF ENGINEERING

|

Grantham makes your understanding of electronics and compu-
ters its most important teaching objective. You are never rushed
or held back; you study at your own pace. Learn more by self-paced
home study, with Grantham instructors standing by to help you.

A ccredited Now in Our 39th Year

A.S. and B.S. Degrees e ——————— -

Grantham College of Engineering |
A warded P.O. Box 539, Los Alamitos, CA 90720 |

Please mail me vour free catalog with gives I
details of your home-study degree programs,

Phone or write for our Home Study Degree Catalog: | including enrollment information.

I
I
I
I
I
Phone 213-493-4421 (no collect calls) |
or write }
I
|
|
I
I

NAME

ADDRESS

|
|

Grantham College of Engineering
10570 Humbolt Street

Los Alamitos, California 90720

STATE and ZIP

Grantham College of Engineering is accredited by the Accrediting Com-
mission of the National Home Study Council in Washington, D.C. l
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FEATURES

Microprocessor Control With BASIC
(Part 1)

A development system for microprocessor-controlled
projects. By Jan Axelson & Jim Hughes

The MIDI Music Revolution

Introduction to MIDI, musical instruments that use it
and how musicians are exploiting this new frontier.
By C.R. Fischer

Using Sweep Frequencies in Electronics
Troubleshooting

This technique greatly reduces the time needed to trace
a fault to a particular component in a circuit.
By Robert G. Middleton

VCR Modulator

Puts a VCR’s audio and video outputs on an r-f carrier
and radiates them through the air to a TV receiver in a
room near it. By Anthony J. Caristi

10-Hz to 2.2-GHz Frequency Counter

Hand-held general-purpose counter performs like an
instrument costing many times more than its moderate
price. By Bill Owen

COLUMNS

Electronics Notebook

Getting Started in Virtual Instruments: A Storage
Oscilloscope Program. By Forrest M. Mims 111
Communications

Sampling of Spring 1989 English-Language
International Shortwave Broadcasts. By Gerry L. Dexter

PC Capers

MIDI Basics; Casio’s MT-520 Music Studio &
Twelve-Tone’s ‘“Cakewalk’’ Sequencer Software for
PCs; Intelligent Music’s ““Jam Factory®’ for Apples.
By Ted Needleman

Software Focus

Watch the Spreadsheet: Leading Edge’s SoftVision
Companion for Lotus 1-2-3. By Art Salsberg

Electronics Omnibus
Telephone Answering Machines. By Curt Phillips

DEPARTMENTS

Editorial
By Art Salsberg

Letters

Modern Electronics News
New Products
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New Literature
Advertisers Index
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Radio Shack-The Technology Store®
SUPER VALUES IN PARTS AND ACCESSORIES!

“Hotline” Special-Order Service

i

One-Week Delivery Time on Most Items

Your Radio Shack store manager can
special-order a wide variety of parts and
accessories not shown in our catalog—
tubes, ICs, phono cartridges and styli,
microprocessor, scanner and CB crys-
tals, even SAMS Photofacts® There’s no
minimum order or handling charges.

Novice Ham Course

1995

Prepared by
Gordon West,
WB6NOA

Everything you need to earn the new Novice Amateur Radio
license with voice and digital privileges. Includes two self-
paced code cassettes, a study guide with sample exam ques-
tions and answers, FCC Form 610, and binder. #62-2402

RS-232 Plugs and Accessorles

o -

0]

Solar Cell and Project Kit

(1) Flexible Solar Cell.
This 34 x17/8" cell pro-
duces about 1.2VDC, 65

(1) Solder RS-232 Connectors. mA. #276-138 ....5.95
Positions | Type | Cat. No. |Each
9 |Male |276-1537|1.49 . .
9  |[Female|276-1538 | 2.49 (2) Inline RS-232 Tester. Dual-color LEDs (2) Solar Project Kit.
9  |Hood |276-1539|1.19 help you spot line problems fast. Mini panel, motor, propel-
gg Male 272-123; ;gg #276-1401 ... .. .. .....14.95 Put Your Sun ler, educational booklet
Female| 276-1 . #277-1201 .. ... .. 8.95
(3) inline RS-232 Sprke Protector Guard
25 |Hood |276-1549)1.29 computer, peripherals. #276-1402 .. 16.95 to Work
Project Tools Power Buys! R & C Bargams Unusual Items

(1) Mini Vise. #64-2094
(2) Adjustable Project Holder. For
easier soldering, gluing, pamtmg and
assembly. #64-2093

(3) Mini Drill. #64-2097

; 857 ¢

(1) RFI-Busting Toroid Choke Cores.
Easy to instafl on AC power cords, coax,
phone lines. #273-104. Pkg. of 2/6.95

(2) 0.1 mH RF Choke. #273-102, 99¢
(3) Heavy-Duty MOV, #276-568, 1.99

3

\ \oé

(1) Pkg. of 50 Low- pFCapacnors 50
WVDC. 2 to 33 pF. #272-806 ... 2.99

(2) Pkg. of 500 'a-W, 5% Fle5|stors
54 popular values. #271-312 ... 7.95

(3) 12 Trimmer Pots. #271- 1605 1.98

(1) (2 ﬁ

.' = ' sozd g < / 7
/@)

(1) PC-Mount Mini Speaker. 29/32"

diameter! 8 ohms. #273-090 . . 4.99

(2) Trimmer Capacitor. 95-420 pF.
Compression type. #272-1336, 1.69

(3) Thermistor. #271-110 ..1.99

FM Receiver

595

TDA7000. RF amplifier, mixer,
IF and demod stages on one 18-
pin DIP. Perfect for a small FM
broadcast or public-service
band receiver—requires a mini-
mum of support parts. 70 khz IF
eliminates IF transformers. With
circuit data. #276-1304

Mini Audio Amp
1195

a Built-In
Speaker

a High-Gain
IC Design

Ideal test amplifier, it's also great
for computer voice and music syn-
thesis, circuit tracing, and line
testing. Has 8" headphone jack,
/8" input jack and volume control.
Battery extra. #277-1008

Switch Values
(3)

(1) SPST Rocker Switch. Rated 6

amps at 125VAC. #275-680 . ... . 1.99
DPDT Rocker. #275-691 2.59
(2) DPDT Knife. #275-1537 1.29

.1.29

(3) Mercury Bulb. #275-027 ..

LED Indicators
1) (2)

/) fe

(1) Super-Bright Red LED. 2000

med output! #276-087 . ... .. 1.69
(2) Blinking Red LED. Buﬂt in
flasher IC. #276-036 1.29

(3) Blinking Green LED Flash rate:
1 Hz. #276-030 . 1.29

More Project Parts
M@ (3)

Hi-fi re-

(1) PC-Mount Eilectret Mike Element.

sponse. 2-10VDC. #270-090 . . ... .. . .. 1.49

Element With Leads. #270-092 .. ... .. .. 2.99
...... 7.95

(2) 0-15 VDC Voltmeter. #270-1754
(3) Transmitter Case. Perfect tor a pocket-size IR or
RF controller. #270-293 .. ... ... .......... 3.99
Many other styles and sizes of project housings
available at our store near you—at low prices!

Board, Project Book

Our Best Breadboard

Universal Breadboard. Molded socket ac-
cepts DIPs, discretes and 22-gauge wires.
Mounted on a heavy metal base with rubber
feet. #276-169 19.95
Getting Started in Electronics. By Forrest
Mims II. The perfect introduction to electronics
project building. 128 pages. #276-5003 . . . 2.49

Bench Instrument

)2

Incredible
Value!

9995

Precise LCD digital display pius 31-segment analog
bargraph. Displays transistor gain directly. Diode-
check, memory and continuity functions. Measures to
1000VDC 750VAC, 10 amps AC as well as DC, and
resistance. With leads and manual. #22-195 . 99.95

Over 1000 items in stock! Binding Posts, Books, Breadboards, Buzzers, Capacitors, Chokes,
Clips, Coax, Connectors, Fuses, Hardware ICs, Jacks, Knobs, Lamps, Multitesters, PC Boards,
Plugs, Rectnflers Resrstors Swntches Tools Transformers Tran5|stors Wire, Zeners More!

Prices apply at participating Racio Shack stores and dealers
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ATTENTION

VCR
TECHNICIANS
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VCR REPAIR PARTS KIT

Now you can do most of your VCR
repair jobs the same day. Parts Express
VCR Parts Kit makes this possible. It
contains over 45 of the most commonly
used parts to repair RCA, Hitachi,
Fisher, Sanyo, Lloyds, Panasonic, Sony,
Sharp, JVC, Samsung, TMK, GE, Mag-
navox, and more. Idler assemblies,
pinch roller, sensing transistors,
switches, and lamps are included in
this comprehensive kit. You also save
over $20.00.

Kit contains replacements for Sharp (2) NiDLOOOS. (2)
NIDLOO06. (1) NPLY-V0051 Panasonic. (2) VXP0329, (2}
VXP0401. (2) VXP0344, (2) VXP0521 RCA (1) 150614, (1)
164113, (1) 150650 Hitach: (1) 641311 Fisher/Sanyo: (1) 143-
0-4204-00300. (2) 143-0-4804-00100. (1) 143-0-4904-00900. (1}
143-0-7417-20002 RCA/Hitachi. {2) up/down swiich, (5)
161757 sensing transistors Panasonic lamps. (2)
XAMQ27P150W. (5) XAMV0019, (5) XAMV125 (1) Motybdenum
grease Normal dealer cost of over $11000 (All paris are avail

able individually for reorders.) $

Order #
400-950 Plus shipping
f e vomioiee T
o 4

VCR IDLER TIRE KIT

This popular kit contains 150 of the most
popular idler tires (10 each of 15 different
sizes). With this kit in your stock room,
you can do over 90% of VCR repair jobs
the same day, saving time and money!
Also included is our comprehensive cross
reference listing over 80 manufacturers’
assembly numbers and over 200 model
numbers. A $400.00 retail value. (All tires
are available individually for reorders.)

Order # $5500

400-900 Plus shipping

FREE
CATALOG

Express

International Inc

CALL TOLL FREE

1-800-338-0531

340 E. First St., Dayton OH 45402
Local—1-513-222-0173

CIRCLE NO. 115 ON FREE INFORMATION CARD
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The Alternatives

Buying electronics and computer prod-
ucts can be hard on one’s psyche. There’s
always the latest and greatest just out,
with lesser models behind them. What
to do?

What’s ““in?”’ What’s “‘out?’> Which
benefit is worth a whole lot of extra
bucks? Will the newest twist be supported
by satisfying operating and application
programs? Will the company remain in
business long enough to live up to a war-
ranty? And on and on.

We’re used to buying automobiles,
where the old clinker can be traded in or
sold privately. For most electronic equip-
ment, the older models are either passed
down to a child, to another room, to the
closet or basement, or just junked.

We’ve got throw-away wristwatches,
of course. But now even VCRSs are con-
sidered to be junkable when they break
down. The reason is simple: repair costs
are very high and new minimal-frill VCR
models are modestly priced. In some
cases, the prices can be equal. There are
VOMs and even digital multimeters that
are priced low enough to be considered as
throw-aways, too, if the problem is more
than just batteries that ran out of juice.

It’s easier to junk a broken-down prod-
uct if it’s out of style or missing impor-
tant functions that were introduced after
you bought your model many years ago.
For example, LED wristwatches have
been out of style due to their high battery
drain for many, many years. Digital
wristwatches are not considered ‘‘in”’
any longer, either. Today it’s analog
ones that are viewed once again as being
stylish, though driven by electronic
quartz means.

Videocassette recorders with remote
controls that have to be plugged into the
main unit’s body are out, naturally.
Wireless is in. Record turntables and
phono cartridges are out; compact disc
players are in (unless you’re past 50 years
old and built up a huge collection of LP
records or you’re a fanatical audiophile).
Video game machines are in again, espe-
cially Nintendo machines, The 3! " disk
drives and disks are in, while the 5% " ones
are declining if not out. CB radio, if not
in, is showing signs of life, but it’s cellular
phones that are making greater inroads.
Telephone answering machines with re-
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mote beeperless capabilities are in, as are
automatic time and date stamping by dig-
itized voice. (My home answering ma-
chine still requires me to carry around a
little beeper for remote contact and my
taped message still pleads with the caller
to tell me the time he/she phoned. But
when it requires major repair . . .).

In business, facsimile machines are
fashionable. You can even hook them up
to car cellular phones for high-fashion
high tech. Portability has been extended
to powerful laptop computer models,
which are now decidedly in. There’ll soon
be an Apple Macintosh portable model,
we understand. Small computers have
taken major twists and turns in a few
short years.

The old 8088 microprocessor-based
personal computer is out, while 80286
CPU designs are in for some people, es-
pecially the fast-clock ones that run at 20
MH:z. What’s expected to really be in in
’89, though, is the 80386 chip even
though it’s still in its childhood. And why
not, with an 80486 being sampled by
computer makers? Old standbys have
long (a few years) disappeared from fav-
or. Remember CGA and EGA color moni-
tors? Well, VGA and SuperVGA are in,
friend. But you’ll need the proper hard-
ware and software to go along with them.

Companies themselves are doing cor-
porate somersaults in name or in business
trials and tribulations. The leading Lead-
ing Edge Computer Product Inc. sudden-
ly left the computer machine business,
for example, with sale of its OEM con-
tract rights with a Korean company
(Daewoo) to another U.S. company.
IBM changed its bus structure to MCA
and walked away from the old one that’s
been cloned left and right, while a group
of computer companies say they’re going
to use their own bus, the EISA, which is
not yet finalized. Which one will you take
an option on for yourself or for your
company? Or will you sit tight with what
you’ve got until the smoke clears, per-
haps losing out by spending much more
money in software for less quality in the
overall end?

I don’t think that the smoke will ever
fully clear. Just as you decide to move in
one direction, a new growth spurt in an-
other area will pull at you, such asthe new

Say You Saw It In Modern Electronics
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computer workstations that are carving
out a separate niche for themselves in the
computer world. In time, it’s expected
that they will replace plain old personal
computers for serious business or pro-
fessional work. Look for companies like
Sun and Apollo to enter your conscious-
ness.

The alternative choices we all have to
weigh continue to be exciting, if confus-
ing. Being technically hip depends on
where you’re coming from and where
you’re going. There’s nothing wrong
with a single-user, 8088-microprocessor
computer with 640K of RAM and a 20-
meg hard disk drive if all you do with it is
write short articles. But this is more like a
fancy typewriter now when compared to
what the power users will be buying
this year.

NILETTERS

Negative-Logic Booster
¢ “Understanding Negative Logic’’ in
the October 1988 issue of Modern Elec-
tronics was interesting in general, but Mr.
Horn’s closing sentence was most astute.
Itis very easy to confuse positive and neg-
ative logic. As a digital designer, I find it
better to stick with one approach and
then solve the logic problem with Boole-
an algebra. For example, it the article’s
first truth table, eight combinations of
A,B,C,D yield an output of ““1.”” Using
the simple rules of Boolean algebra, these
terms are combines or reduced to the ex-
pression AD + BC + BD, which is read
‘““A and D or B and C or B and D.”’ This
expression can be further factored to BC
+ D(A + B), arriving at the logic circuit
shown in Fig. 2(B)—which, by the way, is
the positive logic diagram. Boolean alge-

bra is fun and easy to work with.
Bill Holsinger
National Institutes of Health
Bethesda, MD
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CABLE-TV

HAMULIN MCC 3000 36 CORDED REMOTE CONVERTER I:h

PANASONIC WIRELESS CONVERTER (our best buy

MOVIETIME VR7200A (manua! fine tune}

'JERROLD 400 COMBO

ERROLD 400 HAND REMOTE CONTROL

".ERROLD 450 COMBO

‘' _ERRCLD 450 HAND REMOTE CONTROL

JERROLD SB-ADD-ON

. ERROLD SB-ADD-ON WITH TRIMODE

**A-35 B COMBO UNIT (Ch 3 output only)

"t4-35 B COMBO UNIT WITH VARISYNC

TINICODE (N-12)

{
| IINICODE (N-12) WITH VARISYNC

"MINICODE VARISYNC WITH AUTO ON-OFF
ECONOCODE (minicode substitute)

ECONOCODE WITH VARISYNC

VLD-1200-3 (Ch 3 output}

MLD-1200 2 |Ch 2 output)

ZENITH SSAVI CABLE READY

INTERFERENCE FILTEFE_(Ch 3only)

EAGLE PD ¢ DESCRAMBLER (C_:h 3 output only)

"SCIENTIFIC ATLANTA ADD-ON REPLACEMENT DESCRAMBLER

‘CALL FOR AVAILABILITY

] Output
Channel

SUBTOTAL
Shipping Add
| $3.00 per unit
COD & Credit
| Cards — Add 5%

PLEASE PRINT [___TOTAL

California Penal Code #593-D forbids us
from shipping any cable descrambling unit
to anyone residing in the state of California.

Prices subject to change without notice.

Gy

Zip. Phone Number (
O Money Order O coD
_ Exp. Date ___

O Cashier's Check
Acct #

Signature

O Vvisa O Mastercard

FOR OUR RECORDS:
DECLARATION OF AUTHORIZED USE — I, the undersigned, do hereby deciare under penalty of perjury
that all products purchased. now and in the future, will only be used on cabike TV systems with proper
authorization from jocal officials or cable company officials in accordance with all applicable federal and
state laws. FEDERAL AND VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL AND CiviL
PENALTIES FOR UNAUTHORIZED USE.

Dated:

Signed:

(818) 716-5914 + No Collect Calls + (818) 716-5140
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© Copyright 1987 PACIFIC CABLE CO., INC.

Pacific Cable Company, Inc.
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CELLULAR PHONE GROWTH. More and more consumers are using
cellular telephones. A NYNEX Veep in the New York-New Jersey
area predicts that there’ll be 2.5- to 3-million cellular
subscribers nationwide by the end of the year. The subscriber
base reached 1.7 million in ’88, which was more than double the
number in ’87. A recent NYNEX customer survey revealed that 62%
of cellular phone subscribers use their phones for personal
reasons at least half the time, and that women account for more
than 20% of its subscribers. To grab a bigger cellular share,
Tandy has moved its merchandising efforts beyond its Radio Shack
stores into car dealerships, and the company is said to be
considering private labeling of phones.

U.S. ELECTRONICS SHARE SHRINKS. Using statistics compiled by the
Electronic Industries Association of Japan, the American
Electronics Association notes that U.S. share of world’s
electronic production dropped from 50.4% in 1984 to 39.7% in
in 1987. At the same time, Japan’s world market share rose from
21.3% to 27.1%, Western Europe from 23.5% to 26.4%, and other

" Pacific Ri9m countries (Korea, Taiwan, etc.) from 4.9% to 6.8%.

In dollars, U.S. production actually rose 8% in that period
from $168.9-billion to $182.7-billion,while Japan’s nearly 75%
rise moved its production from $21.3-billion to $125.1-billion.
Nevertheless, the U.S.’s shrinking share of the world market in a
leading-edge segment of the U.S. economy is worrisome.
3

SHURE’S V-15 AT 25 YEARS. Shure Brothers’ Model V15 phonograph
cartridge was introduced a quarter century ago, succeeding the
company’s highly popular Model M3D. Its name derived from its 15-
degree vertical tracking angle, which the technology represented
as necessary to obtain optimal stylus tracking in a record
groove. The new cartridge also featured the first elliptical
diamond stylus. The V15 continued to evolve over the years,
upgrading models to V15 Type II, Type II Improved, Type III, etc.
Today it’s latest version is the V15 Type V-MR. So it’s a silver
anniversary for the high-performance cartridge whose world is
being compressed by compact discs that use laser beams instead of
its breed. However, there are still millions of LPs sold every
year, and billions of LPs to be played.

HIGH RESOLUTION COLOR LCD. Sharp Electronics’ Microelectronics
Division has introduced two hi-res color LCD modules that
reportedly provide picture resolution rivaling high-performance

CRT monitors. A four-inch module produces a high-definition
picture with 115,200 pixels, while a three-inch version offers
92,160 pixel resolution. The division’s marketing people feel
that the new modules will fuel new products that weren’t
conceivable in the past, such as behind-the-seat video monitors.

Sampling starts in the first quarter. Call 201-529-8757 for more
information.
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and you can too!

Andy is a Ham Radio operator and he’s having
the time of his life talking to new and old friends
in this country and around the worid.

You can do it too! Join Andy as he communi-
cates with the world. Enjoy the many unique and
exclusive amateur bands . . . the millions of fre-
quencies that Hams are allowed to use. Choose
the frequency and time of day that are justright
to talk to anywhere you wish. Cnly Amaieur Ra-
dio operators get this kind of freedom of choice.
And if it’s friends you’'re looking to meet and talk

with, Amateur Radio is the hobby for you. The
world is waiting for you.

If you'd liketo be part of the fun....if you'd like to
feel the excitement ... we can help you. We've
got all the information you’ll need to get your
Ham license. Let us help you join more than a
million other Hams around the world and here at
home. Who are we? We’re the American Radio
Relay League, a non-profit representative organ-
ization of Amateur Radio operators.

For information on becoming a Ham operator
circle number 11 on the reader service card or write to:

AMERICAN RADIO RELAY LEAGUE

Dept CQ, 225 Main Street
Newington, Conn. 06111.

This space donated by this publication in cooperation with the American Radio Relay League.
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Learn to troubleshoot and
service today’s counillputer
systems as you build a fully
T-compatible micro,
complete with 512K RAM and

powerful 20 meg
hard drive

Train the NRI Way— and
Earn Good Money Servicing
Any Brand of Computer

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

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

NRI'’s practical

combination of “‘reason- technology, NRI includes the

why”” theory and hands-on powerful new Packard Bell
building skills starts you VX388 computer as the
with the fundamentals of centerpiece of your training.
electronics, then guides you Asyou assemble this fully
through more sophisticated IBM XT-compatible micro
circuitry all the way up to from the keyboard up, you
the latest advances in actually see for yourself how
computer technology. You every section of your
even learn to program in computer works.
Ll Vou ssemble an et
i guag o Kour computer’s “intelligent”’
anguage Ior troub'e eyboard, install the power
shooting and repair. supply and 5%" disk drive,
then interface the high-
Train With a Powerful resolution monitor. But
. that’s not all.
XT-Compatible — =
. our hands-on training
Now Wlt]}l)? ' continues as you install a
Meg Hard ve. You build this powerful Packard Bell VX88 computer, ppwerfpl 20 megapyte hard
all the while gainin? a true mastery of computer disk drive—today’s most-
To give you hands-on electronics. Best of all, it’s yours to keep for all your wanted corggl_lter peripheral—
training with the absolute professional and personal computing needs. now included in your course
in state-of-the-art computer : to dramatically increase
10 / MODERN ELECTRONICS / April 1989 Say You Saw It In Modern Electronics
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Your NRI computer training includes
all this: « NRI's unique Discovery
Lab® for circuit design and
diagnosis * NRI’'s hand-held
digital multimeter featuring
“talk-you-through”
instructions on audio
cassette » Adigital logic
probe that lets you
visually examine
computer circuits

¢ The new Packard
Bell VX88 computer
with “intelligent” keyboard,
360K double-sided, double-
density disk drive, 512K
RAM, 16K ROM » 20 megabyte
hard disk drive « Bundled
software including MS-DOS,
GW-BASIC, word processing,
spreadsheet, and database
programs ¢ Packard Bell reference
manuais with programming guidelines
and schematics.

the data storage capacity of your
computer while giving you lightning-
quick data access. Plus you work with
exclusive word processing, database,
and spreadsheet software, yours to
use for your own professional and
personal applications.

As you build your computer,
performing key demonstrations
and experiments at each stage of
assembly, you get the confidence-
building, real-world experience you
need to work with, troubleshoot,
and service today’s most widely
used computer systems.

No Experience Needed,
NRI Builds It In

This is the kind of practical, hands-on
experience that makes you uniquely
prepared to take advantage of
today’s opportunities in computer

Say You Saw It In Modern Electronics

NEW!

Includes 20 meg
Hard Drive

throughout your
training, you've
got the full
support of
your personal

NRI instruc-

tor and the
NRI technical
staff, always ready
to answer your
questions and help you whenever
you need it.

FREE 100-Page
Catalog Tells More

Send today for NRI's big, 100-page,
full-color catalog that describes

every aspect of NRI’s innovative
computer training, as well as
hands-on training in robotics,
video/audio servicing, electronic
music technology, security
electronics, data communications,
and other growing high-tech career
fields. If the coupon is missing,

write to: NRI School of Electronics,
McGraw-Hill Continuing

Education Center, 4401 Connecticut
Avenue, NW, Washington, DC 20008.

School of
Electronics

N

McGraw-Hill Continuing
Education Center
4401 Connecticut
Avenue, NW
Washington, DC 20008

service. You learn at your own
convenience in your own home.

No classroom pressures, no
night school, no need to quit your
present job until you're ready to
make your move. And all

IBM is a registered
trademark of

International Business
Machines Corporation

SEND TODAY FOR FREE CATALOG!

”R’ For Career courses LY |
approved under Gl Bill ¢ 4a
McGraw-Hill Continuing Education Center . s ﬂ | .

$401 Connectiout Avene, NW. Washingion. DC 20008 L—-check for deafls.

# CHECK ONE FREE CATALOG ONLY O Electronic Design Technology
|77 Computer Electronics [ Industrial Electronics

1 TV/Video/Audio Servicing
O Robotics

[ Electronic Music Technology
7] Security Electronics

[ Digital Electronics Servicing

O Air Conditioning, Heating & Refrigeration
] Small Engine Repair

O Electrician

[J Locksmithing & Electronic Security

O Trave! Careers

0 Communications Electronics I
O Computer Programming |

[ Basic Electronics
[ Bookkeeping and Accounting
O Building Construction

O Automotive Servicing [ Paralegal

Name (Please print) Age

Street

City/State/Zip We'll give you tomorrow.
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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.

Wireless Motion Sensor

Homeowners who have inside and
outside lights located in difficult-to-
reach places will appreciate a new
wireless motion-sensor activating de-
vice from the Heath Company. The
Model SL5420 retrofit controller can
be mounted on any surface, includ-
ing alamp post, wall or fence without

requiring ac power. It is housed in-
side a dark-colored case that is vir-

tually invisible under nighttime
conditions.

The wireless light-control unit con-
sists of a battery-powered motion
sensor and a receiver that replaces
any existing switch that controls the
lighting fixture with which the prod-
uct is used. The motion sensor can be
located up to 150 feet away from the
receiver and can be adjusted in any
direction to cover a specific area.
Also, multiple lights can be con-
trolled simply by adding extra receiv-
ers to the basic system.

Employing pulse-count technol-
ogy, the new Heath light controller is
said to be less prone to false alarms
than competitive units. Other key
features include variable shut-off

time, which allows the user to set the
duration that the controlled lights re-
main on, and an adjustable photocell
for changing the times lights turn on
at night. The Heath Zenith wireless
motion sensor light controller is also
compatible with the company’s wire-
less security systems. $100.

CIRCLE NO. 101 ON FREE INFORMATION CARD

Electronically Controlled
Soldering Station

New from Elenco Electronics is a sol-
dering station that uses an electronic
circuit that permits the user to change
tip temperature from 300 °F (150° C)
to 900° F (480 ° C) without having to
change either tip or heating element.
Once a temperature is dialed in at the
tool’s front panel, the station is
claimed to maintain it within 10°F of
the preset temperature. A unique
temperature sensor located near the
soldering tip provides rapid response
and little temperature variation.

For safety purposes, the soldering
tip is isolated from the ac line by a
transformer, which delivers low-
voltage (24 volts) power to the heat-

Multi-Band Radio

Panasonic’s Model RF-B65 compact
multi-band radio receiver is ready to
receive the new single-sideband
broadcasts that are currently being
tested by shortwave stations. The ra-
dio receives on the FM, LW, MW
and SW bands. It features a micro-
processor-controlled PLL quartz
frequency synthesizer and a double-

ing element. Totally electronic switch-
ing protects voltage- and current-
sensitive components against transi-
ent spikes that are sometimes caused
by mechanical switching elements in
other station designs. A linear LED
array displays soldering tip tempera-
ture. Other features include a sponge-
type tip cleaning pad and an iron
holder as standard accessories. $169.

CIRCLE NO. 102 ON FREE INFORMATION CARD

heterodyne receiving system. The de-
sign provides two i-fs to help lessen
the first and second image interfer-
ence characteristics, while image re-
jection is lessened by raising the ini-
tial i-f to 55.845 MHz.

A six-way tuning system offers a
full range of tuning options. In-
cluded is 36-station preset tuning that
allows the user to program that many
stations for instant recall. Direct-ac-
cess tuning is accomplished from the
numeric keypad on the front panel.
If the band but not exact frequency
of a desired station is known, the user
can key in the lowest frequency of the
band and then use electronic rotary,
up/down manual or automatic scan
to zero in on the exact frequency.

An LCD display shows all func-
tions selected and simultaneously
keeps time in two separate time
zones. A sleep function automatical-
ly shuts off the unit after 60 minutes,
and a standby function permits the
user to set the radio to turn on
automatically.

Other features include: 10-key di-
rect time setting; hold switch; 1-kHz-
step fine tuning on LW, MW and
SW; volume control; external anten-
na, dcinput and earphone jacks; car-
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rying case; external wire antenna for
SW; and earphone. Six AA cells (not
included) are required, four for pow-
ering the radio and two for the clock
memory. $280.

CIRCLE NO. 103 ON FREE INFORMATION CARD

“Smart’’ UPS

Sutton Designs (Ithaca, NY) has five
new uninterruptible power supplies
that allow integration with virtually
every LAN configuration and multi-
user operating system now on the
market. Called the MM-Series Plus
UPS, the new units incorporate the
company’s Netlinks Intelligent Cir-
cuit and new Netsavers Software In-
terface Package. These turn the
MM-Series Plus UPS into an interac-
tive part of a user’s computer sys-
tem. The UPS knows when and how

B sl

to inform the network server or mul-
ti-user host to log users off and to
shut itself down in the event of a pro-
longed power outage. This series also
writes to the server’s operating sys-
tem to keep an accurate log of its
own activity and remaining battery
capacity at all times, even during a
prolonged power outage. When ac
line power is restored to normal, it
tells the server or host computer how
long the UPS must be running on ac
power before it is up to full hold-up
capacity. The UPS operates as a
background process and, therefore,
uses no processing power.

The MM-Series Plus line includes
375-, 750-, 1,200-, 1,500- and 2,000-
VA models. All are claimed to pro-
vide pure synchronized sine-wave
outputs, and all feature extra large
battery capacities. $599, $899, $1,299,
$1,599 and $1,999, respectively.

CIRCLE NO. 105 ON FREE INFORMATION CARD

Car Audio Cassette/ Tuner

Last-source memory and a CD input
are only two of the features offered
by Yamaha’s flagship Model

YCT-605 car audio cassette/tuner..
Another is this DIN-sized unit’s
theft-proof removable chassis that is
supplied as standard equipment.
Last-source memory automatically
returns the unit to the last source or
program being played before shut-off.

Among the other features of this
unit are start/stop for the CD player
being used with it. The tuner section
features improved MR-II circuitry,
18 FM and 6 AM presets, auto-store
memory, preset scan, up/down seek
tuning, five-mode agc circuitry, and
a dual-gate MOSFET design. The
precision load tape transport fea-
tures automatic pinch-roller release
on shut-off, double azimuth control
for proper alignment of the hard per-
malloy tape head in either direction,
and a dc servo motor. Included are
Yamaha Music Search and Dolby B
noise reduction, illuminated bass and
treble controls, bi-level preamplifier
fader, four output jacks, and a con-
tinuously variable loudness control.

Technical specifications: FM
tuner—usable sensitivity, 16.3 dBf
(1.8 uV) at 75 ohms; 50-dB quieting
sensitivity, 18.3 dBf (2.2 uV); alter-
nate-channel selectivity, 75 dB; im-
age-response ratio, 65 dB; capture
ratio, 2.5 dB; S/N mono/stereo, 70/
65 dB; harmonic distortion mono/
stereo, 0.3%/0.5%; separation, 40
dB at 1 kHz; frequency response, 50
Hz 10 15 kHz +3 dB. AM tuner—
usable sensitivity, 25 uV; selectivity,
33 dB. Tape section—frequency re-
sponse 40 Hzto 16 kHz +3dB (to 17
kHz metal); S/N ratio Dolby off/on,

58/67 dB (54/63 dB metal). Audio
section—preamp output level/im-
pedance, 1.5 volts/1k ohm; CD input
level, 2 volts at 1.5-volt preamp out-
put; tone control range, + 10 dB at
100 Hz bass and 10 kHz treble. Di-
mensions: 7%"” X 64%" X 1%".
Weight: 3 1bs. 15 ozs. $399.

CIRCLE NO. 106 ON FREE INFORMATION CARD

Intelligent Multimeter

Daetron (Missisauga, Ontario, Ca-
nada) has a new “‘intelligent’’ digital
multimeter that is capable of measur-
ing and displaying four voltages
simultaneously in four 3Y%-decade
display areas or two voltages at the
same time in two 4%-decade display
areas. The Model MM100 multime-
ter can also show various combina-
tions of current, resistance and volt-
age simultaneously in its two-line,
16-decade display window.

Each of the two or four display
areas is individually programmable
for hold, relative reference and com-
parative modes. The last permit the
user to program the MM 100 to audi-
bly alert him with a ‘‘beep’’ when a
current, resistance or voltage exceeds
a certain preset value, falls below
that value or is between any two pre-
programmed values. In analog bar-
graph mode, the top line of the dis-
play contains a single 4-1/2-decade
numeric window and the lower line is
occupied by the bargraph display.

Lo Bl e ———— .  ———— ——— ————— Sy
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All functions and ranges are selected
and programming is accomplished
with a membrane-type touch panel
on the front of the instrument.

Supplied with the DMM are red-
and black-insulated test leads and
instruction manual. Additional
color-coded test leads that match the
coding of the jacks on the side of
the meter’s case are available op-
tionally. $230.

CIRCLE NO. 107 ON FREE INFORMATION CARD

Modem/Line Driver

Telebyte Technology Inc. (Green-
lawn, NY) has announced the Model
201 Auto Powered Line Driver that is
claimed to be the industry’s smallest
short-haul modem/line driver. It in-
corporates dc-to-dc converters for
power, built-in surge protection for
the twisted-pair communication
link, and both screw-type terminals
and RJ-11 connector for user selec-

tion of line termination. The device
has the capability of deriving all of its
operating power from only the input
signal to be transmitted, with the dc
converters establishing the necessary
voltage levels and supplying the pow-
er to operate the low-power circuitry
of the modem.

This new device provides full du-
plex operation at data rates up to
19,200 baud and distances of 2 miles

(Continued on page 79)

Analog/Digital Storage
Oscilloscope Family

Powerful cursor facilities, AUTO-
SET and optional GPIB/IEEE-488
interface are featured in a new three-
member family of Philips analog/digi-
tal storage oscilloscopes from John
Fluke Mfg. Co. The Models PM
3335, PM 3350 and PM3365 are said
to combine digital storage capability
with ease of use. Bandwidths range
from 50 MHz to 100 MHz, sampling
rates from 20 MS/s to 100 MS/s for
each channel and up to 8K bytes of
memory, depending on model.

Simple operation is facilitated by
cursor facilities that allow for instant
on-screen measurements with nu-
meric readouts of measured and cal-
culated values, automatically com-
pensating for probes in use. High-
speed triggering provides the ability
to reliably capture fast pulses and
other high-frequency phenomena.
An LCD panel near the CRT display
gives information on sensitivity on
both channels, timebase and trigger
settings, memory status, and a dis-
play magnification indicator. An-
other feature, AUTOSET, provides
for automatic channel selection and
setting of amplitude, timebase and
triggering for the input signal.

The GPIB/IEEE-488 or RS-232
interface options allow the scopes to
be used under computer control in
automatic measuring systems. Mea-
surements can be downloaded to the
computer for storage on disk or fur-

ther processing, and special instru-
ment settings for complex test rou-
tines, user-definable softkey guid-
ance and on-screen operator prompts

can be downloaded from the
controller.

The 50-MHz PM 3335 DSO pro-
vides a 20 MS/s sampling rate on
both channels, an 8K memory for
high-resolution acquisition and stor-
age of signal information, 100-MHz
triggering bandwidth, and 8-bit verti-
cal resolution. $2,490.

The middle-of-the-line Model PM
3350 50-MHz analog/digital scope
offers dual-channel operation, syn-

chronous sampling, cursors, AUTO-

SET, 100 MS/s single-shot sampling
on both channels, 100 MHz trigger-
ing and a 4K memory. Optionally
available is the GPIB/IEEE-488 in-
terface. $3,990.

The Model PM 3365 features 100
MS/s single-shot sampling on both
channels, while an additional repeti-
tive sampling mode ensures high-res-
olution acquisition of recurrent sig-
nals up to 100 MHz. A 4K memory,
150-MHz triggering bandwidth and
dual-timebase referencing for simul-
taneous display of basic waveform
and signal detail are also provided.
$4,990.

CIRCLE NO. 111 ON FREE INFORMATION CARD
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100586

100715. R.E.M.: Green
Orange Crush, Pop Song
89, etc. (Warner Bros )

100602. Elton John: Reg

Strikes Back * Elton’s 22nd

gold album! (MCA)

264134. D.J. Jazzy Jeff &
The Fresh Prince: He's
The D.J.,, I'm The Rapper
(Jive)

200596

100711

200478. Metallica: And
Justice For All » #1 Speed
metal band! (Elektra)

223559. The Beach Boys:
Endless Summer * 21
timeless hits! (Capitol)

100532. Diane Schuur
Talkin’ ‘Bout You* Cry Me
A River, etc. (GRP)

|Tiff

100603

105392. Pops In Space
John Williams & The
Boston Pops. Music from
Star Wars, The Empire
Strikes Back, more. (Philips
DIGITAL)

153582. Tracy Chapman
Fast Car, Talkin’ ‘Bout A
Revolution, etc. (Elektra)

164165. Bobby McFerrin:
Simple Pieasures * Don't
Worry Be Happy, etc. (EMI)

244006. Simon &
Garfunkei: The Concert
In Central Park * All-time
classics! (Warner Bros.)

125179. Tchaikovsky, 1812
Overture; Romeo And
Juliet; Nutcracker Suite
Chicago Symph. Orch./
Solti. (London DIGITAL)

100459. Cocktail (Original
Soundtrack) ¢ (Elektra)

JAMES GALWAY
Greatest Hits

173233

100714

100707

100604. Heifetz: The
Decca Masters, Vol.1
Golliwog's Cakewalk, Clair
delune, many more. (MCA)

100035. Robert Palmer:
Heavy Nova * Simply
trresistible, More Than
Ever, etc. (EMI)

123385. The Best Of Eric
Clapton: Time Pieces
{Polydor)

100579. K. T. Oslin: This
Woman ¢ Hold Me, Money,
title song, more. (RCA)

100470. Vangelis: Direct
New Age Meditations, The
Motion Of Stars, The Will Ol
The Wind, etc. (Arista)

153983. Charlie Parker:
Compact Jazz * Now's The
Time, Night And Day.
{Verve)

154633

START NOW WITH 4 COMPACT DISCS!

Yes, pick any 4 compact discs shown here! You need buy just one
selection at regular Club prices (usually $14.98—$15.98)...and take
up to one full year to do it. Then you can choose another CD free as a
bonus. That's 6 compact discs for the price of 1 and there's nothing
more to buy...ever! (Shipping & handling added to each shipment.)

HOW THE CLUB OPERATES

You select from hundreds of exciting compact discs described in the
Club's magazine and mailed to you approximately every 3 weeks (19
times a year). Each issue highlights a Featured Selecticn in your
preferred music category, plus alternate selections. Hyou'd like the
Featured Selection, do nothing. It will be sent to you automatically. If
you'd prefer an alternate selection, or none at all, just return the card
enclosed with each issue of your magazine by the date specified on
the card. You will have at least 10 days to decide, or you may return
your Featured Selection at our expense for full credit. Cancel your
membership at any time after completing your membership

agreement, simply by writing to us.

FREE 10-DAY TRIAL

Listen to your 4 introductory selections for a full 10 days. If not
satisfied, return them with no further obligation. You send no money

now, so complete the coupon and mail it today.

BMG Compact Disc Club

6550 E. 30th St., Indianapolis, IN 46219-1194.

CD692

154135. The Best Ot
Steely Dan: Decade

14 hits. (MCA)

104871. Supertramp:
Classics (14 Greatest
Hits) * The Logical Song,
Give A Little Bit, more.
(A&M)

144578. The Judds’:
Greatest Hits * (RCA)

115356. Pinnock: Vivaldi,
The 4 Seasons * Simon
Standage, violin; etc.
(Archiv DIGITAL)

114780. Cinderelia: Long
Cold Winter * Gypsy Road,
Don’t Know What You Got,
more. (Mercury)

134347. Huey Lewis:
Small World * (Chrysalis}
173406. Jazz CD Sampler
Over 67 minutes of jazz.
(Polygram)

100467. Beethoven, Sym-
phony No. 9 {(Choral)
London Classical Players/
Norrington. (Angel
DIGITAL)

123721. Jimmy Page: Out-
rider * Led Zeppelin
guitarist’s solo flight!
(Geffen)

134321. Led Zeppelin:
Houses Of The Holy
(Atlantic)

172190

DIGITAL AUDIO

182522

270106. An Evening With
Louis Armstrong * (GNP
Crescendo)

262889. Virgil Fox: The
Digital Fox » Organ music
by Bach, others.
(Bainbridge DIGITAL)

115311

170348

209468. Perlman:
Brahms, Violin Sonatas
(Angel DIGITAL)

120768. 20 Great Love
Songs Of The 50s & 60s,
Vol. 1+ (Laurie)

GET COMPACT
Gmscs

FOR THE
PRICE OF

...with

153606. INXS: Kick * Need
You Tonight, Devil Inside,
etc. (Atlantic)

100517. Phil Collins:
Buster/Soundtrack *
Groovy Kind of Love, Two
Hearts, etc. (Atlantic)

100927

153740. Genesis:
Invisible Touch ¢ (Atlantic)

163579. Andrés Segovia
Plays Rodrigo, Ponce &
Torroba * Fantasia para un
Gentithombre, Concierto
del Sur, Castles Of Spain.
(MCA)

100679. Steve Earle:
Copperhead Road * (UNI)

134267. Marriner: Mozart,
Overtures * Academy of St.
Martin. (Angel DIGITAL)

nothing more
 to buy ever!

134420. John Cougar
Mellencamp: The Lone-
some Jubilee * Paper In
Fire, more. (Mercury)

100008. Randy Travis: Old

8x10 *» Honky Tonk Moon,
more. (Warner Bros.)

THE BESE OF
slraits

100713

125360. By Request...The
Best Of John Wiiliams &
The Boston Pops * Olym-
pic Fanfare, Liberty Fan-
fare, more. (Philips
DIGITAL)

134627. Classic Oid &
Gold, Vol. 120 hits!
(Laurie)

104857. Benny Goodman:

Sing, Sing, Sing * (RCA)
115306. Pinnock: Handel,
Water Music * The English
Congcert. “A winner."—
Qvation (Archiv DIGITAL)

SAVE

50%

INSTANT HALF-PRICE BONUS PLAN
Unlike ather clubs. you get 50%-off Bonus Savings
with every CO you Buy &l regutar Clubprices, effec-
tive with poor first full-price purchase!

I_;.__

==m YOUR SAVINGS START HERE mun n =
Mail to: BMG Compact Disc Club
PO. Box 91412/Indianapolis, IN 46291
YES, please accept my membership in the BMG Compact Disc Club and send me the
four Compact Discs |'ve indicated here, billing me for just shipping and handling under
the terms of this ad. | need buy just 1 CD at regular Club prices during the next year—
after which | can choose a FREE bonus CD! That's 6 for the price of 1...with nothing
more to buy ever! (Shipping & handling is added to each shipment.)
RUSH ME THESE 4 CDs (indicate by number):

E

e

JE

checked here—but | may always feel free to

choose from any (check one only):

o 1
lam most interested in the musical category}1 [T EASY LISTENING (instrumental/Vocal Moods)

2 [] COUNTRY 3 [ ] HARDROCK
4[] POP/SOFT ROCK 5[] CLASSICAL

COMPACT

I
I
I
I
I

x [JMR.

[0 MRS

I O MISS
I
I
I

First Name Initial Last Name (PLEASE PRINT}
Address Apt.
City - State _Zp
Telephone(ma Code )
Signature YDTAM

Limited to new members, continental USA only. Current CD Club members not

eligible for this offer. One membership per family. We reserve the right to request

additional information or reject any application. rocal taxes, if any, will be added.
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Project

Microprocessor Control
With BASIC

(PartI)

A Development System for Microprocessor- Controlled Projects

By Jan Axelson & Jim Hughes

icroprocessor control can
greatly expand the capa-
bilities of many electronic

instruments. A microprocessor-con-
trolled ‘‘smart” thermometer, for
example, can do more than just mea-
sure temperature. With proper pro-
gramming, it can be made to keep
track of maximum and minimum
temperatures and when they occurred,
or perform other temperature-re-
lated functions. With microproces-
sor control, it is also feasible to use
panels that display informative data
and messages.

Designing  microprocessor-con-
trolled devices is a complex task. In
addition to building the required cir-
cuitry, you have to write the software
that will control the circuits. Fortu-
nately, you do not have to start from
square one in this area. With the Mi-
crosys project presented here the task
is greatly simplified because the proj-
ect serves as a base system for proj-
ects like the smart thermometer. The
Microsys simplifies the hardware
and, particularly, the software design.

This article is presented in two
parts. This month, we’ll describe the
basis Microsys that allows you to
write, run and save programs. Next
month, we’ll describe the Temp-
watch instrument that’s created by
adding a few components to the Mi-
crosys and which monitors tempera-
ture and displays present tempera-
ture, time, maximum and minimum

temperatures and the times these oc-
curred, all on a 16-character dot-ma-
trix LCD panel.

The Preliminaries

The key to implementing successful
Microprocessor Control of instru-
ments is the Intel 8052AH-BASIC
microcontroller. A microcontroller
is a microprocessor, or a single-chip
CPU, that is optimized for use in sin-
gle-purpose (dedicated) controllers
or instruments. The 8052AH-BASIC
has several features that make it espe-
cially easy to use, including a built-in
BASIC language interpreter, serial
port,and automatic programming of
EPROMs. This is the microcontrol-
ler used in the Microsys. By adding
real-world inputs and outputs (sen-
sors, displays, switches, and the like)
you can program the Microsys to col-
lect and display data or to act as a
controller or other intelligent device.
While you’re developing a project,
the serial port of the Microsys con-
nects to the serial port of a computer
terminal. Just about any type of per-
sonal computer can be used for this
in terminal-emulation mode. You
can then experiment by writing, run-
ning, and debugging programs on the
Microsys, using the BASIC interpret-
er in the 8052AH-BASIC chip and
the keyboard and video display of the
terminal. This frees you from having
to write programs in machine code or
assembly language and from having
to invest in assemblers, debuggers, or
other costly development tools.

Programs you develop on the Mi-
crosys can be stored in EPROM (one
command in BASIC does this auto-
matically). When your design is com-
pleted and the EPROM is pro-
grammed, the ‘“‘umbilical cord’’ to
the serial port can be disconnected.
You then have a complete, stand-
alone project.

All components in the Microsys
are readily available from mail-order
suppliers. The extra capabilities of
the 8052AH-BASIC IC do mean that
it carries a premium price tag, $20 to
$30 more than it costs for a ‘‘plain-
vanilla’> microcontroller without
BASIC. Still, with careful shopping,
component cost for the basic Micro-
sys {(minus the cost of the compo-
nents that make up the power supply)
runs only around $50.

To program the Microsys, you’ll
need a computer terminal, or a com-
puter that can be configured to emu-
late a terminal, with a serial port and
cable. Modem communication is an
example of terminal emulation. If
your computer has a serial port and
can communicate by modem, it
should be able to communicate with
the Microsys.

We use an IBM XT-compatible
computer running the Procomm
communications software. With
Procomm, we communicate with the

Fig. 1. Schematic diagram of the
basic Microsys, minus the EPROM
circuitry and dc power supply.
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Semiconductors

D1-—1N914 silicon switching diode

D2—1N270 general-purpose german-
ium diode

D3 thru D6—1N4001 or similar 50-voit
rectifier diode

IC1—MAX232 RS232 driver/receiver
(Jameco, JDR)

1C2—8052AH-BASIC microcontroller
(Jameco, JDR)

1C3-—741L.S138 3-to-8-line decoder

1C4—741.S373 octal D-type latch

IC5—6264LP 8,192 x 8 static RAM

1C6—4001 CMOS quad NOR gate

IC7—741.S08 quad AND gate

1C8—1.M317 3-terminal adjustable
regulator

1C9—2764 8,192 x 8 EPROM with
12.5-volt programming

1C10—7407 hex open-collector buffer

IC11—7805K + 5-volt regulator in
TO-220 package

Q1—2N4403 pnp switching transistor

Capacitors (25-WV)

C1,C4,C5—4.7-uF electrolytic

C2,C3—30-pF ceramic

| C6,C7—10-uF electrolytic

C8 thru C13—0.1-uF ceramic

C14,C16,C17—1.0-yF tantalum
electrolytic

C15—470-uF electrolytic

C18—100-4F electrolytic

T

Resistors (%%vatt, 5% toierance)

R1—100,000 ohms

R2—2,000 ohms

R3—240 ohms

R4,R6,R8 thru R16—10,000 ohms

R5—4,700 ohms

R7-—1,000 ohms

Miscellaneous

B1,B2—9-volt battery

F1—1-ampere slow-blow fuse

S1—Dpst toggle switch

T1—12.6-volt, 1-ampere power
transformer

XTAL1—4.9152-Megahertz
crystal |
Perforated board with copper-ringed
holes on 0.1” centers and interleaved
power and ground buses; heat sink
for TO-3 package; two 9-volt snap-
type battery connectors; suitable en-
closure; one set each of 2- and 3-pin
interlocking connectors; panel-mount,
solder-type 9-pin D-type connector;
in-line fuse holder; rubber grommet;
ac line cord with plug; heat-shrink-
able tubing; Wire-Wrap IC sockets
and hardware; machine hardware;
hookup wire; solder; etc.

Addresses of Suppliers

Digi-Key Corp.

701 Brooks Ave. S.

Thief River Falls, MN 56701-0677
1-800-344-4539

Intel Literature Sales

P.O. Box 58130

Santa Clara, CA 95052-8130

1-800-548-4725

Jameco Electronics

1355 Shoreway Rd.

Belmont, CA 94002

415-592-8097

JDR Microdevices

110 Knowles Dr.

Los Gatos, CA 95030

1-800-538-5000

Datastorm Technologies

(For Procomm communications
software)

P.O. Box 1471

Colombia, MO 65205

1-800-626-2723

Sources of Information

MCS BASIC-52 User’s Manual
Intel Part No. 270010-003

Essential reference to the version of
the BASIC language interpreter con-
tained in the 8052AH-BASIC micro-
controller. Also contains schematics of
sample system configurations.

Embedded Controller Handbook
Intel Part No. 210918 (Jameco Cat. No.
210918)

Hardware description, specifica-
tions, and timing diagrams for the 8052
microcontroller (and many others).

Microsys and can also easily print
program listings, save programs to
disk and load programs from disk to
the Microsys. This is just one possi-
ble configuration. Many other com-
puter/software combinations are
also feasible.

A few other capabilities and re-
sources are highly recommended for
experimenting with the Microsys.
One is some familiarity with the
BASIC programming language. In-
tel’s MCS BASIC-52, which is the
BASIC interpreter used in the
8052AH-BASIC, is similar to other
versions of BASIC. Consequently,
any BASIC experience will make
programming the Microsys that
much easier.

A second helpful resource is access
to an EPROM eraser. This will allow
you to experiment with different pro-
grams in EPROM, then erase and try
new ones. EPROM erasers consist of
a controlled, enclosed source of ul-
traviolet light, and are widely avail-
able. An EPROM eraser project ap-
peared in the May 1987 issue of this
magazine. Also, check out the Mod-
ern Electronics advertisers for
sources of erasers.

If you’re familiar with computer-
relevant subjects, such as hexadeci-
mal and binary number systems, this
will also help you in understanding
the Microsys. If not, the Microsysisa
good place to gain some experience
and practice with these and other

topics related to computer hardware
and software.

Finally, to experiment on your
own with the Microsys, more com-
plete documentation than can fit in
this article is recommended. The us-
er’s manual for MCS BASIC-52 is a
particularly important source of such
documentation. This and other
sources of information and compo-
nents is given in the section following
the Parts List.

Fig. 2. Schematic diagram of the

EPROM circuitry. A battery-pow-

ered 12.5-volt dc supply provides the
EPROM’s programming voltage.
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About the circuit

Figure 1 is the schematic diagram of
the Microsys’ circuitry, minus its
EPROM and power-supply circuit-
ry. The system shown in Fig. | has
just five main components: [C!
through J/C5. The 8052AH-BASIC
microcontroller is shown as JC2.
From here on, we’ll refer to the
microcontroller as either the 8052
or IC2.

A major task of IC2 is reading
from and writing to memory and
other devices. To do this requires a
bus to carry the selected addresses,
another bus to carry the data to be
read or written, and control signals
to initiate and time the processes.

The address bus of the 8052 is 16
bits wide, allowing it to access up to
hexadecimal address FFFF. The low
address byteis carried on eight multi-
plexed address/data lines (ADO
through AD7). Eight additional ad-
dress lines (A8 through A1s).carry the
high address byte.

One of the components that IC2
reads from and writes to is 6264 static
RAM IC5. This RAM provides tem-
porary storage of programs and data
and stores up to 8,192 eight-bit
words. Thirteen address lines (A0
through A12) are required to address
all 8,192 bytes in the RAM. Addresses
Aothrough A7 are latched from /C2 to
IC5 through IC4, a 741.8373 octal D-
type latch. Address lines A8 through
A12 connect directly from /C2 to the
corresponding inputs of JC3. Data is
transferred between IC2 and IC5 di-
rectly on AD0 through AD7.

Reading and writing to /C5 can oc-
cur only when its chip select input (pin
20) is low. CHIP SELECT is generated
by I1C3, a 74L.S138 3-to-8-line decoder.
Data inputs to IC3 are A13, A14 and
A15. These are the three highest ad-
dress lines. For each combination of
these, a unique output of IC3 goes
low. When A13, A14 and A1s are all
low, Y0 at pin 15 of IC3 is also low and
ICS5 is enabled. This places the RAM
at address 0 in the system. Other com-

ponents of the Microsys will connect
to other outputs of /C3.

To write a byte of data to an ad-
dressin RAM, IC2 places the low byte
of the address on lines ADO through
AD7. It also places the five
high bits of the address on A8 through
A12. Lines A13 through A15 are low,
to enable /C5.

A low at pin 3 of IC7A4 latches the
low address byte through /C4to ICS.
Then /C2 places the data on lines ADO
through AD7, and a low at pin 16 of
IC2 (WRITE) causes the data to be
written to the RAM a¢ the selected
address.

Reading a byte in RAM is a similar
process. To do this, /C2 again places

an address on ADO through AD7 and

A8 through A12, with A13 through A15
held low. Pin 3 of IC7A4 again latches
the low address byte through IC4 to
IC5. A low on pin 17 of IC2 (READ)
then causes IC5 to place the requested
data on Apo through ADp7 for IC2
toread.

In practice, all of this is easily ac-
complished on the Microsys. The
8052 provides a special operator that
allows you to read or write to exter-
nal memory with a single statement
in BASIC.

The interface for serial communi-
cation between the Microsys and the
terminal is provided by ICI, a
MAX232 RS232 driver/receiver.
The MAX232 contains two charge-
pump voltage converters that gener-
ate + 10 volts from the + 5-volt sup-
ply. Pin 7 of IC! is the output of an
RS232-compatible driver at +9
volts, and pin 8 is the input to an
RS232-compatible receiver. Pins 9
and 10 of IC/! interface this chip to
IC2 at TTL-level voltages.

A 4.9152-MHzcrystal (XTALI) at
pins 18 and 19 of IC2 provides the
system clock. On power-up, the slow
charging of CI through R causes a
reset pulse on pin 9 of /C2 to initialize
the system.

The five ICs described in Fig. 1 are
the building blocks of the basic Mi-
crosys. With this much circuitry, you
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can write and run programs from
your terminal. However, when you
power down, any programs stored in
RAM will be lost.

For permanent storage of pro-
grams, the EPROM circuitry shown
in Fig. 2 must be added to the Fig. 1
circuitry. Inthis circuit, /C9is a 2764
EPROM that has a storage capacity
of 8,192 eight-bit words (the same as
the RAM in Fig. 1). Its data and ad-
dress lines are wired the same as
IC5’s, except that pull-up resistors
R9through RI6 onlines ADO through
AD7 are required for EPROM pro-
gramming.

As was the case for ICS5, the pin 20
CHIP SELECT line for IC9 is con-
trolled by IC3. Chip IC9 is enabled
when line A15 is high and lines A13
and A14 are low, causing Y4 at pin 11
of IC3 to go low. This places the
EPROM at hex address 8000.

Reading and programming of IC9
are controlled by the 8052. Pin 17
(RD) and pin 29 (PSEN, or Program
Store ENable) of IC2 are ANDed in
IC7C to provide RDHI, the READ sig-
nal for IC9 (and other devices located
above hex address 8000).

To program the EPROM, +12.5
volts must be applied to pin 1 of the
device. Since this voltage is used only
for EPROM programming, it’s prac-
tical to use battery power to generate
it. In this circuit, two 9-volt batteries
in series (Bl and B2 provide a
+ 18-volt input to LM317 adjustable
voltage regulator JC8. These bat-
teries can be inserted for EPROM
programming and can be removed
during ‘“‘normal’’ operation of the
Microsys.

A reference potential of 1.25 volts
is developed by /C8 across R3. This
determines the amount of current
that flows through R2, whose valueis
chosen so that the output of /C8 is
+ 12.5 volts. Input bypassing is pro-
vided by capacitor C13, while transi-
ent suppression is provided by C14 at
IC8’s output.

When PROG EN (PROGram EN-
able) pin 6 and RESET pin 9 of IC2 are

Say You Saw It In Modern Electronics
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Fig. 3. Schematic diagram of the Microsys’ 5-volt dc power supply.

both low, pin 2 of IC10A is also low.
This sends transistor Q1 into conduc-
tionand switches the + 12.5-volt out-
put of IC8 to pin 1 of ICY.

Series NOR gates IC6A and IC6B
““OR” the PROG-EN and RESET Ssig-
nals. Note that /C7B drives ICI10A, a
7407 open-collector buffer, which al-
lows the 5-volt output of IC2 to con-
trol the programming voltage. Pro-
gramming pulses from /C2 are buf-
fered at /C/0B and are then fed to in-
put pin 27 of IC9.

For normal (non-programming)
operation, diode D2 and resistor R8
hold pin 1 of /C9 at about + 4.7 volts.
Diode D2 is a germanium type, se-
lected to keep the potential at pin 1 as
close to + 5 volts as possible.

Figure 3 schematically shows the
circuitry of the + 5-volt power sup-
ply recommended for powering the
Microsys. Transformer 7/ steps
down the incoming 117 volts from
the ac line to.12.6 volts ac. Then the
bridge rectifier made up of diodes D3
through D6 rectify this voltage to
pulsating dc, and /C11 regulates it to
+Svolts dc.

Construction

Wire Wrap is the recommended
method of construction for the Mi-
crosys. (See the ‘“Wire-Wrapping
Tips’’ box for details on wrapping
techniques and- Wire Wrap equip-

ment.) Use a perforated board with
copper-ringed holes on 0.1-inch cen-
ters and interleaved power and
ground buses. A board that measures
8 by 4.5 inches will accommodate
components with room to spare.
(The extra room on the board will be
used for the components for the
Tempwatch that will be described
next month, or other components for
your own circuit designs.)

The upper photo in Fig. 4 shows
the prototype Microsys assembled on
perforated board, while the lower
photo shows the project wired using
the Wire Wrap method.

Addresses of a few suppliers that
stock the components used in this
project are given at the end of the
Parts List. Other suppliers than those
cited may also offer most or all of
these components.

For connection. to the serial-port
cable of the terminal, the Microsys
requires a female 25-pin D-type con-
nector. In most cases, this connector
must be wired to transmit on pin 3
and receive on pin 2, and pin 7 should
be used as signal ground. This makes
the Microsys’ serial port compatible
with the DTE (Data Terminal Equip-
ment) type of RS-232 serial ports
found on the majority of personal
computers. If your computer’s serial
port is configured differently, you
must determine the wiring scheme re-
quired and adjust the wiring on the

serial-port connector on the Micro-
sys accordingly.

In addition to the transmit, re-
ceive, and ground conductors, some
serial ports require extra ‘‘null-mo-
dem’’ connections for direct commu-
nication with the Microsys. These
normally involve connecting to-
gether pins 4, 5, and 8 and pins 6 and
20 somewhere in the link. If your sys-
tem requires these connections, they
can be wired at the serial-port con-
nector on the Microsys.

Molex or locking-type connectors
are recommended for use on the con-
ductors that connect the serial-port
connector and power transformer to
the circuit board. These will allow
you to easily remove the circuit-
board assembly from its enclosure,
for changes or/and additions you
later decide to make to the circuits.
One set each of two- and three-pin
connectors are required.

The 4.9152-MHz specified for
XTALI is one of several frequencies
recommended in the MCS BASIC-52
User’s Manual to assure best accura-
cy of the 8052’s real-time clock
(which will be used in next month’s
smart thermometer). It’s also possi-
ble to replace XTAL1, C2, and C3
with a TTL crystal oscillator of the
same frequency. In this case, the os-
cillator’s output connects to pin 18 of
IC2, with pin 19 connected to ground.

Begin construction of the Microsys
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Because of its simplicity and flexibility,
the Wire Wrap technique is the recom-
mended method for interconnecting
components in the Microsys. Microsys’
multiplexed data and address buses can
easily be Wire Wrapped, whereas
printed-circuit wiring would most like-
ly have required intricate routing of
traces between IC pins, or a difficult-
to-fabricate double-sided pc board.

Another advantage is that Wire
Wrapped circuits can easily be changed.
Modifications are made and errors cor-
rected quickly and easily, simply by un-
wrapping the connections and wrapping
new ones.

If you’re new to Wire Wrapping, here
are some tips on how to use this tech-
nique to wire circuits, and on when (and
when not) to use it.

Wire Wrap is a largely solder-free
method of wiring circuits. Connections
are made by tightly wrapping several
turns of wire onto special, square Wrap
posts, the corners of which bite into the
wires to form solid electrical and me-
chanical connections without the need
for solder.

For the beginner, the investment in
Wire Wrap equipment is small—$15 or
so for a multi-purpose Wire Wrap tool
and a spool of the special wire used with
it. Perhaps the biggest continuing
expense is the special Wire Wrap IC
sockets required by the medium. These
have long, square posts suitable for sev-
eral levels of wraps. They are usually
more expensive than the solder-type

Tips On Wire Wrapping

il
-

Wrapping wire is available on spools, or
in packets of precut and pre-stripped
lengths. A single tool strips, wraps, and
unwraps the wire onto special Wire-
Wrap IC sockets with long, square posts.

sockets used with printed-circuit boards.

A multi-purpose tool will strip, wrap,
and unwrap the wires. Electrically pow-
ered Wire Wrap tools are also available,
but a simple ““finger-powered’’ tool is
all you need for occasional use. To
make successful Wire Wrap connec-
tions, you must use Kynar-insulated No.
30 wire, either in spool form or in pack-
ets of pre-cut, pre-stripped lengths.

Wire Wrap tools, hardware and other
materials are available from many
sources. Shown in the photo is an as-
sortment of such paraphernalia.

A convenient type of circuit board to

use for Wire Wrap projects is perfor-
ated board with holes on 0.1-inch cen-
ters, with copper pads around each hole
and interleaved power and ground
buses that help ensure that the supply
and ground connections are low in im-
pedance and less prone to noise. The
pads make it easy to solder the IC soc-
kets to the board. Some boards also in-
clude rows of three-hole pads for mak-
ing soldered connections between
components.

You can also Wire Wrap on.perfor-
ated board that has copper-ringed holes
but no buses or multi-hole solder pads.
A plain perforated board is another
possibility, though the copper-ringed
holes are convenient and are recom-
mended for use in large projects.

When building a circuit using the
Wire Wrap technique, plan board lay-
out by trial-inserting the IC sockets and
other large.components you’ll be using.
As much as possible, arrange the com-
ponents that interconnect with each
other in close-proximity to each other.
When you’ve finished with the layout,
install the IC socketsin their planned lo-
cations and solder their pins to the pads
on thecircuit board. If you’re prototyp-
ing and plan to dismantle the circuit
later, tack-solder only two pins diagon-
ally opposite each other to the pads.
When you’re through using the circuit,
desolder the pins and recycle the sockets
into other projects. For a permanent in-
stallation, however, solder each socket
pin to the board.

by preparing two 8-inch and eight
4-inch lengths of hook-up wire. Strip
% inch of insulation from the ends of
each. If you’re using stranded hook-
up wire, tightly twist together the fine
conductors at both ends and sparing-
ly tin with solder. To one end of five
of the 4-inch wires, crimp female pins
for the locking connectors. Crimp
male pins to one end of the other
three 4-inch wires. Determine which
are the secondary leads of 7/ and
crimp and solder pins to these. Insert
the pins on 7/’s wires into a 2-pin

connector, and insert the other pins
into the other three connectors.

Next, plan your preliminary parts
layout on the circuit board. All com-
ponents except T/, F1, and S should
mount directly on the board. Group
the power-supply components to-
gether, and be sure to reserve enough
space for IC11’s heat sink.

The TO-3 package of ICII re-
quires two mounting holes in the cir-
cuit board and two slightly enlarged
holes for its input and output pins.
The case provides the ground con-

nection, so if possible, locate the IC
on the board so that at least one of its
mounting screws overlaps a ground
trace on the board.

A mounting hole is also required
for IC8s TO-220 case. Because this
voltage regulator is required to deliv-
er just 30 milliamperes, no heat sink
is required for ICS.

When you have a preliminary parts
layout planned, drill the holes for
IC11, IC8, and for mounting the cir-
cuit-board assembly inside the se-
lected enclosure. These holes can be
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Liberal use of labels on the circuit
board helps keep you oriented as you
wire the circuit. Small adhesive labels
marked with the IC number can be
mounted between the rows of pins of
each socket on the wiring side of the
board. Also, place a dot in one corner
of each label to identify pin 1’s location.

An alternative to homemade labels is
preprinted Socket Wrap ID labels that
slip onto the socket pins before wrap-
ping. Pin numbers are labeled on these,
and you can add your own identifying
information.

To wrap a wire between two socket
posts, choose or cut a length of wire
long enough to make the connection
comfortably and add 2 inches. Avoid
routing wires between adjacent posts on
a socket, but routing between the two
rows of posts on a socket is fine. Route
the wires around the rows, even if this
means using a slightly longer wire.

Unless you’re using pre-stripped
wire, strip 1 inch of insulation from
both ends of the wire. Most Wire Wrap
tools include a slot for stripping the
wire. Insert the wire 1 inch into the slot,
push the wire to the bottom of the slot,
and pull the end to be stripped through
the slot. Repeat the process at the other
end of the wire. The slot has a sharp
blade in it that severs the insulation
without nicking the wire.

To wrap the wire onto a post, insert
the wire into the smaller of the two holes
onthe wrap end of the tool. Push the en-
tire stripped end and about % inch of in-

sulated wire into the tool to ensure that
the wrap will begin with a turn or two of
insulated wire to reduce the chance of a
bare wire shorting against an adjacent
post. Bend the wire 90 degrees where it
leaves the bottom of the tool.

The other hole on the wrap end of the
tool fits onto a socket post for wrapping
the connection. Push the tool onto the
post until it’s bottom is flush with the
circuit board or a previous wrap. Grip
the free end of the wire to keep it from
spinning with the tool and rotate the
tool several turns, until it spins freely
and the wire is wrapped onto the post.

Lift the tool from the post, and fol-
low the same procedure for the other
end of the wire. The posts on most Wire
Wrap sockets accommodate three or
more levels of wraps to permit multiple
connections to a given point.

For connections to resistors, capaci-
tors, and other components, you have a
couple of options. One is to use special
slotted Wire Wrap posts to mount the
components. The posts friction-fit into
perforated board (soldering is option-
al). On the component side of the
board, the component leads are pressed
into the slots on the posts. On the re-
verse side, connections are wrapped as
usual. The advantage of this method is
that components can easily be lifted out
and changed. The disadvantage is the
added cost of the special posts.

Another option is to insert and solder
the components directly into the pads
on the perforated board. You can Wire

Wrap connections onto the Jeads of
most components, but it’s a good idea
to also solder any such wrap to ensure a
sound connection. Some component
leads will be too thick or thin to accom-
modate the wrapping tool and will have
to be hand-wrapped with longnose pli-
ers and soldered.

Soldered connections aren’t as easily
changed as the ones on the Wire Wrap
posts, but either method is workable.
You might use the posts for compo- |
nents you may have to change and sol-
der the ones that you’re confident are
permanent.

As you wrap each connection in a cir-
cuit, check it off on your schematic dia-
gram (or a photocopy of it) to save you
from having to mentally keep track of
what you have and haven’t yet wired.

To unwrap a connection, push the
unwrap end of the tool onto the post
and rotate the tool in the oppos:. diiec-
tion from the wrap until the connection
is free.

Finally, Wire Wrap isn’t always the
appropriate method to use. High-cur-
rent circuits (more than 20:; milliam-
peres) aren’t suitable for Wire Wrap’s
small-diameter wires. Also, if you need
more than a few of the same circuit,
printed-circuit-board construction may
be more economical. Quite often,
though, Wire Wrap is a good choice. If
you haven’t yet, or haven’t recently,
given the Wire Wrap technique a try,
consider using it the next time you have
to build a circuit.

made by enlarging existing holes in
appropriate locations on the circuit
board.

Now begin wiring the + 5-volt
power supply, using Fig. 3 as a guide.
The power supply output is several
hundred milliamperes, so Wire Wrap
(with its small-diameter No. 30 wire)
shouldn’t be used for these compo-
nents. Instead, use solid hookup wire
of 24 gauge or larger, and solder the
wires into place.

Place a small amount of heat-
transfer compound between the heat

sink and regulator /C1] to provide
efficient [ieat conduction. Then
mount the .22t sink and regulator on
the circuit boa, 1. Ensure that IC/I’s
case makes sound electrical connec-
tion to ground on the circuit board.
You can make this connection either
directly from a mounting screw to the
ground bus or via a separate jumper
wire to which is attached a spade or
ring lug at the mounting screw and a
soldered connection to ground at the
other end.

Solder a connection between the

output of /C11 and the + 5-volt bus
on the circuit board. To aid you as
you wire the rest of the project, label
the buses on the circuit board with in-
delible marker or adhesive labels and
make photocopies of the schematics.

Insert and make appropriate con-
nections for CI15 through CI8, D3
through D6, and IC/1. Mark off on
the photocopy of Fig. 3 each wire run
as you make it, and take care to ori-
ent all components correctly. Off-

(Continued on page 80)
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Technology

The MIDI Music Revolution

An introduction to what MIDI is all about, musical
instruments that use it, and how musicians are
exploiting this new frontier

By C.R. Fischer

ver since Thaddeus Cahill’s
E invention of the ‘‘Telehar-
monium”’ in 1895, electricity
and electronics have played an ever-
increasing part in the creation of mu-
sic. Innovations like the tape record-

er, electric guitar, and music synthe-

sizer have provided musicians with
endless possibilities for delighting
audiences. Another recent innova-
tion—just five years old—has al-
ready been the cause of great changes
in the way musicians create and per-
form their work. Widely known as
the Musical Instrument Digital Inter-
face, or MIDI for short, it has be-
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come the industry-standard interface
that allows musical instruments, au-
dio equipment and other devices to
be combined into a unified system.
If you use a computer or play a
musical instrument, you may have
heard about the exciting new world
of MIDI. Having heard about MIDI,
you may be among the large number
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of people whose interest has been de-
terred by the lack of entry-level infor-
mation on the subject. If so, this arti-
cle addresses that shortcoming. Here
we’ll discuss the MIDI standard, in-
struments and devices that use MIDI,
and how musicians are exploiting
MIDI on-stage and in the recording
studio.

MIDI Then & Now

Before the MIDI specification went
into effect in 1983, musicians work-
ing with electronic musical instru-
ments faced a less-than-ideal task.
There were no standards that permit-
ted them to combine their instru-
ments to make up a ‘‘system.”’
Though a few manufacturers of elec-
tronic musical instruments had de-
signed simple interfaces that allowed
their own products to be linked to-
gether, these were ignored by other
manufacturers, who usually claimed
that their own designs were superior.
Consequently, before MIDI came
along, chaos reigned.

By 1982, all but the simplest of mu-
sic synthesizers contained at least one
microprocessor, that powerful little
integrated-circuit ‘‘chip’’ that has
made possible the current revolution
in microcomputers. It was the micro-
processor itself that provided the mo-
tivation for manufacturers to devel-
op a standard interface for all makes
and models of electronic musical in-
struments. Around this time, a num-
ber of U.S. and Japanese companies
had begun discussing the idea. After
numerous proposals, counter-pro-
posals, disagreements and at least
one withdrawal, the basic MIDI 1.0
specification was finally decided
upon. This specification was released
in August 1983.

This specification was originally
written with music synthesizers in
mind. The idea was to allow a musi
cian to control a number of ‘‘slave™
instruments from a ‘‘master” key-
board. It’s interesting to note that if
MIDI had been left at this basic level,

Say You Saw It In Modern Electronics

Ensoniq’s Model SQ-80 Cross Wave Synthesizer is just one of the sophisticated
MIDI music synthesizers modern musicians use today.

D

The Model EPS is a state-of-the-art Performance Sampler from Ensoniq offers

excellent MIDI implementation with synthesizer and record/playback capabilities.

its widespread acceptance would
have been doubtful. Thus, it has been
the additions and enhancements to
the specification made in the original
version that has made MIDI so useful
to today’s musicians.

At the outset, the idea of MIDI
was greeted with less than over-
whelming approval from the music
industry. Since the specification was
so new and few musicians had any
idea of its possibilities, most manu-
facturers bothered to add it to their
products only as an afterthought,
and some interfaces had been so
poorly designed that they were
worthless to the serious user. Anoth-

er problem was that, because of the
two-language nature of the specifica-
tion, a translation problem between
English and Japanese versions led to
more than one manufacturer imple-
menting the standard incorrectly.
These early disasters led many insid-
ers to the assumption that MIDI
wasn’t workable and was useless to
professional users.

Fortunately, most of these mis-
haps were ironed out within the first
year MIDI was in existence. Many of
the software and hardware bugs in
instruments were fixed so that, by
1985, MIDI had been established as a
de facto standard in the music busi-
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ness. Some of the many instruments
and other devices that use MIDI
include:

® Music Synthesizers. As has already
been mentioned, the original MIDI
specification was created with a
strong prejudice toward electronic
music synthesizers. Software com-
mands permit these instruments to be
played from an external controller,
such as a remote keyboard or se-
quencer. The controller, as its name
implies, controls the notes played,
desired program (sound patch), and
expressive features like pitch bend
and modulation wheels.

e Samplers. While synthesizers cre-
ate sounds using analog or digital
sound generators, samplers actually
record and replay audio signals using
digital recording techniques in a
manner similar to that used in com-
pact-disc players. This technique per-
mits musicians to recreate acoustic-
instrument sounds, natural sounds
and special effects with incredible fi-
delity. Samplers are also popular for

their ability to manipulate these
sounds in a variety of unusual ways
(the ‘‘stuttering’’ voices heard in
radio and TV commercials are creat-
ed in this fashion). Using MIDI,
these sounds can be played from a
controller much like a synthesizer.
® Fffects Devices. Signal processors
are used extensively in the recording
studio and on the concert stage, as
vocals and instruments alike usually
require some form of electronic en-
hancement. There are dozens of pro-
cessing techniques available, from
simple equalizers and compressors to
highly sophisticated digital reverber-
ation units and exotic devices for cre-
ating special effects. The cost and ef-
fort required to manage a number of
dedicated devices, however, can pre-
sent serious problems to the user.
Instead of having to market a vari-
ety of specialized processors, manu-
facturers can now build multi-pur-
pose effects boxes from which the
user can select or edit the desired
treatment using MIDI control. This

capability offers a number of advan-
tages, not the least of which is that in-
stead of having to buy a variety of
specialized units, the user need only a
smaller number of generic devices.
Since the manufacturer could now
carry a more abbreviated product
line, the lower production costs also
led to lower retail prices. Finally,
MIDI commands allow a musician or
recording engineer to switch between
various effects as desired, such as
echo on the verse, reverb on the chor-
us, and flanging for a solo instrument.
® Sequencers. One of the most excit-
ing applications of MIDI is the re-
cording of musical performances
with perfect fidelity and flexible edit-
ing. The sequencer is a device that re-
cords MIDI data that represents a
musician’s performance. Once the
data has been recorded, it can be ma-
nipulated in many ways that aren’t
possible with simple tape editing.
Asanexample of the above, a song
canberecorded at very slow tempo to
make up for a musician’s limited
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technique. After recording, the song
can be changed as required. If a few
notes had been played out of rhythm,
the sequencer can ‘‘quantize’’ the
notes to correct their timing. Other
editing functions permit notes to be
added, changed and deleted. Because
no audio signals are being recorded,
only digital data that represents a
performance, sounds can be changed
instantly without the need for re-re-
cording.

Sequencing has become one of the
most important uses of MIDI. It’s
not uncommon for a lone musician
to use a sequencer and several
MIDI’d instruments to record an en-
tire album at home. Individual parts
are recorded and edited until the re-
sults are perfect, at which point, the
musician brings his or her sequencer
and instruments to a recording stu-
dio, where the results are recorded in
just a few hours time! The savings in
studio time and money are substantial.
e Computers. Personal computers
play a central role in MIDI setups.
With the proper interface and soft-
ware, a computer can perform many
useful tasks. For example, a comput-
er can serve as a professional-quality
sequencer as described above. An-
other use of the computer is as a
patch librarian that stores hundreds
or even thousands of synthesizer
sound programs known as ‘‘patches’’
on a floppy disk. Similar programs
allow the user to edit and modify
these patches while viewing the result
on the computer’s video display
monitor. Still other programs print
MIDI data in traditional musical no-
tation for other instruments and
copyright purposes.

MIDI Circuitry

Hardware used in MIDI circuitry is
straightforward electronics, thanks
to the wishes of manufacturers for
low cost and simplicity in design. To
receive or send data, devices typically
use two or three serial ports that are

MIDi OUTPUT

MIDI INPUT

Sound module Sound module Sound module Sound module
1 2 3 4
MIDI INPUT MIDI INPUT MIDI INPUT MIDI INPUT
1 4
OUTPUTS
Master Through box
instrument

Fig. 2. A number of sound modules, including synthesizers and samplers, can be
assigned to individual MIDI channels. By changing the transmitting channel of

the master controller, various sounds can be instantly selected.

operated at a fixed transfer rate of
31.25K baud. These ports are com-
monly referred to as ‘‘MIDI Input,”’
”»MIDI  OQutput” and MIDI
Through,”” depending on which
function they are to perform.

Shown in Fig. 1 is a schematic dia-
gram of the data path that exists be-
tween two MIDI devices. Data from
the master instrument’s micropro-
cessor is converted into serial data
that is then buffered by hex inverter
ICI. This buffering isolates internal
components to prevent loading and
external short circuits, while ICI is
able to supply adequate current for
reliable signal transfer. Resistor R/
limits the inverter’s output current
and also serves to protect the inverter
from short circuits and excessive
voltages that might arise as a result of
wiring errors.

At the slave instrument, incoming
data flows in a current loop through
R2, optical isolator JC2 and R3 tore-
turn to the master instrument. Cur-
rent through this loop causes the
light-emitting diode (LED)inside /C2
to turn on and cause the internal
transistor’s collector to be brought to
ground. With the LED off, the tran-
sistor’s collector is pulled high by R4.

Diode D2 protects the optoisolator
from damage as a result of reverse-
polarity connection. This diode
doesn’t conduct under normal condi-
tions. Though this design is inexpen-
sive and reliable, it can drive only one
MIDI Input at a time.

To remedy the drive limitation, a
third type of connector, called MIDI
Through, appears on a number of de-
vices. This port simply buffers in-
coming data at the optoisolator to al-
low multiple devices to be connected
together in ‘‘daisy-chain’’ fashion.
The problem with this approach is
that connecting multiple devices in
series with each other results in a
slight delay time in each optoisolator
to accumulate, eventually resulting
in an audible delay. A preferred solu-
tion, therefore, is to use a MIDI
Through box designed to drive multi-
ple MIDI ports from a single optical
isolator, thus minimizing any delay.

The MIDI specification calls for
five-pin DIN-type connectors as
standard. These connectors are inex-
pensive, reliable and widely avail-
able. Pins 4 and 5 connect to the cur-
rent loop, as illustrated in Fig. 1. Pin
2 connects the cable’s shield conduc-
tor to circuit ground on the instru-
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ment that is sending data to prevent
ground loops.

Cables that carry MIDI data must
be shielded and consist of twisted-
pair conductors that exhibit low re-
sistance and capacitance. While the
original specification permitted ca-
ble lengths of no more than 50 feet,
many instruments can drive longer-
length cables of high quality with no
difficulty.

MIDI Software

Software commands used in MIDI
were chosen specifically for their use
to musicians and radio engineers. Be-
cause music relies heavily on emo-
tion, as opposed to the black-and-
white world of digital logic, a great
deal of thought went into allowing
expressive parameters to be set via
MIDI. The original designers of the
specification realized that defining
every possible command would only
hasten the obsolescence of MIDI.
Therefore, they wisely left a good
deal of room for future developments.

MIDI data is sent in 8-bit packets,

or bytes. Most commands require
two or three bytes. To increase the
number of possible messages, two
categories of bytes exist: status and
data. Status bytes tell a receiving de-
vice how to interpret the data follow-
ing their arrival. In this case, the two
types of messages that can be defined
by the status byte are channel and
data messages.

Channel messages are used to tell
instruments to play or release notes;
change programs (patches); transmit
the force used whenever a key is
struck (velocity) or finger pressure is
applied to a key after a note is down
(pressure sensitivity or aftertouch);
and transmit patch bends and modu-
lation (vibrato and other effects) to
increase the musician’s expressive
capabilities.

Channel messages can be sent to
specific instruments by placing each
slave instrument on a specific chan-
nel (which can be done from 1 to 16).
This causes each slave instrument to
respond to data only on its specific
channel. Whether you prefer rock,

1——=223774
OUTPUTS

/

Through box

Cther MIDI
devices

MIDI OUTPUT

MIDI INPUT o

hardware
MIDI
MIDI INPUT sequencer
MIDI
keyboard
MID! OUTPUT i MIDI INPUT

Computer or

classical or other music, you’ll notice
that each instrument in a group has a
specific part to play. Channel mes-
sages allow MIDI to do the same
thing. Some sophisticated sequenc-
ers may have four separate MIDI
outputs, each of which has 16 chan-
nels. This can be used to control up to
64 individual musical instruments or
other devices.

Data messages are not channel-
ized. They are used to control devices
inreal time. Among these commands
are: the start, stop and timing mes-
ages that permit multiple sequencers
to remain synchronized; song select
that requests a sequencer to play a
specific selection; and system-exclu-
sive commands.

While most messages are under-
stood by all MIDI instruments, sys-
tem-exclusive commands are as-
signed to specific instrument models.
This permits two instruments of the
same type to send sound patches and
other data to each other as well as al-
low computers to act as patch librari-
ans or editors that allow users to edit
and store large numbers of patches
on a single computer disk. Creating
sounds on a synthesizer using its
front panel is often a lengthy, tedious
job; use of a computer makes the
task a more pleasant one.

Since the original MIDI specifica-
tion appeared in 1983, a number of
additions and enhancements have
been implemented. Some permit gui-
tars, horns and other instruments to
be used as MIDI controllers as an al-
ternative to the keyboard. A sampler
data dump standard for sending the
large amounts of data used by sam-
plers via a MIDI link has enhanced
the standard. A very useful addition
is the MIDI Time Code (MTC) that
permits synchronizing music and
sound effects to SMPTE time codes
used in audio and video work and

controls tape recorders and other

Fig. 3. Combining a MIDI controller, computer- or hardware-based sequencer ¢
studio equipment.

and one or more MIDI modules forms a powerful tool for musical composition
and performance. The controller and sequencer can record and play back a num-
ber of separate musical parts simultaneously, allowing a single musician to be-

come a true “‘one-man band.”’ (Continued on page 94)
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Servicing

Using Sweep Frequencies
In Electronics Troubleshooting

This technique greatly reduces the time needed to trace

a fault to a particular component in a circuit

By Robert G. Middleton

T roubleshooting procedures
can often be considerably
speeded up by using a sweep-
frequency rather than an adjustable-
frequency signal generator. A sweep-
frequency generator automatically
and rapidly varies the frequency
of the test signal over the range of
frequencies of interest for imme-
diate display of the associated fre-
quency response curve on an oscillo-
scope’s screen.

Unlike the one-shot display ob-
tained with an adjustable-frequency
generator, a sweep-frequency gener-
ator’s display provides a panoramic
view for the frequency response for a
network or for a section of a net-
work. It does so in a small fraction of
the time that would ordinarily be re-
quired for you to make repeated ob-
servations with an ordinary adjust-
able-frequency signal that requires
you to plot by hand the response us-
ing discrete frequencies you must
pump into the circuit.

In this article, we will discuss in
depth electronics troubleshooting
and analysis using swept frequencies.
In our analyses, we will discuss RC
filter characteristics and how to read
and interpret abnormal filter fre-
quency-response curves.

Sweep Frequency Advantages

As an illustration of the above, con-
sider the basic pseudo-active RC
high-pass filter arrangement shown

Fig. 1. A basic pseudo-active RC
high-pass filter configuration.

in Fig. 1. To check the frequency re-
sponse of this filter, input voltage E;,
can be from an audio oscillator and
output voltage E, can be applied to
an ac DVM or DMM set to the ac
volts function. After half a dozen
measurements have been made at
progressively higher frequencies,
you can determine if the circuit has
normal response. This procedure re-
quires several minutes at the very
least to complete.

Next, if an audio sweep generator
and oscilloscope are employed, as in
Fig. 2, the circuit’s response is ob-
tained almost instantaneously over
the entire frequency range of inter-
est, asillustrated in Fig. 3. The curves
shown here depict normal response
of the filter and the distorted re-
sponse that results if C/ in Fig. 1 is
open. Under such a fault condition,

Fig. 2. Typical basic setup for troubleshooting with sweep-frequency signals.

the circuit has no ‘‘gain’’ and its cut-
off characteristic is considerably
slower than would be the case for
normal operation.

It may be noted that this filter ar-
rangement provides a maximum
““gain’’ of approximately 15 percent
when both sections in the configura-
tion have the same time constant and
when the second section has an input
impedance that is at least an order of
magnitude greater than the output
impedance of the first section. This is
just another way of saying that any
circuit fault that upsets the equality
of time constants for the two sections
becomes apparent as a reduction of
“gain’’ in the displayed waveform.

Bandpass Filter Checkout

Consider now the next basic band-
pass-filter arrangement shown in
Fig. 4. This circuit configuration is
made up of a high-pass RC filter sec-
tion followed by a low-pass RC sec-
tion. Its passband between the half-
power (—3-dB) frequency points is
determined by the values of resis-
tance (R) and capacitance (C) used to
make the filter. Its passband is also
affected by the value of load resis-
tance RL, which may represent the
input impedance of a driven device
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Fig. 3. Sweep-frequency curves
showing (A) normal response and (B)
with Cl in the Fig. I circuit open.

like a bipolar or a MOS transistor. If
a bipolar transistor is the driven ele-
ment, its effective load resistance is
comparatively small. Conversely, if a
MOS transistor is the driven element,
its load resistance is extremely large.

As a practical example of filter op-
eration, let us assume that R/ has a
value of 20,000 ohms, R2 a value of
150,000 ohms, CI a value of 0.01 mi-
crofarad, C2 avalue of 0.0004 micro-
farad and that R;’s value is virtually
that of an open circuit with a value of
5 megohms. With these values, nor-
mal frequency response for the band-
pass filterisillustrated in Fig. 5(A). It
is evident here that the filter imposes
an insertion-loss penalty of approxi-
mately 30 percent in normal opera-
tion. Its low-frequency cutoff char-
acteristic has a fairly rapid rolloff,
but its high-frequency cutoff charac-
teristic has a slower rolloff.

Also illustrated in Fig. 5 are the
distorted waveforms that are gener-
ated when C2 is open and when C2 is
shorted. Under these fault condi-
tions, insertion loss of the circuit is
significantly less than it would beina
properly operating circuit.

Observe in Fig. S that the low-fre-
quency cutoff characteristic is dom-
inated by the frequency response of
the high-pass filter section and that
the high-frequency cutoff character-
istic is dominated by the frequency

Say You Saw It In Modern Electronics

Fig. 4. A basis RC high-pass filter
configuration.

response of the low-pass filter sec-
tion. In normal operation, the peak
frequency of the filter characteristic
is approximately the same as the
crossover frequency for the low- and
high-pass filter sections.

Three-Section Filter
Waveforms

It is helpful to consider the sweep-
frequency waveforms for the basic
three-section RC low-pass filter ar-
rangement shown schematically in
Fig. 6. This circuit provides outputs
from the first, second and third sec-
tions. Typical component values are:
R = 1,000 0hms, CI = 0.01 micro-
farad, R2 = 10,000 ohms, C2 = 0.01
microfarad, R3 = 100,000 ohms and
C3 = 0.001 microfarad. Any two of
the output waveforms can be simul-
taneously displayed on the screen of
a dual-trace oscilloscope, or all three
waveforms can be displayed simul-
taneously if you are fortunate enough

Input-vailang isve

Fig. 5. Sweep-frequency response of

an RC bandpass filter showing (A)

normal response, (B) distorted re-

sponse with C2 in Fig. 1 open, and

(C) distorted response with CI
shorted.

to have access to a scope that has
three vertical inputs.

Figure 7 illustrates the normal fre-
quency responses for all three Fig. 6
filter sections. Note here that the roll-
off becomes more rapid following
each section. Also note that if two or
three low-pass sections are utilized in
the Fig. 4 circuit, the resulting high-
frequency rolloff would be more
rapid than that shown in Fig. 5. Roll-
off is measured in terms of decibels
(dB) per octave or dB per decade. An
octave is defined as a doubling in fre-
quency, a decade as an increase of one
magnitude (10 times) in frequency.

Practical troubleshooting proce-
dures are usually more concerned
with qualitative characteristics than
with quantitative characteristics of
waveforms. Accordingly, you should
become familiar with some of the
featuresillustrated by the waveforms
in Fig. 8. In the event that C/ in the
Fig. 6 circuit becomes open, the first
filter section exhibits a very slow roll-
off when compared with the rolloff
rate shown in Fig. 7. In the event that
C2inthe Fig. 6 circuit becomes open,
you will apparently observe two
curves displayed, although all three
curves will actually be on the screen.
The reason why one curve will effec-
tively be ‘‘dropped’’ from the dis-
played group is as follows.

Inspection of the Fig. 6 circuit will
reveal that when C2 is open, there is
only resistive voltage-division action
present between the output of the
first and third filter sections. Accord-
ingly, if R2 has a comparatively low
value of resistance, the waveform at
the output of the second filter section
will be practically the same as the
waveform at the output of the first
section. Alternatively, if R3 has a
comparatively low value, the wave-
form at the output of the second fil-
ter section will be practically the
same as the waveform at the output
of the third section. For component
values given above, R2 would have a
comparatively low value, with the re-
sult that the waveform at the output
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Fig. 6. A basic three-section RC low-
pass filter configuration.

of the second filter section would
seem to be coincident with the wave-
form at the output of the first section.

With the above analytical ap-
proach inmind, it isevident that if C3
becomes open in the Fig. 6 circuit,
only two waveforms will appear to be
displayed on the scope’s screen even
though all three output waveforms
are being traced. This situation re-
sults from the fact that when C3 is
open there is no wave-shaping ele-
ment present between the output
from the second filter section and the
scope’s input terminal. Accordingly,
the output from the third filter sec-
tion effectively merges with the out-
put waveform from the second sec-
tion. These are operative points for
you to bear in mind when checking
out three-section filters.

Inpul-vaitags lews

Fig. 7. Sweep-frequency response for

basic three-section RC low-pass fil-

ter: (A) output from third section,

(B) output from second section, and
(C) output from first section.

Equivalent Inductance

Referring to Fig. 9, it is a well-known
fact that an RC L section has an equi-
valent RL L section and that an equi-
valent RL filter will have the same
frequency response as its RC coun-
terpart. Equivalent RC and RL L sec-
tions have the same time constant.
That is, the time constant of an RC L
section is equalto R x Cand thetime
constant of an RL section is equal to
L/R. RL filters are less commonly
encountered in electronic circuits
than are their RC counterparts be-
cause inductors are more expensive
than capacitors, are more susceptible
to unwanted stray-field (electromag-
netic) pickup, and have lower Q val-
ues than equivalent capacitors.
Nevertheless, this is a relationship
that is of great importance from the
viewpoint of “‘reading’’ oscilloscope
waveforms.

Moving now to Fig. 10, you can see
the equivalent RC and RL low-pass
circuit configurations. This might
appear to be of routine interest to
you in your electronics work, but
there is a kernel of an entirely differ-
ent class of circuit action ‘‘hidden”’
in this relationship. In other words,
an equivalent low-pass filter can be
arranged from an RL section fol-
lowed by an RC section, as illustrated
inFig. 11. Now you have a new ‘‘ball-
game’’ going for you.

Fig. 8. Abnormal sweep-frequency
response for basic three-section RC
low-pass filter with Cl in Fig. 6 open:
(A) first-section, (B) second-section,
and (C) third-section outputs.
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(A) INTEGRATING CIRCUITS {lag clrculs)

&
>

-fb-—"w"w".'v——r——d-'.-'
A

(B} DIFFERENTIATING CIRCUITS (lead circuits)

Fig. 9. Equivalent RC and RL sec-
tions: (A) integrating (lag) circuits
and (B) differentiating (lead) circuits.

Fig. 10. Equivalent (A} RC and (B)
RL low-pass filter configurations.

Observe in Fig. 11 that the induc-
tor is connected in series with a capa-
citor via a resistive divider. This divi-
der and capacitor has an equivalent
circuit made up of another value of
resistance connected in series with
another value of capacitance. This
equivalent resistor lowers the Q of
the coil, but the inductance is con-
nected in series with the capacitance
and the resulting series LC circuit
can be analyzed with respect to volt-
age magnification at its resonant
frequency.

Returning to Fig. 3 for a moment,
you can observe that the three-sec-
tion RC pseudo-active high-pass fil-
ter has a resonant frequency and that
a voltage magnification of approxi-
mately 15 percent is realized at reson-
ance. This voltage magnification is
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Fig. 11. Example of a low-pass filter
made up of an RL section followed
by an RC section.

equal to Q times the applied voltage,
or the Q of the inductor (or of the ca-
pacitor, depending upon your point
of view) is equal to 1.15. This cir-
cuit-action analysis makes it evident
that pseudo-activity has a classical
relationship to conventional filter
arrangements. It also reveals that
the Fig. 1 circuit contains pseudo-
inductance.

Inductance is basically a circuit
element or configuration that draws
a lagging current in response to an
applied voltage. Although it is com-
monly considered that an inductor
consists of a spiral of wire wound
around a physical coilform, you can
now see that the reading of wave-
forms from the screen of an oscillo-
scope leads inevitably to the conclu-
sion that an inductor may also con-
sist of a pair of resistors and a pair of
capacitors. This is the easy-to-under-
stand foundation of sophisticated
operational-amplifier filters like the

Zero-volt level

Fig. 12. Sweep-frequency waveforms

showing comparative rolloff of basic

filters: (A) two-section high-pass

pseudo-active RC filter, (B) conven-

tional two-section high-pass lead-cir-
cuit RC filter.

Say You Saw It In Modern Electronics

““gyrator’’ that is effectively a large
without any windings.
Think of them as ‘‘wireless coils.”’

inductor

rolloff (cutoff) characteristic of a
two-section high-pass pseudo-active
RC filter compared with its conven-
tional counterpart. The waveforms

Rolloff Characteristics
of Basic Filters

reveal that the pseudo-active circuit
configuration has a much steeper
rolloff than does a conventional lead

Comparative oscilloscope

forms show the rolloff characteris-
tics of filters to good advantage, asil-
lustrated in Fig. 12. Here you see the

configuration. Rapid rolloff is fre-
quently desired in practical applica-
tions to separate one band of fre-
quencies from another. W

wave-
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Project

VCR Modulator

Putsa VCR’s audio and video outputs on an r-f carrier
that is radiated through the air and is picked up by any
TV receiver in a room near it

By Anthony J. Caristi

any U.S. households have
more than one TV receiv-
er but only one VCR,

which is usually dedicated for use
with one specific TV set. With this ar-
rangement, if you want to view a
taped program on a different set, you
normally have to physically move the
VCR to that set. A much better
way—one that doesn’t require physi-
cal movement and subsequent wear
and tear on connectors and cables—
is to use a miniature TV transmitter
like the VCR Modulator described
here to distribute the audio and video
information to other receivers by
wireless means. It modulates the
audio and video output signals from
a VCR with an r-f carrier and radi-
ates the composite signal to any TV
receiver within range that is tuned to
the Modulator’s frequency (TV
channel 3 or 4).

A special IC that was designed to
modulate the audio and video out-
puts from a VCR with an r-f carrier
signal for distribution to very-nearby
TV sets is at the heart of this project.
Designed to be directly connected to
the antenna input of a TV receiver,
the IC can also be used, as it is in this
project, as a miniature TV broadcast
“‘station’’ whose signal can be picked
up by any nearby TV set tuned to it,
without the need for running wires.
With the project installed, viewing of
video tapes in your household is no
longer limited to a given TV set.

Since the project is driven by the
video and audio outputs from a

VCR, it doesn’t interfere in any way
with normal operation of the VCR or
TV receiver to which the VCR is con-
nected. It simply provides a modu-
lated r-f carrier on the unused TV
channel 3 or 4 frequency in your area
that can be picked up by another
nearby TV receiver.

In addition to using the VCR
Modulator as a VCR distribution
center, it can be used to reconcile the
differences between Beta and VHS
media. That is, you can have the vid-
eo and audio outputs from a Beta or
VHS modulate the project’s r-f carri-
er that is then radiated to and picked
up bya VCR of adifferent format for
recording the action being shot.

About the Circuit
The complete schematic diagram of
the VCR Modulator is shown in Fig.
1, including its ac-line-operated pow-
er supply. The heart of the circuit is r-
f modulator integrated circuit ICI.
This chip accepts suitable audio and
video signals and modulates them
with a low-vhf carrier, in this case a
carrier whose frequency is on either
TV channel 3 or 4. Channel choices
are the same as for many other video
accessories, such as VCRs and video-
disc players, because in any geo-
graphical area in the U.S. either one
or the other channel’s frequency will
be unoccupied.

FCC Rules and Regulations, under

boE= e e e i = e
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Now electronics hobhyists |
have all the information they need
right at their fingertips.

New MODERN ELECTRONICS MANUAL provides clear, precise, easy-to-follow
instructions on a wide variety of fascinating *‘do-it-yourself’’ electronics projects...
plus timely updates on the latest developments in electronics technology.

If you’re an electronics enthusiast, you know that the fun of
building or fixing electronic devices can sometimes turn to
Srustration—if you don’t have the proper information on
how to do it correctly.

THE MODERN ELECTRONICS MANUAL, new from
WEKA Publishing, eliminates this problem. In a single, well-
illustrated, clearly written handbook, you get the knowledge
you need to build, assemble, or modify virtually any consumer
electronic, computer, communications, audia, or video
device—with speed, ease, and confidence.

The ultimate how-to hobbyist’s guide to
electronics

THE MODERN ELECTRONICS MANUAL is, quite simply,
the most comprehensive and essential hands-on guide and
reference work for electronics hobbyists, giving you both the
theoretical background you need to understand electronics plus
the specific how-to-do-it information to get your project done
right—the first time. So essential, in fact, that for alimited time,
we are inviting electronics hobbyists to try THE MODERN
ELECTRONICS MANUAL in their workshops on a NO-
RISK trial basis.

A wealth of electronics information—at your
fingertips

THE MODERN ELECTRONICS MANUAL begins by giving
you the basic technology and principles you need to make
every project more enjoyable. You learn: How to solder. How
to read schematics. What tools to use, and how to use them.
How to make.your own PC boards. Surface-mount technology.
Desoldering techniques. Diagnostic and repair procedures.
Essential safety precautions. And more.

Then, we give you the latest and very best information on
consumer and home electronics, computers and peripherals,
communications devices, TV, radio, stereo equipment, telephone
systems...you name it, we cover it. Plus dozens of sources for
buying the components and equipment you need.

Keeps you current with the latest products,
developments, techniques, and technologies.
Just about every day, your newspaper reports on new
developments in the electronics industry. To help you keep up
with this fascinating (and fast-paced) technology, WEKA will
send you, as an owner of THE MODERN ELECTRONICS
MANUAL, optional supplemental updates (mailed approx-
imately 4 times a year).

These supplements are packed with the latest information and
can easily be inserted in the appropriate section of your 3-ring
binder...they ensure that THE MODERN ELECTRONICS
MANUAL is always current and up-to-date. You can examine
and read each supplement, then decide whether you want to
keep it. There is no obligation, and your update service may
be cancelled without penalty at any time.
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Special Bonus
Order THE MODERN ELECTRONICS MANUAL today and
receive, as a bonus, full-size PC board layouts for your projects.
Each layout is reproduced for you on an 8/, x 11 MYLAR
sheet, ready for immediate transfer to copper-clad boards...to
enable you to quickly and easily duplicate the projects
described in the text.

Put our MODERN ELECTRONICS MANUAL
to the test in your workshop—today.

Because we are so confident you will want to use

THE MODERN ELECTRONICS MANUAL for years to
come, we make the following offer: Try THE MODERN
ELECTRONICS MANUAL in your electronics workshop.
Read it. Use it. Build the projects. If you are not totally
convinced the manual is worth every penny, return it
at any time—no questions asked.

Electronics is a fun and profitable hobby—if you have the
right tools. THE MODERN ELECTRONICS MANUAL is
an essential resource and reference guide every electronics
hobbyist and enthusiast deserves to have. Order your personal
copy by mailing the coupon today. Your satisfaction is
unconditionally guaranteed!

THE MODERN ELECTRONICS MANUAL
New from WEKA Publishing!

Section| : Contents

Section I : Basic principles

Section [Il : Consumer and home
entertainment technology

Section IV : Communications technology

Section V : Computer technology

Section VI : Repair and maintenance

Section VIl : Glossary, index

* 400 oversize pages » Loaded with charis,
diagrams, photographs e Lie-flat 3-ritig binder
for easy updating » Inciudes MYLAR PC board
layouts for all projects « Optlonal periodic
supplement service

[ Please send me _____copy(ies) of THE MODERN ELECTRONICS
MANUAL at $69.95 plus $4.50 postage and handling (total: $74.45).  understand
that I may return THE MODERN ELECTRONICS MANUAL at any time
for a complete and prompt refund (WEKA Publishing to pay return postage).

[ Billme My check for$__ is enclosed (payableto “WEKA Publishing’’)

Charge my: (OMastercard [ VISA
Account # _
Signature
Name
Address
City State Zip

1 understand I'll also receive the supplements 4 times a year at 25 cents per page. [f [ do not want
a supplement, I can return it without paying. | may also cancel further supplements at
any time with no penalty.

WEKA Publishing, Inc.
[ 3&:) 97 Indian Field Road ® Greenwich, CT 06830 5023
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PARTS LIST
Semiconductors Resistors L2—27-uH coil (Toko No. 154ANS-

D1 thru D4— 1N4004 or similar silicon
rectifier diode

D5—MV2109 (Motorola) or similar
voltage-variable-capacitance diode

IC1—LMNI1889N r-f modulator

[C2—LM7812CT + 12-volt fixed volt-
age regulator

Capacitors

C1—10-pF, 16-volt radial-lead elec-
trolytic

C2,C5,C7,C8,C10—0.001-F, 50-volt
ceramic disc

C3,C4—220-uF, 25-volt radial-lead
electrolytic

C6,C11—10-xF, 16-volt radial-lead
electrolytic

C9—5-10-60-pF trimmer capacitor
‘(Radio Shack Cat. No. 272-1340A
or similar)

(Y%-watt, 1% metal-film)

R1,R2,R11—1,000 ohms

R5—10,000 ohms

R6—1,500 ohms

R13—4,990 ohms

(%-watt, 5% tolerance carbon)

R3—10,000 ohms

R4—47,000 ohms

R7,R10—75 ohms

R8—1,000 ohms

R9—2,200 ohms

R14,R15—240 ohms

R16—4,700 ohms

R12—5,000-ohm pc-mount cermet
trimmer potentiometer

Miscellaneous

F1—Y%-ampere slow-blow fuse

L1—Hand-made coil (5% turns No. 20
enameled wire—see text)

1014Z)

S1—Dpst slide ortoggle switch

T1—12.6-volt power transformer

(Radio Shack Cat. No. 273-1385
or similar)
Printed-circuit board (see text); suit-
able enclosure; 18-pin DIP socket for
IC1; holder for FI; 3-conductor ac
line cord with plug; coaxial or shielded
cable (see text); phono jacks (2—
optional; see text); rubber grommets;
spacers; machine hardware; hookup
wire; solder; etc.

Note: The following items are available from
A. Caristi, 69 White Pond Rd., Wald-
wick, NJ 07463: ready-to-wire pc board,
$12.95; LMNI1889N, $4.95; LM7812CT,
$1.95; 27-uH coil, $3.50; MV2109 Var-
actor, $3.50; set of six metal-film resis-
tors, $2.50. Add $1.50 P&H. New Jersey
residents, please add state sales tax.

Fig. 1. Complete schematic diagram of the VCR Modulator, including its ac-line-operated power supply.

Part 15, govern the characteristic of
the modulated r-f TV signal. This sig-
nal can occupy a standard TV chan-
nel bandwidth of 6 MHz. Peak carri-
er power for applications such as this
project is limited to 3 millivolts rms
in a 75-ohm system or 6 millivoltsin a
300-ohm system. This project has

been designed to conform to all Part
15 specifications of the FCC Rules
and Regulations when built exactly
as described later.

In addition to the single IC that
performs all signal processing in this
project, the circuit also contains two
tuned circuits and dc biasing net-

‘works. A regulated 12-volt dc source

completes the circuit.

Frequency of the picture carrier is
determined by the values of the com-
ponents used in the LC tank network
made up of LI and C9. Adjustment
of C9 provides sufficient tuning
range to easily cover the portion of

-
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the low-vhf band occupied by TV
channels 3 and 4. Frequency of oscil-
lation of the LC circuit is stable
enough for the automatic frequency
control (afc) of just about any mod-
ern TV receiver to handle.

Luminance (picture detail) and
chrominance (color) information
contained in the composite video sig-
nal is impressed upon input pin 12 of
IC1. This pin is biased at about half
the power-supply potential by means
of the voltage divider made up of re-
sistors R/ and R2.

To preserve the dc component of
the video signal, amplitude modula-
tion (AM) of the picture carrier is
performed in only one direction,
with increasing-amplitude video sig-
nals causing decreasing carrier levels.
This ensures that the peak carrier
level doesn’t change with scene
brightness and provides a constant
sync modulation level for the receiver.

Since it’s the offset between the
two signal pins of the internal bal-
anced video modulator at pins 12 and
13 that determines modulation level,
an adjustment of the dc level fed to
pin 13 is provided by potentiometer
R12. This control provides the means
by which the circuit can be “‘tuned”’
for optimum picture quality.

Since the picture carrier frequency
is generated by an LC oscillator oper-

00 00 a
00O

Qo000

0o
o

Fig. 2. Actual-size etching-and-drilling guide (A) and top-of-board ground

plane (B) for fabricating printed-circuit board for project. Circles indicate holes

JSrom around which extra copper cladding must be removed in ground plane so
that component leads plugged into these holes do not short to ground.

ating in the vhf band, it is not stable
enough to permit a similar circuit to
be used for the sound carrier, which
must be at a frequency that is 4.5

MHz above the video carrier fre-
quency. Thereason for this is that the
difference in frequencies between the
two carriers must be held to within 15
kHz or less to avoid creating audio
distortion and sound ‘‘buzz’’ in the
TV receiver. This potential problem
is solved by using a 4.5-MHz sound
inter-carrier system that is frequency
modulated (FM) by the audio signal
to amplitude modulate the picture
carrier through the network made up
of R4 and C8.

Coil L4 and voltage-variable-ca-
pacitance (Varactor) diode D5 make

up the 4.5-MHz tuned circuit. Since
this type of inter-carrier circuit uses a
relatively low frequency of 4.5 MHz,
frequency drift will not be a problem.

Frequency modulation of the 4.5-
MHz:z audio inter-carrier is achieved
with D5. This voltage-variable-capa-
citance diode has the relatively unique
ability to change its capacitance in
response to the changing amplitude
of the audio signal. Resistors RS and
R6 provide dc bias to D5 so that the

Varactor diode operates in the
desired range of capacitance.
R-foutput of the modulatoris pro-
vided at pins 10 and 11 of IC!. Con-
taining luminance, chrominance,
sync and audio information, the
composite r-f output signal can then
be fed to a TV receiver, which then
demodulates the signal to produce
the picture and sound of the program
being fed into the VCR Modulator.
There are three inputs to and one
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output from the project. One input is
ac line voltage that powers the cir-
cuit. The AUDIO and VIDEO inputs
are at phone jacks JI and J2, respec-
tively. The R-F OUTPUT through CI10
is for connection to an external an-
tenna for radiation to TV receivers in
the nearby vicinity.

Power for the VCR Modulator is
provided by the acline. Theinput 117
volts ac is stepped down by power
transformer 7/ to 12.6 volts ac. This
ac signal is then converted to pulsat-
ing dc by the bridge-rectifier arrange-
ment made up of DI through D4.
The resulting pulsating dc is filtered
to pure dc by capacitor C3 and regu-
lated to + 12 volts dc by fixed volt-
age-regulator chip /C2. Capacitor C2
provides output filtering for the
power supply, and capacitor C2
bypasses any high-frequency noise
on the dc bus to ground.

With the power-supply configura-
tion shown in Fig. 1, the positive
voltage bus is essentially ripple-free,
and the potential will not change
level with changes in input ac line
voltage. This ensures stable r-f and
inter-carrier frequencies.

Since the project operates at a very
low power level, consuming a maxi-
mum of 35 milliamperes at 12 volts,
you might want to power it from a
12-volt rechargeable nickel-cadmium
orlead-acid gel-cell battery. By going
this route, the project can be oper-
ated even where ac line power is not
available, such as when you’re shoot-
ing outdoors action with a camcorder.

Construction

As is the case with all high-frequency
circuits, the method of construction
chosen is very important to achieving
desired operating results. Building
the VCR Modulator is no exception.
Though it may be possible to use
other component mounting and wir-
ing techniques to build the project
with good results, the best approach
is to use a printed-circuit board that
has the conductor pattern on one side
and a solid copper ground plane on
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Fig. 3. Wiring guide for pc board.

the other side. The ground plane,
which is really nothing more than an
unetched side of the double-sided pc
board, ensures proper performance.

Figure 2 is the actual-size artwork
for those people who wish to fabri-
cate their own pc boards. (A) is the
bottom-of-the-board artwork, while
(B) shows where to remove copper to
prevent component leads that should
not touch the ground plane from do-
ing so. Though (A) is actual artwork,
(B) is simply a guide. Do not attempt
to prepare an exposure mask for the
ground-plane side of the board.

After thoroughly cleaning the dou-
ble-sided pc blank, allow it to com-
pletely air dry. If you wish to speed
up this process, you can use a hair
blow dryer. Handle the blank only by
its edges; do not touch the cleaned
copper at any time.

Completely cover one side of the
cleaned pc blank with wide masking
tape. Burnish the tape solidly down
to remove air bubbles and to assure
that all edges are solidly stuck. If you
have to use more than one strip of
tape, overlap it by % to % inch and
solidly burnish the seam. The tape-
covered side of the blank is the
ground-plane side of the board.

Sensitize the other side in the usual
manner. When the photoresist has

completely dried, expose it through
an artwork mask made using Fig.
2(A) and develop it. Etch the board
and, when done, thoroughly clean it.
Then drill the holes in all indicated
locations.

After drilling all component-lead
holes using Fig. 2(A) as a guide, flip
over the board. Strip away and dis-
card all tape. Now, using Fig. 2(B) as
a guide, carefully circle all holes indi-
cated by the large circles. Do nof cir-
cle any other holes. All circled holes
must have copper removed from the
ground-plane side of the board.

Use a very sharp, preferably new,
%¢"-diameter drill bit to clear away
unwanted copper from the circled
holes. Do this manually, using a pin
drill. Do not use an electric power
drill; if you do, you will almost cer-
tainly drill clear through the board
and ruin your work. Monitor copper
removal carefully and stop drilling
when you can see aring of board base
around each hole as you drill.

It is very important that you re-
move copper from only the indicated
hole locations in Fig. 2(B). The re-
maining holes in the board accom-
modate leads that are to be soldered
to both the specific pad on the bot-
tom of the board and the ground
plane on the top of the board. This
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assures a good r-f ground connection
in each case.

Shown in Fig. 3 is the wiring guide
for the pc board. Though all compo-
nents mount on the ground-plane
side of the board, the see-through il-
lustration references component in-
stallations to the conductor pattern
on the bottom of the board. By mak-
ing the conductor pattern the refer-
ence for component installation,
you’re less likely to install any given
component in the incorrect location.

Start populating the board by in-
stalling and soldering into place the
18-pin DIP socket for IC/ in the indi-
cated location. Note that although
pin 5 of this IC is grounded (see Fig.
1), allholes for the socket’s pins must
be cleared of copper. Connection to
circuit ground for pin S is made from
the trace on the bottom of the board.

Once the socket is installed, pro-
ceed to installation of the resistors
and then the capacitors. Make sure
each electrolytic capacitoris properly
polarized before soldering its leads
into place. Then install and solder in-
to place the diodes, again making
sure that each is properly oriented be-
fore soldering its leads into place.
Bear in mind that reversal of one po-
larity-sensitive component will ren-
der the project inoperative and may
even cause permanent damage to one
Or more components.

When installing any component
that has a grounded lead, as detailed
in Fig. 1, be sure to solder that lead to
the copper pad on the bottom of the
board and the ground plane on the
top of the board. This is important
because it ensures that the ground
connection to the component is as
short as possible. Some components,
such as radial-lead electrolytic capa-
citors cannot be soldered to the
ground plane on the top of the board.
In these situations, it will suffice to
have just one solder joint on the bot-
tom of the board for the ground
connection.

Inductor LI must be hand-wound,
which is a very easy task to perform.

Say You Saw It In Modern Electronics
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Fig. 4. Test setup to use for aligning project.

Use solid 20-gauge wire, enamel-
insulated if possible but Teflon-
insulated if not. Start with a wire ex-
actly 6% inches long. Scrape away Y
inch of enamel (or strip % inch of
insulation) from both ends of the
wire. Now wind 5% closely spaced
turns of this wire around an ordinary
wooden pencil.

Slide the coil off the pencil and po-
sition the ends parallel to each other
and pointing in the same direction.
Spread the turns of the coil so that
about one wire diameter of air space
is between all turns. Plug the ends of
the coil into the L1 holes in the board
and position the coil about ¥, inch
above the ground plane as you solder
first one and then the other lead
into place.

Once the coil has been installed
and soldered into place, inspect the
turns to be sure that none is shorting
to the other or any other part of the
circuit-board assembly. If necessary,
adjust the spacing between the turns
to one wire diameter. This done, in-
stall and solder L2 into place.

Regulator JIC2 installs on the
board standing straight up. Because
power consumption by the circuit is
very small, this IC requires no heat
sink. Install the device in the 1C2 loca-
tion, making sure it’s properly based
before soldering its pins into place.

Strip % inch of insulation from
both ends of three 6-inch-long hook-
up wires. If you’re using stranded
hookup wire, tightly twist together
the fine conductors at both ends and
sparingly tin with solder. Plug one

end of these wires into the holes la-
beled s1 (two wires) and R-F OUT and
solder into place. (Note: You can
make the connection to the project’s
antenna via 75-ohm coaxial cable in-
stead of hookup wire. If you do this,
plug the inner conductor into the R-F
OUT hole and solder into place and
then solder the shield directly to the
board’s ground plane.

There are two ways to prepare the
inputs of the project. One is to use
phono jacks that mount on a panel of
the project’s enclosure and separate
plug-incables. The other, preferable,
method is to connect the input cables
directly into the J1 and J2 holes in the
circuit-board assembly.

If you use the jacks and separate-
cable arrangement, prepare two
6-inch lengths of coaxial or shielded
cable as follows. First, remove 1 inch
of outer plastic jacket from both
ends of both cables and separate the
shields at both ends of the cables
back to the plastic jacket. Next,
tightly twist together the fine wires
that make up the shield and tin with
solder. If you’re using cable that has
a foil shield with wire tracer, peel the
foil back to the remaining plastic
jacket and trim away the foil but not
the wire. Now strip % inch of insula-
tion from the inner conductor at both
ends of the cable. Finally, if this con-
ductor is made up of stranded wire,
tightly twist the conductors together
and sparingly tin with solder.

If you’re eliminating the jack ar-

(Continued on page 84)
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Project

A 10-Hz to 2.2-GHz
Frequency Counter

A hand-held general-purpose counter that performs
like an instrument costing many times more than its

moderate price

By Bill Owen

frequency counter that op-
erates from the low audio
range to beyond 2.2 GHz

has traditionally been very expensive
and quite bulky. Now you can build
such a counter for $100 in electronic
components package and the print-
ed-circuit board. Add another $50 to
equip it with ac and dc powering op-
tions and a durable metal enclosure.
Furthermore, the new instrument
can fit into a jacket pocket and deliv-
ers big counter performance.

The basic counter has input ampli-
fiers and two temperature-stabilized
crystal oscillator timebases that as-
sure sensitive, accurate operation
and reads out measured frequencies
in an eight-decade LED display.

Our general-purpose instrument
can count frequencies down to 10 Hz
and up to and beyond 2.2 GHzintwo
user-selectable ranges. It permits
both antenna and direct input con-
nections, making it suitable for a
wide range of applications. For ex-
ample, you can use it to check the
clock frequency in a computer or
pick up a cellular or cordless tele-
phone signal or a ham, marine or air-
craft vhf transmitter signal. With the
antenna, its sensitive input can pick
up a strong police, fire or public-ser-
vice transmission, whose indicated
frequency can then be punched up on
a scanner for listening.

#

This counter’s diminutive size and
dual powering options make it ideal
for service work on your testbench
and in the field. It easily fits into a
tool kit or even a jacket pocket. If
you wish, you can also build this
compact counter into a piece of
equipment that has space for it and
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use it as a permanent panel-meter
function of the equipment.

About the Circuit

Shown in Fig. 1 is the block diagram
of the frequency counter. A signal
whose frequency is to be counted en-
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Fig. 1. Block diagram of the 10-Hz to 2.2-GHz counter’s circuitry.

ters through the BNC connector la-
beled INPUT. A relay then routes this
signal via either path A or path B.
Path A is the direct input that by-
passes the scaling circuits for signals
whose frequencies are less than 12
MHz. Signals whose frequencies are
greater than 10 MHz are routed via
path B for prescaling. This is needed
here because main LSI counter/dis-
play driver chip Ul cannot reliably
operate at frequencies beyond 12
MHz or so.

Signals to be counted in path A are
amplified in several stages. For de-
tails of the A input amplifier, turn
now to the complete schematic dia-
gram of the counter shown in Fig. 2.
Exiting the relay, the signal passes
through coupling capacitor C/ and is
limited to approximately 0.7 volt by
back-to-back diodes CRI and CR2.
Resistor R13 limits current through
the diodes, and resistor R32 is pre-
dominant in determining the low-fre-
quency input impedance.

N-channel junction field-effect
transistor Q7, along with pnp bipolar

Say You Saw It In Modern Electronics

transistor 02, make up a high-impe-
dance, low-capacitance wide-band
unity-gain buffer, the output of
which is capacitively coupled to the
first stage of an MC10116 triple line
receiver. This ECL (emitter-coupled
logic) device provides amplification

with its first two stages and Schmitt-
trigger action with its third stage.
Schmitt-trigger action is accom-
plished with positive feedback
through R29.

Low-frequency and noisy signals
must be converted to clean fast-rise-

New Bipolar Technology

Though MOS technology scoms to be
getting all the publicity these days in the
speed area, makers of silicon hipolar
devices are quietly improving heir
prodicts, Our freguency counter is the
beneficiary of recent developments in
this technology. In fact, the key compo-
fenis in the counter—a prescaler and a
pair of microwave miniature integrat-
ed-circuit (MMIC) amplifiers—are new
silicon bipolar devices. These new high-
technology components are responsible
tor our (Tequency counter,

NEC's B382C 2.2-GHz prescaler
chip is responsible for the counter’s mi-
crowave performance, NEC states that
the chip’s ** . . . high performance can
be atiributed to a newly developed pro-

cess called Direct Nitride Passivated
Base Surface 11, which permits produc-
tion of transistors with less parasitics,
improved passivation and emitter line
widths of 1 micron. The result fis an] f4
as high as 10 GHz, improved noise fig-
ures and reliatkility. "'

The microwave miniature integrated
cireuit amplifiers used in the counter are
also a fairlv new development, These
Mini-Cireuits MAR-6 devices are also
product of silicon bipolar technology.
They are small surface-mount 1Cs that
eachprovide 20dB of gain and a 2-0Hz
bandwidth, For complete information
on these devices, see the Tableina *'1-
MHz 10 2-GHz Amplifier'" in the Sep-
tember 1988 Modern Electronics,

T T e T Y B T e S S S (e S S
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Frequency Counter Specifications

Input A Input B
Range 10Hzto 12 MHz 10 MHzt0 2.2 GHz
Input impedance 1 megohm/30 pF 50 ohms
Sensitivity (see Counter Sensitivity graph below)
Timebase frequency 10 MHz 3.90625 MHz
Stability (20°to 40° C) +2 ppm +2 ppm
Aging 4 ppm/yr

Calibration adjustment

Screwdriver adjust through front panel

Resolution/gate period

Fast 10 Hz/0.1 second 1 kHz/0.25 second
Slow 1 Hz/1 second 100 Hz/2.5 seconds
Display 8-decade 0.28 " orange LED
Dimensions 3.9"H x 3.5"W x1"'D
Weight 9 0zs.

Power requirements

Internal battery

9 volts dc at 200 mA from 117-volt ac 60 Hz
plug-in adapter; 2 hours operation
Rechargeable Ni-Cd; gives 2 hours operating
time; recharges in 16 hours while operating
from ac adapter

COUNTER SENSITIVITY
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time pulses by the Schmitt trigger.
Because the characteristic ECL out-
put of this circuit is not compatible
with our circuit, bipolar npn transis-
tor Q5 provides level shifting for
CMOS counter Ul.

Signals that are routed via path B
are amplified by U6 and U7 and enter
U4 where frequency division by a
factor of 4 takes place. The signal ex-
iting U4 is coupled to U2. where it is

prescaled again, this time by a factor
of 64. The total prescale factor is
then 256. Hence, one pulse enters U/
for every 256 periods of signal enter-
ing the counter.

According to the above, if the pre-
scale factor is a multiple of 10, it
would be a simple matter to move the
decimal point in the display to the ap-
propriate location to permit direct
display of the counted frequency

without having to interpret the num-
bers. In this case, however, the coun-
ter’s clock frequency must be changed
to compensate for the divider ratio.

A frequency counter is an electron-
ic device that gives a decimal display
of the number of cycles of electrical
events that occur during a given peri-
od of time. The unit of frequency is
the Hertz (Hz), which is equal to one
complete cycle per second. This
counter uses millions of Hertz or
megahertz (MHz) as its unit of mea-
surement. To assure accuracy, the
counter uses a clock reference to con-
trol the amount of time pulses are
counted by it’s electronic counters.
All of this activity occurs inside U1,
which is designed to use a 10-MHz
clock for its reference.

Any deviation from the 10-MHz
clock frequency results in a corres-
ponding change in the length of time
the counters inside U/l will count.
This is used to advantage in our
counter. When the 2.2-GHz maxi-
mum signal frequency is prescaled by
256, the result is a frequency of
8.593750 MHz. Therefore, the clock
frequency must be reduced so that
the counters accumulate pulses for a
longer period of time.

Since the counter uses a display
made up of eight decades (digits),
22000000 is the number that should
be displayed at the counter’s maxi-
mum operating frequency. With the
standard 10-MHz clock frequency,
the displayed figure would be
8593750 after 1 second. To give the
correct display, the counter would
have to accumulate pulses for 2.56
seconds, which is a lengthening the
gate time by a factor of 2.56.

To arrive at the correct clock fre-
quency, you would divide 10 MHz by
2.56 to obtain 3.90625 MHz. At this
clock frequency, the FAST and SLOwW

Fig. 2. Complete schematic diagram
of counter’s circuitry.
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Semiconductors

CR1,CR2,CR3—1N4148 or
small-signal diode

CR4;CR5—1N4005 or similar rectifier
diode

Q1—PN3625A pnp transistor

Q2,Q3—PNS5139 pnp transistor

Q4,Q5,Q6—PN2369 npn transistor

Q7—1J309 n-channel field-effect tran-
sistor

U1—ICM7216 counter/timer/display
driver

U2—CA3179/9321-012 prescaler

U3—B582C prescaler

U4—7805 + 5-volt fixed regulator

US5—CD4066 quad bilateral switch

U6,U7—MAR-6 MMIC r-f amplifier

U8—10116P triple line receiver

V1,V2—DL/DL04770 common-cath-
ode 4-decade, 7-segment LED display

V3—T1 red light-emitting diode

similar

Capacitors

C1 thru C4—0.1-u4F surface-mount
chip

C5 thru C10—1,000-pF surface-mount
chip

C11 thru C22—0.1-4F, 50-volt mono-
lithic

C23—100-pE disc

C24,C25—15-pF NPO disc

C26—100-pF, 6.3-volt electrolytic

C27 thru C30—47-xF, 6.3-volt electro-
lytic

C31,C32,C33—330-uF, 16-volt radial-
lead electrolytic

C34,C35—1-t0-23-pF pc-mount trimmer

C36—220-pF monolithic

C37,C38—390-pF monolithic

C39,C40—47-pF monolithic

Resistors (!4-watt, 5% tolerance)
R1—100 ohms
R2,R3,R4—100 ohms

PARTS LIST

R5 thru R12—1,000 ohms

R13 thru R17—10,000 ohms

R18,R19—100,000 ohms

R20 thru R26—510 ohms

R27,R28—150 ohms

R29—2,200 ohms

R30—a2.7 ohms

R31—51 ohms

R32—1 megohm

R33—680 ohms

R34—3,600 ohms

R35—27,000 ohms

Miscellaneous

B1—6-volit.Ni-Cd rechargeable battery
(4 AA cells in series)

J1—Pc-mount dc power jack (to match
9-volt dc plug-in power supply)

J2—Chassis-mount female BNC con-
nector (modify as described in text)

K1—Pc-mount S5-volt dc relay with
dpdt contacts

SW1,SW2,SW3—Miniature slide or
toggle dpdt switch

Y 1—3.90625-MHz solder-mount crystal

Y2—10-MHz solder-mount crystal
Printed-circuit board; socket for Ul
(see text); 9-volt dc, 300-mA plug-in
power supply; suitable enclosure;
machine hardware; solder; etc.

Note: The followin'g items are available from
Optoelectronics Inc., 5821 N.E. 14 Ave.,
Ft. Lauderdale, FL 33334 (800-327-5812;
in Florida, 305-771-2050): Kit of all com-
ponents, but not enclosure, $99. Avail-
able separately; double-sided pc board
with plated-through holes, No. PCB-
2210, $25; 9-volt dc, 300-mA plug-in pow-
er supply, Part No. AC-22, $9.99; Ni-Cd
battery, Part No. NiCad-22, $20; enclo-
sure & hardware, Part No. CAB-22,
$20.00. Also offered is an assembled and
calibrated unit, Model 2210, for $189.
Add 5% for P&H. Florida residents,
please add 6% state sales tax.

gate times become 0.256 and 2.56
seconds, respectively, with the reso-
lution or least-significant digit 1,000
and 100 Hz, respectively. Selection
between the FAST and SLOwW gate
times is via SW3B, while SW3A4
switches the decimal point as needed
in the ¥1/V2 display via Ul.

Notice in Fig. 2 that two clock os-
cillators are provided. One or the

other is manually selected according
to desired range by switch SW2A4. In
position A, the 10-MHz clock is used
since path A directly couples into
counter chip UI without undergoing
prescaling. Position B of SW2A4
switches the 3.90625-MHz clock into
the line during the prescaling opera-
tion. Both clock oscillators have sep-
arate calibration trimmer capacitors
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that permit adjustment for maxi-
mum accuracy.

Both clock oscillators are a modi-
fied Pierce design built around bipo-
lar npn transistors Q5 (10 MHz) and
Q6 (3.90625 MHz). Power to each
oscillator is switched by RANGE
switch SW2A. The other half of this
switch, SW2B, routes the oscillator
outputs to COUNTIN pin 25 of U1.

Count accuracy is determined by
accuracy of the timebase clock oscil-
lator. Trimmer capacitors C34 and
C35 permit you to adjust each oscil-
lator so that it is precisely on frequen-
cy. A precisely known reference fre-
quency must be read by the counter
and each oscillator must be adjusted
until the frequency in the counter’s
display is ‘‘on the money.”’

After calibration, normal aging
will cause the oscillators’ frequencies
to change over a period of time. This
aging is caused by several factors.
One is that microscopic particles may
get knocked off the quartz of which
the crystals are made over a period of
time, slightly changing the mass of
the quartz and, thus, the frequency at
which it oscillates. Another is that
the plating on the crystal will under-
go some oxidation, even though the
crystal housing is filled with inert
gas. Also, the plating may undergo
stress relief.

These processes will slow down af-
ter the first year to a more predictable
rate. Until then, though, it is wisé to
check calibration as often as possible
and make whatever adjustments are
needed to compensate for the aging
effects.

Temperature will also effect the
accuracy of the crystal oscillators. If
calibration is done at room tempera-
ture and areading is taken at a higher
or lower temperature, there will be
some error in the displayed figure.
This is why it is desirable to have
some type of temperature compensa-
tion. Larger counters can use a Crys-
tal oven where temperature is pre-
cisely maintained. This counter does
not have an oven.
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Fig. 3. Actual-size top (left) and bottom (right) etching- and-drilling guides for project’s printed-circuit board.

An additional factor that affects
the accuracy of this counter is its
quantization error. During one gate
period, the gate may close while a
pulse is being counted, but during the
next period it may close between
pulses, even though the same fre-
quency was being counted in both
cases. Because of this possibility, the
count observed in the display should
always be viewed as being within =+ 1
count in the least-significant (far-
thest-right) decade.

As the frequency being measured
increases, the impact of the quantiza-
tion error decreases. At 1,000 MHz
(1 GHz), the least-significant digit
may be 100 Hz, which corresponds to
an error of only +0.1 part per mil-
lion (ppm). At low frequencies, an al-
together different situation exists. At
100 Hz with 1 Hz resolution, the er-
ror is 1 percent, which greatly over-
shadows the timebase error. With
decimal-point selection, there are
four different combinations, two far

Say You Saw It In Modern Electronics

range A and two for range B. To al-
low for four possible states without
using multiple-pole  mechanical
switches, CD4066 analog switch U5
is used. This chip has on-board four
internal switches and is controlled by
switching the positive supply rail as
needed, using SW3A.

Since this frequency counter is de-
signed to be portable, it must operate
from a battery in locations where ac
line power is not available. In this de-
sign, four AA nickel-cadmium (Ni-
Cd) cells can be used to provide pow-
er for the counter for several hours
before recharging is needed.

For bench use and in the field
where ac power is available, a 9-volt
dc, 300-milliampere wall transform-
er can be used to power the counter.
This transformer can also be used to
charge the battery while the counter
isin use. Resistor R/ regulates charg-
ing current.

When powered from the ac line via
the adapter/charger, 7805 regulator

U4 delivers 5 volts dc to the circuits
that make up the frequency counter.
When operating from a battery, no
regulation is needed. This scheme
works quite well, but do note that the
counter remains on continuously as
long as it is plugged into the charger.
To maintain steady, clean dc¢ supply
power, bypass capacitors and filter
capacitors are used liberally through-
out the circuit.

The ICM7216DIPI used for Ul
has been around for a number of
years now and is a proven performer.
Before this chip appeared on the
scene, it took 20 to 40 integrated cir-
¢uits to perform all the functions this
single IC does. The 7216 drives the
seven-segment light-emitting diode
display digits, of which there are
eight decades. This chip has a total of
16 display-drive lines, one for each
segment and one for each digit. Us-
ing multiplex drive, the chip is able to
fill the display only one decade at a
time. Because the scan rate is quite
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Fig. 4. Wiring guides for top (left) and bottom (right) of the pc board. All components mount directly on the pc board,
including a cluster of surface-mount capacitors and IC amplifiers at upper-left in top view.

fast, however, all digits in the display
appear to be on continuously.

Pin 2 of U1, labeled MIP is a mea-
surement-in-progress status output
indicator. When a count is being
made, the signal at this point sends
Q3 into conduction and turns on
light-emitting diode V3.

Construction

Printed-circuit construction is a must
for this project. This board should be
double sided. You can fabricate your
own pc board or purchase a ready-to-
wire board from the source given in
the Note at the end of the Parts List.
If you make your own board, lack of
plating-through for the holes will re-
quire that you solder all component
leads and pins to the copper pads on
both sides of the board and that you
make provisions to continue conduc-
tors from one side to the other of the
board where soldering access is not

T ST e T e T e R TE T P e e S SR e e L] L

possible at a component. Use the ac-
tual-size etching-and-drilling guides
given in Fig. 3 to fabricate your board.

Note in the wiring guides for the
board given in Fig. 4 that compo-
nents mount on both sides. The
“‘top’’ side of the board is the one on
which the numeric displays and ma-
jority of the components that make
up the circuitry mount. The bottom
of theboard will haveonit Ul, there-
lay, the AA cells that make up the
battery and a handful of discrete
components.

Before installing any components
on the pc board, prepare a chassis-
mount female BNC connector to fit
into place over the edge of the pc
board in the notched area. Do this by
cutting a slot across the threaded por-
tion of the shell with one side offset
just enough so that it is in line with
the connector’s center conductor pin
and the other side spaced the thick-
ness of the board away. Do this by
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clamping the connector in a vise be-
tween two pieces of soft wood and
slicing very carefully with a hacksaw.
Make the slot just wide enough to fit
over the edge of the board without
biting into the copper cladding.

Set the connector in place, as in the
“bottom view’’ illustration in Fig. 4.
Solder the center-conductor pin to
the narrow pc trace at the bottom of
the notch in the board. Make sure
this pin touches only the specified
trace when you are done. Then use a
high-wattage soldering iron or a sol-
dering gun to liberally solder the con-
nector shell to the copper cladding on
both sides of the board and on both
cut edges on the same side.

Next, install and solder into place
the relay on the bottom side of the
board. Flip over the board and refer
tothe “‘top view’’ drawingin Fig. 4 to
install and solder into place ICs U2
and U3. Make sure each is properly
oriented before soldering any pins.
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There are 10 chip capacitors (C/
through C10) and two integrated-cir-
cuit amplifiers (U6 and U7) that are
surface-mount devices. All are locat-
ed in the upper-left in this drawing.
The capacitors have no leads, and the
amplifiers have very short pins.
There are no holes in the board for
leads for any of these components.
You install the capacitors and ampli-
fiers by setting them in place on the
copper-trace pattern and soldering
one lead down with a small-tip sol-
dering iron.

Begin with the capacitors. There
are two values for these chip capaci-
tors, the smaller ones being 1,000-pi-
cofarad (0.001-microfarad) units
that are identified with the legend
103) and the larger being 0.1-micro-
farad (identified with 104) units. In-
stall each in the proper locations, re-
ferring to the Parts List.

Set the first capacitor in place and
use a needle to hold it there with gen-
tle pressure as you solder one end to
the trace it touches. Use the needle to
reposition the capacitor if it moves
during the soldering operation. Do
the same for the remaining nine capa-
citors. When you are done, gently
solder the other sides of all capacitors
to the other pads on the board. Take
care to avoid stressing these tiny fra-
gile chip capacitors. Also, to avoid
damaging them with heat, do not sol-
der the second end to their traces im-
mediately after soldering the first.

Next, solder the tiny MAR-6 am-
plifiers into the Us and U7 locations.
These devices should fit snugly into
the holes in the board to help in sol-
dering. Keep in mind that the white
dot on the case of each device must
point towards the relay.

Bend the pins of the 7805 voltage
regulator back at a 90-degree angle
(toward the metal tab) % inch from
where they join the plastic case. Be-
fore installing the regulator, you
might want to fill the large holes in
the board in the U4 location with sol-
der to aid in heat sinking. This done,
position the regulator in the U4 loca-

tion, plug its pins into the indicated
holes and solder them into place.
Then liberally solder the regulator’s
metal tab to the large copper pad un-
der it on the board.

Once the surface-mount devices
are in place, install the resistors and
capacitors on the top of the board.
Be sure to properly orient the electro-
lytic capacitors and diodes before
soldering their leads into place. Also,
note that capacitors C29 and C30
must lie flat against against the
board. Bend their radial leads at a 90-
degree angle to their cases before in-
stalling these capacitors. The same
applies to transistors Q3 and Q4.
Bend their two outer leads }; inch and
their inner leads ) inch from the
cases at a 90-degree angle toward the
rounded rear of the cases. Plug the
leads into the indicated holes and sol-
der them into place.

Now install integrated circuits U5
and U8 in their respective locations
on the top of the board. Do not use
sockets for these ICs (the only IC that
should be installed in a socket is U1,
which mounts on the bottom of the
board). Make certain you orient
these devices properly before solder-
ing their pins into place.

Install and solder into place two
seven-segment LED numeric dis-
plays in the vi and v2 locations.
Make certain that the decimal points
in both displays are oriented toward
the bottom of the board before sol-
dering any pins into place.

Usea0.1 x 0.25-inch nylon spacer
to mount GATE light-emitting diode
V3 in place. Be sure to properly pol-
arize this LED before soldering its
leads into place. The cathode lead
goes into the left hole.

Plug the lugs of the switches into
the holes for them in the board and
solder them into place. This com-
pletes wiring of the top side of the
board. Turn over the board and care-
fully clip all protruding leads and
pins as close as possible to the
board’s surface.

Now wire this side of the board,

beginning with installation of the re-
sistors and capacitors (observe polar-
ity with the electrolytics). Then in-
stall and solder into place the remain-
ing transistors. Only QI mounts flat
against the board’s surface in the
same manner as those on the top of
the boar. The other transistors
mount upright in the traditional
manner. Be sure to plug the transis-
tor leads into the appropriate holes
before soldering them into place.

Install and solder into place the
power jack in the J1 location and the
two crystals in the Y1 and Y2 loca-
tions. Be sure with regard to the latter
that you plug the correct-frequency
crystal into each location.

Place two rechargeable Ni-Cd AA
cells in opposition orientation to
each other. Line up their ends and
wrap with plastic or strapping tape.
Solder a short length of insulated
hookup wire from the positive (+)
pole of one cell to the negative (—)
pole of the other. Strip % inch of in-
sulation from both ends of two 1-
inch hookup wires. Set the two-cell
arrangement before you flat on your
work surface with the remaining pos-
itive pole to your left. Tack-solder
one end of one wire to the positive
pole with the free end pointing away
from your work surface. Do the same
with the other wire and negative pole
of the battery. Wrap together the
battery pair, top to bottom, with
more tape. Then repeat all steps for
the remaining two AA cells.

Plug the free ends of the wires you
soldered into the poles of one pair of
cells into the holes labeled E3 and E4,
with the positive-pole wire going to
the E3 hole and the negative-pole wire
going to the E4 hole. Similarly, plug
the free ends of the wires on the other
cell pair into the holes labeled Es ( +)
and E6 (-—), respectively. Place a
wide strip of %-inch-thick double-
sided foam tape between each cell
pair and the circuit-board assembly
to provide resilient mounting.

Now install and solder into place a

(Continued on page 88)
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Getting Started In Virtual Instruments:
A Storage Oscilloscope Computer Program

By Forrest M. Mims 111

This month’s column is for anyone who
uses, owns or plans to purchase electronic
test instruments or data-acquisition sys-
tems. Hopefully, this includes everyone
who reads Modern Electronics. First, I’ll
cover some important developments that
will transform a personal computer intoa
wide variety of test instruments. I’ll also
describe some of the ways stand-alone in-
struments equipped with interface ports
can be used with a personal computer.
Much of the hardware and software
needed to create computerized or com-
puter-controlled instruments is very ex-
pensive; but it doesn’t haveto be. I’ll con-
clude this column by showing you how to
use a low-cost analog-to-digital (A/D)
converter board to transform a personal
computer into a storage oscilloscope.

Virtual Instruments

The term “‘virtual instrument’’ refers to
an instrument that has been created by
combining a personal computer, one or
more interface cards and some driver
software. A printer or plotter can be add-
ed to this arrangement to provide perma-
nent hard-copy output from the virtual
instrument.

An amazing degree of flexibility is the
most important feature of virtual instru-
ments. For example, the battery-powered
laptop computer into which these words
are being typed can be quickly trans-
formed into a digital voltmeter, storage
oscilloscope, frequency generator and
many other kinds of virtual instruments.

Shown in Fig. 1 is a block diagram of
how a computer can be transformed into
a digital voltmeter. The voltage to be
measured is applied to an analog-to-digi-
tal conversion board. A simple program
‘“‘reads’’ the digital signal from the A/D
converter board and prints the equivalent
voltage on the computer’s video display
monitor.

The program used with the Fig. 1 vir-
tual instrument can be expanded to give
the basic voltmeter dozens of extra fea-
tures and capabilities. For example,
graphics can be used to paint an image of
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Fig. 1. Block diagram of a virtual digital voltmeter.

a real voltmeter on the monitor’s screen.
A mouse-driven cursor can be used to se-
lect the voltmeter’s various functions
that are displayed on the screen. And the
computer’s RAM and disk drive can be
used to store voltage readings—which
can later be retrieved, averaged, graphed
or otherwise manipulated.

Fig. 2 is a block diagram of how a com-
puter can be transformed into a function

generator. Here the computer is connect-
ed to a digital-to-analog (D/A) conver-
sion board. Relatively simple programs
are then used to send sequences of binary
numbers to the D/A converter. Theresult
isawaveform or analog signal that can be
easily modified by changing the driver
program.

The program can be expanded to add
many features to the function generator.
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Fig. 2. Block diagram of a virtual signal generator.
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Graphics commands, for example, can
be used to produce animage of a function
generator on-screen, and custom wave-
forms that you create can be saved for lat-
er use.

While virtual instruments are the wave
of the future, it’s important for you to
know that many stand-alone instruments
can be used in conjunction with a com-
puter. For example, an oscilloscope or
digital voltmeter equipped with an out-
put bus or port can communicate with a
computer equipped with appropriate
software and interface boards. Though
theinstrument can be used alone, its pow-
er is substantially expanded upon by con-
necting it to a computer.

Virtual Instrument Trends

A decade ago, most virtual instrument
software and hardware was designed to
be used with expensive minicomputers.
The arrival of the personal computer
made virtual instruments available to a
great many more users. More than five
years ago, I began writing simple pro-
grams to transform personal computers
into virtual instruments. One program
transformed a Radio Shack Color Com-
puter into a storage oscilloscope. Anoth-
er program converted an IBM PCjrinto a
light meter.

Some of my programs were published
in Computers & Electronics and in For-
rest Mims’s Computer Projects (Osborne
McGraw-Hill, 1985). The October 1988
installment of this column described a
computerized chart recorder developed
by my son, Eric Mims.

Much has taken place in the virtualin-
strument field in recent years. Personal
computers have become much more pow-
erful, and many companies now develop
and sell virtual instrument software and
hardware for them. While most of these
companies publish excellent literature
and catalogs that describe their products,
it’s very difficult to evaluate virtual in-
struments simply by reading about them.
A first-hand demonstration is a must.

There are several ways for you to see
and operate computers that have been

Fig. 3. Alpha Products’ eight-bit A/D
converter board.

transformed into virtual instruments.
One way is to attend electronics trade
shows. Another is to visit a company that
develops or sells virtual instrument prod-
ucts. Yet another is to visit a company,
technical school or university that uses
virtual instruments.

The day before I began to write this
column, Eric and I drove to Austin, Tex-
as 1o attend a seminar called ‘“Data Ac-
quisition and Instrument Control Using
Next Generation Personal Computers.”’

The seminar was conducted by National
Instruments (12109 Technology Blvd.,
Austin, TX 78727), a leading manufac-
turer of hardware and writer of software
products for computerized data acquisi-
tion and instrument control.

Eric and I wanted to attend the Nation-
al Instruments seminar because of the
hands-on approach the company pro-
motes. Instead of simply listening to a
series of boring talks, each of the partici-
pants was seated at a table equipped with
a powerful AT-compatible computer
equipped with data-acquisition boards
and software, a Tektronix Model 2230
storage oscilloscope and various other
items. Total cost of these goodies is about
$10,000. Applications engineers from
National Instruments then guided us
through a series of hands-on demonstra-
tions of some of this company’s state-of-
the-art applications.

First, we used QuickBASIC to send a
sine wave from the computer to the stor-
age oscilloscope over an IEEE-488 bus.
We then stored the waveform in the
scope. Next, we sent a second sine wave
from a D/A converter card in the com-
puter to one of the scope’s input probes.
Following this, we used National Instru-
ments’ ‘‘LabWindows’’ software to
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Fig. 4. Block diagram of a virtual storage oscilloscope.
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transfer back to the computer the wave-
form stored in the scope. The Tektronix
Model 2230 scope is only one of hundreds
of instruments that can be interfaced toa
computer via the IEEE-488 general-pur-
pose interface bus.

Next, we used Lotus 1-2-3 and Nation-
al Instruments’ ‘‘Measure’’ software to
build a digital thermometer. This ther-
mometer provided real-time temperature
readings and a graph of a series of read-
ings made over a 5-second period of time.

We then used LabWindows to acquire
an audio signal from a portable digital
keyboard instrument. LabWindows then
performed a spectral analysis of the sig-
nal and plotted the power spectrum of the
waveform on the screen of the comput-
er’s video monitor.

Finally, we examined a variety of ways
to combine various forms of data on a
single screen. One particularly impressive
demonstration displayed seven separate
graphs with a variety of background col-
ors on the same screen.

Eric and | were very impressed by this
hands-on seminar. We came away con-
vinced that electronics companies and
laboratories that don’t make the move to

virtual instrumentation will be left far be-
hind by those who do. But our enthusi-
asm was tempered by the fact that very
few individuals can afford to buy state-
of-the-art virtual instrumentation hard-
ware and software.

Fortunately, there’s an alternative ap-
proach. If you already own a computer,
there are several ways for you to create
virtual instruments for it on a low budget
basis. If your computer is equipped with
analog joystick ports, it already has the
ability to receive variable voltages and re-
sistances. For more resolution, you can
add an inexpensive A/D card. You can
also add various other interface cards.
The catch to all this is that you’ll have to
write your own instrument software. As
we’ll presently see, that’s not nearly as
difficult a task as you might think.

Virtual Storage Scope

A key specification for oscilloscopes is
operating speed. The 100-MHz band-
width of my dual-trace analog scope is es-
sential for viewing very fast response
times of the laser diodes and photodiodes
with which [ often experiment.

While I often work with very fast cir-
cuits, I frequently have a need to measure
and monitor very slowly changing sig-
nals. For example, a horizontal scan
speed of minutes or even hours per divi-
sion is necessary to record the discharge
time of rechargeable cells and batteries
and super capacitors. A slow scan speed
can also be used to record changes in sol-
ar energy, temperature and many other
physical phenomena.

To monitor slowly changing signals
like these, I’ve developed several simple
programs that transform various com-
puters into virtual slow-scan storage o0s-
cilloscopes. Some of these programs take
advantage of the internal A/D conver-
sion capability provided by the comput-
er’s joystick ports.

To obtain greater resolution, I recently
purchased the AD-142 eight-bit A/D
conversion board pictured in Fig. 3. This
board, which is manufactured by Alpha
Products (242-M West, Darien, CT
06820) and sells for $129, accepts up to
eight analog inputs with a range of 0 to
5.1 volts each. Its provides an output res-
olution of 20 millivolts.

A/D boards made by other companies
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Fig. 5. The amplitude of voices on a radio talk show as displayed
by the virtual storage oscilloscope resulting from use of the pro-

gram presented in this column.

Fig. 6. The output from a cadmium-sulfide photocell struck by
two pulses of light, as drawn by a plotter driven by do-it- yourself
virtual instrument software.
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[ can also be used, or you can design and
build your own. I selected the AD-142
A/D converter because it’s one of a series
/ of relatively inexpensive boards that can
[ be connected to many different comput-
ers by means of Alpha Products’ A-BUS
system. Other boards in the A-BUS sys-
tem include a relay card, four-channel
/ W \/\/ f D/A convertTir,dl2-l()jit A/D converter,
! Touch Tone ecoder, stepper motor

JONES A= driver and a digital input card.
0.4 VOLT/DIV 1 SEC/DIV A working A-BUS system requires an
JOYSTK—1 A-BUS adapter for the particular com-

0.4 VOLT/DIV 1 SEC/DIV N i puter being used, one or more A-BUS
\M\/\ cards and a cable to connect the adapter

to the card(s). An A-BUS motherboard is
available if more than two cards are used.

The storage oscilloscope program I de-
veloped is designed to run on an IBM PC
or compatible computer. In operation,

JOYSTK-1

Q.4 VOLT/DIV 1 sec/pIv

Fig. 7. One of the ways a plotter can display multiple plots on the same sheet of paper. the IBM PC A-BUS adapter card (which
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sells for $69) installs in one of the com-
puter’s card slots. The adapter card then
connects to the A/D converter by means
of a cable. The adapter card is powered
by the computer’s bus. The A/D card can
also be powered by the computer, or it
can be powered by a transformer module
that is supplied with the card. Shown in
Fig. 4 is a block diagram of what’s re-
quired for this virtual storage oscilloscope.

Be sure to carefully follow all relevant
instructions that are supplied with any
A/D converter you plan to use. One that
applies to all devices that plug into a com-
puter’s bus or ports is that you must do
the plugging with the computer turned
off. In the case of the AD-142 board, be
sure to apply power to the card before
switching on the computer.

It’s necessary to specify an unused port
that can be accessed by the A/D card. 1
used port 1024 for my Tandy 1000 com-
puter and AD-142 board combination.
The following short program will read
channel 0 of the AD-142 and print any
voltage present on the computer’s moni-
tor screen:

10 OUT 1024,0

20 A =INP(1024)

30 PRINT A
40FORT=1TO300:NEXTT
50 GOTO 10

Any of the card’s eight channels can be
read out simply by listing the appropriate
number (0 through 7) after the port num-
ber in line 10.

The BASIC program listing included
here will transform the IBM PC or clone
computer into a slow-scan storage oscil-
loscope. Only 100 lines long, the program
will acquire a signal, plot its waveformon
a calibrated graticule, store the sampled
signal on disk and recall a previously
stored signal waveform. The program is
specifically designed for used with the
AD-142 A/D converter, but it can easily
be modified for other A/D boards.

After the program is loaded and run,
an on-screen prompt asks if you want to
store a signal or retrieve a previously
stored trace. If you want to store a new
signal, additional prompts ask you to en-
ter the name for the trace, number of

E

BASIC Program Listing For Using an IBM PC or Compatible
Computer as a Virtual Storage Oscilloscope

10 CLS:KEY OFF:SCREEN 2

20 PRINT "2-BUS SLOW SCAN STORAGE OSCILLOSCOPE":PRINT
30 PRINT "COPYRIGHT 1989 BY FORREST M. MIMS, III":PRINT
40 PRINT "FILE: A-BUS.000":PRINT:PRINT

50 PRINT "PRESS 1 TO SELECT STORAGE MODE.":PRINT

60 PRINT "PRESS 2 TO RETRIEVE A STORED TRACE.":PRINT

70 Q$=INKEYS$:IF Q$="1" THEN 110

80 IF Q$="2" THEN 90 ELSE 70

90 INPUT "ENTER TRACE TO BE RETRIEVED AND DISPLAYED: ",T$

100 GOTO 450
110 2$=TIMES$:DS$=DATES
120 INPUT "NAME OF TEST";T$

130 INPJT "MINUTES PER DIVISION":M

140 INPUT "TEST CONDUCTED BY WHOM";NS$

150 GOSUB 600
160 X=16

170 TIMER ON
180 OPEN TS FOR OUTPUT AS 1
190 WRITE #1,2$,D$,TS,M,NS
200 ON TIMER (M) GOSUB 230
210 GoTO 210

: "DRAW AND ‘LABEL GRATICULE

220 'ADVANCE TO NEXT COLUMN (INCREMENT X)

230 X=X+1
240 IF X=640 THEN 330

250 'GET SAMPLE, PSET ON SCREEN AND SAVE ON DISK

260 ouT 1024,1
270 A=INP(1024)

280 'CONVERT A TO VOLTS:INVERT A FOR DISPLAY

290 A=A%* 6824:A=174-A
300 LINE -{(X,A)

310 WRITE #1, A

320 RETURN 210

330 CLOSE #1:BEEP

340 'TRACE COMPLETED; DISPLAY USER OPTIONS

350 FOR P=1 TO 10000:NEXT P
360 BEEP:CLS

370 PRINT "THE TRACE LABELED ";T$;" IS SAVED ON DISK."

380 PRINT "PRESS ANY KEY TO DISPLAY ";TS;".":PRINT

390 PRINT "AFTER ";T$;" IS DISPLAYED, PRESS ANY KEY TO

400 PRINT "RETRIEVE ANY OTHER TRACE FOR DISPLAY."

410 PRINT "OR ENTER 'QUIT' TO EXIT SCOPE AND RETURN TO SYSTEM."

429 O$=INKEYS$S:IF Q$=""THEN 420

430 GOTO 450
440 'RETRIEVE TRACE FROM DISK.

450 OPRN T$ FOR INPUT AS 1
460 INPUT #1,7%$,DS,TS,M,NS
470 GOSUB 600

480 X=16

minutes per division and your name. This
information, plus time and date, is then
printed on your computer monitor’s screen
below a displayed oscilloscope graticule.

Keep in mind that you should connect
the A/D converter to the signal you plan
to monitor before you run your program.
This is because the program immediately
begins sampling the input voltage,
whether or not one is present.

Program operation is straightforward.
Lines 10 through 150 contain the user
prompts and other introductory func-
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tions. Lines 180 and 190 save to disk your
responses to the prompts.

Lines 170 to 200 establish the scope’s
time base. The TIMER function returns
an integer that represents the number of
seconds since the latest system reset. The
X axis of the graticule is divided into one
major division for each 60 pixels. There-
fore, the fastest sweep speed is 1 minute
per division.

The variable “X’’ in line 160 of the
program specifies the column number
(16) at which the first data point will be
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490 INPUT #1,A
500 IF EOF(1) THEN GOTO 540

510 LINE -(X,A)

520 X=X+1

530 GOTO 490

540 CLOSE #1

550 'OPTION FOR RETRIEVING PREVIOUSLY STORED TRACE.
560 0OS=INKEYS:IF Q$="" THEN 560

570 INPUT "ENTER RUN, QUIT OR NAME OF TRACE TO DISPLAY: ",TS
580 IF T$="RUN" OR T$="run" THEN 10
590 IF T$S="QUIT" OR T$= "quit" THEN SYSTEM ELSE 450
600 'ANNOTATED SCOPE GRATICULE SUBROUTINE
610 CLS:LOCATE 25,8:PRINT Z$

620 LOCATE 25,38:PRINT M

630 LOCATE 25,51:PRINT T$

640 LOCATE 25,69:PRINT NS.

650 LOCATE 25,1:PRINT "START:"

660 LOCATE 25,18:PRINT D$

670 LOCATE 25,30:PRINT "MIN/DIV:"
680 LOCATE 25,45:PRINT "TEST:"

690 LOCATE 25,65:PRINT "BY:"

700 LOCATE 22,1:PRINT "0"

710 LOCATE 18,1:PRINT "1"

720 LOCATE 14,1:PRINT "2"

730 LOCATE 9,1:PRINT "3"

740 LOCATE 5,1:PRINT "4"

750 LOCATE 1,1:PRINT "5"

760 LOCATE 23,10:PRINT "1"

770 LOCATE 23,18:PRINT "2"

780 LOCATE 23,25:PRINT "3"

790 LOCATE 23,33:PRINT "4"

800 LOCATE 23,40:PRINT "5"

810 LOCATE 23,47:PRINT "6"

820 LOCATE 23,55:PRINT "7"

830 LOCATE 23,63:PRINT "8"

840 LOCATE 23,70:PRINT "9"

850 LOCATE 23,77:PRINT "10"

860 LINE (16,0)-(639,0)

870 LINE (16,175)-(639,175)

880 LINE (16,0)-(16,175)

890 LINE (639,0)-(639,175)

900 FOR X=76 TO 616 STEP 60

910 FOR Y=35 TO 140 STEP 35

920 LINE (X,175)-(X,171)

930 LINE (X,0)-(X,4)

940 LINE (16,Y)-(20,Y)

950 LINE (639,Y)-(635,Y)

960 PSET (X,Y)

970 NEXT Y

980 NEXT X

990 PSET (16,0):'RESETS CURSOxR
1000 RETURN

plotted. Columns O through 15 are re-
served for numeric labels. Lines 230 and
240 advance the scope to the next column
after a data point has been plotted.

Lines 260 and 270 retrieve a sampled
voltage from the A/D converter. Line
290 includes a correction factor that con-
verts the sampled value into its respective
voltage and inverts the number so that it’s
plotted with the correct orientation rela-
tive to the X axis. Line 300 connects the
previously plotted point with the new
point, and lines 310, 320 and 330 save the
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sampled voltage to disk.

Lines 350 through 430 prompt the user
for various options after a trace has been
completed. Be sure to keep in mind that if
ycu select QUIT you will immediately ex-
it the program and be returned to your
computer’s operating system prompt,

Lines 450 through 540 and 560 through
590 contain the instructions that retrieve
a previously stored waveform from the
disk and write it to the computer moni-
tor’s screen.

Finally, lines 610 through 1000 make

up a subroutine that draws and annotates
an oscilloscope graticule on the comput-
er’s display screen.

Figure 5 shows a typical trace generat-
ed by this virtual storage oscilloscope.
This trace shows the amplitude of the au-
dio output from a radio station broad-
casting a talk show over a period of 20
minutes.

Going Further

Virtual instruments provide a means for
transforming personal computers into
highly useful tools and test instruments.
You can create various kinds of low-reso-
lution digital multimeters, light meters
and oscilloscopes simply by inputting
your signals into your computer’s analog
joystick port(s). Add an interface board
to greatly increase the resolution of the
instruments you create. The only limit to
the instruments you can create is your im-
agination and programming skills.

If your principal interest is a virtual
storage oscilloscope, you can improve
the BASIC listing given here by adding
new features. The conversion time of the
AD-142 A/D board is 160 microseconds.
This being the case, you might want to
consider developing an assembly-lan-
guage routine that will greatly speed up
the scope’s sweep speed.

If you have a computer with enhanced
graphics capability (EGA, VGA, etc.),
you can modify the program to greatly
improve the quality of the display. You
can even display multiple oscilloscope
screens on different portions of the same
monitor screen. Finally, you can add a
plotter driver routine that will draw a
publication-quality screen image like the
oneshownin Fig. 6. This figure shows the
output from a cadmium-sulfide photo-
cell that has been illuminated by two
flashes of light.

Figure 7 shows just one of many ways a
plotter can be used to display multiple
plots on a single sheet of paper, These im-
ages were drawn by a Hewlett-Packard
Model HP7470 plotter using a program
given in Forrest Mims’s Computer Proj-
ects (pages 7 though 27). ME
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A Sampling of Spring 1989 English-Language
International Shortwave Broadcasts

By Gerry L. Dexter

Note: There are hundreds of broadcasts aired in the English
Language every day on the shortwave broadcast bands, many of
them directed to North American audiences. This is a representa-
tive listing and not intended to be a complete reference. The list-
ing is as accurate as possible, however, stations often make
changes in their broadcasting hours and/or frequencies, often
with little or no advance notice. Some broadcasters air only part
of the transmission in English, or may run English into the
following hour or may have altered schedules on weekends. Num-
bers in parenthesis indicate a start time for English that many
minutes past the hour. All times are UTC.

Time Country/Station Frequencies
0000 R. Austria International (30) 9875
BRT Belgium (30) 9675, 9925

9655, 9665, 9770,
11715, 15455

Radio Beijing, China

Vatican Radio (50) 6150, 9605, 11780
WSHB, S. Carolina 11980, 13760
WCSN 9850

WRNO 7355

REE, Spain 9630, 11880

RCI, Canada 5960, 9755

RBI, E. Germany (45) 6080, 11890

R. Luxembourg 6090

R. Budapest, Hungary (30) 6110, 9520, 9585,
9835, 11910, 15160
9700, 11720

9655

5980, 6020, 6200,
7165, 11790, 13645,
15180, 15455

9720, 11775, 15115

R. Sofia, Bulgaria
RHC, Cuba
R. Kiev, Ukraine (30)

HCIJB, Ecuador (30)
0100 R. Yugoslavia

RFPI, Costa Rica
R. Prague, Czechoslavakia

5980, 9620, 9660
7375

5930, 6055, 7345,
9540, 9740, 11990
6110, 9520, 9585,
9835, 11910, 15160

R. Budapest, Hungary

KVOH 13695

R. Baghdad, Iraq 11775

Kol Israel 7460, 9385, 9435
RAI, Italy 9575, 11800

R. Japan 11905

Voice of Germany 6040, 6085, 6145,

9735, 11865

Voice of Greece (30) 7430, 9420, 11645

Time Country/Station

0200

0300

R. Moscow

R. RSA, South Africa
R. Sweden (30)
WSHB, S. Carolina
RCI, Canada

RBI, E. Germany

R. Portugal (30)

Kol Israel

R. Bucharest, Romania

RAE, Argentina
R. Netherlands (30)
SRI, Switzerland

VOFC, Rep. of China

Radiobras, Brazil

V. of Nicaragua

R. Cairo, Egypt

RHC, Cuba

R. Tirana, Albania (30)

R. Beijing, China

Vatican Radio (10)
R. Prague, Czechoslavakia

R. Finland (30)

R. New Zealand (30)
TWR Bonaire

V. of Turkey

HRVC, Honduras

R. Bucharest, Romania

R. Japan
V. of Greece (40)
R. Kiev, Ukraine

V. of Germany

RFI, France (15)

Frequencies

6000, 6045, 6115,
9700, 9720, 9765,
11710, 12010

9580, 9615, 11760
9695

13760

9535, 9755, 11845,
11940

6080, 1890

6060, 9680, 9705
7460, 9385, 9435
5990, 6155, 9510,
9570, 11830, 11940
11710

6020, 6165, 9590, 9895
6095, 6135, 9725,
9885, 12035, 17730
5985, 9680, 9765,
15345

11745

6100

9475, 9675

6140, 9655, 9770
7065, 9760

8425, 9770, 11715,
11860, 15180, 15290,
15455

6150

5930, 6055, 7345,
9540, 9740, 11990
11755

15150, 17705

9535

9445

4820

5990, 6155, 9510,
9570, 11830, 11940
5960, 11870

7430, 9395, 9420
5980, 6020, 6200,
7165, 11790, 13645,
15180, 15455
6085, 6130, 9545,
9605, 9700

9800, 11670

E
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Time Country/Station

0400

0500

0600

R. Tirana, Albania (30)
R. Yerevan, Armenia (50)
BBC, England

R. Austria, Intl (30)
R. Bucharest, Romania

R. Sofia, Bulgaria
HCIB, Ecuador

R. Beijing, China
R. Norway (Sun)
WSHB, S. Carolina
WCSN

KVOH

WRNO

WMLK

RBI, E. Germany
R. Lesotho

RAE, Argentina
SRI, Switzerland

R. Beijing, China
KUSW

REE, Spain
ELWA, Liberia (55)
V. of Nigeria

R. Japan

R. Netherlands (30)
Kol Israel

V. of Germany
V. of Nicaragua

WSHB, S. Carolina
WCSN

WRNO

R. Korea

GBC, Ghana
WMLK

RHC, Cuba

RCI, Canada

Frequencies

7065, 9760

11790, 11860, 13645
5975, 6175, 7325,
9590, 9660, 9915,
12095

6015, 6155, 15410
5990, 6155, 9510,
9570, 11830, 11940
7115, 11720, 11735,
§1765

6230, 9720, 11775,
15155

8425, 15180, 15290
9650, 11760

6005, 9455

9870

11960

6185

9465

9620, 11785

4800

11710

6135, 9725, 9885,
12035

9770, 11860
5175

9630

4760

7255

5960, 11870
6185, 9715

9435, 9815, 11585,
11655, 11700
5960, 6120, 6130,
9635, 9700

6100

6005, 6455

7365

6185

6060, 9570

4915

9455

11760

6050, 6140, 7155,

Time Country/Station

0700

0800

0900

1000

1100

1200

KUSW

VOFC, Rep. of China
HCIB, Ecuador
WYFR

TWR, Monaco

SIBC, Solomon Is.

WSHB, So. Carolina
KNLS

HCIB, Ecuador
KUSW

R. Australia

TWR, Guam (05)

V. of Germany
R. Afghanistan
R. Korea

RCI, Canada

KYOI, Saipan
WSHB, So. Carolina
V. of Vietnam

RBIL, E. Germany

R. Netherlands (30)
KSDA, Guam

R. New Zealand
WYFR

SLBC, Sri Lanka

R. Beijing, China
AIR, India (35)

HCIB, Ecuador

R. Nacional Venezuela
R. Pakistan

KUSW

V. of Vietnam

TWR Bonaire (10)

R. Pyongyang, N. Korea
R. Japan

R. Australia

VOIRI, Iran (30)

R. Austria Int’l. (30)

Frequencies

9740, 9760, 11840,
15235

6135

5985

6130, 9610, 9745
11580

7105

5020, 9545

9495
6065
6130, 9745, 11925
6135
9580
11805

6160, 9650, 11945
6085, 15255

9570

5960, 9755

11900

6150

9840, 12030, 15010
9665, 11890

6020, 9565

9465

6100, 9850

5950

11835

9665

7110, 9610, 9765,
11850, 15320
11740

9540

15606, 17660
6130

9840, 12030, 15010
11815, 15345
9600, 9977, 11735
6120

6060, 9580

11790

6155, 13730, 15450
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Time Country/Station

1300

1400

1500

R. Beijing, China

R. Ulan Bator, Mongolia
R. Finland

R. Sweden (30)

WSHB, So. Carolina
WCSN

R. Bangladesh (30)

R. Tashkent, Uzbek

V. of People of Kampuchea
FEBC, Seychelles

SBC, Singapore

AIR, India (30)

BRT, Belgium (30)
R. Beijing, China
FEBC, Philippines
R. Yugoslavia

R. Finland

R. Norway (Sun)

V. of Vietnam (30)

RCI, Canada

AIR, India (30)

R. Jordan

R. Pyongyang, No. Korea

R. RSA, So. Africa

R. Finland
R. Norway (Sun)

R. Sweden

WSHB, So. Carolina
WCSN

KVOH

R. Korea

R. Australia

Peace & Progress, USSR

V. of Mediterranean, Malta

V. of Greece
KYOI, Saipan
WRNO
KNLS

R. Jordan

R. Japan

Frequencies

9665, 15110, 17710
9615, 12015
11945, 15400
9565, 15430, 17780
13760

5980

15195, 17710
7275, 7325, 9600,
9715, 11785

9695, 11938

15325

5052, 11940

9615, 11620

17555, 21815
11600, 11660, 15280
11850

11735, 15325, 15380
11945, 15400

6035, 9590, 15310,
21705

9840, 12030, 15010
9625, 11855, 17820
9545, 11810, 15335
9560

9600, 11335, 11735

11925, 21535, 21590,
21670

11945, 15400

15190, 15250, 15310,
21700

15345, 17860

17640

13760

17775

9750, 15575

9580

9790, 11655, 13700,
17645

11925

17565
11900
11965
7355

9560

5990, 9505

Time Country/Station

V. of Nigeria
BBC, England
R. Veritas, Philippines

1600 R. Norway (Sun)
R. Pakistan

UAE Radio

WCSN

KUSW

RTVM, Morocco
RFI, France

BSKSA, Saudi Arabia

1700 R. Norway (Sun)
WMLK
BBC, England
V. of America
R. Moscow

RHC, Cuba
R. Africa, Eq. Guinea
R. Surinam Int’l (40)

1800 KVOH
RCI, Canada
R. Kuwait
V. of Nigeria
BBC, England
Radiobras, Brazil
R. Jamahiriyah, Libya

Africa No. 1, Gabon (55)

V. of Greece (40)

1900 R. Norway (Sun)
V. of America

R. Afghanistan
RCI, Canada

R. Algiers, Algeria
VOIR]I, Iran (30)
RCI, Canada

HCIJB, Ecuador

Frequencies

11770
11775, 15260
11760, 15220

11760, 15310, 21705
9475, 9775, 11615,
13675

11730, 11955, 15435,
17865

21460

15580

17595

6175, 11705, 15360,
17620, 17795

9705, 9720

9655, 15220, 15310
9465

11775, 15260

9760, 11760

5905, 5980, 6095, 9655,
9875, 9898, 11840,
12050

9760

9553

17840

17775
15260, 17820
11665
11770, 15120
11775, 15260
15265
15450
15475
11645, 15630

6015, 9590, 15225
15410, 15445, 15585,
15600, 17785

9635, 9655

15260, 17820

9640, 15215, 17745
9022

5995, 7235, 11945,
15325, 17875

15270, 17790
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ALCOHOL TEST COMPUTER

Time Country/Station

2000 WSHB, So. Carolina
WCSN
KUSW
AIR, India
V. of Indonesia
V. of Nigeria

BSKSA, Saudia Arabia

Kol Israel
WINB

R. Damascus, Syria (05)

R. Cairo, Egypt (30)

2100 RFPI, Costa Rica
WRNO
RCI, Canada (30)
R. Baghdad, Iraq

R. Damascus, Syria (10)

KVOH

V. of Nigeria
SRI, Switzerland
HCIB (30)

2200 R. Austria Int’1 (30)

BRT, Belgium

R. Yugoslavia

R. Finland

WSHB, So. Carolina
RBI, East Germany

R. Mediterranean, Malta
R. Sofia, Bulgaria (30)

Kol Israel

RAE, Argentina
RCI, Canada
RHC, Cuba

R. Polonia (30)

2300 R. New Zealand (45)
RCI, Canada

. Pyongyang, No. Korea

R
R. Korea (30)
R. Vilnius, Lithuania

. of Turkey
. Tirana, Albania

. of Vietnam
. of Greece (35)

<< AR <

. Prague, Czechoslavakia

Frequencies

15225, 17750
9495

15580

9910

15150

11770

9705, 9720
9435, 9855, 11605
15185
12085, 15095
15375

13660

15420

11880, 15150, 17820
9770, 15230

12085, 15095

17775

15120

9885, 13635, 15570
15270, 17790

5945, 6155, 9870,
11780

5915, 9925

5980, 7130, 9620, 9660
6120, 9670, 11755
15205, 17640

9730

6110

9700, 11720

9435, 9855, 11605
15345

9760, 11945

6165

5995, 6135, 7125,. 9270

17705
9755, 11730

11735, 13650

15575

5980, 6020, 6165, 9800,
11790, 11860, 13645
9445, 9685

6055, 9740

6200, 7065, 9760

9840, 15010

7430, 9395 ME
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Build This Kit Featured On The Cover Of
Radio Electronics October 1988.

* Great School Project
* Fun at Parties
¢ Easy to Assemble and Use

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

* Accurate
==
BA-101 Printed Circuit board and Sensor. . ......$29.95
BA-101D Complete Parts Package Including
Case and Battery Holders . ... .......... $49.95

¢ All units come with manual and instructions

Why Take Chances?
Use The Breath Alert”

Terms: COD, Pre-Paid or VISA and MasterCard CALL NOW!!!
For Same Day Shipment and Receive A $2.00 credit on
Phone Orders only.

Breath Alert® Manufacturing Co.
130 Rockland Street * Dept. M-2
Hanover, MA 02339
(617) 837-0609

CIRCLE 45 ON FREE INFORMATION CARD

TEXT TO SPEECH BOARD!

PC/XT COMPATIBLE. MAKE YOUR COMPUTER TALK!

A VERY POWERFUL AND AMAZING SPEECH CARD. USES THE NEW GENERAL
INSTRUMENTS SP0256-AL2 SPEECH CHIP AND THE CTS256A-AL2 TEXT TO SPEECH
CONVERTER.

THIS BOARD USES ONE SLOT ON THE
MOTHERBOARD AND REQUIRES A COM
SERIAL PORT. BOARD MAY ALSO BE USED INA
STAND ALONE ENVIRONMENT WITH ALMOST
ANY COMPUTER THAT HAS A RS232 SERIAL
PORT. FEATURES ON BOARD AUDIO AMP OR
MAY BE USED WITH EXTERNAL AMPS.
DEMONSTRATION SOFTWARE AND A LIBRARY
BUILDING PROGRAM ARE INCLUDED ON A 5%
INCH PC/XT DISKETTE. FULL DOCUMENTA-
TION AND SCHEMATICS ARE ALSO INCLUDED. s 995

NEW! oact *aTesTeD

NEW! IC TESTER! $149.00

SIMILAR TO BELOW EPROM PROGRAMMER. PLUGS IN TO YOUR PC OR XT. TESTS
ALMOST ALL 14,16, AND 20 PIN T4XX SERIES. INCLUDES STANDARD POWER, “S” AND
“LS" DEVICES. ALSO TESTS CD4000 SERIES CMOS. SOFTWARE INCLUDED CAN EVEN
DETERMINE PART NUMBERS OF MOST UNMARKED AND HOUSE NUMBERED DEVICES
WITH SIMPLE MOD. THIS UNIT CAN ALSO TEST 6.4K AND 256K DRAMS! WiTH MANUAL
AND SOFTWARE: $149. PERFECT FOR SCHOOLS.

PC/XT EPROM ' ASK ABOUT
PROGRAMMER l OUR NEW
$169 PROGRAMMER!

* LATEST DESIGN * PROGRAMS UP TO 4 DEVICES AT ONE TIME » FEATURES EASY
TO USE MENU DRIVEN SOFTWARE THAT RUNS UNDER PC OR MS-DOS. * USES AN
INTELLIGENT PROGRAMMING ALGORITHM FOR SUPER FAST (8X) EPROM
BURNING. * THIS PLUG-IM 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 SAVED TO A DISKETTE. * PROGRAMMING SOFTWARE
SUPPORTS: 2716, 2732, 27324, 2764, 2764A, 27128, 27128A, 27256, 27256A, 27512, AND
gg;Tzch;EASSEMBLED AND TESTED, BURNED. IN WITH MANUAL. $169 WITH

JUST RsEfEIVED. SAME AS ABOVE PROGRAMMER, BUT PROGRAMS 8 UNITS AT ONE
TIME - $299.

Digital Research Computers

P.O. BOX 381450 » DUNCANVILLE, TX 75138 * (214) 225-2309

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 6-1/4% Tax. Foreign orders
{except Canada) add 20% P & H. Orders over $50 add 85¢ for insurance.

CIRCLE 46 ON FREE INFORMATION CARD
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MIDI Basics; Casio’s MT-520 Music Studio &
Twelve-Tone’s ‘‘Cakewalk’’ Sequencer Software For
PCs; Intelligent Music’s ‘‘Jam Factory’’ for Apples

By Ted Needleman

In last month’s column, I briefly dis-
cussed the history of electronic musical
instruments and how the technology de-
veloped into today’s computer-augment-
ed musical components. One of the most
exciting (and confusing) of these devel-
opments is the MIDI (Musical Instru-
ment Digital Interface) network, a meth-
od of linking instruments and computers
together. This month, we’ll take a look at
some products that apply computers to
control MIDI devices, and next month
finish off our excursion in computer mu-
sic with a look at musical hardware and
software which are computer-based,
rather than MIDI-based.

To briefly review some of last month’s
column, a basic MIDI setup consists of at
least four components. The first of these
is a sound source and/or controller. In
many cases, this will be a MIDI-capable
synthesizer.

As an input device to the system, the
controller, whether a keyboard or other
device, must generate certain basic infor-
mation. It must, of course, generate in-
formation on the note being played. This
includes both the noteitself (CDEFG A
B), and whether the note is sharped or
flatted, as well as where in the total audi-
ble spectrum the note appears (the oc-
tave). In addition, the controller must
provide the length of time the note is to be
played (the duration), and may deter-
mine the particular instrument the note is
being played on (voicing).

Sophisticated controllers can even sup-
ply information on attack and decay
characteristics, such as how hard the key
is being played, and how quickly it is re-
leased (called velocity and aftertouch, re-
spectively). I should mention that even
though a controller may generate some or
all of this information, once it is captured
by the computer program, it is fairly easy
to modify any and all of these character-
istics. Think of the musical information

The CMS-1 MIDI Studio includes a PC interface card, software and Casio synthesiZer.

being generated by a controller as similar
to a text document being typed into a
word processor. Once the document has
been saved, you can call it up and change
words and paragraphs, altering the flow
and meaning of the text at will.

The controller is often used as an out-
put device as well. This is the second com-
ponent of a music system. Itisall welland
good to be able to capture the musical
components of a song, but we must also
have some method of listening to the fin-
ished product. As an output device, a
MIDI keyboard must be capable of re-
sponding to one or more MIDI channels.
These channels may be assigned to specif-
ic instruments or voices, either by the
keyboard itself, or by information com-
ing in on a particular MIDI channel.

As with the output, these MIDI mes-

sages contain information beyond just
what note to play. They may also com-
mand the keyboard to switch to a particu-
lar instrument sound, or voice, and will
contain information on the duration of
notes and their octave. If the sound gen-
erator will support it, the input to the
device may also contain velocity and af-
tertouch data.

By the way, the sound generator, like
the controller, does not have to be a key-
board. While it is convenient to use a key-
board as both an input device (controller)
and an output device (sound generator),
both controllers and sound generators
come in several formats. A controller can
be almost any device that generates a
message to the MIDI network. These in-
clude (but are not limited to) keyboards,
MIDI drums, MIDI guitars, MIDI wind
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instruments such as clarinets and saxo-
phones, and even computers. While out-
put devices don’t vary quite so much,
MIDI drum machines are available, as
are rack-mountable synthesizers. These
devices are complete synthesizers, except
that they have no keyboard. They are
completely controlled by data coming in
on the MIDI channels.

In between the input and output, we
need some method of capturing, storing,
and modifying the MIDI data. This is
where the computer comes in. The two fi-
nal components of our MIDI system are a
MIDl interface, so that the computer can
tap into the MIDI network, and a soft-
ware program, called a sequencer, which
lets the computer interpret, store, modi-
fy, and play back the MIDI information.
A sequencer program is not unlike a mul-
ti-track tape recorder, only it records in-
formation received over the MIDI net-
work, rather than through a microphone.
Unlike a tape recorder, though, this in-
formation is easily manipulated. As with
a word processor, you can edit it exten-
sively. It is this editing capability which
has fueled the computer-controller MIDI
music explosion.

On-line help is a useful Cakewalk feature.

MIDI interfaces are also available in
various formats and capabilities. Some
computers, such as the Atari ST, have
this interface built in. Others, such as the
Macintosh and IBM PCs and compat-
ibles require an add-on. Because a MIDI
interfaceisreally a type of serial network,
the interfaces are a specialized type of se-
rial 170 port. For PCs, most MIDI inter-
faces are in the form of a plug-in card.

One of the earliest interface cards
available for PCs was from a company
named Roland, and its MPU-401 has be-
come a de facto standard. In fact, many
third-party manufacturers use Roland’s
chip set in their products, which helps to
ensure compatibility. Roland, however,
recently introduced a PC MIDI interface
which plugs into a serial COMM port.
Over the next several months, you can ex-
pect 10 see other companies emulate this.

On the Macintosh side, MIDI inter-
faces plug into either the modem or
printer ports. This approach was taken
because only the Mac SE and MAC 11
models have expansion ports; all other
Macs are not internally expandable.

For most computer-driven music ap-
plications, the hardware itself will be of

Cakewalk offers multiple instrument tracks , pull-down menus.

less importance than the software. While
I don’t deny that there is a great deal of
difference between a $150 synthesizer
and one that costs $1,000, how easily you
can make use of whatever features the
synthesizer offers will greatly depend on
the software you’re using. With this in
mind, let’s take a look at two different
approaches.

A Complete MIDI Studio

One of the most difficult things for a nov-
ice musician to do is to put together his or
her first MIDI setup from scratch. How
do you decide which interface, synthesiz-
er, and sequencer to buy? And when
you’ve decided, how easily can you get
everything working together. For those
of you who want to get started in MIDI-
based sequencing at a reasonable cost,
Computer Music Supply (CMS) has put
together a complete package consisting
of interface card, synthesizer, and se-
quencer software. You need only add an
IBM PC or compatible, and some time to
experiment.

As cited earlier, there are four basic
components of a synthesizer system. In
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Jam Factory’s display includes vertical and horizontal control

panels and panels that let you adjust each player’s performance.

the CMS-1 package, a Casio MT-520 syn-
thesizer supplies two of these basic com-
ponents—a keyboard controller and a
sound generator. The MT-540 is a con-
sumer-level synthesizer. As such, it is
both less expensive and lacking in some
features that some of the company’s oth-
er products, aimed at professional musi-
cians, offer. Still, it is remarkable in the
features it does provide. For example, the
MT-520 has 49 mid-size keys which span
two octaves up and down from middle C.
It is a 10-note polyphonic instrument,
which means that it can play 10 notes si-
multaneously.

The keyboard provides 20 built-in
voices, 20 auto-rhythms, and a feature
called Tone-Bank. Tone-Bank allows
you to combine any two voices together.
These voices, when combined, will play
simultaneously whenever a key is de-
pressed. Casio’s synthesizer also has a
real-time memory, holding up to 1250
notes, that you can store and play back
from. The Casio Chord function allows
you to play one-finger chords, or com-
plete one-finger accompaniment, includ-
ing chords, bass, and drums.

The keyboard also has eight sound-ef-

fect buttons, four of which, when the
MT-540 is in MIDI mode, serve to assign
voices to the four MIDI channels the key-
board contains. The Casio Chord auto-
accompaniment and auto-rhythm func-
tions are not accessible from the MIDI
channels. If you wish to play drums from
the sequencer, you’ll have to assign one
of the four channels to percussion.

The MT-540 has MIDI in and out ports
on it’s back panel. It does not, however,
offer a MIDI-through port. Many high-
er-end MIDI instruments offer this addi-
tional port, which allows MIDI messages
not aimed at that particular instrument to
continue down the MIDI network and
control an additional instrument. Some
MIDI setups can consist of 5, 10, or even
more MIDI-capable instruments, all be-
ing controlled from a single controller.

CMS also provides the other two com-
ponents of a MIDI setup. The PC inter-
face is CMS’ own CMS-401, a Roland
MPU-401 compatible. This is a half-size
card which plugs into an empty expan-
sion slot in the PC. A special cable, in-
cluded with the CMS-401, plugs into a
DB-type connector on the CMS-401, and
provides MIDI in and out cables, as well

Jam Factory’s Input Editor window provides many basic se-

quencer operations.

as a third cable, ending in an RCA plug,
which provides a metronome or clock
tick to an external source. The documen-
tation received with the CMS-1 did not
give any information about where this
RCA plug goes; my best guess would be
an external amplifier. The CMS-401 can
provide 16 MIDI channels in or out,
though it, also, does not offer a MIDI-
through port.

The last piece of the MIDI studio is
Twelve-Tone System’s Cakewalk 2.0 se-
quencer software. Cakewalk is one of the
better-known 1BM sequencers, and of-
fers up to 256 tracks of recording and
playback, though you’ll be hard pressed
to use all of these tracks with the four
MIDI channels the Casio synth provides.
The software is relatively easy to use, of-
fering support for a mouse and pull-
down menus. Just as with a word proces-
sor, you can cut and paste sections of
your scores and, if you wish, even loop
certain sections to play continuously or
for a preset time.

I’m sure that Cakewalk, the Casio
MT-540, and the CMS-401 interface all
have many other features 1 haven’t dis-
covered, and this is one of the two major

/

68 / MODERN ELECTRONICS / April 1989

wanny americanradiohicionscom

Say You Saw It In Modern Electronics



www.americanradiohistory.com

problems with the CMS-1 MIDI studio.
There is very little documentation, and
what there is of it could be greatly im-
proved. For example, the CMS-401 inter-
face came with two sheets of paper. The
first told 'you how to insert the card into
your PC, but gives no information about
the card other than that it uses the PC’s
IRQ-2interrupt and 330H and 331H port
addresses.

If your PC already uses these inter-
rupts and/or addresses for something
else, you may be out of luck, or you may
not be—I can’t tell. The second sheet of
paper concerns FCC interference regula-
tions, and what to do if your CMS-401
equipped PC blows the picture off your
TV receiver’s screen.

Casio’s operation manual, though
more voluminous, is hardly much better.
It is printed in two languages (english and
spanish) with 31 pages in each language,
covers two different synthesizers (MT-
540 and CT-460), and has two pages on
the keyboard’s MIDI functions. Casio’s
manual is fine if you want to play the key-
board, but if you want to get most of a
MIDI system with it, be prepared to ex-
periment (and to call CMS occasionally).
Incidentally, CMS’ customer support on
the MIDI studio is excellent. I called sev-
eral times and received quick, courteous
answers to what must have, at times,
seemed to be stupid questions.

Cakewalk’s documentation is the best
of the three. It’s 95 pages long and quite
comprehensive. It does have small print
and an absence of screen illustrations.
From my point of view, it also assumes a
level of musical and MIDI knowledge
above rank beginner, which is where I am
at the moment. If you return the warran-
ty card accompanying Cakewalk, Twelve-
Tone Systems will also answer your ques-
tions on the software, though CMS was
able to answer mine, so I had no occasion
to call Twelve-Tone.

All things considered, the CMS-1
MIDI studio is a good buy at $399 ($249 if

you already have a MIDI capable synthe-
sizer). It would be a great buy if the docu-
mentation was improved. I’ve spoken to
CMS about this, and they’re considering
my comments. In the meantime, if you
don’t have a fair amount of background
with MIDI, be prepared to buy at least
one of the books mentioned last month.
The CMS-1is alot of fun, though, and if
you don’t mind playing around with it,
you’ll both learn a great deal about MIDI

and computer-assisted music, and (hope-

fully) produce some listenable music.

Jam Factory

While the IBM and its compatibles are
popular among musicians for controlling
MIDI instruments, they’re certainly not
the only computers used in music. Ataris,
Amigas, Commodores, and Apples
(Macintosh, Apple Ile and I1GS systems)
are all popular music machines. In re-
searching this set of columns, I received
the joan of a MIDI interface for my Mac-
intosh 512E from Apple. As with PC in-
terfaces, Apple is only one of the suppli-
ers of MIDI interfaces for the Mac.

Their’s is a relatively bare-bones unit
with a cable that plugs into the Mac, and
two additional cables for MIDI in and
out. As with the CMS-401 interface de-
scribed previously, there is no MIDI-
through connection on Apple’sinterface,
though this connection is supplied on
some interfaces from different suppliers.
At $99, with support from a large number
of Apple dealers, it’s a reasonable way to
get your Macintosh to ‘‘talk MIDI.”’ Just
add a sequencer and MIDI keyboard con-
troller, and you’re in business.

While there are a number of excellent
Macintosh sequencer programs, one of
the more unusual pieces of MIDI soft-
ware is Jam Factory from Intelligent Mu-
sic. Atits most basic, Jam Factory is a se-
quencer, similar to those discussed
above. You can record, edit, and play
back music from a MIDI instrument,

modifying the ‘‘sound track’ to your
heart’s content. The files created by Jam
Factory can be used with -other Macin-

.tosh sequencer packages, and many of

the files created by these other packages
can be imported into Jam Factory.

Where Jam Factory differs from other
sequencer software, though, is that it can
take your musical input and improvise
around it! If you’ve ever satinona ‘‘Jam
Session,’”” where one musician starts
playing a chord progression, and others
just jump in and improvise, you’ll have a
good idea of what can happen when you
set Jam Factory loose.

Unlike most other sequencers, Jam
Factory has ‘‘Players’ rather than
tracks. Each of the four Players is as-
signed to an instrument, though this in-
strument can be switched during the
course of the song. This assignment is
made by varying the ‘‘Pgm’’ number for
the Players in the center control box.

Each Player has its own box, which
contains various controls for adjusting
that Player’s performance. Thereis alsoa
central control box that’s used for assign-
ing MIDI in and out channels, Pgm (Pro-
gram, or MIDI instrument voice), re-
cording and playing for a particular Play-
er, and setting the tempo. A second, ver-
tical control panel allows you to create
and recall presets for Players, and set up
record macros.

Jam Factory is used by recording parts
for each of the Players in the quartet.
Onceeach pieceis ‘“‘recorded’’ (actually it
is captured from a MIDI keyboard or
other controller), you can edit the Play-
er’s part just as you would be able to with
most sequencers.

You call up the editor by first clicking
the mouse cursor on the big ““P’’ in the
particular Player you want to edit, then
pulling down the “EDIT’’ menu. Choose
the ‘‘Edit Player Input” selection from
the pull-down menu, and you are present-
ed with a box that lets you step through a
Player’s box and modify the pitch and
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duration of each note. The “EDIT”
menu also has selections which let you
cut, paste, delete, copy, and restore from
preset for a particular Player.

The thing that makes Jam Factory so
interesting and unique, though, are the
controls in each of the Player’s boxes.
Once you’ve recorded a track for each
Player, you can adjust controls to change
the accent, transpose pitch during play-
back, and introduce pitch and rhythm va-
riations into the recorded material. You
set the amount that each Player can vary
from what is recorded. Describing these
functions doesn’t really give you an idea
of what the effect actually accomplishes.

While you’d have to hear the changes
to believe how different settings affect
the line you’ve laid down, keep in mind
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that you can easily tell the difference be-
tween two musicians playing the same
piece note for note by how they accent the
notes, and how they use different timings
and durations. You can even adjust the
relative tempos of each of the Players so
that they are slightly off within their own
music lines, then synchronize the timings
together. This gives your improvisation a
more ‘‘human,”’ less mechanical sound.

Jam Factory is a cleverly written pro-
gram that lets you use the computer’s
own calculation capability to add depth
to your performances. The software can
even be controlled from a remote key-
board or other MIDI device for use dur-
ing a live performance. You’ll get the
most out of Jam Factory if you’re already
an accomplished musicians, of course.
But even ‘‘hunt-and-peck’’ keyboardists
like me can enjoy themselves, and pro-
duce some unusually creative music.

My one complaint with Jam Factory is
that it uses a key-disk copy-protection
scheme. You can install it on a hard disk
up to two times, but you will need the
original program disk to make it run.
Music software, especially on the Macin-
tosh and other non-IBM compatible
computers, is one of the few areas where
copy-protection is still widespread.

Even copy-protected, at 3199, Jam
Factory is a lot of fun. If you have a Mac-
oriented MIDI setup, you owe it to your-
self to try this program. e

Products Mentioned
CMS-1 MIDI Studio
Computer Music Supply
382 N. Lemon Ave.
Walnut, CA 91789
(714) 594-5051

(800) 322-MIDI

Jam Factory
Intelligent Music
P.Q. Box 8748
Albany, NY 12208
(518) 434-4110
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Watch the Spreadsheet

By Art Salsberg

Lotus 1-2-3, still the corporate world’s
most widely used electronic spreadsheet,
continues to spawn spin-off software re-
lated to it. It might be a utility to make up
for some 1-2-3 shortcoming or, as in this
case, a course to teach you how to work
with this application program.

Leading Edge Products, Inc., the well-
know IBM-compatible computer maker,
is in the courseware business, too, under
the banner of Leading Edge Video Prod-
ucts, Inc. As the modified corporate
name implies, it produces video tapes.
The one examined here—The Leading
Edge SoftVision Companion for Lotus
1-2-3—is a tutorial package that’s sub-
titled *‘Introduction to Spreadsheets.”” It
consists of an 84-minute video program
(VHS cassette), a diskette (5.25" or 3.5"
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We’ve seen enough educational tapes
now to welcome a truly professional job.

Examples of screen displays from the Leading Edge Video Products “‘SoftVision Com-
panion Series for Lotus 1-2-3"’ Student Workbook: Specifying the print range (upper)
and Copying the same relative formula.

The color was excellent; text where
shown was large and with fine contrast;

and video screen spreadsheet matter was
tops, from full screen to close-ups.
Equally important, the two characters
in the tutorial, a man and a woman,
were polished actors. Topping it off, the
material, directed to raw beginners in
the 1-2-3 world, was a fine learning
presentation.

The material is divided into a handful
of sections. At the conclusion of each
one, key lesson headings are recapped
and then the viewer is advised to stop the
tape and do exercises in the accompany-
ing workbook and on the floppy disk.
Both are well-done, supporting and ex-
panding upon what the video shows.

Using three mediums—video tape,
printed book and floppy disk—is a nice

touch. The trio from Leading Edge will
put a 1-2-3 computer spreadsheet begin-
ner on the fast road toward working with
the popular application software. The
$30 buys you an introduction only, you
should understand. There are plenty of
basics that are left untouched, such as
working with Windows, Protecting
Cells, Macros, and what-not. And this
doesn’t even touch other programs inte-
grated into the whole, which are Graphics
and Database.

The Leading Edge Companion is not a
powerhouse tutorial in breadth or even
depth. It comes without such preten-
sions, though. What it is is an appealing,

down-to-earth, professionally presented
introduction to 1-2-3 that will hold the
viewer’s attention longer than a book or
disk-based-only tutorial can, owing to
the great power of the Tube. As such, it’s
a shining example of using video to teach
and is worth the $30 if you’ve never
worked with 1-2-3 and haven’t the pa-
tience to fight your way through more
formal courses or texts.

It’s expected that advanced courses
will be introduced as part of a series of
video/disk/workbook Companions for
learning how to work with Lotus 1-2-3.
Corporations will likely welcome these
self-teaching productions. ME
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Telephone Answering Machines

T Ao e e ]

By Curt Phillips

Telephone answering machines have
been much cussed and discussed since
their use exploded in popularity on the
telephone scene some years ago. Many
people hate the so-called impersonal na-
ture of answering machines, while others
just get tongue-tied when they’re being
recorded. Still, their utility in business
situations and convenience in home use is
indispensable.

Thisisevidenced by the example of one
businessman who had to call me several
times over a period of weeks but always
refused to leave a message on the machine
when [ was out. All he would say about it
was, ‘‘I hate toleave messages on answer-
ing machines!’’ Ultimately, [ called his
business once when no one was thereand,
you guessed it, ] was answered by a ma-
chine. He hated to leave messages on
them but couldn’t deny their usefulness.

A PhoneMate 7200 I’ve been examin- ;
ing doesn’t do anything to assuage the The PhoneMate 7400 two-cassette telephone answering machine.

wrath of those who hate answering ma-
chines, but it does have plenty of features
for those of us who use them. Basically,

the 7200 is a dual-cassette answering ma- provide their callers with more informa- back-up to maintain the clock’s setting
chine with Time/Day stamp. tion. One message might say, “We’ll be during a power failure. When appropri-
Some answering machine designs to- back later today,’”’ another might say, ate, the synthesized voice will alsoinform
day are using a voice memory chip to re- ‘“We’ll be back on Monday,’’ and yet an- incoming callers that, “‘Sorry, the mes-
cord the outgoing message, but there are other, “We'll be back from vacation on sage tape is full.”” The ‘‘voice’ is quite
several reasons why I prefer a cassette for June tenth.” Rather than having to re-re- understandable and of higher quality
the outgoing message. The ‘‘endless- cord each message every time you want to than many of the synthesized voices I've
loop”’ cassettes used for outgoing mes- change it, a dual-cassette machine allows encountered in other equipment.
sages are available in a variety of lengths. for different outgoing cassettes to be pre- Recording the outgoing message works
In contrast, machines that use integrated recorded for each circumstance and to be about the same as every other answering
circuits for the outgoing message restrict popped into the machine as needed. machine. You press a button to record,
you to 15 to 20 seconds (actually, all the The “Time/Day Stamp’’ is accom- speak into the microphone, and release
ones I’ve seen limit you to exactly 16 sec- plished by an on-board clock that uses a the button when you’ve finished speak-
onds). To overcome a caller’s reluctance synthesized voice to record the day and ing your message. The 7200 has a built-in
to leave a message, and because [ am a time after each message received. This mike, but it doesn’t have a provision for
former radio DJ, 1 usually do musical feature greatly increases the usefulness of an external mike. I tried to use some mes-
outgoing messages. These often run in an answering machine. Often, the mean- sages | had recorded on an old (1980 vin- :
the 30-to-45-second range; so I need the ing and urgency of a message depends tage) PhoneMate, but there seemed to be
extra flexibility an outgoing-message cas- upon when it was left, but you're fortu- some compatibility problem. Two of the
sette provides. Also, the fidelity of the nate to get a message from most callers; old tapes worked, three didn’t. All of
taped message is better (although mar- very few include the time and day they them continued to work in the ancient
ginally appreciable over a phone line) on called in their messages. PhoneMate, though.
a cassette than on the electronic chips. | The same voice that records the time It’s in the retrieval messages that the
haven’t seen any specs on this, but itis a and day on the message tape is accessible many features of the 7200 come intoplay.
personal observation. through a front-panel button so that the A flashing green LED on the front panel
Many people like to have different 7200 can also function as a ‘“‘talking indicates that you have messages waiting.
messages for various circumstances to clock.” One 9-volt battery provides However, this LED is dimmer and less
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noticeable than the red message-waiting
LEDs on my other two answering ma-
chines. In fact, the first time I had a mes-
sage waiting, I walked to the new Phone-
Mate several times before I noticed that
the green LED was flashing.

When you press the ‘““Play Messages”’
button, the synthesized voice announces
how many messages have been received,
which is a nice touch. After each mes-
sage, the voice announces the time and
day it was received. Furthermore, when
the message tape stops, it announces,
“That was your last message.”” A
“‘Search’’ button allows you to fast-for-
ward or rewind the tape during playback.
The messages can be saved, or the Phone-
Mate will automatically rewind and re-
cord over them.

All of these functions can be accessed
remotely. Since the 7200 features beeper-
less remote control, there’s no beeper
control for you to remember to carry
(and possibly misplace). The remote-con-

trol functions do require a Touch Tone
phone for access, and the Touch Tone
phone must be capable of sending a tone
continuously for 2 seconds. This may
sound simple, but an office I’ve worked
out of recently has a NEC digital PBX,
and all of its tones are momentary.
Therefore, I couldn’t access the 7200’s
remote features from these office phones
without using an external Touch Tone
generator (something like the ‘““pocket
dialers’’ you may have seen advertised or
used by others).

When accessing the answering ma-
chine remotely, the feedback from the
synthesized voice gives is invaluable. In
older answering machines, the user had
to remember a series of beep codes to
know what the- machine was doing. Here,
the voice guides you through every step.
In addition to playing, rewinding, saving
and erasing messages, the PhoneMate al-
lows for the outgoing message to be re-re-
corded remotely. Even if you accidental-

Toshiba’s T1000 is the smallest and lightest laptop computer. Though built around a |

“‘dated’’ 8088 microprocessor and sporting just one disk drive, this machine is more than |
adequate for most on-the-go computing.

ﬁ
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Remove copy-protection from video cassettes.

» Digital Filter Type,
removes only
Macrovision
pulses

* No adjustments,
crystal controlted

* Compatible with
all VCR's, uses
automatic vertical
blanking level

Macro-Scrubber Kit - Assembles
in less than three hours.
MS1-KIT..........$29.95

includes all the parts, pc board, AC adaptor and
instructions from a published construction article
in Radio Eiectronics magazine.

JMAK-4 BlackBox...$14.95

Original box as shown in ad with 2 feet and 4
screws to mount pc board.
Add $2.50 shipping and handling;

$5.50 Canadian orders.
Note: Unauthorized duplication of copyrighted
material isillegal. Use Macro-Scrubber for viewing
only.

72 CHANNEL MC-702 CONVERTER
CABLE CONVERTER ...$79.95
WITH INFRA-RED REMOTE

* Microprocessor
controlled PLL
operation
Skip channel
memory eliminates
unused channels
Parental control
for all channels
Lastchannel recail
Fine tune memory

Add $3.50 shipping & handling
$9.50 Canadian orders

* UL listed/FCC
® 72-channel cap- approved
ability ¢ Simple installation
* Wireless, Infra-Red with any TV

includes battery
and 3 foot coax
cable

remote control
* Channel output 2
or 3 switchable

UNIKA SR-234 .....$79.95
CABLE-READY
STEREO DECODER

Connects directly to
your cable box, eli-
minating the need for
a stereo ready TV.
MPX compatible too.
Order today because
sound does make a
difference.

Add $3.50 shipping & handling;
$11.50 Canadian orders.

CABLEMASTER....$19.95
Cable/VCR Timer

= Record muitiple pre- Specity Cable TV

mium play channels Converter when
* Turns cable box on

and off ordering.

+ Selects channel for Add $3.50 shipping &
unattended recording handiing

* Thousands sold $8.50 Canadian
nationally for $99.95 orders

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

Color Catal
Inside MA: 508-695-8699 olo o9

FAX: 508-695-9694 Je)
SA. MASTERCARD
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ly leave the machine off, calling in and
letting the phone ring 10 times will cause
the PhoneMate to answer and remain on.

There is a function called ‘“Tollsaver”
that can save you phone-call money when
you call remotely. It allows you to set the
7200 to answer on the second ring if there
are new messages and on the fourth ring
if there are no new messages. Conse-
quently, with this feature, you can deter-
mine that there are no new messages be-
fore the unit answers and the phone toll is
incurred.

Rounding out features on the Phone-
Mate 7200 are call screening, where you
can listen to determine the identity of a
caller before answering the phone; a
memo recording function that allows the
unit to be used like a regular cassette re-
corder; and the ability to record a phone
conversation as it is taking place.

The “‘list price” for the PhoneMate
7200 is $180, but the *‘street price’’ runs
$100 to $130. PhoneMate builds good,
solid equipment, and this unit certainly
deserves your consideration if you’re
looking for an answering machine. But
no matter what brand you buy, be sure to
get a machine with the Day/Time stamp
function. This one feature provides a
quantum leap in answering-machine use-
fulness.

The Toshiba T1000

The trend today in laptop computers
seems to be toward more-powerful, more-

expensive and (unfortunately) heavier
machine. Bucking this trend is the Toshi-
ba T1000 laptop.

The T1000 features an 8088 micropro-
cessor running at 4.77 MHz with 512K
bytes of RAM standard and one disk
drive. These stats aren’t going to make
anyone’s heart beat faster . . . it’s arela-
tively slow machine, as state-of-the-art
goes. But consider that it weighs less than
7 pounds and is thin enough to fit into a
briefcase with room left over for books
and papers. And since, for most of us, a
laptopis used primarily for word process-
ing, communication (via modem) and
running light speadsheet or calculation
programs, who needs fast and heavy? For
most portable computing purposes, an
80286 or 80386 processor is not really
needed. The T1000 runs all our favorite
and familiar PC software, so even on the
road we have almost all of the working
comforts of home.

A couple of implications of-its small
size are of special note. First of all, de-
spite its small size, the T1000 has an ex-
cellent keyboard. I’ve used it for several
hours with no more fatigue than would
have occurred with a regular keyboard.

The computer’s display is a good Su-
perTwist LCD, but it does need to be
backlit. Even though backlighting would
certainly quicken the T1000 battery’s dis-
charge rate (and result in shorter operat-
ing time), it would be a most welcome im-
provement. The greatest problem 1 had
with the T1000 was orienting it so that its

display would be readable in low-light si-
tuations, such as occurs on airplanes and
in many motel rooms where lighting is
more for ‘“‘atmosphere’’ than productivity.

Interestingly, I’m typing this column
at 35,000 feet, in coach! The primary
problem with using the Toshiba comput-
er under these conditions is, again, lack
of light. The seat lighting on this model of
airplane (M80) isn’t adjustable; so I’'m
forced to set the computer at an unusual
angle from my aisle seat toward the mid-
dle seat to scavenge every bit of available
light. 1’d easily forego an hour or so of
operating time for a backlit screen now!

There really is no problem with space
and the size of the T1000, though. Iam 6
feet 1 inch tall and possessed of more
than ample girth, but there’s plenty of
room to type without bothering my
neighbor. If I just don’t go blind trying to
see this dark screen, I’ll be okay.

The display also has an aspect ratio
that is wider than that of typical PC
screens. This made pie charts look like
“football”’ charts, but it was quite toler-
able. When some friends ran Chuck Yea-
ger’s flying program on the computer,
however, Chuck (whose picture appears
on an opening screen) looked like he’d
landed a bit too hard.

With the exception of needing a back-
lighted display, the T1000is a superlative
machine. 1 lugged it on airlines as both
checked and carry-on luggage at differ-
ent times, took it on a fishing trip to the
Gulf Stream, and hauled it around in the

A T e = S e R TUY S T e e ST e ) back of my car through hot and cold
weather. And it performed flawlessly!
The Toshiba T1000 laptop computer
lists for $1,249, but it’s routinely dis-
SUBSCRIBER SERVICE — — mm—1 | counted to less than $900. For most pur-
CHANGE OF poses, the 768K nonvolatile RAM option
ADDRESS is 'needed. sinc? there’s no second disk
Planning to move? Please let us ATTACH LABEL HERE C dr¥ve, which will add $25? to $300 to the
I know six weeks in advance 80 | | price of the computer. It’s got plenty of
you won't miss a single issue of power for most of us who don’t like lug-
MODERN ELECTRONICS ging around extra weight (who does?)
Attach old label and print new NEW ADDRESS HERE PLEASE PRINT and don’t want to spend much money.
address in space provided. Also
include your mailing label NAME = S—
whenever you write concerning Your comments are welcome. You can
:‘::;::b:::c?:n";‘:::‘:;:uw ADDRESS — | | contact me through The Source
Modern Electronics - —— (BDK887), Delphi (CURTPHIL), Com-
76 N. Broadway, == S puServe (73167,2050) or at P.O. Box 678,
Hicksville, NY 11801 DATE ap _ - Garner, N.C. 27529. ME
Mo — — — e .
T e e e ]
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How to Draw Schematics and Design Cir-
cuit Boards With Your IBM PC by Steve
Sokolowski. (Tab Books. Soft cover. 179
pages. $13.95.)

This book offers an inexpensive way of
getting started in computer-aided en-
gineering (CAE). It is written around
““Electronic Schematic Designer”’ and
““PC Board Designer’’ programs (both in
interpreter BASIC) that offer the ‘‘fla-
vor’’ of commercial drawing software
for the IBM PC and compatibles environ-
ment. No graphics card is needed. Two
extensive chapters give complete pro-
gram listings and detailed instructions on
their use. Though the programs can be
keyed into a computer by hand, saved to
disk and be recalled as needed, an option-
al $25 disk containing both programs eli-
minates the laborious task of hand keying.

The programs can be used to draw
lines, circles and schematic symbols, us-
ing BASIC’s graphics commands. With a
few strokes at the computer’s keyboard,
the user can draw schematics or/and pc
guides, the latter to exact scale. The sche-
matic program has 30 preprogrammed
electronic symbols that can be called as
needed. Though hardly sufficient for
drawing complex schematics, these sym-
bols can be augmented by user-drawn
symbols that can be called from a symbol
library when needed.

The even more limited pc-guide pro-
gram’s symbol library consists of DIP IC
pad patterns for 6- to 18-pin devices, a
termination point and a circle. Not much
more than these and the basic line-draw-
ing function are needed, though, and the
program does permit other often-used
symbols to be drawn and added to the li-
brary. A limitation of this program is that
all DIP ICs must be laid out horizontally
to assure accurate 0.l-inch spacing of
DIP IC pads. This should not prove to be
a hardship in most cases.

Practical hands-on experience with the
programs is given in an example that
shows how to use the programs to draw
the schematic and its pc board layout for
a simple power supply. Information is
given for converting the pc guide into a
finished board. Also included are two
more chapters that provide screen dis-
plays generated by the programs, a list of
reserved words, error messages and their
meanings and other useful reference ma-
terial. Appendices summarize the CAE
commands and provide information on

making back-up copies of the optional
program disk. Rounding out the book are
a glossary of technical terms and a post-
age-paid order card for the program disk.

Just a few keystrokes are needed to ex-
ecute each step in both programs. Addi-
tionally, on-screen prompting makes the
program easy to use even for someone
who has no experience in CAE or com-
puting. These programs are not as devel-
oped as those sold commercially. Many
of the bells and whistles of commercial
programs and much of their flexibility
arelacking. For the occasional user, these
limitations are more than compensated
for by the low cost of the book (and its
optional program disk).

Building Speaker Systems by Gordon
McComb. (Radio Shack. Soft cover. 128
pages. $5.95.)

Audiophiles will find this book a fas-
cinating adventure in the build-it-your-
self aspect of the hobby. This is not sim-
ply a book of speaker projects. It begins
with a general sound/speaker theory
chapter and two ‘‘Close Look’’ chapters
devoted to speakers and enclosures. The
first of these chapters covers such topics
as the audio frequency spectrum, loud-
ness, direct-versus-reflected sound ener-
gy, how speakers work, etc. The next cov-
ers frequency response, dynamic range,
sound dispersion, sensitivity, damping,
distortion, power rating, driver types,
how to read and interpret speaker spe-
cifications. The third deals with enclo-
sures types, driver selection, estimating
enclosure volume, calculating enclosure
size, driver layout, port and duct details,
box tuning, damping, and enclosure
construction.

Chapters 4 and 5 deal with construc-
tion and finishing techniques and contain
a wealth of basic shop information for
the beginning wood worker. Chapter 6
details wiring and introduces crossover
networks, L pads and speaker protection
and how to implement them into your de-
signs. Chapter 7 deals with testing pro-
cedures, has a troubleshooting table for
quickly isolating and dealing with prob-
lems and discusses speaker placement for
best sonic effect.

Chapter 8 gives complete construction
details for four speaker projects: single-
driver compact bookshelf speaker, two-
way bookshelf, three-way floor-stand-
ing, and medium-size three-way ported.
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Seme Day Shipment

Yo Order, Call (508) 682.2000
Or FAX {308) 8897529

FREE CATALOG
TESTINSTRUMENTS &
HARD-TO-FIND TOOLS

Packed with over 10,000 quality products for test
ing, repairing, and assembling electronic equip-
ment. A full selection of test instruments, power
protection equipment, precision hand tools, tool
kits, soldering supplies, and much more. Products
are shown in full color with detailed descriptions
and pricing. All products come with a 100% satis-
faction guarantee. SAME-DAY shipment program.

In a hurry to receive your catalog?
Call (800) 225-5370
In Massachusetts call (508) 682-2000

Contact East, Inc., Dept. R429
P.0. Box 786, No. Andover, MA 01845
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DUAL-TRACE 15 MHz MINI-OSCILLOSCOPE

* 4% x 10% x 10% (ins.}

* Weighs only 8 Ibs.

« 48 x 60 mm Display

« TV Sync Circuit

*2mV Sensitivity

* Includes 2 Deluxe
1x/10x Switched
Probes

Only $295 + $7 UPS

PHILIPS SBC530

LF FUNCTION GENERATOR
with 1 MHz Frequency Counter

» Sine, Triangle,
Square Waves
* 10 Hz - 100 KHz
« 6-digit LED

Display

PHILIPS SBC520 Only $159 + $4 UPS

MULTI-FUNCTION UNIVERSAL COUNTER

« Freq. to 450 MHz

+ 8-digit LED Display

* Totalizer

* Period and Time
Intervals

* Three (A,B,C} input
Channels

PHILIPS SBC550 Only $229 + $4 UPS

LAB POWER SUPPLY

+1.5-30VDC @ 3A

« Fully Regulated

« Dual V&! Meters

« Adj Current Limit
«Coarse & Fine Adjustment « Short Circuit Protected

PHILIPS $BC519 Only $162 + $4 UPS

ORDERING INFO: Check, Money Order or C.0.D.

Money-back it not
eﬂﬂ{l TRON issiruments

satisified within 10
PERFORMANCE GUARANTEED TEST EQUIPMENT

days.
117 North Ridga Street - Port Chester, New York 10573 ... . 014.937-6376
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EARN YOUR

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
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Each is accompanied by detailed num-
bered step-by-step construction details,
drawings, and full parts lists.

The book closes with Design Equa-
tions and Enclosure Dimension Tables
appendices and a comprehensive glos-
sary. With the wide range of information
provided in it, this modestly priced book
can serve as a primer on sound theory and
speaker system design. For the serious
audiophile, it can also serve as a valu-
able reference.

McGraw-Hill Dictionary of Scientific
and Technical Terms, Fourth Edition,
edited by Cybil P. Parker. (McGraw-Hill
Book Co. Hard cover. 2,137 pages. $95.)

Think of a scientific or technical
term—any term—that existed before this
book went to press and chances are you
will find it listed and defined in this
massive book. Contained herein are
more than 117,000 definitions, more
than 7,600 of them new to this edition, re-

presenting 102 disciplines. Listings are
strictly alphabetical without regard to
discipline, making locating a specific one
as simple as looking it up by its spelling.
The Dictionary is thumb-indexed for ease
of use and new with this edition is a pro-
nunciation guide for each listed term.

More than 3,000 photos, drawings, ta-
bles and diagrams illustrate the listings.
The definitions are written in layman’s
terms, making the contents usable by
non-specialists as well as specialists. In-
cluded are helpful appendices that pre-
sent such data as SI conversion tables, the
periodic table of elements, electronic
schematic diagram symbols, scientific
and technical organizations, mathemati-
cal signs, symbols and notation, and
more. With the wealth of information
contained between its covers, this book
deserves a home in every technical, scien-
tific and engineering library—whether in
a college, university, business office or
home office.

W/ NEW LITERATURE

Metal-detector Catalog. A new 12-page,
full-color catalog from Fisher Research
lists, pictures and fully describes the
company’s full line of ‘‘m-scope’’ metal
detectors. Instruments for all purposes,
from economy models used by beach-
combers to expensive professional units
designed for deep hunting are listed.
Each entry contains a non-technical de-
scription of the product and a list of fea-
tures. A handy table on the inside rear
cover provides a quick referenceto all de-
tector models listed, and the rear cover
lists and describes optional accessories.
Except for prices, information is com-
plete. For a copy, write to: Fisher Re-
search Laboratory, 1005 I Street, Dept.
ME, Los Banos, CA 93635-4398.

Software Engineering Tools Catalog. A
14-page catalog that lists and describes
MS-DOS/PC-DOS engineering software
tools for the IBM PC and compatible
computers is available from BSOFT
Software. Among the offerings listed and
fully described are computer-aided math-
ematics, waveform-viewer and circuit-
design programs, plus a logic circuit emu-
lator program, each selling for $49. Other
offerings listed and briefly described,

and selling for between $12 and $29, in-
clude ac and dc network analysis, an elec-
tronics calculator and circuit-analysis
programs. For a free copy of the catalog,
write to: BSOFT Software, 444 Colton
Rd., Columbus, OH 43207.

Test & Instrumentation Product Guide.
The hard-bound 1989/1990 product
guide from United States Rentals pro-
vides information on more than 5,000
different models from more than 170 ma-
jor manufacturers of electronic test and
measurement instruments, data-pro-
cessing equipment and telecommunica-
tions test devices for rent, lease and sale.
This is a comprehensive one-stop refer-
ence that contains descriptions, specifi-
cations, photos and other technical data
on a broad range of product categories
that are indexed both by product and
manufacturer. Among the types of prod-
ucts listed are analyzers, CAE/CAD
equipment, signal generators, meters, re-
corders, oscilloscopes, signal processors,
microcomputers, and telecommunica-
tions test equipment. For a free copy,
write to: United States Instrument Rent-
als, 2988 Campus Dr., Dept. ME, San
Mateo, CA 94403.
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or more. At 9,600 baud, communi-
cating range increases to 5 miles. The
user has a choice of terminations for
the twisted-pair cables that link to-
gether the modems. Built-in solid-

state surge protection is claimed to
make the modems immune to surges
and transients that may be impressed
on the twisted-pair lines.

Included on the Model 201 is a
DTE/DCE switch that permits the
connections to pins 2 and 3 of the
RS-232 connector to be transposed to
accommodate the specific needs of
computers, terminals and printers.
The device is available with a choice
of male or female connector. $72.

CIRCLE NO. 108 ON FREE INFORMATION CARD

Automatic Printer Switch

New from Data Spec (Chatsworth,
CA) is an automatic switching device
that lets two personal computers
share a single parallel printer. The
Model ADS2500 electronic data
switch is compatible with IBM PC,

XT, AT, PS/2 computers and com-
patibles. When the switch detects
that either computer connected is
sending data to be printed, it auto-
matically switches off access for the
other computer. When the printing
operation is complete, the switch
automatically rcsets itself to wait for
the next signal that either computer
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wants to print a document or other
information.

This compact data switch features
electronic switching (there are no
buttons or other controls), full
shielding that exceeds FCC require-
ments and long-life gold-plated con-
nector contacts. $99.

CIRCLE NO. 109 ON FREE INFORMATION CARD

Telephone/Data-Line
Surge Suppressor

The Electra Guard® 3111 (EG 3111)
from CPS Electronics, Inc. (Clear-
water, FL) offers surge suppression
to protect telephone/data and power
lines. It is designed to protect home
answering machines, facsimile ma-
chines and modems from transient
over-voltages and emi/rfi interfer-
ence. Two separate units are con-
tained inside the EG 3111—a surge

suppressor for the power line and a
data line protector for the telephone
line. The surge suppressor guards
against voltage surges on the hot,
neutral and ground lines, and noise
and induced surges on the phone
lines are eliminated with a data line
protector, which is claimed to pro-
vide full protection for the tip, ring
and ground conductors. Response of
the EG 3111 is rated at less than 1
nanosecond. The EG 3111 is UL
listed and exceeds IEEE Specifica-
tions #587 Category A. $40.

CIRCLE NO. 110 ON FREE INFORMATION CARD

LEARN VCR
CLEANING/MAINTENANCE/REPAIR

EARN UP TO 51000 A WEEK, WORKING
PART TIME FROM YOUR OWHN HOME!

NO Knowledge
of Electronics
Necessary
NO Special
Tools or
Equipment

THE MONEY MAKING OPPORTUNITY
OF THE 1990°S

IF you are able to work with common small hand
tools .. ..
IF you possess average mechanical ability, and
have a VCR on which to practice and learn .
then we can teach YOU VCR maintenance and
repair!
FACT: up to 90% of ALL VCR malfunctions are
due to simple MECHANICAL or ELECTRO-ME-
CHANICAL breakdowns!
FACT: over 77 million VCRs in use today nation
wide! Average VCR needs cleaning/mainte
nance or repair every 12 to 18 months!

VIEJO'S 400 PAGE TRAINING MANUAL (over
500 photos and illustrations) AND COMPAN-
ION VIDEO TRAINING TAPE REVEALS THE
SECRETS OF VCR MAINTENANCE AND RE
PAIR - “REAL-WORLD”INFORMATION, THAT
IS NOT AVAILABLE ELSEWHERE! ALSO IN
CLUDES ALL THE INFO YOU'LL NEED RE
GARDING THE BUSINESS SIDE OF RUNNING
A SUCCESSFUL SERVICE BUSINESS!
FREE INFORMATION
CALL TOLL FREE 1-800-537-0589
Or write to: Viego Publications * 3540 Wilshire Blvd
Suite 310, Dept. ME » Los Angeles, CA 90010

CIRCLE 28 ON FREE INFORMATION CARD

FEVBLAIER 4 et R S P

CE CATALTE - e ey

GET THE ULTTMATE
ELECTRONICS CATALOG.

[}

1

1

I

1
Order your 260 page catalogue packed with over 10,000 |
money saving electronic parts and equipment Send $3.00 |
check or money order, or cail 1-800-543-3568 today and |
use your Mastercard or Visa 1
Consolidated Electronics, Incorporated )
705 Watervliet Ave , Dayton, Ohio 45420-2599 |
|

|

]

{

1

|

1

NAME
ADDRESS
ory

STATE L
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Micro Control (from page 27)

Fig. 4. Microsys components can be mounted on perforated board (upper photo)
and be Wire Wrapped together (lower photo).

board connections to T, S1, and FI
will be added later.

Next, wire the + 12.5-volt supply,
marking off each component and
conductor run as you make it on the
photocopy of Fig. 2. Mount IC8 on
the circuit board by bending its legs
90 degrees backward (toward the
metal tab) and inserting them so that
the mounting hole on the IC lines up
with the prepared hole in the circuit
board. A small machine screw and
nut through the IC’s mounting hole
secures the IC to the board. Then
wire into the circuit IC8, C13, Cl4,
R2, and R3.

Slip a 1-inch length of small-dia-
meter heat-shrinkable tubing over
the red-insulated lead of one battery
snap connector. Twist together this

S ——

lead and the black-insulated lead of
the other connector. Solder the con-
nection and then slide the tubing over
the connection and shrink it solidly
into place. Solder the free red-insu-
lated lead on the connector pair to
the IN of IC8; solder the remaining
free black-insulated lead to a ground
point on the circuit board.

Now wire the rest of the Microsys.
Following your preliminary layout,
install and solder into place the sock-
ets for ICI through IC7, IC9, and
IC10. (Do not install the ICs in their
respective sockets until you’ve wired
the entire circuit and checked for
proper voltage distribution with the
power supply turned on.)

Use self-adhering or socket-identi-
fication labels to identify the number
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of the IC and indicate the location of
pin 1ineach case on the wiring side of
the circuit-board assembly.

Connect the power-supply and
ground pins on the sockets to the
power and ground buses on the cir-
cuit board. Be aware that the ICI
socket is the only one with unconven-
tional V+ or ground pin locations.
In this case, pin 15 is to be grounded
and pin 16is to be at + 5 volts. For all
other sockets, ground is at the lower-
right pin and V + is at the upper-left
pin on the wrap side of the board (pins
7 and 14 of a 14-pin socket, pins 8 and
16 for a 16-pin socket, and so on).

Install and solder into place bypass
capacitors C8 through CI2 at rough-
ly even intervals between the + 5-volt
and ground buses on the circuit
board. Then use Fig. 1 and Fig. 2 as
guides as you continue wiring the cir-
cuit. As necessary, insert and solder
XTALI, QI, R1, R4 through RI6,
D1, D2, and C4 through C7. Observe
proper orientation for XTALI, QI,
DI, D2, Cl through C5, and C12.

At IC1, notice especially the orien-
tations of C6 and C7. In a properly
wired circuit, pin 6 of ICI will be at
— 10 volts; so the positive (+ ) lead of
C7 must connect to ground. Similar-
ly, pin 2 will be at + 10 volts; so the
negative ( — ) lead of C6 must connect
to + 5 volts on the circuit board.

Select an enclosure for the project
that is large enough to accommodate
the circuit-board assembly and off-
the-board components without
crowding. Make certain that the en-
closure is deep enough to ensure that
the Wire Wrap socket pins on the cir-
cuit-board assembly will not contact
the floor panel.

Begin preparing the enclosure by
planning parts placement. This done,
drill mounting holes in the floor pan-
el for mounting the circuit-board as-
sembly, power transformer 7/, and
two 9-volt battery clips. Drill a hole
through the back panel for the ac line
cord and cut the slot for the serial-
port connector. An opening for a D-
type serial-port connector can be
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made by first drilling a %-inch starter
hole and then using a nibbling tool to
complete the task. Two small holes
are also required for the D connec-
tor’s mounting hardware.

Drill a hole through the front panel
for POWER switch S/. Locate this
hole to one side of the panel to leave
room for adding more controls and
displays later as needed.

Next, wire T1, S1, and FI into the
circuit, using heat-shrinkable tubing
to insulate all exposed connections.
Connect the two prepared 8-inch-
long wires to the primary leads of T'/.
Twist each pair of wireends together,
solder the connections and insulate
them with heat-shrinkable tubing.
Slide another length of tubing over
each wire, solder connections to S/A4
and S/B, and shrink the tubing over
the switch terminals.

Insert a rubber grommet into the
ac line cord’s hole. Feed the free end
of the line cord through the grommet
into the enclosure and tie a strain-re-
lieving knot in it several inches from
the inside end. Tightly twist together
the fine wires in each line-cord con-
ductor and sparingly tin with solder.
Then solder the in-line fuse holder’s
leads to a terminal of S/4 and to the
““hot”’ conductor of the ac line cord.
Solder the free end of the other line
cord conductor to the remaining lug
on SIB. Use heat-shrinkable tubing
to insulate all connections.

Crimp and solder the unconnected
wires at the two-pin locking connec-
tor to the junctions of D3/D4 and
D5/D6.

Three wires connect the Microsys
to its serial-port connector. Solder
the wires on one of the prepared
three-pin locking connectors to the
appropriate pins on the serial-port
connector, using either Fig. 1 or your
own configuration as a guide. Solder
the three wires on the matching con-
nector to pins 7 and 8 of /CI and to
ground on the circuit board, as
appropriate.

Carefully check over your wiring.
If you’re satisfied with your work,

mount the circuit-board assembly in
place, using suitable-length spacers
and machine screws. Then mount in-
to place the battery clips, serial-port
connector, T/, and S/. Install FI and
connect the locking connectors.

Checkout & Use

The first step in circuit checkout is to
verify power-supply operation. Plug
in and turn on the + 5-volt supply
and verify that its output is within 0.2
volt of + 5 volts. Also check for +5
volts between the V+ and ground
pins of each IC and for +12.5 volts
at the output of IC8. If your Micro-
sys fails any of these tests, locate and
rectify the problem before proceeding.

When everything looks okay, turn
off the power supply and allow the
charges to bleed off the electrolytic
capacitors. Then install the ICs in
their respective sockets. Make sure
you plugeach IC in the correct socket
and in the proper orientation and
that no pins overhang the socket or
fold under between IC and socket.

Connect the Microsys’ serial port
to your terminal’s or computer’s seri-
al-port cable. Turn on the terminal or
computer and configure it for opera-
tion with 8 data bits, no parity, and
one stop bit. Baud rate used is your
cheice. On boot-up, the 8052 senses
the transmission rate and matches it.
A good initial selection is 1,200 bits
per second. (If you use Procomm
communications software, these pa-
rameters are set in the Line Settings
menu, with selection #8.)

Turn on the Microsys, and press
the space bar at your terminal or
computer. If everything is okay, the
sign-on message:

*MCS-51(tm) BASIC V1.1*
READY

will appear on-screen. This indicates
that you can now use the project. If
you don’t see the sign-on message,
don’t despair. It just means it’s time
to troubleshoot.

First off, the space bar at the key-

board must be the first key you hit af-
ter powering up the Microsys. If you
don’t hit the space bar first, the proj-
ect will not respond properly. How-
ever, if you should press any other
key first, turn off the Microsys, wait
10seconds, and turn it back on. Press
the space bar. If you stilldon’t see the
correct sign-on message, check to
make sure the terminal or computer
is configured correctly and that the
serial connector is wired correctly.

Recheck the other wiring in the Mi-
crosys. Be sure all connections are
made correctly and that no inadver-
tent short circuits or open connec-
tions have crept into the project. Ve-
rify that no connections have been
left out. With persistence, you’ll
soon find the cause of the problem
that’s keeping your system from
booting up and repair the situation.

When the system has booted to
BASIC, a few simple tests will verify
that your Microsys is functioning
properly.

After seeing the sign-on message,
key in:

PRINT MTOP

and press RETURN. The terminal or
computer should respond with:

8191

which tells you the amount of user
RAM available. Following this, key
in:

XTAL =4915200

and press RETURN. (From here on,
each line you key in is to be followed
by a RETURN, and a RETURN is to be
used at the end of each entry.) This
tells the 8052 the frequency of the
crystal installed in your Microsys.
The 8052 uses this information to
time signals such as its real-time
clock and EPROM programming
pulses.
Type:

PRINT XTAL
The terminal should respond with:

4915200
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Listing 1. Sample BASIC Program

1 REM Program 1, for-next loop
108 FOR I=1 TO 18

20 PRINT I

30 NEXT I

40 END

which shows that your previous
message was received. Now try typ-
ing in and executing a program. List-
ing 1 is a simple program you can
type in at the keyboard, then run on
the Microsys.

Keyin Listing 1. If you make an er-
ror while typing in a line, whether on
this or any other program, erase
characters with the DELETE key.
Once you press the RETURN Key,
however, the line can be changed on-
ly by retyping it completely. To exe-
cute the program, type:

RUN

The terminal should respond by list-
ing the numbers from 1 to 10. If the
program doesn’t run properly, type:

LIST

to review the program entered. Re-
typetheentire line that has anerrorin
it. Then type:

LIST

again to ensure that it’s correct. If it
is, type:

RUN

to execute the corrected program.

The command ““NEW?’’ erases all
lines previously entered for the cur-
rent program and allows you to begin
fresh.

The program in Listing 2 prompts
youto enter a temperature in Fahren-
heit degrees and then converts it to
Celsius and displays both on-screen.
Type in this listing and run the pro-
gram as you did for Listing 1.

Listings 3, 4, and 5 are more sam-
ple programs. The program in List-
ing 3 lets you read or write data to a
location in RAM.

Program 3 first asks you if you
want to read or write. It then jumps

to the appropriate subroutine and
prompts you for the information
needed. If reading is selected, the
special operator XBY in line 80 reads
the data stored at the address re-
quested, and line 90 displays the data
read on-screen. If writing is selected,
line 140 writes the data into the ad-
dress requested.

Writing to addresses below 1000
isn’t advised, as you might over-write
the program you’re executing or
other essential data required by the
system. This could ‘‘crash’’ the sys-
tem. If you do inadvertently cause a
system crash, power down momen-
tarily, then power up and press the
SPACE bar to reboot.

Listing 4 shows the somewhat un-
conventional way that MCS BASIC-
52 handles string, or text, variables.
The STRING statement inline 10sets
aside a portion of memory, and is re-
quired if string variables are to be
used. The second number in the
STRING statement is the maximum
length of string variables allowed
plus one. The first number is the
number of string variables allowed
plus one, multiplied by the second

number. Line 10 allocates space for
one eight-character string variable,
which is declared in line 20. Line 30
displays the string on the screen, and
lines 40 through 60 select each char-
acter in the string individually and
display each on a separate line on

the screen.
Listing 5 uses the 8052’s real-time

clock that creates a 60-second timer
on the terminal’s or computer’s
screen. Line 20 turns on and initial-
izes the clock, which automatically
counts seconds in 5-millisecond steps
and stores the count in the variable
TIME. The ONTIME statement in
line 50 causes an interrupt when
TIME is equal to or greater than 1
second. The program then jumps to
line 80, where it subtracts one from
TIME, increments the seconds count,
and displays the count on the screen.
The program then returns to the
main loop at lines 40 through 60. The
program ends after 60 seconds have
been counted.

These sample programs illustrate
that MCS BASIC-52 is in many ways
similar to other BASICs. There are
some differences, of course: MCS

Listing 2. BASIC Temperature-Conversion Program

1 REM Program 2, Fahrenheit to Celsius

14 DO

20 INPUT "Enter a Fahrenheit temperature (8 to quit): ",FTEMP
T CTEMP=(FTEMP-32)*5/9

aH PRINT FTEMP," degrees F = ",CTEMP," degrees C"

(=15 UNTIL FTEMP=0

] END

Listing 3. BASIC Program For Writing/Reading Data to a RAM Location

| REM Program 3, read and write to RAM

18 o0

28 THFUT "Enter @ (read), 1 (write), or 2 (quit): ",RW
aa IF RW=8 THEN GOSUB 78

4@ IF RW=1 THEN GOSUB 120

1% NHTTII, RW=2

HE EHD

il INPUT "Enter an address to read (8-8191): " ,ADDRESS
i BYTE=XBY ( ADDRESS)

94a PRINT BYTE," is stored in address ",ADDRESS

lae PRINT

11a RETURN

L2@ INPUT "Enter an address to write to (1080-8191): ",ADDRESS
L3l INPUT "Enter data to be written (8-255): ",BYTE

140 XBY (ADDRESS )=BYTE

154 PRINT BYTE," has been written to address ",ADDRESS
160 FRINT

170 RETURN
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Listing 4. BASIC Program That Shows Unconventional

Way MCS BASIC-52 Handles Text ¥ariables

REM reserve string space 1n memory
REM create string variable
REM display string

REM display each character separately

X REM Program 4, string variable
1 STRING 18,9 :

28 $(@)="MICROSYS" :

34 PRINT $(0) :

48 FOR I=1 TO 8 :

5 PRINT CHR($(@),I)

GE NEXT I

TE END

La XTAL=4915200

La| SEC=SEC+1 1
L1a PRINT SEC
L2a RETI

Listing 5. BASIC Program For On-Screen 60-Second Timer

REM program 5, real-time clock

28 CLOCK 1 : TIME=@ : REM start and initialize timer
aa SEC=0 : REM initialize seconds

44 DO

=l ONTIME 1,80 : REM when time=1 second, go to line 80
6@ WHILE SEC<60

78 END

BA REM increment time subroutine

Sa TIME=TIME-1 : REM decrement time

REM increment seconds

REM return to main program

BASIC-52 is in some ways more lim-
ited, and in other ways, more power-
ful, than other BASICs.

Enhancements include the special-
ized statements and commands that
allow you to check for interrupts,
read and write to memory and [/0
ports, and program EPROMs. Limi-
tations of the language are mainly
due to the fact that the entire BASIC
interpreter must fit into the 8k bytes
of ROM available in the 8052.

We don’t have enough space here
to give more than give a few examples
of MCS BASIC-52 programs. The
User’s Manual describes the lan-
guage fully and is essential for seri-
ous experimenting with the Microsys.

When you want to save a program,
you can store it (and up to 254 other
programs, space permitting) in the
EPROM. The BASIC command
PROG writes the program currently
in RAM to the EPROM. To save the
program that you’ve just run, install
BI and B2 in the project via the two
battery snap connectors and then
type:

PROG

Microsys will then program the

EPROM with the program currently
in RAM. The terminal or computer
displaysa ‘“1’’ to show that this is the
first program to be stored in the
EPROM. When programming is
done, you’ll see the READY prompt
at the terminal.

The 8052 has two modes of opera-
tion. In RAM mode (the default), the
RUN command executes the current
program in RAM. In ROM mode,
the RUN command executes the re-
quested program in EPROM. To
specify the mode, type ‘“RAM’’ or
““ROMn,”’ where n is the number of
the EPROM program wanted.

To execute the program now in
EPROM, type:

ROMI1
RUN

This switches to ROM mode, selects
the first ROM program (the only
one, so far), and executes it. To re-
turn to RAM mode, type:

RAM

Powering down doesn’t affect the
programs saved in EPROM. On
powering up again, you ¢an run any
program saved in EPROM by switch-

ing to ROM mode with the appropri-
ate program selected.

Perhaps you’d like to make changes
to the program stored in EPROM.
The information in the EPROM
can’t be changed (except by erasing
everything programmed into the
chip’s ROM section), but you can
edit a stored program if you transfer
it back into RAM. To do this, type:

ROM1
XFER

This selects program 1 in the EPROM,
transfers it to RAM, and switches to
RAM mode.

You can now make any changes
you wish to the program by adding,
deleting, or re-entering program
lines. To save the new, edited pro-
gram to EPROM, type:

PROG

The terminal or computer will dis-
playa ¢2’’ to show that this is the sec-
ond program to be stored in the
EPROM.

To run the new program from
EPROM, type:

ROM2

RUN

To return to RAM mode, type:
RAM

Closing Remarks

Your complete, functioning Micro-
sys allows you to write programs,
save them to EPROM, and run them
from RAM or from EPROM. Feel
free to experiment by writing and
running your own programs on the
Microsys.

Next month, we’ll show you how
to add such ‘‘real-world’’ inputs and
outputs as sensors and displays, as
you transform the Microsys into the
Tempwatch smart thermometer. Of
course, the Tempwatch is just one ex-
ample of what you can do with the
Microsys. The Microsys has wide ca-
pabilities, yet it is user-friendly, pro-
viding a good introduction to the
topic of microprocessor control. ME
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VCR Modulator (from page 45)

~ COAXIAL CABLE

Modulator

g

-»—? o]

Matching
transformer Antenna
M
75Q 300Q2

Fig. 5. How to use 75-to-300-ohm transformer to match project to 300-ohn

twin-lead line that goes to radiating antenna.

rangement and are connecting the ca-
bles directly into the circuit-board as-
sembly, save connection of these ca-
blesto the circuit-board assembly un-
til after you’ve machined the proj-
ect’s enclosure. However, you can
prepare the two cables needed using
standard audio or video cables ter-
minated in phono jacks. These cables
should each be 36 to 42 inches long.
Clip away the plug from one end of
each cable. Then prepare the cut ends
as described above.

Plug one end of one of the cables
into the holes labeled J1, inner con-
ductor into the hole near R8 and
shield into the hole near R7, and sol-
der both into place. Similarly, plug
one end of the other cable into the
holes labeled J2, inner conductor into
the hole near R9 and shield into the
hole near R7, and solder both.

This completes wiring of the cir-
cuit-board assembly. Now very care-
fully inspect the assembly. Check for
components installed in the incorrect
locations and/or wrong polarities.
Also check for poorly soldered con-
nections and connections that have
solder bridges, the latter especially
between the closely spaced IC pads.
Reflow the solder on any question-
able connection and use desoldering
braid or a vacuum-type desoldering
tool to remove any solder bridges.

Now use a magnifying glass to
check all component leads that pass
through holes that should not be at
circuit ground on the ground-plane
side of the board. Make certain that

none of these leads makes contact
with the ground plane. If you don’t
have a magnifying glass, use an audi-
ble continuity checker or ohmmeter
set to a low-resistance range to ascer-
tain that no lead that shouldn’t be is
touching the ground plane.

You can use any enclosure that will
comfortably accommodate the cir-
cuit board assembly as the project’s
enclosure. This enclosure should pre-
ferably be all-metal. Machine the en-
closure as needed. That is, drill
mounting holes for the circuit-board
assembly, fuse holder and switch and
entry/exit of the ac line cord, AUDIO
INPUT and VIDEO INPUT cables (or
jacks JI and J2) and the wire or cable
that connects to the antenna.

Temporarily mount the circuit-
board assembly inside the box, using
%-inch spacers and %-inch machine
screws and nuts. Then very carefully
ascertain where to drill the holes for
access to the adjustment slots on
trimmer capacitor C9, variable in-
ductor L2 and trimmer resistor R/2.
Dismount and set aside the circuit-
board assembly and then drill the
holes in all three locations.

Deburr all holes. Then line all ca-
ble entry/exit holes with small rubber
grommets. Mount POWER switch S/
and the holder for fuse F/ in their re-
spective locations. Pass the free end
of the ac line cord through its rubber
grommet into the enclosure. Tie a
strain-relieving knot in the cord
about 8 inches from the free end in-
side the enclosure. Tightly twist to-

gether the fine wires in each line-cord
conductor and sparingly tin with sol-
der. Solder the center conductor di-
rectly to the circuit-board assembly’s
ground plane. Then crimp and solder
one of the remaining conductors to
one lug of SIB and the other one to
one lug of the fuse holder.

Cut to length a hookup wire and
strip % inch of insulation from both
ends. Crimp and solder one end of
this wire to the free lug of the fuse
holder and the other end to one lug of
SIB. Locate the two wires coming
from the S1 holes on the circuit-board
assembly. Crimp and solder one wire
to the remaining S/A4 lug and the
other wire to the remaining S/B lug.

If you’ve decided to directly con-
nect the INPUT cables to the circuit-
board assembly, route the free ends
through their respective grommet-
lined holes into the enclosure and tie
strain-relieving knots in each about 6
inches from the free ends inside the
enclosure. Plug the free end of the
AUDIO INPUT cable into the holes la-
beled 11 and solder into place. Then
do the same for the free end of the
VIDEO INPUT cable and the J2 holes.
See above for inner-conductor and
shield connection points.

Mount the circuit-board assembly
inside the enclosure, using the %-inch
spacers, this time using lockwashers
with the hardware. If you decided to
use jacks for the AUDIO INPUT and
VIDEO INPUT connections, mount the
jacks in their respective holes. Crimp
and solder the free ends of the cables
coming from the J1 and J2 holes to
the appropriate lugs of these jacks.
Without tying a knot in it, route the
free end of the R-F OUT wire or cable
through its rubber-grommet-lined
hole. Place a %-ampere slow-blow
fuse in the holder.

Checkout & Use

With ICI still not installed in its soc-
ket, plug the project’s line cord into
an ac outlet and set the POWER switch
to ON. Connect the common lead of a
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dc voltmeter or multimeter set to
measure dc voltage to circuit ground.
Touch the ‘‘hot’’ probe to the posi-
tive (+) side of C3. You should ob-
tain a reading of at least + 16 volts at
this point. Next, touch the ‘‘hot”
probe to the + side of CI, which
should now yield a reading between
+11.5and + 12.5 volts.

Now touch the probe to pin 13 of
the ICI socket while adjusting the
setting of R/3. This control should
give you an adjustment range of be-
tween about +5 and + 10 volts. If
so, set R13 for areading of + 8 volts.
At pins 2, 3 and 4 of the ICI socket,
your readings should all be + 6 volts,
while at pins 6, 7, 10, 11, 14, 15 and
16 of the socket the readings should
all be + 12 volts.

If you fail to get the above readings
at any given point power down the
project, unplug it from the ac line
and troubleshoot it. Rectify the prob-
lem before proceeding.

If your project meets all the above
criteria, power it down and allow the
charges to bleed off the electrolytic
capacitors in the power supply. Then
plug ICI intoits socket. Make certain
that the IC is properly oriented and
that no pins overhang the socket or
fold under between IC and socket.

To make the following adjust-
ments, you need a TV receiver and
VCR. You can use the receiver that’s
normally used with the VCR or a sec-
ond TV receiver placed in close prox-
imity to it. Be sure the receiver’s col-
or controls are properly adjusted be-
fore you begin.

Whichever TV receiver you decide
to use for aligning the project, dis-
connect all wires that feed its vhf an-
tenna input terminals and connect
the project’s R-F OUTPUT lead or ca-
bleto the 75- or 300-ohm vhf antenna
input terminals, as in Fig. 4.

Plug the VIDEO INPUT and AUDIO
INPUT cables into the respective out-
puts on your VCR (don’t mix up the
two). Turn on the TV receiver and set
it to unused channel 3 or 4 in your

Say You Saw It In Modern Electronics

area and ascertain that there is no
picture pickup on this channel. Then
set the project’s POWER switch to ON
and turn on your VCR and set it to
play either a tape or tune it to any ac-
tive TV channel.

Use an insulated alignment tool to
very slowly adjust trimmer capacitor
C9 until the TV screen fills with some
sort of video. Don’t pay any atten-
tion to the sound at this point. The
picture may be severely distorted or
even totally black. Adjust the setting
of RI2 for best possible picture.
Then very carefully readjust C9 to
tune the VCR Modulator or fine-
tune the TV for best picture.

Proper tuning will be near the
point where the picture changes from
black and white to color. Adjust R12
for correct color balance by observ-
ing known white objects in the pic-
ture or skin tones.

Finally, adjust the slug in L2 for
clearest sound. This may be a fairly
critical adjustment, so tune very
slowly. When the sound is at its clear-
est, withno indication of ‘‘buzzing,”’
L2 is properly adjusted. Your VCR
Modulator is now aligned and ready
to be put into service.

The TV receiver with which you
normally use your VCR can be re-

stored to its original connection to
the VCR if it was used to align the
project. The Modulator can be used
to feed the vhf antenna input of a se-
cond TV receiver, which will now re-
ceive the video and audio signals de-
veloped by the VCR.

If you’re able to operate your proj-
ect with a direct connection to the se-
cond TV receiver, nothing further
needs to be done. However, if your
setup precludes direct connection,
you can experiment by connecting
one length of wire to the vhf antenna
input and another to the R-F OUTPUT
of the VCR Modulator and deter-
mining if the TV receiver receives
sufficient signal level to assure good
picture and sound reception. This
will depend on distance between pro-
ject and receiver and your receiver’s
sensitivity.

Signal strength will depend upon
how good the impedance match of
the output from the project is. You
can experiment further by connect-
ing a 75-t0-300-ohm matching trans-
former to the project, asillustrated in
Fig. 5. This arrangement will allow
you to connect ordinary 300-ohm
twin-lead cable to the output of your
VCR Modulator and may improve
the “‘sensitivity’’ of the TV receiver.
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10 Hz to 2.2 GHz (from page53)
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Fig. 5. These photos show fully wired circuit-board assem bly from top (left) and bottom (right) perspectives. Note in
both photos how BNC connector mounts on board with its threaded section straddling both sides.

28-pin DIP socket in the U1 location.
Then exercise the same handling
technique for MOS devices to install
Ul in the socket. Make sure you
properly orient the IC in the socket
and that no pins overhang the socket
or fold under between IC and socket
during installation.

Pictured in Fig. 5 are both sides of
a fully assembled frequency-counter
circuit-board assembly just prior to
installation in its enclosure. The pho-
to on the left is of the top, the one on
the right the bottom of the board.

Any enclosure that will comfort-
ably accommodate the circuit-board
assembly can be used to house the
counter. An all-metal enclosure that
measures 3% X 3% X 1inches should
do just fine. Otherwise, as mentioned
above, you can build the project into
an existing piece of equipment and
use it as you would a panel meter.

#

Machining of the enclosure can be
atedious task. Four rectangular slots
must be cut and three holes must be
drilled in the front panel. One slot is
the long and narrow display window
that goes almost clear across the
front panel; the three other slots are
small enough only to permit normal
operation of the three switch slides.
The drilled holes are for mounting
the LED and accessing the tuning
slots of the trimmer capacitors.

A large hole for the BNC connec-
tor to exit the enclosure must be
drilled in the top panel, and a suitable
hole for the ac adapter/charger’s
jack must be drilled in the left side
panel. No holes need be drilled for
mounting the circuit-board assembly
in place. When the enclosure has
been machined, paint it if you wish
and then use a dry-transfer lettering
kit to label the front panel (see lead
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photo for details). Spray two or more
light coats of clear acrylic over the
lettering to protect it from wear. Al-
low each coat to dry before spraying
on the next. Then cement a transpar-
ent red plastic lens over the display
window inside the enclosure.

You can eliminate having to do all
this metal work, of course, by pur-
chasing a machined, painted and
silk-screened enclosure with plastic
window from the source given in the
Note at the end of the Parts List.

Checkout & Calibration

Now that your counter is completely
assembled, give it a thorough visual
inspection. Check to make sure that
all components are installed in their
respective locations and that those
that are orientation-sensitive are in-
stalled properly. Also check your sol-
dering. Solder any missed connec-
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tions, reflow the solder on any con-
nection that appears questionable
and use desoldering braid or a vacu-
um-type desoldering tool to remove
inadvertent solder bridges.

When you are confident that
everything is okay, plugthe ac adapt-
er/charger into the jack on the side of
the instrument and into an ac outlet.
Setting the PWR switch to AC-CHG
should cause some if not all of the
digits in the display to come on and
the GATE LED light to light. If every-
thing is okay, you will note that the
7805 voltage regulator at the lower-
right on the top side of the circuit-
board assembly runs warm to the
touch. This is the normal operating
condition for this regulator.

After proper operation is verified,
set the RANGE switch to position A
and feed a signal in the low A range
into the input of the frequency count-
er, using a precision reference source
and note the displayed frequency. If
this frequency does not agree with
the rated precision reference fre-
quency, adjust the setting of trimmer
capacitor C35 until it does. Use a
non-metallic tuning tool to make the
adjustment.

Set the RANGE switch to position B
and feed another precision reference
frequency in the range between 10
MHz and 2.2 GHz into the counter
and note the reading in the display. If
this reading does not agree with the
specified reference frequency, adjust
the setting of trimmer capacitor C34
until it does. Again, use a non-metal-
lic tuning tool to make the adjustment.

Now that your frequency counter
is ready to be put into service, there
are many new applications that you
can find for this very sensitive wide-
range portable instrument. Next
month, we will explore some of the
many possible uses for this counter
and show you some useful techniques
to use for making measurements. We
will also include counter surveil-
lance, troubleshooting, servicing of
two way radios, obtaining scanner
frequencies and other topics. ME
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They’re Here!

Hll

MODERN

You’ll want these two exciting proj-
ect books, packed with complete
plans for building a wide variety of
usefui electronic devices. The First
and Second Books of Modern Elec-
tronics Fun Projects, both Howard
W. Sams publications, are now
availabie.

You'll find all the how-it-works informa-
tion, schematics, photos, drawings,
printed-circuit guides and parts
sources to make it a snap to build al-
most 50 useful, unique electronic de-
vices at modest cost.

Discover how these circuits and mod-
ern slectronic devices perform their
magic. Learn practical electronic tech-
nology the painless way and have fun
doing it!

All projects are based on material pub-
lished in Modern Electronics, with up-
dates and revisions. They’ve been built
and tested by the original authors.
Chapters are divided into Intro To Elec-
tronic Projects, Home Electronics,
Audio/Video Electronics, Security Elec-
tronics, Computers, Test Equipment,
and Electronic Designing. There’s
something for everyone!

Look at what you can bulld & take pride in:
*Digital voltmeter accessories—high-
frequency ac probe, true-rms adapter,
temperature probe

*Car projects—anti-theft alarms, engine
tachometer

*Life-saving detectors—gases & micro-
wave leaks

MODERN ELECTRONICS

ELECTRONICS
FUN PROJECT BOOKS g

segond B0 onics
Modern EleciT et

fun Prof

52

*Computer system power controller

*Dual-pulse generator

*Surround-sound audio enhancer

*Security—telephoned status reporter,
alarm control center

*Home convenience—selectable phone
ringer musical tunes, touch-sensitive
light controlier.
... and so much more.

The Fun Projects are capped by introduc-
tory information on building projects and
kits (tools needed, parts sources, etc.)
and advanced design techniques that il-
lustrate how a designer thinks and plans
when putting together a practical end
product.

From beginning to end, MODERN ELEC-
TRONICS FUN PROJECT BOOKS are for
you! Order them today for a fast start in
the world of electronics.

76 N. Broadway, Hicksville, NY 11801 Order Date:
Qry Title Price Total
Name
First Book $12.95 ea.
Address of Modem
Gi Electronics
ity Fun Projects
State Zip Second Book | $12.95 ea.
of Modem
( }Check( )MasterCard( )VISA Eiectronics
Card No. Fun Projects
Total
Expires °
*Shipping
Signature Grand Total

(Signature required on all charge orders)

*Shipping charges $2 per order. Orders procsssed day
received, but please allow 30 days for delivery.
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WORLD’S SMALLEST
WEATHER STATION

THE AMAZING WEATHER COMPUTER THAT
YOU CAN HOLD IN THE PALM OF YOUR HAND.

DIGITAR’s new TWR-3 Micro Weather Station includes
a computer, precision wind vane and speed sensor with
mounting hardware, and 40 feet of cable. For only
$159.95. With the optional, automatic-emptying RG-2
Rain Collector ($49.95) you can even monitor rainfall!

* WIND SPEED # RAINFALL (Optional)

= WIND DIRECTION * TIME OF DAY

* WIND CHILL * AUTO SCAN

* WIND GUST RECORD * METRIC/ STANDARD

» TEMPERATURE = NICAD READY

*« HV/LOW TEMP RECORD  * ONE YEAR WARRANTY

MAGNAPHASE INDUSTRIES, INC.
1502 PIKE STREET N.W.
MADEINUSA.  suyRN,Wa 98001
ORDERS ONLY: 800-322-1502

M/C & VISA

MODERN ELECTRONICS MART

Classified Commercial Rates: $1 per word, 15-word minimum ($15.00) prepaid. (Word
count includes name and address; ZIP code and abbreviation each count as one word;
P.O. Box number and telephone number count as two words each.) Indicate free cate-
gory heading (Computers, Communications, Electronics, Video or Miscellaneous). A
special heading is available for a $6 surcharge. First word only is set boldface caps at no
charge. Add 20% for additional boldface words.

Non-Commercial Rates: FREE to subscribers, as space permits; maximum 15 words. A
recent MODERN ELECTRONICS mailing label must accompany ad.

(All advertisers with P.O. Box addresses must supply permanent address and telephone
number. Copy is subject to publisher approval.)

Mailing Information: Copy must be received by the publisher by the 25th of the third
month preceding the cover date. Send Advertising material with check or money order or
credit card information (Visa or MasterCard only) with number and expiration date to:
MODERN ELECTRONICS, Classified Department, 76 N. Broadway, Hicksville, NY
11801.

PROJECTION TV . . . Convert your TV to
project 7 foot picture . . . Easy! . . . Results
comparable to $2,500 projectors . . . PLANS
AND 87 LENS $24.95 . . . Professional Sys-
tems available . . . Illustrated Catalog FREE
. . MACROCOMA 15MH Main Street,
Washington Crossing, Pennsylvania 18977.
Creditcard Orders 24 HRS. (215) 736-3979.

COMPUTERS

DESCRAMBLERS. All brands. Special: Jer-
rold combo 400 and SB3 $165. Complete cable
descrambler kit $39. Complete satellite de-
scrambler kit $45.00. Free catalog. MJO IN-
DUSTRY, Box 531, Bronx, NY 10461-0531.

VHS-VCR Repair Solutions Volumes LILIII,
1V. Each contains 150 symptoms and cures,

cross reference chart, free assistance. Each
$11.95, any two $19.95, any three $29.95, all
$39.95. Eagle Electronics Box A, 52053 Locks
Lane, Granger, IN 46530.

COMPUTER REPAIR DEPOT. IBM, Com-
paq, Apple, AT & T, and many others. Call
Bi-Tronix, Inc. (408) 236-3385 or (209) 952-
7116, PO Box 23069, San Jose, CA 95153.

INFORMATION: 206-735-0374 FAX: 206-735-9044

Dick Smith
is alive
and well

in Indiana

and the new

SPRING '89 CATALOG
Is NOW AVAILABLE

The Dick Smith Electranica Catalog [ (he
fun way to find the elecironic things you
need. And the March Catalog is bigger -
176 pages crammed full of the things e
other guys. dor't offer - and betler - with
muore of owr exclugive dota peges including
the new "feed back ' section that invites
your participation. And now the Catalog is
a5 dynamic as Dick himself with 8 new
issue each month to keep you up-fo-date in
the feskpaced world of electronics. Join
the fun! Send us your name, address, and
$2 for your new March '88 Catalog today!

JO FOLGERS, Catalog Subscriptions
P.O. BOX 488, GREENWOOD, IN 46142
Phone 317-888-7265 - Fax 317-888-7368

CIRCLE 35 ON FREE INFORMATION CARD

90 / MODERN ELECTRONICS / April 1989

CLASSIFIED ADVERTISING ORDER FORM

Mail this form with payment to MODERN ELECTRONICS, Classified Dept., 76 N. Broadway,
Hicksville, NY 11801.

Name:

Street Address:
City:

State: Zip:

PRINTEACH WORDSEPARATELY. Note that P.O. Box numbers* and telephone numbers must
be counted as two words each. Circle additional words you wish boldfaced at 20% more each (initial
boldface word is free). Minimum charge is for 15 words.

Free Boldface 2 3 4
5 6 7 8
9 10 11 12
(PLEASE ADD)
$____ ExtraBold Words @ 20 cents $ Special Heading ($6)

TOTAL PAYMENT ENCLOSED (Check or Money Order): $

Payment may also be made by MasterCard or Visa. For this, please fill in information below.

Credit Card Number Expire Date

Print Full Name Signature

*1f a box number is used, please supply your permanent address and telephone number for our records.
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AK, Puerto Rico — 218-681-6674 Tolex — 62827914 FAX — 218-681-3380 TWX — 9103508382 DIGt KEY CORP

://1-800-344-4539
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The Dig: Key volume discaunt dnd service charges are simple to apply. Mosi tems soid by Digr Key muay be comned tor a volume discount ltems that are a0l discountable dare uleﬂnhed by 1he suthn sERvIcE c HARG Es

ND following the part number. Atier wiiting your order, total all of the discountable items and apply the aspropnate discount To this subtotal, add the non discountable items Then add the service

charge. We pay ail shipping and insurance to addresses  the U S.A.. Canada and Menico when chieck of Tioney order accompanies order. Dig-Key only ships orders within the continentai U S . Alaska. ‘ 0.00-424.99 . ----Add $3.00 99.99...... -NE
lndUp . «<++./No Charge ‘ 100 oo 31‘9 99 . . .Less 10'/0

.00-$499.99 . .Less 15%
4.500.00-$999.99 , . .Less 20%

Hawan, Canada and Mexico.

WHEN ORDERING BY PHONE, CALL 1-800 344 4539 (AK, call 218-681-6674). BY MAIL SENO YOUR OROER TO: OIGIKEY, P.O. Box 677, Thiel River Falls, MN 56701
You may pay by check, money order. Master Chaige; VISA ot C.0.0. DIGHKEY GUARANTEE: Any parts or products purchased from DidKey that prove 10 li: defactive will be replaced or rehund $10008 U T
ed it returnea within 90 1tavs fram ceceipt with 3 copy of your nvaice. “PRICES SUBJECT TO CHANGE WITHOUT NOTICE." P.. - ess 25%
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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 9V
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 inc!.

The WIRELESS TELEPHONE TRANSMITTER model
WTT-20 is only about the size of a dime, yet transmits

from the telephone line Itself - never needs a battery!

ly $29.98 tax incl.

Call or send MO, VISA, MC for immediate delivery.
Single kit orders include $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

both sides of atelephone conversation to any FM radio
with crystal clarity. Completely automatic. Uses power

Up to % mile range. Tunes from 70mhz - 130mhz. Easy
to assemble kit includes all parts and instructions. On-
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CABLE T.V. CONVERTERS

WHY PAY A HIGH MONTHLY
FEE?

All Jerrold, Oak, Hamlin, Ze-
nith, Scientific Atlanta, Mag-
navox and all specialized cable
equipment available for ship-
ment within 24 hours. For fast
service MC/VISA or C.0.D. tele-
phone orders accepted 800-
648-3030 60 Day Warranty
(Quantity Discounts) 8 A.M. to
5 P.M. Monday through Friday
Central Time. Stamp Envelope
(60¢ postage) for FREE Catalog.
Midwest Electronics Inc.

5143 W. Diversey ¢ Chicago, IL 60639
No lllinois Orders Accepted
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ELECTRONIC

EAVESDROPPING
EQUIPMENT DESIGN

If you have been looking for the ‘‘real
thing’' in electronic eavesdropping equip-
ment design, then this book is for you. All
58 schematics presented are Sheffield
Electronics’s surveillance devices. Circuits
explained. Transmitters are pens to 1-mile
VOX's including crystal, subcarrier, carrier
current, infrared, firefly and automobile.
Demodulators given. Cube tap and duplex
mains powered transmitters shown. 18
telephone transmitters are leech and bat-
tery types including crystal and subcarrier.
Chapter on countermeasures. Much more.
This 82 x 11-inch 110-page book is
illustrated with photographs.

First Class Mail Used  Price $30.00
S &H $4.00
For 1-day processing, pay with Money

Surface Mount Chip Component
Frrgnlyplng Kits—

CCA Capacnor KncontamsSGSpneces 5ea.ofe every
10% value from 1pf to .33uf. CR-1 Resistor Kit contains
1540 pieces; 10 ea. of every 5% value from 100 to 10megQ
Sizes are 0805 and 1206. Each kit i1s ONLY $49.95 and
available for Immediate One Day Delivery!

Order by toll-free phone, FAX, or mail. We accept
VISA, MC, AMEX, COD, or Pre-paid orders. Company
P.0.'s accepted with approved credit. Call for free
detailed brochure

ﬁMMUNICATIMS SPECIALISTS, INC.

426 West Taft Ave. * Orange, CA 92665-4296

Local (714) 998-3021 - FAX (714) 974-3420
Entire USA 1-800-854-0547
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ROOM SURVEILLANCE
TELEPHONE

This is a normal functioning
telephone! EXCEPT it has a
secret built in room monitor
Only YOU can call and monitor all room conversations,
using a secret code, and never be detected!
$175.00 — 6 month Warranty — Phone Tap Catalog $3.00
LISTEN ELECTRONICS, 603 Elgin, Muskogee, 0K 74401
1-800-633-TAPS

CABLE-TY BOXES
Descramblers ® Converters
FREE CATALOG
TRANS-WORLD CABLE CO.
12062 Southwest 117th Ct., Suite 126
Miami, Florida 33186
800-442-9333

An interesting and worth-
while project This EASY
TO-BUILO circuit lets you
use any regular TV set as

ST e
-
a simple 0SCILLOSCOPE

DETAILED PLANS: $4.95 Build for less than $10

TV'SCOPE N0 MOOIFICATIONS TO TV!

Single or dual trace
PENN RESEARCH, Box 3543 Send for FREE CATWLOG of
Williamsport. PA 17701

plans and Kkits.

other

SUBLIMINAL

ATTENTION - Wnovancr |
TECHNOCRATS i mnes

* Mossures sonic waves !
: 10-60KHz A common |
> wource of Headaches.
1 $79.95

INDUCTIVE AUDIO TRACER ::

The SHMAGUE sudio tracer lets you listen to : TAPE SAVER
magnetic fields. Just hold the robe next o 8 I Gonnects your seanmer
wire or tomponent psssing sudio currents and £ 'tape recorder for "ac-
Rext the goundi "Baitery opersted with internal & {ion only® recording.

ker. Only 350 5349 95

SIGNAL INTENSIFIER
RF PREAMPLIFIERS
CB RFTR amplifies received

signals 13dbl AM-$49.95
SSB version $64.95

SCANNER ppp_g0  05-1300MHs i yAK-TENNA $29.95
BNC,UHF, or F con avail g
- 30-500MHg For: Scanner, Ham,

15db gain $69.05 i
MARINE i TV, FM. Specify connector h
RETR-M improves VHFL g% b \Ctorot

APARTMENT
ANTENNA!

Suction cup mount VAK- *
TENNA mounts on glass!

Order or Cashlar’'s Chack.
SEND TO: WINSTON ARARINGTON

7223 STONY ISLAND AVE.,
CHICAGO, IL 60649

marine recoption $99.95
SUPER VAK-TENNA $149.95

i MANY MORE MODELS!
ELECTRON PROCESSING INC  _.5-800MHz AMPLIFIED active
:03BOX|708 14DB gain. For: Shortwave, AM,
MeDronD, N s e e

110VAC or 13VDC powered.
SEND FOR FULL DETAILS! ADD $4 S/H & Tax if NY
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SUPER XT COMPATIBLE MOTHER-
BOARD (SI:7.7) DESIGNED TO DIRECT-
LY REPLACE XT OR COMPATIBLE
MOTHERBOARD FOR SPEED UPGRADE.
CTI1, 1418 UPFIELD, SUITE 127, CAR-
ROLLTON, TX 75006.

COMMODORE REPAIRS (low cost),
CHIPS, PARTS, DIAGNOSTICS. Heavy
duty POWER SUPPLY for C64-$27.95 plus
UPS. Kasara Microsystems (division of QEP),
1-800-248-2983.

ELECTRONICS

VOICE Disguisers! FM Bugs! Telephone
Transmitters! Phone Snoops! Bug Detectors!
More! Catalog $1.00: XANDI ELECTRON-
ICS, Box 25647, “HH"’, Tempe, AZ 85285-
5647.

TUBES, Name Brands, New, 80% off list,
Kerby, 298 West Carmel Drive, Carmel, IN
46032.

PICTURE flyer lists quality electronic parts at
low prices. Send for 3 sample issues. Star-
Tronics, Box 683, McMinnville, OR 97128.

GET your “F.C.C. Commercial General Ra-
diotelephone License.”’ Electronics Home
Study. Fast, inexpensive! ‘‘Free’’ details.
COMMAND, D-221, Box 2824, San Francis-
co, CA 94126.

PORTFOLIO of 25 schematic diagrams for
electronic surveillance and counter measures
devices. Includes parts list. Send $12.95, post-
paid. L. Smith, P.O. Box 286, Phoenix, Ari-
zona 85001.

CB Tricks of the Trade book, CB repair tricks
and tuning tricks. Send $19.95 to Medicine
Man CB, P.O. Box 37, Clarksville, AR 72830.

PROFIT! TOP QUALITY SOLDERLESS
BREADBOARDS AND DIGITAL MULTI-
METERS FOR LONGTERM QUANTITY
BUYERS. STORES ARE MOST WEL-
COMED. CTI, 1418 UPFIELD, SUITE 127,
CARROLLTON, TX 75006.

ELECTRONIC COMPONENTS Free 192
page catalog including capacitors, resistors,
relays, connectors, soldering equipment and
supplies. Box 699, Mansfield, TX 76063.
1-800-992-9943.

WIDE range Tunable Ultrasonic Receiver,
Long Range Listening “TUBE’”’, Bug detec-
tor, BC DX Booster, Scanmate, Voice coder/
decoder, and other interesting products. Cata-
log $1.00. KRYSTAL KITS, P.O. Box 335,
BENTONVILLE, AR 72712.

ELECTRONIC Test Equipment, Laboratory
Equipment, Experimenter’s Items.—Indus-
trial and Government Surplus and priced
Cheap! Send 50¢ for Catalog to: Lehman,
R.D. 1 Box 580, Wrightsville, PA 17368.

VARIABLE power sources are often tran-
sistorized dividers extremely inefficient at low
voltages, or bulky, costly switchers. Our
POCKET SIZE SWITCHING POWER
SUPPLY operates on 9v battery or DC adap-
tor. Continuousty variable zero to near adap-
tor voltage. 300ma, load regulated. Efficien-
cy: 70% min down to lv. Switchable to pulse
output. $39, free brochure. Dealer inquiry
welcome. PARAWING, P.O. Box 65, Menlo
Park, CA 94026.

Say You Saw It In Modern Electronics
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tronic Books, etc. Send $2 for info to Band R
Enterprises, P.O. Box 662, Portage, MI
49081.

SOUND CHASER unusual complete plans
$5.00. R.D.J. Enterprise, P.O. Box 378, Or-
leans, Ont., Canada K1C 1S8.

FCC Commercial General Radiotelephone
License Prep Course by correspondence. 60
individual lessons, $89.50. Payment plan.
Also BASIC COMPUTERS, $39.50; cer-
tificates. Details free. AMERICAN TECH-
NICAL INSTITUTE, Box 201, Cedar Moun-
tain, NC 28718.

SOLAR ELECTRIC SYSTEMS. Discount
prices. SUN POWER - TEXAS, P.O. Box
2788A-ME, Freeport, TX 77541, (409)
233-8350.

COMMUNICATIONS

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-ME4, Paradise,
CA 95967.

SURVEILLANCE - COUNTERSURVEIL-
LANCE: Send $2.00 for catalog of state of the
art equipment, books. Sherwood, Box 535M,
Southampton, PA 18966, telephone number
215-357-9065.

ALUMINUM image transfer process, your
artwork to aluminum. Write: J & E Enter-
prises, 2457 N. Marmora, Chicago, Illinois
60639.

VIDEOCIPHER 11

VIDEOCIPHER II Manuals. Volume 1 -
hardware, Volume 2 - software. Either $32.45.
Both $54.95. Volume 3 - Projects/software -
$42.50. Volume 4 - Repair - $89.95. CODs -
602-782-2316. Catalog-$3.00 TELECODE
Box 6426-ME, Yuma, AZ 85366-6426.

RECORDING INSTRUCTION

BE A RECORDING ENGINEER; Train at
home for High Paying—Exciting Careers.
FREE Information. AUDIO INSTITUTE,
2174 Union St., Suite 22AB, San Francisco,
CA 94123.

CABLE TV DESCRAMBLERS

JERROLD, Scientific Atlanta, Zenith, all ma-
jor brands available. Dealer inquiries wel-
come. VISA/MC accepted. Call for informa-

tion 1-800-638-6898. E & O Video Inc., 9691
E. 265th, St. Elko, MN 55020.

CABLE TV EQUIPMENT

CABLE DESCRAMBLER LIQUIDATION.
Major makes and models available. Industry
pricing! (Example: Hamlin Combo’s, $44
each . . . minimum 10 orders). DEALERS
ONLY! Call West Coast Electronics, (818)
709-1758.

CABLE EQUIPMENT

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,
Ohio 43062.

CABLE TV

CATYV converters & descramblers. Quality
products. Professional service. Call 1-800-
541-5487. VISA M/C accepted. Mountain-
tech Inc., Box 5074, Mt. Crested Butte, CO
81225.

INVENTORS

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 Canada
call (413) 568-3753.

MISCELLANEOUS

ASIAN LADIES want correspondence for
friendship, marriage, SUNSHINE INTER-
NATIONAL, Dept. TW, Box 5500, Kailua-
Kona, HI 96745. (808) 325-7707.

EXTRA Strength Apex® Screwdriving Bits.
Popular and Hard-to-Find sizes. Free infor-
mation. Shockey’s, 5841 Longford Road, Hu-
ber Heights, OH 45424, (513) 236-2983.

POCKET KNIFE with ELEVEN PRECI-
SION TOOLS including: blades, scissors,
openers, saw and much more! Send $12.95.
CA Residents add tax. LaFollette Imports,
Dept. 1A, Box 2275, Vacaville, CA 95696.

BUY 20,000 oriental import products below
wholesale. Bevans, Dept.-PE, 9 King Richard
Ct., Baltimore, MD 21237.

BURGLAR PROOF YOUR HOME AND
CAR. BURGLAR PROOFING KIT. BOOK
AND MORE. $5.00. C.S.M. ENTER-
PRISES, BOX 309, NEW LENOX, IL 60451.

m A QUALITY PARTS _*DISCOUNT PRICES _*FAST SHIPPING
ELECTRONICS ALL ELECTRONICS CORP)
—
1 76 N. Broadway, Hicksville, NY 11801 10 AMP SOLID STROBE KIT CASSETTE MECHANISM
EE INFORMATION SERVICE o NG [l
FR ELECTROL# S2181 7 I ]
. g, = machanism. S
] . i m@%o1o Vde =TS Includes stara;ﬁ’z{_ s
For further information on products, dealers, or literature (wil operate on 3-32 Vdc). = R R A
H H - H H ~ Variabi te strobe kit, flashas be- subishi - 13,
inthisissue, circle the appropriate numbers below. Be sure X e twoen 60 5 120 tmes por eiate. vl ] motor, ok, pulleys, capstan, fast-
i ihi g ither 6 or 12 Vdc depend- | | forward, rewind and eject actuator.
to 'nCIUde your name and addfess befof‘e Lmalllng' CAT‘OSU/S“ZLT%:,?;SCSEISTO oach Dﬁ::):: ::wa;ouo;la the dvm" Doas not include ampllihar soudaiot:\'.
1 2 3 4 5 (] 7 8 8 10 1t 12 10 for $85.00 + 25 for $175.00 || Comes complete with P.C. board and |16 172" X 5 174" X 1 3/4°.
50 for $300.00 + 100 for $500.00 instructions for aasy assembly. CAT# CMEC.5  $7.50 each
13 14 15 16 17 18 18 20 21 22 23 24 DIt — CAT# STROBE-1 $7.50 each 10 for $65.00
25 26 27 28 29 30 31 32 33 34 35 36 S TS == T
R ARNG @ care e an o By ANSFORMERSH  shsniasineso
37 38 39 40 41 42 43 44 45 43 4T 48 wamne B Y |l5z= 2 2= i |l () vy | Iy
49 50 51 52 53 54 55 56 57 53 59 60 il | Evvioioc i S S - o nm-.uu-mwm
61 62 63 B4 65 66 87 68 69 7D 71 72 eyt | T ol R | N\
s 76 du PC.board moun, | TR0 NPM TO®R Sk 508 YELLOW CAT# LEDS
AT o MWL NPH TOR  Siee 7S¢ .va:om: CATe OCTI478 4180 ) 5 e
Romos o oo™ s omomomos [ESCeol i E G ED ERRMEEE) ERED
85 86 8! 68 89 90 9 92 983 94 95 O3 e R B S g onson
97 98 99 100 101 102 103 104 105 106 107 108 Sl 3R T R RS | SWITCHES =
Mmterirs s || A 103 30w H ruom e 20X CATe LEDAa 10r 3240
109 110 111 112 113 114 115 116 117 118 119 120 el B Ll e Lot o)
g ™X PP TOZ0 7S¢ amch . NO. Lights RED one a¥ection.
121 122 123 124 125 126 127 128 1290 130 131 132 arrEnes || B BE AT |resdmemeomes |[SEIIEL,
133 134 135 138 137 138 139 140 141 142 143 144 e | = BE ED || rosmon winerany || Lonot0eR "
145 146 147 148 149 150 151 152 153 154 155 158 Pansacrics P-18AA T me Tomm e H e s oo e
i ATE T WIDE BAND AMPLIFIER [{! o Opontione 525" dn
157 158 159 160 161 162 183 164 165 186 187 168 it S e AR A X 75 g, T e b o RELAVS]
Do Suze 100 500 - v i : > -
169 170 171 172 173 174 175 176 177 178 179 180 - Srtrmange s g X 28 m o WAL EFFECT SwiTcH e
| et Tt e
Insert Issue date here A O N-CHANNEL MOSFET ||Sm ot snvenran W@ E"'::i';'f:-wn -
NS e S e N | e e
(month) (year) oty | LAE GUANTITY SVAIABLE T e
CATe NCB-SAA - 1000 $2.00 - 100 tor $18.00 10 Amp cormects 2/
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(mustbeIcomp) o) T |, ooy e T e
-t | PR g e S G Rea g
Name CaTe WCBD o st 0 =80 CATE PB19_81.05 ach 10 ko $1.50 sach | |CAT ALY-328 $5.50 sach
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FOR OUR P.0. BOX 567 o L
Address FREE VAN NUYS, CA 91408 MINIMUM ORDER $10.00 w
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ADVERTISERS’ INDEX

RS# Page #
21 AMC Sales...........coviiiiiiin.
47 ARRL ..o
48 Ace Communications...............

40 Al Electromics.........ooovvueinan
- BMG Direct Marketing..............
45 Breath Alert.......................
19 C&S Sales..........coviviiiinnn,
98 Cleveland Institute of Elec. ... ... Cov.IN
42 Communication Specialists. .........
24 Consolidated Electronics............
30 ContactEast.............oooiiuin
26 Cook’s Institute. .. .................
44 Deco Industries....................
36 Digi-KeyCorp......................
46 Digital Research Computers..........
- Electronics Book Club..............
38 Electron Processing Inc..............

- Grantham « .« .o e i aiaaaaannanns
49 J & W Electronics, Inc...............
95 Kenwood, USA............... Cov. 1V

- Listen Electronies..................
39 MCM Electronics. .........oovvnn...
- Magnaphase Ind., Ine...............
43 Midwest Electronics................
- NRISchools. ......ooiveiinn.. 10, 13
74 OptoElectronics. . .............. Cov. 11
- Pacific Cable Co., Inc................
115 Parts Express International...........
S Penn Research.................. ...
41 Radio Shack................c.con.

Free Product Information

Readers can obtain free information on
products advertised by the above com-
panies, as well as for some editorially
mentioned products. Simply circle the
appropriate number printed below an
advertisement onto the Modern Elec-
tronics ‘‘Free Information Service'’
card bound into this issue. After filling
in your name and address, just mail the
postpaid card. Your request will be for-
warded directly to the advertiser with a
mailing label prepared by our reader-
service department to ensure speedy re-
sponse.

25 Rubitron Instrument................ 78
35 Smith Electronics, Dick............. 90
- Trans World Cable Co............... 92
28 Viejo Publications. ................. 79
- Weka Publishing................... 41
- Winston Arringlon................. 92 1

Midi Music (from page33)

The author at work in Solar Wind Studios, a small San Francisco Bay Area re-
cording studio that specializes in MIDI sequencing and recording. An Atari
1040ST computer controls up to 32 tracks of MIDI’s instruments simultaneously.

Typical Applications

Now that you have a basic under-
standing of how MIDI works, let’s
look at some of the ways musicians
use MIDI on-stage and in the studio.
The simplest application was illus-
trated in Fig. 1, where a master in-
strument controls a slave instrument.
The combined sounds are ‘‘thicker”’
and more complex than either instru-
ment would produce by itself. Many
of the sounds used in today’s music
employ this method, which is known
as “‘layering.”’

A variation of this technique is il-
lustrated in Fig. 2. Here, a master
controls a number of slaves using the
MIDI Through box. By assigning
each module to a different channel,
different modules can be selected
simply by changing the controller’s
channel.

Since a number of instruments
have been designed to serve as master
controllers, these allow multiple-
channel data to be sent at one time or

allow the musician to set up specific
areas of the keyboard to transmit
data on different channels. This is es-
pecially useful in concert work,
where a musician might need to ac-
cess a variety of different sounds
while playing a single song.

Adding a computer or software se-
quencer greatly increases the musical
possibilities of the system illustrated
in Fig. 3. Here, the controller can be
used to play the sound modules di-
rectly or to input data to the sequenc-
er. The recorded data can then be
edited as already described, and indi-
vidual parts can be assigned to vari-
ous modules. This leaves the per-
former free to play along or impro-
vise against the sequenced parts, thus
creating a true ‘‘one-man band.”’

In five short years, MIDI has dra-
matically changed the way many mu-
sicians view, create and perform their
art. Giving this amazing start, it’s
virtually a sure bet that MIDI will
continue to influence—and ultimate-
ly dominate—the music of tomorrow.
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" EXPAND YOUR CAREER HORIZONS...
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The CIE Microprocessor Trainer helps you to learn how circuits with
microprocessors function in computers.

STAI ! I WITH CIE- the handy reply coupon or card below to:

Cleveland Institute of Electronics,

Microprocessor Technology. Satellite Communications. 1776 East 17th Street, Cleveland, Ohio 44114,
Robotics. Wherever you want to go in electronics... — _____ _ _ _ _ _ _ _ _ _ _ __ __ _ _ _ __ _ __ __ __ __
start first with CIE. [ = B AMO-136

h . E World Headquarters

Cleveland Institute of Electronics, Inc.

1776 East 17th Street e Cleveland, Ohio 44114

[0 Please send your independent study catalog.

For your convenience, CIE will try to have a representative
contact you — there is no obligation.

Why CIE? Because we're the leader in teaching
electronics through independent study. Consider this.
We teach over 25000 students from all over the
United States and in over 70 foreign countries. And
we've been doing it for over 50 years, helping
thousands of men and women get started in
electronics careers.

We offer flexible training to meet your needs.
You can start at the beginner level or, if you already Address _ Apt.
know something about electronics, you may want to , _
start at a higher level. But wherever you start, you oy ———— - Se P
can go as far as you like. You can even earn your Age Area Code/Phone No. ==

Associate in Applied Science Degree in Electronics.
Let us get you started today. Just call toll-free
1-800-321-2155 (in Ohio, 1-800-362-2105) or mail in

CIRCLE 98 ON FREE INFORMATION CARD

Check box for G.I. Bill bulletin on Educational Benefits
1 Veteran {1 Active Duty MAIL TODAY!
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KENWOOD

...pacesetter in Amateur Radio
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+Scan the entifé trequency
7rﬁa‘;ng\efromrzoo kHz to 905
MHz with Kenwood’s
R-5000, R-2000 and
RZ-1. Listeninon
foreign music, news,
and commentary.
Monitor local police,
fire, and other public
safety services, as well as the
Marine channels, and the many other
servnces 50 MHz and above

T™H

R-5000

The R-5000 is a high performance, top-
of-the-line receiver, with 100 memory
channels, and direct keyboard or main
dial tuning—makes station selection

RZA

Wide-band scanning receiver

The RZ-1wide-band, scanning receiver
covers 500 kHz-905 MHz, in AM, and
narrow or wideband FM. The automatic
mode selection function makes listening

g
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super easy! Otheruseful features
include programmable scanning, large,
built-in speaker, 110 volt AC or 12 voit DC

operation (with optional DCK-2 cable),
VHF capability (108-174 MHz) with the
VC-20 option, dual 24-hour clocks with
timer, and even voice frequency readout
with the VS-1option

easier. One hundred memory channels
with message and band marker, direct
keyboard or VFO frequency entry, and
versatile scanning functions, such as
memory channel and band scan, with
four types of scan stop. The RZ-1is a

12 voit DC operated, compact unit, with
built-in speaker, front-mounted phones
jack, switchable AGC, squelch for narrow
FM, illuminated keys, and a "beeper” to
confirm keyboard operaticn.

Optional Accessory

® PG-2N Extra DC cable

Specitications. features, and prices are subject to change without notice or obligation.

WWW.americantadiohistornv.com

== BaE E
e

1MHz 013

=

=5
b1
OFF

E

-—
OHF  SLoW &
~ol,

The R- 200(515 an all’ bnd a
receiver with 10 memory ché
any deluxe features suchas pr
mable scanning, dual 24/hour Elock :
with timer, all-mode squelch and”™
noise blankers, a large, front-
mounted speaker, 110 volt AC ot
12 volt DC operation (with the
DCK-1cable kit), and 118-174
MHz VHF capability with
VC-10 option

Optional Accessories

R-2000:

® VC-10 VHF converter e DCK-1DC
cable kit for 12 volt DC use.

R-5000:

®VC-20 VHF converter ® V§-1 Voice
module e DCK-2 for 12 volt DC operation
* YK-88A-1 AM filter e YK-88SN SSB
filter e YK-88C CW filter e MB-430
Mounting bracket.

Other Accessories:

® SP-430 External speaker e SP-41
Compact mobile speaker e SP-50B
Mobile speaker ® HS-5 Deluxe head-
phones e HS-6 Lightweight headphones
® HS-7 Mini-headphones.

KENWOOD

KENWOOD U.S.A. CORPORATION
2201E. Dominguez St., Long Beach, CA 90810
PO. Box 22745, Long Beach, CA 90801-5745
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