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FROM ICOM RECEIVERS

ICOM’s IC-R71A and IC-R7000 are the
professional’s choice for receiving inter-
national broadcasts, aircraft, marine,
business, emergency services, television,
and government bands. These people
demand the finest in communications
and so do you. [COM puts the world at
vour fingertips with the [C-R7000 25-
2000MHz* and IC-R71A 0.1-30MHz
commercial quality scanning receivers.

Incomparable Frequency Control.
Both the IC-R71A and IC-R7000 feature
direct frequency access via their

front keypad, main tuning dial, optional
infrared remote control and/or computer
interface adapter. Incredible Flexibility!

Full Coverage, Maximum Performance.
The superh IC-R71A is your key to world-
wide SSB, CW, RTTY, AM and FM
(optional) communications plus foreign
broadcasts in the 100kHz to 30MHz range.
It features [F Notch, low noise mixer
circuits and a 100db dvnamic range. The
pacesetting IC-R7000 receives today's
hot areas of interest, including aircraft,
marine, public services, amateur, and
satellite transmissions in the 25MHz

to 2000MHz* range. It includes all mode
operation low noise circuits plus out-
standing sensitivity and selectivity. The
IC-R71A/R7000 combination 1s your
window to the world!

The IC-R71A is a shortwave listener’s
delight. Its 32 tunable memories
store frequency and mode information,
and they are single-button reprogrammable
independent of VFO A or VFO B’s
operations! Dual width, an adjustable
noise blanker, panel selectable RF preamp,
and selectable AGC combined with four
scan modes and all-mode squelch further
enhance the IC-R71A’'s HF reception!

The IC-R7000 features 99 tunable
memories and six scanning modes. It
even scans a band and loads memories
80 to 99 with active frequencies without

wwwW_americanradiohistorv. com

operator assistance! Additional features ?
include selectable scan speed pause ’
delays, wide/narrow FM reception and Y
high frequency stability. 3
Options. IC-R7000: RC-12 remote
control, EX-310 voice synthesizer, CK-%)
DC adapter, MB-12 mobile bracket.
IC-R71A: RC-11 remote control, EX-310
voice synthesizer, CK-70 DC adapter,
MB-12 mobile bracket, FL-32A 500Hz,
FL-63A 250Hz and FL-44A filters.

See these quality ICOM receivers
at your local authorized ICOM
dealer today.

*Specifications of the 1C-R7000 guaranteed from 25-1000MHz
and 1260-1360MH>. No coverage from 1000-1025MHz

ICOM America. Inc., 2380-116th Ave. N.E., Believue, WA 98604
Customer Service Hotline (206) 454-7619

3150 Premier Drive, Suite 126, irving, TX 75063

1777 Phoenix Parkway, Suite 201, Atianta, GA 30349

ICOM CAMADA, A Dwision of ICOM America, Inc.,

3071 - #5 Road, Unit 9, Richmond, B.C. V6X 2T4 Canada

All stated specifications are subject to change winout nonce or obligation At ICCM radkos
signiicantly excised FCC regulations hmming spurious emissions Receiversg-89

ICOM

First in Communications
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VOLUME 7, NUMBER 11

FEATURES

Thermally Machine Project Boxes

Give a professional-look appearance to plastic
enclosures that house projects.
By Adolph A. Mangieri

An Infrared Thermometer Accessory
Lets any DMM measure temperatures Fast

without requiring physical contact.
By Thomas R. Fox

A Precision DC Power Supply
Laboratory-grade low-voltage supply offers two
user-selectable voltage ranges, short-circuit
protection and ability to go down to 0 volt.

By Dennis Eichenberg

Stereo Audio Test Box

Simplifies connection of test equipment to
audio gear for troubleshooting and repair.
By Irving E. Farnham

Computer-Controlled AC Interface

Interface and BASIC program let you control
lights and appliances from the keyboard of your
IBM-type computer. By George F. Stockman IV

Area-Code Speed Dialer

Automatically dials any area code, including the
‘1’ that may be required, and any digit needed
in an office telephone system to access an
outside line. By Dave Wysock

DC-to-DC Converters
Designing and building circuits to convert one
dc voltage to another. By Anthony J. Caristi

COLUMNS

Electronics Notebook
Analog Arithmetic. By Forrest M. Mims IIT

Solid-State Devices

Error Detection & Correction, Lithium
““Kickstarter,”’ and Improved PROM and
SPROM Chips. By Joseph Desposito

PC Capers
Life & Death and The MousePen.
By Ted Needleman

Software Focus

Metro Software’s LaserTwin Lets Dot-Matrix
Printers Emulate Laser Printers.

By Joseph Desposito

DEPARTMENTS

Modern Electronics News

Editorial
Modern Electronic Drafting. By Art Salsberg
Letters

New Products
Books & Literature
Advertisers Index
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Build your own Surge-Protector,
Function Generator, Amplifier,

Laser Printer...

“I can’t believe how easy
it is to build my own
electronic devices. This
book shows me how to
do it step-by-step.”

The Modern Electronics Manual

Newly revised and enlarged, now with more than 550
pages, shows you how to successfully build and repair
electronic appliances and equipment. Useful projects,
easy-to-follow repair instructions, detailed instructions
for correctly using test equipment, up-to-date techniques
and the latest in electronics know-how.

Ciozens of practical, money saving projects
With detailed assembly instruc-
tions, schematics, circuit layouts
and parts lists, you'll build projects
in areas ranging from telecommu-
nications, stereos and computers,
test and repair tools, to radio and
TV. And you won't spend valuable
time searching for parts, because
our “Sources of Electronic Compo-
nents and Supplies” provides you
with an updated list of local and
mail-order suppliers.

Do-it-yourself repair techniques
Professional hints, tips and short-
cuts will make repair easy and
efficient. Learn money saving
maintenance tricks and repair
techniques. You'll feel confident
about troubleshooting problems.
You'll know when to call for ser-
vice and when you can fix equip-
ment yourself.

Timely supplements offer you brand
new projects and up-to-date
information.

Experts in their fields work out new and
interesting assembly instructions for one-
evening projects and keep you on top of
what’s new. Your knowledge of electronics
grows continuously. You'll benefit from the
latest developments and ideas, be able to
build or repair more on your own, have fun
and save more money. Supplements are sent
4-5 times a year. No-risk guarantee, you pay [
upon approval. '

CALL 1-800-222-WEKA

PRE-TESTED

A

MONEY!

There’s no risk

to see if it’s
right for you. If

manual after t

ol
S

97 Indian Field
Greenwich, CT

The Moden
Electronics

Manual

BAC
GUARANTEE:

trying The Modern
Electronics Manual

are not delighted,
simply return the
15-day trial period

and receive a
prompt refund.

06830

Convenient, easy to access information in one,
comprehensive source

You won't need to search for books, magazines and manu-
facturer’s brochures. The sturdy three ring binder with
index tabs organizes the material so that you'll find what
you need quickly.

Free circuit layouts on acetate save time

and improve results!

The hardest part of many elec-
tronics jobs is in the planning,
because drawing your own

-

circuit layouts can be time con-
aprectcd®ercl | suming and inaccurate. The
n .
A aogy 008 Modern Electronics Manual pro-

vides clear acetate circuit layouts
for every project. Just place the
layout over a photosensitive cop-
per circuit board, expose it to light
and etch your own printed circuit.
Then attach the com-
ponents, plug it in and
use it!

FREE!

Circuit Layouts
on Acetate

3 I YE please send me The Modern Electronics Manual
7 g for only $49.95 plus $5.00 shipping and handling.
I understand that if [ am not completely delighted, | may
- | return the manual within 15 days and receive a prompt
E | refund. Updates will be sent 4-5 times a year, they are up
¢ | to 120 pages each and cost 25¢ per page. Cancel anytime.
= | Special bonus, limited time only: Prepaid orders receive
Z | first supplement FREE. Order today!
i I {J Visa O MasterCard O Check enclosed 3 Bill me

in

you

he E | Card # Exp. date
[<1 | Signature _
| Signature and
| Phone 2.“{3?&’,2’6 required for
£:] | Name.
l Address.
| City. State Zip

Sorry. orders from foreign countries can only be accepted if they arelprcpaid i
US currency. Shipping and handling cost $15.00 per international shipment.

Rd. 2 I
7 E Mexico.
— {Except Canada and Mexico.) ME1130

FOR FASTER SERVICE

A

CIRCLE NO. 99 ON FREE INFORMATION CARD

wwAALamericanradiohistorv.com
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N/MODERN ELECTRONICS NEWS//iN

PERSONAL DIGITAL CELLULAR PHONES. Next year NYNEX Mobile will
introduce wireless personal telephone service (PTS) in New York
City. It’ll use a new digital transmission standard and expand
the breadth of cellular telephone services. It will buy switching
equipment from AT&T Network and digital phone handsets from
Qualcomm, Inc. for resale to consumers. It’s reported that the
new phones will be significantly smaller and lighter than present
cellular models, and also less expensive. The phones will have a
"sleep" mode when not in use to minimize battery drain

Among services to be offered are traditional two-way
communications, a less-expensive one-way outgoing service that
responds to a built-in pager for incoming calls, and an
economical one-way outgoing-only service

UNFAIR BANNING. Starting January 1, 1991, the Government Ethics
Reform Act of 1989 (Section 601 of P.L. 102-194) prghibits civil
servants from accepting payment for writing or giving speeches
about any subject whether or not it’s related to their job.
Apparently directed against congressmen and government officials
from accepting honoraria, the legislation is written so that it
blankets all federal workers. As a result, it will be illegal for
a clerk working for the government to write a poem and be paid
for it; or a short story or a technical article for a magazine.
Or writing for a religious newsletter on a part-time basis, and
so on. Clearly, the law has to be refined--and quickly--since it
affects people whose part-time efforts have nothing to do with
influence peddling. WRITE TO YOUR CONGRESSMEN AND SENATORS to
demand a change in the law.!

There’s Senate legislation afoot to ban the use of lead
solder for connecting components (Bill S.2637). The Environmental
Protection Agency can make an exception for certain products, but
there’s no assurance that the electronics industry will be among
them. As you know, the commonly used tin/lead ratio for solder is
60/40, and industry spokespeople say that there’s no lead-free
substitute for it when considering corrosion, resistance and
thermal stress. Among alternative alloys is indium-based
material. Again, write to your legislators‘about this. Babies
don’t suck on soldered interconnects. Moreover, the lead in
solder is contained within the compound.

TRACKING SATELLITE INTERFERENCE. Engineers at Georgia Institute
of Technology say they’ve developed a system for pin-pointing
the location of ground stations that interfere with satellites.
Called the Satellite Interference Locations System, it uses a
variation of techniques long used for radio navigation. The
system employs a Time Difference of Arrival technique to infer
longitude and latitude, and could theoretically provide accuracy
to within a fraction of a mile. Most satellite interference is
not caused by a "Captain Midnight," which interfered with Home
Box Office (HBO) four years ago, but due to accidental turn-on of
a legal transmitter at the wrong time, sloppy operation by TV
news crews and commercial FM radio station signal leaks into
satellite uplinks.
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Ammaiteur [Radio
Buyer’s Guides

You can buy with confidence when you have all the
facts. The 1991 Equipment Buyer’s Guide gives you in-
depth coverage of HF/VHF/UHF rigs and accessories. All
the information is here in one handy, concise directory
with descriptiors, technical specifications, model num-
bers, retail prices and photographs. How do you get a
ham license? What’s the latest on the code-free license?
What equipment do you really need to work the satel-
lites? Should you buy acomputer for your shack? How do
you add computer control to your rig? You can buy with
confidence when you have all the facts. Order the 1991
Equipment Buyer’s Guide today!

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, verti-
cal and horizontal, mobile and portable—they are all cov-
ered in depth. Tuners, cables, wattmeters and more! i
You'll find detailed charts, specification, photos and re- //
tail prices. Advice on getting the propertower and anten- ik
na permits from a leading authority on PRB-1. Step-by- _:#, :
step guide to putting up your first beam! The bands are ' g L?
hotter then ever right now. You can’t afford to wait. ' ' 1

ORDER YOUR BUYER’S GUIDES TODAY!

Con’t miss the most valuable buying guides in the Amateur Radio Field!

[J EQUIPMENT BUYER’S GUIDE

YES, please send me copies at $4.95 each: L) ANTENNA BUYER'S GUIDE

Name Call

Address

City State Zip

Send only $4.95 each today. Foreign: $6 U.S. funds. (] Check (1 Money Order

O MasterCard [J VISA [0 Amex Card No. Expires

Signature (required on all charge orders)

Mail to: CQ Communications, inc., 76 North Broadway, Hicksville, NY 11801/FAX: 516-681-2926

wyrreamericanradiehistory-com
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| kit contains

International Inc

340 E. FIRST ST.
DAYTON, OHIO 45402

IDLER TIRE KIT

This popular

170 of the
most popular
idler tires (10
eachof 17
different
size
save d money by having the right
tire in stock. Also included is a cormprehen-
sive cross reference listing over 80 manu-
facturers' assembly numbers and over 200
model numbers. (All tires are available
individually for reorder.)

$49°

#MM-400-900
VCR REPAIR PARTS KIT

With this
convenient
kit you can
do most of
your VCR -

R R TS

repair jobs ‘,s i q ep

the same ?
d parts for RCA, Hitachi,

day

F|sher Sanyo, Lloyds, Panasonic, Sony,
Sharp, JVC, and more. Over 45 parts in all.
(All parts are available individually for

reorder.)
#MM-400-950 $89%

VCR SPRING ASSMT

A wide
assortment
of springs
usedi
many n
brand V!

A

| Clutch springs, idler springs, tension

springs, etc. 11 tension springs and 5
pressure springs.

#MM-430-300 $1%0
VCR WASHER ASSMT
Awide Y
el o)
tred n I

clutch ass®mblies and idlers. 150 pieces,
split ring and regular.

' #MM-430-305 $5%
e caLL
T=Z"  TOLL FREE

[BFR  FREE CATALOG

1-800-338-0531

CIRCLE NO. 89 ON FREE INFORMATION CARD
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Modern Electronic Drafting

Computer graphic systems have changed
the way many people draw electronic
schematic diagrams and create artwork
for making printed-circuit boards. Mar-
rying mechanical drawing to computers
is nothing new—it began in the early
1960s. From a hardware viewpoint, it
started with mainframes, extending to
minicomputers and then to graphics
workstations. In recent years personal
computers have been used for this pur-
pose, too.

The more powerful a PC is, the more
sophisticated accompanying software
can be. Even today’s top-model PCs,
however, exhibit severe limitations in
what they can accomplish in the CAD
area. For certain applications, such as de-
sign work that requires solving analysis
problems, they’re still too slow. For some
solid modeling uses, they don’t have
enough memory for precise work.

Nevertheless, for many CAD pur-
poses, they’re very satisfactory. Further-
more, their relatively modest price makes
them exceptionally attractive since more
engineers can have access to the machines
for a host of CAD applications where
they work very well. In electronics,
they’re especially effective for drafting
and for printed-circuit-board layouts.
Moreover, they serve well to train users
for work on much larger CAD/CAM
(computer-aided drafting/computer-aided
manufacturing) computers.

A particular boost for PCs in the elec-
tronics area has been the great increase in
symbol libraries. Consequently, a user
can quickly pluck a variety of electronic
device drawings from a library and place
them anywhere in a work area. It be-
comes easy to create interconnects, enter
text, edit drawings, etc. Sophisticated
software programs allow PCs to simulate
circuit operation, design chips, and even
do limited modeling and analysis.

With PC schematic programs now seli-
ing for under $100, wedding electronics
and computers is not even costly today
for anyone who wants to become CAD
trained, or draw schematics for personal
or educational reasons. Costlier pro-

8 / MODERN ELECTRONICS / November 1990
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grams open new vistas, which include
professionally created schematics and pc-
board layouts. Moreover, one can add
symbol libraries for non-electronic draw-
ing applications, such as landscape archi-
tecture, bathroom design, etc.

For high-quality work, you need good-
performance equipment, of course. You
won’t get it with an old4.7-MHz comput-
er with 256K user memory, a CGA video
monitor and a nine-pin dot-matrix print-
er. Also, you will definitely need a mouse
pointing qewce

Some indications of how professionals
use CAD/CAM/CAE is revealed in a re-
cent study by CAD/CAM Publishing
(841 Turquoise St., Suite D, San Diego,
CA 92109), which publishes a monthly
newsletter, Computer Aided Design Re-
port. It indicated that 47 percent of sys-
tem owners plan to add work stations for
producing schematics, while 51 percent
plan such an expansion for PCB layout.
The most popular electronic engineering
applications for CAD are, according to
the study, drawing schematics (40%), PC
boards (34%), logic simulation (13%),
analog simulation (10%), IC layout
(10%), timing analysis (10%), and fault
simulation (8%).

To get a better feel for what’s available
in schematic drawing and printed-circuit-
board layout programs in the personal
computer world, we examined a batch of
them from ones at low price points to
more costly packages. Additionally, we
worked with an educational software
package that simulates circuit activity
through output readings of software-
generated ‘‘instruments’” of all kinds.
And we varied the type of computers and
peripheral equipment used.

The resuits of these efforts will be de-
tailed here, starting next month. I think
you will find it to be both interesting and
inspirational since it’s a field of endeavor
that weds electronics and computers, and
offers growing job opportunities.

i sty
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W LETTERS /i

¢ VWould you please supply me with equivalent numbers for
CMOS opamp ICI and 3914 dot/bargraph display driver /C2 for
the ‘‘Biofeedback Monitor & Lie Detector’’ featured in the Aug-
ust 1990 issue of Modern Electronics.

In the same issue appeared the ‘‘Darkroom Exposure Meter’’
for which 1 would like to know the equivalent for the Vactec
VTI200 photocell recommended for PCI. The text mentions that
this device is available from Allied Electronics and Newark Elec-
trcnics. While this may be so, both sources have a minimum re-
quirement of $25 per order, which puts building such projects be-
yond the reach of reasonable price.

May [ suggest that if Modern Electronics wishes to sell maga-
zines in Canada, full information about ICs and other devices
should be given so that equivalents can be purchased here without
having readers suffer the cost of postage, customs, etc.

John E. Sandon-Humphries

Logan Lake, B.C., Canada

The CMOS op amp you refer to is a specialized device that is
available in only 1,000-piece quantities. The Note at the end of
the Parts List gives a source from which this chip can be obtained
in single-unit quantity. The 3914 is available from Digi-Key
(1-800-344-4539), among other suppliers. The VT200 series was
cited as a typical example of the photocell to use. You can use any
other photocell that has the characteristics given in the article.—Ed.

Perspective, Please
® What is the view of the Dinsmore magnetic sensor in Fig. 2 of
the “‘Digital Compass’’ project featured in the August 1990 issue
of Modern Electronics?
J.B. Craig
Marysville, CA
The view is from the bottom of the device.—Ed.

Cleaner Copy
¢ The etching-and-drilling guide for the main pc board in Part 2
cf the ““Dual-Application Telephone Security System’’ that ap-

Nty

peared in the July 1990 issue of Modern Electronics appears to
have a few short circuits between closely-spaced traces. Any
thance of getting a ‘fclean’’ copy?

J.A. Furstman

Brooklyn, NY
The original pc guide appears to have suffered from “‘ink bleed”’
during printing. Here it is cleaned up but shown at 75% actual
size. You can easily clean up the original by working from this
copy. Alternatively, you can have this blown up to actual size for
direct use. Alsonote that the trace that originates at the pin 12 pad
JSfor IC7 and passes between the pads for pins 11 and 12 for 1C6
and terminates at the pin 21 pad of 1C2 should also be connected
to the pin-12 pad for 1C6.—Ed.
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SELECTION

Our huge inventory of over
15,000 different items is
constantly monitored and
re-stocked to virtualty
eliminate backorders and
get your parts and com-
ponents to you FAST!

SERVICE

Ourvfriendly, knowledgeable Sales Reps
are just a quick, TOLL-FREE call away
to take your order or provide product
technical assistance when you

need it. We also offer FAX ‘
ordering, convenient hours

_‘ and multiple payment options,

MCM ELECTRONICS

650 CONGRESS PARK OR
CENTERVILLE. OH 45458-4072

A PREMIER Company

SOURCE NO. ME-56
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For more information on products
described, please circle the appropri-
ate number on the Free Information
Card bound into this issue or write to
the manufacturer.

Universal Interface
Design Aid

The micro-LAB computer peripheral
from Fisher Instruments (Bothell,
WA) is designed to be a universal
computer interface. It is intended to
be a design aid for use by engineers,
designers and students. Reported to
function with virtually any computer
that has an RS-232 serial port operat-
ing at 300 to 19,200 baud with no
handshaking required, micro-LAB
can be controlled via almost any
computer language.

Included in the micro-LAB pack-
age are a solderless breadboarding
socket, function generator, D/A and
A/D converters, fixed and program-

B s

— 12 volts, both at 250 mA, and + 5
voltsat 500 mA. The device measures
7.6" % 3.5" % 1.3".$349.95; $34.95
power pack; $3 demo disk.

CIRCLE NO. 51 ON FREE INFORMATION CARD

Shelf-Size Stereo System

Yamaha Electronics Corp. has a
compact stereo system that utilizes
Active Servo Technology to achieve
low and accurate bass response from

mable clocks, counter, audio ampli-
fier and speaker, two eight-bit input
and two eight-bit output-only ports.
Sample applications and graphics are
also provided. Allinputs and outputs
are TTL-compatible. Clock/count-
ers include three crystal-controlled
clock sources, three 16-bit timer/
counter control channels and one
eight-bit event counter.

Three eight-bit + 10-volt dc chan-
nels are provided, as are one eight-bit
10-volt ac channel and one eight-bit
0-to-10-volt dc D/A converter. The
function generator provides sine,
square and triangular waveforms
with sweep input. A separately avail-
able power pack provides + 12 and

small speakers. The Model YST-C11
consists of an Active Servo Technol-
ogy amplifier, AM/FM-stereo tuner,
CD player, dual cassette decks, four-
band graphic equalizer and detach-
able stereo speakers. The amplifier
employs various types of matching
and feedback circuitry to produce ex-
tremely low and accurate bass re-
sponse from speakers with a foot-
print of only 5% by 9% inches.

The CD player at the top of the
console unit offers direct, random
and programmed access. It features a
20-track calendar; track-selection
keypad; intro scan; auto replay syn-
chronized to the cassette deck for re-
cording; and built-in timer for wake-
up purposes.

An EQ record on/off cassette-
deck function permits adjustment of
the tonal qualities of the signal being
recorded and endless playback of
both sides of a tape. Dolby B noise re-
duction is provided for both decks.
Timer record/play permits the pro-
gramming for later operation.

PLL synthesized tuning with direct
entry and 10 presets is featured in the
AM/FM-stereo tuner. A low-noise
AM loop antenna and a timer are
included.

The speakers feature a 4%-inch
midrange driver, l-inch tweeter and
Yamaha’s YST air woofer. The cloth
speaker grilles are in an offset pear
shape to leave visible the open throats
of the air woofer ports.

Other system features include a
balance control and LEDs that show
volume level. Except for the rotary
Volume and slide-type equalizer and
balance controls, all functions are
operated via pushbuttons. An in-
cluded 34-button infrared remote
controller duplicates virtually all
control functions on the console
unit. $999.

CIRCLE NO. 52 ON FREE INFORMATION CARD

High-Speed DSOs

Hitachi now has two new lines of
high-speed digital storage oscillo-
scopes. Its 65 and 75 series DSOs
share such common features as:
100-MHz analog/digital bandwidth;
two-channel simultaneous sampling;
2-mV/div. sensitivity; eight-bit verti-
cal resolution; 4K record length;
100-ns glitch capture, averaging and
roll modes; cursors, readout and save
memory; sweep time autoranging;
and built-in IEEE-488 GPIB inter-

face. All models also include
pre/post triggering, trigger lock,
digital processing and four-color
HPGL plotter output.

Acquisition modes provided in-
clude normal, average, envelope and
roll. Triggering can be set for peak-
to-peak, normal, TV-V, TV-H or
single. Frequency is measured auto-
matically by all models, while P-P

(Continued on page 14)
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How to build a high-paying career,
even a business of your own,
in computer programming.

RICK BRUSH,
NRI PROGRAMMER/ANALYST

Start with training that gives you
hands-on programming experience
—at home and at your own pace.
Training that begins with BASIC,
then continues with Pascal, C, and
COBOL-today’s hottest computer
languages. Training that even
includes a powerful IBM-compatible
computer, modem, and program-
ming software you keep.

Start with real-world training.
The kind of training only NRI
provides.

Now with NRI's new at-home training
in Computer Programming, you can be
one of today’s highly paid, creative
team of computer wizards who give
computers the power to carry out an
astonishing range of business, profes-
sional, and personal applications. Now,
with NRI, you can be a computer
programmer, ready to build a high-
paying career—even a business of
your own —making computers do
anything you want them to do.

The only programming course
that includes a powerful
computer system and
software you keep.
Unlike any other school, NRI
gives you hands-on programming
experience with a powerful IBM
compatible West Coast com-
puter system, including 2400

cmm o w —mm————

Only NRI gives you an IBM-compatible computer with modem,
640K RAM, disk drive, monitor, and software—BASIC, Pascal, C,

and COBOL—all yours to keep!

%“'-ﬂ‘ i
)
i ——

baud internal modem, 640K RAM,
disk drive, monitor, and invaluable
programming software—BASIC, Pas-
cal, C, and COBOL—all yours to keep.
You get the experience and the
know-how, the computer and the
software to get to the heart of every
programming problem, design imagi-
native solutions, then use your choice
of four key computer languages to
build original, working programs.

No matter what your background,

NRI gives you everything you

need to succeed in programming,

today’s top-growth

computer career field.
You need no previous experience to
build a successful programming career
with NRI training. Indeed, your NRI
lessons start by walking you step by
step through the fundamentals, giving
you an expert understanding of the
programming design techniques used
every day by successful micro and
mainframe programmers. And then
the fun really begins.

C, and COBOL. Then, rounding out
your training, you use your modem to
“talk” to your instructor, meet other
NRI students, even download pro-
grams through NRI’s exclusive pro-
grammers network, PRONET.

Your career in computer
programming begins with
your FREE catalog from NRI.

For all the details about NRI’s at-home
training in Computer Programming,
send the coupon today. Soon you'll
receive NRI's fascinating, information-
packed, full-color catalog.

Open it up and you'll find vivid
descriptions of every aspect of your
NRI training. You'll see the computer
system included in your course up
close in a special, poster-sized foldout
section. And, best of all, you'll find out
how your NRI training will make it
easy for you to build that high-paying
career—even a business of your own—in
computer programming.

You master today’s hottest computer languages, galning the skllls you need to
bulld programs for a wide varlety of real-world appilcations.

With your personal NRI instructor
on call and ready to help, you use your
computer and software to actually

design, code, run,
debug, and
document
programs in
BASIC, Pascal,

Send for your NRI catalog today.
It's yours, free.

If the coupon is missing, write to us at

the NRI School of Computer Program-

ming, McGraw-Hill Continuing Educa-

tion Center, 4401 Connecticut Avenue,

NW, Washington, DC 20008.

IBM is a Registered Trademark of the IBM Corporation

”ﬁl School of Computer Programmmg

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

YES! Please rush me my FREE catalog describing NRI's
at-home training in Computer Programming.

|*n

NAME

(please print)

ADDRESS

CITY/STATE/ZiP

WAL americanradiohistorv.com

Accredited by the National Home Study Council

5414-110
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voltage is also automatically mea-
sured by the 75 series only. Accesso-
ries provided with these DSOs in-
clude two probes (1 x /10X switch-
able) and, for the 75 series only, a
64K IC memory card and an IC dum-
my card.

The Models VC-6075 ($4,195) and
VC-6065 ($3,995) feature 12.5 MHz
single-shot bandwidth and 50 MS/s
sample rate. The Models VC-6175
($4,695) and VC-6165 ($4,495) up the
ante to a 25-MHz single-shot band-
width and boost sample rate to 100
MS/s. Finally, the models VC-6275
($4,995) and VC-5265 ($4,750) boost
the sample rate to 200 MS/s. Avail-
able options include: an IEEE-488
interface card and GPIB cable,
DADisp V. 1.05B and V. 2.0 signal-
processing software for use in IBM
PCs and compatibles; IC card read-
er/writer; high-speed PC-transfer in-
terface; color plotters; IC memory
card; etc.

CIRCLE NO. 53 ON FREE INFORMATION CARD

Frequency Counter/Timer

ZTEST Electronics Inc. (Mississau-
gua, ON, Canada) is now marketing
the Myoung Model RUC-1300 reci-
procal universal frequency counter/
timer. The eight-decade instrument

Video Imaging Software

MF]J Enterprises’ (Mississippi State,
MS) MFJ-1289 MultiCom IBM-
compatible software lets users of the
MFJ-1278 transmit and receive mul-
tiple gray-level weather fax maps,
SSTYV pictures and AP news photos.
With it, you can also transmit and re-
ceive full-color packet pictures. The
package gives 80 One-Key Macros
and Call-Alert that sounds an alarm
when a preselected character sequence
is received by the MFJ-1278.

Auto-Set lets you instantly switch
modes without having to retype com-
mand parameters. Auto-Router lets
you store digipeater node routes for
instant digipeating. Packet Multi-
Plex lets you send and receive a pack-
et message during a binary file trans-
fer so that you can exchange pro-
grams without your QSO being com-
pletely cut off. Also included is Mul-
ti-Word, a word processor specifical-
ly designed for multi-mode commu-
nications. With it, you can bringup a
text file from within MultiCom and
transmit any portion directly from
that file. Multi-Word can also be used
for everyday word processing.

MultiCom lets you integrate an op-
tional MFJ-1292 Picture Perfect Vid-
eo Digitizer so you can shoot and
transmit a video picture via SSTV,
fax or packet.

With this program, you also get
menu control of your entire disk,
disk utilities for graphics screen cap-
ture and conversion to packet picture
format, disk of sample pictures, ef-
fective pecket throughput readout,
screen colors set, sound on/off
switch, RS-232 cable and instruc-
tions. The program requires an IBM
PC XT/AT or compatible with 512K
of RAM and CGA, EGA or VGA
graphics and an MFJ-1278 multi-
gray level modem. The copy-protect-
ed program is distributed on three
5%" disks (3%" disks are available).
$59.95.

CIRCLE NO. 55 ON FREE INFORMATION CARD

offers three input channels: two with
100-MHz range and a third with a
1.3-GHz range. The RUC-1300 mea-
sures frequency, period, period aver-
aging, time-interval, ratio and sum/
difference of two channels and total-
izes. Reciprocal techniques are said
to accurately measure low frequen-
cies by measuring the period and dis-

playing the result as a high-resolution
frequency. Basic sensitivity is rated
at 50 mV into 1 megohm for the 100-
MHz channels and 25 mV into 50
ohms for the 1.3-GHz channel. Self-
test and the ability to hold a reading
are standard features. $485.

CIRCLE NO. 54 ON FREE INFORMATION CARD

Updated Desktop Computer

Atari’s new MC68000-based 32-bit
internal/16-bit external 1040STE
desktop computer comes with a full
megabyte of memory for eight times
as many colors—4,096 in all—than
were possible with the predecessor
1040ST. It also features hardware-

based smooth scrolling and a co-
processor BLITTER chip for accel-
erated graphics speed. Upgraded
sound architecture in the computer
provides digitized pulse-code-modu-
lation stereo sound.

Other features of this upgraded
computer include: internal 3.5 ” flop-
py-disk drive; 8-MHz operating
speed; built-in MIDI ports; built-in
TOS operating system with GEM
desktop; industry-standard modem
and printer ports; two analog joy-
stick, DMA hard-disk and ROM
ports; and two-button mouse. A
software package included with the
computer provides spreadsheet, word-
processing, educational and enter-

#
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tainment programs that utilize the
computer’s upgraded sound and
scrolling capabilities. The computer
measures 18%” xW x 11%4"D x
2% "H and weighs 9.5 Ibs. $699.95.

CIRCLE NO. 56 ON FREE INFORMATION CARD

Scanner Antenna

Antenna Specialists’ Model MON-53
all-band scanner antenna is available
for either roof or deck mounting.
The antenna utilizes an exclusive Mi-
cro-Choke™ to achieve enhanced
performance in the 800-MHz band

without affecting performance at
other monitoring frequencies.
Included with the MON-53isa 17-
foot coaxial cable with an installed pin
plug ready for immediate mounting
in a %’’ hole. All-band Micro-Choke
performance is also available with the
Antenna Specialists Model MON-52
mobile trunk-lid-mount and Model
MON-58 base-station antennas.
CIRCLE NO. 57 ON FREE INFORMATION CARD

Multi-Pod EPROM Emulator

With Total Power International’s
(Lowell, MA) Logimer 3-Pod Emu-
latcr, you can emulate up to three
EPROMs simultaneously. EPROMs
tha: can be emulated include the
2764,27128, 27256 and 27512. A sec-
ond emulator can be interfaced with
the first to expand the total system to
six pods. With the 3-Pod Emulator,
all vouneed dois connect the pods in-
stead of the EPROMs and inject your
prcgram. Should modification be ne-
cessary, you simply press a switch to
modify your program. Having com-
pleted the emulation, you copy the
program into EPROM.

Using the Emulator, one can exe-
cute a split, join, update and check-
sum. The unit is compatible for bina-
ry, ASCII, Intel and Motorola sys-
tems. It is also possible to select ad-
dresses. Features include: multiple-
window software with mouse; com-
mand line or batch file execution;
split and merge of even/odd files;
calculation and file checksum; large
files split on three pods; pod contents
full page edition; data transfer
check; and copy of single file on
working file.

r. L}
T
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The Logimer 3-Pod Emulator is
designed to run on IBM PC and com-
patible computers equipped with
384K of RAM. It features a power
switch, input to printer connector,
parallel input/output connector.
The hardware measures 10%” x 7%"”
X 1%”. The accompanying program
supports both monochrome and col-
or monitors. The system supports
512K devices and is fully windowed
with pull-down menus. The pods ter-
minate in 28-pin connectors that plug
into standard IC sockets. A 9-volt
power supply is included. $1,499.

CIRCLE NO. 59 ON FREE INFORMATION CARD
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Deoxidizing Agent

Caig Laboratories’ (Escondido, CA)
Cramolin® DeOxidizerissaidtobea
fast-acting solution that cleans, pre-
serves, lubricates and improves con-
ductivity of all metal surfaces, in-
cluding gold. In use, DeOxidizer is
sprayed onto metal contacts, connec-
tors and other metal surfaces to
quickly remove resistive oxides and
form a protective molecular layer
that adheres to the metal surfaces
and maintains maximum electrical
conductivity, reduces wear and pro-
tects the surface from future oxida-
tion. It is for use on switches, poten-
ticmeters, relay contacts, plugs,
sockets, printed-circuit edge connec-

&
E)

tors and more. The product comes in
an aerosol can and uses an ozone-
safe propellant.

CIRCLE NO. 58 ON FREE INFORMATION CARD

»

Say You Saw It In Modern Electronics November 1990 / MODERN ELECTRONICS / 15

Maans o ariconradiabictaon, com



www.americanradiohistory.com

NEW PRODUCTS ..+

Speech Processing System

The MicroDyn II from Voize Dy-
namics Corp. (Irvine, CA) voice in-
put/output system is reported to pro-
vide voice recognition of 1,00C words
of up to 1,000 characters pe: word
with an accuracy of better than 98%
and unlimited text-to-speech synthe-
sis. It listens to command or data in-
put and then responds by s2nding
keystrokes via its serial port and text
to an on-board synthesizer for audio
prompting and verification. Crea-
tion, editing, voice training -esting
and maintenance are accomplished
from a standard MS/PC-DOS com-
puter with supplied software. The
software includes sample vocabular-
ies and allows the system to be used
with OS/2, UNIX, DEC, dumb ter-
minals, emulators and custom OEM
applications.

The system features concurrent
operation of voice recognitior., key-

board or barcode under the MS/PC-
DOS operating system. It transpar-
ently operates with standard applica-
tion software. A word boundary in-
dicator provides status of existing
noise levels and proper classification
of spoken words. The system is fuily
compatible with IntroVoice VI vo-
cabularies. It uses an 8086/8088-
compatible NEC V-25 microproces-
sor operating at 8 MHz and comes

with 128K of battery-backed RAM
and 32K of on-board EPROM and
supports p to 128K of EPROM. It
operates asynchronously with an
IBM PC/AT/386 and PS/2 or com-
patible computer via a 25-pin DB-25
connector.’cable arrangement oper-
ating at 9,600 baud.

Word groups can be isolated in
separate sub-vocabularies within the
same master vocabulary. By spoken
command, up to 15 independent sub-
vocabularies can be accessed at any
time from a total of up to 100 sub-vo-
cabularies. Miniature phone jacks
are providzd for a microphone and
speaker. The system supports a wide
range of dynamic, electret and cardi-
oid microphones (available as op-
tions). Power required is 5 volts dc at
185 milliamperes and is obtained
from the host computer over the seri-
al cable. MicroDyn Il measures 4” X
3" x 1% " and weighs 1 1b.

CIRCLE NO. 50 ON FREE INFORMATION CARD

CIRCLE NO. 76 ON FREE INFORMATION CARD

Hyperflanger/Chorus Unit

PC Overcoat Pen

PAIA Electronics (Edmond, OK)
has reintroduced its Hyperflanger
and Chorus Unit analog sound-pro-
cessing unit. An extremely quiet de-
vice, it is useful both in a studio and
for live processing. A hyper triangu-

| lar control oscillator permits both

linear time sweeps and exponential
time sweeps that human ears pre-
fer, both adjustable over a range of
71:1. An exclusive resonance lock
circuit allows a user to hang regener-

. ation ‘‘on the edge’’ without having

to worry about breaking into feed-
back howls.

Designed to mount in a single
1.75" standard rack space, the Hy-
perflanger and Chorus Unit requires
a power supply rated to deliver be-
tween = 12to =15 volts at 200 mA.

The kit includes pc board, all com-
ponents, controls, hardware and as-
sembly/users manual. $139.95; a
black anodized front panel with
printed control designations, $15.95.

CIRCLE NO. 61 ON FREE INFORMATION CARD

Planned Products’ (Santa Cruz, CA)
Circuit Werks 3300 overcoat pen in-
sulates, protects and repairs pc
boards, components and delicate
electronics. It is used in the same
manner as a writing pen. The 3300
applies a conformal coating that in-

sulates against short circuiting, arc-
ing and static discharge as it protects
against mcisture, abrasion, chemi-
cals and other environmental haz-
ards. When used to repair solder
masks, the penis reported toimprove
the reliability and safety of pc modi-
fications and repairs.

P e e s
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The conformal polymer overcoat
material is available in several colors,
including green and clear. The mate-
rial is designed to match the durabili-
ty and color of solder masking mate-
rials to assure nearly invisible re-
pairs. It dries in 5 to 10 minutes at
room temperature and can be cured
at 50° to 100° C to enhance overall
rerformance. It is claimed to have
excellent adhesion to pc materials
and to be safe to use on gold, silver,
copper and solder alloys.

When not in use, the pen’s spring-
lpaded tip closes to prevent drying
and clogging. Thetip is self-cleaning,
and enough coating material is in-
cluded to insulate and protect 60 feet
of exposed !, "-wide trace on a pc
board. $9.95

CIRCLE NO..62 ON FREE INFORMATION CARD

Infrared Repeater

Sonance’s (San Clemente, CA) new
ROAR (Remote Optical Amplified
Repeater) system provides remote
control of multiple-room audio sys-
tems or use in situations where a di-
rect line of sight for infrared remote
control is not practical. It consists of

to prevent false triggering from am-
bient sunlight or a lighted fireplace.
The sensor and emitter are available
instandard, Decora and Decora Lens
styles, the last using a larger lens for
better off-axis transmission and
reception.

Agc circuitry increases the sensor’s
sensitivity in proportion to the in-
crease in distance between it and
hand-held remote transmitter. An ul-
tra-bright LED, visible through the

sensor lens, gives visual indication
that the module is receiving data
from the remote transmitter.

The splitter and power supply can
be mounted in an out-of-the-way lo-
cation. The splitter can accommo-
date up to four connections, and
splitters can be ganged so that up to
10 units can be operated from one
power supply and one sensor.

CIRCLE NO. 63 ON FREE INFORMATION CARD

(Continued on page 81)

ELENCO & HITACHI PRODUCTS
AT DISCOUNT PRICES

CN\ RSOs (Real-Time & Storage Oscilloscopes) From HITACHI ~$

The RSO - its the new solution

View, Acquire, Test, Transfer and Documenf Your Waveform Data

100M 3/s {25MS/s on 4 channels simultaneously), 100MHz, akw x 1ch  2kw x 2ch., Tkw x 4ch. VC-6145  § 4,695.00

Compact Series Scopes
-

Dalayad Swoep

3 ¥r Warraoty

4-Chonnel, 100MS/s Model Introductory. Price =" i ;:CIZ::?:!(UIDS)

Compact, Full Feature Models

40MS s, 100MHz, 4kw x Tch., 2kw x 2ch
20MS 5, 50MHz, Zkw x 2¢h.

Model V-1065
vC-6045  §3,049.00 ;Mwn

VC6025  $2,295.00 This series provides many new functions such as CRT

Low Cost/High Value Models Readout, Cursor measurements {V-1085/1065/665),

20MS s, 50MHz, 2kw x 2ch
20MS s, 20MHz, Zkw x 2ch

RSOsrom Hitach feature such functions as roll mode, averaging, save memory, smoothing, inlarpolation, pretriggaring,
cursor measurements, plofter intertace, and RS-232C intartace. With the comfort of analog and the pawer of dighal

v-212 Hitachi Portable Scopes v-665

VC-6024  $2,049.00 Frequency Cir (V-1085). Sweeptime Autoranging and
VC-6023  §$1.749.00 Trgger Lock using @ 6-inch CRT. You don't feel the
in terms of p and operation.
V-660  60MHz Duai Trace $1,195
60MHz Dual Trace w/Cursor ~ $1,345

$435  DC 1o 50MHz. 2-Channel, OC offset ~ ¥-1060  100MHz Dual Trace §1,425

OC to 20MHz

function, Altemate magnitier function  V-1065  100MHz Dual Trace wiCursor ~ $1,695

Dual Channel V-525 CRT Readout, Cursor Meas.  $1,025 V-1085 100MHz Quad Trace w/Cursor  $2,045

V523 Delaysd Sweep

V-422 40MHz Dual Trace $795 V-522 Bask Model

20MHz Elenco Oscilloscope
$375

MO-1251
« Oual Trace
« Companent Tester
-6 CAT
= X-Y Oparation

« 2p-1 Probes

FREE DMM
with purchase of

ANY SCOPE

SCOPE PROBES
P-165MHz, 1x. 10 $19.95
- TV Syne P-2 100MHz. Ix. 10x $23.95

$995 V-1100A 100MHz Quad Trace w/Cursor  $2,295
5895 V-1150  150MHz Quad Trace w/Cursor  $2,775

Elenco 35MHz Dual Trace
Good to somrz 9495
MO-1252

« High luminance 6* CRT
« ImV Sensitwity
= 6KV Acceleration Vohage
* 10ns Rrse Time
« X-Y Operation » Z Axis
« Delayed Trggsring Swaep
« includes 2 P-1 Probes

All scopes include probes. schematics, operators manual, and 3 year (2 yrs for Elenco scopes) world wide warranty on parts &(abor. a0y accessories availabie for all
Hitachi scopes. Call or write for complete specitications on these and many other fine oscilloscopes.

WENOW ||
CARRY g

COMPLETE LINE

True RMS 4 1/2
Digit Multimeter
M-7000

10 Function |Digital Capacitance Meter | Digital LCR Meter
Muttimeter CM-1550 | T ) LC-1801

CM-345 $58.95 - . $125
$65 ' 9 Ranges

OF \ $135 ‘f/.

¢ ‘ FLUKE | 105% DC Accuracy o | AC + DC Votage & Amps 1p1-20.000fd
‘ MULTIMETERS 1% Rosistance | @ ! ;LQ! Resistance 10 2000M)

Measures:
Coils TuH-200H
Caps 1pi-200u1
. Ros .01 20M

5% bask: accy
7 Diode, Logec, & Trans test
Models with Fraq. Counter i og!

Zero control

and deluxe case Capacitance 1o 200uF s wilh caso
21F 83
ZJF 85

Function Generator Triple Power Supply XP-éﬁ)

Blox Assembled $65
#9600 e Kit $45
‘i‘ ee ' 21015V at 1A,

. ‘ed da. 210-15V at 1A
“"' i {or 4 10 30V at 14)
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Technology

How To Thermally
Machine Project Boxes

Give a professional-looking finish to the plastic
enclosures in which electronic projects are popularly housed

By Adolph A. Mangieri

achining the popular poly-
viny! plastic project en-
closures that have largely

replaced costlier phenolic project
boxes can be an exercise in frustra-
tion. Though shatterproof, these
boxes are made from a soft plastic
that has a relatively low melting
point. As a result, the bit of a hand
drill can tear or melt its way through
the plastic and ‘‘walk’’ excessively
from the exact point you want to drill
a hole. Grabbing action often turns
larger size holes into ragged and oval
shapes. Also, making the square and
rectangular holes required for mount-
ing some components is done by tedi-
ously drilling many small holes and
filing the slippery plastic. You can
simplify machining of polyvinyl
project boxes with a few thermal
punching tools that you make your-
self. In this article, we will describe
how to make these tools from readily
available materials.

The materials you need are brass
tubing from TV rabbit-ears antennas
for thermal punches and Y-inch alu-
minum or brass shafts, couplers and
hubs. You can easily make and adapt
these tools to a small soldering iron,
which provides the heat source. Hole
sizes vary from under % to % inch in
diameter for use on thermoplastics
up to ¥%, inch thick. Rounding out
the assortment of cutters, you can
make chisel knives and square and
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rectangular cutting tips. You will dis-
cover that, combined with conven-
tional machining methods, thermal
machining can simplify installation
of components in thermoplastic proj-
ect boxes.

Plastics & Machining

Common plastics fall into two gener-
al categories. Most of the plastics you
will encounter are members of a wide
variety of thermoplastic resins, such
as ABS, polyvinyl, acrylic and sty-
rene. Thermoplastic resins are injec-
tion-molded under heat and pressure
to form the enclosures used for con-
sumer electronic products, various
small electrical appliances and house-
ware items, to name a few.
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Thermoplastics may include fillers
such as waxes to add flexibility and
fibers to impart strength or better
machinability. When heated, this
type of pléstic gradually softens at
first and eventually melts and finally
burns, with increasing temperature
emitting acrid and toxic fumes. Ther-
moplastics machine reasonably well,
provided you have a drill press and
operate it very slow using an assort-
ment of brad- or spur-point bits.

Thermosetting plastics, such as the
phenolics, make up the second cate-
gory of plastics. Thermosetting plas-
ticis formed by chemical reaction be-
tween phenol and formaldehyde. it
does not soften when heated but does
eventually char at sufficiently high
temperatures. Thermosetting plas-
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Fig. 1. Small hole cutters include thermal punches made from TV rabbit-ears
antenna sections and round, rectangular and knife shapes. Clean-out tool is
shown at bottom.

tics are used where high strength, di-
mensional stability and resistance to
high temperature are required. With
excellent electrical properties, the
plastic is widely used for switch
board panels, relay frames, motor
switch parts, and the plastic parts of
cooking utensils, toasters and steam
irons. Non-reinforced types are very
brittle. Products reinforced with fi-
berglass cloth or fibers are nearly un-
breakable. Plastics including glass
and silica fillers quickly dull drill
bits. The relatively hard plastic is
easily drilled but may tend to chip
when the drill breaks through, and
large holes are usually a bit difficult
to machine.

Recommended for thermal punch-
ing is a 40- to 50-watt soldering iron
that accepts Y4-inch-diameter slide-
in tips. A typical example of such an
ironis the Weller Model SP40 40 watt
unit shown in the lead photo. You
can easily make any needed adapters
and tools using Y4-inch brass or alu-
minum shafts, shaft collars, spacers
and hubs salvaged from TV tuners,
radios and the like. Multi-deck wafer

switches yield assorted spacers, and
metal inserts of knobs yield Y4-inch
collars. The metal hubs of wheels and
gears of tuning mechanisms yield col-
lars and Y4-inch shaft couplers.

Shaft couplers, shaft extenders
and collars are usually available from
companies that cater to amateur ra-
dio needs. The thin-wall hard brass
tubing of TV rabbit-ears antennas
provides durable high-strength cut-
ting tips. A single ‘‘ear’” of such an
antenna usually consists of four sec-
tions of tubing measuring about %,,
'%a, %s and Y% inch in diameter, all of
which can be put to good use as ther-
mal hole punches.

Shown in Fig. 1 are four thermal
punches of assorted sizes installed on
adapters that have a Y-inch-diame-
ter upper portion. The adapters fit
into and are retained by a Y-inch
brass shaft extender, shown at top
left in Fig. 1. The shaft extender re-
places the the original soldering tip
and butts firmly against the barrel of
the iron. It transfers axial punching
forceto the barrel of the iron—not to
the inner end of the heating element.

You may need to cut the shaft of the
extender so that it does not bottom
out against the inner end of the heat-
ing element.

In lieu of a shaft extender, you can
make one by installing a 1Y%-inch
length of brass shaft on a Y4-inch
shaft coupler. Drill a small spot on
the shaft to firmly seat the setscrew.
Lacking a shaft coupler, make one
from a ¥%-inch-long by Y2-inch-di-
ameter brass hub with a Y4-inch hole.
You may have to install one or two
6-32 setscrews in a shaft hub salvaged
from a pulley or gear. Figure 1 also
shows a chisel knife tip at top-center,
a rectangular tip at top-right and a
clean-out tool at bottom.

When making the adapters shown
in Fig. 1, avoid high precision tight
fits because metal oxidation and
thermal expansion may create prob-
lems with “‘freezing’’ or binding. Be
aware, though, that a very loose fit
impairs heat transfer. Dimensions
specified are nominal and should be
altered as needed to match the sizes
of brass tubing you are using. Use
only brass or aluminum for the adap-
ters, but feel free to modify the adap-
ters to suit your own particular needs.

Adapters for %- and ¥%e-inch tips
shown at left in Fig. 1 are two-sided
collets. For the %-inch tip adapter,
use a 1-inch-long by Y%-inch-diameter
seamless spacer with %-inch through
hole. Grip the spacer vertically in a
vise. Then use a fine-toothed hack-
saw to cut a %-inch-long slot length-
wise to form a two-sided '%-inch col-
let. Slip a Y%-inch shaft collar over the
slit portion, with setscrew positioned
90 degrees from the slot. Use the
same size spacer to make a ¥¢-inch
collet for the ¥%¢-inch tip. Using a % -
inch drill bit, enlarge the %4-inch hole
in the spacer to a depth of Y%-inch.
Slot the drilled portion to form a
two-sided ¥%,-inch collet. Then install
a Y%-inch shaft collar on the collet.

Adapters for the larger '%.- and
%,-inch tips shown at the right in Fig.
1 utilize %-inch solid shafts. Make the
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adapter for the '%,-inch tip from a
1%-inch length of shaft. Chuck %
inch of the shaft into a %-inch drill.
Slip a washer with %-inch hole on the
protruding end of the shaft to protect
the drill chuck. At low to medium
drill speed and using a flat file, re-
duce shaft diameter until the '%4-inch
tubing slides onto the shaft. Check
frequently as you file, using the tub-
ing as a gage. When the diameter is
about right, use a finer file and finish
up with No. 240 sandpaper.

Install a %-inch shaft collar to grip
the tubing to this adapter. For the
%.-inch tip, cut off a 1} inch length
of %-inch shaft, which slides freely
into the %.-inch tubing. Slightly en-
large the hole of a %-inch shaft collar
to slide fit on the %,-inch tubing.

Use a small tubing cutter to cut
rabbit ears tubing to length. Cut off a
2-inch length of %-inch tubing, and
square off both ends and remove
burrs. With a small tapered reamer,
turn the working end of the tip to a
knife edge. Then use a high-speed
hand grinder, such as a Mototool,
and a thin and abrasive cutoff wheel
to cut a %s-inch-long axial slot on one
side of the tip to form a clean-out
slot. Wear a face guard when work-
ing with the grinder!

Push the tip fully into the %-inch
collet with clean-out slot lined up
with the setscrew of the collet collar.
The setscrew tells you where to find
the clean-out slot. Cut off and pre-
pare a 1 %-inch length of ¥¢-inch tub-
ing and install in the %¢-inch collet.

Cut off and similarly prepare a 1%-
inch length of '%.-inch tubing. Then
make a %-inch-long axial slot at the
upper end of the tip 180-degrees re-
moved from the clean-out slot. In-
stall the tip on the adapter with set-
screw aligned with the clean-out slot.
Prepare a 1%-inch length of %.-inch
tubing and install on its adapter.

Figure 2 shows ¥%- and )-inch
round ‘‘cookie cutters’”’ and two
square cutters made from J-inch
lengths of deep-drawn thin-wall
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Fig. 2. Cookie cutters include large round and square hole makers made from
shells of battery cases and miniature r-f transformer shields.

brass or stainless steel cups. For
round cutters, use the bottom por-
tion of stainless-steel cases from
AAA and AA alkaline or nickel-cad-
mium cells. Use caution when cutting
these cells because the contents are
caustic. Thoroughly clean the cutters
and square up the open ends.

Bevzl-sharpen round cutters inside
to a knife edge using a cone-shaped
mounted stone by hand. Drill a cen-
tral hole in the bottom of the cutters
to pass a 6-32 machine screw. For the
Weller Model SP40 iron, cut a 1%-
inch-long by Y%-inch-diameter shaft.
For other irons, slide the shaft stock
fully inside the iron; then withdraw it
%-inch and mark and cut it to length.
Square up one end and drill and tap
axially for a 6-32 machine screw. Se-
cure the cutter to the shaft with a 6-32
X Y%-inch screw and lockwasher.

In use, the cookie cutters replace
the soldering iron tip, with cutter
butted against the barrel of the iron
to take up punching forces. These
cutters can also be retained by the
shaft extender to permit ready inter-
changability of all cutters. In this
case, and especially for the larger
cookie cutters, install slide-on spacer
bushings, as shown on the round cut-
ters in Fig. 2. The bushings increase
heat flow and impart rigidity.
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Youcan use the brass or aluminum
outer fine tuning shaft of rotary-type
TV tuner switches to make the spac-
ers. Make the spacers long enough to
butt firmly between the top surface
of the cutter and the front edge of the
shaft extender. Carefully square up
both ends of the spacer to assure
good thermal contact.

Use the brass shield of a submina-
ture r-f transformer to make the %-
inch square cutter. Use the shield of a
miniature r-f transformer to make a
%-inch square cutter shown un-
mounted at the right in Fig. 2. Bevel
the inside edge of the tips to a knife
edge with a small fine flat file. Clean-
out slots are optional on these cutters
because you can easily pry out the
waste slug with a clean-out tool made
from the plastic handle of a tooth-
brush and a medium-size sewing nee-
dle. Drill asmall hole in the end of the
handle and szcure the the needle in
place epoxy cement.

The tip shown at the top-right in
Fig. 1 has a rectangular cutting edge
for roughing in the slots of slide
switches. To make square and rec-
tangular tips, prepare and sharpen
the end of the'tip but defer slotting of
the clean-out slot. Use the square and
rectangular tapered tangs of files as a
forming mandrel. If needed, true up
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MATERIALS LIST

L4 " diameter brass or aluminum shafts

Y4 " brass shaft extender

Y4 " brass shaft coupler

L4 " shaft collars (4)

L4 " diameter spacers (1” long with %"
hole)

TV rabbit-ears antenna (four sections)

AA and AAA alkaline or Ni-Cd cell
shells

Brass or aluminum spacer or hub (34"
long, Y ” hole)

Miniature and subminiature r-f trans-
former shield cases

Medium sewing needle

Plastic handle (see text)

Light-gauge sheet aluminum

40-watt soldering iron with %" tip
(Weller Model SP40 or equivalent)

Solid-state incandescent lamp dimmer

Ac line cord with plug

Small enclosure

Chassis-mount ac receptacle

S-ampere 3AG fast-blow fuse and
holder

the file tang on the grinding wheel.
Slide the tip firmly onto the tang
and pinch, peen and shape it until a
rectangieis formed. Because the hard
brass tubing is not highly malleable,
the rectangle may end up being slight-

ly barrelled. Lastly, cut a clean-out
slot in the tip as shown.

The beveled chisel knife cutter
shown at top-center in Fig. 1 handily
forms large cutouts. As an example
in making chisel knives, cut off a 1}
inch length of '%.-inch tubing. Pinch
one end flat for %-inch in a vise to ob-
tain a double-thickness flat blade.

One or both vertical edges of the
flattened portion will probably split.
Select the best side of the flat blade
for the knife, and remove the other
side, leaving a single thickness blade.
Do this by scoring the blade %, inch
from the end with a fine triangular
file and pry off the waste portion.
Use a file to true up the blade and
bevel it on one side to a knife edge.

Assorted tool guides or templates
and a panel machined with these
tools is shown in Fig. 3. Use light-
gauge aluminum sheet to make tem-
plates. Lay out and drill the holes
slightly undersize and ream to final
size to clear the tip. Scribe cross-hair
lines. Make the DB9 connector tem-
plate shown at top-left in Fig. 3 by
drilling a number of smali holes and
filing the hole to final size. Metal
frames of miniature and standard

Fig. 3. Hole templates and switch bodies aid machining of panels.

Say You Saw It In Modern Electronics

slide switches and other components
serve well as tooling templates.

You need a means to adjust the
voltage applied to the soldering iron
used with your home-fabricated
tools. I use a bench powerstat (vari-
able-voltage transformer) with cali-
brated dial. It has two ac receptacles,
which permit operation of two hot-
punch irons at the same time. You
can use a full-range solid-state traic
motor speed controller instead. An
inexpensive wall-mount solid-state
rotary incandescent light dimmer
that handles loads up to 600 watts
performs just as well.

Wire together the dimmer and iron
asshownin Fig. 4. Install the dimmer
in a small enclosure and calibrate its
dial in 10-volt steps from 60 volts to
maximum. To calibrate, connect a
60-watt incandescent lamp and an ac
voltmeter (preferably true-rms—not
peak—type) tothe ‘‘load’’ side of the
dimmer.

Using the Tools

Like in soldering, the technique used
to machine thermoplastics with ther-
mal tools requires some practice at
first to master it. For hot punching
with little or no melting of the plastic,
the rate of heat flow and tip tempera-
ture is just sufficient to allow the tip
to be forced through the plastic with
moderate downward pressure on the
tool. The tip softens the plastic and
you push the tip through the plastic.

At appreciably higher tempera-
ture, the plastic melts rapidly and
very little force, if any, is needed as
the tip penetrates the plastic. How-
ever, high heat often produces acrid
toxic fumes and fouling of the tip
with sticky plastic. Therefore, the
objective is to use the tools at lower
temperature to avoid fumes and
fouled tips.

Practice on scrap pieces of vinyl
siding, ABS plastic taken from TV
cabinets and plastic housewares until
you perfect your technique. Initially,
operate the soldering iron at 117
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volts. Then, after a 3-to-8-minute
warm-up period, position the iron
vertically and push down on the plas-
tic while moving the top of the iron in
a small circle. Place a piece of tablet
back or chipboard under the plastic.

At 117 volts, the tip is likely to be
too hot, penetration will be rapid and
some sticking of plastic to the tip will
occur. If so, lift the iron after pene-
tration and quickly remove the waste
slug. Wipe the tip with fine steel wool
or a heavy cloth to remove the adher-
ing plastic. If the plastic melts inside
thethetip, twirl asmall drill bit inside
the hot tip to remove it.

Perform trials with the powerstat
or light dimmer set to 40, 60, 80, and
100 volts in turn. At insufficient in-
put power, heat flow down the thin
walls of the tip will fail to soften the
plastic. At about 80 to 100 volts, the
tip will heat sufficiently to soften the
plastic and permit you to push the tip
throughin 2 to 4 seconds without cre-
ating fumes, melting the plastic or
fouling of the tip. The holes will have
little or no burrs, and the waste slug
will be barely deformed, if at all. This
is the desired operating condition.
Usually, the powerstat is set for 70 to
100 volts after initial warmup at 117
volts. If you are using a solid-state
controller with arbitrary dial calibra-
tion, take note of the dial indications
as you determine the correct setting.

Figure 3 illustrates a plastic panel
machined with the thermal punches.
At left from top to bottom, the cut-
outs accept a phono jack, miniature
slide switch, standard slide switch
and DB9 connector. At lower-right,
the large cutout accepts a Centronics
parallel printer connector. The series
of graduated holes at top-right ac-
cept screws and a wide variety of
jacks, switches and potentiometers.
(Use a reamer to increase hole size as
required.) Below are several holes
punched with the squared cutters.

To make the hole pattern for slide
switches, position the template at the
desired location with clear double-

sided tape. Use a square or oblong-
shaped cutter to remove the waste
material in the oblong hole in several
penetrations. Punch the mounting
holes and remove the template.
Touch up the oblong hole with a
small file. If necessary, slightly ream
the two mounting holes.

When making cutouts for DB-style
connectors, proceed in a similar
manner. When using the beveled
knife for DB-connector cutouts,
place the flat surface of the cutter
against the edge of the template and
make a series of overlapping penetra-
tions. If necessary, use an X-acto or
other hobby knife to break out the
large waste slug. Finish the edges of
the hole with a small file. For large
oblong cutouts, lay out the hole pat-
tern in pencil. Place a thin metal strip
along the edge of the pattern and use
it a a guide as you cut the hole with
the chisel knife.

With close observation and slight
twist of the tool, you can usually feel
and determine full penetration of the
tip through the plastic. Tip penetra-
tion is easily felt by allowing the tip to
fall through the plastic by about % -
inch. Place a Y¢-inch thick chipboard
shim under the workpiece but clear
of the hole. Alternatively, use a sheet
of dense foam plastic as a backup to
readily feel and limit penetration of
tip through the plastic.

Holes for miniature and subminia-
ture phone jacks are preferably hot-
punched with the aid of the centering
template. The hole can be punched
slightly undersize and enlarged with a
tapered reamer. A piece of wood held
in a vise provides backup on the inner
walls of a project box.

When making medium to large
round holes, the waste slug can be
made to remain in the plastic, elimi-
nating the need to remove the waste
from the tip. Push the tip through the
plastic without axial rotation. The
plastic in the clean-out slot retains
the waste in the panel. Use a pencil to
push out the slug. To lift the waste

600W
rotary lamp
dimmer

5A
éslow-blow Chassis-mount
fuse ac receptacle

é 117Vac

Fig. 4. Wiring details for light dimmer
and soldering iron circuit.

with the tip, rotate the tool slightly
after it penetrates the plastic to cut
the material in the clean-out slot.

When machining the panel of a
plastic project box, cover the entire
outer surface of the box with mask-
ing tape to avoid scratches as you
work. Mark hole locations on the
tape and punch from the outer sur-
face. At correct tip temperature (not
critical), the holes produced are re-
markably clean. At higher heat and
with thicker panels, a smali annular
ring may form on the entrance and a
small burr on the exit sides of the
hole. Remave burrs using the coun-
tersink bit or knife.

These thermal punches are intend-
ed to be used on plastics up to % inch
thick. Holes were punched in plastics
up to % inch thick, but such a thick-
ness requires more heat and time to
penetrate the plastic. Filled plastics,
such as ABS TV cabinets, punched
satisfactorily. Acrylic and styrene
plastics tended to foul tips.

After several hours of use, remove
the shaft extender from the iron and
clean both to prevent buildup of ox-
ides and seizing. From time to time,
remove the shaft collars from the
tips, and the tips from the adapters
and clean them with fine steel wool.

Variations

The following may prove to be
helpfulif you experiment with larger-
or smaller-wattage soldering irons or
cutter tips that are different sizes and
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lengths. For a given power input to
the soldering iron, the heat available
to soften the plastic is primarily limit-
ed by the effective thermal conduc-
tivity of the relatively thin walls of
the cutters. Halving tip length dou-
bles the heat flow. Stainless-steel cut-
ters are relatively short because this
material is a poor conductor of heat.

The tips shown in Fig. 1 can be
adapted to a soldering iron that ac-
commodates %-inch screw-in tips.
After you identify the threads on the
original soldering tip (probably me-
tric), you will need a screw tap that
matches the threads of the soldering
tip and corresponding machine
screws. Drill and tap the upper end of
the collets or adapters to accept the
machine screw. Install the screw in
the collet, driving it in until it binds
firmly. Cut of excess screw length.
Tips so constructed tend to work
loose but otherwise perform well.
Limit tip size to smaller diameters.

Thermal shaping and cutting tools
are frequently used in plastic arts and
crafts projects. You may have need
for larger cutters and chisel knives
best adapted to higher-wattage sol-
dering irons. Relatively compact,
Weller’s Models WP80 80-watt iron
with %-inch slide-in tip and WP100
100-watt iron with %-inch slide-in tip
are recommended for heavy-duty use
in punching larger holes. Cutters
made from C- and D-size cells were
adapted to the larger iron and per-
formed well.
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\\‘?\'\ cations. Discover a new booklet on Tesla’s

- lost inventions. a 1904 book on Tesla’s

3 § == experiments with wireless power trans-

% == mission, rare and unusual books on the

= construction and use of high voltage

Tesla coils, and much more! Highest
quality guaranteed!

Build Lightning
¥ Bolt Generators!

Build a Wimshurst
machine, Telsa Coil,
Oudin Coil, Induc-
tion Coil, Winter
static electric ma-
chine! More! Build
Jacob's Ladder, con-
densing electro-
scopes, Leyden jars,
scintillating tubes, electri-
cal cannons, Cavallo’s cyl-
inder machine and much
more! Great science proj-
ects! Most complete collec-
y tion of high voltage
b books you'll find any-
where!

RARE EARLY
RADIO BOOKS!

Incredible collection of
early shortwave radio
! books, disc television,
unusual radio experiments, and more! You'll
even discover a strange collection of books on
“Fringe Science” — lost continents, perpetual
motion, unusual phenomena recorded through-
. out the centuries, and much more. Explore the

strange world that lies between fact and fiction!

rLindsay's Electrical Books |}
Box 583-WE6, Manteno IL 60950 |

I Enclosed iIs $1.00. Send me a copy of Lindsay's I
Electrical Books catalog via first class mail! I

INCREDIBLE
BOOKS!

If you haven't received
your copy of Lindsay's
Electrical Books catalog, you've
really missed something! You'll
find one of the most bizarre col-
lections of paperbacks, pam-
phlets, industrial references on
incredible plans, lost
secrets, forgotten
events, and strange
thearies ever
assembled!

CATALOG
PACKED
WITH
UNUSUAL
PLANS!

Write for a catalog! Learn how to make
neon signs, rewind motors, get high
power from auto alternators and genera-
tors, build a spot welder, an electric
scooter, an arc furnace to melt metal,
build a storage battery, a high perform-
ance crystal set, even a dangerous X-Ray
machine! 1t’s all here. Write for your copy

*®" " Build
SOLAR CELLS!

Build a genuine working
solar cell! Turn sunlight
into electricity! Per-
haps not the highest ef-
ficiency, but low cost!
Really works! It's for
real. Complete plans!

Write for
CATALOG!

Write for your copy of Lindsay's

Tesla books available, including both new
books and reprints of very old, rare publi-

N:
new Electrical Books catalog and ame I
see for yourself what you've been miss Address
ing! Send $1.00 (US & Canada) or I I

$4.00 foreign airmail. We'll send your

St zy
catalog immediately! Write today! .

City
L-----------
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Project

An Infrared

Thermometer Accessory

Lets any DMM measure temperatures fast—without
requiring physical contact!

Thomas R. Fox

ninfrared thermometer can
do seemingly amazing things
—measure the temperature

of acloud layer from the ground and,
with a special rig, the surface temper-
ature of the moon and Mars. More
mundane uses include temperature
measurement of moving objects and
non-contact measurements of haz-
ardous objects like high-voltage and
radioactive equipment. The response
of an IR thermometer is also fast!

An infrared thermometer is also
useful in applications in which con-
tact thermometers are traditionally
used. For example, it can be used for
making quick checks of building in-
sulation and weather-stripping for
estimating heating/cooling loss.
Too, a non-contact infrared ther-
mometer that accurately measures
temperature in the 85°to 115°F range
has obvious utility in medicine. Good
as it is, though, the infrared ther-
mometer cannot fully replace the
mercury thermometer, whose advan-
tages include greater accuracy and
lower cost. But for specialized non-
contact measurements, the infrared
thermometer cannot be beat.

The IRTA Thermometer acces-
sory plugs into the inputs of a hand-
held DVM or DMM set to dc volts; so
no enclosure is required. Except for
the probe assembly, all components,
including switches and battery,
mount on a printed-circuit board.

T e e e T e T e e e RS e T T AN 1 R

About the Circuit

The complete schematic diagram of
the IRTA Accessory is shown in Fig.
1. The output of thermopile detector
IRS1 is connected to the noninvert-
ing (+) input of JCI. With a 1,000-
ohm value for R/ and 150,000-ohm
value for R2, ICI amplifies the out-
put of IRSI by 151 (1 + 150). This
amplified output is connected to R3,
which forms one leg of the summing
amplifier. The other input to this
summing amplifier comes from IC2,
which provides the temperature-
compensation voltage for the circuit.

Actual design of the temperature-
compensation circuit is a bit involved
mathematically and will not be pre-
sented here. The goal here is to have
the thermopile detector respond only
to temperature differences. There-
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www.americanradiohistorv.com

fore, either the reference junction
must be maintained at a constant
temperature or the reference junc-
tion temperature must be measured
and used to compensate the circuit.
This instrument uses automatic tem-
perature compensation.

Temperature measurement of the
reference junction of the sensor is ac-
complished with LM335 temperature
transducer I/C10. This transducer at-
taches with a thermally-conductive
cement to the TO-5 header leads of
IRSI. According to Dexter Applica-
tion Brief-2, the leads of the detector
is the best place to monitor the tem-
perature of the reference junction.

The value of R101is chosen to be as
large as practical to minimize self-
heating of IC5. The temperature-
compensating circuit is made up of
IC2, R6, R8, R9 and ICS.

Say You Saw It In Modern Electronics
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Semiconductors

D1—1N914 or similar silicon diode

IC1 thru 1C4—OP-177 precision oper-
ational amplifier (see text)

1C5—LM335Z temperature transducer

1C6—LMC7660 voltage converter

1C7—LM2931 fixed + S-volt regulator

1C8—79L05 low-power fixed — S-volt
regulator

1C9—LM336-2.5 2.5-volt precision
voltage reference

LEDI—Low-power, high-efficiency
red light-emitting diode

LED2—Low-power, high-efficiency
green or yellow light-emitting diode

Capacitors

C1 thru C8,C14—0.1-yF, 50-volt cer-
amic monolithic

C9,C10,C12,C13—10-uF, 25-volt elec-
trolytic

C11—220-uF, 25-volt electrolytic

Resistors (V4-watt, 1% tolerance)

R1—1,000 ohms

R2--150,000 ohms

R3—6,980 chms

R5—46,400 ohms

R6,R7,R9—10,000 ochms

R8—11,300 ohms

PARTS LIST

R10,R19—2,740 ohms

R11—118,000 ohms

R12—215,000 ohms

R13,R15—100,000 ohms

R14-—84,500 ohms

R17—20,000 ohms

R18—1,000 ohms (5% tolerance,
V4 -watt)

R4—10,000-ohm, 15-turn pc-mount
trimmer potentiometer

R16—1,000-ohm, 15-turn pc-mount
trimmer potentiometer

R20—50-ohm, pc-mount trimmer po-
tentiometer

Miscellaneous

B1—9-volt alkaline battery

P1,P2—Banana plug

IRS1—1M thermopile detector with ar-
gongas and 6.5-t0-15.5-micron LWP
filter (specify argon gas and LWP fil-
ter; $50 + $2 P&H from Dexter Re-
search Center, Inc., 7300 Huron Riv-
er Dr., Dexter, MI 48103; 313-426-
3291)

S1—Spst pc-mount slide switch (Digi-
Key Cat. No. SW100-ND)

S2—3pdt miniature pc-mount slide

switch (Digi-Key Cat. No. SW121-ND)
Main printed-circuit board or perfor-
ated board with holes on 0.1 ” centers
and suitable Wire Wrap or soldering
hardware and enclosure (see text);
detector pc board; sockets for all DIP
ICs; 3-contact plug/socket pair (Digi-
Key Cat. No. A1493/A1436; optional
—see text); 9-volt battery snap con-
nector and holder; three-conductor
cable with red-, green- and black-in-
sulated conductors; 12 "L x % "ID
yellow CPVC pipe; 1%"L x 1% "ID
white PVC pipe; S "L x 1¥2 "ID white
PVC pipe; epoxy cement; cable tie;
insulation; duct tape; aluminum
paint; solder; etc.

Note: The following items are available from
Magicland, 4380 S. Gordon, Fremont, MI
49412: Complete kit of parts, including all
ICs, main and probe pcboards and all oth-
er components (pipes, cables, etc.) but not
including IRS1, battery and optional
items, Kit. No. IRTA-MAGI, $49.50;
OP-177 op amps, each $2.50.

Digi-Key is located at 701 Brooks Ave. S.,
P.O. Box 677, Thief River Falls, MN
56701-0677; tel. 1-800-344-4539.

The output of the temperature-
compensating circuit is applied via
R5 to summing amplifier /C3, which
sums this voltage with the amplified
thermopile voitage. The output of
IC3 goes to a degree circuit made up
of $2, IC4 and related components.
The primary purpose of this degree
circuit is to modify the voltage to
make it (in millivolts) correspond to
either Celsius or Fahrenheit degrees,
depending upon the setting of S2.

With S2 set to °F, 50 millivolts
yields a meter reading of 50 °F. Simi-
larly, in the °C position, 50 millivolts
yields a reading of 50 °C. Switch S2
also controls two light-emitting di-
odes: red °F LED2 and green °C
LEDI.

Calibration for this circuit is ac-
complished with R16 and R4. Poten-
tiometer R4 is used to adjust the gain
of the amplified thermopile voltage
and R 16 provides a small offset volt-

ﬂ

age to the degree calibration circuit.
Potentiometer R20 is used to adjust
the Celsius circuit.

Since the IRTA Thermometer ac-
cessory uses a single 9-volt battery
(B1) and the circuitry requires both
+5 and —5 volts for proper opera-
tion, sometype of voltage conversion
is required. This is accomplished
with LMC7660 voltage converter
IC6, which converts the +9 volts
from BI to the —9 volts required by
the summing amplifiers.

The — 9 volts that exits at pin 5 of
IC6 is unregulated. It is passed
through /C8, which outputs a tightly
regulated —5 volts. The +9-volt
source from BI also goes to IC7,
which outputs a tightly regulated + 5
volts. Thus, all voltage requirements
of the circuitry are satisfied by the
relatively simple IC6/IC7/1C8 pow-
er supply arrangement.

Bear in mind that the values of sev-
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eral resistors used in this accessory
depend on the geometry and material
of the thermopile probe. For in-
stance, thz value of R2 depends upon
the internal diameter and length of
the pipe in the probe assembly. So
keep in mind that the values given in
Fig. 1 and specified in the Parts List
were selected for the prototype probe
described later.

Ultra-precision OP-177 devices
are recommended for all operational
(summing) amplifiers. Specifications
of the new OP-177 are significantly
better than those for the famed OP-
07—at about the same price. For op-
timum operation, /CI requires the
tightest  possible  specifications,
which means that an OP-177 or its
equal should be used here. For IC2,
IC3 and iC4, the specifications are
not as critical; so you can use less-ex-
pensive op amps—even a 741—to
economize.

Say You Saw It In Modern Electronics
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Fig. 2. Actual-size etching-and-drilling guide for main
printed-circuit board.

Construction

If you prefer not to fabricate a pc
board, you can assemble the circuitry
on perforated board that has holes
on 0.l-inch centers, using suitable
Wire Wrap or soldering hardware. If
you go this route, make the connec-
tions to the meter via short cables ter-
minated in banana plugs and house
the assembly in a small enclosure.)
Fabricate the pc board using the ac-
tual-size etching-and-drilling guide
shown in Fig. 2. If you do use this
guide, be sure to use the recommend-
ed battery holder and switches. Begin
populating the board by installing
and soldering into place sockets in all
DIP IC locations. Do not plug the
ICs into their respective sockets until
after you have conducted initial volt-
age checks and are satisfied that the
circuit is properly wired. Next, mount
the banana plugs in their respective

Say You Saw It In Modern Electronics
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*P1 and P2 mount on trace side of board.

Fig. 3. Wiring guide for main pc board.

locations on the copper-trace side of
the board. After they are physically
mounted, spot solder the banana
plugs to the copper pads surrounding
them to assure good electrical con-
nections.

Now install and solder into place
the resistors, trimmer controls, capa-
citors, diode and LEDs in their re-
spective locations. Make sure the
electrolytic capacitors, diode and
LEDs are properly oriented before
soldering their leads into place.

Continue populating the board by
installing and soldering into place
IC7, IC8 and IC9, making sure you
follow the basing diagrams given in
Fig. 1. Trim the leads of a 9-volt bat-
tery snap connector to a convenient
length and strip Y inch of insulation
from each. Tightly twist together the
exposed fine wires and sparingly tin
them with solder. Plug the black-in-
sulated lead into the hole labeled B1 -

and solder it into place. Similarly,
plug the red-insulated lead into the
hole labeled B1+ and solder it into
place. Mount a 9-volt battery clip
holder in the space reserved for it at
the top of the circuit-board assembly
with 4-40 machine hardware. Final-
ly, mount the switches in their respec-
tive locations. If you wish, you can
mount a cable connector in the area
just above R10 (see Parts List).
Carefully examine the circuit-
board assembly to make certain that
all components are installed in the
proper locations and that those that
require polarization and special bas-
ing are properly installed. Turn over
the circuit-board assembly and care-
fully check your soldering. Solder
any connections you may have missed,
reflow the solder on any suspicious
connections and remove solder
bridges, especially around the closely
spaced IC socket pads, with a va-

P e L i)
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Cement (-) lead of
IC5 to case lead of

IRS1/

Output pin (-) =

IC5 (cement to case of IRS1)
Output pin (+)

Output pin (+)

IRS1

Cement IC5 (+) lead to
IRS1 case

Fig. 4. Epoxy cement top of LM335 (1C5) to bottom of thermopile detector

(IRS1) case and connect together leads as illustrated.

cuum-type desoldering tool or desol-
dering braid. Then temporarily set
aside the circuit-board assembly.

Though the design of the basic cir-
cuitry is fairly straightforward, if
you use an ultra-precision op amp
like the OP-177 for IC1, probe design
is simple but not trivial. As shown in
Fig. 4, begin fabrication of the probe
by cementing, with fast-setting epoxy
cement, the top of the case of IC5 to
the bottom of the case of IRS!. Posi-
tion the two devices as shown.

When the cement has fully set,
loosely twist together the positive
(+) lead of IC5 and the case lead of
IRSI and solder the connection. This
assures that /C5 measures the refer-
ence-junction temperature of /RSI.

You should use a printed-circuit

board on which to mount the IRS1/
IC5 combination and wire to it the
cable that connects the probe assem-
bly to the main circuit. Fabricate this
board with the aid of the actual-size
etching-and-drilling guide shown in
Fig. 5(A). Once the board is ready,
mount the JRSI/IC5 assembly on it,
as shown in Fig. 5(B).

Now remove 1 inch of outer plastic
jacket from both ends of a 24- to 36-
inch length of three conductor cable,
preferably with insulation color cod-
ed red, green and black. Twist to-
gether the exposed fine wires in all
conductors at both ends of the cable
and sparingly tin with solder. Plug
the conductors at one end into the
holes specified in Fig. 5(B) and solder
them into place. Note that the cable

conductors plug into the copper-
trace side of the board.

The internal structure of the probe
assembly consists of a 1Y-inch
length of a Y2-inch inner-diameter
CPVC plastic pipe and the small pc
board used to mount the detector/
transducer assembly, as shown in
Fig. 6. Common CPVC plastic water
pipe is a good choice for the housing
of the probe assembly. The ideal
material is a tube that absorbs infra-
red energy in the 6.5-to-15.5-micron
wavelength region but does not emit
infrared in this wavelength band.
CPVC may have at least a slight ten-
dency to tkis ideal characteristic.

The exczllent directional charac-
teristics of the probe assembly indi-
cates that CPVC absorbs most infra-
red energy in the 6.5-to-15.5-micron
region. The main circuit compen-
sates somewhat for the potential er-
ror caused by the IR emissions from
the tube striking the thermopile de-
tector. The primary error here arises
if the tube is at a significantly greater
or lesser temperature than the trans-
ducer. This can occur if one holds on-
to the sensing end of the probe as-
sembly or if the probe is used in an
environment where the temperature
is rapidly changing.

In addition to being the electrical
heart of the probe, the Y2-inch inner-

NOTE:
IRS1/IC5 combination
A-IRS1 case lead and
IC5 cathode lead
B-IRS1 (+) lead
C-IC5 anode lead
D-IRSt (-) lead

1-Red lead
2-Green lead
3-Black iead

Three conductor cable from main circuit
Install on solder side of PC board
[

Fig. 5. Actual-size etching-and-drilling guide (A) for probe pc board and wiring guit‘"ie (B) for same.

1
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IRS1

t
About /2"

Probe PC board
Conductor side

3-conductor cable

(A) (8)

CPVC pipe —

2" 1D

1'2" ID PVC pipe

©

(D)

“~PC board

Add 5" of 1'/2" ID
PVC pipe for handle

Cement to

’cable inside pipe

Fig. 6. Fabrication details for probe-assembly housing.

diameter main detector tube and ac-
cessory 1V4-inch inner-diameter pipe
cement to this pc board. Use a good-
quality epoxy cement to secure the
tube and pipes to the board. While
not essential, you should place an in-
sulating material between the detec-
tor tube and outside pipe.

As shown in Fig. 6(D), cement a
5S-inchlength of 1Y% -inch inner-diam-
eter PVC pipe to the copper-trace
side of the circuit-board assembly to
use as a handle for the probe. Pass
the cable out the open end of the
pipe. Attach a strain relief to this ca-
ble inside the pipe. This can be a plas-
tic cable tie secured in place to the
wall of the pipe with hardware.

Terminate the free end of the cable
in a connector compatible with the
one you used on the main circuit-
board assembly. Wrap the outside of
the 1%2-inch pipe with gray duct tape
or coat the pipe with a good alumi-
num paint, such as Dow’s XP-310.

Checkout & Calibration

Connect the common lead of a dc
voltmeter or multimeter set to the dc-
volts function to a convenient circuit-
ground point. Snap a fresh 9-volt al-
kaline battery into its holder and set

Say You Saw It In Modern Electronics

S1to ““on.”” Touch the ““hot”’ probe
of the meter to the OUT pins of IC7
and /C8 in turn. You should obtain
readings of + 5and — 5 volts, respec-
tively. If not, touch the ‘‘hot’’ probe
to pin 8 of /C6 and note if you obtain
a reading of + 9 volts.

Assuming the outputs of /C7 and
IC8 are correct, touch the ‘‘hot”
prebe of the meter to pin 7 of the IC1,
IC2 and IC3 sockets. In all three
cases, you should obtain a reading of
+ 5 volts. You should also obtain a
reading of —5 volts at pin 4 of all
three sockets. If you fail to obtain the
proper reading at any point, power
down the circuit and rectify the prob-
lem before proceeding.

Once you obtain the proper read-
ings at all points mentioned, power
down the circuit and plug the DIP
ICs into their respective sockets.
Make sure each is properly oriented
and that no pins overhang the sockets
or fold under between ICs and sockets.

On power-up, one of the LEDs
should light, the specific one that
does depending upon the position to
which S2 is set. Set your meter to its
200-millivolt full-scale range. Con-
nect the common lead of the meter to
circuit ground and the ‘‘hot’’ probe
to the wiper contact of R16 and ad-

just this trimmer control for a meter
reading of 65 millivolts. This done,
turn off the adapter and set R4 and
R20to about center of rotation.

Plug the adapter into the banana
jacks on your meter and set the meter
to its 200-millivolt full-scale range.
Plug the cable from the probe assem-
bly into its connector on the main cir-
cuit-board assembly, and switch on
project and meter. Setting S2 to °F
should cause the red °F LED to light.

For preliminary calibration, use a
thermometer to determine ambient
room temperature. Assuming the
room is at 72° F, point the probe at
an inside wall (for optimum accur-
acy, tape the sensing area of a good-
quality contact thermometer to the
wall). Adjust RI6 so that 72 milli-
volts is displayed by the meter. For
many purposes, this is the only cali-
bration required.

Now close your fist for a minute
and then point the tip of the probe at
your opened hand, positioning it
within an inch of but not touching
your skin. The meter should indicate
atemperature between 89°and 96°F,
with 93° F being typical. If the tem-
perature is outside this range, addi-
tional calibration is warranted.

(Continued on page 77)
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Project

A Precision Low-Voltage
DC Power Supply

This laboratory-grade power supply offers two user-
selectable output voltage ranges, is short-circuit
protected and can go all the way down to 0 volt

By Dennis Eichenberg

ircuit designers, service tech-
nicians and serious electron-
ics experimenters can bene-

fit from use of a laboratory-grade
low-voltage power supply. ‘“‘Labora-
tory-grade’’ usually means when one
is considering a very expensive com-
mercial product. Fortunately, you
can build a laboratory-grade power
supply, such asthe Low-Voltage Pre-
cision DC Power Supply described
here, for only moderate cost.

This Power Supply provides a
clean, precise output that is adjust-
able from O to 9 volts dc, which can
be used ininstrument calibration and
circuit testing, as well as for general
bench tasks. Two user-selectable
ranges are available: a low range that
gives very fine resolution control for
0-to-150-millivolt outputs, and a
high range that starts at 0 and goes up
to 9 volts. Both deliver up to 2 am-
peres of current, and both feature
current limiting for short-circuit pro-
tection. With the components speci-
fied, maximum ripple is a low 2 milli-
volts peak-to-peak.

Separate voltmeter and ammeter
movements are built into the Power
Supply to provide simultaneous indi-
cation of output voltage and current.
The voltmeter automatically switches

T T R e T R e e P e e T P e P S P | S S e R 1f (5 SR

range when the output voltage range
selector is operated.

About the Circuit

Shown in Fig. 1 is the complete sche-
matic diagram of the circuitry used in
the Low-Voltage Precision DC Pow-
er Supply. Power from the 117-volt
ac line enters through the ac line cord
shown at the upper-left. The incom-
ing 117 volts ac is stepped down to
25.2 volts dc by power transformer
T1. The center tap on the secondary
side of T1 is grounded so that full-
wave bridge rectifier RECTI can
provide both positive and negative

32 / MODERN ELECTRONICS / November 1990
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voltages referred to ground for the
remaining circuitry.

Capacitors CI and C4 provide
low-frequency filtering of the pulsat-
ing dc emerging from RECT] for the
positive and negative voltage-regula-
tor circuits made up of ICI and IC2,
respectively. High-frequency noise
filtering is taken care of by C2 for
ICI and C3 for IC2.

Relay K7 has its coil wired in paral-
lel across the primary of T/ after
POWER switch S/. This relay has two
sets of normally-closed contacts that
connect separately to bleed resistors
R and R2 across CI and C4, respec-
tively. The purpose of these resistors

Say You Saw It In Modern Electronics
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is to discharge the capacitors when
the power supply is shut down to pre-
vent an output spike from occurring.

Positive dc power from the + out-
put of RECTI is delivered directly to
POWER indicator LEDI through cur-
rent-limiting resistor R15. Any time
the supply is powered up, this LED
will be on.

The pure positive dc voltage that
results from the filtering action of
electrolytic capacitor CI is passed
through voltage regulator ICI and
emerges as a tightly regulated + 135
volts. Capacitor C3 at this point pro-
vides additional high-frequency %
noise filtering for this line.

In a similar manner, the pure nega-
tive dc voltage that results from the
filtering action of C4 is transformed
into a tightly regulated —35 volts by
IC2. As above, C6 at this points pro-
vides additional high-frequency
noise filtering for this line.

Operational amplifier IC3 and its
associated components make up a O
voltage-reference source for the
Power Supply. Zener diode DI—a 9- ,7
volt, 7.5-milliampere device with a ’_l W'
temperature coefficient rated at -
0.01/%°C—serves as a very stable
and accurate voltage reference,
which is required for the Power Sup-
ply to be precise under all operating
conditions. Op amp IC3 functions
here as a buffer for the zener diode.

With RANGE switch S2 set to its HI H 8
position, the Supply’s high range is
selected. OUTPUT LEVEL control R7
provides the means for adjusting this
range from 0 to 9 volts. Setting S2 to
its LO position places potentiometer )
R7in series with fixed resistor R6 for @
precision adjustment