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Ammateur Radio
1990 Buyer’s Guides

The Equipment Buyer's Guide gives you the edge in
selecting just the right equipment for the shack, whether
is be HF or VHF/UHF rigs or accessories. All the informa-
tion is here in one handy, concise directory with descrip-
tions, technical specifications, model numbers, retail
prices and photographs. Whatdo you do to get alicense?
How do you put a packet station on the air? What trans-
ceiver features are important to DXers? What equipment
will you need for the new code-free licensa? These ques-
tions and more are answered in feature articles. Buy with
confidence when you make your decisions based on all
the facts.

You’ll need the Antenna Buyer's Guide to squeeze
every last dB out of your antenna dollars. Make sure you
get the best possible antenna system for the best price!
HF and VHF/UHF, directional and omnidirectional, ver-
tical and harizontal, mobile and portable—they are all
covered in depth. Tuners, cables, wattmeters and more!
You'll find detailed charts, specifications, photos and
retail prices. Advice on getting the proper tower and
antenna permits from aleading authority on PRB-1. Step-
by-step guide to putting up your first beam! The bands
are hotter than ever right now. You can’t afford 1o wait.

ORDER YOUR BUYER’S GUIDES TODAY!
Don’t miss the most valuable buying guides in the Amateur Radio field!

[ EQUIPMENT BUYER’S GUIDE

YES,pleasesendme __ copies at $4.95 each: [J ANTENNA BUYER’S GUIDE
Name —— = - Call R
Address B )

City State Zip

Send only $4.95 each today. Foreign: $6. U.S. funds. J Check [J Money Order
7] MasterCard [ VISA [J Amex Card No. ~ - Expires _—

Signature — __ (required on ali charge orders)
Mail to: CQ Communications, Inc., 76 North Broadway, Hicksville, NY 118€1/FAX: 516-681-2926



The frequency domain approach ci
often show problems clearly, whi
only close examination in the tin
domain with exotic equipment w
reveal.

R MODERN
Waveform THE MAGAZINE FOR ELECTRONICS & COMPUTER ENTHUSIASTS
PROBLEMS JUNE 1990 VOLUME 7, NUMBER 6

FEATURES

14 Special Focus on Home Security:
Dual-Application Telephone Security
System (Part 1)

Operating details for automatic screening of
incoming telephone calls and calling in to
remotely control an electrically operated

device. By Anthony J. Caristi

Home Security Porch Light Controller
Automatically turns on and off an outside light
shortly after a doorbell is rung to deter burglars.
By Emerson J. Huff

time

For example, a circuit used for digita
scope evaluation appears to produce
the square wave of a 4-bit counter. The
signal has a fast risetime (around 1 ns.)
and some overshoot like that found in
any digital system. This viewed on an
analog 100 MHz scope is shown in fig.
7. Looks conventional, doesn't it?

10dB
per
DIV

100
uv

frequency 100MHz

The same signal is then applied to the
Spectrum Probe®™. (20 dB atten. added

Wide-Coverage Water Detector Sensor
Lets you monitor for presence of water over a
wide area instead of just one pointina
basement or other area subject to flooding.

By Brad Thompson

40 Variable-Load Box and
Power-Transistor Tester

Checks regulation and sets current limits of
a dc power supply. Also checks operating

condition of npn and pnp power transistors.
By David H. Bevel
44 Infrared-Detector Event Counter

Multiple-application project tallies the number
of events it detects and displays running total on
a digital display. By Jan Axelson

49 Designing Oscillators

A primer on designing sine-wave audio
oscillators. By Joseph J. Carr
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Battery operated
InfraRed Detector

Parts Express introduces
the first Battery

operated InfraRed
Detector pen.
This compact
device will
instantly
confirm
operation

of infrared
emitting i
prod- :
ucts.

Indi-
cates
presence
of infrared
in normal
light. Slim
design easily
reaches IR
emitters on
crowded VCR
circuit boards. This
low cost and easy to
use instrument will
soon become standard
equipment for all techni-
cians in the consumer
electronics repair
industry.

CALL TOLL FREE
1-800-338-0531

Fxpress

Intemnetional Inc

340 E. First St.
Dayton, Ohio 45402
Phone: 513-222-0173

FAX:513-222-4644

CIRCLE NO. 63 ON FREF, INFORMATION CARD

W EDITORIAL |/

Career Upgrading

There are many ways to advance one’s ca-
reer in the electronics and computer
fields. Among them is more technical ed-
ucation without pursuing a degree. Aside
from reading/studying magazines and
books relating to the subject, there are
the more disciplined training avenues:
home study and class attendance.

Home study courses provide lesson
material that the ‘‘student” receives
through the mail, completes at his own
pace, and returns to the institution for
correction, grading and guidance. De-
pending on what’s undertaken, it can
range from study assignments that will
take but a few weeks to a few years to
complete.

The big advantage of studying at home
is that you can do it in your spare time at
your own pace, and you don’t have to
give up a job to increase your knowledge
and skills. Moreover, you can pick and
choose what you want to learn, without
being forced to plow through subjects
that you may consider to be extraneous.

Check out the home-study schools that
advertise in Modern Electronicsto get de-
tailed course descriptions. You may want
to also contact the National Home Study
Council, which is ahome study accredita-
tion institute that sets school standards
(National Home Study Counsel, 1601
18th St., N.W., Washington, DC 20009).

Alternatively, there are evening pro-
grams and courses offered by local insti-
tutions. Among them are private trade
and technical schools, community and
junior colleges, and colleges and univer-
sities. For the former, private trade/tech-
nical schools, you might wish to check
them out with your local Better Business
Bureau and the National Association of
Trade and Technical Schools (2021 K St.,
N.W. Washington, DC 20006). You’ll
find the other local institutions listed in
local telephone directories. And don’t
overlook the Certified Electronic Techni-
cian program (contact ISCET, 2708 W.
Berry, Ft. Worth, TX 76109; Tel.: 817-
921-9101), which offers certification for

W LETTERS |/

Part Source

e Withregard to my ‘*Darkroom Chemi-
cal Temperature Controller’ (January
1990), readers should be made aware that
Fenwal has changed the part number for
the GB32P2 thermistor specified for the
probe to 121-202-EAJ-Q01. The com-
pany suggests Newark Electronics (write
to Administrative Offices, 4801 N. Rav-
enswood Ave., Chicago, IL 60640-3396
or call 312-784-5100 for address of near-
est outlet) as a distributor for this item.
In the second paragraph on page 31 the
three interconnecting wires referenced go
to RI2—not R13.

On another matter, be assured that 1
did not change my name from Johnson
to Richardson, which appears at the be-
ginning of my **Color Film Processing
Analyzer’ in the February 1990 issue.
Also, I feel that Fig. 1, compared to my
original, loses sight of the separation be-
tween the probe and main chassis and the
connections carried between the two by
the eight-conductor cable. I also think

that the text fails to get across that S/ po-
sitions the filter windows over the photo-
cell and simultaneously selects the proper
electrical channel.

Maurice P. Johnson

A Matter of Numbers
e In my article **Maximum/Minimum
Voltage Detector’’ (April 1990), resistor
R3is221 ohmsat 1% tolerance, as shown
in the schematic, not the 21 ohms given in
the Parts List.
Jan Axelson

Errata

e In the Parts List for the *‘Big Score’’
counter display in the February 1990 is-
sue, regulator IC9 is listed as a 7812
+ S-volt device. It should be + 12 volts,
of course. If a +5-volt regulator was
used here, it would catastrophically fail.

On another matter, Modern Electron-
ics is a good source of information and
useful projects. I’ve built several of them
and have been happy with the way they
turned out. Some of the articles, such as

e S ———L—
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professional electronics technicians.
What you study depends on what you
need and want, of course. Is it for pur-
poses of embarking on a career in elec-
tronics or computers or for upgrading
your knowledge for either? For thelatter,
there are also seminars offered by private
companies, associations or manufactur-
ers that set them up for a few days in local
areas around the country. Association
conventions often include technical semi-
nars, too. The 1990 National Profession-
al Electronics Convention trade show,
for example, which will be held at the Las
Vegas Riviera Hotel, August 5-11, willin-
clude daily high-tech technical seminars.
Call 817-921-9061 for more information
and reservations. Promoters of the show
have special low room prices guaranteed
if reservations are made before July 15.
Colleges and universities are at the
apex of the formal non-degree education-
al pyramid. For example, ivy league Co-
lumbia University in New York City of-
fers study during evening hours. At the

top is its one-year professional training
programs in computer technology and
applications (CTA programs), as well as
short courses and seminars (and comput-
er science degree programs, of course).
These consist of courses that can be im-
mediately applied to the work place.

The CTA career program (there’s a
choice of four programs of study) is not
an open-admission one, though. Most
applicants hold a college degree, al-
though this is not a requirement if other
qualifications indicate a probability of
success in the program. There’s also a
compulsory entrance examination that
tests aptitude and familiarity with com-
puting. Upon completing the program,
graduates receive a Columbia University
official statement and a transcript of
courses taken and grades issued. CTA
students, by the way, are considered Uni-
versity students, which means they have
full access to the its facilities, which in-
clude unlimited time in laboratories on a
drop-in basis, use of the Physical Fitness

Center, the Libraries, etc.

Whatever your training goals are in
electronics and computers, there’s an ed-
ucational place to meet your personal
needs. There is financial aid available for
many of you through schools, govern-
ment, and employers, t0o, to sweeten the
opportunity. And again, you don’t have
to give up your present job to embark on
a new career or advance a present one.

Even if you already earned a postgrad-
uate degree, which 13.3% of you have ac-
cording to our research studies, continu-
ing professional education is an impera-
tive in this fast-moving technological
age. So go to it if you wish to increase
chances to moveon to a faster career path.

i ety

““Electronics Notebook,’" are very infor-
mative and interesting.

Matt Shaw

Bellingham, MA

* | noted errors in the schematic of the
*‘Dual-Polarity Power Supply”’ featured
in the March 1990 issue. Capacitors C9
and Cl0areshowninreverse polarity and
switch $2A4 is shown in the opposite posi-
tion of all other switches in the circuit.
Kevin Kennedy
Hackettstown, NJ

Poly Suffix

¢ | would like to correct an error | made
in describing the overhead projector film
in my *‘Quick and Easy PC Boards'’ arti-
clethat appeared in the April 1990 issue. |
inadvertently used the word ‘‘polyethy-
lene’” instead of the correct ‘‘polyester’”
descriptive.

Bill Eubank

Reminiscences and Observations
¢ | enjoyed reading Joe O’Connell’s ‘A

Tide Clock’’ in the March 1990 issue of
Modern Electronics. 1t brought tomind a
similar mechanical clock | saw years ago.
That clock used a complicated gearing
scheme to generate the tidal display and
indicate the locations of the moon and
sun, the magritude of the tide, when the
moon aligned with sunrise or sunset, the
occurrence of a spring tide (extra high)
and when the moon was overhead at
noon or midnight.

As was reviewing the Tide Clock proj-
ect, | noted another use for it. By setting
the frequency to 60.16427496 Hz, a typi-
cal amateur astronomical telescope can
be made to track the stars with this proj-
ect. Of course, the tidal frequency will
track the moon.

Gary Karshner
Gettysburg, PA

UV Lamp Supplier
¢ | built the *“UV Exposure Light”’ fea-
tured in the March 1989 issue of Modern
Electronics and am very happy with the

result. I'd like to pass on to readers acon-
venient source for the black-light tubes
required for this project. Spencer Gifts, a
nationwide chain of stores, sells for $20
its own house brand of one-tube black-
light fixtures, which yields one FIST8-
BLLB UV tube, a ballast, starter and line
cord. The chain also sells the tubes alone
for $12 each. If you don’t see the tube on
display, ask the store manager for it.
Creighton R. Jensen
Tacoma, WA

A Better Switch
o After building the *‘Switch Multiplier”
that appeared in the February 1989 issue
of Modern Electronics, 1 noted erratic
switch sequencing. 1 discovered the solu-
tion to this problem was to replace the re-
sistor shown as RS in Fig. 2 with a wire
jumper. This reduces the input impe-
dance to ICI and allows the circuit to op-
erate in a predictable manner.
William Herron
San Diego, CA

#
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¥/ MODERN ELECTRONICS NEWS||l

WIRELESS R-F MODEMS. Ferranti Datacom (Sunnyvale,CA) introduced
a wireless radio-frequency modem for fixed or mobile wireless
data applications. It operates on up to 52 channels in the 902-
928 MHz frequency range. Range is said to be up to 10 miles, with
data rates to 9600 bps. The device interfaces with a terminal’s
RS-232C serial port. The spectrum used was opened under the new
FCC Part-15 rules that allows unlicensed use of spread spectrum
transmission at l-watt power.

FORD DRIVING SIMULATOR DISK. The Ford Motor Company offers a new
diskette--Ford Simulator II-- that combines details on its new
lines of automobiles and a driving simulator game. With the
disk(s), available in IBM-compatible 5.25" or 3.5" or Macintosh
3.5" format, all you need is an IBM or compatible PC with 512K
memory and CGA color graphics or a Macintosh Plus with 512K or an
SE with 800K. The road games are colorful and spirited, providing
the user with a variety of challenging choices, from Test Track
to Back Roads, with three levels of difficulty. Road games can be
operated by keyboard or mouse. Cost is $6.95 including
shipping/handling. Call 1-800-462-4356.

COMMODORE 64 PROGRAMMING CONTEST. Brown Boxes, Inc.

announced a software contest for the Commodore-64 computer. The
company, which produces the "Quick Brown Box" battery-backed RAM
cartridge for storing C64 and C128 programs, notes that there are
8-million C64s that exist. The contest seeks a database or
spreadsheet program that can be stored in the "Box" and saved to
disk. Highly desirable, but not required, is file compatibility
with "The Write Stuff" word processor. First prize is $1,000;
second is a 256K "Box"; third is a 128K "Box" and fourth is a 64K
"Box." There’s no entry fee, but to get the full contest rules,
you must send 45 cents in U.S. stamps. For "Quick Brown Box"
documentation and programming hints, send $2. Entries must

be on disk, either 1541 or 1581 compatible. Deadline is September
1. Contact Brown Boxes, Inc., 26 Concord Rd., Bedford, MA 01730.

ELECTRONIC POCKET PRODUCTS. Texas Instruments announced an
advanced handheld electronic Thesaurus/Spell Checker that
includes a "chaining" feature. It allows users to move from one
meaning to other lists of completely different meanings. That is,
you can start out with one word and keep selecting one of its
synonyms and get synonyms for that word, and so on. It

incorporates 590,000 synonyms, hyphenates words properly, and has
an "endings" Key that lists a word’s most common endings to
eliminate errors about doubling a final consonant, dropping a
letter such as "e," etc..... SelecTronics, Inc., which merged
recently with Microlytics, introduced a line of handheld
electronic translators based on the Berlitz Phrase Books and
Dictionaries. The ROM-cartridge-based product permits extending
the information as new cartridges are provided. Called the
Berlitz Interpreter, it contains five language translations:
English, French, German, Spanish and Italian, with 12,500 words
and 300 phrases per language. Users can scroll through phrases
and/or switch from language to language. $99.95.

B e e —— e ]
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Wi/ NEW PRODUCTS /]

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

Microprocessor-ControIIed
Four-Digit DMM

Beckman Industrial’s new portable
four-digit full autoranging digital
multimeter, Model RMS225, fea-
tures a host of interesting capabilities
not usually offered in its $149 price
class. With four-digit measurement
ability, its resolution is 10,000
counts, as compared to a 3%-decade
meter’s 3,200 counts. A supplemen-
tal 41-segment analog bargraph dis-
play at the bottom of the LCD win-

dow to observe slowly varying signals
is one-third better in resolution than
provided by 3,200-count meters.
Additionally, the RMS225 isatrue
rms meter, making possible accurate
measurements on non-sinusoidal ac
voltages and currents. An Auto Max
Min™ function records minimum
and maximum readings while re-
maining in the auto-range mode.
Probe Hold™ captures a stable read-
ing, beeps an acknowledgment and
holds the reading in the display until
the user is ready to view it, even after
removing the probes from the test
points. It updates the reading with
each new measurement. A RELATIVE

mode permits zeroing out test-lead
resistance and determining the dif-
ference between two measurements.
A self-resetting electronic ‘‘fuse’’
protects the current ranges to40 mA.

Simplified operation is a key fea-
ture of this DMM. A built-in micro-
processor controller provides this via
a series of three pushbutton switches
and the LCD display. A MENU but-
ton displays a menu of special func-
tion choices and steps through them.
When the cursor is on the desired
choice, a SELECT button is pressed to
activate it. To exit the function and
return to normal power-up state, a
CLEAR button is pressed. All of this
can be done intuitively with the thumb
of the hand that holds the meter.

Automatic power down, except in
Min Max mode, conserves battery
life. An Overload Alert™ audibly
warns when input ratings are ex-
ceeded, an audible beep sounds dur-
ing continuity tests, and a lethal volt-
age indicator appears in the display
when hazardous conditions exist dur-
ing a test.

The RMS225 measures ac/dc volt-
ages to 1,000/750 volts with 1,000
pV/1 mV resolution and 0.25/1.0%
basic accuracy; ac/dc current to 10
mA, 40mA and 10 amperes with 1 yA
resolution; and resistance up to 40
megohms, with overload protection
to 500 volts.

A soft plastic holster protects the
meter from accidental drops, pro-
vides a means for propping the meter
at either of two viewing angles and
provides storage for the probes. It
also doubles as a protective cover by
placing the meter in it face-down
during storage. The attached Flex-
Strap™ can be bent to permit the me-
ter to hang from a pipe, hook, etc.
The Model RMS225 measures 6% " x
2% " X 14"

CIRCLE NO. 79 ON FREE INFORMATION CARD

Light/Sound Pattern
Generator for PCs

Synetic Systems, Inc.’s (Seattle, WA)
MindsEye Synergizer plug-in board

turns IBM PC, XT, AT, 386 and
compatible computers into a labora-
tory-grade audio/video synchroniz-
er. Although usable with a mono-
chrome monitor, MindsEye offers
better programming control for the
two inputs when used with color
screen graphics to assist in setup of
the two program inputs. The system
allows the user to program sessions
of almost any length and complexity.

Included software provides full
flexibility in programming the board.
Each eye and ear can be programmed
to shift from one to another inde-
pendently, and as many as 32,768 se-
parate ramps and levels can be in-
cluded in a single session. A session
may cause the lamps and sounds to
begin pulsing in the 20-Hz beta brain-
wave region and gradually drop to
the 8- to 12-Hz alpha or 4- to 7-Hz
theta regions.

The board generates precise pat-
terns of pulsating light and sound via
special goggles and headphones.
These pulses are claimed to ‘‘train’’
the electrical activity in the brain,
causing dominant brain-wave rhy-
thms to fall into lock-step with the
pulsating patterns. Eight flashing
LEDs inside the goggles induce semi-
psychedelic geometrical images.
Light brightness, sound volume level
and other parameters are controlled
directly from the keyboard or an op-
tional control unit.

The stereo synthesizer is pro-
grammed by a separate screen to al-
low the user to select a variety of
waveforms, filters and other sound

(Continued on page 12)
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Learn to troubleshoot and service
today’s computer systems as you
build a fully AT-compatible micro,
complete with 1 meg RAM, and
powerful 20 meg
hard drive

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

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

Now you can cash in on this exciting opportunity —
either as a full-time industry technician or in a computer N
service business of your own—once you’ve mastered elec-

tronics and computers the
NRI way.

NRI’s practical combi-
nation of “‘reason-why”’
theory and hands-on building
skills starts you with the
fundamentals of electronics,
then guides you through more You assemble and test
sophisticated circuitry all the your computer’s “intelligent”’
way up to the latest advances keyboard, install the power
in computer technology. supply and 5%4” disk drive,
then interface the high-resolu-
tion monitor. But that’s not all.
1 1 Your hands-on training
Train With q Powerful continues as you install a
AT'Compatlble_N ow powerful 20 megabyte hard
with 20 Meg Hard disk drive—today'’s moit- 1
: wanted computer peripheral—
Drive and 1 Meg now included in your course to
RAM! dtr;)amatically i;;cre?se the data
storage capacity of your com-
To give you hands-on training 577 0 00 TR R )t L ) eae—— puter while giving you light-
with the absolute in state-of- P P P " nlng'qule data aCCES.S. Plus
the-art computer technology, / r -:,' ',.v, o S, 3 ". 'u. ' l | EV \\ V\ \ \ \ you work with exclusive word
NRI includes the powe Y e B processing, database, and
West Coast 1010 ES computer spreadsheet software, yours to

as the centerpiece of your use for your own professional
training. As you assemble this RV EFINICMINEIDNSY SPeN I T 20 a1l and personal applications.

fully IBM AT-compatible all the while gainln a true mastery of computer As you build your com-
micro from the key on electronics. Best of all, it’s yours to keep for all your puter, performing key demon-
up, you actually see for professional and personal computing needs. strations and experiments at

each stage of assembly, you get

1f h section of
Pk i on the confidence-building, real-

your computer works.



Your NRI computer training
includes all this: ¢« NRI’s unique
Discovery Lab® for circuit design
and diagnosis * NRI’s hand-
held digital muitimeter
featuring “talk-you-
through” instructions on
audio cassette ¢ A
digital logic probe
that lets you visually

NOW!
i take advant.
examine computer

circuits = The new AT-compatibIe of today's
AT-compatible West ¥\ computer and 20 Cre
Coast 1010 ES computer . i |

prepared to

with high-speed 80286 meg hard drive! computer service.

CPU, 101-key “intelligent” You learn at your
keyboard, 1.2 meg high-density own convenience In
floppy disk drive, 1 meg RAM : your own home.
(expandable to 4 meg), 64K ROM - No classroom
« 20 megabyte hard disk drive o - pressures, no
MS-DOS, GW-BASIC, word proces- < night school, no need to quit your

sing, spreadsheet, and database present job until you're ready to make
software ¢ Reference manuals with your move. And all throughout your
programming guidelines and training, you've got the full support of
schematics your personal NRI instructor and the
NRI technical staff, always ready to
answer your questions and help you
whenever you need it.

FREE 100-Page
Catalog Tells More

Send today for NRI's big, 100-page
catalog that describes every aspect of
NRI’s innovative computer training,
as well as hands-on training in other
growing high-tech career fields. If the
coupon 1s missing, write to: NRI
School of Electronics, McGraw-Hill
Continuing Education Center,

4401 Connecticut Avenue, NW,
Washington, DC 20008

N
Electronics

world experience you need to worl™
with, troubleshoot, and service today’s
most widely used computer systems. McGraw-Hill Continuing

3 MG
No Experience Needed, ducation Center

4401 Connecticut

New! Explore the Latest NRI Builds It In Avenue, NW
Advances m Voice Synthesis Washington, DC 20008

This is the kind of practical, hands-on —

Now NRI also includes innovative experience that makes you uniquely regiatered trademarics of
hands-on training in voice synthesis, Mechioes Corporation
one of today’s most exciting and wide-

ly applied new developments in com-

puter technology. SEND TODAY FOR FREE CATALOG!

You now train with and keep a 70 -
full-featured 8-bit D/A converter that V. /2 /4 Do ;‘J ;ﬁ:
attaches in-line with your compuber's McGraw-Hill Continuing Education Center *
para]]e] prinwr port. Workjng with the 4401 Connecticut Avenue. NW, Washington, DC 20008

check for details
Air Conditioning, Heating, & Refrigeration

exclusive th‘bO'SpeeCh software also | v S:f':r(r’:F (FR‘;EC.“AM Wi ONLY Telecommuénications !Sarlna:I Engine Repair
3 3 mpu edtronics Industrial Electronics ectrician
included with your course, you explore TV/ Video/Audio Servicing B o rgn o e
the fascinating technology behin Robotics Basic Electronics Travel Careers
both digitized and synthesized com- Electronic Music Technology Bookkeeping & Accounting Writing
h Security Eiectronics Building Construction Paralegal

puwr speech. Digital Electronics Servicing Automotive Servicing Computer Programming

NRI'’s new hands-on training in
voice synthesis is just one more way Name (Please prit) Age I
you get the confidence-building -
experience you need to feel at home Street
WIth the lawSt advances m compuwr I Ci')’ State/Zip We'll glve you Iomurm-:. Accredited Member National Home Study Councit 4-060 l

technology.



NEW m ee®e® (frompage7)

parameters. Requires DOS 3.0 or lat-
er, 512K of RAM and hard drive.
$395, Synergizer and goggles; 335,
headphones; $95, optional external
control unit.

CIRCLE NO. 80 ON FREE INFORMATION CARD

SVHS Video Processor

Vivanco’s new Model 3066 video
processor (available from GMI Pho-
tographic, Farmingdale, NY) can
handle Super VHS, HI-8 and com-
posite video signals. It provides a
750-line resolution capability with a
7.7-MHz bandwidth for superior pic-

L] L

L)

?\\‘
s

ture definition. Switching functions
are all solid-state in design and LEDs
provide status indication.

In stereo, or as monophonic sig-
nals, three individual audio fade con-
trols can be used to mix or insert au-
dio tracks for dramatic sound ef-
fects. Thisis in addition to the master
fade control provided. Frequency
range of the audio section is a linear
20 Hzto 20 kHz with a 70-dB S/N.

The processor can duplicate up to
four copies simultaneously while
maintaining the same high-quality
signal strength due to a special built-
in power distribution amplifier. The
sleek Euro-style packaging features a
matte-black finish and aircraft-style
lever type fade controls.

CIRCLE NO. 81 ON FREE INFORMATION CARD

Repairable 300-MH?z
Scope Probes

Test Probes Inc. (San Diego, CA)
now has thin-cable 300-MHz repair-
able probes that fit all makes of oscil-
loscopes with 1-megohm inputs.
They have a sawtooth-shaped center

conductor that is claimed to elimin-
ate microphonics and provide superi-
or resistance to breakage from pull-
ing and bending for longer useful
life. The cable is thinner and more
flexible than its straight-conductor
counterparts.

These modular probes screw to-
gether without soldering for on-site
repairs and are claimed to have a
more secure contact than snap-to-
gether probes. The probe provides
measurements with less than 3%
overshoot and 1.2-ns risetime. Some
models have an activator pin for
readout and scale factoring on oscil-
loscopes that have this feature. $74.

CIRCLE NO. 82 ON FREE INFORMATION CARD

Stepper-Motor Controllers

Future Circuits (Fullerton, CA) hasa
line of stepper-motor controllers for
use with IBM and compatible com-

addressable. Supplied with each mo-
tor controller board is the required
stepper-motor software on a 5.25-
inch floppy disk. $199.95.

CIRCLE NO. 83 ON FREE INFORMATION CARD

Wireless Security Alarm

Dicon Systems’ (Willowbrook, IL)
3000 wireless Home Burglar Alarm
has a built-in telephone dialer, emer-
gency message system and computer-
ized vocal central console. The sys-
tem monitors itself and reports its
status. The vocalizing central console
guides the user through a brief set-up
procedure and provides messages in
regular use. The console has a built-
in microphone for recording into dig-
ital memory a 15-second message.
When it detects an intrusion, the
console automatically places calls to

puters. The parallel-input controller
boards require a 12-volt ac power
transformer capable of delivering 4
amperes of current to operate. Each
6" x 4.5" board controls two multi-
ple-axis, 48-step motors and is ex-
pandable to 16 motors on one inter-
face. Each board is also individually

up to four numbers entered during
initial set-up. The system then plays
the recorded message several times to
the answering party, automatically
hangs up and dials the next number.
The message system is also compati-
ble with professional digital monitor-
ing stations.

The console monitors the power
level of its back-up battery and sig-
nals when replacement is needed. In
use, the console identifies which
module triggered the alarm and re-
ports this information to the user.
The basic system comes with a mo-
tion-detecting sensor that can be
placed anywhere within 500 feet of
the console. A variety of additional
wireless sensors for various applica-
tions and a remote-control keypad
are available as extra-cost options.
The miniature sensor/transmitters
communicate with the central con-

#
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sole via radio link and use 16-bit digi- contaminants and spent solder are operates on standard shop air pres-
tal encoding to assure system reliabil- ejected into a receptacle to eliminate sure between 40 and 120 psi. The de-
ity and integrity. Each “‘checks in”’ clogging. There are no filters to re- soldering station comes with a 20/40-
with the console every hour to con- place and no collection chambers to watt heating element, combination
firm that it is operating properly and disassemble and clean. spittoon-iron holder and eight desol-
that battery power is adequate. The gold-anodized console mea- dering tips. Another version, the
Sensor/transmitters are powered sures about 10” x 4" and has a slant-
by 9-volt batteries that last about a  ed front panel with foot actuator. It (Continued on page 79)

year. A low-battery signal is sent to
the console about a month before the
battery needs replacing. The console }
vocally informs the user which sensor |
needs a new battery and repeats the |

* DC to 100MHz
« Duai Channel

VC 6025 20MS/§ @ . $ L * Detayed Sweep
. b * CRT Readout
message every time the system is Pubrd oy -~ SR List $595 + Sweep Time
“ . i’ b = - * Autoranging
armed until the battery is replaced. It $2349.00 e 20| Y1080 g4 geg :Itameriock
the battery dies, the console tells the Seo00n a0t on snat sosenlon, M1t ned chpioy Dual Channel| List $1595 % 1s
. B bnght ispiay lor even g speed event. frace observaton - ?QST PAICE
user that that sensor/transmitter is Jorloistets sont. hars corb plotsgeqe ool el Jo ImV sons. Daiayed Swas 06 Oroms. n Mg’ $1025
not workin g VC-6045 100MHz 30MS'S 4K word Memory cap _(call) s D eeruCl oo, Conorens
. All Hitachi scopes inciud® probes, schematics, and Hitachi's S 1 f’": sens. ge‘zyw Sweap. (é:} Readout. gwck:e;s
Up to 30 sensors and any number S ey Yoo pamfandasor. Maryjacces )] J; 1V sans. Detayed Swoen. Cursor lioas, OV Cavmer

of remote keypads can be used with

one Dicon 3000 system. $399.
FREE DMM $495

CIRCI E NO. 84 ON FREE INFORMATION CARD $375 i ety -
——— g— o M0-1251 ANY SCOPE Wl - Vich uminance 6 GAT
5 . Sensitivi
Foot-Actuated Vacuum i SCOPE PROBES IRl - cicv Acceloration voitage
. o 3 2. 13, 102 X * [ el * 10 Th
Desoldering Station L o 1 PR AR XYoot 2ax
—_ « Detayed Triggering Swee
The Endeco Model 7300 Spl ke-free | Top quality scopes at a very reasonable price. Contains all desired features. Two 1x, 10x probes, diagrams and manual. Two year guarantee.
| ] PRICE BREAKTHRU Trus RMS 4% Multimeter with Digital Capacitance Meter| Digital LCR Meter
power vacuum desoldering station on Auto Ranging DMMs i S mm o Swectecee | cMasso | g LC-1801
from Leads Metal Products, Inc. (In- ! 3o [P 135 M 70 [ $55 cm-1500 ¢ $58.95 | .- $125
dianapolis, IN) is a foot-operated = 05% C Accuracy Reads Volts, Onms, “ipt20000u10
R | MDM-1180 1% Resistance Current, Capacitors, 5% basic accy
console that sits on the floor, freeing . $24.95 with Freq. Counter _;.m Transistors and Zero contrel
MDM.-1181 and deluxe case Diodes with case e With case
valuable bench-top space. It uses a $27.95 Banch DMMS . AC Current Meter | Solderless Breadboards AC Ciamp-On
patented desoldering process of timed | ag%blgz 321606095 o wo CurrentAcapier
. = 1,100 pins -
maximum vacuum followed by a ra- 312160 0%y o S
3 3 8 44 getons) 9436
pid expulsion of contaminants. Ao narual fanges | M.3500 e 2860 pina 338
y + Data Hoid (MDM 1162) | 3% digit 3125 a mg. 3175 o/ Deluxe Case =——— AY nave color Warks win
A 20/40-watt (750° to 950° F) iron - 1% Accuracy (MDM-1181) | 1% accy 05 9436 SHOWN °
enables the user to heat leads and de- Soldering Statlon Color Convergence Generator | 10MHz Oscilloscope Temperature Probe | Autoranging DMM

Temperature Controtied $G-200 $-3000 - M-110CF
Psin 399 ; ¢ $275 $29.95
Duqﬂzld'sohy +d 10MHz OC or AC Semiconductor
e 1 2 — gty -l

o
Grounded Finest in the industry Calbvated Ven & Ha Fits most
Ry ,,'f;.d 10 rock steady pafietns $69.85 Reads Votts 8 Freq d,gwmm“s 58 :‘,?4 ‘st 1)

Wide Band Signal Generators THIPLE POWER SUPPLY XP-620 Function Generator Dscade Biox

o~ G-9000  $129 S Assembied e IR =] #9610 0r

7 - - T = $65 sse00 | M 19520
| RF Freq 100K-450MHz it $45 e

AM Modulation of 1KHz . - (e $28.95 = 18.95

ey Variable RF oulput 210 15V af 1A, #3610 Resistor Blox

= Contains ail the desirea features for 210 115V at 1A Proviges sine.irt.squ wave 47 ohm to 1M & 100K pot

$G-9500 with Digliel Display doing experiments Features short o 410 30V at WAl trom WHZ 10 IMKZ #3620 Capacitor Biox
ond 150MHZ bulit-In Freq Ctr $2°9 I1EUt Protecion all supphes ang SV at 34 AM or FM capabiity A7pf 10 10MFO

Digital Triple Power Supply XP-765 | Quad Power Supply XP-580 LEARN TO BUILD AND PROGRAM
$249 $59.95 COMPUTERS WITH THIS KIT!

INCLUDES: Al Parts, Asssmbly and Lesson Manual

0-20V at 1A - 220V at 24
0:20V at 1A = ST = 12v ala!A MODEL
5V at 5A ~ 5V af 3A MM-8000

rt circultl prof %] Fully regulated and
;T::yn:'g::m; sse:(mtu:w:v?esl"'m " short circuit protected 5V at.5A $1 29'00
solder quickly to prevent overheating XP-660 with Analog Meters $175 XP-575 without metars $39.95

the board and neighboring compo- Four-Functlon Frequency Counters _ GF-8016 Function Generator | =T o
5 _ F-100 120MH with Freq. Counter Danemtemches you 1o wits mo AAMS. HOMS 270 fun a 8085
nents. The powerful instantaneous $179 1909 | $249 s o e
vacuum pulls solder quickly through | f— = F-1000 1.26H g e ]| e ey s et e S b
Frequency, Perlod, Totalize, 3259 Freq Counter .1 - 10MHZ x:‘:n uwoavet:m!-n :U:w;“;m:;u‘y:&mr:

Oscilator, 8 digit LED display GF-8015 without Freq. Meter $179 SYUCBON teaches YOU 10 wrth 1} MaChig Ienguage

mul[ i'layer boardS and []gh[ lead-[ 0O- Seit Check with Migh Stabilized Crystal Oven
hole clearances. Conformal coating, WE WILL NOT BE UNDERSOLD! C & § SALES INC. 15 Day Money Back Guarantee

UPS Shipping: 48 States 5""@ 1245 Rosewood, Deerfieid, IL 60015 2 Year Warranty

($10 Max) IL Res., 7% Tax (800) 292-7711 (708) 541.0710 WRITE FOR FREE CATALOG
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gﬁ@p Focus on Electronics Security

Dual-Application
Telephone Security System
(Part 1)

Circuit operating details for automatic screening of
incoming telephone calls and calling in to remotely
control an electrically operated device

By Anthony J. Caristi

I f you now own a telephone an-

swering machine, equipping it

with the Dual-Application Tele-
phone Security System device de-
scribed here allows your telephone to
ring only when a caller keys in a se-
curity code from a Touch Tone-type
telephone. You select the code and
can change it at any time or defeat it.
With this automatic screening fea-
ture, only those people who know
your code can get through.

In addition to call screening, our
Dual-Application Telephone Securi-
ty System can be used by you to call
in and remotely activate any electri-
cal device in your home or business
when you enter the security code via
the telephone keypad. This can be
handy for turning on a light, air con-
ditioner or heater before you arrive
home. Moreover, the sophisticated 5
coding system gives you a large mea- &3 r;;-_il_ Fid
sure of control security, unlike the e :
case with the simple code generally | 58
used by such devices, and shared in TELEPHONE
common by all owners. L

It is not necessary to have a tele- \i‘ "'*
= q

phone answering machine to be able
14 7/ MODERN ELECTRONICS / June 1990 Say You Saw It In Modern Electronics
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to take advantage of either function
available with the Security System.
You can build an optional low-cost
““Answer Module’’ to take the place
of the answering machine. This auto-




Radio Shack Parts Place’

Parts “Hotline” Service!
Thousands of Items Available

Your Radio Shack store manager can special-order a huge variety
of parts and accessories direct from our electronics warehouse—
Realistic® Long-Lite tubes, linear and digital ICs, microprocessors,
support chips, phono cartridges and styli, crystals, special-
purpose batteries, diodes, selected modules for TVs and audio
equipment, autosound wiring harnesses, accessories, even SAMS
Photofacts®. No handling charge, no shipping charge—just
speedy delivery to the Radio Shack near you!

Brushless Fan IR Detector

L 1695 | 349

Dpetipos Module operates
On 12vDC on 5vVDC, board

mountable. S/e x : i
Tiny, tough and efficient! Rated 150 | /2x '9/2". With ?ﬁ%‘:lsfileri
MA. 1916 X 1916 X 136" #273-244 data. #276-137 9

Diode Rectifiers Speaker Stuff

SRR (1)
STty

= I

(1) MEGACABLE™. Hi-wattage, 12-

3-Amp “Barrel” Type Diodes
200-Amp Surge

rT [ Peak inverse | Cat [Pkg | | gauge. #278-1268 ... Per Foot 99¢
L | Voltage No [ol2 | | (2) Gold Terminals for MEGA-
N5400 50 276 1141] 99 CABLE. #64-401 Set of 8/4.99
I1N5402 200 276-1143| 119 (3) Terminal Knobs. Screw-down
LINS404 | 400 (2761144 129 | | [arge cable. #274-619 Set 5.95

Gold-Plated Plugs and Jacks

4 e (2) >
) '__=_Eu :7
@ ";' @

&

Y

& 1)

/

(5) y A (8)

;j/(s)j?/\ 7

YOUR ONE-STOP STORE FOR BIG ELECTRONIC VALUES

Build with the Best—Over 1000 Components in Stock!

/

&/

Amateur Radio License Guides

495 ,, 1995

Home Study Courses
For FCC License Tests

Novice Voice Class License g
Prep Course. With cassettes.
#62-2402 19.95
Technician Class Manual.

#62-2403 4.95
General Class FCC License
Course. #62-2404 19.95

IC Tool Set

Motor and Chime

695 ( —‘_'_. 6 990 -
S - " 899

(1) 1.5-3V DC Motor. For robotics,
projects. 12 x 15he” dia. #273-223

(2) Doorbell Chime. IC/mini-speaker
combo. 6-18VDC. 5” leads. #273-071

Halogen Lamps

<

(1) HPR50. For 4-cell flashlights and
6-volt lanterns. #272-1189

(2) HPR52. For 2-cell flashlights and

Install and remove 6-pin to 40-pin
DIPs without damage. Works with
LSI, MS1, and DIP devices. Bothtools
are groundable. #276-1581

Dress It Up

(1) )

-_—
i ‘
Ul o Jl

(1) Classy Two-Piece Enclosure.
Accepts PC board and 9V battery.
558 x 2'a x 11/v6" #270-257 .. 4.99

(2) Project Labels. Four 77/sx 3"

sheets of rub-on |etters and symbols.

#270-201 Set 2.99 | 3-volt lanterns. #272-1190

(1 (5)

4

(6) (7)

—_—

| 3995

T L)

:z:::: Uses Standard
pufapagadeiey Electronic Symbols
SO0 EC-4035 makes design
IE@EEE  mathasnap! Has 110 func-
gﬁ =] tions, memory. With case
e T and batteries. #65-983

Prices apply at participating Radio Shack stores and dealers

N

(1) Phono Plug. #274-850 ..2.49 (5) Three-Conductor (Stereo) 's" [Fig [Pos | Type [Amps[Cat No | Each | (3) 2-Row Strip. #274-670 ... 1.99
(2) Chassis-Mount Phono Jack.  Phone Plug. #274-856 3.99 7 | Maie | 20 1274151 99| (4) Jumper. 8-pos. #274-650, 1.£9
#274-852 . 2-pk./2.49 (6) 's” Plug. #274-857 2.79 | | 6 | Mmae | 15 |27a152| 169 | (5) 45° T-Lugs. #274-645 . 4/79¢
(3)_Straight inline Phono Jack.  (7) 3-Conductor. s" Phone Plug. | | - | 12 | Male | 12 |274153| 1.99 | (6) Dual Solder-Lug Adapters.
#274-854 .. ... ... .. .. 2.99 Stereo. #274-858 . 3.49 2 |Female | 20 |274-154| 99 | #274-644 Pkg. ot 4/79¢
(4) 2-Conductor Ya” Phone Plug. (8) 3-Conductor '/s” Inline Phone 6 | Female | 15 |274.155| 169 | (7) Heavy-Duty Bonded Wire. 25
* Monaural. #274-855 3.49 Jack. #274-859 3.99 [ 12 | Female | 12 |274156] 199 | 1., 2x18-gauge. #278-1250 .. 3.99
Engineering Caiculator 30-Range Multimeter Panel-Mount
Counter

A great value! Measures to
1000vDC and 750VAC. with
0.5" digital display. Battery ex-
tra. #22-194

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

Tests Capacitors

1495

Electromechanical —Counts to 99,999

One count per 12VDC pulse, pushbutton reset
Mounts in 1'"16x 1" hole. Depth: 1'316" With
leads and data. #277-222

and Transistors

A DIVISION OF TANDY CORPORATION
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matically answers any call so that the
security code can be keyed in by the
person calling your number.

This month, we discuss the circuit
operating details of the Security Sys-
tem, an optional Answer Module
that takes the place of atelephone an-
swering machine and a series of inter-
facing circuits for controlling appli-
ances. Next month, in the conclusion
of this article, we will discuss con-
struction of the project, testing it out
and installation and use of the system.

System Details

When used with an answering ma-
chine, the outgoing message tells the
caller to enter the security code that
calls you to the phone or to leave a
message if you are not available to
pick up the receiver. If a caller does
not know the code, your telephone
does not ring.

The security code consists of two
digits you program and which can
be changed at any time simply by
setting a set of switches on the proj-
ect. You must give the code to any
callers you wish to have the code and
advise them how to key in the code
from a Touch Tone-type telephone
instrument.

When a caller keys in the correct
code, a ring signal is initiated to alert
you that the caller is someone you
wish to get through to you. Should a
caller not know the code, he has the
option of leaving a message or not on
your answering machine. As you
may have surmised, the answering
machine operates in the normal way.

When the project is equipped with
the optional Answer Module in place
of an answering machine, this mod-
ule automatically answers any in-
coming call. There is no outgoing
message to advise the caller to enter
the security code, and the caller hears
only silence. If you already have
given the code to those people you
want to have it, the caller will know
to enter the code when the device an-
swers the call. If no or an incorrect
code is entered, your phone will not

ﬁ
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Fig. 1. Complete schematic diagram of the basic Dual-Application Telephone Security System.

ring and the caller is disconnected in
about 30 seconds.

When the project is used as a re-
mote-control device, you call your
number from any telephone. The call
is immediately answered by the an-
swering machine or Answer Module.
When the proper security code is
keyed in, the electrical device con-
nected to the project is activated.
You can rig the system that allows
one call to be used to turn on a device
and a second call to turn it off.

This Security System is especially
useful when you do not wish to be
bothered by all kinds of undesirable
calls such as people wanting to sell
you this or that, which often seem to
come just as you are about to enjoy

Say You Saw It In Modern Electronics

dinner. It is also a handy telephone
accessory when operated late at night
when you do not want to take any
calls except from certain people.

It is also possible to set up a two-
tier system with two discrete codes,
one to give access to acquaintances
and the other to give access to family
members. This allows you to set your
security system to be activated at late
nighttime hours by only your imme-
diate family members in the event of
an emergency.

About the Circuit

The complete schematic diagram of
the Dual-Application Telephone Se-
curity System is shown in Fig. 1. The

heart of the circuit is /C2, a complete
dual-tone multi-frequency (DTMF)
receiver chip that contains all the cir-
cuitry required to properly decode
the frequencies that appear across
the telephone line when any of the
telephone keyboard buttons are
pressed. This chip utilizes a
3.579-MHz colorburst crystal and in-
ternal divider stages.

Connected as a differential ampli-
fier /CI couples to the telephone line
by means of high-impedance RC net-
works R1/C1and R2/C2.The output
of this op amp drives the analog in-
put of DTMF receiver IC2, which
now processes any valid Touch Tone
signals on the line.

Switched-capacitor and digital fre-
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Table 1. IC2 Hex Output Values

Hexadecimal Code

Keypad
Digit 8 4 2 1*

1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 |
6 0 1 1 0
7 0 ! | |
8 1 0 0 0
9 1 0 0 1
0 1 0 1 0
* 1 0 1 1

1 1 0 0

* Binary values at pins 20, 21, 22 and |,
respectively

quency-measuring techniques are
used in IC2 to provide a 4-bit digital
code containing hexadecimal infor-
mation that identifies the digit of the
telephone pushbutton pressed by the
caller. A truth table that illustrates
the logic levels of the hexadecimal
outputs of the chip at pins 20, 21, 22
and 1 is shown in Table 1. Pin 20 re-
presents the most-significant bit
(MSB), pin 1 the least-significant bit
(LSB). Chip IC2 can detect the * and
# codes of the telephone keypad. An
additional *‘strobe’’ output at pin 18
of IC2 goes high whenever a valid

DTMF f{requency pair is detected by
this integrated circuit.

When a call is received, the tele-
phone answering machine or option-
al Answer Module captures the call.
A dccurrent then flows from the tele-
phone line into the answering device.
This current is sufficient to illumin-
ate the LED in optoisolator ICI0,
which switches the internal photo-
transistor into conduction.

When the call is answered, the col-
lector of the phototransistor inside
IC10 draws current through R9 and
goes to almost zero volt. Therefore,
the logic level at pin § of IC/0can be
used as an on/off-hook signal. When
in the on-hook standby condition,
pin S is high. When a call is answered
the logic level goes to zero, indicating
that an off-hook condition exists.

Connected as an inverter, NAND
gate IC1A provides reverse logic lev-
els of the on- and off-hook condi-
tions at output pin 3. Decade counter
IC8 provides a high logic level at one
of its 10 outputs, depending upon the
count. When the phone is on-hook,
the logic 1 condition at RESET input
pin 15 causes the counter to be set to
zero. As a result, 0 output pin 3 is
high and all other pins are low.

When the incoming call has been
answered and the caller keys in the
first digit of the security code, the

STROBE output pin 18 of /C2 goes
high. The resulting positive edge of
the pulse, fed to the clock input of
IC8, causes the counter to advance
one count to 1. In turn, this causes
pin 2 of IC8 to go high, since the
counter has been advanced from 0 to
a count of 1. The rising pulse wave-
shape at pin 2 of IC8 is fed to the
CLOCK input at pin 9 of quad type D
flip-flop /C6.

When the caller presses the first
digit of the security code, the hexade-
cimal data that contains the identity
of the digit is contained in the 4-bit
output of IC2, as illustrated in Figure
1. Fed to the data inputs of /C6, this
information is latched by the rising
clock pulse generated at pin 2 of ICS.
Hence, the four bits that contain the
identity of the first digit appears at
the outputs of /C6 and remains
stored there.

When the second digit is keyed by
the caller, the sequence just described
is repeated. In this case, counter /C8
advances from a count of 1 toacount
of 2, pin 4 goes high and clocks /C7,
and the identity if the second digit is
stored in the output register of IC7.

Cascaded 4-bit comparators IC4
and IC5 compare the 8-bit digital in-
formation stored in /C6 and /C7 to
the data contained in security code
selector switches S/ and S2, as chos-

i 10uF ‘[
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Fig. 2. Circuitry for an optional Answer Module that takes the place of a telephone answering machine.

18 / MODERN ELECTRONICS / June 1990

Say You Saw It In Modern Electronics




en by you. Note that S/ and S2 are
each composed of four positions of
an eight-position DIP switch.

Each magnitude comparator has
two sets of 4-bit inputs—at pins 10,
7,2 and 15, and at pins 11, 9, | and
14. Thus, each magnitude compara-
tor can compare the 4-bit digital

word fed to one set of inputs with the
4-bit digital word fed to the other set
and provide a high-level output at pin
3 when the two words are identical.
With IC4 and ICS5 connected in cas-
cade, eight bits stored in /C6 and IC7
can be compared to the eight bits of
data supplied by S7 and S2.

The eight-position DIP switch that
makes up S/ and S2 allows you to set
the hexadecimal code of any pair of
digits for the selected security code.
When any switch position is open,
the logic level to the corresponding
input of /C4 or ICS5 is zero. When a
switch position is closed, the + 5-volt

Main Circuit

Semiconductors

D1 thru D5—1N4004 or silicon
rectifier diode

1C1—LM358N operational amplifier

1C2—M957-20 DTMF receiver (Teltone)

IC3—CD4011B quad 2-input NAND
gate

1C4,1C5—CD4585B 4-bit magnitude
comparator

1C6,1C7—CD40175B quad D-type
flip-flop

1IC8—CD4017B Johnson decade counter

IC9—LMSS55CN timer

ICI0—HI11A1 or equivalent optical
isolator

IC11—AN78LOS fixed + 5 volt regulator

Capacitors

C1,C2—0.001-uF, 300-volt ceramic disc
C3,C6—0.1-uF, 50-volt ceramic disc
C4,C9—1-uF, 10-volt electrolytic
C5—10-uF, 25-volt electrotytic
C7—47-uF, 10-volt electrolytic
C8—0.01-pF, 50-voli ceramic disc

Resistors (1/4-watt, 10% tolerance)

R1,R2—470,000 ohms

R3—220,000 ohms

R4,R5,R7,R9,R12 thru R19—47,000
ohms

R6—56,000 ohms

R8,R10—1 megohm

R11—390,000 ohms

R20—4,700 ohms

Miscellaneous

PB1—Piezoelectric buzzer (Radio Shack
Cat. No. 273-060 or similar

J1,J2—Chassis-mount modular tele-
phone jack

S1,S2—Eight-position spst DIP switch
(see text)

S3—Normally-open spst pushbutton
switch

PARTS LIST

S4—Spst 1oggle or slide switch

XTAL—3.58-MHz colorburst crystal
Printed-circuit board or perforated
board with holes on 0.1-inch centers
and suitable Wire Wrap or soldering
hardware (see text); suitable enclo-
sure; sockets for all DIP ICs and S1/
S2 assembly; modular connectors;
machine hardware; hookup wire; sol-
der; etc.

Answer Module

Semiconductors

D6—1N4004 or similar silicon rectifier
diode

IC12—TCM1520AP ring detector
(Texas Instruments)

IC13—HI11A1 or equivalent optical
isolator

1C14—LMSS5CN timer

ICt15—HI1D2 or equivalent optical
isolator

LEDI1—2-volt, 20-mA light-emitting
diode

Capacitors

C10—0.33-xF, 250-volt Mylar or paper
C11—10-uF, 50-volt electrolytic
C12—33-uF, 10-voh electrolytic

Resistors (V-watt, 10% tolerance)
R21—2,200 ohms

R22—560 ohms

R23—47,000 ohms

R24—1 megohm

R25—150 ohms

R26—150 ohms (/4-watt)

Miscellaneous
Printed-circuit board or perforated
board with holes on 0.1-inch centers
and suitable Wire Wrap or soldering
hardware (sce text); sockets tor DIP
ICs; machine hardware; hookup
wire; solder; etc.

Interface Circuits

Semiconductors

D7,D8—1N4004 or similar silicon rec-
titier diode

IC16,IC17—MOC301 1 or equivalent
optical isolator

{CI18—LMS5SSCN timer

SCR1,SCR2,SCR3—MCR100-4 or
similar sensitive-gate silicon-
controlled rectifier

Ql—6-ampere, 200-volt triac (Radio
Shack Cat. No. 276-1000 or similar—
see text)

Q2—2N3904 or similar npn silicon
transistor

Resistors (%-watt, 10% tolerance)

R27,R31,R34,R38—2,200 ohms

R28,R32,R35—10,000 chms

R29,R33—220 ohms

R30—150 ohins

R36,R37—4,700 ohms

Miscellaneous

K1,K3—S5-volt dcrelay with spst or spdt
contacts (Radio Shack Cat. No. 275-
243 or similar—see text)

K2—117-volt ac relay with 10-ampere
spdt or dpdt contacts (Radio Shack
Cat. No. 275-217 or similar—see text)

$5,56,S7—Spst toggle or slide switch

S8,S9—Normally-open, momentary-
action spst pushbutton switch
Machine hardware; hookup wire;
solder; etc.

Note: The following items are available from
A. Caristi, 69 White Pond Rd., Wald-
wick, NJ 07463: Ready-to-wire main pc
board, $19.75; Answer Module p¢ board,
$9.75; LM358N, $1.75; M957, $18.75;
CD4011, $1.75; CD4585, $3.95 each;
CD40175, $3.75 each; CD4017, $1.75;
AN78LO0S, $1.50; TCMI1520AP, $6.75;
optoisolators, $3.95 each (state quantity
and type number);MCR-100, $1.95 each
Add $2.50 P&H per order. New Jersey
residents. please add sales tax.
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Fig. 3. A simple relay interface.

bus is connected to the input pin of
the IC it is wired to and provides that
pin with a logic high. Note that valid
inputs are for any number from 1 to
12, which correspond to the 12 push-
buttons on the telephone keypad (0
on the keypad is 10).

With IC4 and IC5 connected in
cascade, the ‘‘equal’’ output at pin 3
of ICS assumes a high condition only
when the data inputs of the switches
are identical to the data stored in /C6
and IC7 output registers. For all
other conditions, pin 3 of IC5 re-
mains at logic low. A high condition
at pin 3 of ICS5 means the caller has
entered the correct code. This change
in logic level can be used to control
subsequent circuitry.

Although this project has been de-
signed to be operational with just a
two-digit security code, the basic cir-
cuitry can be easily expanded to ac-
commodate codes containing three
or more digits because /C8 can count
to 9 and provide clock pulses to one
or more additional D type flip-flop
circuits. Any additional digits in the
security code also require magnitude
comparator chips connected in cas-
cade with /IC4 and ICS.

NAND gates IC34, IC3C and
IC3D provide a logic high at pin 4 of
IC9 only if the correct security code
has been entered. For any other situ-
ation, including an on-hook condi-
tion, pin 4 of /C9 remains at logic low.

Timer IC9 is wired as a free-run-
ning (astable) multivibrator. When
RESET pin 4 is high, the circuit oscil-
lates at a frequency determined by
the time constant of R/0, RII and
C4. This time constant is chosen to
provide a I second on, 1 second off
ringing signal.

When IC9is enabled, sound gener-
ated by piezoelectric buzzer PBI
alerts you that the caller has entered
the proper security code. The ring
signal is automatically silenced when
the call is disconnected, but a RESET
switch S3 allows you to silence it
when the call is answered.

In summary, when the telephone
circuit is not in use, the-on-hook log-
ic condition detected by IC10 causes
IC8, IC6 and IC7 to be reset to zero.
Pin 3 of ICS is held low, inhibiting
IC9 and silencing PBI. When a call
comes in, the telephone answering
machine or Answer Module captures
the call. The circuit then responds to
the Touch Tones generated by the
caller, and the first two digits entered
are stored in /C6 and IC7. Should
this be the correct security code, IC9
isenabled and activates PB/. For any
other code, the buzzer remains silent.

When the project is used as a re-
mote-control device, the logic high
generated at pin 4 of /C3B in re-
sponse to the correct security code

activates any type of slave circuitry,
such as a relay, triac, etc.

Power to operate the circuit is pro-
vided by transformer 71, the bridge-
rectifier arrangement made up of D2
through D5, regulator /CI1 and ca-
pacitors C5 and C6.

The schematic diagram for the op-
tional Answer Module that can be
used in place of an answering ma-
chine is shown in Fig. 2. In this cir-
cuit, ICI2 responds to the 90-volt,
20-Hz ring signal that appears across
the telephone line when a call is re-
ceived. This chip contains a bridge
rectifier, regulated supply and con-
trolcircuitry that normally presents a
very high impedance to the telephone
line when dormant. When a ring sig-
nal is coupled to /Ci2 through R2]
and CI0, the circuit uses the energy
of the 90 volts ac to generate a regu-
lated S volts dc potential between pin
4 and pins 3 and 7.

Optical isolator IC15 operates in
the same manner as /CI0 in Fig. 1.
When a call is received, current gen-
erated by ICI5 causes the internal
LED to turn on, causing on the inter-
nal phototransistor to conduct. The
resulting negative pulse at pin 5 of
IC15 triggers the next stage.

Timer ICI4, connected as a mono-
stable or one-shot multivibrator, has
a timing cycle of about 30 seconds,

OFF R29 R30
+5V o———o— SB 220 150
RESE\2_% [_ = b=y
. MT1
1 6
- IC16
¥ moc3ot1 + Qa Fosd
- = Sl Turz
. B
= o
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pina S WV G Tk ,
R32 8
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Fig. 4. A triac interface to drive an ac load in which optical isolators provide iso-

lation from the ac power line.
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determined by the values of R24 and
CI12. When the circuit is in standby,
output pin 3 of ICI4 remains low. A
ring signal on the telephone line
causes the output of ICI4 to go to
about 3 volts, which initiates the tim-
ing cycle. At the end of the timing cy-
cle, pin 3 returns to low.

When IC14 is active, the output at
pin 3 causes the LED inside ICI5 to
turn on and cause the internal photo-
transistor to conduct. This essential-
ly connects R26 across the telephone
line and, in effect, answers the call.
Current from the telephone line
causes LEDI to turn on, providing
visual indication that the line has
been seized by the Answer Module.

The telephone line is captured dur-
ing the 30-second timing cycle of
ICI4 and provides sufficient time for
the security system to respond to the
security code if properly entered by
the caller. It also allows time for you
to answer the call, if so desired,
which prevents automatic disconnect
when IC]4 times out. If the call is not
answered, the caller is disconnected
at the end of the timed cycle, even if
he has entered the correct security
code. The timed cycle of I/C14 can be
easily modified to suit your require-
ments by changing the value of C/2.

The Answer Module contains two
optical-isolator circuits, /CI/3 and
IC15, that provide complete isola-
tion between the telephone line and
circuitry of the project. This prevents
any possible interference between the
project and telephone system and en-
sures normal telephone performance.

Slave Circuits

When the project is to be used to re-
motely control electrical devices, you
need some kind of interface to pro-
vide a connection between the code-
recognition circuitry at pin 4 of IC3
in Fig. 1 and the device to be con-
trolled. There is really no limit to
what you can control. The following
examples are representative of what
types of interfaces you can employ.

GNDo
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Fig. 5. High-power relay interface permits project to safely switch heavy loads
like an air conditioner or heater.

Each of the slave modules we will de-
scribe is controlled by the logic out-
put at pin 4 of /C3B, which changes
from O to 1 when the correct security
code is entered by you or a caller.
Eachslavecircuit illustrated here is
powered by the 5-volt regulatorin the
main Security System project and re-
quires three connections to the main
circuit. Circuits that are also pow-
ered by the 117-volt ac power line
contain optoisolators that maintain

complete isolation between the proj-
ect and power line.

The simplest of slave circuits is
shown schematically in Fig. 3. Here,
the coil of relay K1 is energized in re-
sponse to the positive output at pin 4
of IC3B. Sensitive-gate silicon-con-
trolled rectifier SCR I switches on the
coil of KI when the SCR is triggered
by the positive-going output at pin 4
of NAND gate IC3B.

Once SCR1I conducts, it remains

S
-—
% ___ load
S8 D8
SET 1N4004 |t " K3
*
AV S— S— O O
R36 |
C3 14 4.7K
Pin 4 S 1C18
C 2 CD4013
s l — AAN— Q2
] g ' A3 2N3904
2.2K

Pp—
L— 0 o——-d—ANA—9
S9 R37
RESET 4 7K

GNDO—

Fig. 6. Useof aflip-flop interface allows you to turn on and off a device with suc-
cessive telephone calls.
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latched, even though the trigger pulse
is removed when the call is com-
pleted. Once triggered, the load cir-
cuit can be reset by momentarily
opening S5 to interrupt current flow
through the relay coil. The coil of the
relay is not committed to the 5-volt
power supply in the main project.
This permits relays of other voltages
to be used if a power source of suffi-
cient voltage is available.

As with all circuits that use relays
to drive a load, it is important that
the load current be known before se-
lecting the specific relay to be used.
Incandescent lamps draw as much as
10 times their rated current when
turned on from a cold start. For such
loads, it would be good practice to
use a relay with a contact rating of at
least five times the current draw of
the lamps. Be sure to use a relay rated
to switch the voltage of the load be-
ing controlled, of course.

A more elegant means of switching
an ac load is illustrated in Fig. 4. In
this arrangement, the relay is replaced
by triac Q3, which now switches the
current to the load. This circuit uses
optical isolator ICI6 to isolate the
117-volt ac load circuit from the cir-
cuitry of the main project. Triggered
by the positive logic level at pin 4 of
IC3B, a triac inside the optical isola-
tor is switched on by the internal LED.

Although the optical isolator used
in the Fig. 4 circuit contains a triac,
its load capability is not greater than
0.1 ampere. The low power triac,
therefore, is used to drive a second,
more powerful external triac, shown
as Q3. As with the relay circuit in Fig.
3, power triac Q3 must have suffici-
ent current rating for the load. You
must take into account the high surge
current of incandescent lamps and
induction motors when selecting a
particular triac.

Using a triac to switch an ac load
eliminates the wear and eventual fail-
ure of relay contacts. However, the
triac has one disadvantage in that it
requires a heat sink. For all but the
lightest loads, the triac will dissipate

Say You Saw It In Modern Electronics

alot of heat and can fail unless a heat
sink is used. (Some triacs do not have
isolated tabs. For these, proper insu-
lation, including use of heat-sink
compound, is required to assure prop-
er isolation of the heat sink from the
ac power line).

The circuit shown schematically in
Fig. § illustrates how the low power
triac in an optical isolator can drive
the coil of a high-power relay. The
contacts of K2, rated at 10 amperes
for the relay specified, can then be
used to turn on an air conditioner,
heater or other high-power appli-
ance. This circuit eliminates the need
for the heat sinking required for a
power triac.

The circuit shown schematically in
Fig. 6 illustrates how a ‘‘toggle”’
function can be implemented. This
circuit permits a load to be turned on
or off with the first remote telephone
call, and then be turned off or on
with a second call. With this arrange-
ment, there is no limit to the number
of times the load can be switched on
and off. The cycle repeats indefinite-
ly with each succeeding call.

Q output pin 1 of D type flip-flop
IC18 assumes the logic level of the
data input at pin 5§ when the circuit is
triggered by a positive-going clock
pulse fed to pin 3. The logic level in-
verted output (not-Q) of the chip at
pin 2 is opposite that at pin 1. Since
the data input of the chip is driven by

the inverted output, each time the
flip-flop is triggered, it must toggle,
or change logic state.

The clock signal that drives IC18 is
derived from pin 4 of /C3B when the
decoder circuit responds to the cor-
rect security code. When this occurs,
the logic level at pin 1 of ICI8 turns
on or off Q5. In turn, this sends Q5
into conduction and energizes K3.

When using the Fig. 6 circuit, it is
necessary to preset the output at pin 1
of ICI8 by means of SET or RESET
switches S8 and S9 as required, since
the flip-flop can assume either logic
state when the circuit is first powered.

Presetting the circuit allows the de-
sired logic level to be present at pin 1
of /C18 so that the device to be con-
trolled is off (or on). SET switch S8
forces the circuit to energize the coil
of K3, while RESET switch S9 turns
off the relay. If your requirement is
always to have the load of f (or on) be-
fore you leave the premises, you can
delete S8 or S9, as required.

Coming Next Month

We have discussed in detail here op-
eration of the elements that make up
a complete Dual-Application Tele-
phone Security System. Next month
in the conclusion of this article, we
will focus on building the system,
checking it out and installing and
using it. ME

USE YOUR FREE INFORMATION CARD

How do | get 739 the
more data? 'ree
info card.

Free Product Information

Readers can obtain free information on
products advertised, as well as for
some editorially mentioned products
Simply circle the appropriate number
printed below an advertisement onto
the ME '‘Free Information Service”
cardboundinto this issue. After filling in
your name and address, just mail the
postpaid card. Your request will be for-
warded directly to the advertiser with a
mailing tabel prepared by our reader-
service department.
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Home Security
Porch Light Controller

This accessory automatically turns on and off an
outside light shortly after a doorbell is rung to deter burglars

By Emerson J. Huff

burglar usually checks to
see if someone is home be-
fore attempting an illegal

entry. He often does this by ringing
his victim’s doorbell. If no one an-
swers, he feels the coast is clear. The
Home Security Porch Light Control-
ler described here can deter a burglar
by automatically turning on your
porch light a few seconds after some-
one rings your doorbell.

When your doorbell button is
pressed, the bell rings in the usual
manner and triggers a count-down
circuit that controls power to your
porch light. At the end of the S-sec-
ond countdown cycle, the porch light
automatically comes on, giving the
impression that someone inside your
house has turned on the light. About
2 minutes later, the light automatic-
ally extinguishes.

This security device also allows
you to control your porch light with
your doorbell button whenever you
enter and leave your home at night.
Upon entry, it gives you 2 minutes of
light to find the keyhole in the lock on
your front door. When you go out, it
also gives 2 minutes of light for you
to see where you’re going.

You can use an existing ac-pow-
ered porch light with this Controller.
Optionally, you can install a separate
ac-powered porch light dedicated ex-
clusively for security purposes. Fi-
nally, you can have the system con-
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trol a low-voltage porch light like
those used on motor homes and RVs.

About the Circuit

Shown in Fig. 1 is the complete sche-
matic diagram of the circuitry that
provides avtomatic control of the
porch light. This is basically an asta-
ble multivibrator circuit built around
the 555 timer chip shown as IC1. The
circuit provides separate countdown
timing periods.

Pressing the doorbell connected
across the input network composed
of D3 and C4 causes power from the
doorbell circuit to energize relay K1.
When this occurs, dc power from the
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V + rail of the circuit is applied to the
trigger of silicon-controlled rectifier
SCRI, which conducts and com-
pletes the powering circuit through
the lower set of normally-closed con-
tacts of K2 for iCI .

Once powered, I/CI begins count-
ing down. At the end of the count-
down cycle, which is about 5 sec-
onds, the output at pin 3 of ICI goes
low and activates relay K2. The con-
tacts of this relay then assume their
alternate position. At this time, the
upper contact set closes the power
circuit to the poreh light, which turns
on the latter. The timing circuit
senses no pause in V + while the relay
contacts are changing state.
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Fig. 1. Schematic diagram of timer-control circuit for automatic porch light.

Timer /C] continues to count
down for about 2 minutes longer be-
fore the output at pin 3 goes high
once again, ending the timing cycle.
This low-to-high transition deener-
gizes K2, which disconnects V +
fromthecoil of thisrelay. As a result,
the upper contacts break the power
circuit to extinguish the porch light.

Timing periods can be changed to
your preference. To make whatever
changes needed, use different values
for the components in the RC timing
networks made up of R3/C4 and
R4/CS5, using the formula T = RC.

Construction

Components for most of the proj-
ect’s circuitry should be mounted
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and wired together on a circuit
board. You can design and fabricate
a printed-circuit if you wish, though
the circuitry is simple enough that
you can use perforated board that
has holes on 0.l-inch centers and
suitable push-in terminals. Also use
push-in terminals for connection to
off-the-board components.

Wire the circuit-board assembly as
shown in the actual-size illustrations
given in Fig. 2. Use a socket for IC].
Make sure all polarized components
and the 555 are properly oriented be-
fore soldering their leads and pins.

Keep in mind that a number of
components mount off the circuit-
board assembly, as shown in Fig. 3.
These include voltage regulator /C2,
power transformer T/, relay K2, di-
ode D4, filter capacitor C3 and recti-

fier diodes D5 and D6. As shown in
the wiring diagram in Fig. 3, the last
three components mount on a five-
lug terminal strip, to which are made
the connections from the ac line, pri-
mary and secondary windings of 7/
and the + 12-volt dc output line from
the power supply.

The entire circuit is designed to fit
inside a standard 6/6/4 electrical pull
box, with all components and the cir-
cuit-board assembly mounted on an
aluminum plate. Details of the layout
and interconnections are shown in
Fig. 3. Machine the cover plate as
needed to mount the various ele-
ments in place.

Mount the power transformer and
five-lug terminal strip in their respec-
tive locations. Then wire C3, D5 and
D6 to the indicated lugs of the ter-
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PARTS LIST

Semiconductors

D1 thru D6—1N400! or similar silicon
rectifier diode

1C1—LMS555 timer

1C2—7812 fixed + 12-volt regulator

SCR1—TCGS5414 orequivalent silicon-
controlled rectifier

Capacitors (24 WV)
C1—0.0!-pF Mylar
C2—100-uF electrolytic
C3—470-uF electrolytic
C4—15-uF electrolytic
C5—25-uF electrolytic*
C6—1-uF electrolytic*

Resistors (2-watt, 10% tolerance)
R1—1,000 ohms

R2—2,200 ohms

R3—4.7 megohms*

R4—2.2 megohms*

Miscellaneous

K1—Miniature spdt 12-volt dc relay
(Colectro No. D1-974 or equivalent)

K2—Miniature dpdt 12-volt dc relay
with 3- to 5-ampere contacts and 150-
to 160-ohm coil and flat terminals
(Radio Shack Cat. No. 275-206, in-
cludes socket, or Master No. GM
dpdt or equivalent)

T1—24-volt center-tapped,
power transformer
Printed-circuit board or perforated
board with holes on 0.1 " centers and
suitable push-in solder posts (see text);
Master No. N-18 relay socket with
screw-type terminals; socket for IC1;
Romex or BX connectors as required
(see text); 12-volt porch-light fixture
and 12-volt, 1.5-ampere power trans-
former (optional—see text); three-
conductor Romexor BX cable; 6/6/4
pull box with 1/2" knockouts; 4"-
square junction box; 4"-square 16-
gauge aluminum plate; rubber grom-
mets; spacers; machine hardware;
hookup wire; solder; etc.

50-mA

*Adjust values of these components to suit
timing needs, as detailed in text.

Note: Master Electronic Controls is located
at 1220 Olympic Blvd., Santa Monica, CA
90404 (query Dan Berry). A low-voltage
mobile porch light suitable for control with
this project can be purchased from K-Mart
(specify Item No. 390-s).
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Fig. 2. Most components mount on a small printed-circuit or perforated board.
Wire them together point-to-point or convert this wiring guide to a pc layout.

minal strip. Dbserve polarity for all
three components. Do not solder any
connection until directed to do so.
(Note that none of the lugs of the ter-
minal strip are connected to the tabs
used for mounting purposes.)
Crimp and solder one secondary
lead of T/ to the indicated upper lug
of the terminal strip in Fig. 3. Plug
the secondary center-tap lead of the
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transformer into the hole of either
mounting tab on the terminal strip
and solder into place. Strip % inch of
insulation from both ends of three
3-inch-long stranded hookup wires.
Tightly twist together the fine con-
ductors at both ends of all wires and
sparingly tin with solder. (Do this for
all wiring used in the project.)
Crimp one end of one wire and one
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Fig. 3. Wiring diagram for off-the-board components and connections to door-
bell and control circuits.

primary lead of T/ to the second to
lowest lug of the terminal strip. Do
the same for another wire and the oth-
er primary lead to the bottom-most
lug. Crimp one end of the remaining
wire to the lug to which the + lead of
C3 and cathode leads of D5 and D6
are connected and solder them.

Mount relay K2 in the location
shown with machine hardware. Then
mount the circuit-board assembly in
place with Y2-inch spacers and 4-40
X Ya-inch machine screws, lock-
washers and nuts. Prepare nine
3-inch-long hookup wires as de-
scribed above. Then solder one end
of six of these wires to the push-in
solder terminals located along the
lower edge of the circuit-board as-
sembly. Crimp or solder a spade or
ring-type lug to the free end of the
wire coming from the — (left-most)
terminal on the board.

Clip the center (COM) lead from
voltageregulator /C2. Secure thereg-
ulator directly to the aluminum plate

Say You Saw It In Modern Electronics

inthe indicated location with suitable
machine hardware, sandwiching the
wire with the spade or ring lug be-
tween screw head and tab on the reg-
ulator. (The metal plate serves as the
heat sink for the regulator.) Crimp
and solder the wire coming from the
+ (second from left) terminal on the
board to the OUT pin of the regulator
and the free end of the wire coming
from the C3/D5/D6 lug of the ter-
minal strip to the IN pin of the regula-
tor. Bend both regulator pinsupward
enough so that they are well clear of
the metal plate.

Finish wiring the circuit by con-
necting the free ends of the remaining
wires coming from the circuit-board
assembly and the remaining three
wires to the indicated points on the
relay K2 socket. Do not forget to wire
diode D4 into place as shown.

Connections to the doorbell circuit
and three-conductor electrical wiring
that goes to the porch light will be
made later during final installation.

Installation

If you are using an existing or fitting
an additional porch light to control,
be aware that you will be dealing with
potentially lethal 117-volt ac line
power. Therefore, exercise extreme
caution when making line-level con-
nections. Always work on such lines
with the fuse pulled or circuit breaker
open to make the line electrically
dead. If you do not know what you
are doing, have a qualified electrician
make the hookups.

Keep in mind that all ac line-level
installations must conform to local
electrical codes. In most areas, you
can do the work yourself, as long as
you obtain a homeowner’s permit to
do so. In other areas, you might be
required to have a qualified electri-
cian do the installation.

There are advantages to using an
existing porch light with this Con-
troller. Such a light is already in place
and does not require fixture instaila-
tion and running of electrical wiring
to it. It is also capable of giving a
great deal more light than is possible
with separate low-voltage lights.

When planning to use this project
to control an existing porch light,
check the location of the existing
light switch and routing of the wiring
to the light. Since you will be wiring
the Controller to the existing light
switch with the Controller, you will
have to add a 4-inch-square junction
box into which the Controller’s cir-
cuitry fits.

An alternative to an existing porch
light is to install a second ac-line-
powered porch light that is dedicated
to doorbell control. The advantage
of going this route is that you retain
normal control over your existing
porch light. Disadvantages are that
you must install a new fixture and
run a cable from an ac source to the
Controller and then to the new
porch-light fixture.

Whichever ac-line-level approach
you use, you must wire a junction
box as shown in Fig. 4. Note here the

e
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14-3 Romex or
BX cable to unit

4" square junction box .
(with cover) ™,

To existing
porch light

-Romex or BX connector

.~ Wire nut (yellow)

From existing
117vac

To existing switch

Fig. 4. Junction box wiring details for an existing ac-powered porch light.

use of Romex or BX electrical cable.
Depending on the electrical codes in
your particular area, you rmust use
the appropriate type of electrical ca-
ble. You must also use the appropri-

ate couplers for the specific type of
cable being used.

Make sure when you make any ac
line-level connections that you tie the
Romex or BX cable conductors and

whatever conductors are used for
feeding line power into the project
with appropriate wire nuts, as shown
in both Fig. 3 and Fig. 4. Do not
make soldered connections.

Your third choice of controlled
porch light is a low-voltage unit like
those used in RVs. One disadvantage
of using such a fixture is that you
must install the fixture and route the
electrical line from scratch. Another
is that the light from it is generally
low in level. Typically, such fixtures
operate at 12 volts and draw 1.44 am-
peres of current to deliver about 18
watts of light. This is not very much
light, but it should be adequate to
fool a potential burglar.

With a low-voltage light, you are
not dealing with potentially lethal
117-volt ac line potential, other than
to replace the existing doorbell trans-
former with a more-powerful unit
that will safely power the light fix-
ture. The existing doorbell trans-
former simply does not output
enough current to power the light fix-
ture. The load on the replacement
transformer is not additive. The
doorbell and light fixture will rarely
be on at the same time; so, a 1.5-am-
pere transformer is more than ade-
quate to handle the load.

Wiring for the doorbell circuit is
shown schematically in Fig. 5. With
this arrangement, you make two sim-

Existing
doorbeii Exist ng |, \
transformer bell l
4< :}—-—o )
117Vac AN |
—AAA— w | |
_— 12V porch " K2
light fixture
Existing 12Vac L= ight fix
doorbell
button T PRIMARY
ADD ADD ya Y N
N2 N SECONDARY
To unit (K1 col) To 12V, 1 5A To
button transformer doorbell
€ S
. . 0 . 0 0 z
Fig. 5. Details for connecting project to doorbell circuit.
4

Fig. 6. Wiring details for using a 12-volt porch light.

To unit and K1
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ple connections between the existing
doorbell circuit and the TO DOOR-
BELL CIRCUIT points on the circuit-
board assembly (see Fig. 1 and Fig.
3). Use ordinary twisted-pair bell
wire for these connections.

Figure 6 shows the wiring arrange-
ment to use when controlling a 12-
volt porch light fixture. Before at-
tempting to remove the existing
transformer, make sure the ac line
feeding power to it is electrically
dead. Restore power to the new cir-
cuit after wiring the replacement
transformer into the circuit.

Before doing getting to work, plan
your installation carefully. All cable
runs should be as short and direct as
possible. Do not make cable runs too
sharp. If you are using Romex, make
certain that you do not damage the
tough insulation on the cable by
drawing it across sharp corners, es-
pecially if the corners are metal.
Also, when you are securing the Ro-
mex cable to the junction boxes, avoid
excessive pinching of the insulation.

When integrating the Controller
into your porch-lighting and door-
bell systems, carefully check every
step you complete against the Figures
in this article. When you are done
and before you restore ac line power
to the circuit, double and triple check
all wiring. This cannot be over-
stressed.

Once the Controller has been in-
stalled and you have restored ac line
power, check out its operation. Press
and release your front doorbell but-
ton. The doorbell should sound as
usual. About 5 seconds later, the
porch light should turn on and re-
main on until the Controller’s circuit
times out and the light extinguishes.
Of course, these two times may be
different if you chose to change the
values of the components in the RC
time-constant networks.

If you do not obtain the proper re-
sponses from the circuit, disable ac
power to the Controller and doorbell
and porch-light circuits and trouble-
shoot your work. ME
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Wide-Coverage Water
Detector Sensor

Lets you monitor for the presence of water over a wide
area instead of at just one point in a basement or other
area subject to flooding

By Brad Thompson

ater may be one of Na-

ture’s necessitaries, but

it can cause expensive
damage if it appears unwanted in a
basement or other storage area.
Though a commercial water detector
can be used to sense the presence of
water in such areas, their sensors usu-
ally limit monitoring to a single
point. Hence, to monitor a large area
requires an array of such detectors or
an extended sensor element. In this
article, we’ll show you how to build
an electronic water detector that uses
a linear sensor element that can pro-
vide virtually unlimited coverage
with a single detector unit.

Our Water Detector uses a reliable
moisture sensor that, oddly enough,
is available from agricultural sup-
plies outlets as electrical fence tape
that replaces the wires commonly used
to keep livestock in pastures. Its
woven ribbon construction traps
moisture, and its flexibility eases in-
stallation. Costing only pennies per
foot, this tape is inexpensive enough
todiscard if it becomes contaminated
or damaged.

About the Circuit

Before we get into our discussion of
the actual circuitry used in this proj-
ect, it is important to lay the ground-
work with a discussion of water sen-
.sors and how they are used most ef-
fectively.

ﬂ

Most inexpensive electronic water
detectors apply direct current (dc) to
their sensing contacts. However,
electromigration and electrolysis ef-
fects can result in damage to the con-
tacts, even if they’re not immersed in
water. Trace amounts of salts found
in room dust can dissolve in atmo-
spheric moisture that condenses
upon a water sensor’s electrodes to
form a conductive solution. With di-
rect current applied to the electrodes,
molecules of metal migrate between
the electrodes and create microscopic
conductive paths that eventually re-
duce resistance between the elec-
trodes and trigger false alarms.

Additionally, fully immersing a dc
sensor’s electrodes in water causes
electrochemical corrosion and plat-

ing effects that can permanently
damage the electrodes. Applying ac
to asensor’s electrodes prevents elec-
troplating and corrosion because any
chemical reactions that occur during
the positive half of the ac cycle re-
verse during the negative half-cycle.

While an ac power source is as
close as your nearest 117-volt ac wall
outlet, this raw ac would create a le-
thal shock hazard if you were to di-
rectly apply the line voltage to a wa-
ter sensor. The Waterline sensor gen-
erates its own isolated, low-power ac
and uses dc power to reduce shock
hazards and allow operation from a
battery supply, which is a bonus for
rural residents and recreational vehi-
cle owners.

Shown in Fig. 1 is the complete

Electrical Characteristics of Tap Water

Tap water is not electrically inert
unless it is purified in a laboratory
Water samples taken from a household
tap contain varying amounts of dis
solved minerals that affect both drink-
ability and electrical conductivity. The
project described in the main article es-
sentially makes a go/no-go conductiv-
ity measurement. It sounds an alert
when electrically conductive water
reaches the sensor tape,

If you attempt to measure the
resistance of common drinking water
using a battery-powered ohmmeter,
you will notice that the reading changes

with the depth to which the probes are
plunged. Scientists define the resistivity
of water by measuring the resistance of
a sample between electrodes of a fixed
size and distance apart. One common
resistivity unit is the ohm-centimeter
and is defined in terms of (R X A)/D,
where R is resistance in ohms, A is elec-
trode area and D is distance between
electrodes

The Table shown elsewhere in this ar-
ticle lists typical values of resistivity for
various kinds of water. It includes some
values for conductors and insulators to
serve as a means of comparison.
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Fig. 1. Complete schematic diagram of Linear-Sensor Water Detector’s circuitry.
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Semiconductors

D1 thru D4—1N270 or similar german-
ium signal diode (see text)

D5—1N914 or similar silicon signal
diode

Q1—2N3904 or equivalent high-beta
small-signal npn silicon transistor

Q2—2N3906 or equivalent high-beta
small-signal pnp silicon transistor

U1—CD4010BE or MM74C14N CMOS
hex Schmitt trigger

U2—CD4013BE CMOS dual D-type
flip-flop

Capacitors

C1—0.001-u4F, 50-volt plastic with 0.3-
inch lead spacing

C2—0.22-yF, 50-volt plastic with 0.3-
inch lead spacing

C3—10-¢F, 16-volt axial-lead electro-
lytic or tantalum

Resistors (%-watt, 5% tolerance)

R1—82,000 ohms

R2,R3,R5,R8—10,000 ohms

R4—2.2 megohms

R6—220,000 ohms

R7—470 ohms

R9—2,200 ohms

Miscellaneous
K 1—Reed relay with spst contacts with

Cat. No. 275-232 or similar)

5-volt dc, 20-mA coil (Radio Shack

PARTS LIST

PB1—Fixed-frequency dc piezoelectric
buzzer with three leads (Radio Shack
Cat. No. 273-064 or similar)

SWI1—Normally-open, momentary-con-
tact spst pushbutton switch

Tl—Audio coupling transformer with
1:1 turns ratio and 600- to 10,000-ohm
impedance (Radio Shack Cat. No.
273-1374, Mouser Electronics Cat.
No. 42TM018. Cut off center-tap lead
of Mouser transformer, if used)
Printed-circuit board or perforated
board with holes on 0.1-inch centers
and suitable Wire Wrap or soldering
hardware (see text); suitable enclosure
(see text); four-position spring-action
terminal board (Radio Shack Cat. No.
274-622 or similar); Baygard HV or
equivalent sensor tape; 6-volt mangan-
ese-alkaline battery (see text); optional
remotely located piezoelectric buzzer
(Radio Shack Cat. No. 273-066 or
equivalent—see text); spacers; ma-
chine hardware; hookup wire; solder;
etc.

Note: A 10-foot sample of sensor tape is avail-
able for $4 postpaid from: Brad Thompson,
GMT Interface Products, Suite 233, 56-A
Main St., Maynard, MA 01754. Mouser
Electronics is located at: P.O. Box 699,
Mansfield, TX 76063.

schematic diagram and functional
blocks that make up the project’s cir-
cuitry, including a remote relay op-
tion, which we will explain later. As
you can see, this circuit design makes
use of only a few discrete compo-
nents and two inexpensive CMOS
logic circuits—the UI hex Schmitt
trigger and U2 dual D-type flip-flop.

Together with R/ and CI, UID
make up a relaxation oscillator. The
output frequency of this simple oscil-
lator arrangement can vary widely,
due to component tolerances and va-
riations in output voltage from the
power supply. For example, even
though the components are function-
ally identical, substituting a 74C14
for a CD40106 for Ul decreases the
oscillator’s frequency from about 18

e S

kHz to 6 kHz because the internal
trigger voltage thresholds of the two
IC devices differ.

In addition, the output of the oscil-
lator isn’t a symmetrical square wave
and, hence, has a net dc component.
If the output from the oscillator were
used to directly drive T/, the unbal-
anced dc component contained in the
asymmetrical signal would saturate
the transformer’s core and decrease
circuit efficiency.

Though keeping the oscillator’s
frequency within the audio range re-
sults in most efficient operation of
T1, absolute frequency isn’t critical.
By dividing the oscillator frequency
by four, the signal ‘“‘seen’’ by T/ is
limited to a 1.5-kHz to 6-kHz range
and, as a bonus, generates a symme-
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trical square wave to drive T1.
Stages U2B and U2A of the
CD4013 dual D-type flip-flop divide
the oscillator’s output signal fre-
quency by four and produce a square
wave that drives parallel-connected
sections UlA/UIF and UIB/UIE,
respectively. In turn, these stages
drive the primary winding of T1.
Like most digital CMOS devices,
each of the outputs of U consists of
a pair of MOS transistors connected
in ‘“‘totem-pole’’ arrangement. The
upper transistor sources current to
the load from the V + power-supply
rail, while the lower transistor sinks
current from the load to the ground
rail. Two CMOS inverters driven 180
degrees out-of-phase with each other
form an ‘‘H-bridge’’ driver in which
the primary of 71 serves as the cross-
bar of the ‘““H’’ and one inverter
sources current as the opposite in-
verter sinks current from the load.
Connecting inverters in parallel
boosts the current-driving and cur-
rent-sinking capabilities of the cir-
cuit. The parallel connection works
successfully because all inverters in a
single device are well-matched. Built-
in clamping diodes protect each of
the outputs of Ul against voltage
spikes that exceed the positive supply
potential or go below ground.
Transformer T1’s symmetrical ac
output drives water-sensing elec-
trodes EI and E2 via current-limiting
resistors R2 and R3. Under dry con-
ditions, the resistance across the sens-
ing electrodes is relatively high and
the transformer’s full ac voltage ap-
pears at the input of a full-wave
bridge rectifier made up of DI
through D4. The rectified ac is
smoothed to dc by C2 and sent to
threshold detector UIC, which holds
its output at pin 6 at logic ‘‘low.”’ Re-
sistors R2 and R3 control sensitivity.
Increasing the values of these two ele-
ments increases the sensitivity of the
detector circuit.
Water that reaches electrodes E/
and E2 results in a low-resistance
shunt path being formed across R2
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and R3. This causes an ac voltage
drop that decreases the rectifier’s dc
output applied to pin 5 of UIC.

When the dc potential at pin 5 of
UIC falls below approximately 33
percent of the power-supply poten-
tial, the output at pin 6 of UIC
switches from logic “‘low”’ to logic
“high’’ and applies current to the
base of Q1. When this transistor con-
ducts, it applies power to piezoelec-
tric buzzer driver Q2. This causes an
audible alarm to sound.

Resistor RI and capacitor C/ set
the frequency of oscillator U/A. In-
creasing the values of either of these
two components has the effect of
lowering the operating frequency of
the oscillator. For best results, the
value of R1! should be kept to be-
tween 10,000 and 100,000 ohms. Al-
s0, it is best to use a plastic, ceramic
or mica-dielectric capacitor for C/.

Althoush the Parts List specifies
germanium diodes for DI through
D4, you can use such conventional
silicon signal diodes types as the
IN914 or 1N4148, for example, if
you decrease the values of R2and R3
to compensate for the higher forward
voltage drops of silicon diodes. Hot-
carrier signal diodes also work well
and require no resistor changes.

Though most users will require on-
ly an audible warning of encroaching
water, you can replace the piezo-
electric buzzer with arelay and use its
contacts to drive a conventional bell
or klaxon-type horn to generate a
louder warning or to apply power
through alarger relay to the motor of
an electric pump that will then re-
move the water from the affected lo-
cation. Bear in mind, though, that
the relay draws approximately 20
milliamperes more current than does
the piezoelectric buzzer when the
alarm activates. Details for the relay
circuitry are shown at the upper-right
in Fig. 1.

In standby mode, the project
draws approximately 1 milliampere
of current at 6 volts. When activated
and sounding the buzzer, the circuit
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draws approximately 6 milliamperes.
Under standby conditions, projected
life for a battery made up of four
manganese-alkaline D cells is about
450 days, or 15 months. For longer
life, use a 6-volt manganese-alkaline
battery, which yields approximately
20 months of service.

When battery potential drops to
about 2 volts, the sensor will activate
the piezoelectric buzzer to signal that
battery replacement is needed. Clos-
ing PRESS TO TEST switch SW1/ con-
nects 2,200-ohm resistor R9 across
the Detector’s input to simulate a
“‘wet’’ sensor (see Fig. 5).

You can also operate the project
from a UL-approved plug-in wall-
type dc power supply or battery elim-
inator. Bear in mind, however, that
the output voltage of some plug-in
supplies is poorly regulated for low-
current loads. Hence, you should
measure the loaded supply voltage to
ensure that it falls in the nominal 5-
to-6-volt dc range.

The piezoelectric buzzer-based
version of the project operates at

supply potentials of up to 15 volts dc
maximum, but greater voltages in-
crease current consumption and can
over-stress the transformer driver
sections of Ul. Also, you may have
to change the values of R2 and R3 to
adjust the sensitivity of the circuit at
higher voltages.

Construction

Owing to the fact that there is no-
thing critical about component lay-
out or conductor runs, you can as-
semble this project on either a printed-
circuit board or perforated board us-
ing suitable Wire Wrap or soldering
hardware. In describing assembly in
this article, we will assume pc wiring.
Fabricate your printed-circuit
board using the actual-size etching-
and-drilling guide shown in Fig. 2.
After etching the board is complete,
drill all holes, including the mount-
ing holes shown in each corner.
Figures 3 and 4 illustrate two dif-
ferent methods of wiring the pc
board. The one in Fig. 3 is for the

Resistivities of Common Substances

ington, DC

York, NY

*Resistivity is expressed in terms of ohm-centimeters
Sources: Smithsonian Physical Tables, Ninth Edition, 1969, Smithsonian Institution Press, Wash-

Material Resistivity* Comments
Plate Glass 2 x 103 Insulator
Polyurethane 2 x 101 Insulator
Pure Water 2 x 107 Chemically Pure
Distilled Water 5% 104 Well-Distilled
Mine Water 5% 103 Mine Drainage
Ground Water 103t0 105 Drinkable
Sea Water 2 x 10! Normal Salinity
Ethyl Alcohol 2 x 104 Not Diluted
Olive Oil 5 x 108
Petroleum Oil 2 x 1010
Aluminum 2.6 x 106 Conductor
Copper 1.7 x 10-6 Conductor
Germanium 8.9 x 102 Semiconductor
Soil 4 x 10-3to Mix of clay,

2.5 x 104 sand and gravel

Earth Resistances by G.F. Tagg, First Edition, 1964, Pitman Publishing Corp., New
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Fig. 2. Actual-size etching-and-drilling guide for fabricating printed-circuit

board for project.

basic project with the piezoelectric
buzzer located local to the project it-
self. The onein Fig. 4 is for wiring the
project so that arelay switches power
on and off to a remotely located
buzzer, klaxon horn or to a second
relay whose contacts feed ac line
power to an automatically operated
water pump.

Once you decide on the version of
the project you will be building, ori-
ent the blank pc board in front of you
asshownin either Fig. 3 or Fig. 4. Be-
gin populating the board by install-
ing and soldering into place the soc-
kets for ICI and IC2. Do not plug the
ICs into the sockets until after you
have conducted voltage checks and
are certain that the project is proper-
ly wired.

Continue wiring the board by in-
stalling and soldering into place any
wire jumpers specified (one in Fig. 3,
threein Fig. 4). These jumpers are la-
beled with ‘‘JU’’ prefixes in both
cases. Use bare solid hookup wire for
the jumpers.

Next, install and solder into place
the various resistors, then the capaci-
tors and diodes. Make certain that
the diodes and electrolytic or tanta-
lum capacitor C3 are properly polar-

ized before soldering any leads into
place on the bottom of the board. If
you are wiring the Fig. 4 version of
the project, note that JU2 and JU3 re-
placeresistors R7 and RS, respective-
ly, in Fig. 3. Also, eliminate R6 alto-
gether in this version.

Making absolutely certain that you
properly base them, wire transistors
Q! and Q2 into the Fig. 3 circuit. If
you are assembling the Fig. 4 version,
install only Q7 and replace Q2 with
the coil leads of the relay, as shown.
Then plug the relay’s contacts into
the two holes labeled RLY and solder
into place.

Install the audio coupling trans-
former in the T1 location. Plug its
leads into the color-coded holes pro-
vided for them in the board and sol-
der them into place.

Strip % inch of insulation from
both ends of four 5-inch-long hook-
up wires, preferably with color-
coded insulation. If you are using
stranded wire, tightly twist together
the fine conductors at both ends of
all wires and sparingly tin with solder.

Plug oneend of these wires into the
holes labeled E1, E2, v+ and V- in
Fig. 3 and solder all four connec-
tions. Plug the free ends of the black-
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red- and blue-insulated leads from
the piezoelectric buzzer into the holes
in the circuit-board assembly labeled
PZBK, PZR and PZBL holes, respec-
tively, and solder into place.

If you are wiring the Fig. 4 version,
prepare the same number of 5-inch-
long wires. Also prepare in the same
manner two 8-inch- and one 3-inch-
long wires. Twist together one end of
one 5-inch and the 3-inch wires and
then lightly tin the bundle with sol-
der. Do the same with the other
8-inch and another 5-inch wire.

Plug the bundle with the 3-inch
wire in it into the hole labeled v + and
solder into place. Similarly, plug the
other bundle into the hole labeled v
and solder it into place. If necessary,
slightly enlarge the holes to accom-
modate the double-thickness bun-
dles. Route the free end of the 3-inch
wire to the indicated RLY hole and
solder it into place.

Plug one end of the remaining
8-inch wire into the other RLY hole
and solder it into place. Then plug
one end of the remaining two 5-inch
wires into the holes labeled E1 and E2
and solder into place.

Now turn over whichever version
of the circuit-board assembly you
wired and inspect it. If you discover
any questionable solder connections,
reflow solder on them and add solder
if needed to assure mechanically and
electrically solid connections. If you
missed any connections, solder them
now. Also, check for solder bridges,
especially between the closely spaced
IC pads. If you locate any, remove
them with desoldering braid or a vac-
uum-type desoldering tool.

Select a suitable enclosure for your
project. This can be of any construc-
tion, but make sure it is large enough
to accommodate the circuit-board
assembly and whatever else will be
contained inside it and on its panels.
For example, you need a much larger
enclosure for the Fig. 3 version,
which includes a bulky battery, than
you need for the Fig. 4 version.

Machine the enclosure as needed.
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Fig. 3. Wiring guide for basic version of project’s pc board.

That is, drill mounting holes in the
floor panel for the circuit-board as-
sembly and battery holder, the latter
if used. Also drill through the front
panel a mounting hole for PUSH TO
TEST switch SWI and a mounting
hole for the piezoelectric buzzer in
the top panel. Finally, you must cuta
slot in which to mount a four-posi-
tion spring-type terminal board in
the rear panel. After machining the
enclosure, deburr all sharp edges
made in metal.

Mount the battery holder into
place using suitable machine hard-
ware. (Note: You need a four-cell
holder for D-size cells. If you use a
lantern battery, make some arrange-
ment to secure it in place to prevent it
from moving around.) Then mount
the circuit-board assembly into
place, using %-inch spacers and 4-40
or 6-32 X %-inch machine screws,
nuts and lockwashers. Mount the
switch in its hole and the terminal
board in its slot.

Crimp one lead of the R9 resistor
to the lug of the terminal board near-
est the switch. Crimp the free end of
the wire coming from hole E2 to the
same terminal board and solder the
connection. If necessary, use insu-

lated hookup wire to lengthen the
other lead of the resistor to make it
long enough to reach the near lug of
the switch. Crimp and solder this
wire to the switch lug.

Next, prepare another hookup
wire to bridge from the next lug of the
terminal board to the other lug of the
switch. Crimp the wire to the switch
lug and solder the connection. Lo-
cate the free end of the wire coming
from the Et hole in the circuit board
assembly and crimp and solder this
wire and the free end of the wire com-
ing from the switch to the indicated
terminal-board lug (see either draw-
ing in Fig. 5).

Observing proper polarity, crimp
and solder the free ends of the v+
and V- wires coming from the cir-
cuit-board assembly to the lugs on
the battery holder, or terminate them
at the appropriate terminals of the
lantern battery, if used. If you built
the Fig. 4 version of the project,
route the free ends of the v - and in-
dicated RLY wires to the indicated
lugs of the terminal board. Making
sure to observe which wire goes
where, crimp and solder the wires to
the lugs.

For the Fig. 3 version, use suitable

Fig. 4. Wiring guide for optional remotely located

buzzer version.

hardware, silicone adhesive or fast-
set epoxy cement to secure the piezo-
electric buzzer to the top panel of the
enclosure. Also, you might want to
consider placing an spst slide or tog-
gle switch between the positive (+)
lead of the battery and indicated cir-
cuit-board assembly hole to allow
you to turn on and off power.

If you opted for ac powering of the
project, eliminate the battery. In-
stead, drill another hole in the rear
panel of the enclosure to accom-
modate a jack that matches the plug
on the end of the cable coming from
the plug-in wall-type power supply.
Mount the jack in the hole and con-
nect and solder the v+ and V- wires
to the lugs of the jack. Make certain
you observe proper polarity.

Checkout

With the ICs still not installed in their
sockets, power up the project. That
is, make the connections to the bat-
tery (and set the POWER switch to
‘“‘on’’) or plug the ac-operated dc
power supply into the jack on the rear
of the enclosure and plug the supply
into a convenient ac outlet.

To perform voltage checks, you
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Fig. 5. Wiring details for local piezoelectric buzzer (upper) and remote relay (lower) versions of project. Note that
both versions show battery powering, which can be replaced with a plug-in wall-type dc power supply.

need a dc voltmeter or a multimeter
set to the dc-volts function. Clip the
common lead of the meter to a con-
venient point that is at circuit ground.
The ground lead of CI or C2 will do
fine. Then touch the tip of the ‘‘hot’’
probe to the receptacle for pin 14 of
each IC socket in turn. You should
observe a meter reading in both cases
of approximately +6 volts. If not,
power down the circuit and rectify
the problem before proceeding.
Once you are certain that the pro-
ject has been properly wired, power

e e

it down and install the ICs in their
respective sockets. Practice safe
handling procedures for these two
CMOS devices. Also, make sure that
each IC is properly oriented and that
no pins overhang the sockets or fold
under between ICs and sockets as you
push them home.

Use a dry-transfer lettering kit or
tape labeler to apply identifying leg-
ends near the terminals of the termin-
al board. If you use dry-transfer let-
tering, protect the terminal board
with masking tape and spray two or
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more light coats of clear acrylic to
protect the legends. Allow each coat
to dry before spraying on the next.
Now prepare the sensor tape. Be-
fore doing this, however, you must
be aware that the tape has a charac-
teristic capacitance of about 24 pico-
farads per foot. This limits its maxi-
mum length to less than 100 feet,
which should be more than sufficient
for most applications. With this in
mind, cut the tape to the length need-
ed. Then carefully separate about 2
inches of alternate wire conductors
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from the bundle by routing them in
different directions. That is, bend all
odd-numbered conductors toward
you and all even-numbered conduc-
tors away from you. This will keep
the tape from shorting out. Use an
ohmmeter to check your progress
during this operation.

Tightly twist together all wires in
each bundle. At this point, you can
simply tin with solder each bundle of
wires. Connect each bundle to the
project via the TO SENSOR contacts
on the terminal board.

Installation

Bear in mind that resistors R2and R3
limit the current applied to the water-
sensing tape and, thus, determine the
sensor’s sensitivity when water forms
a conductive path across the elec-
trodes. When the tape is dry, full ac
voltage reaches the D/ through D4
bridge rectifier. In most parts of the
country, fresh ground water or po-
table tap water contains enough re-
sistance to add up to between 1,000
and 3,000 ohms across the electrodes
of the sensing tape.

Water contacting the tape forms a
voltage divider with R2 and R3. As
has been detailed above, detection
potential for UIC is approximately
33 percent of the power-supply volt-
age. Hence, to use the sensor with a
high-resistance liquid, such as dis-
tilled water, you can increase the val-
ues of these two resistors to increase
the project’s sensitivity. If you in-
crease the values of these two resis-
tors to 100,000 ohms each, skin resis-
tance will activate the alarm when
you touch the electrodes.

You can also reduce the values of
R2 and R3, but power consumption
will increase commensurately when
the electrodes in the sensor tape are
shunted because the lower circuit re-
sistance more heavily loads down the
transformer.

Use only plastic tape to install the
sensor cable in the selected location.
Do not use metallic staples, screws or
nails to secure the tape in place.
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These will only short-circuit the sen-
sor tape and defeat the purpose of the
project,

If you built the Fig. 4 version of the
circuit-board assembly and plan to
use it to activate an external relay to
sound a remote klaxon horn or turn
on a water pump, do not pass ac line
current through' the contacts of the
relay on the board. To do so will pre-
sent a dangerous shock hazard, not
to mention that the high current
drawn by the load may fuse the re-
lay’s contacts permanently closed.

When installation is complete,
power up the project. If at this point
the alarm sounds continuously, there
is something wrong with circuit wir-
ing, or the electrodes in the tape sen-
sor are shorted together.

To check for proper circuit opera-
tion, use an oscilloscope or logic probe
to check for the presence of a square
wave at the transformer’s primary by
monitoring pins 10 and 12 of U]/. If
the dc potential at pin 5 of U/ is low,
test DI through D4 for excessive
leakage current. Replace any diode
that shows excessive leakage.

Check for a square wave of one-
quarter of the oscillator frequency at
pin 1 of U2 and one-half the oscilla-
tor frequency at pin 13 of U2. Final-
ly, check the oscillator output at pin 8
of Ul (note that checking the oscilla-
tor output at this pin with a x1
scope probe may load down the cir-
cuit and change the frequency of the
oscillator).

If no oscilloscope is available, you
can use an audio signal tracer to fol-
low the oscillator signal through the
divider chain.

Once your Wide-Coverage Water
Detector Alarm is operating as it
should, turn it on and leave it pow-
ered continuously. Now, whenever
you hear the alarm sound, you will
know it is time to take remedial ac-
tion to prevent water damage to your
home and persuasions. If you incor-
porated a water pump, this will auto-
matically turn on and attempt to
keep the protected area from flooding.
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Project

Variable-Load Box &
Power-Transistor Tester

Lets you check the regulation and set current limits of
your dc power supply. Also checks the operating
condition of npn and pnp bipolar power transistors.

By David H. Bevel

equipment or do serious experi-
menting, a device for checking
the regulation of your d¢ power sup-
ply and condition of power bipolar
transistors can be very handy to have
on your testbench. When available as
a commercial product, such a spe-
cialty device is likely to be very ex-
pensive. However, you can build the
Variable-Load Box/Power-Transis-
tor Tester described here at relatively
low cost.
This accessory does double duty as
a variable load for low-voltage dc
power supplies and for testing both
npn and pnp bipolar power transis-
tors. As a variable load, it lets you
check your dc¢ power supply’s output
for proper voltage regulation at the
specified current. ‘‘Device Under
Test’” (DUT) sockets allow you to
test bipolar power transistors. Oper-
ated in this mode, the project uses the
test transistor as the power supply
load and operates as a go/no-go indi-
cator of the dc current-handling abil-
ity of the transistor.

I f you test and repair electronic

About the Circuit

Shown in Fig. 1 is the schematic dia-
gram of the basic circuitry used for
the Variable-Load Box/Power-Tran-
sistor Tester. The power supply con-
nects to the input of this accessory via
color-coded binding posts. A single-
ended positive (+) output supply

connects to the project via BPI (+)
and BP3 (GND). A single-ended nega-
tive ( — ) supply connects to the proj-
ect via BP2 (—)and BP3 (GND). A bi-
polar supply connects via all three
binding posts, in the proper polarities.

When LOAD control R2 is varied, it
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CURRENT
CONTROL

changes the voltage that appears at
the base of bias transistor Q7 or Q2.
Which of these two transistors is the
recipient of this voltage depends on
the setting of NPN/PNP switch section
S1B. If NPNis selected, Q! is the reci-
pient, and vice-versa.
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Fig. 1. Complete schematic diagram of basic Variable-Load Box/Power-Transistor Tester.

Anyincrease inthe drive voltage to
the base of the selected transistor re-
sults in an increase in the transistor’s
forward bias. Conversely, any de-
crease in base drive voltage results in
a decrease in forward bias. Whether
increase or decrease, the result causes
a shift in the voltage ratio across the
bias transistor and load resistor for
the selected transistor (R4 or RS).
This varies the base bias of the tran-
sistor plugged into DUTI or DUT2
socket SO/ or SO2, whose internal
resistance is increased or decreased.
The magnitude of the load placed on
the external power supply is changed
accordingly.

At S volts, current is limited to
about 3 amperes. At 15 volts, the out-
put current should approach or even
exceed 10 amperes. To increase the
current-sink capability of the circuit,
the values of R/ and R3 can be de-
creased, or these resistors can be re-
moved altogether from the circuit. If
you do remove these resistors, keep
in mind the power rating of R2 and

PARTS LIST

Semiconductors

IC1*—ICL7106CPL LCD panel-meter
decoder/driver (Intersil)

Q1—=2N5632 or similar silicon npn
power transistor

Q2—2N4904 or similar silicon pnp
power transistor

Capacitors

C1,C2,C4*—0.01-uF ceramic disc

C3*—100-pF ceramic disc

C5*—0.047-uF Mylar or ceramic disc

C6*—0.22-uF Mylar or ceramic disc

C7*—25-uf, 25-volt electrolytic

Resistors (5% tolerance)

R1,R3—1,000 ohms, 2 watts

R4,R5—10 ohms, 10 watts

R6—0.3 ohm, 50 watts

R7*—0.1 ohm, ] watt, 5% tolerance

R8*—100,000 ohms

R10*—24,000 ohms

R11*—470,000 ohms

R12,R13*—1 megohm

R2—1,000-ohm linear-taper panel-
mount potentiometer

R9*—20,000-ohm pc-mount trimmer
potentiometer

Miscellaneous

B1*—9-volt battery

BP1,BP2 BP3—Five-way binding
post (one each red, green and black—
see text)

F1,F2—10-ampere slow-blow fuse

MI1—10-ampere dc¢ panel-mount am-
meter (see text)

S1—8pdt switch

S2—Dp3t switch

S3—Spst toggle or slide switch

SO1,S0O2—Power-transistor socket
(see text)
Four-decade LCD module with 2-
volt full-scale range (see text)*; print-
ed-circuit board or perforated board
with holes on 0.1-inch centers and
suitable Wire Wrap or soldering
hardware (see text)*; socket for IC1*;
suitable enclosure (see text); transis-
tor heat sink; bayonet-type fuse hold-
ers (2); snap connector for B1*; con-
trol knobs for S1, S2 and R2; dry-
transfer lettering kit and clear acrylic
spray; machine hardware; hookup
wire; solder; etc.

*Components for optional digital panel me-

tering system; see text.
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Fig. 2. An optional digital numeric display circuit that can be used in place of analog meter movement shown in basic
circuit. This circuit connects to main project via two leads that bridge points A and B in both circuits with each other.
Eliminate analog meter movement from basic circuit when using this optional metering system.

all other passive components in the
circuit when using the project at
higher voltages.

The circuitry shown is easy to
modify to suit particular needs. For
example, you could replace the single
fixed values shown for R/ and R3
with several different values for each
leg of the circuit and a multiple-posi-
tion switch to select from among the
various values. Of course, to be able
to do this, the values selected for
both legs should be the same.

Another thing you might want to
keep in mind when using a power
supply that has a 12-volt or greater
output is to current-limit the supply
to no more than 10 amperes if it is
capable of delivering more than this.
This is to obviate ‘‘pegging’’ the
pointer on ammeter M. Alternative-
ly, you can substitute another analog
metering system for the 10-ampere
movement specified. A better alter-

e e e

native is to replace the analog meter-
ing system with the optional digital
metering scheme shown schematical-
ly in Fig. 2. This digital system has a
20-ampere range, which should be
more than sufficient for all but a very
few power-supply applications.

As you can see in Fig. 2, the op-
tional digital metering system is ba-
sically a simple arrangement. It con-
sists of a specialized integrated cir-
cuit that converts the analog input
applied across points A and B into a
binary-coded signal that can be di-
rectly displayed on the three-decade
LCD display. This circuit is powered
by its own 9-volt battery, B/, whichis
switched in and out of the circuit via
switch section S2C.

Construction

Unless you are planning on using this
project for testing power supplies
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only, you must plan on incorporating
transistor test sockets for SO/ and
SO2. The best type to use is molded
into a single body that has a mount-
ing hole in the middle, such as RCA’s
No. KH3403 or Keystone Electron-
ics’ Nos. 4513 through 4516.

The mounting hole in the socket
may have to be countersunk, along
with the mounting hole drilled in the
enclosure to ensure that the mount-
ing screw is flush with the surface of
the enclosure. This allows the heat
sink to lie flat on the surface of the
enclosure and obviates interference
by the hardware.

When mounting the DUT sockets
in place, be sure to use an insulating
washer between sockets and retain-
ing nuts if there is any possibility of
the nuts making contact with the
metal surface of the sockets. This
metal surface is connected to the
socket contact for the collector of
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any transistor under test.

In selecting an enclosure and heat
sink, a point to remember is the
amount of sustained current you
plan on using. If a large sustained
current is planned upon, a large heat
sink and a muffin cooling fan are
probably in order and should be in-
corporated into the project. These,
as well as the project circuitry, will
dictate the size and shape of enclo-
sure you will have to use.

As you can see in the interior view
of the finished project, all compo-
nents of the basic circuitry mount di-
rectly on the panels of the enclosure,
without need for a circuit board. Of
course, if you decide to incorporate
the digital display in place of the ana-
log meter movement, you will haveto
assemble the circuitry for this on a
circuit board.

If you wish, you can design and fa-
bricate a printed-circuit board on
which to mount the various compo-
nents that make up the optional digi-
tal display system. Otherwise, use
any small piece of perforated board
that has holes on 0.1-inch centers and
suitable Wire Wrap or soldering
hardware to assemble and wire to-
gether the components for the cir-
cuit. Also, whichever means you use,
plan on using a socket for /C1.

Just about any ready-to-use LCD
panel meter that is set up to give a
2-volt full-scale readout can be used
for the digital-display system.

Plan your component layout care-
fully before machining the enclosure
that will house the project. A typical
layout for a sloping-panel ‘‘instru-
ment’’ enclosure is shown in the lead
photo. The view shown is from di-
rectly above the project. The three
color-coded binding posts are
mounted on the rear panel; the pow-
er-transistor heat-sink/socket as-
sembly is on the flat top panel; and
the optional digital display, fuse
holders and operating controls are on
the sloping ‘‘front’’ panel.

Once you have the layout planned,
machine the enclosure as needed. If

P—
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you have decided to use the optional
digital panel meter, make the rectan-
gular slot for mounting it in place
just large enough to permit the plas-
tic bezel that surrounds the LCD win-
dow to pass through. A nibbling tool
comes in handy for this operation.
When you have finished machin-
ing the enclosure and testing the vari-
ous components for proper fit, de-
burr all holes and the LCD display
slot to remove sharp edges. Then
spray paint the enclosure, if needed.
When the paint has completely dried,
label the panels with appropriate leg-
ends, using a dry-transfer lettering
kit. Protect the legends with two or
more light coats of clear spray acryl-

ic. Allow each coat to dry before
spraying on the next.

Mount the various components in
their respective locations. Make ab-
solutely certain that output binding
posts BPI and BP2, which connect to
the ‘“‘hot’’ voltage outputs of the
power supply with which the project
is to be used, do not electrically con-
tact the metal of the enclosure. Use
the fiber hardware supplied with the
binding posts to assure this.

Wire the optional digital display
circuit into the main circuit. This re-
quires only two connections to be
made. Connect a wire from point A

(Continued on page 80)

Fig. 3. Interior view of of wired project, including installation of optional digital
metering circuitry.
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Project

An Infrared-Detector
Event Counter

Multiple-application project tallies the number of
events it detects and displays the running total on a

digital numeric display

By Jan Axelson

n event counter is a device
that counts how many times
something occurs. An ex-

ample is the odometer in a car, which
counts how many miles the car has
traveled; another is a turnstile with a
counter that keeps track of how
many people have passed through it.
An event counter might also count
objects passing by on a factory con-
veyer belt. No matter what the appli-
cation, all event counters include a
means for detecting the desired oc-
currences, a counter to tally them and
a means for displaying the results.

In this article, we describe an event
counter that counts the number of
objects that pass through an infrared
beam. Each time something passes
between the transmitting and receiv-
ing elements and interrupts the
beam, an event is counted. You can
use this Event Counter for any of a
number of applications. Because the
infrared beam is invisible, it can be
used unobtrusively.

About the Circuit

Shown in Fig. 1 is the complete sche-
matic diagram for the Event Counter’s
transmitter circuitry. This circuit is
powered by BI and B2, two 1.5-volt
cells in series. Low-power TLCS555
timer IC1 is configured as a 40,000-
Hz oscillator. This oscillator controls
infrared-emitting diode IRED1.

#

When pin 3 of ICI goes low, tran-
sistor QI switches on, turning on
IREDI. Conversely, when pin 3 goes
high, Q1 is cut off and JREDI ceases
transmitting IR energy. Charging of
CI through RI and R2 determines
how long pin 3 is high during each os-
cillation period, and discharging of
CI through R2 determines how long
pin 3 is low.

The value of R2 is chosen so that
IREDI is on for about 2 microsec-
onds in each cycle. Potentiometer R/
isadjusted sothat IRED] is off for 23
microseconds of each cycle. Thus,
the total period is 25 microseconds.
By pulsing on IREDI only briefly,
battery power is conserved while pro-
viding a strong transmitted signal.

Resistor R4 limits the current
through /IREDI to about 140 milli-
amperes. Because /JREDI is on for
just a small portion of each cycle, av-
erage current drain is well below the
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maximum allowable average current
for a typical IR-emitting diode. Base
current for QI is limited by R3, and
C2 is recommended for power-sup-
ply decoupling.

A way is now needed to detect the
IR beam and count how many times
it is interrupted. Shown in Fig. 2is a
wiring diagram for the Event Count-
er’s receiver, count and display sec-
tions. As you can see, most of the re-
ceiver circuitry is contained inside
module MODI. This integrated
module contains all the circuitry
needed to detect the IR beam. A sec-
ond module, shown as MOD2 con-
tains the circuitry that counts the
number of times the beam is inter-
rupted and shows a running count of
that number in its digital display.

Battery cells B3 through B6 power
the receiver circuit. Half of dpst
switch S2 connects B6 to MOD2,
which requires just 1.5 volts. The
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other half of S2 connects B3 through
B6 to the circuitry in MOD].

Module MOD] is a GP1US52X in-
frared receiver/demodulator and is
available from Radio Shack (Cat.
No. 276-137). The module was de-
scribed in Forrest Mims’ ‘‘Electronic
Notebook’’ column in the February,
1989 Modern Electronics.

Conveniently, the GP1U52X con-
tains an optical filter, photodiode,
preamplifier, limiter, bandpass fil-
ter, demodulator, integrator and
comparator in one package. If you
were to attempt to build all of this cir-
cuitry using op amps and other com-
ponents, you would be tackling a ma-
jor project in itself.

A PIN photodiode with peak sen-
sitivity in the near-infrared range
(980 nanometers) is used as the de-
tecting element built into MODI. In-
frared energy striking this element
causes the photodiode to develop a
current that is used to drive the input
of the module.

To prevent the photodiode from
responding to signals outside the IR
band, an optical filter blocks visible
light. Additionally, a bandpass filter
rejects signals that are not oscillating
at or near 40 kHz. This helps to pre-
vent the module from responding to
‘“stray’’ IR energy that is not at the
40-kHz frequency of the signal gen-
erated by the transmitter.

Just three connections are required
for MODI: anoutputatpinl,a +5-
voltinput at pin 2 and a ground input
at pin 3. Its S-volt supply is regulated
by 5.1-volt zener diode D/. Battery
B3 through B6 applies 6 volts to the
series combination of RS and DI,
with avalanche current holding the
potential across D/ at about 5 volts.
Current limiting for the zener diode
is provided by RS.

Pin 1 of MODI responds to the
presence of IR energy oscillating at a
frequency of about 40 kHz. This pin
is low when such a signal is detected.
At all other times, it is high.

Module MOD?2 is an integrated
counting module, also available
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Fig. 1. Complete schematic diagram of the Event Counter’s transmitter.

from Radio Shack (Cat. No. 277-
302) that contains a five-decade li-
quid-crystal display, counter circuit
and battery holder. Solder pads
along the top of the module permit
easy connection to GROUND, RESET,
COUNT, +1.5 VOLTS and TONE OUT-
PUT. An AA cell clips directly into a
holder on the back of the module. Al-

ternatively, youcan wire another 1.5-
volt source to pins 1 and 4. With an
average current drain of the module
of just 4 microamperes, the single
AA cell should last a very long time.

The displayed count increments
each time pin 3 of MOD?2 goes high.
In Fig. 2, the count is controlled by
pin 1 of MODI, with transistor Q2

PARTS LIST

Semiconductors

D1—5.1-volt zener diode

IC1—TLC555 or equivalent low-power
timer (see text)

IRED1—Infrared-emitting diode

Q1—2N4403 or similar general-pur-
pose pnp transistor

Q2—2N2222 or similar general-pur-
pose npn transistor

Resistors (Y-watt, 5% tolerance)

R2—3,300 ohms

R3—1,000 ohms

R4—10 ohms

R5—33 ohms

R1—50,000-ohm pc-mount
tiometer

poten-

Capacitors

CI—0.001-yF, 15-volt polyester or
other timing capacitor

C2—1.0-pF, 15-volt tantalum

Miscellaneous

B1 thru B6—1.5-volt cell (AAA, AA,C
or D—see text)

MODI1—GP1US52X infrared receiver/
demodulator module (Radio Shack
Cat. No. 276-137 or similar—see text)

MOD2—Electronic LCD counting
module (Radio Shack Cat. No. 277-
302 or similar—see text)

S1—Spst toggle or slide switch

S2—Dpst toggle or slide switch

S3—Normally-open momentary-con-
tact spst pushbutton switch
Suitable enclosures; battery holders;
panel-mount LED holder; eight-pin
socket for IC1; printed-circuit board
(or perforated board with holes on
0.1-inch centers, suitable Wire-Wrap
or soldering hardware—see text); let-
tering kit (see text); machine hard-
ware; hookup wire; solder; etc.
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Fig. 2. Wiring diagram for the Event Counter’s receiver and counter system. Cir-
cuitry appears to be very simple because MOD1 and MOD2 are pre-assembled

modules containing all circuitry required to perform the given functions.

providing an interface between the
two modules. When pin 1 of MOD/
is low, Q2 is held in cutoff and pin 3
of MOD?2 has no voltage applied to
it. When pin 1 of MODI is high, Q2
switches on, which provides a low-re-
sistance path between pin 3 of MOD?2
and 1.5 volts.

To set up the Event Counter for
operation, the transmitter and re-
ceiver units must be positioned so
that the beam from J/REDI in the
transmitter strikes the detecting di-
ode on MOD? in the receiver. When
MODI detects the beam, its pin 1
goes low and remains in that state un-
til something interrupts the beam.
When this occurs, pin 1 of MODI
goes high and causes the display to
increment one count. When the beam
path s restored, pin 1 of MOD2 goes
low again and waits for the next
beam interruption. Pressing momen-
tary-action switch S3 resets the count
to all zeros.

As an aside, counting module
MOD? is useful for many projects
besides this one. For a simple, manu-
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ally operated counter, eliminate
MODI, B3 through B35, Q2, RS and
D1IinFig. 2, and connect a normally-
open pushbutton switch across pins 3
and 4 of MOD?2. Alternatively, use a
magnetic or other type of switch to
trigger the count. To hear a ‘‘beep”’
tone each time an event is counted,
connect a speaker across pins 5 and 1
of MOD2.

Construction

There is nothing critical about com-
ponent layout or conductor runs.
Therefore, you can use any wiring
technique that suits you to wire to-
gether the two circuits. If you wish,
you can lay out and fabricate a
printed-circuit board for the trans-
mitter circuit. Alternatively, you can
use perforated board that has holes
on0.1-inch centers and suitable Wire
Wrap or soldering hardware. For the
receiver, you have the option of
mounting the very few discrete com-
ponents on a small perforated board
or a multiple-lug terminal strip.
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This project requires two enclo-
sures—one for the transmitter and
the other for the receiver. Modules
MOD] and MOD2 are available
from Radio Shack (see Parts List).
Other sources may offer similar
modules that can be used in circuits
similar to the ones described here. All
other components are readily avail-
able. A low-power TLC555 timer is
specified for ICI in the transmitter
module. You can substitute another
low-power timer chip, such as the
XR-L555, but do not use a bipolar
555 because it requires a minimum
supply of 4.5 volts. Also, use a socket
for IC1 when assembling the trans-
mitter circuit.

You can use AAA, AA, Cor D
cells for B/ through B6 in both cir-
cuits. Of course, the larger cells pro-
vide longer operating life, but require
more enclosure room. Smaller cells
will deliver a respectively long life if
they are used.

Items that mount directly on the
enclosures include IREDI, MODI,
MOD?2 and S/ through S3. As you
plan placement of JREDI and
MODI, align them so that JREDI/
and theround ‘‘eye’’ of MODI are at
the same height when the enclosures
are in their normal orientations, as
shown in Fig. 3. Exact height is not
critical, but the same for both ele-
ments is.

Do not use the battery holder on
MOD:? in the receiver for B6. This
holder does not provide a means for
turning off the module. Instead, use
a single holder for B6 and wire it in
series with holders for B3, B4 and B35,
or solder a wire that taps off the posi-
tive (+) terminal of B6 from a four-
cell holder for B3, B4 and B5. Note
that B6 is the last cell in the series ar-
rangement; its negative ( — ) terminal
connects directly to ground.

In Fig. 4(A) and (B) are shown the
insides of completed transmitter and
receiver units, respectively. Begin
construction of these by cutting two
small pieces of perforated circuit
board (or use a home-fabricated pc
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Fig. 3. An infrared-emitting diode on the transmitter beams infrared energy to
the receiver’s infrared detector.

board for the transmitter unit), one
for IC1I and its associated circuitry in
the transmitter, and the other for RS,
DI and Q2 in the receiver.

Using Fig. 1 as a guide, wire the
transmitter circuitry. Before install-
ing potentiometer R/, use an ohm-
meter to adjust it for about 30,000
ohms between the center and either
outer lugs. Wire these lugs to pins 7
and 8 of IC/. Then wire the third lug
to the wiper lug of the pot.

Mount IRED]! and S/ directly on
the enclosure and wire them to the
circuit-board assembly using short
lengths of insulated hookup wire
with % inch of insulation stripped
from each end. Wire the battery
holder for B/ and B2 to S/ and
ground on the circuit-board assembly.

To wireto MOD2, remove the four
small mounting screws on its front.
Carefully lift off the back of the
module to expose a set of seven sol-

der pads along the top of the circuit
board. Cut four short lengths of
hookup wire, strip % inch of insula-
tion from one end and % inch from
the other end of each. Solder the ends
from which !4 inch of insulation has
been removed to pads 1 through 4 on
the module. Pad 1 is the right-most
when the module is face down. (This
is the pad nearest the most-signifi-
cant digit on the display.) When you
are finished, replace the back of the
module and reinstall the screws.

On the receiver unit’s circuit
board, insert R5, DI/ and Q2, and
wire the circuitry as shown in Fig. 2.
Use the wires you soldered to MOD?2
to make the connections. Then use
short lengths of hookup wire to make
the connections to MODI, both
halves of S2, S3 and the battery
holder(s).

Prepare the transmitter’s enclo-
sure by making holes for mounting
the clip for JREDI and S/. The re-
ceiver’s enclosure requires holes for
MOD!, MOD2, S2 and S3. The rec-
tangular slot for MOD/ can be made
by drilling a %-inch hole and then us-
ing a nibbling tool to enlarge this to
the appropriate size. The module
slides into its hole with its detecting
diode facing out, so that the face of

Fig. 4. (A) A small circuit board accommodates most of

the transmitter’s components, with the IR-emitting diode

mounting directly on the enclosure. (B) Counting module
and IR receiver mount on the receiver’s enclosure.
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the module is flush with the outside
of the enclosure. From there, you can
use clear fast-setting epoxy cement to
secure the module in place later on
when you are directed to do so.

To install MOD2, cut a rectang-
ular slot just large enough for the
raised display panel to fit through.
The nibbling tool comes in handy for
this operation as well. Then drill four
small holes to match the locations of
this module’s mounting screws. In-
stall MOD2 by again removing its
four screws, inserting the module
from the inside of the enclosure into
its prepared opening, and reinstalling
the screws through the enclosure into
the module. Also, drill the mounting
holes for S2 and S3.

Label S/ on the transmitter and S2
on the receiver with the legends ON
and OFF and S3, also on the transmit-
ter, with the legend RESET. Use adry-
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transfer lettering kit, and protect the
legends with two or more light coats
of transparent spray acrylic (remove
or cover MOD] and MOD?2 while
spraying). If you use self-adhering
plastic tape labels, there is no need to
protect the legends.

When the acrylic spray has com-
pletely dried, install the circuit board
assembly in the transmitter enclo-
sure. Then mount the clip for IRED1
and S/ and insert B/ and B2 in the
battery holder. Wrap the battery
holder in nonconductive foam plastic
to hold and cushion it inside the en-
closure. Install the circuit-board as-
sembly (or terminal strip) inside the
receiver enclosure. Then mount S2,
S3, MOD2 (if it is not already in-
stalled) and MODI in place.

You can now cement MODI into
place by applying a bead of epoxy ce-
ment inside the enclosure where this
module meets the wall of the enclo-
sure. When the epoxy has fully set,
install B3 through B6 in their holders
and insert their holders, cushioning
them as needed.

Checkout & Use

Before use, the transmitter must
be adjusted for an output frequency
of 40kHzat pin 3 of ICI. If you have
a frequency counter or an oscillo-
scope, use it to measure the frequency
and adjust the setting of R/ until the
signal monitored at pin 3 of IC!
is at 40 kHz on the counter or dis-
plays a 25-microsecond period on the
oscilloscope.

If you do not have access to a fre-
quency counter or oscilloscope, ad-
just the frequency by the trial-and-
error method with the aid of a volt-
meter. With both enclosures open,
set the transmitter and receiver a cou-
ple of feet apart, with JREDI aimed
at the face of MOD/. Turn on both
units and measure the voltage from
the emitter of Q2 to ground.

If necessary, adjust the setting of
R1I until the measured voltage goes
low, indicating that a signal is being

detected. Continue adjusting R/ un-
til the voltage goes high (1.5 volts),
indicating that no signal is detected.
Then adjust the pot to about the mid-
dle of the range for which the voltage
is low. The measured value of R/ at
this point should be approximately
30,000 ohms, with some variation
caused by differences in the values of
R2and CI.

Now, each time you block the in-
frared beam from MODI, the count
in MOD2 should increment. Pressing
S3should reset the displayed count to
zero. If you experience any problems
with your circuits, power down and
carefully check over your wiring
against Fig. 1 and Fig. 2.

When your Event Counter is func-
tioning as it should, move the trans-
mitter and receiver farther apart to
determine how well the counter func-
tions over greater distances. With
careful aiming, interruptions of the
IR beam should result in positive
counting over distances of 10 feet or
more. If you adjusted the transmit-
ter’s frequency by trial and error,
you may discover that fine-tuning R/
with the transmitter and receiver far-
ther apart will yield greater range.

You also can experiment with in-
creasing the range by using a smaller
value for IREDI current-limiting re-
sistor R4. Doing this increases the
power of the transmitted beam,
though the tradeoff will be faster bat-
tery depletion. Alternatively, for an
Event Counter that operates over a
short distance, you can get by with a
larger value for R4 and correspond-
ingly longer battery life.

As you experiment with your
Event Counter, keep in mind these
characteristics of counting module
MOD?2: Maximum count frequency
is 7 Hz, which means that if more
than seven objects pass through the
beam per second, not all may be
counted. Also, debouncing circuitry
in MOD?2 helps to keep the counter
from responding to brief stray sig-
nals detected by MODI while the
beam is blocked. ME
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Technology

Designing Oscillators

A primer on designing sine-wave audio oscillators

By Joseph J. Carr

scillators are commonly
used in all types of elec-
tronic circuits to accom-

plish different things. In analog cir-
cuits, the sine-wave oscillator domin-
ates. It is important, therefore, that
you gain athorough grounding in de-
signing sine-wave oscillators. In this
article, our focus is on audio-fre-
quency oscillators in which resis-
tive/capacitive elements are used as
the frequency-determining devices.

Basic Theory

A feedback oscillator, such as the
one diagrammed in Fig. 1, consists of
an amplifier that has an open-loop
gain of A, and a feedback network
with gain function B. This is called a
““feedback’’ oscillator because the
output signal from the amplifier is
fed back to the input of the amplifier
via some type of network.

Figure 2 is a block diagram model
of the basic feedback oscillator. It
bears more than a superficial resem-
blance to a feedback amplifier. A
feedback oscillator is simply an am-
plifier in which special conditions
prevail. These conditions are com-
monly referred to as ‘‘Barkhausen’s
criteria for oscillation’’ and are
stated as follows: (1) Feedback volt-
age Vg must be in-phase (360 de-
grees) with input voltage V;,; and (2)
Loop gain BA,, must be at least uni-
ty (1) or greater.

The first of the Barkhausen crite-
ria means that the total phase shift
from the input to the output of the
amplifier, around the feedback loop,
must be 360 degrees or an integer (N)
multiple of 360 degrees.

node

Summation

Set

Feedback
network
B

Fig. 1. Elements of a basic feedback oscillator.

Any of many different devices can
be used as the amplifier. In some cir-
cuits, the active element is a com-
mon-emitter bipolar npn or pnp tran-
sistor. In other circuits, it is a junc-
tion field-effect transistor (JFET) or
metal-oxide semiconductor field-ef-
fect transistor (MOSFET). In older
equipment, the active element was a
vacuum tube. In the most up-to-date
of circuits, this device is most often
an integrated-circuit operational am-
plifier or other linear IC amplifier.

An inverting type of amplifier is
the most frequently encountered. Its
output is out-of-phase with its input
by 180 degrees. As a result, to obtain
the 360-degree phase shift required to
initiate and sustain oscillation, an ad-
ditional phase shift of 180 degrees
must be accomplished in the feed-
back loop. This phase shift must be
at only the frequency of oscillation.
If the network is designed to produce
this phase shift at only one frequen-
¢y, the oscillator produces a sine-
wave output at that frequency.

Before considering specific sine-
wave oscillator circuits, it is useful to
more closely examine Fig. 1. Several

things can be deduced about this cir-
cuit. The first is that

LVi = Vin + VF [1]
Rearranging Equation [1], you get
Vi = Vi- Ve [2]

Another thing that can be deduced
from the Fig. 1 circuit is that

Ve =BV, [3]
Vo = VoAval [4]

Continuing, the transfer function, or
gain, abbreviated A, is:

Av= VA [5]

Substituting Equations [2] and [4]
into Equation [5], you get

A, = ViAo//(V; - vF) [6]

Then, from Equation [3], Vg = BV,,.
Hence,

Ay = VA /(V; - Bvo) [7]

L= ——— e = _—— =3
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Fig. 2. Configuration of a three-stage RC network (A) for the RC phase-shift oscillator; the diagrammed phase-shift (B)
shown as a function of resistance; and capacitance and an oscilloscope display (C) of the input and output waveforms.

However, Equation [4] shows that
V, = ViA.o- So Equation [7] can
now be written as

A, = Ayol/(1 — BA,)) [8]
Dividing both numerator and de-
nominator by V;, you obtain

A= Ava/(1 — BAy) (9]

Equation [9] serves for both feed-
back amplifiers and oscillators.
However, in the special case of an os-
cillator in which V;, = 0, V, ap-
proaches infinity. Therefore, it is im-
plied that the denominator of Equa-
tion [9] must also be zero:

1 -B, =0 [10]

Thus, for feedback oscillation,

BA, =1 [11]

Because BA,,, is the open-loop gain
of the amplifier and feedback net-
work, Equation [11] meets Bark-
hausen’s second criterion.

Sine-Wave Oscillators

As their name implies, sine-wave os-
cillators generate a signal that is si-
nusoidal in shape. Such a signal is
ideally very pure. When perfect, this
signal’s Fourier spectrum contains
only the fundamental frequency and

—;—

no harmonics. Indeed, it is the pres-
ence of harmonics that gives a non-
sinusoidal waveform its characteris-
tic shape.

The active element in circuits de-
scribed in this article is an operation-
al amplifier. However, any linear
amplifier will work in place of the op
amp. The one circuit that illustrates
the principles most clearly is the RC
phase-shift oscillator. Therefore, we
begin our discussion with this circuit.

Stability in an oscillator circuit can
refer to several different phenomena.
Usually the first thing that comes to
mind is frequency stability. This re-
fers to the ability of the oscillator to
remain on the design frequency over
a period of time. Several different
factors affect frequency stability.
The most important are temperature
and power-supply voltage variations.

Amplitude stability is another fac-
tor. Because sine-wave oscillators do
not operate in the saturated mode (if
they did, the output signal waveform
would be an approximate square
wave), it is possible for minor varia-
tions in circuit gain to affect the am-
plitude of the output signal. Again,
the factors most often cited for any
problem in this area include varia-
tions in temperature and supply
voltage.

Variations in supply voltage are
usually overcome by use of a regu-
lated power supply for the circuit.
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Compensation for temperature vari-
ations is best achieved through either
use of a temperature-compensated
design or maintaining a constant op-
erating temperature.

Some variable sine-wave oscilla-
tors may exhibit amplitude varia-
tions in the output signal when the
operating frequency is changed. In
these, either a self-compensation ele-
ment is used or an automatic level
control circuit is used.

Yet another form of stability refers
to the purity of the output signal. If
an oscillator circuit exhibits spurious
oscillations, these will be superim-
posed on the output signal. As with
any circuit that contains an op amp
or any other high-gain linear amplifi-
er, it is necessary to properly decou-
ple the lines that provide dc power to
the circuit. It may also be necessary
to frequency-compensate the circuit.

RC Phase-Shift
Oscillator Circuit

A three-stage cascade resistor-capa-
citor network, such as shown in Fig.
2(A), is the basis of the RC phase-
shift oscillator. An RC network ex-
hibits a phase shift, as shown in Fig.
2(B), that is a function of resistance
R and capacitive reactance Xc. Be-
cause X is inversely proportional to
frequency (1/27FC), the resulting
phase angle is a function of frequency.
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Fig. 3. Circuit details for an op-amp
RC phase-shift oscillator.

Your goal in designing an RC
phase-shift oscillator should be to
create a 180-degree phase shift be-
tween the input and output of the
network at the desired frequency of
oscillation. Conventional practice is
to make each RC leg in the network
identical to obtain a 60-degree phase
shift. The result will be the required
180-degree phase shift. This ap-
proach is not arequirement as long as
the network you do use provides the
required 180-degree phase shift.

One reason for using identical
stages in the phase-shift network is
that it is possible for designs that are
not identical to operate at more than
one frequency for which the additive
phase shift will be 180 degrees. In a
case like this, undesirable multi-mo-
dal oscillations can result.

Shown in Fig. 2(C) are the input
and output waveforms of an RC net-
work in which three stages of 10,000
ohms and 0.01 microfarads were used
with an input frequency of 650 Hz.
Note the 180-degree phase shift in the
lower trace, and keep in mind that
the vertical input scale factors for
these two traces are different.

Peak-to-peak amplitude of the up-
per trace in Fig. 2(C) is 78.8 volts,
while peak-to-peak amplitude of the
lower trace is 0.268 volt, or %, of the
input level. This attenuation factor is
important in oscillator design be-
cause it establishes the minimum gain
requirement in the amplifier.

An operational-amplifier RC
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phase-shift oscillator circuit design is
shown in Fig. 3. Here, the cascade
phase-shift network composed of R/,
R2, R3, Cl, C2 and C3 provides 180
degrees of phase shift at a specific
frequency. Due to its configuration
as an inverting follower, the amplifi-
er provides another 180 degrees of
phase shift. Total phase shift, there-
fore, is 360 degrees at the frequency
for which the RC network provides
180 degrees of phase shift.
Frequency of oscillation for the
Fig. 3 circuit is given by the formula:

f = 1/Q7RC) [12]

where fis frequency in Hertz; R is re-
sistance in ohms and Cis capacitance
in Farads. It is common practice to
combine the constants in Equation
[12] to arrive at the simplified
expression:

f =1/15.39RC [13]

Because the required frequency of
oscillation is usually determined by
the application to which the oscilla-
tor is put, it is necessary to select an
RC time constant to force the oscilla-
tor to operate as needed. Also, be-
cause capacitors come in fewer stan-
dard values than do resistors, it is us-
ually the practice to select an arbi-
trary trial value of capacitance and
then select the resistance that will
cause the oscillator to produce the
correct frequency with the value of
capacitance chosen.

To make the calculations simpler,
it is prudent to express the equation
in a way that permits specifying capa-
citance C in microfarads. Equation
[13] is sometimes rewritten as:

R = 1,000,000/(15.39C,Ff) [14]

Attenuation through the feedback
network must be compensated for by
the amplifier if loop gain is to be uni-
ty or greater. At the frequency of os-
cillation, attenuation is %.. Because
loop gain must be unity, the gain of

amplifier A/ must be at least 29 to
satisfy AB = 1. For the inverting-fol-
lower shown, Rl = R and A, =
R4/R1. Therefore, R4 must be 29R
to meet Barkhausen’s criterion for
loop gain.

Wein-Bridge Oscillator

The Wein-bridge oscillator arrange-
ment shown in Fig. 4(A) is like sever-
al other well-known bridge circuits in
that it consists of four impedance
arms. The arms consisting of R/ and
R2 make up a resistive voltage divid-
er that produces a V1 potential of

V1 = V,.R2/(R1 + R2) [15]

The two remaining arms consisting

(B)

Fig. 4. Frequency-determining RC

elements (A) of a Wein-bridge oscil-

lator and oscilloscope display (B) in

which V,. and V2 for the circuit

in (A) are shown superimposed on
each other.
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Fig. 5. A typical Wein-bridge oscillator circuit configuration.

of ZI and Z2 are composed of com-
plex RC networks that each contain
one capacitor and one resistor. Im-
pedance Z! is a series RC network,
while impedance Z2 is a parallel RC
network. The voltage and phase shift

produced by the Z//Z2 divider are
functions of the R and C values and
applied frequency.

Figure 4(B) shows V,. superim-
posed on V2. Note here that V2 =
V,./3 and that V2 and V, are in-

Fig. 6. Waveform shows flattened-

peak result for a Weinbridge oscilla-

tor with gain slightly greater than re-
quired for stable oscillation.

phase with each other.

In Fig. S is shown the circuit for the
complete Wein-bridge oscillator.
The resistive voltage divider supplies
V1 to the inverting (—) input, while
V2 isapplied to the noninverting (+)

—A MV
W R1 DI
F02 w0 R3 6R,
-M\ . D2.¥, 2R,
¥ AN — AN
/ . Vour 9.8R
0.15R
! i ‘ % _1\1\ Te)
T c N / § R Vouv
z2
e 21 i_
3 =C
- R c
R
(A) I (B) =
R2 % R1
270 $2.7K
>+
3] VOur
1869 §R i Fig. 7. Three possible approaches to stabilizing the waveform
= =L c = amplitude of an oscillator: (A) with small-signal diodes D1 and
D2, which work on excessive negative and positive excursions;
(B) with back-to-back zener diodes D1 and D2 working togeth-
ciL . er; and (C) a small incandescent lamp in series with R2 to ab-
sorb excessive amplitude.
(C) =
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input of the amplifier element. The
bridge signal source is the output of
amplifier A1. With the ac signal ap-
plied to the + input, the gain the cir-
cuit sees is calculated from:

A, = (R3/R4) + 1 [16]
and the ac feedback applied to the +
input is:

B =272/(Z1 + Z2) (17]
At resonance, B = 1/3. Therefore,
as shown,

V2 =vy3 [18]

Because A, = V_,/V2 by defini-
tion, satisfying Barkhausen’s loop
gain criterion (- A,B = 1) requires
that A, = V /V2 = 3. Using this
result,

A, = (RI/R4) + 1 [19]

Stated another way,

R3 = 2R4 [20]

IfR1 =R2=RandCl =C2 =
C, the resonant frequency of the
Wein bridge is calculated using the
formula:

f = 1/Q2aRC) [21]

For the standard Wein-bridge oscil-
lator in which R1 = R2, Cl1 = C2
and R3 = 2R4, a sine-wave output
will result in frequency f.

Under operating conditions, a
Wein-bridge oscillator circuit tends
to want oscillations to build up with-
out limit when the gain of the ampli-
fier used is high: Shown in Fig. 6 is
what happens to the output signal
when the gain is only slightly above
that required for stable oscillation.
Some slipping begins to appear on
the waveform peaks. At even greater
gain, clipping becomes more severe
and eventually results in a sine wave
that resembles a square waveform.
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Shown in Fig. 7 are several methods
that can be used to stabilize the am-
plitude of the waveform of the Wein-
bridge oscillator. The one shown in
(A) uses small signal diodes, such as
the commonly available 1N914 or
1N4148 devices. At low signal ampli-
tudes, the diodes are not sufficiently
biased. Hence, the gain of the cir-
cuit is:

A, = [(R1 + R3)/R2] + 1 [22]
As output signal voltage decreases,
however, the diodes become for-
ward-biased. With the arrangement
shown, D1 is forward-biased on neg-
ative peaks and D2 is forward-biased
on positive peaks of the signal.

Because DI and D2 are shunted
across R3, total resistance R3 ' is less
than that of R3. Using Equation [22],
you can determine that reducing the
value of R3 to R3’' reduces circuit
gain, making the circuit self-limiting.

Another method of stabilizing the
Wein-bridge circuit is shown in Fig.
7(B). Here, a pair of back-to-back ze-
ner diodes limit circuit gain. With the
resistor ratios shown, overall gain is
limited to slightly greater than unity
so that the circuit will oscillate. Peak
output voltage from this circuit is set
by the zener voltages of DI and D2.
These voltages should be equal to as-
sure low-distortion operation of the
oscillator circuit.

The final method of stabilization,
shownin Fig. 7(C), has a small incan-
descent lamp connected in series with
R2. With this arrangement, when the
amplitude of the output signal tries
to increase above a certain level, the
lamp draws more current. This
causes the gain of the amplifier to re-
duce. The lamp-stabilized circuit is
perhaps the most popular approach
for obtaining stable output, thougha
thermistor is sometimes used in place
of the lamp.
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High-Power Infrared Light-Emitting Diodes

By Forrest M. Mims, 111

High-power near-infrared-emitting di-
odes have been available since the mid-
1960s. The major differences between to-
day’s high-power near-IR emitters and
early devices are lower prices, a change in
wavelength, and improved fabrication
methods. In this column, I’ll survey some
of the basics of near-infrared LEDs and
then present a high-current LED pulser
circuit you may want to try. First, though,
a personal anecdote that will help explain
my high interest in infrared LEDs.

The Texas Connection

In 1966, | read about an amazing new
semiconductor diode that emitted near-
infrared light when forward biased. The
diode was manufactured by Texas Instru-
ments. The new diode so captivated my
imagination that I soon conceived of a
method for making a miniature guidance
device for the blind that would use one of
the new light-emitting diodes (LEDs) as
an optical source.

The LED would be modulated by a
simple transistor oscillator. Its optical
power would be collimated into a narrow
beam by a simple lensing arrangement.
Nearby objects illuminated by the pulsat-
ing beam would reflect a portion of it
back to a solar cell installed below the
LED. The output from the solar cell
would be amplified by amodified hearing
aid amplifier and coupled to the user’s
ear by means of a small phone. Intensity
of the tone emitted by the phone would
provide a crude indication of the distance
to nearby objects.

In the spring of 1966, I hitchhiked
from Texas A&M University to Texas In-
struments in Dallas and met Dr. Edwin
Bonin, one of the scientists responsible
for the design of TI's new LEDs. I ex-
plained my idea for a travel aid for the
blind, and Dr. Bonin gave me three of the
expensive ($365) near-IR emitters. With-
in a week, | managed to transform the
idea for a travel aid for the blind into a
working device not much larger than a
package of chewing gum. I later tested

A
: \
RECESSED
REFLECTOR HEADER

Fig. 1. LED chip installed in reflective
header.

the device with more than 20 blind adults
and children.

This anecdote is my way of acknow-
ledging the role that light-emitting diodes
have played in my career as a circuit de-
signer and electronics writer. Even
though hundreds of varieties of visible
and near-IR LEDs are now readily avail-
able, 1 often think back to that hitchhik-
ing trip to Texas Instruments when I sol-
der one into a circuit.

High-Power
Near-IR-Emitting Diodes

The pn junction region of a light-emitting
diode is a very efficient photon genera-
tor. Indeed, in the early 1960s, scientists
at Texas Instruments found that the junc-
tion of a gallium-arsenide (GaAs) near-
IR emitting diodes emitted 88 photons
for every 100 electrons that crossed the
junction. This corresponds to an aston-
ishingly high internal quantum efficiency
of 88 percent.

Unfortunately, only a fraction of the
photons emitted at the junction exit the
surface of the chip. Also, some of those
that do are blocked by the header on
which the chip is mounted and the elec-
trode that makes electrical contact with
the chip’s upper side. Therefore, the

power conversion or output efficiency of
a LED is considerably less than 88 percent.

Some of the radiation generated at the
junction is absorbed by the diode itself.
Some is blocked by the header on which
the diode is mounted and the electrode on
the diode’s upper side. Too, radiation
that arrives at the surface of the diode at
more than the critical angle is reflected
back inside the diode and lost.

The critical angle problem is so impor-
tant it’s worth exploring in more detail.
Air has an index of refraction of 1 (or
1.0003, when compared to a vacuum).
The index of refraction of diamond is
2.42. GaAs, which has an index of refrac-
tion of 3.5, is one of the few materials
with a refractive index greater than that
of diamond. This means that light rays
originating inside a GaAs crystal that
strike the interface of the surface of the
crystal and the surrounding air at an an-
gle more than about 16 degrees are re-
flected back inside the crystal. This phe-
nomenon is known as total internal
reflection.

Several clever methods have been de-
veloped to reduce the index of refraction
mismatch between the surface of a GaAs
crystal and air. One s to apply an etchant
that dissolves a thin layer of GaAs and
leaves behind a roughened surface. An-
other is to coat the surface of the crystal
with an anti-reflection layer. Such coat-
ings, however, are fragile and difficult to
apply when contacts are present.

Texas Instruments improved the exter-
nal efficiency of its high-power near-IR
emitters by grinding and polishing the up-
per surface of the diodes into a dome
shape. Since the surface of the diode is
curved, radiation emitted within the di-
ode always arrives at the GaAs-air inter-
face within the critical 16 degrees. In
theory, this method could improve the ef-
ficiency of a domed diode over a similar
flat diode by a factor of as much as 26. In
practice, however, the additional thick-
ness of the GaAs required to permit the
formation of a2 dome gives an improve-
ment of around 10.

Manufacture of dome-shaped diodes is
a time-consuming and expensive proced-
ure. Furthermore, domed diodes require

e ——
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more GaAs material than do flat diodes.
Because of these drawbacks, most light-
and near-1R-emitting diodes are encapsu-
lated in an index-matching epoxy. Thein-
dex of refraction of typical encapsulants
ranges from 1.4to 1.8. While not nearly a
perfect match to the 3.5 index of refrac-
tion of GaAs, this provides a much better
match than air.

Consider a gallium-phosphide (GaP)
LED that emits green light and has a criti-
cal angle of 17.7 degrees. Encapsulating
such a diode in epoxy with a refractive in-
dex of 1.66 increases the critical angle to
30.3 degrees and permits some 2.5 times
more light to be emitted by the diode.

So far | haven’t mentioned the fate of
light emitted from the edges of a LED
chip. In the early days, all or most of this
radiation was lost if the chip was installed
inside a metal header. Today, most LED
chips are installed inside tiny reflectors
formed in the header, as shown in Fig. 1.
The reflector captures emission from the
edges of the chip, which can be rather
substantial, and reflects it outward.

Heterojunction Technology

The earliest LEDs and semiconductor
diode lasers were made using homojunc-
tion technology in which a diode was
made from a single semiconductor, such
as gallium-arsenide (GaAs). In the late
1960s, it was learned that very high effi-
ciency near-infrared LEDs and diode las-
ers could be made using heterojunction
technology. In this technology, a diode is
formed from a sandwich of semiconduc-
tors that have slightly different electrical
and optical properties. The multiple lay-
ers of semiconductor that form a hetero-
junction increase the diode’s light-emis-
sion efficiency by confining the electrons
that cross the junction to a very thin re-
gion. Since the outer layers of the hetero-
junction sandwich are much more trans-
parent to the light emitted at the junction
than are the p and n regions of two-layer
homojunction diodes, more of the light
generated at the junction escapes.

The first LEDs to benefit from hetero-
junction technology were near-infrared
devices. The new diodes emitted two or

more times the power of homojunction
devices. Heterojunction devices made
possible the first laser diodes capable of
continuous operation at room tempera-
ture and the first visible-light laser di-
odes. Indeed, virtually all laser diodes
made since the early 1970s use hetero-
junction technology.

Inthe early 1980s, heterojunction tech-
nology was applied to visible LEDs. The
eventual result, the aluminum-gallium-
arsenide (AlGaAs) super-bright red LED,
will be the subject of a future column.

IR LED Characteristics

The voltage across the pn junction of any
diode must exceed a threshold value be-
fore the diode begins to conduct. For sili-
con diodes, this turn-on or forward volt-
age is around 0.6 volt. For visible LEDs,
the forward voltage ranges from approxi-
mately 2.1 to 2.8 volts for GaP green
LEDsto 1.75to 2.5 volts for AlGaAs red
emitters. The forward voltage for
near-infrared emitters ranges from
around 1.5 volts for GaAs devices that
emit at 940 nm to around 1.75 volts for
AlGaAs diodes that emit at 880 nm.

The optical power of the light emitted
by a LED is determined by the device's
forward current. Since excessive current
can cause destructive heating, it is very
important to limit the forward current to
a safe value.

The most important high-power IR
LEDs are AlGaAs devices that emit a
peak wavelength of 880 nanometers and
GaAs:Si LEDs that emit a peak wave-
length of 940 nanometers. Shown in Fig.
2is a spectral graph that compares wave-
lengths emitted by both types of LEDs.

GaAs:Si LEDs were the first high-
power LEDs, and they are still widely
used. But AlGaAs LEDS offer several
major advantages.

A typical GaAs:Si LED will emit
around S milliwatts at a forward bias of
100 milliamperes. A typical AlGaAs
LED will emit twice as much power for
the same forward bias. Another advan-
tage of AlGaAs LEDs is much faster rise
and fall times. For example, the typical
risetime of an AlGaAs LED is 0.5 micro-
second, while that of a GaAs:Si LED is
1.5 microseconds. Respective falls times
are 0.25 and 0.55 microsecond.

Another advantage is that emission of
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Fig. 2. Spectral emission of GaAs:Si and AlGaAs LEDs.
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Fig. 3. High-power infrared LEDs made by Opto Diode Corp.

an 880-nm LED is closer to the peak sen-
sitivity of silicon phototransistors and
photodiodes. This often provides a free
power bonus when an 880-nm LED is
substituted for a 940-nm LED.

Still another advantage of 880-nm
LEDsis that their emission falls within an
atmospheric window that is unaffected
by water vapor. With 940-nm LEDs, on
the other hand, emitted radiation is
heavily absorbed by water vapor. I have
used this characteristic to make an atmo-
spheric water-vapor sensor, atopic about
which I will write at a later date. But be-
cause of their susceptibility to water-va-
por absorption, I probably would not use
a 940-nm LED for an outdoor lightwave
communication system.

GaAs:Si LEDs do have an advantage if
a totally invisible IR source is required
since the emission from AlGaAs LEDs is
visible as a dim red glow when such di-
odes are viewed along their axis of emis-
sion at night or in a dark room.

High-Power IR LEDs
In Fig. 3 is shown a common TO-46 880-

f

nm LED, along with three high power
near-IR-emitting diodes made by Opto
Diode Corp. (750 Mitchell Rd., Newbury
Park, CA 91320). The large TO-66 diode
is the OD-663, which features a series ar-
rangement of three individual chips on a
single header and is described below.

The common LED in Fig. 3 is the small
TO-46device with a glass lens. It will emit
S milliwatts when forward biased at 50
milliamperes. The slightly larger TO-39
glass-lensed diode next to it also emits 5
mW at 50 mA. The difference is that the
larger diode can be forward biased at 500
mA, a level at which it emits a typical
power of 50 mW. This diode emits 600
mW when driven with 10-ampere pulses
each with a duration of 10 microseconds
or less!

Next to the OD-50L is a flat-shaped
OD-100 LED, whichis installed ona TO-
39 header and coated with a thin dome of
epoxy. Since there is no metal can to ob-
struct some of the radiation emitted by
the chip, the OD-100 emits twice as much
radiation as the OD-S0L. At 500 mA for-
ward bias, it emits 100 mW. When driven
with 10-ampere, 10-microsecond pulses,
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Fig. 4. Basic LED current-limited drive
circuit configuration.

it emits an incredible 1.3 watts, a level of
power ordinarily associated with pulsed
diode lasers.

Keep in mind that this amazing power
level is accompanied by a considerably
broader beam than that emitted by the
OD-50L. Beam divergence of the OD-
SOL at the half-power points is a fairly
narrow 10 degrees. Beam width of the
OD-100is around 150 degrees.

By now, you may be wondering why
the OD-50L and OD-100 emit so much
more power than the ordinary 880-nm
LED shown in Fig. 3. The most impor-
tant reason is the better heat sinking pro-
vided by the larger TO-39 headers used by
these two devices. Also, four bonding
wires are used to make electrical contact
with the upper side of the chip in both the
OD-50L and OD-100. Besides lowering
the resistance path for the drive current,
the additional wires help soak up and di-
vert away heat dissipated within the chip.
Finally, both the OD-50L and OD-100
must be used with a good external heat
sink when operated at high currents.

All that’s necessary to operate a LED
continuously is a suitable series resistor to
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keep the current within the LED’s rat-
ings. Fig. 4 shows a basic current-limiting
circuit for a LED, along with the formula
that permits you to calculate the value of
the series resistor.

If you exceed the LED’s maximum cur-
rent rating, you will shorten its life or
even destroy it. High-power LEDs usual-
ly require a heat sink when they are oper-
ated above a specified current level.

Pulsed High-Current
Infrared LED Driver

LEDs can be operated at much higher
currents than permitted for continuous
operation if the current is applied in the
form of brief (0.1- to 100-microsecond)
pulses. For example, the powerful Opto
Diode OD-50L can be driven with 10-
ampere pulses as long as pulse duration
does not exceed 10 microseconds and rate
does not exceed 100 Hz. At 10 amperes,
the OD-50L emits 600 milliwatts.

So why would you want to pulsea LED
with a very high current? One reason is
that the very-high power level of a pulsed
LED is well suited for use in long-dis-
tance intrusion alarms and other kinds of
detection systems. Another important
use for pulsed high-power LEDs is
long-distance signaling and telemetry.
For example, replace R/ with a suitable
variable-resistance temperature sensor,
such as athermistor, and you have along-
range optical telemetry system that can
send a temperature-modulated signal
over hundreds or even thousands of feet.

To obtain brief flashes of high radiant
power from an infrared LED, you need a
low-impedance switch capable of apply-
ing as much as 10 volts or more across the
LED. One method is to charge a capaci-
tor to the necessary voltage and then
switch it across the LED; another is to
simply switch a current on and off.

I have designed and built many capaci-
tive discharge pulsed high-current drivers
for single-heterostructure (SH) laser di-
odes. These diodes typically require a
drive current of 10 to 15 amperes with a
maximum pulse width of 100 to 200 na-
noseconds. To achieve these very fast,
high-current pulses requires the use of
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a 0.01- or 0.02-microfarad capacitor
charged to 100 volts or more and a low-
impedance switch.

Prior to the arrival of the power
MOSFET, the best way to switch a charged
capacitor across a laser diode was by
means of an SCR or a bipolar transistor
operated in its avalanche mode. The
ultra-low on-resistance available with
some power MOSFETs provides a much
simpler and more efficient means for cur-
rent switching.

Figure 5 shows the circuitry of a high-
current driver in which a common 555
timer is operated as an oscillator that
sends a train of pulses to the gate of a
MOSFET via a CMOS inverter. The in-
verter is necessary to change the negative
pulses from the 555 into positive pulses.
Note that three inverters in the 74C04 are
connected in parallel to provide a very
clean switching pulse to the gate of the
MOSFET, which causes it to switch on
with a slightly lower on-resistance. You
can connect all six inverters in parallel if
you wish. Be sure to tie the unused inputs
to ground.

Pulse repetition rate of the circuit is
controlled by RI. Pulse duration is con-

trolled by CI. Typical pulse durations
produced by a range of capacitance val-
ues are as follows:

C1 Pulse Duration
P (us)
0.0047 0.85
0.001 1.7
0.005 6.0
0.01 10.0
0.047 40.0
0.1 88.0

Though these are the values | measured,
they are affected by the tolerances of the
capacitors you use. Therefore, consider
them as only approximate values. Also,
make sure the capacitor is rated for the
power supply voltage.

The MOSFET is in a series circuit with
the LED and an optional series resistor
(R3) that permits you to determine both
duration and amplitude of the current
pulses through the LED. You can omit
R3 if you don’t plan to measure the cur-
rent through the LED.

Any power MOSFET that will switch
the power supply voltage will work in this
circuit. For best results, use a MOSFET
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Fig. 5. MOSFET high-current LED pulse drive circuit.
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Fig. 6. LED current produced by MOSFET LED pulse drive circuit.

with an on resistance of less than 1 ohmto
provide the highest possible current
through the LED. The IRF-511, avail-
able from Radio Shack for $1.99, has an
on resistance of 0.6 ohm and will switch
60 volts. For absolutely highest current,
do as | did and use a more expensive
IRFZ40 with an on resistance of only
0.028 chm. The IRFZ40 is available from
Digi-Key (P.O. Box 677, Thief River
Falls, MN 56701-0677) for $6.12.

Note that the circuit shows two positive
power supply connections. This permits
you to connect a fairly high voltage to the
MOSFET section of the circuit to provide
very high current pulses. Figure 6 shows
the current through an AlGaAs LED and
a GaAs:Si LED for a range of voltages
when both power-supply connections are
connected to the same supply. If the pulse
portion of the circuit is operated at 10
volts and the MOSFET section at 20 volts,
the circuit will deliver a string of hefty 10-

ampere pulses to an AlGaAs LED.

Be sure to think through your objec-
tives before using this circuit. Otherwise,
you might damage the LED you plan to
operate. Is the pulse repetition rate set
too high for the allowable duty cycle of
the LED? Will the battery or batteries
you plan to use provide sufficient current
todrive the LED? If the LED and 555 are
powered by the same battery, will the os-
cillator stop oscillating should the bat-
tery voltage fall substantially when the
MOSFET is switched on? Will you ex-
ceed the peak current rating of the LED
you plan to operate? If so, should you in-
sert a current-limiting resistor (at R3) or
reduce the power supply voltage.

These questions are best answered with
the help of an oscilloscope and an adjust-
able power supply. Begin by using a 1-
ohm resistor for R3. Do not use a wire-
wound resistor since it will act like an in-
ductor and slow down the current pulses

and cause ringing. If you can’t find a
1-ohm resistor, make one by connecting
ten 10-ohm resistors in parallel.

Next, connect the oscilloscope across
the 1-ohm resistor and apply power to the
circuit. You should observe a clean
10-microsecond pulse with relatively fast
rise and fall times. If the corners of the
pulse exhibit ringing, shorten the length
of the connections between Q/, the LED
and the positive supply. If the top of the
pulse is sloped downward, flatten it by in-
creasing the value of C2.

According to Ohm’s law, when R3 is |
ohm, the amplitude of the pulse in volts
equals the current through series resistor
R3. Therefore, if your scope shows an
amplitude of 100 millivolts and you’re us-
ing a standard 10 x probe, the amplitude
is (0.100 x 10)/1 or I ampere.

If the LED is connected to a variable
power supply, you can immediately see
the effect on the pulses when the voltage
is varied. This is how I acquired the data
plotted on the graph in Fig. 6. Keep in
mind that the current will increase if you
later remove the 1-ohm resistor.

This is only one way to monitor the
current pulse through the LED. If you
know the on resistance of Q/, you can
monitor the current by connecting the
scope across the drain and source of Q/.
You might also want to monitor the opti-
cal output pulse by pointing the LED at a
solar cell or photodiode connected to the
scope’s second channel. You can then see
if increasing the LED’s drive current pro-
duces a proportional increase in output
power. As long as you don’t exceed the
recommended duty cycle and pulse dura-
tion, it should. Otherwise, heating effects
will limit the power emitted by the diode.
Incidentally, a small-area photodiode
will provide a much faster response time
than a solar cell.

Viewing Radiation
Froman IR LED

If you’ve spent much time working with
high-power IR LEDs, you know the frus-
tration of not being able to see the invisi-
ble beams emitted by these devices. It’s
very difficult to align focusing lenses and
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to determine the shape of the projected
beam pattern when the radiation is
invisible.

A special phosphor-coated card pro-
vides one way to convert the near-infra-
red emitted by such diodes into a pattern
of visible light. The card is first charged
by placing it near a white light source.
Room lighting is then darkened, and the
card is placed in the path of the beam
from an IR LED. A glowing orange or
green pattern then reveals the cross-sec-
tion of the invisible beam. Phosphor
cards are available from various sources,
among them, Edmund Scientific (101 E.
Gloucester Pike, Barrington, NJ 08007-
1380) and others.

The 880-nm emission from a high-
power IR LED is visible as a dull red
glow. The human eye has very limited
sensitivity at 880 nm, but, as you can see
by referring to Fig. 2, an AlGaAs infra-
red LED has some emission at a wave-
length as low as 750 nm. Therefore, most
of thered sensation is probably caused by
the diode’s low wavelength emission.

Don'’t be fooled by the feeble nature of
thisred glow or the dim orange pattern on
a phosphor card; the radiation from a
high-power IR LED would make a most
impressive sight if it could be visualized.
One way to appreciate the brilliant emis-
sion from such a diode is to view it
through an infrared image converter or a

television camera that responds well to
near-infrared.

Infrared image converters are very ex-
pensive. A good alternative is a home vid-
€o camera since many such cameras will
respond to a near-IR beam. Indeed, the
large Opto Diode OD-663 emitter in the
TO-66 package shown in Fig. 3 is de-
signed primarily as an invisible infrared
illuminator for night-vision goggles and
CCD television cameras.

The OD-663 includes three chips con-
nected in series. At 300 mA, the OD-663
has a typical emission of 170 mW. The
device emits more than a watt when driv-
en by S-ampere, 10-microsecond current
pulses. Like the OD-100, the OD-663 has
an epoxy dome instead of a glass lens
and, thus, emits a very broad beam.

Figure 7 is a macrophotograph that
shows the three AlGaAs chips installed
on the OD-663’s header. The two outer
chips are mounted on top of miniature
ceramic substrates to insulate their bases
from the header. The top side of each of
the two ceramic substrates is plated with
gold to provide a conductive surface.
Four electrode wires are bonded to the
upper side of each chip. The electrodes
are connected between the individual
chips, the header and the header’s elec-

(Continued on page 80)
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Fig. 7. Macrophotograph of three LED chips of OD-663 high-power IR emitter.
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Essential Circuits Reference Guide.
By John Marcus & Charles Weston.
(McGraw-Hill. Soft cover. 531 pages.
$29.95.)

Traditionally, books like this one have
been very popular because they are a
time-saving resource that eliminates the
need to reinvent the wheel every time a
circuit must be designed. Like most such
books, this 8-1/2 X 1l-inch volume of-
fers hundreds of ready-to-apply circuits
and ideas. It is also arranged like an ency-
clopedia in that categories are presented
in alphabetical order, starting with A for
Antenna Circuits and finishing with Z
for Zero-Voltage Detector Circuits. This
simplifies look-up of a given type of cir-
cuit. 1f a specific circuit type is needed, a
comprehensive index is provided at the
back of the book for locating it.

Containing more than 1,600 circuit
schematics, this book has something for
just about every application short of full-
blown computer and microwave special-
ties. Every schematic is fully annotated
with component number and value, and
each is accompanied by a short caption
that tells something about the circuit and
the source from which it was obtained.
Represented in the line-up are circuits for
audio control, converting dc to dc, active
and passive filtering, all sorts of quantity
measuring, metal detection, multiplex-
ing, optoelectronics, oscillation, pulse
generation, and much more.

Adding value to the contents of this
book are a list of commonly used abbre-
viations, along with their meanings,
semiconductor symbols used throughout
the book, and complete addresses of the
sources from which the various circuit
schematics were obtained. All in all, this
is a valuable reference resource. Engi-
neers and experimenters will come to de-
pend heavily on its contents to save them
many hours of circuit design time.

Learning Electronics: Theory and Exper-
iments With Computer-Aided Instruc-
tion for the Apple; Learning Electron-
ics: Theory and Experiments with Com-
puter-Aided Instruction for the IBM.
By R. Jesse Phagan & Bill Spaulding.
(Tab Books Inc. Soft cover. 329 pages.
$16.95 each.)

These two books bring tutorial tech-
nology into the modern era and may very
well provide an added incentive for learn-

k 62 / MODERN ELECTRONICS / June 1990

ing electronics to a wider segment of the
reading/computing public. Both books
have identical text and illustrations, dif-
fering only in the programs they provide
to satisfy the computer-aided portions.
They are larger than the usual pocket-
book size, with dimensions that exceed 9
by 11 inches.

Though it might appear from a quick
glance at their titles that these books are
useless without access to an Apple or
IBM or compatible computer, this is not
the case. But for the programs that make
electronics a bit easier to learn, both
books are classical texts on the funda-
mentals of the technology. Thus, they
can be used in a traditional go-it-alone
learning experience.

These books deal strictly with funda-
mentals of electronics—not complex or
very sophisticated circuitry. Topic cover-
age includes: dc circuit components, us-
ing an ohmmeter, oscilloscope familiari-
zation, dc circuit analysis, magnetism
and inductance, sine-wave analysis,
transformers, capacitors and time con-
stants, ac circuits, and resonance. Sepa-
rate discussions on the job market, elec-
trical safety, shop math and engineering
notation and basic hand tools and solder-
ing are also provided. Coverage of each
topic is quite complete and consists of
easy-to-follow text and appropriate sche-
matics and drawings, and references to
use of specific included computer pro-
grams where helpful.

All chapters begin with a statement of
objectives and an outline and most con-
clude with a quiz. Separate ‘‘midterm”’
and ‘‘final”’ exams are provided for the
reader to check his progress. Answers to
all exam questions are given in an appen-
dix at the back of each book. Another ap-
pendix gives complete program listings,
written in BASIC, for the computer-aid-
ed portion of the books. Each is assigned
a figure number so that where it is used
can quickly be located in the body of the
books. These programs can be keyed into
a computer by hand (a laborious process
that is prone to keying errors) or can op-
tionally be purchased on floppy disk
from Tab Books for anominal cost ($25).
The programs provide a sense of interac-
tion that is lacking in just plain reading of
normally dry technical text and, thus, can
spur one on to continue studying longer
than would normally be the case.
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W/ NEW LITERATURE

Parts Catalog. A new catalog that lists
and describes electronic and computer-
related components and parts at below
OEM prices is available from American
Design Components. lllustrated with
photos and drawings, the 36-page, two-
color catalog lists such discrete compo-
nents and integrated circuits, transistors,
diodes, LEDs, crystals, fans, batteries,
switches and more. It also lists power
supply assemblies and such computer-re-
lated items as disk drives, video moni-
tors, add-in boards, and complete com-
puters for the hobbyist and industry. For
a free copy, write to: American Design
Components, 815 Fairview Ave., Dept.
ME, Fairview, NJ 07022.

Test Accessories Catalog. The new 138-
page catalog of Electronic Test Acces-
sories from Pomona Electronics high-
lights five new product groups. These in-
clude 1C test clips, low-cost coaxial cable
assemblies and a new family of DMM
test-lead kits. Ten major product cate-
gories are accessed through an easy-to-
use index. These include the company’s
most popular selection of jumpers and
cables, boxes, plugs and jacks, connec-
tors, adapters, single-point test clips and
static-control devices. Helpful selection
guides are provided for user convenience.
For a free copy, write to: ITT Pomona
Electronics, 1500 E. Ninth St., P.O. Box
2767, Dept. ME, Pomona, CA 91769.

Equipment Catalog. A new catalog from
RAG Electronics lists reconditioned and
new test equipment for electronics use.
Listed are test equipment from name-
brand manufacturers like Hewlett-Pack-
ard, Tektronix, Fluke and 12 others. The
listings cover a wide variety of oscillo-
scopes, spectrum analyzers, DMMs,
power supplies, signal sources, environ-
mental chambers and more. Technical
descriptions are given for each product
listed and many are accompanied by a
photo in this 16-page, two-color catalog.
For a copy, write to RAG Electronics,

Inc., 21418 Parthenia St., Dept. ME, Ca-
noga Park, CA 91304-1597.

Interconnection Products Catalog. More
than 3,500 items are listed and described
in the 1990 edition of the Interconnection
Products Catalog from L-com Data Pro-
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ducts. The 100-page catalog details a full
line of components and accessories for
electronics, computer and communi-
cations markets. Featured is an extensive
line of more than 1,200 ready-made coax-
ial and data cables, connectors, peripher-
al-sharing devices, baluns, IEEE-488 ca-
bles and accessories, patch panels and
line testers. Full product descriptions in-
clude prices up to moderate quantities.
New products listed in this edition in-
clude modular and IBM Token Ring wir-
ingaids, an automatic and manual matrix
switch, Wang-type surge protectors, a
new series of coaxial switches specifically
made for panel mounting and Macintosh
networking kits. For a copy of the cata-
log, write to: L-com Inc., 1755 Osgood

St., Dept. ME, N. Andover, MA 01845.

Product Line Catalog. Contained within
the latest 74-page product line catalog
from Jameco are listings and full descrip-
tions for a wide range of items ranging
from computer kits and 1BM/Apple-
compatible peripherals to individual inte-
grated circuits. Among the new items that
have been added to this 1989 catalog are
16- and 20-MHz AMI 80386 mother-
boards and the new NEAT (New En-
hanced AT) motherboard. A welcome
feature is a two-page insert of TTL and
microprocessor pinout data. For a free
copy, write to: Jameco Electronics,
Shoreway Rd., Dept. ME, Belmont, CA
94002.

Interface/Monitoring Equipment Cata-
log. A colorful 21-page catalog from
B&B Electronics provides an instant ref-
erence and guide to the RS-232 interface
and monitoring equipment manufac-
tured by the company. Among the items
listed are RS-232 converters, switches,
jumper boxes, data splitters, adapters,
modem security devices, multiplexers,
smart switches, Breakout 11 software, ca-
ble assemblies, surge protectors, techni-
cal publications, etc. The listings for con-
verters for industrial enclosures include:
a four-channel RS-232-t0-RS-422/485
converter. RS-232-to-current-loop con-
verter and new industrial converter pow-
er supplies. For a copy of Cat. No. 12-
1990, write to: B&B Electronics Mfg.
Co., 4000P Baker Rd., P.O. Box 1040
(Dept. ME), Ottawa, IL 61350.

HAM RADIO
IS FUN!

It's even more fun for begin-
ners now that they can oper-
ate voice and link computers
just as soon as they obtain
their Novice class license. You
can talk to hams all over the
world when conditions per-
mit, then switch to a repeater
for local coverage, perhaps
using atransceiver in your car
or handheld unit.

Your passport to ham radio adventure is
TUNE-IN THE WORLD WITH HAM
RADIO. The book tells what you need to
know in order to pass your Novice exam.
Two cassettes teach the code quickly
and easily.

Enclosed is my check or money order for
$19.00 plus $3.50 for shipping and handl|
INng or charge my

( )VISA( )MasterCard ( ) Am.Express
Signature __
Acct. No
Good from
Name

Address -

Expires

City State Zip

THE AMERICAN RADIO RELAY LEAGUE

225 MAIN 5T,
NMEWINGTON, CT 06111
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A Replacement Battery, Hand-Held Scanner and Trackball

By Ted Needleman

As usual, the pile of interesting computer
goodies has been threatening to over-
whelm my small office area here at home;
so this month 1’d better cover some of
smaller items. That way, I can clear a
path to my PC.

Recently, I received a short paper from
Rupp Corporation entitled ‘“Why Do
Batteries Fail More Often Than They
Should in IBM ATs and Clones?”’ As
many of you know, the IBM AT pio-
neered the use of a small area of RAM,
backed up by a battery, to hold the PC’s
configuration data. Usually using CMOS
(low-power) RAMs, this configuration
table contains information about how
much RAM the machine contains and
how it is distributed (DOS, Expanded,
and Extended memory), the system time
and date, the type of display adapter the
system contains and what type of disk
drives (both floppy and hard) are in-
stalled. The use of this approach lets you
set and change configurations without
having to continually open up the ma-
chine and play with DIP switches. The
setup routine can, instead, be accessed
through a combination of keys on the
keyboard, in many cases Ctrl, Alt and Esc
pressed at the same time.

This is one of those approaches that
sounds elegant in theory, but in the real
world hasn’t worked very well. As long
as the battery puts out a certain level of
voltage, all is well. But when this voltage
drops below that required to maintain the
CMOS RAM, your configuration infor-
mation goes to ‘‘data heaven,”’ and
with it goes your ability to boot from the
hard disk.

Hopefully, you’ve got the disk type
written down somewhere, because with-
out this obscure drive type number
(which, by the way, does not usually have
anything to do with the manufacturer’s
part number), the PC has no way of
knowing anything about the drive, in-
cluding how many cylinders and heads it
contains. Some diagnostic packages can
give you this information. More often
though, you’ll have to copy down the

Rupp Corp.’s bAT Pak self-recharging

battery for IBM AT and compatible com-

puters plugs into a standard disk-drive

power connector and the external battery

connector on the motherboard. Its rated
life is 10 years.

manufacturer’s drive type and call the
technical support number for either the
vendor from whom you bought your PC
or the manufacturer of the drive.

Having been through this several times
before | smartened up enough to copy the
configuration data on the systems | work
with onto large address labels stuck to the
bottom of each PC, I can vouch that the
battery will almost always pick the most
inopportune time to give up the ghost.

Rupp’s paper, cheerfully sent to you if
you ask for it, explains that the voltage-
sensing network in many PCs, which is
supposed to switch from the battery to
the PC’s own power supply when the sys-
tem is powered up, often doesn’t work.
The result is that the backup battery is
drained even when the system isin use. In
fact, according to the company’s analy-
sis, you may even be draining your bat-
tery faster when the system is turned on
than when it’s off.

I don’t know if Rupp’s analysis of the
situation is correct. But I do have enough
experience in replacing batteries to know

what a royal pain it is to do. Different
vendors use different types of batteries,
and it’s almost a given that your local
computer store will have every type ex-
cept the one you need at the moment.

If your PC uses a rechargeable battery
pack, you won'’t face this problem, and I
envy you. For the rest of us, Rupp’s
“bAT Pak’’ is a good solution for elimin-
ating the configuration backup-battery
problem. “bAT Pak’’ is a rechargeable
lead-acid battery that installs in place of
whatever your system currently uses. At-
tach it to a spare power connector from
your power supply, and plug it into the
battery connector on the system’s mother-
board. Then forget about ever having to
change the battery in your system.

“bAT Pak’’ attaches to the power sup-
ply with a Velcro strip, so it can be easily
removed if necessary to get at the mother-
board. The power connector is carried
through “bAT Pak,’’ so you don’t lose
the ability to add other drives if your
PC’s power supply doesn’t have several
extra connectors. The instruction manual
for this is a single sheet of paper, which is
more than sufficient to describe the task.
Once you’ve taken the cover off the PC,
the whole operation takes about a minute
to complete.

For $39.95, I'm sold on “bAT Pak.”
The price seems a bit steep at first, until
you price the most common replacement
batteries, which often go for between $20
and $30. Factor in the bother of having to
find a dealer with the one you need, hav-
ing to configure your system every time
you use it until you make the replace-
ment, and having to open up the system
to replace a battery, and the $40 price tag
on Rupp’s battery suddenly becomes the
bargain it is. If you’re a serious PC user,
and your system doesn’t have a recharge-
able batteryinit, you’re a good candidate
for Rupp’s “‘bAT Pak.”

While I’'m on the topic of batteries, 1
should mention that it’s come to my at-
tention that the term Ni-Cad, referring to
Nickel-Cadmium batteries, and its deriv-
ative spellings, is a registered trademark
of Saft, which obtained the rights from
Gould Battery, the original copyright
holder. If I’ve used the term generically in
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the past (and I’'m sure [ have), I apolo-
gize. Companies, such as Saft, have every
right to protect their trademarks from be-
coming generic terms, and as a writer [
understand the importance of protecting
copyrighted material.

Hand-held Scanner

Over the past 18 months or so, I've looked
at about a half-dozen hand-held image
scanners. These inexpensive little devices
are terrific for grabbing images from
magazines and photos to use in desktop
published newsletters, catalogs and fli-
ers. To a large extent, they have all been
very similar, differing mostly in the soft-
ware they provide. The A4 AS-8000P
scanner I recently received from ECA
C&C Products is in the same category as
The Complete PC’s and Logitec’s hand-
scanners. It even looks pretty much the
same, like amouse with alarge snout con-
taining the scan window. Like the others,
it offers a choice of resolutions (from 100
to 400 dots per inch in 100-dpi incre-
ments) and a choice of line art or three
dither patterns for half-tone emulations.

It also offers some unusual features,
such as very well done paint and OCR
software, software-controlled interrupt
and DMA address configuration, and a
user-controllable scan width, at a reason-
able price of $350.

I’ve covered installation of these scan-
ners in past columns, so I’'m not going to
describe it in detail here. There is a half-
size interface card that installs in any
eight-bit slot in a PC, and installing the
software is a simple matter of creating
new directories for the paint and OCR
software and copying the files from flop-
pies into the proper directories. The scan-
ner requires 640K RAM; MS-DOS 3.1 (or
higher); a hard disk; Hercules, EGA, or
VGA graphics; and a mouse to operate.

Once the software has been put on the
hard disk, you’re ready to use the scan-
ner. If you need to reconfigure the DMA
channel or printer, you can do this from
within both the Image72 (paint) program
or the A4 OCR software by selecting the
scan icon and choosing the CONFIGURE

box from the menu that pops up. The in-
terface card does contain a jumper for
this, but it can be overridden by the soft-
ware selection process if you find that it
has to be changed after you’ve closed up
the PC’s case.

Eachof the two software packages that
accompanies the scanner is at least as
good as those available with other hand-
held scanning units. Image72 offers all of
the features of other paint programs, in-
cluding color display if supported by
your PC. The OCR package provides
trainable OCR and is very similar in both
features and operation to the CAT Read-
er package I described a few columns
back. In training mode, it presents you
with characters or character pairs it
doesn’t recognize, asks you to define
them from the keyboard, and incorpor-
ates the definitions into future text
conversions.

As with almost all OCR software I’ve
looked at, you have to do a fair amount
of training to get anywhere near the 98%
accuracy rate the vendor claims possible
for the hardware/software combination.
And keep in mind that even with 98% ac-
curacy, there will still be a fair amount of
errors in even a single page. This is the
problem with most OCR and just has to
be accepted with the present level of af-
fordable technology.

I like the A4 scanner and its accom-
panying software a lot. There are two
places where it falls down a bit, though.
The first is in the documentation. Al-
though it is generally well done, it lacks
an index and is a bit vague in places. For
example, when scanning the photo of my
daughter, which is reproduced elsewhere
in this column, [ continually received
three beeps when trying to save the im-
age. | had to really hunt around the man-

A laser-printed image of author’s daughter captured with ECA C&C Products A4 AS-
8000P hand-held scanner.
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Put Professional Knowledge and a

COLLEGE DEGREE

in your Technical Career through

HOME

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

Grantham College of Engineering
awards accredited degrees in

electronics and computers.

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

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

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

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

Accredited by
the Accrediting Commission of the
National Home Study Council

GRANTHAM
College of Engineering
10570 Humbolt Street

Los Alamitos, CA 90720

More QS(—)’_s
More QSL’s

More Fun _E;i‘i
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when you speak their language.

= Add extra spice to your DX QSO's

» Let your DX friends know you care enough
about them to learn their language. (After
all, they've gone out of their way to learn
English!)

= Break the phone pile-up with a few carefully
chosen words in the DX station’s own lan
guage. You'll be amazed at the difference
it's like adding 3 dB to your signal

The Radio Amateur’s Conversation Guide by
OH1BR and OH3BAD gives you the 147 most
often used phrases in eight languages:
English, German, French, Italian, Spanish,
Portuguese, Cyrillic Russian, Phonetic Rus
sian, Phonetic Japanese. Phonetic alphabets
and eight-language dictionary included in
this rugged spiral-bound manual a MUST for
any serious DXer or Contestor. Beat the com
petition. Order yours today. Only $10.00 plus
$2.00 per order shipping

Supplements available in less-used lan-
guages: Dutch/Flemish, Danish, Finnish,
Swedish, Serbocroatian. $4.00 per supple-
ment. Be sure to state which language sup-
plement you need

New cassette tapes in eight languages

Now you can hear the exact pronunciation of
the sentences, phrases and words covered in
The Radio Amateur's Conversation Guide
Each high quality language tape is recorded
with proper dialect and usage in one of the
languages in the Conversation Guide

Tapes available in each of these languages

= German = Portuguese
= French = Russian

e Spanish e Japanese

¢ Finnish = Swedish
CQ Book Shop

76 North Broadway
Hicksville. NY 11801

Please send the following

Conversation Guide Book $10

Language Tapes Supplements

@ $10 each @ %4 each
German Dutch/Flemish
French Danish
Spanish Finnish
Finnish Serbocroatian
Portuguese Swedish
Russian
Japanese
Swedish

Add $2 for postage and handlingin North America
Total

Name
Address
City State___ Zip
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ual to find out that this meant the cap-
tured image was too large to fit in the buf-
fer, where it must first be moved before
you can save it to disk. And | had to do
more hunting and reading to find that the
only way around this was to lower the re-
solution or scan a smaller area.

Another example of this concerns the
mouse driver. The Image72 paint pro-
gram requires that a mouse be installed.
The documentation tells you to load the
mouse driver supplied with your mouse
before starting the software. Yet both
packages come with a universal mouse
driver. 1 found this out by reading the
OCR software manual before using the
paint package. | loaded this universal
driver and it worked perfectly with the
Mouse Systems trackball 1 was using.

This brings me to my second criticism.
The A4 Image72 package has a pre-de-
fined image buffer of 64K, regardless of
how much RAM you may have in your
PC. With 3 megabytes of RAM in my sys-
tem, 1 find it really annoying that 1 had to
lower the scan resolution to 200 dpi to
capture a standard-size photograph. Per-
haps the vendor will enhance this in the
next release of the software.

All things considered, though, 1 like
the Ad scanner package very much. It has
both image-capture and OCR capabili-
ties, and the software is written in assem-
bler, so that both software packages op-
erate very quickly. It also has exceptional
image merge capabilities, which let you
scan pictures larger than the 4.1-inch scan
head. You can even adjust the scan
width, in the Image72 software, if you
need to scan only a 2- or 1.5-inch swath.
Finally, the software can save images in a
large variety of formats.

The image of my daughter Karin was
saved in .PCX format, and printed using
Z-Soft’s PC Paintbrush. 1 could have
printed it directly from the Image72 soft-
ware, but |1 wanted to verify that the
.PCX format was transportable. Other
images were saved in . T1F format and im-
ported into PageMaker. Image72 offers
nine formats, so you should be able to use
the images with whatever software you
happen to have.

At $350, the A4 AS-8000P is slightly
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Mouse Systems’ new PC Trackball is
available in both serial and bus versions
and is compatible with any software that
supports the Microsoft serial mouse with-
out having to change an installed driver.

more expensive than other hand scan-
ners. If you think you might need OCR,
though, it’s less expensive than buying
someone else’s scanner and adding an
OCR packagetoit. And evenif youdon’t
need OCR, the Image72 features men-
tioned above make it aleaderin the hand-
scanner marketplace.

Mouse Systems Trackball

The A4 scanner previously discussed re-
quires a mouse to operate. As I had just
received a trackball from Mouse Sys-
tems, | thought that | would try it out in-
stead. Trackballs are garnering a great
amount of interest but actually pre-date
mice. First used for military and high-end
graphics applications, they’re almost me-
chanically identical to mice, except that
theroller ball is on the top of the unit. In-
stead of moving the entire unit around, as
with a mouse, you move the roller ball
with your fingertips to position the cursor
on the screen. This offers all the mouse
advantages but doesn’t require a great
deal of empty space on your desk the way
a mouse usually does.

Mouse Systems is best know for its
high-quality optical mice. In the past sev-
eral years, however, the company has al-
so produced some fine mechanical mice,
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and the PC Trackball is of similar quali-
ty. It has three large buttons, with the
center button underneath the ball, and
takes up a scant 5.5 by 4 inches of desk
space. The accompanying software in-
cludes drivers and utilities, as well as
IMSI’s *‘The Magician’’ presentation
graphics software package.

Available in both serial (the version re-
viewed) and bus models, PC Trackball
can also be used with any software that
supports the Microsoft serial mouse
without having to change an installed
driver. Just to verify this, when I tried it
with a copy of PageMaker that had been
used with a Microsoft mouse, the PC
trackball worked fine.

The documentation and utilities that
come with the PC Trackball are generic
to Mouse Systems products. By this |
mean that the same manuals and disks
come with the company’s optical and me-
chanical mice, as well as the Trackball.
There are three or four pages on each of
the separate products. Otherwise, every-
thing works the same whether you're us-
ing a mouse or the trackball.

I've used a Mouse Systems optical
mouse on one of my PCs for years, and |
love it. I’'m a bit ambivalent about the
trackball, however. For one thing, the
ball seems a bit smaller than others I’ve
seen, and | wasn’t able to obtain the same
accuracy with it as with the mice I'm used
to using. Perhaps this just takes time,
and accuracy will improve with further
practice.

For another thing, placement of the
center button below the ball makes the
trackball somewhat awkward to use.
While I don’t use this center button of-
ten, it might be a little easier to get at if it
was above, rather than below, the ball.

I’'m going to be taking a look at a few
other trackballs in upcoming months, so
I'll reserve my final judgment about the
Mouse Systems unit until I have some-
thing to compare it with. In the interim, if
you’re thinking about atrackball, be sure
to look at the Mouse Systems one. It ap-
pears to be well made, and at $119.95 for
the serial version and $139.95 for the bus
version, it’s certainly priced in line with
similar quality mice. ME

Products Mentioned

bAT Pak

Rupp Corp.

835 Madison Ave.
New York, NY 10021
212-517-7775

A4 AS-8000P Hand-Scanner
ECA C&C Products, Inc.

38 Rte. 46 East

Lodi, NJ 07644
201-478-0507

PC Trackball
Mouse Systems, Inc.
47505 Seabridge Dr.
Fremont, CA 94538
415-656-1117

THE ULTIMATE
ELECTRONICS
CATALOG

Order your 260 page catalog and price list with over
14,000 money saving electronic parts and equipment!

Send $3.00 in a check or money order, or call
1-800-543-3568 today and use your Mastercard or Visa.
Consolidated Electronics, Incorporated

706 Watervliet Ave., Dayton, Ohio 46420-2699

Name
Address_______
Gty

__State Zip.
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Designing a Buck-Boost Voltage Regulator

By Joseph Desposito

In this month’s column, we focus on volt-
age regulators. First we’ll explain how a
new device from Linear Technology can
be used in the design of a buck-boost type
regulator. This regulator circuit is just
one of many designs included in a collec-
tion of switching-regulator circuits you
can obtain from the company. We’ll fin-
ish up with new regulators from a variety
of other sources.

Switching Regulators

Linear Technology Corp. (1630 McCar-
thy Blvd., Milpitas, CA 95035) an-
nounced a new switching regulator, the
LT1172, and an eight-pin plastic mini-
DIP (0.3-inch wide) version of its popular
LTI1072. The LT1172 is a l.25-ampere
switching regulator that can be synchro-
nized with a system clock in the range of
48 kHz to 100 kHz. Multiple LT1172 cir-

cuits can be synchronized for higher out-
put current. The new LT1072 package re-
duces system space requirements and en-
ables machine insertion of the device in
printed-circuit boards. A synchronizing
feature in its circuits allows multiple
LT1072s to be synchronized with a system
clock in the range of 48 kHz to 70 kHz.

Both devices operate over a range of 3
to 60 volts and include a 1.25-A switchon
the chip. These chips are intended for de-
signers who need switching regulators on
their boards, but are unfamiliar with
switching regulator applications. Linear
Technology provides designers with com-
plete design manuals and field applica-
tion support.

The LT1172 and LT1072 use an adap-
tive anti-saturation switch drive to allow
a wide range of load currents with low
saturation voltage and high efficiency.
Like the earlier LT1070 and LT1071
members of Linear’s switch-mode regu-
lator family, the devices operate in all

standard switching configurations. To
minimize application problems, all oscil-
lator, control and protection circuitry
has been included on the chip.

Circuitry for producing a fully isolated
flyback regulator is also built into the
chip; it needs no opto-couplers or extra
transformer windings. An externally ac-
tivated shutdown mode incorporated in
the chip reduces total supply current to a
typical value of 50 microamperes for
standby operation.

Like the LT1072, the LT1172 is avail-
able in an 8-pin mini DIP package. Both
devices are also available in five-lead
TO-3 metal-can and TO-220 plastic pack-
ages. Pricing for the devices in the eight-
pin mini-DIP package is $2.45 in quanti-
ties of 100 and up.

An applications note on using switch-
ing regulators in power-supply and other
kinds of circuit design is available free
from Linear Technology. It contains
schematics for more than 80 designs for
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Fig. 1. An example of a positive buck-boost converter (15 to 35 volts to 28 volts) circuit built around Linear Technology's

LT1072CN8 switching regulator.
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battery-based switching power supplies,
positive boost converters, buck convert-
ers, forward converters, high-voltage
converters, multi-output regulators and
converters, off-line switching regulators,
pre-regulators, and dc-to-dc converters
for general-purpose and telecommunica-
tions applications.

The applications note, titled ‘*AN30:
Switching Regulator Circuit Collec-
tion,’’ is available free from the company
by calling a toll-free telephone number:
1-800-637-5545.

One of the circuits in the collection is a
positive buck-boost converter (15to 35V
to 28 V). The buck-boost topology is use-
ful in circuits whose input voltage can be
either lower or higher than the output
voltage. The design shown in Fig. 1 usesa
single inductor in place of the transform-
er typically used in such designs.

In this circuit, the gate-source voltage
is clamped so that it won’t exceed the de-
vice’s +20-V rating. When VSW is on,
pass transistor Q/ saturates and the gate
voltage is clamped by the zener diode.
Since the inductor is within one diode
drop (D2) above ground, the voltage
drop across the inductor—except for
Q1!’s Vgg drop and saturation losses—is
now equal to the input voltage. Diode D/
is reverse-biased, and it prevents the out-
put capacitor from discharging into the
chip’s VSW pin.

When the VSW pin is off, Q7 and D2
cease to conduct. Because the current in
the inductor continues to flow, D3 and
D4 become forward-biased, allowing the
inductor energy to transfer into the load.
Diode D2 prevents transistor Q/ from
staying on when the circuit is operating in
the buck mode. On the other hand, D/
blocks current flow into the gate-drive
circuit when the converter is operating in
boost mode.

Single Cell
3- or 5-Volt Converters

Maxim Integrated Products (120 San
Gabriel Dr., Sunnyvale, CA 94086) in-
troduced the new MAX654-8 dc-to-dc
converters that offer a simple, compact
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Fig. 2. A typical operating circuit for the MAX654 from Maxim Integrated Products.

solution to the problem of generating a
regulated +5 or +3 V from a low input
voltage source, such as a single-cell bat-
tery. The MAX654/6/7 feature a guar-
anteed 1.15-V startup, and continue to
function as the input drops under 1 V.
The new family of converters can supply
up to 450 mA (MAX658) of output cur-
rent with a minimum of external compo-
nents, achieving typical conversion effi-
ciency of up to 75%.

A number of features are included in
each device to minimize external compo-
nents in battery-powered applications.
These include: an 80-¢A quiescent cur-
rent standby mode in which the 5-V out-
put can still supply low currents; a battery
comparator output that goes low when
the input battery voltage drops below
1.15 V; acontrol input that permits either
standby or high-power mode to be acti-
vated by a switch or logic level; and a
power-ready output that goes high when
the 5-V output has reached its proper out-
put level after power-up or termination
of standby. A typical operating circuit
for the MA X654 is shown in Fig. 2.

Applications include battery-powered

portable equipment, pagers, radios, tele-
phones, remote sensing devices and all
hand-held equipment where size and effi-
ciency are key parameters. Maxim offers
the MAX654-8 in 14-pin plastic DIP, nar-
row SO and CERDIP packages. Prices
start at $3.34 in quantities of 1,000 and
up for commercial-grade devices in 14-
pin plastic DIP packages.

Low-Dropout Regulator

National Semiconductor Corp.’s (2900
Semiconductor Dr., P.O. Box 58090,
Santa Clara, CA 95052) new low-drop-
out voltage regulator, the LM2936, uses
less than 14 uA quiescent current at 100-
A standby loads. It’s specifically de-
signed for battery-operated fixed 5-V sys-
tems. Dropout performance is guaran-
teed to be 400 mV at 50 mA, with an out-
put tolerance of + 2% over line, load and
temperature.

Like its predecessors, the LP295X
family, the LM2936 contains on-chip
short circuit protection and a thermal
shutdown feature. But unlike its prede-
cessors, the new chip includes a load-
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dump circuit that protects the regulator
fromtransients up to 60 V, shutting down
the regulator when 30 V is reached. In ad-
dition, the regulator has protection for
reverse-voltage transients up to ~50 V.
Both features are important in harsh au-
tomotive and industrial environments.

An on-board reverse battery-protec-
tion feature protects the voltage regula-
tor from accidental switching of the ter-
minal leads on the battery. Due to these
new features, the LM2936 has a maxi-
mum output current of only 50 mA (ver-
sus 100 mA for the LP295X family).
However, no external circuitry is needed.

The LM2936 is available in a TO-92
package that is pin-compatible with older
5-V regulators. It is priced at 69 cents in
quantities of 100.

Voltage Regulation ICs
From Samsung

A family of precise, versatile, monolithic
IC voltage regulation devices that simpli-
fy the design of system power supplies is
now available from Samsung Semicon-
ductor (3725 North First St., San Jose,
CA 95134). The devices include a switch-
ing regulator, a series of programmable
precision references, and two types of

regulating modulators
(PWM).

The switching regulator, the KA78540,
is essentially a flexible monolithic subsys-
tem that contains all the active building
blocks needed to implement a switching
regulator system. The device can be used
to implement step-up, step-down or in-
verting switching regulators.

The KA78540 has its own on-chip tem-
perature-compensated voltage reference,
a voltage comparator, an independent
high-gain operational amplifier, a con-
trollable oscillator and a high-current,
high-voltage output. The chip can pro-
vide an output current of up to 1.5 A
without external transistors. The output
is adjustable from 1.3t0 40 V.

The KA431 series of programmable
precision references are three-terminal
adjustable regulators with guaranteed
thermal stability over either of two tem-
perature ranges. Output voltage can be
set to any value between the reference
voltage—approximately 2.5 V—and 36 V
with two external resistors.

The devices have a low dynamic output
impedance, typically 0.2 ohm. Active
output circuitry provides a very sharp
turn-on characteristic, making the de-
vices good replacements for zener diodes.
Sink current capability ranges from 1.0

pulse-width

Order Back Issues of
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mA to 100 mA. The devices have an equi-
valent full-range temperature coefficient
of 50 ppm/°C. They're temperature
compensated for operation over their full
rated operating temperature range.

The two regulating pulse-width modu-
lators, the KA3524 and KA7500, contain
all control circuitry needed to implement
switching regulators of either polarity,
transformer coupled dc-to-dc converters,
tranformerless polarity converters, volt-
age doublers and other power-control
applications.

Each device is a monolithic IC that
contains an internal regulator that pro-
vides a stable 5-V reference supply
trimmed to 1%. The reference is capable
of supplying as much as 50 mA to exter-
nal circuitry. Each device also contains
error amplifiers, a phase-splitting flip-
flop, an output control circuit, a PWM
comparator and an oscillator with master
or slave operating capability.

The KA7500 differs form the KA3524
in that it has a dead-time comparator and
an uncommitted output transistor that
can source or sink as much as 200 mA.
The device also offers output control for
either push-pull or single-ended opera-
tion. In addition, the KA7500’s duty cy-
cle can be varied via a dead-time con-
trol line into the on-chip, dead-time
comparator.

Complete PWM control circuitry is
contained on the chip. Also, internal cir-
cuitry prohibits appearance of a double
pulse at either output. The KA7500 can
be operated over a wide switching fre-
quency range of 1 kHz to 300 kHz. The
KA3524 and KA7500 operate from a
wide range of supply voltages—from 10
to 40 V—over an operating temperature
range of 0°C to + +70°C.

The switching regulator and pulse-
width modulators come in a 16-pin DIP
package. The programmable reference is
available in two types of packages—
TO-92 and an eight-pin DIP—and in two
temperature ranges, 0°C to 70°C and
—40°C to +85°C. When ordered in
quantities exceeding 100, the KA78S40CN
switching regulator is priced at $1.47, the
KA432 is 53 cents, and the KA3524 and
KA7500 are $1.09 each. ME
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W SOFTWARE FOCUS |/
Getting Organized With Agenda

Lotus Development’s Personal Information Management
software helps to cope with today’s constant flow of details
that have to be acted upon at a future time

By Art Salsberg

Most of us face a constant barrage of
small bits of information that we have to
follow up on. For busy managers, admin-
istrators and supervisors this is especially
challenging.

Perhaps you’re an electronics service
manager, for example, and you have to
schedule equipment repairs in and out-
side the shop, keep track of maintenance
schedules, dispatch technicians, assign
replacement help to cover for someone
who’s ill, set up appointments with sup-
pliers, and so on. There’s just so much
you can do with small notes here and
there, jottings on pads, voluminous notes
inanotebook, and soon. What do youdo
when changes have to be made, when you
want an overview of a certain time period
or the most important assignments to be
done, or you’d like to separate TV receiv-
er repairs and VCR repairs, prioritize ser-
vice work to be done, etc.?

Personal computers and appropriate
software can play an effective role in or-
ganizing and retrieving such informa-
tion, and give you an overview of what’s
to be acted upon down the short and long
roads. With few exceptions, most such
software programs fall short in areas.
Some can only be effective with very dili-
gent work, while others can only present
efficient views of what’s to be done for
limited numbers and categories before a
jumble of notes become confusing. Lo-
tus’s ‘‘Agenda’’ is an exception. It’s the
pioneer program in what is called ‘‘Per-
sonal Information Manager’’ (PIM) ap-
plication software. No word-processor,
outliner, clip note, or fetch software pro-
grams can match this type of program for
heavy-duty organizational capability,
and quick use.

Agenda is a powerful program, and as
such, it might intimidate the new user at
first blush. For $395 (list) it comes with a

set of four 5.25” floppy disks and, for al-
ternative installation, two 3.5 " disks; and
a three-ring-binder User’s Guide and a
second similar binder with three booklets.

You need an 1BM computer or true
compatible, 640K of RAM, MS-DOS 2.0
or higher, and a hard disk. You’ll certain-
ly require the latter since Agenda files will
use roughly 1.5 megabytes. The program
isn’t copy protected in a full sense, but it
writes code to one of your disks when you
first install it and requires using the install
program to make backups or copies. In
addition, two pop-up accessory pro-
grams that take up at least 65K of RAM
may be installed to add to the versatility
of information collection, as will be
shown later. (If you’'re using OS/2 as
your operating system, you’ll require 1.5
megabytes of RAM instead of the 640K
cited above for MS-DOS.)

This latest version of Agenda includes
a new starter application called “‘Activi-
ties Planner.”’ It contains activities com-
monly used by most people, illustrating a
variety of Views that will speed learning
how to use the program. Additionally,
Version 1.01 protects files from loss or
damage due to power interruption and
has a database recovery utility built in
should the unimaginable ever happen to
your data. (An update kit for owners of
the earlier Agenda version is available for
$15. This update was provided free for a
limited period of time.)

Using Agenda

This is one of those programs you just
can’t effectively use without reading
some of the information presented in
Agenda’s fine manuals, especially the
chapter, ““Thirty Minutes with Agenda.”’
You’ll get a fast look at all the basics.
Moreover, I’d heartily suggest that you
go through the automated demonstration
disk that’s provided. Additionally, an
Agenda Tutorial gives you step-by-step

instructions, and an Agenda Sample Ap-
plications illustrates a variety of ways in
which to use the program on the job.

These recommendations aren’t made
because Agenda is ultra-complex, but
just that it allows you to do so many
things that you must have a practice run-
through to prepare you to use the pro-
gram advantageously. In this sense, it’s
not like a powerful word processor pro-
gram that permits you to merrily use a
tiny fraction of its functions without
touching onits full strength. On the other
hand, it’s much simpler to use Agenda
““full strength’’ because operating re-
quirements are much more limited than
typical heavy-weight word processor or
database programs.

Actually, what you’re doing with
Agenda is akin to creating a special data-
base that’s entered and massaged in an al-
together different manner. Throw in
some beautifully working artificial intel-
ligence and you’ll have some idea of what
Agenda is all about.

The people at Lotus Development sure
knew what they were doing when they de-
veloped this program. With Agenda, you
can enter whatever you wish in an un-
structured manner, sort, retrieve, auto-
matically cross reference. In essence, you
work with it in a sort of free form man-
ner. Function key assignments simplify
the entire process.

You might compare a standard data-
base program’s ‘‘records’’ with Agen-
da’s “‘items.”” Unlike a database,
though, you don’t have to set up any
structure. Just type away with free-form
text, using a couple of words or about
four lines (350 characters). Just as if
you’re using an ordinary word processor.
This might be words such as ‘‘Check out
Martin’s VCR after lunch’ or ‘“‘Phone
Howard tomorrow to be sure he’s at
home.’’ You can also attach a note to any
item that can be as long asabout 10 pages.

Any time you wish you can assign items

——— e e ————
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Hardware Personal Info Organizer

While a host of personal information
management software is on the market,
from ones with a limited scope to super-
weights like Agendareviewed here, they
all share one limitation: You can’t easi-
ly tuck any of them into your pocket for
quick referral.

Take heart, however, because a bevy
of carry-along hardware products are
also available fo help you jog your
memory. Some, like Sharp’s ‘“Wizard”’
and Casio’s ““Boss,”” are the heavy-
weights among portable hardware de-
signed for this purpose. A new one, that
I’d call ““Mighty Mite,”’ is SelecTron-
ics’ “‘Datastor 1000c.” The size of a
modestly thickened credit card, this $40
product is a marvelous databank that
can be easily carried around to recall
names, numbers, addresses, memos
and appointments. It also recalls time
(you can choose a 12- or 24-hour for-
mat), date, day and displays running
seconds on its two-line LCD display.

In addition to the foregoing func-
tions, it performs as a 12-digit four-
banger calculator with memory, per-
centage and currency-exchange-rate
calculations. Datastor is topped by a
nice alarm feature that will beep for 20
seconds when the alarm time is reached.
Moreover, it allows you to store a mes-

sage along with the alarm that will be
displayed. Up to 100 characters can be
stored per alarm message, with the first
12 characters shown. There’s a scroll
button to see the rest of the message.
Among other features is a secret three-
digit file number code, which performs

like a computer software’s security
password.

Powered by a 3-volt lithium battery,
it also contains a backup duplicate so
that your data will remain intact if you
change the main battery. Memory space
is 10K, with a storage capacity of up to

i3]

to ‘‘categories,”” which are similar to a
database’s fields. If you set a few catego-
ries manually, Agenda will start assign-
ing items to categories automatically.
You can also name sub-categories. For
example, you could set up a category as
Jobs and a sub-category as Names. Or
another sub-category as Serviceman.
You can choose virtually any number of
categories you wish to. Furthermore, you
can add synonyms so that Robert and
Bob or just plain B are interpreted the

”

same by the program.

The delightful part of all this is that it’s
so easy to work with Agenda once you get
the thing down pat. The program can be
set to use its artificial intelligence to suit
you. You can set it so that it enters items
in their proper categories from among a
bevy of them automatically or set it so
that it has to give you the final okay to
place the items. The strength of the auto-
matic function can be varied by you, too.
It even evaluates dates when the specific
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one isn’t given, such as typing ‘. . . to-
morrow’’ or ‘. . . next Friday,” and au-
tomatically enters the specific date into a
related ‘“When’’ category.

Finally, Agenda has a ‘‘View’' func-
tion. This allows you to see whatever is
stored in memory, permitting you to fil-
ter things the way to wish to see them;
horizontally, vertically, both, any item,
any category, mixtures, and what have
you, including narrower or wider col-
umns with automatic wrap-around. In
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100 characters and 64 digits for each
record put into memory. The device
shuts off automatically after 7 seconds
to conserve battery energy if you forget
to press the OFF button.

Datastor’s raised tablet-like soft key
tablets are small. However, taking care,
they were easy to use, responded well
and had sufficient spacing for my fin-
gers to work them without error. This is
no easy task, since the face squeezes in
all the letters of the alphabet and 0 to 9
numerals, as well as a group of com-
mand keys, such as STORE, RECALL,
SCROLL, etc. Although the LCD display
isn’t backlighted, characters displayed
are large and very black against the
background, making the display com-
fortable to read.

The Datastor 1000c certainly packs a
lot of useful functions into a remark-
ably compact design at a modest price
that the *‘street”’ in many areas will
doubtlessly discount. One can always
wish for more memory capacity, but the
Datastor 1000c contains enough to
make it through the week, unless you
plan to fill it up with a// your phone-
book numbers. One feature not men-
tioned, by the way, is a ‘‘Decision Mak-
er.”” This bit of frivolity activates the
display with a random ‘‘Decision-

Yes,”” “‘Decision-No’’ or ‘‘Decision-
Maybe’’ message should you be torn be-
tween deciding something one way or
another. With the ‘“‘Maybe’’ message, I
guess it’s better than flipping a coin.

For those of you who aren’t familiar
with SelecTronics, the company merged
recently with Microlytics, which pro-
duces some very fine computer soft-
ware, such as the search and retrieval
program ‘‘Gofer,’’ and a host of other
compact portable products. Selectron-
ics also includes *‘The Electronic Bi-
ble’’ and “Wordfinder’’ in its product
line, as well as other Datastor models.
One such pocket model includes an RS-
232 port to send its notes and whatever
to a personal computer or vice-versa. It
works its miracles of miniaturized data-
bank products with the aid of a Xerox
license to use the big X’s impressive
data-compression technology.

You don’t have to be a disorganized
person to make good use of Datastor,
of course. It’s a product that will serve
admirably for all of us, combining great
utility, carry-along ease and low cost. In
sum, it’s not just a gimmick device, but
a highly useful tool for just about every-
one. Oh, yes, it automatically arranges
names in alphabetical order whenever
you key in a new one.

effect, it’s a magic genie at your finger-
tips for information retrieval at its best.
You can add, delete, modify, copy,
print with page layout choices and head-
ers, move, sort, get help screens, change
screen colors, rename, add or change a
password, automatically save matter
choosing an interval from 1 to 60 min-
utes, create macros, import, transfer,
and more. Two pop-up accessories are al-
so provided to either capture text from
another software application and paste it

into an item or note in Agenda or transfer
up to 10items at a time to a structured file
and them import them to the Agenda
database.

Like Lotus 1-2-3, you move a highlight
bar on the top of the screen display’s
menu to select the function you want.
Function-key assignments toggled for
display at the bottom of the screen simpli-
fy operations, with the same common use
of F1 for Help. Unlike 1-2-3’s slash-line
key to access the menu, however, Func-

tion key F10 is used. In addition to ma-
cros to speed up work, there are also keys
you can assign to provide ‘‘accelerated’’
performance.

Conclusions

Agenda 1.01 is a truly impressive pro-
gram that fills an important need. Its
shortcomings are few, while its strengths
are many and great. Among the former is
a quirky requirement that a /b/ has to be
placed at the beginning and end of a
header that you want to boldface instead
of simply typing Y or N when given a
choice. Aside from such minor quibbles,
the only negative I can observe relates to
any powerful program: it requires a lot of
memory and disk space, and it takes more
time than simple programs to become fa-
miliar with the in’s and out’s of Agenda.
Agenda’s strength, however, becomes
apparent when you constantly have lots
of scraps of information you want to or-
ganize for quick, easy retrieval. Chief
among them is the program’s ability to
link different files. You can assemble a
bunch of information from different files
in a flash, say, all the Panasonic VCRs
scheduled for repair in a forthcoming
week. Or all the customers living in a cer-
tainarea. I especially like Agenda’s artifi-
cial intelligence capability. No longer
does one have to repeat typing related in-
formation in different files since the pro-
gram does it for you automatically.
Lotus Development’s Agenda isn’t for
everyone, of course. It’s exceptionally
appropriate for anyone who works with a
lot of short items, not with extensive doc-
uments. If the former is your lot, as it is
for so many of us, then Agenda will in-
deed make you a much more efficient
person, releasing alot of time you can put
to use for other responsibilities. Stick
with the program for a while to get the
hang of it, and I’m confident you’ll agree
that Agenda is a winner among its kind.
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PICKS UP A WHISPER 50 FEET AWAY! |

The modei WAT-50 miniature FM tranmitter uses a
4-stage circuit NOT to be confused with a simpie wire-
less microphone. Simply snap the unit on top of a 9V
battery and you can hear every sound in an entire house
up to 1 mile away! Use with any FM radio. Tunes to any
frequency from 70mhz - 130mhz. Easy to assemble kit
includes all parts and instructions. Only 29.98 tax incl.

The WIRELESS TELEPHONE TRANSMITTER model
WTT-20 is only about the size of a dime, yet transmits
both sides of a telephone conversation to any FM radio
with crystal clarity. Completely automatic. Uses power
from the telephone line itseif - never needs a battery!
Up to % mile range. Tunes from 70mhz - 130mhz. Easy
to assembile kit includes all parts and instructions. On-
iy $29.98 tax incl.

Call or send MO, VISA, MC for immediate delivery.
Single kit orders Include $1.50 S&H. FREE SHIPPING
on orders of 2 or more. Ali orders shipped by U.S. Maii.
COD add $4.00. Personal checks allow 21 days.

DECO INDUSTRIES
BOX 607, BEDFORD HILLS, NY 10507
914-232.3878

CIRCLE NO. 60 ON FREE INFORMATION CARD

An interesting and worth-
while project. This EASY-
TO-BUILD circuit lets you
use any regular TV set as
a simple  OSCILLOSCOPE.
No modifications to Tv!
Tiny, 9v battery powered.
Goes anywhere! Order now!
Ask for our FREE CATALOG

TV-SCOPE

RESEARCH, Box 3543

| L N

l DETAILED PLANS:  97.95
|

I'minsoort PA 17701

| FINALLY!

of other plans and kits!
J

REMOTE CONTROL KEYCHAIN

Complete w/mini-transmitter
and +5 vdc RF receiver
Fully assembled including plans
1o build your own auto alarm
Write for more information
Quantity discounts available

1 gg%ck Vls? oaM/C
ays refun
ONLY $24 95 Add $ 3 shipping
VISITECT INC. / Dept. M (415) 872-0128
PO BOX 5442,S0O.SAN FRAN.,CA 94080

Surface Mount Chip Component
Frnlntvpmg Kng_

CC1 Capaculot Knoonulnsassmeces 5ea.ofevery
10% value from 1pfto 33,1, CR-1 Resistor Kit contains
1540 pieces:; 10ea. of every 5% value from 1002 to 10 meg(?
Sizes are 0805 and 1206. Each kit is ONLY $49.95 and
available for immediate One Day Delivery!

Order by toli-free phone, FAX, or mail We accept
VISA, MC, AMEX, COD, or Pre-paid orders. Company
P.0O.'s accepted with approved credit. Call for tree
detailed brochure

COMMUNICATIONS SPECIALISTS, INC.
426 West Taft Ave. - Orange, CA 92665-4296
Local (714) 998-3021 - FAX (714) 974-3420

Entire USA 1-800-854-0547
CIRCLE NO. 57 ON FREE INFORMATION CARD

MODERN ELECTRONICS MART

Classified Commercial Rates: $1 per word, 15-word minimum ($15.00) prepaid. (Word
count includes name and address; ZIP code and abbreviation each count as one word;
P.O. Box number and telephone number count as two words each.) Indicate free cate-
gory heading (Computers, Communications, Electronics, Video or Miscellaneous). A
special heading is available for a $6 surcharge. First word only is set boldface caps at no
charge. Add 20% for additional boldface words.

Non-Commercial Rates: FREE to subscribers, as space permits; maximum 15 words. A
recent MODERN ELECTRONICS mailing label must accompany ad.

(All advertisers with P.O. Box addresses must supply permanent address and telephone
number. Copy is subject to publisher approval.)

Mailing Information: Copy must be received by the publisher by the 25th of the third
month preceding the cover date. Send Advertising material with check or money order or
credit card information (Visa or MasterCard only) with number and expiration date to:
MODERN ELECTRONICS, Classified Department, 76 N. Broadway, Hicksville, NY

11801.

VIDEO

T.V. NOTCH FILTERS, SURVEILLANCE
EQUIPMENT, BROCHURE $1.00. D. K.
VIDEO, BOX 63/6025, MARGATE, FL
33063 1-(305) 752-9202.

CABLE TV CONVERTERS/DESCRAM-
BLERS All major brands. Are you tired of or-
dering cable TV equipment and receiving in-
ferior merchandise, NOT AT K.D. VIDEQO.
We are a well established company that will
offer you the best quality, service and prices.
WE SPECIALIZE IN DEALER PRICING.
Call TOLL FREE 1-800-327-3407. K.D.
VIDEO INC., P.O. BOX 29538, MLPS., MN
55429.

CABLE DESCRAMBLERS, All brands, Full
warranties, same day shipping, C.0.D. OK,
Example—Jerrold 400 with built-in decoder
and remote control $125.00, single lot or
$100.00in lots of 10, Oak RTC-56 with remote
$150.00 or $135.00 in lots of 10, Zenith, Ham-
lin, Tocom, SA-3, TRI-BI, All in Stock.
Mount Hood Electronics 2 206- 896- 6837.

1,000,000 VlDEOMOVlES/SOUNDTRACKS
—BROADWAY LPS! Video catalogue—
$1.00. Soundtracks—$1.00. RTS/ME, Box
750579, Petaluma, California 94975.

TOCOM'’S Complete descramblers with vol-
ume control, fully guaranteed with remote
$l_50.00 each. Calt (213) 478-2506.

SCREENPRINT your circuit boards fast and
easy. For free information write to: Fred
Ayres, 4§23_W62. Brooklyn, Ohio 44144.

REPAIR and Editing Kit: for VHS and
BETA, $7.95 Guaranteed. Checks and money
orders to: N.Y. Gordon’s, P.O. Box 524, Col-
ona, IL 61241.

ELECTRONICS

KINETIKITS from KINETICO: electronic
kits outputting light or sound. Free catalog:
KINETICO, P.O. Box 1634, NY, NY
10114-0508.

DETECTION - Survelllance, Debugging.
Plans, Kits, Assembled Devices. Latest High
Tech Catalog, $5. DETECTION SYSTEMS,
2515 E. Thomas, #16-864H, Phoenix, Ari-
zona 85016.

TUBES, New, up to 90% off, S.A.S.E., Ker-

by, 298 West Carmel Drive, Carmel, IN
46032. -
MINIATURE FM  TRANSMITTERS!

Tracking Transmitters! Voice Disguisers! Bug
Detectors! Phone Devices! More! Available in
kits or assembled and tested! Catalog $2.00:
XANDI ELECTRONICS, Box 25647, ‘‘A1"’,
Tempe AZ 85285-5647.

SURVEILLANCE Countersurvelllance
Equipment Catalog $5.00. Eavesdropping De-
tection Equipment, P.O. Box 1087, Williams-
vllle. NY 14231.

FUZZ BUSTER BUSTER—Acuvates RA-
DAR DETECTORS. Great for testing Radar
Detectors at Hamventions. Build from parts
in your shack. For complete plans, assembly
instructions and parts list send $19.95 to
RICH CONSULTING, Box 8206, Fort
Wayne, IN 46898-8206. -

SURVEILLANCE / COUNTERSURVEIL-
LANCE devices catalog. Cameras, bug detec-
tors, video camera detectors, transmitters,
communications, and much more. Catalog
$3.00. DSP, P.O. Box 1275-ME, Redondo
Beach, CA 90278.

BRILLIANT sparks and harmless electrical
shock can be produced by simple, safe, inex-
pensive, 1.5V battery powered electronic cir-
cuit. Schematic, instructions, and materials
list. Amazing. Send $3.00 to Sparks, Box
27331, Austin, Texas 78755.

SOURCES WANTED for High Quality, Pro-
ven Products of interest to readers of this
magazine. DLJ-B, 485 Fuhriman, Pro-
vidence, Utah 84332. Free Catalog.

BUILD an MC6808 based microcomputer.
Expandable to 64k bytes of memory and 15+
P1A’s. Send $15.00 for schematic and instruc-
tions. Luna, 303 E. Packard, #24, Charlotte,
MI 48813. o

SURVEILLANCh—Audlo; Video  Equip-
ment—Debugging. Industrial or Private. 500
1tem Catalog $7.00. Security Systems, 3017D
Hudson, New Orleans, LA 70131.

FREQUENCY METER. 5 Digit LCD with
overrange, 1-199,999 HZ. Low Power, Panel
Mount. Plans $3.50, Kit $34.95, Assembled
$39.95. Industrial Micro, Box 596, Logan,
Utah 84321.
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DAZER Defense Device Kit! $44.95. Unique
Products Catalog $1.00. Quantum Research,
17919-77 Avenue, Edmonton, Alberta T5T
2S1.

TRI-MARK receiver marker kit: three crystal
controlled outputs cover HF through UHF.
Circuit board with all parts, switches; only
$19.95 plus $1.25 shipping. NY add $1.45
sales tax. Send stamp for flyer. TWO FOX
ELECTRIX, POB 721, Pawling, NY 12564-
0721.

STRANGE STUFF Get the advantage! Laser
listener, surveillance, descrambling, under-
ground information. Plans, kits, complete
items. Informational package $3.00 refund-
able. DIRIJO/BOND, Box 212, Lowell, NC
28098.

LIGHT bulb life extender. Not rectifier type.
Plans $10.00. No checks. John Leal Electron-
ics, Box 925, Kingsville, Texas 78363.

ELECTRONIC REVIEW Detailed Electron-
ics Reviewing for bettering grades, interviews,
and promotions. Over 300 pages $39.95 in-
clude $4.25 shipping. USER-Graphics, De-
partment-ED73, 7136 Everett, Boise, 1D
83704-7415.

BUILD 8088 single board computer for under
$75.00! Serial and parallel, 256K static RAM.
Makes excellent robotic controller or MS-
DOS-based computer controller. Step-by-step
manual, complete with schematic and PCB
layout, parts list $14.95. Catalog of robotic
and varied CPU projects, $1.00. HTC Tech-
nologies, 9 Union Square, Ste. 129, South-
bury, CT 06488 (203) 263-3958.

m 76 N. Broadway, Hicksville, NY 11801

KITS and plans, amplifiers, antenna amplifi-
ers, alarms, power meter, VU meter, motion
detector, siren, dimmer, timers, display,
counter, chime, door bell, power supply and
many more. Catalog $1.00. ARLI Electronics,
2155 Verdugo Blvd., -22, Montrose, CA
91020..

BUILD workmg 68000 single board computer
under $100! Complete step-by-step manual in-
cludes schematic, circuit board layout, parts
list. Plans incorporate same CPU chip as Mac-
intosh, AMIGA, Atari ST $24.95. Catalog of
robotic and varied CPU projects, $1.00. HTC
Technologies, 9 Union Square, Ste. 129,
Southbury, CT 06488. (203) 263-3958.

CHALLENGE Yourself! Do you have what it
takes to pass my electronic test? Find out, mail
$4.00 to Box 16035, Phila., PA 19154,

COMPUTERS I

ENGINEERING Software, PC/MSDOS.
Hobbyists-Students-Engineers. Circuit De-
sign $49, PCB Layout $99, Logic Simulation
$29, Mathematics $39, Circuit Analysis $29.
Call or Write For Free Catalog. (614) 491-
0832, BSOFT SOFTWARE, 444 Colton
Road, Columbus, OH 43207.

COMMUNICATIONS

CHEAP ham equipment. SASE gets list—Jim
Braddy WA4DSO/4, 3037 Audrey Drive,
Gaionia NC 2_8054.

SHORTWAVE, ham, scanner radio books.
Catalog $1. Tiare Publications, P.O. Box
493ME, Lake Geneva, WI 53147.

* Includes antenna,
rechargeable battery,
charger/adaptor & belt
clhip Full range of optional
accessories available
= Covers 27-54 MHz, 108 174 MHz
406-512 MHz, and 800 950 MHz
#5Scan Banks and 5 Search Banks
# 25 Day Sausfaction Guarantee,
Full Refund if not Sansfied

S 2 59. OO = No Frequencies cut out

AR900

COMMUNICATIONS
10707 E. 106th 5t. Indpls., IN 46256

smmme TOll Free 800-445-7717
VISA Visa and MasterCard
[La— (COD shghtly higher)

InInchana 317 849 2570 Collect FAX(317)849 8794

MestorCord

CIRCLE NO. 53 ON FREE INFORMATION CARD

DISCOUNT PRICES - FAST SHIPPING

FREE INFORMATION SERVICE P.O. Box 56T - Van Nuys, Ca - 91408
. . . 0-6 HOUR AUTO = INSTRUMENT
For further information on products, dealers, or literature SHUT-OFF TMER [T s ENCLOSURES
inthisissue, circle the appropriate numbers below. Be sure A Rho:’“ inc. Molded ABS instrument
to include your name and address before mailing. Mark-Times 90007 Wall-box | enclosures. Matching
timer fits standard 3° deep front and rear paneis.
! 2 y 4 2 6 7 8 &) oy " s wall box. Rated 20 amps @ * | Integrated PC board
13 14 15 16 17 18 19 20 21 22 23 24 125Vac.'l’umknoblodulrodllm In- | standotis and two sets of
25 26 27 28 29 30 31 32 33 34 34 36 cludes hardware, beige wall piate, and vertical mounting siots for front and rear
knob. UL and CSA listed. CAT# TMC-8 sub panet PC boards. All enciosures are
37 38 39 40 41 42 43 44 45 46 47 48 $5.75 each « 10 for $50.00 6° wide X 8 1/4" deep. Avallable in black,
49 50 51 52 53 54 55 56 57 58 59 60 ivory, biue, and beige. Speciy color.
61 62 63 64 65 66 67 68 69 70 71 72 THUMBWHEEL SWITCH FRONT & REAR PANEL HEIGHT
1pole 10postion R 2 1/4° CATA MB-A $7.50 each 10 for $65 00
13 74 715 76 77 78 79 80 81 82 8 84 decimal encoded l‘ k 25/8° CATHMB-B $7.75each 10 for $67.50
85 8 8 8 8 90 9N 92 93 94 95 96 switches which 3 3 CATE MB-C 3800each 10 lor $7000
interiock to make
97 98 99 100 101 102 103 104 105 106 107 108 up desired nunbovoidlghu Terminates 10 AMP SOLID e
109 110 111 112 113 114 115 116 117 118 119 120 % 11 pc pins (1 common and 10poles). | STATE RELAYS *\.«{"
121 122 123 124 125 126 127 128 129 130 131 132 O e X s 20 han X |eLecTROLS S2181 »
133 134 135 136 137 138 139 140 141 142 143 144 0 for $10.00 - End platos can by acded | CONTROL: Rated 5.5 1o 10 Vdc ( cperates
145 146 147 148 149 150 151 152 153 154 155 156 to form a 94° high bezel. END PLATES . | o0 3-32Vdc). LOAD: 10 amp @ 240 Vac
CAT# SW-9EC- $1.00 per set 21/4° X 134" X 7/8° CAT# SSRLY-108
157 158 159 160 161 162 163 164 165 166 167 168 $9.50 each QUANTITY DISCOUNT
10 for $85.00 « 25 for $175.00
169 170 171 172 173 174 175 176 177 178 179 180 PHOTOFLASH CAP. s - TR
Rubicon CE 210 MFD 330 V
Insert issue date here - 0.79" dia. X 1.1° high. New, % OPTO SENSOR
prepped with 1.4° biack and red U sh with
(month) (year) wire leads soldered 10 the terminais. Wum ::’c'k.:/p; opening. %
CATa PPC-210 $2.50 each 3/4° mounti s. CAT# OSU-8
(must be complotod 1o process) 10for $22.50 « 100 for $200.00 50¢ o:::h r:°1?|’°, $4.50 « 100 for $40.00
— ORDER TOLL FREE 1-800-826-5432
CompanyName o FAX (818) T81-2653 Terms: Phone ordars must ba charged lo
Visa, MaslerCard, or Discover. Minimum order $10.00 - Add $3.50 por
Address S ordor lor shipping’ handling - CA residents add sales lax
Quantities limited - Mall orders may be paid by check - Mo C.0.D.
City . = State Zip CALL TOLL FREE FOR A FREE 60 PAGE CATALOG!
Phone - . CIRCLE NO. 54 ON FREE INFORMATION CARD
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CABLE TV
CONVERTERS
IN STOCK

Stocking all types of converters: Panasonic,
Jerrold, Tocom, Pioneer, Scientific Atlanta,
Zenith, Oak, Hamlin, Eagle, and others
Call or write for FREE CATALOG
Mon - Fri 10 to 6 Eastern Time

VIDEO-LINK

Enterprises, Inc.

520 Glenbrook Rd. Suite 202
Stamford, CT 06906
Orders: 800-622-9022
Catalog & Info: 203-975-7543

Cable Converters And
Descramblers

Why Pay a High Monthly Fee?
For FREE Catalog Call or Write

CABLE CONNECTION
1304 E. CHICAGO ST.-SUITE 301
ALGONQUIN, IL 60102
(708) 658-2365
No lllinois Orders

CB TRICKS OF THE TRADE 1 & Il
Tricks | and Tricks I, plus a free set of
plans for CB Super Modulation.
Special: $40.00
Order each book separately for $19.95

C.0.D. Orders Accepted
Medicine Man CB 1,0,
P.O. Box 37, Dept. A 0y
Clarksville, AR 72830 !
(501) 754-2076
BUILD YOUR OWN LASER!
New manual reveals latest laser break- [————
througha and gives complete step-by A‘I'IIEEH
sv;pﬁsmmw;sbbd@inskmdsol *
real working lasers with easy- *___
parts (sources for all parts are given) - sux
ndudw? an infrared laser that you can make quickly for
under 30-Day Money-Back Guarantee if not com-
satisfied but keep lhe FREE safely decal (above)
with each order. Send $8.75 plus $2.75 P&H to:
Biophysica Inc., 902-M West 36th St., Baltimore, MD 21211

CABLE-TV BOXES

Descramblers ®* Converters

FREE CATALOG

TRANS-WORLD CABLE CO.
12062 Southwest 117th Ct., Suite 126
Miami, Florida 33186
800-442-9333

LEARN  COMPUTERS  PROFIT

Program & Integrate 32 Bit Computers
* 00S386 Muiti-Window Operating System — 2.88 F0
Univ Like DOS Frendly DOS Compatible
% 32 Bit 386 Computers Complete VGA HD $1995
% External Device Control Board — Control home robotics
Brochure Available  406-728-0332

MC INTELLIGENT MACHINES
1440 W Broadway. Missoula, MT 59802

Advisor Hotline
Visa

MORSE Code? No Problem. You can in-
crease your speed, no matter how many times
you've failed before. Results guaranteed when
you follow the instructions. PASS Publish-
ing’s CW Mental-Block Buster program helps
you explode mental blocks that hold you back.
Based on 40 years of research, the CW Mental-
Block Buster uses guided meditation, dynamic
visualizations, and powerful affirmations to
blast through mental blocks. You c¢an do
code! That means new bands, more contacts,
more fun! (This is not a CW practice tape.)
The CW Mental-Block Buster audio cassette
and practice booklet are only $24.95 ppd. in
the US (NY residents add $1.87 sales tax).
(Quantity discounts available for classes.)
PASS Publishing, P.O. Box 570, Stony
Brook, NY 11780.

BUSINESS OPPORTUNITIES

LEARN to Clean/Repair Fax Machines.
Huge new market! Earn $85/hour. No experi-
ence necessary. Free details call 1-800-537-
0589 or write to: Viejo Publications, 3540 Wil-
shire Blvd., #310, Dept. FX300, Los Angeles,
CA 90010.

SECURITY EQUIPMENT
WIRELESS SECURITY SYSTEMS and

Equipment. Low Cost Complete Systems,
Telephone Dialers, Central Station Monitor-
ing, Infrared Detectors, Wirelsss Medical and
Panic Buttons etc. Visa/Mastercard. Free Lit-
erature. HACHEN SECURITY, 1904 Ply-
mouth Road, Independence, MO 64058
1-800-869-0483.

PROJECT SUPPLIES

CORDLESS SOLDERING IRON! NEW
TECHNOLOGY GETS RID OF THAT PES-
KY CORD. HEATS UP IN JUST SEC-
ONDS, 5 YEAR WARRANTY. $19.95,
FREE SHIPPING. AUTOCOMM, 4174A S.
PARKER, #117, AURORA, CO 80014.

EDUCATION/INSTRUCTION

COMPLETE Digital Training Course. Com-
prehensive overview of Digital Electronics.
Super handy desktop reference! Hundreds of
pages/illustrations. Free newsletter with or-
der. Send $10.00 to Viejo Publications, 3540
Wilshire Blvd. #310, Dept. DG200, Los An-
geles, CA 90010 or call 1-800-537-0589.

LASER SURPLUS

LOWEST PRICES, HeNe laser tubes from
$29.00 and up. Diode lasers also available.
Applications include: lightshows, weapon
sighting, holography, voice data transmis-
sion, etc. For free catalog write to: Midwest
Laser Products, P.O. Box 2187, Bridgeview,
1L 60455 or call: (708) 403-6984.

ELECTRONIC DESIGN

HOW TO DESIGN AND BUILD YOUR
OWN COMPUTERIZED PRODUCT! New
manual makes it easy! Simple step-by-step de-
tails from idea to finished product. Includes
introduction to design, choosing the proper
CPU, comparison between many CPUs & mi-
crocontrollers, circuit layout, sample sche-
matics, programming, debugging, hints, tips,
and more! $8.00 complete, Satisfaction guar-
anteed, Details free, TRAVCO, 107 E. Val-
lette, Suite 1301J, Elmhurst, Illinois 60126

CABLE EQUIPMENT

CABLE TV SECRETS—the outlaw publica-
tion the cable companies tried to ban. HBO,
Movie Channel, Showtime, Descramblers,
Converters, etc. Suppliers list included. $9.95.
Cable Facts, Box 711-ME, Pataskala, Ohio
43062

CABLE

TOCOM VIP TEST CHIP. For Models 5503
VIP and 5507. Unlike any other turn-on, this
one works! Easily installs in just seconds.
$50.00 each. No Calif. sales. Call (213)
867-0081.

JERROLD SB-3 substitute. Unmodified units
in 5 lots only $25.00 each. Modified units
$35.00 ea. in S lots. No Calif. sales. Call (213)
867-0081.

GLOBAL CABLE NETWORK

CABLE TV converter and descrambler bar-
gain headquarters! Tocom, Scientific Atlanta,
Zenith, Hamlin, Pioneer. Jerrold 400 DRX-
3DIC w/remote $134. OAK M35B $60. Quan-
tity discounts! Order yours today! VISA-MC-
COD 800-327-8544.

FREE MAGAZINES

FREE Subscriptions to over 200 major com-
puter and business magazines—guaranteed.
Write for free information: SEABIRD, 4 Mi-
litia Drive, Lexington, MA 02173.

SCHOLARSHIP

OVER $4,000,000,000 PRIVATE FUNDS is
available every year in scholarships, grants
and fellowships. Graduates, undergraduates,
vocational students. EVERYONE QUALI-
FIES. For information call 1-800-872-1221
ext. 1072.

MISCELLANEOUS

SURVEILLANCE - COUNTERSURVEIL-
LANCE! Guaranteed lowest prices! Unbeliev-
able, Detectors, Jammers, Transmitters,
Phone Security, Cameras, Personal Protec-
tion, Books, More! Huge catalog $5.00 (re-
fundable). PROTECTOR, P.O. Box 520294,
Salt Lake City, UT 84152.

ASIAN LADIES want correspondence for
friendship, marriage. SUNSHINE INTER-
NATIONAL-Dept. TW, Box 5500, Kailua-
Kona, Hawaii 96745. (808) 325-7707.

ALCOHOIL. BREATH TESTERS—TEST
YOUR BLOOD ALCOHOL CONTENT
BEFORE DRIVING, 2/35.00 ppd., R. J.
CROWLEY, P.O. BOX 1087, WILLIAMS-
VILLE, NY 14231.

ATTRACTIVE ORIENTAL LADIES seek-
ing correspondence, marriage. Professional
introductions since 1984. Asian Experience,
Box 1214TZ, Novato, CA 94948. (415) 897-
2742.

MAKE $50/hr working evenings or weekends
in your own electronics business. Send for free
facts. MJOI INDUSTRY, Box 531, Bronx,
NY 10461.

SURVEILLANCE - Privacy control - Debug-
ging - Protection (kits - assembled). Large new
catalog $5.00. Tri-Tron, 2209F Lapalco, Har-
vey, LA 70058
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NEW m ® e o (frompage l4)

Model 7300-ESD, features a static-
dissipating handle. A third version,
the Model 7300-AK, is available as
an adapter kit for existing Endeco
Model 510-3 irons.

CIRCLE NO. 85 ON FREE INFORMATION CARD

R F Tronics (Agawam, MA) claims
to have solved the *““‘memory’’ prob-
lemi in nickel-cadmium battery packs
with its series of Cad-Cyclers. This
new device helps to restore a battery

pack to its full ampere-hour capacity
by properly discharging it to a precise
recommended level. Full capacity is
usually restored in three charge/dis-
charge cycles. Repeated use of Cad-
Cycler is said to help prevent memory
from forming in a battery pack and
maximize the life span and number
of charge/discharge cycles that a bat-
tery was designed to produce.

These hand-held Cad-Cyclers are
all solid-state in design and are pow-
ered by the battery being discharged.
They feature: red flashing MIN and
green MAX LEDs; reverse-polarity
protection; convenient screw-type
terminals on battery and charger
ends for use with any desired connec-
tors; CHARGE/DISCHARGE selector
switch; beeper that signals end of dis-
charge (less than 5-mA drain). De-
signed to be used with existing bat-
tery chargers, the Cad-Cycler seriesis
said to convert any charger into a
battery cycler.

Discharging is automatically halted
as battery voltage drops to within 0.1
volt of the designed 1.1-volt per cell
stop level. Five models currently
make up the line. The Models CC-4,

P e e T ——— e N ——ETE——

Say You Saw It In Modern Electronics

CC-5 and CC-8 discharge at a 500-
mA rate, while the Models CC-6 and
CC-7 discharge at a 600-mA rate.
Each model is color coded for easy
identification.

CIRCLE NO. 86 ON FREE INFORMATION CARD

Audio-Technica’s Model SG800CD
Sound Guard™ stereo headphones
provide separate volume controls for
the left and right channels. This fea-
ture makes it possible for the user to
adjust channel balance and sound
level for optimum listening without
having to reset amplifier or receiver
controls. Also built into the head-
phone system is a stereo/mono switch.

Closed-back earcups in the Model
SG800CD block external sound. The
ear seal is created by soft vinyl ear-
pads. A double headband system and
pivoting earpieces assure proper fit
and fatigue-free listening.

Technical Specifications: frequen-
cy response, 20 Hz to 20 kHz; sensi-
tivity, 100 dB at 1 mW, | kHz;

matching impedance, 4 to 16 ohms;
weight without cord, 6.4 ounces;
cord length, 6 feet. The single-entry
cable supplied with the phones is ter-
minated in a mini-plug plug for com-
patibility with home, portable and
personal stereo systems. A ¥4 " adap-
ter plug included for use with home
systems that require this.

CIRCLE NO. 87 ON FREE INFORMATION CARD
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K.D. VIDEO

FOR ALL YOUR CABLE TV NEEDS
WE SPECIALIZE IN DEALER PRICING

QTy 1 10 20
Jerrold (Type) SB-3 89.00 56.00 48.00
Jerrold (Type) Tri-Bi 119.00 69.00 65.00
Scientific Atlanta SA-3  129.00 8000 75.00
Hamlin MLD-1200 99.00 59.00 4500
Oak N-12 Vari-Sync 99 00 59.00 58.00
Jerrold 550 Converter 99.00 75.00 68.00
Jerrold 400 DRX-3DIC

(With Builtin SB-3)  169.00 109.00 100.00

1-800-327-3407
Call us for prices on large quantities
K.D. Video PO Box 20538, Mpls., MN 55429

CABLE T.V. CONVERTERS

Jerrold®, Oak, Scientific Atlantic, Zenith, &
many others. “New™ MTS stereo add-on: mute
& volume. Ideal for 400 & 450 owners! @:
1-800-826-7623 =
B&BINC. mikem &
4030 Beau-D-Rue Drive, Eagan, MN 55122

e |
o
EPHO
This 1s a normal functioning telephone’
EXCEPT 1t has a secret built in monitor
Only YOU can call and momitor all conversations. using a
secret code. and never be detected! Range Unlimited
$175.00 - 6 month Warranty - Phene Tap Cataleg $3.00
LISTEN ELECTRONICS, 603 Eigia, Mushoges, OK 74401
1-800-633- TAPS

CABLE-TV BOXES

-

-f--;'-

Descramblers ¢ Converters
Some Of The Best Prices In Town

T.J. SERVICES
313.979-8356

CABLE-MATE, INC.

Are You Tired of Paying

Outrageous Feas?
All makes and models of cabie
equipment shipped within 24 hrs.
Quantity discounts. For free
catalog send S.A.S.E. to:
Cable-Mate, Inc., 450 Shag Bark
Algonquin, IL 60102
C.0.D. orders accepted
CALL FOR PRICES TODAY!!
800-422-0525
— (708)658-2121
*No lilinois orders
Hours—8:00 am-5:00 pm central time

-1 ¥
BARGAIN HEADQUARTERS!

CABLE TV DESCRAMBLERS!

- JERROLD -TOCOM * HAMUN
+ SCIENTIFIC ATLANTA = ZENITH
Oak M358 ONLY $60

6 month warranty! We ship C.0.D.!

Lowest retsil/'wholesale prices!
FREE CATALOG:
Global Cable Network
1032 krving St. Suite 109
S.F., CA 94122

ORDER TODAY! 800-327-8544
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We'd like to see your company listed here too.
Contact Jonathan Kummer at 516-681-2922 to
work out an advertising program tailored (o suit
your needs.

Free Product Information

Readers can obtain free information on
products advertised by the above com-
panies, as well as for some editorially
mentioned products. Simply circle the
appropriate number printed below an
advertisement onto the Modern Elec-
tronics ‘‘Free Information Service”’
card bound into this issue. After filling
in your name and address, just mail the
postpaid card. Your request will be for-
warded directly to the advertiser with a
mailing label prepared by our reader-
service department to ensure speedy re-
sponse.

Variable Load (from page 43)

in the main circuit to point A on the
display circuit-board assembly and
repeat with another wire between
points B in both circuits.

An interior view of the finished
prototype of the project is shown in
Fig. 4.

Checkout

To use your Variable-Load Box/
Power Transistor Tester, first set to
the NO LOAD position and CURRENT
CONTROL R2 to its fully counter-
clockwise position. For a positive
power supply or an npn transistor,
set two-position switch S7to the NPN
position (use the alternate position of
S1 for a negative supply or pnp tran-
sistor). Then set three-position
switch S2 to the same position select-
ed for S1.

Connect your power supply to the
project via the appropriate binding
posts and turn on the power. Set S3to
the LOAD position. Now slowly ro-
tate the knob on CURRENT CONTROL
R2 as you observe either the analog
meter movement or digital panel me-
ter. The current should steadily in-
crease until the control reaches its
fully-clockwise position. Repeat this
test with the switches set to their al-
ternate positions and the polarity of
the power supply reversed. You
should notice that at lower voltages,
the response of R2 is not as immedi-
ate as it is in the 12-to-15-volt range.

If the project does not yield the
correct responses or it blows fuses,
begin troubleshooting it by making
certain that connections to the tran-
sistors have been properly made, that
the collectors are not short-circuited
to the enclosure or heat sink on which
they are mounted and that you in-
stalled the transistors in their correct
sockets. Next, trace your wiring to
the switches. Make sure you have not
reversed the connections with rela-
tion to the legends on the enclosure.
Do not put your project into service
until you have corrected any prob-
lems encountered during checkout.
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ELECTRONICS
NOTEBOOK ...

(from page 61)

Fig. 8. A forward-biased OD-663 as viewed
through an infrared image converter tube.

trodes to provide a series path through
the three diodes.

Figure 8 is a photo of the screen of
an infrared image converter tube that |
placed directly over the forward biased
OD-663 shown in Fig. 7. The image con-
verter was focused on the three chips of
the OD-663 and the camera lens was fo-
cused on the image converter’s phosphor
screen. Unfortunately, the photo doesn’t
begin to capture the brilliant appearance
of the OD-663 when viewed through an
image converter.

While a CCD color video camera [
tried did detect the emission from the
OD-663 and other high-power 880-nm
LEDs, it wasn’t nearly as sensitive as my
old single-stage IR image converter. This
is probably dueto the filtration necessary
to give color sensitivity to the CCD array.
A monochrome CCD camera should
work much better, particularly since the
peak emission wavelength of AlGaAs
LEDs is aclose match to the peak spectral
response of silicon.

Going Further

In a subsequent column we’ll take a close
look at high-power red LEDs. Mean-
while, you may want to assemble a light-
wave receiver to detect the pulses from
the system described above. I've de-
scribed various kinds of lightwave receiv-
ers in this column and elsewhere. See, for
example, my Engineer’s Mini-Notebooks
““Optoelectronics’’ and ‘‘Communica-
tions Projects’’ from Radio Shack. ME

Say You Saw It In Modern Electronics



9 Reasons
you’ll really

|
I he M Oder n printed circuits now
1. Select the board layout you

w want
2. Place 1t on top of a photo-
sensitive copper baseboard and
— bk A & B 41l A A& 4 expose to sunlight, spotlight or
M I ncandescent bulb.
{‘\P 1. Filled with practical,
SF¥cat¥s useful projects

3. Etch away unwanted material
in bath solution to create your
printed circuit
4. Attach components and solder
to board
§. Plug it in and use it.
Over 400 pages of how-to information
that’s easy-to-follow and makes projects
faster, easier and more enjoyable. Now
you can build your own electronic
components in wide range of areas—
from telecommunications to stereos,
computers, radio and TV.

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

Here’s how to eliminate the most time
consuming step of almost any project—
fabricating the printed circuit you need.
The Manual gives you the board layout
in black on a clear acetate. Just place
the acetate over a photosensitive PC
copper baseboard, expose it to light,
develop it, and you have your own
rinted circuit board specially crafted Advances in electronics occur rapidly
or each project. today, so we send regular updates to

. give you insight into new technologies
f‘ﬁi?‘ag‘;ey'gg:‘:e)i fby doing and how you can work with it.

Build things for the home and office g@g°“ble'§h°°ting
that make your life easier and more techniques
Build your understanding from the

leasant, and give you more efficiency.
arn when to call the repair man and ground up. Learn the technology

Look how easy it is to
make your own

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

s~} 4. Sources of supply

stores and through the mail.

5. Professional “hints and
/ kinks”-tips, & new
techniques

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

6. Keep on top of
what’s new

Here are just some of the subjects covered:

Introduction to Satellite TV

Facsimile fundamentals

Gulde to using computer
bulletin boards

Short wave radio

Digital logic fundamentals

A DOS tutorial

Electronic components and their
characteristics

Hand tools for electronic kit
building

Electronic component handling

Electrical soldering techniques

Sources of electronic components

Your Manual gives you listings of firms
that sell electronic components through

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

@ 8. Well-organized, easy
to access information

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

@ 9. Publisher’s
Moneyback Guarantee

There’s absolutely no risk in taking
alook at The Modern Electronics
Manual. You pay nothing unless you
are completely satisfied it's for you. If
you have paid already you will receive
a full 100% of your money back.

No Risk Trial Certificate

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

Send for your no risk look today.

r------------------------------(

The Modern Electronics Manual

97 Indian Field Road, Greenwich, CT 06830
YES, send me The Modern Electronics Manual
for only $49.95 (plus $5.00 for shipping and
handling). Enclosed is my check or credit card
number and signature. | understand if I am not

separate supplement and can return them unpaid if I'm not
satisfied. I can also cancel further supplements at any time.

and supplies BASIC programming tutorial completely delighted I can return the Manual at
Pn?etgr?ntl;(lzrlf:s“ ST }_/.!adsee? g:lsrﬂll% R for BYE any time and receive a complete 100% refund.
Making printed circuit boards Installing accessory cards in Paymentenclosed [JCharge my (]Visa []MasterCard
Surface mount technology your PC Acct Ex
Electrical safety Installing a hard/fixed disk drive No. - o Date
Basic radio EManaging data on your hard drive
Basic TV lectrical desoldering techniques Signature
Solid state darkroom timer Audible voltage cont?nuity tester : To order your
Electrical surge protection General diagnostic techniques Manual right Name —— - —-
Amplifier for your Watkman Ground fault-interrupter 1 away, call Address
Basic telephone Cost effective function generator ] — B
Telephone testing set golléble, sided p'r(;?ted circuit boards ) 1800-222-WEKA ¢, 7p o -
Cellular telephone oldering iron Idler
Night light that turns on when Improving antenna reception : Allorders [t 1 Sigiied o be processied ME690
telephone rings performance If I elect to keep the Manual, [ understand I'll also receive

i supplements 4 to 5 times a year at 25¢ per page to ensure m

: Manual remains completely up to date. I'll be billed with each

]

]

]
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Scan the entitg frequency
range from 100'kHz to 905
MHz with Kenwood’s

R-5000, R-2000 and

RZ-1. Listeninon

foreign music, news,

and commentary.

Monitor local police,

fire, and other public

safety services, as well as the
Marine channels, and the many other
services 50 MHz and above

R-5000

The R-5000 is a high performance, top-
of-the-line receiver, with 100 memory
channels, and direct keyboard or main

dial tuning—makes station selection

RZ-1

Wide-band scanning receiver

The RZ-1wide-band. scanning receiver
covers 500 kHz-905 MHz, in AM, and
narrow or wideband FM. The automatic
mode selection function makes listening

1ge witt

KENWOOD

...pacesetter ir Amateur Radio

-M

=]

super easy! Other useful features
include programmable scanning, large,
built-in speaker, 110 voit AC or 12 voit DC

operation (with optional DCK-2 cable),
VHF capability (108-174 MHz) with the
VC-20 option, dual 24-hour clocks with
timer, and even voice frequency readout
with the VS-1option.

easier. One hundred memory channels
with message and band marker, direct
keyboard or VFO frequency entry, and
versatile scanning functions, such as
memory channej and band scan, with
four types of scan stop.The RZ-1is a

12 voit DC operated, compact unit, with
built-in speaker, front-mounted phones
jack, switchable AGC, squeich for narrow
FM.illuminated keys,and a “beeper” to
contirm keyboard operation

Optional Accessory
* PG-2N Extra DC cable
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R-2000
The R-2000"s an all pand. al _
receiver with 10 memory channel$iaind
gnany deluxe features suchias progiant,

mable scanning, dual 24- hourclocka :
with timer, all-mode squeich and
noise blankers, a large, front-
mounted speaker, 110 voit AC o-
12 volt DC operation (with the
DCK-1cable kit), and 118-17¢
MHz VHF capability with
VC-10 option.

Optional Accessories

R-2000:

® VC-10 VHF converter e DCK-1DC
cable kit for 12 volt DC use.

R-5000:

¢ VC-20 VHF converter e VS-1 Voice
module ¢ DCK-2 for 12 volt DC operation
* YK-88A-1 AM filter e YK-88SN SSB
filter e YK-88C CWV filter ¢ MB-430
Mounting bracket.

Other Accessories:

¢ SP-430 External speaker ® SP-41
Compact mobile speaker ¢ SP-50B
Mobile speaker ® HS-5 Deluxe head-
phones e HS-6 Lightweight headphones
® HS-7 Mini-headphones

KENWOOD

KENWOOD U.S.A. CORPORATION
2201E. Dominguez St., Long Beach, CA 30810
P.O. Box 22745, Long Beach, CA 90801-5745
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