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Disk Drives and Peripherals

Courses in Computers
and Programming

Fully Portabie
Test Instruments

Hand-held
Digital Multimeter

X )

Programmable
Automobiie Horn

Emergency
Power System

450 kits and products: solar hot
water systems, satellite TV, all-in-one
computers, test instruments, amateur
radio gear, self-study courses in com-
puter literacy and state-of-the-art
electronics, energy conservation and
home security devices, fine stereo
components, color televisions, au-
tomotive or marine aids, home con-
veniences and more — things you've
always wanted and needed, right now
at low kit prices from Heath.

For people with imagination, there’s
nothing to compare with the exclusive
thrill of hand-built satisfaction.

Hydraulic
Log Splitter

Domestic Solar
Water Heater

N\
Space Phone
Television Home
= Earth
Station and
Receiver

Heathkit products are also displayed, sold and serviced at 60 Heathkit Electronic
Centers* nationwide. Consult telephone directory white pages for location.

*Operated by Veritechnology Electronics Corporation, a wholly owned subsidiary
ot Zenith Radio Corporation. Some retail prices may be slightly higher.

All-In-One Computer
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Heathkit cATALOG

. Superior
Software

Tools

High-Speed Dot Matrix Printer

Educational
Self-Study Courses

Pro-Series
Audio Components

A /4’/////,
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Digital Marine
Depth Sounder

Discover the fun of kitbuilding —it's
a great way to relax in your spare time
and share a rewarding pastime with
your whole family. The great kits you
build will reflect the pride of your crafts-
manship, too. The famous Heathkit
illustrated manuals make it easy for
anyone to build reliable, professional-
quality kits.

SEND FOR FREE CATALOG

Our 104-page catalog is Free! If coupon is
missing write: Heath Company, Dept.
021-892, Benton Harbor, M| 49022.
r---------------
1 Heathkit 52hos iaror i 25622
I Send me the latest free Heathkit Catalog now.
I | want to “build in” the quality difference.

Amateur Radio Gear

Computerized
Weather Station
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Inside this Issue

If you are a dyed-in-the-wool project builder, in ali probability you have already thumbed through
the pages of this latest issue of Special Projects and possibly read through a few of the articles before
you got around to reading this page. Good! Project builders find in Special Projects the unrestrained
excitement that fuels their hobby activities.

The Editors placed more into Special Projects than just the complete, pre-tested project plans

for our readers to follow to the letter. In each project article, the application of the finished
project will add to your enjoyment, comfort, and service. More important, the theoretical operation
of each project is fully explained. That provides the project builder with additional electronics
knowledge to store in his protein RAM, and the opportunity to use that knowledge to improve the
project for esoteric applications, or modify it for purposes weil beyond the imagination of the
article’s author.

Some articles, in fact, are electronics mini-courses that may appear to spoonfeed theory to the
reader, but actually inspire him to think about the circuit dynamics as he assembles the project.

I suggest that you read Binary Clock by Harold Galvin, beginning on page 68. Although the important
waveforms are given in the schematic diagrams, try to visualize how all the waveforms are formed,
their duration and relationship to each other. If you can’t, poke into the circuit with a logic probe

or oscilloscope seeking a full understanding to the circuit’s logic. Do that, and attack each project
you assemble in a similar manner, and you will soon discover that those dark DIP chips packages
with many legs will no longer bug you. They will become friends that'll open the world of project
building to new, exciting horizons.

This issue of Special Projects contains complete plans for gadgets and devices for your car,
darkroom, computer, test bench, instrument shelf, heating system, and ham shack. That list is by no
means complete. One interesting brief article, Programming Thermostat, on page 64, will amaze
you in the realization of how a little bit of common sense and functional need can be combined

in a project to save you about $100, and be more versatile in function and fuel-saving capability.

Enjoy Special Projects! And if, in the practice of your hobby, you should discover, design, build and
successfully operate a unique gadget that you believe beiongs in Special Projects, please let us
know. Tell us about it by writing a straightforward letter describing the project; include a schematic
diagram, a snapshot of the project, and some specs on its performance. We will get back to you
with our comments, and, should we be favorably impressed, you will be given the opportunity to
write an article about your project under your byline. In truth, that is how this issue of Special Projects
began. Send your letters to the Editor, Special Projects, 200 Park Avenue South, New York, NY 10003.

Now build, build, build ... We had our enjoyment in preparing this issue of Special Projects for you.

Now, you have all the fun! / _
j (Jo2ewe o

JULIAN S. MARTIN
MANAGING EDITOR

Radio~-Electronics Special Projects, ISSN 0730-7616. published quarterly by Gernsback A stamped self-addressed envelope must accompany all submitted manuscripts and/
Publications Inc., 200 Park Avenue South. New York, NY 10003. Phone 212-777-6400. or artwork or photographs. if their return is desired. We disclaim any responsibility for
No subscnptlons Single-copy price $2.25 © Copyright 1982, Gernsback Publications any loss or damage to manuscripts and/or artwork or photographs while 1n our pos-
Inc. All rights reserved. Printed in U.S.A. session or otherwise.

As a service to reader, Radio-Electronics Special Projects publishes available plans or information relating to newsworthy products, techmques and scientific technological
developments. Because of possible variances in the quality and condition of materials and workmanship used by readers, Radio-Electronics S ial Projects disclaims any
responsibility for the safe and proper functioning of reader-built projects based upon or from plans or information published in this magazine.
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INSTANT
DIGITAL CLOCK

Shake the dust off those old LED
watches that dejuiced batteries
faster than time could fly. Turn
them into portable clocks for
use around the home and office.
They can be powered off the AC
line so that time will always tell.

31

12-VOLT
DIMMER

Eliminate the wasteful power
rheostat from the dimmer cir-
cuits in your car and recreation-
al vehicle. Instead, install this
simple power-saving 555
chopper circuit that works
faster than Henry Vill's axeman.

SWITCHING LAMP |

SONO-AIDAUDIBLE
CONTINUITY
TESTER

Ever try to identify the leads in a
cable, or check their continuity?
It's rough going looking at the
meter with each test. Not so with
this pocket tester! A tone tells
you the circuit is there, and the
possibility of poor contacts. —

13

HOW TO BUILD
PROJECTS FOR
LESS
Electronics parts and new cars

have one thing in common—
sticker shock! From the blister
pack to the junk box, you can
plotandplanbulk buysand sub-
stitutions to lower the cost of
project building.

PINK/WHITE
NOISE
GENERATOR

Now you will be able to testa
room’'s ambiance factor as tre
pros do, and use data to
equalize your audio surround-
ing to true or sculptured sound.
An inexpensive chip is the h=2art
of this project.
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SIGNA-MOD

If you ever wanted to get into
strange sound effects for the

- musician, then build Signa-Mod.
- This multi-purpose audio modu-
lation device can be used for

fading effect, ringing, frequency

EARTHQUAKE
DETECTOR

Yes, you can build your own
workable seismograph that can
detect footsteps, trucks, trains,
and their earth shaking events—
but, we hope, not an earthquake.

your friends with its blinking
lights, and tell you the time.
Building the clock is like taking a
mini-course in binary math. And
for music lovers, the hours and
half hours are tolled out with
Westminster chimes

& doubling, tremelo, and many Device uses a Hall-effect chip . _l«"
other musical, voice, stage that has many useful applica-
and sound effects. tions at home.
THE AMAZING BUDGET MEASURE
BINARY CLOCK SWITCHES AND ENGINE RPM
Here's a project that will amaze KEYBOARDS YOU | WITH YOURDNMM

CAN BUILD

Stop searching surplus outlets
for odd-ball keyboards and
switches you need for your
projects. Instead. design and
assemble your own inexpen-
sively. We tell you how!

DARKROOM
CONTRAST
METER

Eliminate test prints and get
good contrast enlargements on
your first try, sensationat prints
on the second and third. One
adjustment and a series of
different colored LEDs tell you
which contrast paper to use.

90

AUTO A/C DUTY
CONTROLLER

When hot weather comes, watch
your mile-per-gallon perfor-
mance burn up. This duty-cycle
controller switches the air con-
ditioner clutch on and off every
few seconds without affecting
cooling performance and re-

duces the engine load.

Better than a more costly analog
tach/dwell meter, our adapter
device and your digital voltmeter
combine into an essential tool
for gas-saving automotive tune-
ups. Ths device taps the pcwer
from your car battery ana tasts
4/6/8 cylinder cars.
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SURGE STOPPER

Did you ever notice that your
computer decides to do its own
thing, or even shut down in the
middle of a program, or worse—
during a disc-save function?
Then, iet the Surge Stopper
eliminate the troublesome
power-line hash that scrambles
your computer’s brains.

PLANT MOISTURE
GAUGE

How much water does your
geranium need in the morning?
This probe project pokes into
the soil and meters out the state
of its moisture, providing the
plant caretaker with an LED bar-
graph readout visible across the
room in daylight.

46

POWER UP
THOSE ADD-ON
DISC DRIVES

Surplus 5%-inch disc drives may
be adrag on the market, butthey
are a bonanzato your computer
system. Allyou need dois build a
dual power supply and fabricate
the housing. We tell you how!

29

REACTANCE
POCKET
COMPUTER
PROGRAMMING

As an aid to those who always
foul up their pi with their mu. a
unique pocket-computer pro-
gram is presented to assist those
builders who compute parts
values instead of making count-
less substitutions.

61

TRI-VOLTAGE
POWER SUPPLY

Housed in a small box, this
project offers three floating
power supplies, two at 12-volt
DC and one is 5-volt DC. It's how
you hook them up to serve your
purpose that's important. You
can power up aimost all IC low-
power projects you make.
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PROGRAMMABLE
THERMOSTAT

The latest energy-conservation
craze is the programmable set-
back thermometer for the home.
For $100-plus you throw away
the old thermostat and putin the
new. Here, we show you how to
save the old, add a cheap one
with a pair of timers.

65

TUNABLE FIELD
STRENGTH METER

Everyone knows about the FSM,
but almost no one owns one.
This handy device pilfers a
piddling amount of power to in-
dicate to the user a relative indi-
cation of his antenna’s perfor-
mance. Just great in the Ham of
CB communications shack.

ELECTRONIC
TIMER

if you are in need of a simple
timer, then here is one you can
knock together in one evening
from parts scrounged from your
junkbox. Using the well-known
555 timer chip, the article sug-
gests ways to increase utility.

LOW POWER
OHMS ADD-ON

What's the sense of using your
ohmmeter to measure resis-
tances in semiconductor cir-
cuit3 when the readings are
meaningless? An inexpensive
add-on converts DMM and VOM
devices to measure these
resistances accurately.

NEW PRODUCTS

Some things you may want to
buy. We display them here.

WE GET LETTERS

Here are some thoughts from
our readers and we respond.

NI-CAD ZAPPER

When a Ni-Cad cell goes

dead permanently, adventurous
Frankensteins can zap it back to
life for many more charging cy-
cles. Think of the doilars saved,
and you will begin construction
of your unit now. Don't believe
us? Check today's prices and
then you will believe!
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Introducing
the Sinclair ZX81

If you're ever going to buy
a personal computer, now is the
time to do it.

The new Sinclair ZX81 is the
most powerful, yet easy-to-use
computer ever offered for anywhere
near the price: only $149.95* completely
assembied.

Don't let the price fool you. The
ZX81 has just about everything you
could ask for in a personal computer,

A breakthrough
in personal computers

The ZX81 is a major advance over
the original Sinclair ZX80—the world's
largest selling personal computer and
the first for under $200.

In fact, the ZX81's new 8K Extended
BASIC offers features found only on com-
puters costing two or three times as much.

Just look at what you get:

B Continuous display, including moving
graphics

B Multi-dimensional string and numerical
arrays

* Plus shipping and handling. Price includes connectors
for TV and cassette. AC adaptor, and FREE manual.

B Mathematical and scientific functions

accurate to 8 decimal places

B Unique one-touch entry of key words

like PRINT, RUN and LIST

B Automatic syntax error detection and

easy editing

B Randomize function useful for both

games and serious applications

B Built-in interface for ZX Printer

B 1K of memory expandable to 16K
The ZX81 is also very convenient

to use. It hooks up to any television set

to produce a clear 32-column by 24-line

display. And you can use a regular

cassette recorder to store andrecall

programs by name.

If you already own a ZX80
The 8K Extended BASIC
chip used in the ZX81 1s available
as a plug-in replacement for your
ZX80 for only $39.95, plus shipping
and handling—complete with new key-
board overlay and the ZX81 manual.
So in just a few minutes, with no
special skills or tools required, you can
upgrade your ZX80 to have all the
powerful features of the ZX81. (You'll
have everything except continuous dis-
play, but you can still use the PAUSE
and SCROLL commands to get moving
graphics.
With the 8K BASIC chip, your
ZX80 will also be equipped to use the
ZX Printer and Sinclair software.

Warranty and Service Program**
The Sinclair ZX81 is covered by a
10-day money-back guarantee and a
limited 80-day warranty that includes free
parts and labor through our national
service-by-mail facilities.
**Does nct apply to ZX81 kits

NEW SOFTWARE:Sinclair has
published pre-recorded pro-
grams on cassettes for your
ZX81, or ZX80 with 8K BASIC.
We're constantly coming out
with new programs, so we’ll
send you our latest software
catalog with your computer.

ZX PRINTER: The Sinclair ZX
Printer will work with your ZX81,
or ZX80 with 8K BASIC. It will
be available in the near future
and will cost less than $100.

16K MEMORY MODULE:
Like any powerful, full fledged
computer, the ZX81 is expand-
able. Sinclair's 16K memory
module plugs right onto the
back of your ZX81 (or ZX80,
with or without 8K BASIC).
Cost is $99.95. plus shipping
and handling.

ZX81 MANUAL: The 2X81
comes with a comprehensive
1€4-page programming guide
and operating manual de-
signed for both beginners and
experienced computer users.
A $10.95 value, it's yours free
with the ZX81.
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introducing
the ZX81 kit

If you really want to
save money, and you enjoy
building electronic kits, you
can order the ZX81 in kit form
for the incredible price of just
$99.95” It's the same, full-featured
computer, only you put it together
yourself. We'll send complete, easy-
to-follow instructions on how you can
assemble your ZX81 in just a few hours.
Allyou have to supply is the soldering iron!

How to order

Sinclair Research is the world’slarg-
est manufacturer of personal computers.

The ZX81 represents the latest
technology in microelectronics, and it
picks up right where the ZX80 left off.
Thousands are selling every week.

We urge you to place your order
for the new ZX81 today. The sooner you
order, the sooner you can start enjoying
your own computer.

To order, simply call our toll free
number, and use your MasterCard or VISA.

To order by mail, please use the

oupon. And send your check or money

[AD CODE “_82SP PRICEf ~ QTY. AMOUNT

order. We regret that we cannot accept

¥ ZX81 | $149.95

purchase orders or C.O.D’s.

CALL 800-543-3000. Ask for op-
eratar #509. In Ohio call 800-582-1364.

- ~
< ZX81 Kit 99.95
8K BASIC chip (for ZX80) |  39.95 |

In Canada call 513-729-4300. Ask for 16K Memory Module (for ZX81 or ZX80) 99.95

operator #509. Phones open 24 hours

a day, 7 days a week. Have your Master- Shipping and Handling 4.95 | $4.95
Card or VISA ready. To ship outside USA add $10.00
These numbers are for orders g: 3
TOTAL

only. For information, you must write to
Sinclair Research Ltd., One Sinclair Plaza,
Nashua, NH 03061.

MAIL TO: Sinclair Research Ltd., One Sinclair Plaza, Nashua, NH 03061.

NAME -

ADDRESS _ ———=

sSincCi=ir

CITY/STATE/ZIP o=

t U.S. Dollars
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NEW PRODUCTS

More information on new products is available. Use the
Free Information Card inside the back cover.

PHASE SEQUENCE & OPEN-PHASE
INDICATOR, mode!/ PSI-8031, is a
dual-purpose tester. It indicates
phase sequence using a rotating disc
containing a large red dot. When
viewed through the three round
windows on the front panel, the red
dot rotates in a clockwise direction,
indicating proper phase sequence.

CIRCLE 621 ON
FREE INFORMATION CARD

Three lamps, located on the front

panel, are used for open-phase
checking. Proper phase sequence
will cause all three lamps to light. If
the phase sequence is not correct,
the rotating disc will not turn, and the
lamp corresponding to the open
phase will not light.

The model PSI-8031 is sealed
against dust, has no exposed metal
parts, is self-contained in a shock-re-
sistant plastic housing, and has a 60-
inch line cord. A pushbutton on switch
and color-coded, and insulated alili-
gator clips make for easy use. It is
palm-size, light-weight, readily por-
table, and can be used on a variety of
3-phase power sources from 110-
volts AC to 600-volts AC. It comes
with Soft-Pak carrying case (mode/
C-31), operating instructions, and a
six-month warranty card. The mode!
PSI-8031 is priced at $49.95—A.W.
Sperry Instruments, inc., 245 Marcus
Boulevard, Hauppage, NY 11787.

LOGIC TEST PROBE, the Bar-Graf,
combines the many functions of a
digital multimeter, signal generator,
and oscilloscope, all in one light-
weight, handheld instrument that can
detect pulses as short as 20 nanosec-
onds.

The Bar-Graf can read accurately
to zero volts and gives precise read-
ings of voltages containing high
noise levels, with the incorporation

CIRCLE 622 ON
FREE INFORMATION CARD

of a selectable input filter. An internal
DC-to-DC converter makes sophisti-
cated operational amplifier circuitry
possible.

An instant ten-segment display
with no settling time is featured. AC
and DC voltages are displayed with
an accuracy of 5%. Alternating volt-
ages are displayed as peak values
with both polarity and pulse indica-
tors illuminated. The probe is reverse-
and overvoltage-protected and has
tip-jack outputs for all standard test
leads. The Bar-Graf is priced at
$149.00.—AMCORP, Inc., 15031 Park-
way Loop, Tustin, CA 92680.

STUDY COURSE, ‘hardware ori-
ented”, in TTL and CMOS circuits, is
designed for the electronics student,
experimenter, radio amateur, or com-
puter enthusiast. Designed to give
“hands on’’ experience, the TTL and
CMOS Circuits Course is comprised

|
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" CIRCLE 623 ON
FREE INFORMATION CARD

as a series of circuit "'files’” arranged
in a logical progression. Each file
provides the student with a descrip-
tion of the particular circuit and its
operation, a circuit schematic, and

modifications that can be performed
on the basic circuit. The student
learns by doing.

Text reading is condensed, and the
course places emphasis on actual
circuit construction. Examples of cir-
cuits the student will build include
seven-segment digital displays, flip-
flops, clock generators, data-selector
distributors, and comparators. Sixty-
five electronic components for con-
structing more than 50 circuits are in-
cluded with the course.

The TTL and CMOS Circuits Course
is priced at $59.95.—Heath Company,
Benton Harbor, Ml 49022,

SHORT-FORM CATALOG, 4 pages,
covers over 30 models of function
generators, combination pulse/func-
tion generators, materials test gen-
erators, arbitrary wavefcrm genera-
tors, |IEEE-488 programmable gen-
erators, and precision current and

EXACT

electronics, inc.

CIRCLE 624 ON
FREE INFORMATION CARD

voltage sources. Colored cover, with
photos and specs of the 520 series,
500 series, 119/121 series, 730 series,
340/350 series, and 600 series func-
tion generators on page two. Page
three gives a complete spec break-
down of 36 models, and the firal
page has a complete list of represen-
tatives, here and abroad, with full
addresses and telephone numbers.
Free upon request.—Exact Electron-
ics, Inc., PO Box 347, Tillamook, OR
97141.

DESOLDERING WICK, based on
Xersin chemistry, has a unique flux/
preservative that avoids the problem
of oxidation associated with rosin
coatings. It is also unaffected by tem-
perature and humidity, never requires
any special storage conditions, and
does not become brittle or flaky. It
will remain pliable even after years of
shelf storage.

With the reduced oxidation, com-
plete solder removal is easier, and
the wick’s flexibility allows ditficult-
to-get-at jobs to be desoldered ac-
curately and cleanly. The Xersin
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CIRCLE 629 ON
FREE INFORMATION CARD

wicks are available in four sizes: 0.03
inches, 0.06 inches, 0.08 inches, and
0.10 inches and are color-coded for
easy identification.

The Xersin wicks are priced at
$1.29 to $1.59, according to size—
Multicore Solders, Westbury, NY
11590.

MAILORDER ELECTRONICS CATA-
LOG, is 96 pages, and lists all manner
of electronics devices, equipment,
and parts from alarm parts to wire.
Each issue features special close-out,
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CIRCLE 625 ON
FREE INFORMATION CARD
liquidation, and bargain sales. The
cataiog is fully illustrated and is free
upon request.—ETCO Electronics,

North Country Shopping Center,
Plattsburgh, NY 12901.

MAIL-ORDER CATALOG. 104 pages
with both color and biack-and-white
photographs, features a new satellite
earth-station kit, a low-cost uMatic
memory-keyer kit for amateur radio
enthusiasts, a computerized digital
barograph kit (the barograph gives
highly accurate, permanent records
of barometric readings), an easy-to-
build subwoofer kit for the audiophile,
and a number of new computer soft-
ware programs.
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CIRCLE 628 ON
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There are state-of-the-art electron-
ics kits for home or business, includ-
ing computers, energy-saving de-
vices, amateur radio equipment, hi-fi
stereo components, color TV’s,
marine and aviation gear, and a line
of self-instruction courses in elec-
tronics and computers, as well as
other kits for home and hobby.

All kits come with step-by-step in-
structions, and most of them can be
built by a beginner using ordinary
household tools and a soldering iron.
(Instruction manuals include a course
on soldering for beginners.) Free on
request.—Heath Company, Benton
Harbor, Mi 49022.
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' SAVE
1 $10.43

A Unigue design accessory
for engineer, student or hobbyist

6100 DIGITAL DESIGN LAB s Feted “BEST VALUE” by instructos

Designer only: $59.95 Assembled
Kit: $49.95

I The 6100 UNIVERSAL DESIGNER is an indispensible aid
1 to digital IC design. Plugs directly into breadboard
] elements to provide most often used inputs and outputs

at LOW cost.

1 Save Time and Money!

I W Quick and easy breadboarding

1 connections

1 M Build digital circuits, games, audio
circuits and more.

1 B Timesaving digital design aid

! Features Include:
1 @ 2 Bounceless pushbuttons

@ 2 Readouts with BCD Inputs @ 2 Decade Counters
b o4 switch outputs @ 5-Volt Supply Pins
| @38 LED monitors

B Re-use as many times as you want

M Easy transition from prototype to
wiring diagram

M Ideal for digital training classes i

M Great addition to Engineering lab -

@ 2 Variable Clock Generators

@ Complete Instruction Manual

Shown with QT59S and 2-QT598
breadboards {(Not included)

- NO RISK GUARANTEE
€ products listed here do not meet yor

gxpecttanons, YOU may return them withir¥ 3u6

ays for a full refund. Your satisfaction is our

| - . .
j Learn Digital Logic - 26 Experiments
6101 **Experimenting with Digital Circuits™
1 @ All necessary parts included
@ Learn gating, binary addition, subtraction and more
| @ Get hands-on experience by building circuits and
] performing experiments.
@ No logic experience necessary. Good for beginners,
I intermediates, electronic enthusiasts $29.95

I Assemble Circuits in Minutes—Re-use
Components - GSC Quick-Test Breadboards

el
m individually color-coded. All wire solid

most important concern. i
priot 1o oesemp Covers kit products

New! JW Jumper Wire Design Asst.

Contains 350 wires cut to 14
different lengths, to fit breadboard
modules. Pre-cut, pre-formed and
== “=" tinned, 22 guage with PCV insulation.
Packed in convenient, sectioned box.$9.95

SAVE 6100 Universal Desi
gner
$10.43 [Istuted 3
- 299 .
ON COMPLETE  1:Jumper s 5.98
DIGITAL umper Wire Asst 9.95

DESIGN Las NOW ONLY §77. g5 o3

Qr478 $ 259
QT47S 10.24
Qr598 2.99
QT59S 12.50
21654 Guide to CMOS Basics $8.95

CMOS devices, their characteristics and design rules.
22 useful experiements demonstrate concepts.
21452 Electronics Thru Troubleshooting
Practical troubleshooting situations and simple,
reproducable examples. Fifteen chapters including
question and answer section. Liberally illustrated.
21626 Design of Transistor Circuits 12.95
A self-teaching course on designing transistors cir-
cuits. Explores fundamentals of active semiconductors.
21740 Basic Electricity / Electronics 29.95
5 volume set features unique programmed teaching
method. Provides basic preparation for electronics,
radio and TV repair. No previous knowledge required.

10.95

ErrotiX o

Please rush the following: i

QUAN. QUAN.
__DesignLab. $77.95 __ Jumper Wire Asst. $ 9.95

__Designeronly 59.95 __ 6101 Logic Course 29.95

__Designer kit 49.95 __ Book 21654 8.95
__Qr47B 2:59 __ Book 21452 10.95
__Qr478 10.24 __Book 21626 12.95
__QT59B 2.99 __ Book 21740 29.95
__Qr598 12.50

ORDER TOTAL —

Add 6% for postage

Add $2.00 handling (under $25)
Add $1.00 per $100 00 insurance
TOTAL

FOR FAST DELIVERY CALL:

2.00

14803 NE 40th, Dept. SP052 " TOLL _800_ 426_1 044
Redmond, WA 98052 (206) 881-0857 e FREE

NAME ADDRESS

oy STATE zip

O VISA [0 MASTERCARD CARD NO. EXP. SiG.

] Please send information on additional products available.

CIRCLE 604 ON FREE INFORMATION CARD
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4116-2560nS .. ... ... 8/14.95
4116-200nS .. ... ... . 8/17.95
4164-200nS . ... .. 17.95 ea. 8/128.00
21140 ... 8/17.95
6116 2K x 8 CMOS RAM 200nS . ... 13.95
2708 EPROM . ...... ... .. ........ 3.49
2716 EPROM ... ... .. ... . ... ..... 5.49
2732 EPROM ... ... ... ...... 12.99
2764 EPROM ... ... .. ... ... .... 34.95
26132 4K x 8 Quasi-Static RAM . ... 24.95

Microprocessor & Interface

177 24 50 6845 18 49 DAC-0800 399
1791 34 95 6850 . 449 INS8250 14 90
21102 1439 8085A 8.95 MM58167 875
2112 239 8212 275 TMS9900 2995
2516 549 8214 395 TR1602B 249
2532 1299 8216 275 SC-01 55 00
2651 12 95 8224 329 Z80A-CPU 795
40441-2 249 8226 2 79 Z80ACTC 749
6502 899 8228 449 Z80ADan 1995
6800 . 699 8251 695 Z8OAPIO 749
6802 11.95 8255 6 49 ZB0ASIO 1795
6809 1995 AY5-1013A 495 78603 . 74 95
6821 495 AY5-2376 14 95 Z8671 29.95

1 Amp T0O-220 Voltage Regulators

PART # 1-24 25-99 100-499
7805 (LM340T-5] .85 75 65
7812 (LM340T-12) .85 75 65
7815 (LM340T-15) .85 75 65
7818 (LM3407-18) .85 75 65

Linear Integrated Circuits

8038 395 LM393 .97 MC3302 90
LF351 75 LM733 99 MC1458 59
LF353 129 LM741-8 35 MC1514 139
LF357 139 LM741-14 35 NE555 45
LM301 45 LM747 77 NE556 98
LM307 49 LM748 . 49 NES6S 125
LM311 .95 LM1310 249 NE5534 2.35
Lm318 175 LM1458 . 69 NES5538 225
LM324 90 LM1800 249 SSM2010 750
LM339 79 (M1818 349 SSM2020 750
M358 90 LM1889 . 299 SSM2030 750
tM377 249 LM2900 . .69 SSM2040 750
LM38ON-14 125 LM33900 89 SSM2044 575
LM381 . 189 LM3905 . . 149 SSM2055 . 650
LM383 329 LM3914 379 XR2206 . 5.19
LM384 195 LM3915 379 XR4136 99
m386 . . 99 LM3916 .. 379 XR4741 .. 195
Lm387 1.49 LM4500 329 XR558 199

5% Carbon Film Resistors
We stock all 5% standard values between
1 Ohm and 1 Meg Ohm.

Ya Watt

Package of 5 . ... ... .. ... ... . L. .20
Package of 100 (one value) ......... 1.65
Package of 1000 (one value) . ... ... 12.00
Y2 Watt

Package of 5 ... ... ... ... L .25
Package of 100 (one value) ... ...... 1.75
Package of 1000 (one value} ....... 15.00

Sampier hox consisting of 5 each of all 145
standard 5% values between 1 Ohm and 1

Meg Ohm.

Ya Watt Sampler Box . ............. 22.00
Y2 Watt Sampler Box ... ..... ... ... 27.00
Minimum Order $10.00
Shipping
10-24.99 .. . 3.00 Above 50.00 ... FREE
25.49.99 1.50 C.0.D. ..... Add 1.65

WESTLAND ELECTRONICS
37387 Ford Rd. @ Westland, Mi 48185
Order Line — 1-800-521-0664
In Michigan — 313-728-0650

CIRCLE 605 ON FREE INFORMATION CARD
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LETTERS

CASES FOR PROJECTS

Dear Editor:

| really enjoy the range of projects
that Special Projects has been de-
livering, but | do have one probiem
with the parts list—I can’t always find
the kind of case I'd like to put the
project into. Aluminum chassis, and
chassis boxes, and the more com-
monly available plastic cases do
work. but leave something to be de-
sired when comparing a home-built
project to a purchased instrument.
Any suggestions?
RALPH KRIER
Pennsyivania

Dear Ralph:

An article crammed with solutions
is scheduled for Special Projects #5.
In it, Herb Friedman explores chassis,
cabinets, and cases. Tells you where
you can get them, how you can make
them, and how to decorate them so
that your home-brew projects look
like manufactured electronics prod-
ucts. Just be patient until September.
That's when #5 goes on sale.—Editor.

CHANGE YOUR FORMAT

Dear Editor:

| don't save complete issues of any
magazine. Instead | keep only the
articles that | feel are important to
me. Therefore, when you end an
article on a right-hand page and start
the next one on the following left-
hand page | can only keep one of the
two. Why can’t you make sure that all
articles start on right-hand pages?
HARoLD T. KARL
Los Angeles, CA

Dear Harold:

If we did what you suggest there
would be a lot of blank pages in
Special Projects. Of course, you
could argue that they would be
handy for notes, but wouldn't you
rather have the extra article or two
that now fill that space? Another way
you can solve the problem is to buy
two copies of Special Projects. Then
you can separate and save every
article.—Editor

DESOLDERING IS MY PROBLEM

Dear Editor:

Having purchased and read all
three issues of Special Projects pub-
lished to date, I'd like to comment
that | sure hope you can keep it
going. | like the projects and the way
that you present them. | do have one
problem however, and believe that

many other readers share it with me.
When working on a printed-circuit
board, | find it difficult to remove an
IC when one needs to be replaced.
Why don’t you publish an article that
will show me and other readers just
how to perform that difficult job?
MALCOLM BRAGG

Dearborn, Mi

Dear Matcolm:

We are trying to get just such an
article now. It may even appear in cur
next issue. In the meantime, visit
your local electronics parts store and
take a look at the desoldering tools
he has tc offer. The right tools make
the job rather easy, especially if you
couple the tools with a little practice.
—Editor.

WANTS MORE GUITAR ADD-ONS

Dear Editor:

The ""Superfuzz’ article in the Fall
1981 issue of Special Projects was
just what | was looking for. But how
about some more add-ons? I'd like to
see a “"Waa-Waa", some medium-
power music amplifiers and other
electronic-guitar gadgets.

ToM BLACKWELL
Duluth, MN

Dear Tom:

We'd like to see some, too. If any
readers have such a project in the
works, let us know. You could soon
see your name and article in a future
issue of Special Projects.—Editor.

| LOVE IT—I HATE IT

Dear Editor:

Turning a clock into a frequency
counter was terrific. What a money
saver! Can you come up with some
others just like that one?

Great project, but it sure drives you
crazy when you try to read the display
and figure out what frequency you are
really reading.

Dumbest project I've ever seen.
Sure it's cheap. But the mistakes you
can make reading the display destroy
the savings in building the unit.

One of the reasons | build projects
is to save dollars. This article is the
best example of a dollar saver that |
have ever seen.

Dear Readers:

Once again you've proven that we
can’'t please everyone all the time.
But if we do come up with similar
projects, we do intend to keep right
on publishing them.
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DIGITAL
LLOCK

Want to know what to do with those old LED watches?
Turn them into portable clocks... It isn’t difficult...

It isn’t expensive... It is FUN!

EVERT FRUITMAN

HERE IS ATIMELY WAY TO GET ADDED LIFE OUT OF OLD
LED watches. Many of them were set aside when the
price of silver-oxide batteries went up out of sight. By
repackaging the watch, less-expensive longer-lived
batteries can be used. The result is an instant digital
clock that is great tor use in the car, mobile home or
other location where power may be limited. It should

go together in one evening, and the parts (excluding
the watch) should cost less than $5.00. That's about
what a pair of silver-oxide batteries cost today.

The watches I used were birthday presents that got
too costly to keep in batteries. They were too nice to
be allowed to gather dust in a dresser drawer, but
those high-priced batteries were getting to me. |
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worked with new parts, so you may be able to beat my
cost with a bit of help from your spare-parts box.

You will have to determine how many switches are
needed. Count the buttons on the sides of the watch.
Usually two or three serve to set the time, calendar,
and call for a display. You will need one pushbutton
switch for each button on the watch. There are both
miniature and subminiature switches available. Be sure
that the ones you get are the normally-open types.

Decide what size box you will want. Mine are fairly
small, measuring just over 3X2x | inches. You may find
it easier going with a larger enclosure. Sometimes the
metal boxes seem to have more space inside. The
photos show step by step how the modification is
handled. The battery holder and batteries complete the
parts list.

It would be best to have all the parts on hand before
you take the watch apart. That way the works are pro-
tected as much as possible. In fact, the switches can be
partially wired and installed before you ever start dis-
mantling the watch.

Use a straight edge as a guide and mark the top of
the box where you want the switches mounted. Drill
the holes and mount the switches. The photos and
Fig. 1 and Fig. 2 should help you with switch and
battery-holder wiring. Making the common connection
between the two cells will require a bit of care. If plastic
battery holders are used, too much heat on the contact
will melt the plastic. File or scrape the metal contact

+
3v
BATTERY

FIG. 1—SWITCH AND BATTERY WIRING diagram shows how
separate pushbutton switches are wired to LED watch modules.

TO +INCLOCK

/vTO - INCLOCK

1N4001

T0
CHARGER

BATTERY
P
— COMMON () TO SWITCHES

177

FIG. 2—A RECHARGEABLE BATTERY IS EASY TO ADD. One
simple diode provides protection against polarity switching.

TWO TYPICAL LED WATCHES you are apt tq find unused in
your home. Almost any LED wa:ch can be used for this project. if
you want to use LCD watches you may have to change the power
supply to 1.5 volts.

i
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ALL THE PARTS YOU NEED to convert a watch into a clock are
shown here. It's a fun, single-evening project.

until it shines. Then quickly tin it. Tin the wire before
soldering it to the contact. The other end of that wire
will connect to the common connection on the
switches. The positive and negative contacts are made
with a regular battery clip. You can use one that you
have removed from an old 9-volt battery. Attach a
wire to the other side of each switch. These will be
connected to the clock a little later. See Fig. 3.

Start taking the watch apart after the switches and
battery holder are wired and in the box. Again, the
photos show the steps. Some watch cases unscrew,
some pry apart. Remove the batteries. Then carefully
work the innards out of the case. Note which contact
is positive and which is negative, just in case they get
covered with solder later on. The red lens will usually
come off of the case with a little prying and a gentle
push from the back. Be careful not to scratch it.

Use a small, 15 - 25-watt soldering pencil to make
the connections. The iron’s tip must be clean and well
tinned. No special static protection was needed even
though the watches use MOS technology. Solder fine
wires to the positive and negative terminals in the
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REAR VIEW OF “DEAD” LED WATCH, with the back cover re-
moved. Some back covers pry off. Others are screwed off. You
may have to use your long nose pliers as a spanner wrench.

B

REMOVE THE BATTERIES. You may want to draw a simple
diagram so battery polarity isn’t forgotten.

clock. The other end of the wires go directly to the
battery clip. File or scrape the tabs originally con-
tacted in the watch for set. readout, etc.. before trying
to solder to them. Solder the other wire from the
switches to the tabs. After that, put the batteries in the
holder.

This would be a good time to start pushing buttons
and find out which one does what. You may wish to
label them even though I didn't. When you push a
button. the display should show some sign of life. If it
doesn’t., carefully recheck the connections. Look for
voltage or a lack of it at the terminals inside the clock.
It should measure close to 3 volts from the + and —
terminals. Then check from + to common and — to
common. They should be around 1.5 volts each.

At this point if all is well. go ahead and slip the unit
into the case. On mine. the wires were stiff enough to
hold the works in place. Foam weather stripping is
also useful for that purpose. Measure the distance
from the top of the case to the center of the readout.

Drill. nibble. or otherwise mill a slot in the cover so
that the display will show. Don’t worry if the hole isn’t
too neat. The edges will be covered by the red lens
used to filter the display. Use one of the white glues to
secure the lens in place. An acetone base cement may
tend to dissolve the plastic. Put the front cover on and
set the time, date. etc.. in the usual manner. Isn’t it a
nice feeling not to have to worry about running down
the batteries?

Now to find a place for it: | have one out in my ham
shack: the power isn't always on out there. There is
another one within easy reach on the nightstand.

Variations worth trying

Here are a couple of variations that we enjoyed and
that you might like to try. Rechargeable batteries will
work with most of the these clocks. Use a diode for
protection against reversed charging current. Fig. 2
shows the details. The readout will be just a bit dimmer
with NiCads than with regular batteries. (NiCads de-
liver a shightly lower voltage.) Terminals or wires have
to be brought out of the clock to go to the charger.

If you would like to make a more permanent installa-
tion in your car, the battery drain would not be noticed.
The current drain is only a few mA (10-15) with the dis-
play off, and 35-70 mA when showing the time.

TO+ IR CLOCK v - incLock

BATTERY CLIP 2
REMOVED

FROM OLD i ° o
3V BATTERY o o

COMMOM (2)
AT BATTERIES— "
PLASTIC HOLDER

WRAP IN TAPE FOR
AODEQ STRENGTH

KEYSTONE BATTERY
HOLOER

ETC.
COMMON (+)

TOTAB
AT SWITCHES FOR DATE

FIG. 3—INTERCONNECTIONS BETWEEN SWITCHES and bat-
teries. An ordinary battery holder helps keep everything compact.

+
o TB8-18V
TABS

R1 2
2200270 33082 $

01.04 A
1N914,
1N4001(4)
+

c
@E 2N3904

FIG. ——REGULATOR SCHEMATIC. Use this circuit if the clock
is to be powered from a car or boat battery/alternator supply.

WATCH
MOOULE
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TAKE THE WORKS OUT OF THE CASE. This becomes the clock
module for your Instant Digital Clock.

BATTER.Y CONNECTION LEADS are soldered into place. Ob-
serve polarities. Be careful and use a low-wattage soldering iron.

a1
ECG123, 128
2N3053

FIG. 5—SUGGESTED PARTS LAYOUT for regulator circuit. As
there is nothing critical about this circuit you are free to re-
arrange parts to suit yourseif.

TABS
a1 Q2 a3 o
2N3904 2N3904  2N3904
RI gR2 S
100K 3 56K |
B
L

O

FIG. 6—FOR AUTOMATIC SEQUENCING of clock functions try
this circuit. Adjusting RC values will vary the sequence timing.

The simple regulator circuit in Fig. 4 reduces the car-
battery voltage to the level needed to run the clock. It
is quite effective and has only three basic parts. The
regulator consists of a transistor, a resistor. and &
reference diode. For the sake of clarity it is strung out
in pictorial fashion in Fig. 5.

The transistor is a silicon type such as a 2N39(4,
2N3053. ECGI123 or ECG128. The resistor may be any
value from 220 to 330 ohms. A single reference diode is
not practical. The tap between the middle diodes is
needed for the common connection to the switches.
The IN914 or IN4001 series of diodes is ideal. They
are readily available and inexpenstve.

Test the regulator before connecting it to the clock.
Connect a resistor with a value between 1000 and
100,000 ohms between the emitter of the transistor and
ground. The positive meter lead goes to the emirtter.
The negative lead goes to ground. Connect the regula-
tor to the power source: 8 to 18 volts. The voltmeter
should read between 2.8 to 3.3 volts. If it reads con-
siderably higher. check the diodes. There should be
about 2.4 volts across the entire string. Check to be
sure that the transistor is correctly connected.

If the regulator is delivering the correct voltage. 2.5
to 3.5 volts. the clock may be connected to it. (Remaove
the voltmeter and test resistor.) The regulator may be
built onto a small piece of perf board and squeezed into
the clock case.

Finally, here is one more variation that we used on a
two-button clock. It is an automatic sequencer, and is
especially useful in a car. [t can be set so that the ciock
will periodically display time of day followed by the
seconds.

Fig. 6 shows us the heart of the sequencer which is a
cheap free-running multivibrator. When it sets. that is:
Q, on, the display comes on with the time. When it
resets: Q» on, the system is ready to sequence again.
Positive feedback in the circuit keeps the multivibrator
running. The two transistors will change from on to off
at a rate determined by the size of the resistors and
capacitors.

When Q> turns off, R, feeds current into Q3 and
turns on the display. Qs needs to be on for only a few
parts of a second to cause the display to turn on for its
usual 1 to 3 seconds. If Q5 is on much longer, then the
display goes to the next item in its sequence. That is
usually the seconds or the date.

Capacitor C, determines how long Qj is on. C, has
the most to do with how long between cycles. The
larger the capacitor, the longer the time. Change the
values of C;. C, or the resistors to program the se-
quencer. The values shown will give a display every
few seconds. The toggle switch disconnects the power
to the sequencer and allows normal manual opera-
tion. If you push a button while the clock is in the auto-
matic mode, it won't do any harm.

Use low-leakage silicon transistors such as the types
listed earlier. The layout is not critical. The parts can
be mounted on perf board, even the same one that
holds the regulator. The instant digital clock is not
only a practical thing to have around, but it also makes
a dandy conversation piece. You may want to scout
around for spare LED watches relatives and friends are
not using. They can be used for surprise gift Instant
Digital Clocks in return. SP
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Buying electronics parts, when you can find them
at all, can set you back quite a few dollars.
These ideas will make the task a little easier,

by HERB FRIEDMAN

IT°'S HARD TO BE AN EI.ECTRONICS-PROJECT BUILDER TO-
day. While few things equal the thrill and excitement
that comes from building an electronics project and
getting it to work, the marketplace often appears to be
deliberately pricing the electronics builder out of ex-
istance—or at the very least making it next-to-impos-
sible for him to obtain the components vital to even the
most basic of magazine projects.

Few of the legendary mail-order parts houses exist
today. and the blocks of parts stores that comprised
the “‘radio rows™ of our larger cities are but an old-
timer’s memory. Components are now job-racked in
blister packages. and if a particular part is sold out be-
cause some magazine published a ““hot project.”” the
chances are that the retailer won't get the item again
until he resupplies the entire rack—which could take
months.

Also. job-racking and blister packaging adds astro-
nomical markups to the price of components com-
monly used by hobbyists. For example. an ordinary
mini-toggle switch that would be reasonably priced
with a 1009 markup at $2 normally sells in a blister-
pack for more than $3. A resistor that is worth—tops.
10¢. goes for two-for-50¢ in some New York City
“electronics™ stores. Small electrolytic capacitors

and a lot cheaper!

that I buy from a commercial supplier in single units
for 26¢ are job-racked to hobbyists at 99¢.

The price of many components is now unreasonable.
and often a project simply isn’t worth the cost if you
must buy new parts at full “list™".

And even when you're willing to spend the money
there’s a good chance you won't find what you need
because the stores only want to stock parts that turn
over fast. They don’t want parts lying around on their
shelves gathering dust while waiting for customers.
For example. for longer than most persons can remems-
ber a popular hobbyist project has been some form of
short-wave receiver preselector or preamplifier.

A complete line of coils for just such a device is
manufactured by the J.W. Miller Co.. and those coils
were always “‘standard stock™ in the old Lafayette
and Allied Radio catalogs. Miller still lists the coil. but
where can the hobbyists buy them? Hobbyists often
depend on rumors that so-and-so has some Miller
coils. but more often than not the rumor proves un-
true. And even if you could get the coils, have vou
seen the prices on 365-uuF tuning capacitors? It's a
wonder that they sell any that aren’t surplus (and
priced accordingly low).

Yet in spite of all those obstacles, thousands of elec-
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tronics hobbyists manage to build projects without
taking out a second mortgage on the old homestead.
How do they do it? By selecting parts carefully and
making substitutions. and with **selective shopping.™
That means knowing who specializes in particular
types of components. because specialists can often
provide parts for far less than you'd normally expect
to pay. Let’s look at a few practical examples so you
can understand what we're driving at.

Substitutions can do the job

Many authors of construction projects use those
components that they can obtain locally. or that they
have in stock. In many instances you can substitute
components that vou have in stock. or that are avail-
able inexpensively in your own area. As a general rule.
construction articles will clearly state when a compo-
nent type or value is critical and should not be
substituted.

Transistors are a good starting point. In audio and
DC applications you can generally substitute almost
any transistor with similar gain. voltage characteristics.
and polarity. Also. there is a standard part number for
most “‘general replacement’” devices such as those by
Motorola. GE. Radio Shack. RCA. Sylvania. Zenith.
etc... For example. if a project calls for a Radio Shack
transistor part number 276-2009—that sells for 79¢—
you can substitute the 2N2222A. which can frequently
be purchased “‘surplus™ for about 19¢.

The IN4000 family (IN4000. IN4001. IN4002. etc.)
of silicon rectifier diodes. are often available **surplus™
at prices ranging from 5/$1 to 12/$1. You can use them
to substitute for many “‘power rectifiers™” used in con-
struction projects. Similarly. surplus 1N914 small-sig-
nal diodes that are priced from 5/$1 to 20/$1 can sub-
stitute for most silicon small-signal diodes. The IN60.
that can be purchased for about 10¢ to 15¢. will sub-
stitute for most germanium diodes used in hobbyist
projects.

The reverse-voltage (PIV) rating is usually the key
to signal-diode substitution: don’t substitute a diode
with a lesser PIV rating than the one specified in the
parts list. Also. don't attempt to substitute a germanium
diode for a silicon and vice-versa, because the project
might not work with such a substitution. A germanium
diode has a forward **breakover™ voltage of nominally
0.3 volts. while that of the silicon diode is nominally
0.7 volts. Since the breakover voltage might be im-
portant in the operating circuit—particularly in
squelching or switching circuits—avoid the germanium/
silicon swap.

Truly great savings can often be made on electrolytic
and tantalum capacitors. As a general rule of thumb.
you shouldn’t normally substitute an electrolytic for a
tantalum capacitor. but it can be done in power sup-
plies such as you might use for a digital project. Most
power supplies use tantalums in parallel with the main
filter electrolytics. If the input to the regulator is 1000-
uF there will probably be a 2- uF tantalum connected in
parallel. The tantalum is there to provide good high-
frequency bypassing. that the 1000 uF electrolytic can-
not offer. For that purpose you can generally substitute
a conventional electrolytic that is 10x the tantalum’s
value—if the specified tantalum is 2 «F. use a 20- or
25 4F electrolytic—values often found in the junk box.

Also. use any electrolytic capacitor you have. The
“junk’ you use is money that you don’t have o
spend. For bypassing you can always go higher in
value and voltage rating, again using values you nright
have lying around. For example. if a power-supply
project calls for 1000-u.F at 16-VDC. vou can easily
substitute anything larger than 1000-4F. and a higher
voltage rating than 16 VDC. Electrolytic capacitor
values are rarely critical except for interstage couplirg.
and some “‘feedback’” bypassing—such as an emitier
bypass on an audio or DC amplifier.

Great savings can also be made in switches and

jacks. The author might have used a mini-switch be-

cause he had one lying around. But mini-switches
usually cost between $1.69 and $3.19. If you can sub-
stitute a 99¢ standard-size switch, by all means do so.
Same thing with jacks and plugs. The author might
have preferred to use phone type plugs and jacks. but
you might be able to get away with phono jacks and
plugs. and you can figure each set as at least $1-$2
saved.

Quite a few dollars can be saved by not impreving
on the components. Silver mica capacitors are needed
in tuned circuits but usually don’t improve any project
that calls for low-cost ceramic and Mylar capacitors.
Similarly. substituting 5%- or 1%-tolerance resistors
when the project specifies 10% also doesn’t imgrove
the project. The author usually specifies the compo-
nent types and tolerances he used in the project ard
going ‘‘better’” frequently does little more than waste
money. It doesn’t necessarily (or usually) make for
better performance.

Another way to save “*Big Bucks™ is to recycle com-
ponents from old projects. Now that doesn’t mean that
you should save each and every part. because vou’ll
soon get tired of trying to strip a PC board or ckassis
loaded with resistors and capacitors. and you'll prob-
ably give up before you get to the really good. expen-
sive stuff. Forget the resistors with short leads and the
inexpensive capacitors. Go for the expensive hard-
ware: the switches. jacks. transformers. speakers, and
the like. Transistors and 1C’s come last if you're not

¢

DESOLDERING BRAID MAKES SALVAGING PARTS from old
equipment extra easy. Just make sure not to use too much heat.
Snip off ends clogged with solder.



AN UNKNOWN COMPONENT IS WORTHLESS, so make sure that
you identify every component you salvage for future use. The
“Jocking’’ plastic bags shown are great for that. Baby food jars
are useful, too.

tired of **scrounging’’ components.

The parts will come out easily if you remove the
solder using a desoldering braid such as Solder-Wick.
When vou mash Solder-Wick into a connection with a
soldering iron. virtually all the solder flows into the
wick. If you're de-soldering a printed-circuit connec-
tion the component’s leads will often be left in the cen-
ter of the hole free of solder. Even if the lead is folded
onto the foil. a proper “slurp™ (with sufficient heat)
will remove so much solder you will be able to lift up
the lead with the edge of a knife or a set-screwdriver.
Where desoldering braid doesn’t work, a solder puller
will; and if you're one of the very fortunate, use a
professional desoldering tool.

OId transistor radios are a particularly good source
of salvage for construction projects. because they
have miniature speakers, headphone jacks and often
power-supply jacks, audio transformers, ferrite loop-
sticks. and even “*standard’’ transistors. Some of that
hardware gets very expensive if you must go out and
purchase it new.

Avoid a hell box

Place all salvaged components in small plastic bags,
along with a paper marker saying what is in each one,
because nothing is so easily lost as a small electronics
part dropped loosely into a “‘junk box™" along with a
few hundred other salvaged parts. If the part is un-
marked. forget it. Similarly, discard any salvaged com-
ponent that seems to have been damaged during
removal. Nothing is more frustrating. or expensive,
than using defective components in a home-brew con-
struction project.

Mail-order savings

When you must buy parts, you can often make sub-
stantial savings through mail-order surplus dealers.
For example, assume that you would like to build an
electronic flash of some form for photographic use. or
maybe even a strobo-tachometer. Now a small, pocket-
size electronic flash sells for $10 to $15 in a local
camera store. Logically, you should be able to build

Wy

WHERE POSSIBLE, USE LESS EXPENSIVE, surplus substitutes.
The pot on the left sells for between five and ten times as much as
the surplus unit on the right. In many cases, the surpius unit can
be substituted with very good resuilts and a cash savings.

what you want for about the same price. So you look
in a standard electronics parts catalog where you find a
flashtube for about $3 and a trigger coil for $1.50.
You've got $4.50 invested and you don’t even have the
storage capacitor. Whoops!. this outfit doesn’t stock a
photoflash capacitor. so even if you purchase the tube
and coil from them. where do you get the capacitor?
Good question. Like many other consumer-products
stores. electronics parts distributors often don’t stock
a ““full family line.”” meaning related components that
probably would be used together.

To build a photoflash project you would be best off
in using a catalog from a specialist in photo-flash com-
ponents such as Chaney Electronics Inc., rather than a
“standard’’ parts catalog. Chaney is a “*surplus’” deal-
er. and one of their specialties is photoflash parts—it
appears they bought out the Honeywell line. Chaney
sells both a flashtube and its trigger transformer for
only $1.75. and they have a broad selection of photo
capacitors: such as a 100 «F/250 volter priced at $1.50.
Last time I purchased a “‘new’ capacitor of approxi-
mately those ratings I paid almost $7 each, and that was
eight years ago.

Chaney also specializes in gadgets and gizmos you
usually can’t locate easily. and again they are at a rock-
bottom price: for example. trimmer and miniature
capacitors. They also have inexpensive surplus stan-
dard-value electrolytic capacitors such as 33 u,F/16
volts priced 5/$1, standard IN914 rectifiers at 20/S1.
Or how about jumbo red LED’s at 7/$1?

Get the picture? Go surplus. The savings can be
enormous. Often. it pays to stockpile parts you think
you'll need in the immediate future, because it might
be possible to purchase somewhat larger quantities at
a low cost. For example. Poly Paks, Inc., publishes a
giant catalog. jam-packed with surplus items that are
usually offered “‘in bulk’’, like five LED 7-segment
readouts. or an assortment of 100 popular value resis-
tors, or large quantities of commonly used transistors
such as the 2N2222. If you purchase an assortment.
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make certain that it has enough usable values. For ex-
ample. some kits of S0 or 100 resistors are the ““culls™
—values. that no one purchased: you probably won't
want them. either. Make certain that the kit contains
“standard™ values. such as 1K, 2.7K. 4.7K. [5K.
22K. ete.

Not all surplus dealers are giants: some have small
selections but still good prices. Need line cords for
vour projects? Electronic Mart has 3-wire cords for
$1.25 each. Last time I saw those in a hardware store
they were almost $5. Or maybe you need a 9-volt " AC
adaptor "-type power supply. Electronic Mart has
them for as little as $1.25. (You couldn’t buy just the
power transformer anywhere else for $2. assuming you
could locate one.)

How about a professional-type alarm bell for a
home-brew burglar alarm system? At “list price”
figure vou’ll be charged from $22 to $30—basically all
the traffic will bear. But the All Electronics Corp. will
sell you one for $15. All Electronics is also a ‘good
source of small (low-current) power transformers.
(Get the All Electronics catalog. because they have an
excellent selection of low-cost odd-value trans-
formers—like 18 volts at 1 amp. which is perfect for
many regulated 12/S VDC hobbyist power supplies.)

Got a project that calls for tantalum capacitors?
That's another item that doesn’t come cheap. Occa-
sionally you'll see a few values available as surplus,
but you'll find a good selection of values at really
cheap prices in the H.J. Knapp of Florida. Inc. catalog.

How about meters? Priced any lately? even a basic
0-1 mA DC panel meter is fast approaching double-
digit prices. But there are many meters tloating around
the surplus market which were originally intended for
OEM (Original Equipment Manufacturer). like CB S-
meters. When CB more or less folded, so did many CB
transceiver manufacturers: their excess hardware is
coming into the marketplace now. An outfit like Sus-
plus Electronic Corp. has a quite good selection of
those surplus meters. often selling for as little as §/%5.

AN ELECTROLYTIC IS AN ELECTROLYTIC, but the surplus unit
on the left, which incidentally has a higher voltage rating, cost
about V5 less than the new unit on the right. Always check used
electrolytics for leakage.

You might not want an S-meter or a blank scale. but
it's certainly worthwhile making a new scale with pen
and ink. if vou can save some $5 to $9 on the cost of a
single meter.

While | have singled out just a few mail-order houses
because some of their items are rather unusual. they
are not the only places to get great buys on standard
components. Among the other parts sources with ac-
ceptable reputations are Godbout Electronics:
Formula International, Inc.: Suntronics Inc.; Interic-
tional Electronics Unlimited, and probably ten others |
can’t remember. You'll find their ads in the back pages
of magazines such as this one and our sister magazine
Radio-Electronics. Be sure to get on their mailing list
by sending for a catalog. You'll find a list of suppliers
at the end of this article. When you write for catalogs
tell them you found their name and address in Special
Projects.

You're probably wondering how come well-known
companies such as JDR Microdevices, Inc., Solid
State Sales, Digi-Key. Advanced Computer Products,
and Jameco Electronics haven't been mentioned.
Well. they are not primarily surplus dealers. though
they do have some surplus at remarkably good prices.
and it's surplus that we're talking about. JDR. Solid-
State. and the rest are more like vour local stocking
distributor (assuming you have such a thing in your
area that will sell retail—most are wholesale ondy).
Those are the mail-order distributors you must depend
on for those oddball—though standard—componends
you can’t obtain locally at a fair or budget price.

For example. recently | had an idea for a small com-
puter project using a new UART that looked real good
for hobbyist use. When I called the manufacturer to
find out where a Special Projects reader could purchase
the part. he told me there was only one local source,
an OEM distributor wheose minimum sale—C.G.D.
and credit—was $100. [ called a few of the mail-order
houses and Advanced Computer Products told me
they would be stocking the part soon. at $6.95—a
suitable price for the project.

Making what are normally OEM parts available to
hobbyists is the primary advantage of the mail houses
specializing in solid-state components: They can
usually provide components vou can't get locally for
any price.

A few warnings about purchasing parts by matil are
in order. First: Try to avoid sending cash. There are
many reliable mail-order houses: I have mentioned a
few. There are also many who conduct their business
with the customer’s money—particularly in the com-
puter-equipment field. They have nothing in stock:
when enough customers have prepaid. they then use
the money to order the merchandise. You might wind
up waiting months or forever for one of these outfits to
ship: and getting a refund across state lines is next to
impossible. Use VISA or MasterCard whenever pos-
sible. even if you must go to a different vender. If
you're stuck. order C.O D. The extra $1.50 or so for
the C.0.D. will be worthwhile. An extra advantage of
the charge and C.0.D. is speed. You won’t have to
wait two weeks (at least) for vour personal check to
clear before your order is shipped.

Another advantage of the charge and C.0O.D. is that
vou don’t end up playing the “*backorder’ or “out of
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Everybody’s making money
selling microcomputers.
omehody’s going to make money
servicing them.

New NRI Home-Study Course Shows You How to Make Money Servicing, Repairing,
and Programming Personal and Small Business Computers

Seems like every time you turn around, some-
body comes along with a new computer for home or
business use. And what's made it all possible is the
amazing microprocessor, the tiny little chip that's
a computer in itself.

Using this new technology, the industry
is offering compact, affordable computers
that handle things like payrolls, billing,
inventory, and other jobs for businesses of
every size...perform household functions
including budgeting, environmental sys-
tems control, indexing recipes. And thousands
of hobbyists are already owners, experiment-
ing and developing their own programs.

Growing Demand
for Computer Technicians

This is only one of the growth factors influenc-
ing the increasing opportunities for qualified com-
puter technicians. The U.S. Department of Labor
projects over 100% increase in job openings for the
decade through 1985. Most of them 7ew jobs created
by the expanding world of the computer.

Learn at Home
in Your Spare Time

NRI can train you for this exciting, rewarding
field. Train you at home to service not only mi-
c-ocomputers, but word processors and data termi
nals, too. Train you at your convenience, with clearly
written “bite-size” lessons that you do evenings or
weekends, without going to classes or quitting your
present job.

Your training is built around the latest model
of the world’s most popular computer. It's the amaz-
ing TRS-80™ Model 111, with capabilities and
features to perform a host of personal and busi-
ness functions. No other small computer has
so much software available for it, no other is used
and relied on by so many people. And it's yours
to keep for personal or business use.

(TRS-80 is a trademark
of the Radio Shack
division of Tandy Corp.)

Sumy

You get plenty L
of practical experience
Using the NRI Discovery e
Lab® that also comes as part
of your course, you build and study circuits ranging
from the simplest to the most advanced. You analyze
and troubleshoot using the professional Beckman
LCD digital multimeter you keep to use later in your
work. Then you use the lab and meter to actually
access the interior of your computer. .. build special
circuits and write programs to control them. You
“see” your computer at work and demonstrate its
power.

Become the

Complete Computer Person

You'-e also trained in writing and debugging
both BASIC and advanced machine language pro-
grams...gain hands-on experience in the operation

— and application of computers to

business and personal jobs. You're
trained to become the fully
rounded, new breed of technician

who can interface with the operational, program-
ming, and service facets of today’s computers. You're
ready to take your place in the new electronic age.
Other Opportunities

NRI has been giving ambitious people new
electronic skills since 1914. Today's offerings also
include TV/Audio/Video Systems servicing with
training on our exclusive computer-programmable
25" diagonal color TV...Communications Elec-
tronics for servicing and installing microwave,
broadcast, CB, radar, etc...and other state-of-the-
art courses.

Free Catalog...Mail Card
No Salesman Will Call

Send the postage-paid card for our 100-page
catalog showing all courses with equipment and
complete lesson plans. There's no obligation other
than to yourself. See how NRI can help you grow
with the most exciting and important new field of
the 80's. If card has been removed, please write to us.

McGraw-Hill Continuing

Education Center

wi 1# ation

Cie 3939 Wisconsin Ave.
‘lln I' Washington, DC 20016
[ ]

We’ll give you tomorrow.

NRI SCHOOLS
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stock™ game. If you miscalculate the shipping and
handling fees on a prepaid order—even by a few cents
—many mail-order firms simply “*backorder’* enough
of your order so what you paid covers the full postage
and handling. Or they claim an item 1s “*out of stock™
and tell you to reorder at a later time. You get back a
“*credit”” coupon for the remainder of your funds. but
the components they didn’t ship usually are the ones
you can’'t get from any other source (Murphy’s Law).
So you end up delayed. and paying the postage and
handling charges again. The C.0.D. and charge pur-
chase eliminates the “"phantom’ backorder. If there is
a backorder it will probably be legitimate if you charge
the purchase.

Postage and handling

Speaking of “*postage and handling,”* beware the ex-
cessive charges that have become a new source of
extra profits for many mail-order firms. Two or three
dollars should cover any small order that doesn’t in-
clude something heavy. such as a power transformer.

As for insurance: If you have it shipped UPS, the first
$100 of insurance is free and every additional $100
costs 25¢. If the outfit charges 109% for postage and
handling, consider what you're getting. If you ordered
say. $100 worth of transistors, it doesn’t take $10 to
ship them anywhere in the U.S. To give you an idea of
what a reasonable charge is: I have had a reliable mail-
order firm charge only $5 to ship a $500 computer
printer across three states—now that's honesty. [ have
also had a box full of transistors. I.LED's and [C's
shipped halfway across the country for $2. and was
given the exact charge over the telephone when |
placed the order.

Finally, try to consolidate your order so it can be
supplied by a single distributor. Shipping and hand'ing
costs add up very fast. Almost everyone has a mini-
mum order. or a minimum postage and handling fee. so
if you order from two or three mail-order houses you
can easily add $5 or more to the cost of a project
whose component cost might be less than $20. That's
like throwing yvour money away. SP
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STOPPIR

HERB FRIEDMAN

FASTER THAN A SPEEDING BULLET, FASTER EVEN
than Superman, a transient can zip down the power
lines into a personal computer and literally scramble
hours of work. Yes, suddenly—for no apparent rea-
son—4000 words of golden word-processed prose in
your personal computer becomes meaningless garbage.
“*The Quick Brown Fox...”” becomes "*Txs KicY DrOn
pic...””, or “"Now is the time..."”” becomes "*Mpy kls
—*4 #n&!...”". Or maybe the transient causes what
appears on the CRT screen to be 25 lines of tight,
well-structured BASIC to get stored as incoherent
COBOL. or is FORTRAN?: APL?; PL/1?.

One way to avoid the problem of powerline-gen-
erated garbage i1s the use a SURGE STOPPER, a de-
vice that squashes transient power-line variations be-
fore they get a chance to scramble the computer’s
RAM (Random Access Memory).

But first, why do we need a Surge Stopper to begin
with? Doesn’t the computer’s regulated power supply
(Fig. 1) equalize or compensate for power-line voltage

variations so that computer functions such as RAM
aren’t disturbed? In actual fact, it all depends on the
particular power supply. Some personal computers are
more susceptible to power-line transients than others.
For example, my Heathkit H8/H19 computer is im-
mune to virtually everything except a direct lightning
hit. On the other hand, my TRS-80 gets scrambled
RAM every time my Selectric printer is turned on.
Actually, the TRS-80 used to get scrambled RAM.
Since the Surge Stopper was installed on the power
line nothing bothers either computer, and that includes
a direct lightning hit on the backyard power line that
was feeding both computers when they were active.
As you can see from the schematic (Fig. 2), the
Surge Stopper is a straightforward project consisting
of varistor V1, a fuse, and a neon lamp that serves as a
safe power indicator, all housed in a metal cabinet. To
protect against transient power-line surges, this circuit
is connected across the power line used for the com-
puter. To make connections to the computer a little
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FIG. 1—TYPICAL REGULATED POWER SUPPLY used in con-
sumer equipment. Capacitors C, and CY are usually 1-uF tantalum
or 0.1-uF Mylar devices that serve as high-frequency filters.

more convenient. the model shown is built with a
three-receptacle U-ground (3-wire) extension cord. The
three receptacles provided should be enough to carry
the average computer, printer. and disk- or tape-storage
system.

In the circuit design shown we pass current to the
computer through the same fuse that protects against a
blown varistor because it provides better protection
against transient damage directly to solid-state compo-
nents. If the fuse protected only the power outlet loads.
the transient caused when the fuse blows might pro-
duce excessive transient spikes within the computer.

If you already own a power-distribution center or
strip you can eliminate the outlet extension and simply
plug the device into one of the outlets in your existing
power-distribution device. (But in this instance fuse F1l
is only in the varistor circuit. and the computer might
be subjected to a transient caused by failure of F1. As
with everything else in life, you can’t win them all. but
it’s better to have a blown fuse than to take out the
entire computer. If the initial transient was so severe
that it blew out the varistor. just thank heaven you
only lost some data and not a handful of [C’s.)

How it works

A varistor is a voltage-dependent nonlinear resistor
whose electrical behavior simulates back-to-back
Zener diodes. Below the **breakover’ voltage rating.
the varistor appears to be a high (infinite) impedance.

THE ACTUAL PROTECTION IS PROVIDED BY A VARISTOR. It
provides a conductive path across the power line for transients
that exceed the “breakover” rating—in this instance 130-volts
RMS. The mounting tab, indicated by the finger, is also a con-
ductor, and must be insulated from the metal cabinet.

When the applied voltage exceeds the breakover rating,
the varistor’s impedance plunges dramatically to a
highly conductive level, and the destructive energy of
the transient surge is absorbed by the varistor. While

° ° » REGULATED DC
REGULATOR l oUTPUT

|

a Zener diode provides very effective clamping. a
major limitation is its energy-dissipation capability.
The Zener can ““blow’™ before it fully protects a com-
puter against a surge. A varistor, particularly the
metal-oxide type. has relatively high energy-dissipa-
tion capacity, and can safely dissipate what might
normally prove to be a disastrous overload.

Neon lamp LM is a safe indicator that only serves
to let you know the device is still intact and is actually
protecting your computer. For example. if a power-
line surge is so large that it causes the varistor to short
circuit (heat destruction), fuse F1 will “*blow’", causing
neon lamp LMI to turn off. If LMI is off you know the
varistor is blown and must be replaced. Without LM|
the varistor can be blown and you'd never know. De-
pending on the device that caused it. a transient surge
on a [17-volt residential power line can range upwards
of 400 volts. and spikes as high as 1000 volts are not
uncommon.

Man-made transients are caused by the opening and
closing of switches, or the passing of current through
coils and capacitors. For example, we are all familiar
with the “‘reverse diode’ connected across relay coils
to “'short circuit’” the induced reverse emf, that can
often be so high as to exceed the breakdown rating of
the associated transistors and 1C’s. Well, opening or
closing a power switch to a ““large™” transformer or fan
does the same thing, producing unusually large transient
“*spikes’” on the power line unless suppressed. (...the
reason the Selectric printer mentioned earlier turned
data in RAM into “‘garbage™.)

An oil burner is another excellent zenerator of tran-
stents, as is an electric thermostat. In fact, one of the
older 117-volt oil-burner thermostats—the type that
directly control the power line to the circulator or fan
motor—is often a frequent and unsuspected cause of
what appears to be intermittent computer RAM failure.

Transient isn’t steady-state

The common regulated power supply usually used in
personal computers is made to compensate for long
term variations of the applied voltage and normal lead
variations within the equipment itself. Load variations
are easily taken into account in the design of a regulated
power supply. and power-line variations—at least in
this country—are within relatively narrow limits. As
each changes over a relatively long period of time the
regulator adjusts itself to accommodate the variations
in applied voltage and load, producing a constant volt-
age output. A simplified power supply of this type is
shown in Fig. 1.

Unfortunately, some of these regulators cannot re-
spond quickly enough to spikes of extremely short
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duration. say 5 uS or 20 4S. The spike zips right through
the regulator and appears on the computer’s 5- or 12-
volts DC supply bus. True. there is considerable attenu-
ation of the spike, but the sudden voltage increase on
the rail can cause scrambled data in the RAM, or a
sudden malfunction of a CPU process. As a general
rule. most, if not all. of a short transient is suppressed
by the 0.1-uF Mylar. or I-uF tantalum capacitors
connected across the power supply’s main filter ca-
pacitor. indicated as Cx and C, in Fig. 1. But if the
capacitors fail to filter the high-frequency transient?...
well. that’s when you need the Surge Stopper.

The metal-oxide varistors are available in many dif-
ferent voltage and current ratings. For computer pro-
tection we need something that will breakover slightly
above the normal RMS power-line voltage. I find that
130 volts is the best choice for personal computers.
For relatively low current rating the itty-bitty varistor
types used to protect portable transistor TV's might
prove adequate, but if you have a heavy transient pro-
ducer on the same power line as the computer, such as
a fan-cooled Selectric or other heavy-duty printer, or
an oi! burner, or a large refrigerator, or a copier, or a
mailing machine, or you have frequent lightning activity
in your area, the Series-P General Electric GE-MOV
Varistor shown in the photographs is suggested. (This
is also the size specifically recommended by G-E for
medium duty of a small computer.) It’s not going to
protect your computer against a direct lightning hit,

THE VARISTOR CAN BE CONVENIENTLY INSTALLED by solder-
ing the tab to a section of copper-clad PC board from which the
copper has been removed at the ends.

FIG. 2—SCHEMATIC DIAGRAM OF THE SURGE STOPPER. Does
a powerful job for such a simple device.

PARTS LIST

*VI—GE-MOQV Varistor, type V130PA20C
LM1—117-volt neon lamp assembly
F1—3AG fuse, 10-15 amperes (whatever is necessary—do

not exceed rating of cable)
P1—U-ground AC plug (see text)
S01/2/3—U-ground AC outlets (see text)
Miscellaneous—Fuseholder, Cabinet, Etc.

*(The GE-MOV 130P is available for $12 postpaid, postage
and handling included, from Custom Components, Box
153, Malverne, NY 11565. NY State residents must add
sales tax. $13.50 to Canada.)

THE COMPLETED VARISTOR MOUNTING. The screws that se-
cure the assembly to the cabinet pass through the now-insulated
ends of the board.

but it can reduce or eliminate many RAM failures
caused by household or office equipment.

How to assemble your own unit

The model shown is assembled ina 2 X 4 X 13 inch
aluminum cabinet. It should cost about $20 to build;
less if you have a well-stocked junk box. If you're not
used to working with high voltage in small spaces use
the next larger cabinet. Except for the connections to
neon lamp LMI1, no wire size is smaller than No. 16,
though No. 14 is specifically recommended.

Varistor V1 is not the easiest thing to locate or install.
It is available from G-E electronic-component distribu-
tors, but they might have a minimum order more than
three or four times what the whole project should cost.
If you can’t locate the required varistor in your area,
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THE SURGE STOPPER SQUASHES POWER LINE TRANSIENTS
that can cause a computer’'s memory to “flip”’ randomly, creat-
ing ‘‘garbage” out of what was formerly data. It also intercepts
and dissipates ‘““spikes” that can actually blow IC’s if allowed to
pass through the computer’'s DC supply.

single units can be obtained from the source in the
parts list.

The tab on the bottom of V1 is not just for mounting:
it is also a power-line connection, so it must be insulated
from the cabinet. A small section of copper-clad PC
board material not only makes an easily-installed in-
sulated mounting; it also serves as a heat sink. Cut a
piece of board that’s just about the width of V1 and 312

you would a printed circuit, remove a Y-inch strip of
copper from each end so you have ‘‘insulated ends™

The mounting screws for the board/V1 assembly
will pass through the insulated ends, but make certain
that neither the lockwasher nor mounting nut will
touch the copper foil.

Position the varistor on the remaining foil so the
ends of its tabs are exactly flush with the ends of the
copper foil. and solder the tabs to the foil with a solder-
ing iron rated at least 60 to 100 watts.

The holder for fuse F1 is mounted on one end of the
cabinet. The proper rating for this fuse is 10 (o 15
amperes, which might appear to be a strange value,
but it’s correct.

The cabinet must be grounded for safety: hence. the
power plug must be the three-wire kind (the green wire
is the ground). If you want an attached convenience
outlet. cut a 3-foot Radio Shack 61-2762 power-center
extension cord in half and use one end for *“P1"" and
the other end for **SO1/2/3’". The green ground wire
from each section is secured to a solder lug installed on
the cabinet adjacent to V1. One set of power-wire
connections is soldered to the lug protruding from V1.
The other set of power-wire connections is soldered
directly to the V1 mounting strap(s) or the copper foil
to which they are attached. Just make certain vou
don’t have *‘cold’” solder joints; V1's straps suck up a
lot of heat.

To use the Surge Stopper just plug it in. As long as
SAFE lamp LM is lit you may consider the varistor OK.
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inches long. Using a hand grinder. or etching the foil as (I have yet to see one that was “*open’’.) SP
- - -
Radio- Eleclronics Whatiif you,
REPRINT BOOKSTORE the business man or
[ Build Your Own Satellite TV Receiver . .. ... $700 (O Radio-Electronics back issues (1980) .. ... {each).$3.50 get
(] 8-Ball Satellte TV Antenna .. .. 8500 (March, May 1980 not available) woman, had to
[J Build Your Own Robot . . $1200 Write in issues desired - . b .
5 T Decarile Ly, ey 01500 a job this summer...
[ Video Entertainment (January 1982) = .. ... %200 [ Radio-Electronics back issues (1977 79) (each) $4. 00 a teena r.,
[ Your Own Computer (October 1981) . .. ... 3.00 Wrile in issues desired: f
[ Radio-Electronics Back issues (1981) {each).$3.00 (] Special Projects (Spring 1981y .. ......... ... .. $4.00 rom ge .
(February, March 1981 not available) [ How To Make PC Boards ... .. ... .. ... . .. $2.00 ,
Wiile in issues desired 03 AILADOULKIlS ... ..o $2.00 Undoubtedly, you'd want your
. [ How To Build Over-The-Air interviewer to be understanding,

To order any of the ilems indicated above, check of the ones you  Teletex Decoders—16pgs ... $5.00 trusting, sympathetic and fair. And if he
wanl. Complele the order form below, include your payment—check (or she) wasn't, you'd probably feel
or money order (DO NOT SEND CASH), and mail lo Radio-Elec-  ARTICLE cheated and dejected.
fronics, Reprint Depariment, 200 Park Ave. South, New York. NY Well now you know exactly how the
10003 Please allow 4 - 6 weeks for delivery. MONTH YEAR teenagers, coming to you for summer
I you need a copy of an arlicle thal is in an issue we indicale 5 paGes jobs, will feel rfthe)/re not given their
unavailable you can order it directly from us. We charge 50¢ per rightful opportunity. They're eager and
page. Indicate thg issue (month & year) pages and article desired. 50¢ ea. hard-worklng, but they need a chance
Include payment in full, plus shipping and handling charge TOTAL PAGES TOTAL PRICE to prove it.

TTTMAILTO. T T TTTTTTTTTTT T TSI T T T T T I T T SPagy | So if you've got a job to give, give it to
Radio-Electronics a needy '(eenag:ﬂI r. You'll be helping
Reprint Department, 200 Park Ave. South, New York, NY 10003 your business, helping your community
All payments must be in U.S. funds and making the most of the most
Tolal price of order ] willing work force in America.

Sales Tax (New York State Residents only) $ After all, how would you feel if you
Shipping & Handling (U.S. & Canada onfy) were overlooked just because you were

(includes FIRST CLASS POSTAGE) a grownup?

$1.00 per item . % :

Al Others ($2.00 per item, sea marI) ....... 3 Makethemost ofyouryouth

($4.00 per itern, air mail) % I:H:l Fox
Total Enclosed -3 Dm@aﬂ "}- m@@@ﬁl
Name Call the National Alliance of Business.
Address 800-424-5404
o soe B orn AR Y
THE ADVERTISING COUNGIL. Ot
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PLANT
MOISTURE GAUGE

Measure the relative amount of water in
your plants’ pots with an LED column!

WARREN BAKER

AS ANY HOME BOTANIST WILL READILY ADMIT. FOR
the proper growth of any form of plant life, one of the
most important ingredients is the amount of moisture in
the soil. The most popular methods used to control
moisture usually fall into one of the following cate-
gories: 1. Periodic testing of dryness using your finger
as a gauge: 2. The scheduled watering of all plants on an
appointed day (or time). The first method is quite hit-or-
miss and will only be done as one happens to pass by the
plant and also happens to think of doing so. The second
method is probably used more than the first. Watering

all plants at a specified time (or day) works well and is
very convenient to use.

However. neither system really takes into account
the exact moisture content of the soil. In one case the
plant could have used up all the moisture before being
watered while in the other case, the plants will be
watered even if they don’t need it. There must be a
better way to determine the moisture requirements.

The unit described in this article should solve the
problems of when to water your plants by making use of
our mutual interest, electronics. The Plant Moisture
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Gauge can be tailored to suit any size or shape of
container and can be duplicated for less than $25.00
depending upon the completeness of your junk box and
the manner in which you purchase yvour new parts. In
addition. the simplicity of the circuitry makes the unita
breeze to construct: and since no critical circuitry is
involved, vou are not “"locked into"" the physical format
outlined in the prototype shown here. In fact. it is even
possible to make one unit that will test all your plants at
the turn of a switch or the press of a button. More on
that later.

At the heart of the electronics package is an XR-2277
Dot and Bar-Graph Display Generator of the type nor-
mally used to take the place of the level meters on
newer tape recorders and stereo systems as well as
other similar applications. The XR-2277 provides up to
12 outputs with current sources capable of driving LED
lamps directly. Current limiting for the LED’s is han-
dled by one resistor. R4. thus eliminating the usual
individual resistors connected with each LED. Range
of the XR-2277 is from —30 dB to +6 dB (referenced to
approximately (.2 volt). What all that means is that
with the unit connected as shown, the LED"s will light
(one at a time) for each 3 dB increase in input voltage.

How it works

In the Plant Moisture Gauge circuit diagram (Fig. 1).
the DC input voltage is supplied to pin #3 of the XR-2277
via a series divider network consisting of R1. R2. and
R3. In practice. R2 and R3 may be varied to suit the
builder’s supply of trimmer potentiometers. For in-
stance. a 25K potentiometer could be substituted for
the combination. In that case. to ease adjusting the
“dry” level LED. it should be a 10-turn pot. In addi-
tion. note that the schematic shows a 7.5-volt Zener
diode across the R2. R3 combination. It regulates the
input low level so that battery or supply changes will
not affect the settings until the battery has run down
below that point.

Again looking at Fig. 1. note the two ““input’ termi-
nals connected in parallel with the Zener diode. That is
where the senser probe is connected. When the probe is
dry. it acts like an open circuit and has no effect upon
the input voltage fed to pin #3 of IC1. However. when
the probe is inserted into water. wet earth. or any other
conducting liquid. etc.. there will be leakage from one
side of the probe to the other that will lower the total
resistance of the divider combination resulting in less
voltage applied to the XR-2277"s input terminal. It you
have kept track of the operation thus far. you will have
discovered that the device is being used in reverse. That
is. the ~"Dry™" level is adjusted by R3 to the maximum
voltage input while a fully saturated test sample will be
the lowest input level.

Customize your unit

Although 1 used double-sided printed-circuit board
stock to make my probe. you may desire to substitute
some other method to sense the moisture, Although not
tested. there is very little reason why two plain pieces of
wire imbedded into the soil would not be just as effec-
tive. If you attach two stiff wires to the electronics
package. as long as the wires would remain in position
while inserting them into the soil. it may disrupt the
plants roots less than the large probe. You are free totry

+12V
R1
4.7K
iN. 0— AvaAv
|
< R2 l }
$ 2k 1 LED!? /;’l
75y NCd 7 17
0 K e Len2 ~ 7 |
ZENER w393 1so—®—¢
LED3 /,'/
150—@———+
S |
LED4
COMMON el 140__@_*
(GND) IC1 A,

ol
”

XR-2277 LEDS
13

Z[
(e}
0_.
NN

/

LEDS /~\""

FIG. 1—SCHEMATIC DIAGRAM FOR THE POTTED PLANT
MOISTURE GUIDE. The XR-2277 (IC1) Dot and Bar Graph Dis-
play Generator is the heart of this very simple and easy to as-
semble moisture indicating device.

RESISTORS

All Va-watt 10% uniless noted

R1—4700 ohms, 5%

R2—24,000 ohms (see text)

R3—1000 ohms, potentiometer (see text)
R4—27.000 ohms

R5—10.000 ohms

CAPACITOR

C1—10 uF. 15V
SEMICONDUCTORS
D1—7.5V Zener (1N555A)
LED 1-8—LED Lamps
IC1—XR-2277 (EXAR)

MISCELLANEOUS
Experimenter 300 board stock (Global Specialties):
Double-sided Circuit-board stock, 12-inch x 5 inches.

your own method. The most that may be required.
would be to alter the voltage divider ratio to obtain a
useable range of readings. See Figs. 2 and 3.

Another innovation you may preferis touse an LED
array as the indicators instead of individual lamps.
Those units are readily available and consist of ten (10)
LED’s in a DIP-style package. That would simplify
construction as there would be fewer individual parts to
wire together. The low cost of the little LED’s. how-
ever. makes a good case in their favor as the array wil
cost a few bucks at the least.

The 10-uF capacitor (C1) shown, connected to pin 2
may not actually be needed in your unit. However,
while breadboarding the Plant Moisture Gauge. my unit
showed enough instability to cause two or more lamps
to be illuminated partially under certain conditions. The
bypass capacitor solved that tendency to be unstable. If
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SCALE 11

FIG. 2—HERE’S A ROUGH LAYOUT of the Plant Moisture Guide.
Parts can be hard wired to a perf board since parts and wire
placement are not critical at all. Long sensor probe is a double-
sided copper-clad board cut to scale.

you check the specification shects supplied by Exar on
the 2277. you will find that a 10-uF capacitor is recom-
mended at pin 4. I found no need to include such a
bypass in this application. The most probable reason is
that we are applying a DC voltage and initially. the
XR-2277 was designed for use with AC input signals.

The 27K resistor attached to pin 2 is the LED current-
limiting adjustment. We used the value recommended
by Exar. However. varying the value will increase or
decrease the current supplied to the LED’s and should
be determined by the particular lamps you may be
using. The value used will supply approximately 15 mA
to the LED’s.

SENSOR PROBE
TO INPUT

> {i ﬂ'“;l

MATERIAL — EPOXY GLASS TWO-SIDED PC BOARD
SIZE - 1/2" X 5" IN PROTOTYPE — SIZE CAN BE VARIED TO
SUIT SIZE OF POTS.

FIG. 3—DETAILS ON THE SENSOR PROBE are fully illustrated in
the drawing. Epoxy glass board is less likely to absorb moisture
and produce a false reading. Be sure pot has a drain hole at
bottom to wash out accumulated water-borne salts.

— SENSOR PROBE — SCALE 111

Power requirements ot the Plant Moisture Gauge is
limited by the XR-2277 and that figure ranges from a
minimum of 10 volts to a maximum of 14 volts. We
designed the unit to operate on 12 volts and that source
may be from batteries or from a small plug-in supply as
used with transistor radios. calculators and tape re-
corders. The supply could also be from a home-brew
unit. but with the low cost of assembled plug-in units.
building your own seems impractical.

The choice of whether you want to have continuous
monitoring of the moisture content or whether you wish
to check it only at random will influence your power
source. Also. if you want to use it as a portable tester,
then batteries are almost a necessity. Then. too. if you
want to operate the gauge on a continuous basis. the AC
power would be the most logical because battery life is
limited.

Earlier in the article I mentioned a method of moni-
toring several plants with one unit. Only your imagina-
tion will limit the universal use of the Plant Moisture
Gauge. For instance. by building several ““probe’" units
and inserting one into each of the plants you want to
monitor it is feasible to connect those **probes™ to one
central point where a switch assembly can be provided.
The "Electronics Package™ could also be connected to
that switch to allow you merely to turn the switch to
connect the gauge to each of the plants. one at atime. A
set of self-cancelling pushbuttons would work very well
here also. The nice part of this set-up is that. regardless
of the differences in the probes and the size of the
planters inuse. the “*dry " level will always be the same.
Only the “"wet™" level will vary. Thus. different plants
can be monitored with only one gauge unit.

I built my prototype Moisture Gauge with the aid of
Global Specialties pre-etched “"Experimenter 300"
series of PC-board material. The system uses a 2 x
6-inch board drilled on 0.1-inch centers for easy inser-
tion of parts. Like a breadboard. a center section will
accept standard DIP units and at the same time allow
for four additional connections to be made to each pin.
Fig. 4 shows a suggested layout should you use that
board. and is applicable to most other forms of con-
struction as well. In my case. I cut off a 3-inch section
tor the electronics package and then soldered the print-
ed-circuit-board-material probe to the underside of the
package. The results can be seen in the photo at the
beginning of this article. One word of caution: If you
choose to use that method, be sure to cut through the
foil pattern on the underside between the pins of each
individual LED. In that manner, the LED's may be
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FIG. 4—GLOBAL SPECIALTIES pre-etched Experimenter 300 TR B D oSS D 2 m
board is shown here with the Potted Plant Moisture Gauge com- P
ponents wired to it. The 6 x 2-inch pre-drilled board with 0.1-

inch centers makes parts layout and soldering a snap. You }

could crowd parts to top half of the board, cut off the bottom . e PR 2
half, and have enough remaining to hook up another unit. P PR L ®
% - # n & *

5 i ; 2 #

installed in already-existing holes. A small hand grinder CoL T s Tiiavbe.:
: - @ » ]

with a burr may be helpful here. Otherwise, a sharp
knife will easily cut the foil pattern.

In use. it is only necessary to set the “*dry’ level of .
the gauge and the calibration will have been completed. S
Before inserting the probe into a planter. turn the unit

H ]

134
on and observe which LED is tlluminated. It should be % JC-‘r:-
either one of the bottom ones (the choice is up to you). aibio
[t is recommended that it be set to the next-to-last lamp ! 53
and in this way. if for some reason a value changes. etc. s
it will then turn on the bottom one which can be used as |

an indicator for possible trouble. On the other hand. if it
were set to the bottm lamp and it changed slightly. the .
lamps would all be unlit and you would not be sure g DR AN o 0 N R
what had occurred. Again., the choice is yours. { S ‘{\ o1 S ek
Once the Dry level has been set. insert the probe into : N (Y
the plant and measure the relative amount of water *TO'SENSOR i
available in the soil. A reading at the uppermost lamp A G \
would indicate a fully saturated soil condition. Any- : ve o A
thing in between will indicate exactly that—somewhere .., NOTE en o oh,
inb tandd ; INSTALL JUMPER’AS *
SRR AR G R75 . SHOVIN WHEN 25K POT
For more information on how the XR-2277 operates. « ISUSED OTHERWISE,

G o 9 5 ‘ » . OMIT-JUMPER AND »
get a copy of the Exar specifications sheet. It does offer T A

v o &

~ T

a good outline of the operation. Their address is Exar ; - RESISTOR {R2) ON -
Integrated Systems. Inc., 750 Palomar Ave.. P.O. Box . . FOILSSIDE OF BOARD®
62229. Sunnyvale, CA 94088. .o L FROMR3ITQOT D I

In addition to the IC used in this unit, there are oL TLE Itans

several other units including some that operate on a ;
linear scale instead of the 3 dB manner of the 2277. 1
found the XR-2277 to be a natural for this purpose. Sp

more new products

MICRO-TOOL FOLDER, 4 pages, tool Micro-tools are the smallest avail-
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covers a complete line of micro-
miniature handtools, ultra-precision
micro manipulators, and micro
sharpeners, of interest to anyone
engaged in microscope work. Mini-

[

MICRO-TOOLS

FOR
RESEARCH
DEVELOPMENY
PRODUCTION

CIRCLE 626 ON
FREE INFORMATION CARD

able precision instruments for labora-
tory and precision use, and are avail-
able in 32 different tip configurations
with interchangeable tool handles.
Each micro-tool consists of a threaded
handpiece, which holds the actual tip;
the tip material is hardened toolsteel,
unless otherwise noted. The folder is
illustrated, and an extra sheet lists in-
dividual prices, as well as prices of
assorted sets.—Minitool, Inc., 1334/F
Dell Avenue, Campbell, CA 95008.

INTEGRATED CIRCUIT TOOLS, the
XD series, includes eight insertion
tools of aluminum and stainless-steel
construction with varying pin capaci-
ties, featuring an adjustment for IC-
tolerance variations. These long-
wearing tools are safe for MOS and
CMOS devices, and insert without
stress on lead seals.

The one-hand mode! XD-16 extrac-
tor (shown) removes 4- to 48-pin
DIP’s, will not bend leads, and elimi-
nates the problem of flying solder. In-

CIRCLE 631 ON
FREE INFORMATION CARD

dividuai tools are packaged in vinyl
hang-up pouches, imprinted with in-
structions on their use. The XD-series
tools are priced at $20.90 each.—
Xcelite, The Cooper Group, PO Box
728, Apex, NC 27502.
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POCKET GOMPUTER
PROGRAMMING

Why do electronic calculations the hard way when
your Pocket Computer can do them for
you quickly—and painlessly!

HERB FRIEDMAN
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THE BASIC OF BOTH THE RADIO SHACK AND SHARP
Pocker Computers handle variables in a slightly different
manner than some other BASIC's. In the Pocket Com-
puter all input variables are zero and are valued as
zero if the ENTER Key is pressed. The variable remains
zero unless specifically altered. Similarly, any value
entered for a variable will remain that value when the
ENTER key is pressed. The Pocket Computer does not
flash a =*7"" at you and then ““hang up™” until you enter
a value for a variable. It accepts whatever was pre-
viously entered for the variable when ENTER 1s pressed.
Essentially. it's a ““computer shorthand™" that simpli-
fies multiple calculations of electronics formulas

StFPAUSE "FOR F
GCKET COMPUT
ER™

108 FRUSE "REACT
AHCE ™

208 IMPUT “IHDUC
Ty GR COMD
AT TYIAE

IO IF Ag="CT
THEN 200

§O0 LTV IRPUT T
REUT L IM HE
RRIES ML

1T M THBUT
"R EHMS

ﬂYHG ”.ﬁﬂ“"

IPRTHT
H . n.n:n o

L3

15 OPRIHT
nﬁ:.:ﬁ::ﬂf‘u
Tl gy ®

e _ZDD
PIRPUT "I
T TOIMFA

wr
2im LTOTTHRUT
HOHS "F
2200 THRUT P TNRUT
T CHAS

AN ACTUAL PRINTOUT from the Pocket Computer printer. This
program is also shown in Table 1.

TABLE 1

5:PAUSE "FOR POCKET COMPUTER"

10:PAUSE “"REACTANCE"

20:INPUT “INDUCT(L) OR CONDX(C)?":A$

30:IF A$="C" THEN 200
100:"L": INPUT “INPUT L IN HENRIES ;L
110:INPUT “INPUT F IN HZ ":F
120:INPUT “INPUT XL IN OHMS ":X
130:1F L=0O PRINT USING “.##n :X/(27 = HENRIES"
140:IF F=0 PRINT USING " ##/r " X/2m v HZ
150:1F X=0 PRINT USING “#.##r (2m = L. CHMS”
160:GOTO 100
200:*C": INPUT “INPUT C IN FARADS ".C
210:INPUT “INPUT F IN HZ ":F
220:INPUT “INPUT XC IN OHMS "X
230:IF C=0 PRINT USING " .##"":1/2x © X" FARADS"
240:IF F=0O PRINT USING ".###" 1727 -X Cy" HZ"
250:IF X=0 PRINT USING “#.##n 1/i2w '€ C:" OHMS"
260:GOTO 200

where one or two of the three values is a constant
value. (An unknown, which is also a zero value for a
variable, is considered a constant by the Pocker Com-
puter.)

That lends itself ideally to solving reactance formulas
because they often involve at least one constant value.
For example, assume you are calculating the reactance
of a capacitor at several frequencies. It is only neces-
sary to enter the capacitor’s value once. Each time a
frequency is entered. the reactance is calculated and
displayed: and pressing ENTER will recycle the pro-
gram with the capacitance retained so it does not have
to be re-entered. You could run through 25 or 30
reactance calculations in less than a minute.

The program REACTANCE will solve for both induc-
tive and capacitive reactance. Accuracy has been set
for the hobbyist and service-shop level. For laboratory
accuracy (beyond three significant digits) change the
PRINT USING statements to ““.#####+ . Each “#"
character represents one significant digit.

You can run the entire program from the very
beginning by entering RUN or R.: Or you can access
either program directly by entering RUN 100 or R.100 {or
RUN 200 or R.200).

The programs are also “*defined "—another *‘trick™
of the Pocket Computer. Note the L™ at line 100 and
~C": at line 200. The inductive program can be accessed
directly from the computer’s defined mode by pressing
the SHIFT key and then the letter L. Similarly, the
capacitive program can be accessed directly from the
defined mode by pressing the SHIFT key and then the
letter C. It's easy to switch back and forth.

The program in Table | is quite straightforward. and
can be used with other BASIC's on “*big’" computers.
Should you elect to go for *"L'" in the program, vou
will not be able to switch to capacitance calculations
unless you shut down the pocket computer, or **Con-
trol C*" it. Or, if you wish, you can rewrite lines 160
and 260 to read “*GOTO 20", whereby at the end of
each calculation you would again have to make the
decision to go for 'L or “*C"". By now you can guess
that the Pocket Computer is a **big’” machine consider-
ing that the programs prepared for it will enable it to
become a rapid-fire calculator that talks to you in
English as it computes. SP



BUILD A SWITGHING
LAMP DIMMER

This easy-to-build DC lamp dimmer is perfect for
use in your car or recreational vehicle!

JOE H. DUNCAN

THE POPULAR LOW-COST TRIAC LAMP DIMMERS USED
in many homes are switching-mode dimmers. They
dissipate little heat and are compactly packaged. Such
triac dimmers cannot be used with DC, because triac
dimmers function by switching on and off during the
AC sine-wave cycle.

DC lamp dimmers using a series rheostat dissipate a
considerable amount of heat, especially when used
with high-amperage lamp loads. Fig. 1 shows a switch-
ing-mode lamp dimmer that operates on 12-volts DC
and may be used on incandescent lamp loads of up to

2 amps in autos or recreational vehicles. The power
dissipated in this dimmer is reduced since QI, the pass
transistor, is always on or off.

How it works

The NES5S timer is used in the astable mode to pro-
duce a variable duty-cycle pulse output at pin 3. When
R2 is adjusted for maximum brightness, the duty cycle
is approximately 95%, and Q1, a power FET, is on for
95% of the time. When R2 is adjusted for minimum
brightness, the duty cycle is 5%. The dimmer delivers

2861 HIWWNS

w
ey




SPECIAL PROJECTS

PRINTED CIRCUIT KIT

Makes circuits THREE WAYS

1 FULL SCALE ARTWORK MASTER

DEVELOPED

N PHOTO RESIST
2 okl e . NEGATIVE ‘ IMAGE ON CIRCUIT
COPPER CLAD BOARD

CIRCUIT BOARD
3 DIRECT ETCH DRY TRANSFERS APPLIED TO COPPER CLAD BOARD H

Copy circuits right from a magazine using special photo film.
No camera or darkroom used. Page is not destroyed in process.

Do your own master art, make negatives, sensitize boards and
etch one or a hundred circuits; all identical, all perfect.

For one-of-a-kind PC's, use special dry transfer patterns as
a direct etch resist right on the blank copper board.

D'o it all with the ER-4. In stock at parts distributors or order
direct. Add 7% shipping. Minimum factory order: $30.00.

ETCHED

ER-4 Complete Photo Etch Set ...................... $34.95
ER-2 Assorted Etch Resist Patterns & Tapes ......... 5.50
ER-3 1/4 Ib. Dry Ferric Chloride (makes one pint) .... 2.50
ER-5 Six sheets Pos-Neg Copy Film. 5"x6" ........... 5.50
ER-6 Film Process Chemicals ....................... 2.95
ER-71 Photo Resist Liquid (negative) does 1700 in2.... 6.95
ER-8 Photo Resist Developer, 16 0z. ................. 3.95
ER-18 Tinnit® Bright TinPlate ....................... 3.50

the DATAK corp.

65 71st St. @ Guttenberg. N. J. O70¢
CIRCLE 606 ON FREE INFORMATION CARD

12V
01 R2 & \) !
4 1naras 100K $ 5
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FIG. 1—THIS SWITCHING-MODE LAMP DIMMER operates on 12-
volts DC and can be used with lamp loads up to 2 amps. It is
ideal for use in an auto or recreational vehicle.

PARTS LIST

RESISTORS

Ya watt, 5% unless noted
R1—150 ohms

R2—100,000 ohm potenticmeter with SPST switch
R3—3900 ohms

R4—47 ohms

CAPACITORS

C1—.01 uF. 50 volts, ceramic disc
C2—.047 uF, 50 volts, Mylar
C3—0.1 uF, 50 volts, ceramic disc
C4—10 uF. 35 volts, electrolytic
SEMICONDUCTORS

Vital protection

FORGET

Be safe. Desolder PC components
with Endeco irons. Get proper HEAT
TO MELT and strong VACUUM
ACTION TO LIFT solder and coo/
both PC board and component
without damage.

These PC components replaced fast
with Endeco desoldering or solder-
ing tools.

The®Inie

Endeco professional features inClude
safety light that denotes high, low

and off on switch models, SS con- USE
struction for long life, light weight
and balance for easy use. YOUR
Contact your distributor for Endeco
desoldering and soldering irons, kits READER
and equipment—or write us today.
SERVICE

Enterprise Development Corp.

5127 East 65th Street CARD

Indianapolis, IN 46220

Phone: (317) 251-1231

CIRCLE 609 ON FREE INFORMATION CARD

D1—1N4148 diode

D2—1N4001 diode

Q1—MTM1225 power FET

IC1—NE555 timer

SWITCHES

S1—SPST switch (part of R2)

MISCELLANEOUS: Perforated construction board, wire,
solder, hardware, etc.

a chopped voltage to the lamp. The frequency of the
chopped voltage varies from 400 Hz to 7 Khz, depend-
ing on the brightness setting. Operation on a chopped
voltage does not damage incandescent lamps because
there is not enough time for the filament to cool be-
tween the cycles.

Construction

All parts except R2 may be mounted on a 2-inch x 3-
inch piece of perforated circuit board. as shown in the
photograph. No heat sink is required for Q1. A lamp
used with this dimmer must have both power leads
isolated from ground. A lamp socket which grounds
one terminal of the lamp must be replaced with an in-
sulated type.

Summary

The popular No. 93 lamp used in RV’s draws about
| amp. The dimmer can drive one or two of the No. 93
lamps in parallel. Mount the dimmer close to the lamp
and connect the two lamp leads to the dimmer. Mount
R2 in a convenient location near the lamp. Full clock-
wise rotation of R2 should correspond to maximum
brightness. If not, change the connection of the center
terminal of R2 to the other outside terminal. SP




AUDIBLE
CONTINUITY TESTER

Your telephone repairman

has a test gadget just
like it! But, you can build
yours for hundreds
of dollars less—
maybe free, if you
have the parts!

HERB FRIEDMAN

[F YOU VE EVER HAD TO CHECK OUT A MULTI»WIRE&?

cable or harness for continuity or short circuits. or had
to check one end of a remote line for changes at the
other end of the wire. you know that you can quickly
get ““tennis neck’ or twitchy eyeballs™ from swiveling
back and forth between the ohmmeter and the circuit’s
wires and terminals.

Then again. there can be a problem when testing
microphone lines for continuity. The last thing you
want to do to some dynamic microphones is to pass a
relatively high ohmmeter current into the mike
through its cable. That's because it is possible for the
diaphragm to go “*pop’” when you connect the ohm-
meter. and then you'll need a new mike.

But use a SonoAid for those—and other—continuity
tests and most of the problems will disappear.

The SonoAid is a multi-frequency audio-continuity
tester that produces a tone when its test leads are
shorted. Any resistance higher than 50K ohms will
cause the tone to rise...or fall. depending on how you
build the unit {more on that later). Also. the current
across the test leads is so small that it’'s unmeasurable
(with standard instruments). so it can be safely used to

check out microphone lines without fear it will *"pop™”
a dynamic or ribbon mike.

The SonoAid is intended as a one-evening “‘fun
project’” that can be assembled primarily with com-
ponents salvaged from old transistor pocket radios—
the kind that banks used to give out when a deposttor
opened a new account. (Some banks still distribute
them.) The only exception to the “‘salvaged parts™
rule might be transistors Q1 and Q2 because the radio
might not contain suitable types to begin with. How-
ever the circuit does use types readily available. or
you can substitute general purpose or “‘audio”™ NPN
equivalents. as long as they fall within the proper gain
(hp:p) range. The proper gain range for Q1 is 90 to 200.
The gain range for Q2 is 250 to 500. You can substitute a
transistor with a greater gain (hgg) than specitied. but
you can’t go lower and assume that the project will work.
For example. you can use a Q1 with an hyg of 300, but
not 50. (“"Gain range’’ is the hgg within specified
minimum and maximum limits.)
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FOR RISING TONE AS
RESISTANCE INCREASES: 1=E, 2=C

FOR DECREASING TONE AS
RESISTANCE INCREASES: 1=C, 2=E

THE SONOAID IS A SLIDING-TONE CONTINUITY TESTER whose
output frequency is determined by the resistance across the
test leads. The test current is essentially unmeasurable, so the
device can be used on equipment—such as certain dynamic
microphones—that are sensitive to the most minute electric
current. Most parts can be salvaged from old transistor radios.

THE TRANSFORMER LEADS ARE VERY FINE and tend to break
easily. It's best to use them full length and coil the excess,
using a narrow screwdriver shaft for the coil form.

Transformer T1 is an output transformer—such as
used in transistor radios—with a 500-ohm center-
tapped primary and a 3.2- 4- 8- or 16-ohm secondary ...
it"s not really critical. Tl might even have a 1000-ohm
primary. or a transformer with a 4-ohm secondary
might be used with an 8-ohm speaker. The most that
might happen is that the output tone might be different
from what vou'd get with the specified T1. Use what-
ever you salvage from the radio.

Many early radios used output transformers with
wire rather than PC (printed circuit) terminals. Use the
wires full length. Don’t cut them short. The wires are
very fine. and often cut through or tear when you
attempt to remove insulation at the tip. So try to un-
solder the wires from the radio and use the “tinned”
ends for your connections. The excess can be coiled
up—as shown in the photographs—by wrapping each
wire around a small set—screwdriver or a No. (0 Philips
screwdriver.

PARTS LIST

RESISTORS

Ya watt, 10%

R1. R2—27.000 ohms. see text

CAPACITORS

C*1—500 cF. ceramic disc

C2—.05 uF. 10 volts DC or higher

C3—0.1 wF. 10 volts DC or higher

SEMICONDUCTORS

Q1—2N3393 or equivalent NPN transistor

Q2—2N3392 or equivalent NPN transistor

MISCELLANEOUS

T1—output transformer. 500-ohm C.T. primary. 3.2-ohm
secondary

PC board. cabinet. 16-ohm or less speaker (see text!.

wire. clips. etc.

THE SPEAKER IS SECURED TO THE BACK OF THE PC BOARD
with a “powerful”’ contact adhesive such as “Barge’”. This
cement is used by shoemakers to cement rubber soles to shoes
when stitches cannot be used.

The speaker is whatever vou have salvaged as long
as it’s 16 ohms or less. (Some very early pocket radios
had 100- or 120-ohm speakers. They won't work in this
project). It makes no difference. however, what kind
of condition the speaker is in. because you're only in-
terested in some sort of sourd. not low distortion! It
doesn’t matter if the voice coil rubs or the cone looks
as if the moths used it for a picnic.

Capacitors C1, C2, and C3 are anything you can get
that’s reasonably near the specified values. For ex-
ample. C2 can be .03-, .04-. or .05-xF: or CI can be
250- or 750 pF. Just try to be reasonably close to C3's
specified value. Don’t use a .05-uF capacitor as a
substitute.

Resistors R1 and R2 can be replaced by a single re-
sistor of approximately 47K (give or take a lot of K).
Two resistors are used to permit vou to connect two in
series to get the approximate value. For example. sup
pose the radio you salvage has a 33K and a 10K resis-
tor. In series they equal 43K. which is close enough to

1




If you like to make things work...and
then find out why they work—

you could be getting paid
for doing something you

Learn electronics. ..right on up to an

Associate Degree...in your own home
without giving up your present job
Or income.

People who really like their work get ahead
faster. And, when your natural abilities
match the job requirements, you have an
extra advantage. When you use

practical training to sharpen your

skills, your odds are better for
keeping your job even if others
are losing theirs. So, if you find
satisfaction and interest in
making things work, a career

in electronics may be for you.

START MAKING
™. THINGS WORK
"~ FOR YOU

Send today for the CIE school
catalog and complete package of career

WHY ELECTRONICS 1\ 4 ¢p ASS BY D

far you want to go. For your convenience,

YOIIRSELF we’ll try to have a school representative con-

Opportunity. ’ . .

F')IE)he fieldyof electronics simply offers more One of the great benefits of home study is LEHIVRITTES) review lh.e ELESlTE educa}nonal
career opportunities — and more job se- the independence it gives you. You study programs and assist in course selgcnon. Just
curity — than most other fields today. Take where and when you want to. You move as rr.1a11' the postage-paid card or LA IGIE
digital technology, for example. Much of the fast as you can handle it. There’s no class- LS SIS PR TG e LT L P TP
new telecommunications, data processing, room to go to because with CIE, the We want to help you make things work, so
and production equipment depends upon classroom comes to you! But, you're never send for your FREE school catalog today!
sophisticated microprocessors to receive, alone. When you request help, the CIE
sort, and send digital signals in micro- electronics expert best qualified will
seconds. Two of CIE’s newest home study personally respond in writing.
courses combine digital electronics theory
with actual experier%ce on digital equipment. SET YOUR OWN GOALS
Successful completion of either one of those CIE’s wide selection of courses gives you
courses is creditable toward CIE’s Associate many options. You start with a Career
Degree program. That’s right...you can earn Course that suits your talents. Then, since
an Associate Degree without attending a more than half of CIE’s courses include a
single class session. series of optional lessons to prepare you to

pass the government-administered FCC

License exam, you can get an FCC License
MKING mINGS WORK ...arequirement for some electronics jobs

CIE’s Microprocessor Training Laboratory,

Many of CIE’s Career Courses stress ‘‘hands- and a credential for a/l electronics jobs. You an integral part of the Associate Degree
on’’ training. We believe textbook knowl- may then go on and earn an Associate in program, lets the advanced student apply
edge is important — but it’s just as important Applied Science Degree in Electronics digital technology in many of the same
to know how to apply your book learning Engineering Technology. It’s all up to you! ways electronics professionals do.

in practical situations. From basic circuitry
in CIE’s Personal Training Laboratory in
several Career Courses, through the
Microprocessor Training Laboratory in the c I Cleveland Institute of Electronics, Inc.
Associate Degree program, CIE helps chan- -

nel your desire to ““make things work”’ into 1776 East 17th Street, Cleveland, Ohio 44114
skills you can sell. Accredited Member National Home Study Council
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THERE IS NO POWER SWITCH because there is no current
drain when the test leads are open. To insure that they don't
touch when the device is stored, wrap the test wire around the
cabinet and then clip the test clips to a wire to hold them in place.
Better still, install a power switch.

SPKR

47K. So you use the 33K for, say. R1. and the 10K for
R2. If you substitute a single resistor for R1 and R2.
make certain that you use a wire jumper for the
missing”” resistor on the PC board. or modify the
template’s foil so a jumper isn’t necessary.

The output tone is determined by how QI is con-
nected into the circuit. If the Q1 lead marked **1"" (in
the schematic diagram) is the emitter and lead **2"" is
the collector, the reference tone—with the test leads
shorted—will be low. and will increase as the resistance
across the test leads is increased. If Q1 is connected so
that **1"" is the collector and **2"" is the emitter. the
reference tone will be high, decreasing when a resistance
is connected between the test leads. While the *‘re-
verse’ tone is initially disconcerting, you can get used
to it: and it's preferred because the reference tone is
approximately 3kHz. a frequency to which the ear is
most sensitive, and slight resistive changes in the cir-
cuit being checked become even more obvious.

If you look at the schematic you will have probably
uncovered an “‘error:”" There is no power switch.
Actually, there's no need for one. for no measurable

’(—2-1/2 INCHES——P'

THE PRINTED CIRCUIT BOARD mounts all the component parts
and serves as the unit’s front panel. A same-size layout for the
printed circuit is shown above. The array of dots at the top is
used as a hole pattern for the loudspeaker. The photo at left
shows the assembly unit ready to go. Only the loudspeaker is
mounted on the foil side of the board.

current (with standard test equipment) flows when the
test leads are open. Simply clip the test leads so they
cannot touch when storing the device and you save the
cost of a switch. When the leads are shorted. the cur-
rent drain is approximately S mA. so the battery should
last essentially its shelf-life.

Now build your own

The unit shown was built on a printed-circuit board
that also serves as the cover for a plastic experimenter’s
box that measures approximately S'/16 by 2% by 19
inches. The box you get might have round or square
corners. If yours is square simply use the supplied
template and then round off the corners with a file.

Drill or punch several Ys-inch or %1e-inch holes in the
PC board so that, the sound from the speaker isn't
muted. The small circles on the template are the loca-
tions for the holes. Use them if you like. The speaker
can be secured to the PC board with a contact adhesive
such as “Barge". which is available from some shoe-
repair shops. That is the stuff that shoemakers use to
secure rubber soles and heels to shoes without stitching
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or nails. so it will certainly hold the speaker in place.

The test leads can be ordinary speaker wire (No. 22
or No. 24) with small alligator clips. To provide strain
relief. it’s suggested that you drill a small hole between
the input PC-foil terminals, pass the wire from the top
of the board to the underside. and then tie a knot on
the underside. connecting the ends of the wire directly
to the foils without passing them through the board.
But if you don’t think that the test leads will be abused
you can connect them directly to the foil from the top
side without the hole and knot.

Check it out and put it to work

[nstall the battery and touch the test leads together.
The tone frequency will be low or high. Then connect
a resistor greater than 50K across the test leads and
note how the tone changes. If the change in tone
is opposite from what you intended. Qi is installed
with reversed emitter and collector leads. If you do not
hear a tone when the battery is installed. first check to
see if the battery is actually making contact with the
holder terminals. Then check to see if Q1 and Q2 are
properly installed. Some transistors have an EBC lead
arrangement: others are ECB.

The SonoAid cannot be used to test solid-state de-
vices. It is strictly a wire-circuit instrument. so there is
no effective polarity to the test leads. When testing for
discontinuity in wire circuits, listen for both a change
in the pitch of the tone and a ‘*noise click.”" A very
brief discontinuity that will have no apparent affect on
the tone—because the interruption is so short. you will
hear ‘“noise.™ SP

"Maybe
it will
gO )4
away

The five most
dangerous
words in the
English
language.

American
Cancer

Society

The
Mean Little Kit

New compact 24-piece kit of electronic tools
for engineers, scientists, technicians,
students, executives. Includes 7 sizes
screwdrivers, adjustable wrench, 2 pair
pliers, wire stripper, knife, alignment tool,
stainiess rule, hex-key set, scissors, 2 flex-
ible files, burnisher, miniature soldering
iron, solder aid, coil of solder and desolder-
ing braid. Highest quality padded zipper
case, 6 x 9 x 13" inside. Satisfaction
guaranteed. Send check, company purchase
order or charge Visa or Mastercharge. We
pav the shipping charges.

JTK6 ToolKit ................... $90.00

Page after page of
hard-to-find precision
tools. Aiso contains
complete line of tool
kits and tool cases.
Send for your free
copy today!

JENSEN TOOLS INC.

1230 South Priest Drive
Tempe, AZ 85281

CIRCLE 602 ON FREE INFORMATION CARD

A lot of giving

R

means a

Fhoeoe Dunn

from you.

Iot.of:

living

for her.

so they can achieve some measure of independence.
To research. To help find ways to prevent brain damage

Where does your money go, when you give to
United Cerebral Palsy?
To children. Who need braces to help them walk.
Therapy so they can strengthen. Recreational programs,
so they can enjoy normal childhood activities.

To adults. Who need educational and vocational training,

at birth.

%

.l P
B T4

5

There is no cure for Cerebral Palsy, but it can be treated.
And that takes money. A little giving from you, will mean

a lot to all of us.

@UNITED CEREBRAL PALSY
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THANKS TO A RELATIVELY INEXPENSIVE INTEGRATED
circuit that creates digitally-generated noise at “‘line
level™, it's possible for a hobbyist to build a profes-
sional-grade pink/white noise generator at a budget
price. The cost is well under $20 if you can tap the
junk box for most of the resistors and capacitors. (The
civeuit has been designed specifically to use common
5% tolerance resistor values and standard capacitor
values. You don't need precision parts.)

The generator’s pink noise indicates approximately
0.5 volt on an "average reading’” AC voltmeter
(which is what most of us use). The noise signal has a
3:1 crest factor, meaning the signal's peak voltage is
three times, or 10 dB greater, than the value indicated
by the standard AC voltmeter or VU meter. The white
noise “‘combined’—or “‘broadband’’—output is
essentially the same.

Why pink and white?

White noise is constant energy per frequency: for
example, the 20-kHz voltage component is the same as
every other frequency. That is the kind of signal that’s
really wanted for equipment tests because it's a very
exacting test signal, equivalent to using constant-level
individual test tones...but all at the same time. It’s so
severe a test that it is rarely used except on the finest
of equipment, because only the finest equipment will
come out “‘looking good.™

While we want constant level per frequency for test-
ing equipment, we want something else to test what
the ear hears or senses. because the ear doesn’t care a
fig about constant level per frequency: it is sensitive to
constant power per octave bandwidth. In order to
attain constant power per octave bandwidth we must

attenuate the spectrum 3-dB per octave. In plain
terms. that means that the output at 40 Hz must be 3
dB less than that of 20 Hz: and 80 Hz must be 3-dB less
than 40 Hz.

Since that can look mighty scrambled on measuring
equipment, we use a special instrument known as a V4-
octave or l-octave ‘“"audic analyzer’” when making
pink-noise tests on room acoustics, or when we're
testing equipment in terms of whazi the ear senses. The
audio analyzer consists of individual filters or tuned
amplifiers spaced V5 or 1 octave apart and equalized in
such a manner that pure pink noise will produce a
broadband (20 to 20 kiHz?) **flat”” response on the

FIG. 1—THE GENERATOR’S PINK-NOISE OUTPUT is essentially
ruler tlat on the 3-dB/step range of a V5-octave audio analyzer.



PINK, WHITE
NOISE GENERATOR

Put your audio analyzer to work
checking out room acoustics and
equipment performance helped
by a gadget that makes a lot

of noise!

LESLIE PIERCE

analyzer. Many audio analyzers permit measurements
to be made in terms of either V5 or l-octave.

Fig. 1. a photograph of just such an audio analyzer
shows the Ys-octave output of the Pink/White Noise
Generator project. Note it is ruler flat on the instru-
ment's 3-dB/step range. That is quite good for what is
essentially a junk-box project.

Fig. 2 shows how the same instrument indicates the
project’s white noise on a 1-octave basis. Note that the
audio analyzer indicates that the signal rises at a con-
stant rate of 3-dB per octave (each step represents 3-
db). That is precisely what we should get. because the
audio analyzer is internally equalized to measure con-

FIG. 2—THE GENERATOR’S WHITE-NOISE OUTPUT illustrates
the required increase of 3-dB per octave.

stant power per bandwidth rather than constant energy
per frequency.

Why noise tests?

Early sound-technicians tested a room’s acoustics
by snapping their fingers, or muttering an incantation
that sounded strangely like a dog’s **Woof, Woof.™
They then judged the ambient acoustics or amplifier
equalization on the sound of the reflected finger snaps
or incantation. Today, we have generally replaced the
finger snap and incantation with ‘‘noise;"" to be more
precise, ‘‘broadband noise.”’ The advantage of noise
tests over finger snaps—and even test tones—is that
all frequencies are produced simultaneously, and the
amplifiers, speakers, andfor ambient acoustics must
handle the entire spectrum at once, just as it will for a
performance. It makes no difference whether it be a
live performance, sound reinforcement via the mis-
named P(ublic) A(ddress). or the reproduction of pre-
recorded material.

Noise is a much more severe test of amplifying and
recording equipment than the more common sine-
wave test tone, or even the two-tone intermodulation
test. for noise demands operation at all frequencies at
the peak level. It is the peak characteristic that proves
the most demanding, and many a magnetic tape re-
corder that checks out ‘*good,”" ‘‘excellent,”” or even
“*superb,’’ using standard tests can look very poor
when tested with noise. (The noise test often unearths
the reason why program material sounds poor on a
recorder that tests out ‘‘excellent’ with test tone.)

It is not necessary, however, for a recorder to be
perfectly flat to sound good. Experience has shown
that if the tape recording is flat for pink noise—which
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might be pretty rotten for white noise—the ear will
accept the recorded sound as being of “*good quality.™
Because of that unusual characteristic of the ear to
respond pleasantly to flat pink noise. at least one of the
major professional tape recorder facilities in New
York runs a final check on recorders for tlat pink noise
rather than flat response to test tones. They believe
that the customer will be satisfied if the ear is satisfied.
and their notably excellent reputation in sound design
and service establishes that perhaps they are correct in
adjusting equipment response for best response to
pink noise. It's a controversial technical concept.

Whence a hobbyist's analyzer?

Audio analyzers usually don’t come cheap. but it is
possible to build a fairly decent model at a modest
price. which is exactly what’s being done with some
high-fidelity equipment. Many high-fidelity amplifiers
and receivers now feature l-octave ““audio analyzers,™
and several high-fidelity Ya-octave graphic equalizers
also feature some form of Vs3-octave metering of the

signal. Such equipment can be easily used—with a
high degree of accuracy—as audio analyzers for pink-
noise measurements. Those of you with some form of
oscilloscope spectrum equalizer can use the white
noise for tests because the scope analyzers are usually
designed to respond ““flat™ to white noise for equip-
ment tests.

Building the noise generator

This version of a pink/white noise generator is de-
signed to use standard-parts values generally available
in local stores. While you can utilize standard tolerance
components. the closer you arg to the specified “*filter™
values for R2, R3. R4, R5. C2, C3, C4 and CS5 the
better the performance. Because ““standard’” capacitor
tolerances are notoriously broad. if at all possible use a
capacitance bridge or meter to select capacitors as
close to the specified values as is possible.

If you can’t get near a specified value use a second
parallel-connected capacitor te “"trim™” to the specified
value. A *"trim’" capacitor is illustrated as Cx in the

PARTS LIST
RESISTORS C3—0.1 uF
C4—0.22 uF

Vo or Va watt, 5%, unless otherwise specified
R1—6200 ohms, 10%, see text
R2—10,000 ohms

R3—220 ohms

R4—1000 ohms

R5—2700 ohms

R6—270,000 ohms, 10%

R7—47,000 ohms 10%

R8—27,000 ohms, 10%

R9—1000 ohms, 10%

R10—10,000 ohms, trimmer potentiometer
CAPACITORS

10% tolerance if possible, or see text (except electrolytics)

C1—50-4F, 25 VDC or higher
C2—0.022 uF

0

FF
Sty ON
o

C5—1.0 uF, see text
C6, C7—10 uF, 10VDC electrolytic
Cx, Cp—See text

SEMICONDUCTORS

IC1—MM5837 Noise Generator
Q1—NPN transistor, 2N3394
BATT1, BATT2—9-volt battery (Alkaline)

MISCELLANEOUS

LED—Clear Light Emitting Diode, see text

J1—Phono jack, see text

S1—SPST mini-switch

$2-—-DPST mini-switch (use 2 DPDT)

Cabinet, printed-circuit supplies, battery connectors, etc.

C1

R1
m AT LED_ S bax

<>

e R7
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SCHEMATIC DIAGRAM for the Pink/White Noise Generator sug-
gests of a printed circuit board. Capacitors C, and C, are trim-
mers that may be necessary to bring C2 and C5 to desired values
as discussed in text. When closed, switch S2 modifies the filter
between IC1 and Q1 converting constant-energy-per-frequency
white noise to 3db-per-octave-roll pink noise.

ECB
DUT/ | T
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1 4 BOTTOM
IC1 VIEW
TOP VIEW
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FOIL SIDE OF THE PRINTED circuit board for the Pink/
White Noise Generator used by the author. Economy is
the byword here. See text on how low-cost switches are
hard wired to the board to keep construction costs down.

schematic diagram. Fig. 3. Usually. C2 will be the criti-
cal value. and the *“trim’" can be tack-soldered across
C2 on the underside of the PC board. as shown in the
photograph.,

The Pink/White Noise Generator is built on a printed-
circuit board that also serves as the cover for a 518 X
258 x 13% inch plastic experimenter’s box. A full-scale
template for the PC board is shown. Use it any way
you want to make your PC board. Either *‘lift"" the PC
foil layout with a GC *'lift"" kit. or make a carbon copy
of the foil's layout. It isn't critical. so anything that
results in a finished board can be used.

Take note that the template has several foils and
holes for capacitor C5 that might not be used in the
model you buiid. C5 is 1.0-4F non-electrolytic. which
is not an easy value to obtain in some areas. nor is it
inexpensive (do not substitute an electrolytic capacitor
for C5). The proper value can often be attained by
connecting several capacitors in parallel. For exampie.
you might use two 0.5-4F capacitors. or two 0.47-,F

BATT 1,
BATT 2

COMPONENT SIDE OF THE FRINTED CIRCUIT BOARD
(foil side down) shows location of parts. Switches mount
through the foil side of the board. Double check wiring
before applying power. Trim capacitors mount on foil side.

capacitors in parallel with a 0.05- F. which will produce
0.99-F—a close-enough value. The ““extra’” capacitors
are indicated in the schematic as capacitor CA.

The experimenter’'s box is supplied with either
square or round corners. If the one you get has round
corners. simply round off the corners of the PC board
with a file.

The price of non-surplus switches with printed-cir-
cuit terminals is now ridiculous. s¢ to save-a-buck the
PC layout is for standard miniature switches. Follow
this procedure to connect the switch terminals to the
foils without having the wires pass through to the top
where they can snag vour fingers: First. mount the
switch on the underside of the PC board. then pass an
uninsulated solid wire through the board tfrom the top
to the switch terminal. and then solder the wire 10 the
terminal. Next. cut the wire flush with the top ot the
PC board. Using long-nose pliers from the underside
of the board. ease the wire back towards the switch
Jjust a smidgen—enough so the cut end of the wire is
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below the top of the PC board but still within the hole.
Finally. solder the wire to the foil. You'll have a
“solid”” connection that doesn’t stick through the
board.

The photographs show a ‘‘printed circuit” phono
Jack for J1. and the PC foil is accordingly for this type
of jack. They are relatively inexpensive as surplus. If
you can't get one. substitute a standard phono jack for
J1 and modify the PC layout accordingly. Wire the
Jack just as you do the switches to avoid having the
connections stick through the board.

Substitutions are not recommended. If you must
substitute for transistor Q1l, make certain you use an
“exact” substitute with the same gain-range. Take
note that the specified Q1 has an ECB terminal arrange-
ment. Some direct substitutes are EBC. Doublecheck
your substitution. If it is EBC. either modify the PC
layout or ““twist™” QI so its leads fall into the correct
holes.

Integrated circuit IC1 is the noise generator and its

C1 LED

. |

THE NOISE GENERATOR IS BUILT on a printed circuit board
that also serves as the cover for a plastic experimenter’s box.

#1 terminal is marked with a small dot moulded into
the case opposite the #1 lead. Position IC1 so the No.
| lead comes through the PC terminal indicated with a
1.7 If installed correctly. the IC end with the dot will
face the nearest edge of the PC board.

Switch S2 should be DPST. but there isn't any such
thing in mini-switches available to hobbyists, so a
DPDT switch 1s used with connections to only the
DPST contacts. If you make any changes in the PC
foils around switch S2, make certain you get the
switching correct. For pink noise both S2-a and S2-b
are closed. Don’t modify the wiring so that S2-a is
open when S2-b is closed.

The power supply is 18 volts, provided by two series-
connected 9-volt “heavy duty™” or “‘alkaline™ bat-
teries. The total current drain from the batteries is
between 15 and 20 mA, which is about the idling drain
of a transistor radio. A set of batteries should last from
30 to 50 hours or more. If you make no changes to the
LED power-indicator circuit. which consists of LED

R1
IC1

c7



IF THE CAPACITANCE VALUES FOR THE PINK-NOISE FILTER
need to be “trimmed” to the specified value, tack-solder the
trimming capacitor across the foil pads of the filter capacitor—
C2,C3,0rCa.

e, N -
’ % “;

i ) . _
%

THE SWITCH CONNECTIONS ARE NOT TACK-SOLDERED to
the foil; they actually pass about halfway into a hole. After the
wire is soldered to a switch terminal, it is cut flush with the top
of the board, then backed off slightly so it doesn’t protrude
through the board, and then soldered to the foil. It takes a little
extra time but it’s cheaper than buying printed-circuit switches.

and R1. the LED will be barely lit when the batteries
are OK. and will not be lit when the batteries are
pooped out. If you prefer a brighter LED power indi-
cator. change R1 from 6200 to 3300 ohms (or so). but
keep in mind that the LED will no longer serve as a
reliable battery-condition indicator. (It might or it might
not. and that really isn’t good enough.) The current
through the LED is very low and the glow from a red
lens or diffused LED will barely be seen. A “‘clear™”
LED is suggested because the intense pin-point red
“burn’ will be easily observed.

Final checkout

Set the noise generator's output-level adjustment,
potentiometer R10. to the mid position and connect
the noise generator to an amplifier’s AUX (line) input.

A G SR B 1R SRISNR NI
A

FIG. 3—THIS IS HOW THE NOISE GENERATOR'S OUTPUT
should appear on your scope when the generator is in the white
mode. The peak-to-peak maximum output should be nominally
2.4 volts. It will indicate approximately 0.4 voits on average-in-
dicating AC or VU meters.

Turn power switch S1 “"on.”" Advance the amplifier’s
volume control so you can hear the noise. Flip switch
S2. You should hear a change in the “*color™ of the
noise. If you get no noise, or S2 does not change the
color of the noise. there is a wiring error or a defective
component. (R10 can be set full open for maximum
output, or for whatever output level you prefer to use.)

If you have an oscilloscope you can check the noise-
output waveform. It should closely resemble Fig. 3,
which is a photo of the white-noise output waveform
of the unit shown in the photographs. The maximum
peak-to-peak output level is approximately 2.4 volts
and the waveform period (from tip to tip) is approxi-
mately 10-msec. spP
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POWER UP
THOSE ADD-ON
DISG DRIVES

Cash in on the surplus marketplace by
building a 5- and 12-volit regulated
power supply and housing.

HERB FRIEDMAN

SPECIAL PROJECTS

&
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ONE WAY TO AFFORD A SECOND OR THIRD DISK DRIVE
for a personal computer is to latch onto re-newed (used)
or surplus units: those that are no longer wanted be-
cause they are too slow for CP/M, or are single-density,
or have CRC problems for a particular model computer
(though they will work just fine with others). Whatever
the reason why they are unwanted, they sell for a frac-
tion of their original (or **list™’) price, and we're starting
to see more and more 5Y-inch disk drives coming on
the market—both new and used—in the $125 to $225
price range.

The only problem is that they are usually **bare™
drives, meaning they have no power supply, chassis, or
cabinet. And if you look at the price lists of the few
outfits that sell disk-drive components you're in for a
shock. The ‘*clothes’—the power supply, chassis, and
the cabinet—cost at least $90. Add that on to the cost of
the drive—no matter how little you paid for it—and you
find the total expense approaches that of some new
drives.

But building your own disk-power supply and chas-
sis/cabinet is both inexpensive and moderately easy.
Depending on the parts you have lying around, or
where you purchase them new, you can *‘clothe’’ adisk
drive for about $25 to $30.

Chassis first

The first step is to build the chassis, because the
power supply will be made to fit the chassis. Fig. 1
shows the dimensions for a “‘universal’” chassis that
will fit any Shuggart-type S¥-inch drive. It permits the
drive to be mounted so the front “*door’’ can be on the
left or right side (putting the pilot lamp on the top
or bottom), and accommodate the power supply.

The chassis shown in the photographs was made

from the aluminum bottom plate supplied with a stan-
dard aluminum chassis. Any scrap aluminum large
enough will do as long as it's reasonably rigid. The
aluminum do-it-yourself panel sold in hardware stores
is too thin and too flexible, arnd should not be used. A
good material is the aluminum used in high school aero
shops. If you know a student in such a shop, ask him to
get you a scrap. As a rule of thumb, hard # 18 gauge, or
soft or hard # 16 gauge aluminum will be OK.

Drill all holes before bending the chassis to shape.
The holes in the base are for the drive’s mounting
screws and should clear #8 screws. The holes in the
side are for the Tinnerman ruts used to secure the
cabinet's mounting screws. Drill whatever size hole(s)
are needed for the particular Finnerman nuts you get.
Tinnerman nuts are often sold ina "*jumbo’’ assortment

5/8 FOLD LINE
_L|<-2.1/4—>f<—5-3/4—>|
¥ +
4.3/4—> R, i
[La i 3
3-1/4 ‘15_/8,{ ! :
| |
* My TR
5/8 + +
1'4 " 4‘ FOLD LINE
ALL DIMENSIONS MOUNT POWER

IN INCHES SUPPLY HERE

FIG. 1—ALL THE MECHANICAL DATA FOR MAKING your own
subchassis is provided in this illustration.



of surplus pieces, or in a small *‘general purpose”” as-
sortment. Simply drill the holes in the chassis to match
whatever nuts you use.

Note that there are no holes at the rear for the power
supply. You drill those after the supply is finished,
matching the chassis holes to the mounting nut posi-
tions on the supply.

Drill the 8 holes shown in Fig. 1 first: then fold the
%s-inch side flanges on the “*fold lines™ as shown. Set
the chassis aside for the moment.

Twin power
Except for power transformer T1, and IC1, IC2, the

entire supply is assembled on a circuit board. See Fig.
2. You can make a printed circuit, use wire-wrap, or
whatever you prefer. The supply in the photographs
was assembled on a 27-inch X 4-inch section of Radio
Shack’s Model 276-153 Op-Amp IC Experimental
Breadboard. That board has holes for **flea clip’” push-
in terminals, as well as small copper foils on one side
that span several holes in random patterns. You can
pass the leads through the holes in the board from the
top side and then solder them to the underside foils. If
the supplied foil pattern isn’t precisely what you want,
you can cut the foils to the desired pattern with a knife,
or join several together with wire jumpers located on

CUT CORNER
LM340-12
_ 1 IC1 2 +12
T 12V/1A
l D2 3
AD =
120 VAC -
% He Lo Lo T
F1 Y03 y o] 2200 uF 25 uF 25 uF
.75A_0/° '}
&
S1
TAB IS “3" -
_1_ 1 6NnD
c4 i s C5
) +T 3300 uF = 3 =25 uF
Ic1 1{ c2 )2
IC2 tm3a05| +5
T TOP VIEW
132

FIG. 2—YOU CAN SEE JUST HOW SIMPLE it can be to build your own 5- and 12-volt
combo power supply to power 5%-inch disc drives. Selection of IC1 and IC2 was made to

keep the circuit simple and construction easy for the home hobbyist.
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top of the board. In the long run it’s easier to use the
Op-Amp Breadboard than to make a printed-circuit
board.

The layout isn't critical: just make certain that
capacitors C1 and C4 are not so large that they intertere
with mounting power transformer T1.

The supply delivers regulated 12-volts DC and 5-
volts DC. The integrated-circuit regulators themselves
are three-terminal devices that are heat-sinked to a
small sub-chassis used to support the supply. Many
versions of the two regulators are available in the mar-
ketplace. The Radio Shack regulators specified in the
parts list are suggested particularly because their heat-
sink tab is the ground connection, and the device can be
secured directly to the chassis. Other versions, similar
in appearance and operation. have the sink tab con-
nected to the output and the regulators must be in-
sulated from the cabinet with a special mounting kit that
is not all that easy to find. In fact, the Radio Shack kit
specifically intended for T0-220 type regulators doesn’t
fit all the so-called T0-220 ICs. Save yourself heartache:
Use the regulators specified in the parts list.

Transformer T1 should have a secondary of 14 or 16
volts C.T. (center-tapped): the closer to 14 volts the
better. as the regulator ICs run cooler. Don’t use a
12.6-volt CT transformer...the supply won’t work right
and you'll get intermittent disk operation. It isn’t all

PARTS LIST

CAPACITORS

C1—2200 uF. 25 VDC or higher
C2,C3,C5—25 or 50 uF. 25 VDC or higher
C4—3300 uF. 10 VDC or higher

SEMICONDUCTORS

D1, D2, D3, D4—50-PIV, 3A silicon diodes or 4A full-wave
bridge

IC1—12-volt 1-ampere regulator

IC2—5-volt 1-ampere regulator

MISCELLANEOUS

F1—0.75-ampere fuse

J1—Power connector for disc drive

S1—SPST miniature

T1—117 VAC primary; 14 or 16-VAC, 1-A secondary

Circuit board (see text)

Fuseholder, aluminum sheet. hardware. shrinkable
tubing, heat conducting grease, etc.

R T e S T s Pt | P B TR

PREPARE THE VOLTAGE REGULATOR IC's for mounting by
first connecting four-inch lengths of insulated stranded wire to
the terminals. Shrinkable insulated sieeves are necessary to
avoid accidental short circuits.

that hard to locate 14-and 16-volt transformers because
most are surplus. The transformer shown in the photo-
graphs came from Bullet Electronics. It actually has
two secondaries. both 14-volts RMS, but only one of
the two is center-tapped. If you use a similar trans-
former. simply cut off the leads of the untapped sec-
ondary close to the transformer.

Make the power supply sub-chassis before assem-
bling the power-supply board. The bracket can be
formed from an old aluminum cabinet or scrap alumi-
num. It’s sort of an "*L"" shape with a small mountirg
foot. as shown in the photos. Any dimensions that will
fit it on the back of the chassis will be OK. Assume that
the back part is 3-inches wide and 534-inches high. The
foot is about 1¥2-inches deep. and the side of the "*L™"
that holds the transformer is about 3-inches deep.
Nothing is critical as long as there’s room for the trans-
former and the bracket doesn’t interfere with the drive
itself.

Doublecheck that capacitors C1 and C4 don’t inter-
fere with T1's being mounted. When you’re certain that
you have an unobstructed layout, assemble the power-

Push-in
terminal

ALL POWER SUPPLY PARTS ARE MOUNTED on a perf boarc
except for the transformer T1, two voltage regulators ICs, fuse
holder and on/oif switch. Layout is not critical, but use author’s
layout as a guide for use in assembly.

BOTH VOLTAGE REGULATORS ARE BOLTED to the power sup-
ply sub-chassis bracket. A thin coat of heat-conducting grease
thermodynamically connects the voltage regulator’s tabs to the
aluminum plate for use as a heat sink. Note that Tinnerman nuts
are in place and that holes are drilled for the line cord strain relief
plug and fuse holder.



supply board. While the full-wave bridge rectifier can
consist of four diodes, as shown in the schematic, an
integrated bridge rectifier, such as the Radio Shack
276-1146 is easier to install and takes up less room.

Next. install regulators 1C1 and 1C2 on the sub-chassis
as shown in the photos. First. tack solder 4-inch strand-
ed wire leads to each IC terminal, and cover each solder
connection with an insulating sleeve. Then secure the
IC’s to the back of the sub-chassis as shown. using a
heat-sink ““‘grease’’ between the body of the IC and the
chassis. Make certain that you get the proper IC in the
correct location. The IC leads should come out under
the power-supply board on the correct side: 12 volts in
line with C1, and 5 volts in line with C4. Mount S1. F1,
and the linecord. then install the power supply board
using 3ie-inch or Y4-inch standoffs between the board
and the sub-chassis at each mounting screw. Make
certain that the standoffs raise the board above the
regulator [C’s: they can be close but should not touch.

Connect the IC wires to the power-supply board con-
nections, and then connect the wires from the disk
drive’s power plug to the appropriate board terminals.
When looking at the disk-drive connector, the bottom
wire is 12 volts. the top wire is 5 volts, and the two inner
wires are ground, usually connected together at the
disk-drive connector’s printed circuit mounting. Con-
nect as much of the linecord, power switch St, and F1
fuseholder wiring as is possible. and then install trans-
former T1 on the sub-chassis. Get it as close as possible
to the power-supply board—it should not touch the disk
drive.

Secure the power supply to the chassis using machine
screws and nuts, Tinnerman fasteners, rivits. or what-

HERE IS THE COMPLETED POWER SUPPLY assembled and
ready for installation and test. The perf board is mounted over
the voltage regulator ICs. Be sure the weight of the transformer
does not pull on the perf board terminals during final assembly.

-
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SECURE THE POWER SUPPLY TO THE BACK OF THE CHASSIS
and then slide the disk drive into the chassis. Secure the drive
with two screws installed from below.

e T —————

ever else you prefer. Anything except self-tapping
screws: the power supply needs more support than
provided by self-tapping screws.

Next. install the disk drive on the chassis. Though
there are four mounting holes in the chassis only two
are used for securing the drive. Which two is deter-
mined by whether the drive is installed for a left- or
right-handed door: or a top or a bottom positioned pilot
light. Test the power connector before vou connect the
power supplv to the drive. Using a DC voltmeter. test
that the power supply connector’s bottom terminal is
+12-volts DC. and the top terminal is +3-volts DC. If

THE DISC DRIVE IS COMPLETELY HOUSED and ready for use in
your computer system. Rubber feet can be installed on top or
bottom so that lefties as well as righties will find the disc door
latch easy to operate.

you get it reversed. there will probably be no second
chance. When you're absolutely certain the power con-
nections are correct install the power plug.

Fashion a cover from scrap aluminum. or from the
do-it-yourself panels available at hardware stores. and
set the cover aside until you program the drive.

Programming the drive

If this is the second. third. or fourth drive for your
system. remove the terminating resistor from its socket
(it looks like a DIP IC). also program the drive select
jumpers as indicated in your computer’s technical man-
ual. Then connect the drive to your computer. You
might have to purchase a multi-drive cable. it your
original cable didn’t provide connectors for more than
one drive. Or. you can apply an insulation displace-
ment connector to an existing single drive cable. (Just
line it up on the cable and squeeze it on with a vise—
don’t use pliers.)

Attach the cable to the disc drive. and power up
your computer using a system disc that you can spare
should something go wrong. Take the disc drive through
its paces by booting up, running a Basic program,
store a program on the disc, and do several tasks you
normally perform. While you are doing this, attach
two voltmeters to the 5- and 12-volt power supplies
and observe that the voltage output stays steady and
true. If everything works well as it should. button up
the unit by installing the screws and Tinnerman nuts.
One more check is in order with the unit assembled.
Now look ahead for the next disc drive. SP
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CRAIG K. SELLEN

“SIGNA-MOD™. THE TERM IDENTIFYING THIS PROJECT.
was coined by the writer as best to describe the **Signal-
Modifier™ unit. The special sounds which can be cre-
ated by this device can provide a new dimension in
sound modification. thereby bringing a host of unusual
effects to the performing musician’s fingertips.

In reality, the Signa-Mod is centered around a basic
audio amplitude modulator. which depends on external
sources to supply the necessary etfects such as. voice-
tading technique. ring-modulating effect. frequency
doubling. tremolo. and rhythm synthesizer. The ex-
ternal sources that would be required to attain a speci-
tied etfect is shown in accompanying block diagrams or
circuits (Figs. [ and 2).

Combined with other signals selected. the character-
istic sound output. if not unique. could be a good imita-
tion of other kinds of musical instruments.

Theory of modulation

The principle of the basic audio modulator device is
described most simply as an envelopé-shaping unit and
is readily explained by referring to Fig. 1. At the time

* @
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a continuous sine-wave signal. consisting of a fixed
amplitude, is placed on input 1 and a controlled voltage
on input 2, we become aware that the control voltage
will determine the extent of the amplitude as well as the
length of the audio output. Whereby. the combination
of both actions will produce a distinct envelope-outline

INPUT
WTON.E \NO":_ ——————— A fONE
| l ! UTPUT
| o—:> SIGNA-MOD

RESULTING WAVE
FORM

r“

|
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!
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[

|

|

L

ATTACK DECAY
CONTROL
]

INPUT NO. 2 PULSE

FIG. 1—WANT TO KNOW WHAT THE SIGNA-MOD DOES? Check
out this diagram to be sure you understand.




 BUF 1BYHS

SERIEHN S

Sound effects for the
electronics musician

form or shape which will depend entirely on the amount
of voltage directed to the Signa-Mod unit. Therefore.
the trequency. tone. and type of pattern of wavetform
selected will decide the resulting output signal emerging

r————-—-"—-"—-"—= - - = - 7
I SIGNAL |
| A |
NPUT NO.1 | A JOUTPUT
€ —**—
| |
= I SIGNAL Ry
. Pz B BUFFER/MIXER | =
ISPLITTER STAGE |
: i
| - !
a1
INPUT NQ. 2 | DRAIN !
I gaTE SOURCE |
@ t T0
| ] DRAIN |
= [ SOURCE | RESISTANCE |
) ]
: |
L o o e N

—_

FIG. 2—BLOCK DIAGRAM SHOWS THE SIGNA-MOD broken
down into specific operating sections.

trom the Signa-Mod unit. Several options may be exer-
cised: a sine-wave. saw tooth. triangle. squarewave
and. of course, the trapezoidal wave.

The control voltage will depend upon the decay and
attack rates of the pulse shape at input 2. accordingly. it
is possible to create a variety of simulated percussive
sounds such as the ever popular latin bongos, drums,
piano. low-pitch bass instrument. and guitar. When the
voltage at input 2 is at its lowest point. a corresponding
lack of amplitude will be detected at the output of the
Signa-Mod. Also. the action of the modulator device
takes advantage of the theory that two signals. opposite
in phase and possessing equal amplitudes. will subse-
quently arrive at a null output by canceling each other at
the instant they combine.

The block diagram of the Signa-Mod as depicted in
Fig. 2. reveals a pair of signals (A & B) were created by
using a phase splitter trom the signal applied to input |
of the Signa-Mod. The two signals (A & B) will emerge

from the phase-splitter stage possessing amplitudes of

equal nature but directly opposite in phase character-
istics. Thereby. phase (A) achieves a predetermined
level of attenuation by R1 which is being fed directly to
the bufter/mixer stage. At the same instant. phase (B)
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FIG. 3—FULL SCHEMATIC SHOWS THE COMPLETE CIR-
CUITRY. Together with the parts list you have all the vital con-
struction details. P T T ———————
PARTS LIST
will receive an attenuation of like .characteri‘stics RESISTORS
through R2. The source-to-drain resistance of the Vs Watt, 5%
voltage-controlled attenuator Q1 will determine the R1—18.000 ohms
rate of attenuation between R2 and the ground poten- R2—2.2 megohms
tial. That signal is directed to the buffer/mixer stage as R3. R13, R21—4700 ohms
well. R4—100 ohms
When QI is devoid of an input voltage. the gate is R5. R6. R7—33.00 ohms
held at zero; consequently. both A and B signals have R8—220 ohms
identical amplitudes. It is only when a change occurs in Sg_}:ggoo 5:\;1_5470 ohms
the gate voltage that the combined signals chomg un- R9. R10. R11—470 ohms
balanced. A controlled voltage or modulation signal R12—15.000 ohms
applied to the gate of QI alters the source-to-drain R14. R16. R20—1000 ohms
resistance. and subsequently changes the degree of at- R15—10.000 ohms. linear potentiometer
tenuation that is added to signal B. R17—1 megohm
This now creates an amplitude-modulation signal and R18—47.000 ohms
both A and B signals are then applied to the buffer/ R19—10.000 ohms
mixer stage. Therefore. any changes brought about by R22—330 ohms
Q1 could be either positive or negative in nature. pro- CAPACITORS
viding the buffer/mixer stage a proportional increase or 16 volts or higher
decrease of signal output of the Signa-Mod unit. C1—.01 uF. 10% Mylar
C2—220 pF. ceramic disc
About the circuit C3. C14—50 uF. electrolytic
The compelte schematic diagram of the Signa-Mod is C4—1 u4F, ceramic disc
shown in Fig. 3. Input buffer QI serving as a high- C5—.22 ur, 10% Mylar
: i . . N o oy C6—470 pF. ceramic disc
impedance input device. provides a stable load for the C7 C11.C12—100 uF .
o : . . : 100 uf. electrolytic
audio-signal source connected to input 1. Transistor Q2 C8—10 uF. electroiytic
serves as one leg in the operation of the long-tailed pair C9—16 uF. electrolytic
phase-splitter. The audio signal is obtained from the C10—2 uF. electrolytic
emitter resistor R8 of Q2. which is direct coupled to the C13—5 uF, electrolytic
emitter of transistor Q3. thereby becoming the second C15—1 uF. electrolytic
leg ofthe.long-tailed pai.r p.hase—splitter. . _ SEMICONDUCTORS
There is a forward biasing at the base-emitter junc- Q1—2N3819. N-channel J/FET
tions of both transistors as supplied by R6. for transis- Q2. Q3. Q5—MPS3392 - NPN siticon
tor Q2 and R7, for transistor Q3. Bypass capacitor C8 Q4—2N5459, 2N5485 or MPF 105, N-Channel - J/FET
f)gf(e)c;‘wely shorts any AC signals to ground at the base MISC.ELLANEOUS ‘ |
T SRR, S b . has l Plastic box enclosure with atluminum cover; Perforated
wo distinctively separate. but opposite phases will construction board or PC board (optional): Dry transfer
occur at the time an audio signal is applied to the base of lettering for front panel: Wire; Solder: Stand-offs: Phone
transistor Q2. via RS and C5. jacks: Two control knobs: Battery clip: Shielded cable;
Signal B (refer to Fig. 2) of the phase-splitter is taken Washers: Hardware. etc.
off collector. Q2 through capacitor C9. which is then TR T A e T o Sy




attenuated by a divider network composed of R11, R13
and voltage-controlled attenuator transistor Q4. At that
precise instant, signal B (refer to Fig. 2) drawn from the
collector of Q3 through capacitor C10 and Ri2, whichis
row fixed at a predetermined level of attenuation. The
two signals are combined and applied to transistor Q5
through capacitor C13. QS5 serves as a common emitter
class A buffer/mixer.

In the event a zero voltage or modulation signal is
evident at the input 2, then Q4 gate is held at ground
potential through the resistor (R17). The source-to-
drain resistance of the field effect transistor, Q4, is
dependent on the bias applied to it. That is furnished by
the existence of the resistors R14, R16 and the trimmer
potentiometer R15, which serves as the null adjust-
ment. A positive-bias voltage is then set at approxi-
mately (1.5 to 3 volts) to the source of transistor Q4.
That arrangement will result in a direct coupling of the
gate of Q4 which is Input 2. Bypass capacitor Cl1,
which is being shunted across source resistor R 14, pro-
vides a low-impedance path to the AC signals to ground
potential. Thus, Cll eliminates any hum, audio, or
other signal which may ride on the 9-volt bias line.

The buffer/mixer Stage, which consists of resistors
R18 and R19 forms a voltage divider network that pro-
vides the essential forward bias for the transistor QS.
Resistor R22 and capacitor C14 forms another network,
having a decoupling function that filters out any exces-
sive AC signals that may be presented from the col-
lector load of Q5.

The output audio signal is then taken off the collector
load resistor R21 through capacitor C15.

Construction and testing procedures

Construction of the Signa-Mod prototype was ac-
complished by assembling the various components on a
carefully laid out. perforated board of approximately 4
X 6V inches. (See photo on previous page.)

A sheet of W-inch squared graph paper was tacked to
a drawing board; then, all of the components were
positioned on top of the graph sheet and moved about
until a well designed pattern was formed. That method
assures that all of the components would fit well within
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FIG. 4—THE FADING DEVICE, speech activated control.

the confines of the 4 X 6%-inch board. allowing ample
clearance for the standoffs.

The builder can use that perforated-board method or.
if he prefers a more professional looking circuit, he can
use a printed-circuit board. However, the perforated-
board approach is not only easier to work with but has
the added advantage of allowing the components to be
repositioned when making modifications at a later date.
if the builder decides to make any changes to his
project.

When mounting the components to the face side of
the board. take all necessary precautions in allowing
sufficient room for making the connections on the un-
derside of the board. Solder all wires in place securely,
and be especially alert for dry-solder joints and proper
polarity of all electrolytic capacitors.

As shown in the photo. the perf board is fastened to
the underside of the front panel by four aluminum
stand-offs: bolts. The perforated-circuit board and the
front panel becomes one unit that can now be placed
into a plastic enclosure box and held securely. The front
cover plate includes three ¥-inch phone jacks and two
control knobs, as well as a on-off switch. The output
level can be varied by substituting R21 with a 5000-ohm
potentiometer and the other control knob providing the
null adjust, R15.

Suggested tests after completion

The following tests should be made after completion
of the project with the use of a VOM or a DMM. With
power supplied to the modulator obtained from a 9-volt
battery or some optional source, the following approxi-
mate voltage readings should be observed in the device:
Q1 source, 1.2 volts; Q2. Q3 collector. 5 volts; Q4
source with R15 wiper set midway, 1.5 volts; and Q5
collector. 5 volts. All voltages are positive with respect
to circuit ground.

Current consumption should be within the region of
approximatley 18 mA. If there should be a discrepancy
in any of the above test voltages, then check for incor-
rectly located components, short circuits, or possibly a
poor solder joint.

To determine if the Signa-Mod is working properly,
apply approximately 50-millivolt rms music or tone sig-
nal to | input. Connect the Signa-Mod output to a
audio-amplifier. The result should be a loud and distinc-
tively clear signal at this point of the test.

With R15 set at the halfway position, slowly rock the
control knob (R15) and adjust cautiously for a audio-
output null response. At null point, the audio signal of
the modulator device will not be fully suppressed but
you will still be able to hear a very weak or faint sound.
However, once you obtain a null, you should be able to

increase the output of the audio volume to the full value -

by applying approximately a +0.5 volts to the 2 input.

The speech activated control (fader device)

This type of fader device is an essential piece of
equipment often used by radio announcers and disk
Jockeys to lower or even fade out transmitted signals
using one’s voice as a means of control. That leaves
the DJ’s hands free to perform other duties such as
changing records, taking mesages, or jotting down
information.

Refer to the diagram in Fig. 4 and understand that the
circuit components shown are external to the Signa-

t
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Mod you built. At the very instant a voice signal is
introduced. capacitor C2 controlling Signa-Mod No. 2
voltage. is thereby rapidly discharged by R2. That ac-
tion very efficiently eliminates the music signal. How-
ever. the music signal will remain inoperative until such
time that the voice signal ceases.

At that point. capacitor C2 will renew its charge
characteristics through (R1) and the music signal will
then renew its strength for a span of approximately 1.5
seconds. whereby it will again assume fuil power.

The bias (DC) intermittent that was derived through
the rectification of the voltage signal (AC) issuing from
the mike pre-amp will cause QI to switch to the on
mode. Any fluctuations of the base bias will be cleared
up by C2.

The ringing modulator

The Signa-Mod can very easily be made to serve as a
ringing-modulator device as diagrammed in Fig. 5. Pro-
vide a null to either a voice or music signal that ema-
nates from the No. | input of the modulating unit. Then
direct a low-frequency signal being provided by some
sort of external source such as a audio oscillator to the
No. 2 input of the Signa-Mod unit.

Very unusual changes in both voice and music signals
are possible. and altering the frequency of tone values
can provide music with a type of warble-like effect, as
well as some bell-like characteristics.

One suggested application of this ringing modulator
would be its insertion into the hookup between the
electric guitar pickup and the power amplifier.

For optimum resuits, the input signals to the Signa-
Mod should be kept below 100 millivolts.

The frequency-doubling process

The Signa-Mod can readily be converted into a mode
of frequency-doubling mode. Adjust the Signa-Mod for
a null output. then connect the No. 2 input to the No. |
input with a .luF capacitor. Refer to Fig. (6). Fre-
quency-doubling has its limitations with audio signal
application of a complicated nature, because the human
ear will sense another introduced strong harmonic sig-
nal as a harsh dissonant. However. that might be cor-
rected by intentionally mixing back a slight degree of a
frequency-doubled signal. thus creating a calculated
inharmonious combination of tones.

There is an exception to this rule and it would be quite
different when you are working with tone signals that
have very little quality or imagination. Let's say, for
example, that an ordinary electronic organ or a guitar
could be enhanced with a more exciting sound by
adding the doubler and then adjustments made for a
partial zero status. That addition to the harmonic signal
could provide some interesting changes to the audio
output. Once again, the application and uses of the
process are wide open to the imagination of the
operator.

The application of tremolo

Various devices. such as guitar amplifiers and elec-
tronic organs. are often built into expensive electronic
systems in order to provide the popular “‘tremolo™
effect. Signa-Mod can supply that very interesting
sound effect to those systems that lack the tremolo
feature.

The tremolo effect is accomplished by a smooth and
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FIG. 5—THE RINGING MODULATOR. It's easier to understand
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FIG. 7—TREMOLO IS ADDED by using the circuit shown here.

uniform rate of change in audio amplitude that occurs in
the rise and fall of a low-frequency signal of about (6 to
12 Hz). A sinewave oscillator is used to drive a non-
distorting voltage-controlled amplifier during the
process.

The distortion or annoying chatter can be avoided by
using a sinewave modulating signal to control-gate
voltage of a field effect transistor, Q4. in this case.
Signa-Mod (see Fig. 3).
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FIG. 9—VARIABLE PULSE GENERATOR circuit as it is used in

the Signa-Mod.

By referring to Fig. 7, we see a typical design that
will provide a conventional tremolo setup. Applying a
microphone preamplifier—or, for that matter, a pickup
device on a electric guitar could be implemented to
supply the necessary signal source.

The oscillator for the tremolo

A simple tremolo oscillator circuit is shown in Fig. 8
which incorporates the application of the Signa-Mod.
Do not confuse the component symbols in Fig. 8 with
the component parts given in Fig. 3.

The oscillator circuit was designed around a 741 Op-
Amp and includes a **wein’’ oscillator network consist-
ing of C1, C2, R1 and R2 plus dual potentiometer R3
which controls the rate or frequency of the tremolo

oscillator.

Amplitude limiting is introduced into the oscillator by
diodes D1, D2 and by resistor RS, and with the resulting

overall feedback to the Op-Amp by resistor R4.

A foot-pedal switch in the circuit provides the control
of the tremolo to the on or off mode as required.
Whenever the foot-pedal switch is open, the oscillator
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FIG. 10—UNIFORM PATTERN GENERATOR circuit. The text pro-
vides a complete circuit description.

will cancel out the signal to the modulator. Therefore,
when the foot pedal is closed, the reverse procedure
would be evident. The signal would then be produced
and a tremolo effect created.

Aligning the tremolo unit is a simple process and
consists of setting up the tremolo oscillator and Signa-
Mod in the following manner. With a audio signal intro-
duced into input No. 1| of the Signa-Mod, R15 of the
Signa-Mod (see Fig. 3) is initially adjusted for a null
output by rotating R9 (which is the depth-control knob
of the tremolo oscillator in Fig. 8) in a counterclockwise
fashion to obtain a minimum output. Having completed
that procedure for optimum results, R15 of the Signa-
Mod can now be adjusted for desired results by turning
the knob clockwise.

[t is important that the depth-control knob R9 of the
oscillator in Fig. 8 has been previously set at maximum
in order to provide a signal without distortions. Com-
pletion of the adjustments in a satisfactory manner
should provide a rich, full **depth™ of tremolo effect.

Now, additional adjustments to the modulator are no
longer required. as a variety of audio signals can be
directed to the No. 1 input of the Signa-Mod and any
occurring changes of “‘rate’” and "*depth™’ can be ad-
justed to particular requirements via the Signa-Mod’s
control knobs.

Many unique and challenging types of sound effects
might be created by the application of percussive shap-
ing and that method has been mentioned in the theory of
modulation.

Original tones might be altered to such a degree that
they would appear to be unrelated to the original audio

input. Thereby. they could be identified as percussive
shapes and you could imitate certain musical instru-
ments by carefully selecting the working-tone source,
The variable pulse generator, in conjunction with the
tone source. will provide the pulse shape. It is now
quite evident that the variable-pulse generator must be
coupled to the Signa-Mod in order to provide the capa-
bilities of envelope shaping.

One approach to applying the variable pulse gen-
erator is illustrated in Fig. 9. The variable pulse gen-
erator will provide a suitable pulse rate that has 20
milliseconds to one full second time span. possessing
variable attack and decay rates. It will, however, still
retain the characteristic repeating rates of approxi-
mately | to 25 Hz. :

Now, with S1 placed in a repeat mode, C2 will charge
at a determined rate by (RC) time constant of R1 and
R2. Thereby, capacitor C2 will be discharged thru R3,
R4, RS at the instant unijunction transistor emitter Q1
conducts.

Transistor Q2 will become saturated during the
charge cycle of C2 which is then placed in a switched off
mode during discharge. The cycle will continue to re-
peat until such time that Sl is placed in the one-shot
mode.

A hand operated switch S2 will now provide single
pulses by depressing the instrument key and the ema-
nating sound on input No. | of the Signa-Mod will
remain in a sustained mode until such time as the key is
released.

The uniform-pattern generator

A practical uniform-pattern generator (see Fig. 10}
providing a variety of interesting drum sounds could be
created by combining the functions of the tremolo oscil-
lator, Fig. 8. with the variable pulse generator, Fig. 9.
Both of those units have been described. However, a
pair of Signa-Mods would be required to complete this
uniform-pattern generator device.

In brief, the principle will allow two totally different
modulating signals to act on each other. That will create
a connection of tone amplitudes of a variable nature as
well as a difference in timing of the resulting tone
signals.

A constant tone input, having been directed to the
section of tremolo unit, will then become modulated by
the output of the sine-wave impulses of the tremolo
oscillator. At that time, a gradual amplitude change will
occur in the tremolo oscillator stage which will then be
applied to the shaper stage input.

The variable pulse-generator section will alter the
waveform of the tone output and transfer to it a en-
velope shape having percussive potentials. SP




EARTHOUAKE
DETEGTOR

Now that the Hall-Effect Detector is out
of the laboratory, here is just one
exciting application you can assemble!

WILLIAM H. HUEBL
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IN 1879. E. H. HALL DISCOVERED THAT A STATIONARY
magnetic field will induce a voltage in a current-
carrying conductor. This induced voltage is perpen-
dicular to both the current in the conductor and the
magnetic field. Through modern technology, using
semiconductor materials to amplify the induced
voltage. which is very feeble. and integrated circuitry to
reduce complexity. the induced voltage is readily us-
able for both digital and analog applications. And while
it has taken nearly one hundred years to get this techni-
cal curiosity out of the laboratory and put it to use in
practical applications, the phenomenon. now called the
Hall effect. is on the verge of revolutionizing the field of
electronic transducers.

First, let’s take a look at the make-up of the device.
The typical Hall effect detector consists of a silicon Hall
effect generator, an amplifier, a Schmidt trigger, and an
output transistor stage integrated with its own voltage
regulator...all designed into one small monolithic sili-
con chip which we call a Hall effect detector (see Fig, 1
for block diagram details).

Referring to Fig. 1; whenever a magnetic field with
the proper orientation and strength is present, the Hall

INTERNAL

+V
VOLTAGE
{ REGULATOR

QUTPUT

||}—

EXTERNAL
MAGNETIC
FIELD |
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| EFFECT
~Z | GENERATOR

I___
f

FIG. 1—HALL-EFFECT DETECTOR BLOCK DIAGRAM is quite
simple compared to the theory behind the device. What was a 100
year old lab curiosity is today’s technology.

effect generator produces a small voltage. In a digital
operation, the amplified voltage is compared to a pre-
determined operate point and. when reached. causes
the trigger to conduct. The trigger, in turn, causes a
common-collector output transistor to conduct. It can
handle up to 20-mA current.

The Hall effect trigger turns off when the magnetic
field strength falls below the release point, which is well
below the operate point mentioned above. This switch-
ing characteristic, known generally as ‘“hysteresis’,
provides unambiguous and non-oscillatory switching.
regardless of the rate of change of the magnetic field
(see Fig. 2). In this circuit, a magnet is introduced to the
Hall effect detector, causing the LED to light when the
switch conducts. When the magnet is removed. the
LED goes out.

The device is very useful in its digital (switching)
mode of operation for such things as motion counters,
wind-speed measurement, tachometers, and for mag-
netic indexing. In certain instances. for example it can
even replace reed switches for burglar alarms.

Before the Hall effect detector can become useful for
analog (linear) operation, the hysteresis associated with
the digital action must be disabled. To do that, an inex-
pensive resistor along with a 22-turn potentiometer
having 1.000 ohms resistance is added to the supply

line. The pot alone is sufficient as long as the supply
voltage does not exceed a maximum of 3.99 volts. For
each volt or part of volt over 4.00-volt level, 500 ohms
resistance must be added ir series with the pot. For
example a 9-volt supply would have (9-4) x 500 = 2,500
ohms in addition to the resistance of the pot. The re-
sistance computed is shown as RX in Fig. 3.

Circuit modifications for analog use

Note that the 22-turn pot is required rather than a
single-turn unit as the range of resistance in which the
hysteresis action is disabled to quite narrow. Typically
the analog operation will only work within a turn or so
of the optimal setting. And the resistance should cause
a voltage of about 2.41 volts to be applied to the device
supply pin.

Referring to Fig. 3, when adjusted properly, the LED
will now dim and brighten according to the distance of
the magnet from the device rather than switching on
and off abruptly, as in the previous digital mode.

A well-regulated power supply. although not essen-
tial for these experiments, is necessary if the switch is
to handle any sort of a load with any reasonable degree
of linearity. (Linearity is the term used to describe the
degree to which the output is proportional to the input.)
A several-thousand wF capacitor in parallel with the
battery will help improve the performance of the cir-
cuits described. Using a S-volt supply, commonly avail-
able in many experimenters shops. requires the addi-
tion of a 500-ohm resistor previously computed.
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FIG. 2—SIMPLIFIED HOOK-UP of the Hall-Effect Detector is use-
ful to illustrate how the digital (switching) aspect of the device
operates. Magnet proximity turns LED on and off.
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FIG. 3—MULTI-TURN POTENTIOMETER (22 turns) sets the Hall-
Effect Detector voltage input to 2.41 voits. Thus powerd, the
device behaves in an analog way indicating magnet motion.



While the modifications described above will suc-
cessfully convert the Hall effect detector to analog op-
eration having a linearity sufficient for these experi-
ments, units designed specifically for analog operation
are available from F.W. Bell, Inc.. 8120 Hanging Moss
Rd.. Orlando. FL 32807. The cost of these units starts at
$16.00 and provides only about 19 deviation from per-
fect linearity.

The Hall effect detector as altered for analog use can
be used for such diverse applications as strip-chart
recorders. phonograph cartridges, waveform genera-
tors. motor-speed controls, valve positioners, elec-
tromechanical multipliers, and (the subject of this
article)—an earthquake detector.

The best is yet to come...there are no moving parts to
stick or wear out or affect the measurements. The only
thing the Hall switch needs is a weak magnetic field to
provide the basis for a proportional output voltage.

Project construction

Having looked into the operation of the switch, let’s
now construct the detector.

The earthquake detector is a spartan version of its big
brother. the seismograph. While an earthquake de-
tector can be made into a full-fledged seismograph.
unless you are prepared to shell out several hundred
dollars or so fora strip recorder or to build one yourself,
the earthquake detector is a logical project to demon-
strate the Hall switch capabilities by itself.

Take a scrap of lumber about 6 X 6 X 2-inches and
drill a hole in the center of the square side. Use a drill bit
the size of a transistor socket...normally 3sths inch will
do. Solder 3 different color wires (red, orange, and
green, for example) at least 3 feet in length to a transis-
tor socket with the green wire attached to the center
lug. Braid or twist the wires together and insert them
through the drill hole in the block of wood. Daub some
red fingernail polish on the top of the socket on the side
having the red wire attached. Insulate the center lug
with spaghetti tubing.

Press fit the socket in the hole. Now test each lead for
continuity with the socket and with each other lead to
make sure there are no short circuits between the leads.
A little epoxy glue will hold it all together permanently.

Initial experiments

Insert a Hall effect detector into the socket and bend
its leads at right angles to the socket so the **O’" market
side is facing straight up. Make sure you have inserted
the detector so that the supply lead goes into the socket
hole with the red nail polish (red lead). Connect the
power supply, resistor, capacitor and LED according
to Fig. 2.

Betore activating the power supply. see that the red
wire from the Hall effect detector is connected to the
positive supply line and the green wire is attached to the
negative or ground. The remaining (orange) lead goes to
the collector and is attached to the cathode of the LED.
Check your wiring very carefully.

Place the south pole of a magnet on the switch. If the
LED doesn’t light. then reverse (flip over) the magnet
to its other pole and try again.

If the LED still doesn’t light, then here are some
trouble-shooting suggestions:

Ground the collector terminal (orange wire) of the

LED. If the LED doesn’t light, then the LED may be

reversed and installed backwards. If reversing the

LED does not solve the problem then either the

power supply is not on or defective, or the LED is

defective.

As a last resort, set a stronger magnet or put
several magnets together and try again. If this doesn't
work, then the Hall Switch may be defective. To see if
there are any problems, check the resistance with
every combination of paired pins...the resistance
should always exceed 40,000 ohms and in two cases
be open circuit (100 million ohms or more).

When you have gotten your switch operating cor-
rectly. try moving the magnet up and down over the
switch. You will notice the distance to the switch when
the LED turns on is less than the distance to the Hall
Switch when the LED turns off. This ditference in
the positions of "on” and “"off”’ demonstiates the
““hysteresis’” mentioned previously.

Experiment with different strength magnets and try
placing various materials including paper, plastic, foil
and other materials between the switch and the magnet
and see what happens.

Using Fig. 3 as a guide, insert a resistor (selected
according to the voltage of the power supply as ex-
plained above) and the 22-turn pot between the power
supply and the red terminal on the socket. With the
magnet resting on the detector. adjust the pot until the
LED glows brightly. Then back off the pot until the
LED glow has diminished but not entirely gone out. At
this point the Hall effect generator should be operating
in linear mode. To test this mode. try moving the
magnet and notice the LED fades and brightens slowly
rather than turning oft-and-on as you vary its position.
This demonstrates analog (linear) action rather than
digital action. Bring the magnet slowly toward the
switch and the LED will gradually brighten. Try adjust-
ing the pot to both higher and lower settings and repeat
the above motions for both settings. By doing this you
can determine where analog action starts and where the
digital action starts based on pot settings. It will help to
know this when you build your earthquake monitor. {f
you have a voltmeter of any kind, set it on low range for
10 volts full scale and hook it up to the positive supply

PRESS-FIT
WIRE COATHANGER

THREAD

HALL
EFFECT
GENERATOR

FiG. 4—BUILD YOUR OWN EARTHQUAKE DETECTOR tonight
once you acquire all the parts. Bell jar eliminates normal room
convection currents from affecting position of magnet.
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and the collector (red) lead. Remove the LED and move
the magnet as above. The meter setting will change
according to the distance the magnet is from the Hall
effect detector.

Building the earthquake detector

To convert your mounting block to a seismograph
you need to only do two simple things:

1. Replace the voltmeter in the previous experiment
with a permanent meter. A 100 microameter with a
l-meg pot can be used...adjust the pot so the meter
reads full scale when the magnet is placed on the
switch.

2. Cut and bend a short length of coat-hanger wire to
fit a quart bottle or bell jar and suspend a magnet from
the wire making sure the south pole is down when the
magnet is hanging. Insert the wire so that the ends hold
against the sides using care since the glass is fragile. See
Fig. 4.

With the magnet in place in the jar, invert the jar and
adjust the length of the thread so the magnet hangs
directly over the Hall effect detector when it is in place.

The meter will respond when the magnet is over the
detector and will fluctuate in response to the swings of
the magnet...no matter how slight. With the jar and
magnet in place. adjust the pot so the meter is mid-scale
when the magnet is at rest. Any vibrations will cause
the magnet to move in relation to the detector, or rather
it is the detector moving in relation to the magnet due to
a physical law of motion which states that bodies at rest
(the magnet) tend to remain at rest.

While the project is a good way to demonstrate the
use of the Hall effect detector in its analog mode and its
potential as an earthquake detector, several readily
apparent modifications are necessary to use the project
for long-term. serious studies...either as a professional
or as an amateur.

o The battery supply should be rechargeable or con-
verted to a well-regulated line power supply .

® A strip chart recorder should be used to provide
continuous monitoring of earth motions. You can buy
one or build one from a kit (Heathkit makes a fine one).

® The project as modified'should be secured on a
concrete ground floor or buried with appropriate physi-
cal protection. These steps are necessary to reduce the
interference from other natural and man-made phe-
nomena like foot-steps. wind and other non-seismic
noise sources.

e An amplifier with a gain of 100 or more, with or
without a low pass filter, can be used to enhance the
normally weak signal caused by seismic activity.

® Analarm system can be attached to the detector to
signal when significant earth-movements are present.

® The electronics should be contained within a case.
rather than on a solderless breadboard.

A 22-turn pot simulator

If you can’t find a 22-turn pot, or if the price is too
dear, connect two potentiometers in series— 1K and 50
ohms. Set the 1K pot to its full resistance and vary the
50 ohms pot to obtain the desired LED illumination.
Continue to decrease 1K pot resistance in 50 ohm steps
(use ohmmeter) until desired results are obtained.
Caution: remove power from circuit when measuring
resistance, this technique is a bit tricky, however it’s
inexpensive.

Even if you decide only to try some of the experi-
ments described above, you will be amply rewarded in
the demonstration of the flexitility of this old, yet new
electronic transducer, the Hall effect detector. And
best of all...it will open many doors to help you solve
electro-mechanical design, detection, and controls
problems through the use of this device. In fact, your
imagination is the only limit. SP
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This high-quality, low-cost power supply
is sure to be useful on any workbench.
It delivers the voltages you need.

EVERY ELECTRONICS EXPERIMENTER SHOULD HAVE A
good, dependable power supply. The Tri-Voltage
Power Supply described in this article uses integrated-
circuit voltage regulators to deliver the three most
common voltages needed for experimenting with
linear and digital integrated circuits. In addition, the
regulators provide internal thermal-overload protec-
tion and internal short-circuit current limiting. Volt-
ages produced by the supply are 5-volts DC at 1.2
amps. and dual 12-volts DC at 0.5 amps each. By
suitable resistor changes, the individual 12-volt out-
puts can be adjusted to provide any voltage in the
range of 5 to 15 volts DC.

All three of the voltage sources have their terminals
floating from earth ground. Hence, either plus or
minus voltage supplies can be provided by choosing
the appropriate terminal for circuit-ground. Also, the
voltage sources may be series-connected in any ar-
rangement to provide additional voltage ranges. A
summary of the performance specifications for each
power supply section is given in Table 1. The best
news is that the complete Tri-Voltage Power Supply
can be built for less than $70.

The complete circuit of the Tri-Voltage Power Sup-

GEORGE R. STEBER

TABLE 1 - POWER SUPPLY SPECIFICATIONS
DC Output Output Load Ripple or
Source Current Voltage  Regulation  Noise

5v 1.2A 4.8t0 5.2V less than 1% less than
10 mV at 0.5A

12V 0.5A 12 V (adj) less than 1% less than
10 mV at 0.2A

ply is shown in Fig. 1. Notice that power transformer,
T1, has three separate, galvanically isolated secondary
windings. That allows the individual output-voltage
sources to float completely with respect to any refer-
ence point.

The 5-volt circuit is driven from a transformer
secondary winding which is rated at 16-volts AC C.T.
at 1.5 amperes. The circuit is a standard design for a
type 7805 regulator (IC1) with the exception of diode
DI1. That diode is provided as protection for the regula-
tor and allows it to start up in the presence of a nega-
tive voltage at its terminals.

The two identical 12-volt circuits use individual T
secondary windings of 15-volts AC at 0.5 amperes.
Adjustable resistors R5 and R7 allow trimming the out-
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FIG. 1—COMPLETE SCHEMATIC for the Tri-Voltage Power Sup-
ply. Note that the transformer, T1, has three separate, isolated
secondary windings.

put voltage of their respective outputs to exactly 12
volts. Trimming to other voltages may be accomplished
by changing the fixed resistors R1 (R2) and R3 (R4)
which act as a voltage divider. Voltages in the range of
S to 15-volts DC can be obtained by appropriate choice
of these resistors.

For safety purposes a 3-wire AC line cord should be
used with this (or any) power supply with the third
wire, green color (earth ground). connected to the
chassis and brought out to the front panel. Also, the
three regulators IC1-IC3, must be adequately heat-
sinked to allow for heat transfer away from the regula-
tors. Insulating washers and screws should be used to
tsolate the ICs electrically from the chassis.

Construction hints and tips

The Tri-Voltage Power Supply is most easily con-
structed by using a printed-circuit board. Fig. 2 shows
the single-sided PC board used for the project, and
Fig. 3 shows the parts placement on the PC board. A
complete set of parts for the Tri-Voltage Power Supply
is available as noted in the Parts List.

With the exception of the voltage regulator ICs, all
parts are installed on the top side of the PC board and
soldered on the bottom (foil) side. Pay particularly
close attention to the cathode markings on the diodes
and the "+ signs on the electrolytic capacitors for
proper orientation during installation.

Pay careful attention to the installation and mount-
ing of the voltage regulators. They are inserted into the

PARTS LIST

RESISTORS

Ya watt, 5%

R1, R2—270 ohms

R3, R4—220 ohms

R5, R7—100 ohms, trimmer potentiometer

R6—1000 ohms

CAPACITORS

C1, C3, C4—10 uF, 16 volts, electrolytic

C2—4700 uF, 16 volts, electrolytic

C5, C7-C9, C11—0.1 uF, ceramic disc

C6, C10—1000 uF, 25 volts, electrolytic

SEMICONDUCTORS

IC1—7805 5-volt regulator

IC2, IC3—78M12 12-volt regulator, 2 amp

LED1—red LED and holider

MISCELLANEOUS

F1—1-amp fuse and holder

S1—SPST switch

T1—transformer, 117-volt primary; three secondaries:
secondary 1—16 volts C.T. at 1.5 amps, secondaries 2
and 3—15-volts AC at 0.5 amp

PC board, 3-wire line cord, mica washers, jacks and lugs,
cabinet, chassis, etc.

NOTE: The following items are available from Microcraft

Corporation, PO Box 513, Thiensville, Wl 53092; (414)

241-8144: MPS-100 PCB—printed circuit board, $4.00

plus $1.00 shipping and handling; MPS-100 kit—com-

plete kit including PC board, cabinet, and chassis, $69.95

plus $4.00 shipping and handling; MPS-100 W/T—com-

plete wired and tested power supply, $89.95 plus $4.00

shipping and handling. Wisconsin residents please add

4% sales tax.




< 3-3/4 INCHES
FIG. 2—THE EASIEST WAY to build this project is to use a

printed circuit board. The author's board configuration is
shown here.

FIG. 3—PARTS PLACEMENT DIAGRAM. Note that the voltage
regulators (IC1-IC3) are installed on the foil side of the board
{see text).

PC board from the foil side and the legs are carefully
bent. so that the regulators extend away from the
bottom of the board in a parallel direction. (Note that
the PC board will be mounted horizontally. foil side
down, about % inch above the chassis with the regula-
tors mounted to the chassis.)

Next, wires of the appropriate length from the 5-volts
DC and dual 12-volts DC outputs are soldered to the
PC board for connection to the off-board jacks. Simi-
larly. wires to the “*power-on"" LED should be soldered

T

S1
|
OUTPUT |
JACKS IC1-1C3
B -(BOLTED
: 0 CHASSIS)
o

PC BOARD

THIS IS HOW the Tri-Voltage Power
Supply should look when you've
completed construction. Once
you're sure that everything is op-
erating correctly, button up the
case and you are done.

to the PC board.

Finally the transformer leads are soldered to the PC
board. It is then ready for mounting on the chassis
using the Y-inch standoffs and screws through the
holes in the four corners. Each of the regulators is
mounted on the chassis but must be isolated electri-
cally from the chassis by a good insulator, such as a
mica washer. Heat-sink compound should be used to
improve the thermal conductivity since the chassis
serves as the heat sink. Care should be taken to make
sure that the screws holding the regulators are also in-
sulated by means of a shoulder washer. The remainder
of the wiring consists of connecting the transformer
primary winding. fuse. switch. and line cord according
to the schematic diagram in Fig. 1.

After carefully double-checking all wiring for errors.
the Tri-Voltage Power Supply can be connected to an
AC source and powered up. The power-on LED
should immediately light. Measure the voltage at each
of the outputs: they should correspond to the values
shown in Table 1. The dual 12-volt outputs can be
trimmed using RS and R7. respectively.

The Tri-Voltage Power Supply may be used to
power a wide variety of projects. For example. a num-
ber of projects require simultaneous +5-volts DC, +12-
volts DC and — 12-volts DC supply voltages. The Tri-
Voitage Power Supply can easily provide those or
other combinations of voltages. After a little use you
will wonder how you ever got along without your Tri-
Voltage Power Supply SP
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PROGRAMMABLE THERMOSTAT

Two-level temperature regulator for your home
saves thousands of BTUs a day, and 50 to 175
installation dollars if you do it our way!

NOEL BOUTIN

ONE EASY WAY TO SAVE ENERGY AND ALSO REDUCE
heating bills is to lower the setting of the thermostat
when nobody is at home. or when everybody is sleeping
during the night. However. it is not very agreeable to
put bare feet on a cool floor or to come back into an artic
house. The solution to those problems is to use a
thermostat that can be programmed to your own needs.
Here is a typical example. An hour before you get out
of bed. your house temperature begins to rise to a
comfortable one. You take vour breakfast and leave the
house for the day. Your house temperature begins to
fall to vour selected low temperature. A half or an hour
before you come back home. the temperature begins to
rise again to your selected comfortable one. When you
g0 to bed. the same process occurs. You no more have
to ask vourself if you really have lowered the tempera-

ture or not: it was done automatically.
:_mEH— 0
| o/cra 1
Li~d

o7

T0 |
HEATING|_
SYSTEM
____ -
|
Mmer ~ _1| :
! A rulDNE
I Pl ' I
117 | Lol ! : |
VAC -4 |
| \ 1
! ! : !
- i
T __—_—_—_- J PN IANACC SR,

FIG. 1—HOW SIMPLE CAN IT BE? Old plus new thermostats,
AC relay and 24-hour timer are all that you need to save bucks.

Of course. such programmable thermostats exist
right now. However. they all have two points in com-
mon: They are expensive ($75 to $200) and they don’t
use vour old thermostat.

The programmable thermostat proposed here can
cost vou less than $25 and uses your old thermostat.
Furthermore. it is much more versatile than many com-
mercial thermostats selling for three to five times that
cost.

As illustrated in Fig. 1. the heart of this thermostat is
a low-cost programmable timer normally used to turn
apphiances on and off. The more versatile the timer. the
more versatile the end product will be. The Radio
Shack 63-8061 is an example of a good one to use. That
timer can switch a load on and off as often as 24 times a
day. It can also be programmed for just one cycle or for
a repetitive one. Here. the timer is used to turn on and
off a DPDT relay. This relay must therefore have a
117V AC coil. A Radio Shack 275-217 is a good choice .
but any surplus relay can do as well. The relay contacts
select one of the two thermostats and connect it to the
two-wire existing system. The required additional
thermostat may be any general-purpose one having a
SPST normally open contact. just like the one you are
presently using. The contacts of the additional
thermostat and those of the relay must have a current
rating equal or greater than those of your present
thermostat. A good choice for the additional thermostat
would be the one used with an electrical baseboard-
heating system. It is perhaps the lower cost one (about
$5).

The programmable thermostat proposed here can re-
place any 24-volt two-wire thermostat controlling a
central furnace system. By a proper choice of the relay
and thermostats it can also be used for other systems. In
summer. for example. it can be adapted for air-con-
ditioning systems. SP
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FIELD-STREI

IGTH METER

Here’s a simple one you can buiid yourself.

ALEXANDER DIEPPE

WITH THE OPENING OF THE NEW AMATEUR BANDS
there will be new antennas to build. new home-brew
rigs to debug. and more RF to track down. Back in the
“'good old days,’” like 1975. any of those hassles were
easily handled with a relatively low cost tunable FSM
(Field Strength Meter). a small super-sensitive device
covering the VHF amateur frequencies of approxi-
mately 3 to 30 MHz that would sniff out the weakest of
RF signals. and then indicate any change in its relative
intensity.

If you were tuning an antenna vou could place the
FSM several wavelengths away—beyond the *shock
field""—and then trim the antenna for maximum FSM
meter reading. If you were searching for spurious sig-
nals or unwanted harmonics. you simply placed the
FSM near the rig. tuned its dial. and when the meter
peaked you had tracked down the unwanted RF.

The nice part about the tunable FSM is that it
doesn’t use the transistor amplifier with its power-
supply battery that’s almost guaranteed to be pooped
out—from having been baked in the trunk of the car—

just when you need it the most. Yet without all the

funcy solid-state technology. the ““barefoot™ FSM is
super-sensitive, because it uses a tuned circuit for re-
ceiving the RF energy. and a sensitive meter move-
ment—usually in the range of 50 to 200 wA. with 100 A
being about optimum. If the FSM proves too sensitive
for a particular use and the meter pins vou don't have
any sensitivity control to fuss with: you simply detune
until the meter pointer is on-scale.

Unfortunately, in this day and age you can hardly
locate a tunable FSM, let alone purchase one. A few
are still found under layers of dust on the back shelves
of some job-lot dealers, but as a catalog item they are
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long forgotten—though they are still needed.
However. the VHF tunable FSM, is an easy project
to build: assembly shouldn’t take more than a couple
of hours. What's that? You ask where you'll buy the
tank coils? You can’t buy them: you'll have to wind
vour own. It's an age-old skill many of you never had
to learn—or thought you'd never have to use again—
but there’s nothing to worry about. There's certainly
nothing you can break other than a few inches of wire.

Construction techniques

The FSM shown in the photographs is assembled in
an aluminum cabinet approximately 3 x 2% X 514
inches. It uses two colls to provide continuous coverage
in two bands (LOW and HIGH) from about 3 to 30
MHz. The actual frequency range is slightly greater on
both ends to allow for variations in winding the coils.

The project can be built with mostly “*scrounged™”
components. It can get expensive if you purchase
everything—in particular. the meter—new. The meter

THE COMPLETED UNIT IS SHOWN HERE. Note that the dial cali-
bration is approximate; you’ll need to use a grid-dip oscillator
for more precise calibration.

movement should be 100 «A. or possibly 200 «A DC.
A 50-uA meter is too sensitive, and a 1-mA movement
will hardly ever budge off its pin. A “*surplus™ 1V2-inch
miniature meter is suggested because it's easy to in-
stall—you can cut the hole with a standard 1%2-inch
chassis punch, or use a 1'8-in¢h or 1¥4-inch punch and
file the hole slightly larger. The meter in the model
shown is a Calrad that I found in a local *"job rack™
electronics store for $4.95. Small-size meters are also
in the Calectro line, though they are not necessarily
in stock™ at every Calectro distributor.

The telescopic antenna was scrounged from an old
pocket radio. Alternately. it can be replaced by a
banana or pin jack and a 12-inch length of stiff wire
attached to a mating plug. Tuning capacitor C1 can be
salvaged from a junk-box transistor radio if it uses a

ANT
(SEE TEXT),

= 1N60

o~ o - 4o

L1 L2 AN\M

(SEE (SEE ;Lm W 1
TexT)  CTExm opF :

SCHEMATIC DIAGRAM FOR THE TUNABLE FIELD STRENGTH
meter. To keep the cost down, use surplus or junk-box parts
where possible.

PARTS LIST

CAPACITORS

C1—365 pF, miniature Polyvaricon with knob adaptor
(hollow spacer). see text
C2—.001 wF, ceramic disc

SEMICONDUCTORS
D1—1N60 germanium diode. or equivalent

SWITCHES
S1—SPST slide switch

MISCELLANEOQUS

L1—coil, see text

L2—coil, see text

M1—meter, 100-microamperes DC, see text
ANT—telescopic antenna with jack, see text
Cabinet, knob, wire, solder, hardware, etc.

NOTE: a 365-pF Polyvaricon capacitor with a knob-
adaptor (hollow spacer) is available for $4.95 postpaid
from Custom Components, Box 153, Mailverne, NY 11565.
NY residents must add 7% sales tax.

365-pF RF tuning section. You cannot use a salvaged
capacitor with an RF section of approximately 135-150
pF. (Many transistor radios use the “"low capacitance™
tuning capacitor.)

If you use the capacitor suggested in the parts list
you'll find that it comes with a hollow spacer that can
be epoxy-cecmented to the short stub-shaft of C1. so a
standard pointer knob can be attached. Apply the

HIGH-BAND COIL, L2, CONSISTS OF 21 CLOSE-WOUND TURNS
of No. 16 enameled wire. Use the shank end of a Y4-inch drill bit
as the coil form.



[ — & L
A 2-WATT CARBON RESISTOR IS USED AS THE FORM and
support for coil L1. After you've finished winding the coil, apply

a light coat of radio-TV service cement.

S

INSIDE VIEW OF THE COMPLETED UNIT. Nothing is critical
about the parts layout, so make any changes you wish.

spacer after C1is mounted on the cabinet. A good way
to insure that the spacer is properly centered on Cl's
stub is to cut a Y2-inch length from a round toothpick.
dip one end in the epoxy. and seat it in the hole in the
stub-shaft: then apply a light coating of epoxy to one
end of the spacer and seat the spacer over the tooth-
pick. Allow the assembly to “*set™ in an upright posi-
tion overnight. (You cannot apply the spacer to the
stub-shaft before installing the capacitor on the cabinet
because C1's mounting nut ts a smaller diameter than
the V4-inch spacer.)

Coil winding made easy

Tuning coils L1 and L2 are wound from solid
enameled wire. Do not use ‘*bare™ wire. Tensilize the
wire used for the coils before winding them to avoid
having the coils ““expand™” when you release the end of
the wire. Unwind a few inches more wire than you
think you’'ll need and clamp one end of the wire in a
vise. Then pull on the free end with just enough force
to stretch the wire very slightly. You will feel the
stretch and you'll see the wire go “*dead slack™. Now
when you wind the coils they will stay wound even
when you let go of the free end.

The low-band coil. L1. consists of 35 turns of No. 30
wire close-wound on a 2-watt carbon resistor (10.000
ohms or greater) with a diameter of /16 inch. **Close-
wound™™ means one turn is directly adjacent to. and
touching. the previous turn. (If it comes out 34 or 36
turns just let it stand. It's not all that critical.)

IF YOU PURCHASE C1 FROM THE SOURCE MENTIONED in the
Parts List, you'll need to use the supplied hollow spacer to
mount a tuning knob. To do so, first insert a Y.-inch length of
round toothpick, coated with epoxy, into C1’'s shaft.

4
TO FINISH MOUNTING THE HOLLOW SPACER, apply a small

amount of epoxy to its bottom and seat it over the toothpick.
You can mount the tuning knob 24 hours later.

If you've never wound a coil before using fine wire
you might have some “‘tangled finger™ difficulty. so
try it this way: First, scrape about Y%-inch of enamel
insulation from the wire with a knife and tin the wire.
Using a small triangular file, cut a very small notch
across one end ‘‘corner’’ of the resistor. Solder the
wire to the resistor lead opposite the notch. feed the
wire through the notch to the body of the resistor. and,
starting about Y-inch in. wind your 35 turns. The
notch will keep the wire from turning on the first few
winds. Scrape the insulation from the free end and
solder to the opposite resistor lead. Then coat the coil
lightly with Radio-TV service cement. or plastic or
wood "rairplane glue.™”

High-frequency coil L2 is self-supporting. It is made
using No. 16 solid enameled wire and consists of 21
close-wound turns using a Y-inch drill bit for the coil
form. Use the shank part of the bit for the form: not
the flutes.

Diode DI can be any small-signal germanium diode
of the IN60 type. Do not use a silicon diode. because
its higher breakover voltage will reduce the FSM’s
sensitivity.

The dial calibrations shown in the photographs are
approximate. If you want a precise calibration, borrow
a “'grid dip oscillator™™ from someone and calibrate the
FSM to the GDO. If you place the tip of the antenna
right up against the GDO cotl, you should get an FSM
meter reading that varies from a discernable “*blip™ to
half-scale depending on the model GDO you use. SP
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THE AMAZING

BINARY GLOCK

AS THE NUMBER OF COMPUTER AND ELECTRONICS PRO-
fessionals and hobbyists increases, more and more
people are becoming familiar with number systems
other than base 10. Most people who have any com-
puter background have discovered the facility that one
can acquire in dealing and thinking in base 2 or hexa-
decimal. Here's a device which brings base 2 out of
the laboratory and into the livingroom to replace the
most timeless appliance in the house—namely the
clock.

More than simply providing a novel way of keeping
time. this attractive conversation piece was designed
to play music in the tradition of the old style grand-
father clocks. While you're admiring the pleasant pat-
terns of the slowly counting lights and appreciating the
workmanship of the newest addition to your mantel-
piece, you can also delight in the pleasant minuet type
tunes or Westminster chimes that play every thirty
minutes. What your friends will see as an attractive,
soothing display to you will be a valuable timepiece.

Telling time

Telling time with the Binary Clock may be a bit chal-
lenging at first, but within a short time. it will be as
simple as reading a conventional base 10 digital clock.

The clock face is an array of lights: five columns by
four rows. Each column represents a different measure
of time. As shown in Fig. 1, Column 1 (seconds) will
count in binary (BCD) from 0 to 9 representing a count
of zero to nine seconds. Column two will count from 0
to 5 representing a total of zero to fifty seconds. That
column counts up as a result of the first column clearing
to zero following a count of 9. These two columns
together represent a total count of fifty-nine seconds.
The minute columns operate similarly. One column in-
crements for a total count of nine minutes, while the
other will increment to 5. The maximum combined
count of those two columns (5, 9) represents 59
minutes. When a minute passes following a count of 59

HAROLD J. GALVIN

FIG. 1—EACH LAMP ELEMENT OF A VERTICAL COLUMN rep-
resents a power of 2. By adding the powers of 2 of those illumi-
nated lights in each column you can determine the decimal
digit. For example, the correct time indicated is 12 hours, 59
minutes and 59 seconds. The “‘seconds’” column illuminated
lamps sumsto 20+ 23=1+8=9.

® ® ®
® @ ®
® ® ® ®
000 o0 O
11:51:38 10:51:25
® ® ®
00 ® o o
® ® 00
o0 00 ®
9:56:59 12:24:21

FIG. 2—PLACE YOUR FINGER OVER THE CORRECT TIME indi-
cated below each clock light pattern and determine the time. it
gets easier as you advance to the fourth one.



What may look
like a random
blinking light dis-
play to your
friends is
actually a base-2
12-hour clock
you can build at
home.

minutes. the two columns are cleared and the hour
column is incremented by one. That column operates
somewhat differently than the second and minute
column in that it counts in straight binary up to a count
of 12 (CHEX)-
~ Following a count of 12, on the next hour the
column will reset to 1 for one o’clock.

The display dots making up the rows and columns
are not visible through the red front plate unless the

— FROSTEDO MYLAR

“—— RED PLEXIGLASS FACE PLATE

l
SHADOW KF

WODDDEN HOUSING

| FOR
PLATE TRANSFORMER

T1

lights are turned on. The spacing of the columns is
such that even when whole columns are not lit, it is
easy to tell the weight of the lighted dots by their rela-
tionship to the edges of the face. Examples of time
patterns are shown in Fig. 2 along with their corres-
ponding times.

Major assemblies
The Binary Clock is made up of three major as-

TRANSFORMER T1

SPEAKER

FAST AND SLOW
SET SWITCHES

STRAW RELIEF

PEGBOARD
BACKPLATE

PRINTED CIRCUIT
ASSEMBLY
WITH LAMPS

L SHADOW PLATE

FIG. 3—THE MAJOR ASSEMBLIES FIT INSIDE the wooden hous-
ing except for the pegboard backplate which is secured to the
rear of the cabinet. Power transformer T1 is secured to the bot-
tom of the cabinet in the available space between the printed
circuit assembly and the pegboard backplate.
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semblies: the wooden housing case. the shadow plate . T —

and the electronics as shown in Fig. 3. Fig. 4 and Fig.
S. The red plexiglas face plate, frosted Mylar and
shadow plate are mounted thru the rear of the case and
secured with two screws from the bottom of the case
into the shadow plate. The printed-circuit assembly
mounts tlush cn to the back of the shadow plate with
four screws. The cabinet is closed with the pegboard
backplate. which holds the speaker and set switches.

WHAT YOU DON'T SEE HERE IS THE CIRCUIT SIDE of the PC
board with the lamps installed and the shadow plate on top of it.
The shadow plate prevents tne light from each lamp from straying
about to other areas of the frosted mylar that will cover the
printed circuit board assembily.

LT =
THE PRINTED CIRCLIT BOARD IS SECURED to the shadow

plate with four screws. Before you do so, check the soldering
carefully. Be sure the parts are installed in their correct location.

Assembly of the unit is straightforward. You can
either make the double-sided PC board from the de-
tails in Fig. 6 and 7. or buy an etched PC board. See
Parts List tor details. Fig. 8 details the parts placement
on the PC board. The lamps are not mounted on the
component side of the board. Where leads etched on
the board are to transfer from one side of the board to

PARTS LIST

RESISTORS

All Va-watt 5% unless noted

R1—2000 ohms

R2, R13—30,000 ohms

R3—68 ohms

R4—1000 ohms

R5—560,000 ohms

R6, R12—120,000 ohms

R7, R8—12,000 ohms

R9—50,000-ohm potentiometer

R11—200,000 ohms, potentiometer

R14, R15, R17, R18—20,000 ohms

R16—56,000 ohms

R10—omitted to coincide with Haltek literature.
See below.

CAPACITORS

C1, C10, C12—.047 uF, 50V, disc ceramic

C2, C3—2.2 uF, 20V, electrolytic

C4, C7—0.1 wF, 50V, disc ceramic

C5—500 uF. 20V, electrolytic

C6—500 wF, 10V, electrolytic

C8—51 pF, 50V, 10%

C9—not used

C11—22 uF, 10V, electrolytic

SEMICONDUCTORS

D1-D8—1N4002

IC1—7910E or O (Music Chip)

IC2—14566 (Counter)

IC3—4073 (3-Input AND Gates)

IC4—4011 (NAND Gates)

IC5—4520 (Counter)

IC6, IC7—14566 (Counter)

IC8, IC9, IC10—ULN2004 (Driver)

Q1—2N2907

Q2—2N2222

MISCELLANEQUS

LAMPS—6.3V 40mA (Chicago minute bipin No. 7380 or
equal), 18 required

F1—1 Amp fuse with holder (to be added to author’s
original circuit)

S1, S2—SPST normally-open pushbutton switches

T1—Primary 117 VAC; Secondary 6.3 V 2A

The following are available from Haltek Electronic Spe-
cialties Co., 125 N. First Street, Minneapolis, MN 55401:
No. 6000 a - Melody kit - complete kit of all parts neces-
sary for clock including bulbs, PC board, electronic
parts, woodgrain case, transformer and line
cord. $86.00
Plus postage and handling $7.00
No. 6000 b - Same as a but with chimes option. $86.00
Include postage and handling - $7.00
No. 6001 - Printed circuit board with assy. instruc-
tions — $23.50 Postage Paid
No. 6002 - Box kit including wood finished clock case,
shadow plate, Plexiglas, Mylar and back plate - $29.00
Include postage and handling - $3.50
Assembled units available, write for prices. Minnesota
residents include 5% state sales tax.
The music chip IC1 is available from Epson America,
Inc., 23844 Hawthorne Blvd., Torrance, CA 90505. Specify
either 7910-E (two minuets) or 7910-0 (Westminster).
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FIG. 7—X-RAY VIEW OF THE TWO ETCHED SURFACES of the
PC board as they actually overlay each other. Circuit tracing is a
bit easier using this illustration.
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FIG. 8—COMPONENT PLACEMENT LOCATION GUIDE diagram
for the component side of the printed circuit board. Use this
diagram to correctly place parts, and use Fig. 7 in conjunction
with this drawing to trace the circuit.
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the other. insert a wire and solder both sides of the
board. then cut the wire ends short. Likewise for cir-
cuit parts that have etched leads on both sides of the
board for the same mounting hole. Use insulated
stranded wire to interconnect the PC board to the
switches and speaker on the pegboard backplate. The
line cord should have a strain release plug securing it
to the pegboard backplate. The original model of the
Binary Clock did not have a fuse in the 117-volt cir-
cuit. Be sure your model has one. You could either
hard wire a fuse holder into the backplate. or mount a
pigtail wired fuse to a pair of standoff terminals inside
the unit. Assembly is obvious by carefully inspecting
Fig. 3 and the detailed photos. Neatness counts be-
cause the Binary Clock should be a showpiece in your
home. Also. just a bit of sloppy soldering on the com-
pact PC board will bring many hours of unnecessary
troubleshooting. so solder carefully.

How it works

The basic function of the clock is to count the 60-Hz
(60 pulse per second) crests from the power supply and
drive the display lights. Referring to the schematic
diagram. Fig. 4. the 60-Hz timing pulse is taken off the
secondary winding of power-supply transformer T1,
and divided down to CMOS logic level by resistance
divider R1-R2 before being fed into the divide-by-60
counter. IC1-a and IC1-b. The divide-by-60 function is
done by cascading the divide-by-6 and divide-by-10
functions of the chip. The resulting signal from ICI.
pin 14 is a 1-Hz square wave (one second pulses)
which is used by the two counters of [C7 to generate
seconds and 10's of seconds. It is interesting to note
that the pulse used to illuminate the 8-second lamp
comes on when the time is 8 seconds and goes off
when the time is 10 or **0”" seconds at 10-second inter-
val. The trailing edge of this pulse is exactly 10
seconds. and is used to trigger the next counter.

The output of IC7-b, pin 14 is a one minute cycle
signal used by the two counters of IC6 to generate
minutes and 10’s of minutes. ICS is a dual binary
counter. One of those counters is used to count the
per-one-hour cycle pulse from IC6-b. pin 14 and
thereby represent the hour count. Since the count for
hours must go from 12 to 1 (there is no zero). it is
necessary to clear the hour counter (reset) when it
reaches a count of 13 and immediately pulse the count
input thereafter. causing a count of 1. That is done
through the use of IC3-a to detect a count of 13, clear
counter of IC5-a via pin 7, and also start the one shot
which is contained in IC2, the 14566. The output of
this one shot will pulse high to low causing a count
input of very short duration on IC5-a pin 2. The hours
counter IC5-a will now be at **1'" hour. Diodes D6 and
D7 from IC2, pin 10 and IC6-b, pin 14 allow for a
pseudo wire-or function of the two-count sources.

If a driver chip were not needed to illuminate the
incandescent lamps on the face of the clock, then
drivers IC8-10 would be nothing more than straight
wire connections from matching pins. For example,
pins | and 16 would be connected to illuminate lamp
I1. But we know this cannot be, so the driver chips
provide the necessary buffer action and current
amplification to make the circuit work. IC5-b and the
remaining logic circuitry shown in the schematic

diagram. Fig. 4. are used to support the timing pulses
for the music generator circuit. see Fig. 5.

Musical circuit

There are two music options available with clock
circuit, IC1. Westminster chimes, or two minuet-type
tunes. With a few exceptions. both options operate
similarly. The music is generated by music-generator
IC1 and must be directly controlled by the clock logic.
The logic supporting IC1 must turn the music on and
off at the appropriate time. Refer to schematic
diagrams in Fig. 4 and Fig. 5.

The music begins when counter IC5-b is incremented
to a count of 1. That must be done when the minutes
increment to a count of 30 and when the hour counter
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DURATION
PULSE
@) +2V FROM
FROM R17-R18 POWER
30-MINUTE SUPPLY
MELODY
) SELECTOR A
<R8 < R7
1:12K ::12|<
C3 c2
4.7uF 4.7uF
(o L—o
9|16 10 1
IC1 147 o Q1
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C7 2 3 (138 [12 (—9
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I <’:] C8 me
= :'HH 51pF
200K | T
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FIG. 5—SCHEMATIC DIAGRAM OF THE MUSIC GENERATOR
circuit and audio power amplification.

is incremented by one. In that circuit, IC5-b is used as
a flip flop and is set under two conditions: On the half
hour. IC4-a, pin 3 will go high and strobe 1C5-b, pin 10.
thereby setting the counter to one and starting the
music. Starting the music on the hour is done through
the action of the one-shot contained in IC6. That one-
shot is triggered by the falling edge of ICé6-b. pin 14
(the same edge which increments the hour count) into
[C6-b, pin 7 causing a short pulse from 1C6-b, pin 10 to
IC5-b, pin 9. When that occurs, the counter is set to
one, and the music will begin, by the generation of the
music duration pulse from ICS5-6, pin 11 and sent to
IC1 (see Fig. ).

Now we come to the matter of turning the music off.
Here there is a difference in approach between the
melodies and the chimes selection. If the melodies
chip is selected, counter IC5-b must be cleared (ending



HERE’S THE REAR VIEW OF THE BINARY CLOCK before it's
tuttoned up and ready for placement on your mantle at home or
cffice shelf for everyone to see.

the music duration pulse) to turn off the music at the
precise instant that either melody ends or it will start
to play again and end abruptly when counter [C5-b is
cleared. If the counter is cleared before the natural end
of the melody. the tune will stop without finishing. If it
ts cleared late. the tune will have started to repeat and
will stop as soon as the clearing occurs—not finishing
the second run. The chimes chip on the other hand will
play chimes until the counter is cleared. but will not
stop until the natural completion of a chime. That chip
simply needs to be strobed on and off and it will play
the chime completely through. For that reason, the
chimes are much easier to implement. This discussion
will hence focus on the melodies selection. since both
options are similar in implementation with the chimes
being the simpler one.

The melody which plays on the hour must be turned
off at a count of 52 seconds from its start. That time is
easy to achieve. Since the music will always start at a
count of zero seconds, we need only detect a count of
52 seconds and strobe the clear input of counter IC5-b,
pin 15,

By inserting jumper J3. IC3-a will dete¢t the 52-
second count and cause a clear strobe to the counter.
The 52-second count pulse is generated by tapping the
2-second pulse from IC7-a, pin 4, 10-second pulse from
[C7-b, pin 12, and 40-second pulse from IC7-b, pin 14
and summing them in IC3-c AND gate. Similar logic is
used to generate the 32 second pulse.

The tune which plays on the half hour must be
turned off in 20 seconds. By making Jumper J1, a 20-
second count will cause a strobe on IC5-b. pin 15.
Jumpers J2 and J4 should be made with the chimes
option to cause the chimes to play for 10 and 32 seconds
on the half hour and hour respectively. Now that the
music-support logic has been discussed. we can move
on to the music chip (Fig. 5). IC5-b provides music dura-

tion pulse of the correct time length for 30 minute and
hour melodies. IC3 provides a 30-minute pulse via
R17-R18 divider to select the 30-minute melody. In its
absence, the one-hour melody will play when the
music duration pulse begins.

IC1 is a self-contained ROM memory sequencer and
preamplifier device capable of storing and playing two
tunes. See Fig. 5. The sound of those tunes is very
much like that of a harpsichord or chimes. depending
on the selection of output-filter components (C3, RS,
C2. R7). The chip relies on external amplifiers (Q1 and
Q2) for the speaker power. The volume can be con-
trolled by 50.000-ohm pot R9 and the duration of play
is controlled by pot R11, Potentiometer R11 is neces-
sary with the melodies option and must be adjusted so
that the music finishes in 52 and 20 seconds. With the
chimes option, that is not needed and R11 may be re-
placed by a 120.000-ohm resistor.

Setting the clock

The clock is set to the proper time by using the two
momentary pushbutton switches located on the back
plate of the case. One button is for fast setting which
should be used to increment through the hours quickly
while the other is for setting minutes. Seconds are con-
tinually free counting and are not affected by the
buttons. Since the clock plays music on the hour and
half hour, the music will start to play at various times
in the setting process. That sporatic music will vary
from a quick chime to a partially played tune; how-
ever, once the time is set and the partial tune stops, the
clock will function normally. SP
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BUDGET
SWITGHES AND
EYBOARDS
YOU CAN BUILD
IN ONE EVENING

JAMES E. TEMPLE

GUESS WHAT YOU CAN MAKE FROM AN OLD SPRING
from a ball point pen. a pop rivet, a brass eyelet? Well.
if you mount those parts to a printed circuit. and into a
Y32-inch hole, you can make any type of pushbutton
switch vou might need for your projects. With digital
circuits now in everyday use. and just about all of
them having a entry signal from a switch (mostly
momentary make and break types). you may find
many types of switch combinations hard to come by.

Most digital circuits require miniature switches that
are pushbutton-operated. There just is not enough
room (or so it seems) on most of your projects to
mount all these switches. Besides. those miniature
switches arc not cheap. If you should need a large
number of them to form a specialized keyboard. it
could cost you a fortune. Here. then. is an inexpensive.
sure-fire way to get the pushbutton switches you will
need.

Each switch. using a salvaged spring. should cost
only pennies to make. What is more interesting is the
combinations. and pattern-arrays that those pushbut-
ton switches can be made into. One part of a circuit
will call for a single-pole switch to close the circuit,




another a single pole switc1 to «pen the circuit. and
still another a break-then-Take type of switch. By
taking a little time to desigm a simple circuit beard to
make those circuits. you car zom.bine all three types of
switches into your circuit zont-ols. You can even
make complex miniature keyboa-ds with hundreds of
switches. and use all of the single-pole type of switches
that your keyboard will acccmm»date.

Every one of those switc12s czn be made from only
three parts mounted on a printec <ircuit board. A steel
pot rivet. a section of spring (4 turns) and a brass Yath
inch eyelet are all you need. All of these parts are
easily found. and even a spring from vour local hard-
ware store could be purchased for use.

Patent facts

The US government felt ¢that it was a unique way to
make those circuit switches. and awarded the Patent
Number 4001534 to the author.

The author is pleased to be able to share his ideas.
possibly save some hobbyist a couple of dollars and
solve some switch control problems. The information
presented in this article and those stated in Patent No.
4001534 are for personal use onlv: no license or agree-

PHOTOS SEEN HERE
illustrate the simplicity
for designing and assembling
¥ a budget keyboard for use with
your next project. Pushbutton parts
fit in >/32-inch holes located in what-
ever array your project needs call for.

ment by the author and inventor is expressed or
implied for the manufacture or commercial use of
those switches. Manufacture for commercial pur-
poses. in individual or specialized keyboard design
using that procedure will be an infringement of the
patent. To the hobbyists who need the switches in
their personal projects: Please use the information
presented in this article by the author.

Design and construct the switch

An area only Vi-inch square will accommodate a
single switch. You need the three essential parts. First.
a steel rivet from any pop rivet. Do Not Use Aluminum
Rivets, they just do not hold up. Second. cut about
four helices (turns) off the spring from a ball-point pen.
The inside diameter of those springs fits perfectly over
the steel body of the rivet. Those four helices will hold
a Y-inch rivet nicely to the board. For longer length
rivets, cut the spring to size.

The third and last part you need is a brass eyelet. It
can be purchased from any Tandy leather-shop outlet.
Singer Sewing Center. or Woolco. Those are miniature
l/ie-inch diameter (outside) by Y-inch long brass eye-
lets. The eyelet should fit snugly into the bottom of the
pop rivet. after spreading the rivet slightly. You will
have to force the eyelet into the rivet with a light tack
hammer.

To make your switches. get the three parts. drill a
*/22-inch hole into some PCB material and mount a few
of the parts into the holes. Practice that a few times
just to get the hang ot putting the metal assembly
together. (See Fig. 1d.) After forcing the metal as-
sembly together (rivet and eyelet). the switch should
be held firmly in place by the captured spring itself to
the board. Aiso. the metal assembly movement should
not be restricted. Pushing it up and down a few times
will help seat the assembly in the hole. It should move
easily. If. for some reason. the metal assembly seems
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FIG. 1—ASSEMBLY DETAILS shown here give cross-sectional view of pushbutton as-
semblies and copper surface locations. Spacers may be rubber or plastic material.

to make too tight a fit, you might try reaming the hole
with an Exacto Kknife or a jeweler’s file before as-
sembly.

The finished switches last a long time. with small
tailure rates. If a switch should fail, 1t's easy to plug
new parts into the old space.

The kind of PCB material you need varies with what
the switch should do. If you require a normally-closed
(NC) switch. use double-sided copper-clad stock ma-
terial. and design the circuit path from the top side.
flowing through the switch metal assembly to the foil
pattern on the bottom side of the board. (See Fig. la.)
Be sure to allow for the leads that will connect the
switch to the circuit that the switch will control.

Should you need a normally-open (NO) switch.
tollow the example in Fig. 1b. The circuit is made from
the copper foil on the top board, through the switch
metal assembly to the copper toil on the bottom board
when the switch is depressed.

Follow the construction principles outlined in Fig. 1
to make additional switch types. For example. to de-
sign a break-then-make (SPDT) switch combine the
principles of the NC and NoO switches in Figs. 1-a and
I-b. Then. look at Fig. 1-c and see how easy it is.
Remember that those switches are non-shorting types.
That is. they must open a circutt before they close one
in the case of double-throw hookups.

The top of the switches™ metal assemblies are “"hot.™
No. vou can’t get shocked considering the 5-12-volts
DC circuits they are normally used in. However. in-
sulation is a good idea. Plastic buttons or transistor
lead spacers can be used. Switches can be color-coded
for rapid identification. Epoxy glue buttons in place.

If possible. try to have all circuit points connect to
the top foil of the top board at ground potential. Thus,
the copper foil and switches™ metal assemblies act as a
shield to disturbing electrical and static noises intro-

duced by the operator’s finger. If that is impossible to
do. then try to keep all the unused copper on the board’s
top surtace electrically connected to ground.

How to make specialized keyboards.

By designing the function of a keyboard. even a type
writer-type Keyboard, or other special keyboards. these
switches require minimal space. If you need a key-
board of 20 keys. a 2 x 2-inch size board will hold
them nicely. If you consider that each switch needs
only ¥4 x Y-inch area. then that board will hold up to
64 keys (8-by-8 array). It is best to allow room for your
tingers. though. Use a Y2-in. by ¥-in. spacing tor your
keyboard’s design. Even 38 by %&ths inches is OK. [t
allows your tingers to get to the keys without pushing
the wrong ones. When you make your keybourds, con-
sider using two copper-clad boards. The topmost
bourd will hold the switches, and a cardboard or scrap
PC board spacer with the second copper-clad board
matching up to the top board makes the whole key-
board. Of course. vou will have to etch circuits into
the copper-clad surfaces to isolate the switching cir-
cuits. You can make all electrical connections to the
etched boards at the edges. The two ctched boards and
the spacer (at least '/32nd of an inch) can be made as
one piece by using ¥32nds screws and nuts to hold the
two boards together. By using cpoxy glue you can
even mount the keyboard to any surface that is con-
venient. Be sure to allow for the cable connection.

[f you use vour imagination. there is no type of key-
board that cannot be made with those switches. Just
take the time to design the etched boards to suit your
projects. Why spend 20 or 30 dollars when you can
make it to your necds tor only pennies per switch con-
tact? Try it: you can only save money. and come up
with an excellent control console and custom Key-
board for yourself. SP




WITH YOUR DM

Black box tach/dwell adapter helps you tune-up
8/6/4 cylinder auto engines quickly
with the help of your digital voltmeter.

RAY CHANDOS

A GOOD TACH/DWELL METER IS AN ESSENTIAL TOOL
for automotive tune-ups. The tachometer function is
used to set or monitor engine speed during ignition
timing and carburetor adjustments. The dwell meter
aids n setting the breaker-point spacing in cars that
still have them.

The simple device described here turns your DMM
into an accurate tach/dwell meter with direct digital
readout in RPM or degrees of dwell. Though costing
less to build than a self-contained analog-readout type.
this unit provides greater accuracy and readability.
Four-six-or eight-cylinder engines can be tested. with
power for the device supplied by the car’s battery.

Circuit operation

A simplified diagram of the tach/dwell adapter is
shown in Fig. 1. The input signal, taken from the nega-
tive (—) side of the car’s ignition coil. is high while the
breaker points are open and low while they are closed
(the dwell time). That signal is fed to an inverter.
whose output goes high when the points are closed.
producing a rectangular waveform whose average
value is proportional to dwell. An RC filter then con-
verts the signal to a smooth DC voltage that can be
read on the DVM.

For the tach function. the input is also sent to a
monostable multivibrator. The monostable’s output is
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FIG. 1—SIMPLIFIED BLOCK DIAGRAM of the tach/dwell adapter
points out circuit's simplicity.
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NO FANCY PC BOARD needed here. With parts mounted on
perf board and front panel, point-to-point wiring does the job.

a constant-width pulse. resulting in a waveform whose
average DC value is proportional to the number of
pulses per minute. or engine RPM. After RC filtering.
that signal can be read by the DVM.

In the complete circuit. shown in Fig. 2. resistor R1.
together with diodes D1 and D2 protect the IC from
high-voltage input transients. The monostable multi-
vibrator is made from IC1-b and c. It delivers an out-
put pulse that has a width of about 3.33 ms. set by the
R4-C2 time constant. Transistor Q1 quickly discharges
C2 at the end of the timing period so that the mono-
stable can be immediately retriggered by the next input
pulse without error. IC1-d buffers the monostable’s
output pulse. while IC1-a is the inverter for the dwell
function.

PARTS LIST

RESISTORS

Ya W, 5% tolerance unless noted

R1, R9—1000 ohms

R2—33,000 ohms

R3—10,000 ohms

R4—100,000 ohms, trimmer pcotentiometer, cermet type
R5, R6, R7—10,000 ohms, 1% tolerance or matched
R8—220 ohms

R10—1,000 ohms, trimmer potentiometer, cermet type

CAPACITORS

C1—0.001 uF ceramic disc
C2—0.1 uF Mylar Type

C3—10 uF, 16 volts, electrolytic
C4—500 uF. 16 volts, electrolytic

SEMICONDUCTORS

IC1—4001B quad 2-input NOR gate
IC2—LM317T adjustable voltage regulator
Q1—2N2222 NPN transistor

D1, D2, D3—1N4148 silicon diodes

J1, J2—banana jack/binding post; 1 red, 1 black
S1—SPDT toggle switch

S2—SPDT center-off toggle switch

MISCELLANEOUS: Suitable metal enclosure; Rubber
feet or suction cups; Wire; Alligator clips; IC socket; Cir-
cuit board; Solder; Hardware, etc.

Switch S1 selects either the tach or dwell waveform
and passes it to filter network R5-C3 for smoothing.
Resistors RS. R6. and R7 then act as a voltage divder
to scale the selected output signal for direct reading in
either RPM or degrees. Switch S2 sets the correct
scaling for four-six- or eight-cylinder engines.

Power for the circuit comes from the car’s battery.
with diode D3 protecting against accidental polarity
reversal. Capacitor C4 filters the voltage. and 1C2
regulates it to a constant value of about +9V.

Construction is straightforward

Circuit layout is not critical and normal assembly
techniques can be used. Y4-watt, 5% resistors may be
used throughout. but RS, R6. and R7 must be either
19 types. or 5% types selected for closely matched
values. Also. for accurate monostable timing, C2
should be a Mylar type and IC1 a B-series 4001.

Switches are mounted on the front cover of a suitable
enclosure. with the three color-coded leads passed
through a hole in the back or side. Large alligator clips
are used for the battery connection. and a small alliga-
tor clip for the coil connection. Rubber feet or suction
cups can be mounted on the back to prevent scratching
the car’s finish.

Calibration is fast and easy

Potentiometer RI10 is used to calibrate the dwell
function. Set S1 to DWELL. S2 to 4 CYL. and connect
the red and black leads to the car’s battery. It is not
necessary to start the car. Connect the yellow wire to
the negative (—) battery post. the DVM to the output
terminals. and adjust R10 for a reading of exactly +9V
(90 degrees of dwell). If resistors R5. R6. and R7 are
properly matched, you should now read 4.5V (450) on
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FIG. 2—SCHEMATIC DIAGRAM OF THE TACH/DWELL ADAPTER
is easy to follow. Adjustable voitage regulator IC2 is adjusted
for 9-volt output at DVM with R1 (yellow wire) connected to bat-
tery’s negative terminal.

1N4248 Z

r»ﬁﬂ Hz

100K

AAA
A\ AAA

EBSVAC

FIG. 3—MAKE YOUR OWN 60 HZ GENERATOR using a surplus
4001B chip and surplus filament transformer.

the 8 CYL position, and 6V (600) on the 6 CYL position
of S2.

Now connect the yellow lead to a source of 60-Hz,
12V pulses. A bench signal generator (monitored by an
oscilloscope set to line sync), or the circuit of Fig. 3
may be used. Be sure to ground the generator to the
unit’s ground. With S1 on TACH and S2 on 4CYL, adjust
R4 for a DVM reading 1.8V (1800) RPM.

e

R7*
10K

*SEETEXT

Now put it to work

The tach/dwell adaptor can be used with both elec-
tronic or mechanical-type ignition systems, although
dwell is actually a meaningless quantity for breaker-
less ignitions. Simply connect the red and black wires
to the battery, and the yellow wire to the negative (—)
terminal or the ignition coil. Set the switches for the
desired function and number of cylinders. connect the
DVM to the output terminals, and start the engine.
You will have to multiply the voltage reading by 1000
for RPM. and by 10 for degrees of dwell. Thus. a DVM
reading of 3.25V indicates an engine speed of 3250
RPM. or a dwell angle of 32.50.

A word of caution and some advice is needed here.
Be extremely careful when connecting leads to engine.
Should they get caught in the tan or pully system. the
engine will suck up your equipment. and maybe you.
Attach a terminal lug to the spark coil breaker terminal
to facilitate easy and trequent connection.

Of course, the DVM should be set on the most sensi-
tive usable range, for greatest precision. An analog
meter with a high input resistance could also be used if
a DVM is not available. Range of measurement ex-
ceeds 8000 RPM on the four-cylinder range. well
beyond the red line of most engines. SP
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ELEGTRONIC TIMER

A few simple circuit chips and their use
provide a basic primer in timers.

Donald Wilcher

HERE IS A SIMPLE PROJECT MOST EXPERIMENTERS CAN

knock together with parts salvaged from old projects 12 3 N
-~ o . G0l R
or found in their spare parts box. The Economy Timer FR?CN]' £ 1c3 2 > o
consists of three basic circuits: a simple RC timer-cir- 74192 [75 w08
cuit which uses a single transistor. Q1. to control re- >
lay. RY 1. and a 555 (IC1) counter-circuit whose output UNITS
drives an LED-display circuit.
The timer begins to count after key switch S1 is de- 52 : )
pressed. held for a moment, and released. One section =12 1 e 2 -
: ‘ ; 74192 6 DS2
of the S1 connects pin 14 of 1C2 to ground. resetting ; >
the count circuit to zero. The other section of the Sl ——
charges capacitors C2 and C3 to the voltage level of TENS
B1. When S1is depressed. Q1 conducts and relay RY |
is energized: that in turn energizes the counter-circuit. B >
which provides pulses to the display circuit. When S| &, 7;:3952 ; 053
is released. the relay remains energized until the RC ) B >
circuit has run its course. discharging through resistors —
HUNDREDS
COMMON e
ANODE RS | L]
" w5 \ 292 | T = FiG. 2—THE ELECTRONIC TIMER'S CAPACITY can be increased
{BATT 1 by cascading additional 74192 IC’s.
5 37 14 1 F LGy
B —G - o
2 1 LEN T __ N
1C2 R = . . . '
w92 62| 7aa7 |4, LED RS and Ré. shutting down transistor Q1. de-energizing
7_8’ LU DSELA relay RY 1. and bringing the counter-circuit to a dead
9, E Stop.
The display circuit will now readout the time, which

8
F—
J__ 14 8 UNITS 1 ~ - :
Lo \ can be used to calibrate the dial plate under the pointer
- knob of R6. Note that the count begins when S1 is

released. removing the zero reset ground trom pin 14
of IC2. The circuit as shown is very basic. The timer-
circuit calibration depends on the regulation of BATTI.
To increase accuracy, use a standard line-operated 9-
volt/regulated power supply to drive QI and ICI.
Then, tap off a S-volt supply using a resistance net-
work across the 9-volt supply. or. better still. hookup «
voltage regulated S-volt supply

Resistors in this network should not be warm to the
touch. If they do get warm. use th= next higher wattage =
values. If you have a spare +5-volt regulator IC. this
. may be the easiest way to do the job. If you elect to
TIMER CIRCUIT count to tens or more. add cascading digits as illustrated
in the partial diagram (Fig. 2). The Electronic Timer
circuit has countless potentials fcr use as a darkroom
FIG. 1—SCHEMATIC DIAGRAM OF THE ELECTRONIC TIMER., timer. stopwatch. elasped-time i11dicator, and more.
Pressing S1 resets the counter to zero and starts the timer. Have tun' SP
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NI-GAD ZAPPIR

When a NiCad cell goes dead you can shock it
back to life with this budget project!
Restoring NiCads back to service saves bucks!

HERB FRIEDMAN

MANY. PERHAPS EVEN MOST. NICAD (NICKEL-CADMIUM)
batteries can be brought back from the dead to provide
many more weeks or months of power for your flash-
lights. radios. photoflash. (strobe} lights. drills. solder-
ing irons, or whatever else you're using NiCad bat-
teries to power.

With the price of a set of ordinary flashlight batteries
exceeding that of a pound of ground beef, NiCads are
starting to look like a very attractive substitute for
standard carbon-zinc cells. Although they cost about
four times as much as an ordinary flashlight battery.
the NiCad can be charged hundreds—almost a thou-
sand—times. At least that’s the claim made for them.
Unfortunately, as many users have discovered,
NiCads often refuse to accept a new charge after a
mere 10. 20. or 30 recharges. Depending on the par-
ticular NiCad. you might get almost a hundred re-
charges—but several hundred? It doesn’t seem to
happen very frequently.

As a general rule of thumb, the NiCads built into
portable electric drills, soldering irons, and strobe
lights are of a high quality—at least in the sense that

they actually can be recharged hundreds of times—but
frequently they also fail to “*pay for themselves™ with
long life.

The most common reason for the “‘death™ of a
NiCad used in consumer equipment is an internal short
circuit. Then the cell or battery will produce no reading
at all when a DC voltmeter 1s connected across its
terminals. In fact. the meter’s pointer won't even
budge off the zero reading.

But the internal short can often be cleared by zapping
the battery with a short burst of current large enough
to burn open the internal short. That is done by
charging a moderate-size capacitor from a high-voltage
power source and then discharging the capacitor into
the NiCad. Even the most stubborn short circuit can
usually be opened with three to five zaps. Even if the
NiCad’s chemicals are dried out, zapping can often
provide several weeks of additional service. often
equal to the price of several sets of standard flashlight-
type batteries.

As you might expect, a capacitor that has been
charged to a high voltage is not the safest item to
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17 A/
VAC
N.C.
CHARGE E63v
S1a N.C.
o
AP ____Z_
*SEE TEXT

TAB 5]
—1SCR1
TOP VIEW

FIG. 1—ZAPPER CIRCUIT IS QUITE SIMPLE. This rather uncom-
plicated device does an important job and does it well.

£
(]

THE ZAP IS CONTROLLED BY AN SCR with extended leads.
Note that the extension wires are insulated, and a short length
of tubing is slipped over the wires and over the SCR leads.

handle. nor is the spark produced by the zap. or the
explosive”” noise of the spark. pleasant. The NiCad
Zapper shown in the photographs. however, will zap a
NiCad safely and quietly: and there will be no sparks.
No matter which position FUNCTION switch S1 is in.
the output is a safe zero volts. That's because the
capacitor is always discharged automatically—either by
a zap. or through the control circuit if the NiCad fails
to zap. (A NiCad won't zap if the connections between
the Zapper and the battery are accidentally left open.)

If the NiCad is the type used as a substitute for a
standard AA. C. or D cell. simply install it in a matching
battery holder (available from any electronics parts
store) and connect it to the Zapper's terminals with
clip leads. If the NiCad is built into equipment—say. a
photoflash—make certain that the equipment’s power
switch is turned off and its charger is disconnected.
Then connect the battery to the Zapper with clip leads:
positive to positive and negative to negative.

Set the Zapper’s FUNCTION switch (S1) to CHARGE.
After a few seconds READY LIGHT L1 will turn on.
Allow a few seconds for the light to reach maximum
brilliance—indicating a full charge. Then set S1 to ZAP.

At the instant S1 is set to ZAP the READY LIGHT will

PARTS LIST

RESISTORS

Yo watt, 10%

R1—10,000 ohms

R2—100,000 ohms

R3—4700 ohms

R4—1000 ohms

CAPACITORS

C1—40-uF 250 VDC electrolytic

Cx—20uF 250 VDC, see text

SEMICONDUCTORS

SCR1—Silicon Controlled Rectifier. 200 PIV. 1 amp or
better

D1—Silicon Controlled Rectifier. 400 volts. 6 amps

MISCELLANEOUS

L1—Neon lamp, NE-2 or equivalent

T1—Power transformer, 117 volts/0.15 mA, Calectro D1-
760 or equal see text

BP1. BP2—Insulated biriding posts

S1—Switch, DPDT

Cabinet, terminals strips. battery holders. etc.

snap off, indicating that the NiCad has been zapped.
Repeat the procedure three times. If the light fades out
in about 0.5 seconds—rather than instantly snapping
out—it means the NiCad has not been zapped and that
the internal safety circuit has simply dissipated the
charge. That is generally caused by open wires be-
tween the Zapper and the NiCad. If there is a spark at
a NiCad battery terminal it means that some form of
invisible chemical (or dirt) coating that was interfering
with proper NiCad operation has been burned off.

If you check a zapped battery with a voltmeter. it
will produce an insignificant movement of the meter’s
pointer—maybe no more than the width of the pointer
itself—but there will be a pointer movement of some
kind. If the pointer does not move. zap the NiCad
again. Keep zapping until the pointer does move. (Re-
peating the three zaps up to at least 20 times won’t
harm the NiCad: right now it's dead.)

Next. recharge the battery normally using the proper
charge. If the NiCad doesn’t seem to be accepting a
full charge. zap it again. You'li have the most success.
up to 100%, with AA. C. and D size NiCads. Your
success with multi-cell NiCads used in consumer
equipment will vary. Sometimes it works. sometimes it
doesn’t. Since replacement NiCads for consumer
equipment don’t come cheap (a replacement for a
popular photoflash is $75), it’s worthwhile trying a zap.

How to build your Zapper

The easiest way to build a NiCad Zapper is to as-
semble it on the aluminum front panel of a general-
purpose chassis box. The front panel should be about
6V4 inches long by 334 inches wide by 2 inches deep.
Only power transformer T1 is not mounted on the
panel: it is installed on the side of the cabinet. T1 can
be any small power transformer with a 125-volt
secondary and just about any current rating. The one
shown in the photographs is rated for 15 mA. Those
small power transformers, such as the Calectro D1-760,
often have an additional 6.3-volt output through wires
color-coded green. Simply cut off the green leads close
to the transformer itself. Remember. you can use any
transformer that will fit within the cabinet.

The panel components are tied down to terminal-



CUT THE SCR’S EXTENSION WIRES to the minimum needed to
provide a fan-out to the terminai-strip solder lugs. The SCR is
not bolted to the panel, nor should it touch the panel (see text).

EXCEPT FOR THE POWER TRANSFORMER, the entire Zapper is
assembled on the front panel of an Experimenter’s Box. All
components are secured to terminal-strip solder lugs; none are
left “floating.” Keep in mind that this is not a transistor project
with voltages that you can touch safely. The capacitor is charged
from 150 volts, and can kick like a mule—so take care.

strip solder lugs. Make certain that all wires are

soldered to a lug. You cannot have twisted (unsoldered)
or ““floating™ connections. Capacitor C1 is 40 uF at
250 volts. If you can only locate a 20-uF capacitor,
connect another—the one indicated as C, in the
schematic. Two 20-uF capacitors wired in parallel
equal 40 uF.

SCR1 is a 400-volt. 6-amp Silicon Controlled Recti-
fier. Use only the exact part or its exact substitute. Its

terminals are too short to reach the terminal-strip solder
lugs. and must be extended. Tack-solder a short length of

THE POWER TRANSFORMER IS MOUNTED on the side of the
cabinet. Leave its leads long so you’re not cramped for space
during the final assembly. Neatness has no effect on final per-
formance.

insulated No. 20 or No. 22 wire to each SCR terminal
and then slip a length of insulated sleeving down the
wire over each terminal. When you connect the SCR.
make certain that it does not touch the panel. The
metal tab of SCR used in the project was insulated
from all of the SCR terminals: but design has been
known to change. and the SCR you purchase might not
have the metal tab insulated. Avoid all potential prob-
lems by keeping the SCR off the panel. (The wires will
provide enough support for the SCR.)

Binding post BP2 doesn’t have to be insulated: but
because it usually comes in a matched red-black in-
sulated pair. it’s the cheapest. most convenient way to
purchase the binding posts.

Double-check switch S1's wiring betore soldering.
Note that when Sl-a closes the power connection to
the power transformer. S1-b opens the connection be-
tween resistor R3 and the SCR gate (indicated as “*G™).
When S1-b connects R3 to the SCR gate. Sl-a opens
the power-line connection to T1.

Because neon lamps in DC circuits only provide a
“glow™ around one internal element—the entire glass
bulb docs not light up—position lamp L1 so the two
elements within the glass are directly under a ¥is-inch
or Y-inch hole in the metal panel.

Checkout before using

Set switch S1 t0 ZaP and connect the Zapper to the
AC powerline. If READY LIGHT LI turns on. you have
made 4 wiring error. Set S1 to CHARGE. After a few
seconds. the READY LIGHT should turn on. Then set S|
to ZAP. The READY LIGHT should tade out in about 0.5
seconds. If it snaps out instantly. there is probably a
wiring error. If it does not turn off. there is an unsafe
condition. Disconnect the power plug from the power
line. If the light does not fade out after a few minutes.
clip a 10.000-ohm resistor across the binding posts and
wait @ minute or so after the light fades out. Then
check for 4 wiring error. Under no circumstances
handle the components if the READY LIGHT is on.

If everything checks out, set SI to ZAP. connect
vour dead NiCad(s) to the binding posts. set the SI to
CHARGE. and then ZAP to bring it back to lite. SP
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THE DARKROOM CONTRAST METER IS A "LIGHT METER™
specifically intended to help the photo hobbyist make
a good print at the very first try, so that an excellent
print can be made on the second try.

Given enough time and eftort, virtually anyone can
make a great enlargement. But, is it all worth the effort
when Aunt Mini gives you a full 36-exposure roll from
her birthday party and requests “two wallet-size of
each?”” Or. is it worth the chemicals and test strips
when you're just trying to knock out a batch of decent
& X 10°s of the local Little League team?

Use the Darkroom Contrast Meter. and your first
print—certainly of wallet-size—can be a good print
without all the fuss and bother of multiple-test prints.
In fact. after you “‘lock™ onto the first negative in
Aunt Mini's strip you'll be able to bang out good
wallet-sizes ™ as fast as you can run them through the
developer.

Unless you're into artistic or esoteric pictures. such
as a black cat in a coal mine at midnight, acceptable
tonal balance in a black-and-white print ranges from
white highlights to “*pure’” black. In fact, even without
sparkling whites. the eye will accept as good or ac-
ceptable virtually any print that has even a minute
speck of pure black in the print: the black appears to
key the tonal value for the eye. In short. you'll make
an acceptable print at the very first try it somewhere
there's a speck of black. If there’s no black, the print
appears-to be lacking in contrast.

As a general rule. the tonal range from white to
black is determined by the grade of paper (usually #1
to #4 or #5). The negative’s density range determines
which paper grade should be used to produce a print
that appears to have normal contrast. If you use a hard
paper (say #4) with a normal negative the final print
will have excessive contrast. If you use a soft paper
(#1) with a soft negative (low contrast) the print will
appear dull and lifeless: it takes a hiurd paper to com-
pensate for a soft negative.

The contrast meter will determine the matching
paper grade for a particular negative in a matter of
seconds. As an extra feature. though not specifically
intended in the design, the meter can be used as an ex-
posure meter, indicating the correct level of projected
light trom the enlarger for a specific exposure time,
say 10 seconds.

The meter has seven LEDs calibrated in half-step
increments from grade #1 to #4. The “*full grade™
LED s (1. 2.3.4)are red. The half steps (1¥2. 2V5, 314)
are yellow. An eighth calibration LED is green. (See
photos.) To determine the “"normal’” paper grade re-
quired by the negative. the meter's sensor is first
placed under the area of maximum light transmission
(which will produce black in the final print), and the
meter's CAL(ibration) control is adjusted until all
LED’s including the green one are lit, or the enlarger’s
illumination is adjusted via the lens diaphragm until all
LED’s are lit. The sensor is then moved to the area of
minimum light (which will produce the white highlight).
The number of LED’s which remain lit is the required
“‘normal’” paper grade. For example, if two red LED’s
are lit the negative calls for a #2 paper. If three red and
the next yellow LED’s are lit the negative calls for a
#3V5 paper.

There is no official standard for paper grade vs.
density. Virtually all manufacturers have their own
idea of what's “‘normal’’, but there is a generally ac-
cepted average for printing meters. and the Darkroom
Contrast Meter is calibrated to that average. Since the
meter works very fast. with excellent consistency, you
can correct easily for any personal preference vou
have. or for the specific density range of your film and
paper. For example, if you produce normal prints
when the meter indicates a 2¥ paper. but you use #2
paper with extended development. then a meter
reading of 214" equals a #2 paper for vou.

The sensor is a selected photoresistor of unusually
small size. Its active area iIs not larger than Y-inch in




GONTRAST METER
FOR DARKROOMS

Take the Guessing out of your Enlarging Technique,

Use the Correct Contrast Paper the First Time,
and Enjoy Excellent Enlargements.

HERB FRIEDMAN
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FIG. 1—THE DARKROOM CONTRAST METER uses eight low-voltage comparators in
two quad IC packages to illuminate selected LEDs of different colors in proper sequence.

TOP VIEW

-

IC1, IC2

LM339

g

n
+9vDC

60mA

RESISTORS

Ya watt, 5% unless otherwise specified

R1—Photoresistor, Custom Components PRL9

R2—50,000 ohm trimmer potentiometer, see text

R3—360 ohms
R4—160 ohms
R5—150 ohms
R6—270 ohms
R7—240 ohms
R8—560 ohms
R9—430 ohms

R10, R11—1100 ohms
R12—5600 ohms

R13-R20—910 ohms or 1000 ohms

CAPACITOR

C1—100 uF/15 VDC electrolytic capacitor, see text

PARTS LIST

SEMICONDUCTORS

IC1, 1IC2—Quad low-voltage comparator LM339 or CA339
LED1, LEDS, LEDS, LED7—red diffused LED

LED2, LED4, LED6—yellow diffused LED
LED8—green diffused LED

MISCELLANEOUS

J1—Jack to match power supply plug
S1—SPDT switch, Printed circuit materials, IC sockets,

cabinet, etc.

(Photoresistor PRLY (R1) is available for $5 plus $2 post-
age and handling per total order from Custom Compo-
nents, Box 153, Malverne, NY 11565. New York residents

must add sales tax. Canadian orders in US dollars.)
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Here's what it looks like (upper left) after all the work is done. The meter is
actually a series of LEDS (upper right). Author’s technique of switch mount-
ing on PC board (lower lett) is clever. CAL pot R2 (lower right) is only adjustment.

diameter so it can measure extremely small negative
detail. making it suitable for even small—"wallet”
type—oprints. It is most sensitive to the color tempera-
ture of typical enlarger lamps. and has little inertia and
memory. responding almost instantly to changes in
illumination. All features combine to produce a sen-
sitivity that will resolve differences in negative density
almost too small to be seen by the unaided eye.

The power source is 7.5- to 9-volts DC at approximately
60 mA. Use one of the surplus battery eliminators that
are often sold at rock-bottom prices by local and mail
order distributors. The current requirement is relative-
ly low. You should be able to pick up an eliminator for
about $3. Until then. you can probably get by with an
Alkaline 9-volt transistor radio battery. but they cost
almost as much as the battery eliminator. Make certain
the battery eliminator has the matching plug for jack J1
(Fig. ). and that the center conductor is " positive™". If
necessary. rewire or connect a new plug to the battery
eliminator.

Construction must be precise

There are three critical items. The photoresistor
itself, for which no substitution may be made (the
project will not work properly. if at all. with other
photoresistors). The resistor tolerance: all fixed resis-
tors should be 5%. (Don’t substitute more expensive

1% resistors. because they offer no improvement in
pertormance. but don’t use 109 tolerance because
readings might go ““far out™.) Finally. dont alter the
height of the photoresistor above the easel. because
the height affects R1’s value when measuring light. It
should be between 17 and 2Y1s inches. If you use a
Radio Shack type 270-223 plastic Project Case. you
will automatically get the correct height when you as-
semble the project.

The Darkroom Contrast Meter is assembled on a
printed-circuit board that substitutes for the cabinet’s
cover. See Figs. 2 and 3. Ue the supplied PC template,
but make certain that the board will drop into the
cabinet. It it doesn’t, file down the edges until it drops
in without any external force.

Before you make the PC board. make sure that all
the components you will use match the foil template.
In particular. check calibration-control R2. which is a
trimpot. There are slight variations in the spacing of
trimpot terminuls that are great enough to interfere
with its mounting. Make any necessary adjustments to
the template for R2. The trimpot shown in the photo-
graphs is somewhat unusual for hobbyists because it
has a small fluted shaft. It’s very convenient to use,
and since more of that type are appearing on the sur-
plus market. try to get one locally.

Pay particular attention to the foil solder pads for
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FIG. 2—TAKE THE TROUBLE TO ETCH the foil pattern illustrated

here to avoid a non-pro layout. Be sure to pre-drill all compo-
nent lead holes before starting assembly.

FORILLBUIDE ~ - iocmmn —— -
FOR ST SHAFT w1 ; 11 W R |
L " - B il )
(Wl X3
i k | & = Yy
o e . |
el R|4'|I JUMPER L3 |\
\ I e e e £
S-TY = RE = o LEDs 2 A1
o | R7 “RI1= ol
: ol LEps == | |
] L o8 sust o J
. T ¥ L o
L\ R e &
g b L ] _H2|II--P7 P | LEDS |

S R10 <= R11—2 R12=

4

LV_/

70 Jt AND 9vDC

FIG. 3—PARTS LOCATION for the project shown here appears
with the foil side down. Be extremely careful when mounting
photoresistor R1. Text gives complete details.

photoresistor R1. R1 is somewhat fragile and it can
snap in two when bending its leads. If you are some-
what experienced in close-quarter soldering, move the
foil’s solder pads within .1-inch spacing so R1's leads
will drop straight through the board. If you can’t work
that close. leave the template as it is, and use nvo pair
of longnose pliers to bend R1’s leads. Use one plier to
rigidly clamp a lead directly under the photoresistor’s
body—the plier should touch the body—and use the
second plier to bend the lead. Repeat the procedure on

the second lead. S
Assembly will be somewhat easier if you use this

order: The wire jumper adjacent to LED?2 first, then
power switch S1, and then the two sockets for the ICs.
Refer to photos. Sockets really aren’t required. but if
you make a soldering or installation error you can ruin
the IC’s trying to get them out if they are soldered into
the circuit. If you really think you don't need the
sockets, don’t use them. Then move on to the LED's.

The diffused type LED is recommended because it
is somewhat easier to use in the darkroom. Use the
least expensive LED's you can get. To make them
slightly more convenient to see. tilt them about 10
degrees forward (toward the bottom of the cabinet)
when soldering. Doublecheck to make sure that you
have the color order correct. LEDs 1, 2, 3 and 4 are
red. The in-between—half step—LED’s are yellow,

and the C(alibrate) LED is green. The C LED comes
right after LED4.

Capacitor C1 is optional (see Fig. 1). Its use de-
pends on the particular battery eliminator you use. It is
not needed for a battery power supply. Save a few
cents and build the project without C1. C1 is needed
only if the eliminator you use causes the LEDs to
flicker; if they are steady when illuminated. forget
about C1.

Photoresistor R1 is the very last component in-
stalled. First, apply a white adhesive label—that will
serve as a ““target”’—to the PC board at R1’s location.
Using a pointed tool, punch through the label at R1's
mounting holes. Slide R1 down until it is flush with the
board. If you can’t get it flush don’t push. (Remember,
it’s fragile.) R1 can be up to ¥1s-inch above the board,
but flush is best. Before positioning R1 on the board,
clean any oxidation off its leads with a knife or sand-
paper so that you can make the solder connection
quickly.

Checkout before using

Set CAL control R2 to off—fully anticlockwise.
Apply power by turning S1 ON, and under normal
room illumination advance R1. The LED's should
light in order starting with LEDI. If they don’t, check
for a wiring error or a defective or wrong-\value com-
ponent.

Using the meter

Project and focus the negative on the easel. Close
down the enlarger’s lens two stops. or two *‘clicks™” if
each click is a full stop. Position R1 under an area of
maximum illumination and adjust R2 so that all the red
and yellow LED’s light. and then ease R1 so the green
LED (C) just turns on. Move R1 to an area of maximum
negative density. the least Jight. The LED’s that re-
main lit are the required paper grade.

Don’t disturb R2. For other negatives. simply focus,
position R1 under maximum illumination, close the
lens and then open it until all red/yellow LED’s light,
and then ease the enlarger lens a smidgen open until
the green LED lights. When the green LED is on,
move R1 to least illumination.

At that point you should have an idea how to use the
meter for exposure control. Make a good print using
an exposure time of 5 to 15 seconds. Whatever time
you use becomes your reference standard. Now posi-
tion R1 under maximum illumination and adjust R2
until the green LED lights. You have now established
the correct lens adjustment for the exposure time. For
example. assume that you want to use a 10-second ex-
posure. After you focus the negative. position R1 un-
der maximum illumination, close the lens down and
then open it up until all redfyeliow LED’s are lit, then
ease the diaphragm until the green LED lights. Your
enlarger is now set for a 10-second exposure. Go on to
read the paper grade.

If you want exposure times of 20 seconds or more,
bear in mind that your enlarger might not produce
enough light to permit the meter to be calibrated by
R2. But try it: sometimes it works, sometimes it
doesn’t. Exposure control is an “*extra’” feature: use it
if you can. sp
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AUTOMOBILE
C DUTY CONTROLLER

Your auto air conditioner may be burning up to much
gas unless you turn it on and off every few seconds.
Here’s a controller that does its duty full time!

MICHAEL J. DI JULIO

IT IS WELL KNOWN THAT TURNING ON THE AIR CON-
ditioner in your automobile increases fuel consump-
tion. That is caused by the increased load on the engine
imposed by the compressor. When the air conditioning
is turned on. an electromagnetic clutch is activated
that engages a belt-driven puiley connected to the com-
pressor shaft.

However, it is not necessary for the compressor to
operate 100 of the time that the air conditioner is on.
After the compressor has been going for a while. the
condenser coils usually remain cold enough that they
can maintain an uninterrupted supply of cool air even
with the compressor off for several seconds. The
scheme then is to cycle the compressor on and off, by
controlling the current to the electromagnetic clutch.
That reduces the load on the engine and still maintains

an efficient cooling system. That such a system works
is proved by the fact that most late-model cars (post
1976) have a compressor duty-cycle controller. By
duty cycle [ mean the ratio of the time that the com-
pressor is on to the total time that it is off and on (t_ /
(t,, + tog)- This article will describe the design and
operation of a fuel-saving duty-cycle controller for in-
stallation in vehicles which were not originally equipped
with one.

First of all. I observed a number of cars that had a
compressor with a duty-cycle controller and measured
the cycle with a stopwatch. Generally. in cars that
have V-8 engines. the compressor operated on a 50%
duty cycle with a 10-second on time and a 10-second
off time. On smaller engines—such as six and four
cylinders—the duty cycle is more like 33%. with the
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FIG. 1—SCHEMATIC DIAGRAM OF the A/C Duty Controller
uses one IC and two transistors.

on time 5 seconds and the off time 10 seconds. [ also
measured the current required to actuate the clutch
and found it to be 4.5 amps at 13.8 volts.

Theory of operation

My design is centered around the ever-popular 555
timer chip which seemed a natural for this application:
the schematic is shown in Fig. 1. I used the standard
astable multivibrator configuration of the timer chip.
In that standard configuration C1 is charged from +V
through R1 and R2. The output at pin 3 stays at +V
until the voltage across C1 equals 25 of +V. When this
occurs. pin 3 goes to zero volts and pin 7 of the IC is
grounded discharging C1 through R2. When CI
reaches Y3 of +V, pin 3 goes to +V again, pin 7 is un-
grounded, C1 charges through R1 and R2. and the
cycle continues. The salient features here are that the
frequency of oscillation is independent of +V and that
it is impossible to achieve a duty cycle of less than or
equal to 509%. The latter is true because while R1 + R2
control the charge or on time, only R2 controls the off
time. Since R2 must be less than R1 + R2. the on time
will always be greater than the off time.

PARTS LIST

RESISTORS

All Va-watt 10%
R1—100,000 ohms
R2—4.7 megohms
R3—1000 ohms

R4—50 ohms
CAPACITORS

All 25 VDC or higher
C1—3.3uF. Tantalum
C2—.01 uF. ceramic disc
SEMICONDUCTORS
D1—1N4007 diode
Q1—2N2222
Q2—2N3055

IC1—555 timer
MISCELLANEQUS

PC board; enclosure; wire and hardware

NOTE: PC boards are available from the author for $5.00.
Complete kits, minus the enclosure, are $20.00. Order
from Michael J. Di Julio, 97 Woodside Rd., Maplewood,
NJ 07040.

o, Tt TRWPWS.S
L 50{%10%8

“«

ASSEMBLED PC BOARD is ready for testing and final mounting
in a metal protective chassis box.

What we really need is a squarewave that has a duty
cycle that can be less than 509 for compressors that
can work at 30-509% duty cycle while maintaining ef-
ficient air conditioning. That is why QI and its asso-
ciated components are included to invert the square-
wave coming from pin 3 into one which can only stay
high (+V) less than 509 of the time. The inverted sig-
nal from the collector of Q1 drives the base of Q2. R4
limits the base current of Q2 to about 250 mA! That is
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FIG. 2—PC BOARD is a must for this project to eliminate parts
movement due to car motor vibrations.

enough base current to permit a SA collector current
with a minimum beta (current gain) of 20 for Q2. The
clutch coil is inserted directly in the collector path of
Q2. That is accomplished by inserting the controller in
the ground connection of the clutch coil. DI sup-
presses any high voltage that might occur across the
coil due to the collapsing field when the clutch is
turned off. -

The values picked for R1. R2. and C1 are chosen for
a 10-second on. 12-second off. 45% duty cycle. Ulti-
mately. what that gives me on my car is a 509 duty
cycle. because my clutch stays on for several revolu-
tions even after current is taken away from it. [ suggest
experimenting with R1. making it larger to obtain
shorter duty cycles and observing what the minimum
duty cycle is that the system can withstand before the
air conditioning becomes unacceptable.

Construction

The circuit should be constructed with top-quality
components that can meet the full specified tempera-
ture range. because the engine compartment of acaris
a severe environment. A PC board is recommended to
withstand the mechanical vibrations of the engine. A
sample PC layout is presented in Fig. 2: a parts-place-
ment diagram is shown in Fig. 3.

Please note that no socket is used for IC1. and that

"

TOCLUTCH P e St TO CLUTCH
NEGATIVE sy g POSITIVE
Sy = Wi oy
et T (R
TOCAR , e, :
GROUNO (3o A
01 l ..-...

FIG. 3—PARTS LOCATION on the PC board indicates how
simple this project is to build. Author offers kit.

C1 is a tantalum capacitor. quticular attention should
be paid in construction to installing Ct and D1 with the
proper polarity. The finished PC board should be
mounted in a minibox. using four screws with stand-
offs. lockwashers. and nuts placing one in each corner
of the board. The minibox should be fastened securely
to the engine compartment. physically close to the
compressor. to avoid a long run of the wires connected
to the clutch. That will prevent wires snarling with the
clutch or other moving part of the engine.

Three wires are connected to the PC board for con-
nection to points in the car. Those wires are: ground.
the collector of Q2. and +V: they are labeled on the
PC board by the letters G. C. and +. The wires should
exit the box via a hole protected with a grommet. The
ground wire is attached to some metal point on the
engine. preferably the lug to which one end of the
clutch coil now goes. That grounded end of the clutch
coil should be disconnected from the ground lug and
connected to the wire going to the collector of Q2. The
+V wire should go the other wire coming from the
clutch. 1t should be noted that when the air conditioning
is activated. it will take several seconds to come on.
due to the initial charging of C1 to 25 of +V.

This controller is a simple device which will provide
real savings on gasoline. For example. if your car
normally gets 20 mpg on the highway with the air con-
ditioner off and 18 mpg with it on. using the controller
set on a 509 duty cycle will increase the gas mileage to
something like 19 mpg. That is' a significant dollar
savings. considering the price of gasoline today! SP




LOW POWER
OHMS ADD-ON

Check resistance of semiconductor circuits without
exceeding the bias voltage of semiconductors.
What you read is pure resistance, and you
won’t blow silicons and germaniums.

STEPHEN J. MILLER

HAVE YOU EVER TRIED TO MEASURE THE RESISTANCE
value of an in-circuit resistor like R1 shown in Fig. 1?
The chances are that the ohmmeter reading you ob-
tained was much lower than the true value of R1. The
reason for the low erroneous reading is that the base-
emitter junction of Q1 is forward-biased. In essence.
you are measuring the forward DC resistance of a
“diode’". which is mighty low compared to the 200
ohms of R1. An old technician’s trick for getting
around that problem is to reverse the ohmmeter leads.
However. in directly coupled circuits such as Fig. 1.
the base-emitter junction of Q2 will then be forward-
biased. Now. you are shunting 500 ohms of R2 across
the 200 ohms of R1 plus whatever resistance of the
input network to Q2 which is not shown.

To remedy those problems low-power ohmmeters
were developed. They restrict the maximum test volt-
age to approximately 0.1 volt. That very small voltage
won't forward-bias any semiconductors. Silicons need
0.2 volts minimum. In the past, to get that function you
had to bear the expense of buying another complete
multimeter. Now, you can construct an add-on circuit
to convert your present digital or analog meter to low-
power ohms for a small fraction of the cost of another
specialized multimeter.

And, there is a bonus that’ll save you many dollars
and headaches. Many conventional chmmeters have
high-test currents in their lower ohmmeter ranges
which can damage semiconductors. That hazard is
eliminated with the Low-Power Ohmmeter Add-On.
We call it LOPAD. Maximum test current of LOPAD
is approximately (0.6 mA.

LOPAD won’t forward-bias any semiconductors
(silicon or germanium): it cannot stop leakage current
from flowing. In germanium semiconductor devices
(not widely used) the leakage current is high enough to

!
~

——— —

FIG. 1—READ R1 ON YOUR VOM and you may come up with 5.5
ohms or less. Q1 acts as shorting diode.

affect the meter reading—especially on the higher
ranges. However silicon semiconductor devices (by
far the most widely used) exhibit almost no leakage
current. Therefore. LOPAD will function properly on
any range in any silicon semiconductor circuit.

Finally. LOPAD gives you three important benefits:
. semiconductors not powered to conduction: 2.
safety to semiconductors on all meter range: and 3.
linear readouts.

Some problems still exist, for example, you can't
connect the unit across any and every resistor in a cir-
cuit and expect it to read the resistance of that resistor
accurately. Resistors in parallel with the test resistor
will still effect the meter reading. Remember, resistors
in parallel decrease the resistance so that any resistor
in circuit must read equal to, or less than the value of
the color bands. If you obtain a higher reading than the
markings indicate, the resistor is definitely defective.

How it works
The LOPAD operates on the same basic principle as
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FiG. 2—BUILDING LOPAD IS LIKE adding a new low-voltage front end to your DMM or

VOM. Circuit additions are shown in Figs. 3 and 4.

all other linear ohmmeters. That is, if you apply a con-
stant current to an unknown resistor, the voltage-drop
across the resistor is directly proportional to its re-
sistance. See Fig. 2. IC1 voltage regulator is a constant-
current source for LOPAD's resistance sensing circuit.
Bv connecting different resistors between terminals J1
and J2. the test current—and therefore the resistance
range—is varied. S2-a accomplishes that task. S2-b is
used to switch in a special current ¢ircuit for the X 10K
resistance range. since IC1 isn’t able to generate a con-
stant current of the small magnitude needed for that
range.

QI acts as a DC-voltage amp. An FET is used to
provide DC isolation between its input and +V. QI
drives 1C2. which further amplifies the voltage drop
across the resistor under test. C1 is used to provide a
large negative feedback for all AC signals. thus keeping
IC2 from oscillating.

R20. the zero-adjust pot. is adjusted so that the out-
put voltage from IC2 is zero when the test leads are
shorted together. R19. R20. R21. and R22 are a volt-
age-divider network used to obtain the zero-adjust
voltage. Their values are fairly critical.

S1 is a complex on-off switch. It controls the power
to LOPAD. and also switches the low-power ohm-
meter add-on in and out of the test lead-meter circuit.
That allows the low-power ohmmeter add-on to be
connected to the meter permanently. With S1 in the
OFF position. the ohmmeter will function normally on

A
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FIG. 3—DMM OUTPUT CIRCUIT uses three diodes for shunt
regulation and R27 for level adjustment.

all its ranges as originally designed by the manufac-
turer.

The output from IC2 is ted to one of two different
output circuits, depending on the type of meter being
used.

The circuit shown in Fig. 3 is used with DMM which
have a 0-2 volt DC scale. R27 adjusts the output level.
while the diode trio. D3. D4. and D5 act as a shunt
regulator. The shunt regulator is needed for the follow-
ing reason: With the test leads open. IC1 tries to force
all of the current through R15 (see Fig. 2). a 100-meg-
ohm resistor. That causes a high-input voltage. which
is amplified into a high-output voltage. That high-
output voltage would overload the DMM. The diode
trio acts as a shunt regulator and keeps the output volt-




PARTS LIST
RESISTORS
Y2 watt, 5% unless otherwise noted
R1—47 ohms

R2—100 ohms, trimmer

R3, R5, R11—500 ohms, trimmer

R4, R12, R16—1000 ohms

R6—8200 ohms

R7, R27—5000 ohms, trimmer

R8, R19—150,000 ohms

R9—50,000 ohms, trimmer

R10—68 ohms

R13, R14—10 megohms

R15—100 megohms

R17—8000 ohms

R18, R22—10,000 ohms

R20—5,000 ohms, linear taper, panel mount
R21—120,000 ohms

R23—200,000 ohms

R24—560,000 ohms

R25, R26—470 ohms

R28, R32—4700 ohms

R30—3,100 ohms

R31—100,000 ohms, trimmer
CAPACITORS

C1—.068 uF Mylar

C2—50 wF, 5-volt electrolytic
SEMICONDUCTORS

D1, D2—6.2-volt Zener, 400mW or better
D3, D4, D5—1N914

Q1—2N3823

Q2. Q3—2N2222

IC1—LM334 voltage (current) regulator
1IC2—741C Op Amp

LED1, LED2—jumbo red

MISCELLANEOQOUS

B1, B2—9-volt transistor battery
J1-J4—banana jack binding post; 2 red, 2 black
S1—DP5T rotary switch, mm-shorting contacts
S52—4PDT rotary or toggle switch, non-shorting
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R31 ‘:L
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FIG. —ANALOG OUTPUT CIRCUIT uses Q2 as a shunt reguia-
tor to prevent accidental meter damage.

age fed to the DMM from rising above approximately
1.75 volts.

The circuit shown in Fig. 4 is used with all analog
meters having a full-scale DC voltage range of 2 or less
volts. Q2 acts as a shunt regulator to keep the output
voltage from pegging the meter when the test leads are
open. Q3 is an indicator driver for LED2. When lit,
LED2 indicates that the shunt regulator. Q1. is on and
the meter reading is not accurate. R31 is used to set the

e _ ————

full-scale output voltage. C2 filters out small transient
pulses produced when connections to the test resistor
are made and broken.

Construction

LOPAD is relatively simple and easily assembled on
integrated-circuit perforated board. Since it is primarily
a DC circuit. lead length and component position
aren’t critical. The physical appearance of IC1 is very
similar to a TO-92 transistor. Care must be taken not
to interchange IC1 with one of the transistors during
construction. R20, the zero-adjust pot, should be
mounted on the front panel. All other pots should be
mounted on the circuit board.

Test LOPAD before using

Perform the following steps to check out LOPAD's
construction:

1. Set all potentiometers to their mid-range position.

2. Set switch S1 to OFF and Switch S2 to 1X.

3. Connect test leads to J1 and J2, and connect

leads to voltmeter and J3 and J4.

4. Set voltmeter to range capable of indicating 5
VDC at full range, or not less than mid-scale on
the meter.

5. Short test leads together.

6. Set S1 on LOPAD to ON. Meter will indicate a
voltage that is either negative or positive.

7. Vary R20 in LOPAD until a zero reading is ob-
tained. Should a zero reading occur in step 6,
vary R20 to either side of its initial setting to see
that the meter reads a negative and positive read-
ing which is normal. Then set R20 for a zero read-
ing.

8. Open test lead circuit by removing short. In DMM
applications, meter shouid read 1.7 volts positive.
Analog meters should read 1-2 volts positive with
LEDZ2 illuminated.

9. Short out the test leads again. The meter reading
should return to zero.

If the results for the actions taken above do not
occur. you have a circuit problem and troubleshooting
is in order. Recheck the circuit carefully. Inspect
solder joints. Check voltages. The problem must be
removed now before you proceed with further adjust-
ment.

Calibration procedures
To calibrate the meter. set R27 or R31 so that the
wiper is grounded. See Fig. 2. Connect a 100-ohm re-
sistor to the test leads with S2 in the x 1 position. Set
the meter to the DC voltage scale which you will use
for the resistance measurements (2-volts full scale for
DMM: 2 or less volts full scale for analog). Turn
LOPAD and adjust R27 or R31 for full scale on analog
meters or 1.00 volts on DMM. Momentarily short the
test leads and rezero the meter. then touch up the ad-
justment of R27 or R31. Switch to the x 10 scale. zero
the meter. connect a 1000-ohm resistor to the test
leads, and adjust R5 for 1.00 volt DMM;: full-scale
analog. Repeat this process using 10K for x 100 (adjust
R7). 100K for xI1K(adjust R9). 1 megohm for
x 10K(adjust R11). If. during calibration of any range.
you are not able to achieve the proper calibration volt-
age. then vary R27 or R31 until the calibration voltage
is achieved. After varving R27 or R31. you must return
and readjust all previously adjusted ranges. (Adjust R3
continued on page 99
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Apusic Serviceof Tie wagezine [)
Brent Ragon
saved a life with Red Cross CPR.

Could you?

Fifteen-year-old Brent Ragon had no idea how soon
he'd be using CPR to save someone's life when he com-
pleted his Red Cross training at a Youth Safety Seminar.

But, while Brent was riding the train home from that
seminar, a man collapsed two rows behind him.

"He wasn't breathing, and I couldn't find a pulse,”
Brent recalls. "I wasn't scared. I didn't have time to be
scared. [ knew what to do and I did it.”

If you were in Brent's place, would you know what
to do?

We'll teach you.

Join us.

American
Red Cross

Together, we can change things.

DEVICE

————————— PHASORS/SHOCKWAVE ———
PPF-1 PHASOR PAIN FIELD — IS being tested by Gov't for nat conteoi Soon
10 come under weapons restnctions as an infernal machine Easidy hand-held
Hazardous — Use with discretion SOLD ONLY FOR ANIMAL CONTROL
$15.00
IPG-3 INVISIBLE PAIN FIELD GENERATOR — Produces direchional teld
of moderately intense pain to lower back of head up to 50 ft Cigarette pack sized
enclosure is easily hvdden
IPG-3 PLANS $7.00 IPG-3K KIT $39.50
tPG-30 ASSEMBLED FOR ANIMAL CONTROL $49.50
HUG-1 HIGH POWERED ULTRASONIC GUN — Produces directional 130
dbs of sound pressure energy at 20-24 kHz Hand-heid ntended for fab use
HUG-1 PLANS $10.00
LASERS

PARTICLE BEAM WEAPON PLANS $15.00
LHP-2 BEGINNER VISIBLE RED NON-HAZARDOUS OPTICAL
DEVICE Adjustable puise
LHP-2 PLANS $7.00 LHP-2K KIT $39.50
LP-3/LRG-3 LASER PISTOL AND RIFLE COMBINATION — 7-24 walls
of infrared energy
LP-3/LRG-3 PLANS $10.00
LGU-1 VISIBLE RED LASER GUN for holography special effects cioud
wnting. etc

GU-1 PLANS $10.00
LC-1 BURNINGICUTTING CO2 LASER — 10-40 watls confinuous
LC PLANS

$15.00
RUB-1 WELDING/DRILLING RUBY/YAG LASER iniense red
RUB1 PLANS $15.00
HPS-1 HIGH POWERED PORTABLE ENERGY SOURCE FOR
LASERS & MAGNETIC WEAPONS exploding wires shock waves eic
HPS-1 PLANS $8.00 HPS-1K KIT $49.50
——————— SECURITY/PERSONAL PROTECTION ——M—
INF-1 INFINITY TRANSMITTER — Uses telephone hines 10r seiective home
or office listening while away an busness or vacation

INF-1 $15.00

SD-4 SEEIN THE DARK — Device long range SD-4  PLANS  $10.00
VWPM-5 WIRELESS TELEPHONE TRANSMITTER — Long range
VWPM-5 PLANS $10.00 VWPM-5K KIT $34.50
FBT-7 WIRELESS MICROPHONE — Extended range
FBT-7 PLANS $7.00 FBT-7K KIT $34.50
HOD-1/11-6 ELECTRONIC TRACKING AND HOMING DEVICE —
HOD-1/TT-6 PLANS $6.00 HOD-1K/TT-6K KIT $39.50
TAT-2 TALK AND TELL — Dewvice records telephone when in use
TAT-2 PLANS $5.00 TAT-2K KIT $14.50
PSW-3 PHASOR STUN WAND — Produces energy capable of burning flesh
Intended as a lasl resort personnel getense weapon

SW-3 PLANS $8.00 PSW-3K KIT $59.50
Send tor free catalog descrptions of above items. kits and parts, plus hundreds
more. We accept. Master Charge and VISA or when ordering send check or money
order to:

INFORMATION UNLIMITED, INC.
P.0. BOX 716, Dept. R8
Amherst, N.H. 03031

CIRCLE 607 ON FREE INFORMATION CARD

Put Professional Knowledge and a

COLLEGE DEGREE

in your Electronics Career through

HOME

Earn Your

DEGREE

No commuting to class. Study at your
own pace, while continuing your present
job. Learn from easy-to-understand les-
sons, with help from your home-study
instructors whenever you need it.

In the Grantham electronics program,
you first earn your A.S.E.T. degree, and
then your B.S.E.T. These degrees are ac-
credited by the Accrediting Commission
of the National Home Study Council.

Our free bulletin gives full details of
the home-study program, the degrees
awarded, and the requirements for each
degree. Write for Bulletin R-82.

Grantham College of Engineering
2500 So. LaCienega Blvd.
Los Angeles, California 90034
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Get it all! Subscribe today to

RADIO-ELECTRONICS. Don’t miss a

single

issue and ... you save as much as
$7.50 off the newsstand price.

When you select one of the subscription offers listed on the
handy coupon—you’ll be assured of having your copy reserved,
even if it sells out on the newsstand. Make sure you get all the
excitement in every issue of RADIO-ELECTRONICS, every

month, by filling in and mailing the coupon, today.

Radio _
Eleclronics

This will be coming o NEWS ON NEW ¢ HOW YOU AND THE ¢ TV WONDERS FOR YOUR
t whe TECHNOLOGY ... COMPUTER CAN BE FUTURE...
o you o Android Design (Robots FRIENDS ... Latest Receivers and
you subscribe to That Think and Do) getﬁng Staéted _ Circuits VU Tod
. Automotive Electronics rograms, Circuit Projection oday
RADIO-ELECTRONICS: Speech Synthesizers Design, Games Satellite TV Receivers
o HELPFUL IC Applications A/D-D/A Interfacing Jack Darr's Monthly
CONSTRUCTION Video Disc Players Peripheral Equipment Service Clinic
ARTICLES ... Video Tape Recorders Service Problems and
Test Equipment . ¢ NEW AUDIO Solutiens
Hi-Fi Accessories ® FASCINATING "HOW DIMENSIONS FOR YOUR AND you also get these
Telephone Accessories TO DO IT PLEASURE... regular MONTHLY FEATURES:
Music Synthesizers ARTI(;LES Noise-Reduction
Computer Equipment Build Your Own Devices « LOOKING AHEAD by Dave
Automotive Equipment Projects Correct Bias for Your Lachenbruch
Intruder Alarms— Make Your Own PC Tape Deck « HOBBY CORNER by
Home & Car Boards How to Connect that “Doc" S
Wiring Techniques Extra Add-On oc Savage

Soldering and Monthly Features b
- Desoldering . Len Feﬁiman Y
a In Design and Prototyping

« WHAT'S NEWS, new
products, stereo news

- and NEW IDEAS, STEREO
PRODUC1S, NEW

COMPUTER PRODUCTS
[ ] FOR HOME/JOB and
Eleelrnnles o
- ® e G e N SIS SEN SENS SN EEM SR D S S G SE—
o 1
| YES! please send me 78421 |
I O Payment enclosed, 13 issues for $13.00 Every Month! |
| (You save $3.25 off newsstand price.) glet tge Best- :
ip Coupon-—
= (] Payment enclosed, 26 issues for $25.00 Mali)l Todgy! I
| (Save More! $7.50 off newsstand price.) |
I [ Bill me, 1 year—12 issues only $13.00 I
SAVE MONEY, (You save $2.00 off newsstand price.)
enclose your payment l '
d =y . pay | O Bill me, 2 years—24 issues only $25.00 |
aOI;VEy0E;¥EA ISSUE ! (Save more! $5.00 off newsstand price.) |
xtra postage: Canada »5.0U per year.
per year E Canada $3.00 |
’ I All other countries $7.50 per year. U.S. Funds Only |
e |
}.U_) : Nam {please print) l
1)
§ | Address. |
£ l |
2 l City State Zip Code — |
8 l Mail to: RADIO-ELECTRONICS I
33 P.O. Box 2520, Allow 6-8 weeks for delivery of first issue. I

l_ Boulder, Colorado 80322
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LOW POWER OHMS ADD-ON

continued from page 95

when readjusting the X1 scale.) Since the accuracy of
LOPAD depends on the tolerance of your calibration
resistors. use the lowest tolerance resistors you have
for calibration.

Using your new DMM add on

To use your LOPAD simply set the DMM to the 2-
volt scale, turn LOPAD on, set S2 to the proper range.
zero the meter, and read the resistance across the test
leads. To interpret the resistance reading. simply take
the number displayed. disregarding the decimal point.
and multiply it by the range-setting multiplier. Meter
readings of over 1.00 volt shouldn’t be used; switch to
the next higher range instead. For instance. if you are
measuring a resistor with the color band markings of
yellow, violet, brown: you will find the display will read
0.47 with 82 in the %10 position. The 47" signifies the
value of the first two color bands. yellow and violet.
While the x 10 range setting gives the multiplier value
ot the third band. brown. or 470 ohms.

Using LOPAD with an analog meter

To use LOPAD with an analog meter, set the meter
to the DC voltage scale you used for calibration, turn
the LOPAD on, set S2 to the proper range, zero the
meter. and make your resistance reading. To interpret
the meter reading you must recall that you calibrated
LLOPAD so that with S2 in the x 1 and a 100-ohm resis-
tor across the test leads. the meter read full scale.
Thus you could make a special low-power ohmmeter
scale with 100 at full scale, 75 at 34 scale. 50 at 2 scale.
25 at ¥4 scale. etc. Fortunately, on most meters, you
won’t have to do that because the meter already has a
scale with a full-scale value of 100. That scale might be
a DC or AC current or voltage scale. You won't be
switching your meter to that function or switch posi-
tion; you will simply be using that scale on the face of
the meter.

If your meter doesn’t have a 100 full scale, but does
have a 10 full scale. You can use that scale. The ranges
then become x 10, x100. x 1k, x 10k, x 100k with a 10
tull scale. For instance if you are measuring the re-
sistance of a yellow, violet, brown resistor. you should
read 47 with S2 in the x 10 position. The 47 signifies
the value of the first two color bands. yellow and violet
respectively. While the X 10 range setting gives you the
multiplier value of the third band. brown or 470 ohms. If
LLED?2 lights when you place the test leads across the
resistor under test, then you have exceeded the upper
limit of the resistance range. To remedy that. simply
switch S§2 to the next higher range. SP

QUALITY
DISCOUNT
STEBEO

parts at
PRICES !

8 TRACK

HOME UNIT

=
/*‘

S

L)
P
s

BRAND NEW UNITS,
ASSEMBLY INCLUDES ;
TAPE HEAD, MOTOR BELT
110VAC MOTOR, PRE-AMP
LIGHTS, SWITCHES
SOLENOID AND OTHER
USEFUL PARTS '

AN EXCEPTIONAL BUY!

7.25 PER ASSEMBLY

4PDT RELAY

114 pin style
+3amp contacts
124volidc or

120 voltac O
+ Used but tully 1ested

$1.70 EACH

specity coil volage
LARGE QUANTITIES AVAILABLE
SOCKETS FOR RELAY 50¢ each

MINI SIZE
BUZZERS
1% 10 3volts.75¢ ea
E WITH WIRE LEADS
1/ to 3 volts 75¢ea
; WITH PIN TERMINALS

.;; 3 to 7 volts
WITH PIN TERMINALS
k. 75¢ each

MITSUMI
MODEL UES-ASSF

VARACTOR UHF TUNER]

FREQ RANGE

470 - 889 MHZ

ANTENNA INPUT
300 OHMS

$25.00 each
10 for $220.00

e
Tee; 40 PAGE

COMPUTER
GRADE
CAPACITOR
1700 mtd. 150VDC $2.04}
2 1/2" DIA X & 3/4" HIGH
3,600 mftd. o,
40VDC
1 3/8" DlA. X 3" HI

DIA X & 1/4' HIGH

18000mtd 75VDC $4.00

2 1/2" DIA X & 1/2'" HIGH
20,000 mfd. 25VDC

[ " HIGH $2.00
S5VDC

2% X 2 1/2% ione $2.C0

| JPAC-TEC

BLACK PLASTIC

BLACK PLASTIC ENCLOSURE
ADJUSTABLE HEIGHT FROM
1.63" T0 2.93"; WIDTH
6.85'"; DEPTH 8". BUILT
IN STAND OFFS FOR P, C
BOARDS . . FRONT AND BACK
PANELS NOT INCLUDED. .

$5.25 PER CASE
JOYSTICK
PRECISION i
DEVICE, , d
CONTAINS 4 ls .
50K CENTER
TAPPED ALPS

POTS

$4.75 each

750 MFD 330V
PHOTO FLASH
2" HIGH {
X1 /4" DlA ,‘\A_‘:‘
$1.25 EACH e
10 FOR $11.00 o5

SEND FOR OUR NEW !

CATALOG ¥7®®

L.E.D’s
STANDARD JUMBO
DIFFUSED [
RED 10 FOR $1.50
GREEN 10 FOR $2.00
YELLOW 10 FOR $2.00
FLASHER LED /h
5 VOLT OPERATION
JUMBO SIZE
2 FOR $1.70
|/B1 POLAR LED
2 FOR $1.70
| SUB MINI LED

,079" X ,098"

20mA at 1.75v

10 FOR $1.00

200 FOR $18.00
QUANTITY PRICES AVAILABLE

22,000 mtd.40VDC__
2 ' DIA, X 6" HIGH $3.00]
5,000m!d 75VDC $4.50

' DIA X 4 3/8" HIGH
SOOOmtd 25vVDC
$350

2" DIN. X 4" HIGH
72,000 mfd. 15VDC

2" DIA. X 4" HIGH B
CLAM>S TG FIT CAPACITORS 50¢ 08

[TRANSFORMER
120 voit

primaries

6 VOLTS 8t 150 mA .25

12 V.CT. 2t 500mA $2.50

16.5 V. at 3 AMPS  $6.50
18 VOLTS at 350 MA  $2.00

ANNON XLRA-3-1

18 VOLTS at 1 AMP  $4.50
25.2 VCT at 2.8 AMP $5.50

CONNEC H

CHA‘SIS MOUNT
CONNECTOR
$2.00 EACH

500K LINEAR
J SLIOE POt

2 7/8" LENGTH
¥ d-J—r’~|1 374 TRAVEL

10 for $19.00 \

"t T 75¢ EACH

AUTOMATIC
RECORD CHANGER

“ 8,S.R, MODEL C136R/C/3
* PLAYS 33/45/78 RECORDS
MINI SIZE: 8 1/ X 12"

INCLUDES DUST COVER AND

PLASTIC CASE (NOT PICTURED)

W1

$17.50 each STl

TH FRONT CUT OUT TC FIT
EREQ UNIT (NOT INCLUDED)

BLACK LIGHT
(ULTRAVIOLET)
‘_

805 5. Vermont Ave,
PO, BOX 20406

=170 MFD 330V
PHOTO FLASH
1" x 748"
2 FOR $1.50

Los Angeles, Calif. 90006

{213) 380-8000

Maon, - Fri.
9AM-5PM

Saturday
10 AM -3 PM
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SPECIAL PROJECTS

EMCIO|

CABLE TV

CONVERTERS

AND OTHER
GOOD STUFFI

SMASHING ALL SALES RECORDS — DUR NEW
30 CHANNEL CABLE TV CONVERTER!

= Converts m ¢ & super 95

band cable channels
for viewing on your
TV set!

No. 350AE047

HOT NEW IMPORT! REMOTE CONTROL
30 CHANNEL CABLE TV CONVERTER!

95 s remone v

$7995  On/otf switch and
ea. /5 fine tuning controll
$74.95  No. 350vA275

e /10

ETCO MKII WIRELESS —
THE ULTIMATE CABLE TV CONVERTER!

—_‘E\ Set TV to channe! 3 00
and the hand held
@iti | remote conrol does
tal
M No. 350ZA008

VIDCOR 2000 CONVERTER ELIMINATES PROBLEMS
WHEN VIDEOTAPING FROM CABLE TV

Restores your VCR's cape
tuntytor ;rogramm ng Re
tores r-m: re channel con
trol Enabies v deotaping
of one cable program

wh I wa hing another

No 350VA950
UNUSUAL FACTORY SURPLUS
MID-BAND — SUPER-BAND CABLE TV TUNER

™ Converts cable channets 1o a 95

comman IF frequency Exper

i __ menter:  bu i cable conver
ters decoders etc With $17,50
schematic No 350VA342 =g

"350VA389. Detas ed schematic & s c sheet $150

FACTORY SURPLUS UHF TUNERS

9 5 Brand new production surpius.
All solid state ldeal for exper
$3.95 mental work building, cable TV L/\

e2./10 converters etc No  3505U099

MINIATURE FM WIRELESS MICROPHONE

Hides in the palm of your
hand Reception on any stan
B dard FM radio or recewer
. No. 350VA482 §24.95
X e /10

QUARTER-MILE WIRELESS MICROPHONE
& RECEIVER SYSTEM
FCC approved crystal controlled
wreless mike & recewer Al
battery operated E ectret wide
84995 range response VU meter
82 /5 No. 350vA093

; FACTORY SURPLUS ¥
b YURRACYOR T

deriTd Admiral No. NC 3143-
o, - BRAND NEW! Ideal ‘uv bulding 95
or repair ng efectromical v tuned
TV FRONT ENDS' A hard 10
& et senis gnsonce 53;’/955
350vC308
% ¢

DUMPING! NORELCO ENDLESS LOOP CASSEYYES‘

9 5 :)mposswble 10 find at any __.-'

ey Sl e "Nme 4
IN STOCK — THE MUR

CORDLESS TELEPHONE SYSTEMI

Answe & 01g nate
@ swihthswre
231 pucketohone
400 i ange Re
charte Ly

g
o temtorer sk v
om0 vhtems

No 350vAaz74

SALE OF QUARTZ BATTERY.
OPERATED CLOCK MOVEMENTS!
Accuracy o 1 min year up
104 yea s operatonon g ka
Ine C cel; inpo ted from
Nest Germany No 350VA561

38OVA565 Motching hands - $2 497set
= $195/s1/5

20 AMP REGULATED 12VDC POWER SUPPLY!

— - 138 vdc no foed 12 5 vde ful
oad Eas  handies ham sis000
manne racio SSB Linears up to
400w P E P Brand new factory
2led 110 VAC No. 350VA394 $59 88

Vmcon
20G0

vem
IGHAL COMVERTER

|350VA395 s above, 10amps 554 95 $49.95 ea /5

—4 1 OUR LATEST 98 PAGE
. FASCHVATING CATALOG

' jam packed w th un que tems

& ectron ¢ barga ns and unusual

ter| Wr te of ¢ rcle the infor
mation card number below -,
e

U OO [ VU (VU U (U [ VU B

= ETCO ELECTRONICS
EE ;! ﬁ: ) g NORTH COUNTRY SHOPPING CENTER
PLATTSBURGH N.Y. 12901

Check with order, please Visa & Mastercard OK (Sorrv. no € O D 's. Add 15%
for UPS ¢ Handling (Excess refunded) N.Y State residents add 7% sales tax
Dealer & Export inquiries invited. Our telephone order desk never closes

can 1-518 -561 8700

100 CIRCLE 608 ON FREE INFORMATION CARD

more new products

CATALOG, Voltrex Brand Heat
Shrinkable and Insulating Tubing, in-
cludes an engineering manual and is
32 pages in color. It includes design
and specification information, con-

Jelesn

CIRCLE 627 ON
FREE INFORMATION CARD

version and chemical resistance
tables, and technical data on the
complete line. Products include heat
shrinkable  Polyolefin, PVC-105,
Kynar, Neoprene & Teflon, shrink
caps, shrink tape, and non-shrink-
able, insulated Teflon and PVC-105
tubing. The Voltrex Whisper 6 flame-
less hi-temp heat gun is also featured.
Free on request—SPC Technology,
PO Box 66175, Chicago, IL 60666.

MOTO-FLEX TOOL, model 332, has a
built-in, solid-state variable-speed
control and a 3-position on-off and
power-override switch. The easy,
dial-a-speed selection from 7,500 to
25,000 rpm speed range allows for
proper speed-selection for each
specific project. That adds a new di-
mension to working plastics, gems,
rocks, leather, glass, minerals,
metals, and ceramics. The user can
grind, polish, slot, deburr, sand,
carve, sharpen, texturize, rout, cut,
and engrave—and still more.

The model/ 332, with its 34-inch
Neoprene-covered flexible shaft fea-
tures a lightweight, cool-running,
slim-grip, ball-bearing handpiece
that fits the hand, reducing fatigue in
long-running projects, and is handy
for hard-to-reach spots. The speed
control is designed for easy access,
in the rear of the impact-resistant
motor housing.

The weight of the model 322 is 2
pounds, 1 ounce. It comes with a V-
inch collet and will accommodate all
Dremel shank accessories. Other op-

CIRCLE 630 ON
FREE INFORMATION CARD

tional collet sizes are '/s2-inch, /1e-
inch, and %s2-inch. The tool's AC
cord line is designed with a 3-wire
grounding plug.

The suggested retail price of the
model 322 is $104.00.—DREMEL, Di-
vision of Emerson Electric Co., 4915-
21st St., PC Box 518, Racine, Wi
53406.
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- .}’Ou
should

see the
rest!

It’s full of fun, sun,
barefeet & bikinis.

It’s runnin’ with the wind
to small, tropical islands
and unique ports o’ call for
those with itchy feet and
adventure in their soul.

We're not the Love Boat,
but we’ll take on anvbodv
when it comes to beach-
combing, sailing &
exploring the exotic Carib-
bean. It’s our backvard
and we know all the great
places in paradise.

And, 6-day cruises start
from $425.

So send for the rest of the
booklet. It’s free!

Look us over & “sea it”
our wa_v!

®
Cruises oo

Box 120, Dept. . Miami Beach, FL 33119-0120
or call TOLL FREE and tell us you need the rest of the booklet:  800-327-2600 in FL.  800-432-3364



@® Holds Soldering Iron safely @ Sponge pad cleans tip

@® Organizes Solder, Tools, Accessories
@® For Factory, Lab or Home

*Tools not included. Available separately

OK Machine & Tool Corporation
34565 Conner St., Bronx,N.Y. 10475 U.S.A. CIRCLE 671 ON FREE INFORMATION CARD

Tel.(R1R) 994-6600 Telex 125091



