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conversation piece, and learn
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Collect and store dataon
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packet-radio activities
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Analog Module includes:

« complete control over all component vitlues

« ideal and real-world models for active
components

« resistors, capacitors, inductors, transformers,
relays, diodes, Zener diodes, LEDs, BJTs,
opamps, bulbs, fuscs, JFETs, and MOSFET's

« manual, time-delay, voltage-controlled and
current-controlied switches

« independent, voltage-controlled and current-
controlled sources

« multimeter

« tunction generator (1 Hz to | GHz)

¢ dual-trace oscilloscope (1 Hz to 1 GHz)

* Bode plotter (1 mHz to 10 GHz)

* SPICE simulation of transicnt and steady-state
response
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Digital Module includes:

« fast simulation of ideal components

* AND, OR, XOR, NOT, NAND and NOR gates

* RS, JK and D flipflops

* LED probes, half-adders, switches and seven-
segment displays

« word generator (16 eight-bit words)

* logic analyzer (cightchannel)

« logic converter (converts among gates, truth
table and Boolean representations)

Electronics Workbench®
¥ Version 3

Complement Your Test Bench

Here’s why Electronics Workbench belongs on your test bench:
Wires route themsclves. Connections are always perfect. And the
simulated components and test instruments work just like the real
thing. The instruments are indestructible and the parts bin holds
an unlimited supply of each component. The result: thousands of
electronics professionals and hobbyists save precious time and
money. Over 90% would recommend it to their friends and
colleagues. Electronics Workbench: the ideal, affordable tool to
design and verify your analog and digital circuits before you
breadboard.

And now the best is ¢ven better - Electronics Workbench
Version 3.0 is here. It simulates more and bigger circuits, and
sets the standard for ease of use. Guaranteed!

& Featuresin Version 3 | Ejeciporics

:  Workbench

e new components include JFETS, MOSFETS, 1 3
voltage-controlled and current-controlled sources }
and manual, time-delay, voltage-controlled and
current-controllcd switches

« real-world models for opamps, BJTs, JFETS,
MOSFETs and diodes - over 100 models available

* MS-DOS version now supports up to 16 MB of
RAM for simulation of bigger circuits

e new Microsoft” Windows ™ version available

* technicul support now also available on
CompuServe”

Just $299!
Electronics Workbench®

The electronics lab in a computer™

Call: 800 263-555__2 =

INTERACTIVE IMAGE TECHNOLOGIES LTD.
908 Niagara Falls Blvd. #068, North Tonawanda, NY 14120-2080  wrossn
Telephone: (416) 361-0333 FAX: (416) 3685799 SRR
*30-day money-back guarantee.

Prices in U.S. doflars. shipping $15. Offer valid in U.S. and Canada only.
All tragemarks are the property of their respective owners.
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EDITORIAL

A SPECIAL ISSUE

If your passion is building, you are going to really enjoy this
issue of Popular Electronics. It is our annual “Project
Builders' Special Issue,” and in it we have something for
nearly every interest, and every level of ability.

For instance, our Universal Noise Reduction System is sure to
interest any audio enthusiast. Using National's DNR
technology, it lets you add the benefits of noise reduction to
any audio-signal source. The story begins on page 31.

If you want to learn more about digital electronics, you'll want
to give our 24-Hour Digital Clock a try. It's a full-featured clock
with an alarm and even an electronic pendulum. Building it will
give you a fascinating and useful conversation piece, and can
teach you a bit about digital electronics in the bargain. That
story begins on page 61.

Ham-radio enthusiasts, especially those interested in packet
radio, won't want to miss the Packet Radio Tuning Indicator on
page 68. It is easy to build, requires no modifications to your
existing equipment, and can also be used to help tune RTTY
signals dead on.

If you are interested in computers and microprocessors, you
might just love our Versatile Data Logger—a Z80-based
microcomputer that's used as a dedicated data-collection
device. It can store up to 16,000 measurements, and then
download those measurements to your PC for analysis. The
story begins on page 35.

Kit building lives, and the proof can be found in The Word on
Kits. This article covers the state of kit building today, gives
you hints and guidelines to ensure your success, and provides
a sampling of the type of kits available and where you can get
them. The story begins on page 43.

Add to that a Digital Combination Lock and our usual

compliment of columns and departments and you can see that
when we say that this is a special issue, we mean it. We hope
you enjoy reading it as much as we enjoyed putting it together!

GZES

Carl Laron
Editor



ADDRESS CORRECTION
The wrong address and phone
number for Starsight Telecast
were inadvertently listed in
Gizmo (Popular Electronics,
May 1994). The correct address
is: StarSight Telecast, 39650
Liberty Street, Third Floor, Fre-
mont, CA 94538. The phone
number is 510-657-9620. We're
sorry for any inconvenience this
may have caused.—Editor

SAFER ROCKET-
LAUNCHER

The “Time-Delayed Model-
Rocket Launcher” article (Pop-
uiar Electronics, May 1994)
presents a very interesting ap-
plication for electronics. It is
good to know that the design of
model-rocketry motors is well
standardized so that engine ig-
nition can be performed in a
safe manner. There are, how-
ever, two minor problems with
the circuitry as presented.

First, the rotary switch is not
fail-safe, presenting a potential
safety problem. Once the fire
sequence has begun, if the ro-
tary switch is changed from one
delay to another, there will be a
period of time where the switch
wiper is between taps (break
before make). The capacitor will
be disconnected from the cir-
cuit, U1 pin 6 will be pulled up to
the threshold voltage through
R3, and engine ignition will oc-
cur immediately and
unexpectedly.

Also, at the extremely low
capacitor currents at the thresh-
old voltage, any oxide build-up
on the switch contacts may
cause an open circuit between
the wiper and the capacitor. If
contact oxidation occurs and
the fire switch is pressed, there
will be no capacitor in the cir-
cuit, and engine ignition will
occur immediately and unex-
pectedly.

The circuit could be re-
designed so that a single time-
delay capacitor is used, with the
rotary switch selecting six dif-
ferent resistors. Pins 6 and 7 of
U1 should be connected directly
to the time-delay capacitor, so if
the switch opens the capacitor
is not charged and no firing
occurs. Gold-plated contacts
can be used to prevent the
open-contact problem.

The second problem involves
capacitor leakage. The long

LETTERS

time-delay ranges may exceed
the capabilities of analog circuit-
ry. When electrolytic capacitors
are used for time delays, the
leakage current of the time-
delay capacitor can exceed the
current available through the
charging resistor. The time-de-
lay capacitor voltage can never
reach the LMC555 threshold
voltage of 35 Vgc, or 4VDC in
the circuit prepared for the arti-
cle.

The maximum 25°C leakage
current of aluminum elec-
trotytics of the type specified is
0.002CV where C is capaci-
tance and V is rated voltage.
For the 47-pF capacitor used
for C8, the maximum leakage
is:

0.002 x (47 x 106) x 16, or
about 1.5 pA.

The current available through
R3 at the threshold voitage of 4
vDC is only:

| = E/R = 2VDC/7.5 x
108), or about 0.27 pA.

Statistically, the capacitor will
never charge. In addition, 10 pA
of threshold current is required
for the IC at pin 6.

The circuit works because
most capacitors have leakages
lower than the maximum al-
lowed by the specifications. We
can see that leakage is defi-
nitely a factor by using the 555
time-delay equation. The calcu-
lated value for-the longest time
delay is:

t=11R3C8 =11x (75
x 108) x (47 x 10°6), or 388
seconds.

The design actually produces
a time delay of 10 minutes or
600 seconds. The longer time
delay is caused by the leakage
current “stealing” charge cur-
rent from the capacitor. Note
that the one-minute time delay
calculates to be 57 seconds,
and is actually 60 seconds. That
is because the leakage current
is nearly an order of magnitude
less for C5/C6. Another disad-
vantage is that leakage current
is very temperature-dependent.

Also, the tolerance of alumi-
num capacitors can vary from

—10% to +50% of nominal.
There is an additional tolerance

of 5% in R3. Those tolerances
can be compensated for by se-
lecting capacitors, but that
presumes that a large selection
of capacitors and a capacitance
meter are avaitable.

Long analog time delays are
a gamble. Digital is much more
precise.
CH.
Tinton Falls, NJ

HAVES & NEEDS
First, I'd like to take this oppor-
tunity to tet you know how much
enjoyment and information |
have received through my sub-
scription to Popular
Electronics, which t've had for
many years. The magazine is
wonderful. | have copies dating
back to 1972 and refer to them
often. | regret that | am only
writing to compliment you now
when | need something.

I am restoring a working RCA

superheterodyne receiver,
Model #6K2 (year unknown),
and | need the schematic. | also
need either a capacitor,
#68597-5, or any technical in-
formation on it (only the part
number is printed on it). Natu-
rally, | will pay all costs for
copying, postage, and handling.
Thank you for any assistance
you can provide.
LAWRENCE F. MURRAY
118 Thornton Street
Revere, MA 02151

As a last resort, I'm writing to
Popular Electronics. | am re-
pairing an H.H. Scott AM/FM
stereo amplifier Model R34S
and desperately need servicing
information, especially a sche-
matic. I'll gladly pay copying
and mailing costs.

REID WHEELER

5910 Boulevard Lp. SE

Olympia, WA 98501-8408 B

7™ GLOBAL
| Mgy SPECIALTIES

(203) 466-6103

PROTO-BOARD’

The breadboard you only buy once.

At Global Specialties® we make one kind of
breadboard, the very best, PROTO-BOARD™.
American made and Guaranteed for life.

PROTO-BOARD® brand breadboards and the
complete Global line of test instruments are in
stock at fine electronic distributors everywhere.

70 Fulton Terrace, New Haven, CT 06512
Fax: (203) 468-0060

Can’t Wait! Call Toll-Free
(MY 5 00-572-1028
¥ an

Hmrﬂ@s
compary
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By Marc Spiwak

Virtual Reality
By The Seat
Of Your Pants

The ThunderSeat is an excellent compliment to any virtual-reality

MULTIMEDIA
WATCH

hen | first saw a pic-

ture of the Thunder-
Seat, | thought that it looked
just strange enough to be a
lot of fun, and | decided to
check one out. This “virtual
reality” chair has a built-in
subwoofer that enhances
all kinds of multimedia fun.

The ThunderSeat is deliv-

ered in two large boxes,
and takes about 15 minutes
to put together. Basically it's
a padded, molded-piastic
seat that mounts on a stur-
dy base. The seat is hollow

“play station.”” For the person who must have it all, it is a

double must-have.

with a circular cutout on its
underside. A subwoofer
speaker mounts on the bot-
tom of the seat over the
cutout and, when it is “sub-
woofing,” it pumps its
acoustic energy into the
hollow seat. While this un-
usual chair has a list price
of $§299.95, its street price is
only about $200.

Once the seat is as-
sembled, all you have to do
is supply it with amplified
audio and you're in busi-
ness—the virtual-reality
business that is. Because |
didn't have an amplifier
suitable for the seat’s needs,
ThunderSeat Technologies
provided me with a demo
35-watt PA amplifier from
Radio Shack, which sells for
about $100. The amplifier
proved to be more than
adequate, as it furned the
chair into a regular “rumble
seat”

The seat is effective for
any kind of audio, but only
if you like to “feel” every-
thing you hear. First | tried
the ThunderSeat with a
couple of hi-fi video tapes.
The ThunderSeat puts you
right in the action during
the motorcycle chase
scene in the movie T2; you
redlly feel like you're on a
motorcycle participating in
the chase. The only prob-
lem is that you also feel the
musical beat—mostly the
bass notes—of the movie's
soundtrack. Careful adjust-
ment of an equalizer can
lessen that effect.

Next | tried the Thunder-
Seat with my PC. First | fed
the output from my sound
card through two Y adapt-
ers. Half of the Y’ were fed
fo my left and right ampli-
fied speakers as usual, and
the other half was fed to
the ThunderSeat’s PA ampli-
fier. Of all the games | tried
with the ThunderSeat, my
favorite was a driving
game. The game always
had some pretty realistic
engine sound effects, but
with the ThunderSeat it felt

like | was at the wheel of
racing car with open head-
ers—real rumbly, and very
cool. However, the seat is
probably intended more for
flight-simulator games,
which are also greatly en-
hanced by the
ThunderSeat. Anyone who
plays games most of the
time will surely want this
amazing chair.

If the ThunderSeat was
the kind of chair | could
also do work in, it would
become a permanent part
of my multimedia station.
Unfortunately, since | have
to work in that spot, the seat
will have to remain a very
fond wish.

THE SOUNDMAN WAVE

While I'm talking about
hardware, | might as well
mention the SoundMan
Wave that | am testing out
in my PC at work. Logitech
sent me a Beta version of
the card. So far | really like
it. It installed in about 3
minutes and was working
only minutes after that.
There are no jumpers to set
as ali configuration is done
via software. Also, the card
is 100% Sound Blaster,
Sound Blaster Pro, and
AdLib compatible, so it's
guaranteed to be frouble-
free and supported.

The SoundMan Wave is a
16-bit stereo card capable
of recording and playback
at a 441-kHz sampling rate.
It also uses wave-table syn-
thesis for more realistic
sound than the older FM-
synthesis sound cards. FM
synthesis uses mathemati-
cal algorithms to create
sound waves while wave-




table synthesis uses short
recordings of actual instru-
ments—say a single note—
stored in memory to inter-
polate the rest of the
instrument’s notes. This leads
to far better sound, es-
pecially for MIDI stuff. A SCSI
interface and audio inputs
for a CD-ROM drive let you
directly swap this card for
the FM-synthesis sound
cards present in some older
multimedia systems. The
card also has a micro-
phone input, line-level
inputs, line-tevel outputs,
and a 6-watt amplified out-
put, making it extremely
versatile.

Included with the Sound-
Man Wave is all the
software you need to run
the card in both DOS and
Windows. Among the vari-
ous utilities is MCS
MusiclRack that lets you
control all Windows 3.1
sound features from what
looks like your home stereo.
it's very easy and fun to use.

By the time you read this,
the SoundMan Wave will no
doubt be out of its beta
stage and at dealers; it will
carry a list price of $349,
although I'm sure it will be
available for much less
than that. This card gets a
thumbs-up from me.

YOU WANT SPEAKERS
WITH THAT?

This month I've been
playing with some really
nice multimedia speakers
from Roland. These speak-
ers sound and look great,
and are perfect for attach-
ing to the SoundMan Wave.
I've tested a few different
models including their top-
of-the-line MA-20P which
lists for $320 a pair and
sound excellent. For smaller
budgets, and work areas,
the $150 CS-30A is a small
platform with built-in stereo
speakers intended for plac-
ing beneath a monitor. It's a
neat solution to a small
work area. Roland has

Plaving computer games
while sitting in the
ThunderSeat can spoil you to
the point where vou don’t
want to play a game without
it anymore.

been in the audio business
for a long time, and these
multimedia speakers add
even more feathers to its
decorated cap.

CD-ROM RESOURCES
Last month | was talking
about CD-ROMS that make

doing research easy. This
month I'd like to talk about
some discs that are vaiu-
able resources to have
around all the time. Re-
source discs, while not all
that exciting, can be real
lifesavers, or at least time
savers, in certain situations.
Take, for example, a fas-
cinating set of discs called
ProPhone from Pro CD, Inc.
Contained on its 8 discs is
every listed phone number
in the entire country—busi-
ness and residential. These
discs allow you to type in a
name and get a number, a
number and get a name,
an address and get a
name or number, a City
and street and get the list-
ings of all families on the
block, and so on. Also,
searches can be narrowed
down using combinations
of names, areas, streets,
etc. As a matter of fact, |
think I've tfracked down a
long lost friend in upstate
New York; all | have to do
now is try the two numbers |
found that match his name
and are in the approximate

Earn Your B.S. Degree
in
ELECTRONICS

or

By Studying at Home

Grantham College of Engineering,
now in our 43rd year, is highly ex-
perienced in “distance education”—
teaching by correspondence—through
printed materials, computer materials,
fax, and phone.

No commuting to class. Study at
your own pace, while continuing on
your present job. Learn from easy-to-
understand but complete and thorough
lesson materials, with additional help
from our instructors.

Our Computer B.S. Degree Pro-
gram includes courses in BASIC,

PASCAL and Clanguages — as well as .

Assembly Language, MS DOS, CADD,
Robotics, and much more.

Our Electronics B.S. Degree Pro-
gram includes courses in Solid-State
Circuit Analysis and Design, Control
Systems, Analog/ Digital Communica-
tions, Microwave Engr, and much more.

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

Write or phone for our free
catalog. Toll free, 1-800-955-2527, or
see mailing address below.

[ J

Accredited by
the Accrediting Commission of the
National Home Study Council

GRANTHAM
College of Engineering
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area where he used 1o live.

Pro CD has lots of dif-
ferent CD-ROM phone
directories at all different
prices. All the information
on any of the sets can be
copied to a hard disk for
direct marketing or what-
ever. While the ProPhone
discs certainly won't keep
me up late, I'm sure they
will come in handy for years
to come.

Another disc that | use
often is MapExpert from De-
Lorme Mapping—and | just
received the latest version
(2.0} of it. The new version
contains an updated map
of the entire United States
that you can zoom into and
find any street in any neigh-
borhood anywhere in the
country. You can search by
place, street, zip code, area
code, and so on. While this
$495 disc contains the
same database as De-
Lorme’s less expensive
Street Atlas disc, it has
greatly enhanced map-
printing options and map-
making capabilities, such
as custom labeling of your
own maps. Users who pur-
chased version 1.0 of
MapExpert after August 16,
1993 can receive this up-
grade free of charge, and
for purchases before that,
the upgrade is only $49.

If you do a lot of mailing
and shipping, Mailers Look-
Up from Mailer’s Software is
sure to come in handy. This
disc letfs you quickly locate
mailing information such as
@-digit ZIP codes, area
code plus prefix, city, state,
county, fime zones, and lo-
cal time. This disc is another
great time saver.

If semiconductors are
your business, you'll be in-
terested in the DATA.
Parametric Access Library,
or DATA/PIA/LI for short,
This CD-ROM s for serious
work only, which is reflected
in its price. Up to 10 semi-
conductor categories can
be contained on this single

disc, depending on which
categories you need and
how much you want to
spend. The categories,
which cost $295 each, in-
clude Digital, Interface,
Linear, Memory, Program-
mabile Logic, Micro-
processors, Diodes, Op-
toelectronics, Thyristors, and

W

Roland makes a nice line of amplified speakers. Good speakers

NEW STUFF.

| recently received a
copy of Corel CD Power-
Pak, a box of goodies that
will surely be useful for any
owner of a CD-ROM drive.
Included is a CD-ROM driv-
er disk that speeds up your
CD-ROM drive with caching
software. Other software

are the icing on any multimedia cake.

Transistors—all 10 catego-
ries can be had on one
disc for $1930. This disc is @
gold mine for anyone who
can afford it, as up to 25
parameters are included
on 1.25-million active and
discontinued parts dating
back to 1956. That coupled
with extensive search ca-
pabilities make the CD-Rom
disc a must-have for any
moderate to large elec-
tronics company.

If you need to look up
science and engineering
information, consider
McGraw-Hill's Science and
Technical Reference Sel,
Release 2.0. That $495 disc
is chock full of articles, pho-
tos, illustrations, definitions,
formulas, charts, and tables
from the McGraw-Hill Con-
cise Encyclopedia of
Science & Technology. Any
scientific term or topic |
could think of is contained
on this disc, although I'm
sure I'll find it more useful for
looking up things | don't

already know.

utilities provide audio sup-
port for CDss, clipart and
font-library management,
and various multimedia
tools. The PowerPak also in-
cludes two CD-ROMSs; one
that contains 100 royaity-
free Photo-CD images and
screen-saver utilities and
another that contains over
an hour of royalty-free mu-
sic clips and sound-effect
WAV files. A pair of light-
weight Koss stereo
headphones completes the
package. With a list price of
$99, the Corel CD PowerPak
is a great gift idea for any-
one you know who has a
CD-ROM drive.

Corel also sent me a
copy of CorelDRAW 4 on
CD-ROM. While version 5 of
this software is due out by
the time you read this, ver-
sion 4 is mighty impressive.
Aithough the software itself
is very modern, like old-
fashioned software pack-
ages CorelDRAW comes
with loads of paper-based
documentation. It includes

two thick books in addition
to other manuals and
guides. The best word to
describe CorelDRAW is
“complete.” The package
includes every bit of soft-
ware you need for any kind
of artistic endeavor. You
can do page iayout, illustra-
tion, charting, animation,
and more. In addition to
the software being on CD-
ROM, Corel packs thou-
sands of clipart images,
hundreds of fonts, anima-
tion, and video onto two
CD's—keeping the stuff off
your hard drive until you
need it. If | could have only
one multimedia-intensive
software package, this
would probably be it, as it
can do everything. Version
4 has a new lower price of
$395—a terrific value.

The BookMaker Corpora-
tion sent me a copy of its
neat utility, ClickBook. Al-
though not in the same
league as CorelDRAW, this
$69 piece of diskette-
based software is worthy of
mention. It quickly turns
Windows 3.1 documents
into double-sided booklets.
The booklets save paper
and are easier to read than
ordinary single-sided docu-
ments stapled together. A
4-page document can
easily be turned into a smcll
booklet printed on one
sheet of paper. The soft-
ware, which automatically
reduces page size, instructs
you on how to reinsert pa-
per into any laser printer for
perfect double-sided print-
ing the first time.

John O'Connor Publishing
sent me an assortment of
CD-ROMs that sell for the
incredible price of $19.99 a
piece. Each disc is loaded
with a lifetime’s collection of
shareware for various ap-
plications. The Megabyte
Monster contains over 625
megabytes of shareware
utilities and games. The
Shareware Game Pak for

(Continued on page 80)




Introducing a New Era
In Technical Training.

Worid College, an affiliate

of the Cieveland Institute of
Eiectronics, was created to
provide a four year, indepen-
dent study, technical degree
program to individuals seeking
a higher education. The
Bachelor of Electronics Engi-
neering Technology Degree,
offered by World College, pre-
pares students for high-paying
careers in electronics, telecom-
munications, electrical power,
computer and control systems.
World College’s curriculum

is taught in an effective, time-
proven, independent study
environment. With World
College’s flexible study sched-
ule, students have the opportu-
nity to work or spend time with
their family without having to
worry about rigid scheduling
residential colleges offer.

A Quality Education
with a Hexible
Schedule.

In a worid heavily dependent
on electronic equipment,
people who understand elec-
tronics will have no problem
putting their knowledge to
work... in high-paying careers.
The staff and faculty of World
College have invested over ten
years developing, what we be-
lieve to be, the finest indepen-
dent-study, baccalaureate
degree program available.
World College’s mission is

to instill in each student the
knowledge, education, and
training that employers are
seeking for the many technical
positions available today. It's

a program created to provide
the best education and

training possible with
a flexible schedule

to match your busy
lifestyle.
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World College is currently seeking
approval to confer the Bachelor
Degree from the Virginia Council of
Higher Education.
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Earn A
Bachelor of
Electronic

Technology
Degree
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WORLD

COLLEGE

Bringing Technology Home!

Lake Shores Plaza
5193 Shoie Drive, Suite 143
Virginia Beach, VA 23455-2500

Send For Your Free
Course Catalog.

Take the first st=p towards a new start
In life. Send for World College’s Free
Independent Course Catalog today and
discover how easy and affordable it is
to get started on your Bachelor Degree.

World College is affiliated with

[Ik®.

Complete the Entire

Degree Program Under
One Roof. Yours!

Only Worid Coliege offers an
independent study, four year
technical degree which can

be completed through one
school. All lab equipment”,
parts, and software are
included in your tuition and
the program’s 300-plus
laboratory experiments can be
completed in your own home.

You Pay Only For Time
Actually Used.

World College not only
provides a means to eam

a Bachelor Degree while
fulfilling current obligations,
but there are no restrictions
on how fast you can complete
the program. At World
College, you pay tuition only
for the actual upper-level
semesters it takes to graduate.
The quicker you complete the
program, the less you pay in
tuition. It’s an effective way to
keep you motivated in order
to compiete the course and
move on to a better paying
position as quickly as possible.
Currently not availabie in Ohio.

* Student must have access to a personal
computer system.
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‘I D YES! Please send me

| Worid College’s Free Course
|| Catalog detailing the fuli
curriculum.

Name:

“ Address:

ll Apt:

|

I State:

City:

Zip:

I Phone: ( )

Age: _
I Return to:
| World College
I Lake Shores Plaza
5193 Shore Drive, Suite 113
| Virginia Beach, VA 23455-2500
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Mastering
Oscillator
Circuits:
Through
Projects &
Experiments

by Joseph J. Carr

ELECTRONICS
LIBRARY

When he's not busy writing his
Ham Radio column for Popular
Electronics, Joe Carr puts his
efforts into books on elec-
tronics, including this one on
oscillator circuits. Using a com-
bination of theory, benchtop
experiments, and projects, he
provides readers with a full
working knowledge of compo-
nent specifications, design
standards, and applications for
all types of oscillators and other
waveform-generator circuits.
The book covers background,
theory, operation, design, and

llsclu.nmn l:mcuns

Tlu-nugh Pl'nlal:ts & Eunarlmants

g .;H.;

construction. Hundreds of help-
ful schematics and illustrations
accompany several complete
projects that readers can build
using inexpensive, easy-to-find
components. Plans and instruc-
tions are included for DC power
supplies; relaxation and feed-
back oscillators; monostable

and astable multivibrators; and
audio, RF, and voltage-con-
trolled oscillators.

Mastering Oscillator Circiuts
through Projects & Experiments
costs $17.95 and is published
by Tab Books Inc., Blue Ridge
Summit, PA 17294-0850; Tel:
800-233-1128.

CIRCLE 98 ON FREE
INFORMATION CARD

WORDPERFECT 6
EXPLAINED

by PR.M. Oliver and N.
Kantaris

Intended to help PC users get a
handle on WordPerfect as
quickly as possible, this book
provides practical, hands-on
routines for first-time word-pro-
cessor users as well as those
who are switching from another
program. To that end, each
chapter is a self-contained tu-
torial unit that builds upon the
information presented in pre-
vious chapters. Readers can
follow the book from beginning
to end, or select only those
chapters that they need. An
emphasis is placed on the
most-often used features of the
program.

The book explains the hard-
ware requirements and the
installation process before famil-
iarizing the reader with the
WordPerfect environment and

basic functions. It describes
how to enter and edit text, use
formatting codes, and setup and
use the printer interface. The
advanced features covered in-
clude document handling,
columns, tables, outlines, file
management, macros, and the
Macro Programming Language.
The book also explains how to
get up and running with other
stand-alone programs—Word-
Perfect Shell and the Text
Editor—that are included with
the WordPerfect 6 package.

WordPerfect 6 Explained
(order number BP351) s avail-
able for $6.95 plus $2.50
shipping and handling from
Electronics Technology Today
Inc., P.O. Box 240, Massapequa
Park, NY 11762-0240.

CIRCLE 97 ON FREE
INFORMATION CARD

ZEN AND THE ART OF
THE INTERNET:

A Beginner’s Guide,
Third Edition

by Brendan P. Kehoe

If you are considering joining
the more than 15-million people
worldwide who are already con-
nected to the Internet, this book
can help you get started. In a
straightforward, easy-to-read
style, the book makes learning
about and traveling through the
Internet easier for beginners.
No previous knowledge of the
Internet is assumed, and the
book works for any type of
computer operating system.
This third edition of the first
user’s guide to the Internet has
been updated and expanded to
reflect the rapidly changing
technology and services. New
topics covered include Gopher,
WAIS; InterNIC; Internet BBS's;
how to connect to CompuServe,
Genie, and BIX; the Online Ca-
reer Center; and Internet Talk
Radio. The book also includes
network basics, electronic mail,
anonymous FTP, Usenet News,
TElnet, commercial services,
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various tools, and country
codes. The third edition features
a lay-flat binding that makes it
easy to read while at your com-
puter.

Zen and the Art of the Inter-
net: A Beginner’s Guide, Third
Edition is available for $23.95
from PTR Prentice Hall/Neo-
data, P O. Box 11073, Des
Moines, IA 50381-1073; Tel:
515-2B4-6751; Fax:
515-234-2607.

CIRCLE 80 ON FREE
INFORMATION CARD

BECOMING AN
ELECTRONICS
TECHNICIAN:

Securing Your High-Tech
Future

by Ronald A. Reis

Aimad at would-be electronics
techricians, this book offers a
complete picture of what the
career is like, what preparation
and training is required, and
how 10 secure that first elec-
tronics-technician position. in a
conversational style, the book
thoroughly discusses what it
means to be an electronics
technician in today’s high-tech
world. It explores the history

BECOMING AN
ELECTRONICS
TECHNICIAN

and background of the field, and
describes the general occupa-
tions and people who make up
the industry. The specifics of the
electronics technician’s job are
clearly outlined. The book in-
cludes discussions of what it
takes to make it through the
required course work to obtain a
certificate, an associates de-
gree, or a four-year degree.
Particular attention is paid to the
non-technical, non-electronic
skills necessary to completing
the course work—reading, lis-
tening, calculation, and writing
skills. The book also suggests a
wealth of activities and interests
that students can explore on
their own time to supplement
and expand their knowledge of
electronics.

Becoming an Electronics
Technician: Securing Your High-
Tech Future costs $10 and is
published by Macmillan Publish-
ing Company, 445 Hutchinson
Avenue, Columbus, OH 43235.

CIRCLE 81 ON FREE
INFORMATION CARD

ELECTRONIC
COMPONENTS
CATALOG NUMBER 942
from Digi-Key Corporation

The 300 pages of this catalog
are packed with products for
electronics hobbyists, students,
and professionals. Products fea-
tured include batteries, tools,

fuses, stepping motors, power
supplies, switches, relays, re-
sistors, capacitors, crystals,
oscillators, LED's, LCD's, semi-
conductors, IC's, transistors,
connectors, cable assemblies,
buzzers, test equipment, and
many more. New products in-
clude AMP modular jacks and
plugs, Panasonic surface-mount
inductors, Raychem resettable
fuses, National Semiconductor

IC’s, Power One switching and
linear power supplies, and Easy
Braid desoldering braid.

Electronic Components Cata-
log Number 942 is free upon
request from Digi-Key Corpora-
tion, 701 Brooks Avenue South,
P. O. Box 677, Thief River Falls,
MN 56701-0677; Tel:
800-344-4539.

CIRCLE 82 ON FREE
INFORMATION CARD

UPGRADE YOUR
COMPUTER PRINTER
AND SAVE A BUNDLE
by Horace W. LaBadie, Jr.

This book provides computer
users with the practical guid-
ance they need to give their old
printers the power and flexibility

of today's best commercial mod-
els at the lowest possible price.
It describes how to take advan-
tage of inexpensive hardware
and software upgrade options
for all types of computer
printers, including dot matrix,
ink jet, daisy wheel, and thermal
from all major manufacturers.
The step-by-step, illustrated in-
structions show readers how to
get near-letter quality from a
draft printer by adding RAM
chips to expand the input buffer;
ROM chips for font or emulation
changes; printer spoolers/buff-
ers; printer-sharing and
networking boxes; interface
converters; HP PCL, Adobe

.PostScript, and PostScript emu-

lators; and various software
enhancements.

Upgrade Your Computer
Printer and Save a Bundle costs
$19.95 and is published by
WindcrestMcGraw-Hill, Blue
Ridge Summit, PA 17294-0850;
Tel: 800-233-1128; Fax:
717-794-2103.

CIRCLE 96 ON FREE
INFORMATION CARD

TEXAS RADIO
DIRECTORY
by David Stall, NSMKK

Radio enthusiasts in the Lone
Star state will find thousands of
active listings in more than 40
different categories in this book.

CONFIDENT1AL

TEXAS
RADIO
DIRECTORY

by David Stall. NSMKK

Anmou ecko » Maing Fadw « Wotie
S 1o 8o | ta Dovatnens + e oo Cortrobes + T0m
c-m NASA « Mictophones o Praaie Secuty «
e s Worvar - Soevaien + Kbt o Cortats
et~ hovcarn « o soluiss lyulm! Hosymah »
10 Codo + Tederat - Homole
Conwol + Hachol Hodw » :....., et ko - Mdazey

Police, fire, and amateur-radio
systems are uniquely sorted by
county and frequency for easy
reference. Other frequency cat-
egories include marine radio,
mobile telephones, ship-to-
shore, air-traffic controliers,
trunked-radio systems, federal
agencies, hospitals, emergency
medical services, railroad,
weather, military, and NASA. It
covers the spectrum from 200
kHz to 1.2 GHz; most frequen-
cies listed are between 25 MHz
and 950 MHz.

The Texas Radio Directory is
available for $14.95 at Texas
electronics shops, or for $16.00
(postage included) directly from
Luna Lumen Press, P. O. Box
58023, Houston, TX
77258-8023.

CIRCLE 83 ON FREE
INFORMATION CARD

A BEGINNERS GUIDE
TO TTL DIGITAL ICs
by R. A. Penfold

Logic circuits are now part of
everyday life, and TTL logic IC's
are widely regarded as standard
digital devices, used in a wide
variety of applications. Because
many fundamental concepts of
digital design seem abstract
and far removed from practical
applications, getting started with
logic circuits can be difficult.
This book covers the basic the-
ory of digital electronics and the
use of TTL IC’s, but keeps in
mind the real-world applica- '
tions. Along with the basic




A Beginners Guide
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TTL Digital ICs

concepts of logic circuits, the
book covers the functions of
gates, inverters, and other logic
building blocks; TTL IC charac-
teristics and their use in circuit
design; oscillators and mono-
stables; flipflops, binary
dividers, and binary counters;
and decoders, data latches, and
three-state buffers. The empha-
sis is on the practical side of the
subject matter, and ali the cir-
cuits presented are based on
real TTL IC's.

A Beginners Guide to TTL
Digital ICs (order number
BPR332) is available for $6.50
plus $2.50 shipping and han-
dling from Electronics
Technology Today Inc., PO. Box
240, Massapequa Park, NY
11762-0240.

CIRCLE 97 ON FREE
INFORMATION CARD

1994 EQUIPMENT,
TOOLS & SUPPLIES
CATALOG

from Print Products International

At 84 pages, this completely
revised catalog is 30% larger
than last year's edition. It is filled
with discounted, brand-name
test and measuring equipment,
tools, and supplies for use in
electronic production, mainte-
nance and service. The catalog
includes semiconductors, logic
analyzers, signal-strength
meters, spectrum analyzers,
digital and analog os-
cilloscopes, and other products
used by engineers, technicians,
and hobbyists to build, main-
tain, and test today's advanced
electronics. New lines of equip-
ment from Datacom, Goidstar,
N.T.E., Yokogawa, and other
manufacturers are highlighted in
the catalog.

The 1994 Equipment, Tools &
Supplies Catalog is free upon
request from Print Products In-
ternational, 8931 Brookville
Road, Silver Spring, MD 20910;
Tel: 800-638-2020 (in Maryland,
301-587-78240), Fax:
800-545-0058 (in Maryland,
301-585-5402).

CIRCLE 84 ON FREE
INFORMATION CARD

WINDOWS, WORD &
EXCEL OFFICE
COMPANION

by Patrick J. Burns

This three-in-one guide to Mi-
crosoft’s most popular software
equips readers with the know-
how to work efficiently with Win-
dows and its two top business
applications. It combines essen-
tial information on the
commands and features of each
program into a single, easy-to-
use resource. The book in-
cludes helpful tutorials as well
as important tips, techniques,
and shortcuts, all organized
from the simplest to the most
complex. Readers can pace
themselves to comfortably learn

to work in Windows versions 3.0
and 3.1, Word versions through
2.0, and Excel versions through
4.0. More advanced users are
sure to appreciate the expert,
time-saving advice on the three
packages that are offered in the
book's later chapters.

Windows, Word & Excel Of-
fice Companion costs $21.95
and is available from Ventana
Press, P O. Box 2468, Chapel
Hill, NC 27515, Tel:
919-942-0220; Fax:

919-942-1140. (5
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TACTICAL
ELECTRONICS

Protection

STU!

Moonlight Viewer = GUNS

Products for
Home & Property

MADE lN
US.A

See in the dark using moonlight or bright starlight. Use

SD90 Ready to Use, with camera adapter ......

our CWL10 laser illuminator for seeing in total darkness.
$395.00

CWL10 IR Laser [Huminator .........ccoccoeccuuecn. $99.50

3 Mile FM

Wireless Mxmphuné

Subminiature! Crystal clear, ultra-sensitive. Transmns
voices & sounds to FM radio. Excellent for security,
monitoring of children, etc. Be the local DJ, or go "under
cover” with our FM radio sunglasses.

FMV1 Plans ......$7.00 FMV1K Kit/Plans....$39.50
SUGL10 Sunglasses with builtin FM radio....... $29.50

Telephone Transmitter - 3 Miles

Automatically transmits 2 sides of a phone conversation to
an FM radio. » Tunable - Undetectable on phone « Easy to
build * Up to 3 mi range « Only transmits during phone use.
VWPM?7 Plans...$7.00  VWPM7K Kit/Plans....§39.50

Extended (X4) Play‘

Telephone Recording Sysle

Complete with X-4 extended play recorder. Automatically
records both sides of phone conversation.
TAP20X Ready to Use System .............c....... $129.50

New - The Ultimate in Secunry& Salery' Call your hom
or office phone, push a secret Jone key to access either:
A.On-premise sounds and voices; or B. existing telephone
conversation with break-in capability. Check local laws.
TELEGRAB Plans ......... $10.00
TELEGRABIK Kit/Ptans...........$99.50

most attackers without physical contact.

DEFENDER #STUN1, 80,000V, curved gnp$49 50
INTIMIDATOR ~ #STUN2, 100,000 V
BUITZER #STUN3, 120,000V ..

£ "Laser Bounce” Listener System

HARD HITTING- COMPACT UNITS
These compactdevices easily fit intoa small purse or pocket.
Hard hitting with safety switch for prevention of accidental
discharges. Crackling and Sizzling plasma discourages

DEVASTATOR #STUN4, 150,000 V.

laser Terminator

-

+Size - 2-7/8" X 718" \

* Range - 300 yards (night) o

« Battery - 20 hours continuous rLDANGER B
« Windage & Elevation adjustments Laser Radibon |
« Warranty - 1 year [ e
Mounts on all popular handguns and rifies | casm ts -u o Laser Product
LATR1 Rt-ady to Use ..................................... 3174 50

hmsthle Pain Fleld Generalur

Pocket size device produces shock I ))))

waves of intense acoustic energy.
74.50

Wards off aggressive animals, etc.
IPG7 Plans ....$8.00

JPG7K Kit/Plans .$49.50  iPG70 A embled
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Hear sounds from a distant area using a laser beam
refiected from a window or other Similar objects. Available
as a kit or fully assembled with laser gun Site.

LLIST2 Plans. $20.00
LLIST1K Kit of Both Transmitter and Receiver.....$199.50
LLIST20 Assembled w/ Laser Gun Site........

Add 85

Dept PE-15 -
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NEW PRODUCTS

You can monitor indoor and
outdoor weather at the touch of
a button with Davis Instruments’
Weather Wizard Il. The sophisti-
cated, professional-quality
weather station measures inside
temperature from 32°F to 140°F,
outside temperature from

—50°F to 140°F, records high
and low temperatures, monitors
wind direction and wind speed,
records high wind speed, calcu-
lates wind chill to —134°, and
records low wind chill. All highs
and lows are recorded with time
and date. Alarms can be set to
sound when temperature, wind
speed, or wind chill fall above or
below preset levels.

o

+
T

The Weather Wizard ilI's func-
tions can be easily expanded
with optional add-ons. The Rain
Collector allows you to measure
daily and accumulated rainfall.
Weatherlink allows you to link
the Weather Wizard |l to an
1BM-compatible PC or Macin-
tosh to process, analyze, and
store weather data.

The Weather Wizard It, com-
plete with an anemometer with
40 feet of cable, an externai
temperature sensor with 25 feet
of cable, a junction box with
eight feet of cable, an AC-power
adapter, and detailed instruc-
tions, costs $195. For more
information, contact Davis In-
struments, 3465 Diab!o Avenue,
Hayward, CA 94545; Tel.
800-678-3669 or 510-732-9229;
Fax: 510-732-9188.

CIRCLE 100 ON FREE
INFORMATION CARD

MICROPROCESSOR
CALIBRATOR/
THERMOMETER

Extech’s Model 433201 (115V)
and Model 433202 (220V) mi-
croprocessor-based calibrator/
thermometers can each cali-
brate and measure
thermocouple types J, K, T, E,
C, R, S, and N with a maximum
accuracy of 0.15% over wide
ranges. The high-accuracy cal-
ibration function simulates
precision thermocouple outputs
for use in calibrating ther-
mometers, transmitters,
controllers, or recorders. A cal-
ibration cable connects the
meter to other thermocouple
devices. By adjusting the output
knob to display the desired tem-
perature, the instrument under
test can be calibrated. The de-
vice's thermometer function
displays temperatures over a
wide range and is switchable
from °F to °C.

The calibrator/thermometer
has a unique “oyster-case” de-
sign with large digital displays
built into a flip-up cover that can
be adjusted for the best viewing
angle. Its portable and rugged
industrial design is well-suited
for field, plant, or benchtop use.

The Models 433201 and
433202 microprocessor-based
calibrators/thermometers each
cost $299. For more informa-
tion, contact Extech Instruments
Corporation, 335 Bear Hill
Road, Waltham, MA 02154; Tel.
617-890-7440; Fax:
617-890-7864.

CIRCLE 101 ON FREE
INFORMATION CARD

ELECTROCHEMICAL
MARKING SYSTEM

The IMG Electromark SS111,
available from Jensen Tools, is
an electrochemical marking
system that uses a low-voltage,
low-amperage electrical current
to etch permanent identification
marks on metal. The SS111

includes a 115-VAC, 50/60-Hz
power supply, a stenciling tool,
electrolyte, and neutralizer.
When the electrolyte is applied
to the stencil, it allows electrical
current to pass through and
onto the object being marked.
Because the metal is etched
away from the surface of the
object, the mark is permanent.
The entire process takes only a
few seconds, and is a safe,
easy, and economical way to
mark metal objects for inventory
control or security. Electrolyte
will not damage skin, clothing,
or surrounding equipment.
Stencils can be made on any
typewriter. Custom stencils are
also available.

The IMG Electromark SS111,
including instructions and carry-
ing case, costs $329. For
additional information, contact
Jensen Tools Inc., 7815 South
46th Street, Phoenix, AZ 85044,
Tel. 800-426-1194; Fax:
602-438-1690.

CIRCLE 102 ON FREE
INFORMATION CARD

900-MHz TELEPHONE
According to BEL-Tronics, its
Micro 900 cordless phone sys-
tem features the industry’s
lightest handset in a multi-hand-
set 900-MHz model. Operating
on the 900-MHz frequency, the
system provides exceptional
clarity and up to three times the
range of traditional cordless
phones. It is also virtually free of
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.l o Choose a complete
training program for a
secure fomorrow

Jobs for computer service technicians will
almost double in the next 10 years according
to the latest

i EE Department
COMPUTER of Labor
SERVICE projections.

JOBS For you, that
means
unlimited
opportunities
for advance-
ment, a new
career, or
even a
computer service business of your own.

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

Only NRI — the leader in career-building, at-home electronics training
for 80 years — gives you useful knowledge, hands-on skill, and real-world
experience with a powerful 486sx computer you keep. NRl is all you need to
succeed in this growing, profitable field.

1994 Good pay, too! 2004

2. Move beyond “book learning” to
try things for yourself

NRI knows that you learn better by
doing. That’s why we developed the
highly effective NRI Discovery
Learning Method. You first read about
the subject, studying diagrams,
schematics, and photos that make the
subject even clearer. Then you
reinforce each important concept with
exciting hands-on projects and
experiments. You build, examine,
remove, test, repair, replace. So you
discover for yourself the feel of the
real thing and enjoy a confidence gained only through experience.

3. Get inside a 486sx computer

If you really want to get ahead in computer service, you have to get inside a
P LA state-of-the-art computer system. That's why NRI
‘Ea..j = =1 now includes a high-speed 486sx minitower
= NEW! - computer as the centerpiece of your hands-on
%, Color monitor, ,_j training.
&~ CDROM d""e"_;i' As you build this system from
N, the keyboard up, you actually
see for yourself how each
) section of your computer
m=as, works, especially the powerful,
reliable 80486sx intel CPU. You
assemble and test your
computer's keyboard, power
- supply, and 3.5 inch floppy disk
drive with your professional
multimeter and digital logic
probe. But that's not all.

==y and 200 meg
sumen hard drive! P

BenTE T —

Be a computer service technician...

sfoa
%uture

You go on to install a 200 meg hard disk
drive, Super VGA color monitor, and
CD-ROM drive with sound card — today’s
most wanted computer peripherals. Now
not only will you dramatically increase your
computer’s storage capacity, but you'll also
get first-hand experience with today’s
exciting new multimedia components.

What's more, you train with and keep
professional software including MS-DOS 6.2,
QBasic, and Microsoft Works. And, using
state-of-the-art diagnostic tools from
Ultra-X, you learn to quickly identify and
service virtually any computer problem on
IBM-compatible machines.

4. Make sure you've
" always got someone
~2 to turn to for help

Throughout your NRI training, you've got the full support of your personal
NRI instructor and the entire NRI technical staff. Always ready to answer
your questions and help you if you ;

should hit a snag, your instructors
will make you feel as if you're in a
classroom of one, giving you as
much time and personal attention
as you need.

5. Take a step in
the right direction
by sel:ding for your FREE catalog

today
Discover for yourself how easy it is to succeed in i
computer servicing — with the right training. Return =%
the coupon to get a big, fullcolor catalog describing
NRI's incomparable computer training in microcom-
puter servicing and other high-tech career fields.
If the coupon is missing, write to: NRI Schools,

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

r-------l----------

PIGTRE s choois i

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

M CHECK ONE CATALOG ONLY
U Microcomputer Servicing

U TV/Video/Audio Servicing

U Telecommunications

U Industrial Electronics/Robotics
U Basic Electronics

For career courses
approved under Gl Bill
J check for details.

J Computer Programming
(J PC Applications Specialist
(J Multimedia Specialist
U Programming in C++

with Windows
U Bookkeeping & Accounting

Name Age,

Address

City/State/Zip

Accredited Member, National Home Study Council 18-—-0794J

r
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interference from electric
motors, fluorescent lights, and
other cordless phones. The 7 .4-
ounce handset is paired with
either the stand-up model 900M
or the lie-down model 900LX
base. A complete Micro 900
system consists of three basic
elements: a base-and-handset
unit, up to three 900MR remote
extension-and-recharger units,
and a 900BP battery pack.
Each base-and-handset unit
has the capacity for up to three
remote extension handsets, and
can work independently of the
extensions; the extensions re-
quire a base unit to operate.
The extension rechargers can
be plugged into any wall outlet
in the home with no need for
additional telephone jacks.

The 900M base/handset
costs $499,95; the 900LX base/
handset costs $529.95; each
900MR handset/recharger costs
$349.95; and the 900BP battery
pack costs $27.95. For further
information, contact BEL-Tronics
Limited, 8100 Sagi Parkway,
Covington, GA 30209; Tel.
800-341-1401.

CIRCLE 103 ON FREE
INFORMATION CARD

HOME/OFFICE SURGE
PROTECTION

Designed to protect an average-
size home or business,
Intermatic’s Home/Office Surge
Protection System takes the
guesswork out of selecting
surge protectors. The system
includes four separate surge
protectors to shield a variety of
microprocessor-based equip-
ment, ranging from televisions,
VCR's, workshop tools, and
household appliances to per-
sonal computers, telephones,
and answering machines. The
total system consists of the
EG13 microwave surge protec-
tor, the EG23T fax/answering
machine/modem protector with
two modular phone jacks, the

EG63 all-purpose unit with six
protected outlets, and the
EG634 computer and elec-
tronics surge protector with six
protected outlets.

Each individual unit continu-
ously monitors the incoming
power line, cable-TV, or phone
line, operating only when a
surge or spike occurs. in that
event, the surge protector re-
sponds in less than a billionth of
a second by absorbing the over-
load while allowing normal
voltage to pass through. After
the disruption, it automatically
resets to its monitoring mode.
Each model features an indica-
tor light to show that it's working
properly, noise filtering to elimi-
nate most EMI/RFI interference,
and a clamping level of 400
volts. The surge protectors are

UL listed and meet or exceed
|EEE specifications for transient
voltage surge protection.

The Home/Office Surge Pro-
tection System has a suggested
list price of less than $50. For
more information, contact Inter-
matic Inc., Intermatic Plaza,
Spring Grove, IL 60081-9698.

CIRCLE 104 ON FREE
INFORMATION CARD

VIDEO TITLEMAKER
The broadcast-quality
TitleMaker 2000 video titler, an
upgraded version of Videonics'
popular TitleMaker, offers a host
of new features. Intended to
bring an added level of con-
venience and flexibility to home
moviemakers who want to give

their productions professional-
looking titles and special
effects, the TitleMaker 2000
features “preview output,” an
additional video output that ai-
lows a second monitor to be
used to create new pages or
modify the titles. Other new
features include more than 90
font and size combinations, in-
cluding script fonts; rapid page
access without scrolling; ad-
vanced scrolling, which allows a
title to scroll in from one direc-
tion and out from another; and a
set of independent pages that
can be saved for different jobs
or users. Like the original unit,
the TitleMaker 2000 offers
backgrounds, letters, outlines,
and borders that can be created
with over a million colors or a
wide range of patterns, includ-
ing animated patterns. The
keyboard has accented charac-
ters for more than 16 languages
and special characters.

The TitleMaker 2000 has a
suggested retail price of $599.
for further information, contact
Videonics, 1370 Delt Avenue,
Campbell, CA 95008-6604; Tel.
708-866-8300; Fax:
408-866-4859.

CIRCLE 105 ON FREE
INFORMATION CARD

SOLDERING IRON/
TORCH KIT

Philips ECG J-500 soldering
iron/torch is now available in a
10-piece kit complete with carry-
ing case, four different tips, and

@

other accessories. The com-
pact, lightweight, handheld tool
features a see-through refillable
butane tank, a temperature con-
trol for accurate adjustment of
tip temperature, and a built-in
igniter. The J-500KT kit includes
the J-500, a solder tip, a blow-
torch tip, a hot-knife tip, a heat-
blower tip, a metal safety stand,
a cleaning pad, spare flints, and
a half-ounce of 60/40 rosin-core
solder, all packaged in a heavy-
duty, fitted carrying case. Addi-
tional tips are available

optionally. Applications include
electrical/electronic circuit re-
pair, light-gauge welding,
jewelry and eyeglass-frame re-
pair, model building, crafts, and
thawing frozen focks.

The J-500KT soldering iron/
torch kit has a suggested retail
price of $35.50 and is available
from participating Philips ECG
distributors in the United States
and Canada. For more informa-
tion, contact Philips ECG, 38
State St., Seneca Falls, NY
13148-0730; Tel. 315-568-5875.

CIRCLE 106 ON FREE
INFORMATION CARD

COAXIAL-CABLE
CHECKER

Designed for testing coaxial ca-
bles in common use for network
and audio/video applications,
Paladin Tool's Coax-Check 1560
provides a simple pass-or-fail
analysis for RG58, 59, and 62
coaxial BNC-type cables. It
tests the continuity of both the
conductor and the braided

shield, and identifies shorts re-
sulting from contact between
the conductor and the shield. A
green LED indicates a “pass’
diagnosis. One of a group of red
LED lights to indicate the rea-
son for failure. The tester
comes in a high-impact case,
complete with a 9-volt battery
installed.

The Coax-Check 1560 has a
suggested retail price of $35.67.
For additional information, con-
tact Paladin Tools, 3543 Old
Conejo Road, Suite 101, New-
bury Park, CA 91320; Tel.
800-272-8665; Fax:
800-272-5257.

CIRCLE 107 ON FREE
INFORMATION CARD




Never before has so much

professional information on the art

of detecting and eliminating
electronic snooping devices—and

how to defend against experienced

information thieves—been placed
in one VHS video. If you are a
Fortune 500 CEO, an executive in
any hi-tech industry, or a novice
seeking entry into an honorable,
rewarding field of work in
countersurveillance, you must
view this video presentation again
and again.

Wake up! You may be the victim of
stolen words—precious ideas that would
have made you very wealthy! Yes, profes-
sionals, even rank amateurs, may be lis-
tening to your most private con-
versations.

Wake up! If you are not the victim,
then you are surrounded by countless vic-
tims who need your help if you know how
to discover telephone taps, locate bugs, or
“sweep” a room clean.

There is a thriving professional service
steeped in high-tech techniques that you
can become a part of! But first, you must
know and understand Countersurveilance
Technology. Your very first insight into
this highly rewarding field is made possi-
ble by a video VHS presentation that you
cannot view on broadcast television, sat-
ellite, or cable. It presents an informative
program prepared by professionals in the
field who know their industry, its tech-
niques, kinks and loopholes. Men who
can tell you more in 45 minutes in a
straightforward, exclusive talk than was
ever attempted before.

Foiling Information Thieves

Discover the targets professional
snoopers seek out! The prey are stock
brokers, arbitrage firms, manufacturers,
high-tech companies, any competitive
industry, or even small businnesses in the
same community. The valuable informa-
tion they filch may be marketing strat-
egies, customer lists, product formulas,
manufacturing techniques, even adver-
tising plans. Information thieves caves-
drop on court decisions, bidding
information, financial data. The list is
unlimited in the mind of man—es-
pecially if he is a thief!

You know that the Russians secretly
installed countless microphones in the
concrete work of the American Embassy
building in Moscow. They converted

| CLAGGK INC PE
1 5

! P.O. Box 4099 « Farmingdale, NY 11735

]

b Please rush my copy of the Countersurveillance Techniques
: Video VHS Cassctte for a total cost of $53.95 cach (which
: includes $4.00 postage and handling).

I No. of Cassettes ordered

: Amount of payment $ .

I Sales tax (NYS. only)

: Totalenclosed

I Bill my 1 visa [ MasterCard

: Card No. _ - o
I| Expire Date /

| Signature _

|

| Name _ _ =

I Address _

: City _ State rAlg

: All payments in US AL funds. Canadians add $ 1 00 per VHS
: cassette. No foreign orders.,
e e

1-516-293-3751

HAVE YOUR
VISA or MC CARD
AVAILABLE

what was to be an embassy and private
residence into the most sophisticated re-
cording studio the world had ever
known. The building had to be torn
down in order to remove all the bugs.

Stolen Information

The open taps from where the informa-
tion pours out may be from FAX’s, com-
puter communications, telephone calls,
and everyday business meetings and
lunchtime encounters. Businessmen need
counselling on how to eliminate this in-
formation drain. Basic telephone use cou-
pled with the users understanding that
someone may be listening or recording
vital data and information greatly reduces
the opportunity for others to purloin
meaningful information.

The professional discussions seen on
the TV screen in your home reveals how
to detect and disable wiretaps, midget
radio-frequency transmitters, and other
bugs, plus when to use disinformation to
confuse the unwanted listener, and the
technique of voice scrambling telephone
communications. In fact, do you know
how to look for a bug, where to look for a
bug, and what to do when you find it?

Bugs of a very small size are easy to
build and they can be placed quickly ina
matter of seconds, in any object or room.
Today you may have used a telephone
handset that was bugged. It probably
contained three bugs. One was a phony
bug to fool you into believing you found a
bug and secured the telephone. The sec-
ond bug placates the investigator when
he finds the real thing! And the third bug
is found only by the professional, who
continued to search just in case there were
more bugs.

The professional 1s not without his
tools. Special equipment has been de-
signed so that the professional can sweep
a room so that he can detect voice-acti-
vated (VOX) and remote-activated bugs.
Some of this equipment can be operated
by novices, others require a trained coun-
tersurveillance professional.

The professionals viewed on your tele-
vision screen reveal information on the
latest technological advances like laser-
beam snoopers that are installed hun-
dreds of feet away from the room they
snoop on. The professionals disclose that
computers yield information too easily.

This advertisement was not written by
a countersurveillance professional, but by
a beginner whose only experience came
from viewing the video tape in the pri-
vacy of his home. After you review the
video carefully and understand its con-
tents, you have taken the first important
step in either acquiring professional help
with your surveillance problems, or you
may very well consider a career as a coun-
tersurveillance professional.

The Dollars You Save
To obtain the information contained in &
the video VHS cassette, you would attend 2
a professional seminar costing $350-750 2
and possibly pay hundreds of dollars more
if you had to travel to a distant city to
attend. Now, for only $49.95 (plus
$4.00 P&H) you can view Countersur-
veillance Techniques at home and take &
refresher views often. To obtain your
copy, complete the coupon or call.

661 ANy
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ELENCO
COMPUTER
INTERFACE
TRAINER

CIRCLE 119 ON FREE INFORMATION CARD

Tap into those useful logic signals on your computer’s
motherboard with the Elenco XK-450 Computer Interface Trainer.

earning how logic circuits work
Lis but one “lesson” in the school

of electronics. However, given
the extent of digital technology today,
it is an important lesson; perhaps just
as important as learning about radio
circuitry was fifty years ago. Logic cir-
cuitry is everywhere today, and any-
one seriously considering a career in
electronics will simply have to learn
about it.

The breadboard area contains 5-point tie blocks for each buffered bus signal. Noie thai

However, just understanding the
functions of simple logic devices isn't
enough. Since computers and micro-
processors now control almost every-
thing, a well-rounded education in
digital electronics must teach how to
interface those components 1o basic
digital circuits.

There are many ways that you can
learn about logic. The best place to
startis on paper, both by reading vari-

A

the signals are logically grouped on the board.

ous fextbooks and magazine arficles,
and by working out the logic expres-
sions with a pencil and pad. Once
you're “paper trained” in logic, the
next training ground is a workbench,
where valuable hands-on experience
can be gained. That involves the
physical breadboarding of logic cir-
cuits, and observing and trou-
bleshooting the outcome of your
experiments.

To that end, there are various logic
trainers that help one learn particular
aspects of digital circuitry. The prob-
lem is that most trainers are mission-
specific, meaning that once you've
completed experiments A through Z
there's nothing else you can do with it
(except hand it down to someone
who hasn’t done experiments A
through Z). Even a trainer that includes
a microcontroller of some kind is still
rather limited—once you've learned
how to put simple logic circuits under
microprocessor control, what then?

That leads me to wonder, is there a
more open-ended frainer platform?
Personal computers come to mind
here, because inside those dull-tan
cases are powerful microprocessors
and memory arrays that are just wait-
ing fo do something intriguing. Get-
ting your hands on a personal
computer these daysis no problem at



all; you shouldn't have to pay more
than $100 bucks for a perfectly good
used XT with a hard drive and color
monitor. Even though an old PC is not
adequate for modern word-process-
ing, spread-sheeting, or even game-
playing tasks, they are still more than
adequate for generating control sig-
nals and recording data.

Provided you know or are ready to
learn a little programming, the key
difficulty is getting at those signals,
which are "buried” in the mother-
board. Even with a PC’s relatively low
cost, one still doesnt want to stick
wires into the motherboard slots to
pick up signals. What's needed is a
card that fits in one of the mother-
board slots and safely brings the sig-
nals to the outside world. To further
protect the motherboard, the card
must also buffer those signals.

Fortunately for us, Elenco Elec-
fronics (150 W. Carpenter Ave., Wheel-
ing, IL 60090; Tel. 708-541-3800, or
800-533-2441; Fax 708-520-0085)
makes exactly that: the Model XK-450
Computer Interface Trainer, that sells
for $165.

What You Get. The XK-450 package
consists of an adapter card that fits in
an empty slot of any IBM-PC/XT, or
compatible, a special breadboard
(which rests outside the computer),
and tworribbon cables. The expansion
card is loaded with five 745244 octal
buffers that isolate your computer bus
from your experiments, Namely, it buff-
ers the address, data, IRQ5 or IRQ6,
IRQ7, /O channel ready, AEN, Reset
DRV MEMW, MEMR, IOW, 1OR, Clock,
and ALE signals, and provides a signal
ground.

The breadboard includes one 5-
point tie block for each of the men-
fioned signals. They give the system
great flexibility. The experimenter
board is mounted on a sturdy steel
base plate equipped with four rubber
feet, so it's extremely sure-footed and
easy to work with on the bench.

The two ribbon cables (one 15-con-
ductor and one 25-conductor) are
simply terminated with IDC DB con-
nectors. The cables connect the
adapter card and breadboard to-
gether.

Installation. Minutes after taking the
XK-450 out of the box, you can convert
any old PC/XT or compatible into a

computer-interface trainer. Before in-
stalling the XK-450, you must decide if
you need to move a jumper on the
adapter card from its default position.
The jumper allows you to select
whether you want access to IRQ5 or
IRQ6 (the default) on the breadboard.
If you move the jumper to the position
for IRQS5, the breadboard tfie block la-
beled IRQS6 will carry the IRQS signal
instead. This step was not covered in
the manual, although its an option
few users would need fo exercise.

Next, you plug the adapter card
into an empty expansion socket.
Oncethe cardisinstalled, you can put
the cover back on the computer.
From the back of the computer, you
then plug the two ribbon cables into
the card. Connectthem to the bread-
board, and you're done.

Buy it, Try it. Anyone who regularly
finkers with the signals originating
from a computer motherboard, as
well as anyone who is ready to start
doingso, will find the XK-450 extremely
useful. The XK-450 is a fine addition to
that old PC that's found its final resting
place on your electronics workbench.
It lets you get at the PC bus signals in
an instant, without fear of damaging
the computer.

The XK-450 will surely be of interest
to any computer buff, or at least the
kind interested in hardware as well as
software. We know that the Elenco
XK-450 Computer interface Trainer is
right up the alley of many readers of
this magazine. Its reasonable price,
extreme versatility, and uniqueness
make it so. For more information on
the XK-450, contact Elenco at the ad-
dress given earlier in this arficle, or
circle No. 119 on the Free Information
Card. [ |

“Because of poor network programming,
sales of blank videotape are way down.”

SURVEILLANCE

& SECURITY

FM TRANSMITTERS
MINIATURE (KITS)

+ 3-VOLT FM XMTR, up to 300 ft. indoors,
1500 ft. outdoors

= PHONE XMTR, range to 500 ft., uses
phone-line power

+ Sound-Activated XMTR, range to 500 ft

= 2-STAGE XMTR, 9-Volt, very powerful

All above require simple soldering
at 2 to 4 places. Broadcast on std
FM band. Assemble in less than 5
minutes. Any of the above $29.95**

TELE CALL FORWARDER. Transfers
incoming calls to any number you
select. $99.00*

CALLER ID. Registers incoming
number and stores to 50 numbers.
$99.00*

TEL REGISTER WITH PRINTER.
Records dialed number. duration. and
prints record. 16-digit display with
security lock control. Stores up to 40
calls. $149.00*

TEL REGISTER W/O PRINTER.
Records dialed number and time.
16-digit display. Holds up to 145 num-
bers in memory. $99.00*

12-HOUR LONG-PLAY RECORDER.
Modified Panasonic. Records 6 hrs.
on each side of 120 tape (supplied).
Compatible with VOX and Tel Rec
Adapter. $119.00*

VOX VOICE-ACTIVATED SWITCH.
Makes recorder self-activating with
voices or other sounds. Great for
radios and scanners. Provisions for
external mike and/or patch cord.
$28.50**

TELEPHONE RECORDING ADAP-
TER. Records incoming and outgoing
calls. Use of handset controls
recorder and records both sides of
conversation. $28.50*

TELEPHONE SCRAMBLERS. Over
51,000 separate codes; impossible to
break code. Assures utmost privacy.
$295.00*

VOICE CHANGER. Changes man's
voice to lady's and vice versa. 4 sep-
arate settings. Ideal for disguising
voice. $29.95*

RF BUG DETECTORS,
AND MUCH MORE
For Shipping and Handling add *$5.00 and
**$2.00 per item. Colo. residents add sales tax.
Mail Order. VISA, M/C, COD’s o0.k. Inquire for
dealer prices. Free catalog

TOLL FREE 1-800-926-2488

A.M.C. SALES, INC.
193 Vaquero Drive
Boulder, CO 80303
Tel: (303) 499-5405
Fax: (303) 494-4924

Mon-Fri 8 a.m. - 5 p.m. Mtn. Time

CIRCLE 151 ON FREE INFORMATION CARD

so1U0L}08|(J Jejndod ‘v661 AInr

-y
(=]



Popular Electronics, July 1994

N
o

By Len Feldman

Mcintosh
Laboratories
MC7100
Power
Amplifier

PRODUCT
TEST REPORTS

Mclmosh Laboratories is
one of the oldest es-
tablished firms specializing
in high-fidelity audio com-
ponents. The company was
formed by Frank Mcintosh
back in the late 1940 and
has remained true to its
philosophy of creating au-
dio components that not
only perform superbly, but
last virtually “indefinitely.” |
know several audio enthusi-
asts who bought Mcintosh
equipment in the 1950
and 1960's and are still
using that equipment to-
day. The fact that that
equipment was based on
vacuum-tube technology
makes the longevity of
those components even
more remarkable.

CIRCLE 120 ON FREE INFORMATION CARD

The Mcintosh MC7100 power amplifer.

FEATURES

Mcintosh traditionally up-
dates their equipment
without necessarily chang-
ing model numbers, and
that is true in the case of
the MC7100 power ampli-
fier that is the subject of this
report. The MC7100 in-
cludes the “classic
Mclintosh” black-glass front
panel with back lighted no-
menclature, and is a
perfect match for their
Model C712 remote-con-
frolled System Control

Center. The amplifier has
been updated with several
refinements. A pair of bal-
anced input (XLR)
connectors has been add-
ed to take advantage of
the reduced noise pickup
of balanced cables. The
addition of a rear-panel AC
power switch as well as a
DC logic power-control
connector (which turns on
the ampilifier when supplied
with 5 volts of DC) provides
increased operating flex-
ibility to fit a greater variety
of system requirements, All
the familiar Mcintosh per-
formance circuits such as
Power Guard and Sentry
Monitor protection (more
about those circuits in a
moment) are present in this
unit.

The amplifier is rated at
100-watts-per-channel into
8-ohm loads, but will also
drive 4-ohm speakers.
Bridged (mono) operation
is also possible, under
which the amp can deliver
as much as 300 watts into a
single speaker. The Power

Guard circuit, referred to
above, acts as a waveform
comparator, monitoring
both the input and output
signals. Normally there are
no differences between
those signals; but there is
when an amplifier is over-
driven. If the difference
exceeds 0.3% (equivalent
to 0.3% harmonic distor-
tion), the Power Guard
indicator on the front panel
will illuminate. If the dif-
ference continues to
increase, the Power Guard
circuit attenuates the input
to reduce the gain of the
amplifier and prevent any
further increase in distor-
tion. Thanks to that circuit,
distortion will not exceed
2% even if the amplifier is
overdriven by as much as
14 dB.

The MC7100 incorporates
seven specific protection
circuits to enhance its per-
formance, increase its
reliability, and protect loud-
speakers. The Sentry
Monitor circuit, also referred
to earlier, is a good exam-

AMPLITUDE (dB) VS. FREQUENCY (Hz): MCINTOSH MC7100 POWER Aupm ]
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The overall frequency response of the Mclntosh MC7100 from 10

Hz 1o 100 kH:z is shown here.




TEST RESULTS—MCINTOSH MC7100 POWER AMPLIFIER

Specification Mir’s Claim PE Measured:
Frequency response

20 Hz to 20 kHz +0,-0.25 dB +0,-0dB

10 Hz to 100 kHz +0,-3.0dB +0,-1.0dB
Stereo power output

8-ohm loads 100 W/channel 120 W/channel
Mono bridged, 8 ohms 300 watts 315 watts
Rated harmonic distortion 0.005% 0.003% (stereo)

Hum and noise (re: rated

output) 115 dB 95 dB (re: 1 watt)
IHF dynamic headroom 1.7 d8 Confirmed B S E E
Input sensitivity 1.4 volts 1.48 volts o NaieRmia S o
Damping factor More than 200 Confirmed D E GR E E
Power requirements 120-volts, 50/60 Hz,
ST 25amps Confirmed THROUGH HOME STUDY
(WxHXD, inches) N/A 17%x 4% X 16% Our New and Highly Effective Advanced-Place-
ment Program for experienced Electronic Tech-
‘Wi nicians grants credit for previous Schooling and
\Nelght . L 24 1bs. 22 1bs. Professional Experience, and can greatly re
Suggested retail price: $1100.00 duce the tire required to complete Program and
o - o - - reach graduation. No residence schooling re-
THD + NDISE (¥) vS. FREQUENCY (Hz); SANSUI AU-X911 AMPLIFIER quired for qualified Electronic Technicians
[ —— . e _ Through this. Special Program you can pull all of
I [ B HF Ap | the loose ends of your electronics background
I = 11 together and earn your B.S.E.E. Degree. Up-
| grade your status and pay to the Engineering
=== Fe——t—— = Level. Advance Rapidly! Many finish in 12
——F — — months or less. Students and graduates in afl 50
['_ 1 I N 1 States and throughout the World. Established
— - - Over 40 Years! Write for free Descriptive Lit-
| | erature
0.1 e
—— .
—— COOK’S INSTITUTE
OF ELECTRONICS ENGINEERING
0.010 -—=+
— @ E 4251 CYPRESS DRIVE
r + E ACKSON, MISSISSIPPI 39212
0.001 !;_ﬂ_ = CIRCLE 14 ON FREE INFORMATION CARD
.0005 E— =T

21

o

This plot shows how harmonic-distortion-plus-noise varied as a

Sfunction of the input frequency.

ple. If a short circuit or very
low load impedance is
connected to the ampli-
fier's outputs, destructive
current levels could be
reached. The Sentry
Monitor circuit senses the
dynamic operating time,
voltage, and current at the
output stages, and keeps
them within safe operating
limits. The Sentry Monitor cir-
cuit does not limit the

CONTROLS

There are no operator
controls on the front panel
of the Mcintosh MC7100.
Behind the traditional
black-glass front panel are
a power-on indicator light
and the pair of Power
Guard indicator lights (one
for each channel} de-
scribed earlier.

The rear panel has a

EARN YOUR

"power on/off-remote”
switch at the left, and just
from the amplifier. Addi- below it is a fuse holder
fional prOTeCTiOn circuits equipped with a b_cmp
include thermal protection | Kower-line fuse. Nearby is a

SSC has interfaces and software to allow you to
receive vivid satellite images on an IBM PC computer
Just plug the interface into the senal port of @ PC and
into the audio oJtput of a shortwave receiver The
package includes the interface, manuals, schedules
and software SSC also makes systems for reception
with VHF scanners. Call or write for our free catalog

power output available

and direct-current failure AC convenience recepfc_ Visa and MASTERCARD accepted
protection. The last Sreut | cle and above it are a pair Software Systerns Consulting
WRSEULEIE ST=eL e of “power control” jacks; 415 5. El Camine Real, 3an Clamante, T8 $2472

DC voltage appears at the
output terminals. That pre-
vents possible speaker

damage.

those are used with an as-
sociated Mcintosh control
center to turn the amplifier
on or off when the control

Tel: (7143-498-5784 Fax: (714)-498-05568
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center is powered up. Un-
der those conditions, the
MC7100's power switch
would be left in the “off-
remote” position. Further to
the right are speaker termi-
nals. The speaker-terminal
block is clearly labeled in
terms of polarities for either
stereo speakers or for a
single speaker when
bridged (mono) mode is
desired. Near the speaker
block is a small slide switch
that selects either stereo or
mono operation. Clear il-
lustrations showing
connections for both meth-
ods of operation appear in
the owners manual. Two in-
put-level controls come
next, followed by unbal-
anced (standard RCA type)
input jacks and three-termi-
nal balanced-input (XLR)
connector jacks.

LAB MEASUREMENTS

The frequency response
of the Mclntosh MC7100
amplifier was flat out to 20
kHz, and even at 100-kHz
response was down only 1.0
dB! Harmonic-distortion-
plus-noise at a constant
rated output of 100-watts-
per-channel into 8 ohms
was around 0.001% at low
and mid-frequencies for the
left channel, while the right
channel was closer to
0.002%. Even at the 20-kHz
extreme, THD plus noise
measured no more than
about 0.003% for both
channels, still well beiow
the published specification
of 0.005%. Bear in mind,
too. that these measure-
ments take into account
distortion plus noise where-
as the published
specification refers to distor-
fion alone.

In order to “separate” the
actual harmonic distortion
from the noise contribution
we used the FFT spectrum-
analysis capability of our
Audio Precision test equip-
ment. With a 1-kHz signal
applied, the most signifi-

0.0

HARMONIC COMPONENTS OF 4 kHz SIGNAL RECORDED AT 0 DB LEVEL; MCINTOSH MC7100
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A spectrum analvsis showed that even the most significant
harmonic-distortion component (at 3 kHz ) was down about 96 dB

helow the reference level.

SPECTRUM ANALYSIS, RESIOUAL NOISE (dB) VS. FREGUENCY (Hz); MCINTDSH MC7100
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When we looked at residual-noise-versus-frequency using a ¥z-
octave band-pass filter we found that even the worst noise peak

was down nearly 100 dB.

cant harmonic distortion
component occurred at 3
kHz, (the third harmonic of
the fundamental test signal)
but even it is down some 96
dB below the 100-watt ref-
erence level. That
corresponds to a distortion
percentage of 0.0016%.

We next briefly con-
nected a single load for the
bridged (mono) mode and
ran another distortion-plus-
noise-versus-frequency test,
this fime maintaining a con-
stant 300-watts of power
into the single load. Distor-
tion-plus-noise was less than
0.004% over nearly the en-
tire frequency range, never
reaching the Mclntosh-pub-
lished maximum-THD level
of 0.005%.

Next, we restored the
stereo connections and
measured the A-weighted
signal-to-noise ratio of the
amplifier with input levels
adjusted for maximum gain
and with an output refer-
ence of 100-watts-per-
channel into 8-ohm loads.
The left-channel S/N ratio
was 113.6 dB. while right-
channel signal-to-noise
ratio measured 1121 dB.

We also examined the
residual-noise-versus-fre-
quency. using a Ys-octave
band-pass filter. We saw
peaks at 60 Hz, 120 Hz, 180
Hz, and 300 Hz, which result
from the 60-Hz power line,
but even the worst of those
(60 Hz in the right channel)
was down nearly 100 dB

referred fo rated output.
Note, too, that these mea-
surements were done
without any A-weighting
and therefore did not take
info account the ear’s
lowered sensitivity to bass
sounds at such low levels,
which would make this min-
imal amount of hum totally
inaudible, as indeed it was
during our subsequent lis-
fening tests.

Finally, we measured the
SMPTE intermodulation-dis-
tortion level of the amplifier
when it was fed with a 4:1
ratio of 60-Hz and 7000-Hz
signals at a level equivalent
o the rated output of 100-
watts-per-channel. The
SMPTE-IM for the left chan-
nel measured 0.001% for
either channel.

HANDS-ON TESTS

Hook-up to our reference
listening system went
smoothly. We listened to the
amplifier using KEF Model
105 Mk. 2 speaker systems,
which are relatively ineffi-
cient and therefore require
fairly high power levels. The
Power Guard lights never
came on during our listen-
ing fests, even though we
drove the system to fairly
loud levels in our listening
room.

What can one say about
the sound of a Mcintosh
power amplifier such as this
elegantly designed
MC7100. If anyone ever tells
you that measured lab
specifications have nothing
fo do with the way a prod-
uct sounds, the MC7100
would be a good compo-
nent with which to
demonstrate the contrary. it
not only measured superbly,
but sounded magnificent
as well.

For more information on
the MC7100 power ampli-
fier, contact Mclntosh (2
Chambers St.. Binghamton,
NY 13903) directly, or circle
No. 120 on the Free Infor-
mation Card. n




Electronic Paperbacks at Special Prices

[ BP325—A CONCISE USER'S
GUIDE TO WINDOWS 3.1 ..
$7.95. Come to grips with Windows
3.1in the shortest and most effective
way. Learn how to manipulate Win-
dows screens and DOS by Windows
graphics interface. Master its word
processor, Paintbrush and data base
along with Notepad, Macro Recorder,
PIF Editor. and Calculator.

A Concise
User's Guide to
Windows 3.1

[1BP248—TEST

more.

EQUIPMENT CON- Howts Use
STRUCTION ..... e aates 'SCOPES AND
$5.95. Details con- . "‘:‘:“ OTHER TEST EQUIP-

struction of simple. in- =
expensive, but ex-
tremely useful test
equipment. AF Gen,
Test Bench Ampl, Au-
dio Millivoltmeter, Tran-
sistor Tester and six

bt

—om T equipment S also de-
scribed.

BP311—AN INTRODUCTION TO
SCANNERS AND SCANNING . . ..
$7.95. Radio scanners have opened
a realm of exciting radio listening.
Understand radio wave propagation,
types of transmissions, antennas,
band assignments—the straight
dope on what to hear and where to
hear it! Comes complete with index,
glossary of important terminology.

[0 BP267—HOW TO
USE OSCILLO-

MENT ..... $6.95. Mas-
tering the oscilloscope
is not really too difficult.
Thjs book explains all
the standard controls
and functions. Other

An Introduction to
Scanners

an
Scanning

= 4

| BP287—A REFERENCE GUIDE
TO PRACTICAL ELECTRONICS
TERMS. . . . $8.95. More than just a
dictionary of practical electronics
termis, the book goes a step further in
getting down to fundamentals. A ret-
erence volume that can be read casu-
ally by a reader seeking knowledge.

_:-"-FFF-
-

O

ad

ADVANCED USES
OF THE MULT!-
METER . ... §5.95.
Use these techniques
1o test and analyze the
performance of a vari-
ety of components.
Also see how to build

multi-meter
pabilities.

BP265—MORE

d-ons to extend
ca-

i LOUDSPEAKERS

* stand the principles in-

A Reference Gulde to
Practical Eiectronics
Terma

|
|

[J BP256—INTRO TO
AND ENCLOSURE
explore the variety of
enclosure and speaker
designs in use today, so
the reader can under-

volved.

1 BP298—A CONCISE INTRODUCTION TO THE
MACINTOSH SYSTEM AND FINDER. . . .$6.25. If you
have one of the popular Macintosh range of computers,
this book is designed to help you get the most from it.
Although the Mac's WIMP user interface is designed to
be easy to use, much of it only becomes clear when it is
explained in simple terms. All Macintosh computers are
covered including the new “Classic” range.

[J BP299—PRACTICAL
ELECTRONIC FILTERS
$6.95. Presents a doz-
en filter-based practical
projects with applications in
and around the home or in
the constructor’s workshop.
Complete construction de-
tails are included.

[ BP249—MORE AD-
VANCED TEST EQUIP-
MENT CONSTRUCTION
.... $6,95. Eleven more
test equipment con-
struction projects. They in-
clude a digital voltmeter,
capacitance meter, current

[0 BP245—DIGITAL
AUDIO PROJECTS
..... $5.95. Practical cir-
cuits to build and ex-
periment with. In-
cludes A/D converter,
input amplifier, digital

[1BP247—MORE
ADVANCED MIDI
PROJECTS ..... $5.95.
Circuits included are a
MiDI indicator, THRU
box, merge unit, code
generator, pedal. pro-

tracer, etc.
—— [J BP309—PREAMPLI-
1 BP257—INTRO TO Praampiiter FIER AND FILTER CIR-
AMATEUR RADIO Finer Circuhs CUITS ..... $6.95. Provides

circuits and background
info for a range of pre-
amplifiers, plus tone con-
trols, filters, mixers and
more. Alt are high-perfor-
mance circuits that can be

... $6.95. Amateur
Radio is a unique and -
fascinating hobby. This |
book gives the new- :
comer a comprehen-

delay line, compander,
echo effect and more.

[J BP303—UNDERSTANDING
PC SOFTWARE $6.95. This
book will help you understand the
basics of various types of business
software in common use. Types of
software covered include word pro-
cessors, spelling checkers, graph-
ics programs, desktop publishing,
databases, spreadsheets and util-
ities.

grammer, channelizer,
and analyzer.

[ BP251—COMPUTER
HOBBYISTS HANDBOOK
... .$8.95. Awrapup of ev-
erything the computer hob-
byist needs to know in one
easy to use volume. Pro-
vides a range of useful ref-
erence material in a single
source.

stand gu
subject.

sive and easy to under-

ide to the

[J PCP115—ELECTRONIC PROJECTS
FOR HOME SECURITY . .. . $10.00. 25
projects ranging from a single-door pro-
tection circuit that can be completed in an
hour or two, to a sophisticated multi-chan-
nel security system. Each project is de-
scribed in detail with circuit diagrams,
explanations of how it works, instructions
for building and testing, and how to adapt
circuits to meet special requirements.

built at a reasonable cost.

[] BP190—ADVANCED ELECTRONIC SECURITY PROJECTS.....$5.95. includes a

passive infra-red detector, a fiber-optic loop alarm, computer-based alarms and an
unusual form of ultrasonic intruder detector.

[ BP235—POWER SELECTOR GUIDE . . . . $10.00 Complete guide to semicon-
ductor power devices. More than 1000 power handling devices are included. They
are tabulated in alpha-numeric sequence. by technical specs Includes power
diodes, Thynstors, Triacs, Power Transistors and FET's.

[0 BP234—TRANSISTOR SELECTOR GUIDE.....$10.00. Companion volume to
BP235. Book covers more than 1400 JEDEC, JIS, and brand-specific devices. Also
contains listing by case type, and electronic parameters. inciudes Darlington
transistors, high-voitage devices, high-current devices, high power devices.

[0 BP1T—PRACTICAL ELECTRONIC BUILDING BLOCKS—Book 1.....85.75.
Oscilistors, Timers, Noise Generators, Rectifiers, Comparators, Triggers and more.

[J BP195—INTRODUCTION TO SATELLITE TV..... $9.95. A definitive introduction to
the subject written lor the prlessional engineer, electronics enthusiast, or others
who want to know more before they buy. 8 x 10 in

[ 8P239—GETTING THE MOST FROM YOUR MULTIMETER..... $5.95. Covers
basics of analog and digital meters. Methods of component testing includes
transistors, thyristors, resistors, capacitors and other active and passive devices.

[J 8P97—IC PROJECTS FOR BEGINNERS.....$5.50. Power supplies, radio and
audio circuits, oscillators, timers, switches, and more. If you can use a soldering iron
you can build these devices.

[J RADIO—100 RADIO HOOKUPS.....$3.00. Reprint of 1924 booklet presents radio
circuits of the era including regenerative, neutrodyne, reflex & more.

[] BP42—SIMPLE LED CIRCUITS..... $5.50. A large selection of simple appiications
for this simple electronic component.

[ BP122—AUDIO AMPLIFIER CONSTRUCTION . . . . $5.75. Construction details
for preamps and power amplifiers up through a 100-watt DC-coupled FET amplifier.

() BP92—CRYSTAL SET CONSTRUCTION..... $5.50. Everything you need 10 know
about building crystal radio receivers.

[ BP255—INTERNATIONAL RADIO

STATIONS GUIDE . . . . $7.95. Provides

(1 BP179—ELECTRONIC CIRCUITS
FOR THE COMPUTER CONTROL OF
ROBOTS ..... $7.50. Data and circuits for
interfacing the computer to the robot's
motors and sensors

CHECK OFF
THE BOOKS YOU WANT

the casual listened, amateur radio DXer
and the professional radio monitor with an
essential reference work designed to
guide him or her around the more than
ever complex radio bands
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ELECTRONIC TECHNOLOGY TODAY INC.
P.O. Box 240, Massapequa Park, NY 11762-0240

USA AND CANADA

SHIPPING CHARGES IN

SORRY No orders accepted Number of books ordered D

outside of USA & Canada

$0.0110 $5.00.. ... $1.50 Total price of merchandise ....$
Name $5.0110 $10.00..... $2.50 Shipping (see chart at left) . ... &
$10.0110 20.00. .. .. $3.50 Subtotal ... .. 3
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By John J. Yacono

More Muscle
and Vehicle
Projects

e T D e o

This book is guaranteed to keep you busy for hours. It's
crammed with useful historical and technical information on
memory wire, not to mention memory-wire projects.

Popular Electronics, July 1994
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THINK TANK

ast month, we discussed

how muscle wires—
those miraculous threads
that contract when heat-
ed—work and reviewed
some vehicle-related proj-
ects. This month, we'll
continue with more of the
same. Let me get things
started by describing how
to design things with muscle
wire,

PARAMETERS

One immediately grasp-
able aspect of muscle wire
is its diameter. As it turns out,

A

a wire's diameter affects
many of its other properties,
so it is the most important
characteristic of all. A wire’s
diameter affects its cross-

sectional areq, which, in
turn, affects its resistance
per unit length (or resistivity).
The greater the diameter,
the lower the resistivity.

The diameter also affects
a wire's mass per unit length
and surface-per-unit-length.
They both conspire to de-
termine how quickly a wire
can be cooled; skinnier
wires cool quickest. The di-
ameter is also related to
the force a wire can exert;
the thicker the wire, the
more force it can present.

Now for the implications
of all that. First, since Joule
heating is used to warm a
wire into contracting, the
higher the resistance, the
lower the current needed;
so a small diameter is favor-
able for saving power.
Second, if we want the wire
to relax quickly, it must cool
quickly; again a small di-
ameter is favored. Third,
while larger diameter wire
has greater pulling force,
multiple strands of slim wire
can be used to achieve the
same strength. So while thin
wire has a drawback for
heavy-duty applications, it
can be easily overcome.

The electrical properties
of greatest interest are resis-
tance-per-unit-length and
recommended current
level. They are important for
determining how to power
muscle wire. For example,
let's say a specimen we
wish to use is 10-cm long,
has a resistivity of 0.5 ohm/
cm, and a current rating of
0.4 amps. First we deter-
mine the wire's resistance
by multiplying its length and
resistivity:

R=10x0.5=5 ohms

Now that we know the
wire's resistance as well as

its current rating, we multi-
ply them to determine the
appropriate driving volt-
age:

V=5x04=2 volts

So now we know we need
a 2-volt, 400-mA supply to
drive the 10-cm wire. To
summarize, once you de-
cide what wire to use and
how much, you determine
its resistance and voltage
needs to help you design a
power supply. That's all
there is to it.

It should be mentioned
that there are other proper-
ties of muscle wire that
might help you chose one
wire over another, or help
you determine how much
wire fo use. However, they
seldom come into play in
basic projects and they're
100 numerous 1o go into
here. They mostly deal with
the maximum load, max-
imum deformation, and key
temperatures for a wire, All
of those and more can be
found in the Muscle Wires
Project Book. by Roger G.
Gilbertson, available from
Mondo-tronics, Inc. (624
San Anselmo Ave. #107-20,
San Ansetmo, CA 94960; Tel.
800-374-5764), for $17.95.
They also have all sorts of
neat kits and memory-wire
hardware, so | would ask for
their catalog.

Lets now muscle-open
the mail bag and see what
it holds for us.

LIGHTS ON!

Since there’s a new law in
New York State requiring the
use of headlights when
wipers are in use, | de-
signed the enclosed circuit
to alert drivers o turn the
lights on when the wipers
are activated. The circuit,
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Fig. 1. This handy device buzzes to let you know you're driving
with the wipers on but the headlights off. It's a safe way to avoid

a nuisance ticket.

shown in Fig. 1A, also ad-
vises the driver when the
lights are left on and the
ignition is off. That should
save many from returning
to their vehicle to find a
dead battery.

The parts for the circuit as
shown are available from
Jameco Electronics (1355
Shoreway Road, Belmont
CA 94002; Tel.
800-831-4242) and Radio
Shack. However, it can be
made from TTL-logic IC's
provided that the car’s 12-
volt battery source is re-
duced to 5 volts by a 7805
regulator. Also, if a steady
tone is desired, the TIP31A,
and the 555 can be elimi-
nated. The circuit’s truth
table is shown in Fig. 1B to
allow readers to further
modify the circuit.

For the possible fines

saved by using this circuit, |
think it deserves a book.

—Paul C. Pedersen,
Cheektowaga, NY

I think it does, t00. As |
can tell from Pauls thor-
ough notes, the entire
profect would cost under
$10 including the project
case. If you wish to use TIL
components as he men-
tions, U1, U2, and U3 can be
replaced by a 7411, 7432,
and a 7404, respectively.

WE’'VE LOST POWER
CAPTN!

While returning from a trip
last June in a nine-ton
motorhome towing a car,
the engine died (due to a
dead battery) while de-
scending a seven-mile long
three-percent grade. That
meant no boost for steering

or brakes. SCARY!! The en-

gine-battery voltmeter,
which indicated thirteen
volts, had evidently been
inoperative for some time.
After having the cilter-
nator repaired, | decided to
replace the voltmeter with
a more reliable voltage in-
dicator (see Fig. 2). using
the old meter dial with
small light-emitting diodes
(LED's) added to indicate
each voltage. Total cost:
approximately five dollars.

+12V iy

Shack. You can get the
flasher at any auto-parts
store for cheap.

The circuit is very simple.
Relay K1 is connected by
diodes to the door switches
and the switches under the
hood and trunk. The diodes
keep the switch circuits sep-
arate, preventing the alarm
wiring from interfering with
the interior lights. When 12
volts is sent to K1 from one
of the switches, it latches

R1 4 LED1
10K 4 1V

R2 «
3300 2 LED2
12v

R3 -
3300 ¥  LeDs
13V

R4 :
3300 4 | LED4
1“4V

R5 a1

47K 3

Fig. 2. With a single glance, this car-battery minder can tell you
your battery status. It's also a great device for checking the
strength your car’s charging system.

The circuit could be used to
monitor the status of any
12-volt battery.

—Bill McArthur, Torrance,
CA

Your heart must have
really been pounding when
the engine cut ouf! At least
now you've designed a cir-
cuit guaranteed to indicate
frouble before it grows way
out of proportion.

SUPER-SIMPLE CAR
ALARM

For those of you who
would like to have an alarm
systemn on your car, but
don't want to spend $100 or
more for one, the solution is
shown in Fig. 3. All of the
parts, except the flasher,
are available at Radio

19 D—o—l—* Ly
HORN i o=
-
FLASHER | |
]
Kzi_;ﬁ
12v
SWITCH
D2
1N4001
4+ D D3
# 1N4001 f1N4°°1
2]
LR B -
TO SWITCHES

Fig. 3. Car alarms just don’t
get less expensive than this
one. Once a door, the trunk,
or the hood has been
opened, the circuit beeps the
horn repeatedly until the key
switch is closed.
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closed so that simply clos-
ing the door back will not
shut off the alarm. Relay K2
is connected to the car’s
horn and is turned on and
off by the flasher that is
connected to K1. The key
switch that disables the
alarm (51) should be
mounted on the door or in
any convenient place.

The alarm is not limited to
just blowing the horn. An-
other relay can be used to
flash the lights, run a siren,
or whatever you want.

—John Clark, Thomasville,
GA

Pretty neat, | think a reset
circuit to automatically turn
off the alarm (and relieve
the battery) after a preset
time period would be a
nice addition. {Any fakers?)
Anybody building this circuit
should remember that car
accessories like the horn or
headlights require quite a
lot of current, so be sure fo
use heavy-gauge wire to
power such things.

AND-GATE CUT-OFF

As a hobbyist new to
electronics, | have found
that transistors are still quite
amazing to me. They are
simple to use yet effective.
A good example of their
versatility is the ignition cut-
off circuit in Fig. 4. As you
can see, two NPN transistors
are arranged in anp-gate
fashion. That means the cir-
cuit requires three
conditions to turn over the
car: The keyswitch must be
turned to the starting posi-
tion, @1 must be in the on
state, and Q2 must also be
in the on state.

An actual application of
this circuit might use the
brake-light switch to acti-
vate @1 and the left-turn
indicator for Q2. Using that
example, you would have
to turn the keyswitch to the
starting position, turn the
left signal on, and touch
your brake pedal to start
the car. If you add more

TO
SWITCHED
SOURCES
OF +12V

TO
KEY SWITCH

I
|
Dscm |\ cur
NTEssso | WIRE
TO
SOLENOID

TO STARTER
SOLENOID

Fig. 4. Defeating this auto-starter cut-off switch is a real brain
teaser. The only way 1o enable the starter solenoid is by using

nwo switched accessories (parking lights, turn signals, breaks,
or whatever) in addition 1o the key switch.

TO ACCESSORY TO IGNITION
CIRCUIT CIRCUIT DRIVING LAMPS
______ ——r—
e R T~

HEADLIGHT
SWITCH

*SEE TEXT

HIGH-BEAMS
SWITCH

+12v
BATTERY

TO
2 O HIGH BEAMS

TO
LOW BEAMS

Fig. 5. Living in Canadu and tired of turning on your driving
lamps? Try this awtomatic circuit with built-in logic that does

the job for you.

D1
¥ 1 Nacos

C1 J:
To | 5720 T

W\ LED1
)
8 6_|s
U1
LM3909
2 4

=

Fig. 6. Driving any two-wheel vehicle a night without lights is
crazy. This circuit can prevent you from taking such a risk with a
mountain bike by warning vou of a burned-out bulb.

transistors to act as anp-gate
inputs, then R1 may have to
be decreased to allow
enough current to trigger
the SCR, since this par-
ticular SCR requires up to
30 mA for gate activation.
As you can see, with the
options for turning the fran-
sistors on being numerous

and the combinations
adding even more com-
plexity, | think it is a simple
but effective circuit.

—Don Bradley,
Owensboro, KY

| like the ingenuity of the
circuit. The first thing a car-
thief would do if he en-
countered your device

would be to look for a
hidden bypass swifch.
Meanwhile, the means to
starting the car is right un-
der his nose! To make his
situation worse, you've fur-
ther hindered him by giving
him too many things fo
chose from.

AUTO AUTO LAMPS

For Canadian readers of
Popular Electronics, here's a
driving-lamp circuit (in the
dashed box of Fig. 5). As
you may know;, driving
lamps are now a require-
ment on all new cars in
Canada.

As you can see, this circuit
needs both accessory and
ignition voltage to operate.
That means the driving
lamps will not rob battery
current during starting. Ac-
cessories (e.g., the radio)
can be used while the en-
gine is not running, again,
without the driving lamps u
turning on, By connecting
Q1's emitter to the head-
lamp circuit as shown, the
driving lamps will also not
operate when the head-
lamps are on, since the
emitter would be at 12 volts,
thereby turning the relay off.
Any NPN power transistor
capable of safely handling
the relay coil current may
be used. A diode such as a
1N4001 should be con-
nected as shown to protect
against the voltage spikes
produced when the relay
turns off.

The value of Ry may be
determined experimentally.
For starters, divide the latch-
ing current of the relay by
the current gain of the tran-
sistor. Dividing the result into
12 volts will give an initial
value for Rg.

For example, a TIP31 NPN
transistor has a current gain
of about 40. If the relay
requires 50 mA to latch, the
result of the first division
would yield 1.25 mA. Divid-
ing that into 12 volts gives a

(Continued on page 77)
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CIE’s reputation as the world
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on the success of our
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ing the "big bang.”

the Universe and
noise were created.
When man happened
upon the scene some
time Iater, he found that
he had to shout over the
noise to be heard,
thereby establishing a
signal-to-noise ratio
(SNR) greater than one.

The battle to be
heard over the noise
has been waged ever
since. Modern tech-
nology, especially dig-
ital technology, allows
for some impressive sig-
nal-to-noise ratios, but there is still
room for improvement, especially un-
der less-than-ideal conditions. Let's
look at some examples.

Thanks to the digital technology
they use, CD players can typically pro-
duce S/N ratios on the order of 96 dB.
Thats great, but before we can listen
to the output, we need to feed itto an
amplifier. Let’s consider a 25-watt IC-
based audio ampilifier. Typically, such
amplifiers have an input reference
noise level of 3-pnV RMS. If our amplifier
has a gain of 40 dB, the noise output
would be 300-pV RMS, which is a
noise level thats about 93 dB below
the full output level.

Note that we said full output. What if
someone politely (or not-so-politely)
asks you to turn down the volume?
Doing so reduces the output signal
level but has little effect on the noise
level. If you turn the volume control
down so that the output is reduced by
15 dB (to about 0.8 watts), the resulting
signal-to-noise ratio is only 78 dB.
While that SNR is still respectable, itisa
significant reduction.

Next, let's consider an analog cas-
sette-tape deck. A typical unit, with-
out @ noise-reduction system and
using standard-formulation tape, may
achieve an SNR of about 50 dB. Using
chromium tape on a deck with a
chromium (or metal) equalization set-
ting will improve the SNR by some 4
dB. Using Dolby B noise reduction will
improve the SNR by 10 dB, and even
greater improvement is available
using Dolby C. However, Dolby noise
reduction requires special signal pro-
cessing during recording. If Dolby-en-
coded tapes are played back on

I n the instant follow-

GAINAUDIOAUT 1

The Universal

DYNAMIC NOISE REDUCTION

TV DMRe
TME.

BANDWIDTH

kHz

Noise-Reduction

gystem

BY RICHARD PANOSH

Add the benefits of noise
reduction to any stereo
signal source with this

easy-to-build add-on unit.

non-Dolby equipment, or if non-Dolby
tapes are played back using Dolby
noise reduction, full fidelity will not be
achieved.

VHS hi-fi cassettes, with an SNR of
over 80 dB, can provide excellent
sound quality. However, the SNR on a
videotape's conventional audio track
(VHS format) will actually be 3-5 dB
lower (depending on the recording
speed) than that of a normal, non-
Dolby cassette tape. If a good hi-fi
system is used for audio playback, the
familiar tape hiss will be quite evident.

Atypical FM receiver can deliver an
SNR of between 45 and 75 dB for
strong-signals. Unfortunately, for
weaker stereo signals, the noise will
be 20 dB more than for a monaural
signal due to the additional noise
from the stereo difference signal
(L—R). That is why some stereo re-
ceivers use blending stereo decoders
that decrease the stereo separation
when the SNR approaches 45 dB.

If you expect TV audio to be similar
to FM, you might be surprised. In real-
ity, the SNR is about the same as a

conventional cassette-
tape deck. In addition,
the maximum TV audio-
frequency deviation in
the U.S. is 25 kHz as op-
posed to 75 kHz for FM
radio broadcasts. The
poor audio quality has
been acceptable up till
now because of the lim-
ited audio power and
frequency response of
the audio circuits in a
typical TV. However, with
the introduction of ster-
eo TV and the growing
popularity of home-the-
ater setups, that is no
longer the case. Note
that while dbx noise reduction is part
of the MTS stereo-TV standard, it is only
applied to the stereo difference sig-
nal (L—R). The normal audio signal
(L +R) is unaitered in order to preserve
compatibility; hence the stereo SNR is

basically the same as the monaural.

The Dynamic Noise Reduction
System. The Dolby and dbx noise-
reduction systems both use the prin-
cipal of companding to achieve their
objectives. In companding, a signal’s
spectrum is compressed at its source
and then expanded in a complimen-
tary fashion when received or played
back. While that technique can
achieve excellent results, it requires
the source material to be com-
pressed.

There is another solution. National
Semiconductor Corp. has developed
a technique called Dynamic Noise
Reduction or DNR. National offers the
circuitry in its LM1894 DNR integrated
circuit. In DNR, an adaptive low-pass
filter is placed in the signal path. The
filter follows the source material and
instantaneously alters the bandwidth
to mask any noise.

It is easy to see the benefits of re-
ducing the audio bandwidth from the
normal 35 kHz or so, to the DNR mini-
mum bandwidth of 800 Hz. Since the
source noise is directly proportional to
the square root of the bandwidth, the
maximum reduction would improve
the SNR by 16 dB. Of course, since the
frequency response of neither the
human ear nor the noise is flat,
weighting factors would have to be
used to obtain the actual SNR im-
provement. Typically, an AM-radio sig-
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Fig. 1. The low-pass filter used in the
DNR svstem is shown here in A. The
open-loop response (with no feedback
resistance) is shown in B. With the
Jeedback resistance installed (10 provide
unity gain), the closed-loop response of
the filter is shown in C.

GAIN IN dB
o

nal with an upper frequency limit of 2
kHz can be improved by 5-7 dB with
DNR, while 10-14 dB can be obtained
if the source bandwidth is greater
than 8 kHz.

A simple experiment can be per-
formed on your present stereo system
to hear the effect created by lowering
the noise floor by a similar amount.
Create a simulated noise source by
playing a blank cassette on your au-
dio system’s fape deck. When the tre-
ble control is adjusted to maximum
cut, the noise will be greatly reduced.
That's because when the treble is set
for maximum cut, the amplifier acts
like a single-pole low-pass filtter with a
cut off near 1 kHz, which is very similar
to the effect of DNR at its minimum
bandwidth. Of course, in reat life that
doesn’'t make for a very effective
noise-reduction system since your tre-
ble control doesn’t open up the
bandwidth when a high-frequency
signal is present.

The idea behind DNR is based on a
basic principat of psychoaccoustics
known as “auditory masking.” It has
been known for a long time thatwhen
a person listens to one sound, it re-
duces his ability to hear another
sound. In general, wide-bandwidth,
low-amplitude noise can mask a sig-
nat more effectively than a narrow-
bandwidth, high-amplitude signal.
Music and speech, with high energy
levels around 1 kHz, produce a better
noise mask than a single pure tone.
That is the reason that tape hiss be-
comes so annoying during low-ener-

gy music passages: it becomes
unmasked.

The design of the DNR system takes
advantage of that principle and fol-
lows the program material to in-
stantaneously adapt the bandwidth
so that the noise is never unmasked.
The control signal is derived from the
composite sum of the left and right
channels to maintain a stable stereo
image. That signal is amplified by a
multi-pole high-pass filter within the
IC; the filter's response is shaped by
the external support components. For
that reason, the component values
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Fig. 2. The Universal Noise Reduction System is built around the National LM1894
integrated circuit. That IC contains the complete DNR circuir.



should not be altered from the
manufacturer’s specifications.

The last part of the control loop
is a peak detector with a fast at-
tack and slow release time. The
attack time is adjusted to 500 mi-
croseconds, which is faster then
the response time of the human
ear. The ear has difficulty register-
ing sounds of less then 5 millise-
conds duration, or distortion that
lasts less then 10 milliseconds. The
release time is on the order of 60
milliseconds to maintain rever-
beration and music ambiance. It
takes about 100 milliseconds for
the ear to recover from a loud
sound so that the bandwidth will
be closed down before the noise
becomes noticeably unmasked.

The design of the Butterworth
voltage-controlled low-pass filter
used by the system to control the
audio bandwidth is illustrated in
Fig. 1A. A voltage-controlled
transconductance amplifier
stage precedes an op-amp
that's configured as an integrator.
The integrator bandwidth de-
pends upon the value of C as
well as the input current. With C
fixed at 0.0033 pF the bandwidth
and overall gain depend upon
the transconductance gain as il-
lustrated in Fig. 1B. Now, if a feed-
back resistor (shown by the
dotted line in Fig. 1A) with the
same value as the input resistor is
added to provide unity gain, the
response of the voltage-con-
trolled low-pass filter is as shown
in Fig. 1C. The maximum band-
width and slew rate occur at the
maximum transconductance-
stage current, allowing large-
bandwidth signals to pass
through. When the current is a
minimum, the bandwidth is at its
minimum.

Circuit Description. A sche-
matic diagram of the Universal
Noise Reduction System is shown
in Fig. 2. The heart of the circuit is
U1, an LM1894 DNR integrated
circuit. That IC contains the com-
plete DNR circuitry; the balance
of the electronics are dedicated
to support and user-con-
venience functions.

Some special attention must
be exercised when the DNR sys-
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Fig. 3. Here is the component side of the Universal Noise Reduction System's double-
sided board.
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Fig. 4. Here is the solder side of the board. It is shown full size.
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Fig. 5. Use this parts-placement diagram when assembling the Universal Noise

Reduction System.

tem is used in FM or TV applications.
Because the control-loop gain in-
creases with frequency, the circuit is
susceptible to high-frequency signals
that are inaudible to the listener. Two
sources of such leakage are the FM
subcarrier pitot at 19 kHz and the TV
horizontal-sweep frequency at 15.750
kHz. Because of that, a switch-se-
lected notch filter has been included
in the control path to reduce any
problems caused by those signals.
The notch filter consists of a switcha-
ble LC tank with a Q of 30 to attenuate
the appropriate frequencies by 20 dB.
The third position of this switch (52),

AUDIO, can be used for disc or tape
sources, and newer FM or TV receivers
that require no attenuation,

A bypass switch (51) has also been
added so that an A/B comparison can
be made of the effectiveness of the
unit at any time. Instead of switching
the audio around the DNR system, it
works by pulling the peak detector
located in the control path up o 5.5
volts through R2, thereby forcing the
DNR bandwidth to 50 kHz.

An LM3915 logarithmic LED-display
driver, U2, has been included in the
design to indicate the instantaneous
bandwidth of the filter and to facili-
tate adjustment of the control-loop
gain for different source material. The
resistor string consisting of R7, R8, and
RO has been selected so that when
the peak detector voltage is at mini-
mum bandwidth, the first LED of DISP1

(during a pause or low-signal pas-
sage). Since different sources will
have different SNR’s, each new source
should be adjusted using that meth-
od. In normal operation, the tenth LED
will light during music passages and
the bandwidth will close down during
pauses to reduce the noise floor and
hide the noise.

Power is supplied to the unit via an
unregulated 12-VDC/200-mA wall-
plug adapter. Select a unit that can
supply 14.8 VDC at the Universal Noise
Reduction System’s load of 60 mA. Ap-
proximately 13.5VDC is required by U3
for proper regulation. A suitable sup-
ply is listed in the Parts List.

Construction. The Universal Noise
Reduction system is built using a dou-
ble-sided PC board. The component
side of the board is shown in Fig. 3; the
solder side is shown in Fig. 4. Once you

L [ LI R
= g ”
AUDIO OUTPUTS AUXILLARY INPUTS
SINGLE COMPONENT SOURCE 2 J & ; T e
(AM/ FM/ DISC/ TAPE/ VCR/ = ——— SYSTEM
SATELLITE RECEIVER/ @ INPUTS OUTPUTS
STEREO TV) [ @ @
OIITTIITm

DYNAMIC NOISE REDUCTION UNIT
Fig. 6. When using the unit with just a single program source, use this connection

scheme.
R L [ IR Ll Rl L R
TR e = : " Ay gt S——"
b e = INPUTS OUTPUTS
= R = Skl e ,
INPUTS OUTPUTS TAPE MONITOR JACKS
R L R L =
TAPE OR CASSETTE s —— HI-FI STEREO
RECORDER @ INPUTS OUTPUTS SYSTEM
® @ oo
----- CONNECTIONS “~— —smee
IF NO TAPE DYNAMIC NOISE REDUCTION UNIT
RECORDER IS
PRESENT

Fig. 7. Pluce the Universal Noise Reduction System in your receiver’s or amplifier’s
tape loop if vou want to use it with multiple signal sources.

{(a 10-LED bargraph display) will light,
which corresponds to a bandwidth of
1 kHz. The tenth LED of DISP1 corre-
sponds to a bandwidth of 35 kHz and
above. The control gain should be
carefully adjusted (via R13) to just light
the second LED with the signal source
connected and no signal present

have etched the board or purchased
the kit from the suppler listed in the
Parts List, you can begin assembly
guided by the parts-placement di-

agram in Fig. 5.
Note that the LM1894 is a special IC
that is not available through hobbyist
(Continued on page 90/



microprocessor-based circuit.

Perform long-term data-collecting

task with this dedicared

BY DOUG MALONE

Build the

= Versatile Data Logger

ot long after building the
N Geiger Counter featured in

the July, 1992 issue of Popular
Electronics, the novelty of searching
for radiation from the TV set, smoke
detector, granite rocks in the back-
yard, and camping lantern manties
quickly wore off. What was missing was
a permanent use for my newly ac-
quired instrument.

I had, for a long fime, wanted to
coliect background radiation-count
data in an attempt to find evidence
of solar flares. But that activity was not
practical without some way to auto-
matically acquire and store the read-
ings. | also wanted to, at some point,
collect long-term air temperature
data. The most obvious choice for
those operations was to use a PC to
collect and analyze the data. How-
ever, the thought of dedicating one’s
computer to long-term data collec-
fion is not very attractive. in addition;
data collection would have o be in-
terrupted every time that | needed to
use the PC for some other purpose.
Besides, who wants to have their PC
running 24 hours a day?

The solution was to design a low-
cost, microprocessor-based, stand-
alone unit that could independently
collect and store readings. The stored

data could then be transmitted to a
PC, and then plofted and analyzed
when convenient. That was the in
spiration for the Versatile Data Logger
described in this article.

Features. The Versatile Data Logger
supports both analog and digital in-
puts, is built around readily available
Z80-family components, and has
switch-selectable, data-acquisition
intervals (ranging from 100 measure-
ments/sec to one measurement
every 10 minutes). Up to 16,000 mea-
surements can be stored in the unit’s
memory. ROM-based software pro-
vides for easy operation. The circuit
can be modified—by eliminating the
analog-signal-processing Circuitry—
to work exclusively with digital inputs.

The Versatile Data Logger can ac-
commodate digital input signals from
a variety of sources that produce dig-
ital output frequencies that are pro-
portional to the parameter being
measured, Including the aforemen-
tioned Geiger Counter, an ane-
mometer, a light-intensity probe, or a
thermal probe. The unit accommo-
dates analog transducers that pro-
duce an output voltage that is
proportional to the variable being
measured, including thermal probes,

pressure transducers, and strain
gauges.

The Data Logger has two digital
modes: integrating and instan
taneous. The integrating mode is used
with fransducers such as the Geiger
Counter where the total counts
during the specified data-coliec~
tion interval are of interest. For exam-
ple, radiation intensity can be ex
pressed in counts-per-minute (CPM).
Even though the radiation arrives at
random infervals, an average figure
can be obtained by accumulating
(integrating) over a period of one
minufe. With the Data Logger placed
in the integrating mode and the
data-collection interval set to
one minute, the accumulated radia-
fion count for that interval would be
stored in memory once every minute.
Figure 1 shows a plot of background
radiation readings collected at the
authors’ location over a 24-hour
period.

The instantaneous mode can be
used with transducers that provide a
frequency that is proportional to, say,
wind speed. When in the in
stantaneous mode, a 1-second ac-
cumulation is made at the specified
data-collection interval. For example,
let's say that with a wind speed of 20

sowo08(g Jeindod ‘661 Aine
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Fig. 1. Here is a plot of background radiation readings collected at the authors’
location over a 24-hour period using the Popular Electronics Geiger Counter (July,

1992) and Versatile Data Logger.

mph, your anemometer produces a
frequency of 1 kHz. With the Data Log-
ger in instantaneous mode and the
data-collection interval set to one
minute, a one second accumulation
will occur every minute, resulting in a
count of 1000 stored in memory.

About the Circuit. A schematic di-
agram of the Versatile Data Logger is
shown in Fig. 2. The circuit is powered
from a 5-volt power source that is con-
nected to J2-a and J2-b. If analog
inputs are to be used, an additional 9-
to 15-volt source must be connected
at J2-h. The @ to 15-volt source con-
nects to the 5-volt regulator, U12, and

is used to supply power for the ADC,

Ué, and for the analog sensors. By
using a separate regulator for the
ADC, the effects of digital noise onthe
converter are minimized. Analog
transducers with a 0- to 5-volt output
are connected to J2-f and J2-e. To
dliow the circuit to be used with a
wide variety of analog fransducers,
potentiometers R3 and R4 can be
used to adjust the ADC-offset and full-
scale settings, respectively.
Transducers with digital outputs lev-
els of no more than 12 volts or with
NPN open-collector outputs can be
directly connected to J2-c. Data col-
lection and storage is controlled by a
780 microprocessor, U3, which is driv-
en by an Epson America SE1403 2.45-
MHz clock oscillator, U1, Power-on re-
set is accomplished through an RC

network connected o a pair Schmitt-
frigger inverters, U2-b and U2-c. Inte-
grated circuit U11 provides two, 8-bit
parallel ports, referred fo as port A
and port B. Two output lines of port A
are used to drive two status LED's, LED1
and LED2, while one input line re-
ceives the data-ready (b INR) signal
from Ub.

All 8 pins of port B are configured as
inputs, and are connected to the
switches that control the circuit’s oper-
ations. Collected data is sent to an
external PC via the serial port (U10),
the level shifter (U8), and connector
J1.

Two counters from U9 (a Z80-CTC
counter/timer comprised of four, inde-
pendent, 8-bit counters) are used fo
count pulses from external digital
transducers. A third counter is used to
generate a 100-Hz interrupt to the
processor. The fourth counter gener-
ates the serial baud-rate clock for the
serial port (U10). The Data Logger pro-
gram is stored in U5 (@ TMS2764 8K x
8 EPROM) and data is stored in U4 (a
62256, 32K x 8 SRAM). Outputs from
analog transducers are digitized by
uéb.

Construction. Due to the large
number of circuit interconnections, it
is recommended that the project be
assembled on a printed-circuit board
as opposed to other construction
methods. Figure 3 shows a full-size
template of the component side of

the Data Logger’s double-sided.
printed-circuit board: Fig. 4 shows the
copper side of the board.

Once you have obtained the
board (either by etching your own or
purchasing one from the supplier
listed in the Parts List) for the Data Log-
ger. but before beginning assembly, it
is wise for you to answer the following
two questions:

1. Do you plan on using both ana-
log and digital transducers? If yes,
then you'll need to fully populate the
circuit board with components, If, on
the other hand, you plan to exclusively
use the Data Logger with digital trans-
ducers, then you can omit the com-
ponents in the Analog section shown
in dotted lines in the lower left corner
of Fig. 2.

2. Is minimum cost more impor-
tant than power-supply current drain?
If the answer is yes, then use low-cost
NMQOS 780, PIO, CTC, and SIO compo-
nents. Also use low-cost upright DIP
and pushbutton switches. For a few
dollars more, you can buy CMOS
parts and the current drain will de-
crease from approximately 260 mA to
25 mA. Thats appropriate if you are
considering battery operation. If the
board is to be mounted in an en-
closure, then right-angle DIP and
pushbutton switches are the way to
go.

After you have answered the above
questions and gathered the parts, as-
semble the circuit guided by the
parts-placement diagram shown in
Fig. 5. It is strongly recommended that
sockets be used for all IC’s. Note from
Fig. 5 that the layout is designed to
accommodate both straight and
right-angle switches for $1-54. When
assembling the board, proceed slow-
ly and use a low-wattage soldering
iron to avoid overheating the compo-
nents. Observe the proper orientation
of polarity-sensitive components such
as the electrolytic capacitors and di-
odes.

Checkout. Before applying power to
the Data Logger, double-check the
component placement and orienta-
fion with the layout in Fig. 5. When
satisfied that the circuit contains no
construction errors, connect a 5-volt
power source to J2-a and the groupd
to J2-b. Set the configuration switches,
$1-a-$1-e, o the illegal state (00G11,
respectively, with 0 meaning closed
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Fig. 3. The Data Logger was assembled on a double-sided,
printed-circuit board: a full-scale template of the component side

of the board is shown here.

and 1 meaning open). Turn on the
power and note whether both LED1
and LED2 flash on and off (in unison)
at a rate of approximately four fimes
per second (4 Hz).

If that does not occur, measure the
supply voltage and make sure it is 5.0
volts +0.30 volts. Also check the orien-
tation of the LED'; they will not light if
they are in backwards. Once the LED's
are flashing properly, turn the supply
off. Set $1-a-$1-e to 00010, respec-
tively. Turn the supply on and push the
sTART pushbutton. Observe that LEDA
lights. Affer a few seconds, push stop
and observe that LED1 turns off. Push
the pLay button and observe that LED2
lights for a few seconds.

If you are unsuccessful with any of
those steps, turn off the supply and
use an ohmmeter to check the push-
button switches for continuity. Place
the ohmmeter leads between U11 pin
32 and ground. A high resistance
should be measured until the start
button is pushed, which should then
cause a near-zero reading.

If you have access to an os-
cilloscope, look at the data exiting the
Data Logger at J1 pin 2 while the pLar
button is pushed again. You should
see a 9600-baud, +5-volt signal. If
you don't have an oscilloscope, follow
the instructions in the “Creating a
Data File” section to connect the Data
Logger fo your PC. Push the pLay button
again and observe characters on
your screen. If you don't see anything,
check the configuration of your PC’s

51

o
csscossioee
sssee

Fig. 4. A full-scale te
Logger's double-sidec

5% INCHE

mplate of the copper side of the Data
1, primed-circuit board is shown here.
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Fig. 5. Once you have gathered the parts. assemble the circuit guided by this parts-

placement diagram. It is stronglv recomme:

serial port and make sure it is set to
9600 baud, no parity, 8 data bits, and
1 stop bit.

If you are using the analog section,

wded that sockets be used for all IC's.

turn off the 5-volt supply and set con-
figuration switches $1-a-§1-e to
00000, respectively. Connect a 9volt
power source to J2-h and the ground



connection to J2-b. Turn the supplies
on and push the smrr button, If the
COLLECTING DATA indicator (LEDA) lights,
the ADC is in good shape. If, however,
the two LED's alternately flash on and
off several times per second, check
the ADC's supply voltage at Ué pin 20.
That should measure 5 volts +0.30
volts.

If your unit passes the above tests,
you are ready to proceed with the
following sections that explain how
use the Data Logger.

Setting the Configuration Switch-
es. The configuration switches are
used to set the operating mode of the
Data Logger. Once the DIP switches
are set and data collection is in pro-
gress, the mode and data-collection
interval cannot bé altered. The DIP
switches are only read once by the
processor when power is first applied.
If the configuration switches are acci-
dentally changed during the data-
collection process, they'll have no
effect; ie, the Data Logger will con-
tinue acquiring data in the mode that
was selected during power up. That
means that the switches must be set
while the power is off; then, when
power is applied to the circuit, the
settings are automatically locked.

Figure 6 shows all possible settings
of the configuration switches. Of those
32 combinations, all except 3 are val-
id. If an illegal setting is selected, the
user is dlerted to the situation: both
LED’s will simultaneously flash on/off at
approximately 4 Hz.

Switches $1-a, $1-b, and $1-c set the
desired data-collection interval. As
you can see from Fig. 6, the interval
can be set from 100 measurements
per second to one measurement
every 10 minutes. Switch $1-d allows
the Data Logger to accommodate
digital- or analog-input signals. With
5$1-d set to O (closed), 0 to 5-volt ana-
log signals connected to J2-f will be
digitized and stored. With $1-d set to 1
(open), digital signals connected to
J2-c will be stored at the selected col-
lection interval. Switch $1-e deter-
mines the specific digital mode.
Setting $1-e to 0 makes the Data Log-
ger accumulate counts over the en-
tire interval specified by S$1-a, $1-b,
and $1-¢. With $1-e set to 1, the Data
Logger makes a 1-second accumula-
tion at the time interval specified by
$1-q, $1-b, and $1-c.

> DATA COLLECTION INTERVAL
>0 ANALOG INPUT MODE; 1 = DIGITAL INUT MODE
> DIGITAL MODE: 0 = ACCUMULATE OVER ENTIRE INTERVAL (INTEGRATING)
1=15ECOND ACCUMULATION (INSTANTANEOUS)

St-a | S1-b | S1-c | S1-d | St-e Action

IR i X ADC reading avery 0 1 second.

1 | o ] ] ¥ ADC reading avery b second
0 1 i SRy X ADG raading a-.'e",l Eﬂl,,ﬂl'llj
1 1 1] 1] ¥ AT E.';':II'IE1E‘~'E P P T e 2
0 0 1 .| .0 X A0C reading every 10 sagonds
1 0 1 ] X ADC ‘Edlﬂlnu Eviry minule
0 1 1 0| X ADC reading every 5 minutes
1 ) 1 0 N ADC raading every 10 MminLIEs
0 0 i 1 Qo ficby imnslative courl stored svery 001 secony
1 0 ] i 0 | Cumulative count stored avery 01 second
0 il B a 1 a Cumudative count stored avery sacand
1 1 a 1 0| Curmutative court stored avery 5 secands
0 0 i 1 ] Cumutative court stored every 10 saconds ]
1T | o0 1 1 O | Cumalatve cown starad evary ninule
0 1 1 1 0 Cumulatvee soind storad eeary 5 minules
1 1 15 1 b Cumulztive count starad every 10 min ies
0 o | o 1 1 llegal: LEL's flash nreadt
1 0 il i 1 illegal; LED's flash oyadf i
0 1 ¢ 1 1 Ilegal; LED's fash onialf
T 1 | @ 1 1 "1 secand accumuiation Bvary 5 setonds
0 0 1 1 1 1 sacand acourmuylation evary 10 seconds
1 0 1 1 1 1 sacand accumiiation every minute
0 1 1 1 1| 1 secong acoumatation avery 5 ringtes

_._ 1 1 | 1 1 1 1 1 seaond accumulztion avery 10 minutes

Fig. 6. All possible settings of the configuration switches (S1-a to S1-e) are shown
here. Of the 32 possible combinations, all except 3 are valid.

As an example, lets suppose that
you have a transducer that produces
a TTL-level signal with an output fre-
quency proportional to wind speed.
To get anidea of the wind speed over
a time span of one week, a data-
collection interval of 10 minutes is se-
lected, as well as the 1-second ac-
cumulation (instantaneous) mode
(51-e set to 1). That means that once
every 10 minutes, the Data Logger will
count the wind-speed transducer
pulse train for 1 second and store the
results in RAM. The switch settings for
that example are shown in the last
entry of Fig. 6 (all switches set to 1).

Using the Data Logger. After the
configuration switches are properly
set and the appropriate transducer is
connected to the circuit, you're ready
to collect data. Apply power to the
Data Logger to lock in the configura-
tion-switch settings. Record the time
and date, then push srr to initiate
data collection. Notice that the

COLLECTING DATA indicator (LEDA1) lights.
That LED will remain lit until either srop
(S3) is pressed (halting the data-col-
lection process), the Data Logger's

Pa0d  Data points
460 Second inenal

oA

026

014

G018

0018

06

15

11
Fig. 7. In the typical Data Logger
transmission, the first line tells you how
many data points have been stored in the
Data Logger, while second line tells you
the time interval between data points.

RAM is full (in which case, data collec-
fion is automatically terminated), or
the data-ready signal (from U6 pin 5)
is not asserted within 200 ws of starting
a conversion (causing LED1 and LED2
to alternately flash on/off at approxi-
mately 4 Hz, indicating that a hard-
ware failure has occurred—most likely
with U6).

If RAM has completely filled, the
processor ignores any input from the
SIART button; thus, you are protected
from accidentally pushing starr and
having the previously collected data
overwritten and, thereby, lost. If, during
a data-collection run, you decide that
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Fig. 8. The Geiger Counter project (from Popular Electronics’ July, 1992 issue) can
be used with the Data Logger's integrating-frequency mmode. Here is how the Data
Logger’s digital input connects to the Geiger Countier.

you want terminate data collection,
simply push stop (S3). Data collection
can be resumed by pushing start (54)
a second time. Just make note of the
start and stop times so that you can
later correlate the data with the time
and date.

After data has been collected, you
are ready to transfer it to your PC.
Connect a serial cable from the 9-pin
connector (J1) on the Data Logger to
the serial port on your PC, Turn on the
PC and run a terminal emulation pro-
gram such as QMODEM, PROCOMM,
efc,, setting the communication pa-
rameters to 9600 baud, 8 data bits,
one stop bit, and no parity. Configure
your PC to receive (download) an AS-
Cll file. Push piavsack (S2) on the Data
logger to start the data transmission
from the Data logger RAM to your PC.

Figure 7 shows a typical Data Log-
ger transmission. The first line of the
transmission tells you how many data
points have been stored in the Data
Logger. The second line tells you the
time interval between data points.
with that information, you can corre-
late any data point with a specific
time and date. When LED2 lights,
close the file that you opened, leave
your terminal emulation program,
and open your data-plotting pro-
gram. Import the data from the file
that you just created and plot the
data.

That procedure may seem cum-
bersome, but after you've run through
it a few times, it becomes child’s play
(well, almost). The operation of the
Versatile Data Logger will be ex-

plained in greater detail in the ap-
plications examples that follow.

Applications Examples. A 16-bit
word is allocated in Data Logger
memory for each reading. That
means that to avoid overflow prob-
lems, the stored measurement must
be less than 65,535. To help under-
stand that restriction, consider the 1-

second accumulation (In-
stantaneous) mode of the Data Log-
ger (configuration switch $1-e setto 1).
The maximum output frequency of
the transducer connected to the
Data Logger must be less than 65.535
kHz. In the accumulate (integrate)
mode (with configuration switch §1-e
set to 0), the accumulated count over
the selected time interval must be less
than 65,535.

Integrating Frequency Example.
The "Geiger Counter” construction ar-
ticle from the July, 1992 issue of Popu-
lar Electronics_can be used to
demonstrate the integrating-fre-
guency mode of the Data Logger. Fig-
ure 8 shows a portion of the Geiger
Counter schematic. The Data Log-
ger’s digital input, at J2-¢, connects to
U3 pin 3 of the Geiger Counter, and its
ground connection, at J2-d, connects
to the Geiger Counters U3 at pin 1.
The signal amplitude at U3 pin 3 is
approximately 9 volts. That relatively
high-level signal does no damage to
the Data Logger’s 5-volt powered,
Schmitt-trigger input (U2-d) due to the
current-limiting action of RS and volt-
age limiting provided by D3.
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Fig. 9. For long-duration data collection, it is wise 10 operate the Versatile Data
Logger from a well-designed dedicated power supply such as this one, which is
designed to serve as a replacement 1o the original power sources (digital and analog,
see text) shown in the schematic diagram.




PARTS LIST FOR THE VERSATILE DATA LOGGER

SEMICONDUCTORS

Ul—SE1403 2.45-MHz crystal
oscillator, integrated circuit (Epson
America. Digi-key)

U2—SN74HCTI4, hex inverting
Schmitt trigger. integrated circuit

U3—Z80. microprocessor, integrated
circuit

U4—62256, 32K x 8 static RAM,
integrated circuit

US—TMS2764, 8K x 8 EPROM.
450 ns (or faster), integrated circuit

U6—ADCO0804, 8-bit analog-to-
digital converter. integrated circuit

U7—SN74HCT32. guad 2-input oR.
integrated circuit

U8-—-MAX232, RS232 dual receiver-
transmitter, integrated circuit

U9—Z80-CTC, counter/timer.
integrated circuit

U10—Z80-DART, serial 1/O.
integrated circuit

Ul1—Z80-PIO, parallel 1/0,
integrated circuit

U12—LM78LOSACZ. 5-volt, 150-
mA voltage regulator, integrated
circuit

DI, D2—IN4001 1-amp, 50-P1V,
silicon rectifier diode

D3-—IN751A 5.t-volt. 400-mW
Zener diode

LEDI, LED2—Light-emitting diode,
20-mA

RESISTORS

(Al fixed resistors are Va-wait, 5%
carbon units unless otherwise
indicated.)

R I-—1500-ohm

R2—10.000-ohm

R3, R4—10.000-ohm PC-mount
potentiometer

RS, R8. R9—470-ohm

R6. R7—4700-ohm x 9 SIP bus
resistor network

CAPACITORS

C1, C2, C4, C5, €8, C10. C16. C17,
C18. C19—0.1-pF. ceramic-disc

C3, C6, C7. Cl1—I0-pF, 16-WVDC,
electrolytic

CY9—150-pF, 50-WVDC,
temperature-stable, ceramic-disc

C12-C15—22-uF, 16-WVDC,
electrotytic

ADDITIONAL PARTS AND
MATERIALS
JI—PC-mount DB-9 connector

PARTS LIST FOR THE OPTIONAL POWER SUPPLY

SEMICONDUCTORS

UI—LM3I7T |.5-amp. adjustable,
voltage regulator

U2—7805 5-volt, 1.5-amp, voltage
regulator

BRi—I-amp, SO-PIV full-wave
bridge rectifier

RESISTORS

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

R1I—1500-0hm

R2—240-ohm

CAPACITORS
C1—2200-uE 25-wWVvDC,
clectrolytic

To prevent inductive spikes from the
speaker from reaching the Data Log-
ger and causing extra counts, discon-
nect the speaker by plugging in the
headphone jack. Lets assume that
you want to measure the background
radiation for your area by storing the
accumulated counts once per min-
ute. The appropriate switch settings
for $1-a-51-e would be 10110, respec-
fively. After the connections from the

C2—I10-pF, 16-WVDC, clectrolytic
C3—100-pE t6-WVDC. electrolytic

ADDITIONAL PARTS AND
MATERIALS

T1—10-volt, 600-mA power
transformer

S1—SPDT toggle switch

Fl—0.125-amp slow-blow fuse

Printed-circuit materials. enclosure.
molded AC power plug with line
cord, heat sink (Digikey HSI12-
ND), 4-position barrier strip
(Digikey CBB104-ND). tuse clip.
wire, solder. hardware, elc.

Geiger Counter to the Data Logger
have been made and the configura-
fion switches set, turn on power to the
Data Logger. Push the starT button and
begin collecting count data. Data
collection is either manually termi-
nated by pushing the stor button or
automatically when the RAM is com-
pletely filled.

If you are going to make back-
ground measurements over a long

(Mouser 152-3209)
J2—38-position. PC-mount terminal
strip (Augat/RDI 6PCR-08-000)
S1—5-position DIP switch
$2-84—PC-mount pushbution
switch
Printed-circuit materials, enclosure.
IC sockets. wire. solder, hardware.
elc.

Note: The following items are
available from D. Malone, P.O.
Box 1542, Battle Ground, WA
98604: Double sided. silk-
screened. solder-masked printed-
circuit board, $21.95; programmed
27C64, $8.00; printed-circuit
board with all parts (NMOS). no
case. $70.00; printed-circuit board
with all parts (CMOS), $80.00.
Add $5.00 for right-angle
pushbuttons and DIP switch.
Painted aluminum case with blank
end plates. $18.95. TSL.220,
$8.50. Please add $3.00 per order
tor postage and handling.
Washington residents please add
appropriate sales tax.

AMBIENT LIGHT

A\

!
i
|
I
|
I

1 J2-g

8 0 +5V
SENST |2 :
TSL220 - !
47K ,
_1J2¢  DIGITAL
4 (6 |5 : INPUT
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2N2222 [ I
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l + 2‘0 GND

= |
-~ ¢ =
L1 1 |

Fig. 10. This setup—which uses a
TSL220 light sensor 1o convert light
intensity 1o frequency—can be used for
long-term, ambient light-level
MONHOrng .

period of time, you may want fo con-
sider the power supply shown inFig. 9,
which is designed to serve as a re-
placement to the original power
source. In addition, it also provides 5-
and 14-volt outputs.

Instantaneous Frequency Exam-
ple. To operate the Data Logger in
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OUTDOOR LIGHT LEVEL

25

4137 MEASUREMENTS

DAY 1

20

—3:35PM

COUNTS FROM TSL220 LIGHT SENSOR
(THOUSANDS)

0 -

1 MINUTE BETWEEN MEASUREMENTS

Fig. 11. Here is an example of data collected using the TSL220 circuit and the Data
Logger, which was set for a 1-second accumulation taken once per minute. Note the
large difference between sunny Days I and 3, and cloudy Day 2.

J2-
;———go +5V SENSOR POWER

R1
3.3K

AAAS

<
<
<

»——Jz"—o ANALOG INPUT

D1 9

LM336

J2-0
L—————0 ANALOG GND
Fig. 12. In this example, an analog-
input signal, derived from an LM335
temperaturé transducer, is applied to the
appropriate input of the Data Logger,
allowing it to measure temperatures of
from 0°C to 100°C.

the instantaneous mode, we need to
use a transducer that produces a fre-
quency proportional to the measured
quantity. Texas Instruments makes an
interesting device, the TSL220, that
converts light intensity to frequency.
The TSL220 will be used to measure
ambient light level with long-term
data monitoring provided by the
Data Logger.

The TSL220 is packaged in a clear-
plastic 8-pin DIP package. Light pass-
es through the plastic and strikes an
internal photodiode. The stronger the
light the higher the frequency avail-
able at pin 2.

Figure 10 shows how to connect the
TSL220 to the Data Logger. A 5-volt
output at J2-g on the Data Logger
supplies power fo the circuit. The dig-
ital signal at the collector of @1 con-
nects to the Data Logger’s digital
input terminal, J2-c. To minimize stray
noise pickup, keep the wires to the
TSL220 as short as possible and twist

90

cy is below 65 kHz. Alternatively, you
can acquire datq, plot the results, and
look for spurious plateaus. If they are
present, add more ink and try again.

Analog Input Example. Figure 12
shows how to connect an LM335 tem-
perature transducer to the analog in-
put of the Data Logger, allowing it fo
measure temperatures of from 0°C to
100°C. The LM335 outputs an analcg
voltage that is proportional to tem-
perature (10mV/°K). That ratio pro-
duces 2.73 volts at the freezing point
of water (0°C), and 3.73 volts at the
boiling point of water (100°C), giving
an input-voltage range of 1 volt.

The Data Logger's ADC, U6, (an 8-bit
device) divides the input-voltage
range of 1-volt (3.73-2.73 volts) into
256 equal steps. To maximize the reso-
lution of the measurements, R3 and

85

80

75

A

0w 9PN

OUTDOOR TEMPERATURE (° F)

50

ONE MEASUREMENT PER MINUTE
24 HOUR PERIOD

Fig. 13. Here is a plot of temperature data taken using the LM335 temperature sensor

and the Data Logger.

them together. The author has suc-
cessfully used wires up to 3-feet long.

Figure 11 shows the results of storing
a 1-second accumulation of frequen-
cy pulses taken once per minute.

Note the large difference in counts

between sunny Days 1 and 3, and
cloudy Day 2. The Data Logger con-
figuration switches, $1-a-51-e were set
to 10111, respectively. To avoid saturat-
ing the TSL220 in bright sunlight, it was
necessary to apply a small amount of
black ink from a permanent marker to
the light-sensitive face of the device.
If you have access to an os-
cilloscope, monitor pin 2 of the
TSL220, expose it to bright sunlight,
and apply black ink until the frequen-

R4 are adjusted to insure that all 256
ADC output values occur within a
temperature range of 0to 100°C. That
is accomplished by adjusting R4 for
0.50 volts at pin @ of U6, which equals
half the input voltage span. Potenti-
ometer R3, connected to U6 at pin 7 is
adjusted for an input of 2.73 volfs,
which equals the lowest anticipated
voltage from the temperature trans-
ducer. If you want better accuracy,
place the LM335 in a stirred water/ice
bath and measure the voltage from
the LM335. Adjust R3 until this voltage
is present at U6 pin 7. The conversion
between ADC counts and tempera-
ture is: °C = ADC counts/2.56. For ex-

{Continued on page 92)




Kit building is still an important part of the electronics hobby, and
this primer tells you how to get in on the fun.

ssembling electronic kits is a
Arewording way of augmenting

your radio shack and/or work-
bench. You learn building and trou-
bleshooting techniques while be-
coming familiar with your equipment.
You can also learn about tools, com-
ponent color codes, schematics, and
test equipment. Kits are easier to build
than home-brew projects as they usu-
ally come with etched and drilled
printed-circuit (PC) boards, compo-
nents, and step-by-step assembly and
alignment instructions. Also, a kit can
cost less than a comparable factory-
assembled unit because of reduced
factory labor (although today that
advantage is minimal due to factory
automation and other advance-
ments).

BY KARL T. THURBER, JR.

Many kit suppliers provide instruc-
tions that even a beginner can follow.
In fact, many kit manufacturers try to
ensure that a foolproof kit reaches
you. Besides just design engineers,
many have at least @ modest in-
house technical-writing/illustration
staff that develop their construction
manuals and assembly sequences.

In some cases, the kit may be given
to other employees to build using the
assembly-manual draft. That reveals
how much trouble people with differ-
ing technical skills will have building it.
A quality-control (QC) or engineering-
evaluation team may look at the re-
sults and suggest improvements in the
assembly manual, pictorial diagrams,
componenis, and basic circuit de-
sign.

On the downside, there are only a
few firms today whose prime business
is electronic kits. (Giants like Knight-kit
and EICO exited the business years
ago, and even Heath only sells a few
educational kits) So not all kits have
the detailed instructions so necessary
for immediale success. In some ex-
freme cases. details are limited to
providing a schematic and the in-
struction to “install the parts.” So, un-
less you shap wisely, the initial kit
savings may be washed out by return
and repair charges.

Also, kits tend 10 be a shade below
factory-made equipment in ap-
pearance and design. That’s because
to engineer a kit for simple con-
struction and adjustment, some per-
formance compromises must be
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made. However, there are notable ex-
ceptions, such as some logic ana
lyzers and frequency counters. Again,
wise shopping will help to overcome
this hurdle.

Making a Decision. Today, despite
the industry shake-out, attractive kits
are still available. However, selecting
the right kit is as important as building
it. When you need a new piece of
equipment, decide on the specifica-
tions that are most important to you
and balance them against your
funds.

Also, make comparisons between
competing equipment, giving con-
sideration to both kits and factory as-
sembled gear. Compare factory-
made units and kifs based on their
specifications and price. Don't hinge
your choice simply on the fact that
one is ready-made and the other has
to be assembled.

Be sure to consider the skill level re-
quired to successfully build the kit. A
small radio accessory, for example,
may require only basic electronics
skills, while successfully assembling
complete amateur-radio transceiver
may require the skills of a highly know!-
edgeable expert.

You should also evaluate the man-
ufacturer. You must look hard for
amenities like intensive engineering,
easy-to-follow assembly manuals,
pictorial diagrams, technical support,
and reasonable repairs. With all those
variables, kit quality varies wildly, al-
though some progressive firms are
working hard to emulate the high kit
documentation and service stan-
dards set long ago by Heath and its
competitors.

Taking some precautions won't
ensure success in dealing with un-
known suppliers, but they will help tilt
the odds of a successful fransaction in
your favor. For example, when you see
a kit ad, don't immediately rush with
your check or plastic. Write or call first.
Ask for a catalog, aspec sheet,asam-
ple page of instructions, and the war-
ranty. Inquire as to what repair
services are available and at what
cost. Also, ask around locally to see if
you can find someone who has deait
with the firm, what his experience has
been, and whether the kit worked up
to expectations or not,

You should look at the supplier’s
mailing address. Is it a postal box? s

there a person’s name and/or radio
amateur call sign listed? Is there a
telephone number listed that you can
call? See if the ad appears in more
than one publication, and for more
than a single month, Contact the
magazine publisher or editor to see if
any complaints have been received.

Finally, be sure to use a credit card
or request COD shipment if you're still
uncertain about the firm, especially if
the amount involved is substantial.
Credit cards offer considerable con-
sumer protection.

Basic Tools. Its hard to do a good
job of kit construction unless you use
the proper tools and know how to use

]

This Wahl Power Pro cordless soldering
iron, with its high-efficiency tips,
provides up to 30 minutes of continuous
soldering time once fully charged, or, if
used intermittently, power for over 200
solder joints. (Photo courtesy Wahl
Clipper Corporation.)

them. Usually, verv few tools are
needed for kits. Being more specific,
here are some of the more common
hand tools that should prove useful in
kit building:
Adjustable open-end wrench
Wire cutter/stripper
Small Allen-wrench set
Small tweezers
4-inch long-nose “needle-nose”
pliers

¢ 4-inch diagonal or side-cutting
pliers

o Phillips-head screwdrivers

® Socket wrench sets (nut drivers,
hex drivers, and starters, in assorted
sizes)

® Pocket knife

N

® Assorted ir.

e 20- to 30-v
dering-iron, with «
tip ‘

e Center punCr;Q
holes) >

® Electric drill an
Y2-inch sizes

o Offset screwdriver.

¢ Small, light hamme

o Circuit-alignment tc

® Assorted tail and rou

Whatever tools you buy,
of them, as most can last fot
of kit building anhd electroni.
bly. Here are some suggesi
properly taking care of tools:

@ Use tools only for their det
purposes.

e Use the proper tool for each

® Keep tools lubricated with a
film of oil to inhibit rust if they ¢
stored in damp areas.

® Keep cutting edges sharp.

® Keep all tools clean.

o Store tools where you can easily
find and use them, such as on awall or
a pegboard.

® Keep soldering-tool tips clean
and well-tinned.

® Above all, operate electrical
tools safely.

Soldering Equipment. When it
comes to building kits, your soldering
toot is the most important item in your
toolbox. The choice between a gun
and an iron is not easy, so most build-
ers end up with at least one of each.

Looking first at the iron, it's usually
low in cost, keeps a fairly uniform tem-
perature, and doesn’'t have to be
turned on each time you solder a
connection. Soldering irons vary in
size and heat capacity from about 15
to 500 or more watts, but an iron of
20-30 watts is all you'll need for most
kits. A small pencil iron is good for PC
boards and for tight places. A 100
watt-plus iron would be good for
heawy-duty electrical work, but can
damage PC boards.

One of my favorite soldering tools is
a rechargeable cordless soldering
iron. Some can make hundreds of
connections before recharging and
can be fully recharged in 60 minutes
or less. While they were primarily de-
signed for portability, they're competi-
tive today with regular irons and guns
on the workbench.

Regarding soldering guns, they




have advantages and disadvan-
tages. For instance they dont need
stands and some have dual heat lev-
els. With a gun, you depress the tfrigger
and the soldering tip heats up rapidly,
although it stays hot only as long as
you depress the trigger; an iron is al-
ways ready to work. Further, some
builders complain that a gun is hard
to handle and fatiguing to use. A gun
is okay for making repairs and when
only a few connections must be
made. Bottom line: if you're going to
do most of your work building kits on a
workbench, consider an iron. If you
are going to do mostly repair work, a
gun may be the better choice.

Some soldering accessories you'll
find useful in kit building are an iron
holder, sponge tip-cleaner, clip-on
heat sinks (fo protect components
while soldering), a brush/scraper,
probes, and several spare tips.

For correcting mistakes and for re-
pair work on PC boards, you'll need
an illuminated magnifying glass; a
low-heat desoldering tool, bulb, sta-
tion, or wick; and a soft wire brush.
Most of what you need is available in
complete desoldering tool sets from
Radio Shack and other electronic
suppliers. An electric mini-drill also is
useful for delicate PC-board repairs
and rework to clean excess solder
from holes. It's worthwhile to have the
proper desoldering tools, since an in-
ept repair attempt can ruin a whole
project.

Test Equipment. Most electronic kits
can be built without any test equip-
ment. Often, a manufacturer provides
two adjustment procedures—one re-
quiring test equipment and one not—
but cautions that optimum perfor-
mance is more likely if you use test
equipment. Anyway, eventually you'll
need some test gear, if for no other
reason than 1o troubleshoot.

Typical items needed in and
around the radio shack or workbench
for adjusting and testing kits include a
multimeter, sometimes called a volt-
ohm-milliammeter (VOM) or multi-
tester; radio frequency (RF) and audio
frequency (AF) signal generators; an
oscilloscope; a frequency counter;
and RF instruments such as @ dummy
load, wattmeter, and standing wave
ratio (SWR) bridge.

Of those, the most essential general
purpose instrument is the multimeter. it

lets you to make voltage, current, and
resistance readings, and so is invalu-
able in troubleshooting kits and mak-
ing basic repairs. Several electronic
test instruments are available from El-
enco Electronics in kit form and should
make excellent construction projects
for the beginner.

Some Notes on Soldering. Some
errors beginners make include apply-
ing too much or too little heat to PC
boards, applying solder to the solder-
ing iron tip rather than to the joint, and
moving a connection before it sets.
Other errors include using too much
solder (creating solder bridges) and
working with dirty soldering tools.

Many novice builders don't know
what a good solder joint looks like. A
properly soldered connection has no
ridges or sharp points visible. The sol-
der should flow smoothly over the
connection. It's strong and shiny, not
grainy, flaky, or blob-like.

Some kit manuals go into extensive
detail to describe and illustrate what
good soldering is all about. Beginners
should read the “how-to-solder” sec-
fion, if there is one, before digging into
a kit.

Some kit manufacturers furnish sol-
der with their kits. Usually the solder is
60/40-type, in which the mixture of tin
and lead is in a 60/40 ratio. That is
close to the optimum mix of 63/37 that
liquefies at about 361°F—a low tem-
perature for solder.

The solder you use should have a
rosin-flux core. The flux is normally built
info the solder so it's automatically ap-
plied when you heat the solder. When
it flows over the connection, it re-
moves oxides from the metal surfaces
and wets it to facilitate soldering.

MODEL.

WhE SO0

Always use rosin-core solder on
electronic equipment; never use
acid-core solder or paste. Why? Acid
fluxes are highly corrosive. If you
should use them, the acid flux gradu-
ally begins to eat away at the leads of
the components. Oxidation builds up
around the leads, acting as an in-
sulator.

Acid-core solder can damage PC
boards. In fact, kits wired with acia-
core solder may not be repaired if you
send them back for repair. Many kit
warranties specifically exclude re-
sponsibility for damage caused by
the use of such corrosive solder. So,
make sure the solder is for electronic
purposes.

Do you need some soldering prac-
tice before digging in? The February
1994 issue of Popular Electronics re-
viewed the Elenco Electronics (150 W,
Carpenter Ave., Wheeling, IL 60090;
Tel. 708-541-3800, or 800-533-2441;
Fax 708-520-0085) SP-1 Soldering
Practice Kit. Designed for the begin-
ner, it's a simple and inexpensive
($8.25) project that exposes the build-
er to various soldering techniques.
While the projects warbling alarm
and flashing LED's might not be some-
thing you redlly need, it may be the
perfect kit for the first-time builder. The
kit is like any other electronic kit, but
the manual places more emphasis
on proper soldering techniques than
it does on the circuit itself.

Setting the Stage. Let's review some
things to do when you settle down to
build a kit. First, find a good place to
work. Pick a quiet, well-lit place far
from household distractions. It should
be a spot where you won't have to put
everything away after each session.

- ME] World Bamd
Shortwave Radio

L3

Besides its extensive line of accessories, MFJ also offers an inexpensive world band
shortwave regenerative receiver kit, the MFJ-8100K. The receiver shown here is also
available in assembled form. (Photo courtesy MFJ Enterprises, Inc.)
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you have never built a kit, set up
workbench and tools first. If you
don't have o workibench, a card table
is suitable, since you can slide it out of
the wiy affer each session. Also, you'll
appraciate a comforiable chair after
a few hours of soldering.

Ensure you're near some available
AC outlets to power your soldering
tools, test equipment, and work light.
Try fo work over a tile or wooden floor.
Why? It can be nearly impossible to
find finy components and hardware
dropped into a plush carpet.

Check over the kit when it arrives.
Open it carefully, retaining all packing
material. Before closely handling any
parts, read the manual thoroughly—it
may identify components that you
must treat with special care. It will also
give you important details on the kit,
how it'll look when finished, show you
the construction sequence, what sub-
assemblies are involved, how they
mesh, and if special tools or equip-
ment are needed.

Now examine the parts list and in-
ventory the components following
any special handling precautions
mentioned. While that is a time-con-
suming task with large kits, it's really a
time-saver. If the kit is incomplete, you
can immediately contact the man-
ufacturer to request any missing parts,
rather than waiting till construction
has begun to discover that critical
components are absent.

Going over the parts list also helps
you recognize the parts. |dentify,
group, and lay out components to
save time later. Sort out resistors, ca-
pacitors, transistors, integrated circuits
(ICs), and hardware. Put small parts in
ashtrays, paper cups, saucers, muffin
fins, molded egg cartons, or whatever
else is convenient. Minimize handling
of delicate, static-sensitive transistors
and IC’s; leave them alone until you're
ready to install them.

Ensure that the chassis, cabinet,
and PC boards all match up; in other
words that the kit is physically builda-
ble. Check all PC boards to see that
there are no breaks in the circuit foils. If
IC’s are to be used, but no IC sockets
are provided, consider buying some.
You'll be glad you used them if you
have to replace a bad IC Iater on.

Building a Kit. When you build, fol-
low instructions closely. Good man-
uails fell you exactly what to do and

when fo do it. Some manuals go into
great detail and have photos show-
ing how leads should be placed, or
“dressed.” Others leave it up to you.
Some include detailed diagrams that
show the optimum arrangement of
components. The diagrams should be
followed closely to avoid instability
and other hard-to-trace symptoms
and mailfunctions.

Experienced builders are more like-
ly to deviate from the instructions than
beginners, since they may feel that
they can do a better job working di-
rectly from the schematic, with only an
occasional glance at the manual or
pictorial diagrams. In most cases, that
results in mistakes, since its very diffi-
cult to work from both a schematic
and instructions or pictorials.

This Micronta 10-megohm, FET-input
multimeter operates like a solid-state
VTVM, letting you troubleshoot and test
sensitive circuits with minimal loading.
It also has a jumbo S-inch, tri-color
scale. (Photo courtesy Radio Shack)

Always handle and wire a kit with
TLC (tender loving care). Be a plodder;
it pays to work carefully, methodically,
and patiently. If you don‘t know what
good wiring looks like, open up some
electronic equipment and see for
yourself.

Note that most wiring is “squared-
off,” each component seems to have
its place, most components are laid
out parallel to the chassis or circuit
boards, and parts aren’t stacked one
on top of another. Cables are laced
and grouped, and the shortest teads
possible are used. PC boards are
clean iooking, with most components
mounted on the non-foit side. Lugs
and wires are clean and free of wax,
frayed insulation, and other foreign
substances.

Do the best soldering job you can.

'

The key to good wiring lies in pa-
fience, forethought, common sense,
and a winning way with a soldering
tool. The biggest problems in building
kits lie in soldering. In fact, most kits
returned for repair dont have any-
thing wrong with them except bad
solder connections. Good soldering is
an art, a science, and a craft.

“Heat-sink” delicate components,
such as transistors, diodes, and IC’s to
prevent heat damage. You can do
this by holding the component lead
near the body with a pair of needle-
nose pliers, or’by attaching a small
alligator clip or clip-on heat sink to it.

Check and recheck your work. Take
special care to check that you've se-
lected the right component before
you solder it in place. Recheck the
circuit when asked to do so by the
manual. Even if the assembly instruc-
tions don‘t provide for periodic
checks, inspect your handiwork after
each session. Inspect and check for
solder bridges between components,
wrong or missing parts and wiring,
loose “pigtails,” and cold solder joints.
It's almost impossible to build a large
project without making some kind of
error, so be cautious.

When completed, give the kit a
final QC check before flipping the
power switch. Doing so may save con-
siderable frustration and expense
should there be a construction error.
Now is a good time to cross-check the
kit against the schematic, since you
may have worked only with pictorial
diagrams up to this point.

Carefully follow any check-out pro-
cedures outline in the instructions.
Don't skip any resistance or voltage
checks; they can turn up major as-
sembly errors. Assuming all is okay,
power-up the unit and proceed with
alignment, calibration, or other ad-
justments. Its best to follow the final
procedures exactly. They‘re usually
carefully worked out and must be per-
formed in a particular sequence if the
kit's specifications are to be met.

If it Doesn’t Work. Not every kit you
build wilt work the first fime it's turned
on. Anyone, even highly experienced
craftsmen, can make mistakes. What's
important is 1o find the mistakes “cnd
get the kit up and running. \

Kit manufacturers do occasionally
make errors in their manuals, scme-
fimes technical and sometimes ty-




pographical. Usually those errors are
soon caught and an errata sheet is
prepared. Check for an errata sheet
in your kit, and make the page-by-
page changes indicated.

Sometimes, a furnished part is bad.
Kit makers usually make every effort to
furnish reliable components, but oc-
casionally bad or incorrect ones do
get in. They can be hard to spot,
though resistors and capacitors can
be measured, and transistors can be
checked for performance with a tran-
sistor tester.

If your instruction book has a step-
by-step malfunction chart or pro-
cedure, use it to discover what’s
wrong. Usually, it will lead you to the
problem. First look for the obvious,
though. Is the unit plugged in? Is the
fuse inserted and good? Are there
any unconnected wires?

Also, even if you followed instruc-
tions carefully, go back through every
instruction step. Its very easy to mis-
read or omit an instruction.

As mentioned earlier, the most
common problem is poor soldering.
Often, reapplying heat to all connec-
tions and close visual inspections will
resolve soldering problems.

Component polarity problems also
plague kit builders. Sometimes this is
the fault of the manufacturer for not
being explicit, and sometimes it rests
with the builder for not visually observ-
ing polarity. When working with tran-
sistors and IC’s, be especially careful
to properly identify where a “key” or
“tab” is to ensure proper insertion.

The importance of checking over a
malfunctioning kit can’'t be over-
emphasized. It's costly and frustrating
o return a kit to find that the solution
should have been obvious. Before
tearing a troublesome kit apart or
sending it for repair, let another more
experienced builder check it over.
Even the untrained eyes of a non-
technical friend or your spouse may
help you spot and resolve a problem.

if you're still having problems, bring
out your multimeter. Look for the sim-
plest malfunctions first, such as open
fuses and shorts. Scan any resistance
and voltage charts provided, and
make the appropriate resistance and
voltage checks called for in the man-
ual.

if your inspection and measure-
ments dictate that you replace a
component, use as little heat as possi-

b re! e g e T A T L :
This complete tool set from Radio Shack is designed for kit buildin
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precise light- to medium-duty work. Included are a 30-watt pencil iron, stand, solder,
diagonal cutters, three screwdrivers, soldering helper, pliers, and heat sink. (Photo

courtesy Radio Shack)

ble in removing it. Excessive heat can
damage adjacent components and
the PC board; thus, investing in a des-
oldering tool set is money well spent.

Stuck? Still cant figure out what's
wrong? Nowss the time to write to, call,
or FAX the kit supplier for help and
consultation. Most manufacturers are
aware that a satisfied customer is their
best advertisement and will go to
great lengths to satisfy them. Your
complaint should be oriented to the
objective of getting a helpful re-
sponse, not criticizing the product.
Keep emotions out of your communi-
cations, spell out the facts clearly, and
be specific in the assistance you're
requesting.

Be business like. Do you merely want
technical advice? Do you think a new
component is needed? Do you want
instructions on how to return the unit
for repair? Is a refund in order? To get
the best results, place yourself in the
position of the person receiving the
letter, FAX, or phone call.

Most kit manufacturers have asmall
technical-consulting staff to help
solve problems over the phone. Be
prepared o give them as many facts
as possible. The more specific infor-
mation you can give, the better. If a
part is believed to be the culprit they
will usually send a new one out. In
uncommonly stubborn cases, several
phone calls, FAXS, or letters may be
necessary to help you check more
than one set of parts.

Only as alast resort should you have

1o send your kit back. If you must return
the kit, inquire as to whether to return
the entire kit or specific subassem-
blies, and which accessories fo return.

Also, read your warranty carefully
and ascertain who's responsible for
what. Traditional warranties on equip-
ment, usually 90 days or a year, be-
come fuzzy when it comes to kits. In
some cases, only the parts themselves
are guaranteed, performance being
up to you.

Often, the cost of factory repair
can't be calculated until you return
the kit and it's determined whether the
problem was caused by your error or
a bad component. Usually, if its the
latter, the repair is free. Most suppliers
are liberal in that area.

Sending the kit back for repair will
usually cost you something—shipping
and insurance charges, at a mini-
mum—and may eat up the savings of
buying a kit in the first place. Most
manufacturers’ repair fees are rea-
sonable. Just don’t send back a modi-
fied or incompletely assembled kit, or
one wired with acid core solder. If you
do, you'll likely get it back unrepaired.

For Future Reference. Even if your
kit checks out from square one, its a
good idea to record key operating
voltages you find are “normal” for your
unit, even if a voltage chart is fur-
nished. That is helpful should you have
frouble later on in distinguishing be-
tween normal and abnormal equip-
ment operation.

Retain the instruction manual, sche-
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matic, and even the pictorial di-
agrams and instruction procedures,
regardiess of how simple the equip-
ment is. They may very well come in
handy in performing repairs, or if you
sell the kit. Also fill out and return any
warranty-registration cards so you
can be notified of equipment up-
dates and problem fixes. Record
equipment serial numbers in the as-
sembly manual or instruction book.

Kit-Supplier Sampler. Here is a
sampling of firms offering electronic
kits, kit-related educational pack-
ages, and the like. Also included is a
brief listing of the typée of kits or other
products offered by each. Most of the
firms listed offer a free catalog or
product-information flyer.

It should be mentioned that due to
the number of kit suppliers in exis-
tence, this is by no means a complete
list. You should look in various elec-
fronics-hobbyist publications for the
names and addresses of still others
that may offer kits of interest to you.

624 Kits (171 Springlake Drive, Spar-
tanburg, SC 29302; Tel. 803-573-6677)
supports the QRP (low-power) ham
enthusiast with quality RF parts and PC
boards for transmitter, receiver, trans-
ceiver, and accessory projects. Most
kits are based on designs published in
the amateur-radio press.

A & A Engineering (2521 W.
LaPaima, Unit #K, Anaheim, CA 92801;
Tel. 714-952-2114) offers PC boards,
kits, and assemblies. His “kits for hams
by hams” include QRP CW trans-
ceivers, weather FAX and color SSTV
adapfters, spectrum analyzers, fre-
quency synthesizers, Morse keyers,
and more. Most products are offered
in kit and assembled form.

Antennaco, Inc. (PO. Box 218,
Milford, NH 03055; Tel. 603-6734347)
sells well-engineered, state-of-the-art
antenna kits covering HF through mi-
crowave. Several Yagi antenna kits
are featured.

AntennasWest (Box 50062, Provo, UT
846085; Tel. 801-373-8425) has a wide
range of amateur-radio antennas
and antenna accessories, kits, and
build-it-yourself antenna and radio
components.

The C&S Sales, Inc. (1245 Rosewood
Ave., Deerfield, IL 60015; Tel.
800-292-7711) catalog offers a wide
range of electronic test equipment
and components. It also features the

Elenco Electronics line of electronic
and educational kits.

Curry Communications (737 North
Fairview St., Burbank, CA 91505; Tel.
818-846-0617) has a variety of long-
wave-radio kits, including a 1750-
meter band receiver, a LFALF receiv-
ing up converter/active antenna, and
a CW audio digitizer.

Digiteg (10 Howard St.,, Buffalo, NY
14206; Tel. 716-852-0449) offers over
30 educational electronics kits, in-
cluding several short-range FM frans-
ceivers and a micro-controller kit.

Elenco Electronics, Inc. (150 W. Car-
penter Ave., Wheeling, IL 60090; Tel.
708-541-3800) supplies a number of
electronic kits, including the SP-1 Sol-
dering Practice Kit, several analog
and digital muttimeters, a diode/tran-
sistor tester, a combination AM/FM-ra-
dio kit and training course, power
supplies, and several other educa-
tional kits suited to beginners.

FAR Circuits (18N640 Field Court,
Dundee, IL 60118; Tel. 708-426-2431)
stocks high-quality PC boards for rep-
licating radio-construction projects
published in CQ, Communications
Quarterly, QST 73 Amateur Radio To-
day, Ham Radio, and other communi-
cations-electronics magazines and
radio handbooks.

Heathkit Educational Services
(Heath Company, Benton Harbor, MI
49022; Tel. 800-253-0870) offers elec-
fronics and computer-education sys-
tems, including individual learning
programs, classroom courseware
and hardware, test equipment, vid-
eos, frainers, and a few kits.

Jayso Electronics Corp. (3210 White
Plains Rd., Bronx, NY 10467; Tel.
800-426-4422) sells many basic edu-
cational robotics hobby kits and fea-
tures the OWI, Inc. robotics kit line.

Kanga US (3521 Spring Lake Drive,
Findlay, OH 45840; Tel. 419-423-5643)
imports QRP amateur-radio kits man-
ufactured by Kanga Products of En-
gland. QRP kits from Elkironics also are
offered.

Lectrokit (401 W. Bogart Rd., San-
dusky, OH 44870) furnishes the Model
SP-1 “Spider” QRP fransceiver in sev-
eral versions ranging from a bare PC
board to a complete kit. A fully as-
sembled and tested model also is of-
fered.

MFJ Enterprises, Inc. (Box 494, Missis-
sippi State, MS 39762; Tel.
800-647-1800) produces an inexpen-

sive world-band regenerative short-
wave-receiver kit, the MFJ-8100K
($59.95). The receiver is also available
assembled for $79.95. A 2-meter
band, repeater-monitor receiver kit
also is offered at $69.95.

Mondo-Tronics, Inc. (524 San An-
selmo Ave., #107-22, San Anselmo, CA
94960; Tel. 800-374-5764) offers
power devices, or “Muscle Wires,” that
can create direct linear action in
robots, model dirplanes, and model-
railroad setups. Low-cost sample kits
and project books are available.

Oak Hills Research (20879 Madison
St., Big Rapids, Mi 49307; Tel.
616-796-0920) has a selection of QRP
CW transceiver, wattmeter, audio-fil-
ter, and keyer kits, along with smail
radio parts and ham radio applica-
fion design notes.

OWI Inc. (1160 Mahalo Place,
Compton, CA 90220; Tel.
310-6384732) sells the Movit and
OWIKit educational robot kits and
technology curricula featuring
robotics.

PC Build Computers (85 Franklin St.,
Needham, MA 02194; Tel.
800-798-6363) provides complete
computer kifs, in both “standard” and
“custom” configurations, The PC Build
kits include step-by-step manuals and
an instructional video.

Radio Adventures Corp. (R.D. 4, Box
240, Franklin, PA 16323; Tel.
814-437-5355) provides a series of
crystal-controlled (fixed frequency)
receiver kits designed to copy ama-
teur-radio HF code-practice sessions
and news bulletins from the American
Radio Relay League headquarters
station, W1AW,

RadioKit (Box 973, Pelham, NH
03076; Tel. 603-635-2235), a leader in
QRP products, offers small parts
packs, electronic kits, components,
dials, chassis, chokes, toroidal induc-
tors, PC boards, insulators, and other
electronic parts and components.
They also sell several QRP amateur-
fransceiver kits.

Ramsey Electronics, inc. (793 Can-
ning Parkway, Victor, NY 14564; Tel.
800-446-2295) features a large
number of construction projects in
their 20-page catalog, which de-
scribes many inexpensive radio and
electronic hobby kits and mini-kits.

Rupp Electronics (5403 Westbreeze
Trail, Ft. Wayne, IN 46804; Tel.

(Continued on page 92)
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A CHRONICLE OF CONSUMER ELECTRONICS

The Latest

Sensation

TANDY SENSATION! MULTIMEDIA
PERSONAL COMPUTER. From Radio
Shack, 700 One Tandy Center, Fort
Worth, TX 76102. Price: $1799 ($1999
with SVGA monitor).

When the personal computer was first
introduced back in the mid-70's, it found a
niche with technical hobbyists who were
considered a bit weird, if not downright
nerdy, by the rest of society. That all
changed in the 1980's, when it became
apparent that the PC was a great tool for
business, and a great game platform for the
home. Dropping prices and a wealth of
new software applications drove the popu-
larity of personal computers sky high. To-
day, almost as many American households
own PC's as CD players. Sure, home of-
fices account for some of those computers,
but the fact remains that the PC has tran-
scended its image as a work- or hacker-
only tool to become a family-oriented
piece of consumer-electronics.

It you don’t believe us, survey the peo-
ple you know who own and use a PC (or
more than one). You're likely to find a
similar cross-section to the people we
know: A neighbor who moonlights from
his non-computer day job writing software
programs for local businesses and teach-
ing others to use popular software titles. A
cousin in Boston who plays chess by
modem with his father-in-law in Houston.
A friend who keeps her bowling-league
scores and schedules on a PC. A musician
who uses his computer’s MIDI capabilities
to compose and score music. A few people
who’ve become hooked on an on-line ser-
vice, using it to make travel arrangements,
doresearch, or socialize. Several kids who
play both learning and just-plain-fun
games. A nurse who writes her case re-
ports. Others who keep track of their fi-
nances, fill in their own tax returns. inven-
tory their possessions, print out labels for
their Christmas cards, create garage-sale

signs, and wnite letters (e-mail and the old-
fashioned kind). And let’s not forget all the
hours that each of those people lags on
computer games.

Today’s personal computers are being
targeted directly at today’s computer-user:
the family. How well are manufacturers
aiming their products? Pretty close to a
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bulls-eye, judging by the Tund\ Sensation!
multimedia PC (MPC). available at Radio
Shack stores nationwide. It certainly
would meet the computing needs of the
friends and family described above.

The 1994 Sensation! is an updated ver-
sion of last year's award-winning model,
being marketed at the same price point.
The system includes a 33-MHz Intel
80486SX microprocessor, 4 megabytes
(MB) of RAM (expandable to 64 MB) and
1 MB video RAM. lt offers a 212-MB hard
drive and a 3.5-inch, 1.44-MB floppy
drive. A double-speed CD-ROM drive is
included along with a SoundBlaster 16
sound card. There's room for expansion
with three 16-bit slots and one 5.25-inch
device bay available. Also included is a
2400-bps data modem with 9600-bps
send/receive fax capability.

The system includes a 101-key enhanced
keypad and a two-button, PS/2-style
mouse. Our test unit came with Tandy's
VGM-390 Super-VGA color monitor.
which adds $200 over the price of a system
with a standard VGA color monitor. It also
came with the Tandy MMS-10 sterco am-
plifier/speaker, which provides a more im-
pressive sound output than the built-in
speaker. Serial, parallel, MIDI, mouse,
and joystick ports are provided, along with
jacks for stereo line-out and telephone.
The front panel features volume controls,
speaker, and jacks for attaching a micro-
phone and headphone.

The Sensation! meets all the MPC Level
II standards set by the MPC Marketing
Council for multimedia PC’s. Its dual-
speed. multi-session CD-ROM drive reads
directories and transfers data twice as fast
as single-speed drives, and is compatible
with Kodak Photo CD. It can also be used
to play audio CD’s.

However, hardware is only half the sto-
ry. After all, once everything is connected
and plugged in, today's non-technical
computer user doesn’t want to give it an-
other thought. It’s the software that sells
the system, and that draws the user back to
the PC on a regular basis.

The Sensation! comes with Microsoft
Windows and MS-DOS 6 pre-installed on
the hard disk. (We also received an MS-
DOS 6.2 upgrade diskette, which we had
10 install ourselves.) It is also pre-loaded
with a huge array of applications and demo
programs, both traditional and multi-
media. It includes Lotus Organizer, a per-
sonal information manager and a special
edition of Intuit’s Quicken financial man-
ager (See Gizmo, November, 1993). Mi-
crosoft Works for Windows is also
supplied, as is the Checkfree electronic
bill-payment system. Macromedia Ac-
tion! allows the creation of interesting
multimedia presentations.

Startup kits are supplied for Com-
puServe, Prodigy, America Online, The
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Tandy's Wi.n-dMate software provides Windows functionality with a different look. Here

is one of our customized ‘“desktops.”

Sierra Network's ImagiNation, and
Worldshop. The Sensation! is also outfit-
ted with Micrografx ClipArt, Mediasouce
and Autodesk FLIC animations, and the
complete AT&T 800-number phone direc-
tory. Also included is Microsoft’s
Bookshelf on CD-ROM. which contains a
dictionary. encyclopedia. world atlas, the-
saurus, almanac, and some other reference
works.

Although the computer can be phys-
ically hooked up in a matter of minutes,
learning to use it—that is, to take advan-
tage of all the bundled applications—is a
time-consuming process. Tandy tries to
help new users navigate through all those
diverse programs with WinMate Desktop,
a Windows-like program organizer.

When the system is booted up, the user
is greeted first by a musical welcome, and
then by the main WinMate screen. Eight
categories are displayed on what the man-
ual calls doors (perhaps a play on Win-
dows?): In Print, In Charge, In the Bank,
In Control, Inside, In the Know, In Touch,
and In Play. A single mouse-click on any
door activates an audio introduction to that
category; a double click opens the door to
reveal another screen with doors, those
leading to each of the applications avail-
able in that category. (In other words, a
submenu or *“‘subdoor.”)

We didn’t think that WinMate was any
improvement over the Windows Program
Manager. In fact. we were relieved to be
able to click a single icon to call up the
Program Manager. We would have pre-
ferred if Tandy had provided an easy way
to change the default Windows shell. Al-
though we knew how to *‘get rid” of Win-
Mate, we doubt if many of Tandy’s

targeted uses—some of whom might even
have experience using Windows at the of-
fice—would be able 10 do so. That, unfor-
tunately, could lead to unnecessary
confusion.

For the most part. the applications are
logically placed: A standard calculator is
located in the same ““door” as calculators
for loans and savings-and-investment.
Quicken and Checkfree are also found In
the Bank. The In Play door opens to a
dozen difterent games. Some are aimed at
young children. They range from ABC’s
and a very simple version of Hangman to
Solitaire and Mine Sweeper. Multimedia
clips are also found under In Play.

Demos and tutorials for Sensation!.
Windows, and WinMate are found inside
the In the Know door, which also provides
access to Microsoft Bookshelf. Inserting
the Bookshelf CD-ROM is like walking
into a reference library. It contains the
complete text of The American Heritage
Dicrionary, Bartletr's Familiar Quota-
tions, The Concise Columbia Encyclope-
dia, Roget's Il Thesaurus, Hammond
World Atlas, The Concise Columbia Dic-
tionary of Quoiations, and The World Al-
manac and Book of Facts [993. The text is
enhanced by pictures, photographs, video
clips, animation. and sound.

We could quibble with the placement of
a few of the programs. however. System
tools—File Manager, Print Manager, Sen-
sation Install, Windows Setup, etc.—are
found in Inside. We expected to find those
tools in either In Charge or In Control. In
Control and In Charge, however, refer not
to the computer, but to the user’s personal
and business life. In Control contains
home-inventory, household-maintenance,



vehicle maintenance, and student grade-
charting programs. It also offers a demo of
Fitness Partner, a workout program that
can be customized for each user.

In Charge contains personal-informa-
tion management programs—a diary, con-
tact manager, clock, and Lotus Orga-
nizer—as well as a travel planner. We
would have placed Microsoft Works in ei-
ther that category—after all, word pro-
cessing, database management, and
spreadsheets are the most often used
home-business applications—or in In
Print, which allows users to make their
own greeting cards, signs, name tags, and
banners if they wish.

We wouldn’t have placed AT&T’s 800-
number phone book in In Charge, butin In
Touch. In Touch is Sensation’s link to the
outside world. Go through that door to
send a fax using Phoenix MicroFAX, or to
log on to America Online, Prodigy, Imag-
iNation, or Worldshop. Also found under
In Touch are the Message Center (which
allows the various users to leave text or
spoken messages for one another) and the
Profiler, which allows each user to provide
the Sensation! with personal information
ranging from height and weight to hobbies
and travel preferences.

However it might be organized, the Sen-
sation! comes with an incredible amount
of software. As you might imagine, it also
comes with a library’s worth of manuals
and assorted paperwork. There’s a 140-
page WinMate manual; a 100-page Sensa-
tion! manual; a 400 + -page user’s guide to
Microsoft Windows and MS-DOS 6; an
11 X 17-inch quick-start sheet; user’s
guides for Quicken, Lotus Organizer,
Macromedia Action!, and Phoenix Micro-
FAX: brochures offering trial subscrip-
tions and/or introductory memberships for
CompuServe, CheckFree, and America
Online, and assorted other papers.

The manuals leave something to be de-
sired, however, particularly if the owner is
not an experienced computer user. We had
good intentions of wading through them
cover to cover, but good intentions were
quickly surpassed by the need to meet a
deadline. So we decided to shelve the
manuals and navigate using only the on-
screen help to guide us.

The on-screen help was also a bit un-
wieldy and not for the novice. Soon we
were just playing by ear, calling upon our
past computer experience to guide us. That
method was less frustrating, but wouldn’t
work for a complete computer novice, and
it left us wondering what other features the
Sensation! might offer that we simply
didn’t stumble upon in our somewhat hap-
hazard explorations.

We were wishing that Tandy had in-
-cluded a good videotape demonstration,
when we stumbled upon the Sensation!
demo behind the In The Know door. The
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applications provided with the Sensation are shown.

demo offered a glimpse at many of the
features, but didn't walk new users
through all the various functions, nor did it
explain how to actually use any of them. It
mentioned that we could play CD’s on the
Sensation!, for instance, but didn’t give us
a clue how to do so.

We searched the manual for some men-
tion of audio CD’s, with no luck. We
opened every door, hoping to find a *““Play
CD" sub-door under one of them. Finally,
we called a local Radio Shack store for
help. Ittook the salesperson who answered
our call several minutes to find the play-
CD application, but she did manage to
locate it at last. As it turns out, a custom
CD-player application isn’t provided. In-
stead, the somewhat inconvenient Win-
dows Media Player (found under System
Tools in the Inside door) is used to access
the disc.

We don’t want to suggest that the Sensa-
tion! is difficult to use. The problems we
encountered stemmed from the fact that
the system does so much, it’s hard to get a
handle on it all. Even without following
any written or on-screen directions, we
figured out how to inventory our house-
hold possessions, and even how to import
photographs from a.Photo CD to accom-
pany each inventoried object. We gave
each user an identity, with a ““face” to go
with it, that the Sensation! could recog-
nize. We opened the door to In the Bank
and calculated the monthly payments for a
car loan and developed several mortgage
refinancing scenarios.

We also managed to design and print
our own greeting cards and signs using the
Graphics Manager and the applications
found under In Print. It’s possible to create

original designs by incorporating and ma-
nipulating elements from the large library
available from the Graphics Manager.
Photographs can also be included. A
wealth of forms, cards, notices. name
tags, and the like are included, ready to be
personalized by the user.

Next, we decided to open the In Touch
door. The computer’s communications
features are extensive, and impressive.
“You’ve probably heard talk of how com-
puters are crossing over into mainstream
consumer electronics. Well, here's a good
example: The Sensation! can replace your
old answering machine by serving as a
sophisticated voice-mail system for the
whole family. Each user can record his
own outgoing announcement, and have
messages routed to his own in-box. If you
have Caller-ID service, Sensation can put
it to use. A second outgoing message can
be recorded; it will be heard by those in-
coming callers whose numbers you have
specified and are recognized by the sys-
tzm. The phone center also stores incom-
ing and forwards outgoing faxes, and
provides convenient remote access via a
TouchTone phone to the Contact Manager
phonebook, the personal-information
management files, and the Message Cen-
ter.

The Message Center is a sort of family
bulletin board, replacing all those little
notes stuck up on the refrigerator door
with magnets in a typical household. Its
main screen_actually looks like a cor-
kboard. Messages can either be typed in or
recorded in you own voice. Even typed
messages can be retrieved remotely; Sen-
sation’s text-to-voice algorithm translates
typed material, and the computer reads
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your messages aloud.

The In Touch category also includes the
Profiler, which is a more extensive means
of identifying each user. Under Profiler,
you can input your name, address, work
address, and phone and fax numbers; rec-
ord a password and a ‘“‘super user pass-
word”’ that supersedes other passwords:
creatc a custom face icon that matches
your gender and hair color and style; list
your hobbies: note your clothing sizes; in-
put your travel preferences in terms of air-
line, hotel, and car rental; keep a record of
your bank-account and credit-card num-
bers; and add information about business
and your personal contacts.

For the most part, however, addresses
and phone numbers would be listed under
the Contact Manager. found by opening
the In Charge door. Foreach entry, you can
input the standard name, address(es), and
phone number(s), along with other fields
of your choice, including spouse, chil-
dren, birthdays, and contact history. It’s
also possible to add a picture from the
Clipboard. or a photograph from a Photo
CD. Sensation! can be configured to place
phone calls or send faxes to people in your
contact list. By activating the Phone Log
function. the computer keeps a list of all
outgoing calls and faxes; if you have Call-
er-ID, incoming calls can also be logged.
During a call to one of your contacts, you
can type notes about the conversation in
the *'take notes’ dialog box and add those
notes to the contact history.

Contacts are stored in Lotus Organizer,
a personal information manager that uses a
day-planner metaphor. Clicking on a sec-
tion tab turns the pages of the on-screen
book to the Calendar, To Do. Address,
Notepad, Planner, or Anniversary section.

The In Charge door also provides access
to the Diary, Travel Planner, and Phone
Book Reader functions. The diary allows
users to create and maintain one or several
diaries or daily journals. The Travel Plan-
ner keeps track of expenses, destinations,
and addresses. and allows the user to write
in a travel journal and make a detailed
packing list. Phone Book Reader is Win-
Mate’s rather cryptic name for AT&T'’s
800-number directory on CD-ROM.

We could keep on going—the Sensa-
tion! surely does. For personal or home-
office use, the bundled applications seem
almost unlimited. There really is some-
thing for everyone: We can actually envi-
sion family members fighting it out for
computer time. Of course, it should be
easy enough to use the Sensation! to create
and print out a schedule . . . .

However the family decides to work it
out, Tandy’s Sensation! is sure to be a
popular addition to the household—even
before you start buying advanced game
controllers and CD-ROM based” multi-
media games! [ ]

You’ve Come a

Long Way, Baby

VI-S772A S-VHS VIDEO DECK WITH
VCR PLUS + . From Hitachi Home Elec-
tronics (America), Inc., 3890 Steve Rey-
nolds Blvd., Norcross, GA 30093; Tel.
404-279-5600; Price: $999.

Take a trip down memory lane and try to
visualize the audio and video components
that you owned when you brought home
your first VCR. Tower speakers, turntable.
cassette deck, non-digital tuner, and—lo-
cated across the room or perhaps in an-
other room altogether—a 19-inch televi-
sion set. The new videocassette recorder
was probably connected only to the TV. It
was primarily used to watch prerecorded
tapes and. if you managed to decipher the
complex procedures. to record and time-
shift television programming. Those
“simple™ early units were anything but
simple to use.

Over the past decade, the turntable has
been replaced by the CD player. and the
distinction between audio and video has
blurred. These days. your audio and vidco
components are probably housed—and in-
tricately intertwined—in one catch-all
home-entertainment center. The VCR,
like the rest of the equipment, is more
sophisticated and has become an integral
part of the home-theater setup. If you use a
camcorder. your VCR might also serve as
the heart of your home-video editing sys-
tem. Sure, you can still find two-head,
monaural VCR's (for not much more than
you’d pay for two orchestra seats to a
Broadway show), but stereo sound and
four heads are becoming standard fcatures
on trade-up VCR's. most of which are
priced in the $300-$500 range.

For serious video editors and viewing
enthusiasts. today's top-of-the-line VCR’s
offer an array of advanced features. With

prices starting at around $800. such decks
are expected to have all the latest bells and
whistles—flying erase head, jog/shuttle
controls, index scarch, frame-by-frame
advance. S-Video inputs and outputs, edit
controllers, and the like—but that level of
sophistication must not be achicved at the
expense of convenience. After all, a high-
end VCR must be casy enough for even the
least-technically-inclined family member
to use.

Hitachi's VT-§772A meets all of those
high-end requirements. then adds some
extras, such as VCR Plus + circuitry and a
host of editing features. It also tacks on a
couple of unique featurcs—an automatic,
“laser-activated,” tape-compartment-
door opener and an illuminated universal
remote with its own display.

The VCR’s complexity is hidden behind
a deceptively plain facade. Visible front-
panel controls are limited to the basics:
POWER, EJECT, REW, PLAY, FFWD, STOP, and
PAUSE. The tape well is centrally located,
with the display panel just beneath it.
Tucked in a compartment to the left of the
display are input and output jacks for use
during editing, along with knobs used to
control recording and headphone levels.
An identical compartment on the opposite
side houses controls used for editing,
tracking, and timer recordings.

Similarly. the remote control keeps the
most-used controls out in the open. and
hides the rest behind a closed door. The
basic VCR controls and channel-up and
-down buttons arc grouped toward the bot-
tom of the remote. along with the LIGHT
button, which activates a red backlight on
those frequently used controls. The remote
can be programmed to operate a TV and a
cable box; a switch on the side selects the
device being controlled. Sandwiched be-
tween the basic controls and the jog/shut-
tle dial are the Tv/vCR MUTE button, the
TITLER/LAST CHANNEL button, used for ti-
tle making during editing or for last-chan-
nel recall during viewing; and the J0G/



SHUTTLE button, used to activate or deacti-
vate the jog/shuttle knob. A window in the
door covering the less frequently used con-
trols allows the remote’s LCD readout to
be seen whether the compartment is open
or closed. The display is used during VCR
Plus + timer recording, and also comes in
handy for those who cannot make out the
writing on the front-panel display from the
sofa. Inside the compartment are the VCR
Plus+ controls, a numeric keypad, the
RECORD button, and controls for various
advanced features.

With the “fancy stuff” tucked out of
sight, there’s nothing at al! intimidating
about using the VT-S772A to watch a
‘movie. With three ways to time-shift pro-
gramming, even the most VCR-shy people
in your household should be able to record
their favorite programs.

The easiest recording method—once
the initial setup is complete—is simply to
input the VCR Plus+ code for the pro-
gram that you want to tape. (The code for
most broadcast and cable programs ap-
pears next to each listing in TV Guide and
in the television listings in many local
newspapers.) To prepare the VCR for VCR
Plus + recording, you must first make sure
that it understands which channels are
which. Say, for example, that your cable
system distributes CNN on channel 10 and
the Sci-Fi Channel on channel 21. The
VCR must be configured to reflect that.
(Remember, a neighboring cable system
has CNN on Channel 8 and the Sci-F
Channel on Channel 52. Your local paper
might show them on yet another set of
channels!')

Unfortunately, the VT-S772A doesn’t
provide cable-box control, as many VCR
Plus + -equipped VCR's do nowadays. Al-
though it’s still possible to use VCR
Plus +, it’s not as “‘automatic” as it should
be. Let’s assume that you want to record a
live HBO event. You can’t just record it
through your VCR’s cable-ready input be-
cause it is scrambled. Therefore, you must
use your cable box to descramble the HBO
signal and record it on, for the sake of
argument, Channel 3. Then you must pro-
gram your cable box to come on at the
right time, or just leave it on tuned to
HBO. In that situation, VCR Plus+ has
not really made your recording setup tasks
any easier.

It’s also possible to set the timer the
*‘old-fashioned™ way, using the prOG
button on the remote control and following
the clear, on-screen programming instruc-
tions. Or the Instant Recording Timer
front-panel IRT/START and buttons will also
do the trick. By setting the VCR to record
mode and pressing the REC/LENGTH button
once, the next 30 minutes of whatever is
playing on the VCR’s current channel will
be recorded. Each subsequent press of that
button adds a half hour of recording time.

The IRT button can also be used in a similar
way to delay the start of recording, also in
30-minute increments. The start time can
be set at any hour or half-hour during the
next 24-hour period. If, for example, at
6:20 you decided to go out to dinner, but
wanted to tape Jeopardy from 7:00 to
7:30, you would tap the IRT/START button
twice (the first tap would bring you to
6:30, the second to 7:00), and then press
REC/LENGTH once to record for a haif hour.

The VT-S772A also offers several con-
venient playback features. An index mark
is automatically placed at the beginning of
each recording that you make, so it’s easy
to jump to the start of each taped program
using the INDEX key. If the show has been
recorded on another VCR, and has no in-
dex marks, the Go-To button on the remote
control can get you to the right place on the
tape. Pressing Go-1o calls up an on-screen
prompt that asks you to input the length of
the program. A press of the fast-forward or
rewind key advances or reverses the tape
by the length of time indicated, and auto-
matically starts playing the tape at that
point. If you’ve recorded a commercial-
filled TV program, the FADV (frame ad-
vance) key can help you get past the ads.
Each push results in an automatic one-
minute fast-forward to skip forward
through the commercial breaks.

When watching rented movies, the ar-
tificial intelligence (Al) picture-enhancing
mode can be activated to clean up some of
the noise. Digital auto tracking also en-
hances picture quality. You can put the
unit’s “Spectra Sonic Sound” into movie
mode to boost the bass from the audio-out
jacks. There’s also a Spectra Sonic music
mode available. In movie-return mode,
when it reaches the end of a tape that has
the safety tab removed, the VT-S772A will
automatically rewind the tape, eject it, and
turn off the power. (It will not, unfor-
tunately, get in the car at 11:45 PM and
return the tape to the video store.) Finally,
to keep the kids mesmerized long enough
so that you can read the entire Sunday
paper, you can set the VCR to endless-play
mode and insert Aladdin or Barney. The
tape will, hypothetically, keep rewinding
and replaying forever.

For videographers, the VT-S772A pro-
vides a host of special editing features,
including a six-scene edit controller,
frame-by-frame advance, audio dub, vid-
eo dub, insert edit, a built-in character
generator and a flying erase head.

The six-scene edit controller is a handy
way to assemble an edited video from one
tape. The VT-S772A must be set up as the
source deck, and it must be connected
with a synchro-edit cable to another
Hitachi VCR with synchro-edit capability
for this edit mode to work. You can jog-
and-shuttle around on your source tape,
and mark the start and end points of up to

six scenes that you want to include. Errors
can be corrected reasonably easily. When
you are satisfied that you have the scenes
marked properly, you can set the recording
VCR to its record-pause mode, and press
play on the source VCR. The rest is auto-
matic. As the source VCR searches for the
proper scenes, the recording VCR is held
in its pause mode. When the desired scene
is found, the recording VCR switches to
the record mode, and then pauses when
the scene is finished.

The audio-dubbing mode allows you to
replace the audio recorded on the linear
audio track with new audio information
without disturbing the video. (Because hi-
fi audio is recorded along with the video, it
cannot be dubbed over.) To hear the dub-
bed audio, you must select either the hi-fi
or the linear audio tack with the AupiO
MONITOR button on the remote control. As
an alternative, you might want to turn the
audio-mix mode on so that you can hear
both the hi-fi and the linear track. That
would be useful, perhaps, for post-pro-
duction narration of a home video.

Manual audio-level controls are avail-
able to give better control over what you
record. The video dubbing mode allows
new video to be recorded without affecting
the audio on the linear track.

The built-in character generator won’t
replace a video titler, but it does a good job
of providing a quick-and-dirty way to add
simple titles to videos. Unlike most built-
in titlers, three character sizes are offered
by the VT-S772A.

The VT-S772A also features the ‘‘Laser
VLS” video-loading system. Translation:
The tape-compartment door opens auto-
matically to accept a tape held in front of
it. Two sensors on either side of unit’s
display panel activate the door mechanism
whenever the well is empty and any object
passes close to the front panel. Laser VLS
works even if the power is off, and can be a
bit disconcerting when simply walking
past the powered-down unit triggers the
door to open.

The remote control, however, is defi-
nitely convenient. It can control an addi-
tional Hitachi VCR, and can be
programmed to control more than 30 pop-
ular brands of TV's and eight cable-box
brands. We liked being able to backlight
the basic command keys in a darkened
room, and particularly enjoyed having an
LCD readout that displayed the time and
spectra-mode setting within easy viewing
range. VCR Plus + made recording sim-
ply a breeze.

The VT-S772A combines good looks
and good performance with a “gee-whiz”
automatic tape door and good editing
functions. The combination should be at-
tractive to folks looking for a quality step-
up deck, particularly if they already own a
Hitachi VCR or camcorder. [ ]
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GIZMO NEWS

DIGITAL SATELLITES

The Thomson RCA DSS digital sat-
ellite system has been receiving headlines
as the first digital direct-to-home satellite
service. However, this past March,
RCA~—along with partners Hughes, Di-
recTv, and USSB—was beaten to that hon-
or by Primestar Partners. The Primestar
service will deliver 77 video channels,
plus CD-quality audio programming.
(Currently, six audio channels from light-
rock to classical are available.) Channel
capacity is expected to increase to 100
channels in two to three years as the digital
compression used improves.

According to Primestar, the dish re-
quired for receiving the signals is only
three feet in diameter. That’s considerably
smaller than the 6- to 10-foot dishes typ-
ically used for traditional satellite TV, but
larger than the mere 18-inch dish required
by the RCA DSS system.

Unlike the RCA DSS service, Primestar
is a joint venture of the subsidiaries of six
national cable-television companies and
G.E. American Communications, Inc.,
which owns the satellite used by
Primestar. (Satellite-system owners might
be interested to know that the service is
located on the Satcom K-1 Ku-band satel-
lite.) The local Primestar distributors set
prices for their area based on ‘‘competi-
tion, customer preferences and the cost of
doing business.”

Executives involved in the DSS venture
write off Primestar as anything but an al-
ternative to cable-delivered programming,
saying that the “whole purpose of
Primestar was to confuse the marketplace
and throw real DBS (direct broadcasting
by satellite) off track.™

UPGRADING PC’'S

How do you know whether the PC-
compatible computer you buy today will
still be powerful enough one or two years
from now? One way is to buy a computer
with an upgradable 486 motherboard, but
how do you know that the motherboard can
really be upgraded to Pentium perfor-
mance?

Intel Corporation, which makes the
lion’s share of microprocessors for the PC
market, (and various Overdrive processors
that allow motherboards to be upgraded)
runs the Intel Verification Program to cer-
tify that a manufacturer’s motherboard can
be upgraded down the road. Manufactures
pay $5000 for their first system submitted
for testing, and $1000 for each additional
system. Intel performs mechanical, ther
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mal, electrical, installation, and func-
tional tests, and verifies the upgradability
of the system design.

Consumers can access information on
the verification program by calling Intel’s
FaxBACK service at 800-525-3019. Re-
quest document 30335-3039 for a detailed
description of the program and for addi-
tional instructions.

HDTV UPDATE
Demonstrating that HDTV is coming
for sure—and perhaps sooner than we an-
ticipated—the Digital HDTV Grand Al-
liance released a progress report at the
National Association of Broadcasters con-
vention held in late March. The Grand
Alliance—made up of members AT&T,
David Sarnoff Research Center, General
Instrument Corp., Massachusetts Institute
of Technology, Philips Consumer Elec-
tronics, Thomson Consumer Electronics,
and Zenith Electronics Corp.—was one of
the sponsors of the 1994 NAB convention.
As it now stands, the subsystems (scan-
ning formats, digital video compression,
packetized data, audio, and modulation)
have all been approved by the FCC’s Ad-
visory Committee on Advanced Television
Service. The Grand Alliance stressed the
system’s interoperablity—that is, the way
it can work with TV as well as computer
and telecommunications technologies.

| 3415 University Ave

CONTACT LIST

AT&T
600 Mountain Ave.
Murray Hill, NJ 07974

David Sarnoff Research Center
201 Washington Rd.
Princeton, NJ 08540

DirecTV
PO. Box 92424
Los Angeles, CA 90009

General Instrument Corp.
181 W. madison, Suite 4900
Chicago, IL 60608

Intel Corporation
2200 Mission College Bivd.
Santa Clara, CA 95052

Massachusetts Institute of Technology
77 Massachusetts Ave.
Cambridge, MA 02139

Philips Consumer Electronics
One Philips Drive
Knoxville, TN 37914

Primestar Partners
100 North Presidential Blvd,
Bala Cynwyd, PA 19004

Thomson Consumer Electronics
600 North Sherman Drive
Indianapolis, IN 466201

uSsB

St. Paul, MN 55414

Zenith Electronics Corp.
1000 Milwaukee Ave.
Glenview, IL 60025

Laboratory testing of the system pro-
totype is on schedule to begin this fall.
Two wide-screen pixel arrays will be sup-
ported: 1920 pixels x 1080 lines, and 128D
pixels X 720 lines. Square pixels are pro-
vided to ensure computer interoperability.

Three different frame rates—60, 30,
and 24 Hz—are supported. When com-
bined with the two pixel arrays, a total of
six different scanning formats are allowed.
The 60- and 30-Hz frame rates are impor-
tant for video source material, while the
30- and 24-Hz frame rates are important
for film. Progressive scanning will be the
rule in five of the six scanning formats.
The 60-Hz, 1080-line format will not sup-
port progressive scanning at the outset.

Video compression will follow the
MPEG-2 (Moving Picture Experts Group)
international standard. The audio will be
provided in the 5-channel, digital Dolby
AC-3 surround-sound system. n




You Called?

M2000 PROGRAMMABLE 2-LINE IN-
TERCOM/SPEAKERPHONE. From TMC
Corp., 220 North Center Drive, North
Brunswick, NJ 08902. Tel.
908-422-1888. Price: $199.

Some people we encounter long for a
return to simpler days, when every house-
hold had but a single phone line—and
usually a single telephone as well. These
days, however. that is virtually impossible.
As telecommuting increases and as more
home offices start up, home telephones
have no choice but to become more sophis-
ticated to handle the burden.

The m2000 programmable 2-line inter-
com/speakerphone from TMC Corp. is tar-
geted at small businesses and home of-
fices. Its many advanced features help itto
fit in that category perfectly. However, the
more we used the phone and its features,
the more we realized that it has a valid
place in homes without offices as well.

The m2000 is an attractive, modern-
looking phone. It is pearl-colored, mea-
sures about 7-8% % 3 inches (not includ-
ing the receiver). and can be wall-mounted
or sit on a desk. Its front panel contains a
standard keypad, and another 36 buttons.
Despite its sophisticated teatures and its
programmability, the phone is easier to use
than most office phones we’ve encoun-
tered. The m2000 is equally at home in
cither an office with a PBX (private-
branch exchange) system or in a home
with standard phone service.

Although the m2000 is. by itself. a good
stand-alone phone, its real strengths be-
come apparent when it is installed as part
of a system with other m2000 models. Up
to cight phones can be installed to make up
a single system.

When a phone is tirst installed, it as-
signs itself an extension number. The first
phone that is installed simply sets itself as
extension No. 1. It becomes the system’s
“master” and controls the data flow in the
system and controls various system set-
tings including tone or pulse dialing and
cach extension’s access to outgoing lines.
Each subsequently installed phone first
checks the other phones that are already
installed, and then assigns itself the next
available number.

Setting up the phone is a relatively easy
task thanks to a built-in menu system. The
phone’s l6-character, one-line, alpha-
numeric L.LCD readout prompts the in-
staller through the settings once the
SETTINGS button is pushed. The * key
scrolls through the possible settings, while
the # key changes the settings.

To give an overview of the phone'’s fea-
tures, we’ll go through the menu settings
one at a time as seen from the master

phone (extension ). The first setting is the
extension number. As mentioned pre-
viously, the first phone defaults to exten-
sion |. However, the extension number can
be changed as long as there is one phone in
the system that is set as the master, and as
long as each phone has a unique number |
through 8.

‘The next menu option sets the phone’s
line preference; that is, the line that the
phone defaults to when you pick up the
receiver. Take, for example, a two-person
office with two phone lines in which each
person has his own line, and gives that
phone number out to clients. Person “A™
wouldn’t normally want person “B" tying
up person A's line. Person B’s phone could
be configured to detault to line 2.

In homes with a home oftice, that same
feature could help to keep peace between
family members. For example, only the
office phone would default 10 line 2, re-
ducing the chance of the kids accidentally
tying up their mother’s business line.

The next menu option sets the ringer
mode. Each line can be set to ringer on,
ringer off, delayed ring, or abbreviated
ring. Families with home offices might
want to set the phones so that only the

oftice phone would ring on incoming busi-
ness calls.

‘The ringers on the other phones in the
house could be set not to ring on incoming
business calls, or they could be set to de-
layed ring. in which they would start ring-
ing only after the first three ring cycles.
Delayed ring would probably be more
useful for an office in which a secretary
usually answers the phone; other office
phones would ring only if the sccretary
couldn’t pick up the line within the allot-
ted three rings.

In our hypothetical 2-person office,
each person could have his line ring imme-
diately, and have his partner’s line on de-
layed ring.

The abbreviated ring does the opposite
of delayed ring—in that mode, the phone
will ring only on the first three ring cycles
and then stop. It would be useful if you like
to occasionally ignore calls if you are
finishing up a thought or a project. Even if
the incoming call does not ring at your
station, you can answer the line——assum-
ing that your line is permitted access to
it—by pressing the line-1 or line-2 button.

The next menu option sets how the inter-
station intercom is handled. If set to auto-

S21U0N09|3 reindod ‘pe6L AInr

[24]
(3



Popular Electronics, July 1994

o
(-4

answer, the speakerphone will turnon, and
will be connected over the intercom chan-
nel. However, if you are currently on an
outgoing line. you will have to answer the
intercom manually.

Another intercom Option is auto answer
with standby mute. In that mode. the
phone once again automatically answers
incoming intercom calls. but your speaker
is muted unless you deliberately press the
INT button. That permits you to hear voice
pages without giving the pager an “ear”
into your office.

If auto answer is turned off, you can set
the incoming intercom to ring repetitively
or with a single ring. and you can answer
or choose to ignore the intercom as you
wish. You're in control.

The next menu options are for setting
the built-in clock and the dial mode (tone
or pulse). If the call-privacy setting is
turned on, then no other extensions can
access a line when it is in use. That not
only elimmates deliberate eavesdropping.
but also eliminates the more likely occur-
rence of people disturbing your con-
versation by accidentally picking up the
line. Even when call-privacy is turned on.
it is still possible to conference other ex-
tensions. Call privacy works only on other
m2000 phones—standard phones can ac-
cess a “private” call even when call pri-
vacy is turned on.

The next menu option lets you configure
the phone for the type of line it is con-
nected to: standard or PBX. The ring-di-
rect option sets the phone to follow the
central-office ringing pattern so that they
will be compatible with today’s custom-
ringing services.

Also set from extension | are the outgo-
ing-access and toll-restriction features.
Each extension can be allowed to make
outgoing calls on both lines, or just line |
or just line 2. Extensions can also be
barred making outgoing calls.

Even if extensions are permitted access
to make outgoing calls, they can be re-
stricted from making toll calls. Each ex-
tension can be set to either *permitted” or
“restricted.”” Permitted extensions can
make calls free from any toll restrictions.
Restricted lines, however, will be unable to
make calls that start with any of three user-
defined, four-digit sequences. For exam-
ple, a business in Manhattan might want to
restrict all toll calls except those to the
other New York boroughs and to Long
Island. In that case, the system could be
programmed to restrict any “'1-XXX" se-
quence, except for the two allowed se-
quences of 1-718 and 1-516. Regardless of
the toll-restriction settings, however, [-800
and 911 calls are always permitted.

The menu is usually operated only dur-
ing setup. The m2000 has a host of other
interesting features that are operated from
discreet buttons.

Another feature is “Line Reserve,”
which allows you to reserve a line that is
currently in use. Say, for example. you
want to make an outgoing call but both
lines are being used. Pressing the LINE
RESERVE button will alert you when the
line becomes tree while prohibiting other
extensions from making outgoing calls.

The m2000 also offers a call timer to
help you keep track of the time you spend
on the phone. We liked the fact that the
phone doesn’t reset the call timer when
you hang up. If you forget to check the
timer before you hang up, you can recall
the last elapsed time simply by pressing
the call timer button.

A notepad feature lets you store phone
numbers in a temporary memory. It’s
useful if you don’t have a notepad handy
by the phone but you want'to copy down a
phone number. We found it especially
useful to take down numbers from Infor-
mation. The temporary memory can be
dialed, or it can be transferred to one of the
twelve ‘“‘permanent” memory settings.
The twelve memory locations are accessed
for speed dialing through six memory but-
tons and a shift key.

The m2000 has interesting hold fea-
tures. Music-on-hold is provided by a
built-in melody chip. An exclusive-hold
feature, accessed by pressing the hold but-
ton a second time, allows the call to be
released only from the extension where it
was placed on hold. Unfortunately, the
hold functions work best only with other
m2000 phones. For example, if a call is
placed on hold and then picked up from a
standard extension phone, the hold will
not be released and the melody will con-
tinue playing in the background.

An auto-hold on intercom allows the
user to answer the intercom and automat-
ically places the original outside call on
hold. It seems to be a way to eliminate the
accidental disconnecting of calls.

Transfer features include a station trans-
fer mode, and all-transfer mode and a dis-
tinctive-ring transfer. To transfer to a spe-
cific extension, the transfer button is hit,
followed by one of the eight extension but-
tons. Only the targeted extension rings. In
the all-transfer mode, which is accessed
by hitting the transfer button twice, all
stations ring, and the first extension to
answer seizes the call. To transfer the call
with a distinctive ring, the transfer button
is pushed, followed by a numeric key 1-8.
All stations ring, but, presumably, only
the person indicated by the distinctive ring
will pick up. In reality, the distinctive rings
are difficult to distinguish from each other.

The m2000 is anything but a simple,
basic telephone. Yet its sophistication
hasn’t rendered it too complex to use.
Rather, that sophistication is most evident
in the m2000’s inherent *‘smarts,” which
make it so easy to use. n

That’s a Switch!

JX-5700 A/V SELECTOR. From JVC Com-
pany of America, 41 Slater Drive, Elm-
wood Park, NJ 07407. Tel.
201-794-3900. Price: $599.

You don’t have to be a video enthusiast
or a semi-professional videographer to
need an audio/video switcher. Even sim-
ple setups can cause frustration when you
want to copy or edit a videotape. Elaborate
setups, however, are becoming more main-
stream as more consumers add multiple
VCR’s (including camcorders), laserdisc
players, and audio-processing gear to their
systems. Of course, here at Gizmo, our
constantly changing array of equipment
was begging for a sensible way to route
audio and video signals to their proper
places. That's where the JX-S700 A/V se-
lector from JVC Company of America
came in.

The JX-S700 accepts seven A/V inputs,
and routes them to four outputs plus one
monitor output. Its most impressive fea-
ture is its built-in Y/C separator and mixer
circuits. Because of those circuits, the
switcher can accept S-video inputs in
which the Y (luminance) and C (chromi-
nance or color) signals are separate, and
output the signals as conventional com-
posite signals in which the Y and C signals
are mixed. The reverse is also true: Con-
ventional composite inputs can be output
as S-video. That allows for maximum flex-
ibility when editing videotapes and con-
figuring video-system setups, and it
makes hookup simpler. An S-VHS deck,
for example, needs to be connected to the
system with only the audio and S-video
cables and still accept inputs from any
composite device.

The A/V selector is an attractive compo-
nent—it looks quite at home in a video
entertainment center, and doesn’t have to
be hidden behind closed doors. It has a
handsome, gold-colored finish and mea-
sures about 17V X 3'4 X 10% inches.

The front panel is dominated by a row of
seven SOURCE SELECT pushbuttons; the
button that is selected lights up green. Be-
low each button is a small indentation for a
label. Nine pre-printed and 9 blank labels
are supplied with the unit.

Two fold-down doors at the bottom of
the front panel conceal an array of jacks
and one switch. One set of jacks is simply
a set of front-panel inputs and outputs for
Source 3. (The rear-panel jacks are for
Sources 1, 2, and 4-7.) Another set of
jacks are for connecting an audio or video
processor. Two front-panel buttons switch
the processor into or out of the loop.

The switch located behind the fold-
down doors sets the function of the pro-
cessor when it is first powered up. The



switch has four positions: off, 1, 2, and 7.
Ifit’ssetto 1, 2, or 7, the source selected at
power-up will be I, 2, or 7, respectively. If
set to off, the switcher will not power up
when AC is supplied. That function is con-
venient when the processor is used along
with an external timer. In fact, it is useful
only with an external timer or other power
switch because the POWER INITIAL switch
has absolutely no effect if the power switch
is used, but only if the AC supply is turned
on or off.

Although we found the switch useful
when we wanted to record radio program-
ming onto a VCR using a timer, that's not
how we used it most often. In our setup, we
plugged the switcher into one of the
switched power outlets of our A/V re-
ceiver, and set the source selector to our
most used input (a satellite-TV receiver).
Every time we turned on the A/V receiver,
we would default to that source.

When the power-initial switch is used,
the switcher defaults to its Key Lock
mode, in which front-panel key presses
have no effect—unless the KEY LOCK
button is pushed to toggle out of the mode.

The JX-S700 permits parallel editing,
meaning that two sources can be edited
simultaneously. The feature isn’t very dif-
ficult to use—once you get passed the

cryptic description in the manual. The rest
of the manual, by the way, isn't much
better—we had to play with various set-
tings to see how they worked so we could
interpret what the manual was really trying
to say.

You would use parallel editing to record
two different sources on two VCR’s. Say,
for example, that you wanted to dub a
home video from your camcorder to one
VCR while you taped a show off the satel-
lite receiver to a second VCR.

The JX-S700, however, can’t switch
any input to any output. Instead, the first
source—which can be connected to any
input from | to 6—is output to outputs 1, 2,
and 3. The second source must be con-
nected to input 7, and is routed only to
output 4.,

In our parallel-editing scenario, our first
input would be the camcorder (so that we
could hook it to input 3, which is on the
front panel.) The VCR that we were re-
cording the dubbed camcorder tape to
could be connected to any of outputs 1, 2,
or 3. The second input would be the satel-
lite receiver, which would have to be con-
nected to input 7, and the second VCR
would have to be connected to output 4. To
add a little more confusion to the picture,
the built-in Y/C separator and mixer cir

cuits are not effective with the second in-
put in the parallel-editing mode. In other
words, both the satellite receiver and sec-
ond VCR would have to both be either S-
video units, or both hooked up with com-
posite-video inputs and outputs.

What would we watch on the monitor?
We could watch either, and switch be-
tween the sources with the MONITOR SE-
LECT button, which is located only on the
remote control.

As we would expect from a quality
switcher, the JX-$700 adds nothing of its
own to the audio and video signals that it
switches. That is, it’s transparent. We
were unable to detect any differences be-
tween video viewed directly or switched
through the device. The same was true of
the audio that we switched.

The JX-§700 offers a loop-protect
mode, in which the input won’t be fed to
the output of the same channel. In other
words, when loop protect is on, the input
to source 3 will be fed to all outputs except
for output 3. That ensures that feedback
loops will not be created, and that the
audio and video will not suffer from com-
plete distortion.

An auxiliary audio input permits an au-
dio source that is unrelated to the video
source to be fed to the outputs. It allowed
us, for example, to replace the audio from
a home video with some music. Although
that’s a handy feature, we would have pre-
ferred if the switcher allowed us to com-
bine any audio source with any video
source—ijust like our A/V receiver does.
As a specialty device, it’s very surprising
that the JX-§700 compromised in switch-
ing flexibility.

We found ourselves using the switcher
in combination with our A/V receiver to
get flexibility better than what either one
offered by itself. It’s ironic (if not humor-
ous), however, that as our A/V setups get
more complex, we need even more equip-
ment to keep things manageable. [ ]

ELECTRONICS WISH LIST

The Big Picture

Long known for its quality three-tube video projectors, Vidikron of America,
Inc. (150 Bay Street, Jersey City, NJ 07302) has introduced its first single-lens
LCD projector. The projector features a 200-watt metal halide bulb, which is said
to produce a picture that is almost twice as bright as any other LCD projector. The
projector has 455 horizontal pixel rows and 479 pixel volumes that are arranged in
adelta pattern so that they are less noticeable. It operates with a 32-kHz horizontal
scan rate, and uses a line-doubling process called * interlaced double-line address-
ing” which is said to produce no motion artifacts. A stereo television tuner is built-

in, as is a speaker. Price: $7495.

Vidikron LCD Projector
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ELECTRONICS WISH LIST

Widescreen TV

GameBoy Docking Platform

58 CD Storage Case

Widescreen TV

Proton’s (16826 Edwards Road, Cerritos, CA 90701) first entry in the 16:9-
television market is the DT-3660 34-inch stereo monitor/receiver. The direct-view
set offers four selectable picture formats: standard TV (4:3 aspect ratio); full,
which digitally enlarges 70% of the central image of a standard program so that it
fills the entire screen; Cinema I for full-screen letterboxed programs; and Cinema
11 with a 17:9 aspect ratio for even wider movies. Advanced double-scan (non-
interlace) extended definition television (EDTV) circuitry is said to provide a
theater-like picture with incredible detail. With two 18I-channel TV tuners, the
DT-3660 provides picture-in-picture and picture-outside-of-picture with no exter-
nal source. Other features include a video-effects package with still, swap,
channel-scan, and strobe options; a high-contrast, square flat tube; two-way bi-
amplified speakers; auto programming; and a voice reminder and display that tells
the date and time and can be set to remind viewers of special programs, telephone
calls, birthdays, or events. Price: N/A.

GameBoy Docking Platform

You can breathe new life into your Nintendo GameBoy with the Mini-Arcade
from Naki Electronics (Century City North, 10100 Santa Monica Blvd., Suite
1400, Los Angeles, CA 90067). The docking-station design slips around the
GameBoy, allowing it to be used as a stationary, table-top game. Its mini-arcade
design increases comfort and allows full access to all standard GameBoy controls.
The Mini-Arcade includes a high-performance mini-joystick, play buttons, a fold-
away magnifying glass with light switch, a concealed storage compartment that
holds two cartridges and a set of headphones; and dual stereo amplified speakers.
(The speakers and light require an optional AC adapter or four “C” batteries.)
Price: $39.95.

Flat Speaker Cable

One of the challenges facing installers of home-theater or DSP audio systems is
how to hide all those speaker cables while optimizing sound quality. Nordost
Corporation (58 Peral Street, Framingham, MA 01701) offers a solution with its
Super Flatline speaker cable, which is both audibly transparent and visually
unobtrusive. The bi-wired speaker sends the bass frequencies along a separate
cable, magnetic fields generated by the bass signals don't interfere with the upper
range of frequencies. Super Flatline is said to be virtually distortion-free, thanks
to the use of extruded Teflon construction coupled with the extremely tight
tolerances and spacing of the 16 conductors that are separately wrapped in Teflon.
Price: $19.95 per meter.

CD Storage Case

The Impressions Model 4325 CD and CD-player carrying case from Micro-
Computer Accessories, Inc. (9920 La Cienega Blvd., P.O. Box 17032, In-
glewood, CA 90308-7032) has a curved, padded front compartment that can hold
a portable CD player and headphones. The main compartment contains an
organizer tray for up to 14 compact discs. The bag is made of weather-resistant
fabric in two color combinations: black with purple trim and teal with purple trim.
An exterior mesh pocket can hold sunglasses, keys, and other personal accesso-
ries. Price: $13.99.
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Home-Theater Furniture

Being overwhelmed by a large picture and theater-quality sound is great; having
your family room overwhelmed by your home-theater gear is not. B.I.C. Amer-
ica’s (883-E Hampshire Road, Stow, OH 44224) Cinema 1 Series of integrated
audio/video furniture puts your home-theater in its place. The Model AV I,
pictured here, accommodates a 40- to 60-inch rear-projection TV, and offers two
built-in compartments for main speakers and space under the TV for a center-
channel speaker. Adjustable shelves hold up to eight A/V components, with
ample storage space below for CD’s, video tapes, and laser discs. Model AV 2
features a built-in surround-sound speaker system that includes right-, left-, and
center-channel speakers plus two 10-inch subwoofers in the main unit. A pair of
satellite speakers is included for rear-channel use. The AV 2 can hold a 27- to 35-
inch direct-view TV and up to four other components. Generous storage space is
hidden on the sides of the unit. Prices: AV 1, $899; AV 2, $999.

Multimedia Speaker System

According to Bose Corporation (The Mountain, Framingham, MA
01701-9168), its Acoutimass-3 is the most powerful and sophisticated sound
system yet developed for multimedia use. The system provides professional-
quality audio for business presentations, and enhances the audio in such computer
applications as CD-ROM and MIDI. The Acoustimass-3 consists of two small
stereo-imaging speaker cubes that are placed near the computer, and a larger bass
speaker/amplifier module that can be tucked away out of view. Between them, they
create a lifelike, spacious sound stage with the low-frequency response, power
handling, and dynamic range of much larger, conventional speaker systems. The
bass module contains a bi-amplification system that defivers 50 watts to the bass
driver and 20 watts to each imaging cube. The system uses Bose’s Acoustimass
technology, which launches sound waves into a room in the form of a moving air
mass, unlike conventional systems that rely on the vibraiton of a driver cone.
Price: $699.

Tapeless VCR Cleaning System

Using an automatic brush mechanism instead of the usual ribbon system, the
Memorex Automatic Brush VHS Cleaner from Memtek Products (P.O. Box
901021, Fort Worth, TX 76101) safely and easily cares for video products includ-
ing VCR’s and camcorders. The system, which contains no freon or chlo-
rofluorocarbons, cleans household dust, smoke, and tape-oxide debris from the
video drum, video heads, and pinch rollers. A drip-free applicator pen conve-
niently applies cleaning solution to the non-abrasive brushes, and a timer controls
the automatic cleaning cycle. The user simply inserts the cassette into the tape
well and presses play to start the cleaning cycle. Price: $15.99.

Drink to This!

High-tech bartenders will appreciate the Bartender's Guide from Franklin
Electronic Publishers, Inc. (122 Burrs Road, Mt. Holly, NJ 08060). The pocket-
sized device contains more than 2200 professional recipes and scores of valuable
tips on such bar-related topics as serving and cocktail glassware. Users can search
for drinks by ingredient name or through a topic menu. Never again will you suffer

the embarrassment of serving a Tom Collins in an old fashioned glass. Price:
$59.95.

Home-Theater Furniture

Multimedia Speaker System

Franklin Bartender's Guide
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Phasers on Stun

The AudioPhazer is said to create “‘a literally physical participation in the
music” because “it actually moves the stereo experience through the interior of
the car.”” The unit can be incorporated into any car or home stereo system to
improve performance and create special effects from any source. As Damiani’s
Custom Sounds (5530 Schaefer Ave, #A, Chino, CA 91710} describes it, the
device “broadens the sound with a wind effect and also has a wow feature which
dramatically enhances and stimulates listening enjoyment.” At least it did in the
demonstration car: a Lotus Esprit with 120 speakers and 4000 watts of amplifier
power. Price: N/A.

Dual-Personality VCR

If you can’t make up your mind between the VHS and 8mm video formats,
consider the GVR-DDI from Goldstar Electronics Int’l, Inc. (1000 Sylvan Ave-
nue, Englewood Cliffs, NJ 07632). The dual-deck VCR features both an 8mm
videocassette player and a 5-head (4 video heads plus a flying erase head) VHS
VCR. The deck is targeted toward the 7 to 8 million U.S. households that own
8mm camcorders. The VHS deck’s flying erase head eliminates picture noise
during editing. The 8mm deck plays normal 8mm or Hi-8 tapes, but only at
normal resolution. Front-panel video input jacks make it easy to connect addi-
tional audio and video sources. Price: $899.95.

Speaker Assortment Pack

Give your personal radio, cassette player, or CD player a versatility boost with
the Stereo 3 Pack from Jasco Products Company, Inc. (P.O. Box 466, Oklahoma
City, OK 73101). The package includes a pair of headphones, a pair of bud-style
earphones, and a pair of speakers, allowing you to make your music as public or
private as you like. Price: $9.99.

Shut Up!

What would a 35-mm camera say if it could talk? Now we know. Polaroid Corp.
(575 Technology Square, Cambridge, MA 02139) has introduced the Talking
Sidekick. The camera features a built-in pre-programmed integrated circuit that
says such supposedly humorous expressions as *“Smile and say cheese!,” “C’mon
look happy!,” and ““Smile! It’ll be over in a fiash!” Because the single-use camera
is meant to be thrown away after its 24 exposures are taken, you won’t have to
listen to it for long. Price: $14.95.

One-Hundred CD’s

If you are getting tired of swapping CD’s in and out of your system, consider the
PDF-100 from Pioneer Electronics (2265 East 220th Street, Long Beach. CA
90801). The changer is equipped with trays that hold up to one hundred of your
favorite discs. Four vertical disc trays makes loading easy, and allow the player to
be integrated into a stacked home-entertainment system. Discs can be grouped
into three different listening categories, and three different play modes allow
random sampling of various discs and tracks. An anti-resonant, honeycomb
chassis with large insulators helps to eliminate the effects of external shock and
vibration. Price: $715.




Build a Digital Clock

ince Man' earliest days, he has
Sseorched for ways to mark the

passage of time. One of the
first methods used to tell time was to
observe the sun'’s position, at least dur-
ing daylight hours. At night, the stars
were used to tell time. Later on, peo-
ple figured out better ways of measur-
ing time, such as pouring sand
through an hourglass, but that wasn't
very accurate. At some point, me-
chanical clocks were devised; some
of those would mon#tor the passing of
time using gravity power, and others
would use a steel spring.

More recent technology has given
us quariz clocks that keep time by
counting the number of oscillations-
per-second of a quariz crystal. The
crystal has two electrodes attached
to it that are used to place a voltage
across it. The voltage causes the crys-
tal to oscillate at a high, but very pre-
cise frequency. The frequency of a
crystal’s vibration is determined by its
size, shape, and the type of quariz it's
made of.

A crystal’'s oscillation produces a
voltage that rises and falls with each
oscillation. The frequency of the volt-
age is measured in cycles per second
or “hertz.” For example, if a voltage
rises and falls ten times a second, we
would say that the frequency is 10
hertz. If the voltage rises and fails 100
times a second, then the frequency
100 herfz. However, when we have a
frequency of 1000 hertz, we call it 1
kilohertz (kilo meaning that we multi-
ply by 1000). One million hertz is re-
ferred to as 1 megahertz, and one
billion hertz is called 1 gigahertz. The
abbreviations for those units are Hz,
kHz, MHz, and GHz, respectively.

A Quartz-Clock Project. in this arti-
cle we'll describe a 24-Hour Digital
Clock that you can build. In addition
to getting an attractive conversation
piece, the advantage of building this
projectis that it can help you to better
understand some of the basic princi-
ples of digital electronics. That makes
it excellent for someone with limited
electronics experience looking to
tackle a more advanced project.
Our 24-hour clock uses a 3.579545-

Learn about digital
electronics as you build
this fascinating and useful
conversation piece.

BY MARC SPIWAK

megaheriz crystal, which is the stan-
dard frequency for time keeping in
minutes; we'll see why later on. The
clock is available as a kit from the
source mentioned in the Parts List. The
kit includes a silk-screened PC board
that adds to the finished appearance
of the clock. Foil patterns for the dou-
ble-sided board are also provided
here if you want to make your own
board, but due to space considera-
tions they are shown at half size (more
on that later).

The only thing you'll have to master
to tell time on this clock is the 24-hour
time format, where there is no AM or
PM. The day starts at 00:00 (midnight).
After it reaches 12:59, it changes fo
13:00. It then advances to 14:00, 15:00,
and so on, to 23:59 (which is 11:59 PM),
and then back to 00:00. You'll quickly
get the hang of telling the time on this
clock, and the novelty of building it
yourself makes it all worthwhile.

The Clock’s Features. The clock

shows the lime in hours, minutes, and
seconds, in the 24-hour format, across
the top left of the display on six 7-
segment LED's. The clock also has an
alarm, and the time that the alarm is
set to is constantly dispiayed on the
right side of the display on four 7-seg-
ment LED's. Only four digits are
needed for the alarm, because you
never have 1o set the seconds for the
alarm time. If the alarm switch on the
front panel is turned on, and the time
display matches the alarm dispiay,
the alarm buzzer will sound for exactly
one minute.

The clock is powered from a 9-volt
AC-to-DC adapter, which also re-
charges a built-in 9-volt backup bat-
tery to maintain time in the event of a
power failure. There's also a switch on
the front of the clock that turns power
on and off,

Two pushbuttons are used to set the
fime: one advances the hours display
and the other advances the minutes
display. Another two pushbuttons are
used in the same way to set the alarm
time. A toggle switch lets you make
the display bright or dim.

An unusuat feature of this clock is
the “electronic pendulum.” This circuit
uses five bi-color LED's to simulate the
effect of a pendulum swinging back
and forth. A speaker mounted on the
back of the board makes an accom-
panying tick-tock noise. This feature
can be turned off if desired.

One last feature is an external
switch output that can be used to trig-
ger something else when the alarm
goes off. We'll talk more about it later
on.

How it Works. Take a look at the
main schematic of the clock in Fig. 1.
Power is brought in at jack J1 from the
9-volt AC-to-DC adapter, where it
charges 9-volt battery B1. (Note that
B1 must be a rechargeable 9-volt bat-
tery) If switch S9 is closed, power is
supplied to the rest of the circuitry.
Crystal XTAL1 oscillates at 3.579545
megaheriz. Its oscillating voltage is
fed into an MM5369 frequency divid-
er, U24, which is set up to generate a
60-Hz signal. It does that by dividing
the 3.579545-megahertz signal by
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59.659; that equals 60. In effect, U24
outputs one pulse for every 59,659 in-
put pulses. Now we have a waveform
that goes from low to high, or from 0 to
1,60 times a second. That 60-Hz signal
goes from U24 pin 1to pin 10 of U25-b,
a 4518 dual synchronous decade
counter. ThatIC contains two identical
decade counters (U25-a and U25-b)
whose outputs (labled Q1 through Q4
on each counter) count in binary-co-
ded decimal (BCD) from 0 to 9, incre-
menting by one for each input pulse.
As its name implies, binary-coded
decimal is a counting scheme where
binary numbers are used to represent
decimal numbers. Table 1 shows how
the numbers O through 9 are repre-
sented in BCD.

TABLE 1—BCD NUMBERS

Decimal BCD
Value Number
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
B 0 0 1 1
4 0 1 0 0
& 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1

When U25-b reaches a BCD count
of six (0110), pins 12 and 13 are high,
which causes pins 12 and 13 of U4-d to
go high. Integrated-circuit U4 con-
fains four identical anp gates, whose
outputs go high only when both inputs
are high; that's the case when U25-b
reaches a count of six. At that time, the
high from U4-d pin 11 resets U25-b at
pin 15, and also increments U25-a by
one at pin 2. In effect then, the clock
signal for U25-ais equalto 60-Hz divid-
ed by 6, or 10 Hz. The Q4 output of U25-
a changes state only once for each
BCD count of ten, so the Q4 outputis a
1-Hz signal. A 1-Hz signal changes
state once every second, and that's
the key to time keeping. The Q2 out-
put of U25-a changes state twice a
second, or at 2 Hz, and that signal is
used to quickly set the hours and min-
utes display via switches $1 and S2,
respectively. The same signal, from the
point labeled wag2, is used to set the
alarm display, which we'll get to in a
bit.

The 1-Hz signal from U25-a pin 6 is
used to clock the seconds counter, U1-

PARTS LIST FOR THE DIGITAL CLOCK

RESISTORS

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

R1. R3. RS, R7, R8. R0,
RiI5-R18—10,000-ohm

R2. R4. R6. R9. RI1—i000-0hm

R12-R14. R22-R24—470-0hm

R19—9.1-megohm

R20—6.800-0hm

R2{—100-ohm. {-wait

R25. R27—300-ohm

R26. R28—2.2-megohm

R29-not used

R30—I10-ohms. 10-watt

CAPACITORS .

Cl. C6-C9—0.01-pF. ceramic-disk
C2. C3—33-pFE ceramic-disk
C4—220-pE 25-WVDC. electrolytic
C5—-2.2-pF 25-WVDC., electrolytic

SEMICONDUCTORS

UI-U3. Uil Ui2. U25—4518 dual
synchronous decade-counter,
integrated circuit

U4. Ui13—408I quad. 2-input, aAND
gate. integrated circuit

US-U10. Ul4-U17—4511 7-segment
decoder/driver, integrated circuit

U18-U21—4070 quad, 2-input. xor
gate. integrated circuit

U22. U23—4078 8-input. NOR gate.
integrated circuit

U24—MM5369 divider. integrated
circuit

U26—4017 decade-counter,
integrated circuit

U27—4027 dual J-K flip-flop.
integrated circuit

U28—4013 dual D-type flip flop.
integrated circuit

U29—556 dual timer, integrated
circuit

b, which is another dual decade
counter that counts from 0to 9 in BCD
at a rate of 1 Hz. The Q outputs of
decade counters U1-U3 control BCD-
to-7-segment decoder/drivers U5
through U10. which decode the BCD
signals into numerals and drive the 7-
segment dispiays, LCD1-LCD6. The Q4
output of U1-b, which changes state
once every ten seccnds, is used to
clock the tens-of-seconds counter, U1-
a.

In the same way that a count of six
by U25-b was used to increment U25-
a, a count of six by U1-a resets itself
and increments the minutes counter,
U2-b, via anp-gate U4-a. The count of

DI-D6. D10-D12—1N400! diode

D7—iN4733 diode

D8, DY9—not used

Q1—2N4403 transistor

Q2-Q4—2N2222 transistor

LEDI-LEDS—Bi-color common-
cathode light-emitting diode

LED6-LED10—Red light-emitting
diode

DISPI-DISP{0—7-segment LED
display

ADDITIONAL COMPONENTS AND
MATERIALS

S1, §2. S4. S5—SPST pushbutton
switch

$7-S10—SPST miniature toggle
switch

XTAL1—3.579545-MHz crystal

Pl—Coaxial AC-adapter socket

F1—0.5-amp fuse

BZ1—Miniature. PC-mount DC
buzzer

Bi—9-volt rechargeable battery

SPKR{—8-ohm speaker

PC board. 9-volt, 500-mA AC-to-DC
adapter, I1C sockets, PC-mount fuse
clips. 9-volt battery holder, doubie-
sided tape, speaker. wire. solder.
hardware. etc.

Note: The following items are
available from Kelvin Electronics
(10 Hub Drive, Melville, NY
11747; Tel. 800-645-9212 or
516-756-1750: Fax 516-756-1763):
Digital Quartz Clock Kit
(everything you need including
rechargeable 9-volt battery).
$89.95; assembled and tested
Digital Quartz Clock. $139.95.
Add 5% for shipping and handling
($5.00 minimum shipping charge).
NY residents add appropriate sales
tax.

six is reached but never seen, be-
cause the counter is reset too quickly
for your eyes to see. The Q4 output of
U2-b increments the tens-of-minutes
counter, U2-q, once every ten min-
utes. A count of six by U2-a resets itself
and increments the hours counter, U3-
b, via U4-b. The Q4 output of U3-b
increments the tens-of-hours counter
U3-a. When a count of 24 is reached,
the entire display is reset and the pro-
cess begins again.

Geftting back to setting the time,
pressing switch $1 provides the hours
counter U3-b with a 2-Hz clock signal
at pin 9 to quickly advance the hours.
Likewise, S2 provides the minutes
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Fig. 3. This is the circuit that enables 24-hour operation. Note that jumpers J1, J3,

J5, and J7 must be installed.

counter, U2-b, with the same signal to
set the minutes display. Transistor Q1
turns the seconds-indicator, LED6, on
and off from the 1-Hz signal at U1-b pin
10. That single LED flashes to indicate
seconds.

One input fo anp-gate U13-d is tied
to the 1-Hz signal from U1-b pin 10, and
the other input is fied o a signal that
comes from the alarm circuit (which
we'll get to in a minute). When the
alarm signal at U13-d pin 13 is high,
and the 1-Hz signal at pin 12 is high,
the output of U13-d at pin 11 goes
high. That turns transistors Q2 and Q3
on and off at 1 Hz. Those tfransistors

drive the alarm buzzer BZ1 (if S8 is
closed) and alarm-indicator LED7 on
and off at 1 Hz. If S8 is open, LED7 will
flash for one minute when the time

~reaches the alarm setting, but the

buzzer will not sound.

Transistor Q4 is used as an external
switch output. That output, at J1, can
be used to trigger some other device
when the alarm goes off. The elec-
tronic pendulum consists of U26,
which drives five bi-color LED’s
(LED1-LEDS). If $10 is closed, the pen-
dulum will sweep back and forth and
the speaker will emit ifs tick-tocking
sound. Because bi-color LED’s are

Ju10

used, the pendulum swings red in one
direction and green in the other.

Now take a look at the alarm circuit
shown in Fig. 2. The alarm-display cir-
cuitry is very similar to the time-display
circuitry, except that the seconds are
missing and that there is no steady
clock signal. The only way to change
the alarm display is via switches $4
(hours) and S5 (minutes), which get a
2-Hz signal from LAB2 in Fig. 1.

Notice the exclusive-or (xor) gates
contained within U18, U19, U20, and
U21 {each chip contains four gates).
An xor gate’s output will go high only
when one or the other but not both of
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Fig. 4. The component side of the double-sided PC board is shown here half size.
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Fig. 5. Here's the solder side of the Digital Clock’s PC board. Again, it is shown here

half-size for space reasons.

its inputs are high. As such, their output
will always be low if the two inputs
match, regardless of whether the in-
puts are high or low. One input of
each xor gate is tied to the time dis-
play at points marked CON1-CON13
in Fig. 1.The otherinput of each gate is
tied to the alarm display at points
marked CON14—CON26 in Fig. 2.
When both the time display and the

alarm display match, the outputs of all
of the xor gates go low.

The outputs of the xor gates are tied
to the inputs of two 8-input Nor gates,
U22 and U23. A nor gate’s output will
go low if any of its inputs are high, but
will be high if all inputs are low. When
the time display and alarm dispiay
match, alt of both Nor gates inputs are
low, and so their outputs are high. The

two high outputs from the nor gates
cause anp-gate U11-c’s output fo go
high at point LAB1, which is used in Fig.
1 to drive the buzzer and alarm LED.
The remaining circuitry, shownin Fig. 3,
enables 24-hour operation. Note that
jumpers J1, J3, J5, and J7 must be
installed, as shown.

Construction. Regardless of
whether you purchased the clock as
akit or are building it from scratch, the
first thing you should do is to identify
and account for all of the parts.
Check off everything in the Parts List to
be sure you've got everything.

The PC pattern for the component
side of the board is shown in Fig. 4; the
solder side of the board is shown in
Fig. 5. Note that for space considera-
fions, those boards are shown haif
size. Use the parts-placement di-
agram in Fig. 6 and the silk-screen on
the PC board (if you bought the kit) to
locate the components. The Parts List
is arranged in an order that makes
component identification easy, but
we'll be installing the parts on the
board in an order that makes han-
dling the board and inserting the
components as easy as possible.

Install the following 10,000-ohm re-
sistors on the board: R1, R3, R5, R7, R8,
R10, and R15-R18. Install 1000-ohm re-
sistors R2, R4, R6, R, and R11. Install
470-ohm resistors R12-R14 and
R22-R24. Instail 2.2-megohm resistors
R26 and R28, and 300-ohm resistors
R25 and R27. Last install a 9.1-
megohm resistor at R19, a 6.8K resistor
at R20, and a 100-ohm resistor at R21.
(If you are looking at the sitkkscreened
board inciuded in the kit, do not instali
anything at the R29 location)

Now install the following 1N4001 di-
odes: D1-Dé and D10-D12. Pay care-
ful agttention to the polarity of each
diode. install a 1IN4733 diode at the
D7 location. (if you're using the board
included in the kit, D7 is installed with
its banded end opposite the
silkscreen marking on the board)

Install 33-pF ceramic-capacitors
C2 and C3, and 0.01-uF ceramic-ca-
pacitors C1 and C6-C9. Install 2.2-ufF
electrolytic-capacitor C5 with its
positive lead facing the upper edge
of the board. Install 220-uF elec-
frolytic-capacitor C4 with its positive
lead on the left.

Install 2N2222 transistors Q2-Q4
and 2N4403 fransistor @1. With the tab
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Fig. 6. Use this parts-placement diagram when mounting the parts to the PC hoard.
Pay careful attention 10 polarized components. Note that R30 and « jumper mount on

the back of the board.

on each transistor in the 10-o'clock
position, the leads will fit properly into
place.

Install two fuse clips at the F1 loca-
tion. Position the clips so that the fuse
can be properly inserted. Insert a 2-
amp fuse after soldering. Install AC-
adapter socket P1 with the hole fac-
ing the circuit-board's edge.

Install the five small red LED's
(LED6-LED10). Pay attention to the ori-
entation of each one. Install the five
bi-color LED's in the pendulum area.
Install buzzer BZ1 with the arrow on its
plastic body pointing toward F1.

Install 16-pin IC sockets in the follow-
ing locations: U1-U3, U5, U7-U12,
U14-U17, and U25-U27. Be sure to
point the notch on each socket to-
ward the display end of the board. Do
notinsertthe IC’s into their sockets yet.

Install 14-pin IC sockets at the fol-
lowing locations: U4, U13, U18-U23,
U28, and U29. Be sure to point the
notch on each socket toward the dis-
play end of the board. Do not insert
the IC’s into their sockets yet.

Install an 8-pin IC socket at the U24
location. Be sure to point the notch on
the socket toward the display end of
the board. Do not yet insert the IC.

Install ten 7-segment LED displays
along the top of the board at loca-
tions DISP1-DISP10. Make sure the
decimal points face toward the IC
sockets. Install the four pushbutton
switches (51. 52, S4, and S5). They will
only fit one way. Also instali the four
toggle switches for the penpuium (510),
POWER (59), ALarM (S8), and pim (S7) func-
tions.

Carefully bend crystal XTAL1s leads

to fit the holes in the board and solder
it in place. Mount the battery holder
to the board with double-sided tape
and then solder the leads.

Now insert the following IC’s into
their proper sockets: a 4511 at U5-U10,
U14, U15, and U17; a 4027 at U27; a
4518 at U1-U3, U11, U12, and U25; a
4017 at U26; a 4013 at U28; a 556 at
U29: a 4070 atU18-U21; a 4078 at U22
and U23; a 4081 at U4 and U13; and a
5369 at U24. Be sure to maich the
pin-1 markings (a notch or dot on the
chip) fo those shown in Fig. 6. Pin 1 of
all IC’s shoutd face the display end of
the board. Be careful not to bend any
of the pins under the body of the chip
when inserting them into their sockets.

Install a wire jumper at J1, J3, J5,
and J7. You can use pieces of scrap

(Continued on page 91)
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Packet-Radio
Tuning Indicator

Tune HF packet
transmissions dead-on with
this simple and
inexpensive indicator.

BY BRIAN PLILER, KFOWD

even a simple tuning indicator,

and you've wanted to build one,
then the tuning indicator described
here might be just what you've been
waiting for. The unit has two jumbo,
red LED's—one representing the
“mark” frequency and the other rep-
resenting the “space” frequency—
which blink alternately in the pres-
ence of a properly tuned packet sig-
nal. All you do to use the tuning
indicator is simply tune your receiver
until the two LED’s blink with equal
brightness. Thats itl The unit just con-
nects to the receiver’s external speak-
er jack and is powered from 12 volts
DC. Therefore, no modifications to the
receiver are necessary.

I f your HF packet modem lacks

About The Circuit. Looking at the
schematic diagram in Fig. 1, you will
see that the tuning indicator is based
on a pair of common tone-decoder
IC’s (U1 and U2). One tone decoder is
tuned for a frequency of 2025 Hz and
the other to 2225 Hz. Respectively,
those are the mark and space fre-
quencies for 300-baud amateur
packet radio on the HF bands below
30 MHz. Since the operation of both
fone decoders is identical except for
the operating frequency, only the one
based on U1 will be discussed in this
arficle.

Audio is supplied to the circuit via
plug PL1, which is inserted into the re-
ceiver's external speaker or head-
phone jack. Panel-mounted jack J1
allows for the connection of a packet
modem or external speaker. Switch
S1-b (the second half of the power
switch) is used to silence the project’s

R3‘V\\

1K

internal speaker when the unit is
turned off. However, it does not affect
the operation of jack J1.

Receiver audio is coupled to the
tone decoder IC, U1, by C1. That ca-
pacitor passes audio signals while
blocking any DC present, preventing
damage to the input stage of the
tone decoder. The decoder IC con-
stantly compares the receivers audio
to the decoder’s free-running fre-
quency of 2025 Hz If at any time a
2025-Hz signal is present in the re-
ceiver's audio, pin 8 of the tone de-
coder instantly goes low, lighting LED1

The free-running frequency of the
tone decoder is determined by the
following formula:;

f,=1RC

where f, isthe free-running frequency
of the tone decoder, R is equal fo the
resistance between pins 5 and 6, anc

: LM78LO8
3 BOTTOM VIEW

10K

3

C1

T 1o

10f= 2 1
PL1 c3 Ly tlca
1 ’t 21

TO RECEIVER'S
EXTERNAL-SPEAKER

A

3 2 1
1. REGULATED 8 VOLTS OUT
2. GROUND
3. UNREGULATED VOLTAGE IN

J1*

TO EXTENSION
SPEAKER OR
PACKET MODEM

*SEE TEXT
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DC

Fig. 1. The Tuning Indicator is simply two identical tone decoders adjusted to different
[frequencies that share a power supply. When a decoder receives a signal of the right
Sfrequency, it lights its LED.






