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BUILD A BACKYARD SATELLITE TV RECEI
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Don’t miss out again!

Send away today for your 36-page
booklet containing a compilete reprint
of all seven articles in the series on
Backyard Satellite TV Receivers by
Robert B. Cooper Jr.

This all-inclusive report gives you all
the data you need to build your own
Backyard Satellite TV Receiver.

@ TELLS ALL ABOUT domestic satel-
lite communications, with full details
on how you can pull those elusive TV
signals from space.

B LEGAL REQUIREMENTS, techni-
cal specifications, and how you, the

home constructor, can meet them.
Find out what mechanical and elec-
tronics skills you need.

@ RECEIVER CHARACTERISTICS,
technical details and specifications,
along with examples of actual re-
ceivers built at comparatively low
cost.

B ANTENNA DESIGN.. and ex-
actly how you can build a spherical
antenna, while keeping total earth-
station cost for the complete system
under $1,000.

B THE FRONT END is critical when
you build your own system. We help
you explore several different ap-

proaches to making one that will
work for you.

W RECEIVER-SYSTEM hardware, and
how it goes together to bring you di-
rect-from-satellite TV reception in
your own home.

To order your copy:

Complete coupon and enclose it with
your check or money order for $6.00.
We will ship your reprint, postpaid in
U.S. and Canada. within 6 weeks of
receipt of your order. All others add
$4.00 for postage. New York State
residents must add 48¢ sales tax.

I want
| have enclosed $
add 48¢ sales tax.

New York, N.Y. 10003

reprints @ $6.00 each, postpaid.
. N.Y. State residents must

SPF1  Please print

Satellite TV Reprints
45 East 17th Street

(Name)

(Street address)

(City)

(State) (Zip)
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We Keep Getting Better!

THE TITLE OF THIS EDITORIAL IS THE MOTTO OF OUR EDITORIAL DEPARTMENT—"WE KEEP GETTING BETTER". YOU ARE
now reading the third issue of Radio-Electronics Special Projects; and just as in the two previous

issues, we are bringing you a magazine that is chock full of different and interesting construction proj-
ects. Almost all have never before been published. Simple projects, complex ones, special-purpose
ones and general-purpose ones. Every article is complete in this issue. And still we are not satisfied!

That's why there are two articles in this issue that do not tell you how to build an electronic device.
However, they do tell you something you really need to know if you are going to build electronic
devices at home. First there's a story on how to make your own custom printed-circuit boards. Since
many of our construction articles include fail patterns for making your own PC boards, we felt that it
was important to give those readers who don't already know how to make them some detailed
easy-to-do instructions.

The second non-construction article is about electronic kits. It tells abit about how the kit business got
started, and then quickly goes on into the important stuff—who makes what. We tell about all the
different kit makers that are in business today and the kinds of kits that each of them offers. If you find
that we have left someone out, please let us know. We'll present the added information in our next
issue.

To continue our policy of “We Keep Getting Better”’, we need your help. We need you to keep buying
copies of Special Projects, but even more important we need you to tell us about the kinds of articles
you want us to publish. Also, if you have a pet construction project of your own that you have builtand
are using, tell us about that, too. It could soon become an article in Special Projects enabling
thousands of other readers to share it, too.

One last point. On pages 65 and 66 of this issue is a questionnaire that will let you tell us alittle
something about yourself. We need this data to help us determine the kinds of articles you want to
read.

Once again, if you've read Special Projects before, | know you are going to like this issue even better. If
this is your first look at our magazine, consider yourself hooked. Your next chance will be the Winter

1982 issue. It will go on sale December 3, 1981.
E LARRY STECKLER

EDITORIAL DIRECTOR

Radio-Electronics Special Projects, published quarterly by Gernsback Publications A stamped self-addressed envelope must accompany all submitted manuscripts and/

Inc . 200 Park Avenue South. New York, NY 10003. Phone 212-777-6400. No subscrip- or artwork or photographs If thetr return 1s desired We disclaim any responsibiiity for
tions. Single-copy price $2.25 © Copyright 1981. Gernsback Publications Inc All rights any loss or damage to manuscripts and/or artwork or photographs while in our pos-
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, techniques and scientific technological
developments. Beacuse ot possible variances in the quality and condition ot materials and workmanship used by readers, Radio-Electronics Special Projects disclaims any

1861 11Vv4

responsibility for the safe and proper functioning of reader-built projects based upon or trom plans or information published in this magazine.
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WE KEEP
GETTING BETTER

A few words from our
editorial director.

LETTERS

Your questions and comments.

NEW PRODUCTS

A selection of equipment
and catalogs.

VOL. 1 NO. 3

20

WALKIE-TALKIE
INITIATOR

Automatic turn-on at preset
intervals.

FALL 1981

CUSTOM PRINTED
CIRCUITS FOR
YOUR PROJECTS

Step-by-step procedure for
making your own boards.
It's easy.

STEREO TIMER

You don't need to be
home to record.

'@ 184
s

13

SUPERFUZZ FOR
YOUR GUITAR

Easy to puild fuzzbox
you'll want to own.

AUTO-POWER
MIKE PREAMP

Tiny unit even turns itself
off when not in use.

PRINTMETER FOR
PHOTOGRAPHERS

Get perfect prints the
easy way.

53

SUPER-SENSITIVE
FIELD-STRENGTH
METER

Great for 100-mW CB and cther
low-power xmitters.

INTERVAL TIMER
¢ EHI ey ¢

"
.
> % @

Built around a common
available clock module

&:4]

DIGITAL
BRAKE-LAMP
WARNING
SYSTEM

Alerts the driver behind
you when you start to stop.




TAPE TESTER
FOR CASSETTE
RECORDERS

See which tapes are best
for your player.

56

KITS FOR
PROJECT
BUILDERS

70

Everything you ever wanted
to know about who makes

TTY PRINTER
CONVERTER

Lets you connect a teletype
printer to your personal

COMPRESSO-AMP

o

4
Equalizes the level of loud and
low sounds for clear taping.

CLOCK INTO
COUNTER

Take one inexpensive digital
clock. Add a 555. Presto! Now

what kits. computer. you have 100-kHz frequency
counter.

READER MOTOR-SPEED

QUESTIONNAIRE CONTROLLER

We've got some questions you
could help us with.

The right IC's in the right
circuits.

ELECTRONIC
DRUMS

Carry them with you wherever
you go.

[ﬂmxga

“wike D=
Nt

g

BUILD A BEEPER
FOR YOUR TRS-80

Avoid double-typing and other
common personal-computer
problems.

PROJECTS FROM
ENGLAND

Construction articles you'll
want to build.

Hugo Gernsback (1884-1967) founder

M. Harvey Gemsback, editor-in-chief
Larry Steckler, CET, publisher
Arthur Kleiman, managing editor

Josef Bernard, K2HUF,
technical editor

Carl Laron, assistant editor
Ruby Yee, production manager

Robert A. W. Lowndes, production
associate

Joan Burwick, production assistant

Gabriele Margules, circulation director

Arline R. Fishman,
advertising coordinator

Cover photo by Walter Herstatt

Composition and interior design by
Mates Graphics

Technical Consultant. Robert F Scott

Gernsback Publications. Inc.

200 Park Ave. S.. New York, NY 10003
(212) 777-6400

President: M. Harvey Gernsback

Vice President: Larry Steckler
Secretary/Treasurer Carol A Gernsback

ADVERTISING SALES
EAST

Stanley Levitan
Radio-Electronics
200 Park Ave . South
New York. N.Y , 10003
212-777-6400

MIDWEST/Texas/
Arkansas/Okla.

Ralph Bergen .

The Ralph Bergen Co.

540 Frontage Road—Suite 361-A
Northfield. lllinois 60093

(312) 446-1444

PACIFIC COAST
Mountain States

Marvin Green
Radio-Electronics

413 So. La Brea Ave.
Los Angeles. Ca. 90036
{213) 938-0166

SOUTHEAST

Paul McGinnis
Paul McGinnis Company
{212) 490-1021
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letters

I LIKE PROJECTS
Dear Editor:

You sure have what | want—lots of
projects to build. Keep them coming.
Can't you do it every month?
CHARLES WILSON
Los Angeles, CA

All we can do is keep turning them
out every three or four months. You
can expect to find us publishing four
issues each year. Since you like us so
much, why don't you help us get even
better? Turn to page 65, fill out the
questionnaire and mail it in. Thanks
for the pat; we’ll try hard to keep on
earning it.—Editor

IT ISN'T ENOUGH

Dear Editor:

| loved your Spring issue, but why
wasn't it larger? I'd like to get 50
projects each issue. Otherwise, just
keep up the good work.
GEORGE CARLSON
Baltimore. MD

What a positive negative! If everyone
else out there who likes building
projects buys the next couple of js-
sues we might be able to make you
completely happy. In the meantime
you'll have to settle for a little less
than perfection.—Editor

CORRECTION

Dear Editor:

As promised in my recent tele-
phone call, here is a correction to the
article “"A Reliable Burglar Alarm.”
This story appeared in the Spring
1981 issue of Special Projects.

Sentence number 4, last paragraph
of Panic Mode, at the top of page 56
reads “'Similarly, the same results
can be had by adding a switch across
the closed switching network.” That
sentence should have said: “Similar-
ly, the same results can be had by
adding a switch in series with the
closed switching network.”

This change is needed to inhibit
the action of both open-loop and
closed-loop switches effectively, and
thereby put the alarm into a panic-
switch-only mode of operation. As it
was. a switch across the closed net-
work did not prevent open-loop entry
switches from setting off the alarm. If
that did happen, the interior alarm
would go off and give plenty of warn-

ing to shut off the system. However, it
could also leave a shopkeeper un-
able to use the Panic Mode during
business hours. He would then have
every reason to feel that the system
did not perform as the article claimed.

If anyone contacts me directly, |
will send him or her my standard In-
stallation and Operation instruction
sheet and will underline in red the
series-switch installation portion of
the Panic Mode instructions.

Not mentioned in the article or the
instruction sheets is the ability to
make the alarm do things a bit dif-
ferently. Many users want something
other than a siren for exterior alarm
purposes. If diode D10 and capacitors
C8 and C9 are simply left off the cir-
cuit board, the exterior output be-
comes just a steady DC voltage that
lasts for about six minutes. That can
operate a relay that can, in turn,
operate any AC or DC-powered noise-
maker.

EDWARD R. CONNER
The Ercon Company
6744 48th Ave. SW
Seattle, WA 98136
(206) 932-6150

MEASURING CAPACITANCE
Dear Editor:

In reference to my article “Use a
DMM to Measure Capacitance” in the
Winter 1981 Special Projects, | have
discovered that some recent models
of DMM’s do not have the standard
10-Megohms internal impedance
referred to in my text.

| would suggest then that readers
who have DMM'’s check their user's
manuals and, if necessary, recalculate
the proper resistance needed to pro-
duce the shunt values given in the
table. Depending on the character-
istics of one's DMM, the last two
values in the table may be affected.
DonN R. KING

FOIL-PATTERN SIZES

Dear Editor:

I was planning to "lift" the PC-board
foil pattern for the Digital Do-Nothing
on page 12 of the Spring 1981 Spe-
cial Projects until | noticed that the
dimensions were off—an IC placed
on the pattern would not fit—so the
project was scrapped. | was really
disappointed. Is there anything that

can be cone about this?
KEN VASSY
Shelby, NC

Depending on the size, we normally
reproduced foil patterns either full-size
or half-size (the dimensions indicated
represent the true size of the board).
In this case, we made a slip and must
apologize.

What you should do now, or when
a pattern is reproduced half-size, is
take it to an outfit that produces
photostats and ask that they make
you a positive of the correct size on
film or acetate. (Use the 0.1-inch
spacing of the IC pins as a reference.)
That positive can then be used to
make your PC board.—Editor

FINDING COILS

Dear Editor:

Many projects that are published,
such as the Short Wave Booster fea-
ture in the Spring 1981 Special Proj-
ects, use tuned circuits and usually
specify Miller coils.

Those coils are difficult to locate,
even by mail order. Do you know a
good source for them?

BReT C. SiINGER
Nellis AFB, NV

One firm that has a large selection of
coils in its catalog is: Circuit Speciai-
ists, Box 3047, Scottsdale, AZ 85257.
They have many other hard-to-find
items, too.—Editor. SP
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“Sir. this goes with it—an emergency
fire extinguisher.”
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BUILD YOUR OWN ROBOT!

Send today for your 52-page (8V2 x
11"} booklet containing compilete re-
prints of all eleven articles in the
Build Your Own Robot series by Jim
Gupton.

This all-inclusive reprint gives you all
the data you need to build your own
Robot.

B TELLS EVERYTHING YOU NEED
TO KNOW to build the Unicorn-t
Robot without the need for an engi-
neering degree or special equipment.

The robot is fully mobile with minipu-
lator armrs to grasp, lift and carry.

B MANIPULATOR ARMS and end-
effectors (hands) are what enable the
robot to perform useful tasks. Details
of construction techniques and con-
siderations are fully explored.

B MOBILITY BASE is not a lunar
space station. It is the drive system
that permits the robot to move from
here to there. Full construction de-
tails along with a discussion of power
sources is included.

@ THE BODY—FRAME AND ROTA-
TION MECHANISM. This is the part
that makes Unicorn-1 look like a ro-
bot. Wood and Formica are the ma-
terials for the body. Motors and gears
are what make it function.

@ COMMUNICATIONS. How you can
tell your robot what to do. Prepro-
gramming techniques....radio control
....computer control are all detailed.

B SENSORS. How to add sensors so
your robot doesn’t bump into things.

Radio-
Eleclronics.

| want to order

U.S. Funds only.
| want to order

U.S. Funds only.

Allow 6-8 weeks for delivery.

Robot Reprints
200 Park Ave. South
New York, N.Y. 10003

postage and handling for U.S., Canada and Mexico.
Add 96¢ sales tax for New York State residents only.

reprints @$12.00 plus $3.00
Air Postage and handling for all other countries.

Please print

reprints @$12.00 plus $1.00

SPF1

(Name)

(Street address)

(City)

We do not bill, check must be enclosed.

(State) (Zip)
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NEW PRODUCTS

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

INSTRUMENT CASES, Benchtopper /1. 10
x 4 x 7-inch grey plastic case. Comes in
two shell halves with extender rails, plus
front and rear fitted aluminum plates, vinyl
mounting feet and all hardware. $23.95.
Applications include housings for instru-

CIRCLE 546 ON
FREE INFORMATION CARD

mentation. audio equipment. small com-
puters and just about any other kind of
equipment that belongs on a bench.—
Global Specialties Corp., 70 Fulton Ter-
race, New Haven, CT 06509.

WORK CENTER, Mode/ 324. A combina-
tion ot Model 300 Standard Base. Mode/
312 Tray Base Mount, Mode/ 315 Circuit
Board Holder and Mode/ 371 Solder Sta-
tion. Combination is based on consumer
demand, according to manufacturer. and

CIRCLE 547 ON
FREE INFORMATION CARD

offers price advantage when all units are
purchased as a group. $49.95. Solder and
soldering iron are not included. —Pana-
Vise Products Inc., 2850 E. 29th Street,
Long Beach. CA 90806.

EXTENDED RESISTANCE RANGE, Acces-
sory for Circuitracer. Extends continuity
range to 1500 ohms. Model 221 Light

Emitting Diode fits manufacturer's mod-
els 100, 110, 120 and 130. Extends range
for continuity tester from 10 ohms to
1500 ohms. Allows Circuitracer to be used
for tracing circuits with low resistance,

CIRCLE 548 ON
FREE INFORMATION CARD

such as heating elements or the window
tape circuits of alarm systems.—Desco
Industries Inc., 351 F Oak Place. Brea, CA
92621.

INDIVIDUALLY PACKAGED PASSIVE
COMPONENTS. A selection of 14 different
product lines in more than 60 separate
values are available. Includes single and
multiturn cermet trimmers; SIP and DIP

Bee aEcKkMmAN
! ghectmric components

RSt S = e

CIRCLE 549 ON
FREE INFORMATION CARD

resistor networks: 10- and 15-turn turns-
counting dials; and wirewound precision
potentiometers.—Beckman Instruments
Inc., Instrumentation Products, Advanced
Electro-Products Division, 2500 Harbor
Blvd.. Fullerton CA 92634.

PURCHASING MANUAL, No. 533, is a
112-page catalog of electronic parts.
tools, and equipment, from alligator clips
to wire and cable, meticulously organized

and fully illustrated. Antennas, cabinets
and cases, capacitors, connectors, drafting
aids, jacks and plugs, lamps and LED's.
potentiometers, relays, resistors, semi-
conductors, speakers, and mikes, switches,
test equipment, tools, and transformers
are just a sample of the wide range of

- MOUSER
ELECTRONICS

COMPLETE INDEX
ORDEX SORM

CIRCLE 540 ON
FREE INFORMATION CARD
offerings. The manual No. 533 (1981) is

priced at $2.00.—Mouser Electronics,
11433 Woodside Ave., Santee, CA 92071

DMM’s mode/ Tech 350 and model Tech
360, are both bench-top 3%-digit multi-
meters, designed to be used by electronic
engineers, technicians, and hobbvists.
Both meters have a 20-ohm full scale

CIRCLE 543 ON
FREE INFORMATION CARD

range, and feature 12,000-hour battery
life, 0.01-ohm resolution, diode and tran-
sistor check, 0.1% basic DC accuracy, and
a single rotary switch that selects 31
ranges in eight different functions.

The mode! Tech 350 is an average-
responding meter, and is priced at $229 in
the U.S.A.; the mode/ Tech 360 is a true
RMS meter with built-in temperature
measuring capability, and costs $289.00
in the U S.A. — Beckman Instruments,
Inc., 2500 Harbor Blvd., Box 3100, Fui-
lerton, CA 92634.

SHORT FORM CATALOG, 1981. is a 28-
page brochure providing complete spec-
ifications and prices for a variety of
microcomputer  prototyping  boards,
breadboarding supplies, and packaging
equipment.

Included are five pages describing
microcomputer prototyping boards, ore
page describing perforated boards. and
eight pages illustrating enclosures and



card cages. Other sections are devoted to
wire-wrapping tools, terminals, sockets,
receptacles, and etched-circuit kits. A

éc

SHORT FORM CATALOG
1981

CIRCLE 544 ON
FREE INFORMATION CARD

compiete
cover.

Vector Electronic Co., Inc., 12460 Glad-
stone Ave., Sylmar, CA 91342.

index appears on the third

REPLACEMENT GUIDE, SK Series 1981,
is 408 pages and lists over 1300 solid-
state replacement devices that replace
more than 170,000 domestic and foreign
types. The guide shows the SK stock
number, along with the stock number of
the numbering system used by ECG (a
trademark of GTE Sylvania), REN, and
TM—thus making it easy to locate the
correct solid-state replacement device in
this one publication.

There is information on the complete
line of RCA's replacement transistors,
rectifiers, thyristors, integrated circuits,

CIRCLE 545 ON
FREE INFORMATION CARD

and high-voltage triplers, including many

MRO replacements. There is also an
index and comprehensive data section,
with listings grouped according to the
type of device.

The SK-Series 1981 Replacement Guide
is priced at $2.25 —RCA Distributor and
Special Products, PO Box 597. Wood-
bury, NJ 08096.

COLOUR MODULATOR $24.95

ARKON LOGIC PROBE 1 $24.95

Easy to build Lagic Probe kit A full performance
logic probe. With it, the logic levels in a digital circuit
transiates into light from the Hior Lo LED. Pulses as
narrow as 300 nano seconds are streiched into
blinks of the pulse LED's. Specs — 300 Kohm imp
Power — 30ma at 5 volts, 40ma at 15 volits, 15 volts
max Max. Speed — 300 nano seconds 1.5 MHZ
Input Protection — +50 voits DC continuous. 117
volts AC for 15 seconds. (case included)

el

This wideo modulator has been designed to
complement the small home computet. It aliows the
standard colcur television to be used as a high
quality colour video monitor. Uses state of the art
integrated circuit technology. Direct coupling 1s
employed to provide white level compensation in
the vestigal sideband output. The gaindevice of the

LED POWER METER $24.95

Uses the popular LM3915 display driver, Features
switch selectable peak or average peak power level
indication. The front end utilizes precision half wave
rectification. LED displays included 30 db (24 db
to -3 db) dynamic range

LM1889's croma oscillator 1s used ta buffer. level
shift. and invert the incoming composite colour
input. The signal then passes to the RF modulator
where a channel 7 carrier is provided. Requires 12
voit DC for operation.

THE BRUTE 300 WATT AMP

This kit is not recommended for beginners or

LED VU/POWER METER $29.95

Same as LED power meter but uses NSM series

display.
Two types — NSM 3915 — 30db (-24 do to
3 db power)
NSM 3816 — 23 db ( -20 db to
3db VU)

nexperienced constructors. Power output: 200
watts RMS, 8 ohms, 310 watts RMS. 4 ohm Input
sensitivity: IV for total output. This kit uses all
standard parts and comes complete with instruc-
tions and printed circuit board (mono) (transformer
required) 100 VCT 5 amps. is availabre for $51.00
#167P100. P.C. Board $11.25

POWER SUPPLY $16.95

This kit has been designed to satisfy the need for an
economical power supply. Provides 5 volt DC at
lamp for TTL pro,ects plus a separate floating power
supply that is variable from 5 to 35 volt DC at 1/2
amp for CMOS and other uses.

Send certified chegue. money order. Chargex. Master Charge. American
Express. .include expiry date. card number and signature. Add $2 50 for

100 page catalogue. We process only prepaid orders. Mimmum order
$10.00 Add 5% (minumum $2.00) for shipping and hamdiing. Ontario
residents add 7% saies tax. All prices subject to change. Dealer inquiries
weicome.

409 QUEEN STREET WEST, TORONTO, ONTARIO CANADA M5V 2A5. TEL. (416) 868-1315

CIRCLE %05 ON FREE INFORMATION CARD

“When a Fella Needs a

Friend”

and the Parts to Keep Projects

Going . ..

Get and Use the NEW
Allied Electronics
Engineering Manual
and Purchasing Guide

Calling all electronic experimenters, technicians, engineers, enthusiasts . . . just a dollar keeps your
building projects going — takes the hassle out of obtaining parts and zomponents you need to con-
struct, maintain and repair all kinds of electronic equipment. Our book is filled with resistors, capaci-
tors, relays, wirz, cable, tools, soldering and unsoidering devices, transformers, transistors and IC's,
tubes, pilot ligh:s, switches, test equipment, panel meters, microprocessors — even an under $500
complete Micrccomputer. There's thousands of parts complete with cetailed specifications, illustra-
tions, dimensioas (with many metrics}, full technical data, quantity pricing, too. To get your Guide
quickly, send $- (check, money order 3r cash) now with your name, azdress and Zip Code (Print or
Type Clearly) tox Allied Electronics, Dept. REH-81, 401 East 8th Street, Fort Worth, Texas 76102.

ALLIED ELECTRONICS

Now...30Locations and Growing
CIRCLE 504 ON FREE INFORMATION CARD
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Get lt all! Subscribe today to
RADIO-ELECTRONICS. Don’t miss a single
issue and ... you save as much as Radio.
$10 off the newsstand price. Electronics

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.

This will be coming © NEWS ON NEW * HOW YOU AND THE ¢ TV WONDERS FOR YOUR
to yvou when TECHNOLOGY. ... COMPUTER CAN BE FUTURE...
y | Android Design (Robots FRIENDS... Latest Receivers and
you subscribe to That Think and Do) Getting Started Circuits
. Automotive Electronics Programs, Circuit Projection TV Today
RADIO-ELECTRONICS: Speech Synthesizers Design, Games Satellite TV Receivers
¢ HELPFUL IC Applications A/D-D/A Interfacing dJack Darr’s Monthly
CONSTRUCTION Video Disc Players Peripheral Equipment Service Clinic
AKVICLES ... Video Tape Recorders Servige Problems and
Test Equipment . * NEW AUDIO Sl
Hi-Fi Accessories ¢ FASCINATING “HOW DIMENSIONS FOR YOUR AND you also get these
Telephone Accessories TO DOIT PLEASURE... regular MONTHLY FEATURES:
Music Synthesizers ARTICLES ... Noise-Reduction
Compufer Equipment Build Your Own Devices + LOOKING AHEAD by Dave
Automotive Equipment Proiects . Correct Bias for Your Lachenbruch
Intruder Alarms— Make Your Own PC Tape Deck - HOBBY CORNER b
Home & Car Boards How to Connect that “Doc” S 4
Wiring Techniques Extra Add-On G eEE
- Solden‘ng and Monthly Features by * WHAT'S NEWS, new
BeSQIdeﬂfAQP orvi Len Fefdman products, stereo news
— sign and Frototyping - and NEW IDEAS, STEREO
PRODUCTS, NEW
COMPUTER PRODUCTS
[ ] FOR HOME/JOB and
E Ieelrnn Ies .
o ®  —n N GEEN SR NS SR ED S D G GEED SEm) G S mE
4P.Ja-'
YES! please send me |
71 Payment enclosed, 14 issues for $13.00 Every Month! ﬁ
(You save $4.50 off newsstand price.) Get the Best- |
Clip Coupon-—

[] Payment enclosed, 28 issues for $25.00 Mail Todau!
(Save More! $10.00 off newsstand price.) ail Today!

(] Bill me, 1 year—12 issues only $13.00 O Check here if this is a

[

|

|

|

SAVE MONEY, (You save $2.00 off newsstand price.) new subscription. :
enclose your payment [ Check here if you are

and ouy - pay (] Bill me, 2 years—24 issues only $25.00 extending or renewing |

TWi (3)’ EXQTR A ISSUES (Save more! $5.00 off newsstand price.) your subscription. !

per year. Extra postage: Canada $3.00 per year, (Offer valid in U.S. & Canada only) |

|

Name I

(please print) '

Address f

|

I City. State Zip Code |

|

| Mail to: RADIO-ELECTRONICS
PO. Box 2520, Allow 6-8 weeks for delivery of first issue. |
l— Boulder, Colorado 80322 ]



SLOW

TR
®

FAST

K2

STEREO TIMER

Record radio programs when you’re not at home with
this digital timer. It works just like the one on a VCR.

BY HERB FRIEDMAN

WITH THE STEREO TIMER YOU NO LONGER NEED TO BE
home to record your favorite AM-FM programs. Now.
you simply preset your tuner to the desired station; set
your cassette recorder to RECORD; and set the Stereo
Timer to the desired starting time. With better than 60-
second accuracy. the Stereo Timer will fire up your
stereo system and the recorder. That's right! It works
just like the digital timers used on VCR’s (Video Cas-
sette Recorders).

You could use a mechanical timer such as those sold
in hardware stores to do the same thing. (It's done
every day.) Unfortunately, mechanical timers have an
accuracy of £5 to 15 minutes. This means that you
will be recording a lot of ““hash™™ before the desired
program or could lose part of the program. With an
electronic timer you start right on the program—or, at
worst. a few seconds early.

The Stereo Timer uses a readily available clock
module as the main timing and control element. That
device (originally intended to be used as a digital
clock. or in a clock-radio) has an on-board control
transistor that functions with the alarm mode. It tums
ON for 59 minutes at the alarm set time. By using the
control transistor with a selt-latching relay we come
out with a stereo timer. At the selected alarm time the
controlled clock-module output applies power to re-

lay RY 1. When the relay-contacts close. one set applies
117VAC to power outlet SOI. The second set of RY
contacts self-lock the relay. The self-locking contacts
remove RY I's control from the clock module so that 59
minutes later—when the clock module releases the alarm
circuit—RY1 stays ON until the user deliberately re-
leases the timer control with switch S2

The power-outlet control is exactly the same as the
ones used for VCR’s. When S2 is in its normal (timer
off) position. power is continuously applied to the
power outlet (S01). That allows your equipment to
work normally without having to rearrange the equip-
ment’s line cords. When S2 is set to the TIMER position,
power is removed from the outlet and is applied only
when the clock reaches the user-set alarm time. -

A logical question at this point is: “"Why use a relay
to switch power? Why not all solid state?”” There are
several reasons: the main one is that if there is trouble
with the relay circuit the 117VAC line can in no way be
applied to the clock module. Also. the relay is almost
universally available. which is not true of many solid-
state switching components. Finally. the current capa-
city of the controlled power is limited only by the size
of the relay contacts. If you want to use the timer to
start the morning coftee pot. or an electric oven. just
plug in the appliance. But be certain that the relay
contacts can handle the load. The relay specified in the
parts list will handle up to 3-amperes. If you need to
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control more power. use the next available relay size,
which has 10-ampere contacts. If you plan to switch up
to 3-amperes ordinary **zip™” linecord can be used for
all connections between the relay and the power outlet.
For more than 3-amperes use at least No. 16 wire and
make certain that power-outlet SOI is rated for the
maximum current you plan to control.

Note that the relay has DPDT contacts, with the N.C.
(normally closed) contacts unused. If you want the
timer to rurn off the power outlet at a predetermined
time (rather than turning the power outlet on). make
your power connections to RY1's N.C. contacts: those
labeled A and B in the schematic.

Construction is easy

The timer fits nicely into a 7%2 x 4Y%4 X 23-inch
plastic utility case. Do not use a metal cabinet or front
panel: There's too much “‘high voltage' loose inside
the project and a single loose strand of wire can give
you a hor metal cabinet or panel. All-plastic is less
expensive and safer.

Layout isn’t critical; simply approximate the one
shown in the photographs. Position all the major com-
ponents —the clock module, transformers, relay. and
switches—on the panel and push them around until
you have a usable layout. Then mark the mounting
centers on the panel.

The clock module can be mounted directly to a plas-
tic panel without stand-off insulators because there’s
no way that the plastic will short-circuit the connec-
tions sticking through the module’s PC board. How-
ever, if you use a metal cabinet or panel (which, once
again. is not recommended) you must use standoff’s at
each of the module's mounting holes to prevent the
printed foils and connections from shorting to the
panel.

Relay RY1 is supplied with a socket. The easiest

PARTS LIST

BR1—50PtV DIP diode bridge (Radio Shack 276-1161)
Cx—100-uF/25-35 VDC (see text)

CM1—clock module (Radio Shack 277-1006 or equai)
D1—see text

RY1—12VDC/DPDT relay (Radio Shack 275-206 or equal)
SO1—AC outlet (socket)

SWITCHES

S1—SPDT switch

S2—DPDT switch

83, S4—N.O. momentary push-button switch

TRANSFORMERS
T1—12.6V 300-ma transformer (Radio Shack 273-1385 or equal)
T2—clock power transformer (Radio Shack 273-1530 or equal

MISCELLANEOUS

-Cabinet, wire, etc.
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THE CLOCK MODULE is the heart of the stereo timer as shown in this schematic. The
module, originally intended to be used in a digital clock, is readily available.
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THE COMPLETED STEREO TIMER. Except for the controlled power leads, all connec-
tions were made with No. 30 wrap-wire with %" insulation removed from the ends.
Ordinary solid hookup wire can be used if desired. Do not use stranded wire for clock
module connections, because a single ‘‘free” strand can easily bridge two solder pads.

A SMALL MOUNTING FOOT, fashioned from scrap aluminum,
holds RY1 in place. Note the two mounting holes for two panel-
mounting screws. Make certain that the relay cannot move on
the panel.
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THE BACK OF THE CLOCK MODULE has a row of solder pad
connections along the bottom edge. The extreme right pad is
No. 1, and it's the only pad that's marked. Make certain that you
count all clock connections from the No. 1 terminal.

way to install it is to eliminate the socket and to solder
directly to the relay’s solder lugs. When you pull the
socket oft the relay you will find a screw sticking
through the relay. The plastic on each side of the
screw is cut away—forming a sort of “‘keyway.”
From scrap aluminum. fashion a small mounting foot
that fits snugly into the keyway and over the screw.
When the mounting nut is tightened. the keyway holds
the toot from turning: that provides a ““solid™™ mount-
ing to the panel. The foot should be secured to the
panel with nvo screws or Pop-Rivits. Do use a single-
screw panel mounting: that will permit the relay to
turn—the last thing vou want in a device handling **high
voltage.™

Any 50-PIV bridge rectifier can be used for BRI.

The one specitied in the parts list. however. has both
AC and both DC terminals inline (4-pin DIP) which
allows it to span easily between two parallel terminal
strips. as shown in the photographs. It simply makes
for easier assembly.

The connections to the clock module are made to
solder pads along one edge of the PCB. The pads are
not individually numbered. While looking at the back
of the module —the side to which you will make the
connections (the LED displays are on the opposite
side ot the PCB)—with the strip of solder pads at the
bottom. pin 1 is at the extreme right side.

It 1s very easy to torm solder bridges across the
pads. so use a low wattage (20-50 watts) pencil-tip
soldering iron (no solder guns). Use only solid wire tfor
connections to the module: No. 30 wrap-wire with
about ¥8-inch insulation removed trom the ends is ideal.
Note that there is a jumper from terminal 27 to 30.
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Install the jumper before making any other connec-
tions—it’s easier. There is a natural PC board bridge
between terminals 8 and 9: you can make your connec-
tion to either terminal.

Transtormer T2 is a special model. specifically in-
tended tor the clock module. It has only four secondary
leads instead of what appears to be a required five. The
two secondaries are connected by a factory pre-wired
internal jumper.

THE NUMERIC DISPLAY HAS THREE DOTS. The flashing dot in
the center is the colon. The dot at the upper left indicates PM.
The dot at the lower right indicates the timer is tumed on (armed).

A DIP STYLE RECTIFIER BRIDGE has the AC connections on
one side and DC on the other. This allows the bridge to be
spanned easily across two parallel terminal strips.

THE CONTROLLED-POWER OUTLET is located on the rear of
the cabinet. Al power connections to the outlet and relay power
contacts should be made with standard ‘“‘zip” linecord or its
equivalent.

Take extra care when wiring S2, which removes
power from T1 when the timed power control isn’
being used. Note that when S2 “*opens™ clock contact
No. 21 (it sets the timer mode ON). it closes the power
connection to T1. Conversely, when S2 closes the No.
21 contact—which turns the timer mode OFF—it both
opens the power connection to T and “*shorts™ RY I's
power control contacts, thereby providing continuous
power to SO1.

Silicon diode D1 is an inductive kickback suppressor
that prevents the induced emf (caused when current is
removed from RYI's coil) from **blowing™" the radio-
control transistor in the clock module. Do not eliminate
DI.

Capacitor Cx, 100-pF/25-35 VDC. will probably not
be needed. If RY1 **sings.” or gets what you judge to
be excessively warm after one-hour’s operation, then
install Cx across RECT1 (get the polarity correct the
first time). Cx simply provides a “*‘smoother™ DC for
RY 1.

Checkout before using

Connect a light bulb (or other suitable 117-volt indi-
cator) to power-outlet SO1. Set switch S1 to CLOCK
(clock module terminal No. 16 on) and switch S2 OFF
(no line voltage to T1). Connect the Stereo Timer to a
117-volt outlet. The clock digits should turn on and

flash. (Flashing digits means that power has been pre-

viously interrupted.) Also. the light connected to S(1
should turn on. Pressing either the fust or slow clock/
timer setting push-buttons will cause the clock to stop
tflashing. Hold down the fusr button. As the clock
cycles past 11:59 a small dot will turn on In the upper
left corner: That 1s the PM indicator. (The clock might
have first turned on with the dot on, and cycling past
11:39 would turn the dot off.)

The PM dot functions tor both the clock and timer
modes. [t you want the timer to turn on SO1 at 8:30 PM
you must set the clock-module timer mode to 8:30 with
the dot on. A dot in the lower right corner indicates
that the timed outlet is ““armed™: the dot turns on
when S2 is in the TIMER position.

Make certain that the module does not indicate the
same time tor both CLOCK and TIMER modes and move
S1 to the timer ON position; the test lamp should go
out. because arming the timer removes power trom the
outlet. Note the timer set-time on the module and ad-
vance the clock display to one-minute before the timer
display. When the clock steps to the timer reading the
test lamp should turn on and remain on.

[t the timer has been on longer than one hour the
timed outlet is reset by simply moving S2 to the OFF
position. If the timer has been on for less than one
hour, first change the TIMER module set-time to any
time other than the actual time (press the fust push-
button), then open S2. SP



SUPERFUZZ
FOR YOUR GUITAR

Get that professional rock sound
with this project.

BY HERB FRIEDMAN

1861 11vd

—
w



SPECIAL PROJECTS

Py
»

[F YOU'RE INTO THE ELECTRIC GUITAR—OR KNOwW
someone who is—you're probably into rock, punk,
heavy-metal, and possibly fusion. All of it is music that
makes use of the fuzzhox, the device that creates the
“‘rough-tough™ sound of an electric guitar. Actually, a
fuzzbox is simply a device that distorts the electronic
signal from the guitar pickup(s). By clipping the wave-
form, odd-order distortion products (3rd, Sth, etc.) are
generated. Those create the Acavy or fuzzy sound so
commonly used in modern contemporary music.

The problem is that it’s difficult to get a good solid
distortion with an ordinary clipping amplifier because
the lower levels from the guitar tend to slip under the
clipping level, and what comes out of the speaker is
clean low level and fuzzy high level.

Superfuzz, on the other hand, gives you fuzz at
virtually all volume levels because it has a predriver
for the clipper. that is, in itself, an amplifier. The
clipping is right “*on the deck.” so to speak. For inter-
mediate or light fuzz effects the user simply adjusts a
potentiometer that backs off the driving signal to the
clipper diodes.

How it works

The input signal from the guitar pickup(s) is con-
nected through J1 to operational amplifier IC{-a which
provides approximately 10-dB preamplification. That
is about the optimum value for this circuit. Don't try
for ““more’" fuzz by increasing ICl-a’s gain. The out-
put from ICl-a is fed to the inverting input of opera-
tional amplifier IC1-b. Its gain can be varied from
approximately 20 dB to unity with potentiometer R6.
(The inverting input is used because it can handle the
high level from ICI-a without overload.)

The output from IC1-b is **clipped” by diodes D]
and D2 at approximately 0.7 volt. The greater the gain

MOST OF THE CIRCUIT IS ASSEMBLED on a small printed-cir-
cuit board that is secured to the cabinet with a small L-bracket.

set by R6 the deeper the clipping because the wezker
music signals are amplified to the clipping level.
Theoretically. it’s possible to get even deeper clipping
by using germanium diodes because they break-over.
or conduct, at approximately 0.3 volt; but it doesn't
work out that way. Unfortunately, 0.3 volts is too
deep. and the signal tends to get muddy. But if you
want to try it, go ahead—you might like the effect.
Power is provided by a single 9-volt transistor-radio-
type battery that should last several weeks even with
frequent use. because current drain is low—2 mA
(nominal value). Though the op-amp normally requires
a bipolar power supply, to keep things simple the
Superfuzz uses a single-ended power source (commaon
ground from one battery) by floating the non-inverting
inputs of both op-amps at the power-supply midpoint,
which is established by voltage divider R3 and RS,

D1
1N914
al
Lal
D2
1N914 1uF 1uF
R2 ¢ — (—‘—‘)F—+
ASSAK RS R6 ALTERNATE
ha 15K 100K c2
AAA AAA
vy A4
Fuzz
R1 c2 —
10K 1/2 1458 1uF 1/21458 ——o— k02 .
| Mt anA 2 NP ouTPUY
v—o Vil W » 1 P.
$1F 3 + p ._—) <
J1 T M / 8 ®
INPU L
A'A'A' S]
100K —o
LEVEL l\TFUZZIN/OUT
s2 2R8 + c5
c4 2 =
ON/OFF 504F 82K 10uF
LT
| B1 -
19V

SCHEMATIC DIAGRAM of the Superfuzz circuit. The values of capacitors C1-C3 can be

changed somewhat to alter sound quality (see text).



At first glance, coupling capacitor C2 doesn’t look
as if it’s needed? or if it is used, why a non-polarized
type instead of a standard electrolytic? C2 is simply a
safety ‘device that eliminates the problems that might
be created by using common-tolerance components
(such as 109 resistors) elsewhere in the circuit. If you
can't locate a 1-uF non-polarized capacitor you can
substitute a pair of back-to-back electrolytics: two
capacitors with their negative leads joined and con-
nected into the circuit by the two remaining positive
leads, or vice versa.

FOIL PATTERN (below) for the printed-cir-
cuit board is shown full size.

PARTS PLACEMENT DIAGRAM (right) for the
Superfuzz. Layout is not critical, so the foil
pattern and the parts layout can be changed
if needed.

The ear hears differently

Potentiometer R7 is used 1o balance the average
power of the direct guitar sound with that of the fuzz-
box. When a signal is clipped and then adjusted for the
desired volume level, its average power is greater than
that of an unclipped signal with the same peak-signal
level. The greater the clipping the greater the average
power. The ear is sensitive primarily to average

power, not peak power. If two signals both have the
same peak level but one has higher average power than
the other, the ear senses the higher average-power sig-

F‘f”’:

|‘—-—— 2-3/8 lNCHES——)‘|

PARTS LIST

RESISTORS

Va watt, 5% unless noted

R1. R4—10,000 ohms

R2—33,000 ohms

R3. R8—82,000 to 100,000 ohms {both same value)
R5—15,000 ohms

R6, R7—100,000 ohms, potentiometer

CAPACITORS

10 VDC or higher

C1. C3—1 uF. electrolytic. see text
C2—1 u«F, non-polarized. see text
C4—50 u F. electrolytic

C5—10 uF, electrolytic

SEMICONDUCTORS
IC1—1458 dual op-amp (Radio Shack 276-038 or equal)
D1, D2—1N914 silicon diode

MISCELLANEOUS

S1—SPDT push-push switch

S2—SPST switch

J1, J2—phone jack

B1—9-volt battery

Cabinet, battery terminals. PC materials.

nal as the louder of the two. In fact, if one signal’s
peak power is considerably greater than the other but
it’s average power is less, the ear will sense the one
with the higher average power as the louder signal
even though it has less peak power. R7 is used to
equalize the average power so the listener isn’t knocked
off his or her seat when the musician keys in the fuzz
by stomping on switch SI.

It’s done this way: First, S1 is adjusted so that the
fuzz effect is switched out and the guitar’'s normal
volume adjustment is set for the normal listening
volume. Next, the fuzz is switched in with SI, and R6
is adjusted for the desired fuzz effect. Then R7 is ad-
justed so that the fuzz effect sounds to the ear as if it’s
the same volume level as the direct sound from the
guitar—when S1 switches the fuzz effect out.

The circuit shown is designed for the widest possible
low-frequency response. If you find the bass is some-
what hearv for your taste—if you would prefer a lighter
fuzz effect from the lower notes—change the value of
capacitors Cl and C2 to 0.47 uF, or even 0.22 uF.
Capacitor C3 need be 1 4F only if the input impedance
of the amplifier connected to output jack J2 is 20,000
ohms or lower. If you know for certain (from reading
the amplifier’s specifications) that the input impedance
is greater than 20,000 ohms—say 50,000 ohms—capaci-
tor C3 can be changed to 0.47uF.

1861 1V4
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FOR A MINIATURE, HIGH-DENSITY ASSEMBLY, install the com-
ponents mounted “on end.” The PCB template shown does not
provide enough clearance for resistors mounted flat on the
board. If you prefer flat mounting, modity the template accord-
ingly. Note how the L-bracket used for securing the assembly to
the cabinet is attached to the PCB.

THE COMPLETE SUPERFUZZ. The on-off etfects switch is di-
rectly to the left of the PCB. The unit is not sensitive to feedback
from interlead coupling, so just about any layout can be used
for the cabinet components.

QUTPUT

THE INPUT AND OUTPUT CONNECTIONS are on the end of the
cabinet along with the level-matching adjustment. If you prefer
the control on top of the cabinet, just move it; but it’s best if the
level match cannot be accidentally disturbed.

Construction

For the most convenient operation the fuzz effect
should be switched in and out with a foot-switch. A
pedal-cabinet assembly, like the one shown in the
photographs is recommended: however, there is
nothing to stop you from using a standard metal cabinet
with a **hand operated™ switch. If you opt for the
pedal cabinet. keep in mind that switch S1 will be
operated by your foot. so the cabinet must be rea-
sonably sturdy. Do not use a plastic cabinet: the cir-
cuit must be shielded to avoid hum pickup.

Small. sloping panel cabinets are often available
from surplus dealers, and some sloping sizes are avail-
able as *‘standard stack.” (The cabinet shown was
picked up from a surplus dealer and originally housed
a microphone preamplifier.)

2

ALL DIMENSIONS IN INCHES

USE THESE DIMENSIONS if you are bending your own cabinet
out of aluminum or steel. The dimensions shown are the mini-
mum you should use for a comfortable pedal. Appropriate
cabinets are sometimes available as surplus or standard stock,
but they must be metal (to avoid hum pickup) and sturdy enough
to stand heavy use.

If you can’t locate a pedal cabinet you can bend one
from aluminum (or steel) using the dimensions shown,
which are about the minimum dimensions for a com-
fortable pedal.

The fuzz circuit is assembled on a 1.5 x 2.5-inch
printed circuit board (PCB) that is mounted inside the
cabinet with a metal L-bracket. The PCB layout isn't
critical, so you can make any changes needed to ac-
commodate the particular components you use. If you
intend to make the PCB larger, make certain that it will
fit inside the cabinet. Note how in the unit shown
the PCB is angled to provide clearance to the bottom
of the cabinet. The potentiometers can be either linear
or audio taper, and any size. For example, to avoid
crowding the unit shown uses a miniature pot for OUT-
PUT LEVEL control R7.

Jacks J1 and J2 should match your existing equip-
ment, but bear in mind that phone type jacks and plugs
are ‘“standard”’ connectors for electronic music equip-
ment. If you plan on giving a Superfuzz to someone as
a gift don’t substitute phono jacks, because the user
will then either have to use relatively expensive con-
verters, or non-standard cables.

Switch S1is an SPDT push-on/push-off. It is not the
easiest thing in the world to locate, though it s a stan-
dard switch. If you can’t get one at an electronics parts
distributor try the service shop of a local music-instru-
ment store. They stock the switch generally as a re-
placement part for standard pedals. SP



Now NRI fakes youinside the
new TRS-80 Model lll microcomputer
totrainyouathomeasthe
new breed of computer specialist!

NRI teams up with Radio Shack
advanced technology to teach
you how to use, program and

service state-of-the-art
microcomputers...

e
It's no longer enough to be Yo

just a programmer or a technician.
With microcomputers moving
into the fabric of our lives (over - =
250,000 of the TRS-80™ alone have -
been sold), interdisciplinary skills ¢,
are demanded. And NRI can prepare =
you with the first course of its kind,
covering the complete world of the
microcomputer.
Learn At Home
in Your Spare Time

With NRI training, the program-
mer gains practical knowledge of hard-
ware, enabling him to design simpler,

Training includes new TRS-80 Model III micro-
computer, 6-function LCD Beckman multimeter,
and the NRI Discovery Lab with hundreds of
tests and experiments.

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

more effective programs. And, with ad-
vanced programming skills, the techni-
cian can test and debug systems quickly
and easily.

Only NRI gives you both kinds of
training with the convenience of home
study. No classroom pressures, no night
school, no gasoline wasted. You learn
at your convenience, at your own pace.
Yet you're always backed by the NRI
staff and vour instructor, answering
questions, giving you guidance, and
available for special help if you need it.

You Get Your Own Computer
to Learn On and Keep

NRI training is hands-on train-
ing, with practical experiments and
demonstrations as the very foundation
of your knowledge. You don’t just pro-
gram your computer, you go inside
it...watch how circuits interact...inter-
face with other systems.... gain a real
insight into its nature.

You also work with an advanced
liquid crystal display hand-held multi-
meter and the NRI Discovery Lab, per-
forming over 60 separate experiments.
You learn troubleshooting procedures

and gain greater understanding of the
information. Both microcomputer and
equipment come as part of your training
for yeu to use and keep.
Send for Free Catalog. ..

No Salesman Will Call

Get all the details on this exciting
course in NRI's free, 100-page catalog.
It shows all equipment, lesson outlines,
and facts on other electronics courses
such as Complete Communications with
CB, TV/Audio and Video, Digital Elec-
tronics, and more. Send today, no
salesman will ever bother you. Keep up
with the latest technology as you learn
on the latest mode! of the world’s most
popular computer. [f card has been used,
write to:

L JU

NRI Schools
McGraw-Hill Continuing
f H Education Center
(",_10 3939 Wisconsin Avenue
a1 W Washington, D.C. 20016,

Wwe'll train you for the good jobs!
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WALKIE- TALKIE

INITIATOR

Turning on a hand-held
transceiver at selected
intervals is just one
use for this device.

MARK L. McWILLIAMS

TWO WALKIE-TALKIES CAN BE PUT TO GOOD USE ON A
camping trip by keeping one in the base camp and
having it remain in contact with the other out on the
trail. But that has two drawbacks. Unless the units
have a selective-call feature, at least one will have to
be on at all times. (Both parties could, of course. agree
to switch on their units at pre-arranged times. but that
involves a lot of clock-watching.) Not only will the
batteries quickly run down over a constant-on period,
but the always present noise and other communica-
tions will hardly blend in with the more peaceful
melody of nature. The Initiator can eliminate all of that.

The Initiator is a two-stage timer that is designed to
turn on any type of hand-held transceiver at selected
intervals. It can also be used to turn on any other DC
or AC device. The only constraints are that there must
be some way to disconnect the power supply from the
external device, and that the current drawn does not
exceed the rating of the relay contacts. The first
timing-stage sets the interval at which the second stage
will be triggered—every 15 minutes, 30 minutes. hour.
or whatever, up to a maximum of 255 minutes. The
second stage determines how long the external device
remains on (or off).

The Initiator works for both one-shot and astable
operation. That is, the first-stage timer can be re-
triggered at the same time the second stage timer is
triggered. permitting complete cyclic operation.

Circuit operation
The first timing stage uses an XR-2240 program-
mable-timer IC. Basically, it is a 555 combined with
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eight internal flip-flops. but the unit itself is program-
mable. Depending on which flip-flops are connected
together. delays from [ to 255 times a base-time delay
are possible. The base delay (or time base) is set by a
simple RC network.

The second-stage timer is built around a 556 dual-
timer [C. The XR-2240 triggers the first half of the 556
After a brief 1-mS delay—Ilong enough for the 2240 ¢
reset itself— the first half triggers the second half and.
it astable operation is selected, also retriggers the
2240. The second half of the 556 then turns on a relay
that acts as an off-on-off or on-off-on switch.

There are a few *"quirks™ about the 2240. It is not
exactly like a 555, because it is triggered and reset by
positive pulses. instead of negative ones that are used
by the 555 and 556 IC’s. (In this design a 4049 CMOS
hex inverter makes the appropriate interfaces between
the 2240 and 556.) And although the 2240 spec sheets
state that it can be operated in the astable mode. that is
slightly misleading. Complex waveforms are generated
in the astable mode when more than one flip-flop is
set, and that design is not practical for programmable-
interval astable operation.

About the circuit

Figure | shows the circuit schematic. Switch S9
selects between a time base of one second or one
minute for the 2240 (IC1), as C2 charges through either
R6-R7 or R4-RS. It also determines whether the
second half of the 556 is on for an interval in seconds
or minutes as it charges through either C14 or C10 and
R15 and/or R16, R17. R18. or R19. Switches SI to S8
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FIG. 1—A CMOS 4049 hex inverter interfaces the XR-2240 with the 556 dual timer as
shown in this schematic diagram.

PARTS LIST

RESISTORS

12 watt, 10% unless noted

R1—47,000 ohms

R2, R9, R12—10,000 ohms
R3—22,000 ohms

R4—2.2 megohms

R5—500K miniature PC potentiometer
R6—39,000 ohms

R7—10K miniature PC potentiometer
R8, R13—100,000 ohms

R10, R11—1 megohm

R14—390 ohms

R15—1 megohm linear taper potentiometer
R16—68,000 ohms

R17—150,000 ohms

R18—330,000 ohms

R19—470,000 ohms

R20—100 ohms

CAPACITORS

C1, C3-C9, C11—0.01 uF ceramic disc
C2—22 uF tantalum

C10—1000 uF electrolytic

C12—0.1 uF ceramic disc

C13—1 «F electrolytic

C14—22 uF electrolytic

make it easy for the operator to program the 2240 for
the desired time-delay. Switch S12 provides a positive
pulse through R13 to trigger IC1. S10-R8 interrupts
and resets IC1 as well as IC3.

A CMOS 4049 hex inverter interfaces the 2240 with

SEMICONDUCTORS
D1, D2—1N4001 diode

IC1—XR-2240 programmable timer (Exar)
IC2—4049 CMOS hex inverter

IC3—556 dual timer

LED1—20 mA LED

SWITCHES

S1-88, S11—SPST subminiature toggle
S9, S10—DPDT subminiature toggle
S$12—SPDT momentary toggle
S13—DPDT center-off subminiature toggle
S14—12-position single-pole rotary
S15—DPDT subminiature slide

MISCELLANEOUS

B1—9-volt transistor radio-type battery

J1-J6—banana jacks

J7—subminiature jack (2-conductor, normally closed)

PL1—subminiature phone plug (2-conductor)

RY1—SPDT relay, 6 volts

Battery clip, switch knobs, case (6'2x3x2 inches, Radio
Shack 270-672 or equivalent), PC board, IC sockets,
12-wire cable or hookup wire, dry-transfer lettering,

mounting hardware, etc.

the 556 and drives an indicator LED and relay RY L.
The CMOS inverter does the same function as its TTL
counterpart, but needs no special interfacing and re-
sults in only about 20-mA of current being drawn by
the entire circuit with the LED and relay off.
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FIG. 2—THIS LAYOUT, shown full sized, should be used for the printed-circuit board. The board
will fit in the recommended case.
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FIG. 3—THE CIRCLED LETTERS in this parts placement diagram indicate off-board con-
nections. Use 12-wire cable to make those connections.

C8-R9 generates a 1-mS interval in the first half of
IC3. After that, it triggers the second half through C9,
and also retriggers IC1 through C11 if astable opera-
tion is selected with switch S11. ICI triggers IC3
through a network composed of C5-R10-R11.

IC3’s output (pin 9/stage 2) turns on relay RY | after
it begins its timing interval. Switch S13 can be used to
turn on a LED (pick one that consumes around 20-mA
or less) to show if IC! or IC3/stage 2 is timing out.

Construction
Should you elect to use it, a printed-circuit (PC) board

FIG. 4—THIS IS HOW the component .Lide of the printed-circuit
board should look when all parts are mounted.




layout and the component installation guide are shown
in Figs. 2 and 3. The board fits comfortably inside the
case mentioned in the parts list. Figure 4 shows the
finished board (without the hookup wires).

The control-panel layout is shown in Fig. S and the
side layout is in Fig. 6. The component side of the con-
trol board is also shown in Fig. 7. A side view of the
completed walkie-talkie initiator is shown in Fig. 8.

Since there are quite a number of wires between the
control panel and PC board, you can get a neater pack-
age if you use two segments of 12-wire cable to make
those connections. Choose a cable containing 24-
gauge wire. It is easier to stuff into the case if you
remove most of the cable insulation, and leave three or
four 1-inch segments positioned along the wire bundle
just to keep the individual wires in place.

TERMINAL STRIP ]

NOTE: DD NOT USE GROUNDED
LUGS ON TERMINAL STRIPS

N

\‘\ \ — E@\O I

/ ] P o -
®\0_, o%o (") =

LED SELECTOR

/

S15
POWER ON
40 K

FIG. 5—POINT-TO-POINT wiring on the control panel minimizes the number of connec-

tions between the panel and the printed-circuit board.

LEFT SIDE — INSIDE VIEW

©) ®

3 J2

77 o o
81

(MOUNTED ON
OUTSIDE)

RIGHT SIDE -INSIDE VIEW

PL1

FIG. 6—ALL JACKS are mounted on the sides of the case. This layout shows how they

are to be positioned.
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Point-to-point wiring on the control panel minimizes
the number of wires going to the board and case. Some
components were mounted on the panel rather than
soldered onto the PC board.

Position all switches, jacks. and potentiometers be-
fore drilling any holes in the panel or the case. to make
sure that they won’t bump into each other or the relay
that is mounted on the PC board.

Plug PL1 can be glued onto one side of the case
if you use this general-purpose timer to activate
transceivers. (Of course, they can be just as easily
activated by running a short cable between the normally-
open and common jacks to the transceiver.) Measure
the location of the plug by aligning the case with the
transceiver. It is easy to mount a subminiature,
normally-closed jack on a transceiver, connected so
that it will interrupt the power supplied to the main
on/off switch if a plug is inserted.

Checkout before using

Potentiometers R5 and R7 have to be adjusted to
provide a base delay of 1 minute and 1 second respec-
tively. With the POWER switch OFF, turn the ASTABLE
switch OFF, and use the LED indicator-selector switch

FIG. 7—THE COMPONENT SIDE of the control panel shown just
before the case is closed up. The t2-conductor cable at the
center simplifies the cornections between the panel and the
printed-circuit board.

to indicate the status of the 2240. Turn the RESET OK.
Set the STAGE 2 DELAY for 2. If you have an ammeter
handy. put it in series between the battery and the
unit. Current should never exceed 50 mA with both the
LED and relay on.

Choose a time base of | minute. Turn S1 ON ard
leave S2-S8 OFF. Adjust R5 for a 60-second delay. To
do that, turn the RESET to OFF and trigger the unit by
flicking S12. The LED should go off. Begin timing at
this point, and stop when it comes back on.

Do the same thing when calibrating a time base of |
second, except turn on switches S2 and S4 to give a
total delay of 10 seconds. That way, the error is les-
sened by not having to measure accurately so short an
interval as one second.

With the values given for R16-R19, the relay will be
energized for intervals of 2, 5, 10, or 15 seconds cr
minutes, depending on whether S9 selects a time base
in seconds or minutes. By switching the LED indica-
tor-selector switch S13 to indicate the status of the
second-stage timer, you can verify that the relay is
being energized. Potentiometer R15 is added so you
can choose other delays for stage 2.

Notice that at any time in its operation, turning the
RESET switch ON resets IC1 back to its normal ON state
and IC3 and relay RY to their OFF states. You can
verify that with the LED indicator. By turning the
ASTABLE switch ON, the unit will recycle itself over and
over. The LED will turn on only very briefly to show
that as soon as IC1 timed-out, it was re-triggered.

When you are sure that everything is working as it
should, carefully mount the printed-circuit board in-
side the case. Then making sure that you don't caich
any wires, mount the control panel. Your Initiator is
now complete.

One final note: when you order the 2240, try to get
either the XR-2240M, N, or P rather than the CN or
CP types. The former have maximum timing errors of
2% compared to 5% for the latter.

Use your Initiator

Any delay from | second to 255 minutes is possible.
Switches S1-S8 correspond to a 1-2-4-8-16-32-64-128
sequence, and the desired delay can be generated by
choosing the appropriate ones. Should you want to in-
terface the unit with a remote switch or other sensor,
the external trigger jacks make that possible. Both
normally-closed and normally-open jacks are pro-
vided, so the unit can generate off-on-off or on-off-on
conditions. SP

FIG. 8—SIDE VIEW of the completed Initiator. Jacks J1 through
J7 are shown here. Battery B1 (at left) is mounted outside the
case as shown here.
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AUTO-POWER
MICROPHONE PREAMP

This tiny microphone preamp will even switch itself
off when not in use.

BERT MANN

THE AUTO-POWER MICROPHONE PREAMP IS A MICRO-
phone preamplifier with 25-dB gain specifically intend-
ed to reduce the possibility of battery failure caused by
continuous heavy use. or by inadvertently leaving the
power switch on. It is generally intended for the ama-
teur and professional musician who might want to feed
a mike through a music amplifier’s guitar or bass input,
or through a basic power amplifier. Of course. it can be
used whenever you want to feed a microphone through
a “"line level " input.

Because the preamp uses only about S00-uA current,
a standard 9-volt battery can easily last through several
“gigs™’. At the very least. you know for certain you can
get through an entire weekend on one battery. As a
further protection against having the battery fail during
a performance, power is automatically disconnected
(when the microphone is unplugged) by input phone
Jack J1. a special type with two sets of switching con-
tacts that are insulated from the microphone circuit.

The battery i1s switched by one set of contacts. When
the mike plug is inserted. those contacts switch the
battery “*on.”” When the plug is removed. spring-ten-
sion opens the power-switch contacts.

The amplifier’s input impedance is slightly higher
than 35.000 ohms. If you have a low-impedance micro-
phone (rated from 150- 1000 ohms) there will be virtually
no perceptible effect on the sound quality caused by the
relatively **Hi-Z"* input impedance. Similarly. there
will be no discernable effect with 50.000-ohm dynamic
microphones. You cannot. however. use this preamp
with ceramic or crystal microphones. They require a
load impedance of 1-megohm or higher. The 35.000-
ohm impedance of the preamp will cause almost com-
plete loss of bass from ceramic and crystal microphones.

An internal volume-control adjustment lets you set
the overall level into the associated amplifier. The con-
trol was deliberately placed inside the cabinet—rather
than outside with an adjustment knob—to prevent
“*busy hands’" from changing the adjustment when your
back is turned. In fact. there are no outside (panel)
controls at all. The preamp resembles a plain metal box
with a phone jack at each end. If you want to have the
preamp plug directly into the amplifier's input jack—
more or less becoming an integral part of the ampli-
fier—use a Switchcraft phone plug-to-plug adaptor for
the output jack. That device consists of back-to-back




phone plugs. When inserted in output jack J2, the pre-
amp gets a “built in’” phone plug.

The overall frequency response has a slight roll-off
below 100 Hz to avoid the ““bass proximity effect’”
caused by close-miking. If you want an almost **flat™
response from about 50 Hz to almost 20 KHz. change
capacitor C1 to 0.5-uF, or to a [ or 2.2-4F capacitor.
(Watch out for the correct polarity; the positive end
connects to Q1's base.)

PCB module

The preamp is assembled onto a small PCB (Printed
Circuit Board) that is cemented directly to input jack
J1. forming a module that is installed as a single unit
inside the cabinet. Use the PCB template supplied, or
make whatever modifications you prefer. The PCB
shown is meant to just fit into a combination-snap
aluminum cabinet approximately 3-1/4 X 2-1/8 x 1-5/8
inches. BUD type CU-2101 or equivalent. ("*Combina-
tion-snap’’ means that the cover can be secured with
screws or snapped into place. I suggest that you use the
snap because it allows easy access to the battery and
the output-level adjustment.)

Everything will just about fit into the cabinet if you
drill the cabinet this way: Mark the center of the cabi-
net's ends for J1 and J2. Hold the cabinet so the open
U™ faces up. Facing the input jack (J1) end. move the
mark 1/8 inch to the left (off center). That will provide
enough clearance for the battery when the cabinet’s
cover is snapped into place.

THE RESISTORS ARE END-MOUNTED with one end right on the
PCB. Don’ttry to place the resistors flat on the PCB; they won'tfit
the template.

Temporarily install J1 in the cabinet. Position the
bare PCB (no parts installed) against the left side of J1
with the component side against the jack. When you are
certain you have the PCB in the correct position put a
drop of contact cement on the jack and cement the PCB
to the jack. Leave a very slight bit of play (about 1/32

PARTS LIST

RESISTORS

Va watt, 5%

R1—470.000 ohms. see test

R2—47.000 ohms

R3—10.000 ohms

R4—360 ohms

R5—100.000 ohms, vertical printed-circuit potentiometer
(Radio Shack 271-220 or equal)

CAPACITORS

Rated no less than 10-VDC
C1—0.1 uF, see text

C2—0.1 uF
C3—25 uF.seetext

MISCELLANEOUS

(Radio Shack 274-277 or equal)
J2—Phone jack (any type) ,
Q1—Sylvania ECG-199 or RCA SK-3899 (see text)
B1—9-voit battery. type 2U6 or equal
Cabinet
Battery terminals (see text)

4]----1} e
B1
€3
9v
‘: R1 ‘: R3 25’100}1[: 4
r_o——5 $ 470K $ 10k =
: N—
S it
7 C1 c c2 .
i :2 4 G P
e 4 M) B(Y Liook
hd Al $
9 TAB - <
> (GROUND) e E
\@ $R2 oR R4
L 9 <’L47K ECG199 36082
= 2 - _ 1
=3 L_ 1 = = L .
d O I8 S —
= E BCJOR\E C 8
5 — §
o1 01
J1(REAR
VIEW) SK3839 ECG199
(BOTTOM VIEW)

SCHEMATIC DIAGRAM of the preamp. Jack J1 has two sets of contacts, one of which
switches the battery out of the circuit when the device is not in use.
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TIP

L—Z INCHES~—>‘

FOIL PATTERN (above) for the preamp
is shown full size.

PARTS PLACEMENT DIAGRAM (right).
Note the terminal arrangement of the
transistor you are using when in-
stalling Q1.

af”

TOJLPING™
--mn ~H2- 5 TO J1,PIN 9
-'l sl
Cy C2 4 J1
X1 \
\ | R —e————— »TOJ1 PING*

- - — I} TV

TO BATTERY

*JIPINS 4,5 &6 LOCATEO AT REAR OF JACK (NEAR C2)

e

N
GROUND
LUG.

THE ENTIRE AMPLIFIER, except for the output jack, is assem-
bled as a complete module. The PCB is cemented to input jack
J1, though it is actually held in place by the connecting wires.

inch) between the edge of the PCB and the bottom of the
main cabinet section. not the cover. Inspect the top of
the PCB to make certain there’s clearance for the
cover. If not. file the top of the PCB.

Don’t worry if the glue doesn't provide a rigid mount-
ing. The wiring is what actually secures the PCB to the
Jack. If you mounted the PCB correctly the No. 4 termi-
nal of J1 should be against the PCB. Connect all wires
between J | and the PCB first. Jack J1 generally has the
ground lug—terminal No. 9—opposite terminal No. 2.
If the jack you use has the ground lug on the opposite
side you'll find an extra ground foil solder pad on the
PCB adjacent to the “*wrong way " lug. Use it: don"t try
to route a jumper wire to the opposite side of the PCB.

There isn’t much room for capacitor C3, so use what-
ever fits; any value in the range of 25 to 100-4F at a
voltage rating no lower than 10-volts DC will be okay.

Transistor QI must be the ultra high-gain type with an
hie. of at least 300. The Sylvania ECG-199 or RCA

THE FINISHED UNIT. The output level is adjusted by rotating the
serrated “knob” on the end of R5. Set the correct level and then
leave it alone.

SK-3899 can be used. but be careful. the ECG-199 has a
terminal arrangement of ECB; the SK-3899 has an EBC
arrangement. Twist the transistor. if necessary. when
using the ECG-199. If you bend the leads make certain
that they don’t touch. Transistor bias is extremely criti-
cal in this prOJCL[ so use 5% tolerance resistors. Note
that all resistors are installed “*on end:"" do not place
them flat—they won’t fit the jayout.

There is just enough clearance for the battery if the
correct battery connector is used. The connector must
have the wires coming out the end.-A connector with
the wires coming out the side will interfere with the
installation of the cover.

Final checkout

The final checkout should be done using a 20.000
ohms/volt VOM, a VTVM. or a DMM. Insert a phone
Jack all the way into J1 to apply power and measure the
voltage from QI’s collector to ground. It should mea-
sure in the range of 3 to 6 volts. If it is too high (greater
than 6 volts) change R1 to 430.000 ohms. If it is too low
(less than 3 volts) change R1 to 510.000 ohms.

When using the preamp. set level control RS so the
main amplifier’s volume control will work within its
normal range when there is a ““‘normal’” or moderate
voice level into the microphone. SP




PRINTMETER FOR
PHOTOGRAPHERS

Get a perfect black and white or color print
almost every time with
this easy-to-build printmeter.

LESLIE PIERCE
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THE RECOMMENDED WAY TO MAKE GOOD BLACK-AND-
white enlargements and color prints is to make a series
of test strips or prints to determine the correct expo-
sure. Unfortunately, the procedure is both time-con-
suming and somewhat costly in this era of spiraling
prices—particularly for anything having to do with sil-
ver and photography.

A quicker way to determine the correct exposure
while almost entirely eliminating test strips and prints
is to use a Printmeter. This device is specifically cali-
brated to the print quality your prefer and your pre-
ferred exposure time(s). Simply project the negative
on the easel, place the printmeter on the easel, adjust
the enlarging lens’ diaphragm until two LED’s on the
meter glow at you, and everything is set for the proper
exposure at whatever exposure time you prefer—be it
10, 15, 20 seconds, or whatever.

In most instances you'll get a good print the first
time. If you miss, the print will be “so close’ that
your next try will be a great print.

Bilack reference

Except for portraits and special artistic effects, the
average black-and-white print appears ‘‘correct’ if
there is a touch of “‘pure black™ somewhere in the
picture. Pure black is attained from a clear area in the
negative, because it is through the clear area that the
maximum amount of light is allowed to pass from the
enlarger’s light source to the printing paper. To attain
a “‘correct™ print you need only adjust the lens opening
so that the light projected through the clear area of the
negative is the minimum required for a specific expo-
sure time to produce black in the print.

Now if you can measure the light through the clear
area so that it can be adjusted for the minimum light
required for black, you can be assured of a print that is
pleasing to the eye without going through a series of
test strips or prints. And that’s exactly what the Print-
meter does. It measures the amount of light falling on
the easel for the black level you have previously estab-
lished as the one most pleasing to you.

It’s done this way: First, you select a preferred ex-
posure time that you use at all times. Assume it’s 10
seconds. Next, you select a known *‘good’” negative,
one with a wide tonal range from deep shadows (black)
to bright highlights. and you make a *‘perfect’ print
through whatever system you have used previously.
Then, without disturbing the enlarger adjustments,
you place the Printmeter under the negative area trans-
mitting the most light and adjust the meter’s CAL (cali-
bration) control until two LED’s are lit. That's it. The
meter is now calibrated to your personal print quality.

To make a print of a different negative you simply
focus: place the Printmeter under the area of maximum
light transmission and adjust the lens opening until the
two LED’s light. Give the “‘standard’” exposure and
you have a good to excellent print at the first try. As
long as you don’t change the exposure time or the CAL
control you will get good prints from any acceptable
negative.

How about color?

For color prints you cannot use shadow areas to
determine exposure. Instead, you use a *‘light integra-
tor’” just as you would normally do when making test
prints. After you have made a good color print using

o
NEATNESS COUNTS FOR NOTHING IN THIS PROJECT. There’s
plenty of room on the PC board, so don’t crowd. Note that power
switch S1 is a printed-circuit ‘ype whose terminals extend
through the PCB. R1’s terminals, on the other hand, are standard.
They connect to the PCB foils through solid wire leads which
also serve to secure the pot to the PCB.

the usual light integrator and matrix exposure guide.
you again place the integrator under the lens, place the
Printmeter in the approximatie center of the easel. and
adjust the CAL control until both LED’s are lit. That is
now the reference for all subsequent exposures at
whatever exposure time you have selected.

While there are variations due to chemical aging,
room temperature, etc., during a single printing ses-
sion, they are generally not large enough to have a sig-
nificant effect on the Printmeter’s calibration. How-
ever, there is significant variation from day to day and
week to week. The initial calibration, though, will put
you well inside the ballpark on the first try, so it's sug-
gested you make a mark on the Printmeter’s panel in-
dicating the calibration setting for the various enlarging
papers you use.

Not critical

The Printmeter shown (see schematic, Fig. 1) was
specifically designed to accommodate integrated cir-
cuits of any quality (other than totally defective) and to
use resistor values usually found in the average
hobbyist’s shop. The circuit has not been optimized
and will work with variations as much as 20%. if not
greater. For example. if you do not have 1000-ohm re-
sistors there will be no problem with values of 860
ohms or 1200 ohms. Similarly. if you want to substitute
420,000-ohm resistors for the specified 470.000-chms.
go ahead and do it. Just take care to be reasonable with
your substitutions.

The only critical components are CAL control R
and the light-dependent resistor, LDRI. R1 must be a
linear taper: a log taper often used for a volume con-
trol, will result in **scrunched™* adjustments too critical
for practical use.

LDR! is unlike most photoresistors in that it has
virtually no memory in typical use. Most LDR’s have
a memory. meaning there’s a lag between the time the
light intensity changes and the time the resistance
value changes. It can be quite disconcerting to adjust



the lens opening, see no change in the LED’s, and then
find that your print is too dark or too light because the
LDR didn't track the lens opening. Also, the selected
LDR is sensitive primarily to the color temperature of
common enlarger light sources: it works well with
integrated color light, and has the right resistance
range for use in the Printmeter. Substituting for the
specified LDR will most likely result in an unstable
calibration, a meter insensitive to the lower light level
of 8% 10 or 11x 14 enlargements, or it just won't work
at all.

One more critical item: The opening through which
the light falls on the LDR must be precisely 3/16 inch—
no more no less. Use a 3/16-inch drill bit or a metal
punch.

Construction

The Printmeter makes a very nice self-contained
printed-circuit project. However, if you work with
very small easels, and think the meter as shown will be
too large for them, you can remove the LDR and
install it in a very small completely opaque enclosure.
Use ordinary extra-thin speaker wire to connect the

L.DR to the main PCB (printed circuit board). Shielded
cable is not necessary and it’s too inflexible.

The PCB measures 3 X 43g inches. It will be secured
to the panel by SI and RI. Note that there are two
unused PCB terminals for S1; they are still solder con-
nections rather than **empty holes,”” because S1 carries
most of the support for the PCB when it is installed on
the panel. The six S1 PCB terminal pads are spaced for
a Radio Shack miniature DPDT switch with printed
circuit lugs. If you substitute a switch with different
dimensions, change the printed-circuit layout accord-
ingly. The center line for the switch handle, which is
the reference position for drilling the front panel, runs
horizontally through the center solder pad in each
vertical row. Regardless what substitution you might
make for S1. keep the handle centered on a line running
through the center solder pads.

All printed-circuit board component holes except
those for S1 are made with a No. 60 drill bit, though
anything from a No. 62 to a No. 56 will be fine. The
holes for S1 should provide just enough clearance for
the terminals on the particular switch you use. The
terminals should not fit tight—not even snug. St carries

LDR1
b4
3 —
Z R3 <
S1a 47K
o’l/'o =
L ) . =
| B1 :
-:_gv | R1 R2
- I 500K b 4.7K
* | (LINEAR & WA
) ) TAPER)
=n = |
| B2 i
t gy i
. I

FIG. 1—ACTUAL COMPONENT VALUES can vary by as much
as 20 percent from those shown in this schematic diagram. The
only exceptions are LDR1 and R1—use the components men-
tioned in the Parts list.

fe— — 4-5/8 INCHES

X

THE FOIL PATTERN for the printed-circuit board is shown here
about two-thirds its actual size.

the entire printed-circuit board when the assembly is
completed, and you don’t want extra strain on the board
caused by jamming the switch terminals into their
holes.

When you install S1, tack solder one single corner
terminal; then make sure that the printed-circuit board
is parallel to the switch. If not. reheat the terminal,
reseat the switch. and try again. Solder the remaining
terminals. including the unused ‘‘dummies.”” only
when you are certain that the PCB is parallel to the
switch.

Hold the printed-circuit board so that you are looking
at the top of the board—the component side, the side
without copper foils. with switch SI at the bottom. In-
stall IC1 and IC2 so that the **notch™ moulded into one
end of each IC faces the left side of the PC board.

Use the largest red LED’s you can get for the in-
dicators, preferably the diffused type which provides a
wider. more easily visible glow. Take note that the in-
expensive LED’s usually sold in “*hobby™" shops don’t
necessarily appear the same in the dark: one might
appear ‘“‘brighter’ or more ‘“*dense’’ than the other.
That is typical, even when both have been packaged

1861 11Vd
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3/16”
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RESISTORS

DRILLTO
FIT
COMPONENT
USED
fe—————1-1/4" —— -
I
- 3" ]
37/8" =
THE POSITION of switch S1 is used as a measurement reference
when marking the front panel for drilling. Locate the switch
anywhere that’s convenient and follow this template.
PARTS LIST
Ya watt, 10% unless noted \
R1-—500,000 ohms, linear taper potentiometer ]

R2—4,700 ohms

R3. R4—47,000 ohms

R5, R8—10,000 ohms

R6, R7—470,000 ohms

RS, R10—1000 ohms

SEMICONDUCTORS

LDR1—National 4921

IC1, IC2—Type 741 opamp (mini-DIiP)

LED1, LED2—Jumbo red LED (see text)
MISCELLANEOUS

S1—DPDT PC terminal switch (see text)

B1, B2—9-volt battery, type 006p or equal

Cabinet, battery terminals, printed-circuit materials, etc.
(Note. LDR1 is available for $4 from Custom Components,
Box 153, Malverne, NY 11565. Add $2 postage and handling
per total order. Canada $1 additional P&H. NY State resi-
dents must add appropriate sales tax.)

together in a single blister-pak. If it happens to you.
that’s the way it is,

Mount all PCB components except the LED's, RI.
and LDRI. Then install, but do not solder, the LED’s.
Jumbo LED’s have a **flat”” moulded at the base of the
LED opposite the cathode lead. Install the LED's so
the flat faces the nearest edge of the PCB. If your
LLED’s don’t have the flat. determine which is the
cathode lead and position the LED so the cathode is
opposite the nearest edge of the PC board. Push the
LED’s about halfway down into the holes; they will be
soldered later. Similarly, push the LDR into its holes.

Solder three I-inch solid wires to RI's terminals

e '@

"**5;:&: 2

THIS IS HOW THE PCB ASSEMBLY LOOKS after it has been re-
moved from the front panel. Note how the LED’s and the LDR
are spaced off the PCB. The LED spacing isn’t important, but
the LDR must seat right up against (flush) the panel. The LDR is
supplied in a special holder that recesses the element itself to
narrow the viewing angle, thereby preventing light pickup from
the LED’s. Do not attempt to cut away the “‘excess’” holder in an
attempt to raise the LDR element to the panel itself.

(wires face towards the rear of the pot), feed the wires
through the PCB holes until the pot touches the PC
board, and bend the wires just enough to hold the pot
in position: they will also be soldered later. Set the
PCB assembly aside and prepare the front panel.
Any cabinet can be used. A plastic cabinet with an
aluminum panel is probably the least expensive and
most convenient. The model shown in the photographs
uses a cabinet 34 x 2 x 6Y inches. The drilling
template for the front panel uses the position of S1 as
the measurement reference. Locate S| any place
that's convenient, making certain the PCB will clear
the “*screw towers’ moulded inside the cabinet. Also.



S1 is located on the vertical (long dimension) center-
line of the panel. Measure all panel cutouts from S1’s
position. The LDR hole must be 3/16 inch. The LED
holes fit whatever LED’s you use.

When all panel openings are cut, slide a washer over
S1 (remove all nuts and lockwashers) and R1 and
lower the panel on S1, guiding R1’s shaft through the
panel. Secure Sl to the panel with a nut. Without
putting pressure on the PCB. pull up on R1 and apply a
mounting nut. Then flip the assembly over and solder
the three wires from R1 that come through the PC
board. Cut off the excess. The circuit board is now
secured to the panel by SI and R1.

Reach in with long-nose pliers and fish the two
LLED’s through the panel until they “*seat:”" then solder
their leads.

Similarly, fish the LDR up against the panel—make
certain it’s flush and that it’s centered under the panel
hole. If necessary, gently bend the wires until the LDR
is centered and still flush, then solder.

Install the batteries and the Printmeter is ready for
checkout and use.

Checkout

Set R full counterclockwise and S1 to off. If the
LED’s are lit, either there is a wiring error at S1's
terminals. or S1 is one of those rare switches where
the contacts are on when the handle is on the same
side as the contacts. In the latter instance. change to a
conventional switch.

Set S1 to ON. The right hand LED should light.
Slowly advance R1. The left LED should light, and the
right LED should turn off as R1 is advanced farther. If
both LED’s do not light, check on whether they are
installed with reversed leads. and that the batteries are
connected properly to create a “bipolar’” power
source.

Using the Printmeter

Always start with R1 full counterclockwise.

Make your perfect print from a perfect negative.
note the reference exposure time (assume 10 seconds).
and place the meter's LLDR directly under the area of
maximum light transmission. When the meter is turned
on. the right LED will light. Slowly advance R1 until
the left LED just **kicks™ on. That is the calibrated
value.

For “‘new™ negatives: Focus and stop the lens down
all the way. Position the LDR under the area of maxi-
mum light transmission and open the lens slowly until
the left LED kicks on. The lens is now set for your
reference exposure and exposure time. If you open the
lens too much, the right LED will turn off, indicating
excessive light.

If you're lucky enough to end up with “*matched™

p z - »
S FRINTHMETER A
®
. NURL .
CALIBRATION

THE COMPLETED PRINTMETER. To make viewing easier a “‘tar-
get’ cut from a white self-adhesive label can be placed around
the LDR opening. Make certain, however, that no part of the
opening—no matter how little—is covered by the target.

LED’s, you can use as a reference the adjustment that
produces equal brilliance from both LED’s. It’s a very
narrow and precise range: the slightest variation will
cause one or the other LED to turn off. If you have
any problem balancing two LED’s simply use the
**kick’" turn-on procedure.

If you're into portraiture and prefer a **skin tone™
exposure reference, simply make your initial calibra-
tion off a skin tone rather than maximum shadow de-
tail (black). Subsequent *‘readings’" are similarly made
off skin tone.

If you have difficulty “*seeing’" the proper position
for the LDR apply a small square of white adhesive
label on the panel. It will serve as a trarget area. Just
make certain that the hole in the target is slightly larger
than 23/16 inch, so it doesn't interfere with the LDR
hole.

CAUTION. Do not attempt to ““test’” the unit by
covering the LDR with your finger. The device is ex-
tremely sensitive and will “‘read™ the light passing
through your fingers—as little as it is. The meter will
actually ‘“*calibrate’” with your finger over the LDR. If
you expect the meter to default to the maximum setting
of R1, it simply won’t. Use the meter as intended—in
the darkroom. SP
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more new products

4 IN 1 STERED
Impgioh

*FM/AM Stereo
Receiver
*8-Track Record/
Piay Tape Deck
*Cassette Record/
Play Tape Deck
*Beit-Drive Auto
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MAIL-ORDER CATALOG s 48 pages,
many n color. offering a full range of
electronics equipment and supplies.

hardware and software. FM/AM stereo .

receivers, 8-track record/play tape decks,
cassette record/play tape decks, belt-drive
auto turntables, speaker systems. burglar-
alarm systems. alarm-clock radios, porta-
ble scanners, and antennas are just a few
of the items listed. Each issue features
special sales at discounts. coupons for
which are supplied. but limited to a de-
finite period. The catalog is priced at $1.00
per issue, $3 for a year’s subscription.
— Olson Electronics, 2850 Gilchrist Road.,
Akron, OH 44305.

CIRCLE 535 ON
FREE INFORMATION CARD

DIGITAL ,
INSTRUMENTATION

DATA PRECISEON

DIGITAL INSTRUMENTATION CATALOG,
Spring 19817, is a 16-page reference
brochure. describing a broad range of
digital instrumentation. fully illustrated.
The instruments covered include 5%-digit
and 4%.-digit lab and systems multimeters:

4Y2-digit portable/bench DMM's: 3¥;-digit
hand-held portable DMM’s: DC voltage/
current standards; analog multiplexers:
488 interfaces; frequency counters, and
capacitance meters and thermometers. A
complete range of options and acces-
sories is also included. —Data Precision,
Electronics Avenue, Danvers, MA 01923

CIRCLE 534 ON
FREE INFORMATION CARD

CONDENSED CATALOG Ne, SD-282
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CONNECTORS
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CONDENSED CATALOG, No. SD-282, en-
titled Professional Tools & Solderless
Connectors, features Vaco's entire line of
professional hand tools. solderless con-
nectors, and special-application tools, all
within a 16-page format. It is 8% x 5%
inches, and folds out to a standard 8% x
11inches. Large, graphic line drawings of
each of the products are featured. The
catalog No. SD-282 is available free upon
request.—Vaco Products Company, 1510
Skokie Blvd., Northbrook. IL 60062.

CIRCLE 538 ON
FREE INFORMATION CARD

DIGITAL INDUCTANCE SUBSTITUTER,
model! LS-400, provides a fast and simple

means of setting any inductance precisely
over the range of 1mH to 9.999 H. Us«ng
four side-by-side thumbwheel switches
the desired inductance is simply dialea in
and is then ready for use.

The model LS-400 is error-proof be-
cause the inductance is set and read di-
rectly as an unambiguous number on
color-coded switches. Unlike the situa-
tion with conventional decade boxes with
rotary or slide switches, there is no need
to examine or sum a whole group of
separate numbers. The mode/ LS-400 uses
1% to 2% tolerance. high-Q inductors: it
is packaged in a compact, rugged plastic
case measuring 4.7 x 3.1 x 2.2 inches

The model LS-400 is priced at $379.95
—IET Labs, Inc., 760 Old Country Road
Westbury, NY 11590.

CIRCLE 542 ON
FREE INFORMATION CARD

NRI Home
ELECTRONI S

Choose from 14
Carenr Course:

8 in
® Microcomputers &
' ISROTS

* TV/Audio Servicing
# Communications
* Digitat Electronics

-
-
NRFa Eguipzaent it Eachiivel 190 Danign it Ourvelves for Lagming.
NHTSOCH SIS, Washbngan, 1D,

HOME-TRAINING COURSES. The NRI
Home Training in Electronics catalog is
100 pages witk many color graphics and
gives precise and full details on home-
training courses in microcomputers and
microprocessors; TV/audio servicing;
digital electronics; complete communica-
tions electronics; CB radio specialist; FCC
license; marine electronics: aircraft elec-
tronics; mobile communications: basic
electronics, and the master course in in-
dustrial electrorics technology.

The NRI courses all offer complete,
practical, and thorough training at home
—no need for extra “classroom’ instruc-
tion. The courses include training Kkits,
specifically geared to practical applica-
tions of the theory presented in each
course. Those who enroll with NRI set
their own rates cf progress. and lessons
and training kits are received automati-
cally according to the individual student's
rate of progress.—NRI Schools, McGraw-
Hill Continuing Education Center, 3939
Wisconsin Ave., NW. Washington. DC
20016.

CIRCLE 537 ON
FREE INFORMATION CARD
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HOW TO MAKE CUSTOM

PRINTED CIRCUITS FOR
YOUR PROJECTS

If you just need one PC board for a project,
why do it the hard way? Use this simple
step-by-step method for making your boards.

HERB FRIEDMAN

THERE ARE TWO WAYS TO MAKE PRINTED-CIRCUIT
boards: the hard way and the easy way. The hard way is
to emulate commercial methods, using the ‘‘screen’” or
“‘photographic’” process that manufacturers use to
make thousands of printed-circuit boards (PCB), or as
used by laboratories to make small multiple quantities.
The problem is: If you need just one PCB for a home-
brew project, the screen and photographic methods are
expensive and you tend to wind up with a lot more
material than you’re likely to use before it goes *‘stale.”

A faster and usually less expensive way for the hob-
byist to make single PCB’s that approach commercial
quality is to use a product called ‘‘Dry Transfer Re-
sist,”” also known as ‘‘rub-on resist.”’ In less than an
hour for a really complex PCB (or under a half-hour for
typical hobby projects), the average builder can have a
copper-clad board ready for the acid etch; and both the
resist layout and the final etched PCB will rival many
commercial printed-circuit boards. It won't be tin
plated, but that’s something you can also do inexpen-
sively, and something for another time.

Dry transfer resist is produced by the Datak Corp..
and the Vector Electronics Co. It closely resembles the
“transfer type™’ used by artists whereby a letter, char-
acter, or symbol is affixed on the underside of a trans-
parent sheet. The sheet is protected by a **slip sheet.™
(The slip sheet is important so keep it in mind.) To apply
the letter, etc.. to anything—paper, -metal chassis.
cabinet, etc.—the slip sheet is removed and the letter
positioned where desired; then, by rubbing over the
letter with a ball pen, wood stick, or burnishing tool, the
letter is transferred from the transparent sheet to the
device being marked. When the letter is rubbed through
the slip sheet, it becomes more or less permanently
attached to the device. (The slip sheet has a special
coating that prevents it from adhering to the letter.
Therefore, when “‘burnishing™ the letter to make it
adhere, the slip sheet must be placed on top of the

letter, between the letter and the burnishing tool.)

The dry transfer resist is handled exactly the same
way, except that it is applied to the copper clad side of a
PCB board instead of to artwork. The dry transfer resist
comes in Kkits containing many full-scale patterns;
among them: transistor and IC sockets (both round and
DIP), various size solder doughnuts, bends, S-curves.
edge-card connections, through-traces (thin foils
squeezed between DIP connections), alphabets.
numerals, electronic symbols such as **+"", **—"", and
“GND'", and—most important—straight lines. Using
the various patterns it’s relatively easy to duplicate
quickly with resist any but the most complex PCB
layouts. (What is meant by ‘‘complex?”” A multi-IC
digital project, for example. When you've got a layout
with foils spaced closer than a hair, unless you're able
to make a photoresist copy of the template you're better
off using wire-wrap construction.)

Unfortunately, neither Detak nor Vector provide a
“full kit in the sense their kits have all the generally
required resist patterns. Each kit has something the
other doesn’t have, so I suggest that you combine both
a Datak and a Vector kit—then you have everything in
the way of PCB resist patterns.

Since a picture is worth a thousand words (or at least
several hundred in this era of inflation), we use pictures
to show how you can make PCBs using dry transfer
resist. But before we start, here are a few general notes
and words of caution.

First: You cannot use transfer resist for evervthing,
particularly long or serpentine (curved) lines. Either the
resist will be difficult to manage on long runs, or you
will be forced to bend a trace by combining several bits
and pieces of straight lines. Either way you're asking
for trouble. In their kits, Datak supplies (and also sells
individually) rolls of resist tape that is *‘krinkled"". The
krinkling permits the tape to be shaped into curves thai
won't spring back into a straight line. Vector has a



similar product they call ‘‘crepe tape’’. Use either one.
In fact, you can use any krinkle or crepe drafting tape as
resist tape. As long as it’s not the shiny *‘plastic™ draft-
ing tape it will probably work. The acid bath might
make it ‘‘rubbery’’ and somewhat difficult to remove
fram the PCB, but it will work.

Second: Forget anything you might have heard about
tracing a printed circuit template onto the copper clad-
ding using carbon paper. Except in extremely rare in-
stances, carbon paper won’t leave a mark on the cop-
per; all you'll have is a groove in the copper, formed
when bearing down on the ball pen to trace the tem-
plate. If any carbon does get on the copper its oily
surface will prevent good adhesion of the transfer re-
sist, and possibly interfere with adhesion of very thin
crepe tapes. As we show in the photographs, the way to
copy a template is to locate the component mounting
holes precisely, using the pattern supplied in Special
Projects, installing the doughnuts, and then eyeballing
the connecting lines.

Third: The copper surface must be scrupulously
clean at the start, and it must stay that way. The
slightest amount of skin oil will interfere with adhesion
of the transfer resist. Always handle the PCB by the
edges, and cover as much of the PCB as possible with a
sheet of paper if you must rest your hand on the PCB
when installing resist.

For example, if you're installing doughnuts in the
center of the board you might be tempted, or feel re-
quired, to rest your hand on the board. Don't do it!
You'll get skin oil on the copper, which will make it
difficult to apply resist later. Place a sheet of paper
between your hand and the board. Also, after you have
resist on the board, it’s possible the transfer sheet will
lift off some previously applied resist as you lift it away
from the last transfer. When the copper gets crowded
with resist, and you think there’s a good possibility you
might lift some resist, screen the area you're working
on with a couple of sheets of paper: one at the top, the
other at the bottom. That way, you won'’t lift other
resist patterns.

Fourth: It's going to happen. You'll transfer a resist
pattern and when you pull the sheet away you’ll find a
few other patterns have also transferred to the copper.
Until you have burnished the resist by rubbing it
through the slip sheet, you can remove unwanted resist
py simply touching it with a piece of cellophane tape.
Use just the tip of a small piece of tape. The tape can
also lift part, if not all, of previously applied resist—
even if burnished—so be extra careful. Unless the resist
won't lift with tape don’t try to scrape it off with a knife
or razor blade; generally, you can’t get it ali by scraping
and you can end up damaging the copper.

Finally: Be careful with razor blades used to cut both
transfer and tape lines. If you try to cut through a
transfer line you’ll end up cutting through the pattern
underneath, say a doughnut, and you’ll end up with
hairline breaks in the copper foils. To cut the transfer
resist, position one end precisely on a resist pattern (ifa
doughnut don’t worry about covering the center hole)
and adjust the sheet so that the line runs through to the
resist pattern. Overlap the line slightly and simply
“‘nick’’ the top of the transfer sheet with the tip of a
razor blade (a sharp blade). Don’t cut through. When
you lift the sheet, the transfer resist line will break free
exactly at the nick.
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To cut tape lines, again position one end directly over
a pattern and unroll the tape over the next pattern.
(Take care not to stretch the tape. It snaps back and
you’ll suddenly find it doesn’t reach the pattern.) Press
the razor flat down against the tape and then pull the
free end of the tape upwards: the tape will cut itself off
the strip. Make certain you use barely enough pressure
on the razor to keep the tape that’s on the copper from
moving as the free end cuts itself free. If the tape starts
or ends at a resist pattern. overlap the complete pattern
(say, a doughnut) and make the cut at the **far end”” of
the pattern. In that way, extra razor pressure won't cut
through the resist.

OK. Now you can follow the pictures on your way
to quick and easy—but almost professional quality—
PCB’s. The pictures, which show the PCB for the
Darkroom Printmeter that appears elsewhere in this
issue, begin above and continue on the next few
pages. SP
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All the features of a popular

commercial unit at a quarter

of the price.

INTERUAL TIMER

HERB FRIEDMAN

ONE OF THE MOST POPULAR COMMERCIAL INTERVAL
timers costs almost $100 in kit form (when you
can get it). and well over $100 in its wired version. The
device counts from 0 to 9 minutes in 1-second intervals
and then recycles through zero. Its main attraction is a
fIving start zero reset and a time-accumulation hold. It
is generally used for such applications as developing
color film and color prints, timing program segments
when tape editing. and the length of record selections
when making tape and cassette copies.

Using standard components an almost exact func-
tional copy can be built for about $25: a unit that has the
additional feature of a red LED display that allows the
timer to operate in the darkroom for black and white
printing—as when timing an exposure by visual count.

How it works.

If you have ever seen the insides of a commercial
interval timer you know it’s jam-packed with parts—it
is a formidable project to build. The very same func-
tions. however, are possible from a standard **surplus™
LED clock module using some unusual, though not
difficult, connections. In fact. the “"clock™ version of
the interval timer permits simplified remote control
operation through foot switches: ordinary pedal
switches simply connected in parallel (through jacks)
with RESET switch S2 and HOLD/START switch S1.

The timer is always started with S| in the HOLD
(closed) position. The display comes on with some
value—it can be anything—and is cleared by depressing
RESET switch S2.

1861 11v4d
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JUMPER
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WIRING DIAGRAM APPEARS SIMPLE since so much of the cir-
cuitry is on the clock module.

To start timing, S| is moved to START (open). The
display counts from zero in 1-second increments. If
reset during a count the display jumps to zero and
resumes counting from zero (flving start).

If S11s set to HOLD during a count, the elapsed time is
held until the hold is released by opening S1. The count
picks up from the held value. If it is interrupted again
the count will resume from the last held value.

If reset, with S1 set for HOLD. the display will jump to
zero and remain at zero until S1is moved to START.

Regardless how many hold operations are per-
formed. RESET will always provide a flving start if the
timer is running (S1 set for START.)

Here's a typical example of how the RESET is used.
Assume you are working on some project requiring
several consecutive timed operations: such as making
color prints from negatives. Color prints require at least
a timed development, a timed bleach/fix, and a mini-
mum wash.

Operations are started with the timer running (set to
START).

As soon as the printing paper is placed in the de-
veloper, or the developer is poured into the developing
tank. the timer’s RESET switch is pressed. The timer
instantly jumps to zero and starts counting. When de-
velopment is completed, the solution is poured out and
the bleach/fix poured in. The timer is left running during
this operation as there’s no need to fuss with it.

As soon as the stabilizer is in the tank or tray. the
RESET is again depressed, causing the timer to jump to
zero for the bleach/fix time cycle. The same pro-
cedure is used for the wash. At no time is there any
fussing with the timer during the critical chemical
changing. nor is there any need to interpolate cumula-
tive timer periods. Each operation is tirned from zero. If
cumulative timing is necessary this is done by simply
setting S1 to HOLD. at the end of each procedure.

S1
HOLD/START

PARTS LIST

CM1—4-digit clock module, Radio Shack 277-1001
T1-—Clock power transformer, Radio Shack 273-1520
S1—SPST switch

S2—Normally open momentary push-button switch
Miscellaneous—Cabinet, AC plug, etc.

(Though it’s much easier to time with a flving start from
zero.)

Construction techniques

As you can see there aren’t many parts. There cer-
tainly aren’t any constructipn problems other than
those normally associated with handling CMOS and
MOS components. It’s a good idea to ground yourself
with a wrist strap to the electrical ground when handling
MOS devices, and to use a grounded soldering iron. one
with a 3-wire electric plug (where you know for certain
that the third—or green—wire really is gounded in the
electrical outlet.

THE FINISHED TIMER can be mounted in almost any type of
case; if the case has a metal front-panel, mount CM1 using in-
sulated standoffs.



THIS IS THE BACK OF THE CLOCK MODULE, the part that’s
inside the cabinet. All connections are made to the strip of termi-
nal holes along the bottom edge. Do not attempt to connect to
any other *‘solder pad” or “hole” regardless what’s implied by
the instructions supplied with the clock module. A small number
*1” adjacent to the hole at the extreme left is the only identifica-
tion for the terminal holes. You must count them off carefully
from 1. The two jumper wires that convert the module into an
interval timer are instalied on the opposite, or front, side.

A wrist ground is simply a small alligator clip on your
wristwatch band if it's metal, or the metal buckle if the
strap is non-conductive. The clip connects to an electri-
cal ground—such as a grounded receptable cover plate
securing screw—through a 1-megohm, '2-watt resistor.
WARNING—Make certain that vou use the resistor. If
not, you might get a nasty shock if you ever use the strap
when working on line-powered devices.

The clock module is supplied with a copper shorting
foil running the length of the miniature connections on
both sides of the bottom edge. This foil is only an MOS
protection device. Simply peel it off.

If the timer is built into a plastic cabinet with a metal
front panel (such as shown in the photographs). or a
metal enclosure, the clock module must be raised away
from the panel—to avoid short-circuiting the underside
foils—by using ¥ie-inch or Y4-inch standoffs or a stack
of washers between the module and panel at each
mounting screw. If the timer is assembled on a plastic
panel the module can be secured directly to the panel.

The RESET switch, is a normally-open momentary-
contact pushbutton. The HOLD/START switch is a
standard SPST. If you also want a remote control op-
tion, simply wire connecting jacks for the footswitches
directly across (in parallel with) S1 and S2.

The clock connections are arranged along the bottom
edge of its printed circuit board (PCB). They are very
closely spaced and its all too easy to form a solder
bridge and short out adjacent solder pads, or you might
even destroy the pads with excess soldering heat. Use
an iron (absolutely not a solder gun) with a fine **pencil™
tip rated between 20 and 50 watts. One of the tempera-
ture-regulated irons is ideal.

Before installing the module on the panel install two
jumpers on the “‘underside’” of the PCB; the side with
the LED display that will be facing the panel. For this
and all other connections, use wire that’s no heavier
than solid No. 22. Try to avoid stranded wire because
a loose strand too small to see can easily bridge adja-
cent clock module connections.

THIS IS ALL THERE IS TO THE TIMER. Note that the transformer
wires are connected to a terminal strip and not directly to the
clock. The leads are relatively heavy and can cause damage to
the module connections. The terminal strip anchors the trans-
former’s leads. Connections from the strip to the module are with
No. 20 or No. 22 insulated solid wire.

Twist two wires together, insert them into terminal
hole No. 14 from the LED side, and tack solder. Be
careful that you are actually in hole No. 14. There are
24 holes along the module’s bottom edge. A single
numeral ‘1’ at one end designates the No. | hole.
There are no other hole or terminal identifying marks.
Make certain you count from the indicated No. | hole.
Spread the free ends of the wires right and left and
solder one in hole No. 7 and the other in hole No. 24.
Keep the wires at least ¥-inch away from the PCB so
they are not shorted when you connect the other wires
from the top side of the PCB. Even if you use insulated
wires keep them away from the PCB.

After the jumpers are installed mount the module,
the switches, and transformer T1 on the front panel.

T1 is specifically intended for the module. It is Radio
Shack part No. 273-1520. No color code for Tl is shown
in the schematic because there is no fixed color code for
T1. The correct color coding for each transformer is
indicated directly on the transformer itself.

Final checkout

Set S| to HOLD (closed) and apply power. Three
display elements should light immediately indicating
some time value (any value). The fourth LED on the
extreme left should not light.

Pressing RESET switch S2 should reset the displayed
time to zero. Moving S1 to START (open) should start
the timing. Pressing RESET should reset the display to
zero and the counting should resume automatically. If
S1 is set to HOLD during a count the value should be
maintained in the display. Releasing the hold should
cause the count to resume from the previous value. The
RESET switch can be used at any time. .

If you do not get this precise sequence of operation
check for a wiring error, or a solder bridge across a pair
of clock module terminals. If you must unsolder a wire
from the module, or clear a bridge, use some kind of
solder remover to clear away the solder. Don’t try to
shake the solder loose. The extra heat necessary for
“*shake solder removal™” can damage the module’s
PCB. SP
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DIGITAL BRAKE-LAMP

WARNING SYSTEM

P E—

TOP FRONT

12 80 RE
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[ 4-1/8 INCHES —>

While nothing will completely eliminate accidents,
this device may help prevent some by alerting the
driver behind you to a potentially dangerous situation.

THOMAS E. BLACK

AUTOMOBILE ACCIDENTS DO HAPPEN, BUT MOST CAN
be avoided. Many accidents occur because of poor
driver awareness, especially in rear-end collisions.
Perhaps if we can catch the attention of the driver
behind us, we may avoid some possible entangle-
ments. Presented here is a digital brake-lamp flasher
that allows us to do just that.

This device monitors braking inertia, and under cer-
tain conditions, flashes the brake lamps for a few
moments, then lights them steadily. Incidentally, there
are three brake-lamp conditions. The lamps operate
normally during smooth safe stops. Quick stops cause
a 3.5-Hz flash rate for four seconds before going solid,
and emergency stops create a 7-Hz burst of light.

Digital counters do all the timing for the required

clock rates, and mercury switches take care of inertia
detection. To maintain reliability, the circuit design
uses no pots (they may go out of adjustment). The only
adjustments to make are to the three hermetically
sealed mercury tilt switches. There is also a manual
disable switch that will provide normal brake lights
during trailer towing or-heavy hauling. The mercury
switches are positioned for normal cargo weight;
heavy loads can upset their effectiveness.

About the circuit

Mercury switches S1, S2, and S3 (see Fig. 1) are
positioned to sense motion. S2 and S3 react to braking
inertia, and S1 has a special purpose that is discussed
later. The 4060 integrated circuit is a ripple countes



that generates the 3.5-Hz, 7-Hz, and 4-second clock
rates. R8, R9, and C4 provide the 4060 IC with the
5-kHz master clock that it divides to produce the re-
quired clock rates.

During normal safe stops, flip-flops IC3-a and IC3-b
are in a reset condition, and their outputs on pins | and
9 are held low. Because of the NAND function of IC1-b
and ICl-c, gate IC1-d output goes low. This low signal
is inverted by IC2-d, which turns off QI and the relay
contacts now supply a current path to the brake lamps.
It may appear that our brake lamps will never go out,
since the replay contacts are almost always closed.
However, relay RY is in series with the brake-pedal
switch, and lamp current appears only when the brake
pedal has been depressed. The LED lamp is also
driven by relay RY1, and it will light any time that the
brake lamps are on.

If a moderate stop occurs, mercury switch S3 closes
and C3 provides a pulse to set flip-flop IC3-b; pin 9 of
IC3-b goes high and is combined with the 3.5-Hz clock
at 1C1-b. The output IC1-d gates IC2-d on and off at
3.5-Hz rate, which causes RY | to flash the brake lights.

Four seconds later, pin 15 of the 4060 IC goes high and
resets 1C3-a, 3-b, and the 4060. The outputs of these
IC’s go low and cause the brake lamps to remain on
steadily (and prevent further counting of IC 4060).
When the brake pedal is released, our lamps extinguish,
and IC1-a output goes high and holds the 4060 IC in a
reset state to insure that future counting will begin at
zero.

Emergency stops allow both mercury switches S2
and S3 to close. Pins 1 and 9 of flip-flops IC3-a and
3-b are set high. Because of NOR gate IC2-c, IC3-b is
immediately reset low again. The logic high from
[C3-a is combined with the 7-Hz clock at ICl-c and
through IC1-d and IC2-d the relay is pulsed at the
7-Hz flash rate. Reset occurs as discussed before.

Mercury-switch S1 provides an automatic disable
feature to our 4060 counter. During travel on rough
roads, S2 and S3 may close and cause the brake lamps
to flash during very slow stops. This is undesirable be-
cause our main goal is to provide lamp flash only for
quick or emergency stops. Sl is positioned so that
heavy bouncing of the auto causes it to close and
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FIG. 1—SCHEMATIC DIAGRAM OF the digital brake-tamp flasher circuit. Switches S1,

S§2, and S3 are mercury switches used to detect motion.

PARTS LIST

RESISTORS

ail resistors Va watt
R1—10,000 ohms

R2, R6, R8—100,000 ohms
R3, R4, R7—1 megohm
R5—120 ohms

R9, R10—10,000 ohms
R11—1000 ohms

CAPACITORS

C1-C3, C5—0.01 uF ceramic disc
C2, C6—10 uF, 16 volts, tantalum
C4—0.22 uF, 10%

SEMICONDUCTORS
D1—1N4148 or equivalent

LED1—LED lamp

Q1—2N2907 PNP transistor or equivalent
IC1—4093 CMOS NAND gate

IC2—4001 CMOS NOR gate

IC3—4044 CMOS flip-flop

IC4—4060 CMOS counter

IC5—78L12 voltage regulator

SWITCHES
S1-S3—mercury switch, one-inch or longer glass bulb type
S4—SPST toggle switch, 6 amps

MISCELLANEOUS

RY1—SPST power relay, 12 volts, 10 amps (GC Calectro
D1-996 or equivalent)

Case, 4-terminal barrier strip, wire, etc.

1861 1v4d
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charge capacitor C2. This capacitor will remain charged
for a few seconds and provides a reset logic level to the
4060 IC through gates IC2-b and l-a. Any time C2 is
charged, the brake lamps operate normally (no flash-
ing). Toggle-switch S4 is used if we need to permanent-
ly disable the circuit, such as during trailer towing.

Construction techniques

A printed circuit board is recommend because it re-
sults in a compact, rugged assembly. A full-size etching
and drilling guide for a suitable board is shown in Fig. 2.
The corresponding component placement guide is in
Fig. 3. Use a fine-tip soldering iron and small-diameter
solder. Keep the CMOS integrated circuits in their
static protectors until you are ready to install them.

Install the insulated jumper wires first. Next, install
the resistors and capacitors and then the semiconduc-
tors. If you use IC sockets, be sure to use only the
gold-plated type to insure reliability. Install the
mercury switches using three-inch lengths of hook-up

wire. Do not cement them down at this time. The cir-
cuit board was designed to use the relay specified in
the parts list, but almost any 12-volt heavy-duty relay
can be adapted for use by mounting it off the PC board
if necessary. The wiring for this relay and its associates
must handle considerable current to the brake lamps.
Use 16-18 gauge wire on all connections to the con-
tacts of RYI1. All other wiring can be made with
stranded 22-26-gauge wire. After completion, inspect
all wiring for errors and solder shorts.

Check out and use

Place S4 in the OFF position. Temporarily connect a
9-volt battery to the “BATT"" and ‘‘GND"’ leads of
the circuit. Connect the brake-switch lead to +9 volts.
The LED should glow solidly. Position all mercurv
switches upright so they are open. Closing S3 should
cause a 3.5-Hz blink rate for less than four seconds.
Open S3, and now close S3 and S2 together. The fast
7-Hz blink rate should last less than four seconds.

B
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FIG. 2—A PRINTED CIRCUIT BOARD is recommended so that the device is compact
and sturdy. A full-size pattern is shown here.
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NDTE: 5 JUMPER WIRES

FIG. 3—INSTALL the jumper wires first when mounting
the components as shown in this parts placement diagram.

ARE REQUIRED



NOTE:

Use of this device may violate some local motor-
vehicle safety codes. To insure that you are in
compliance with the law, consult your local
Motor-vehicle bureau. )

Open S3 and S2, and close S1. S3 and S2 should have
no effect when they are closed. Open all switches: wait
ten seconds, and then make sure that S2 and S3 are not
active.

Epoxy S| vertically to the printed-circuit board so it
is normally open. Holes W and X on the board are for
mounting this switch. Use a quick setting epoxy and
allow it to dry thoroughly.

Celibration is easy

Reinstate the test set-up and find a friend to drive
you both to an empty parking lot. Position the circuit
board so the *‘top front’" arrow (as shown in Fig. 2) is
aimed at the front of the vehicle. Be sure to hold the
circuit board steady throughout your tests.

Open switch S3 by holding it upright, and then posi-
tion it so the mercury rolls forward and touches the
contacts during a quick but non-emergency stop.
Make sure the switch remains open during a normal
stop. Mark the position of S3 for later reference.

Open S3, and then position S2 so that its contacts
close during an emergency stop (lamps wil blink at
7-Hz rate). Mark the position of S2. Do not allow
your tires to skid, and do not drive unsafely.

Remove the test set-up, and permanently install
S2 and S3 with epoxy cement. Mount the printed-cir-
cuit board in a suitable enclosure, and then find a loca-
tion in your car that will allow level mounting. Be sure
to aim the board in the correct direction. Wire the
“*BAT" lead to the accessory terminal of the auto fuse-
block and ‘‘GND”’ to the chassis. Relay RY1 is wired in
series with the brake-pedal switch. Cut the output lead
of the auto’s brake-pedal switch, and wire terminal
““BS’ to the brakeswitch output and “‘LP” to the
brake lamps (see Fig. 4).

BRAKE
SWITCH TAIL
i ol LAMP
BATTERY <——O O
] =
BATTERY
BRAKE T
SWITCH
TAIL
i ol 12V LAMP
BATTERY «——0 O—|BS Lp
GND

FIG. 4—TO MOUNT RY1, cut the wire between the brake switch
and the taillamp (a) and mount the relay as shown in (b).

Be sure to re-check your brake lamps, and do it in a
safe manner. While you are at it, this is a good time to
check all the lights on your automobile. SP

PENNY SALE
Buy 1 Jumbo Pak for $2.99
and get the 2nd for

One Penny.
Order today by calling us
on our new toll-free number.

______400-PRE-FORMED v: WATTERS, popular values, some 5& 10%ers,

(#5246)

35.UPRIGHT ELECTROS. 100%, assorted values & voitages, marked (#3226)
75-CABLE TIES, 4* non-slip white plastic, like Ty-wrap, (#5218)
50-MINI POTS, pc style, single turn, assorted values. (#3345)
150-PC. CAPACITOR SPECIAL, asst. mylars, polys, micas, etc. 100% mat. . (#6264)
1754 WATT RESISTORS, asstd. carbons, carbo-films, some 5%ers. . . {(#5797A)
______60-POLYSTYRENE CAPS, assorted types, styles & sizes, all good, (#2729)
____ SURPRISE PAK Assortment of IC's, caps, pots and parts of every desc. . . . (#6648)
175-HALF WATTERS, 100% color coded resistors, asst. values, (#3046)
__ _ 175-MOLEX SOCKETS, “on a strip”, make your own pc sockets, (#6255)
_____400-PREFORMED Y% WATTERS, assorted values, precut for PC appl. (#6622)
_____ 24-MINI-BULBS, ASST. VOLTAGES & base styles, some colored (#6757)
—_____125-LONG LEAD DISK, prime, marked caps, assorted materlal. (#2598)
_____ 50-SLIDE SWITCHES, various shapes, sizes and types .. (#2726)
______25-MICRO MINI REED SWITCHES, 1* long, for alarms, relay sys(ems, etc.. (#6263)
_____ 50-THERMISTORS, various types & styles, neg. coefficient, 100% (#4089)
—___ 200-PRE-FORMED DISCS, caps wi/leads for PC use, mixed values, (#2605)
50-AXIAL ELECTROS, asst. values, volts, sizes, what a buy! (#3227)
______100-PLESSY CAPS, ceramic blocks in assorted sizes & values, (#6221)
3-WATCH GUTS, 5-function, LED style, assorted sizes, untested (#6287)
—— 6-TIME DELAYS, solld state, asst. from 450 mSec to 8 Sec. (#6758)
100-PLASTIC TRANSISTORS, untested, t0-92, asst. types {#2604)
______75-TRANSISTOR ELECTROLYTICS. epoxy encapsulated, asst. values, ... (#2747)

______20-SLIDE VOLUME CONTROLS, varlous vaiues & types, for HI-Fi, etc. {#3057)
— - 500.PC.-HARDWARE SURPRISE, (approx.) 1 |b. asst. screws, washers, etc. i#6271)

——_100-POWER RESISTORS, 3 to 7 watt power resistors, .. (#6281)
______50-2 WATT RESISTORS, assorted carbons, films etc. some 5%ers, {#6238)
______24-SKINNY TRIM POTS, multi & single turn, asst. values & types, {#6285)
40 CRYSTALS, assorted types, some H6/U, some trequency marked. (#6256)
—20-9V BATTERY CLIPS, snap , coded, i lated leads, . {#6286)
4 HEAVY DUTY LINE CORDS, 2 cond. 6ft., 16 gauge (#6292)
200-PRECISION RESISTORS, %2 W, assorted wattages 1%, axlal (#2428)
___ 30-PANEL SWITCHES, assorted rotary, micro, slide, etc. (#6629)
20-PAIRS-RCA PLUGS & JACKS, popular for Hi-Fi, speakers, etc. (4#6630)
4-2N3055 NPN TRANSISTORS, 115 watts, 15 amps, TO-3, 100% mat (#6633)
5-LINE CORDS, heavy-duty, 18 gauge, 6, molded plug, 2-cond. (#6499)
20-2N3055 HOBBY TRANSISTORS, manuf. fallout, TO-3, U-test, (#6624)
25-PLASTIC POWERS, 25 watt, npn & pnp, 50-200 bvcbo, TO-220 #6237y
—___ 150-“4000" RECTIFIERS, IN4000 serles, may include; 50 to 1000V #2417y
_____30-SCRs &TRIACS, assorted values, 10 Amp T0O-220, untested #6337)
_____60-IN914 SWITCHING DIODES, 4 nsec, axial, glass, untested #6632)
_____ 30-INSTRUMENT KNOBS, for half round shafts, some w/pointers 6498
—— 35.STEREO INDICATORS, tiny red 1.5V bulbs, for HI-F| repl #6244
— 40-EDGE CONNECTORS, asst. 4 & 6 pin, 2-slded, pc leads #6364
—_____6-MINI-MOTORS, type RES6, 1.5-6VDC, color-coded wire leads . (#6718
25-NE-2 BULBS, neon, for 110 VAC, requires resistor, (not Incl.) (#2613)
—_— 150-METALLIC RESISTORS, mostly Y2watters, asst. val. 1:5% tol. {#6280)
——40-VOLUME CONTROLS, assorted values & types . (#6331)

______25-2N3904 TRANSISTORS, 100% materlal . (#6370)
____ 28#t.-COLORED 20 MIL FIBERS, 2’ lengths, ‘assorted colors . (#8768&
—_125-ONE WATT RESISTORS, top names, mostly carbons,some 5%ers (#3300

_200 PC. SEMICON SPECIAL, asst. dlodes, zeners, etc. untested. (#6284)
40-STRAIN RELIEFS, asst. types in various sizes & shapes #B75!
41-UHF TUNER , 3-gang, 300 ohm, direct drive type . ....... (#6658)

___ #00-TUBULAR CAPS, asst. lubulnrs 100mmf to 0.1mf to 600 WVDC #6254)
T 50.MINI LAMP SOCKETS, asst. screw, bayonet, & snap-in‘s {

150-SUBMIN! IF TRANSFORMERS asst. transistor radio types ?thsS
10-PUSHBUTTON ALARM SWITCHES, spstn.c. 1A 125 VAC. #6267

25-DATA ENTRY SWITCHES, asst. 1/2" square keyboard switches . (#6667)
10-MOTORS MOTORS, asst.size hobby motors, 1-1/2 to 12 voits. (#2551A)
150-TERMINAL STRIPS asst. screw & solder lug types (#6251)

50-TO-5 TRIACS, asst. '50 to 600 PIV.70% yield, gold plated, 3 leads (#6321)
200-HI-QUALITY RESISTORS, 1/8, 1/2, & 1 watters.1% & 5%. #6627

HHH

______40-MYLAR UPRIGHT CAPS, nsst epoxy, plastic, polystrene, etc. | #6634
_____ 20-HOBBY LEDS, asst. types s(yles & colors, mostly dims #6225)
12 FT.-FIBER OPTIC RIBBON, 3/8" wide I‘ibbons conduct light (#6770)

100-PIN SOCKETS, inline maie & female crimp-on connectors #6902)
—— 100-ASSORTED SPACERS nylon spacers, washers, grommets, etc .. (#6617)

”JOIN THE PAK”
DON’T MISS OUR 25th
ANNIVERSARY CATALOG
. POlY Pnl‘, P.O. BOX 942, SP-9 ‘

% S.LYNNFIELD, MA. 01940

Totat Amount of Order $

INCLUDE SHIPPING AND HANDLING: U.S., ADD $3.; FOREIGN, ADD $7.
MASS. RES. ADD 5% SALES TAX.

NAME
ADDRESS S

arty_ S _

STATE . zp
Enclosed is 06 CHECK, 0 MONEY ORDER
Charge my O MASTERCARD [ VISA

EXP. DATE ___
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ORDERING INSTRUCTIONS ® Indicate quanttty on line of bax near item
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CIRCLE 503 ON FREE INFORMATION CARD

1861 11v4d

&
~



SPECIAL PROJECTS

Y
-]

| —

@\‘

TESY

DOLBY NH
ta
']

TAPE

TESTER FOR

GASSETTE RECORDERS

Quickly see which brands and types of tape
are best. You can build this tester using
low-cost parts.

THE TAPE TESTER IS A LOW-COST EASY-TO-BUILD PROJECT
that will almost insure that your cassette recordings
have the highest of fidelity—or, at the very least. will
be the best that your recorder can produce.

Basically, the Tape Tester alows you to check dif-
ferent brands and types of tape quickly. to determine
the one that delivers the highest (widest) frequency re-
sponse. If your recorder has a bias adjustment control,
but no bias-calibration test-oscillator svstem. the Tape
Tester will provide the required test frequencies. At
the very least, the test frequencies are a lot easier to
use than listening to interstation FM noise and trying
to set the recorder’s bias control so that the recorded
interstation noise ‘‘sounds almost the same’’ as the
noise going into the recorder.

Other than a noise-reduction system such as Dolby
or dbx, the most outstanding electrical feature of the

highest quality cassette recorders is a tape bias adjust-
ment, that is usually combined with a two-tone test
oscillator.

The reason for all the extra hardware—oscillator.
switching. controls, etc.—is that cassette tape is ex-
tremely sensitive to the bias level, particularly in re-
spect to frequency response: yet, with very rare ex-
ceptions, no two cassette tapes require the same bias
level.

Figure | illustrates the effect of bias on frequency
response. Within a normal range of values, the bias
level determines the high-frequency response. If the
bias level is less than intended by the manufacturer of
the tape, there will be a decided peak in the upper
highs, that will be characterized by a “*hot™" or **spitty ™’
sound quality. If the bias value is too high there will be
attenuation of the upper highs, resulting in a “*dull™ or



HERB FRIEDMAN

FIG. 1—THE FREQUENCY RESPONSE of a budget-priced cas-
sette deck at —20dB record level for three values of bias for
Maxell UD tape. The 6-dB peak at 13,000 Hz is caused by under-
bias. The trace that rolls off 3-dB at 13,000 Hz is caused by
excess bias. The trace that’s fiat out to almost 15,000 Hz was
produced by the proper bias for the tape.

RIGHT HARD SWITCH LUG that's been cut in half and dressed

with a file fo convert the wire lug to a PCB solder terminal. File
just enough so the terminat fits into a hole drilled with a No. 56

bit.

“‘bassy’’ sound quality—the greater the bias level, the
greater the loss of high frequencies.

If the bias level is “‘just right’ (or well inside the
ballpark), the frequency response will be essentially
“‘flat’’ (compared to a mid-band reference frequency)
to about 11,000 to 12,000 Hz for better-quality cassette
tape; 11,000 to 15,000 Hz or higher for the best quality
tapes. Normally, the high-energy (best guality) tapes
produce aslight **bump’’ in the upper high frequencies.

If your recorder is equipped with a bias-test-oscilla-
tor system it probably consists of a two-tone genera-
tor: approximately 1000 Hz and 11,000 Hz (or 13,000
Hz). You simply adjust the bias-level control until the
output from the tape is more or less equal at the two
frequencies. .

If your recorder does not have a test-oscillator sys-
tem all you need is this Tape Tester, for it provides the
two necessary test frequencies.

Two ways to test tape

If your recorder has a bias adjustment but no test-
oscillator system, simply feed in the signals from the
Tape Tester at —20 dB below 0-VU or 0-dB record
level and adjust the bias so that the tape output is more
or less equal at the two frequencies. Adjusting the bias
will affect the high frequencies. There will be little or
no effect at the mid-band frequency within a normal
bias-adjustment range.

If your recorder has no bias adjustment use the same
—20 dB record level and try several different tape
types and/or brands. The tape that delivers more or
less equal high and mid-frequency output level is the
one most closely matched to your recorder’s bias level,
and is the tape you should use for highest fidelity
recordings.

Budget parts equal high performance

This project has been designed specifically to work
well with junk-box or budget components. Substituting
expensive hardware isn't going to mean better per-
formance. The circuit is a Wien-bridge oscillator that
produces a sine-waveform output with about 3%
harmonic distortion: a signal well suited for testing
bias levels. (You don’t need super low distortion to
adjust tape bias.)

The output frequency is determined by resistors R1
and R2, and capacitors C1 and C2 for the high fre-
quency : and with C4 and C5 for the mid-band fre-
quency (see Fig. 1). C1 and C2 are a permanent part of
the circuit. C4 and CS5 are switched in. Capacitors in-
dicated in the schematic as C, and Cy, are for mid-band
trimming to the user’s preferred mid-band frequency
and are not generally needed. More on them later.

The frequency-determining capacitors are ordinary
ceramic discs. The better the match per pair, the
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THE CIRCUIT shown in this schematic is designed to work well
using junk-box or budget components.

closer the output level of the two frequencies will
match. Selecting capacitor pairs at random will usually
produce about 0.5-dB variation between the mid and
high-frequency output levels. If Cl is reasonably
matched to C2. and C4 reasonably matched to CS. the
output levels might be as close as 0.1 dB, but the
whole thing isn’t worth fussing over. Don’t substitute
expensive silver mica capacitors and hope for a more
precise output-level match: 5% tolerance isn’t going to
make much of a difference in this circuit. If you can’t

match capacitors on a capacitance bridge or meter,
simply stick with low-cost ceramic discs.

Same thing goes for resistors. Stick with 3%
tolerance. Super-tolerance and super-price 1% resis-
tors won’t make much difference.

The capacitor values shown will provide output fre-
quencies of approximately 950 and 11,000 Hz. If CI
and C2 are changed to 700-pF (.0007-uF) the high fre-
quency will be approximately 13,000 Hz. You get a
700-pF capacitor by simply grabbing a handful of

B1 B2
(=) (+)

—

e

TR N e P AT

.}

|
|
|
i

COMPONENT LAYOUT for the printed-circuit board used to
make the tape tester.
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THE TESTER is most easily built using a printed circuit board.
The board also serves as the unit’'s cover.

.001's and testing them on a capacitance bridge or
meter. The cheaper the capacitor quality, the better
your chances of finding a pair that checks out at 700
pF.

If you would prefer a midband reference frequency
cleser to the ““professional’” value of 700 Hz, connect
.001-uF or .002-xF capacitors at C, and Cy, (in parallel
with C4 and C5).

Note that C] and C2 are always in the circuit. Don’t
redo the layout so that they are switched our when C4
and C5 are switched in: That will cause the midband
frequency to rise above 1 kHz.

The Tape Tester is most easily assembled on a PCB
(Printed-Circuit Board) that also serves as a cover for
4 S X 258 X [3s-inch cabinet or ‘‘expernimenter’s
box. " If the cabinet you use is a different size, or has

PARTS LIST

RESISTORS

V2 or Ya watt, 5%

R1, R2—15,000 ohms
R3—43,000 ohms
R4—-100.000 ohms
R5—2200 ohms (see text)

CAPACITORS

C1, C2—0.001-uF ceramic disc

C3—0.047-uF Mylar or disc

C4, C5—0.01-uF ceramic disc

C6, C7—100 uF or 50 uF electrolytic

C, Cy—see text

SEMICONDUCTORS

IC1—741 op-amp

D 1—1N456A (see text)

LED—Light emitting diode (see text)

MISCELLANEQUS

B1, B2—3-volt battery

J1—Phone jack

S1, S2—DPDT mini-switch (modified) (Radio Shack 275-614 or
equal)

Cabinet—Radio Shack 270-233 or equal

PCB materials

IC socket

Battery terminals

rounded corners, simply trace the outline of the supplied
cover on a piece of PCB material. Rounded corners are
most easily made by cutting square corners and then
filing them round, but do the filing before you etch the
foil patterns. The bending—no matter how slight—
caused when filing the corners can produce hairline
cracks in fine circuit foils.

Switches S1 and S2 are mounted on top of the PCB.
Since PCB terminal switches are somewhat expensive:
it's cheaper to modify a standard miniature switch by
simply filing down the terminals so that they clear a
hole drilled with a No. 56 bit.

Make certain that the component holes in the PCB
template match those of the components you will use.
If not, modify the layout accordingly; nothing is really
critical.

L TAPE TEsTeR

YV e

TO USE THE TESTER, simply connect J1 to one (or both) of your
recorder’s line inputs using a shielded patch cord.
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THE SPECIFIED DIODE HAS A GLASS BODY that will crack if
excess pressure is applied to the leads. Bend the leads at least
% inch from the body and mount the diode % 10 % inch above
the PCB.

If possible, use a socket for IC1. just in case the IC
you use is defective, or gets damaged. It’s easier to
pop an IC out of its socket than to start butchering the
PCB. The heat generated when removing an IC will
result in the foil lifting off the board.

The LED can be anything that you can see. It uses a
lot of power, about 10-mA compared to the IC current
of approximately I-mA. If you can see a “*duller’ glow
under standard room illumination, decrease the L. ED
current by increasing R5's value anywhere in the range
of 3600 to 5400 ohms. (Make certain that the calculated
LED current—I18/R—does not exceed the maximum
current rating of the LED you use.)

Diode D1 is a IN456A. or any equivalent germanium
diode. A type IN60 may or may not work well. If you
have some lying around. try them first before you buy.

A IN914 usually won't work. but you can try it. (It’s
also silicon.) If your back is to the wall. and ycu
simply can’t locate a germanium diode. try a siliccn
IN4001. 2, or 4. Many give a reasonably acceptable
waveform.

When the project is finished, connect its output
through J1 and a shielded audio patch cord to an AC
voltmeter and measure the 1000-Hz and 11.000-Hz out-
put levels. They will be approximately 0.5 volts and
should be within 0.5 dB of each other. or closer if vou
have matched the capacitor pairs carefully. Note ths
difference; it will be used as a correction Sfactor if vou
want extremely precise matching of the output fre-
quencies from the tape. Actually, a 0.5-dB variation is
insignificant and you really can ignore it.

Using the tape tester

Connect J1 through a shielded patch cord to one or
both line inputs of your cassette recorder. Set S1 to
1000-Hz and adjust the recorder’s level control for a 0-
VU or 0-dB meter reading. Then adjust the level con-
trol for a —20 (dB) meter reading. Record a few seconds
of 1000 Hz and then flip S1 to 11,000 Hz. When you
play back the tape, note how closely the 11.000-Hz
playback level compares to the 1000-Hz reference
mid-band level. The best bias adjustment. or best tape
to use, is the one that gives the closest match between
11,000 Hz and 1000 Hz.

Do not attempt to make tests using a 0-VU record
level. The tape will overload at 11.000 Hz becausa of
the machine’s record equalization and the playback
measurements will be completely erroneous. Also.
making the test with the noise reduction system
switched off is preferred: often. the NRS **tracking™ is
non-linear and will appear as “‘poor’ tape per-
formance. SP

A lot of giving
from you.

Phoebe Dunn

means a lot of living

for her.

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,

so they can achieve some measure of independence.

To research. To help find ways to prevent brain damage
at birth.

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



JELD-STRENGTH ME

it’s perfect for low-power 27-MHz walkie talkies.

HERB FRIEDMAN

S103ro4dd 1vId3dS

[
w



SPECIAL PROJECTS

n
o

IF YOU'RE WORKING ON A 5-WATT CB RIG. OR AN AN-
tenna connected to a S-watt rig. just about anything
can be used as a Field Strength Meter (FSM) to indi-
cate the RF output from the antenna. A coil of wire. a
diode rectifier, and an 0-1 mA meter work just fine as
an RF indicator for **powerhouse’" RF signals.

But when the signal strength is little more than a
flea’s whisper—say from a 100-mW walkie-talkie. a
radio control device. or a wireless camera-shutter
tripper. your FSM needs a lot of *‘extra™ gain going
for it. to produce usable meter readings. And “‘extra
gain”’—lots of it—is just what you get with the Super-
Sensitive FSM. an amplified field strength meter spe-
cifically designed for sniffing any type of 27-MHz RF:
from the pipsqueak signal of a child's toy walkie-talkie
(I know the new ones are on 47 MHz. but there are
still plenty of older 27-MHz units about) to the signal
from a directional beam connected to a 5-watt CB
transceiver. As an extra feature to go with the extra gain,
the FSM gives clear indications of modulation: the
meter doesn’t just wiggle when monitoring an RF sig-
nal. it literally dances in step with the modulation.

The Super-Sensitive FSM is supersensitive because
it has both a tuned antenna circuit and a high-gain DC
amplifier to drive the meter. In fact. the FSM is so
sensitive that it's provided with a sensitivity control,
because at full gain even a weak RF signal would “pin’’
the meter. Because of the meter's high sensitivity
there’s no need for an oversize or telescopic antenna.
In fact, there is no need for an outside antenna of any
kind. The antenna is a short length of wire placed with-
in a cabinet that’s small enough to be easily slipped
into a vehicle’s glove compartment. or into a pants or
Jacket pocket without fear of snagging or tearing the
fabric.

The circuit

As shown in Fig. 1. the FSM's input consists of a
small antenna feeding a 27-MHz tuned-circuit (L1-C1).
The RF voltage developed across the tuned circuit is
rectified by germanium diode DI (don’t use a silicon
diode) and applied to potentiometer R1. R1's wiper
feeds high-gain transistor Q1. which drives meter M1.
The specified QI has essentially no leakage current so
there are but a few microamperes drawn from the bat-
tery under no-signal conditions. and there is absolutely
no meter reading at all when there is no signal being
received.

Should you forget to turn off the battery with switch
S1—which is part of R1—there will be little effect on
the battery’s life. Capacitor C2, a 100-pF disc, might
appear somewhat small at first glance: a 0.001-uF would

' Pt
I L1 lm L C2

1.0uH

L R1 &
™ 100pF 25-50K $

be a more logical value. A value of 100 pF is uzed,
however, to filter the RF from D1's output DC without
affecting the modulation component. In this way the
modulation will cause a substantial meter indication

The FSM was specifically designed to be pocket-
stze so some unusual miniature components are used.
It you prefer. you can substitute conventional-size
components; just make certain you use a cabinet large
enough to hold the larger items. For example, bat-
tery B1 is a miniature mercury-type RPX-625 (Ray-O-
Vac) normally used to power 35mm camera equip-
ment. It requires a special holder, the Keystone type
L17. If your local parts dealer doesn’t stock the Key-
stone holder you can substitute a standard [.5-volt N
or AA size battery, and a standard battery holder to
match the battery used.

Meter M1 is a 1Y4 X |'%-inch subminiature 0-1 mA
(DC). Calectro type DI1-938. It requires a 1v&-inch
mounting hole, or a I-inch hole filed a little larger. The
entire body is threaded and the mounting nut screws di-
rectly on the body. The meter comes with a rubber
gasket that must be placed between the mounting nut
and the panel. If you don’t use the gasket, you are likely
to apply excessive pessure to the threads of either the
nut or the body. and one or the other is certain to strip.
Even with the gasket the nut should be set only hand
tight. and then a quarter turn more with pliers. If your

PARTS LIST

RESISTOR

R1—25,000 or 50,000 ohms, miniature potentiometer
with switch.

CAPACITORS

C1—33 pF, silver mica

C2—100 pF, ceramic disc

SEMICONDUCTORS

Q1—2N3391, NPN or equal

D1—1N60. germanium diode (do not use silicon diode)

MISCELLANEOUS

"L1—1.0 uH, J.W. Miller 40A106CBI or equal

M1—0-1 mADC, Calectro D1-938 or equal

B1—1.35-volt mercury battery, RPX625 or equal

Battery Holder—Keystone type 117 or equal

Cabinet, wire, terminal strip, etc.

*Coil L1 is available for $4.95, postage and handling in-
cluded from: Custom Components, Box 153, Malverne,
NY 11565. New York State residents must add sales tax.
Canada add $1.

M1
0-1 mA

>
2N3391
B1 (+ ANTENNA

St 1.35v 3-1/2"
(PART MERCURY I

w

<

el
3\

|
i OF R1)
I
|

st B

FIG. 1—SCHEMATIC LOOKS SIMPLE, but unit is a first-rate
supersensitive device you’ll be using for years to come.



loca; Calectro parts distributor doesn’t stock the mini-
ature meter you can substitute any 0-1 mA (DC) meter.
Just make certain it will fit into the cabinet you use. Do
not substitute a more sensitive meter or the overall
FSM sensitivity will be so high that it will be near
impossible to adjust SENSITIVITY control R1 for a steady
reading.

SENSITIVITY
,
N

9

TO ADJUST THE TUNED CIRCUIT, key a CB or other 27-MHz
transmitter, adjust the sensitivity control for an on-scale meter
reading, and then adjust L1’s slug for a peak meter reading. Use
a plastic screwdriver or alignment tool through the hole in the
sjde of the cabinet to get at L1’s slug.

Coil L1 is a slug-tuned subminiature with a nominal
value of 1.0 uH. The list price of the specified coil is
unreasonably high (more than $16) and the project
simply isn't worth the total cost if you must purchase
the coil “‘new."" It is. however. available from time-to-
time from some “‘surplus’’ dealers at a much lower
price. One low-cost source for L1 is given in the parts
list. Alternately. you could substitute a larger or
~standard size™ coil: they are generally less expensive
than the subminiature size.

THE TUNED CIRCUIT AND TRANSISTOR Q1 are mounted on
one side of a terminal strip; C2 and diode D1 are on the opposite
side.

Construction techniques

The FSM is assembled on the aluminum front panel
of a 3% X 2W x 1%-inch plastic "‘experimenters’
cabinet. Mount the meter as close as possible to the
top of the panel. Drill the hole for potentiometer Rl
13%4-inch up from the bottom edge of the panel. Every-
thing else will now fall into place. The battery holder

THE ENTIRE METER is assembled on the aluminum panel of a
plastic “‘experimenter’s” cabinet using miniature and sub-
miniature components.

will squeeze between R1 and the meter. and there will
be room for a terminal strip near the bottom of the
panel on which L1 and Q1 are installed. The terminal
strip requires four connections. of which one s a
**grounded mounting foot.”” To be certain of a secure
ground install a lockwasher between the panel and the
grounding foot when installing the terminal strip.

Follow the installation of L1 shown in the photo-
graph. Solid wire connections are used to position L1
so it will be approximately centered between the panel
and the back of the cabinet: the exact measurement
isn't critical. For long-term stability of the tuning ad-
justment, capacitor C1 should be the silver mica type.

The antenna should be the maximum length that can
be fitted within the cabinet. positioned as close as
possible to the back of the cabinet—away from the
front panel. The dimensions shown are optimum. The
antenna itself is made from solid No. 18 or No. 16
wire. If you don’t have No. 18 or No. 16 don’t go to
unnecessary expense: use a piece of ‘‘drawn’ No.
20 hook-up wire. Remove the insulation from the wire.
clamp one end of the No. 20 wire in a vise and pull on
the free end until the wire stretches very slightly and
goes ““dead slack.’ (It loses its “*spring.”)

The battery is the last thing to be installed: it goes in
just before you're ready for the final checkout. It is
positioned with the positive side down. The small
spring clip on top of the holder is the negative battery
connection—the battery's “‘center’” contact. (Re-
member, mercury cells are the reverse of standard car-
bon-zinc batteries: the shell is positive. the center
terminal is negative.) When the meter is completely
assembled measure the position of coil L.1. mark the
location on the side of the cabinet and drill a ¥ie-inch
hole. which will provide access for a plastic tuning
screwdriver (alignment tool).

Final adjustments

Set the switch on Rl to OFF. install battery BI.
and close the cabinet. Turn on POWER switch S1, key a
CB transceiver or walkie-talkie, and advance R1 until
you get a meter reading. Then. position the alignment
tool on L1's slug (through the hole in the side of the
cabinet) and adjust the slug for maximum meter read-
ing. If the pointer is driven off the scale as L1 is ad-
justed reduce the meter sensitivity with R1 so the pointer
is on-scale. Continue adjusting L1 and R until you
can “‘tune’’ through a peak: then ““center’” L1's tuning
on the peak and the FSM is ready for use. SP
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If it's electronic, it’s probably

available as a kit. Here’s
a guide to some very
special projects. ¢ ‘ |

HERB FRIEDMAN

HEATHKIT digital alarm-clock kit requires [list simple tools for assembly.

PROJECT BUILDERS
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ELECTRONIC KITS HAVE BEEN AROUND FROM ALMOST
the beginning of radio. The fact s, it’s conceivable that
the transmitter Marconi used to send the first radio
signal across the ocean was built from a kit.

Seriously, though, ‘‘radio kits”"—the *‘grandaddy’”’
of electronic kits—go back to those long-gone days
when a radio consisted of a coil wound from a hank of
wire, some form of tuning mechanism, something called
a ““detector’” (which we now call a “*crystal diode™),
and magnetic headphones that were called ‘‘cans’’ be-
cause they actually resembled big heavy cans support-
ing a magnet wound with several hundred or a thousand
turns of wire.

As radios improved so did the kits. By the time the
end of the 1930’s rolled around with the famous **All
American Five'" superhet radio (a five-tube radio with
a universal circuit design that seemed to last forever)
we had the first of what is considered the modern elec-
tronic kit—complete with detailed instructions, pic-
torials, and troubleshooting procedures. One of the
very best superhet radio kits known simply as a “‘Meis-
sner Broadcast/Shortwave Superhet Radio,’” was pro-
duced by Meissner, an outfit that made many of the
coils that went into superhet radios.

The Meissner Radio Kit was an excellent performer
and was supplied with notably excellent construction,
service, and alignment instructions. It was good even
bv modern standards and was a required construction
project in many public vocational schools. The majority
of “‘radio technicians’” working in the late 1940°s got
their first experience in electronics by building the
radio in high school. It was an outstanding school
project because a teacher could stretch construction,
troubleshooting. and a complete alignment from scratch
into a full term’s work. When finished, the student had
kuilt a really good table radio and had acquired an ex-
cellent understanding of radio service and alignment
techniques.

(While some radio kits were being produced by
radio and parts manufacturers, a then small outfit by
the name of Heath—located in the middle of the coun-
try—was selling a build-your-own-airplane kit.)

World War I1 put developments in consumer projects
on hold for the duration. With the conclusion of the
war. there were warehouses literally stacked floor to
ceiling with electronic components: everything from
resistors and capacitors, to nuts and bolts, to every
conceivable type of receiving and transmitting tube. to
CRT’s from radar sets. In the late 1940°s there was
enough *‘surplus’” electronic hardware to build almost
any electronic device that it was possible to conceive
in unlimited quantity. and there was a market for
almost anything because (except for the military) no new
electronic equipment—either for consumers or techni-
cians—had been produced during the war. We were
actually on the front steps of the electronic age and
there was virtually nothing available in **professional ™’
service and laboratory test equipment other than what
could be re-worked from surplus military communica-
tions equipment.

At that point in time a company previously known
for its airplane kits designed a modern oscilloscope
kit—housed in a medern **professional’” cabinet—that
used virtually all surplus components (right down to
the CRT). The kit had the first of the modern assembly

manuals with step-by-step instructions and unusually
detailed pictorials. They were so precise even a rank
beginner at construction would have no problems.
The scope was the first Heathkit electronic kit pro-
duced by the Heath Company, which soon became the
standard of reference for *‘laboratory-grade kits.™

A seemingly endless quantity of surplus components
created a major new industry: Electronic Kits. Heath-
kit was joined by EICO (Electronic Instrument Com-
pany) and PACO in producing an extended line of test-
equipment kits. PACO was actually the kit division of
Precision Instruments, a company with a long reputa-
tion for high quality *‘radio instruments,”” and PACO
kits were originally kit versions of Precision’s regular
instrument line. There were other kit companies using
surplus but these were the **Big Three,” offering a full
line of service and laboratory test instruments. For
many, many years the Heathkit "scope(s) and VTVM,
and EICO’s VTVM were virtually shop standards,
used by hobbyists, schools, and shops. Most technical
students through the 1950’s cut their teeth on Heathkit
and EICO VTVMs.

While Heathkit, EICO, and the rest were improving
and expanding their test-equipment line, an almost un-
known revolution was taking place. The public was
searching for a ‘‘better sound’” from the radio and
phonograph, soon to be known as ‘‘high fidelity.™
What might possibly be among the first high-fidelity
kits were a TRF (Tuned Radio Frequency) AM tuner
from J. W. Miller Co., a manufacturer of coils, capaci-
tors. and other frequency-determining devices for
radio receivers. Miller's AM tuner had no tubes or
power supply. It was a passive device using multiple-
tuned radio frequency (TRF) circuits and a crystal de-
tector. Since AM stations have the capability of trans-
mitting what can be considered *‘good fidelity™", if not
“*high fidelity,”” the TRF tuner could deliver “*better”’
sound than the usual superhet AM tuner because it did
not have the selectivity (narrow bandwidth) of the
superhet. The TRF tuner had its own problems—it
needed strong signals, and a strong adjacent station
could wipe out a weaker tuned station—but for its day
it was really high fidelity.

The early high-fidelity hobbyists had little to work
with. Many experimented primarily with better quality
PA amplifiers and some tube designs that produced
great sound, not too much power, and enough heat to
cook a five-course meal.

The modern age of high fidelity arrived when Radio-
Electronics magazine ran an article on something called
a “‘Williamson Amplifier,”” which produced superb
sound (for its day), high power, good efficiency, and
relatively little heat. While the “*in group’” of hobbyists
built a pseudo-version of the Williamson Amplifier (it
was impossible to get the required output transformer
at the beginning) in their basement shops, Heathkit
came out with a kit version of the Williamsom Ampli-
fier that brought recognition of high fidelity to the
general public. In a sense, Heathkits first high-fidelity
equipment Kits moved high fidelity from the basement
shop to the living room.

Other kit manufacturers followed Heathkit into high
fidelity. and electronic kits had become something
more than primarily an inexpensive way to equip the
shop with test equipment.
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For many years **Hi-Fi kits™" represented the leading
edge in the state of the art for high-fidelity equipment.
Heathkit’s and Dynaco’s AM/FM-stereo tuners and
amplifiers were literally pathfinders for stereo design.
Even today Heathkit's stereo-equipment kits rank
among the very best, often incorporating features that
appear later in mass-merchandised brands.
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THIS HEXADECIMAL keyboard kit from Jameco includes a 19-
key keypad and 9 LED readouts. The completed kit can be
housed in a professional looking case (shown) if desired.

By the early 1960’s electronic kits of every variety
had been refined and debugged to the point where
almost anyone could build a complex kit and get it
working with little or no assistance from *‘factory ser-
vice.”” Though we were fast entering the age of solid-
state with transistorized kits and wired equipment,
there was to be one major (possibly the last) really big
triumph for sophisticated, expensive vacuum-tube
kits. Heathkit came out with a tubed color TV that was
to set the color standard for many years.

Their 25-inch GR-681 color TV with remote control
option and swing-out front panel with color con-
vergence controls had a color quality that became the
standard of reference for most electronic experts. A
popular saying of the late 1960's and early "70s when
shopping for color TV was: **Yeah! The color’s great.
but it ain’t no Heathkit.™

But performance aside, the GR-681 and other color-
TV kits had established the fact that no consumer
equipment was too complex for a kit. Even when
“professional’” service adjustments were required, the
assembly and adjustment could generally be done by
most hobbyists providing there were extensive in-
structions (in small bites). The sky had become the
limit in kits, even though Heath no longer sold airplane
kits.

What is an electronic kit?

If you were to ask that question of nine people you
would probably get eleven answers because everyone
has a different idea. To the advanced hobbyist and
professional technician an electronic kit might repre-
sent a way to afford a minicomputer, a color TV, a
stereo system. or laboratory-quality test equipment
because some 25% to 509 of the cost of any finished,
store-bought equipment represents assembly costs. If
you build it yourself you actually save money you can
bank.

To others, an electronic kit is a way to obtain gad-
gets or equipment that ordinarily isn’t available in re-
tail stores. (There are many, many devices for which
there simply isn’t sufficient demand or profit to makz
them worth offering through normal retail channels:
yet it is possible for someone, say a parts distributor.
to package his companents—which he normally
stocks—and sell them as a **kit.”” The only thing extra
that’s needed in addition to what is normally found on
his shelves is a set of assembly instructions.)

To still others an electronic kit is an ‘‘educational
experience,”" a kit specifically designed to be both
entertaining and instructional.

Are you musically inclined? Would you like a real
““theater organ’ in your living room? Those multi-
voiced monsters. complete with a Leslie speaker, cost
several thousand dollars; but if you take the kit route
you can buy the instrument in modules as your budget
permits. You not only save assembly costs but get a
chance to get some extra enjoyment along the way as
you personally assemble a ‘‘living instrument.”’

Electronic kits are also a hobby in themselves.
Many so-called ‘“*one-evening projects™ are available.
such as electronic dice and roulette. a shooting gallery,
sound-effects generator, and so on. One kit company,
EICO. even job-racks an entire line of small, low cost.
mostly PCB Kkits, in local parts-distributor stores.

We could go on and on showing other types of elec-
tronic kits but you probably have the general idea. Just
about anything you can imagine is available in kit form
for virtually every level of technical competence...
meaning the ability to assemble a kit und get it working .
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A SOPHISTICATED ELECTRONIC INSTRUMENT at a fraction of
its assembled cost is one advantage of building a Sabtronics kit
such as this 1-GHz frequency counter.

Getting it working is often the most difficult part of kit
construction, particularly for the beginner who might
have little technical background and even less in the
way of test equipment. While most kit companies have
technical-assistance departments that are very helpful,
it’s sort of difficult to troubleshoot through cor-
respondence or telephone calls if you have little under-
standing of the project...but that's something we'll get
to later.

Getting started.

Though most modern kits use extensive PCB as-
sembly. whereby components are simply slipped into
matching holes in a PCB and then soldered. it often is
not as simple as it looks. Sure, anyone can slip com-
ponent leads into holes. but do vou know how to han-



dle CMOS IC’s (integrated circuits)? Is your shop
equipped with a ground strap for your wrist? Can you
identify sophisticated components that resemble each
other? Can you distinguish between tantalum and
electrolytic capacitors? In fact, do you know the dif-
ference? Can you tell which capacitor is silver mica
and which is Mylar?

YOU GET A USEFUL, entertaining device, as well as a better
knowledge of electronics when you complete one of the kits
from PPG Electronics. This binary clock is just one of the
projects available.

When you get into the sophisticated kits, just a
single interchange of somewhat similar components
can keep the project from working. While there are
many kits intended for the newcomer to electronic
construction with components specifically selected to
avoid confusion for the beginner, nevertheless it is
true that the major kit outfits (in particular Heathkit
and EICO) do the best job as far as the assembly in-
structions are concerned. They have had many years’
experience in perfecting the manuals and pictorials,
and their “*beginner kits™" are unsurpassed. In fact.
Heathkit even has a whole line of beginner kits (one or
two evenings) ranging from a simplified burglar alarm
to low-cost test equipment suitable for a hobbyist’s
test bench. One of Heath's really basic kits is a digital
alarm clock (GC-1107). which in appearance is more
complex and attractive than most mass-merchandised
digital clocks: yet it’s an almost goof-proof assembly
specifically intended for the beginner.

One of the primary differences between a beginner’s
kit and one meant for a hobbyist with experience in
construction is the PCB-component layout and the
manual dexterity which might be reqired for a mechani-
cal assembly. Beginner kits generally have relatively
oversize PCB’s with components spaced a considerable
distance from each other. Similarly. foils will be wide-
spaced to reduce the possibility of solder-bridges.
While small (and inexpensive) solid-state devices such
as transistors, diodes, and LED’s are usually soldered
directly to PCB foils, as a general rule more expensive-
to-replace components such as integrated circuits
often use mounting sockets in beginner Kits. (A begin-
ner can easily unsolder a transistor or diede if incor-
rectly installed. Unsoldering a 14-, 16-, or 20-pin IC
will usually result in destruction of the IC.)

A somewhat different approach for beginners is
taken in kits particularly intended to be instructional,

such as those from the PPG Electronics Co.. Inc.. of
Van Nuys, CA. PPG's kits are specifically designed
for use where there is some form of professional in-
struction, though the kits are available directly to the
user. The PPG kits are primarily ‘‘entertainment
projects’” such as a sound-activated color organ, 12-
volt emergency strobe flasher, electronic dice, space-
war phasor gun. Each project is supplied in modules
(actually lessons) which explain the components used
in the device and the device itself, leading to the actual
construction of the project.

Instructional Kits not only provide a useful device:
they give the builder extensive insight into the device
and the components that go into making the device:
The builder learns a lot more than just how to assemble
a PCB and solder.

Build what you can’t buy

Once you get beyond the beginner kits you're ready
to tackle the specialty kits, which are primarly usable
devices not normally manufactured—the type of thing
we mentioned earlier.

Most (but by no means all) specialty kits are pro-
vided by the modern day *‘surplus’ distributor. who
generally specializes in mail order sales. These dis-
tributors sell both a standard line of components and
new ‘‘surplus.’” often manufacturer's excess produc-
tion. or job lots. In this age of solid-state where designs
change overnight, and what would normally be an in-
significant tolerance variation for hobbyists is not
suitable for commercial use, a lot of perfectly good
hardware becomes ‘‘surplus.”” Many distributors han-
dling this surplus work up their own designs and in-
struction, and package a specialty kit using the com-
ponents they also sell as “*off-the-shelf™” stock.
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THIS FUN-TO-BUILD KIT, the Tele-commander I from Hemco
Inc., lets you use a telephone to control an appliance when
you’'re not at home.
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ADVANCED COMPUTER PRODUCTS
P.O. Box 17329
Irvine, CA 92713

ANCRONA
P.O. Box 2208R
Culver City, CA 90230

ARKON ELECTRONICS LTD.
409 Queen St. West
Toronto, Ontario, Canada M5V 2A5

ATV RESEARCH
13-RE Broadway
Dakota City, NE 68731

BAGNALL ELECTRONICS
179 May Street
Fairfield, CT 06430

BETA COMPUTER DEVICES
1230 W. Collins Avenue
Orange, CA 92668

BULLET ELECTRONICS
P.O. Box 401244R
Garland, TX 75040

CHANEY ELECTRONICS INC.
P.O. Box 27038
Denver, CO 80227

CONCORD COMPUTER PRODUCTS
1971 So. State College
Anaheim, CA 92806

DAGE SCIENTIFIC INSTRUMENTS
Box 1054R
Livermore, CA 94550

DEVTRONIX ORGANS, INC.
6101 Warehouse Way
Sacramento, CA 95826

DIGITAL RESEARCH COMPUTERS
OF TEXAS

P.O. Box 401565

Garland, TX 75040

EICO
108 New South Road
Hicksville, NY 11801

ELECTRONIC DESIGN ASSOCIATES
P.O. Box 94055
Houston, TX 77018

ETCO ELECTRONICS
North Country Shopping Center
Plattsburgh, NY 12901

FORMULA INTERNATIONAL INC.
12603 Crenshaw Bivd.
Hawthorne, CA 90250

GLADSTONE ELECTRONICS
901 Fuhrmann Boulevard
Buffalo, NY 14203

DIRECTORY OF
KIT SUPPLIERS

GODBOUT ELECTRONICS
Box 2355
Oakiand Airport, CA 94614

THE DAVID HAFLER CO.
5910 Crescent Bivd.
Pennsauken, NJ 08109

HAL-TRONIX
P.O. Box 1101
Southgate, Ml 48195

HEATHKIT
Benton Harbor, Ml 49022

HEMCO
3705 College Point Boulevard
Flushing, NY 11354

INTERNATIONAL ELECTRONICS
UNLIMITED

435 First Street

Solvany, CA 93463

JADE COMPUTER PRODUCTS
4901 W. Rosecrans
Hawthorne, CA 90250

JAMECO ELECTRONICS
1355 Shorway Road
Belmont, CA 94002

JOHN BELL ENGINEERING
P.O. Box 338
Redwood City, CA

MESHNA INC.
P.O. Box 62
E. Lynn, MA 01904

MICROACE
1348 East Edinger
Santa Ana, CA 92705

MICROTENNA ASSOCIATES
2335 South 2300 West
Salt Lake City, UT 84119

MIKOS
P.O. Box 995
El Granada, CA 94018

NETRONICS R & D LTD.
333 Litchfield Road
New Milford, CT 06776

OHIO DATA PRODUCTS
CORPORATION

14600 Detroit Avenue

Cleveland, OH 44107

OK HOBBY PRODUCTS
3455 Conner Street
Bronx, NY 10475

PACCOM
14905 NE 40th
Redmond, WA 98052

PAIA ELECTRONICS
1020 W Wilshire
Oklahoma City, OK 73116

POLY PAKS
P.O. Box 942
S. Lynnfield, MA 01940

PRIORITY ONE ELECTRONICS
91613 Deering Avenue
Chatsworth, CA 91311

QUEST ELECTRONICS
P.O. Box 401565
Garland, TX 75040

RADIO SHACK
1400 One Tandy Center
Fort Worth, TX 76102

RAMSEY ELECTRONICS, INC.
2575 Baird Rd.
Penfield, NY 14526

SABTRONICS INTERNATIONAL INC.
5709 N. 50th St.
Tampa, FL 33610

SIMPLE SIMON ELECTRONIC KITS
11850 S Hawthorne Bivd.
Hawthorne, CA 90250

SINCLAIR RESEARCH, LTD.
50 Staniford St.
Boston, MA 02114

SUNNY INTERNATIONAL
P.O. Box 4296
Torrance, CA 90510

SYMETRIC SOUND SYSTEMS
912 Knobcone Place
Loveland, CO 80537

US MICRO SALES
11 Edison Dr.
New Lencx, IL 60451

WERSI ELECTRONICS INC.
P.O. Box 5381

1720 Hempstead Road
Lancaster, PA 17601

Each issue, Special Projects will
publish the latest complete listing
of kit makers that we have. We
hope to be able to expand this listing
to contain a brief description of the
kinds of kits each company pro-
vides.

For more information and individual
catalogs, contact the companies
you are interested in directly. Please
tell them that you learned about
them from Special Projects.



Typical examples of what we mean by *‘specialty
kit’" are basic PCB regulated power supplies that you
might build into a project of your own design, or which
you might combine with another project; a power-
supply voltage converter; a strobotachometer; digital
time clocks such as used on videotape recorders; a
“‘telecommander’’ which will operate household ap-
pliances when it senses a predetermined telephone-
ring sequence; audio power amplifier modules for
building into your own equipment; a solid-state LED
VU (volume level) meter, and...well, the list goes on
and on. Exactly what is available is not as important as
the fact that you could not otherwise get those items.
Let's look more closely at those we have mentioned.

MAJOR CONSTRUCTION PROJECTS in every respect, the
organ kits from Wersi Electronics are high-quality profes-
sional instruments. The organs are designed so that you can
add additional features at any time.

Jameco Electronics is a regular distributor of elec-
tronic products, particularly specializing in solid-state
devices: transistors, IC’s, and so on. They are also,
among other things, into power-supply modules which
you can build into other projects. For example, one kit
is a complete (with power transformer) S-volt, l-ampere
regulated power supply on a 3% X 5-inch PCB. You
can tuck one of those into almost any digital project.
Another of Jameco's specialty kits is a multi-voltage
board kit: This device, on a 342 x 2-inch PCB, is a DC-
ta-DC converter. It takes S-volts DC in and provides
+12, 29, and —S-volts DC output. Again, it’s something
easy to tuck into a home-brew digital project—and
something you normally couldn’t buy (certainly not for
$12.95) as a “*wired device.™

Anyone who has worked in or visited a mechanical
laboratory, service shop, or a loudspeaker test lab, has
probably seen a strobotachometer (strobotach, for
short). This is a pulsating electronic flash(tube)—
usually called a ‘‘strobe light’'—whose rate of pulsa-
tion can be varied by a calibrated control. The pulsa-
tions cause rotary motion to ‘‘freeze,”” allowing the
technician to study a moving device just as if it were
standing still. The calibrated control tells the techni-
cian how fast the object is moving.

As a piece of test equipment, a strobotach is some-
what expensive, but a basic PCB (no cabinet) strobe
kit is available for hobbyist use from Chaney Electron-
ics of Denver, Co, for $15.95. The user supplies only
the cabinet. The strobe-rate control calibrations aren’t
“‘laboratory tolerance,”’ but they are more than accurate
enough for the hobbyist and even some service shops.

Ever see the electronic timer on a video-cassette
recorder? Pretty snazzy! It can be set to better than 60
seconds accuracy; that’s a lot more accurate than the
usual mechanical timer, which is lucky to be some-
where in the ballpark within 15-minute intervals. But if
you need an electronic timer, say to control your stereo
system, you have a problem: You can’t buy one in a
retail store (or wholesale distributor for that matter). If
you want one, you must build it from a Digi-Key kit.
Digi-Key, of Thief River Falls, MN, is a regular mail-
order parts distributor (with a real thick catalog) that’s
also into digital timers. Part of their regular line is all
sorts of digital clock modules and hardware, which
they package into their own digital-timer kits. They
sell several different versions: with cabinets, without
cabinets, whatever you want. Their kits are somewhat
unusual in that they use a modular construction that
rides piggy-back on the basic electronic clock. The
builder ends up with a complete one-piece module that
can be installed in a cabinet—or other equipment—like
a meter module. Again, if you want an electronic timer
you must build it from a kit: it’s not sold at your local
parts shop.

Ever worry if your home is safe? Are the kids OK?
[s the furnace running? Or maybe you’re coming home
from vacation on the hottest day of the year and you
would like to start the air conditioning a couple of
hours before you arrive home. You've probably read
how the rich fotks have all sorts of burglar-alarm tele-
phone dialers that can send and receive messages,
monitor the house through a microphone, or even turn
on appliances by remote control. Well, you don’t have
to be rich to have telephone remote control if you can
handle a soldering iron. You can do the same thing
with a Tele-Commander I appliance remote control kit
from Hemco, Inc., of Flushing, NY.

THIS ASCIlI encoded keyboard from Jameco can be used with

almost any computer system.

This kit is a little more sophisticated than the basic
PCB kits we’ve illustrated because it's supplied with a
cabinet. The device plugs into an AC outlet and has a
receptacle to which an appliance can be connected. A
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microphone inside the Tele-Commander picks up tele-
phone bell *'rings.”” When it senses 16 or more rings. it
turns on the outlet for about three hours; ten rings will
turn the outlet off. The "*on™ cycle can be maintained
by calling in before the automatic drop out-time. (Also.
it can be repeated by calling in again.) Admittedly,
that’s not the most sophisticated way to control things
through the telephone. but it’s inexpensive. it works.
and it’s a fun kit to build.

Our final illustration of *‘specialty kits'* are audio-
power amplifier modules. Actually, we're fudging a bit
because the modules—available in both mono and
stereo in many different power outputs from Glad-
stone Electronics, of Toronto, Canada and Buffalo.
NY—are supplied factory-wired. They are particularly
attractive to the hobbyist who is building something

amplitude
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£ DAGE SCIENTIFIC INSTRUMENTS

ONE OF THE LEAST EXPENSIVE ways to obtain a piece of test
equipment is to build it. This function generator kit from Dage
Scientific Instruments sells for less than $60.00.

else and needs an audio-power amplifier to process the
end product. For example, the hobbyist might be
building a set of modular (integrated) stage monitors
for a rock band. The mixer, sound processor, and
speaker cabinet might be the main project. Rather than
go through the hassle of also building the power amp,
it might be easier to simply build in a power module.
Hence, we consider it to be a ‘“*kit,” though some
might claim that’s stretching the meaning of kit a
bit.

Not that much detail

One way to avoid disappointment with many (if not
most) of the specialty kits is to keep in mind that they
are not HeathKits. You are not getting an assembly
manual that spells out each step in detail. such as:
“*Connect a 3-inch wire from hole 34 to terminal 16."
or “Install a 2200-ohm resistor (red-red-red) at loca-
tion AB."" The price of the specialty Kits, which is
often *‘rock bottom,™” represents a decent circuit and
usually first-quality components. There are sufficient
instructions for anyone reasonably familiar with what
electronic parts look like to make a problem-free
assembly.

Generally, there is a schematic; a parts list; an ex-
cellent top-view pictorial of the PCB: a set of some-
what sparse instructions as to the order in which the
components should be mounted on the PCB; mechani-
cal assembly instructions if needed, and final align-

WHILE YOU WON'T break the bank playing this electronic slot
machine from PPG Electronics, the cost of the kit won’t break
you! The circuit originally appeared in the January 1980 issue of
Radio-Electronics.

ment or adjustment procedure if they are needed. The
key to success with those kits is usually the PCB’s top-
view pictorial, with every component indicated clearly
as to position and part-identification. In many instances
those PCB pictorials are superior to what's supplied
by the ‘‘biggies:’” they need to be, because of the
absence of detailed step-by-step assembly instructions.
The specialty kit’s assembly instructions might be
mimeographed on a single sheet of paper, or may be a
glossy-stock fold-out that even contains a few photo-
graphs. It doesn’t seem to make a real difference: The
kits from the known brands appear to assemble and
work equally well regardless of how the instructions
are printed.

Before we leave the subject of PCB specialty kits we
must not overlook Radio Shack. The ‘‘Shack." which
has “‘complete’ kits such as their Archer-Kit 20,000
ohms-per-volt volt-ohm-meter, also sells something
called a ‘‘Project Board,”” which is an etched and
drilled PCB for somewhat unusual projects. Among
those are a stereo electronic reverb, an RF modulator.,
and a stereo-headphone amplifier. The PCB's cost from
about $2.50 to $10 and are supplied with assembly in-
structions, a parts list giving values and the Radio
Shack parts numbers. but no parts. The user provides
his own components, though Radio Shack hopes that
the builder will buy them from one of its stores. But
you don’t have to; it’s often less expensive to purchase
the components somewhere else.

Still saving money

Somewhere between the low-cost PCB kits and the
regular line of expensive kits are ‘‘money savers™
from small-kit companies with only one item (or a few)
in their line. Those are full-fledged Kits, usually test
instruments, whose performance and *‘finish"*—mean-



ing the cabinet and controls—are competitive with
Heathkit, EICO, and of course, commercial “*wired™
models. The primary advantage of those kits is **sweat
equity:"’ The time you spend in assembly is considered
part of the cost.

In actual dollars, you save some 25% to 50% of what
a wired model would cost. The second advantage is
“‘new technology.’” Often, the company is owned by
the design engineer, or someone with a great marketing
idea. They can *‘turn on a dime,”” and will often have a
new technology kit on the market before a major com-
pany can get rolling on a similar project. A typical ex-
ample is Sabtronics International, of Tampa, FL.
Prasently, they offer a hand-held L.CD digital multi-
meter (DMM) that closely resembles wired ‘‘big name™
brands, a function generator, and by the time you read
this, a 9-digit frequency counter to 1000 MHz. The kits
are all supplied with a ‘*high technology-type’” instru-
ment cabinet and notably excellent step-by-step in-
structions. The problem is that the user tends to under-
rate the manual because it looks like a photocopy of
regular typing. Nevertheless, the step-by-steps are ex-
cellent. The pictorials are broken down into sections,
but are somewhat difficult for a beginner who might be
used to more precise component illustrations.

Other money-saver kits are those from Dage Scientif-
ic Instruments, of Livermore, CA. They have a few in-
struments that the average hobbyist and service tech-
nician isn’'t likely to find easily anywhere else. Among
them are an autoranging 3-digit digital capacitance
meter kit for less than $80 that measures from 1 pF to
greater than 1000 «F, an electronic thermemeter and
controller from —300 to 1200 degrees F., and a signal
processor for type 'J*° thermocouples. Obviously,
those are not your average run-of-the-mill projects,
but if you need them it's the only way to get them at
budget prices.

Again, the step-by-step assembly instructions are
very good. As for the pictorials, some are excellent.
others take some head scratching and some effort to
figure out which component matches what outline in
the pictorial. A beginner might have some difficulty,
but not those with a few projects under their belt.

You can’t be a beginner

Once we get beyond the small beginner and specialty
PCB kits we get into the big time where anything goes.
Need a laboratory-quality oscilloscope? It’s available
in kit form. How about a computer? Wired models
don’'t come cheap, but Heathkit has a computer sys-
tem, the H8, that you can assemble as you go along—
as your budget permits. They also have a relatively
low cost all-in-one computer kit, the H89, as well as
budget-priced computer-trainer kits that teach both
digital and/or machine-language programming.

If you want to get into personal computing but are
strapped for funds, you might want to start out with
the ZX80 all-in-one microcomputer kit from Sinclair
Research, Ltd. in Boston, MA; it costs just under
$100. If you look real close you'll discover it’s really a
kit version of Sinclair’s ready-to-use ZX80, which
comes with an on-board BASIC and an RF modulator
that allows you to use an ordinary TV receiver for the
video display. It even includes a built-in cassette inter-
face so you can store and retrieve your programs (on a
cassette recorder) at the touch of a button.

Or maybe you need a chart recorder for your test
lab? That's also available in kit form. Super high-fidelity
gear? Also in kit form. A weather station? Again you
can take the kit route to success. The list of major Kits
for both consumer and technical equipment is almost
endless.

Only problem, however, is that those are somewhat
complex kits; the builder must have a considerable
degree of assembly proficiency and a reasonable, or
working knowledge, of the circuit. To explain: Firstly,
those kits have many complex circuits using many
components, generally packed onto a PCB with a
shoehorn. Unlike the beginner and specialty PCB kits,
there are no wide-open spaces between the PCB foils
or the components. Often, the foil solder pads are
spaced no more than a pencil-line apart.

:
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A 25-RANGE ANALOG MULTIMETER, this Archerkit sells for
less than $20.00. One of three multimeter kits from Radio Shack,
the finished project is bound to be usetul in any workshop.

Like it or not, it takes considerable experience with
assembling high-density PCB wiring to avoid a mess of
hairline solder-bridge short-circuits in those kits. It
also requires special tools: usually a temperature-con-
trolled soldering iron with a pencil tip and desoldering
tools and wicks. because as careful as you are, you are
going to install at least one component in the wrong
place: and if you don’t unsolder the component with
the correct tools and procedures, you might not end
up with a usable PCB. Also, while the instruction
manuals are highly detailed as to mechanical assembly,
there is usually a lot of it, and the builder must have
some expertise in reading three-dimensional drawings.

Even more important, however, is some form of
understanding of the circuit used in the kit, or at least
sufficient technical background to follow the explana-
tion of “How It Works™" that’s provided with the
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major kits. Virtually all of the major kits make exten-
sive use of large-scale integrated circuits, and each IC
might represent several different circuits and hundreds
of discrete transistors. There are going to be defective
components in some kits, and some builder is bound to
damage some components during assembly. It is rare
that the builder will be able to test anything other than
transistors and diodes and resistors and capacitors.

. Cap meter ;
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IF YOU WOULD LIKE an autoranging 3-digit capacitance meter
that costs less than $80.00 you will have to build this kit from
Dage. lt’s hard to find a similar instrument anywhere at any price.

More often than not, troubleshooting kit problems
will mean substituting one IC for another. It can get
somewhat expensive to purchase one of everything
and then substitute on a random basis until the prob-
lem goes away. Also, the problem might not be a de-
fective component. Maybe a component was installed
in the wrong place, changing circuit parameters, and
no matter what IC you substitute it will be zapped. For
the major kits, particularly ‘‘digital circuits,”” you
must have some understanding of the overall device,
or better still, a working knowledge of the individual
circuit(s) so you can describe the problem to the manu-
facturer’s technical assistance department and under-
stand their reply. If you have absolutely no knowledge
and/or understanding of digital circuits, a major com-
puter kit is not for you unless there’s an authorized
service center nearby where you can personally deliver
the computer. But keep in mind that factory service to
undo your mistakes and damage can be expensive.

If the only way you can afford a particular piece of
major equipment is by building from a kit, and you
really have no idea of the theory or circuit, find some-
one locally who can assist you. Either a high school
technical student or a member of a local computer club.
It’s amazing how most major kit problems are easily
resolved when you have someone who knows what the
circuit’s all about.

Living instruments

We have saved one type of kit for last: ‘*Electronic
Music Instruments.”” Generally a major construction
project in every respect, the assembly and adjustment
of electronic music instruments is usually tailored
specifically for a beginner. Those kits are professional-
quality musical instruments, not little fun-kit organs
with four or eight tones, or warblers, or whatever.
Those are professional instruments such as you might

purchase at the local professional music shop—the
place where the real pros buy their instruments.

Most hobbyists are familiar with the Heath/Thomas
organ kit, which is a kit version of an organ many
people purchase for their homes. But have you heard of
Wersi Electronics, of Lancaster, PA? Wersi makes a
line of professional organ kits; everything from a por-
table-organ combo for a club or rock keyboard player,
to theater and church organs, to “‘sidemen” (an elec-
tronic rythym machine), to electronic rotators (which
simulate the Leslie speaker), to professional mixers.

The kits are packaged in modules which you pur-
chase as the budget permits (it can get expensive—
organs are not cheap). Since many functions are com-
plete modules, you can build in exactly the features
you want, such as reverb, or string accompaniment.
Nothing is closed-end. You can add any features for a
particular instrument after the initial assembly, and
add new features as they are introduced.

Wersi manuals are magnificent. The theory of opera-
tion, heavily illustrated with superb pictorials. are in-
tegrated into the manual so the builder not only has
assembled a particular module, he understands how
the circuit works, what it does in terms of musical
sound, and how to integrate the sound into the per-
formance. In fact, a Wersi kit is not just a Kit: it is an
experience (an expensive experience), that ends up a
“‘living instrument.”’

Other award-winners in instrument kits are those
from PAiA Electronics, Inc., of Oklahoma City, OK.
If you go into a major music store in any large city
you'll find professional synthesizers and other key-
board devices, as well as phlangers, electronic drums
and battery-powered portable amplifiers, under the
““PAIA”’ name. Many of the PAIA electronic instru-
ments sold in the music stores are available direct
from PAIA in kit form, the kit price averaging about
60%% to 707 of the wired version. (You save 309%-40%%).
PAIA has other electronic devices not found in music
stores which are also available direct from PAIA. If
you're into electronic music, PAiA might well be your
kind of company. Just bear in mind that synthesizers
and the like are somewhat complex, and utilize state-
of-the-art technology. If you have never assembled &
major kit and want to build your own synthesizer, start
small; try one of the special-effects devices such as a
phlanger, ping-pong, or sustain.

There’s still more

We have barely covered the standard kits with which
you are familiar, such as those in the Heathkit and
EICO catalogs; they are self-explanatory. We have
pointed out some of the special kits meant for
beginners, unusual kits that might be of particular
interest to the electronic hobbyist, and some of the
major advantages and problems common to various
types of kits. Regardless what you choose to build,
keep in mind that the most fun and value is attained if
you end up with a working device that caused the least
amount of assembly problems. Often, it’s better to
work your way up through basic and intermediate kits
before you tackle a color TV, a laboratory oscilloscope,
or a personal computer. Whatever road you chose to
follow. bear in mind that kits are primarily intended to
be fun...most of them are. SP
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Dear ‘“‘Special Projects’’ Reader:

This quarterly publication is edited specially for you. Each edition contains all-new, never-
before-published construction projects designed for electronics enthusiasts, like yourself, who
enjoy the challenge of building exciting, functional, and imaginative equipment.

To help us serve you better—and to publish the kind of special projects you would like to build
—we need to know more about you and your interests.

Therefore, will you please spend.the 5 minutes it will take to fill out the following questions,
remove this page, and mail it directly to me today.

Very many thanks.
Cordially,

m{"?’% SR

Larry Steckler
Publisher

RADIO-ELECTRONICS “Special Projects’’/200 Park Avenue South, New York, NY 10003

1. Please indicate below all areas of activity in leisure electronics that interest you (PLEASE CHECK
ALL THAT APPLY.)
[] Audio (Hi-Fi, Stereo)  [] Test and Measurement Equipment  [[] Automobile Hi-Fi

[0 Amateur Radio [] Scanning Receivers (] Automotive Electronics
[] Computers [] Shortwave Receivers [] Video Recording/Playing
[] Controls or Alarms [] CB Radio [] Others (PLEASE LIST BELOW)

2. Please indicate the tools you now own, have purchased in the past year, and plan to buy during the

next year.
Purchased in Plan to Buy in

Tools Now Own Past 12 Months Next 12 Months
Wirewrap Tools ™ ™ ]
Soldering Tools OJ OJ 1
Desoldering Tools O il O
Hand Tools O ] U
Miniature Motorized Tools O O O
Bench Power Tools O] ] ]
Other

(please specify)

None of the above owned [] None of the above planned []

3. What is your best estimate of the total value of the tools you own...and how much of that was
purchased in the past 12 months.
Total value Purchased in the past 12 months

$ $

4. On the average, how many different construction projects do you build and complete during a typical
12-month period?
Number of construction projects built and completed




5. On the average, how many hours do you spend building a construction project?
Number of hours spent
6. When you buy electronic equipment or supplies for construction projects, what sources do you use?
(PLEASE CHECK ALL THAT APPLY)
(] Electronics Distributor (] Music/Audio Store (] Department or Discount Store
[ Electronics Specialty Store [ Computer Store (] Mail Order
(] Other
(please specify)
7. Would you find it helpful to see the equipment that you need in order to build our construction
projects advertised in “‘Special Projects”?
(] Helpful (] Not Helpful
8. Inyour full or part time work, is the knowledge of electronics important?
[] Yes (] No (If “NO”, please skip to Question 10)
9. What function(s) do you perform at work? (CHECK ALL THAT APPLY)
(] Management (] Designing (] Engineering (] Servicing
(] Buying [J Specifying (] Production [] Training/Teaching
(] Other
(please specity)
10. What is your job title (Owner, VP Engineering, Technician, Student, etc.)?
11. Which special interest magazines do you currently subscribe to or read regularly? (3 out of 4 issues)
12. Do you currently subscribe to RADIO-ELECTRONICS or read it regularly?
J Yes ] No
13. FOR CLASSIFICATION PURPOSES: May we remind you that all answers to the questionnaire are
confidential and will be used only in combination with those of all other respondents to develop a
composite analysis.
A. What is your age?
(] Under 18 [] 30-34 (] 45-54
(] 18-24 [] 35-39 (] 55-66
(] 25-29 [] 40 - 44 [J 66 or Over
B. What is your sex?
(] Male ] Female
C. What is the highest level of school that you have attained?
(PLEASE CHECK ONLY ONE))
(] Grade School [J Graduated College
(] Attended High School [] Post Graduate Studies
[] Graduated High School [] Masters Degree
[] Attended College (] Doctorate
D. What is your best estimate of your total annual household income before taxes? (Please include income
from all members of the household including all sources, income, dividends, rentals, etc.)
[(J Under $5,000 [] $10,000 - $14,999 (] $20,000 - $24,999 (] $35,000 - $49,999
(] $5.000 - $9,999 (] $15,000 - $19,999 (OJ $25,000 - $34,999 (] $50,000 and Over
Your City - - Your State -

Thank you very much for your help.



CLOCK INTO

FREQUENCY
GOUNTER

When you finish this project, you’ll have an accurate

frequency counter at the lowest possible cost.

F. W. CHESSON

INEXPENSIVE DIGITAL CLOCKS. AVAILABLE FOR $10.00
or less, can be easily converted to frequency counters.
capable of indicating to 100 kHz and above, with good
accuracy and stability.

The project described in this article uses a typical
self-contained IC and LED display clock module. the
National MA1012, and is also adaptable to serveral
commercial digital clocks using the Texas Instruments
TMS-1952NL clock module.

How it works

Both digital clocks and frequency counters count
pulses. The counter records how many pulses occur
during a fixed interval. while the clock indicates when a
predetermined number of fixed-frequency pulses has
occurred. By relatively simple conversions, the clock’s
display can be made to reveal frequencies other than its
fixed time-keeping standard of 50 or 60 Hz.

RESET

COUNT

]

DISPLAY DISPLAY QISPLAY

FIG. 1—A FREQUENCY COUNTER DIFFERS from a clock in that
it records how many pulses occur during a fixed interval.

COUNT COUNT

The requirements for a frequency counter, in terms
of sequential operations are: reset, count, and display
(See Fig. 1).

The system timer. that determines the count and

display intervals. can be clocked by counting down
from the 60-Hz signal in the power supply, via a 4020
or 4060 CMOS divider I[C. A more simplified but still
accurate method is to use a 555 timer IC, whose on and
off periods can be individually adjusted, as shown in
Fig. 2.

Y
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: . A}AsooK
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= 1C1 0
10K
2l g5 | AN
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| | [Tovr 3 o LINes
<R3
Wt 5_ :<>500K
_|_cz f
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_ 02
. L ST
¢ L
22 T

FIG. 2—A SYSTEM TIMER is required to determine the count
and display intervals. The timer for this project uses a 555 IC.

The most obvious way to determine an unknown
frequency is by direct input to the clock IC’s input. If
necessary remove or modify the R-C filter usually en-
countered. This method can involve either the SEC-
ONDS or ALARM display modes. available with most
ICs. In all cases. it is necessary that at the conclusion
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FIG. 3—SCHEMATIC DIAGRAM for the frequency counter. While the circuit is desigred
1o use the National MA1012 clock module, it can be adapted to use the Texas Instruments
TMS-1952NL module.

PARTS LIST

SPECIAL PROJECTS

o
(-]

RESISTORS

All Vs watt, 5% unless noted

R1, R3-a, R3-b, R3-c—1 megohm, potentiometer (minia-
ture, trimpot suggested)

SEMICONDUCTORS

D1-D3—1N4148 or IN914

D10—1N759A or 1N4742A, 12-volt Zener

CM1—MA1012 National digital clock module (with LED

R2, R9, R12—10,000 ohms readouts)

R4—470,000 ohms IC2—555 timer

R5, R8—47.000 ohms Q1—2N5458 FET

R6—6.800 ohms Q2—2N2222

R7—1 megohm Q3—MPS6515

R10—1000 ohms

R11—50.000 ohms, potentiometer MISCELLANEOUS

R13—22,000 to 27.000 ohms (see text) S1—SPST (optional for 100 - 1000-Hz counting range)

R14—470 ohms S2—SP3T (third position for optional counting range above)
T1—Primary 117 VAC: secondary 24-volt CT and 18 VAC,

CAPACITORS 100 mA

C1.C5—2.2 uF. 15t0 25 VDC
C2—0.1 u,F. 50 VDC. ceramic
C3-—0.1 «F. 100 VDC. Mylar
C4—20 uF. 15t0 25 VDC
C6—100 uF, 20 to 25 VDC

of the display interval, the figures be reset to 0:00 or
12:00 on the readout.

The best method is one that provides an easily-calcu-
lated bridge between actual input frequency and read-
out display.

How to do it

For a *“‘pseudo-direct’ time-to-frequency reading,
covering from under | kHz to 120 kHz, the ALARM

Miscellaneous hardware

DISPLAY and SET feature of the MA 1012 was used. 1
simply varied the ‘*off-time’* of the 55 timer IC with
R3. The overall circuit is shown in Fig. 3. Note that the
clock IC’s input filter, R and C, is removed to accom-
modate the far higher input frequency.

Since I found that input signals of 10 to 15 volts peak
are required for reliable clock operation, I added a
FET-input preamplifier. It delivers adequate output
pulses for input signals as low as 100 mV peak.



CLOCK MODULE
N\

v 2
T . A D10 R15
- g AWy y » +20V
T T 1N4001 47
24V 12w .\
l c7
" I 220/35V
117VAC
80Hz j l : Dﬁ” L v,
T 1N4001
8v
l FIG. 4—IF THE CLOCK MODULE you use does not have enough power to handie the
Lf 15 counter-circuitry, this 20-volt power supply will be needed.

Notice, that when the 555 timer is in the ON or DIS-
PLAY mode, the positive output is used to hold off
the signal amplifier, via D3. Diodes D4 and D5, together
with capacitor CS, form a gate to reset transistor Q3. It
is ncrmally biased into conduction, resulting in a low
potential at its collector. When the display period ends
and the timer shuts off, C5 charges through D4, making
the bias on Q3’s base fall and its collector potential rise
suddenly. This reset pulse is applied via diode D6 and
D7 to the SLOW and FAST SET terminals of the clock
module, thereby resetting the display back to 12:00
when the module is in the ALARM SET mode, or 0:00if it
is in the SECONDS DISPLAY mode. When the 555 timer
again turns on, C5 is discharged via diode D5.

Some clock modules may not have enough power to
spare for the additional frequency counter circuitry.
The +20 VDC supply shown in Fig. 4 will handle the
added circuitry if needed. o

Construction steps and hints

A small piece of perforated board, containing the
components of the circuit shown in Fig. 3 can usually be
fitted into a corner of the digital clock case. In soldering
connections to the clock IC’s terminals, use a minimum
of heat and observe the usual precautions involving
MOS-technology components. Potentiometer R11 can
be replaced by two separate Y4-watt resistors, once the

optimum setting for maximum output from Q2 has been

determined, as discussed below.

Calibrate before using

For calibration purposes, a signal generator, stan-
dard frequency counter, and an oscilloscope are neces-
sary. However, an oscilloscope with a well-calibrated
horizontal sweep can be used when a regular frequency
counter is not immediately available.

After checking out the completed circuitry, discon-
nect diode D3 temporarily and set potentiometers R1,
R3-a, and R3-b at about mid-range. Apply a 10-kHz
square wave of about 1-volt peak amplitude to the input
and observe the output amplitude at the collector of Q2
with the oscilloscope set for an appropriate sweep rate.
Adjust R11 for best output, reducing the input test
signal if clipping occurs. Increase the test frequency up
to 100 kHz or so, observing frequency effects, espe-
cially at the IC input end of filter resistor R13, reducing
RI13 somewhat, if necessary.

Reconnect D3 and make sure that the signal at the
collector of Q2 is gated on and off at regular intervals.
Set the RANGE switch to Low. Adjust R1 for an OFF
period of about one second. Now adjust R3-a so that,
with an input frequency of 10 kHz, the clock displays

10:00. Reduce the frequency to 5 kHz and the display
should read close to 5:00. At 1000 Hz, it should indicate
1:00. R1 can be varied for a *‘vernier adjustment’” of
R3-a, so long as the display is on long enough to give the
observer a useful reading before resetting.

Return the test oscillator to 10 kHz and switch the
RANGE switch to HIGH and adjust R3-b for a display
reading of 1:00. At 50 kHz the indication should be 5:00,
and at 100 kHz it should be about 10:00. It should be
also possible to get a reading with an input frequency of
120 kHz. which would be indicated by a display of
12:00* (the asterisk indicates that the PM LED is now
on).

For interpolations, remember that the clock is indi-
cating at a 0 to 60 time base. while the frequency base is
at 0 to 100. Thus, on the LOW range, a reading of 5:30
would correspond to a frequency of 5500 Hz. The fol-
lowing chart can easily be memorized for other readings:

FRE-
IQUENCY
(kHz) 10/ 11| 12| 1.3| 1.4 1.5 1.6/ 1.7] 1.8 1.9 2.02.05

TIME 1:00[1:06[1:12[1:18[1:24[1:30|1:36(1:42(1:48(1 :54?:002:03

You can see that the following input frequencies are
read as follows in the examples below.

RANGE TIME DISPLAY FREQUENCY
Low 1:12 1200 Hz
" 4:42 4700 Hz
6:54 6900 Hz
’ 8:33 8550 Hz
High 2:18 23.0 kHz
" 5:15 52.5 kHz
7:37 75.2 kHz
11:51 118.5 kHz

You may want to extend the range of the basic instru-
ment below 1 kHz. or above 100 kHz. For a range from
100 to 1000 Hz. simply switch the ALARM SET connec-
tion from SLOW to FAST and calibrate the new LOW
range with another potentiometer (R3-c). For frequen-
cies from 100 kHz to 1 MHz, a 4017 decade counter
“*pre-scaler’’ can be added, preferably with its own
high-frequency pre-amplifier circuit.

In this way, the experimenter or student can build an
inexpensive, reasonably accurate, and easy-to-use
frequency counter, at little more than the cost of an
average digital clock. SP
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PERSONAL COMPUTERS GET QUITE EXPENSIVE. WHILE
a basic system is relatively cheap, little can really be
done without a printer: and more often than not. even
the least expensive line printer can almost equal the
cost of the rest of the system. But there is a cheap way
to get hard copy: it might be somewhat slow compared
to the zip-Zip-zip of a line printer. but what's a little
loss in speed worth if you can wind up with a printer
for less than $150!

The key to budget printing is the Model 33 teletype
printer. also known as an RO33 (RO means Receive
Only). A combination printer and keyboard (a full ter-
minal) is known as a KSR33 (KSR meaning Keyboard
Send and Receive). Until a few years ago. the Model
33 was used almost universally as a terminal for time-
share systems: there were thousands and thousands of
them scattered across the U.S. in high schools. univer-
sities. business offices. and homes. Almost overnight
they were made obsolete by high-speed terminals that
could send and receive at least three times faster than
the 110 wpm rate of the model 33 TTY. Today. those
terminals are buried in school basements ready for

TTY PRINTER
GONVERTER

THIS TELETYPE CONVERTER lets you use a surplus teletype
printer to get hard copy from your computer. The printer can be
bought for as little as $125; the converter should cost you less
than $25 to build.
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Use an inexpensive, commonly

available teletype terminal

as a printer for your
computer.

JOE SHANKER

L. RN

THE COMPONENT LAYOUT IS WIDE OPEN and should create
no assembly problems, even for the beginner. Just make sure
that transistors Q1 and Q2 ‘‘face” in opposite directions. Their
leads are “in-line” and are fanned to the triangular configuration.

*junk’ sale to surplus dealers, who sell refurbished
Model 33 printers for as low as $125.

Since the TTY is a serial device, it can be used with
any personal computer that has a serial 1/O or printer
port that can be set for the 110 Baud rate of the TTY.
The problem, however, is that the TTY receives and
sends through a 20-mA current loop. While many early
personal computers provided both an RS§232C and 20-
mA serial [/O. most modern personal computer serial
ports are either RS232C. or eventually end up as
RS232C through an adapter. Since RS232 is a voltage
1/O. it cannot be used to directly drive a TTY.

That’s where the TTY Converter comes in. The
converter, which should cost well under $25 to build—
the exact price depending on how well your junk box is
stocked—converts RS232C serial signals to 20-mA
current loop. Connected between the computer and
the TTY, it appears as an RS232C **load’” to the com-
puter, and as a 20-mA current source to the TTY.
When you instruct your computer to PRINT, the com-
puter outputs to the TTY just as it would to a serial
printer.
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THE PRINTED-CIRCUIT BOARD also serves as the case cover in this project. The foil pattern you should use is shown

here full size.

TERMINAL
STRIP

..]

TO TTY

RS-232C {
IN
-—

L —

|
$-
I | }117VAC

&

LEDI

TRANSFORMER T1 and the connections to the 117-volt power line are on the foil side of
the board as indicated by the dashed lines in this parts-placement diagram.

How it works

The TTY's **+°" and **—"" printer connections are con-
nected to the corresponding **+"" and **-"" terminals on
the converter. The computer’s RS232C output is con-
nected to the converter’s input. Note that one RS232C
connection is a true ‘‘ground.”” The TTY s **-""is not a
ground: it simply indicates polarity to the printer: Make
certain that you don't ground the **-" TTY connection.

RS232C outputs mark at nominally -12VDC. Char-
acter bits, or spaces, cause a rise to +12VDC. The
TTY marks when current is on, it spaces when current
is turned off. To convert RS232C to 20-mA current
loop. we simply turn off the current loop when the
RS232C signal goes through the transition from -12VDC
to +12VDC. (Note: An RS232B 1/O marks at +12VDC

-

and spaces at -12VDC. It is also used for personal
computer equipment. The term “"RS232" almost uni-
versally implies "*RS232C"".)

The RS232 output from thd computer is applied to
QI. The -12VDC marking voltage causes Q! to con-
duct, thereby illuminating the LED in opto-coupler
IC1. The LED’s illumination **excites’ the base of the
transistor within ICI, causing the transistor to con-
duct. Since the transistor in the opto-coupler is con-
nected from Q2’s collector to base, Q2 conducts, pro-
viding approximately 20-mA to the printer through
Q2’s emitter return. The TTY is receiving a 20-mA
marking current.

When the RS232 signal goes positive. Q1 is cut off.
(D1 protects the base by shorting the positive current




THE POWER TRANSFORMER IS MOUNTED on the foil side of
the PCB and its connections are made to solder pads that are
not drilled through. There must be no access whatsoever to the
line voltage terminals from the top of the PCB.

to ground.) The LED is turned off., which causes the
opto-coupler transistor to turn off also. thereby turn-
ing Q2. which interrupts the current flowing into the
TTY printer. Since the current through the LED.
opto-transistor and Q2 track the applied RS232 signal,
the current through the TTY will also track. and the
TTY is “‘fooled™ into believing that the drive signal
comes from a standard TTY current loop.

One note of caution

Generally, 110 Baud equipment, such as the TTY,
requires two stop bits tacked on the end of the serial
character. All other Baud rates (for personal computers)
use one stop bit. You must program that RS232 [/O to
provide two stop bits at 110 Baud. With Zenith/Heath-
kit, and other computers having a SET command for
the 1/O, it’s done through software with a command
such as SET LP: (or AT:, whatever you use) 2SB
fmeaning 2 stop bits). With RS232’s that are hardware-
set. such as the TRS-80. simply set the appropriate
switch for 2 stop bits.

How to build your own

Almost anything goes. though the printed-circuit
layout shown is the most convenient method because
it substitutes directly as the cover for a standard plastic
cabinet. To avoid being zapped by the 117-volt power
line connections should you inadvertently touch the
PCB components. power transformer T1 is mounted
on the underside of the PCB using stand-offs (a stack
of washers will do); and all connections to the trans-
former. as well as those from the linecord, are tack-
soldered to oversize solder pads thar are not drilled
though. Follow these instructions and you'll find that
it is impossible to contact the 117-volt connections.

Note that the positive power supply is common: the
negative side of the power supply is below ground
potential. Make certain you get the polarity of C1 cor-
rect: the positive lead must be “*grounded.™

Virtually any silicon switching transistor with an Hpy;
of 50 or more can be used for Q1 and Q2. Just make
sure that Q1 is PNP and Q2 is NPN. Similarly. virtually
any silicon diode rated 25 PIV or higher can be used
for diode D1.

No power switch is provided because the converter

THIS PHOTO SHOWS how a small stack of washers can be used
as a standoff when mounting transformer T1. The standoff is
needed to prevent the transformer from shorting out the traces
that run underneath it. Any other type of standoff can also be used.

PARTS LIST

RESISTORS

R1—4700 ohms, Y2-watt, 10%
R2, R4—1000 ohms, Y2-watt, 10%
R3—300 ohms, Vz-watt, 10%

CAPACITORS

C1—1000-«F/12VDC electrolytic
C2—0.1-uF Mylar

SEMICONDUCTORS

Q1—PNP transistor, 2N2907 or equal
Q2—NPN transistor, 2N2222A or equal
IC1—Opto-coupler, 4N25 or 4N33 or equal
BR1—25 PIV diode bridge (non-DiP)
D1—Small signal diode, 1N456A or equal
LED1—Any small LED

OTHER COMPONENTS

T1—6.3 volt, 300-mA filament transformer, Radio Shack
273-1384 or equal

Terminal strip, cabinet, printed-circuit materials

T T A e S B ¥ T

should be switched on and oft by the same switch that
controls the line voltage to the TTY.

Using the converter

Once the converter is connected and the RS232 port
is programmed for 110 Baud and 2 stop bits. you simply
forget about the converter. Just use the computer
normally. using the appropriate PRINT. LIST. or
LLPRINT. LLIST commands. and the TTY will do the
rest with its familiar rickv-ticky sound. Though the
TTY prints only in CAPS (no lower case), so do many
other printers—even models priced from about $1000
and up. In fact, though slow and noisy. the TTY has
major advantage over most other all-caps printers. its
characters are fullv formed, as contrasted to matrix
printer characters that are created by closely-spaced
dots. SP
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Maximize your modulation with this audio
compression amplifier.

HERB FRIEDMAN

THOUGH DYNAMIC RANGE IS A MAJOR ATTRIBUTE OF
high fidelity sound. it is the last characteristic one
wants for maximum recording or transmission of intel-
ligence. For example. consider the tape recording of a
conference: if one speaker shouts while another mum-

bles. much intelligence will be lost during playback if

the recording is made with full dvnamic range. It the
plavback volume i1s adjusted tor a comfortable listen-
ing level for the speakers with loud voices. the numn-
hlers will barely be heard. Conversely . if the playback
volume is adjusted for comfortable hearing of the

mumblers. the shouters will border on the threshold ot

pain. What is really needed is something that equalizes
the shouters and the mumblers so they are both re-
corded (and reproduced) at approximately the same
volume level.

Another place we don't need wide dynamic range is
public address (PA). It the microphone gain is already
bordering on the edge of teedback (howling). a speaker
simply raising his voice can push the system “over the
edge™” into howling (caused by voice peuks). On the
other hand. it the speaker lowers his voice it can casily
fall below the level of listener comprehension. Again.
what is needed is not dynamic range but almost no



dynamic range: neither raising nor lowering the voice
should have an appreciable effect on the volume level
frem the PA loud speakers or horns.

" And, of course. let’s not overlook radio communi-
carions: ham, CB, or commercial. Maximum intel-
ligence is conveyed when the transmitter is 100%
modulated. Unfortunately. because of the voice’s
normal characteristics ““unprocessed’ modulation has
an average modulation depth of approximately 307¢
and less. But if the normal dynamic range is compressed
so that both weak and loud voice levels are processed
to a constant level the transmitter will be 10057 modu-
lated most of the time—thereby providing the maxi-
mum “talk power.”

Note that in all of the preceding examples. what is
needed is some form of compression device that estab-
lishes a “"ceiling™” or maximum-value audio level. and
then automatically provides enough gain to amplify
weak sounds to the ceiling level. At the same time. it
must also automatically reduce gain so that loud sounds
cannot exceed the ceiling. Either way. what comes out
is a constant voice level that is all ““talk power.™

A device that provides the type of compression
usually needed. and that can be built for a rather rea-
sonable cost is the Compresso-Amp shown in Fig. 1.
Though it uses only two active components—an opera-
tional amplifier IC and a somewhat unusual FET —it
provides approximately 1.5 volts output from micro-

R3 D1 c3

PENCIL POINTS TO THE SPACE available for two extra 500-uF
filter capacitors. They are used only if you cannot obtain 1000-
uF electrolytics.

phone level and has a tapered compression ratio that
increases the gain quasi-logarithmically as the input
level is reduced (voice 1s lowered). In practical terms
this produces a I.5-volt output from both a shout and a
whisper. A fast attack time also provides moderate
peak limiting (not clipping) that establishes an almost
flat ceiling for the output level.

For maximum effectiveness in using the Compresso-

Amp you must keep in mind certain characteristics of

heavy compression that work at cross purposes. First

| WEG IN4S6A 022 . S1 .
+y
| —ig — sl 24vCT ; T (19 voo)
= G L C2 D2 | = & :;%00 F $ e ¢ .-'L
zma%]n T2 1N456A 17 ! BRI ’ T M
i
— £ VAC 50 PIv "ﬁ
s T ks : Mes 1[LEDI ‘T-_CB 1
NON-POLARIZED IKS ~  =1000uF T C) 01 -
330K AN T
'—)( MWWy -—0 —_ __|— . "
= O R2 N ) - (~13 vOC)
TOsE ) gk I
| 100K 2 7 0.1 0R 0.47
WA N (SEE TEXT)
3| 14 ———o—v 2 S GO
i + I ouTeUT
INPUT . . IN.0.) @
(N.C.) e Yy 2N3820
BOTTOM VIEW
FIG. 1—COMPLETE SCHEMATIC OF THE COMPRESSO-AMP.
Tne circuit is simple, but really does the job.
PARTS LIST . ‘' SEMICONDUCTORS
: IC1—741 op-amp
_ RESISTORS " Q1-—2N3820 FET .
Ya or Y watt, 10% or 5% . LED1—Any 20 mA LED

R1—47.000 ohms .
R2—100,000 ohms -
R3—1 megohm

R4—330.000 ohms &

R5, R6—4,700 ohms

CAPACITORS

20 volts or higher

C1—4.7 or 5 4F non-polarized

C2, C3—0.22 uF "
C4—0.1 or 0.47 uF, see text

C5, C6—0.1 uF

C7, C8—1000 uF. see text

BR1—50 PIV bridge rectifier, DIPz-type, Radio Shack
276-1161 or equal ’

D1, D2—Silicon diode 1N456A, see text

J1—Phone jack, closed circuit

J2—Phone jack, open circuit

S1—DPST or SPST switch

T1—24V. C.T./100 mA with PC leads

Cabinet, printed circuit materials, etc.

(T1 (34.95) and Q1 ($2) are available from Custom Com-
ponents, Box 153, Malverne, NY 11565. Add $2 postage
and handling per total order. New York State residents

must add sales tax. Canada add $1.) .
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among them is that the amplifier cannot discriminate
against unwanted sounds: when it amplifies weak
sounds i1t amplifies all of them, whether desired or not.
Among the weakest sounds are the higher voice fre-
quencies that “*hiss.”” and those that “‘pop:”" so the
compressor output will be excessively sibilant: The
hiissv voice sounds will literally scream.

Also, pops formed by the lips will sound like gun-
shots if the mike is too close: you-can't make like a
rock star and rest the mike on your tonsils when using
a compressor.

Both problems are reduced simply by using an inex-
pensive mike at least one foot away from your mouth
(the professional working distance). The inexpensive
mike has reduced sensitivity to high frequencies so the
hissy sibilant sounds will be attenuated before they get
to the compressor. The ““long’ working distance to
the mike reduces the sensitivity to “"pop.”

How it works

Resistor R1 sets the load impedance for the micro-
phone, which can be any output impedance up to
50.000 ohms. If a crystal or ceramic mike is used the
excessive loading caused by the 47,000-ohm resistance
RI will result in severe attenuation of the low (bass)
frequencies. (Though it’s possible someone will pre-
fer, or have need for, an attenuated bass response.)

The gain of operational amplifier IC1 is determined
by the ratio of R4 to the impedance represented by R2
in parallel with that of Q1. Q1 is a P-channel FET with a
drain to source impedance of approximately 10K ochms
when the gate voltage is zero. Q1's 10K impedance in
parallel with the 100K or R2 is essentially 10K, hence,
the amplifier gain ‘“*at rest’ is 330K/10K, or approxi-
mately 30 dB. As the microphone’s input level is in-
creased, the op-amp’s output at pin No. 6 reaches the
“‘breakover’” voltage of diodes D1 and D2. Part of the
output signal is rectified by the diodes, filtered, and
applied as a DC control voltage to Q1's gate.

At higher volume levels the gate control voltage
causes Q1 to appear as an impedance approaching |
megohm. The impedance represented by R2/Q1 is now
approximately 100K ohms, so the amplifier’s gain is
330K/100K. or about 10 dB. (The greater the applied
input signal the smaller the ampilifier’s gain.) The time
constants of the control voltage circuit—RS, R3. C2,
C3—are selected to give a fast attack and moderate
release so the voice level does not pop up and down.

Because of the inherent frequency compensation
characteristics of the 741 op-amp, the higher the gain
the greater the high-frequency attenuation between
approximately 8000 Hz and 20,000 Hz. At the very low
voice levels the highs vanish, but so does any internal
op-amp hiss, which more or less prevents the **pump-
ing"" background hiss characteristic of most heavy
compressors. If, for some reason, you don't want the
upper highs attenuated at low volume levels substitute
a wideband (non-compensated) op-amp for IC1, but be
certain to apply whatever external frequency compen-
sation is specifically suggested for the op-amp used to
prevent instability (high frequency oscillation).

The entire circuit is assembled on a 3 X 43%-inch
printed-circuit board (PCB) that fits nicely into a vented
4 x 238 x 6-inch metal cabinet. All components are
standard. though T and QI are not the easiest to lo-

cate. Though any 24-volt center-tapped transformer
can be used for T1, most are rated more than 1 ampere.
and are somewhat large. They will probably require
modifying the layout of the PCB and might also require
a larger cabinet. A 100-mA rated transformer with
PCB leads will fit both the layout and the cabinet. If
you can’t locate one locally, or have trouble finding
the specified transistor for Q1, they can be ordered
from the source given in the parts list.

Be careful with Q1. There is no direct substitute
regardless what any substitution manual might claim.
If you can’t obtain the specified QI don't build the
project: it probably won't work correctly with a sub-
stitute.

THE COMPLETED PCB. Note that all resistors and capacitors
are end mounted. The PCB foil layout will not accommodate
components mounted “flat” on the board.

THE PCB FITS NICELY into the cabinet specified in the text. Its
mounting holes clear the rubber teet of the cabinet. if you sub-
stitute a different cabinet make certain there is clearance from
the top of T1 to the cabinet’s cover.

Diodes DI and D2 are silicon small-signal. Do nct
substitute germanium type diodes. though vou can
substitute small signal silicon diodes such as the IN914
or equivalent. The variation in performance will be
insignificant.

Any eight-pin 741 op-amp can be used for ICI. If
you substitute an uncompensated op-amp for IC]
make certain you added the required connections for
the external frequency compensation components to
the PCB foil layout.
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FIG. 2—FULL SIZE FOIL PATTERN makes the circuit board for

this project a cinch to build.

LTO St
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+ ] ~
.
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FIG. 3—PARTS LAYOUT DIAGRAM for the Compresso-Amp.

Make sure you watch polarity of the electrolytics.

There are only two filter capacitors shown in the
schematic even though there are mounting locations
for four capacitors on the PCB. Filter capacitors C7
and C8 are rated at 1000 uF. Unfortunately, this value
is not always available. The 500-uF electrolytic. how-
ever. Is a more or less standard stock item so the PCB

layout provides for parallel-connected 500- uF capaci-
tors. If you can locate 1000-uF capacitors. mstall only
one for each side of the bi-polar power supply—make
certain there is a capacitor for both the positive and
negative “‘rails.”” If you can’t get 1000-uF capacitors
fill up all four positions with 500-uF capacitors.
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PRINTED CIRCUIT KIT

1 FULL SCALE ARTWORK MASTER

DEVELOPED EromED

PHOTO RESIST TCHE

2 nLosTRaTION ’ BoStTvE NEGATIVE ‘ IMAGE ON . CIRCUIT
COPPER CLAD BOARD

. CIRCUIT BOARD
3 DIRECT ETCH DRY TRANSFERS APPLIED TO COPPER CLAD BOARD d

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.

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

ER-4 Complete Photo Etch Set .......... .. . .. .. . . $29.95
ER-2 Assorted Etch Resist Patterns & Tapes ... ... ... 4.25
ER-3 1/4 Ib. Dry Ferric Chloride (makes one pint) . ... 1.95
ER-5 Six sheets Pos-Neg Copy Film, 5"x6" . . .. ... .. 5.15
ER-6 Film Process Chemicals ........... ... .. .. .. 2.50
ER-71 Photo Resist Liquid (negative) does 1700in?. ...  6.50
ER-8 Photo Resist Developer, 16 0z. ... . .... . ... . 3.30
ER-12 Power Etch bubble pump unit* ... . ... .. .. ... 7.25

“not included in ER-4 set

the HATAK corp.

65 71st St. e Guttenberg, N. J. 07093

CIRCLE 506 ON FREE INFORMATION CARD

' Vital protection

.~ for PC Boards

-\ 3 it will
g0

with Endeco irons Get proper HEAT
| TO MELT and strong VACUUM
ACTION TO LIFT solder and coo/

{ Be safe. Desolder PC components

The five most

both PC board and component N
, without damage dangcrous
words in the
These PC components replaced fast .
with Endeco desoldering or solder- English
ing tools language.

k@ rslg

' Endeco professional features include

| safety light that denotes high. jow
and off on switch models, SS con-
struction for long life, light weight
and balance for easy use.

|

|
Contact your distributor for Endeco ’
[

desoldering and soldering irons, kits
and equipment—or write us today.

Cancer

i Enterprise Development Corp. L
Society

5127 East 65th Street
Indianapolis. IN 46220
Phone: (317) 251-1231

CIRCLE 507 ON FREE INFORMATION CARD

“Maybe

away,”

American

All electrolytic filter capacitors face the same dirzc-
tion, that is. their negative leads all face the same edge
of the PCB. If you look at the four capacitors and cne
or more negative lead marks aren’t lined up you have
made an error in installation: fix it before you apply
power to Tl.

Capacitor C1 must be a non-polarized electrolytic.
Either a 4.7 or 5-uF type can be used. Do not substitute
an electrolytic, unless it's a pair connected **back-to-
back.™

Capacitor C4 should be 0.1-uF if the Compresso-
Amp will be connected to loads of S0K ohms or greater
Use a 0.47-uF capacitor for C4 if the load will be less
than 50K.

Any 20-mA LED can be used as the power indicator.
But watch polarity when you hook it up.

Input jack J1 is a closed-circuit type that grounds the
““tip” connection when the microphone plug is with-
drawn. It prevents open-circuit “*hum’ from being fed
through the system when the mike is disconnected.
Output jack J2 is a conventional open circuit phone
jack.

Normally. the volume level will be controlled by the
equipment that follows the Compresso-Amp. If yvou
want some form of gain control on the compressor
itself, install a 10K to 50K audio-taper potentiometer
after C4. Do not replace input load R1 with a volume

TOP VIEW of the completed circuit board. The circuit may be
simple, but it gets the job done.

control: the mike must enter ICI at maximum level.

To prevent the PCB’s foils from shorting to the
cabinet. place a Y-inch standoff. or a stack of washers.
between the PCB and the cabinet at each mounting
screw.

Special modification

An all ralk power signal is good for brief transmis-
sions. For extended periods of time. say for an address
through a PA system. continuously high average voice
power can tire the listener, much in the manner that
TV commercials—which all use speech processing—
get subconsciously tuned-out after two or more have
assaulted the ear. Nature simply didn't intend the ear to
experience continuous constant level (talk-powerized)
average signal power. You can take some of the com-
pression off the lower volume levels by reducing the
value of R4 to 100K ohms. This modification will
generally not be required except when the Compresso-
Amp is used for PA: and even then you should trv both
values to determine which is the most effective for
vour particular use. SP



ELEGTRONIC
- DRUMS

5
=~ A

»

ELECTRONIC DRUMS

Build this up-to-date version on one of
Man’s first musical instruments.

HERB FRIEDMAN

THERE WAS A TIME WHEN A DRUM WAS A HOLLOWED
log, a tightly stretched skin, or even a 55-gallon steel
drum. Today, many a rock band, or even a “‘one-man
band.”” gets special drum effects the same way it
makes musical sounds. with an electronic synthesizer—
a device that uses electronics to create the sounds of
real instruments. or ‘‘electronic sounds.”” It’s not un-
usual to see a small ‘*‘square’” mounted on a stand
adjacent to the keyboards; when struck with one or
more fingers, it produces the sound of a bass. conga.
or bongo drum through the keyboard amplifier or an
auxillary amplifier. '

Though the prices for many “‘single drum’™ syn-
thesizers are based on the "all that the traffic will bear™
school of marketing and carry price tags well in excess
of $100. you probably already have most of the com-
ponents you need to build a drum synthesizer in your
junk box. Even starting from scratch, an Electronic
Drum such as the one in the photographs shouldn’t
cost you much more than $10. with most of the cost
going into the cabinet and power switch.

The Electronic Drums project described here pro-
vides one or two drum sounds when you touch a finger
to a foil touch plate. To provide some dynamic range—
thereby avoiding the boredom of a constant volume
level—each touch plate is adjacent to a muting pad
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that sharply reduces the sound of the drum if the
muting pad is touched at the same time as the drum (or
music) plate.

You determine the actual sound at the time of con-
struction. You can build in the sound of bongo. conga,
or even bass drums, though electronic bass usually
needs a “‘music’’ or ‘‘bass’’ amplifier and a 15-inch
music instrument speaker, or 15-inch music woofer.

How it works

The sound is generated by a **bridged-T"" oscillator
that is adjusted just below the threshold of oscillation.
In this Electronic Drums project there are two sound
generators, QI and Q2. Q3 is a straight amplifier.

Using Q1 as a guide. the sound effect, or quality, is
determined by T-network R4/R5/C3. and T-network
C1/C2/R8. Trimmer resistor R8 is adjusted so that the
circuit is just on the verge of oscillation. Usually, R8 is
advanced until the circuit oscillates and is then backed
off slowly until oscillation ceases.

When your finger contacts the touch plate. the cir-
cuit 1s literally Aicked into oscillation, producing a loud
sound. If another finger is grounded, or touching a
ground touch pad, body resistance is shunted across
R8. pushing Q1 into oscillation. It’s just at the threshold
so the oscillations are of low level.

If your finger contacts the touch plate with no path
to ground. the capacitive voltage of the body from the
electric circuits of the home—the thing that causes
“*hum™ when you touch an open microphone amplifier
input—triggers the oscillations at full volume. If the
finger simply strikes the touch plate and is instantly
removed the circuit is triggered into oscillation and
then immediately starts to decay. producing the
“musical sound™ shown in the scope photos.

The photographs of the oscilloscope screen show
how the oscillator triggers at full volume when the
touch plate is struck. and then decays at an almost
fixed rate. To the ear this sounds as “‘bonk™ or
“*boom."" depending on the frequency.

The basic. or reference sound, is the “*bonk™" produced
by the component values for Q1—it is the “*bonk™" of a
small bongo drum. Q2’s values can be modified for
whatever relationship you want for the small drum.
The values shown for Q2 produce the lower pitched
bongo drum. For a deep bass. or conga drum. substitute
0.05 wF capacitors for C4 and C5, and a 0.1 uF capaci-
tor for C6. To get intermediate tonal values use values
for C4 and C5 that are between 0.005 »F and 0.05 «F.

DRUM SOUNDS WHEN A TOUCH-PLATE is struck with a finger.

PARTS LIST

RESISTORS

Vo watt, 5%

R1, R2—100,000 ohms

R3—47.000 ohms

R4, R5—47,000 ohms, matched pair, see text

R6, R7—47,000 ohms, matched pair, see text

R8, R9—25,000 or 50,000 ohms, trimmer resistor
R10, R11—20,000 ohms

R12—470,000 ohms

CAPACITORS

rated at least 10 VDC

C1, C2—0.005 uF matched pair, see text

C3—0.01 uF, see text

C4, C5—0.01 uF matched pair, see text

C6—0.02 wuF, see text

C7—1 uF non-polarized, see text

C8—0.1 to 2 uF depending on load, see schematic
SEMICONDUCTORS

Q1, Q2—NPN transistor, 2N5172 or equal, see text
Q3—NPN transistor, 2N3394 or equal, see text
MISCELLANEOUS

B1—9-volt battery, type 216 or equal \
S1—SPST switch 1
J1—Phono jack

Printed circuit materials, cabinet, battery terminals

TOUCHING A GROUND PAD while striking a touch-plate pro-
duces a low-level sound. Sliding the finger rapidly on and off the
ground pad while striking the touch-plate will create various
slide effects. The effects depend on the setting of the oscillator
adjustment.

EACH OSCILLATOR IS ADJUSTED with its individual trimmer
resistor. Advance the trimmer until the circuit oscillates; then
back it off very slowlv until the oscillation just ceases. If backed
off too far the sound will not be triggered when the touch-plate
is struck.
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FOIL PATTERN OF THE MAIN CIRCUIT BOARD is shown full

size.
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5 INCHES
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>

FOIL PATTERN FOR THE TOUCH PLATES. You can vary this

pattern as desired.

Do not use values larger than 0.05 «F, because the
bass will be so low that hardly anything will be heard.
assuming you have an amplifier and speaker that can
reproduce cellar sounds. In all instances. make the
value of C6 twice the value of C4 or C5.

Any values within the indicated range can be used as
long as individual pairs are matched to a reasonable
degree—you don’t need laboratory-standard tolerance.
For example, R4 and RS can be within 20% of 47K. but
they must be almost equal in value. Taking a handful
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*JUMPER THROUGH TO TOUCH PLATE

PARTS LAYOUT DIAGRAM is a must for the constructor. Foliow

it closely.

of resistors and matching them using an ordinary shop
ohmmeter is fine—you don’t need 1% resistors.

Similarly. C1 must be matched to C2—borrow a
capacitance meter or bridge from someone. Sort out a
handful of capacitors all with the same marked value
and select any two that have the same measured value.
For example, you might wind up with two capacitors
marked 0.005 uF that are actually 0.007 uF or 0.004 uF.
You don’t care what the exact values are, as long as they
are the same. Whatever the value of C1 and C2. C3
must equal or be close to the combined value (straight
addition) of C1 and C2.

What happens if the component-pairs don't match?
Either the pair will be so far apart that the oscillator
won’t start when the touch plate is struck. or it will
start but the adjustment of R8 will be so finicky as to
be almost unusable. The more precise the match the
greater the range of R8s adjustment. which has some
control over the final sound quality.

Construction isn’t difficult.

The unit shown is built on a 2716 X 41%/6-inch
printed-circuit board (PCB) that also serves as the
cover for a Radio Shack cabinet. The cabinets come
with either square or rounded corners. If the box you
obtain has rounded corners, simply file down the
PCB corners to fit. The touch plates are made from a
strip of the same PCB material. You can modify either
PCB template to accommodate your selection of com-
ponents or touch plate configuration.

Connect the touch plate toils into the circuit with
wires passing through both boards. Drill the necessary
holes before installing any components. Line up the
touch plate PCB with the main PCB and secure it in
place with strips of tape. Then drill through from the
foil side of the main PCB. Make all PCB holes. except
those tor power switch S and output jack J1, with a
No. 55 or No. 56 dnll bit. (Some of the trimmer resis-
tors (R8/R9) on the surplus market may require a drill
slightly larger than a No. 55. Test the trimmer mount-

THE SOUND OF A DRUM is reaily a decaying oscillation, as
shown by this scope picture. The maximum oscillation at the
left occurs when the touch-plate is struck. Almost instantly the
‘“tone” starts to decay. In both illustrations the - horizontal
“time”’ is 0.2 seconds/div.

—

THIS IS HOW TWO OVERLAPPING DRUM SOUNDS APPEAR.
The sharp rise approximately 0.8 second after the first drum
sound is caused by striking the touch-plate for the second
drum. The first drum is actually decaying behind the second
drum.
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THE RESISTORS MUST BE MOUNTED ON END because the foil
layout won't accommodate a flat mounting. You can change the
laycut if desired.
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THE POWER SWITCH IS CONNECTED THROUGH WIRES tack-
soldered to the foils. An easy way to do it is to slide the wire
through. Cut it off flush with the top of the board and then back
it out very slightly below the top surface before soidering.

RS By

THE ENTIRE CIRCUIT IS ASSEMBLED ON A PCB that doubles
as the cabinet cover. The touch plate is a separate PCB on top
of the main PCB and connected by wires that run through both
boards.

ing before you install any components on the PCB.)

Transistors Q! and Q2 can be almost any small-sig-
nal NPN with an hgg in the neighborhood of 200 to 300.
On the other hand, the hgg of Q3 should be 30 to 50; do
not substitute a moderate or high gain transistor for Q3.

To avoid possible problems caused by component
tolerances, capacitor C7 should be the non-polarized
type specified in the parts list. You can, however, sub-
stitute two back-to-back electrolytics: that is, two I-
uF capacitors with their negative leads connected to-
gether, and installed into the circuit by the two posi-
tive connections.

Can you add a third drum effect by expanding the
PCB? YES! Connect its output through a 27K resistor
to the R11/C7 junction, and change R10 and R11 to any
value between 27K to 33K. You ¢an use several drum
oscillators as long as the parallel resistance of the out-
put connection resistors—R 10, R11, etc.—is approxi-
mately 10K to 12K.

Final adjustments

The output of the Electronic Drum is about 0.5 volt
so connect J1 to a hi-fi amplifier’s auxiliary (AUX)
input. or the “‘line’” or instrument input of an instru-
ment amplifier. Don’t use the microphone input. It will
probably be overloaded by the drum signals.

Set trimmer resistors R8 and R9 full counter-clock-
wise when looking at the front of the adjusting **wheel.™
(The trimmer’s wiper will be at “"ground.”) Turn the
power on with S1 and slowly advance R8 until the
circuit breaks into oscillation and you hear the tone
from the speaker. Then back off the trimmer adjust-
ment until the oscillation just ceases. Don’t back off
too far or the oscillator won't start when the touch
plate is struck. Do the same with oscillator Q2.

The drums should sound cleanly when the touch
plate is struck. If the sound “warbles™, or is hard to
set. there is probably a component-pair mismatch.

Generate the sound only by striking the touch plate.
Don’t maintain finger contact as this will produce a
“hum’" that is heard as the drum sound decays. A
quick strike, as you would do when playing a real
drum. is what’s required.

To produce a lower volume level. keep one finger in
contact with a ground pad, or strike both a ground and
drum touch plate at the same time. An interesting rofl
effect can be generated by rapidly shifting the finger
back and forth across the adjacent ground and drum
pads. Slight overall sound ““triggering’’ variations can
be attained by making a small adjustment to the
trimmer resistors. SP
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MOTOR

CONVENTION SHAFT-SPEED REGULATION OF SMALL-
and medium-torque DC motors used in tape re-
corders, automotive and portable cassette players,
movie projectors, phonographs, light electronic equip-
ment, etc., is most often regulated by negative im-
pedance control, or linear (DC) control of a tachometer
feedback voltage. Both methods have relatively poor
temperature stability and supply-voltage regulation.
The #A7391 and «A7392 monolithic integrated motor-
speed controllers, designed to overcome those prob-
lems, operate as closed loop, AC tachometer feed-
back, duty-cycle controlled switching regulators.
These systems offer advantages that include:

1. Superior power-supply efficiency with increasing
supply voltage, compared to equivalent DC-con-
trotled systems. This results in longer battery life
in portable equipment.

2. Speed regulation independent of tachometer sig-
nal shape and amplitude as long as the terminated
tachometer voltage exceeds 100-mV peak to
peak. Since the system depends only on tachom-
eter frequency, this simplifies circuit design and
lowers the cost of the tachometer generator.

3. Excellent speed stability over all combinations of
specified supply voltages and ambient tempera-
tures. Speed error is typically less than 1% for
most applications.

The basic difference between the two versions, as
shown in Table 1, is the lower output current of the
uA7392, the lower-cost model. Both regulators are
versatile control elements, even in circuits that require

TABLE 1—SUMMARY OF OUTPUT DRIVE SPECIFICATION

Max Motor Drive |Max Peak Motor |[Max Repetitive
Controller{Output Saturation| Drive Output | Motor Drive
Voltage Current Current
LA7391 1.1V (at motor 3.5A 20A
current = 2 A)
HAT7392 | 1.6 V (at motor 1.0A 0.3A
current = 0.3 A)

Reprinted from Progress, Jan/Feb 1979, with permission of Fair-
child Camera & Instrument Corp., Mountain View, CA.

GONTROLLER

much greater drive currents and voltages than the
uA7391 or uA7392 can provide. Additional power cir-
cuitry can be connected in order to act as the **muscle”
with the regulators performing as the ‘*brains’’ of the
system.

Capstan drive motor control
One good use of the uA7391/2 is for capstan drive
motor control in tape recorders. Figures | and 2 show
two such applications, along with performance data.
Figure 1 is for an automobile cartridge tape recorder
using a type 9100 Telex DC-motor or equivalent with a

P

A I( -J_
o 1xs SPEED Ry DI
> 12
>

<
® ADJUST 330K 10
100K 1 :
10K S+VWAre 15Q2W
< 2 11 o~ AAA
3 10 ) A
K3 TAB| TAE | R
< o001 [ | wam91 [ I
>—) = A 9 = = MOTOR
Re 5 3 b Vg
1 100K z 7 >
- . A : :£
1_5 = Cp | 5uF
I — 0.015 : =
$he = I
< 100K |
|
|
TACHOMETER

j-: 0.5 uF

PERFORMANCE WITH AN 8-TRACK CARTRIOGE AUTOMOBILE
TAPE RECORDER. TYPE 9100 TELEX DC MOTOR OR EQUIVALENT
WITH A 16-POLE TACHOMETER WINDING.

NOMINAL MOTOR SPEED 3300 RPM
TACHOMETER FREQUENCY 440 Hz
SUPPLY CURRENT - Vg = 14V 200 mA
SPEED REGULATION (a} Vg 10-16V 1%

{b) T, 050°¢C <1%

{c) NOLOAD-20Z.IN. 2%
MIN. SUPPLY VOLTAGE OPERATION (xA7331) v
STALL CURRENT @ Vg = 14V 24A

FIG. 1—MOTOR CONTROL CIRCUIT for an 8-track cartridge
tape player.




Here are two IC’s designed to control

small DC motors along with some
circuit ideas for you to try.

J. D. FREEMAN

16-pole tachometer winding, that gives a control fre-
quency of eight times the shaft speed. The uA7391 is
preferred in this application because the required stall
current is 2.4 amps. Performance data is shown with re-
spect to a nominal load torque of 0.2 oz./in. This cor-
responds to a supply current of 200 mA. Control ac-
curacy is 2% with an induced load-torque variation of
no load to 2.0 oz./in. This is better than the worst-
case torque required for this system.

The application in Fig. 2 is a cassette tape recorder
using a Philips motor with an integral 72-pole tachom-
eter winding. The stall current is 650 mA and running
current is only 100 mA, making the xA7392 a more

Wy ¢ _]_
B &[5
mK;‘O‘E‘v‘v‘ 14
<
3 01wuF + | wanm
Re

AAA
vy

<>_,_______

3

TACHOMETER

0.5 uF

PERFORMANCE USING A CASSETTE TAPE RECORDER.
THE MOTOR IS A PHILIPS WITH A 72-POLE TACHOMETER.

NDMINAL MOTOR SPEED 2400 RPM
TACHOMETER FREQUENCY 1440 Hz
SUPPLY CURRENT Vg =+14 V 100 mA
SPEED REGULATION (a} Vg 10-16V 0.6%

(b} Tp 050°C <1%

(c) NO LOAD - FULLLDAD 1%
MIN SUPPLY VOLTAGE OPERATION 6V
STALL CURRENT, Vg =14V 650 mA

FIG. 2—MOTOR CONTROL CIRCUIT for a cassette tape recorder.

economical choice. Because of the lower t;, (mechani-
cal time constant) of this motor, the recorder operating
frequency was set at 1440 Hz, allowing an RgCp (low-
pass filter time constant) of only 2.5 RMS while de-
livering a control accuracy of 1% with load varniations.

When an application requires a motor in the 18- to
24-V range, the uA7392 can be used as long as stall
current and running current demands do not exceed 1
amp and 300 mA., respectively. Figure 3 shows the clamp
diode and supply connections for operating 10- to 24-V
motors. The on-chip overvoltage protection does not
function in this application.

For motors requiring applied voltages greater than
24 V and/or currents larger than the ©A7391/2 can ac-
commodate, an external power transistor can be con-
nected to the controller, as in Fig. 4. The lower-cost
uA7392 is used for two reasons:

1. The full output capability of the uA7391 would
not usually be needed, except in cases where the
base drive to the external transistor exceeds the
capabilities of the uA7392.

2. A power NPN transistor is used to supply-refer-
ence the motor and the uA7392 does not require
an inverter stage following the output for this
connection.

Here also, unless the motor supply is the same
supply used for the rest of the regulator, the over-
voltage protection will not protect the motor.

The peak current ¢y, required for the external
transistor is equal to the motor stall current. If a single
transistor with the required capability is not available,
several transistors can be paralleled, as shown in

Fig. 4. Equalizing resistor Rg is connected to each

<18V <28V
+V +V
L |10 MOTOR
CLAMP DIODE U
1 A7392

— |

FIG. 3—IC OPERATION with a high-voltage (18 to 24 volt) motor.
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emitter to insure equal sharing of motor current (Iy),
and to current-limit protect the transistors under stall
conditions. Under start conditions, power dissipation
in the transistors decreases rapidly on an exponential
decay vs. time curve, as the motor comes up to speed.
The average dissipation in the transistors under steady-
state conditions is Veg sat) X I (Ton/Tperiod)-

Under normal (steady-state) conditions, peak current
Ic(pk) is not reached, since the motor time constant, ty,
is greater than Ty,. At very high frequencies, switching-
time losses should be taken into account. An external
free-wheeling diode (D1) must be included in the
circuit.

Optical tachometer

Figure 5 shows a uA7391/2 used in an optical ta-
chometer. The light transducer is the Fairchild FPA103,
light-reflection emitter/sensor array, or equivalent,
and consists of a gallium arsenide light-emitting diode,
along with a silicon NPN transistor. The emitted light
is in the infrared region, roughly at 900 angstroms. The
phototransistor responds to the reflected radiation
from the diode only when the reflective object (in this
case, the light wheel in Fig. 5) is in the field of view of
the transistor. Maximum output current occurs with a
909 white surface at a distance of 0.05 inch from the
device. The current is reduced to 1/10 of maximum
when the distance from the device increases to about
0.3 inch.

The light wheel can be silkscreened with as many
alternate light and dark sections as desired. The wheel
shown in Fig. § produces a frequency eight times the
motor-shaft speed.

Motor start/stop control

In data-acquisition systems, it is desirable to be able
to start and stop tape drive via digital enable/disable
commands. Figure 6 shows a method for doing this
with the uA7391.

The TTL-compatible inverters in the circuit phase
the enable/disable commands so that when a stop com-
mand is received at the input command terminal, pin 12
is grounded and QI is turned off. Grounding pin 12
disables the stall timer so that even if the motor off-
time extends beyond the stall-timer time-out, Tgq (de-
termined by RgCs), the motor starts again as soon as
an enable pulse is received. Since transistor QI pro-
vides base drive to the output transistor, via R11, a
logic **1"" disable command at the input turns off QI
and thereby stops the motor. Additional standard cir-
cuitry for dynamic or mechanical braking can also be
used if it is required in a particular application.

Bidirectional motor control

Figure 7 illustrates a method of reversing motor
directions for bidirectional control using a bridge cir-
cuit driven by a uA7392. Output start-currents that are
as high as several amperes are quite possible with that
IC.

When the motor-drive switching transistors, Q8 and
Q9, are switched on, the supply is placed across the
motor, causing rotation. When Q10 and Q11 are on,
direction of rotation reverses. Emitter followers Q7
and Q12 drive Q9 and QI10, respectively, while Q8 and
Q11 are driven directly by Q6 and Q13. This eliminates
the possibility that a large saturation voltage in one of

the lower transistors (Q9 or Q10) might turn the other
one on.

Transistors Q6 and QI3 are driven by direction-
control transistors Q3 and Q4, respectively. Switching-
voltage from the uA7392 is coupled to the bridge via
Q2 and either Q3 or Q4, depending on the respective
conducting states. Transistor Q4 has a reference voli-
age, derived from the uA7392 regulator output (pin 8),
of about 2.5 volts at the base. If Q1 is off, Q3 receives
base drive from R2 and Q4 is off. Thus Q2 switch cur-
rent is steered by Q3 to the left channel determined by
Q8 and Q9. This situation corresponds to a logic **0"
voltage at the direction-ccntrol input terminal. If a logic

uAT392
I
Vg-135V
= = _25Q,FOR1,,<03A
12 =
letk) = IsTALL

FIG. 4—AN EXTERNAL POWER TRANSISTOR is used with
motors having a voltage rating greater than 24 volts.
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FIG. 5—AN OPTICAL TACHOMETER is another method of sens-
ing motor speed.
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FIG. 6—~MOTOR START/STOP control.
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FIG. 7—BIDIRECTIONAL MOTOR CONTROL. =

‘1"’ appears at the terminal, Q4 will be turned on and
Q3 off, causing rotation in the opposite direction with
Q2 toggling Q10 and Q11. Transistor Q5, a PNP device,
insures that both channels do not simultaneously turn
on when power is first applied.

Diodes DI through D4 are free-wheeling diodes
clamping the kickback voltages at the collectors of Q9
and Q10. Transistors Q3 and Q4 are an integrated pair,
constructed on a common substrate for good matching
of base-emitter voltages and for temperature tracking.

Final notes .
The xA7391 and pA7392 motor-speed controllers
are high-performance, integrated circuits capable of
providing 2 amps or 300 mA of running current, respec-
tively, to a DC motor or some other inductive load.

CONTROL

INPUT
u] ]K teqer
2N3641 LOGIC 0" [tosic 1

T

Some guidelines to follow in the use of these regulators
are:

1. Keep the tachometer frequency high compared
to the inductive time constant of the load. This
insures that the load “sees’ substantially a DC
current, i.e., the current does not go to zero.

2. For good stability, keep the filter-pole compo-
nents RgCr at least V2 decade smaller than the
mechanical time constant reflected to the motor
shaft.

In addition to those presented, many other applica-
tions utilizing the A7391/2 as the ‘‘brains’’ of a con-
trol loop are possible, such as SCR or triac control of
universal motors in AC or DC operation, solenoid
position control in fluid pressure regulating systems,
or pump control for blood recycling in medical ap-
paratus. SP
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more new products

MAIL-ORDER CATALOG, number 853,
Spring/Summer 1981, is 104 pages de-
scribing electronic  kits, educational
courses, and computer software designed
to appeal to homeowners, hobbyists,
technicians, and engineers. There are
products in amateur radio, stereo high
fidelity, automotive test equipment, test
instruments, microcomputers, marine in-
struments, and TV.

W o

Nﬁzﬁ?ﬂ
| R e
Some of the new kit products being in-

troduced are a 2-meter amplifier, a deluxe

antenna tuner, a cordless digital wall
clock, and a speedometer/trip log for
powerboats and sailboats.

In addition to the electronic kits, the
catalog also spotlights an award-winning
educational section of self-study courses.
For the computer enthusiast, there are a
variety of courses including new ones in
BASIC and COBOL programming lan-
guages. For the engineer and technician,
there are high-technology speciaities
such as microprocessors and opto-elec-
tronics. And for the hobbyist, courses are
offered in hobby electronics, amateur
radio licensing, automotive ignition and
electrical repair certification, and weather
prediction. The catalog is free on request.
—Heath Company, Benton Harbor, M|
49022.

CIRCLE 539 ON
FREE INFORMATION CARD

DMM, model! 3450, is ‘“‘true hand-sized
and has a special ohms range with audi-
ble continuity tone. It displays immediate
resistance reading with no range-change
needed. The basic DC accuracy is 0.15%.

The special ohms range indicates con-
tinuity with a Y2-second 80-dB musical
note, and provides actual resistance mea-
surement if the circuit under test is less
than 1000 ohms. Because the tone is in-
stantaneous,, the model/ 3450 works as a
quick continuity or intermittent checker.
The tone can also be used to check diodes
and transistors.

The 3%2-digit DMM with a %2-inch LCD
display also features both high and low
power ohms, and overload protection up
to 1000 volts, with special 2-ampere/250-
volts fuse arrangement. Battery life is

500 hours (typical with the 9-volt battery),
and the display has a low-battery indica-
tion when remaining battery life is down
to eight hours.

The single color-coded range switch
permits the mode/ 3450 to be operated
with only one hand; it selects 0-1000 VDC
or VAC in five ranges, 0-20 megohms re-
sistance in six ranges, and 0-2000 mA AC
or DC current in four ranges. The mode/
3450 is priced at $150.00—Triplett Cor-
poration, One Triplett Drive, Bluffton, OH
45817.

CIRCLE 533 ON
FREE INFORMATION CARD

IC DISPENSERS, models MDD-1, MDD-2,
and MDD-10, are 1-channel, 5-channel,
and 10-channe! versions of DIP IC dis-
pensers for MOS and CMOS as well as
standard devices. Each channel accepts
any standard IC shipping tube easily, and
can accommodate any standard IC from 2
to 42 pins on .300, .400, or .600 centers.
Adjustable guides position each IC in-
dividually for easy extraction, and simple
gravity feed insures reliable deposit of the
next IC into extraction position after the

previous IC is removed. The dispensers
are made of conductive carbon-filled
thermoplastic with steel supports; the
MDD design insures effective static dis-
sipation (a grounding lug is included) as
well as fong and reliable performance.
The mode!/ MDD-1 {1 channel) is priced
at $21.85; the model MDD-5 (5-charinels)
costs $83.43, and the model MDD-10 (10-
channels) sells for $160.45—0K Machine
and Tool Corporation, 3455 Conner

Street, Bronx, NY 10475.

CIRCLE 541 ON
FREE INFORMATION CARD

MULTIMETER, model 945, is a full-function,
hand-held multimeter in a ‘“‘calculator-
style case.” It measures both DC and AC
voltages with a resolution of 10uV up to
1000 VDC and up to 700 VAC in five
ranges. Both plus and minus are dis-
played in DC measurements, so that thare
can be no ambiguity. Resistance is
measured from 200 ohms at 10 milliohms
resolution to 20 megohms in six ranges.
There are five ranges of DC and AC cur-
rent, measuring from 10 nA to 2 amps.
Basic accuracy is T .05%.

The uniaue feature of the model 945 is
its ability to characterize diodes as well as
to test them. Since the resistance measure-
ment is made by constant-current sources,
the multimeter displays the voltage drop
directly across a diode each decade
current step from 100 nA to 1 mA, yielding
a 5-point curve.

It is powered by a 9-volt battery, and
features a 0.43-inch-high liquid crystai
display of the high-contrast type, easily
viewed under most lighting conditiors
AC volitage, average sensing with RMS
calibration, has a basic accuracy of 0.5%
over the full power-frequency range o
500 Hz. At reduced accuracy, the model/
945 will measure from 30 Hz to 1 kHz.

The model! 954 is rugged, difficuit 10
damage in any way, and designed for
truly portable use. The battery, designed
to last 100 hours, has a ‘“‘low-battery”
indicator.

The model 945 is priced at $265.00. —
Data Precision, Eilectronics Avenue,
Danvers, MA 01923,

CIRCLE 536 ON
FREE INFORMATION CARD
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BUILD A BEEPER
FOR YOUR TRS-80

Typing can be a lot easier when your computer
‘‘talks’ back to you.

LYNN R. ERICKSON, P.E.

FROM THE FIRST TIME I TURNED ON MY TRS-80*, | FOUND
the lack of audible or tactile feedback a handicap when
operating. Looking at the screen to make sure that a
character is not double typed, or missed, slows data
entry and leads to program errors. The circuit described
in this article is an easy and inexpensive solution to
this problem.

How it works

The TRS-80 keyboard is periodically scanned by the
Z-80 microprocessor under control of the monitor/
interpretor Read Only Memory (ROM) to see if a key
has been pressed. The keyboard itself does not generate
a key-pressed signal. (Refer to the TRS-80 Micro Com-
puter Technical Reference Handbook, Radio Shack
Catalog No. 26-2103, for a complete description of the
keyboard logic.) However, the logic used for the key-
board scan holds all the keyboard column lines high
until a key is pressed and the line is being scanned. By
connecting the keyboard column lines to the 741.S30

*TRS-80 is a registered trademark of Radio Shack.

eight-input NAND gate, ICI, (see Fig. 1, the complete
schematic of the TRS-80 beeper) a keypressed (KP)
signal is generated at the gate output anytime a column
line goes low. Since the timers we are using are trig-
gered by a signal that goes low, we invert the KP sig-
nal using IC2-a, one of the two-input NAND gates of
[C-2, and the resulting KP signal is used to trigger 2 of
[C3-a, a 556 dual timer connected as a retriggerable,
negative recovery, monostable multivibrator, to give a
KP pulse approximately 50-ms long.

This circuitry generates a KP pulse every time the
keyboard is scanned, even though the character may
be acknowledged only once for multiple scans. If the
output from IC3-a were fed directly to the piezo
buzzer, it would buzz as long as the key was pressed.
But, after determining that a key is pressed and which
key it is, the Z-80 always takes some action affecting
the video display. This means that activity results on
the VID signal line of the TRS-80. We invert and
buffer the VID signal using the extra gate of IC Z37 on
the computer circuit board and combine the resulting
VID signal with the KP pulse from the timer using

1861 1vd

-]
(<]



8 SPECIAL PROJECTS

1MEG
E_Q p +5Y
R1 4——1 =
R <t
i
o | B 3] Lo —_L
RESISTORS | A4 4 g kp /474500 = 1.047 0014 ,
ONTRS-80 | Rs <—: 741830 v ic2a = ) I
+5V -——] =
KEYBOARD | o . n A
il 50 }4_ 4 I1C3-a 3
RS < _H 5V -—— /2556 ——_L .
4
______ — s 'IO.]
! Lg az
_ 741502 9, R2
vio B 10_vID : viD 10 IC2b P Do +5V
vy
1/4 74LS00 @
(PART OF TRS-80, | =
_ SEETEXTY | AUDTRIG | -LCZ
047
s sy g 3 [ I
10 163-b 1
+5V «— -~
= gel xgq 1/2 556 — "‘_jICS
: . 0.1
9 -
GNO GND l 10F GNOD
PIEZO BUZZER
FIG. 1—SCHEMATIC DIAGRAM OF THE BEEPER showing con-
nection to the TRS-80. Parts List
IC2-b. Now, when both signals are high. the gate out- SESIIRSQTQFS .
ut goes low. This AUDTRIG output from I1C2-b 1, R2—1 megohm, %a watt
put & B CAPACITORS

triggers 1C3-b, turning on the piezo buzzer for 50-ms.

Recap—we have created logic to sound the buzzer
when all the following are true:

1. The keyboard is scanned by the Z-80 CPU.

2. A key is pressed.

3. The CPU acknowledges the key within 50
milliseconds by taking action affecting the
video display.

Other components include the RC timing pairs, R1-
C1 and R2-C2, that determine the time the buzzer is
on and the length of the KP pulse. The values of the
timing pairs can be adjusted to suit personal preference
according to the formula: Time On = 1.1 RC. Transis-
tors QI and Q2 are used to make the timers retrig-
gerable. This means that the buzzer will continue to
sound as long as the three enabling conditions are true,
making multiple-character entry easy to detect.
Capacitors C4 and CS bypass spurious noise away
from the 556 FM inputs. C6 and C7 are power bus
despiking capacitors. C3 makes the circuit less sus-
ceptible to false triggering when programs output
video without keyboard input. The piezo buzzer and
the three IC’s use minimal current, so the TRS-80
power supply will not be overloaded.

How to build it

To facilitate mounting the beeper inside the com-
puter case, I built the unit onto a printed circuit board
(PCB). Etch the board and mount the components as
shown in Figs. 2 and 3. Use a cut-off component lead
or other solid wire for the jumper, and make certain
that all unused gate inputs of IC2 are connected to
ground or +5 volts. Cut a piece of ribbon cable 13
inches long, split one end lengthwise to ten conductors,
and connect it to the signal and power inputs at IC1 on
the Beeper circuit board (see photos for details). Now

C1, C2, C3—.047 uF, 50 VDC, disc
C4, C5, C6, C7—0.1 wF, 50 VDC., disc
SEMICONDUCTORS

IC1—74LS30 eight-input NAND gate
IC2—74L.S00 quad NAND gate
IC3—556 dual timer

Q1, Q2—2N3906, PNP silicon
MISCELLANEOUS

Piezo Buzzer, Radio Shack No. 273-060 or equal
Printed circuit board

Foam mounting tape

Wire and ribbon cable

An etched and drilled circuit board is available for $6.00
postpaid from: Lynn R. Erickson, P.E., 1432 Rockhaven
Place, Manteca, CA 95336. California residents please
include 6% sales tax.
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FIG. 2—FOIL SIDE CIRCUIT BOARD PATTERN. Pattern is
shown actual size.




WARNING

Installing this beeper into your TRS-80 will void your
warranty on the TRS-80. Be sure you realize that be-
fore you start this project.

+HV - 1

ViD

FIG. 3—COMPONENT LAYOUT ON CIRCUIT BOARD shows
exact location of each component.

FIG. 4—INSTALLATION AND HOOKUP of beeper inside the
TRS-80.

lay this assembly aside temporarily.

Remove the six screws holding the computer case
halves together. Position the computer on a table facing
you and remove the top-case half and set it aside.
Gently lift the keyboard while rotating it toward your-
self. Being very careful of the interboard connector.
lay the keyboard on the table with the keys down. ex-
posing the foil side of the circuit boards as shown in
Fig. 4. .

Carefully install a jumper from pin § of IC Z36 to

§
" Lt B
5 Eis
o e
at 3
............. i &
[ e o
o % 3
[ | i \'x % -

o, k. o

g R e s
Ny NS :

E;%Iﬁ?ji.‘h*-.; LETT

|
.. ki
i

LL e R ' B A e e 4
FIG. 5—CONNECTIONS TO THE TRS-80 KEYBOARD and com-
puter circuit boards.

ety

pins 8 and 9 of IC Z37 on the computer circuit board as
shown in Fig. 5. Before completing this step, check
pins 8 and 9 of IC Z37 with a multimeter or logic probe
to see if they are connected to ground. On my TRS-80
those pins were floating, even though the Radio Shack
schematic shows them connected to ground. If your
computer does have those inputs tied to ground,
cut the foil between pins 8 and 9 and connect the
jumper to the pin that is left floating.

Next solder one end of a 12-inch piece of No. 28
stranded wire to pin 10 of IC Z37 as shown, Remember,
you are working from the foil side of the board so pin |
is at the upper right of the IC lead pattern, not the left.
Connect the other end of this wire to the VID input of
IC2. Observing polarity, connect the buzzer wires to
the board. Now solder all eight gate-input conductors
of the ribbon cable to the innermost ends of Rl
through R8 on the foil side of the keyboard. The order
of the column lines is unimportant, since any column
line going low causes the output of IC1 to go high.
Solder the positive power lead of the ribbon cable to
the outer end of R7 and the negative lead to the outer
end of R9 to complete the hookup to your TRS-80.
Mount the Beeper board and the buzzer on the CPU
printed circuit board using double sided foam mounting
tape. and replace the top-case half.

Checkout and operation

Hook up your TRS-80 to the power supply and
video display as you usually would, and power up. The
only difference you will notice is the short **beep™ as
the computer acknowledges your input. If you should
have difficulty, check for solder bridges or cold solder
joints. Use a magnifying glass where the jumper and
VID line have been connected to the CPU board. A
less than hair-size bridge can foul up the works. SP
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A budget-management report

from United Way

By operating like any other modern,
well-run business enterprise, United
Way succeeds in delivering the maximum
in human services for the dollars that
are collected.

Volunteers carefully review the
budgets, operating patterns and track
record of agencies asking to become part
of the United Way organization.

These volunteers scrutinize the various
functions performed by the agency, look
at the kinds of people it helps, and evaluate
its success in delivering its services.

They look ahead, five or ten years
down the road, and plan for what the
community will need as people grow older,
single parent families increase—as
things change.

But there are some decisions that
can’t be made strictly on a dollars-and-
cents basis.

For example, what happens when a

A Public Service of This Magazine & The Advertising Council

THE TOUGH
DECISIONS

new service agency wants to become a
United Way organization —especially when
there may be two or more equally quali-
fied organizations equally in need of
United Way support? Who chooses? And
on what basis?

The answer to this question is often
complex. And sometimes it can be an
agonizing decision to admit one agency
instead of another, because the final
choice means one agency gets the added
help it needs and the other agency (and
the people it serves) has to go without.
The people decide

But the bottom line is that volunteers
do make the decisions after carefully
weighing all the pros and cons. It's some-
times a hard process, but it’s as fair as
we know how to make it.

And these are local volunteers,
deciding how local funds are distributed.
The United Way philosophy is based
on the belief that local volunteer groups are
in the best position to judge their com-
munity needs, so they should make the
financial decisions.

Because volunteers work free of
charge doing everything from collecting
money to deciding how it will be used,
administrative costs are kept low, and more
can be spent on needed
services.

And that’s how N,
United Way works so et
well. And why. United Wa

Thanks to you, it works. fFor all of us.




PROJEGTS
FROM

ENGLAND

A one-IC radio circuit and a disco light flasher are
just two of the ideas from the other side
of the Atlantic.

[T ISN'T EASY TO KEEP COMING UP WITH A WIDE SELEC-
tion of interesting projects every issue. But it can be
done and we intend to continue doing it. One way we
are going to continue bringing you a variety of projects
cach month is by making a selection from a number of
project-oriented books. This article, for example,
brings you a group of projects selected from four sepa-
rate construction books. We hope you like them. If you
want to see more, please write and tell us so, and we will
be sure to include similar articles in the issues to come.

Using Zener diodes

Three-terminal integrated-circuit voltage regulators
are now readily available in a standard range of volt-
ages—S5, 12, 15, 18, and 24 volts. Those units provide a
simple, reliable means of voltage regulation—but what
if you need a non-standard voltage, say 27 volts as an
example?

The solution is to float the regulator above ground by
connecting a Zener diode with a suitable wattage rating
in series with the regulator’s ground lead. In Fig. 1. a
3-volt, 5-watt Zener is used. The voltage across the 24-
volt regulator remains at 24 volts, but the voltage seen
at the output is the regulator voltage plus the Zener
diode voltage—24 + 3 volts = 27 volts.

The usefulness of this circuit can be extended by
switching out the Zener diode as in Fig. 2. Now the
circuit can deliver either 24 or 27 volts. Or, as shown in
Fig. 3, we can add in a 6.3-volt Zener and now have a
power supply that delivers 24, 27, or 30 volts at the turn
of a switch.

A = 24y L+
input Output W
24 VS Common
i g 30V 27V
zener
3 VS
L . J

FIG. 1—A NON-STANDARD VOLTAGE can be obtained from a
voltage regulator circuit if a Zener diode is connected as shown.

IC LED flasher

This circuit uses the logic gates of a 7400-type IC to
form a low-frequency multivibrator that drives two red
LED’s, causing them to flash alternately. Each 7400
contains 4 gates, so each 7400 can drive 4 red LED’s.
Figure 4 shows the diagram for two gates connected as
a multivibrator driving two LED’s. The other two gates
can also be connected in a similar fashion to form a
second multivibrator. The pin numbers in the diagram
are the connections to the t4-pin IC. The numbers
shown in brackets are the connections to the other two
gates.

This circuit should be powered by a 5-volt supply,
although a 4.5-volt battery can be used. The time inter-
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24 Vv

Input Output

30V

zener T

7

FIG. 2—A SIMPLE MODIFICATION of the circuit shown in Fig. 1
yields a voltage regulator circuit that delivers either 24 or 27 volts.

+
249 V +

.
62V

77

FIG. 3—A VOLTAGE REGULATOR CIRCUIT with many different
outputs can be obtained by simply using Zener diodes with
suitable voltages and a multiple position switch.
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47 4.7 5 (9)

QK KdL 6 (8)
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FIG. 4—A SIMPLE DO-NOTHING CIRCUIT, this low frequency
multivibrator circuit alternately flashes two LED’s. The time
interval between flashes is determined by capacitors C1 and C2.

val between flashes is determined by the values of C1
and C2. For a longer time period (lower frequency) use
a larger value electrolytic. Try 100 uF or 220 uF for a
start.

If several 7400’s, each one driving 4 LED’s, are con-
nected together, with different timing capacitor values
to produce a variety of flash rates, a scintillating display
can be produced.

Audio light modulator

A light modulator adds interest to a disco, or can be
used at a party or for amusement at home. It can be
single channel for treble, middle, and bass frequencies.
[llumination can be of any chosen colors, such as blue,
green, and yellow for bass, middle, treble, or red
and green for bass and treble. For a single channel, the
light could be any color you choose.

Line-voltage lamps of about 40 to 100 watts will gen-
erally work best, but there is no reason why low-voltage
lamps could not be used if that is what you prefer.

The lamps flash on and off in time with the musical
beat, or in following the peaks of volume at various
frequencies. That is quite effective with even a single
colored lamp, but it is much more entertaining with
two or three lamps, and frequency-sensitive control
circuits.

Figure 5 shows a single-lamp audio light modulator.
and this is easily developed for one or two additional
lamps. The audio driving power required for a single
lamp is not very great, and could probably be taken off
the power supply of almost any tape or record player
(or radio) that has an output of | watt or so. The audio
signal is taken from the loudspeaker circuit through
isolating transformer T1. That results in a similar sig-
nal being generated in the secondary of this trans-
former.

Current for the lamp is obtained through the SCE.
When low-level audio is present in T1, the SCR is not
triggered into conduction. However, a loud beat, cr
sustained higher volume, drives the gate strongly
enough for the SCR to conduct, so the lamp lights to
follow the sounds. As the SCR circuit operates from
AC, the SCR moves out of the avalanche condition
whenever the gate current is low.

If this circuit is scaled down to use 12 volts or other
low voltages, current must be derived from a line
transformer. A DC supply is not suitable, as the lamp
will remain fully lit, once the SCR has been triggered.

VRI makes it possible to adjust the power reaching
TI1, and is set so that with normal volume the SCR is
triggered repeatedly, except during quiet passages.
The way in which performance changes with adjust-
ment of this control will be clear when using the circuit.

The voltage obtained from the speaker circuit, for a
given power, will depend on the impedance. Due to
the presence of R1 (and VRI) the circuit is normally
suitable for a 2-ohm to 16-ohm output, and has very
little effect on results, when connected in parallel with
the loudspeaker. Some equipment may have a spare
output circuit, but such an extension or additional
circuit does not exist in most transistor equipment. It is
not likely that the amplifier can be damaged by con-
necting the audio light modulator, since R1 prevents
any substantial overall reduction in impedance. Leads
should be clear of any pick-up or input circuits, to
avoid instability or feedback €in a similar manner to
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FIG. 5—FOR A DISCO EFFECT, try this single lamp modulator. It
flashes a light bulb on and off to the beat of the music.
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FIG. 6—THIS FAIRCHILD uA720 IC can be used with a power
amplifier to build a superheterodyne AM receiver.

wiring a loudspeaker). If necessary, R1 can be placed
at the loudspeaker end of the circuit, or a similar re-
sistor may be inserted here in both leads, so that actual
connections to T1 are less prone to cause feedback.

It is not essential that T1 should have a 1:1 ratio. A
suitable transformer here is the loudspeaker coupling
type, and if that has two secondaries for 3 ohm or
similar speakers, those will provide the 1:1 ratio
shown. Where the ratio available is not 1:1, it will gen-
erally be necessary to connect it to step-up the primary
signal voltage, unless the impedance of the speaker
circuit is fairly high. A multi-range meter, suitable for
audio frequencies and connected to the secondary,
should kick up to several volts, with normal volume. If
a transformer is to be wound, there is considerable
latitude in the number of turns, and about 100 for the
primary and a similar number for the secondary, will
be satisfactory. The power-handling capacity need not
be very great, so 18-gauge or heavier wire is convenient.

It is essential that the primary/secondary insulation of
the component is adequate to isolate the line circuit, so
small 1:3 and similar transistor coupling transformers
are not suitable.

When building a circuit that incorporates both audio
and line voltages in this way, safety must be one of your
prime concerns. A breakdown in T1 could place
line voltages on the audio and speaker circuit, but with
many amplifiers the primary of T1 cannot be grounded
for safety. A tube-type transformer will generally have
insulation intended for several hundred volts, and its
core can also be grounded. A low-amperage fuse
should be wired into the line source. Maximum safety

is obtained when the amplifier is also line-operated,
with one side of the speaker circuit grounded, so that
T1’s can also be grounded.

The alternative to those precautions, which are
essential for safety in the event of component failure,
is to use lower-wattage lamps and draw current for
them from a 24-volt transformer or similar low-voltage
source. One pole of the lamp supply, or a center-tap,
can then be grounded for protection.

The capacitors are used to suppress interference
produced by the SCR. Values here are not too critical,
but for safety the components should be rated between
600 and 1000 volts.

Radio circuit using an IC

The Fairchild kA720 is very similar to the National
Semiconductor LM1820 and to the RCA CA3123 de-
vices. Any one of those integrated circuits can be used
with a power amplifier to construct a superheterodyne
AM receiver. These devices are supplied in 14-pin
dual-in-line packages with the connections shown in
Fig. 6.

One of the devices can be used with appropriate
tuned circuits as a medium-wave receiver, but if you
include switches, you can extend the frequency range
to include the long-wave band, the shipping bands, and
any of the short-wave bands up to a maximum fre-
quency of at least 30 MHz (corresponding to a wave-
length of 10 meters). Tuning can be carried out by a
ganged capacitor, but permeability tuning can be used
in car radio receivers for optimum signal-to-noise ratio
with a conventional car antenna.

Practical circuit

A typical circuit for the use of the xA720 type of de-
vice is shown in Fig. 7. It is a conventional type of
superheterodyne circuit with a radio-frequency ampli-
fier stage for optimum signal-to-noise ratio and maxi-
mum rejection of the spurious-image frequency sig-
nals. The intermediate frequency can be the normal
465 kHz or any similar frequency; that intermediate
frequency is set by the resonant frequency of the
ceramic filter and the tuned circuits in T4 and TS. The
circuit provides automatic gain control from the output
to the earlier stages: that keeps the volume fairly con-
stant because the signal being received fades due to
interference wave effects. The biasing voltages in the
integrated circuit are stabilized by an internal regula-
tor. The output from the volume control is suitable for
feeding directly to an integrated circuit audio amplifier
(such as the National Semiconductor LM380, the Fair-
child uA706, etc.), but is equally suitable for feeding to
a power amplifier made from discrete components.

In the circuit of Fig. 7, the signal from the aerial is
coupled by the transformer T1 into the pin 12 of the
device. The amplified input frequency appears at pin
13 of the device and is fed to the radio-frequency-stage
output tuned circuit of T2. This circuit resonates at
the same frequency as T1, both being tuned by the
ganged capacitor.

The output from the tuned circuit of T2 is coupled to
the input of the mixer stage at pin | of the device. The
oscillator is tuned by the circuit coupled to pin 2 and
the same ganged capacitor which tunes the circuits of
T1 and T2. The sum and difference frequencies of the
signal and oscillator frequencies appear at pin 14 (the
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FIG. 7—A TYPICAL SUPERHETERODYNE RADIO circuit using the 4A720 IC. The ceramic

filters are used for good selectivity.
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FIG. 8—THIS GRAPH ILLUSTRATES how the RF transcon-
ductance falls off with increasing frequency in the circuit of Fig. 7.

mixer-stage output). The difference frequency is
selected by the tuned circuit of T4 and passed to the
ceramic filter, which is also resonant at the difference

frequency before passing to the output tuned circuit of
T4.

Ceramic filters can provide very good selectivity.
That makes it possible to listen to a weak station which
is close to a much more powerful station. Filters are
available that have bandwidths of 8 kHz, 6 kHz, and
4.8 kHz at 6-db down. They give a relatively flat band-
pass characteristic with fairly steep sides and generally
give a much better selectivity characteristic than can
be obtained by using a few tuned circuits. Neverthe-
less, a simple double-tuned intermediate frequency
transformer can be used instead of the ceramic filter
shown for T4. Both the ceramic filters and the trans-
formers are very small components.

The output from the ceramic filter unit is fed into the
intermediate-frequency input at pin 7 of the device and
the amplifier output appears at pin 6. That output at
the intermediate frequency is fed into the double-tuned
transformer T5. The audio-output signal is obtained by
means of the demodulator diode DI and the following
filters which reduce the amplitude of the intermediate
frequency in the audio signal.

The output signal is also fed through R1 and C3 into
pin 5 of the device. It is then demodulated by internal
diodes and is filtered by C2 so as to provide an auto-
matic gain control voltage with a suitable time constant.

The transconductance (and therefore the gain) of the
radio-frequency stage falls with increasing frequency
as shown in Fig. 8. The gain is about 6-dB down at 30
MHz and about 9 dB at 50 MHz.
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FIG. 9—THE NOISE PERFORMANCE of the one-IC radio circuit
is shown here. The distance between the curves at any point is
a measure of the signal-to-noise ratio at that point.

The noise performance is well illustrated in Fig. 9.
The upper curve shows the value of the demodulated
audio output plus noise for a 1-MHz input signal fre-
quency modulated at the 309 level with a 400-Hz sig-
nal. The lower curve shows the noise output when no
signal is applied at the input. The distance between the
two curves at any point is a measure of the signal-to-
noise ratio at the input level concerned. Both axes of
this graph are plotted on logarithmic scales so that a
very wide range of levels can be shown on a single
graph.

The absolute maximum voltage that may be applied
toa uA720 device is 16 volts: voltages above that value
are liable to damage the device, even if they are
applied only for an instant. In order to allow an
adequate margin of safety, it is wise to regard the
upper limit as being about 14 volts, and to operate the
device from a 12-volt supply.

The voltage at pin 3 is stabilized at a value between
6.6 and 7.5 volts, but the device will function at supply
voltages below that value (even down to 3 volts at re-
duced gain). Pin 3 must never be connected directly to
the positive power-supply line, but a current-limiting
resistor (R3 in Fig. 9) must be used. The current re-
quired by the circuit of Fig. 9 is around 10 mA.

That’s this issue’s round of projects. We hope you
like them. And we will try and bring you another selec-
tion each issue. SP

The circuits in this article were extracted from the following
books: 50 Circuits Using Germanium, Silicon & Zener Diodes
by R.N. Soar, $3.50. 50 Simple LED Circuits by R.N. Soar,
$3.50. 50 Projects Using Relays, SCR’s & Triacs by F.G.
Raver. $3.50. Radio Circuits Using IC’s by J.B. Dance. All

Jour books are published by Bernard Babani Lid.. London.

England. They are available in the United States from Elec-
tronic Technology Today Ine.. 17 Slate Lane, Central Islip,
NY HI722 ar the prices indicated.



A sleek graceful sailing vessel glides across the sometimes green,

sometimes blue Caribbean. The cargo:

of lively, fun-loving shipmates. g

Uniform of the day: Shorts
and tee shirts. Or your bikini
if you want. And bare feet. b

Mission: A leisurely cruise to
remote islands with names
like Martinique, Grenada,
Antigua—those are the

ones you've heard of. Before
the cruise ends, you'll

"

know the names of many
more. You'll know intimitely

mood of each...and its
own beauty and charm.
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you. And an intimate group

Spnd six nights watc

Life aboard your big
sailing yacht is informal
Relaxed. Romantic.

There’s good food.
And ‘grog! And a few
pleasant comforts...
but any resemblance
to a plush pretentious
resort hotel is
accidental.

Spend 6 days
exploring paradise.
hing the moon rise and

getting to know interesting people. It could be

the most meaningful experience of your life

State Zip

...and it’s easily the best vacation you've had.

A cruise is forming
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$290. Write Cap’n Mike
for your free
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Weller.

EC1000 and EC2000-
two terrific soldering stations -
feature up-to-the-minute electronic controls.
Temperature is accurately calibrated, from 350°F to 850°F,
in 10° steps. Unit responds automatically to soldering
load variations. Maintains the temperature you select.
LED.read-out (EC2000 only) shows actual tip temperature to
within 1°! Unbelievable? See your distributor.
Get an on-the-job demonstration.
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