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BP248-TEST 
EQUIPMENT CON- 
STRUCTION 
$5.95. Details con- 
struction of simple, in- 
expensive, but ex- 
tremely useful test 
equipment. AF Gen, 
Test Bench Ampl, Au- 
dio Millivoltmeter, Tran- 
sistor Tester and six 
more. 
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I BP263-A CON- 
CISE INTRO TO 
dBASE $6.95. The 
dBASE series of pro- 
grams are probably the 
best known database 
programs for micro- 
computers. This book 
is designed to help you 
get started working 
with them. 

BP245-DIGITAL 
AUDIO PROJECTS 

$5.95. Practical cir- 
cuits to build and ex- 
periment with. In- 
cludes A/D converter, 
input amplifier, digital 
delay line, compander, 
echo effect and more. 

DIGITAL 
LOGIC GATES 

AND FLIP-FLOPS 

BP267-HOW TO 
USE OSCILLO- 
SCOPES AND 
OTHER TEST EQUIP- 
MENT $6.95. Mas- 
tering the oscilloscope 
is not really too difficult. 
This book explains all 
the standard controls 
and functions. Other 

__ equipment is also de- 
scribed. 

1 BP247-MORE 
ADVANCED MIDI 
PROJECTS $5.95. 
Circuits included are a 
MIDI indicator, THRU 
box, merge unit, code 
generator, pedal, pro- 
grammer, channelizer, 
and analyzer. 

PCP107-DIGITAL 
LOGIC GATES AND 
FLIP FLOPS 
$10.00. Thorough 
treatment of gates and 
flip-flops for enthusi- 
asts, student and tech- 
nicians. Only a basic 
knowledge of elec- 
tronics is needed. 

BP265-MORE 
ADVANCED USES 
OF THE MULTI- 
METER $5.95. Use 
these techniques to 
test and analyze the 
performance of a vari- 
ety of components. 
Also see how to build 
ad-ons to extend multi - 
meter capabilities. 

H BP260-CONCISE 
INTRO TO OS/2 
$5.95. If you are a mul- 
titasking PC user and 
want to get the most 
out of your computer, 
then you must learn its 
OS/2 operating sys- 
tem. This book shows 
you just how to do that, 
quickly and easily. 

BP251-COMPUT- 
ER HOBBYISTS 
HANDBOOK 
$8.95. A wrapup of ev- 
erything the computer 
hobbyist needs to 
know in one easy to 
use volume. Provides a 
range of useful refer- 
ence material in a sin- 
gle source. 

_ 

BP257-INTRO TO 
AMATEUR RADIO 
$6.95. Amateur is a 
unique and fascinating 
hobby. This book gives 
the newcomer a com- 
prehensive and easy to 
understand guide to 
the subject. 
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BP249-MORE 
ADVANCED TEST 
EQUIPMENT CON- 
STRUCTION 
$6.95. Eleven more 
test equipment con- 
struction projects. 
They include a digital 
voltmeter, capacitance 
meter, current tracer 
and more. 

BP256-INTRO TO 
LOUDSPEAKERS 
AND ENCLOSURE 
DESIGN $5.95. We 
explore the variety of 
enclosure and speaker 
designs in use today so 
the reader can under- 
stand the principles in- 
volved. 
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El PCP108-COM- 
PUTERS AND MUSIC 

$9.95. Explains the 
basics of computers 
and music with no pre- 
vious knowledge of 
computers needed. 
Covers types of music 
software and explains 
how to set up your own 
computer music stu- 
dio. 

PCP102-INTRO- 
DUCING DIGITAL AU- 
DIO $9.95. Covers 
all kinds of digital re- 
cording methods- 
CD, DAT and Sam- 
pling. Bridges the gap 
between the technician 
and the enthusiast. 
Principles and meth- 
ods are explained. 

LI BP195-INTRODUCTION TO SATELLITE TV $9.95. A definitive introduction to 
the subject written for the professional engineer, electronics enthusiast, Or others 
who want to know more before they buy. 8 x 10 in. 

BP190-ADVANCED ELECTRONIC SECURITY PROJECTS $5.95. Includes a 
passive infra -red detector, a fiber-optic loop alarm, computer -based alarms and an 
unusual form of ultrasonic intruder detector. 

BP235-POWER SELECTOR GUIDE $10.00. Complete guide to semiconduc- 
tor power devices. More than 1000 power handling devices are included. They are 
tabulated in alpha -numeric sequency, by technical specs. Includes power diodes, 
Thyristors, Triacs, Power Transistors and FET's. 

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

El BP99-MINI-MATRIX BOARD PROJECTS $5.50. Here are 20 useful circuits 
that can be built on a mini -matrix board that is just 24 holes by ten copper -foil strips. 

BP82-ELECTRONIC PROJECTS USING SOLAR CELLS $5.50. Circuits with 
applications around the home that are powered by the energy of the sun. Everything 
from radio receivers, to a bicycle speedometer, to timers, audio projects and more. 

BP117-PRACTICAL ELECTRONIC BUILDING BLOCKS-Book 1 $5.75. 
Oscillators, Timers. Noise Generators, Rectifiers, Comparators, Triggers and more. 

BP184-INTRO TO 68000 ASSEMBLY LANGUAGE $6.95. The 68000 is a 
great new breed of microprocessor. Programming in assembly language increases 
the running speed of your programs. Here's what you need to know. 

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

BP239-GETTING THE MOST FROM YOUR MULTIMETER $5.95. Covers 
basics of analog and digital meters. Methods of component testing includes 
transistors, thyristors, resistors, capacitors and other active and passive devices. 

BP97-IC PROJECTS FOR BEGINNERS $5.50. Power supplies, radio and 
audio circuits, oscillators, timers, switches, and more. If you can use a soldering iron 
you can build these devices. 

BP37-50 PROJECTS USING RELAYS, SCR'S 8 TRIACS $5.50. Build pri- 
ority indicators, light modulators, warning devices, light dimmers and more. 

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

f l BP42-SIMPLE LED CIRCUITS $5.50. A large selection of simple applications 
for this simple electronic component. 

f l BP127-HOW TO DESIGN ELECTRONIC PROJECTS $5.75. Helps the reader 
to put projects together from standard circuit blocks with a minimum of trial and 
error. 

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

BP92-CRYSTAL SET CONSTRUCTION $5.50. Everything you need to know 
about building crystal radio receivers. 

D BP45-PROJECTS IN OPTOELECTRONICS $5.50. Includes infra -red detec- 
tors, transmitters, modulated light transmission and photographic applications. 

BP185-ELECTRONIC SYN- 
THESIZER CONSTRUCTION $5.95. 
Use this book to learn how to build a 
reasonably low cost, yet worthwhile 
monophonic synthesizer and learn a lot 
about electronic music synthesis in the 
process. 
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- Editorial 

THE BEST OF THE BEST 
Welcome to the second edition of the Electronics Hobbyists' 
Handbook -164 action -packed pages featuring the best of 
the best from the past year of Popular Electronics. 

And what a year it has been. Putting together a magazine like 
this one is never easy. But selecting among the many 
interesting projects and articles of the past year was nearly 
impossible this time around. 

In the end, though, we let you, our readers, make the choices. 
We looked at the many stories and topics that your cards and 
letters told us you liked or wanted the most, and brought them 
to you again in this retrospective. 

For instance, Tesla coils and other high -voltage projects have 
always been among our most popular stories, but the Square 
Tesla Coil set a record in terms of reader interest. 

Projects such as The 'Antigravity Generator, The Executive's 
Ding -A -Ling, and The Hot Socket delighted readers who like 
the lighter side of our hobby. Those of a more serious bent 
went wild over some of the accurate and useful pieces of test 
gear we featured such as the Logic Probe/Logic Pulser pair, 
the Dial -Up Resistance Box, and the 10 -MHz Frequency 
Counter. 

One of the most difficult parts of building projects is finding 
components and suppliers-or at least it used to be. The 
comprehensive listings in The Parts Connection and 
Supplying the Electronics Workshop showed our readers 
where to find 99% of all parts you are ever likely to need, 
including esoteric items, chemicals, and surplus components. 

But, alas, we couldn't include everything in these pages. Leaf 
through this magazine; if you like what you see, why not join 
us every month in Popular Electronics. It's the only way you'll 
never miss out on a single exciting story. We look forward to 
seeing you there! 

Carl Laron 
Managing Editor 
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2960 $27.95 
Counts as 2 
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Membership Benefits Big Savings. In addition to this introductory 
offer, you keep saving substantially with members' prices of up to 50% off the 
publishers' prices. Bonus Books. Starting immediately, you will be eligible for 
our Bonus Book Plan, with savings of up to 80% off publishers' prices. Club 
News Bulletins. 14 times per year you will receive the Book Club News, describ- 
ing all the current selections-mains, alternates, extras-plus bonus offers and 
special sales, with scores of titles to choose from. Automatic Order. If you want 
the Main Selection, do rothing and it will be sent to you automatically. If you prefer 
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to purchase at least 3 books within the next 12 months and may resign at any 
time thereafter. Ironclad No -Risk Guarantee. If not satisfied with your books, 
return them within 10 days without obligation! Exceptional Quality. All books 
are quality publishers' editions especially selected by our Editorial Board. 

FREE when you join! 
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Electronics Library 
To obtain additional information On the books 
and publications covered in this section from 
the publisher, please circle the item's code ?um- 

her on the Free Information Card 

sar, Sylvania, Magnavox, Panasonic, and 
Philips. More than 900 models are listed in 

the book, which contains references to 90% 
of a servicer's parts needs for those 
brands. The Thomson stock number is in- 

cluded, as well as a reference number that 
corresponds to the number shown on the 
service -data parts list and on the exploded - 
view diagram of the VCR model listed. 

The VCR Key Items Cross Reference is 

available from Thomson Consumer Elec- 
tronics, Inc., Service Dealer Parts and Com- 
ponents Merchandising, 2000 Clements 
Bridge Road, Deptford, NJ 08096-2088. 

CIRCLE 52 ON FREE INFORMATION CARD 

WORD FOR WINDOWS COMPANION 

by Mark Crane 

This guide to Microsoft's word processor 
for Windows is comprehensive and easy to 
read. Organized by function, with thorough 
explanations of each application, the book 
can help Word users of all levels of experi- 
ence. Handy tips and techniques make learn- 

ing to use Word easier and more enjoya- 
ble. The book covers all the basics, includ- 
ing how to design, edit, format, and print 
documents, as well as advanced techniques 
for using the features that take Word into 
the realm of desktop publishing. Practical 
examples and plenty of illustrations round 
out the text. 

Word for Windows Companion is availa- 
ble for $26.95 from The Cobb Group, P.O. 

Box 24480, Louisville, KY 40224. 

CIRCLE 51 ON FREE INFORMATION CARD 

VCR KEY ITEMS CROSS REFERENCE: 

from Manufacturers' Model Numbers 

to TCE Stock Numbers 

from Thomson Consumer Electronics 

This 120 -page guide provides the servicer 
with a quick reference source of key wear 
items such as belts, motors, pressure roll- 
ers, and headwheels for nine popular VCR 
brands-RCA, GE, Hitachi, Philco, Qua - 

non 

Thomson Consumer Electronics, Inc. 

VCR KEY ITEMS 
CROSS REFERENCE 

. GE . HITACHI*MAGNAVOX .r,u,5mnc 

. AMOCO* .rv.m .oU,S,w. RCA .SYLVANIA 

can be ordered directly from CRB Re- 
search Books, Inc., P.O. Box 56, Com- 
mack, NY 11725; please add $2.00 ship- 
ping and handling for mail orders. (NY res- 
idents must also include $1.12 sales tax.) 

CIRCLE 53 ON FREE INFORMATION CARD 

AIR SCAN: Guide to Aeronautical 
Communications: 5th Edition 

by Tom Kneitel, K2AES 

The latest edition of this comprehensive 
guide has been expanded by almost 40 
percent. The guide to aeronautical com- 
munications covers HF (2 - 30 MHz); VHF 
(118 -137 MHz); 137 -174 MHz, 406 -512 
MHz, and even 800 -MHz bands. Civil, mili- 
tary, commercial, and federal communica- 
tions in the United States, Canada, Mex- 
ico, the Caribbean, the Pacific Territories, 
Greenland, and Iceland are covered. A 

small sampling of the communications areas 
discussed includes Air National Guard, Po- 

lice and Forest -Fire Air operations, control 

towers, air ambulance frequencies, air -to - 
ground telephone calls, hurricane hunters, 
airline "company" frequencies, flight instruc- 
tion, weather information, and NORAD. The 
listings are conveniently arranged accord- 
ing to state and city, with a VHF log that 
shows the most important and interesting 
nationally used aeronautical channels. The 
expanded Canadian listings include all civil 

and military landing areas and seaplane - 

base two-way communications facilities. 
There is also a special section that pro- 
vides detailed information on getting the 
most out of monitoring aeronautical com- 
munications. 

Air Scan: Guide to Aeronautical Com- 
munications, 5th Edition costs $14.95. It 

3D COMPUTER GRAPHICS: A User's Guide 
for Artists and Designers: 2nd Edition 

by Andrew S. Glassner 

This book strives to provide its readers with 
ready access to computer graphics, an in- 
creasingly popular and powerful business 
tool. For industrial design students, slide 
and film producers, artists and designers 
in print and television media, illustrators, 
and video animators, it offers a thorough 
explanation of the principles and hardware 
used to create 3 -dimensional computer 
graphics. Readers who are unfamiliar with 
programming and mathematics, and have 
only limited computer backgrounds, will ben- 
efit from the author's straightforward, non- 
technical approach. 

The second edition has been completely 
updated and redesigned. It covers the lat- 
est hardware and color systems, rendering 
and advanced modeling techniques, and 
computer -assisted animation and produc- 
tion procedures. The new edition also fea- 
tures full -color, high -resolution graphics pro- 
duced by the latest technology, with de- 
tailed guidelines for creating images of equal 
quality. Each chapter ends with a summary 
of key terms and concepts to simplify the 
learning process. 

3D Computer Graphics: A User's Guide 
for Artists and Designers, 2nd Edition is 
available for $26.95 from Design Press, 
Division of Tab Books Inc., Blue Ridge Sum- 
mit, PA 17294-0850; Tel. 1-800-822-8138. 

CIRCLE 54 ON FREE INFORMATION CARD 

TEST & MEASUREMENT INSTRUMENTS 

from W.W. Grainger, Inc. 

The 4th edition of Grainger's catalog in- 

cludes more than 2,000 items, organized 
by application and product categories to 
make comparison and selection easier. In- 

struments for precision measuring, HVAC, 

environmental testing, electrical, electron- 
ics, and automotive applications are fea- 
tured. Some of the leading manufacturers 
represented include Fluke, Tektronix, Alnor, 
Dickson, Amprobe, OTC, and Simpson. 

The Test & Measurement Instruments Cat- 
alog (No. 104T) is available from W.W. Grain- 
ger, Inc., 333 Knightsbridge Parkway, 
North Suburban, IL 60251. 

CIRCLE 55 ON FREE INFORMATION CARD 

4 



AUTOMATIC CONTROL SYSTEMS 

AND COMPONENTS 

by James R. Carstens 

This book is intended as a self-taught "re- 
fresher course" for engineers who work with 
automatic controls, and as a text for stu- 

dents in engineering and engineering tech- 
nology. A background in basic physics will 
aid in understanding the concepts it pre- 
sents, and some math is involved in its dis- 
cussions. The book opens with an inten- 
sive review of electronic theory, particularly 
as it applies to the area of controls. The 
Laplace transformation, a math concept that 

simplifies much of the more difficult theory, 
is also introduced in the book's opening 

chapters. Considerable material is pre- 
sented on electrical components, especially 
transducers. The following chapters pre- 
sent design problems and their solutions, 
following trains of thought that a typical en- 
gineer might use when approaching a prob- 
lem. In-depth coverage is given to design- 
ing control systems, various process con- 
trol systems, system communications, and 
computers and automatic control systems. 
Appendices contain some simple, but in- 

teresting, software problems that prove 
some of the concepts discussed in the text. 

Automatic Control Systems and Com- 
ponents is available in hardcover for $57.40 
from Prentice -Hall, Inc., Englewood Cliffs, 
NJ 07632. 

CIRCLE 56 ON FREE INFORMATION CARD 

tical, rather than theoretical, approach. It 

offers a comprehensive overview, with back- 
ground information and insights into com- 
puter communications, electricity and elec- 
tronics, long-distance communications, tel- 
ecommunications careers, telephone sys- 
tems, radio and television broadcasting, and 
more. 

Understanding Telecommunications is 
available for $17.60 from TAB Books Inc., 
Blue Ridge Summit, PA 17294-0850; Tel. 

1-800-233-1128. 
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UNDERSTANDING TELECOMMUNICATIONS 

by Ronald R. Thomas 

Exciting technological advances, dramatic 
growth, changing government regulations, 
the abundance of commercially available 
electronic equipment-the rise of the "in- 
formation society"-are all factors that make 
it hard to keep up with the field of telecom- 
munications. This timely guide provides a 
non -technical introduction to the field of tel- 
ecommunications. The single -source ref- 
erence uses plain English and takes a prac- 

THE BOOK OF FAX: 

Second Edition 

by Daniel Fishman 

and Elliot King 

The fax machine was the uncontended con- 
sumer -electronics success of the 1980's, 
and as we enter the 90's, it's firmly en- 
trenched as a basic communications de- 
vice in both homes and offices. In the year 
and a half since the first edition of this book 
appeared, many advances have been made 
in facsimile technology, although the ba- 
sics remain the same. Retaining its origi- 
nal, highly informative, and easy -to -read for- 
mat, the second edition helps those con- 
sidering the purchase of fax equipment to 
evaluate their needs, determine which fax 
features meet those needs, determine 
whether to lease or buy-in other words, to 
make the most economical choice. Con- 
venient check-lists make comparisons and 
decision -making easier. For readers who 
already own fax machines, the book offers 
insights on managing fax in the office, pre- 
venting fax "junk mail," and using features 
such as polling and broadcasting. Besides 
an up-to-the-minute list of fax resources- 
vendors, directories, associations, and pub- 
lications-the book's fifty new pages delve 
into new topics such as advances in PC/ 
Fax, the growth of cellular fax, and desktop 
and plain -paper fax. Now that fax has be- 
come generally accepted as a basic tool, 
the "creative phase" can begin, according 
to the authors, who have devoted a new 
chapter to innovative fax uses. 

The Book of Fax: Second Edition is avail- 
able for $9.95 from Ventana Press, P.O. 

Box 2468, Chapel Hill, NC 27515. 
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PRIVACY ASSURANCE DEVICES: 

Catalog No. 901 

from Capri Electronics Corp. 

In these days of sophisticated surveillance 
devices, privacy is at a premium. For any- 
one who suspects that theirs is being vio- 
lated, this catalog provides the means of 

NAM RADIO 

IS FUN! 

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

Your passport to ham radio adventure is 

TUNE -IN THE WORLD WITH HAM 
RADIO. The book tells what you need to 

know in order to pass your Novice exam. 
Two cassettes teach the code quickly 
and easily. 
Enclosed is my check or money order for 
$19.00 plus $3.50 for shipping and handl- 
ing or charge my 
( ) VISA ( ) MasterCard ( ) Am. Express 

Signature 

Acct. No 

Good from - Expires 

Name 

Address 

City State Zip 
PEH 

THE AMERICAN RADIO RELAY LEAGUE 
225 MAIN ST. 

NEWINGTON, CT 06111 
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Electronics Library. 

finding out for sure, and of doing some- 
thing about it. The 20 -page booklet con- 
tains a variety of privacy -assurance devices, 
ranging from "bug" detectors to a complete 
"countermeasures" system that contains the 
tools needed to detect hidden microphones, 
phone taps, video cameras, and tape re- 
corders, as well as RF subcarriers, carrier 
current transmitters, RF transmitters from 
3 MHz to 1.5 GHz, and visible and infrared 
light. A selection of books about electronic 
surveillance and how to avoid it is also in- 

cluded. 

Privacy Assurance Devices, Catalog No. 

901 is free upon request from Capri Elec- 
tronics Corp., 1238 Highway 160-B, P.O. 

Box 589, Bayfield, CO 81122; Tel. 303-884- 
9084. 
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MACINTOSH SHAREWARE CATALOG 

from Educorp 

More than 10,000 programs of public- 
domain/shareware software for Macintosh 
computers-including more than 50 new 
disks-are listed in this 350 -page ninth edi- 
tion of the Software Encyclopedia. The 
disks, which are guaranteed to be virus - 
f ree, cost between $3.99 and $6.99, plus 
shipping and handling. Each listing includes 
detailed illustrations and full descriptions 
of the included programs. Also available is 

a CD-ROM disk that contains all 10,000 
programs in the catalog. It costs $199.00. 
Other computer products, such as blank 
floppy disks, are featured as well. 

Software Encyclopedia: 9th Edition is free 
from Educorp, 531 Stevens Avenue, Suite 
B, Solana Beach, CA 92075; Tel. 800-843- 
9497. 
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MORE ADVANCED TEST EQUIPMENT 

CONSTRUCTION 

by R.A. Penfold 

Written as a follow-up to Test Equipment 
Construction, this book goes beyond the 
basic gear to describe more advanced pro- 
jects for readers who have some practical 
experience in electronics construction. 
Along with the rewards of building test equip- 
ment from scratch, the completed projects 
provide a useful range of test instruments 
for servicing and development. Some of 
the designs presented include a digital volt- 
meter; a bench power supply; digital ca- 
pacitance, resistance, and current meters; 
a digital heatsink thermometer; a pulse gen - 
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erator; an AF digital frequency meter; a dy- 
namic transistor tester; and a crystal cali- 
brator. Full circuit diagrams accompany the 
building instructions. Detailed notes on any 
necessary set-up steps are also provided, 
along with information on how to put the 
finished projects to efficient use. 

More Advanced Test Equipment Con- 
struction (order No. BP249) is available 
for $8.95 (including shipping and handling) 
from Electronics Technology Today, Inc., 
P.O. Box 240, Massapequa Park, NY 
11762-0240. 
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MS-DOS UTILITY PROGRAMS: 

Add-on Software Resources 

by Ronny Richardson 

Designed to help readers avoid wasting 
money on unnecessary programs, this book 
combines the most useful features of a prod- 
uct catalog and magazine reviews. It aims 
to enable readers to carefully weigh their 
utility options and determine just what they 
need to optimize their systems. 

The book describes the capabilities and 
operation of virtually every DOS utility avail- 
able in today's market. Included are de- 
scriptions of programs for data protection 
and security, hard -disk management, 
backup, file recovery, DOS expansion, data 
transfer, and computer -performance eval- 
uation. It also examines memory -resident 

nasseammommum 
MS-DOS 
UTILITY 
PROGRAMS 
ADD-ON SOFTWARE 
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aids, anti -viral programs, and some DOS 
alternatives. Each entry includes evalua- 
tions of performance, ease of installation 
and use, and even of the manual's legibil- 
ity, along with pertinent addresses, phone 
numbers, and pricing information. 

MS-DOS Utility Programs: Add-on Soft- 
ware Resources is available for $24.95 from 
Windcrest, Division of TAB Books Inc., Blue 
Ridge Summit, PA 17294-0850; Tel. 1-800- 
233-1128. 
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COMPUTERS AND ENGINEERING 

MANAGEMENT 

by Thomas E Wheeler 

Explaining precisely how computers can be 
effectively used to help with the full scope 
of an engineering manager's job, this book 
focuses on practical ways to achieve com- 
puter -efficient management. Written for en- 
gineers as well as for managers, the book 
examines everything from underlying con- 
cepts of computers to the role of comput- 
ers in improving productivity. Topics range 
from configuring computers to fit an organ- 
ization's specific needs to the process of 
combining different elements into an inte- 
grated system. 

Filled with helpful guidelines and practi- 
cal advice, the book includes case histo- 
ries that clarify the process of designing, 
planning, and implementing an integrated 
computer -engineering system. It explains 
how the design process can benefit from 
computer technology and how to evaluate 
and choose a system. Alternative database 
systems are described, as are management 
applications. The book also discusses how 
to make computers more accessible to end 
users, procedures for connecting to net- 
works, and techniques for designing appli- 
cations and putting them to use in both 
mechanical and electronic engineering. 

Computers and Engineering Manage- 
ment is available for $46.50 from McGraw- 
Hill Book Company, 11 West 19th Street, 
New York, NY 10011; Tel. 1-800-2- 
MCGRAW. 
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COMPUTER CATALOG 

from JDR Microdevices 

A complete resource for computer enthusi- 
asts and electronic hobbyists, this 100 - 
page catalog from JDR is filled with parts 
and accessories for computers, including 
mini -386 and 80386SX motherboards 'gh- 
density hard drives and controllers, lap, s, 

computer cases, and software. A notaL. 
addition to the 1990 catalog is "Derick's 
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High Tech Corner," a series of columns 
written by JDR's chief engineer, Derick 
Moore, He covers a wide range of com- 
puter topics, with a focus on helping cus- 
tomers to understand the rapidly changing 
technology. 

The 1990 JDR catalog is free upon re- 
quest from JDR Microdevices, 2233 Bra- 
nham Lane, San Jose, CA 95124; Tel. 408- 
559-0250. 
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elude tables of integrals, Gauss' method of 
successive elimination, generalized oper- 
ating paths, and derivations pertaining to 
beat periods and time periods in the linear 
mixing of two sinusoids. 

Besides its emphasis on practical appli- 
cations over theory, the book makes ex- 
tensive use of the mathematics that facili- 
tate understanding of the communications 
principles presented. Readers are expected 
to have at least a rudimentary understand- 
ing of basic electronic devices and their 

circuits, and the ability to follow calcula- 
tions of the coefficients for a trigonometric 
Fourier series and to recognize (but not 
necessarily to solve) a differential equa- 
tion. Clear mathematical derivations along 
with many worked examples are provided. 

Radio Concepts: Analog is available in 
hardcover for $59.95 from John Wiley & 

Sons, Inc., 605 Third Avenue, New York, 

NY 10158. 
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1990 CATALOG 

from Jameco Electronics 

A convenient source book for computer and 
electronics enthusiasts, this 82 -page cata- 
log lists more than 5,000 items. Product 
lines include everything from integrated cir- 
cuits to computer peripherals and kits. Sev- 
eral new products have been added to the 
1990 catalog, in the categories of test in- 

struments, anti -static equipment, tools, 
80386 computer kits, and more. Handy 
RAM cross-reference and IC pin -out 
charts are also included. 

The 1990 Catalog is free upon request 
from Jameco Electronics, 1355 Shoreway 
Road, Belmont, CA 94002; Tel. 415-592- 
8097. 
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RADIO CONCEPTS: ANALOG 

by Ralph S. Carson 

By covering the fundamental concepts un- 
derlying analog radio communications, this 
book fills a gap in practical information left 
by many standard textbooks -it includes 
the analysis, design, and operation of elec- 
tronic circuits. Some of the topics covered 
in depth are linear and nonlinear mixing; 
noise, including noise spectra, thermal 
noise, and other noise sources; amplitude - 
modulation process; special functions and 
filters; the superheterodyne radio receiver; 
and spurious responses. Appendices in- 
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New Products 
To obtain additional information on new 

products covered in this section from the 

manufacturer, please circle the item's code 

number on the Free Information Card 

on two 51/4 -inch floppy disks and requires 
a 100% IBM-compatible system with at least 
512K of RAM (a hard disk is recom- 
mended), costs $39.95. For additional in- 
formation, contact MFJ Enterprises, Inc., 
P.O. Box 494, Mississippi State, MS 39762; 
Tel. 601-323-5869. 
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DX SOFTWARE 

If you're a DX'er who has a computer, you 
can use MFJ's Easy DX program to get 
organized and to help you get your DXCC 
award. The IBM-compatible software in- 

stantly organizes all your DXCC activity, 
and includes a packet terminal program and 
a PacketCluster interface so that you'll get 
the latest DX information. 

You can enter any call and learn at a 

glance if you need that country on the band, 
the mode, or both; and if you've worked it 

before. The program even gives you a list 
of contacts with the country, including 
bands, modes, and QSL's received, so that 
you can get the station to QSY the band 
you need him on. When you enter a call or 
prefix it tells you the country, azimuth to 
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the major city and the sunrise and sunset 
times at that QTH. Contest logs from popu- 
lar CT -logging programs can be imported, 
making it easy to bring your contest QSO's 
into your DXCC log. 

A built-in packet -radio program allows 
Easy -DX to monitor the PacketCluster DX - 

spotting network, and send "DX" in Morse 
code if a country you need on the band, 
mode, or both is reported on the network. 
You need only be within earshot of the 
speaker-not necessarily at your computer. 
There are two packet screens. The re- 
ceive -only screen can be displayed along 
with Easy -DX, so that any packet channel 
can be monitored during logging. The sec- 
ond screen is for the send -and -receive 
packet terminal program. 

The MFJ Easy -DX program, which comes 

SCPC RECEIVER 

Using a form of broadcasting known as Sin- 
gle Channel Per Carrier (SCPC), many radio 
programs-including some of the National 
Public Radio stations, Mutual Radio Net- 
works, sports networks, news, and syndi- 
cated shows-are distributed via satellite 
to selected affiliate stations across the coun- 
try. The narrowband SCPC signals can't 
be tuned with a regular satellite receiver, 
and professional SCPC receivers are 
priced out of the range of most consumers. 

Now, Heil Sound's SC ONE! SCPC re- 
ceiver provides the home consumer with 
broadcast -quality SCPC reception. The 
stand-alone receiver tunes 900 to 1500 MHz 
block down -converter lines. A low -loss, high - 

frequency (2 -GHz) splitter is provided so 
that regular home TVRO systems can be 
split and operated simultaneously with the 
SC ONE!, allowing the user to view pro- 
grams while tuning SCPC signals. 

The receiver's controls are straightfor- 
ward and easy to use. A volume-control/on- 
off switch, a ten -turn master -tuning switch, 
and a single -turn fine-tuning switch are lo- 

cated on its front panel. A line -level audio 
output is available on the back panel. High - 
quality audio is produced through a front - 
panel speaker. 

The SC ONE!, complete with all cables, 
splitters, connectors, and a program -guide 
chart, costs $450.00. For further informa- 
tion, contact Heil Sound, Ltd., 2 Heil Drive, 
Harissa, IL 62257; Tel. 618-295-3000. 
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line item, and audit -trail symbols. The LCD 
stores up to 99 lines of numbers and 
scrolls forward or backward so that the user 
can review previous entries or calculations. 
Individual entries can be changed right on 
the display, and the total is automatically 
recalculated-eliminating the need to re- 
enter an entire calculation due to one small 
error, and providing a means to compare 
different results. 

The full-size keyboard features well - 
spaced contoured keys, including a pro- 
grammable tax key that calculates and adds 
sales tax with one keystroke. The TI -5128 
has an independent add register as well as 
a full four -function memory (add to, sub- 
tract from, subtotal, and total). Other fea- 
tures include a selectable decimal, a gross - 

profit -margin key for calculating sales prices 
and profits, and a right -shift key for easy 
entry corrections. The calculator is pow- 
ered by three AA batteries (included); an 
AC adapter is available separately. 

The TI -5128 Paper -Free Printer calcula- 
tor and optional AC -9175/9480 AC adapter 
have suggested retail prices of $95.00 and 
$6.95, respectively. Both will be available 
in the third quarter of 1990. For additional 
information, contact Texas Instruments, Con- 
sumer Relations, P.O. Box 53, Lubbock, 
TX 79408; Tel. 806-747-1882. 
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PAPER -FREE PRINTER CALCULATOR 

For those who like to see the figures that 
they're adding up, but don't require a writ- 
ten record of their calculations, Texas In- 
struments has introduced the T1-5128 Paper - 
Free Printer calculator. It has a large 4 - 

line, 12 -digit LCD with decimal, commas, 

SOLDERING STATION 

Designed for durability, quick recovery, and 
low cost, OK Industries' SA -570 Series sol- 
dering station provides high -power and con- 
sistent performance. It has an operating 
range of 600° - 800°F, offering high power 
for various applications, including use on 
boards with exceptional thermal demands. 
A powerful 70 -watt heating element with 
precise RTD temperature control allows ex- 
cellent stability and repeatability as well as 
quick recovery on "heavy" joints. The di- 
rectly grounded tip meets MIL -STD -2000 
resistance and voltage requirements. The 
SA -570 station has a low -profile, small - 
footprint housing, and requires minimum 
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bench space. The lightweight handpiece is 

comfortable and safe to use. The soldering 
station uses high -mass soldering tips that 
are available in a wide range of profiles. 

The SA -570 Series soldering station has 
a suggested list price of $89.60. For addi- 
tional information, contact OK Industries, 
Inc., 4 Executive Plaza, Yonkers, NY 10701; 
Tel. 1-800-523-0067. 
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equalizer has an omnidirectional pickup mi- 
crophone, a pink -noise test signal, and a 
real-time analyzer display. The unit can be 
used to fine tune any stereo system, and 
to enhance television and VCR sound. It 

adjusts the stereo system for room acous- 

tics, eliminates harsh or dull sound, and 
makes cassettes for use in the car that 
are customized to overcome road and 
engine noise. 

In addition to ten bands per channel with 
15 -dB boost or cut sliders, the 310 fea- 
tures a real-time analyzer whose sensitiv- 
ity control allows the listener to analyze the 
music spectrum by keeping the display cen- 
tered regardless of how loud or soft the 
signal is. By simply pressing the pink -noise 
button and plugging in the microphone, the 
user can watch the fluorescent real-time 

DIGITAL STEREO HEADPHONES 

Sentry Industries' Digital 880 CD stereo 
headphones incorporate highly efficient 
speaker elements to deflect distortion, and 
special input wiring to avoid signal loss. 
For comfortable listening, the headset has 
a tangle -free cord and soft -leather earpads 
and headband. The Digital 880 has power- 

ful, 40 -mm samarium -cobalt speakers, a 

20 - 20,000 -Hz frequency response rating, 
and a 105 -dB sensitivity rating. Phono jacks 
and a one-year warranty are included. 

The Digital 880 stereo headphone has a 

suggested retail price of $49.95. For fur- 
ther information, contact Sentry Industries, 
Inc., 252-C Lake Avenue, Yonkers, NY 
10701; Tel. 914-968-0180. 
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GRAPHIC EQUALIZER 

Designed to meet the needs of dedicated 
audiophiles at a reasonable cost, ADC's 
top -of -the -line Soundshaper 310 graphic 

STRANGE BOOKS! 
If you haven't received your copy of 

Lindsay's Electrical Books catalog, you've really 
missed something! You'll find one of the most bizarre col- 
lections of paperbacks, pamphlets, industrial references 
on incredible plans, lost secrets, forgotten events, and 
strange theories ever assembled! 

Strange 
Science! 

You'll even discover a 
strange collection of books 
on "Fringe Science" - lost 
continents, perpetual 
motion, unusual phe- 
nomena recorded 
throughout the centu- 
ries, and much more. 
Explore the strange 
world that lies between 
fact and fiction! 

Write for 
CATALOG! 

Write for your copy 
of Lindsay's new Elec- 
trical Books catalog and 
see for yourself what 
you've been missing! 
Send $1.00 (US & Can- 
ada) ozr $3.00 foreign 
airmail. We'll send your 
catalog immediately! 
Write today! 

vo/ve 

Fantastic 
Tesla Books! 

Explore one the 
finest collections of 

quality Tesla books available including both 
new books and reprints of very old, rare pub- 
lications. Discover a new booklet on Tesla's 
lost inventions, a 1904 book on Tesla's ex- 
periments with wireless power transmission, 
rare and unusual books on the construction 
and use of high voltage Tesla coils, and much 
more! Highest quality guaranteed! 

LightningBuild Bolt 
Generators! 

Build a Wimshurst, Holtz, or 
Winter static electric ma- 
chine! Build condensing 

electroscopes, Leyden jars, 
scintillating tubes, electrical can- 
nons, Cavallo's cylinder machine 
and much more! Explore the high 
voltage equipment used in early 
wireless radio! Build induction 
coils, spark gaps, and more! Dis- 
cover the secrets of early high 
performance shortwave 
radios, and even the de- 
sign and construction of 
motors and generators! m 

m 

rLindsay's Electrical Books1 
PO Box 12-WF8, Bradley IL 60915 
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Enclosed is $1.00. Send me a copy of Lindsay's ' H 
Electrical Books catalog via first class mail! 2 

'D Z 'o 
'O O 



New Products 

frequency display analyze the system as it 

is being fine tuned. The ± 15 -dB sliders 
boost and cut every octave. A defeat/ 
bypass button is provided for comparison. 

The Soundshaper 310-which has two 
tape -monitor record/play loops with two- 
way dubbing-makes easy work of custom 
cassette recording. A switchable, precision, 
18-dB/octave infrasonic filter provides 
cleaner bass and a signal-to-noise ratio 
lower than that of a CD player (100 dB 
below one volt, A -weighted). 

The Soundshaper 310 10 -band graphic 
equalizer has a suggested retail price of 
$199.95. For additional information, con- 
tact ADC, 707 East Evelyn Avenue, Sun- 
nyvale, CA 94086. 
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LOUDSPEAKER LINE 

The DL 4, DL 6, DL 8, and DL 12 loud- 
speakers have suggested retail prices of 
$339.00, $439.00, $569.00, and $849.00, 
per pair, respectively. For more informa- 
tion, contact Celestion Industries, Inc., 89 
Doug Brown Way, Holliston, MA 01746; Tel. 

518-429-6706. 
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The updated line of Celestion DL Loud- 
speakers offers improved specifications and 
more attractive styling. The DL 4, DL 6, DL 
8, and DL 12 loudspeakers each feature a 

one -inch, two-piece titanium dome tweeter 
for exceptional high -frequency performance. 
The DL 4 (pictured) is equipped with a 61/2 - 

inch treated -paper bass driver, while the 
DL 6 and DL 8 each use an 8 -inch polyole- 
fine low -frequency unit. The DL 12 features 
dual 8 -inch polyolefine bass drivers. The 
DL series has a higher grade simulated - 
walnut vinyl on the outer panels, and the 
baffle is enhanced with a new finish and 
improved graphics. 

In the larger cabinets (DL 8 and DL 12), 
"Figure Eight" brace construction was used. 
The panel -stiffening technique, adapted 
from the aerospace industry, works by pin - 

ping all four sides of the 18 -mm particle 
boards to make them stiffer. The DL 12 

cabinet also uses "Transfer Bass Loading" 
construction, in which the lower bass - 
driver output is directed to a separate en- 
closure in the rear half of the cabinet and 
the mid -bass is loaded into the front half. 
The separately sealed halves help to alle- 
viate power -sharing difficulties normally en- 
countered in that type of system. 

PHOTOCONTACT TACHOMETER 

The multifunction TACH-1 from A.S. Sperry 
is a digital photo/contact tachometer that 
combines 0.05% basic accuracy with the 
capability of RPM and surface -speed meas- 
urements. Its memory -call button automat- 
ically displays last value, maximum value, 
and minimum value. 

The TACH-1 has a 5 - 99,999 -RPM 
photo range, a 0.5 -19,999 -RPM contact 
range, and surface speeds of 0.05 to 

PNOWCONMC7 

1,999.9 meters per minute and 0.2 to 6,560 
feet per minute. It comes packed complete 
with a carrying case, four AA batteries, re- 
flective tape, two RPM cone adapters, an 
RPM funnel adaptor, a surface -speed test 
wheel, and a one-year warranty. 

The TACH-1 digital photo/contact tachom- 
eter has a suggested list price of $224.95. 
For more information, contact A.W. Sperry 
Instruments, Inc., 245 Marcus Blvd., Haup- 
pauge, NY 11788. 

CIRCLE 78 ON FREE INFORMATION CARD 

count frequency capability (1 Hz resolution 
in one second) to over 150 MHz, and 
switched prescalers to maximize resolution 
from frequencies to over 2.4 GHz. The count- 
ers have multiple preamplifiers to permit 
efficient antenna pickup measurements. A 
16 -segment bargraph indicates input -sig- 
nal level to ensure reliable counting and to 
aid in RF security sweeps. 

Pushbuttons control gate selection (be- 
tween 4 gate times), function, and input 
selection. Hold, prescale, and direct count 
switches are also conveniently located. Cal- 
ibration and bargraph adjustments are ac- 

b IIIPUI IYP1 6ule 
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OPTOELECTRDMfCS INC. 

MODEL UTC3000 
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cessible from the front panel. In addition to 
the frequency and bargraph displays, the 
120 -segment LCD has annunciators for func- 
tion, gate time, number of cycles averaged, 
units, and low battery. The UTC3000 also 
has universal timer/counter features such 
as period, period average, time interval, time - 
interval average, and ratio. 

The UTC3000 universal timer counter 
costs $375.00. For additional information, 
contact Optoelectronics Inc., 5821 NE 14th 
Avenue, Ft. Lauderdale, FL 33334; Tel. 305- 
771-2050. 
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HAND-HELD UNIVERSAL TIMER COUNTER 

A 10 -digit, hand-held, universal timer 
counter from Optoelectronics, model 
UTC3000, incorporates high-speed ASIC 
and custom LCD technology. It has direct - 

CAR -STEREO UNITS 

Featuring a unique theft -deterrent design, 
Profile's DN -928 (pictured) and DN -924 car - 
stereo units cannot be used when the de- 
tachable control section is removed. The 
control section easily slips on or off its base 
by moving one lever, and is small and light 
enough to fit in a pocket. That design makes 
it much more convenient than conventional 
pull-out units that are heavy and cumber- 
some to carry around. 

Both units feature an electronically tuned 
radio with PLL synthesizer as well as auto - 
memory prescan, station presets that allow 
selection of up to 18 FM and 12 AM sta- 
tions, electronic station seek, and a local/ 
DX switch. A large, three -color LCD is com- 



plemented by the addition of two-color, se- 
lective night -light illumination. The DN -924 
has an auto-stop tape deck and 4.5 -watts - 
per -channel power output. The 25 -watts -per - 
channel DN -928 features an auto -reverse 
tape deck. Both units have CD -input capa- 
bility and 60 -dB signal-to-noise ratios. 

The DN -924 and DN -928 car stereo units 
have suggested retail prices of $199.00 and 
$299.00, respectively. For further informa- 
tion, contact Profile Consumer Electronics, 
11155 Knott Avenue, Suite I, Cypress, CA 
90630. 
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REMOTE -CONTROL ORGANIZER 

partment to hold program guides. When 
placed on a coffee table or couch, the 
Remote Mate, sloped at a 15° angle, aims 
the remotes' signals straight to the TV or 
stereo. 

The velcro -like material that covers the 
top of the unit is available in four colors- 
navy, black, walnut, and suede. Each re- 

mote unit gets two "Velcoins" attached to 
its back; those secure the remotes to the 
top of the Remote Mate, yet allow the re- 

motes to be easily removed whenever it is 

necessary. 
The Remote Mate organizer has a sug- 

gested list price of $19.95. For more infor- 
mation, contact Brave Innovations, Inc., 195 

West Main Street, Avon, CT 06001; Tel. 

203-673-8878. 

CIRCLE 81 ON FREE INFORMATION CARD 

Providing an attractive and practical way to 
keep track of as many as three remote - 
control units, Brave Innovations' Remote 
Mate is a single "master control center." 
The unit features oak sides with a natural 
stain finish, a "Velvet Loop" top, and a corn - 

550 -MHz FREQUENCY COUNTER 

An affordable, general-purpose instrument, 
B&K-Precision's model 1804 high -fre- 
quency counter features measurement to 
550 MHz, an 8 -digit LED, a low-pass filter, 
1.0 -second and 0.1 -second gates, and an 

overflow indicator. It has a direct range of 
5 Hz -1 MHz, and a prescale range of 10 

MHz - 550 MHz. Resolution is 10 Hz on 
prescale and 1 Hz for direct mode using 
the 1.0 -second gate, and 100 Hz prescale 
and 10 Hz direct using the 0.1 -second gate. 
The model 1804 provides ± time -base ac- 

curacy ± 1 count and a time -base accu- 
racy ± 2 counts, with the 1.0- and 0.1 - 

second gates, respectively. 
Input impedance for the direct range is 

1 megohm, shunted by less than 40 pF 
For the prescale range, impedance is 50 
ohms to match communications applica- 
tions. Sinewave sensitivity for the direct 
range is 30 mV rms at 5 Hz -30 MHz, 50 
mV rms at 30-80 MHz; and 100 mV rms 
at 80-100 MHz. The prescale range has 
50-mV-rms sensitivity at 10-550 MHz. The 
input filter is a switch -selectable, 100 -kHz, 
low-pass filter. 

The model 1804 high -frequency counter, 
including an AC power adapter, costs 
$295.00. For more information, contact B&K- 
Precision, Maxtec International Corporation, 
6470 West Cortland Avenue, Chicago, IL 

60635; Tel. 312-880-9087. 
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"RIVETING... 
HUBBARD'S BEST" 

-PUBLISHERS WEEKLY 

An awe-inspiring account of power and 
courage that you'll never forget - FINAL 
BLACKOUT is the action -packed epic 
adventure of a man rebuilding a war - 
ravaged civilization and willing to pay the 
price for what it takes. Get 

FINAL BLACKOUT 
by master storyteller 

L. RON HUBBARD 
CALL TOLL FREE 1-800-722-1733 

(1-800-843-7389 in CA) or mail order to: 

Bridge Publications, Inc., Dept PE 

4751 Fountain Ave., Los Angeles, CA 90029 

FREE SHIPPING! 
Calif. residents add 6.75% tax. 

Copyright ©1989 Bridge Publications, Inc. All rights reserved. 
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EARN YOUR \ KC.) 

B.S.E.E. 
DEGREE 

THROUGH HOME STUDY 
Our New and Highly Effective Advanced -Place- 
ment Program for experienced Electronic Tech- 
nicians grants credit for previous Schooling and 
Professional Experience, and can greatly re- 
duce the time required to complete Program and 
reach graduation. No residence schooling re- 
quired for qualified Electronic Technicians. 
Through this Special Program you can pull all of 
the loose ends of your electronics background 
together and earn your B.S.E.E. Degree. Up- 
grade your status and pay to the Engineering 
Level. Advance Rapidly! Many finish in 12 
months or less. Students and graduates in all 50 
States and throughout the World. Established 
Over 40 Years! Write for free Descriptive Lit- 
erature. 

COOK'S INSTITUTE 
OF ELECTRONICS ENGINEERING 

/Gym 4251 CYPRESS DRIVE 
E JACKSON, MISSISSIPPI 39212 
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Enter A World Of Excitement with a Subscription to 

Popular Electronics 
Get the latest electronic technology 

and information monthly! 
Now you can subscribe to the magazine that plugs you into 
the exciting world of electronics. With every issue of Popular 
Electronics you'll find a wide variety of electronics projects 
you can build and enjoy. 

Popular Electronics brings you informative new product and 
literature listings, feature articles on test equipment and 
tools-all designed to keep you tuned in to the latest devel- 
opments in electronics. So if you love to build fascinating 
electronics, just fill out the subscription form below to sub- 
scribe to Popular Electronics ... It's a power -house of fun for 
the electronics enthusiast. 

EXCITING MONTHLY FEATURES LIKE: 

CONSTRUCTION-Building projects from crystal sets to 
electronic roulette 
FEATURES-Educational training on digital electronics, 
Ohm's Law, Antennas, Communications, Antique Radio, 
Simplified Theory 
HANDS-ON-REPORTS-User test comments on new and 
unusual consumer products 
SPECIAL COLUMNS-Think Tank, Circuit Circus, Com- 
puter Bits, DX Listening, Antique Radio, Amateur, Scanner 
Scene 

PLUS: ALL OUR GREAT DEPARTMENTS! 
You'll get 12 exciting and informative issues of Popular Elec- 
tronics for only $18.95. That's a savings of $11.05 off the regular 
single copy price. Subscribe to Popular Electronics today! Just fill 
out the subscription order form below. 
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Some simple circuits that 
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Nikola Tesla, considered 
by some to be the 
greatest inventor of 

the electrical age, is today 
best remembered for his fas- 
cinating power -transmission 
experiments, using his famous 
Testa Coil. In his original experi- 
ment, he was able to transmit 
electrical energy without wires 
to light incandescent lamps 
located over 25 miles way. 

Today, most similar circuits- 
like the Tesla Coil described in 

this article -are used for edu- 
cational and experimental 
purposes. Unlike many of the 
modern versions, our circuit 
feeds AC to a power trans- 
former capable of outputting 
about 3-kVAC at 20 milliamps. 
The output of the transformer 
is sent to a primary coil, and is 

magnetically coupled to a 
secondary coil with a top ca- 
pacitance. And if the primary 
coil is properly tuned, a spec- 
tacular high -frequency, high - 
voltage output is produced at 
the secondary coil. 

Circuit Description. Figure 1 

shows the schematic diagram 
of the Tesla Coil circuit. The cir- 
cuit consists of little more than 
a few coils, a step-up power 
transformer, and a capacitor. 
Power from an AC wall socket 
is fed to transformer T1 (a small 
neon -sign transformer) which 
steps the voltage up to about 
3000 -volts AC, 

The stepped -up output of T1 is fed 
through L1 and L2 across Cl, causing it 
to charge until enough power is stored 
in the unit to produce an arc across the 
spark gap. The spark gap-which mo- 
mentarily connects Cl and L3 in paral- 
lel-determines the amount of current 
transferred between Cl and L3. 

The arcing across the spark gap 
sends a series of high voltage pulses 
through L3, giving a sort of oscillating 

THE 
SQUARE 
W 

SQUARE 
TESLA 

COIL 
Build this unusual version 

of Nikola Tesla's most 
famous experiment! 

effect. The energy fed through L3 is 

transferred to L4 via the magnetic cou- 
pling between the two coils. (Because 
of the turns ratio that exists between L3 

and L4, an even higher voltage is pro- 
duced across L4J Coil L4 steps up the 

BY VINCENT VOLLONO 

voltage, which collects on the 
top -capacitance sphere 
where it causes an avalanche 
breakdown of the surrounding 
air, giving off a luminous dis- 
charge. 

In order to get maximum 
output from the Tesla Coil, cer- 
tain conditions must be met. 
First of all, the primary and 
secondary resonant frequen- 
cies must be made equal by 
tuning the primary coil, L3. 

That's accomplished by tap- 
ping L3 at points along the coil 
with a clip lead. 

In addition, the setting of 
the spark gap greatly effects 
the output of the Tesla Coil. 
Our Tesla Coil is designed to 
use either a stationary spark 
gap or an optional rotary 
spark gap; both of which must 
be adjusted for maximum out- 
put. (We'll discuss the rotary 
spark gap a little later.) 

If L3 and L4 are coupled too 
close, coil efficiency is re- 
duced; over -coupling pre- 
vents the circuit from resonat- 
ing at maximum efficiency. 
That also causes a breakdown 
between L3 and L4, which can 
produce arcing between the 
two coils. By increasing the 
coupling between L3 and L4, 

the amount of energy in- 
creases in L4 until a "critical 
coupling" is reached. 

In addition, the Q of the coils 
is very important (the Q of a 

coil is equal to its inductive reactance 
divided by its resistance). The lower the 
Q, the higher the efficiency of the coil. 
The primary coil was made from a few 
turns of aluminum grounding wire (so its 

resistance is very low). The secondary 
has many more turns of fine magnet 
wire, which by its very nature exhibits a 
higher resistance than does the wire 
used in the primary coil (L3). 

Rotary Spark Gap. The rotary spark 
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Fig. 1. The Tesla Coil circuit consists of little more than a few coils, a step-up power 
transformer, and a capacitor. 
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Fig. 2. Here's the schematic diagram for the optional rotary spark gap. The circuit is 
made up of a 12 -volt power transformer, a bridge rectifier, a 4700-µF capacitor, 
and a 12 -volt DC motor. 

gap is a simple add-on circuit for the 
Tesla Coil, consisting of a variable DC 
power supply and a small, 5000 rpm, 
DC motor. The circuit allows you to vary 
the output of the Tesla Coil by adjusting 
the rotating speed of the motor. A ro- 
tary gap is far more efficient than the 
stationary gap because the stationary 
gap could cut out, requiring that the 
gap be readjusted. 

Figure 2 shows the schematic di- 
agram of the rotary spark gap, which is 

assembled as a separate unit. The cir- 
cuit is made up of a 12 -volt power trans- 
former, a bridge rectifier, a 4700-µF 
capacitor, and a 12 -volt DC motor. 
Power is delivered to the circuit via a 
117 -volt AC line cord, and fed to trans- 
former T2 (a 12 -volt, 700 -mA unit), which 
provides a 12 -volt AC output. The output 
of the transformer is fed to BR1 (a 1 -amp, 
100 -PN, full -wave bridge rectifier), which 
converts the AC input to provide 12 - 

volts DC for the operation of the motor. 
The output of the rectifier is fed to the 

base of transistor Q1, which along with 
Q2 forms a Darlington pair. The output 
of Q1, which controls the bias pre- 
sented to the base of Q2, is controlled 
by potentiometer R2. Potentiometer R2 

is used to adjust the base bias on Q1, 
thereby varying the current through Q2, 

which in turn varies the rotating speed 
of the motor. 

The rotary spark gap has a stationary 
post (two screws) mounted on a small 
square of perfboard, which face a rotor 
(another perfboard square on which 
four screws are mounted and elec- 
trically connected together with bus 
wire). The stationary posts and the rotor 
posts are positioned as close as possi- 
ble. The movement of the rotor makes 
and breaks the gap giving maximum 
impulse power, and will not cut out if the 
stationary and rotor posts are set prop- 
erly. 

The rotary spark gap is connected to 
the Tesla Coil through separate wires 
and banana jacks (J4 and J5). When 
the circuit is powered up, the current 
that normally travels through the sta- 
tionary spark gap on the Tesla Coil is re- 
routed through the rotary gap via J4 
and returned to the Tesla Coil via J5. To 

make the connections plug PL1 into J1, 

PL2 into J4, and PL3-which in Fig. 1 is 

used to connect the output of the sta- 
tionary spark gap to L3-into J5. 

Construction. The author's prototype 
of the Tesla Coil was built into a large 
plastic enclosure; because of the high 
voltages involved, it is imperative that 

you avoid metal enclosures. Because 
the circuit consists of very few parts, its 

components can easily be hard -wired 
together within the housing, using Fig 1 

as a guide. There is nothing particularly 
critical about the layout of the circuit. 
Just be sure to maintain adequate 
spacing between the individual corn - 

PARTS LIST FOR THE 
TESLA COIL 

LI, L2 -10-µH, AC -line filter choke 
L3-6 turns, #10 aluminum grounding 

wire, see text 
L4-348 turns, #24 magnet wire, see 

text 
T1 -3 -kV, 20 -mA, neon -sign 

transformer 
C1-.006 -µF, 5000-WVDC ceramic 

capacitor (see text) 
F1 -10 -amp fuse 
J1-J3-Banana jack 
PLI-PL3-Banana plug 
PL4-3-conductor AC power plug with 

line cord 
Metal output sphere, plastic or wooden 

enclosure, "L" brackets wire, solder, 
wood, hardware, etc. 

PARTS LIST FOR THE 
ROTARY SPARK GAP 

QI-TIP41 NPN silicon power transistor 
Q2 -2N3055 NPN silicon power 

transistor 
BRl-1-amp, 100 -NV, full -wave bridge 

rectifier 
MOTl-12-volt, 5000 -rpm, DC motor 
T2 -12 -volt, 700 -mA, step-down power 

transformer 
RI -1000 -ohm, %a -watt, 5% resistor 
R2 -10,000 -ohm potentiometer 
J4, J5-Banana jack 
PL5-2-conductor AC power plug with 

line cord 
Perfboard materials, plastic or wooden 

enclosure, wood, wire, solder, 
hardware, etc. 

Note: A 3 -kV, 20 -mA, neon -sign 
transformer (TI) is available as part 
number 720-391 from N. Glantz & 
Son, 18-218 57th St., Brooklyn NY 
11220, Tel. 800-522-5120. The 12 -volt 
DC motor for the optional rotary spark 
gap (MOTI) is available from H&R 
Corp., 401 E. Erie Ave, Philadelphia, 
PA 19134, Tel. 800-848-8001. Contact 
those companies directly for pricing, 
shipping and handling charges, etc. 

Plans for making your own high - 
voltage capacitors, such as the one 
required for Cl, are available for $3.50 
postpaid from Alegro Electronic 
Systems, 3 Mine Mountain Road, 
Cornwall Bridge, CT 06754; ask for 
item number UHVC400. 
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ponents. 
Start by drilling holes in the enclosure 

to pass wires through and for the panel - 
mounted components. In the author's 
prototype, three sides of the enclosure 
were outfitted with appropriate sized 
holes. A1/4 -inch hole was drill in one side 
of the enclosure, through which a 
ground wire connects to L3. 

On another side of the enclosure, 
holes were drilled to accommodate a 
dowel rod (which is part of the station- 
ary spark gap), a fuse holder, and the 
power cord. On the third side, three 
holes were drilled for banana jacks. It 

will also be necessary to drill holes in the 
bottom of the enclosure suitable for Ti's 
mounting hardware. 

Begin assembly by mounting the 
power transformer on the bottom of 
the enclosure. Next connect a 10-µH AC 
filter choke in series with each of Ti's 

secondary leads, and then connect 
the free ends of each coil across Cl 
(see Fig. 1). 

Note: In the author's prototype, Cl is 

really Iwo .012-µF 2500 -volt AC capaci- 
tors that were wired in series to create 
Cl (giving the capacitor an effective 
rating of .006 µF at 5 -kV AC). If you use 
the same scheme, keep the con- 
necting leads between the capacitors 
as short as possible. After connecting 
the capacitors together, cover the gap 
between the Iwo units with non-con- 
ductive tape, and connect the Jerry - 
rigged unit in the circuit as shown. 

Stationary Spark Gap. The stationary 
gap can be made from Iwo 3/16 -inch 
carriage bolts (see Fig. 3). One bolt is 

stationary and the other one is adjusta- 
ble so that it can be used to vary the 
spark gap. A 1/2 -inch wooden dowel is 

attached to the bolt that is to be ad- 
justable, allowing adjustments to the 
gap to be made from outside the proj- 
ects enclosure. 

The wooden dowel is very important; 
one does not want to adjust the gap by 
touching metal (or any other con- 
ductive device), since the gap is ad- 
justed with the Tesla Coil in operation. 

The bolts that form the spark gap are 
supported by two "L" brackets mounted 
to spacers so that they face each other 
(see Fig. 3). The stationary post of the 
spark gap is connected to J3, and the 
movable bolt is connected to J2. 

Primary Coil. The original primary coil 
(L3) was made from 6 turns of #16 alu- 
minum grounding wire in a pancake 
style winding. However, to give the unit 

J1 

She INCH CARRIAGE 

BOLT 

3/16 INCH 
NUT J3 

J2 

1/2 INCH WOODEN 

DOWEL 

"L" BRACKET 

1/2 INCH FUSE 
CERAMIC HOLDER 

STANDOFF 

Fig. 3. The stationary spark gap is made from two 3/10 -inch carriage bolts supported 
by "L" brackets mounted to spacers so that they face each other. One bolt is made 
stationary, while the other is made adjustable so as to vary the spark gap. 

L2 

Cl 

L1 

T1 

NO 

CONNECTION 

TO L2 
TERMINAL 

BLOCK 

Fig. 4. The inner winding of L3 should have an area of about 6 -inches square. When making = 
the coil be careful that you do not form wire loops, instead of the continuous coil 0 

co illustrated here. 

a somewhat unusual look, the original 
(more -or -less round) primary coil was 
replaced with a square version made 
from heavier #10 aluminum grounding 
wire. The Coil was formed on four 6 - 

position, twin-turnscrew type barrier 
blocks, which were mounted on four 
blocks of wood. 

The wood blocks (with barrier blocks 
attached) were mounted to the top of 

ET) - 
x 
D z v 

Ó 
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the enclosure near the edges, and bus 
wire was then connected to the barrier 
blocks to form the coil. Note: The wires 
do not have to be fed through the barri- 
er strips because of the twin-turnscrew 
arrangement. The wire can be cut to 
the proper size and screwed into the 
terminal strip to form the primary coil. 

The inner dimensions of L3 should be 
about 6 -inches square. When making 
the coil be careful that you do not form 
wire loops, instead of the continuous 
coil illustrated in Fig. 4. When you are 
finished with the coil, there should be 
one unoccupied screw terminal at the 
center and another at the outer rim of 
the coil. The unoccupied terminal at 
the outer rim of L3 is connected to 
ground via a wire that's brought out 
through a hole in the enclosure. The 
unoccupied terminal at the center of 
the coil is left floating. 

The Secondary Coil. To fabricate the 
secondary coil (L4), the author wound 
about 348 turns of #24 magnet wire 
onto an 81/2 -inch length of 31/2 -inch di- 
ameter PVC tubing. That works out to be 
about 48 turns per inch, covering 71/4 

inches on the PVC tubing. 
The coil was wound by hand using a 

simple jig which consists of little more 
than a stand for the wire and another 
for the coil form. When winding the sec- 
ondary coil, try to keep the winding as 
even as possible without overlapping 
any turns. 

After the coil has been wound, apply 
clear varnish or polystyrene (Q -DOPE) 
to hold the coil windings in place, and 
to help insulate the coil. Nextdrill a small 
hole in the center of the Tesla Coil en- 
closure lid, and thread the lower lead of 
L4 through the hole and connect it to 
the ground end of L3 (as shown in Fig. 1) 

and mount L4 in the center of L3 (see 
Fig. 4). The secondary coil is then se- 
cured in place with glue. 

As an added measure of protection, 
you can also place clear plexiglass 4 - 
inch OD (outside diameter) tubing over 
the secondary coil as a second layer of 
insulation. You might also seal the in- 
sulating tube and place mineral oil in it, 

thereby further increasing the tubing's 
insulating properties, but that's not nec- 
essary for this type of Tesla Coil. 

The Output Sphere. The output 
sphere-a 11/4 -inch steel ball on top of 
a plastic spacer-also serves as the top 
capacitance. An important point here 
is that the surface area represents the 
capacitance not the inner area of the 

C2 

02 
ROTOR 

STATIONARY 
POST 

BR1 

MOTI 

Fig. 5. The rotor of the rotary spark gap is made from a small perfboard square containing 
four #6 screws that are connected through bare bus wire. The stationary post consist of another 
perfboard square (of equal size), containing two #6 screws that are not tied together 
electrically. 

ball. It matters not if you use a solid ball 
or a hollow ball; they will both work 
equally well as long as their surface 
areas are equal. 

The size of the sphere effects the sec- 
ondary's resonant frequency, so if you 
use a larger sphere, it will be necessary 
to retune the primary coil for maximum 
output. A bigger sphere collects more 
energy, causing it to give off a higher 
output. So experimenting with the top 
capacitance is highly recommended. 

The Rotary Gap. The rotary spark gap 
is not necessary to the operation of the 
Tesla Coil. So, if you do not wish to build 
the optional rotary gap, skip this sec- 
tion. 

The rotor of the rotary spark gap is 

made from a small perfboard square 
on which four #6 screws are mounted 
and electrically connected through 
bare bus wire. The stationary post con- 
sist of another perfboard square (of 
equal size), containing two #6 screws 
that are not tied together electrically. 
The screws of the stationary post are 
instead taken out to J4 and J5. Per- 

fboard is specified because the holes 
in perfboard make it easy to align the 
screws on the rotor with those on the 
stationary post. 

The first step in building the rotary 

gap is to build and mount the motor 
support. In the author's prototype (see 
Fig. 5), the motor mount was made from 
small blocks of wood assembled in a 
"U" shape. Awooden mount is also used 
to secure the stationary post in place. 

The distance between the rotor 
screws and the stationary post screws 
must be as small as possible without 
touching in order for the unit to function 
properly. After mounting the motor 
mount in the enclosure, place the 
motor in the mount and secure it in 

position with epoxy. 
Next assemble the motor controller 

circuitry on a piece of perfboard, using 
Fig. 2 as a guide. Note that T2, R2, J4, 

and J5 aren't mounted to the per- 
fboard, but instead are mounted to the 
rotary -gap enclosure. Once the con- 
troller board is assembled check your 
work for wiring errors. If all checks out, 
solder wires to the appropriate points 
on the board for connection to the off - 
board components. Set the board to 
the side for now; it will be installed in a 
moment. 

Mount the off -board components on 
some convenient spot on the en- 
closure. Mount R2 so that you'll have 
easy access to its wiper. Jacks J4 and J5 

can be mounted in any desirable loca - 
(Continued on page 140) 
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No other training-in school, on the job, 
anywhere-shows you how to troubleshoot and 

service computers like NRI 

DIGITAL MULTIMETER 
Professional test Instrument for 
quick and easy measurements. 

LESSONS 
Clearcut, Illustrated texts build 
your understanding of computers 
step by step. 

r 0 

slte í! 
SOFTWARE 
Including MS-DOS, GW BASIC, word 
processing, database and spreadsheet 
programs. 

HARD DISK 
20 megabyte hard disk drive you install 
internally for greater data storage 
capacity and data access speed. 

Only NRI walks you through the 
step-by-step assembly of a powerful 
AT -compatible computer system you 
keep-giving you the hands-on ex- 
perience you need to work with, 
troubleshoot, and service all of today's 
most widely used computer systems. You get 
all it takes to start a money -making career, even 
a business of your own in computer service. 

No doubt about it: The best way to learn to service computers is to actually 
build a state-of-the-art computer from the keyboard on up. As you put the 
machine together, performing key tests and demonstrations at each stage of 
assembly, you see for yourself how each part of it works, what can go wrong, 
and how you can fix it. 

Only NRI-the leader in career -building, at-home electronics training for more 
than 75 years-gives you such practical, real -world computer servicing experience. 
Indeed, no other training-in school, on the job, anywhere- shows you how to 
troubleshoot and service computers like NRI. 

You get in -demand computer servicing skills as you 
train with your own AT -compatible system-now 

with 20 meg hard drive 
With NRI's exclusive hands-on training, you actually build and keep the powerful 
new AT -compatible West Coast 1010 ES computer, complete with 1 meg RAM and 
20 meg hard disk drive. 

You start by assembling and testing the 101 -key "intelligent" keyboard, move 
on to test the circuitry on the main logic board, install the power supply and 1.2 meg 
5'/+" floppy disk drive, then interface your high -resolution monitor. But that's not all. 

Only NRI gives you a top -rated micro with complete 
training built into the assembly process 

Your NRI hands-on training continues as you install the powerful 20 megabyte hard 
disk drive-today's most wanted computer peripheral-included in your course to 
dramatically increase your computer's storage capacity while giving you lightning - 
quick data access. 

Having fully assembled your West Coast 1010 ES, you take it through a complete 
series of diagnostic tests, mastering professional computer servicing techniques as you 
take command of the full power of your computer's high-speed 80286 microprocessor. 

In no time at all, you have the confidence and the know-how to work with, 
troubleshoot, and service every computer on the market today. Indeed you have 
what it takes to step into a full-time, money -making career as an industry technician, 
even start a computer service business of your own. 

No experience needed, NRI builds it in 

You need no previous experience in computers or electronics to succeed with NRI. 
You start with the basics, following easy -to -read instructions and diagrams, quickly 

NEW! AT -COMPATIBLE COMPUTER 
High-speed 80286 CPU i12 MHz Clock, 0 wait 
states), 1 meg RAM, 1.2 meg, 51/2" high - 
density floppy disk drive. 

MONITOR 
High -resolution, non -giare, 12" TTL 
monochrome monitor with tilt and 
swivel base. 

TECHNICAL MANUALS 
With professional programs 

and complete specs on 
your computer. 

DIGITAL LOGIC 
PROBE 
Simplifies analyz- 
ing digital circuit 
operation. 

DISCOVERY LAB 
Complete breadboarding 
system to let you design and 
modify circuits, diagnose and 
repair faults. 

moving from the fundamentals to 
sophisticated computer servicing 
techniques. Step by easy step, you 
get the kind of practical hands-on 
experience that makes you unique- 
ly prepared to take advantage of 
every opportunity in today's top - 
growth field of computer service. 

What's more-you learn at 
your own pace in your own home. 
No classroom pressures, no night 
school, no need to quit your pre- 

sent job until you're ready to make your move. And all throughout your training, 
you have the full support of your personal NRI instructor and the NRI technical staff 
always ready to answer your questions and give you help whenever you need it. 

Your FREE NRI catalog tells more 
Send today for your free full -color catalog describing every aspect of NRI's innovative 
computer training, as well as hands-on training in robotics, video/ audio servicing, 
electronic music technology, security elecronics, telecommunications, and other 
growing high-tech career fields. 

If the coupon is missing, write to NRI School of Electronics, McGraw-Hill 
Continuing Education Center, 4401 Connecticut Avenue, Washington, DC 20008. 

AT is a registered trademark of International Business Machines Corporation 
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Although new to some countries, 
subcarrier transmissions on FM 

broadcasts have been made for 
years. They are referred to as 
Subsidiary Communications Author- 
ized transmissions or SCA. They are 
based on a 67 -kHz subcarrier that is 

placed on a station's main FM carrier. 
It's even possible to have multiple sub - 
carriers, some carrying digital data 
and others carrying audio. 

So you can receive such broad- 
casts, we present the SCA Adapter* 
that can be hooked into most FM tun- 
ers with a minimum of fuss. Low in cost, 
it uses just a few readily available inte- 
grated circuits. 

Before we describe the Adapter cir- 
cuit, let's briefly talk about FM-subcar- 
rier transmissions. They have no effect 
on standard FM mono and stereo radi- 
os. Also, they are fully compatible with 

*This story first appeared in Silicon Chip, 
Australia (January 1988); reprinted here 
with permission. 

all existing FM radios, whether stereo or 
mono. In fact, unknown to the great 
mass of FM listeners, such transmissions 
have been going on for some time. 

67kHz INPUT 
FROM FM 

DEMODULATOR 

67kHz 
BAND PASS 

FILTER 

PLL 
DEMODULATOR 

18dB/OCTAVE 
6kHz LOW PASS 

FILTER 
GAIN= -1 

12dB/OCTAVE 
6kHz LOW PASS 

FILTER 
GAIN= -10 

AUDIO 
OUTPUT 

Fig. I. This block diagram shows the four 
circuit functions of the SCA Adapter. The 
corresponding functions are also marked 
on the circuit diagram in Fig. 2. 

BY JOHN CLARKE AND 
LEO SIMPSON 

This simple 
adapter circuit fits 

in your FM tuner and 
lets you tap into hidden 

FM transmissions 

But while all FM radios are presently 
unaffected, they are capable of pick- 
ing up the subcarrier transmissions. 
With the addition of an adapter such 
as the one we'll describe here, they will 
be able to detect the hidden audio 
signals. 

The SCA Adapter prototype was 
built on a compact printed -circuit 
board accommodating three low- 
cost op -amps, a phase -locked loop 
IC, a 3 -terminal regulator, and a hand- 
ful of resistors and capacitors. 

How it Works. Figure 1 shows a block 
diagram of our circuit. The 67 -kHz sig- 
nal present at the output of the FM 
detecter (in the radio to be modified) 
is first fed to a 67 -kHz bandpass filter, 
and then to a phase -locked loop (de- 
noted PLL), which recovers the audio 
on the 67 -kHz subcarrier. 

The audio output of the PLL is then 
passed through a low-pass filter, which 
attenuates frequencies above 6 kHz at 
the rate of 18 dB/octave. Another 12- 
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Fig. 2. The circuit. for the SCA Adapter is basic 

dB/octave low-pass filter stage com- 
pletes the conditioning of the signal 
before it is passed to an external audio 
amplifier. 

Figure 2 shows the complete circuit. 
Op -amp U1 and its associated com- 
ponents comprise the 67 -kHz band- 
pass filter. A twin -T network, comprised 
of four 1100 -ohm resistors and four 
0.0022-µF capacitors, is connected in 

the feedback network of the op -amp. 

PLL DEMODULATOR 18dB/OCTAVE LOW PASS FILTER 
GAIN= -1 

ally a PLL with input and output ,filter stages. 

That gives some gain at 67 kHz and 
heavy attenuation for frequencies 
above and below that frequency. 

An additional passive filter at the in- 
put to tie twin -T network (containing a 
220-pF capacitor and a 10,000 -ohm 
resistor) provides some additional roll - 
off for frequencies below 67 kHz. 

In practice, the bandpass-filter ac- 
tion covers a frequency range of 
about 10 kHz above and below the 67 - 

PARTS LIST FOR THE SCA ADAPTER 

SEMICONDUCTORS 
Ul, U3, U4-TL071 FET op -amp, 

integrated circuit 
U2-LM565 phase -locked loop, 

integrated circuit 
U5-7812 3 -terminal 12 -volt regulator, 

integrated circuit 

CAPACITORS 
C1 -4.7-µF, 16-WVDC, electrolytic 
C2 -2.2-µF, 16-WVDC, electrolytic 
C3 -1-µF, l6-WVDC, electrolytic 
C4 -1-µF, 35WVDC, electrolytic 
CS. C6 0.22-µF, metallized polyester 
C7-.033 -µF, metallized polyester 
C8-.022 -µF, metallized polyester 
C9-.0068 -µF, metallized polyester 
CI0-.0056-µF, metallized polyester 
C11-C14-.0022-µF, metallized 

polyester 
C15-C17-.001-µF, metallized polyester 

C18-550-pF polystyrene 
C 19-220-pF ceramic 

RESISTDRS 
(All res_stors are %4 -watt, 5% precision 

units unless otherwise noted.) 
R1--20;000-ohm, 2% precision 
R2 -18:000 -ohm 
R3-R8-10,000-ohm 
R9, RIO -1800 -ohm 
Rll-R14-1100-ohm, 2% precision 
R15 -1)00 -ohm 
R16, R 7 -560 -ohm 
R18 -1),000 -ohm, miniature vertical 

trimmer potentiometer 
R19 -5,000 -ohm, miniature vertical 

trimmer potentiometer 

ADDITIONAL PARTS AND MATERIALS 
Printd-circuit board, hookup wire, 
audio leads, solder, etc. 

w 
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kHz center frequency. Resistor R18 sets 

the gain of the bandpass-filter stage. 
Integrated -circuit U2 is a National 

LM565 phase -locked loop that de- 
modulates the 67 -kHz frequency -mod- 
ulated (FM) signal from U1. The LM565 
PLL consists of a voltage -controlled os- 

cillator (VCO) set to 67 kHz, and a 
comparator that compares the in- 
coming frequency -modulated 67 -kHz 

signal at pin 2 with the VCO signal fed 
into pin 5. 

The output of the comparator repre- 
sents the phase difference between 
the incoming signal and the VCO sig- 
nal, and is therefore the audio modu- 
lated by the subcarrier. Treble de - 
emphasis of 150 µs is provided by a 
.033-µF capacitor (at pin 7). 

The free -running VCO frequency is 

determined by the .001-µF capacitor 
at pin 9, and the resistance between 
the positive rail and pin 8 (100 ohms in 

series with R19). Variable -resistor R19 

adjusts the oscillator frequency (also 
known as the "center frequency") so 
that the incoming signal is within the 
lock range of the PLL. 

To minimize noise in the demodu- 
lated output, it is important to reduce 
the lock range of the PLL to a minimum. 
That is achieved by shorting pins 6 and 
7 together. To a lesser extent, the lock 
range-and therefore the noise out- 
put-becomes smaller for lower input 
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signals, so we keep the input signal as 
low as possible without affecting the 
PLL's operation. 

Following U2 is the 18-dB/octave fit- 
ter containing U3, which has a gain of 
one for the desired signal frequencies. 
The filter is followed by the final stage, 
U4, which has a gain of 10. 

The adapter is ideally powered from 
the tuner or receiver it is built into, so we 
had to make its input -voltage require- 
ments non -critical. The solution is to use 
a 12 -volt, 3 -terminal regulator that en- 
ables the circuit to be powered from 
any +15- to + 30 -volt supply. 

The three op -amp IC's and the PLL 

are all biased to half the supply volt- 
age by a voltage divider consisting of 
two 10,000 -ohm resistors, which is de - 
coupled by a 4.7-µF capacitor. The 
center of the voltage divider is con- 
nected to pin 3 of each op -amp and 
the PLL. 

PCB Assembly. The printed -circuit 
board for the project (see Fig. 3) mea- 
sures just 3-5/s x 2 -1/4 -inch and will help 
ease assembly if made. Point-to-point 
assembly can be used but will be a bit 
difficult to perform accurately. 

No special points need to be watch- 
ed when installing the parts on the 
board except that component polar- 
ities must be correct (see Fig. 4). Note 
also that U1 has a different orientation 
to U2, U3, and U4. 

When assembly and soldering are 
finished, check your work carefully 
and then connect a DC supply of be- 
tween 15 and 30 volts. Now check the 
voltage at the output of the 3 -terminal 
regulator, at pin 7 of the TL071 op - 
amps, and at pin 10 of the PLL. In each 
case, the reading should be close to 
12 -volts. The voltage at pins 3 and 6 of 
each op -amp, and pin 3 of the PLL, 

should be close to 6 -volts DC. 

The photo shows the SCA Adapter 
installed in an older AM/FM stereo 
receiver, the Harman Kardon HK5701. 
Two brackets were used to suspend the 
Adapter above the tuner board. 

Fig. 3. Full-size PC artwork for the SCA Adapter. Its use is recommended. 
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Fig. 4. Take care when assembling the board; UI is oriented diftc'rentl from U3 and U4. 

If everything is okay, you are ready to 
install the Adapter in your FM tuner or 
stereo receiver. 

Finding the Signal. Here comes the 
tricky part. Ideally, you need access to 
the circuit diagram of your tuner or re- 
ceiver. Next, you need to identify a 
positive DC -supply rail of between 
+15 and +30 volts. Then, you need to 
find the output of the FM demodulator 
of your receiver or tuner. 

In a stereo tuner, that comes before 
the multiplex decoder and treble de - 
emphasis networks. In a mono tuner, 
you must identify the demodulator out- 
put before de -emphasis. After de -em- 
phasis, the 67 -kHz signal will be non- 
existent. 

Most medium-priced tuners use two 
IC's to do most FM -signal processing. 
They are the IF amp and detector IC, 
followed by a multiplex (MPX) de- 
coder IC. The most convenient point to 

pick off the 67 -kHz signal is at the input 
to the MPX decoder. 

Setting Up. Having found the signal 
and made the necessary connections 
from the Adapter to your tuner, the set- 
up procedure is relatively simple. First, 

make sure that R18 is set so that its 

wiper is tumed toward the LM565. That 
will provide maximum signal. Now ad- 
just R19 so that there is an audio signal. 
Find the extreme settings of R19 where 
the audio signal drops out, then set R19 

between the two extremes. 
Resistor R18 is used to minimize noise 

from the audio signal when the FM - 

signal level is poor. Adjust the trimmer 
until the sound becomes distorted and 
then back off the adjustment until the 
distortion is no longer audible. If you 
have a strong FM signal, adjustment of 
R18 will have no effect on the noise 
level, and so it should be left at its max- 
imum -resistance setting. 
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hile working outdoors or in your 
garage, often it would be help- 

ful for those indoors to have a conve- 
nient way to alert you if you are 
needed. Or perhaps your children are 
playing outdoors and you would like 
an easy way to call them in. This article 
describes a wireless transmitter/re- 
ceiver combination-called the 
Personal Pocket Pager-that allows 
you to page (beep) someone from a 
distance of up to about 100 feet. 

When activated, the transmitter 
sends out an amplitude modulated 
(AM) 49,890 -MHz RF carrier. The re- 

ceiver detects, amplifies, and de- 
codes the RF signal, which, in turn, 
activates a piezo beeper (buzzer). The 
receiver is small enough to carry in a 
pocket or sit on your workbench. The 

transmitter is also small and fits easily 
into a pocket for quick access. 

The Transmitter. Figure 1 shows a 
schematic diagram of the transmitter 
circuit. A 7555 CMOS oscillator/timer, 
U1, generates a 490 -Hz squarewave. 
Resistors R1 -R3, and capacitor C3 de- 
termine the squarewave's frequency. 
Capacitor C2 and L3 prevent RF cur- 
rents from reaching the trigger input, 
pin 2 of U1; at the same time, 490 -Hz 

signals pass unattenuated. The 490 -Hz 

output of U1 at pin 3 is used to drive a 
crystal -oscillator circuit built around 
01, which generates the 49,890 -MHz 
RF -carrier signal. 

Capacitor C5 bypasses RF current 
to ground, placing transistor 01 in a 
common -base configuration. Resistors 

R4 -R6 set Q1's quiescent DC emitter 
current to about 7 milliamperes (mA). 
Inductor L1 is used to tune capacitors 

s1 

L1 Q1 Cl 

L4 

U1 L3 

Shown here is the Pocket Pager's complete- 
ly assembled transmitter, which should 
give you some idea of its actual size. Be- 
cause of tight spacing, the resistors have 
been vertically mounted. 

PERSONAL 
POCKET 

PAGER 
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C6, C7, and Q1's collector -base ca- 
pacitance to a resonant frequency of 
49,890 MHz. RF transformer T1 matches 
the low impedance of the whip anten- 
na to the 780 -ohm load resistance re- 
quired by the oscillator. The antenna - 
loading coil, L2, tunes out the capaci- 
tive reactance exhibited by the elec- 
trically short whip antenna changing 
the antenna into a resistive load. Ca- 
pacitors C1, C4, and C8 filter the V + 
(power supply) bus. 

With switch S1 closed, the square - 
wave signal from U1 periodically 
grounds the pin 3 end of resistor R6. 

With R6 grounded, 01 is supplied a DC 
current that, in turn, allows 671 to gener- 
ate an RF carrier. In that way, U1 switch- 
es Q1 on and off at a frequency of 490 
Hz to generate an amplitude -modu- 
lated RF envelope. 

The RF Receiver. Figure 2 shows the 
schematic diagram of the RF receiver. 
Transistor Q1 and its components com- 
prise a super -regenerative receiver. 
Resistors R1 -R4 bias Q1 fora quiescent - 
emitter current of about 1 mA. 

This local -area paging 
system can help keep 

you in touch with 

family, friends, 
and co-workers. 

BY DAN BECKER 

The primary and secondary currents 
of T1 are 180 -degrees out of phase, 
providing positive feedback. Capaci- 
tor C6 tunes T1 to resonance at 49,890 
MHz. Capacitor C6 and transformer TI 

make the circuit into a Hartley RF os- 

cillator. Capacitor C4 is non -critical, 
but it does improve performance by 
providing an RF current path around 
transistor Q1 for the discharge from the 
T1/C6 tank circuit. 

Capacitor C1 couples the antenna 
to the primary of T1. From there, the 
received signals are used to drive the 
base of 01 through T1's secondary and 
capacitor C2 (which affects 01's DC 
bias rate). Because of that, the circuit 
oscillates at two frequencies simulta- 
neously: 49,890 MHz, and 450 kHz. Dur- 

ing each 49,890 -MHz cycle, before RF 

oscillation begins, Q1 acts like a high 
gain RF amplifier, greatly magnifying 
the antenna's signal. 

Once amplified, the signal causes 
an increase in the average DC emitter 
current of 01; and that, in turn, in- 
creases the voltage drop across re- 
sistor R4. So, amplitude variations in the 
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Fig. 1. The transmitter is built around a 75 
cy is dependent upon the values of resistors 
to generate a 490 -Hz squarewave output. 

antenna's signal result in voltage varia- 
tions across R4. Capacitor C7 couples 
the demodulated RF signal that ap- 
pears at R4 to op -amp UI. 

Op -amp UI -a provides 10 dB of gain 
to the 490 -Hz signal from R4. Op -amp 
U1 -b further amplifies and shapes the 
490 -Hz signal into squarewave pulses. 
To do that, resistors R5 and R6 set the 
voltage gain of UI -a to 40 dB (100 
times). Resistors R7-R9, R12, and R13 fix 
the quiescent DC -output voltage at 
pins 1 and 7 to 2.5 -volts. Resistor R10 

allows a test probe to sample the 490 - 
Hz tone at pin 1. A ferrite bead (con- 
nected in series with R10 and located 
at TP1) and C9 block any RF current 
that may be present. Another ferrite 
bead (connected across the opposite 
end of C9) keeps RF current from 
reaching any test probes connected 
to circuit ground. Capacitor C10 cou- 
ples the 490 -Hz signal, from pin 7 of U1 - 

b, to pin 3 of U2 (an LM567 PLL tone 
decoder). Resistor R16 divides pin 7's 

output voltage, decreasing the trans- 
mitter's range, but increasing the re- 
ceiver's immunity to interference from 
other transmitters using the 49 -MHz 
band. 

Integrated -circuit U2 contains cir- 
cuits that can be set to detect a specif- 

I I 

L4 S1 

C8 50µH 
.001 T 

L5 
50µH 

ì 

TO 

6-15 VOLTS DC 

55 CMOS oscillator/timer, Ul-whose frequen- 
RI-R3 and capacitor C3-and is designed 

is signal frequency when applied to its 

input at pin 3. Resistors R17 and R18, 

and capacitor C14 set the detection 
frequency to 490 Hz. Capacitors C11 
and C12 fix the circuits bandwidth to 

less than 100 Hz. Pull -pup resistor R19 
keeps output pin 8 high until a signal is 

decoded, at which time pin 8 goes 
low. Upon going low, pin 8 grounds the 
cathode of LEDI through current -limit- 
ing resistor R20, causing it to light. 

Capacitor C15 couples a high -to - 
low trigger pulse from U2 to U3 (a 7555 
oscillator timer). After triggering, pin 3 

of U3 goes high, turning transistor Q2 
on. When Q2 conducts, the negative 
lead of the piezo buzzer (BZ1) is 

grounded, causing BZ1 to sound. Re- 
sistor R22 and capacitor C16 fix the 
time interval during which BZ1 sounds 
to about one second. 

Pushbutton S1 allows you to transmit 
a signal by connecting power to the 
circuit. A low power voltage regulator, 
U4, provides a constant 5 -volts source, 
which is used to operate the circuit. 
Capacitors C3, C8, CI3, 017, and CI8, 
and RF choke L3 bypass RF and the 
490 -Hz signals to ground, filtering the 
V + bus. 

Construction. Because both units in- 

clude RF circuitry, printed -circuit 
boards are recommended. Full-sized 
templates of the printed -circuit boards 
for Personal Pocket Pager's transmitter 
and receiver (respectively) are shown 
in Figs. 3 and 4. You can etch your own, 
or you can purchase etched and 
drilled boards from the source given in 

the Parts List. 

You may want to power the receiver 

SI LED1 U4 U3 Ti U2 U1 

Here is what the receiver's printed -circuit board looks like with all the compo- 
nents installed. The receiver is somewhat larger than it's counterpart, the trans- 
mitter. If used as a stationary unit, it can be powered from a wall -mounted 
power supply, or a home-brew power supply circuit. 
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Fig. 2. The RF receiver is built around an LM358 dual op -amp (UI), an LM567 PLL tone 
decoder (U2), and a 555 oscillator (U3). 
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Fig. 3. Shown here is a full-sized tem- 
plate of the transmitter's printed -cir- 
cuit board. 

from an AC -to -DC wall transformer. If 

so, the receiver will fit into an enclosure 
about 2Y2 by 3 inches. Alternatively, 
make the receiver portable by select- 

IE 2-1/4 INCHES 

o 

BZ1 

® 02 

Fig. 4. Here is a full-sized template of 
the receiver's printed -circuit board. 

C17 
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L1 

50µH 
r07 --a 

C3 

01 

)F - 
ing an enclosure that is large enough 
to hold a battery-almost any re- 
chargeable battery, in the 6- to 12 -volt 
range, works fine. Before assembling, 
use the receiver's printed -circuit board 
as a template to mark mounting holes 
in the enclosure. Drill the holes, using a 
3/32 -inch bit, for the mounting hard- 
ware. In addition, drill a hole for the 
antenna, a Y8 -inch hole for the wire 
from the wall transformer (if applica- 
ble), and mounting holes for the piezo 
buzzer, on -off switch 31, and LEDI. 

For the transmitter, select an en- 
closure with enough room for the 
printed -circuit board, a whip antenna, 
and a 9 -volt battery. Before assem- 
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bling the circuit board, use it as a tem- 
plate to mark the enclosure for 
mounting holes. Drill the mounting 
holes with a 3/32 -inch bit. Finally, drill 
appropriately sized mounting holes for 
pushbutton -switch SI, and a hole for 
the whip antenna. 

Following Figs. 5 and 6, assemble 
the transmitter and the receiver (re- 
spectively) printed -circuit boards. Ob- 
serve the proper polarity of the 
electrolytic capacitors, the IC's, and 
the diodes. 

Mount the capacitors and resistors. 
The capacitors are mount flush against 
the board to minimize lead lengths; 
that's especially important in the RF 

and tone decoder circuits. Note that 
all resistors vertically mounted. 

Don't forget the test points. Figure 7 

shows the construction of the test point 
terminals. Test point TP1 on the transmit- 
ter board (see Fig. 5 for its location, 

PARTS LIST FOR THE RF 
TRANSMITTER 

SEMICONDUCTORS 
UI -7555, CMOS oscillator/timer 

integrated circuit 
QI-MPSH11, ECG229, TCG229, or 

SK3246/229, NPN RF transistor 

RESISTORS 
(All resistors are %a -watt, 5%, unless 

otherwise noted.) 
R1-l0,000-ohm 
R2 -53,600 -ohm, l'% 

R3 -20,000 -ohm, trimmer potentiometer 
R1 6200 -ohm 
R5 -3300 -ohm 
Ró -220 -ohm 

CAPACITORS 
(All capacitors must be rated at for least 16 

WVDC.) 
CI -10-µF, electrolytic 
C2-200-pF, ceramic disc 
C3 0.02241F, metalized film 
C4, C5, CS-0.0014LF, ceramic disc 
C6-27-pF, ceramic disc 
C7-180-pF, ceramic disc 

INDUCTORS 
L1 --0.47-µH, RF inductor, TOKOI 

7KSM series 
L2 -0.6-µH, antenna loading coil 
L3 -L5 -50-µH, miniature RF choke 
Tl-RF transformer (see below) 

ADDITIONAL PARTS AND COMPONENTS 
S1-Single-pole single -throw. momentary 

contact pushbutton switch 
XTAL1-49,890-MHz series resonant 

crystal 

Printed -circuit board, antenna (one -meter 
whip or, a one -meter length of #22 
hookup wire), enclosure, 8 -pin DIP 
socket, wire, solder, etc. 

, C2 
N 
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Fig. 5. Following this layout diagram, as 
semble the transmitter, being mindful that 
the resistors are vertically mounted on 
the board due to tight spacing. 
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n 
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BEAD 
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On the transmitter circuit, solder one 
lead of the antenna loading coil, L2, to 
the printed -circuit board, and attach 
the other lead to the base of the whip 
antenna. 

Tuning. The following alignment pro- 
cedure uses a frequency counter and 
an amplifier/speaker with an auxiliary - 
or microphone -input jack. All test 
points are referenced to the circuit - 
board ground. 

Temporarily, remove U2 (receiver) 
from its socket. Apply power to the 
transmitter and receiver circuits. Adjust 
trimmer potentiometer R18 for 490 Hz 
while measuring the frequency at TP2 
(receiver). Similarly, adjust R3 for 490 Hz 

while measuring the frequency at TP1 
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Fig. 6. Assemble the receiver printed -circuit board, using this layout diagram as a guide. 
Note the locations of the two ferrite beads, and be sure not to leave them out. 

and Fig. 7A for construction details) is 

made by bending a 1/4 inch, 180 -de- 
gree loop in one lead of resistor R6. 

Install and solder the resistor onto the 
printed -circuit board so that the loop is 

accessible with a test probe. 
Similarly make two test points on re- 

ceiver's printed -circuit board (see Fig. 

6 for their locations). Test point TP1 (see 
Fig. 7B) is made by inserting a ferrite 
bead over one lead of resistor R10. 

Make a ring in the lead so that the 
bead stays in place, and then solder 
the lead to the board. Install a second 
ferrite bead over a 1/2 -inch length of 
hookup wire to form TP2. Bend the end 
of the lead into a ring to secure the 
ferrite bead in place, and connected 
the other end (with the ferrite bead 
installed) on the printed -circuit board. 

(transmitter). Remove the frequency 
counter and attach an audio ampli- 
fier/speaker to TP1 (receiver). 

Using a small screwdriver, adjust the 
core of T1 (receiver), and the core of L1 

(transmitter) until the top of each core 
is even with the top of its housing. A 
rushing noise, and possibly the 490 -Hz 
tone, should be heard. Alternately, ad- 
just LI and T1 for the strongest reception 
of the 490 -Hz tone. Next, place the 
transmitter at the fringe of its range 
and tune T1 (receiver) for the best re- 
ception. Disconnect all test equipment 
and power, and reinsert U2. 

A second harmonic of the transmit- 
ter's signal may be detected on an FM 
receiver tuned to about 100 MHz. If so, 
minimize that signal by carefully ad- 
justing L1. 
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PARTS LIST FOR THE RF RECEIVER/ALERT BEEPER 

SEMICONDUCTORS 
LI-LM358 dual op -amp integrated 

circuit 
U2-LM567 tone decoder, integrated 

circuit 
U3-7555 CMOS oscillator/timer 

integrated circuit 
U4 -78L05 low power + 5 -volt regulator, 

integrated circuit 
Q1-MPSHII, ECG229, TCG229, or 

SK3246/229, NPN RF silicon transistor 
Q2 -2N3904 general-purpose NPN 

silicon transistor 
LEDI-Light-emitting diode (any color) 

RESISTORS 
(All resistors are 1/4 -watt, 5%, units unless 

otherwise noted.) 
RI, RH, R21 -10,000 -ohm 
R2 -2200 -ohm 
R3 -47 -ohm 

Note: The following components for the 
project are available from Time 
Space Scientific, 101 Highland Dr., 
Chapel Hill, NC 27514: 

TRANSMITTER 
TR6-1 inductor kit includes TI and L1 - 

L5 only, $10.95; complete 
transmitter kit RFT22 (including all 
semiconductors resistors, capacitors, 

TEST POINT 

RESISTOR 

A 

TEST POINT 

FERRITE BEAD --,. 

RESISTOR --a. 

T- 
1/4 INCH 

PC BOARD 

PC BOARD 

B 

Fig. 7. Shown here are construction details 
of the test point terminals. 

FCC Rules. The Personal Pocket Pag- 
er is designed to comply with part 15 of 
the FCC rules and regulations. It can 
be built without having to obtain spe- 
cial permission from the Federal Com- 

R4-2000-ohm 
R5 -4700 -ohm 
R6 470,000 -ohm 
R7, R8, R22 -100,000 -ohm 
R9 -6200 -ohm 
R1O-56,000-ohm 
R12--47,000-ohm 
R13 33,000 -ohm 
R 14-10-megohm 
R15 -6800 -ohm 
R16 -130 -ohm 
R17-15 ,000 -ohm 
R18-10,000 ohm, 20 -turn, trimmer 

potentiometer 
R19 -20,000 -ohm 
R2(> -1000 -ohm 

CAPACITORS 
C1-5-pF, ceramic disc 
C2. C5 -0.002-µF, ceramic disc 
C3, C9, C18 -0.01-µF, ceramic disc 

ORDERING INFORMATION 

one DIP socket, and the printed - 
circuit board, $29.95. Antenna, 
switch, and enclosure not included. 

RECIEVER COMPONENTS 
TS3310, transformer TI, $7.95; complete 

receiver kit RFR23 (including all 
semiconductors, resistors, capacitors, 
ferrite beads, LI, T1, antenna wite, DIP 
sockets and the printed -circuit board) is 

0 
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-60 

C4-24-pF, ceramic disc 
C6-18-pF, ceramic disc 
C7 -0.039-µF, metallized film 
C8, C16, CI7-10-µF, electrolytic 
C10, CH 0.l -µF, metallized film 
Cll-4.7-µF, electrolytic 
C12 -0.47-µF, electrolytic 
C13 -100-µF, electrolytic 
C15 -1.0-11F, electrolytic 

ADDITIONAL PARTS AND COMPONENTS 
LI -50-4, RF choke 
TI RF transformer 
SI-Single-pole, single -throw toggle 

switch 
Printed -circuit board (see below) or 

perfboard, VHF ferrite beads, antenna 
(two feet of #22 hookup wire), 8 -pin 
DIP sockets, plastic enclosure, piezo 
buzzer, hookup wire, solder; hardware, 
etc. 

available for $39.95. Enclosure and 
battery not included. 

Add $4.50 for shipping and handling (a 
one time charge covering all items 
ordered). NC residents must add sales 
tax. For technical information write to 
Time Space Scientific at the above 
address, and include a self addressed 
stamped envelope. 

-5k Hz/D IV. fc 
49.890MHz 

+5kHz/DIV. 

Fig. 8. This diagram illustrates the RF of the transmitter, as seen on a spectrum analyzer. 
As Required by FCC regulations, Part 15, the bandwidth is less than + I-10 kHz. 

munications Commission. However, it is 

recommended that you read part 15, 

sections 15.133, 15.118 and 15.119 of 
the Federal rules and regulations 
which are available at most libraries. 

Figure 8 shows the signal of the RF 

transmitter, as seen on a spectrum 
analyzer. As required by FCC regula- 
tions, Part 15, the bandwidth is less than 
±10 kHz. 
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Most people who enter the fas - 
cinating hobby of antique - 
radio collecting begin by 

acquiring the radio sets themselves. 
But it isn't possible to continue that ac- 
tivity very long without also becoming 
a collector of related items. For exam- 
ple, those who are interested in repair- 
ing their radios and keeping them 
running (and most of us fall into that 
category) must also collect tubes, 
parts, and servicing information. And 
what radio collector can resist picking 
up old magazines and catalogues 
containing all the related promotional 
material? 

For some, the radio -related collecti- 
bles become as important as the sets 
themselves-or perhaps more so. 
Others tend to pick up only what they 
need for practical purposes and, per- 
haps, to add a little color to the radio 
room. If you're new to the hobby, you 
probably don't yet know where you 
stand, but this article will give an orien- 
tation that will help you make up your 
mind and add more spice and good 
fortune to your house -sale and flea - 
market forays by giving you more 
items to look for! 

Collecting Radio Tubes. No matter 
how little you might care about radio - 
related collectibles, you won't be able 
to avoid an involvement with radio 

Understanding Tube Designations. 
At first, tubes were identified by a se- 
rial -type numbering system. In an early 
form of the system, the type number 
was prefixed by two letters, indicating 
base style and a digit associated with 
the manufacturer. Thus an early type 
80 having a common base style might 
be labeled UX280, UX380, UX480, etc., 
depending on who manufactured it. A 
little later, the initial designators were 
dropped and only the serial type 

There's a lot more to 

radio collecting 

than just collect- 

ing radios! 

Here's a guide 

to the different 

types of radio - 

related collect- 

ibles, and what 

makes each of 
them so fascinating. 

BUYER'S 
BY MARC ELLIS 

tubes. The evolution of radio receivers 
was very much tied to the evolution of 
new tube types. Once you gain an un- 
derstanding of the latter, you'll be in a 
much better position to understand- 
and date-the radios you already 
own, and those you'll find in the future. 

Tubes also make extremely interest- 
ing collectibles in their own right. While 
tubes dating from the earliest days of 
radio (such as the DeForest audion) 
are rare, and seldom seen outside of 
museums, those dating from the be- 
ginnings of radio broadcasting (early 
1920's) are easier to find because they 
were mass produced. 
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number was used (for example, the 
above tube would be labeled simply 
"80"). 

In the 1930's, as tube types multi- 
plied, the serial -numbering system be- 
came inadequate and a more 
sophisticated one was devised. As first 
introduced, type numbers in the new 
system contained three designators: a 
number identifying the filament volt- 
age, followed by a letter related to the 
tube function (amplifier or rectifier), fol- 
lowed by a number indicating the 
number of active elements in the tube. 
For amplifier tubes, the letter was 
chosen from the early part of the al- 



phabei; for rectifiers, from the latter 
part of the alphabet. 

For example, the 6C6 has a 6 -volt 
filament; is an amplifier; and contains 
6 active elements (a filament, a cath- 
ode, three grids and a plate). On the 
other hand, a 5Z3 has a 5 -volt filament; 
is a rectifier; and contains three active 
elements (a filament and two plates). 
The 6D6 and 5Y3 (an amplifier and a 
rectifier, respectively) perform func- 
tions similar to the tubes just discussed, 
but have different operating charac- 
teristics. That is reflected by the dif- 
ferences in identifying letters. 

Physical Changes in Radio Tubes. 
The evolution of physical tube charac- 
teristics is also of interest to the collec- 
tor. The glass envelopes of the earliest 
tubes were like those of contemporary 
light bulbs; pear shaped with a point- 
ed seal at the top. Later, following 
trends in light -bulb design, the seal 
was moved to the bottom of the tube 
so that it could be hidden in (and pro- 
tected by) the base. 

Still later, in the 1930's, pear-shaped 
envelopes gave way to the "double - 
dome" or "ST" style. And a little later in 

the same decade, more compact 
tube designs made it possible to re- 
lease new types (and some older 
ones) in the "bantam" or "GT" style. 
That envelope was much shorter than 
previous ones, straight sided, and had 
a rounded top. Some manufacturers 
released the same types in metal -en- 
closed glass envelopes, having rough - 

but could also bayonet -lock into the 
older sockets. 

Tube cartons can be as interesting to 
collectors as the tubes they contained. 
From the plain generic -looking styles 
of the early 1920's to the colorfully 
lithographed ones of later years, they 
can make a very interesting display. 

A detailed discussion of radio -tube 
history is beyond the scope of this arti- 
cle. But for more information on tubes 
from the early years of broadcasting 
through the early 1930's, check your 
back issues of Hands-on Electronics. 
You'll find the Ellis On Antique Radio 
columns of February, March, and April 
1987, as well as May, 1988, to be very 
helpful. 

John Rider's Mighty Manuals. As 

mentioned a little earlier, your preoc- 
cupation with printed radio literature 
will begin almost immediately after 
acquiring your first few sets. Because 
once you start working on the radios, 
you'll want to acquire schematics and 
other servicing information. 

There are individuals and organiza- 
tions who will look up information and 
photocopy it for you for a nominal fee. 
But if you have the space and the in- 

clination, you can build your own per- 
sonal library of original service data. 

In my opinion, the best way to do 
that is to begin acquiring volumes of 
John Rider's Perpetual Trouble 
Shooter's Manual. Rider began pub- 
lishing the manual some time in the 
late 1920's or early 1930's, and added 

RA DIO 
COLLECT/BEES 

ly the same outer dimensions as the 
"GT" style. 

Tube bases also changed over the 
years. Brass gave way to bakelite as a 
base material, and the original short - 
pin, bayonet -lock style was changed 
to the longer -pin type that engaged 
with friction contacts in the tube sock- 
et. Some transition -period tube bases 
had the longer, friction -contact pins, 

a new volume to it approximately 
every year (with some breaks during 
World War II). 

Each new book provided sche- 
matics and service information for vir- 
tually every radio released since 
publication of the prior one. The com- 
plete set contains 23 hefty tomes 
covering radios from the early 1920's 

through the early 1950's. 
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These three versions of the familiar type - 
80 tube show the evolution of bulb 
styles. At far left is an original 
pear-shaped bulb; in the center is an 
"ST" (double -dome) style; and at the 
right is a "GT" (straight -sided) bulb. 

Rider volumes still turn up regularly at 
antique -radio swap meets and ham - 
fest flea markets, and they're easy to 
spot. Look for a distinctive dark -blue 
binder with a quaint cover illustration 
of an antenna strung between two 
towers. A separate Rider series, sim- 
ilarly bound, covered television sets- 
but they are plainly marked as such, 
and you can avoid them (unless, of 
course, you are into early TV's). 

The Rider manuals of most practical 
interest to collectors are probably vol- 
umes 1 through 13. (The latter bears a 
1942 copyright, and covers the last of 
the pre-war radios). However, if you 
look at the Rider set as a collectible in 

its own right, you'll obviously want to 
acquire as many of the volumes as 
possible. 

Price and Availability. The earliest 
volumes in the set (1 thru 4 or so) don't 
seem to turn up very often, and are 
expensive. The volumes towards the 
end of the series are also hard to come 
by. I suspect that the manuals de- 
clined in popularity towards the end of 
the run, and not as many were printed. 
Asking prices for the more common 
volumes seem to be from six to fifteen 
dollars each, depending on the mood 
of the owner. 

Rider also published an abridged 
version of volumes one though five, 
complete in one book that is bound 
uniformly with the rest of the set. It was 
probably intended for repairmen who 
got into the business some years after 
the series was instituted and didn't 
have as much need for the earliest 
data. The abridged version is much 
more common than the individual vol- 
umes, and would be a good alter- 
native for those who can't find the 
latter. I've seen it priced at about 
$40.00. 

Though I didn't realize what I was 
buying at the time, I was lucky enough 

to purchase the complete volumes 1-3 

bound in one book. It was originally 
offered by RCA as part of a tube deal, 
and the binder is the same physical 
size and type as that used in the stan- 
dard Rider manuals. However, the 
cover is red instead of blue and shows 
a vacuum tube instead of the tradi- 
tional antenna and towers. I've never 
seen another one like it. 

Finding Your Way Through Rider's. 
Without an index, locating sets in 
Rider's is something of a pain in the 

softbound pamphlet form. The indexes 
don't seem to turn up as often as the 
manuals, but some have been made 
available in reprint form by Antique 
Electronic Supply (688 W. First St., Tem- 
pe, AZ). Current prices are $17.95 for 
the index to Volumes 1-15 (205 pages, 
spiral bound) and $7.95 for the index 
to volumes 16-22 (48 pages, spiral 
bound). 

An interesting alternative to the 
Rider indexes is offered by The P.R. 

Mallory Radio Service En- 
cyclopaedia-a radio -receiver index 

GUARANTEED 
HIGHEST QUÁL1TCz 

Colorfully lithographed radio -tube cartons can be as interesting as the tubes they 
once contained. 

neck. You're pretty much reduced to 
guestimating the year that your set was 
manufactured, then looking it up, trial 
and error fashion, in the volumes that 
most closely correspond. Since the 
books tend to be big, heavy and 
clumsy, doing so can be an unpleas- 
ant task. 

Every few years, Rider published an 
index for the books that had been re- 
leased up to that time; they were in 

Rider's "Perpetual Trouble Shooter's Man- 
ual" series is not only the most exhaus- 
tive reference source available to col- 
lectors today, but is also a collectible 
item in its own right. 

compiled for the purpose of recom- 
mending the correct Mallory controls, 
capacitors, or vibrator for every 
model. But each entry also includes 
the correct Rider's reference! 

My Sixth Edition was copyrighted 
1948 and, I suspect, is based on the 
Rider index to Volumes 1-15, which ap- 
peared in 1947. If you can find one of 
them, you may be able to get it for very 
little money since its value is not gener- 
ally known (mine cost two bucks!). 
Some time after purchasing it, I bought 
a serviceman's assortment of Mallory 
controls in a metal storage cabinet. 
The cabinet had a compartment ob- 
viously intended to accept the man- 
ual-which must have been included 
with the deal. 

The Supreme Series. Another 
source of schematics and service in- 
formation was the "Most -Often 
Needed" series offered by Supreme 
Publications. Like Rider, Supreme re- 
leased a new compilation each year. 
But while Rider published huge binders 
covering virtually every set ever pro- 
duced, Supreme published relatively 
slim soft-cover books containing an 
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P.R. Mallory Radio Service Encyclopaedia 
(Sixth Edition) stores behind compartment 
containing assortment of Mallory controls. 
The manual contains an index to Rider's 
through about volume 15. 

edited assortment of material on the 
most popular models. 

To my mind, the Supreme manuals 
are more valuable as practical refer- 
ences than as collectibles. The first vol- 
ume, which bears a 1941 copyright 
date, covers 1926 to 1938 sets. From 
then on, they came out every year with 
a gap during World War II. The man- 
uals were published at least into the 
late 1960's. 

The 1926-1938 volume was reprinted 
by Supreme more than once over the 
years, and copies turn up quite often 
at hamfests and antique -radio meets. 
It's a good starter book for the begin- 
ning antique -radio collector, provid- 
ing information on the more common 
sets. But keep in mind that its approxi- 
mately half -inch thickness covers a 
time span that would be represented 
by three feet or more of Rider volumes. 

It's worth noting that most of the Su- 
preme manuals are available, in re - 

The first "Supreme" manual covers common 
sets from 1926 to 1938, and has been reprint- 
ed many times over the years. It is a 
great "starter" reference book for be- 
ginning collectors. 

print form, from ARS Enterprises, P.O. 

Box 997, Mercer Island, WA 98040. 
When last I looked, the 1926-1938 vol- 
ume-and the subsequent individual - 
year volumes through 1959-were 
priced at $17.00 each. Later volumes 
were $5.00, and a master index was 
available at $8.00. Write them for cur- 
rent information. 

Generic Servicing Books. 
Although we've covered collections 

of service information for specific sets, 
there are some generic books on ser- 

vicing that are not only useful, but col- 
lectibles in their own right. And since 
they were very popular volumes when 
originally published, there are still a 
number around to be discovered to- 
day. 

For example, watch for the radio 
books published by McGraw-Hill dur- 
ing the 1920's, 1930's, and 1940's. They 
have easy -to -spot, drab -green bind- 
ings with gold -lettered titles on the 
spines. The volumes by Moyer and 
Wostrel (including Practical Radio 
and Radio Construction and Repair - 

Radio Physics Course, published by 
Radio Technical Publishing Co., has a 
more theoretical slant and will help 
you understand the "why" of vintage 
radio circuitry. My copy, a second edi- 
tion revised in 1933, was printed in 

1937. 
No discussion of vintage servicing 

books would be complete without 
mentioning the many contributions by 
John F. Rider of Perpetual Trouble 
Shooter's Manual fame. Most of those 
are relatively short books focused on 
specific aspects of servicing, and 
were published by Rider himself. Look 
for such titles as Servicing Super - 
heterodynes, Practical Testing Sys- 
tems, The Oscillator at Work, and 
various titles in the An Hour a Day With 
Rider series. 

Other Printed Materials. Vintage 
trade and hobby periodicals contain 
articles and advertising that will help 
you to understand the equipment that 
you're collecting and the context in 

which it was used. A list of the well- 
known and little-known titles in that 

Vintage trade and hobby periodicals help you better understand your early equipment and 
the context in which it was used. 

ing) are interesting relics of the 1920's. 

For insights into radios of a later 
period, keep an eye open for 
Principles and Practice of Radio Ser- 
vicing by Hicks. Editions of that book 
were published in 1939 and 1943. 

Two classics of the 1930's, both by 
Alfred A. Ghirardi, should be on every 
collector's shelf. Modem Radio Servic- 
ing, published by Murray Hill Books, is 

packed with practical information on 
troubleshooting 1930's -era sets. The 
edition on my own shelf bears a 1935 
copyr ght, but there may have been 
subsequent revisions and expansions. 

area would be endless, but watch for 
publications such as Radio News and 
Gernsback's own Radio Craft and 
Short Wave Craft. Also interesting are 
private or "house" publications pro- 
duced for dealers and servicemen by 
the manufacturers of radios and radio 
components. 

Be sure not to neglect non -elec- 
tronics magazines, either. The ones tar- 
geted for middle-class or carriage - 
trade readers contain elaborate dis- 
play advertising for expensive con- 
sumer goods such as radios, auto- 
mobiles and cameras. Old issues of 
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These interesting parts from the early 
1920's include Rauland audio transform- 
er (far left); a Dubilier RF transformer 
(far right); a CLE-RA-TONE tube socket 
with original box (top center); and a 
vernier dial (bottom center). 

The National Geographic are still fairly 
easy to find, and are a very rich source 
of such advertising. I've found a lot of 
fascinating information on the sets in 

my collection in old issues of that pub- 
lication. 

Anything like a complete discussion 
of collectible printed materials relat- 
ing to antique radio would be impossi- 
ble in an article of this scope. The 
volume of books, periodicals, cata- 
logues, instruction manuals, promotion 
pieces, and other types of advertis- 
ing aimed at both the general pub- 
lic and the electronics professional-is 
huge. 

My advice is keep your eyes open at 
the book stores and swap meets. If a 
piece interests you and you can afford 
it, make the purchase. I continue to 
enjoy all of the printed items I've 
picked up over the years. 

Parts: Collectible and Otherwise. 
Most of the collectibles covered so far 
have a definite dual purpose. They're 
not only interesting in themselves, but 
also useful-or even necessary-for 
radio maintenance and repair. Oddly 
enough, that isn't always the case with 
radio parts. The collectible ones tend 
not to be the ones most needed for 
practical radio service, while the ones 
needed to keep the radios running 
tend not to be collectibles. Admittedly, 
I've made something of a forced dis- 
tinction here, and there'll be plenty of 
exceptions, but let me explain what I 

mean. 
I associate collectible parts and ac- 

cessories with the radios of the 1920's 

period. During that era, many people 
built their own sets from plans pub- 
lished in books and magazines. The 
parts, much larger in size than the 
comparable electronic components 
of today, were individually packaged, 
advertised, and sold. 

There were many competing man- 
ufacturers, and they vied with each 
other in the extravagance of their per- 
formance claims and the colorfulness 
of their advertising and packaging. 
The parts themselves, crafted of 
bakelite, glass, silk- or cotton -covered 
wire, and polished or brightly painted 
metal, were definitely made to be 
looked at. Among the parts of interest 
to collectors are knobs, dials, tuning 
capacitors, audio- and radio -fre- 
quency transformers, tube sockets, 
rheostats, resistors, plugs, and jacks. 
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1920's -era radio -parts advertising some- 
times resembles today's advertising for 
high-performance auto parts. 

People bought parts not only to 
build new sets, but to improve the per- 
formance or convenience of existing 
sets. Parts in the latter category in- 
cluded not only straightforward com- 
ponents such as vernier -dial drives 
and "high-fidelity" audio transformers, 
but also a colorful assortment of more 
fringe apparatus, such as antenna 
substitutes, variable grid leaks, self- 
adjusting filament rheostats, and multi- 
ple -headphone adapters. 

The radio sets of that era were so 
simple, and the parts so basic and 
generally well -made, that break- 
downs due to component failure were 
relatively uncommon. It's true that re- 
storers of 1920's radios sometimes have 
to deal with such problems as burned - 
out audio transformers and grid -leaks 
whose resistance has escalated over 
the years. But most performance diffi- 
culties can be traced to poor contacts 
caused by dirt and corrosion, not a 

part failure. Therefore, parts that have 
been acquired as collectibles can 
generally stay on the display shelf. 

The Changes of the 1930's. I've al- 
ways thought that the marketing of ra- 
dio parts in the 1920's had a lot in 
common with the marketing of certain 
kinds of auto parts today; particularly 
the ones intended to improve perfor- 
mance or convenience and simple 
enough to be installed by the "back- 
yard mechanic" set. But by the 1930's, 
radio receivers had become much 
more complex. Most sets were factory 
built, rather than home made-and 
the average radio listener was less apt 
to be in the market for parts to improve 
performance. 

As you might expect, then, radio 
parts became more functional in 
physical design. They were being 
made to dc their jobs, and not es- 
pecially to be looked at. But with in- 
creased circuit complexity and higher 
component operating voltages, parts 
failures were, and are, much more 
common in the more -modern sets. 

It's certainly true that proper resistors, 
capacitors, transformers, speakers, 
and other components suitable for use 
in repairing vintage radios are be- 
coming harder and harder to come 
by. So most radio collectors acquire 
them as they can. But parts for repair- 
ing 1930's -and -later sets could hardly 
be called collectibles. They're usually 
not displayed, but stored in drawers 
and cabinets until needed. 

Special radio furniture was designed to 
provide storage for the early battery 
set, its power sources and the other ac- 
cesories required for its operation. 
Such furniture can be used to display 
the most prized items in your collection. 
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Battery eliminators and chargers were heavily marketed prior to the introduction of AC - 

powered sets. There are many still around to be discovered today. 

Batteries, Chargers, and Elim- 
inators. Vintage accessories can 
add yet another colorful and fascinat- 
ing dimension to your collection of ra- 
dio items. This is another category so 

rich in collecting potential that even a 
partial list of possibilities would be diffi- 
cult to compile. But, just as in the case 
of parts, your most interesting "finds" 
are apt to date from the 1920's. 

One important group of accessories 
is associated with the batteries used to 
power most radios of that period. First 

of all, there are the batteries them- 
selves although because of the cor- 
rosive chemicals they contained-not 
many of them survive today. The lead - 
acid storage "A" batteries used to light 
the filaments were generally 6 -volt au- 
tomobile types. However, I've seen 
special versions designed for radio 
use; some had beautiful teakwood 
outer cases incorporating handles for 
easy carrying. 

The "B" and "C" batteries that pro- 
vided plate and grid -bias power were 
generally of the non -rechargeable 
dry -battery type. Today, they are prob- 
ably harder to find than the filament 
batteries because they were thrown 
away when exhausted. Those that 
were kept were generally quickly ren- 
dered unsightly after the chemicals in- 
side ate their way through the outer 
casing. Yet, for some unaccountable 
reason, some of those dry batteries 
have survived (though quite dead, of 
course) in good cosmetic condition. 
Most have colorful, lithographed 
wrappers, and certainly look interest- 
ing when displayed along with exam- 
ples of the radios they once powered. 

Battery chargers and eliminators 
also make interesting collectibles. 
Both of those types of units plugged 
into normal, commercial, AC -power 
lines. The former-scaled-down ver- 
sions of the commercial types then in 

use-made it possible for radio enthu- 
siasts to replenish their "A" batteries at 
home-thereby, avoiding the discom- 
fort and the danger of lugging them to 
the neighborhood gas station. The lat- 
ter actually took the place of "A" and/ 
or "B" and "C" batteries. 

A word to the wise: avoid the temp- 
tation of trying to operate one of your 
prized battery sets from a vintage bat- 
tery eliminator. The regulation of the 
old units was generally far from ideal 
even when new. Today, after many 
years of aging, the values of the car- 
bon resistors and controls used to es- 
tablish the correct voltages may be 
nowhere near original specification. 
The result could be dangerously high 
voltages that might well pop tube fila- 
ments and/or burn out AF -transformer 
windings. 

Modern battery eliminators, using 
semiconductor regulators, are avail- 
able from several sources. They pro- 
vide stable, well -filtered DC power 
that is not only safer for your set, but will 
make it perform better. 

Before leaving the subject of bat- 
tery -radio accessories, I'd like to touch 
on a couple of other collectible cate- 
gories that you might find of interest. 
With battery condition so crucial to 
proper set operation, most radio 
owners equipped themselves with 
some kind of a battery tester. The typ- 
ical tester was a "watchcase" style 

meter housed in a highly chromed, 
round case a few inches in diameter. 
Some models tested for voltage; some 
for current; and some for both. They 
came in a variety of brands and styles, 
and an assortment of them makes a 
fine addition to any collection of sets 

from that period. 
Finally, you might like to look for spe- 

cial radio furniture. Back in the 1920's, a 
typical radio installation consisted of 
the radio unit itself, plus a separate 
speaker, an array of batteries, possibly 
a charger, and/or eliminator. The natu- 
ral setting for that novel, and very im- 
portant, collection of apparatus was 
the family living room. But some house- 
wives understandably felt it to be an 
eyesore. The answer, for many families, 
was a cabinet that would house all 
that stuff much like the hi-fi system or- 
ganizers on the market today. 

The typical unit contained compart- 
ments for storing (and concealing) ra- 
dio, batteries, speaker, charger, etc. 
Many took the form of a drop-leaf 
desk, with the drop leaf serving as the 
radio operating table when open. If 

you can find one of those, and have 
the space to show it off properly, it can 
be a focal point for your collection- 
providing display space for some of 
your most prized pieces. 

Reproducing Equipment. This could 
easily be one of the largest and most 
important categories in your collection 
of radio accessories. But why do I con- 
sider such things as headsets and 
speakers to be accessories? Because, 
back in the 1920's, such items were 
generally not packaged with the ra- 
dio, but sold separately, much as hi-fi 
components are today. If the radio 
manufacturer offered them for sale, 
they might be purchased along with 
the set, or they might not. There were 
many makers competing for the set - 
buyer's dollar, and the buyer might 
well be tempted by a better price, a 
style more to his or her liking, or claims 
of improved performance. 

The earliest speakers in common use 
with broadcast sets were of the horn 
type. The sound -reproducing unit with- 
in the base of most horns was essen- 
tially an overgrown earphone. The 
sounds were produced by vibrations 
induced in a metal diaphragm by the 
action of a pair of electromagnets. The 
horn then acted as an acoustical am- 
plifier, very much in the manner of a 
megaphone. 

(Continued on page 160) 
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BY MICHAEL A. COVINGTON, N4TMI 

How would you like to tune in the 
BBC, Radio Moscow, South 
America, and trouble spots 

around the world while driving to work, 
or even while vacationing? The HPS 

Converter connected to your car's ra- 
dio can make it possible! 

The HPS (High -Performance 
Shortwave) Converter is a simple proj- 
ect that can be assembled in just a few 
hours. You can make your car a travel- 
ling shortwave -listening post. 

Several one -transistor shortwave - 
converter circuits have been published 
recently and they will all work, but the 
HPS Converter out -performs all of them. 
The converter circuit uses the Signetics 
NE602 frequency -converter inte- 
grated -circuit chip. One evening, with 
just a 3 -foot antenna, I logged over 30 
stations between 9.5 and 10 MHz, and 
about ten of them-including the BBC 
from England, as well as stations from 
France, and Austria-were loud and 
clear like listening to local broadcast 
stations. Signal selectivity is much better 
than with most shortwave radios priced 
under $150, and tuning is easy because 
a single, popular shortwave band 
stretches across the whole dial. 

Why a Car Radio? Car radios are 
among the best AM receivers made. 
They have to endure vibration and give 
decent reception with a puny antenna. 
Think about it: a 33 -inch whip is only 
1/3ooth of a wave at 1000 kHz, so the 
length for a 1/4 -wave antenna at that 
frequency would be 90 times longer. 

Not only that, but car radios are well 
shielded to keep out electrical noise 
coming from the engine. Their metallic 
cases make them ideal to use with con- 
verters. You can be sure the car radio 
won't hear anything but the tuned sta- 
tion entering through the antenna jack; 
local AM stations won't intrude on your 
shortwave listening. 

In fact, you must use a car radio. 
Other kinds of receivers with antenna 
jacks don't work well with the converter, 
because they usually use the external 
antenna to supplement, rather than re- 
place, the built-in loop. As a result, 
there's no way to keep AM broadcast 
signals from blanketing the dial. 

Best of all, AM car radios are cheap, 
because people get rid of them when 
they upgrade to FM stereo. I bought 
one at a swap meet for one dollar. If 

you can't find a deal like that, go to a 

High -Performance 
Shortwave 
Converter 

junkyard or a car -stereo dealer and of- 
fer up to $5 for a working AM radio. Any 
AM/FM set will work equally well, of 
course, on the AM band. 

Frequency Conversion. Figure 1 

shows the schematic diagram of the 
HPS Converter circuit. The NE602 chip, 
U1, contains oscillator and mixer stages. 
The mixer combines the oscillatorsignal 
with the input RF (Radio -Frequency) sig- 
nal to produce signals whose frequen- 
cies are the sum and difference of the 
input frequencies. For example, an 8.5 - 
MHz oscillator and a 10 -MHz incoming 
signal will give output signals al 18.5 
MHz (10 + 8.5) and 1.5 MHz (10-8.5). Re- 

call that 1.5 MHz is 1500 kHz and an 
ordinary AM radio will tune to it. The 
other output, 18.5 MHz, is so far out of the 
broadcast band that it won't have any 
effect on the AM radio. Both the original 
signal at 10 MHz and the oscillator sig- 
nal at 8.5 MHz are seen at the output, 
but the radio will tune them out. 

The choice of crystal depends on 
what shortwave band you want to hear. 
The most active band at night is 5.9-6.5 
MHz. To hear that band on an AM radio, 
you can use a typical 5 -MHz micro- 
processor crystal in the oscillator. The 
9.5 -10 -MHz band is less crowded and 
includes the time -signal station WVVV 
For that band, you'll need a crystal of 
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A car radio and our 
high-performance 

shortwave converter 
can put your 

shortwave -listening 
hobby on the road. 

Jt 1 

around 8.5 to 8.9 MHz. There is no stan- 
dard microprocessor crystal in that 
range, but you can use an amateur - 
radio crystal, have a crystal custom- 
made, or use a CB crystal. 

Why a CB crystal? CB crystals oscil- 
late at around 27 MHz in their third - 
overtone mode. In this circuit, however, 
they'll oscillate on their fundamental 
frequency, which is only a third as high. 
For example, a channel -5 receiving 
crystal is rated at 26.560 MHz and oscil- 
lates at 8.853 MHz in this circuit-ideal 
for the 9.5 -10 -MHz band. Any CB crystal, 
receiving or transmitting, will get you at 
least part of that band, though with 
some high -channel CB crystals you'll 
lose stations below about 9.6 MHz. 

The Filter Circuit. Transformer T1 re- 
jects signals that are outside the band 
you are interested in. If T1 weren't there, 
you'd hear signals below the crystal fre- 
quency as well as above it. That is 

called imaging. Here's an example: A 
7.5 -MHz signal is picked up by the an- 
tenna and mixes with the 8.5 -MHz os- 
cillator frequency. The difference 
between those two signals is 1 MHz- 
right in the center of your AM dial. Thus, 
transformer T1 should pass signals from 
9 to 11 MHz and attenuate all others. 

The transformer, T1, used in the circuit 
is a 10.7 -MHz IF transformer salvaged 
from an FM radio. They are fairly easy to 
obtain new from parts stores and mail- 
order houses. Most 10.7 -MHz IF transfor- 
mers will tune across the 9.5- to 10 -MHz 
band without modification; all you 
need to do is turn its tuning slug. To get 
the 6.0- to 6.5 -MHz shortwave band, 
you'll have to add a 150-pF capacitor 
(C1 in the diagram). 
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Fig. I. The NE602 integrated -circuit chip amplifies the output signal by ten times. 
Interconnecting leads should be kept short and layout should appear neat for 
satisfactory operation. 

As you can see the converter can he 
placed in a very small cabinet if you 
wish to conserve space. As long as the 
enclosure is metal that will not cause 
any reception problems. 

The GAIN control, potentiometer R1, 

prevents overloading from extremely 
strong signals. It's wired backward, 
compared to the usual configuration 
for a GAIN control, so that T1 will always 
see the same resistive load. If your an- 
tenna will always be short-under 6 
feet-you can omit R1 and connect the 
antenna directly to T1, terminal 1. 

Construction. The HPS converter was 

The rear panel of the converter housing 
reveals the two jacks for connecting the 
antenna and receiver. The center jack 
goes to the 12 -volt DC supply. The power - 
supply ground is the cable shield. 

built on perfboard and placed in a 
small metal enclosure. If you wish to 
construct yours on a printed -circuit 
board, a foil pattern is presented for 
you in Fig. 2. A parts -placement di- 
agram for the foil pattern is given in Fig. 

3 to help you stuff the board properly. 
The metal enclosure blocks out sig- 

nals from nearby AM stations and 
shielded cable between the converter 
and the radio is recommended for fur- 
ther isolation. Keep in mind that the 
shielded cable should be kept as short 
as possible. 

As an important option, a DPDT an- 
tenna ON/OFF switch, S1, was included to 
take the converter out of the circuit for 
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PARTS LIST FOR THE HPS 
CONVERTER 

CAPACITORS 
CI--I50-pF, ceramic -disc (see text) 
C2-32-pF, ceramic -disc 
C3, C5-220-pF, ceramic -disc 
C4 0.04- or 0.05-µF, ceramic -disc 

ADDITIONAL PARTS AND MATERIALS 
UI-NE602N frequency -converter. 

integrated circuit 
DI -6.2 -volt, 0.4- or 1 -watt Zener diode 
RI -10,000 -ohm panel -mount 

potentiometer 
R2 -1,000 -ohm, '/-watt, 5% resistor 
J1, J2 RCA phono jack 
Sl-DPDT, toggle switch, panel mount 
TI -10.7 -MHz IF transformer (green 

color coded) 
XTALI-8.5-MHz crystal or CB 

channel -5 receiving crystal (see text) 
XTAL2-5.0-MHz microprocessor 

crystal for 6 -MHz band 

AM car radio, 8 -ohm speaker, 12 -volt, 
200 -mA (or better) wall -plug power 
supply (see text), metal enclosure, 
shielded cable, wire, perfboard, knob, 
solder, hardware, etc. 

The following are available from Small 
Parts Center, 6818 Meese Drive, 
Lansing, MI 48911: TI, $0.80; UI $2: 
XTAL1, $1.60; XTAL2, $5.50; an 
etched and drilled circuit hoard, $4.00 
postpaid; a complete kit of parts less 
crystal and enclosure, $10.50 
postpaid. Send a check or money 
order only. Add $2.50 per order to 
cover shipping and handling if 
ordering only the non -postpaid items. 
Michigan residents add appropiate 
sales tax. 

XTAL2, costing $1.62 as part number 
X051, is available from Digi-Key 
Corporation, P.O. Box 677, Thief 
River Falls, MN 56701-0677; Tel. 
800-344-4539. They accept Visa and 
MasterCard. Add $3 per order for 
shipping and handling. Minnesota 
residents add appropiate sales tax. 

JAN Crystals, 2341 Crystal Drive, Fort 
Myers, FL 33906; Tel. 800-237-3063. 
will custom -make a crystal for any 
frequency for less than $10. Specify a 

load capacitance of 32 pF, a tolerance 
of .005%. in an HC -18/U package. 

regular AM listening. The wiring for the 
optional switch must be totally con- 
tained within the metal case. 

Figure 4 shows the complete inter - 
unit hookup. The converter needs only 
a + 12 -volt power supply such as a car 
battery if you wish to install it in a vehi- 
cle. You can use dry cells or a suitable 
DC power supply if the unit will not be 

2 Me INCHES 

I 

Fig. 2. This foil trace pattern is 
presented for you to use for your 
printed -circuit board if you choose to make 
your own from scratch. 

,477 

11 

R2 

S1 

J1 

Fig. 3. Use this parts -placement diagram to stuff your own circuit board. You need only 
orient the diode, transformer, and integrated circuit properly to get the converter to work. 

C1 

12V 

installed your car. 
The unit requires less than 200 mA of 

current at 12 volts, but for home installa- 
tion, you must of course take the radio's 
power requirements into account. You'll 
of course need an 8 -ohm speaker if 

your radio doesn't have a built-in one. A 
small bookshelf loudspeaker will sound 
really good, however common 4- or 5 - 
inch replacement speakers will work 
equally well in a homemade cabinet. 

Regardless of the type of installation, 
a wise move would be to connect the 
power lead from the converter to the 
12 -volt supply bus inside the AM radio so 
that the radio's ON/OFF switch will control 
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U1 
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C2 

C3 
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v 
ANTENNA 

+ 12V 

BATTERIES 
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(12V 200mA) 

+11 F- 

+ 12V 

RADIO ANTENNA 

CONVERTER 
,T 

ro CAR 
RADIO 

5 

SPKR 

(12V, NEGATIVE 
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Fig. 4. The complete setup is illustrated 
in this diagram. The converter is 
grounded through the cable shield. You 

could add a ground wire if you wish. 

TO 

C3 

XTAL1 I 
5.000MHz 

(OR 8.500MHz) 

O 

I XTAL2 

S2 

TO 

C4 

5.005MHz 
(OR 8.505MHz) 

TO U1 

Fig. 5. A SPST crystal -selector switch 
can choose between crystals to enable a 
digital receiver to tune in 5 -kHz steps. 
Lead length is critical, so keep it short. 

the converter also. The ground for the 
power supply (or battery) travels 
through the grounded shield on the ca- 
ble that connects the converter and 
the AM radio, so it requires no wire of its 

own. 
(Continued on page 159) 
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BUILD AN 
ELECTRONIC 
DARKROOM TIMER 

Build this simple circuit and let it watch the clock for you! 

Being a professional photog- 
rapher, I spend many hours 
behind the camera and in 

the darkroom, My time in the 
darkroom is what sparked the idea 
for this project, When developing 
film, the developing tank must be 
inverted or the film agitated at set 
intervals; normally 30 -second inter- 
vals for black -and -white film, and 
15 -second intervals for color. 

Usually, a darkroom timer or stop- 
watch is used to time the total 
length of each step in the process; 
some steps may be as long as 15 

minutes or more. Sitting and staring 
at a timer display to note those in- 
tervals can be rather boring. That's 
where the Electronic Darkroom 
Timer, described in this article, 
comes into play. 

The Electronic Darkroom Timer 
has a buzzer that beeps at preset 
intervals, so you are free to do other 
darkroom chores without the fear 
of missing an agitation interval. And 
it's equally well suited for timing the 
tray processing of black -and -white 
prints. With the particular paper 
and chemistry that I use, the print 
stays in the developer for 11/2 

minutes, in the stop bath for 30 sec- 
onds, in the fixer for 2 minutes, and 
in the water wash for 3 minutes. 

With the darkroom timer set for 
30 second intervals, you can simply 
count the beeps; i.e., 3 beeps in the 

developer tray, one beep in the 
stop bath tray, 4 beeps in the fixer 
tray, and 6 beeps for the water 
wash. Believe me, it's much better 
than having to watch the second 
hand of a wall clock, or setting a 
darkroom timer for each step of the 
process, or counting "one Mississip- 
pi, two Mississippi," etc. 

BY DOUGLAS E. PEPE 



About the Circuit. Figure 1 shows the 
schematic diagram of the Electronic 
Darkroom Timer. The circuit is built 
around a 555 oscillator/timer, a pair of 
general-purpose transistors, a buzzer, 
and an LED. The 555 (U1) is configured 
as an astable multivibrator (free -run- 
ning oscillator). The frequency of the 
oscillator is determined by the values of 
resistors R1-R3 and capacitors CI-C4. 

Switch S1 is used to divide the capaci- 
tor network to vary the time interval be- 
tween beeps; when S1 is closed, the 
circuit beeps at intervals of 30 seconds, 
and with S1 closed, it beeps at 15 -sec- 
ond intervals. (Those intervals can be 
altered by substituting different values 
for those components.) 

When power is applied to the circuit 
(by closing switch S2), the output of U1 

at pin 3 is initially high. That high is ap- 
plied to the base of transistor Q1 (an 
MPS2907 general-purpose PNP unit), 
keeping it turned off. That high is also 
applied to the anode of LEDI (which is 

used as a power on indicator) through 
resistor R7, turning it on. (See the timing 
diagram shown in Fig. 2). 

While that's going on, timing capaci- 
tors C1-CS begin to charge through 
timing resistors R1-R3. And a DC voltage 
is applied to BZ1's driver input through 
R5 and to its feedback terminal 
(through R4), which is also connected 
to Q2's base terminal. The V+ voltage 
applied to Q2's base causes it to turn 
on, tying BZ1's common terminal high. 

When the timing capacitors are suffi- 
ciently charged, a trigger pulse is ap- 
plied to pin 2 (the trigger input) of U2, 

causing UI's output to momentarily go 
low. That low causes LEDI to go out and 
transistor Q1 to turn on. That, in turn, 
grounds the common lead of buzzer 
BZ1, causing BZ1 to sound. Afterward, 
the output of U1 returns to the high state, 
turning off Q1 and turning on LEDI, until 
another time interval has elapsed, and 
the process is repeated. 

The circuit is powered by a 9 -volt AC 
adapter, which plugs into a standard 
117 -volt household outlet. But because 
the circuit draws only about 10 to 15 

milliamps, a 9 -volt alkaline transistor -ra- 
dio battery might also be used to 
power the circuit. All parts can be easily 
obtained from local electronics -parts 
suppliers, or can be mail ordered from 
most parts houses. 

Putting It Together. There is nothing 
critical about the construction of the 
circuit, and component substitutions 
are permissible. For instance, Q2 (which 
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Fig. I. The Electronic Darkroom Timer is built around a 555 oscillator/timer, a pair of 
general-purpose transistors, an LED, and a buzzer. 

BUZZER OFF 

n 
t2 

BUZZER ON 

t1 = .693 (R1 + R2 + R3) Ct 

t2 = .693 (R1 + R2) C, 

Fig. 2. Here is the output waveform of the 
555 oscillatorítimer (U1). 

is specified as a 2N2222) can be re- 
placed by a 2N3904; Q1 (an MPS2907 
PNP unit) can be replaced by a 
2N3906. In addition, the values of the 
timing capacitors (C1-C4) can be in- 

creased or decreased to alter the pre- 
set time intervals. 

The author's prototype of the Elec- 
tronic Darkroom Timer was built on a 
printed -circuit board measuring about 
2 -inches square. A template for the 
board is shown in Fig. 3. Once you've 
etched the board, check to make sure 
that there are no copper bridges 
where they should not be, If you find 

13/4 INCHES - 
Fig. 3. The author assembled his 
prototype of the Electronic Darkroom 
Timer on a printed -circuit board, the 
template for which is shown here. 

PARTS LIST FOR THE 
ELECTRONIC DARKROOM 

TIMER 

SEMICONDUCTORS 
UI -555 oscillatorítimer, integrated 

circuit (Radio Shack 276-1723) 
Q1-MPS2907 'general-purpose PNP 

silicon transistor (or similar) 
Q2 2N2222 general-purpose NPN 

silicon transistor (or similar) 
LED1-Jumbo light -emitting diode 

RESISTORS 
(All resistors are %a -watt, 5% units.) 
R1 -100,000 -ohm 
R2 -4700 -ohm 
R3-l0-megohm 
R4 -220,000 -ohm 
RS 470 -ohm 
R6 -10,000 -ohm 
R7 -1000 -ohm 

CAPACITORS 

Cl. C2 -2.2-µF, 16-WVDC, tantalum 
C C4 -22-µF, 16-W VDC, tantalum 

ADDITIONAL PARTS AND MATERIALS 
BZ1-Miniature Piezo Buzzer (Radio 

Shack 273-064 or equivalent) 
Sl-SPST toggle switch 
S2-SPST push-on/push-off pushbutton 

or toggle switch 
Printed circuit or perfboard materials. 

enclosure, IC sockets, 9 -volt DC. 
300 -mA plug-in adapter or 9 -volt 
alkaline battery (optional, see text), 
wire, solder, hardware, etc. 

any, they can be cut with an X -acto 
knife or a razor blade. 

When you are satisfied that the board 
has been properly etched, install the 
components on the board using Fig. 4 

as a guide. As always, start by installing 

an IC socket in the position provided for 

(Continued on page 159) 
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Most electronic construction 
projects come to life as the 
result of a three-part plan: 

First the schematic and plans are ob- 
tained-either created by yourself or 
taken from a magazine or book; next 
the parts are gathered; and finally the 
project is constructed and tested. 

Judging from the mail received here 
at Popular Electronics, step two, the 
gathering of the parts, is a real stum- 
bling block for some. So that is what we 
are going to deal with 
here-the how, what, 
and where of collecting 
the parts for your proj- 
ects. 

A project always 
seems to start out better 
if you have some of the 
parts on hand. Your 
stock of parts will never 
be complete (not as 
long as they keep creat- 
ing new devices), but it is 

very desirable to build 
up a selection of the ge- 
neric "building-block" 
components: resistors, 
capacitors, inductors, 
etc. When that's been 
done, it is only neces- 
sary to get any spe- 
cialized parts needed. 
A good stock of parts 
will also allow you to 
substitute and modify 
with ease during the 
testing stage, allowing 
you to get maximum 
performance from your 
circuit. 

To start out, let's talk 
about a few generic 
items and the different 
types that are available. 
The information pre- 
sented will help you to 
make intelligent deci- 
sions in purchasing the 
components and in 
choosing substitutions if a specified 
component can not be found. 

Fixed Resistors. Resistors are found 
in just about every electronic circuit. 
They are used to impede current flow 
and to change voltage levels. When 
they do either, they dissipate some 
electrical energy as heat. The heat a 
resistor is capable of giving off is an 
important characteristic because over- 
heating a resistor will eventually cause it 

T 

to change it's resistance value. Heat dis- 
sipation is measured in watts. To give 
you a feeling for what a watt is, low 
wattage resistors-like a 1/4, or 1 watt- 
should run cool to the touch. However, 
that is a dangerous test to perform on 
high wattage resistors, so to find out 
how much power a resistor must dissi- 
pate, you can use this formula: 

Power (in watts) = V/R 

provided you know the resistance, R, in 

HE PARTS 

CONNECTION 
BY JACK CUNKELMAN 

Make your next project your 

best project with helpful 

advice on parts selection 

and mail-order sources. 

ohms, and you measure the voltage 
across it, V in volts: 

Resistors made to dissipate large 
amounts of heat are called power re- 
sistors. The most common ones are 
constructed of wire wrapped on a ce- 
ramic form and then coated with a 
sealer. Because they are made with 
wire, most power resistors have some 
inductance and should not be used in 

circuits involving high frequencies. 
For the most part, your projects will 

use the small 1/4- and'/2- 
watt resistors. The three 
most popular types are 
carbon composition, 
carbon film, and metal 
film. 

The carbon -composi- 
tion type is an old work- 
horse made by mixing 
carbon with a binder, 
fusing them together, 
and encasing them. 
That type of con- 
struction is susceptible 
to moisture absorption, 
which can cause the re- 
sistance value to 
change as much as 
20%. Also, carbon -com- 
position resistors can 
add electrical noise to a 
circuit. So that type of 
resistor would not be a 
good choice when 
building a low -noise au- 
dio preamp. Carbon - 
composition resistors 
do, however, have ex- 
cellent surge- and tran- 
sient -handling ca- 
pabilities. They most 
commonly have either 
10% or 20% tolerance. 

The newer resistor 
types are manufac- 
tured by depositing a 
film on a core of glass or 
aluminum oxide. The 
film can be carbon (to 

create a carbon -film resistor) or metal 
(for a metal -film resistor). That con- 
struction technique produces more - 
stable resistors, and for that reason film 
resistors are the recommended type to 
use. Carbon -film resistors are gradually 
replacing carbon -composition resistors 
because they are generally less expen- 
sive to manufacture. 

Carbon -film resistors are generally 
available with 5% tolerance, however, 
metal -film resistors are premium -grade 
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resistors with even greater tolerance. 
Metal -film resistors are verystable, work 
well in high -frequency applications, 
and are electrically very quiet. The tol- 
erance in a metal -film resistor's value is 

typically 1%. 

Figure 1 illustrates the bands used to 
identify the resistance values of low - 
wattage resistors. Both a normal (A) and 
a high -precision resistor (B) are shown. 
The numerical values corresponding to 
the various colors you can find on a 
resistor are given in Table 1. 

The position of a band on a resistor 
determines what information it will tell 
you. For instance, the last band (the 
right -most band in the drawings) on a 
resistor indicates its tolerance. The first 

Iwo bands on a normal resistor repre- 
sent the first Iwo digits in the resistor's 

value. For a precision resistor, the first 

three bands represent the first three 
digits. The band just to the left of the 
tolerance band for both types is the 
multiplier. It indicates the number of 
zeroes that follow the first digits. 

Unlike low -wattage resistors, power 
resistors have their values printed on 
their body. 

Variable resistors. Variable resistors 

or potentiometers provide a way of ad- 
justing their resistance value-a mov- 
ing contact brush that touches the 
resistive element. Moving the contact 
varies the resistance value. 

The resistive elements are made of 
various materials-carbon, cermet, 
and conductive plastic being the most 
popular. They typically have power -dis - 
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DIGITS 

Fig. I. Here we show the arrangement of 
bands on both a regular (A) and a 
high -precision (B) resistor body. Notice 
the precision resistor has more digits to 
specify its value more accurately. 

TABLE 1-THE RESISTOR COLOR CODE 

COLOR 

SIGNIFICANT 
FIGURE 
VALUES MULTIPLIER TOLERANCE 

BLACK , O 1 - 
BROWN 1 10 1% 
RED 2 100 2% 
ORANGE 3 1000 3% 
YELLOW 4 10000 4% 
GREEN 5 100000 - 
BLUE 6 1000000 - 
VIOLET 7 - - 
GREY 8 - - 
WHITE 9 - - 
SILVER - 0.01 10% 
GOLD - 0.1 5% 

sipation ratings of one or two watts. 
Units capable of controlling large 

amounts of power are usually called 
rheostats and use resistive wire as the 
resistive element. 

Small trimmer potentiometers are 
available to provide adjustable resis- 

tance values for fine-tuning circuit op- 
eration. They have a rotational life of 
only a few thousand cycles since they 
are meant to be adjusted by the 
builder or servicer of a piece of equip- 
ment and not by the everyday user. 

They are available in single- and multi- 
ple -turn styles. Multiple -turn potentiom- 
eters obviously have more resolution 
than single -turn types. 

Linear- and Audio -Taper Potentiom- 
eters. The taper a potentiometer has 
depends on the relationship between 
potentiometer rotation and potentiom- 
eter resistance. Most potentiometers 
have what is called a linear taper. That 
means its resistance will change in pro- 
portion to how much you move its 

wiper. To determine the taper of a po- 
tentiometer, connect an ohmmeter 
between the wiper arm and one end of 
the potentiometer. Rotate the potenti- 
ometer to the middle of it's rotation 
range. If the ohmmeter reads close to 
1/2 of the potentiometer's total resis- 
tance, you have a linear -taper potenti- 
ometer -50% rotation, 50% resistance. 

If you are using the potentiometer to 
control audio levels, a linear taper is not 
ideal. The ear perceives loudness or 
gain in a nonlinear fashion, so using a 
linear potentiometer in such applica- 
tions will result in a person only using a 
small portion of the potentiometer's ro- 
tation range. What is needed is a semi - 
log or audio -taper potentiometer. At 
50% rotation, the resistance from one 
end of the potentiometer to the wiper is 

just 15% of its total resistance. 
While an audio -taper potentiometer 

is best for audio use, if you are stuck with 
a linear -taper potentiometer there is a 
simple fix. Connect the signal source to 
one side of the potentiometer, and a 
resistor that's 1Áo of the potentiometer's 
value across the wiper and the remain- 
ing terminal. That will approximate an 
audio taper. 

Capacitors. Because there are so 
many types of capacitors available, 
the process of selecting a capacitor is a 
little more complicated than selecting 
a resistor. There seems to be a natural 
dividing line between capacitor types 
at around 1 µF. For example, capacitors 
above 1 µF are of the tantalum- and 
aluminum -electrolyte types, and ca- 
pacitors below that value are made 
from mylar, ceramic, paper, and sev- 
eral plastic materials. Table 2 lists types 
of capacitors, their main charac- 
teristics, and the best use for each. 

The first Iwo types of capacitors in the 
table, aluminum electrolytic and tan- 
talum, are "polarized." They must be 
placed in the circuit observing the po- 
larity markings on the body of the ca- 
pacitor, just as you would for a battery. 
The higher potential in the circuit must 
be connected to the positive terminal 
of the capacitor. To do otherwise will 
result in the failure of the capacitor. It is 

also not wise to use a polarized capaci- 
tor in a circuit that does not apply a 
polarizing voltage across the capaci- 
tor; they can not withstand any reverse 
current. And, finally, the voltage rating 
of the capacitor should be the sum of 
the DC polarizing voltage plus the peak 
value of the AC signal being coupled. 

There are many capacitor -case 
styles. Figure 2 shows some of the more 
common ones for polarized capaci- 
tors. The capacitance value is usually 
written plainly on the case along with 
the polarity markings for the capacitor. 

Figure 3 shows some of the case 



TABLE 2-CAPACITOR CHAFACTERISTICS 

TYPE TYPICAL 
VALUE RANGE 

TYPICAL 
TOLERANCE 

APPLICATIONS & 
CHARACTERISTICS 

Aluminum 
Electrolytic 

0.68 -200,000µF -10%-+75°r Power -supply filtering, bypass, 
coupling. Used where large 
values are needed. 

Tantalum 
Electrolytic 

.001-1000µF 5-20% Bypass, coupling, decoupling. 
Very stable, long life 

Ceramic 1 pF-2.2µF 5-30% Transient decoupling, bypass. 
Value changes with frequency 
and temperature. 

Mica 1 pF-1µF 1-30% Timing, Oscillator, and AF 
circuits. Very stable. 

Polypropylene 1pF-101.1F 2-10% Blocking, bypass, coupling, 
and timing circuits. Filter, noise 
suppression. Good for audio 
through UHF 

Polyester 
(Mylar) 

.001-10µF 5-20% Blocking, filtering, transient 
suppression. Good for audio. 
Small size with medium 
stability. 

Paper .001-10µF 10-20% General purpose. Large size, 
low cost, medium stability, and 
poor moisture characteristics. 

Polystyrene 51 pF-0.15µF 1-5% Timing and tuned circuits. 
Small capacitance change with 
temperature. Excellent stability. 
Good in audio circuits. 

A B C 

Fig. 2. Polarized capacitors have their 
polarity clearly marked. Shown are the 
axial -lead (A), radial -lead, and 
tantalum (C) types. 

styles for non -polarized capacitors 
(usually below 1µF). Their value is either 
written plainly on their body or given 
using a three -digit code. The first and 
second digits are significant numbers 
and the third digit is a multiplier. The 
value you get by deciphering the 
number is in picofarads (denoted pF). 

There are some capacitors whose val- 
ues are color -coded on their bodies 
just like resistors. In fact, you can use the 
same color code as used for resistors to 
determine their value. 

Trimmer and variable capacitors are 
also available, at values in the pF 

range. They come in single- and multi- 
ple -turn types, just like trimmer potenti- 
ometers. The dielectric material used in 

a trimmer capacitor determines how 
well it works at high frequencies. Most 
commonly available trimmers will all 
work well at frequencies below 30 MHz. 

Inductors. When an inductor is used in 

a circuit, the goal is to make the circuit 
more or less sensitive to a particular 
frequency or group of frequencies. A 
circuit will have either a choke or a coil 
to achieve the desired effect. 

The terms inductor, choke, and coil 
seem to be used interchangeably at 
times and to some degree their uses do 
overlap. Typically though, a coil is used 
to resonate or peak at a certain fre- 
quency, while a choke is used to affect 
a group of frequencies. Specifications 
for inductors shown in catalogs lists the 

A B C 

Fig. 3. Non -polarized capacitors come in 
many different types. Shown are the more 
popular ones: an epoxy -dipped (A), a 
disc (B), and a metal -film (C) capacitor. 

"Q," "test frequency," and "current" for a 
particular coil. The Q is called the factor 
of merit of a coil, and is an indication of 
how sharp the response of the coil is 

when resonating at the listed test fre- 
quency. Since all inductors are wound 
with wire, the current rating is the 
amount of current the wire can safely 
carry. 

The type of core in the coil has a 
great effect on the frequency response 
of the coil. Iron cores are used at low 
frequencies (up to 100 kHz). Coils used 
with frequencies up to 30 MHz are usu- 
ally space -wound (air core) or wound 
on cores made of ferrite. Coils used 
above 30 MHz are usually wound on 
nonferrous materials such as brass or 
copper. 

An adjustable coil is wound on a ce- 
ramic form, which makes it act like an 
air -wound coil. A threaded slug or core, 
made from iron, ferrite, or brass (de- 
pending on the frequency range of the 
unit) is screwed into the coil form to 
adjust its inductance. 

A small, hollow section, of ferrite ma- 
terial can be slipped over a single wire 
to form a very effective radio -frequen- 
cy choke. That is useful on microphone 
preamps used near strong radio -fre- 
quency fields to keep high -frequency 
currents from flowing in the wire be- 
tween the microphone and the pre - 
amp input. 

Coil characteristics are so pre- 
carious, it is probably wise to use the 
exact coil specified in a particular proj- 
ect. If the coil is to be handmade, follow 
the article's instructions on how to wind 
the coil, being careful to use the same 
core materials and form factor-the 
ratio of the diameter to length for the 
coil-specified. The form factor greatly 
affects a coil's other specifications. 

An inductor is a relatively complex 
device because it has a great many 
independently variable characteristics, 
To complicate matters further, value 
markings on inductors are almost non- 
existent. However, some newer con- 
struction techniques that coat the 
inductor with epoxy or plastic do permit 
the placement of marking bands to in- 
dicate the inductor's value. The color 
bands can be deciphered using the 
same color -code system as resistors. 
The value obtained will be in henries. 

Semiconductor Substitutions. 
Before we discuss the major semicon- 
ductor components, give heed to 
these words on semiconductor substitu- 
tion: Unlike the components discussed 
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Active Electronics 
P.O. Box 9100 
Westborough, MA 01581 
Catalog: 240 pages, free to qualified cus 

tomers 
Telephone orders: New England 800/AC 

TIVE6, elsewhere 800/ACTIVE4 
Inquiries/help: New England 800/AC- 

TIVE6, elsewhere 800/ACTIVE4 
Hours: 8 am to 6 pm EST Mon.-Fri. 
Payment: Personal or company check (or- 

ders under $100), certified check (or- 
ders over $100), money order, Visa, 
Master Card, American Express, 
C.O.D. (orders under $100), open ac- 
counts 

Minimum order: $25 
Shipping method: UPS unless otherwise 

requested 
Shipping charges: Prevailing carrier rate 
Notes: Retail stores nationwide, sells 

components, test equipment, tools, and 
more 

CIRCLE 20 ON FREE INFORMATION CARD 

All Electronics Corp. 
PO Box 567 
Van Nuys, CA 91408 
Catalog: 46 pages, free 
Telephone orders: 800/826-5432, CA 

800/528-6666 
Inquiries/help: 818/904-0524 
Hours: 7:00 am to 5:00 pm PST, Mon.-Fri.; 

9:00 am to 4:00 pm, Sat. 
Payment: check, M.O., Master Card, Visa, 

Discover 
Minimum order: $10 
Shipping methods: UPS, Parcel Post 
Shipping charges: $3 flat fee 
Foreign orders: yes 
Notes: New and surplus parts; Quantities 

usually limited; Sells capacitors, con- 
nectors, switches, relays, and resistors 

CIRCLE 21 ON FREE INFORMATION CARD 

Allied Electronics 
401 East 8th St. 
Fort Worth, TX 76102 
Catalog: 740 pages, free 
Telephone orders: 800/433-5700 
Payment: check, M.O., Master Card, Visa 

American Express 
Minimum order: none, $5 handling charge for 

orders under $25 
Shipping methods: UPS 
Shipping charges: see UPS chart, insurance 

extra 
Notes: 16 branch locations (see catalog); 

Full -line industrial distributor; Stocks vari- 
ous manufacturer's complete lines 

CIRCLE 22 ON FREE INFORMATION CARD 

American Design Components 
815 Fairview Ave. 
PO Box 220 
Fairview, NJ 07022 
Catalog: 16 pages, free 
Telephone orders: 800/524-0809, NJ 

201/941-5000 

so far, the number of opportunities to 
make substitutions are few. We are out 
of the world of generic parts and into 
the world of specialized parts. Substitu- 

ELECTRONICS PARTS DISTRIBUTORS 
Inquiries/help: 800/524-0809, NJ 

201/941-5000 
Payment: check, M.O., Master Card, Visa, 

Amex 
Minimum order: $15 
Shipping methods: UPS, Parcel Post 
Shipping charges: $3 plus 10% of total 
Notes: Surplus electronic and elec- 

tromechanical components; Quantities 
limited; Sells computers and accessories, 
motors, power supplies, integrated circuits 
CIRCLE 23 ON FREE INFORMATION CARD 

BCD Electro 
PO Box 830119 
Richardson, TX 75083 
Catalog: 40 pages, free 
Telephone orders: 800/456-2233, TX 

214/343-1770 
Inquiries/help: 214/343-1770 
Payment: check, M.O., Master Card, Visa, 

American Express, C.O.D. 
Minimum order: none, $0.95 handling on or- 

ders under $30 
Shipping methods: UPS , us mail 
Shipping charges: $2.50 
Notes: New and surplus parts; Quantities 

usually limited; They've got a little of every- 
thing 

CIRCLE 24 ON FREE INFORMATION CARD 

Circuit Specialists 
PO Box 3047 
Scottsdale, AZ 85257 
Catalog: 85 pages, free 
Telephone orders: 800/528-1417 
Inquiries/help: 602/966-0764 
Hours: 9:00 am to 5:00 pm MST, Mon.-Fri. 
Payment: check, M.O., Master Card, Visa, 

C.O.D. 
Minimum order: $15 for charged orders only 
Shipping method :1st -class mail, Parcel Post, 

UPS 
Shipping charges: $2.00, more for heavy 

items 
Foreign orders: yes 
Notes: Stocks most of the popular parts of 

interest to the hobbyist and serious tinkerer 
CIRCLE 25 ON FREE INFORMATION CARD 

Cornell Electronics Co. 
4217 University Ave. 
San Diego, CA 92105 
Catalog: 12 pages, free 
Telephone orders: 619/281-9792 
Inquiries/help: 619/281-9792 
Payment: check, M.O., Master Card, Visa. 

C.O.D. 
Minimum order: none 
Shipping charges: orders under $100: $2.50 

plus 10% of the order; orders over $100: 
$2.50 plus $7.50 

Foreign orders: yes; Canada and Mexico 
Notes: Sells TV and radio tubes 

CIRCLE 26 ON FREE INFORMATION CARD 

Digi-Key 
PO Box 677 

tion is risky with such devices and should 
be done with a great deal of thought 
and care. 

If you really can't find a specified 

Thief River Falls, MN 56701 
Catalog: 115 pages, free 
Telephone orders: 800/344-4539 
Inquiries/help: 218/681-6674 
Hours: 8:30 am to 5:00 pm CST 
Payment: check, M.O., Master Card, Visa, 

C.O.D. 
Minimum order: none, service charge on or- 

ders below $25 
Shipping methods: UPS, Parcel Post, air 

freight 
Shipping charges: none on prepaid orders 
Foreign orders: yes; Mexico and Canada 
Notes: A good source of capacitors, resistors, 

IC's, and transistors 
CIRCLE 27 ON FREE INFORMATION CARD 

Edlie Electronics 
2700 Hempstead Turnpike 
Levittown, NY 11756 
Catalog: 147 pages, free 
Telephone orders: 800/645-4722 
Inquiries/help: 516/735-3330 
Hours: 9:00 am to 5:30 pm EST, Mon.-Sat. 
Payment: check, M.O., Master Card, Visa 
Minimum order: charge: $50; other: $25 
Shipping methods: UPS, Parcel Post 
Shipping charges: from chart: $4.50 (for up to 

$100) to $15 (for up to $1000) 
Foreign orders: some, must inquire 
Notes: Sells components, test equipment, 

video items, and surplus parts 
CIRCLE 28 ON FREE INFORMATION CARD 

Edmund Scientific Co. 
101 East Gloucester Pike 
Barrington, NJ 08007 
Catalog: 151 pages, free 
Telephone orders: 609/573-6250 or 

609/547-3488 
Inquiries/help: 609/573-6260 (orders); 

609/573-6253 (technical) 
Hours: 9:00 am to 5:00 pm EST, Mon.-Fri. 
Payment: check, M.O., Master Card, Visa, 

Diners Club, American Express, Carte 
Blanche 

Minimum order: none 
Shipping methods: UPS, Parcel Post 
Shipping charges: from chart, $3.95 to 

$18.95 
Notes: Has optics, lasers, astronomy, micro- 

scopes, lab equipment, general state-of- 
the-art scientific stuff 

CIRCLE 29 ON FREE INFORMATION CARD 

Fordham 
260 Motor Parkway 
Hauppauge, NY 11788 
Catalog: 163 pages, free 
Telephone orders: 800/645-9518, NY 

800/832-1446 
Inquiries/help: 800/344-6325 
Hours: 8:00 am to 6:00 pm EST, Mon.-Fri.; 

9:00 am to 3:00 pm Sat. 
Payment: check, M.O., Master Card, Visa, 

American Express, C.O.D. 
Minimum order: $25 
Shipping method: UPS, Parcel Post 
Shipping charges: flat rate based on total 

part, the best place to get substitution 
information is out of the SK- and the 
ECG -series replacement guides. For 
more information about the SK -series 
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order, plus $1 insurance fee 
Notes: Sells test equipment, components, 

and TV and video items. 
CIRCLE 30 ON FREE INFORMATION CARD 

Halted Specialties 
3500 Ryder Street 
Santa Clara, CA 95051 
Catalog: 40 pages, $1.00 (free withorder or in 

stors) Telephone orders: 800/442-5833; 
CA 408/732-1573, BBS 408/732-2814 

Inquiries/help: 800/442-5833; CA 
408/732-1573, BBS 408/732-2814 

Hourse: 8 am to 7 pm PST Mon.-Fri., 9 am to 
5 pm PST Sat. 

Payment: Check, postal money order, Visa, 
Master Card, American Express, C.O.D. 

Minimum order: $10, orders under $20 sub- 
ject to $2 fee 

Shipping method: UPS unless otherwise re- 
quested 

Shipping charges: Exact UPS charges; items 
shipped by other methods are charged the 
carrier's prevailing rate plus a $5 sur- 
charge. 

Notes: Retail stores in Santa Clara, Santa 
Rosa (6819 Redwood Dr., Cotati, CA 
94931), and Sacramento (5549 Hemlock 
St., Sacramento, CA 95841); SElls compo- 
nents, surplus gear, computer items, 
lasers, optoelectronics, test equipment, 
and more 

CIRCLE 31 ON FREE INFORMATION CARD 

Hosfelt Electronics Inc. 
2700 Sunset Blvd 
Stubenville, OH 43952 
Catalog: 64 pages, free 
Telephone orders: 800/524-6464, OH 

614/264-6464 
Inquiries/help: 614/264-6464 
Hours: 9:00 am to 5:00 pm EST, Mon.-Fri. 
Payment: check, M.O., Master Card, Visa, 

American Express, C.O.D. 
Minimum order: none 
Shipping methods: UPS 
Shipping charges: orders from $1 to $100: 

$3.50; $101 to $250: $4.50; $250 and up 
for free 

Foreign orders: no 
Notes: Sells surplus and new components 

CIRCLE 32 ON FREE INFORMATION CARD 

Jameco Electronics 
1355 Shoreway Road 
Belmont, CA 94002 
Catalog: 74 pages, free 
Telephone orders: 415/592-8097 
Inquiries/help: 415/592-8121 
Hours: 7:00 am to 5:00 pm PST, Mon.-Fri. 
Payment: check, M.O., Master Card, Visa, 

C.O.D. 
Minimum order: $20 
Shipping methods: UPS, 1st -class mail 
Shipping charges: by UPS: 5% of total order, 

$2 minimum ($1.50 extra for insurance) 
Foreign orders: yes 
Notes: Stocks new components, IC's, tools, 

computer equipment, and some surplus 

replacement guide write to: 
Sales Promotion Services 
Thompson Consumer Electronics 
Distribution and Special Products 

ELECTRONICS PARTS DISTRIBUTORS 
parts 

CIRCLE 33 ON FREE INFORMATION CARD 

JDR Microdevices 
110 Knowles Dr. 

Los Gatos, CA 95030 
Catalog: 31 pages, free 
Telephone orders: 800/538-5000 
Inquiries/help: 800/538-5000 
Hours: 7:00 am to 5:00 pm PST, Mon.-Fri.; 

10:00 am to 3:00 pm Sat. 
Payment: check, M.O., Master Card, Visa, 

C.O.D. 
Minimum order: $10 
Shipping methods: UPS 
Shipping charges: $2.50 for the first lb., and 

additional over that 
Foreign orders: yes 
Notes: Stocks new IC's, components, com- 

puter boards and computer equipment 
CIRCLE 34 ON FREE INFORMATION CARD 

MCM Electronics 
858 East Congress Park Dr. 

Centerville, OH 45459 
Catalog: 155 pages, free 
Telephone orders: 800/543-4330, OH 

800/762-4315 
Inquiries/help: 800/543-4330, OH 

800/762-4315 
Hours: 7:00 am to 8:00 pm EST, Mon.-Fri.; 

9:00 am to 5:00 pm Sat. 
Payment: M.O., Master Card, Visa, C.O.D. 
Minimum order: $1 service charge for orders 

under $10, $25 minimum for charge, $15 
minimum C.O.D. 

Shipping methods: UPS 
Shipping charges: see UPS rate table 
Foreign orders: yes; 800/824-9491 
Notes: Japanese transistors, IC's, compo- 

nents, VCR and TV parts, speakers, and 
computer parts 
CIRCLE 35 ON FREE INFORMATION CARD 

Mouser Electronics 
2401 Hwy. 287 North 
Mansfield, TX 76063 
Catalog: 183 pages, free; call 800/992-9943 
Telephone orders: 800/346-6873 
Inquiries/help: 817/483-4422 
Hours: 7:00 am to 5:30 pm CST 
Payment: check, M.O., Master Card, Visa, 

American express, Diners Club, Discover, 
Carte Blanche, C.O.D. 

Minimum order: none, $5 service charge for 
orders under $20 

Shipping methods: UPS, Parcel Post 
Shipping charges: 10% of order for check or 

M.O. 
Foreign orders: yes 
Notes: Stocks most components needed by a 

hobbyist 
CIRCLE 36 ON FREE INFORMATION CARD 

Newark Electronics 
4801 North Ravenswood Ave. 
Chicago, IL 60640 
Catalog: free 
Telephone orders: 312/784-5100 

2000 Clements Bridge Road 
Depford, NJ 08096-2088 

or for information on the Phillips ECG 
guide write to: 

Payment: Master Card, Visa, C.O.D. 
Minimum order: $25 
Shipping methods: UPS, US postal express 

mail, air freight, truck 
Shipping charges: actual amount added to 

charge card 
Foreign orders: yes 
Notes: Numerous regional offices, order from 

local office if possible (addresses and 
phone numbers in catalog); full -line indus- 
trial distributor 
CIRCLE 37 ON FREE INFORMATION CARD 

Parts Express International, Inc. 
340 East First St. 
Dayton, OH 45402 
Catalog: 83 pages, free 
Telephone orders: 800/338-0531 
Inquiries/help: 800/338-0531 
Hours: 8:30 am to 6:00 pm, Mon.-Fri. 
Payment: check, M.O., Master Card, Visa, 

Discover, C.O.D. 
Minimum order: none, $1 service charge or- 

ders less than $10 
Shipping methods: UPS 
Shipping charges: $2 flat rate up to 5 lbs on 

prepaid orders, actual cost on credit card 
orders 

Notes: Japanese parts, semiconductors, TV, 
VCR parts. 

CIRCLE 38 ON FREE INFORMATION CARD 

Sintec Company 
28 8th St. 
PO Box 410 
Frenchtown, NJ 08825 
Catalog: 67 pages, $2.00 
Telephone orders: 800/526-5960, NJ 

201/996-4093 
Inquiries/help: 201/996-4093 
Hours: 8:15 am to 5:00 pm EST, Mon.-Fri. 
Payment: check, M.O., Master Card, Visa, 

C.O.D. 
Minimum order: $10 
Shipping methods: first-class mail, UPS 
Shipping charges: up to $100, costs $3: $100 

to $250, costs $4: above $250, costs $5 
Foreign orders: yes 
Notes: New electronic components 

CIRCLE 39 ON FREE INFORMATION CARD 

Solid State Sales 
P.O. Box 74D 
Somerville, MA 02143 
Catalog: 17 pages, $0.25 
Telephone orders: 800/343-5230 
Inquiries/help: 617-547-7053 
Hourse: 8:00 am to 4:45 pm EST Mon.-Fri., 

10:00 am to 2:30 pm EST Sat. 
Payment: check, money order, Master Card, 

Visa, C.O.D. 
Minimum order: C.O.D. or charge $20, check 

or money order $5 
Shipping method: UPS or parcel post 
Shipping charges: 10% for orders under $25, 

5% for orders between $25 and $50, 3% for 
orders over $50. 

Notes: Sells new components 
CIRCLE 40 ON FREE INFORMATION CARD 

Phillips ECG, Inc. 
Distributor & Special Markets Div. 

1025 Westminister Dr. 

Williamsport, PA 17701 
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Tel. 800/225-8326. 
Parts are not available from the given 

addresses, must be purchased through 
their distributors. When purchasing a re- 
placement guide ask for a list of dis- 
tributors. 

A replacement guide listing Radio 
Shack parts is also available at Radio 
Shack Stores. Your local Radio Shack 
store will also order SK -series parts for 
you and have them shipped to the 
store. 

Another tool that'll help you under- 
stand device specifications and pack- 
aging is a data book. Start collecting 
data books from various manufacturers 
for your reference library. Note that 
some of the parts suppliers mentioned 
later have data books available for 
sale. 

Diodes. The two categories of di- 
odes-germanium and silicon-are 
probably the least difficult to substitute 
for. However, the two types can not be 
interchanged because the junctions of 
each behave differently. Other consid- 
erations of substitution are the voltage 
and current rating of the diode. Use a 
diode with a rating at or above what 
the designer of the circuit specifies. If 

the diode in question is used in a switch- 
ing power supply or in a high -frequen- 
cy switching or detection application, it 
is probably wise to use the exact diode 
specified, again because of how diode 
junctions behave. My stock includes a 
pile of 1- and 3 -amp 400 -volt diodes 
and I find that they supply most of my 
needs for general-purpose diodes. 

Transistors and Integrated Circuits. 
Transistors are the next easiest part to 
substitute for. A friend of mine has used 
this simple rule: There are only Iwo kinds 
of transistors: NPN and PNP; and he has 
applied it with much success. In reality, 
however, most projects work the best 
with the transistors specified. 

A generic replacement for almost 
any transistor made, can be chosen 
from the replacement guides men- 
tioned earlier. However, the cost of a 
substitute is usually higher. 

Finally, when dealing with integrated 
circuits, substitutions are best left to the 
experts. The specified IC is probably the 
only one that will work either because 
of physical pin -out specifications or 
electrical specifications. There are ge- 
neric substitutions available from the 
same companies mentioned above, 
but the selection of substitutes is more 
limited than for transistors and diodes. 

TABLE 3-PACKAGING CODES 

PACKAGE MOTOROLA NATIONAL RCA/GE SIGNETICS 
TEXAS 

INSTRUMENTS 

8 -pin dip 
plastic P N-8 E N P 

14 pins or 
more, plastic P N E N N 

Dip ceramic L D or J D F or I J 

T05 -T0101 
Metal can G H S or T H L 

TO220 Tab T T - U KC 

TO3 Steel - K - - - 
TO3 
Aluminum K KC - - K 

However, there is some hope be- 
cause of "second sourcing," as the in- 
dustry calls it. Second sourcing means a 
given IC is made by more than one 
company. That came about because 
the number of manufacturers of equip- 
ment using the more popular IC's cre- 
ated a sufficient market demand to 
support many chip manufacturers. 

Identifying substitutions for parts is a 
problem because each manufacturer 
calls a given chip something different, 
but it is possible to figure out the chip 
part number. A typical IC part number 
can be broken down as follows: 

XX-YYYy-Z 

Where XX is the device family, YY Y is the 
device number, and Z is the package 
type. 

Take the ever -popular 741 op -amp 
for instance. The device number, 741, 

appears in the part number of each 
supplier, but each puts their own prefix 
and suffix in the number to describe the 
part. For example: 

National-LM741N 
Silicon General.-SG741M 
Raytheon-RC741NB 
Signetics-µA741 N 

Motorola MCI741CP1 

Table 3 is a cross reference of pack- 
age suffixes for some of the more popu- 
lar manufacturers. The plastic DIP 
(dual in -line package) enclosure is by 
far the most popular and least expen- 
sive type available to the experimenter. 
The same device in a ceramic pack- 
age, for instance, will usually cost more 
because it has a wider operating -tem- 
perature range-the range is usually 0 
to 70°C for plastic -packaged devices. 

Where Are the Parts? One could not 
start to discuss the acquisition of parts 
without mentioning Radio Shack first. 

They, through their mass -merchandis- 
ing abilities, have made it easy and 
convenient to purchase a large 
number of the parts needed for proj- 
ects. In fact, many parts lists in maga- 
zine projects specify many Radio Shack 
parts, so use them for convenience. I 

have never been disappointed by their 
quality, but remember you are paying a 
bit extra for the convenience of it all. 

The local telephone book may pro- 
vide you with the names of other local 
parts distributors. In my yellow pages 
they are listed under "Electronic Parts 
and Supplies." The larger distributors 
are usually located only in larger metro- 
politan areas. 

By far the most convenient way to do 
your shopping is by mail. It is, in my es- 
timation, the best way to get the latest 
technology for the best prices (for that 
matter, the best prices on the everyday 
stuff also). 

However, there seems to be some 
natural divisions in the kinds of parts 
distributors, each having their own ad- 
vantages and disadvantages. First 
there are the full -line parts distributors; 
They may be your only choice if your 
project requires a newly introduced IC. 
If they carry a manufacturer's line, 
chances are they can get you any IC 
from that manufacturer. Just remember 
they are accustomed to dealing with 
industrial accounts, so they may not get 
excited over your order, but be per- 
sistent. 

Also, as with most distributors, be 
aware of any minimum -order amount. 
It is not negotiable, so you'll have to 
abide by their rules. Add some other 
needed items to an order to help you 
get up to the minimum. I keep a run- 
ning 'Want list" on a clipboard for that 
very reason and use the listed items to 
"fill-in" any order that does not meet the 

(Continued on page 158) 



HOLIDAY LIGHT 
SEQU NCER 

Illuminate your Yuletide celebratio- 
,; with this light -controller circuit 

-you are too ing"Yor t at spë+ciat e'cOration to adorn your 
humble home this holiday season, then look no farther! With 
this easy -to -build project-the Holiday Light Sequencer- 
you can transform your standard Christmas lights into an 
exciting display that will rival even the most expeítsive 
commercial systems! 

The Holiday Light Sequencer is so -named becaúse it 
interfaces a digital sequencing circuit with four 117.. 
volt AC (household -current) sockets. The Se- 
quencer consists of a variable -frequency pulse 
generator and four D -type flip-flops. The circuit 
produces several different selectable se- 
quences that are feci to the four AC sockets via 
optoisolatordcouplers (with triac-driver out- 
puts) and power triacs. 

To see how the circuit operates, refer to the 
schematic diagram of the Holiday Light Se- 
quencer circuit shown in Fig. 1. Inte- 
grated circuit U1 (a 555 oscillator/timer) 
is wired as a conventional pulse generator. 
The frequency of the pulse generator is 
controlled by potentiometer R11. Resistor 
R2 puts a reasonable limit on the high- 
est speed attainable. 

The output of the pulse generator is 
fed to the common clock input of U2, a 

, 

74C175 quad D -type flip-flop. 
. 

Each flip-flop is configured so that 
its Q output is coupled to the D 

input of the subsequent flip-flop (as 
shown in Fig, 2) 
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TO METAL ENCLOSURE 

Fig. 1-The Holiday Light Sequencer circuit consists of a 555 oscillator/timer (configured as a pulse generator), feeding 
a 74C175 quad D -type flip-flop. The four flip-flops, in turn, drive four MOC3010 optoisolatorlcouplers, which are used to 
trigger four triacs to provide power to the four strings of lamps. 

Information on the D input of each 
flip-flop is transferred to the Q (and s) 
outputs on the leading edge of each 
clock pulse. Switch S2 allows you to 
invert the information on the D input of 

o the first flip-flop at any time during the 
cycle. That allows you to create a 
number of different sequences, which 

= are determined by the state of the CQ 
output at the time of the switching. 

cn Some of the possible sequences 
m are: 
ó 1 through 4 on,1 through 4 off; 
_ 1 of 4 on sequence; 
cL 1 of 4 off sequence; 

2 of 4 on sequence; 
1 and 3 on to 2 and 4 off; 

and others where the sequence of 
events is difficult to determine. 

However, if S2 is switched to position 
B while all outputs are high or all are 
low, which seldom occurs, the se- 
quence stops and the outputs remain 
either all on or all off. If that happens, 
you only need to switch back to posi- 
tion A for at least one pulse duration, 
and then back to position B again. 

Likewise, S2 should be in position A 

(pin 4 connected to pin 14) each time 
the power is turned on. That's because 
the data on pin 4 must be a logic 1 in 
order to start a sequence; otherwise all 
outputs remain at logic 0 regardless of 
the clock pulses. 

Interface. Each output of the se- 
quencing circuit is connected to an 
MOC3O10 optoisolator/coupler (U3 - 
U6), which contains an infrared -emit- 
ting diode with an infrared -sensitive 
diac (triac driver or trigger) in close 
proximity. (See Fig 3.) The diac is used 
as a trigger for the triac, which carries 
the 117 -volts AC. 

Each time the infrared -emitting di- 
ode receives a logic 1, it turns on, caus- 
ing the diac to conduct. With the 
optoisolator/coupler's internal diac 
conducting, the triac turns on, and 
power is supplied to whatever load is 

plugged into the corresponding AC 
socket. So the sequencing circuit and 
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Fig. 2-Shown here is a functional diagram illustrating the actual configuration 
of the four flip-flops in the Holiday Light Sequencer circuit. 

MOC3010 

Fig. 3-This block diagram shows the 
inner workings of the MOC3010 opto- 
isolatorlcoupler. Its output element 
is a diac or triac driver. 

the 117 -volt AC outputs are "optically 
coupled" and are effectively isolated 
from each other. 

Power for the sequencing circuit is 

provided by a 6.3 -volt miniature trans- 
former. The output of the transformer is 

rectified by a four -diode bridge cir- 
cuit, the output of which is filtered by Cl 
(a 1000-µF electrolytic capacitor). Ca- 
pacitor C3 is added at the supply pin 
of U2 to suppress transients. 

Construction. First of all, you abso- 
lutely must break off the links between 
the terminals on the duplex sockets 
(SO1-SO4), so that each socket can be 
controlled individually. That is very im- 
portant! Do it before anything else so 
you can't forget later. Next, mark the 
locations of all the components that 
are to be mounted to the front and rear 
panels of the enclosure. 

Drill and cut holes in the metal en- 
closure for the panel -mounted com- 
ponents. The holes for the sockets are a 
little hard to make. However, you can 
use a wall plate (socket cover) as a 
template to mark the holes, and then 
drill with the largest size bit available 
(without going oversize). The socket 
holes can then be shaped and/or en- 
larged as needed with a small file or 
grinding wheel. 

The author's prototype was built on 
printed -circuit board, the foil pattern 
for which is shown in Fig. 4. Once the 
board is etched and drilled, begin in- 
stalling the board -mounted compo- 

I 

are arranged as follows: set A, light 1; set 
B, light 1; set C, light 1; set D, light 1; set A, 
light 2; set B, light 2; and so on. The 
lamps can be kept in their proper posi - 

S2 lions by wrapping wire ties or electrical 
tape around the light strings. 

The plugs should be marked with the 
letters A, B, C, and D so that they can 
be plugged into the corresponding 
sockets on the Holiday Light Se- 
quencer. If your lights are the "flashing" 
type, locate the flasher bulb and re- 
place it with an ordinary one. 

L 

Warning. Always keep in mind that 
household current (117 -volts AC) can 
be lethal! Never turn on the power un - 

4 INCHES Ir 

Fig. 4-Shown here is a full-size foil pattern for the Holiday Light Sequencer's printed - 
circuit board. 
nents, using Fig. 5 as a guide. Note 
from the diagram that R2 is not 
mounted on the PC board, but is sol- 
dered directly to potentiometer R11. 

Use #18 insulated wire (or heavier) for 
all 117 -volt AC connections. Use a cop- 
per or aluminum heat sink for the four 
triacs if you plan on using high -wat- 
tage lamps. Mount the circuit board 
on insulating spacers, making sure that 
none of the connections on the foil side 
touch the metal case. Make sure that 
the AC ground is connected to the ap- 
propriate terminal on all the sockets 
and to the metal enclosure. Secure the 
power cord with a suitable connector 
or strain relief. 

The Lights. For the Holiday Light Se- 
quencer to produce the aforemen- 
tioned sequences, the lights from each 
of the strings must also be arranged in 
sequence. For instance, to create a 
one -of -four sequence, the lights from 
four light sets, designated A B, C, and D, 

less the circuit is completely enclosed. 
Never try to make repairs or modifica- 
tions to the circuit without first unplug- 
ging the unit. The AC fuse must not be 
omitted from the circuit. The fuse as- 
sures that the project won't be 
damaged in the event of a wiring error. 

The Holiday Light Sequencer is in- 
tended for indoor use only. Do not use it 
outdoors, unless you can completely 
shield it from all forms of precipitation. 

Troubleshooting. After checking 
your wiring several times, put the cover 
on, plug in the Holiday Light Se- 
quencer, and plug the four sets of lights 
into the corresponding sockets. (You 
should check all the lights beforehand 
by plugging them into a household 
wall socket). 

With R11 set at mid -position and S2 to 
position A, flip on the power switch, S1. If 

nothing happens after several sec- 
onds, you should set S2 to the other 
position. If the lights now start to se - 
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Fig. 5-Shown here is the parts -placement diagram for the Holiday Light Sequencer. When 
installing the parts, pay strict attention to the orientation of the components. 
Also it is a good idea to use sockets for the six ICs. 

T1 

TR1-TR4 

U3 -U6 U2 U1 Cl D1-04 

Here is the finished project prior to being sealed into its enclosure. Note that 
SOI-SO4 consist of two duplex sockets, which come with a shorting bar between 
the two individual sockets. It is necessary to sever the shorting bar between 
the sockets to allow the strings of lamps to be controlled individually. 

quence, then either the wires to S2 
should be reversed (with the unit un- 
plugged of course), or that setting can 
be marked as position A. 

If nothing happens with S2 in either 
position, check the fuse. If it is blown, 
then unplug the unit and look for a 
short in the 117 -volt AC wiring. Solder 

S01 -s04 

bridges are another possible problem. 
For instance, solder bridges on the tri - 
acs may cause the corresponding 
socket(s) to stay on constantly. 

Improper orientation of the IC(s), 
missing jumper wires, or poor solder 
connections can also cause prob- 
lems. But, if the schematic diagram of 

PARTS LIST FOR THE 
HOLIDAY LIGHT SEQUENCER 

SEMICONDUCTORS 
UI -555 oscillator/timer, integrated 

circuit 
U2 -74C175 or 40175B quad D -type 

flip-flop, integrated circuit 
U3-U6-MOC3010 optoisolator/coupler 

(Radio Shack 276-134 or similar), 
integrated circuit 

TRI-TR4-6-amp, 400 -volt triac (Radio 
Shack 276-1000 or similar) 

DI-D4-1N4001 (or similar) 1 -amp, 50 - 
Ply, silicon rectifier diode 

RESISTORS 
(All resistors are %a -watt, 5% units, 

unless otherwise noted.) 
R1, R2 -22,000 -ohm 
R3-R6-1800-ohm 
R7-R10-I80-ohm 
RII -100,000 -ohm potentiometer 

CAPACITORS 
CI -1000-11F, 16-WVDC (or better) 

electrolytic 
C2 -1-µF, 16-WVDC (or better), 

Tantalum or radial -lead electrolytic 
C3 -3.3-µF, 16-WVDC (or better) 

Tantalum or radial -lead electrolytic 

ADDITIONAL PARTS AND MATERIALS 
TI -117 -volt primary, 6.3 -volt secondary, 

miniature power transformer 
Fl -6 -amp fuse 3AG 
SI-Single-pole, single -throw, rocker 

switch 
S2-Single-pole, double -throw, 

miniature toggle or slide switch 
NEI 117 -volt snap -in neon lamp 
PLI 117 -volt AC molded 3 -conductor 

plug with power cord 
SOI-SO4-117-volt AC sockets 

Printed circuit or perfboard materials, 
metal enclosure (Radio Shack 270-272 
or similar), IC sockets, fuse holder, 
hookup wire, solder, hardware, etc. 

the circuit is followed very closely, 
there should be no problem in getting 
the Holiday Light Sequencer to work. 

Operation. While the sequencer is 

working properly with S2 in position A, 
try switching to position B at various 
times during the cycle to create an 
amazing variety of sequences. Sev- 
eral other sequences are obtainable 
by plugging set B into the c socket and 
vice versa. Adjust potentiometer R11 for 
the desired rate and just sit back and 
enjoy the show! 

And when the Yuletide season is 

over, don't pack the Holiday Light Se- 
quencer away with the rest of the dec- 
orations. Try plugging in a 150 -watt 
floodlamp (to any socket) for wild 
strobe -type lighting effects! Or maybe 
you can do something with your patio 
lanterns. 
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BUILD YOUR OWN 

PRINTER SPOOLER/BUFFER 
Free up your computer and avoid switching cables between machines with 

this combination print buffer and automatic T -switch 

Igot my start in computing several 
years ago, with a home-brew 8085 - 

based computer running the CP/M op- 
erating system. When fairly sophisti- 
cated CAD packages started show- 
ing up for MS-DOS, I purchased an XT 

clone. However, with a large invest- 
ment in CP/M software, I wasn't ready 
to relegate my old 8085 system to the 
dust heap. And therein began my di- 
lemma-two computers and only one 
printer. 

It seemed that no matter which 
computer I was using, the printer was 
hooked up to the other. And although 
my printer is extremely fast, outputting 
400 lines per minute, waiting for the 
printout of a long listing was tiresome. I 

had spooler programs, but they use 
memory, disk space, and bus cycles. 
The spooler programs also assumed a 
much slower printer, which caused the 
print speed to be cut to less than 100 

lines per minute. The Print Buffer/ 
Spooler(PSB) discribed in this article- 
which combines the functions of an 
automatic T -switch and a 64K 
spooler- solved both my problems. 

BY JOHN EMERSON 

System Overview. The PSB circuit 
(see Fig. 1) has a relatively low parts 
count, and handshakes with Cen- 
tronics -compatible parallel printers 
and ports. It is built around an 8031 

microcontroller, which is supported by 
readily available parts. The PSB has 
two major modes of operation: graph- 
ics and text. In the graphics mode, 
what goes in, comes out. A form -feed 
character is inserted after each com- 
puter releases the buffer. Characters 
cannot be swapped, inserted, or de- 
leted because most control codes are 
also valid pin -patterns for dot-matrix 
printers in the graphics mode. 

The main difference between the 
graphics and text modes lies in the 
way that form feeds are handled. The 
text mode eats them. That is, the input 
routine inserts a form -feed between 
computers (as in the graphics mode), 
but the output routine keeps track of 
the last character printed. If the last 
character printed was a form -feed, 
the PSB deletes any additional, con- 
secutive form -feeds. In other words, 
there's always one form -feed between 

computers, but there's never more 
than one form feed. 

In the text mode, additional switches 
allow the unit to expand tabs and form 
feeds, although they are fixed at 8 - 

spaces per tab and 66 -lines per page. 
While my printer is very fast, it doesn't 
understand a tab code. I've also had 
even dumber printers that didn't un- 
derstand form feeds. The PSB can 
compensate for those shortcomings. 

In the graphics mode, those switch- 
es are disabled because the circuit 
can't tell the difference between a tab 
or form -feed and the graphics bit -pat- 
terns 09H and OCH. 

The 8031 Microcontroller. Like the 
popular Z80, the 8031 has built-in 
clock -generation circuits, eliminating 
the cost of external clock hardware 
and allowing it to operate directly 
from a crystal. And as we all know, any 
reduction in parts count, reduces the 
final cost. 

Unlike the Z80, the 8031 uses a modi- 
fied Harvard architecture, with sepa- 
rate address spaces for programs and 
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Fig. I-The Print Spooler/Buffer-built around an 8031 microcontroller, which is supported by readily available 
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data. A true Harvard architecture has 
separate address and data buses, al- 
lowing that type of computer to read 
or write data for the current instruction 
while it simultaneously reads the next 
instruction, making it a very fast com- 
puter. 

The 8031 has common address and 
data busses, but separate read lines 
for program (/PSEN) and data (/RD). 
That doesn't increase speed over a 
common address space, but it does 
effectively double the amount of 
memory that the 8031 can address. It 

can address up to 64K of program and 
up to 64K of data, for a maximum of 
128K, compared to the Z80's 64K total 
(without external bank -switching hard- 
ware). That permits the use of a full 64K 
buffer, plus 8K of program, without the 
bank -switching hardware that the Z80 
would have needed. 

The 8031 has two on -board, 16 -bit 
timer/counter circuits, allowing one 
computer to time-out when it is done 
with the buffer, something that could 
be done entirely in software (with a 
speed penalty) in a Z80 system. That 
scheme avoids some additional pro- 
gramming or external counter hard- 
ware. 

The 8031 has a good interrupt struc- 
ture, allowing the timer and two com- 
puter -interface ports to be interrupt 
driven without incurring a hardware 
penalty. With the Z80, some sort of de- 
coding hardware would be required 
to handle three sources. The 8031 has 
128 bytes of onboard RAM, 32 of which 
are organized into four banks of work- 

PL1 

Z1 

PL2 

Z2 

PL3 

S5 

ON/OFF 

CR1 

ing registers. Because 32K static RAMs 
are fairly expensive, I wrote the soft- 
ware to test for the presence of exter- 
nal RAM, and generate a small (104 - 
byte) buffer in that internal memory. 

Although not used in the printer - 
sharer circuit, the 8031 has a full du- 
plex, interrupt -driven serial port (UART) 
onboard. It is available in versions with 
onboard ROM (8051) and even 
EPROM (8751). If external memory is not 
required, the data, address, and 
handshake pins may be configured as 
up to four 8 -bit parallel ports. For con- 
trol functions, each I/O port bit can be 
addressed individually. 

The 8031 instruction set includes the 
ability to set or clear individual bits in 
the accumulator, several registers, 
and the I/O ports, and to test those 
same bits and perform a jump on bit 
set or cleared. Arithmetic functions in- 
clude multiply and divide instructions, 
each of which is executed in just four 
cycles. The rest of the instructions are 
executed in one or two cycles. 

Circuit Analysis. Assume that com- 
puter A places a byte of data on the 
IADO-IAD7 terminals of PL1, then pulses 
PL1's IA/STB terminals low. On the rising 
(trailing) edge of the pulse, the data 
from PL1's IADO-IAD7 terminals is 

clocked into U2. The same rising edge 
clocks U3 -a. Flip-flop U3-a's Q output 
goes high, sending an active -high 
busy signal (IABY) back to computer 
A-which is interpreted by the com- 
puter to mean "Don't send me any 
more, I'm processing." 

sa 
RESET 

Shown here is a top -side view of the Print Buffer/Spooler's fully -populated printed - 
circuit board prior to the sealing of its metal enclosure. 
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S1 
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Flip-flop U3-a's Q output goes low, 
giving computer A an active -low busy 
signal (IA/BY) and sending an interrupt 
to U5 (the 8031 microprocessor). An in- 
terrupt (or interrupt service routine) tells 
the processor to stop its current task, 
save its place, and do something else 
for a while. On completion of the inter- 
rupt service routine, the processor re- 
turns to the original task. 

During the interrupt service routine, 
pin 10 of U5 is brought low. That signal 
enables the three -state outputs of U2 to 
send the buffered byte to U5 pins 1 to 8 
(P1.0 -P1.7). The interrupt routine then 
reads the data through P1.0 -P1.7 (U5 
pins 1-8) and brings pin 10 high again. 
The high -to -low transition clears U3 -a, 
removing the busy signals being re- 
turned to the computer. The low -to- 
high transition returns U2 to its three - 
state mode. The output of U5 at pin 10 is 

buffered by U3 -a and returned to the 
computer as an acknowledge signal 
(IA/ACK). 

The interrupt -service routine, having 
accepted the first byte from computer 
A, places that byte into the 64K buffer. 
That disables responses to computer 
B's interrupt lead and sets one of the 
internal timer/counters for 15 seconds. 
Once the timer/counter starts running, 
it returns to the main program. 

The sequence is repeated for each 
character sent by computer A. With 
each character, the timer is reset to 
count out 15 seconds. As long as com- 
puter A delays no more than 15 sec- 
onds between characters, the counter 
never reaches zero, and computer B's 

interrupt remains disabled. 
Assume computer A has the buffer, 

and that less than 15 seconds have 
elapsed since it sent the last character. 
Computer B sends one character. 
When its IB/STB signal sets U3 -b, that 
flip-flop sends busy and not -busy sig- 
nals back. Meanwhile, the character is 

latched into U4. Since U5 is prevented 
from acknowledging computer B's in- 
terrupt, the character is not read into 
the buffer. Computer B gets a continu- 
ous busy signal, and cannot send any 
more characters. 

Meanwhile, U5 continues to accept 
characters from computer A at over 
2000 characters -per -second (cps), as- 
suming that computer A can send that 
fast. Fifteen seconds after computer A 
has sent its last character, the timer (no 
longer being reset) arrives at zero, and 
generates its own interrupt. 

At that point, the timer -interrupt ser- 
vice routine stops the timer and inserts 
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a fcrm-feed character into the buffer 
after the last character received from 
computer A. It then enables the inter- 
rupt signals from both computers. 
Computer A's interrupt is already en- 
abled, but computer B has been wait- 
ing for that signal. 

On return from the timer interrupt, the 
processor recognizes the pending 
computer -B interrupt, originating at 
the z5 output of U3 -b, present at U5 pin 
13. The computer -B interrupt service 
routine accepts the character from U4, 

placing it into the buffer immediately 
after the timer's form -feed. That clears 
U3 -b (removing the busy for computer 
B), disables the computer -A interrupt, 
sets the timer (again for 15 seconds), 
and then returns to the main loop. 

As long as computer B continues to 
send characters at intervals of less 

than 15 seconds, the interrupt for com- 
puter A remains disabled. The circuit 
can accept characters from comput- 
er B, while continuing to print computer 
A's file from the buffer. Should the buffer 
become full (temporarily stopping the 
timer), the active computer interrupt is 

disabled until the main loop has taken 
one character from the buffer and sent 
it on to the printer. The interrupt is then 
re -enabled. 

The main -loop software takes 
characters from the buffer and sends 
them to the printer. Because it uses the 
same I/O bus for sending that the inter- 
rupts use for receiving, it must tem- 
porarily disable the active computer's 
interrupt for the duration of the transfer, 
then remember which computer was 
active, and re -enable its interrupt 
when the job is complete. 

The main loop polls T1 (U5 pin 15), an 
input connected to the printer's busy 
signal. If the printer is busy processing 
the last character sent, U5 sits in a tight 
loop, testing and re -testing pin 15. 

When the busy signal is cleared, the 
loop is expanded to test for a 
character in the buffer. 

If the printer is not busy and there is at 
least one character in the buffer, the 
processor disables the active comput- 
er interrupt, takes the next character 
from the buffer, places it on U5's 
P1.0 -P1.7 terminals, and uses the port as 
an output. The processor then brings its 

pin 14 high, allowing data to be fed to 
U7. When pin 14 of U5 is brought low 
again, the data is latched into U7, and 
U6 -a (which is set to produce the 1.5-µs 
pulse that the printer expects) is trig- 
gered. 

Once the data has been latched 

into U7, the processor clears the 
P1.0 -P1.7 terminals and returns the port 
to the input mode. It then re -enables 
the active computer's interrupt and 
goes back to polling the printer's busy 
signal. 

In text mode, however, the previous 
character is saved in one of the regis- 
ters. The current character is tested, to 
see if it is a form feed. If it is not, the 
character is sent normally. If it is a form 
feed, the character is then compared 
to the previous character. If that was 
also a form feed, it returns to the main 
loop without sending the character. 
The result is that multiple, consecutive 
form -feeds are disallowed. 

Three ribbon cables are need to connect 
the PSB between your two computers and 
the printer. One end of each cable is 
terminated in a 34 -pin header connector. 
The other ends of the cables terminate 
in connectors selected to mate with the 
computer or printer ports to which they 
are to be attached. 

The disallowance of consecutive 
form feeds is a very useful feature. For 
example, consider that my text editor 
inserts a form feed at the end of each 
file, my 8080 assembler inserts a form 
feed at the beginning of each file, and 
the sharer program inserts a form feed 
between files. If a text file were printed, 
followed by a program listing, I could 
end up with three consecutive form - 
feeds between the two documents-a 
waste of paper-if that feature were 
missing. 

The tab -expansion feature uses a 
register and software to count charac- 
ters (modulo 8). Non -printing charac- 
ters, such as a line -feed or bell, do not 
count. A carriage return resets the 
counter. When a tab character is en- 
countered, the program branches to a 
loop, printing space characters and 
bumping the counter until it rolls over, 
and then returns to the main loop. 

Similarly, the form -feed expansion 
counts line -feeds (modulo 66). When a 
form leed is encountered, it prints line 

A wall -mounted power supply capable of 
providing between 8 and 24 -volts DC at 
I amp can be used to power the Print Buf- 
fer/Spooler. The author chose a 9 -volt 
unit as his power source. 

feeds and bumps the counter, return- 
ing to the main loop when the form - 
feed counter rolls over. Note that that 
routine is placed after the multiple 
form -feed test. 

Switches are used to set the upper 
addresses of the program memory. 
That approach may seem a bit 
strange, but there is a good reason. In 

designing the basic unit, all available 
signal pins on the 8031 (U5) were used. I 

had no way to add features by testing 
a switch and doing a conditional 
branch because I had no place left to 
attach the switches. Instead, I wrote 
five different versions of the program. 

Each version has its logical origin at 
address 0000H, even though they are 
physically loaded into ROM at ad- 
dress 0 (text mode, expand forms and 
tabs), 400H (text mode, expand only 
forms), 800H (text mode, expand only 
tabs), OCOOH (basic text mode, no ex- 
pansions), and 1C00H (graphics 
mode). The switches then select which 
of the five physical addresses are pre- 
sented to the processor as address 
zero. 

Because the five programs are not 
identical, changing any mode switch 
while operating could easily send the 
8031 (U5) branching off to never-never 
land. The switches should only be 
changed with the power off. 

In hardware, the paper empty 
(POPE) and fault (PO/FLT) signals from 
the printer are buffered by U1 -c and U1 - 

d, and sent directly to both computers. 
The 8031 doesn't need to know the type 
of error; it simply sees a busy signal 
from the printer and can't send. 

Construction. The authors prototype 
of the circuit was fabricated on a dou- 
ble -sided printed -circuit board, the 
foil patterns for that board are shown in 

Fig. 2. You can, if you wish, wire -wrap 
the Print/Buffer Spooler, but bear in 
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Fig. 2-The full-scale foil pattern for the double -sided printed -circuit board. 
The component side is shown in A; the solder side is shorn in B. 

mind that there are some fairly -high 
frequencies running trough the cir- 
cuit. So, if you go the wire -wrap route, 
it's important that lead lengths be kept 
as short as possible, especially in the 
paths running from U5 pins 18 and 19 to 

Y1, Y1 to C2 and C3, and C2 and C3 to 
ground. In the area of U6, the paths 
from U6 to C4 and R3, and from R3 to 
Vcc, should also be kept fairly short. 

Note that the 32K static RAMs .are 
CMOS devices and as such, anti -static 

precautions are an absolute necessity. 
The RAMs are not necessary to the 
sharing operation. The program tests 
for their presence and sets itself up ac- 
cording to the amount of RAM found. 
The circuit can be built and will work 
without them. They can be added 
later, as your budget permits. 
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PARTS LIST FOR THE PRINT SPOOLER/BUFFER 
SEMICONDUCTORS 

U1-7417 hex buffer/driver, integrated 
circuit 

U2, U4-74LS374 octal D -type flip- 
flop, integrated circuit 

U3-74LS74 dual D -type flip-flop, 
integrated circuit 

U5-8031 microprocessor (CPU w/128 
X 8 RAM I/O), integrated circuit 

U6-74LS123 dual monostable 
multivibrator, integrated circuit 

U7, U8-74LS373 octal D -type 
transparent latch, integrated circuit 

U9, U10 43256-15L RAM, integrated 
circuit 

U11-2764 8 X 8 EPROM, integrated 
circuit 

U12-74LSO4 hex inverter, integrated 
circuit 

U13-7805 5 -volt, 1 -amp regulator, 
integrated circuit 

CRI-T1-3/4 or similar light -emitting 
diode 

RESISTORS 
(All resistors are'/ -watt, 5% units, 

unless otherwise noted.) 
R1, R4 -8200 -ohm 
R2, R3, R5 -R7 -1000 -ohm 
R8 -330 -ohm 
Z1, Z2 -220/330 -ohm terminating 

network (14 pin DIP) 

CAPACITORS 
Cl, C6 68-µF, 16-WVDC, electrolytic 

(vertical mount) 
C2, C3-30-pF ceramic disc or mica 

S4 

RESET 

C9 

1 I 

CIO I R1 

U3 

) z1 

PLt 

1 

C8 

PL2 

U2 

1 1 

Z2 

C10 
U4 

PL3 

I 

C13 
U7 

1 

C12 

C11 

U5 

-C3- 

us 
C7 

C 0.001-µF, ceramic disc 
C5 -220µF, 35-WVDC, electrolytic 

(vertical mount) 
C7-C18-0.1-µF, ceramic disc 

ADDITIONAL PARTS AND MATERIALS 
J1-Selected to match power -supply 

connector (see text) 
PLI-PL3-34-pin header (Digi-Key 

R230 -ND) 
SI, S5-Single-pole, single -throw toggle 

switch 
S2, S3 -2 -place DIP switch (Digi-Key 

CT2062) 
S4 -Single -pole, single -throw normally - 

open, pushbutton switch 
YI-3.58-MHz color -burst crystal 
Printed circuit or perfboard materials, 

34 -pin header connectors (Digi-Key 
R8305 -ND mates with PL1-PL3), 34- 
conductor ribbon cable, 8- to 24 -volt 
wall -mounted DC power supply, 
enclosure, IC sockets, wire, solder, 
hardware, etc. 

Note: All resistors, capacitors, switches 
and connectors, and most ICs are 
available from Digi-Key Corporation, 
PO box 677, Thief River Falls, MN 
5670.1-9988. The 8031 and 43256-15L 
32K x 8 static RAMs are available 
from Jameco Electronics, 1355 
Shoreway Road, Belmont, CA 94002. 
The terminating networks ZI and Z2 
are available from Ohm Electronics, 
Inc., 746 Vermont St., PO Box 368, 
Palatine, IL 60067: Tel. 
312/359-5500. 

S2/S3 

S1 

TEXT/GRAPHICS 

U8 1a 
oho 

C14 

J1 

I 
+v 

R7 
1 

U 1 1 

C17 RO 

o> 

1 ON/OFF 

} 
J10 

U9 

U1 

C18 

1 - 
R5 C5 

Cts R8 

C15 

U12 

Cs 

O 

Fig. 3-Using this layout diagram as a guide, install the circuit elements, 
being mindful of component orientation and positioning-particularly the 
ICs, electrolytic capacitors, the power connector, and the LED. 

U13 O 

The following items are available from 
the author: pre-programmed EPROM, 
$8.95 (containing the algorithms for 
all five modes of operation); double - 
sided glass -epoxy printed -circuit 
board, UL FR -4 rated (with solder 
mask and silk-screened component - 
placement legend) $15.95; source 
code (MS-DOS 3.2 format 51/4 -inch 
floppy disk containing the original 
source files for all five modes of 
operation) $19.95; Deluxe hacker-pak, 
$39.95 (includes all of the above, plus 
a full-size print of the schematic). 
Make check or money order payable 
to John Emerson, PO Box 43, Elgin, 
IL 60121. Please specify item(s) and 
quantity desired. All orders subject to 
$2.00 postage and handling. Illinois 
residents please include 6% sales tax. 

Popular Electronics will send a print 
out of the program listing at no cost 
provided the sender submits a self- 
addressed envelope with sufficient 
postage for two ounces of first class 
mail (currently $.45). Mail your 
request to Buffer/Spooler, Popular 
Electronics, 500-B Bicounty 
Boulevard, Farmingdale, New York 
11735). Requests without a self- 
addressed envelope with proper 
postage will not be honored. 

If only one RAM is used in the circuit, 
it should be installed in the U9 location. 
In fact, because the RAM integrated 
circuits are the most costly circuit ele- 
ments in the project, it is recom- 
mended that the circuit be assembled 
and tested without them in place to 
avoid the chance of damaging $24 
worth of silicon. If the circuit works with- 
out the RAM installed, it should work 
when they are installed. 

Unless you are a real wizard with a 
soldering iron, it's a good idea to invest 
in sockets for all the ICs, especially if 

you are getting some of them from 
your junkbox. Even if you are the defi- 
nitive expert on soldering and desol- 
dering, socket the EPROM. 

If you buy the EPROM from the sup- 
plier given in the Parts List, there is still a 
possibility of a bug being found later. 
Fear not, for if that should occur, you'll 
be informed and a replacement 
EPROM will be made available on an 
exchange basis. 

Assuming that you've purchased the 
printed -circuit board from the supplier 
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(or etched your own from the foil pat- 
tern provided), install the components 
using Fig. 3 as a guide. Be careful of 
the orientation of all ICs, electrolytic 
capacitors, the power connector, and 
the LED. If you've purchased the circuit 
board from the supplier mentioned in 

the Parts List, the marked corner of the 
IC outlines and connectors is pin 1; a 
plus sign (+) indicates the positive 
lead of electrolytic capacitors, and 
the cathode of the power indicator 
LED. 

The connectors specified for PL1, 

PL2, and PL3 are inexpensive headers 
that mate with T&B Ansley P/N 
609-3430 ribbon -cable connectors. 
For wire -wrap construction, substitute 
T&B Ansley P/N 609-3457 for PL1-PL3. 

Similar connectors are available from 
other sources, including AMP, 3M, and 
Molex. The pinout for the ribbon cables 
directly match the 34 -pin card -edge 
connectors used by Radio Shack on 
TRS-80 models I -IV. The cable pinout 
also matches the first 34 pins of the 
standard 36 -pin, parallel printer con- 
nector (pins 18 and 36 are not used). 

For the 25 -pin D connector used on 
PCs and clones, use a 25 -conductor 
ribbon cable connected to the first 25 
pins of the 34 -pin connector on the 
unit. Carefully cut the number 2, 4, and 
6 conductors of the ribbon cable. The 
rest of the ribbon -cable's conductors 
match correctly and will provide all of 
the necessary signals. 

Power for the circuit is provided by a 
Radio Shack, part No. 277-1026, AC - 
to -DC adaptor, but any unit capable 
of supplying between 8 and 24 -volts of 
filtered DC at 650 milliamps will do. 
Power input jack J1 is then selected to 
mate with the plug of the power sup- 
ply. The 7805, properly heat sinked, 
does an excellent job of regulating 
with inputs in that range. For heat sink- 
ing, the regulator was bolted directly 
to the cabinet. The mounting tab of its 

TO -220 package is connected to 
ground. Mounting the regulator that 
way provides two benefits; no insulator 
is required and, by connecting the 
metal cabinet directly to logic ground 
at the regulator, the unit's immunity to 
noise and ESD (electrostatic dis- 
charge) is increased. 

The circuit was housed in a Radio 
Shack 270-274A cabinet, but any met- 
al enclosure of ample size will do. A 
metal cabinet is specified primarily for 
heat sinking the 7805, but the extra 
noise and ESD immunity that such a 
cabinet provides can't hurt. 

Software. The software required to 
make the buffer work is fairly clever. 
However, it is also fairly complex. Be- 
cause of that, and due to space rea- 
sons, we will not be able to go into its 

details in this article. 
Of course, you still need the software 

if the buffer is going to do anything 
useful. There are three ways to obtain 
it: The easiest way is to purchase the 
pre-programmed EPROM from the 
source mentioned in the Parts List. Plug 
it into the the U11 socket on the board 
and you are ready to go. If you are into 
burning your own EPROMs, or would 
like to make some modifications to the 
code, you can purchase an MS-DOS 
format, 5'/4 -inch floppy disk with the 
complete source code from that same 
supplier. 

that the actual printing begins on a 
clean sheet of paper. 

Troubleshooting. The most likely 
source of trouble is the ribbon cables 
used to connect the Print Spooler/Buff- 
er to the printer and computers. If the 
PSB doesn't sign on, check that there is 

power to the ICs (a bad or mis -in- 
stalled U13 would allow the power LED 

come on, but the ICs would be dead). 
Then check the printer cable for con- 
tinuity and shorts. If the unit signs on, but 
doesn't pass data from one or the 
other computer, check the computer 
cable for continuity and shorts. Be sure 
to observe the proper polarity when 
building and connecting all of the ca- 
bles used by the unit. 

Find out what's working and what's 

Here's the finished pro otype. If desired, dry -transfer lettering can be used to label the 
front -panel controls and provide a more professional look. 

Finally, for those true hackers (mas- 
ochists) who have the time, typing 
ability, and desire to key in the hex 
data required for the buffer/spooler 
program, you can request a copy of 
the complete source code, in Intel hex 
format, from the address given in the 
Parts List. 

Operation. When the unit is con- 
nected to a printer (both are powered 
up) and the printer is placed on line, it 

should immediately print the mes- 
sage: TESTING RAM. Less than 6 sec- 
onds later (immediately if no RAM is 

installed), it should print a status mes- 
sage similar to: 
PRINTER SHARER/32K BUFFER 

COPYRIGHT 1988 - JOHN EMERSON 
IN TAB EXPAND MODE 

Note: The buffer size displayed var- 
ies with the amount of RAM installed, 
and the mode displayed depends on 
the settings of 51, S2, and S3, which are 
be set according to the instructions 
given in Fig. 1. After the message is 

output, the printer should then form 
feed to the top of the next page, so 

not. If the sign -on message prints, the 
problem is in an input section. If 
nothing prints, check the processor. A 
logic probe or scope should see 
pulses on U5 pin 30. If the printer is 

ready for data, U5 pin 15 should be a 
steady low. Probe U5 pin 15 and press 
the reset button. When you release the 
button, if the processor is working, you 
should see a series of pulses as the 
processor sends the sign -on message. 
Probe U6 pin 1 and repeat the pro- 
cedure. If there are no pulses, chances 
are that U6 is the culprit. 

If an input problem is indicated, U1 

and U3 will probably affect both in- 
puts, while U2 will only affect input A 
and U4 will affect input B, probably 
with scrambled characters. 
Scrambled characters at sign -on point 
to U7. Total failure with an indication 
that the processor is running can prob- 
ably be traced to U8 or U11. An indica- 
tion, at sign on, that less memory is 

available than is installed, could be 
caused by a bad RAM or a bad U12. 

Good luck, and may the data flow 
be with you. 
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Overcoming 

the pull of gravity 
has long been a dream of the 
scientific community, so much 

so that countless experiments about it 
have been conducted over the years. 
Many of those experiments have dealt 
with reversing the gravitational effects 
of the Earth's magnetic pull to free 
large masses for space travel. 

The 'Anti -Gravity" Generator dis- 
cribed in this article will not send some 
object hurling through the endless re- 
alms of space, but it will give the ap- 
pearance of having overcome Earth's 
gravitational pull. The project incorpo- 
rates a hollow plastic ball with a 
permanent magnet placed inside 
and a feedback -controlled elec- 
tromagnet. When the electromagnet is 

under power and the ball is brought 
near it, the ball can be made to float, 
appearing as though an anti -gravity 
condition exists. 

The feedback control, consisting of 
both an I R transmitter and detector cir- 
cuit, is used to influence the amount of 
energy delivered to the elec- 
tromagnet, and thereby its magnetic 
strength. The IR transmitter and re- 
ceiver are placed so that if the ball is 

pulled within a certain distance of the 
electromagnet, it blocks some portion 
of the IR signal, which reduces the 
amount of energy picked up by the 
receiver. That, in turn, causes the pull of 
the electromagnet to be reduced so 
that the ball drops out of the transmit- 
ter/receiver's line -of -sight, keeping the 
ball suspended in mid-air creating the 
ilusion of antigravity. . 

Circuit Description. Figure 1 shows a 
schematic diagram of the 
Anti -Gravity Generator. 
The infrared transmitter 
consists of a 555 oscillator/ 
timer (U3), and an in- 
frared -light emitting diode 
(LEDI). Timer U3 feeds a 
pulsing signal to LEDI. The 
output frequency of U3 
(and therefore the pulse 
rate of LEDI) is determined 
by R10 and C4. Resistor R8 

is used to limit current to 
LEDI. 

The receiver consists of a 
solar cell (PCI), two op - 
amps (U1 and U2), and a 
Darlington amplifier 
made from two discrete 
transistors (Q1 and Q2). 
Op -amp U1 is configured 
as a current -to -voltage 

converter. Infrared light picked up by 
PCI is converted to an electrical signal 
and fed to the non -inverting input of 111 

at pin 3. Because the non -inverting in- 
put of U1 is tied to the negative lead of 
PCI, its output at pin 6 is negative. 

Resistors R1 and R2 form a voltage 
divider and the feedback loop to U1's 

inverting input to control the gain of the 
op -amp. The output of Ui is fed through 
R3 to the inverting input of U2 at pin 2. 

Resistor R4 sets the gain of U2, while 
C3, R6, and R7 set the hysteresis to 
control the oscillations. The output of 
U2 is fed to the base of Q1, a TIP41A 

power transistor, through R5. Resistor R5 

limits current to the base of Q1. 

Transistors 671 and Q2 control the flow 
of current to the electromagnet. When 
the output of U2 is high, that high 
causes Q1 to turn on, placing a high at 
the base of Q2. That high causes Q2 to 
turn on, grounding one end of the 
electromagnet, turning it on. 

Power for the Anti -Gravity Generator 
is provided by an unregulated dual 
('± )12 -volt power supply, consisting of 
T1, BR1, CI, and C2. The center tap of T1 

is used as a ground, while the other two 
leads connect to the AC inputs of BRI. 

Capacitors Cl and C2 are used to filter 
the output of BR1. 

Note that the schematic diagram 
contains a resistor labeled Rc. That unit 
may or may not be necessary for the 
proper operation of the project. If the 
impedance of the electromagnet is 

lower than about 30 ohms, inclusion of 
that resistor will restrict the flow of cur- 
rent to protect the Darlington amplifier 
and the electromagnet. 

The 
"Antigravity" 

Generator 
Astound and amaze 

your friends 
with this 

gravity -defying 
project! 

BY VINNEY VOLLONO 

Design Variables. Be- 
cause the circuit needs all 
conditions to be just right 
to create the anti -gravity 
effect, we need some way 
of offsetting the elec- 
tromagnet and certain 
other components. The 
height of the elec- 
tromagnet should be ad- 
justable to help compen- 
sate for the weight of the 
ball and the strength of the 
permanent magnet within 
the ball. 

Another factor in build- 
ing the Anti -Gravity Gen- 
erator is the size of the unit 
that you decide to build. 
Depending on how large 
you intend to build the 
project, the IR emitter and 
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POWER SUPPLY RECEIVER TRANSMITTER 

T1 

24V 

CT 

*SEE TEXT 

BR1* 

5A 

Rl R2 

100K 30K 

+ Cl 

C2 _ 
4700 

4700 

L 5 U 

= LM741 

r- - - - --- - J 

**)02 
TIP41A 

al 
TIP41A 

R5 

3K 

Rc 

Fig. I. The Anti -Gravity Generator is really a rather simple circuit, built around several 
readily available components. In fact, the only component that's not an off -the -shelf item is 
LI, which you must wind yourself. 
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receiver will need to be focused ac- 
cordingly. In the author's prototype, 
lenses are used because the unit is fair- 
ly wide, placing the receiver and 
transmitter unit a sizable distance 
apart. 

If you wish to build yours only six 

inches wide, you may not need to use 
lenses. The reason is that the farther the 
transmitter and receiver are apart, the 
more the infrared light is dispersed 
(spread out). The thinner (more con- 
centrated) the beam, the more accu- 
rately the receiver circuit can sense the 
position of the ball. 

A dispersed beam provides much 
less control, resulting in the anti -gravity 
effect being much more difficult (or, 

more likely, impossible) to achieve, 
because of the lower levels of IR ener- 
gy striking the receiver. In addition, a 
dispersed IR beam will be hard to 
block. Those factors must be taken into 
consideration or the project will not 
operate. 

While two 741 op -amp IC's were 
used for U1 and U2, both units can be 
replaced by a single 1458 dual op - 
amp. 

Construction. The author's prototype 
was built on three small sections of 
perfboard. When assembling your 
Anti -Gravity Generator, follow Fig. 1 as 
a guide. Transistor 02 should be heat- 
sinked to prevent it from overheating 

during operation. The bridge rectifier, 
BR1, can be made from discrete rec- 
tifier diodes, or a pre-packaged 
bridge can be used. Just make sure 
that the rectifiers have the proper cur- 
rent rating. After the three perfboard 
circuits have been assembled, place 
them to the side for a while and move 
on to the rest of the project. 

The electromagnet (L1 in Fig. 1) is a 
home-made coil wound on a half -inch 
diameter, 6 -inch long bolt. Two layers 
of black electrical tape are placed 

WITH 
HEAT SINK 

Ti 

R8 

15051 

LEDI 

5 

C5 

U3 

555 

OSC./ 
TIMER 

6 

R9 

22K 

C4 

.1 

over the bolt, and the coil is wound on 
top of the tape. The author wound 
about Y4 -pound of 28 -gauge magnet 
wire onto the bolt, covering only about 
three inches of the bolt at the head 
end. 

The easiest way to wind the coil is to 
place the bolt in a hand drill, wind 
three or four turns onto the bolt to get 
things started, and let the drill do the 
rest. DO NOT cut off the extra bolt 
length, and be sure to leave enough 
lead length to allow the coil to be at- 
tached to the receiver circuit board. 
The remaining three inches of the bolt 

C1 & C2 

Here's an inside view of the sectionalized circuit mounted in the base of the Anti -Gravity 
Generator. The large high -wattage resistor (Re) is connected in series with the 
electromagnet (LI) to bring LI's impedance up to at least 30 ohms. 
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is needed to make height adjustments 
on the electromagnetic and secure it 

in place. 
When L1 is finished, it should have an 

impedance of about 30 ohms. The 
electromagnet has a great effect on 
the current through the Darlington pair. 
If the coil's impedance is too low, both 

PARTS LIST FOR THE 
ANTI -GRAVITY GENERATOR 

SEMICONDUCTORS 
UI, U2-741 op -amp (or 1458 dual (p - 

amp, see text). integrated circuit 
U3-555 oscillator/timer, integrated 

circuit 
Q1, Q2-TIP41A NPN transistor 
BRI-5-amp, 100-PIV bridge rectifier 

(see text) 
LEDI-Ultra-bright light -emitting diode 

RESISTORS 
(All resistors are 1/4 -watt, 5% units 

unless noted) 
R1, R4 -100,000 -ohm 
R2 -30,000 -ohm 
R3 -10,000 -ohm 
R5 -3000 -ohm 
R6 -50,000 -ohm 
R7 -5,000 -ohm 
R8 -l50 -ohm 
R9 -22,000 -ohm, potentiometer 

CAPACITORS 
Cl, C2 -4700-µF, 16-WVDC, 

electrolytic 
50-WVDC, ceramic disc 

C4, CS .01-µF, 50-WVDC, mylar 

ADDITIONAL PARTS AND MATERIALS 
LI-See text 
T1 -25 -volt, center -tapped, 2 -amp 

transformer 
PCI-Solar cell, 1/2 -inch square, 0.5 - 

volt, 55 -mA 
PLI -117 -volt AC plug with line cord 
Perfboard materials, 6 -inch lone, 1/2 -inch 

thread bolt and nut, 1/4 -pound of #28 
magnet wire, two 19mm diameter 
convex lenses, permanent magnets, 
hollow plastic ball, wood, electrical 
tape, heat sink, IC socket(s), hook-up 
wire, solder, hardware, etc. 

Note: For technical assistance on the 
construction of the Anti -Gravity 
generator, call 203/672-0123 (weekday 
mornings only). 

The photo cell (PCI), as well as suitable 
magnets, can be purchased from 
Edmund Scientific, 101 E. Gloucester 
Pike, Barrington, NH 08007, Tel. 
609-573-6250. Contact them directly 
for pricing, shipping and handling 
charges, etc. 
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Fig. 2. In the author's prototype, the wires between the receiver and transmitter 
boards, and the electromagnet (LI), the solar cell (PCI), and the IR diode (LEDI) 
were run through ducts drilled into the wood uprights, and cross brace. 
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Fig. 3. The transmitter, receiver, lenses (if used)-which are located in the uprights- 
must be properly aligned and focused in order for the Anti -Gravity Generator to function. 

the electromagnet and the Darlington 
pair will overheat. The impedance of 
the coil can be compensated by 
placing an appropriate resistor (Rc in 

Fig. 1) in series with the coil, as pre- 
viously mentioned. 

After the coil has been wound onto 
the bolt, cover it with several layers of 
electrical tape to keep the wire from 
unraveling. Once that's done place 
the electromagnet coil to the side for a 
while and move on to the next stage of 
construction. 

The Frame. The author built the frame 
for his prototype from wood because it 
is easy to work with. However, you can 
build the frame from what ever mate- 
rials you may have on hand-for ex- 
ample, acrylic plastic can be used for 
a snazzier look. For obvious reasons, 
metal should not be used. Use your 
own imagination. 

Figure 2 shows the construction de- 
tails of the frame. Start by taping two 
pieces of the framing material to- 
gether. Those two pieces of wood will 
be used to form the uprights (the 
frame -work where the IR emitter and 

solar cell are to be located). The au- 
thor used 11 x 2 -inch lumber. With the 
lumber still taped together, cut them to 
equal lengths and sand the ends 
smooth. Drill a half -inch hole through 
both wood pieces at about 4-1/2 inches 
from what will hereafter be considered 
the top of the upright. 

As far as the wiring goes, the author 
drilled holes straight through the wood 
with an 18 -inch drill bit in order to con- 
ceal the wiring. That is not necessary; 
you could just as easily tape the wires 
to the outside of the wood if you wish. 
Drill a hole lengthwise through the cen- 
ters of each piece of the framing 
wood. 

Alignment. The infrared transmitter 
and receiver must be aligned in order 
to permit proper operation. The author 
used lenses in his prototype (see Fig. 3) 

because of the distance between the 
transmitter and the receiver. Note that 
the lenses must be focused for max- 
imum IR energy to strike the receiver. 

Place LEDI into the hole in one piece 
of the framing wood and the solar cell 

(Continued on page 157) 
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The 
ULTRASONIC 
Receiver 
Extend the upper frequency range of the human 
ear with this high frequency superheterodyne receiver 

Scientific advancements can be 
greatly enhanced when man's 
senses are extended beyond 

their normal range. Modern tech- 
nology has provided us with the star- 
light scope, allowing us to see in 
almost total darkness; telescopes and 
microscopes with titanic magnifica- 
tion capabilities to view the near invisi- 
ble; audio amplifiers of every descrip- 
tion to tweak the ear's sensitivity to 
minuscule sound levels; and numerous 
other high-tech aids to extend the 
scope and sensitivity of our two major 
senses. 

But if you want to explore the fas- 
cinating world of ultrasonic sound, 
you're going to find very little, if any- 
thing, on the proverbial "goodie shelf" 
to use. Motion detectors, range finders, 
remote -control units, and cleaners 
make up the majority of equipment 
that's available in today's market. So if 
you want to explore new frontiers, you'll 
have to do what the electronic hob- 
byist does best-build the equipment 
yourself. 

To listen to sound that's above our 
normal hearing range requires a spe- 
cial type of audio -frequency convert- 
er, like the one found in the Ultrasonic 
Receiver. If the time -proven super- 
heterodyne design is applied to the 
ultrasonic -detection problem, a highly 
successful receiver is possible. 

Generally, the most difficult problem 
in building a good Ultrasonic Receiver 

BY CHARLES D. RAKES 

is not in the circuit design itself, but 
hinges on the limited bandwidth of 
most available pickup transducers. 
But thanks to the number of piezo 
tweeters that are now available, se- 
lecting a suitable broadband pickup 
transducer is a breeze. In fact, after 
testing a number of the piezo speak- 
ers, the majority proved to be very 
broadband and super sensitive to low 
sound levels. 

How it Works. Refer to the schematic 
diagram shown in Fig. 1. The piezo 
speaker, MIC1, picks up the incoming 
ultrasonic signal and feeds it to the 
base of Q1. The two -transistor booster 
amplifier (consisting of Q1 and Q2) 
raises the signal to a level that's suffi- 
cient to drive one input of a most -un- 
usual mixer circuit. 

Integrated circuit U2 (a quad bilat- 
eral switch) functions as an extremely 
clean balanced -mixer circuit for the 
superheterodyne receiver. Integrated 
circuit U1 -a (1/2 of a dual op -amp) is 

connected in a variable -frequency 
squarewave-oscillator circuit. Resistors 
R5, R6, and capacitor C4 determine 
the frequency and tuning range of the 
oscillator. 

The oscillator's squarewave output is 

fed along two paths. In one path, the 
output of U1 -a is input to pins 12 and 13 

of U2. In the other path, the signal is fed 
to the base of Q3, which is configured 
as an inverter. The inverter outputs a 
signal that's 180° out of phase with the 
input signal. The inverted output of Q3 
is then fed to U2 at pins 5 and 6. There 
the two input signals (the ultrasonic in- 

put from MICI and the oscillator out- 
put) are mixed. 

The mixing of the ultrasonic input 
and the squarewave signal produces 
an audible product that's fed to the 
input of a differential amplifier, U1 -b 
(the second half of the dual op -amp), 
which has a voltage gain of 2. The 

output of U1 -b at pin 7 is filtered by R19 

and C9 to remove the high frequency 
content of the mixed signal. 

Since only the difference frequency 
is important, the sum frequency (the 
incoming ultrasonic signal added to 
the oscillator frequency), which is too 
high for the human ear to hear, is re- 
moved by R19 and C9 to give a clean 
output signal to feed power -amplifier 
U3. Resistor R21 functions as the circuit's 
volume control. 

Putting it Together. As long as a neat 
wiring approach is taken just about 
any construction scheme will suffice, 
but for a compact and portable re- 
ceiver, a PC board would be the best 
way to go. A full-scale template of the 
Ultrasonic Receiver's printed -circuit 
board is shown in Fig. 2. 

The receiver is housed in a 4 -inch 
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Fig. 1. Here's the schematic diagram of the Ultrasonic Receiver. 
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i/ic Ultrasonic Receiver's printed -circuit board is mounted to an "L." bracket, and the 
bracket is then mounted on the shaft of R21 which, when mounted to the end -cap that 
serves as the front panel of the project, holds the printed -circuit board in place. 

diameter 6 -inch length of PVC sewer 
tubing, with two PVC end caps to 
complete the enclosure. The 33/4 -inch 
piezo tweeter (MIC1) is mounted in the 
center of one end with phone jack (JI), 

tuning potentiometer (R6), and the vol- 
ume control (R21) with off/on switch on 
the opposite end. 

If you've opted to go the printed - 
circuit route, install the parts on the 

R15 
100 K 

404A. 

C2 1 
220 

BI 
+9V 

J1 

board using Fig. 3 as a guide. Take 
care in placing all of the components 
and wire jumpers in their correct loca- 
tion, and check the polarity of the 
electrolytic capacitors. Double check 
all transistor and IC positions before 
soldering them in place. If a per- 
fboard, or other non printed -circuit 
method is taken, use IC sockets and 
keep all of the interconnecting leads 
as short as possible. 

Mounting the 33/4 -inch piezo tweeter 
in the center of the PVC end cap is 

easily accomplished by locating the 
center of the end cap and scribing a 
23/4 -inch circle around the center 
mark. 

Drill as many Yo -inch holes around 
the 23/4 -inch circle as you can without 
overlapping, and use a small saw or 
knife to finishing cutting out the inner 
circle of material. Locate the tweeter 
on the end cap, mark and drill the four 
holes, and mount the speaker in place 
using 6-32 hardware. 

The circuit board is mounted to the 
front cap with a small metal "L" 
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Fig. 2. For those who've opted to go the printed -circuit route, here is a full-scale tem- 
plate for the Ultrasonic Receiver's printed -circuit board. 
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Fig. 3. Use this printed -circuit layout as a guide when installing the components 
on the printed -circuit board. 
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Fig. 4. Shown here are the construction 
details of the small metal "L" bracket 
that's used to hold the Receiver's cir- 
cuit board in place. 

bracket that's held in place by way of 
R6, the tuning potentiometer. Figure 4 
shows how to fabricate the "L" bracket. 
The battery holder is mounted to the 
back side of the circuit board's mount- 
ing screw with a Y4 -inch spacer be- 
tween the board and holder. 

Check Out and Use. Power up the 
circuit, set the volume and tuning con- 
trols to a center position and, with 
headphones in place, rub your fingers 
together in front of the piezo pickup. If 

all is working, you should hear a sand- 
paper -like sound. Fill your hand with a 
few small metal screws, nuts, and 
washers and shake them around in 
front of the pickup. It should sound 
something like a Chinese New Year 
celebration. While running those tests 
rotate the tuning potentiometer and 
you should get an ear full of unusual 
sound effects. 

The oscillator's tuning range should 
fall between 15 kHz and 35 kHz. That 
allows sound to be heard within a 
range of less than 15 kHz to near 40 kHz. 

The low -frequency end may seem too 
low, but a number of people, for one 
reason or another, cannot hear sounds 
much higher than 10 to 12 kHz. Also that 
extended low -end feature can be 

PARTS LIST FOR THE 
ULTRASONIC RECEIVER 

SEMICONDUCTORS 
UI-TL082CP or MC34002P dual 

JFET-input op -amp 
U2-4066 Quad bilateral switch 

integrated circuit 
U3-LM386 Audio power amp 

integrated circuit 
QI-Q3-2N3904 NPN general-purpose 

transistor or similar device 

RESISTORS 
(All resistors are %a -watt, 5% units 

unless otherwise noted.) 
Rl, R2, R9, RI I. R13 -2200 -ohm 
R3, R4, R7, R8, R14, R20-I0,000- 

ohm 
R5 -15.000 -ohm 
R6 -25,000 -ohm potentiometer 
RIO, R12 -220,000 -ohm 
RIS, RI8-100,000-ohm 
RI6, R17 -47,000 -ohm 
R19 -1000 -ohm 
R21 -5000 -ohm potentiometer with 

on/off switch 
R22 -10 -ohm 

CAPACITORS 
Cl, C3 -47-µF, 16-WVDC electrolytic 
C2 -220-µF, 16-WVDC electrolytic 
C4-680-pF ceramic disc 
C5, C10, C11 -0.1-µF ceramic disc 
C6, C7-.018 -µF mylar or similar 
C8, C9-.068 -µF mylar or similar 

ADDITIONAL PARTS AND MATERIALS 
BI -9 -volt transistor radio battery. 
J1 -1/4 -inch phone jack 
MIC1-33/4-inch piezo tweeter (Radio 

Shack 40-1382, or similar piezo 
transducer) 

SI-See text (part of R2I) 
Printed circuit or perfboard materials, 

enclosure (see text), IC sockets, 
knobs, battery and battery holder, 
wire, solder, "L" bracket (see text), 
hardware, etc. 

Note: A complete kit of parts (excluding 
the piezo speaker and small "L" 
bracket) is available for $34.95 
postage paid from Krystal Kits, PO 
Box 445, Bentonville, AK 72712. 
Please allow 6 to 8 weeks for delivery. 

useful in medium -frequency, low-level 
sound experiments. 

Exploring the Ultrasonic World. If 
you're an outdoor person, there's plen- 
ty of tiny crawling creatures out there 
that produce a wide range of ultra- 
sonic sounds. Also many mechanical 
moving objects, such as engines, of- 
fice equipment, etc., emit a wide 
range of sound and noise that can fall 
within the tuning range of the receiver. 

Take a dog whistle and tune in to see 
(Continued on page 161) 

62 



Whether you are an electronics 
prototyper or experimenter, 
you are bound to have had 

the unpleasant experience of having 
to wade through what seems like tons 
of resistors to find the one value that will 
make a circuit operate as it was de- 
signed to. And even if you haven't 
been faced with such a problem, you 
are probably aware of how time con- 
suming and frustrating that sort of task 
can be. 

For such a tedious task, many hob- 
byists and professionals (particularly 
those involved with product develop- 
ment) use a resistor substitution box. 
Such a device provides a convenient 
way to temporarily plug a resistance 
into a circuit, and test its operation 
without having to solder and unsolder 
components. 

Our version of that circuit aid, the 
Easy -Dial R -Box, provides a wide 
range of resistances-adjustable in 

one -ohm steps-ready to plug into 
your circuits. Selecting a value is sim- 
ple with the Easy -Dial R -Box: Six thumb - 
wheel switches let you choose any 
value from 0 to 999,999 ohms. And, as 
an added benefit, the resistance val- 
ue selected can be read directly from 
the thumbwheel's dial setting. 

When might you use the R -Box? Per- 

haps you'd like to know what resistor 
value will give the exact output fre- 
quency you need in a 555 timer circuit. 
Or maybe, you are testing the effects 
of different feedback resistors in an op - 
amp circuit, or just finding the precise 

BY JAN AXELSON AND JIM HUGHES 

DIAL -UP 
RESISTANCE 

BOX 
FOR YOUR 

WORKBENCH 
This easy -to -use resistance substitution box will simplify your 

electronics experimenting. 

dropping -resistor value to use with an 
LED. Whatever the application, if it in- 

volves experimenting with resistors, 
chances are the R -Box can help. 

About the Circuit. Figure l is the com- 
plete schematic diagram of the R -Box. 

The circuit contains six decimal thumb - 
wheel switches connected in series. 

Each is a single -pole, 10 -position 
switch. As you rotate the thumbwheel, 
the switch's COMMON terminal (C) con- 
nects in sequence to terminals o 

through 9, and numbers (printed on 
each wheel) rotate into a display win- 
dow to let you know which position has 
been selected. 

Inside the R -Box, nine equal -value 
resistors are connected between ad- 
jacent terminals on each switch. The 

The thumbwheel and all the resistors of 
the R -Boxft easily into an enclosure 
measuring 4 X 3 x 2 inches. 

result is that the resistance between 
each COMMON and o terminal is propor- 
tional to the number displayed on the 
thumbwheel. 

For example, if you set S1 to position 
9, there are nine 1 -ohm resistors in series 
between S1's COMMON and o terminals. 
Each time you rotate the thumbwheel 
back one position, a resistor "drops 
out" of the series, until at position o the 
resistance is 0 ohms (not including the 
natural resistance of the interconncet- 
ing wires and switches). 

All six switches are wired in much the 
same manner. However, each suc- 
cessive group of resistors has a resis- 
tance value that is ten times that of 
those that precede. That is, for exam- 
ple, the resistors connected to switch 
S2 have a value that is ten times that of 
those connected to S1. Likewise, the 
resistors connected to S3 are ten times 
those that are connected to S2. In a 
similar manner, the total resistance 
available from each switch is ten times 
that of its predecessor. 

The six switches are then connected 
in series, with the endpoints con- 
necting to jacks J1 and J2 on the front 
of the R -Box. The total resistance of the 
R-Box-from J1 to J2-equals the sum 
of the six values selected by the 
thumbwheels. When the switches are 
snapped together, the resistance 
equals the six -digit number displayed. 

R -Box Construction. Building the R - 

Box isn't difficult, but it does require a 
few hours of your time to insert and 
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Fig. 1. The R -Box contains six decimal thumbwheel switches wired in series. The resistance 
between JI and J2 can be adjusted in I -ohm steps from 0 -ohm to 999,999 -ohm. 

solder the 54 resistors used in the proj- 
ect. Half -watt resistors are preferred 
over quarter -watt units for greater 
power -handling capacity. 

The series -connected switched -re- 
sistor strings are terminated in banana 
jacks, and housed in a suitable en- 
closure. (See photos for a look inside of 
the completed R -Box.) The front -panel 
mounted thumbwheel switches spec- 
ified for the project snap together and 
are sandwiched between a pair of 
end plates, forming one easily in- 
stalled unit. 

The first step in the assembly of this 
project is to measure and cut a hole in 
the enclosure for the switches. A con- 
venient way to accomplish that is to 
drill a 3/8 -inch starter hole anywhere in- 
side the planned opening, then use a 
nibbling tool (available from Radio 
Shack and elsewhere) to cut the rec- 
tangular opening required. 

After making the opening, test it for 
proper size by inserting the switches 
and making any adjustments needed. 
Also drill two holes for JI and J2. 

When the enclosure is prepared, 
separate the six switches, cut seven 4 - 
inch lengths of hookup wire, and strip 
Y4 inch of insulation from the ends of 

PARTS LIST FOR THE 
EASY -DIAL R -BOX 

(All resistors are V2 -watt, 5% units, 
unless otherwise noted.) 

R1-R9-1-ohm 
R 10-R 18 -10 -ohm 
R 19-R27-t00-ohm 
R28-R36-1000-ohm 
R37-R45-10,000-ohm 
R46-R54-100,000-ohm 
JI, J2-Insulated banana jack (or 

binding posts) 
SI-S6-Decimal thumbwheel switches 

(Jameco #MX85) 
Printed -circuit or perifboard materials, 

enclosure (Jameco #B2741 or 
equivalent), thumbwheel-switch 
endplates (Jameco MXEPI), wire, 
solder, hardware, etc. 

Note: All parts available from Jameco 
Electronics, 1355 Shoreway Road, 
Belmont, CA 94002; Tel. 
415/592-8097. 

each. Connections to the switch termi- 
nals are made at the small printed cir- 
cuit boards that are part of each 
switch. The circuit trace to each termi- 
nal includes two holes, making it easy 
to mount the resistors. 

Begin with Si. Feed the end of one of 
the prepared lengths of wires through 
a hole (the one closest to the outside 

edge of the board) at terminal o, and 
solder the wire to the circuit trace. 
Leave the other end of the wire free for 
now. 

Feed the legs of R1 through holes at 
terminals o and 1 on S1. (Use Figurel as a 
wiring guide.) Solder the leads in 
place and clip off any excess wire. 
Then insert and solder R2 -R9. Wire the 
other five switches in the same way, 
using the appropriate resistor values 
for each. 

When all six switches are prepared, 
you're ready to link them together. Sol- 
der the free end of the wire at terminal 
o of Si to the COMMON terminal of S2. In 
the same way, connect S2 to S3, S3 to 
S4, and so on, using the wires soldered 
to terminal o on each. 

Solder the final length of prepared 
wire to COMMON on Si. The other end of 
that wire, and the remaining uncon- 
nected wire (at terminal o on S6), will 
each be soldered to a jack after the 
switches are installed. 

Checkout. This is a good time to 
check out the R -Box for proper opera- 
tion. Clip your ohmmeter to the COMMON 

terminal of Si and terminal o of S6. Then 
dial in and measure the resistance at 
the established setting. Be sure to test 

(Continued on page 155) 
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BY W. E. BABCOCK 

How often have you missed that 
"once in a lifetime" indoor shot 
because the batteries in your 

electronic flash unit had gone dead at 
the most inopportune time; or missed a 
shot because the time required for the 
flash unit to charge was 20 seconds or 
longer? 

Most modern flash units are powered 
from four "M" size batteries. Although 
the manufacturer's specifications may 
state that 75 flashes or more can be 
obtained from one set of alkaline bat- 
teries, the recycling time becomes very 
long after a relatively small number of 
flashes. Heavy-duty units (with larger 
batteries and/or a higher voltage ca- 
pacity) are readily available, but they 
are very expensive. 

Recently, I became aware of the 
availability of compact, gelled -elec- 
trolyte, lead -acid storage batteries. 
Such gell -cell batteries can be used in 

any position with no danger of spilling 
the electrolyte, and are available in a 
fairly wide range of ampere -hour ca- 
pacities and physical sizes. So I decided 
to adapt one such battery to power my 
flash unit. 

It seemed to me that I should be able 
to fashion a battery holder that would 
allow the battery to be clipped to my 
belt; then a flexible cable could be 
used to connect the battery to the flash 
unit. 

A Successful Venture. The con- 
version of my flash unit so as to allow it to 
operate from the gelled -electrolyte 
storage battery was, in my opinion, a 
great success. I have just returned from 
a 2 -week tour of Germany and Austria, 
where I used the unit every day of the 
tour. There were many occasions when 
the flash unit was left on continuously for 
periods of up to 2 hours. 

In no case was the recycle time after 
a flash longer than 3 seconds; and 
when the unit was operated in the "au - 

Photoflash 
Power 
System 
Build a high capacity power 
system for your electronic 
flash unit and never 
miss a shot! 

tomatic" mode, the recycling time was 
essentially instantaneous. The battery 
used weighed 23.2 ounces, but, with it 

clipped on my belt, I was hardly aware 
of it at all. 

My flash unit is a Vivitar model 283. 

Other makes and/or models may re- 

quire some modification of the follow- 
ing instructions, however it should be 
relatively easy to adapt the instructions 
to almost any flash unit. However, be- 
fore you dive head-on into converting 
your flash unit, a word of caution is in 

order: If your flash unit is still under war- 
ranty, you should consider the fact that 
altering the unit (no matter how slight) 
in all likelihood will void the warranty. 

Making the Change. The gelled -elec- 
trolyte lead -acid battery used for the 
conversion is available (as part P129) 

from Digi-Key Corporation, PO Box 677, 
Thief River Falls, MN 56701, for $15 (plus 
shipping and handling). The battery's 
dimensions are 4% inches high by 29/16 

inches wide by 13/16 inches thick. 
The battery has quick -disconnect 

type terminals similar to those used in 

an automobile's electrical wiring sys- 

tem. In my case, all the other parts used 
were taken from my moderately stock- 
ed junkbox, but if you don't have such 
parts in your junkbox, they can be pur- 
chased and are readily available from 
local electronics stores. 

Prepare the battery by connecting a 
short length of cable to the battery ter- 
minals. Those terminals, and the bare 
ends of the cable, are then covered 
with black -vinyl electrical tape. A 30 - 

inch length of cable, with an appropri- 
ate connector attached to one end, is 

plugged into the jack on the short ca- 
ble when the battery is used to power 
the flash unit. 

When the battery is in need of charg- 
ing, another length of cable from a suit- 

able battery charger plugs into the 
Jack. For the connecting cable, I used a 
length of shielded cable salvaged from 
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an old tape recorder. The cable was 
only about V8 inch in diameter and al- 
ready had a phono plug at one end. I 

merely soldered a phono jack to the 
other end to complete the cable. 

Figure 1 shows details of the home- 
made belt clip, which was glued on the 
back of the battery to allow it to be 
hung from a belt. The clip was cut, using 
lin snips, from a piece of aluminum 
flashing material (any other thin sheet 
metal that may be available can also 
be used) and bent as shown. About a 
dozen 3/,c -inch holes were drilled 
through the end that attaches to the 
battery in order to increase the holding 
power of the adhesive. 

The author used Duco cement, an 

3h6 -INCH HOLES 

21/2 INCHES 

11/8 

INCHES 

3/16 INCH 

Fig. 1. Here are the construction details 
of the home-made belt clip, which was 
glued on the back of the battery so as 
to allow it to be hung from a belt. 

adhesive that bonds very well to the 
outer casing of the battery. A liberal 
quantity of the cement was first spread 
on the battery case so that when the 
clip is put in place, the adhesive oozes 
through the holes in the clip. Then a 
liberal quantity of cement was spread 
on the back of the clip so that the area 
where the holes are drilled is com- 
pletely covered. That makes for a more 
secure bond between the battery cas- 
ing and the belt clip. 

Allow the cement to dry overnight 
before attempting to hang the battery 
on your belt. If you wish, you can paint 
the clip black so it will blend with the 
case of the battery. 

If you examine the battery compart- 
ment of your flash unit, you will see that 
metal straps are used to connect the 
batteries in series, so that four 1.5 -volt 
batteries provide 6 volts to the internal 

circuitry of the flash unit. The battery 
case, which fits into the flash unit's bat- 
tery compartment, has cavities (see 
Fig. 2) to hold four 'AA" cells. 

SHORTING 
STRIP 

+V 
-V TERMINAL 

TERMINAL 

Fig. 2. The battery compartment within 
the flash unit contains a holder having 
four cavities with metal shorting strips 
to place the batteries in series. 

The Iwo cavities corresponding to the 
shorting strap in Fig. 2 can be left emp- 
ty. The other two cavities correspond to 
the positive and negative 6 -volt termi- 
nals of the flash unit. Half -inch wooden 
dowels, cut to the length of an AA" 
battery (about 17/8 inch) are placed in 
those two cavities. A #6 round head, 
brass wood screw is screwed into the 
end of each dowel. 

A short length (about 41/2 -inch) of ca- 
ble is soldered to the Iwo screw heads. 
In my conversion, I used a short length 
of 2 -conductor loudspeaker wire as the 
connecting cable, but almost any type 
of insulated wire could be used. 

However, remember that the wire 
must be fed around the battery case 
and through the gap around the cover, 
which secures the battery holder in 

PARTS LIST FOR THE 
ELECTRONIC FLASH UNIT 

BR1-1.5-amp, 50-PIV, full -wave bridge 
rectifier 

TI -6.3 -volt, 300 -mA, filament 
transformer 

R1 -10 -ohm, 1 -watt, 5% resistor 
PL1-117-volt AC plug with line cord 
PL2-Plug selected to mate with battery 

connector (J1) 
JI-See text 
Gelled -electrolyte lead -acid battery, 

wire, solder, hardware, etc. 

To connect the high -capacity battery to 
the flash unit, speaker wire with a phono 
plug at one end is connected to a couple 
of wood dowels (cut to the length of 
"AA" batteries) with screws. 

place, so the outer diameter of the wire 
should be as small as practical. 

To ensure good flexibility of the cable 
and to prolong its life, the wire should 
be of the stranded variety. When the 
dowels are inserted into the battery 
holder within the flash unit, the heads of 
the screws contact the positive and 
negative terminals, so that power is ap- 
plied to the flash -unit circuitry in the 
usual manner. 

Note: You may need to file a little of 
the plastic from the edge of the battery 
compartment, and possibly from the 
battery cover, in order to bring the wire 
out of the flash unit and still be able to 
keep the battery holder and cover in 
place. 

Ti 
6.3V 

300mA 

Fig. 3. Although rather simple in design, 
this circuit can be used to charge the 
gelled -electrolyte, lead -acid battery 
used to convert the flash unit. 

Battery Charger. A charger for the 
battery can be made from a 6.3 -volt 
filament transformer, a bridge rectifier 
(or 4 individual rectifier diodes with the 
proper rating), and a current -limiting 
resistor. A schematic diagram of the 
charging circuit used by the author is 

shown in Fig. 3. 

The high -capacity power source for 
your flash unit should pay for itself in a 
remarkably short time, since you will no 
longer need to buy any more "M" bat- 
teries. More important, you will be 
saved the aggravation and missed 
shots resulting from low or dead bat- 
teries. 
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When television broadcasting began, it was impossible to 
foresee the large variety of video sources that would 
someday be available to the consumer; for instance, 

cable TV converters, videc cassette recorders (VCR's), video 
games, satellite receivers, and a host of products as yet unheard 
of in the video marketplace. Thus, TV manufacturers did not see fit 
to endow their receivers (eept for the more recent units) with 
multiple -input capabilities, a -Id so today we suffer from that unfor- 
tunate handicap. 

To compensate for that oversight, multiple -input capability has 
been handled (through after -market devices) in a rather cumber- 
some way: all video devices modulate their output signal to an 
unused TV channel, and an external RF switch is used to select 
which video source is to be .viewed. 

Why Baseband Switching? To illustrate the awkwardness of the 
modulate/switch/demodulate scheme, imagine a hi-fi system in 

which all audio sources (turntable, cassette recorder, CD player, 
etc.) are FM modulated befo -e being sent to a receiver, where the 
desired program material is selected. 

Aside from the obvious cost increase (extra circuitry can add a 

The couple hundred bucks to equipment prices), no serious au- 
diophile would ever consider degrading the high -quality output 
of a CD player by modulating the signal and then demodulating 
it again to produce a considerably degraded adaptation (with 

Video/Radio 

POWER 
s 

Switcher 
BY FERNANDO GARCIA VIESCA 

Add this baseband-signal 
switcher to your home - 

entertainment center and 
preserve the audio!video clarity 

lost to modulation! 
demodulation schemes! 
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bandwidth and dynamic -range limita- 
tions, noise, and distortion products) of 
the CD output. 

The same holds true for video. Why 
modulate a video signal and thereafter 
be subjected to a demodulated and 
degraded signal? Fortunately, most 
new video products have been en- 
dowed with baseband video and au- 
dio input/output capabilities. Only the 
cheaper television receivers provide 
only RF inputs. In fact, baseband video 
and audio inputs, once only found on 
very expensive monitors, are appear- 
ing on medium-priced sets. 

Although signal -source switching 
must still be handled through external 
equipment, the availability of base - 
band signals allows us to switch video 
signals in the same way that a hi-fi sys- 

tem switches audio. 

Signal Comparisons. Since a picture 
is worth a thousand words, lets com- 
pare the waveforms taken from a good 
modulator/demodulator arrangement 
to those taken from the Baseband Vid- 
eo Switcher described in this article. 
Figure 1 shows a video test signal known 
as a multiburst signal. That signal has 
several frequency bursts at 0.5, 1.0, 2.0, 
3.0, 3.58, and 4.0 MHz. Note that the 
amplitude of the signal is diminished 
ever so slightly from the low -frequency 
burst (0.5 MHz) to the high -frequency 
burst (4.0 MHz). 

HORIZONTAL 
SYNC 1MHz 3MHz 4MHz 

COLOR 0.5MHz 2MHz 3.58MHz 
BURST 

Fig. I. This video test signal, known as a 
multiburst, has several frequency bursts at 
0.5, 1.0, 2.0, 3.0, 3.58 and 4.0 MHz. 
Note that amplitude of the signal is 
diminished ever so slightly from the low - 
frequency burst (0.5 MHz) to the high - 
frequency burst (4.0 MHz). 

Now look at Fig. 2, which shows the 
same signal after RF modulation and 
demodulation; the differences in am- 
plitude between bursts are more ap- 

HORIZONTAL 
SYNC 1MHz 3MHz 4MHz 

COLOR .5MHz 2MHz 3.58MHz 
BURST 

Fig. 2. Here is another view of the 
multiburst test pattern after being fed 
through a modulator/demodulator 
network: Note that the differences in 
amplitude between bursts are more 
apparent, and that the 4.0 MHz burst has 
almost vanished. 

Fig. 3. The composite video pattern 
includes a chroma -modulated staircase, a 
fast-risetime pulse, and a 2T burst signal. 
Note the fast risetime and negligible 
overshoot in the waveform through the 
baseband-switching device. 

parent. Note that the 4.0 MHz burst has 
almost vanished. Many will point out 
that actual TV signals contain no signifi- 
cant information above 3.58 -MHz, 
therefore its useless to care about 4.0 
MHz. That is only partly true: To explain, 
lets return to the audio analogy. 

Although even rock-and-roll music 
seldom has any worthwhile signal con- 
tent above 15 kHz, studies have shown 
that a much wider bandwidth is re- 
quired to accurately reproduce the sig- 
nal. Audio manufacturers strive to make 
their products usable to at least 20 kHz. 

Figure 3 shows another test pattern, 
known as a composite video signal. 
That pattern includes a chroma -modu- 
lated staircase, a fast-risetime pulse, 
and a 2T burst signal. Note the fast 
risetime and negligible overshoot in the 
waveform through the baseband 
switching device. 

Now refer to Fig. 4, which shows the 

same signal after passing through a 
modulator/demodulator combination. 
Note the distortion in the signals. In par- 
ticular, the 2T burst signal shows a 
curved deformation at the bottom, in- 
dicating chroma/luminance delay. We 
could show you other test patterns, but 
by now you should have become a 
believer. Its better to perform the most 
critical test, viewing the TV image, to 
see what you have been missing. 

Fig. 4. Here's the Compoosite Video 
signal after being fed through a 
modulator/demodulator combination. Note 
the distortion in the signals. In particular, 
the 2T burst signal shows a curved 
deformation at the bottom, indicating 
chroma/luma delay. 

General Circuit Description, Figure 5 
is the schematic diagram for a two - 
channel version of the Baseband Video 
Switcher. (Note: Additional channels 
can be added as desired.) At first 
glance, the circuit may appear compli- 
cated, but don't let that worry you-the 
circuit is mostly wiring and switching de- 
vices. 

The circuit provides 75 -ohm, buff- 
ered -video input/output ports; stereo - 
compatible buffered audio inputs and 
outputs; and tape monitor and sec- 
ond -source -viewing capabilities (the 
ability to view one source while record- 
ing another). Video -signal switching is 

accomplished via DIP reed relays (K1 

through K3). Audio switching is handled 
by a pair of 4053 analog multiplexer/ 
demultiplexers (U7 and U8). Relays are 
used for the video signal because of 
the very low impedance involved in 
video; the residual "on" resistance of 
the analog IC switches would create 
undesirable attenuation. 

Each audio/video source is divided 
into three individual signals; video, left 
audio, and right audio. Before any 
switching is done, each signal is fed to a 
buffer circuit in the channel to which it is 

connected; two channels (denoted 
Channel A and Channel B)-consisting 
of U1 through U3 and U4 through Ub, 
respectively-are shown. 
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Fig. 5. Here is a schematic diagram of the two -channel version of the Baseband Video 
Switcher. (Note: Additional channels can be added as desired.) The circuit provides 75 - 
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Each buffer circuit has two outputs. 
The two outputs of the audio buffers are 
fed to a pair analog multiplexer/de- 
multiplexers (U7 and U8), which are 
controlled by switches SI -S3. The video 
outputs are switched via K1 -K3, and are 
also controlled by SI -S3. 

Whenever switch S1 is open, Kl, U7, 

and U8 route the Channel A signal to 
the VCR input; when closed, the Chan- 
nel B signal is routed to the input of the 
VCR. Before being fed to the TV monitor 
input, we have another level of switch- 
ing, handled by K3, U7, and U8, and 
controlled by the 1v/vca switch, S3. That 
switch allows you to view the main vid- 
eo signals (the signal fed through the 
buffer circuitry) or you can monitor the 
VCR output. 

Buffer Circuits. Now lets concentrate 
our attention on the Channel -A portion 
of the circuit as we take a closer look at 
the buffering circuits. The right audio 
signal is fed to the non -inverting input of 
U2-a TLO71 low -noise bi-FET op- 
amp-which provides a slight signal 
gain to compensate for expected sig- 
nal losses across R11 and R12, which 
protect U2 against short-circuit condi- 
tions. (The left audio input to Channel A 
is handled in an identical fashion by U3 
and its associated components.) 

Aside from protecting U2, R11 and R12 

passively divide the output of U2 along 
two paths, while preventing inter- 
ference between the Iwo outputs. The 
outputs of the audio buffers (left and 
right) are fed to U7 and U8. 

Video -signal buffering is handled by 
U1 (an NE592 video amplifier). The vid- 
eo -buffer circuit has an input imped- 
ance of 75 ohms (as determined by R1). 

The gain of U1 is set by R3 (a 10,000 -ohm 
unit, connected between pins 11 and 
4), which should be adjusted to yield a 
1 -volt peak -to -peak output (a gain of 
slightly higher than two). 

The output of U1 is fed through R4 to 
the base of Q1 (a 2N3904 general-pur- 
pose transistor, configured as an emit- 
ter -follower), which provides sufficient 
current to drive a pair of 75 -ohm loads. 

Because of the large output -voltage 
offset, direct -coupling is not possible. So 

capacitors C4 and C5 are included in 

the circuit to block the DC content of 
the video signal. Since electrolytic ca- 
pacitors have a fairly high, equivalent 
series resistance, C4 and C5 are by- 
passed by a pair of 0.1-µF ceramic ca- 
pacitors (C3 and C6 in Fig. 5) to 
maintain good frequency response of 
the circuit. 

Audio/Video Switching. Separate 
switching networks are provided for the 
audio and video signals. Audio switch- 
ing (as mentioned earlier in this article) 
is handled by a pair of 4053 triple 2 - 
input analog multiplexer/demultiplex- 
ers (U7 and U8). The 4053 can be view 
as little more than three electronically 
controlled, single -pole, double -throw 
semiconductor switches. Each switch 
has one terminal connected to Chan- 
nel A and the other connected to 
Channel B. 

The right audio input of Channel A is 

fed to U8 at pins 1 and 13, while the left 
audio input is fed to U7 at pins 1 and 13. 

(Remember that Channels A and B per- 
form identical operations, so any de- 
scription of Channel A's operation is 

also applicable to Channel B.) 

The control terminals (pins 9, 10, and 
11) of U7 and U8 are connected to 
switches S1, S2, and S3 (which also con- 
trol the video outputs). When S1 and S2 

are open, no + 6 -volt trigger signal is 

applied to the pin 9 and 10 control in- 
puts of U7 and U8, so the left and right 
Channel A signals are then routed to 
the final stage of switching. When S1 

and S2 are closed, however, the Chan- 
nel B input is routed to the final stage of 
switching. 

Video signal switching is handled in 
much the same manner, except that 
instead of multiplexer/demultiplexers, 
the switching is done by three single - 
pole, double -throw DIP reed relays. As 

with the audio section, the signal 
source is selected via S1, S2, and S3, and 
follows the same sequence as the au- 
dio section. That is, when S1 and S2 are 
open, the Channel A video source is 

fed to the final stage of switching; with 
those switches closed, the Channel B 

source is routed to the final stage of 

Ti 
18VCT 

100mA 

PL1 

11/ VAC 

7806 

switching. Note that regardless of which 
source channel (A or B) is selected, its 

signal will always be present at J7. 
The output of K2 is routed to K3, which 

determines which video source is dis- 
played on the TV screen. Switch S3 de- 
termines which source-main (buff- 
ered signal source) or VCR output-is 
routed to the TV receiver. With S3 open, 
the selected buffered source is output 
to the 1V; with it closed, the VCR output is 

routed to the tV 

Power Supply. Figure 6 is the sche- 
matic diagram of the power -supply 
portion of the A/V switch circuit. Power 
for the circuit is provided by a bipolar 
(+ /-) 6 -volt supply, consisting of a trans- 
former (T1), a bridge rectifier (made up 
of D4 to D7), a pair of voltage reg- 
ulators, and four capacitors (C21 
through C24). A series resistor/LED com- 
bination (R35 and LEDI)-which is con- 
nected across the positive and 
negative supply rails-is included in the 
circuit as a power -on indicator. 

There is nothing critical about the 
power supply for the circuit; in fact, any 
power supply capable of supplying 
+ /-6 volts of reasonably ripple -free DC 
will suffice. Power -supply component 
substitutions are also permissible. For in- 
stance, the four diodes that make up 
the bridge rectifier can be replaced by 
a 1 -amp, 50 -volt (50-PIV), or better, full - 
wave bridge rectifier. And T1 can be 
replaced by any center -tapped unit 
capable of supplying 18 -volts peak -to - 
peak (perhaps, a 24 -volt unit) with a 
current rating of at least 100 mA. 

No AC switch is provided since power 
consumption is so small; but one may 
be included if desired. To add an on/off 
switch, simply insert a switch in series 
with one of the transformer's AC inputs. 

U9 o 

G 1 C23 

G 

Ulo 
7906 

22 

C24 

.22 

+ 6V 
o 

GND 
o 

- 6V 
o 

Fig. 6. The audio/video switch is powered from a bipolar 6 -volt supply like the one shown 
here. Since the switcher's current draw is so low, no on/off switch is included, but one can 
be added in series with the AC line if desired. 
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Construction. There is nothing critical 
about the construction of the Base - 
band Video Switcher. Either point-to- 
point wiring or the printed -circuit meth- 
od may be used. But whichever meth- 
od you opt for, remember that high - 
frequency signals can pose some cou- 
pling problems. Therefore, it is recom- 
mended that signal -input runs be kept 

PARTS LIST FOR THE 
BASEBAND VIDEO SWITCHER 

SEMICONDUCTORS 

Ul, U4-NE592 video ampliticr. 
integrated circuit 

U2, U3, U5, U6-TL071 low -noise. bi- 
FET op -amp, integrated circuit 

U7, U8-CD4053 triple 2 -channel 
analog muitiplexerfdemultiplexer, 
integrated circuit 

U9-7806 6 -volt, 1 -amp, positive - 

voltage regulator, integrated circuit 
U10-7906 6 -volt, 1 -amp, negative - 

voltage regulator, integrated circuit 
Ql, Q2 -2N3904 general-purpose NPN 

transistor 
DI -D7 -1N4002 rectifier diode 
LEDI -Miniature light -emitting diode 

RESISTORS 

(All resistors arc 1/4 -watt, 5% units, 
unless otherwise noted.) 

RI, R2, R5, R6, R18, RI9, R22, R23- 
75 -ohm 

R3, R20 -10,000 -ohm trimmer 
potentiometer 

R4, R21 -1000 -ohm 
R7, R24 -330 -ohm 
R8, R13, R25, R30 -100,4100 -ohm 
R9, RI4, R26, R31 -22,000 -ohm 
RIO, RI5, R27, R32 -47,000 -ohm 
R11, R12, R16, R17, R28, R29, R33, 

R34 1800 -ohm 
R35 -2200 -ohm, 1/2 -watt, 5% 

CAPACITORS 

CI -C3, C6 -C13, C16 -C20 -0,1-µF, 
ceramic -disc 

C4. C5, C14, C15 -X470 -µF 16-WVDC 
electrolytic 

C21, C22 -330-µF, l6-WVDC. 
electrolytic 

C23, C24 0.22-µF, 50-WVDC, 
ceramic disc 

SWITCHES 

SI, S2, S3-SPST miniature toggle 
switch 

KI, K2, K3 -12 -volt DIP reed relay 
(form C) 

ADDITIONAL PARTS AND MATERIALS 
J I -J IS ---RCA phono jack 
TI -18 -volt, CT, 100 -mA, power 

transformer 
Printed circuit or perfboard materials, 

enclosure, IC sockets, coax cable, 
wire, solder, hardware, etc. 

Ca 
RI8 

1 R10 

separate (i.e., do not run them close 
together). In addition, signal wires 
should be kept as short as possible, and 
be made using coax cable. 

The author's prototype was built en- 
tirely on perfboard, but for con- 
venience a printed -circuit board for 
the buffer section is shown in Fig. 7. 

Note: For a two -channel unit like that 
shown in the Fig. 5 schematic diagram, 
it will be necessary to etch two such 
boards. The purpose of doing things 
that way is to allow for flexible switching 
arrangements. 

For example, you may wish to use 
more sources than the two shown in the 
schematic diagram. It is very easy to 
do; you need only use the appropriate 
number of relays and analog switches, 
and buffer each source with the buffer 
board shown in Fig. 7. 

No printed -circuit board is provided 
for the switching network (U7, U8, and 
K1 -K3), so that section of the Baseband 
Video Switcher will have to be hard- 
wired to the buffer board(s). As an alter- 
native to hard -wiring the switching net- 
work, you might consider developing 
your own printed -circuit pattern for that 
section, and combine the switching - 

network pattern with the buffer -board 
pattern in the etching process. In that 
way, all that you'll need to do is jumper 
the two patterns together at the appro- 
priate points. Or, if you are a fairly com- 
petent PC -pattern draftsman, you 
might consider developing a com- 
plete circuit -board pattern with all 
components on a single board. 

The parts -placement diagram for 
the Baseband Video Switcher's buffer 
board is shown in Fig. 8. Once you've 
obtained the components listed in the 
Parts List and etched your board(s), be- 
gin assembly by first installing IC sockets 
at the appropriate points on the 
printed -circuit board(s). The IC sockets 
will function as reference points when 
attempting to locate the proper posi- 
tions for the other components. 

Calibration. The Baseband Video 
Switcher circuit is very stable; any noise 
or spurious oscillation will be mainly due 
to poor grounding or routing tech- 
niques. Note that each buffer board 
has a pair of outputs for each signal 
path, those outputs are identical and 
may be interchanged. 

The only adjustment required is to 

ooo 
o o 

0-028 

i 
414 INCHES 11 

Fig. 7. A printed -circuit board for the buffer portion of the Baseband Video Switcher is 
shown here. For a two -channel unit, like that shown in the schematic diagram, it will be 
necessary to etch two such boards. The purpose of doing things that way is to allow for 
flexible switching arrangements. 
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Fig. 8. Don't let this parts -placement diagram fool you. Only half of the buffer -board 
components listed in the Parts List are indicated here. A second board (identical to this 
one) contains the remaining buffer components. The switching network and power supply 
were hard wired to the circuit. 
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BASE BAND 
VIDEO SWITCHER 
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Fig. 9. For the sake of sanity and c arity, only one audio channel is shown in this 
connection diagram, which assumes that your TV has baseband inputs. Note that the 
audio -output signal need not go to the TV: It may be fed to the auxiliary inputs of a hi-fi 
stereo system to obtain a tone -rich, full -spectrum audio output. 

Here's the author's completed prototype. The type of cabinet used is not critical, but 
dressing it up will make it a more welcome addition to your living room. 

calibrate for unity gain in the video am- 
plifiers (U1 and U3 in the schematic di- 
agram). The best way of accomplishing 
that is to feed a video test signal that 
has a saturated white field and adjust 

R3 (and its equivalent) in each buffer 
board for a 1 -volt peak -to -peak output 
with a 75 -ohm termination. If you don't 
have access to a video -pattern gener- 
ator, you may use a "live" video signal 

STEREO 

SYSTEM 

and a dual -channel scope; set both 
channels for 0.5 -volt per division and 
adjust R3 (or its equivalent) so that the 
output trace is identical in amplitude to 
the input trace. 

For the audio channels, just check 
that about 10% extra gain is available 
at the output with a 10,000 -ohm load. 

After the calibration procedure is 

completed, install the project in a suit- 
able enclosure, and you are ready to 
view the difference. 

Hooking Up. A suitable hookup is 

shown in Fig. 9. For the sake of sanity 
and clarity, only one audio channel is 

shown. Note that up to this point we are 
assuming that your TV has baseband 
inputs. (It may sound obvious, but better 
safe than sorry). Otherwise this project is 

not for you. 
Note that your audio need not go to 

the N. It may be fed to the auxiliary 
inputs of your hi-fi system to obtain a 
tone -rich, full -spectrum audio output. 

Speaking of audio, a problem may 
arise if one of your sources is mono- 
phonic, and another stereo. In that 
case, it would be wise to split the signal 
via a "Y" adapter and feed the mono- 
phonic source to both channels. 
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Booster Amp 
for Your 

Car Stereo 
you drive your new car 

home from the dealer's 
showroom, but you're 

not as happy as you should be. 
Sure, the car is new; nice color, 
too! And there's lot's of pep 
coming from the 5 -liter engine, 
and the rack-and-pinion steer- 
ing is smooth as silk. So why are 
you unhappy? The radio simply 
isn't what you expected or paid 
for! 

You got an AM/FM-stereo ra- 
dio/cassette player with digital 
tuning. "Top of the line," or so the 
salesman said, but it doesn't put 
out enough sound for your lis- 

tening habits. Oh, it sounds fine 
if you're just sitting in the driv- 
eway listening to the radio; but 
when tooling down the high- 
way at 45 miles an hour with the 
windows down, the rear speak- 
ers are just barely audible. The 
road noise drowns them out! 

Don't do anything rash, like 
dump the car, for Popular Elec- 
tronics has the solution-install 
this dual 20 -watt rms Auto -Radio 
BoosterAmplifier in your auto. The Auto - 
Radio Booster Amplifier (which comes 
in kit form) is an inexpensive alternative 
to purchasing and installing one of the 
commercial units. 

The Circuit. What can be said about 
a dual 20 -watt rms amplifier circuit that 
has all its amplification circuitry buried 
in Iwo identical semiconductor chips? 
Examine Fig. 1; only one channel is 

shown. The other is practically a carbon 
copy. 

The input to the circuit, taken from 
your car radio's speaker output, is divid- 
ed along two paths; in one path, a 
high -power divider network (consisting 
of R8 -R10) provides 4.5 -ohm resistance 
to make the circuit's input impedance 
compatible with the output imped- 

Add audio umph" to your 
car radio, and travel 

the highways in 

high-fidelity splendor! 

'' 

BY GORDON KAYE 

ance of the car radio. In the other path, 
the signal is fed to the input of U1 

through resistor R7, trimmer potentiom- 
eter R21, and capacitor C2. Together 
R7 and R21 offer a minimum resistance 
of 27,000 ohms. 

Integrated circuit U1 (a TDA-2004 au- 
dio power amplifier) amplifies the sig- 
nal, which is then output at pins 8 and 
10 and fed to the loudspeaker. Note: 

This amp is designed for use 
only with car radios whose 
speaker outputs are referenced 
to ground; do not use it with 
radios that have balanced 
outputs. 

Putting It Together. There are 
two ways you can assemble the 
Auto -Radio Booster Amplifier. 
You can do it the old fashioned 
way: Buy the parts, etch a 
printed -circuit board, drill holes 
in the board, attach the heat 
sink, and solder the parts in 
place. Or, you can do as the 
author did, purchase the TSM 

Car -Radio Booster Amplifier Kit 

(TSM 89). 
The latter technique saves 

considerable shopping time, 
keeps the cost low, and elimi- 
nates the need for the messy 
process involved with etching a 
printed -circuit board. If you 
have a fairly complete junkbax, 
then the former may be cheap- 
er. And if you design as you 

build, certainly, the former method is 

best. It's all up to you! 
Refer to Figs. 2 and 3 if you decide to 

make your own printed -circuit board. 
Use commonly available inexpensive, 
one-sided copper -clad board avail- 
able locally at most electronics -parts 
stores. The heat sink specified in the 
Parts List can be any piece of aluminum 
of the approximate surface size. You 
can opt for standard store-bought 
types, but it's cheaper to visit the local 
hardware store and buy an extruded 
aluminum channel. The excess alumi- 
num can be used in other projects. 

About the Kit. Inspect the kit and you 
will discover that there is one 67/8- by 33/4 

-inch printed -circuit board, an ex- 
truded rectangular aluminum channel 
67/8 -inches long, and a plastic zip -bag 
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of parts with instruction sheets pack- 
aged in a book -like plastic container. 

Wiring the printed -circuit board is 

fairly easy. The printed -circuit board is 

not densely packed so opportunities 
for solder bridges are few. Solder all of 
the parts in place except the audio 
amplifier IC's. Those IC's are loosely 
bolted to the holes in the extruded alu- 
minum channel, which serves as a heat 
sink. 

The channel is then placed on the 

R4 
10 

C70 Ti 

board while carefully fitting the IC leads 
into their respective mating holes. The 
IC's are polarized (so to speak) by their 
pin orientation, and as such those units 
will mate with the pre -drilled printed - 
circuit board only one way. The alumi- 
num channel is then bolted in place 
and the hardware attaching the IC's 

tightened. 
In addition, there are 16 polarized 

capacitors (C1 -C8, C12 -C17, C19, and 
C2O), which must be inserted correctly 

Fig. 2. /f you wish to make your own circuit board, use this same -size template. The extra 
heavy copper runs are use to permit safe handling of heavy currents. 

before soldering and then rechecked 
after all are in place. The values of 
those capacitors are not super critical; 
in fact, the kit may contain either 100- or 
220-µF units for capacitors Cl, C3, 
C6 -C8, C12, C16, C17, C19, and C2O; 
and 6.8- or 10-µF units for capacitors 
C2, C4, C5, and C13 -C15. 

The kit also contains an 11 -pin con- 
nector, through which power; the input 
signal, and the output loudspeakers 
are connected to the board. That con- 
nector may be used, or it can be omit- 
ted and lead connections soldered to 
the board at time of installation. You 
may elect to use a male and female 
polarized connector (such as the Molex 
type, which are used in many auto 
sound system installations) to make in- 
stalling the circuit a bit easier. 

Testing. Working in the trunk of a car, 
even a hatch back, especially in the 
summer's sun is not a wise practice. The 
winter months are just as hostile, so plan 
to test the Auto -Radio Booster Amplifier 
indoors. 

Connect the loudspeakers (see Fig. 
4) to the correct terminals of the 
booster amplifier. Connect the output 
from your high-fidelity amplifier to the 
booster amplifier's input terminals. Con- 
nect a 12 -volt DC supply to the amplifier 
using the fuse and fuse holder specified 
in the Parts List. Connect the fuse holder 
in the positive line as close to the power 
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PARTS LIST FOR THE 
AUTO -RADIO 

BOOSTER AMPLIFIER 

SEMICONDUCTORS 
U1, U2-TDA-2004, 20 -watt rms, audio 
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Fig. 3. Parts layout for the Car -Radio Booster Amplifier are shown here. Note that the 
board is divided into two sections keeping the amplifiers apart. 
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Fig. 4. The installation diagram is simple to follow. Power is taken directly from the 
auto's battery. There is sufficient filtering on the circuit board to eliminate alternator 
whine and noise usually found riding on DC voltage. 

source as possible. A regulated supply 
may be used; but, if you use a battery - 
charger power supply for the amplifier, 
you must add suitable filtering. 

Most battery chargers deliver raw 
half -wave or full -wave (pulsed) DC. The 
author avoided power supply prob- 
lems by connecting a fused line from 
the car's battery and bringing it into the 

house. That allowed the author to use 
an ordinary high-fidelity home -stereo 
system as the signal source. Do not 
power up just yet; be sure that the hi-fi's 

volume is reduced to its lowest level- 
even if it's inaudible. 

Next, set level -potentiometers R21 

and R22 (RV1 and RV2 if your are assem- 
bling the project from the kit) to their 

RESISTORS 
(All resistors are 1/4 -watt, 5% units, 

unless otherwise noted.) 
Rl, R12 -1800 -ohm 
R2, R15 -1000 -ohm 
R3, R4, R19, R20 -1 -ohm 
R5, R6, R16, R18 -10 -ohm 
R7, R17 -27,000 -ohm 
R8 -R11, R13, R14 -1.5 -ohm, 2 -watt 
R21, R22 -4700 -ohm, PC -mount 

trimmer potentiometer 

CAPACITORS 
CI, C3. C6 -C8, C12, C16, C17, C19, 

C20 -100-µF, 16-WVDC, electrolytic 
C2, C4, C5, C13-C15--6.8-µF, 16- 

WVDC, electrolytic 
C9 -C11, C18, C21, C22 -0.1-µF, 

ceramic disk 

ADDITIONAL PARTS AND MATERIALS 
FI 6 -ampere, slow -blow, type 3AG fuse 
Printed -circuit board, aluminum heat 

sink, 3AG-type fuse holder, 11 -contact 
connector (optional), wire, solder, 
hardware, etc. 

Note: A complete kit of parts is available 
by mail order from Prospect 
Electronics (PO Box 9144, Allentown, 
PA 18105; Tel. 215/770-9029) for 
$30.38, plus $2.50 S/H for the first 
kit (add $1.00 S/H per kit thereafter). 
Pennsylvania residents add appropriate 
sales tax. Please allow 6 to 8 weeks 
for delivery. 

Note: The TDA-2004 is available from 
Parts Express (340 E. First St., 
Dayton, OH 45402: Tel. 
513/222-0173; Fax 513/461-3391) for 
about $4.80. Contact Parts Express 
for availability and information on 
shipping and handling. 

mid -point setting, and apply power to 
the circuit. Since the hi-fi amplifier is off, 
nothing should be heard. You might 
hear some very low hum or rushing 
noise when your ear is near the speak- 
ers' cones. 

Power up the hi-fi. Be sure some pro- 
gramming material is on. Slowly ad- 
vance the hi-fi's volume control. 
Caution: Do not advance the hi-fi's vol- 
ume control past the point of normal 
low-level listening; your hi-fi may putout 
more power than the booster amplifier 
is designed to handle! As the volume 
control on the hi-fi is advanced, the 
loudspeakers connected to the 

(Continued on page 154) 



FUN 
WITH 

INDUCTION 
COILS 

BY STAN CZARNIK 

Read about the path 
induction coils have 

traveled over the years, 
and try a fascinating 

experiment of your own. 

In 1831, Michael Faraday 
(1791-1867) found that if two coils 
of wire are wound around the op- 

posite sides of an iron ring and if a 
current is switched on or off in one coil 
(the primary), a momentary pulse of 
electricity is created in the other coil 
(the secondary). 

Faraday's great experiment marks 
the discovery of electromagnetic in- 
duction. Other developments fol- 
lowed in rapid succession. It was soon 
noticed that if the secondary coil con- 
sists of a large number of turns of wire 
relative to a small number of turns in 
the primary, a strong alternating cur- 
rent of low potential in the primary 
would induce a weaker current of high 
potential in the secondary. Such in- 
duction coils provided electrical sci- 
ence with a means of transforming 
low -voltage currents into high -voltage 
currents. The problem was that the 
conversion worked for pulsed DC or 
AC only. It happened only when the 
circuit was opened or closed. What 
was needed was a way to make -and - 
break the circuit quickly, repeatedly, 
and automatically. 

The Trembler. No sooner said than 
done: In 1836, or thereabouts, an 
American experimenter by the name 
of Charles Page (1812-1868) came up 



with the necessary innovation, it was a 
trembling mechanism similar to that 
found on an electrical bell. The device 
became known as a "trembler" or 
"vibrator." The entire arrangement was 
perfected by a German physicist, 
Heinrich Ruhmkorff (1803-1877). Ruhm- 
korff improved the mechanism so sig- 
nificantly that induction coils in 

general were soon called "Ruhmkorff 
Coils " 

Antique Discharges. What first at- 
tracted experimenters to the high -volt- 
age induction coil was the same thing 
that attracts people today: sparks! 
Early high-energy discharges from in- 

duction coils were small. The original 
sparks reported by Charles Page were 
only 1.57 millimeters long, or about Y16 

inch. In Paris in 1855, Heinrich 
Ruhmkorff exhibited a coil capable of 
producing sparks that were 40 cen- 
timeters (about 16 inches) long. Thirty 
years after that, in 1886, an English 
craftsman named Apps built a coil 
that generated sparks of up to 1.05 

meters long. That's over 3 feet, which is 

some spark! Apps' machine con- 
tained almost one-half ton of wire. The 
creation of longer and longer sparks 
had become a kind of contest. 

The historical situation here is actu- 
ally very interesting. It is a case in which 
utilitarian necessity was not the mother 
of invention. The invention, the high - 
voltage induction coil, came first. The 
practical applications, like X-ray ma- 
chinery, wireless telegraphy, and auto- 
mobile -ignition systems, came later. 

By the beginning of the 20th Century, 
the induction coil had become a 
common piece of laboratory equip- 
ment. Plans for building coils ap- 
peared in science books. All it took 
was a lot of patience and a lot of wire. 
No serious amateur experimenter was 
without a spark machine. The induc- 
tion coil was, and still is, a fascinating 
device. 

A Coil For You. Over the years, a 
variety of induction coils have been 
manufactured for a variety of pur- 
poses, and many of you probably al- 
ready own one (especially if you own 
a gas -burning car). But, if you don't, 
you can order a very good one from 
an antique automobile parts supplier 
called Vintage Auto Parts located in 

Washington state. See the Materials 
List for more information. 

The coil, made by Delco -Remy, is a 
cylinder about 5 inches long and 2 

Back in the 1950s, high -voltage induction 
coils like this were designed for use in 
high school and college physics classes. 
Note the large plastic knob for adjusting 
the vibrator points. 

Here's a profile of the induction coil 
from Vintage Auto Parts. The vibrator 
mechanism is concealed beneath the metal 
cap on the right. The input and output 
connections are on the left. 

The points on the coil should be just 
barely touching. The capacitor (once 
called a condensor) is visible just 
behind them. To avoid damaging yourself 
or the coil, make no attempt to adjust the 
points while the coil is operating. 

inches in diameter. The low -voltage in- 
put and high -voltage output connec- 
tions are both at one end. The vibrator 
mechanism and capacitor-con- 
cealed and protected under a metal 
cap-are at the other end. The cap is 

held in place by two screws and can 
be easily removed. 

When you receive your coil, take off 
the metal cap and look at the contact 
points. They should be just barely 
touching. If the points are too far apart 
or too close together, the coil will not 
work; adjust the points with a screw- 
driver. Never attempt to adjust the 
points while the coil is operating. 

If you look dead on at the input- 
output end of the coil, the connection 
at the very center of the coil is ground. 
Close to the ground connection, to the 
immediate right and immediate left, 
are the low -voltage input terminals. 
The last connection-separated from 
the others by a ridge of plastic-is the 
high -voltage output. 

The coil requires no assembly and 
comes ready for use. So, let's get right 
down to work! 

Testing and Operation. Attach one 
end of a 3- or 4 -inch piece of stiff hook- 
up wire to the ground terminal of the 
induction coil. Bend the wire up and 
over the plastic ridge so that the other 
end remains stationary about Yz inch 
from the high -voltage output terminal. 
Now connect a 6- to 12 -volt DC power 
supply to the input of the coil. If at all 
possible, use a power supply with an 
on -off switch and a continuously varia- 
ble range of output voltages for the 
experiments. 

The coil is round and also quite 
heavy, and I had a very hard time 
getting it to stay still on the surface of 
my workbench. I recommend clamp- 
ing the coil to some sort of stand or 
building a simple base out of wood, 
plastic, or some other non-con- 
ductive material. High -voltage ex- 
perimentation requires equipment 
that is stable, steady, and secure. Un- 

der no circumstances should the coil 
be permitted to roll around the sur- 

face of your work area. That can be 
very irritating and, much more im- 
portantly, just plain dangerous. 

The ignition coil has input and output 
connections just like any other 
transformer. The ground terminal is dead 
center. Low -voltage input and output are 
to the immediate right and immediate left 
of ground. The remaining terminal, 
separated from the others by a ridge of 
plastic, is the high -voltage output. 
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MATERIALS LIST FOR THE 
INDUCTION -COIL 

EXPERIMENT 

Automobile spark plug cable (or 
equivalent) 

Binding posts or fahnestock clips 
6- to 12 -volt DC power supply 
Fluorescent tube 
Vibrator -type 12 -volt ignition coil 
Iron filings 
Metal strips 
Salt shaker 
Wood block 

ADDITIONAL MATERIALS 
Alligator clips, soldering lugs, 

hardware, hook-up wire, solder, etc. 

Ignition coils, complete with vibrator 
mechanism, are available for $29.50 
plus $3.00 shipping and handling by 
requesting a "12 -volt spark coil" 
from Vintage Auto Parts, Inc., 
24300 Highway Nine, Woodinville, 
Washington, 98072. 

Small containers of iron filings (catalog 
number C-10276) are available for 
$1.25 (with a minimum order of $10) 
from JerryCo Inc., 601 Linden 
Place, Evanston, Illinois 60202. The 
JerryCo catalog is 50 -cents. 

Make sure that the input wires are 
clear of the output connections and 
you're ready to test the coil. Turn on 
your power supply. If the points are set 
properly, a strong spark will jump be- 
tween the end of the test wire and the 
high -voltage output terminal. The coil 
should work perfectly. If not, turn off 
and unplug the power supply and 
check the points. Once again, the 
points should be touching, but just 
barely. 

As noted earlier, an induction coil 
with a mechanical vibrator works a lot 
like an electric bell. The cycle of ac- 
tions is as follows: 

1. A current flows in the primary wind- 
ing and creates a magnetic field 
around the core of the coil. 

2. The magnetized core attracts the 
vibrator and the primary circuit is 
broken. 

3. The magnetic field around the 
core collapses and the vibrator returns 
to its original position. 

4. The vibrator, now back where it 
started, closes the primary circuit, and 
the cycle begins again. 

The capacitor shunted across the 
vibrator points absorbs some of the 
self-induced energy of the primary 
winding and prevents the points from 
being prematurely burned away. 

And now for a couple of experi- 

ments guaranteed to awaken the 
mad scientist in everyone! 

Ghostly Flashes. Obtain a piece of 
flexible wire 6 to 10 inches long. Auto- 
mobile spark -plug cable works very 
well, but any kind of heavily insulated 
wire will do fine. With the power off, 
attach an alligator clip to one end of 
the wire and connect the other end to 
the high -voltage output of the induc- 
tion coil. Now get a large fluorescent 
tube and connect the alligator clip to 
the pins at one end of the tube. Sus- 
pend the tube from a stand or lean it 
against a table, a bookshelf, or some- 
thing similar. Make absolutely certain 
that the fluorescent tube will not move 
or fall down. 

Your work area should be free of 
things that conduct electricity; that in- 
cludes tools, soldering irons, desk 
lamps, aluminum soda -pop cans, and 
so on. It should also be very dry and 
very clean; high -voltage discharge 
can travel easily across a thin layer of 
ordinary household dust. 

When everything is ready, darken 
the room and turn on the coil. The 
vibrator will buzz and the fluorescent 
tube will flicker with a grayish -white 
light. The entire effect is very weird. Low 
input voltages, between, say, 6 and 9 
volts, produce the most obvious pulses. 
With an input voltage at or close to 12 
volts, the flashes become too rapid for 
the eye to catch and the illumination 
begins to appear almost continuous. 

Connect the high -voltage terminal of the 
coil w one end of a long fluorescent 
tube and turn on the power supply. The 
tube will flicker in a most mysterious 
fashion. Do not touch the tube while 
running the equipment. 

The spark platform is a simple device. 
Two metal strips about two inches apart 
are screwed to a block of wood. Iron 
filings are sprinkled onto the surface 
between the strips with an old salt 
shaker. The high -voltage discharge will 
dance among the filings. The display 
that results resembles a miniature 
lightning storm. 

Warning: Do not touch the fluores- 
cent tube while the coil is operating. 
There is enough energy in the tube to 
give you a nasty electric shock! 

Spark Platform. If you liked that ex- 
periment, you'll love this one. Locate a 
piece of wood 6 or 7 inches long and 4 
or 5 inches wide. Now get a couple of 
stiff metal strips about 1h inch wide. 
Brass and aluminum strips are often 
available at large hobby shops. Cut 
the strips to match the length of the 
wood block, The strips should be 
placed on the block parallel to one 
another about 2 inches apart; that is 

very important. Fasten the strips to the 
wood. A binding post or fahnestock 
clip attached to one end of each strip 
will facilitate wiring. 

You will need some iron filings and 
an old salt shaker. See the Materials List 
for information on how to obtain some. 
Fill the shaker with the filings and sprin- 
kle the iron on the wood block be- 
tween the metal strips. The layer of iron 
should not be too thick or too thin, and 
as even as possible. If you overdo it the 
first time, just clean off the platform 
and try again. 

Now, without moving the board or 
disturbing the filings, connect the strips 
to the induction coil. Again, darken the 
room and turn on the coil. If you have 
used just the right amount of iron, the 
sparks will move between the strips 
and among the particles of metal. 
What you will see is simply fantastic. 
The display resembles a miniature 
lightning storm on your workbench. 
And, of course, remember not to touch 
the coil or the platform while running 
the experiment. 
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BY TERRANCE KELLY 

This project keeps your modem communications and important private conversations 
from being interrupted by locking out extension phones when the line is in use 

Are you tired of others listening in 

on your conversations on an ex- 
tension phone? Do you live with 

a computer hacker who always seems 
to want to dial out with his modem in 
the middle of your conversations? Fear 
no more, three inexpensive parts- 
which comprise the Extension Si- 
lencer-will solve all of your problems. 

The Extension Silencer described in 

this article is a simple circuit that, when 
placed in series with each of your ex- 
tension telephones, allows privacy at 
each location without interference 
from the others. All phones will ring nor- 
mally and the first one to answer locks 
out the others. Someone picking up an 
extension will hear nothing if the phone 
is already in use. if you need to switch 

extensions all you have to do is pick up 
one extension and hang up the other. 

In order to fully understand the oper- 
ation of the Extension Silencer, a little 
discussion on telephone operation is in 

order 

Telephone Operation. Each subscrib- 
er telephone is connected in what's 
called a local loop (see Fig. 1) to a 
central office, which contains switching 
equipment, signaling equipment, and 
a power source that supplies direct cur- 
rent (DC) for the operation of the tele- 
phone system within its coverage area. 

Switches in the central office respond 
to a string of dial pulses to connect the 
calling station with the station being 
called. The switching array within the 

central office feeds an AC ring signal 
down the line to the station being 
called. When a link is established (the 
telephone receiver is taken off -hook), 
the two stations communicate via 
transformer -coupled loops using DC 
power supplied by the central office. 

When the telephone receiver is on - 
hook, the receiver holds down the 
hook -switch buttons in the base of the 
unit, creating an open circuit to DC be- 
tween the receiver and the central of- 
fice. The signaling circuit, which is AC 
operated, is always connected to the 
central office; a capacitor in the signal- 
ing circuit blocks the flow of DC, while 
passing the AC ring signal. 

As long as the hook -switch buttons on 
the telephone are depressed, no corn - 
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CENTRAI OFFICE 

Fig. 1. Each subscriber telephone is connected in a local loop to a central office, which 
contains switching equipment, signaling equipment, and a power source that supplies 
direct current (DC) for the operation of the telephone system within its coverage area. 

munications can take place. However, 
when the receiver is taken off -hook, the 
hook -switch closes contacts, passing 
DC to the telephone, activating the 
communications circuits, and causing 
the normal DC line voltage to drop due 
to the loading effect of the telephone. 

Circuit Operation. Figure 2 shows the 
schematic diagram for the Extension 
Silencer. The circuit is little more than an 
electronic cut-off switch built around a 
Triac (the switching element). Two 
phone stations, A and B, are shown to 
make the circuit's operation easy to un- 
derstand. (Component designations 
for only one circuit are given in the Parts 
List.) Note that an Extension Silencer cir- 
cuit is connected in series with each 
station. 

Normally when a phone is on hook, 

TO 

TELEPHONE 
LINE 

r 

the voltage across the phone line is 48 - 
volts DC; when the receiver is taken off 
hook (is picked up), the DC voltage 
across the line drops to between 2- and 
12 -volts DC (typically about eight volts). 
That's due to the off -hook impedance 
of the telephone and the loop resis- 
tance between the subscriber station 
and the telephone company's central 
office. 

As long as both the station A and 
station B receivers are on -hook, the volt- 
age at the gates of TRI and TR2 is suffi- 
cient to trigger TRI and TR2 into 
conduction. That means that both Ex- 

tension Silencer circuits connected to 
the line are conducting. But when one 
of the receivers-say station A-is lifted 
from its cradle, closing the hook -switch 
contacts, that telephone draws consid- 
erably more power, causing the line 
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Fig. 2. The Extension Silencer is little more than an electronic cut-off switch, built around 
a Triac. The Triac's operating characteristics are key to the operation of the Extension 
Silencer circuit. 

SUBSCRIBER 
STATION 

PARTS LIST FOR THE 
EXTENSION SILENCER 

TR1-1-amp, 50-PIV Triac 
R1 -1000 -ohm, 1/4 -watt, 5% resistor 
D1 -1N4744, 15 -volt, 1 -watt Zener diode 

(Radio Shack 276-564, or similar) 
Dual component perfboard (Radio Shack 

276-148), quick -connect modular jack 
(Radio Shack 279-355), clear view 
speaker wire (Radio Shack 287-008), 
solder, hardware, etc. 

voltage at TR2 to drop to around 0.6 - 
volt DC. 

The operational characteristics of 
the Triac are key to the operation of the 
Extension Silencer circuit. Remember 
that once a Triac is triggered (via a gate 
trigger voltage), it continues to conduct 
as long as the current through it re- 
mains above its holding -current (l,) re- 
quirement, even if the trigger source is 

removed. And will cease to conduct, 
only when the current through the de- 
vice is brought below its holding -cur- 
rent level. (In the case of an AC signal, a 
Triac would be triggered into con- 
duction twice during a single cycle: 
once during the positive half -cycle, 
and again during the negative half - 
cycle. Therefore the 20 -Hz ring signal is 

passed to the phone uninhibited.) 
The 0.6 -volt level at the main termi- 

nals of TR2 is too small to generate suffi- 
cient current through TR2 to satisfy it's 

holding -current requirement, so it turns 
off, disallowing any communications 
through station B. 

If the station B extension is taken off - 
hook and station A is hung up, a similar, 
but reversed action occurs, with station 
B absorbing the majority of the line -fed 
power, reducing the current through 
TRI to a level insufficient to sustain con- 
duction through that unit. And that in 

turn locks out station A. 

A 15 -volt Zener diode was used be - 
(Continued on page 153) 
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I3EGINNEKS GUIDE TO 
VINTAGE RADIO 

Is your latest find a gem 
from radio's "golden 
age," or just a flea -market 
special? Once you know 

what to look for, you'll be 

able to tell at a glance. 

BY MARC ELLIS 

Maybe you already have a cou- 
ple of vintage radios in your 

possession; a set or two that caught 
your eye at a rummage sale or in a 
relative's attic. Or maybe you don't 
own anything right now, but know that 
you have an affinity for the look and 
feel of decades -old electronic equip- 
ment. No matter how you developed 
your interest, if you're new to the radio - 
collecting hobby, this guide will give 
you the background you need to eval- 
uate your "finds" with a knowledge- 
able eye. 

When the Classics Were Made. The 
radios of greatest interest to most of 
today's collectors span the years from 
the beginning of serious broadcast ra- 
dio (early 1920's) to the onset of World 
War II (early 1940's). Of course, there 
are collectors who are interested in the 
relics of the earliest days of radio. Un- 

fortunately, however, Fleming Valves, 
DeForest Audions, or other very early 
pieces of point-to-point communica- 
tions gear are museum -quality items. 
They don't often show up at flea mar- 
kets, house sales, or the other channels 
normally available to the average col- 
lector. 

Conversely, the sets made after 
World War II may be the collectables 
of tomorrow-but I don't sense much 
interest in collecting that period today. 
I'm sure that there are readers who will 
disagree, but those later sets just don't 
seem to have the classic appearance 
or romantic associations that the ear- 
lier ones do. 

The "classic -radio" period spans less 

than twenty years. But within that small 

slice of time, sets were manufactured 
by the millions in a bewildering variety 
of types and styles. Technological ad- 
vances came so rapidly that new de- 
signs were rendered obsolete almost 
as soon as they came on the market. 
The sociological and economic 
changes that occurred as an era of 
national prosperity was replaced, in 

turn, by the Great Depression and the 
gathering storm clouds of World War II, 
also had profound effects on the radio 
industry. 

Let's take a trip, now, through that 
fascinating period and look at some 
typical sets manufactured at various 
times within it. In the process, you'll 
learn the sign -posts that will help you 
relate the radios that you find to the 
years in which they were made. 

The Earliest Broadcast Sets. If 

were to ask you to identify the first type 
of radio in general use during the early 

A crystal detector consisted of a fine 
wire (the "cat's whisker") in contact 
with a fragment of galena (lead ore). 
The version shown does not have the 
usual swivel -arm mount for the wire. 

days of broadcasting, you'd probably 
answer "the crystal set," and you 
would certainly be right. The wonderful 
thing about the crystal set was that it 

required no external power. The de- 
tection properties of the "crystal" (a 
small piece of lead ore, or galena) 
extracted the sound portion of the sig- 
nal from the radio frequency "carrier" 
and made it audible in the head- 
phones. The only energy used was the 
energy of the radio signal itself. 

Regretfully, crystal sets aren't easy to 
find. By the time the broadcasting in- 
dustry became big enough to create 
a mass market for radio receivers, the 
vacuum tube was becoming gener- 
ally available. And even a small one - 
tube radio could easily outperform the 
most elaborately made crystal set. By 

1925, crystal sets were largely rele- 
gated to the status of kid's toys. A sur- 
vey of mid -1920's advertising in two 
prestigious radio magazines did not 
show one serious crystal set for sake. If 
you do find a vintage crystal set, you'll 
have no ttouble identifying it. It won't 
have any tubes, of course, and the bit 
of rock -like galena-mounted in a 
small metal cup-will be in plain sight. 
You'll also find a short length of springy 
wire (the "cat's whisker"), typically at- 
tached to one end of a pivoted metal 
arm. The arm is arranged so that the 
wire tip can be placed in contact with 
various locations on the surface of the 
crystal. In practice, the listener tried 
various spots until he or she found one 
that provided the loudest volume. 
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However, watch out! Not every set hav- 
ing a crystal is a 1920's model. Crystal 
sets were made as toys, educational 
kits, and novelty items at least into the 
1950's. Look at your find with a critical 
eye before you make a purchase. 
Should you have your heart set on 
adding a good example of an early 
twenties crystal set to your collection, 
your best bet would be to attend the 
swap meet at an antique -radio con- 
vention. You'll have a good chance of 
locating one there. But, of course, it's 

not likely to be cheap. 

Battery Radios of the 1920's. 
During most of the 1920's, the radio 
most likely to be found in the family 
living room was a vacuum -tube set 
powered by batteries. The develop- 
ment of practical technology for plug- 
in AC operation did not occur until 
near the end of the decade, and, like 
all new technologies, it was high- 
priced when introduced and therefore 
not widely adopted at first. 

Battery radios were made in many 
sizes and styles. And if you're new to 
collecting, it would be natural for you 
to assume that a simple -looking one - 
or two -tube receiver might be an older 
design than, say, a five -tube set with 
multiple controls. Don't make that mis- 
take, though. 

The three -dial battery -operated TRF was 

common in the 1920's. The one shown in 
this photo is a Neutrodyne and was 
originally built from a kit. 

There were three major storage -bat- 
tery -operated tube -receiver designs in 

use throughout the 1920's: the re- 
generative, the TRF (tuned radio fre- 
quency), and the superheterodyne. 
The first and last of those were the 
brainchilds of the legendary radio in- 
ventor, Howard Armstrong. A search- 
ing technical discussion of the designs 
is beyond the scope of this article, but 
the regenerative circuit was by far the 
most efficient. 

Inside the Regenerative Radio. A 
tube that was set up for regenerative 
service was basically an amplifier. But, 

The RCA Radiola III is good example of 
a typical regenerative receiver. Its 
two -tube circuit made loudspeaker 
operation possible, especially on 
strong local signals. 

using an adjustable -feedback ar- 
rangement, part of the output was 
coupled back into the input. Because 
of that set up, received signals could 
be amplified over and over again, re- 
sulting in tremendous gain. 

If too much of the output were to be 
fed back to the input, however, the 
tube would begin to oscillate like a 
radio transmitter, causing an unearthly 
howl in the headphones and sending 
out a signal that would interfere with 
reception throughout the neigh- 
borhood. To obtain maximum ampli- 
fication, then, the trick was to stay just 
below the point of oscillation. 

Not only did the single tube act as 
an RF amplifier-boosting the signals 
from the antenna-it performed an- 
other function as well. While going 
about its job as an amplifier, it could 
also serve as a detector-separating 
the audio signals from the radio "car- 
rier wave" so that they could be heard 
in the headphones. 

Though there are certainly excep- 
tions, the typical regenerative receiver 
of the period had one tube functioning 
as described. Sometimes an extra 
tube was included, as an audio ampli- 
fier, for louder headphone volume. 
Occasionally, a couple of added 
tubes (either built into the set or avail- 
able as an "add-on" amplifier) were 
used to drive a loudspeaker. 

To determine if your flea -market find 
is regenerative, first look at the controls 
and tubes. If it has a limited number of 
tubes, a control marked "regenera- 
tion" or "amplification" and only one 
"tuning" or "station selection" control, 
there isn't much doubt. The "regenera- 
tion" or "amplification" control typ- 
ically operates a mechanical ar- 
rangement that changes the physical 
relationship between two coils; one in 

the tube's output circuit, the other in the 
input circuit. 

The tubes used in those sets were 

quite often of the variety designed to 
be lit by dry cells (look for types 11,12 or 
99). However, storage -battery types 
(most often the 01-A) are also found. 
Though regenerative sets were made 
by many manufacturers, you're most 
likely to find sets made by Crosley-a 
company that saturated the market 
with inexpensive sets-and RCA, 
which used regeneration in most of its 

low -end line. 

The TRF Scene. During the early 
1920's radio manufacturers could se- 
cure a license to use regenerative cir- 
cuits directly from Armstrong, their 
inventor. The license could be ob- 
tained fairly easily, and on reasonable 
terms. Towards the middle of the de- 
cade, after Westinghouse bought the 
patent rights, regenerative licenses 
were difficult-or impossible-to get. 

ìioicí batreres, an i external 
Radiola Loudspeaker. Including T^ 
all tubes and Loudspeaker. (Ev- 
erything except batteries) ' $369 

A typical mid -1920's RCA 
superheterodyne used six tubes. A set 
like the one shown here was considered 
to be a "semi -portable." 

Manufacturers who couldn't (or 
chose not to) secure a regenerative 
license had to use more tubes. Gener- 
ally speaking, it required two RF ampli- 
fier tubes and a separate detector 
tube to get approximately the same 
results obtained from a single tube op- 
erating as a regenerative amplifier - 
detector. Three tuned circuits (coil and 
variable-condenser-condensers are 
now called capacitors-combina- 
tions) were required for efficient oper- 
ation of the two RF stages. Radios of 
that design were called TRF (tuned ra- 
dio -frequency) sets. 

Most TRF sets of that era also had the 
two additional audio -amplifier tubes, 
which were needed to operate a horn - 
type loudspeaker. The theory appar- 
ently was that anyone willing to pur- 
chase (and buy batteries for) a three - 
tube radio, would just as soon invest in 

the two additional tubes and have a 
more versatile set. 

You might think that the cumber- 
some and expensive TRFs wouldn't be 
able to compete with the more effi- 
cient little regenerative radios. But the 
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"regen" sets were more difficult to tune 
and adjust. And the multiple tuned - 
circuits of the TRFs made them a little 
more selective (able to separate 
closely -spaced stations). That proved 
to be an important factor as the 
number of stations broadcasting at 
once began to increase. 

The five -tube (generally all type 01 - 

A's), three -dial basic TRF set eventually 
became an industry standard. It was 
made by scores of manufacturers, but 
a couple of the better-known ones 
were Atwater Kent and Freed- 
Eisemann. The Neutrodyne circuit, 
made famous by Freed-Eisemann, 
was a method for preventing un - 

A "straight -down" view of an open Model 
42 cabinet shows belts and pulleys 
linking the tuning condensers for 
single -control operation. The corner of 
the separate power -supply box is seen 
at the lower left of the photo. 

wanted oscillation in RF amplifiers. (A 
common problem with triode RF -am- 
plifier tubes whose inputs and outputs 
were tuned to the same frequency.). 
The three -dial TRF set fell into disuse 
only when the first plug-in sets ap- 
peared on the market. 

Armstrong's Other Masterpiece. 
The superheterodyne, Howard 
Armstrong's other masterpiece of ra- 
dio circuitry, wasn't in widespread use 
during the 1920's battery -set era. In 
later decades it was to become the 
dominant radio design. However at 
this time, RCA-the patent owner-re- 
tained exclusive manufacturing rights. 

The superheterodyne circuit repre- 
sents yet another approach to ampli- 
fying radio frequencies. Signals com- 
ing in from the antenna are converted 
to a much lower frequency by mixing 
(heterodyning) them with a signal gen- 
erated by an internal oscillator. 

The lower frequency, typically be- 
tween 150 and 450 kHz, is called the IF, 

or the intermediate frequency. The IF 

signal is amplified and detected 
much as it would be in a TRF receiver. 
But by amplifying at a lower frequen- 

The Cathedral -style Gloritone screen - 
grid set represents the transitional 
period of radio -receiver development. 
Note that the tuning dial is viewed 
through a tiny window. 

cy, greater gain can be obtained 
without danger of oscillation, and 
greater selectivity can also be 
achieved. 

Identifying a superheterodyne set of 
the 1920's by its physical appearance 
requires a fairly sophisticated knowl- 
edge of radio circuitry. However if the 
set is a pre -1930 battery model, has six 

tubes or more (usually type 99's), and 
was made by RCA, it's probably a su- 

perhet. 

Enter the "Socket -Power" Radio. 
Broadcast -radio listening entered a 
brand-new era when the first practical 
plug-in, or "socket -power" radios ap- 
peared on the market. Though many 
prior schemes had been tried for 
powering battery sets from the AC 
power line, the necessary "battery - 
eliminator" units tended to be heavy, 
bulky, and expensive. 

The true breakthrough came in the 
late 1920's, when amplifying tubes es- 
pecially designed for alternating -cur- 
rent service became available. Clum- 
sy external batteries or battery elim- 
inators could now be replaced by a 
compact power supply unit (usually 
using a type -80 rectifier tube) built 
right into the receiver cabinet. The 
power lead coming out of the radio 
now terminated in a simple AC plug 
rather than a tangle of individual wires 
intended for connection to various DC 
voltage sources. 

These first AC radios were generally 
TRF sets (except for RCA's, which were 
generally superheterodynes). But the 
familiar array of three tuning knobs 
had all but disappeared. The three 
tuning condensers formerly operated 
by those knobs were still in the radios. 
But, in most models, their shafts were 
ganged by belt -and -pulley arrange- 
ments that permitted turning all three 
with a single control. The rheostats for- 

merly required for controlling current 
flow from the batteries through the 
tube filaments also disappeared- 
leaving the front panel of the 
late -1920's AC radio with just three con- 
trols: power (typically a separate tog- 
gle switch), volume, and tuning. 

For some reason, the preferred ma- 
terial for the cabinets of those sleek 
new radios was now metal rather than 
wood, or wood and Bakelite. And the 
hinged top of the older -style sets was 
replaced by a friction -fitting metal lid 
that could be lifted off for tube re- 
placement. External loudspeakers 
were still the rule, housed in matching 
metal cases. But a more compact pa- 
per -cone style had replaced the ear- 
lier horn design. Late 1920's AC - 
powered sets by Crosley and Atwater - 
Kent are good examples of this "new 
look" in radio. RCA, however, opted for 
furniture -style cabinets with rich wood - 
grain finishes. 

Transition -Period Radios. From the 
final years of the 1920's through the ear- 
ly years of the 1930's, the evolution of 
radio receivers passed through what I 

think of as the "transitional period." All 
of the basic receiver circuits had been 
invented, and further advances in cir- 
cuitry would be refinements of design. 
Those were paralleled by refinements 
being made on the mechanical as- 
pects of the radio chassis. 

This view of the Gloritone's chassis 
shows the 24-A screen -grid tubes wired 
to the three -section tuning condenser. 
The power transformer, with its 
ventilating cover, is seen just to the 
left of the tuning condenser. 

For example, the three tuning con- 
densers so typical of the TRF radio 
were no longer ganged by belts and 
pulleys. Instead, they were combined 
in one frame and turned by a common 
shaft. This broke up the familiar "row - 
style" arrangement of the RF amplifier 
stages. Now the RF amplifier tubes and 
coils tended to be grouped around 
the common variable capacitor so 
that they could be arranged for max - 
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The rear view of this depression -era 
AC -DC radio shows its tall glass tubes. 
This set uses a line -cord resistor. 

imum compactness and minimum 
lead length. 

The power -supply circuitry, formerly 
housed on a separate chassis within 
the radio cabinet, moved onto the ra- 
dio chassis itself-achieving still great- 
er compactness and design integra- 
tion. The functional groups of the 
receiver were no longer separate 
"building blocks" but blended to- 
gether as a unified whole. 

Finally the loudspeaker, stripped of 
its decorative case and reduced in 

diameter, was placed inside the radio 
cabinet. The design of the speaker 
also changed. Formerly nothing more 
than a scaled -up earphone move- 
ment incorporating relatively weak 
permanent magnets, the new unit 
(called a dynamic speaker) con- 
tained a powerful electromagnet op- 
erated from the receiver's power 
supply. 

The new speaker required four leads 
(one pair for electromagnet power) 
compared with the original two. 
Though smaller in size than the old- 
style separate speaker, the built-in 
speaker delivered much more 
sound-particularly since the audio 
tube that drove it, no longer having to 
rely on a limited battery supply, was 
delivering more power. 

The presence of the speaker inside 
the cabinet caused another major 
change in the radio's physical ap- 
pearance. Previously, the hinged -lid, 
coffin -shaped, wooden box of the 
mid -1920's battery TRF had been re- 
placed by the more rectangular box 
of the late 1920's socket -power radio 
With its built-in power supply. Now, be- 
cause of its more compact chassis, the 
cabinet of the "transitional" radio took 
up less table space, but required more 
vertical space to accommodate the 
speaker. 

One of the resulting cabinet styles, 
the familiar cathedral, curved upward 
to form a dome around the speaker. 
Another common style, the 

tombstone, took the shape of a ver- 
tically oriented rectangular slab. But 

however they were shaped, cabinets 
were now made of hardwood ve- 
neers, metal having virtually disap- 
peared as a material for radio 
enclosures. 

It's worth noting, too, that the 
late -1920's release of screen -grid tubes 
(which were highly efficient RF ampli- 
fiers) gave the TRF design a last breath 
of life before the superhet became 
king. And the screen -grid TRF, with its 

distinctive group of three top -capped 
24-A tubes is a common relic of that 
era. 

By now, radio broadcasting had be- 
come such an important feature of 
American family life that it was natural 
for a radio receiver to become the 
focal point of the living room. Thus, the 
"transisitonal period" was also the 
period of the magnificent living-room 
console. The speakers of those big 
consoles were mounted below the 
chassis, and the cabinets were made 
tall enough so that the knobs and dial 
could be elevated for easy visibility. 
Cabinets were as massive and ele- 
gantly crafted as the family could af- 
ford. 

The 1939 Philco set shown here was one 
of the last wood -cabinet table models 
in the line. Note the large tuning dial 
with rotating pointer. 

But whether it was a table model or 
a console, the typical "transitional 
period' set had moved into the mod- 
em era of vacuum -tube radio design. 
Inside, the radio no longer looked like 
a hand -assembled laboratory pro- 
totype, but more like the mass-pro- 
duced home appliance it had 
be' me. Outside, the "apparatus" 

was gone. The multi -knobbed 
Bd elite front panel or neutral metal 
enclosure was replaced by a cabinet 
made of fine wood in a furniture style 
and finish. 

Impact of the Depression. As you 
might imagine, the financial crash of 
1929 and the deepening depression of 
the 1930's had quite an impact on the 

burgeoning radio industry. But, if any- 
thing, the number of radio listeners was 
increasing. Broadcasting was in its 
Golden Age, when some of the most 
popular radio series of all time had 
their beginnings. The programs were a 
blessing to the cash -starved depres- 
sion family; they were free, and could 
be enjoyed without leaving the home. 

However, if the manufacturers want- 
ed to continue to sell radio sets, they'd 
have to develop economy versions: 
The market for the elaborate consoles 
and table models of the late1920's was 
definitely dwindling. Luckily, radio sta- 
tions were increasing in number and 
power-so the new sets didn't have to 
be supersensitive. And the improve- 
ments in the efficiency of vacuum 
tubes and components made it possi- 
ble to downsize receivers and still 
maintain reasonable performance. 

In creating the "depression radio" 
two bulky and expensive power -sup- 
ply components-the filter choke and 
the power transformer-were elimi- 
nated completely. By wiring the field 
coil (electromagnet) of the dynamic 
speaker in place of the filter choke, the 
field coil could replace the choke and 
still receive the DC power it needed to 
function. The transformer was elimi- 
nated by devising a new method for 
lighting the tube heaters. 

Formerly connected in parallel and 
operated from a low -voltage winding 
on the transformer, the heaters were 
now wired in series to build up as large 
a voltage -drop as possible. That series 
string of heaters was connected, in 
turn, with a series resistor to increase 
the voltage drop still further. The com- 
bined voltage drops of the tubes and 
series resistor totaled 115 or so, and the 
entire "shooting match" could be op- 
erated directly from the AC (or, as we 
shall see, DC) line without benefit of a 
power transformer. 

Recognizing Depression AC -DC's. 
The elimination of the power trans- 
former resulted in an interesting fringe 
benefit; a radio without a power trans - 

A 1940's Emerson, like the one shown 
here, is a typical "second -generation" 
AC -DC set. 

84 



former could be operated from DC as 
well as AC current. During the 1930's, 
the downtown sections of many large 
cities were supplied only with DC 
power. Conventional radios having 
power transformers could be oper- 
ated downtown only by using a costly 
power inverter. Here was a ready- 
made market for the new "bare - 
bones" radios, which quickly became 
known in the trade as "AC -DC sets." 

The first AC -DC "depression radios" 
make interesting collectibles. Cab- 
inets were generally made of wood in 

a variety of fanciful styles. They look 
nice on a bookshelf, and are much 
easier to store and display than the full- 
size models. 

Besides the distinctive cabinet, you 
can also recognize the first -generation 
AC -DC set by its series resistor and the 
types of tubes used. The tubes were a 
mixture of 6 -volt types originally de- 
veloped for auto use (6A7, 6D6, 6Q7- 
to name a few) and higher -voltage 
types designed especially to help 
build up the voltage drop in the series 
string (typical were the 25Z5 and 
25L6). You'll also often see the 43, a 6 - 
volt type designed especially for use in 

AC -DC sets. 

Series resistors were sometimes in- 
cluded in the set's line cord as an as- 
bestos -covered third wire; sometimes 
housed in metal 'Jug -in tube -like en- 
closures mounted on the set's chassis. 
The former type were commonly 
called line -cord resistors; the latter 
were known as ballasts. 

Those little radios were made both 
as TRFs and as superheterodynes. But 
construction practices were such that 
it isn't always easy to tell the difference 
without a knowledgeable eye or a cir- 
cuit diagram! 

The Second Generation of AC -DC 
sets. The design of the AC -DC set 
slowly evolved through the 1930's, and 
by the early 1940's it had quite a dif- 
ferent look. The cabinet was now gen- 
erally made of Bakelite, often in a 
dark -brown color. That plastic material 
could be formed much more easily 
into the soft curves of the streamlined, 
or "moderne" look then in vogue. 

The old tall -glass ("G" style) tubes 
had been replaced by the shorter 
metal, or "GT" -style glass versions-re- 
sulting in a more compact cabinet. By 

the way, don't confuse the "GT" -type 
glass tubes with the even smaller mini- 
ature glass tubes of a later era. The 
former have a separate metal or plas- 

tic base equipped with an octal (8 - 
prong) plug. The latter are one-piece 
glass types having no separate base; 
the connecting pins (usually 7) pass 
directly out through the tube's glass 
bottom. 

The speaker of that second -genera- 
tion AC -DC set was frequently a 
permanent -magnet type rather than 
the older style dynamic version. 
Through the development of better 
magnetic materials, permanent mag- 
nets could now be made much more 
powerful than before, making ob- 
solete the need for a speaker field coil. 
And improvements in power -supply 
components over the years had done 
away with the necessity of having a 
field coil to play the part of a filter 
choke. One easy way to identify a per- 
manent -magnet speaker is to check 
the number of leads going to it; there 
are only two of them, compared with 
the four wires required for a dynamic 
speaker. 

The Zenith 1940 portable had an 
"airplane luggage" case and a 
removable loop antenna with suction 
cups for mounting on car windows. 

Second -generation AC -DC sets 
were usually superheterodynes rather 
than TRF's. And the superheterodyne 
sets of chat period were easily recog- 
nizable by the pair of tall, square - 
topped aluminum enclosures housing 
the IF transformers. The top of each 
transformer normally contained a pair 
of access holes used for reaching the 
tuning adjustments. 

Enter the Portables! Lightweight, 
battery -powered radios that could be 
carried anywhere appeared in the 
late 1930's. Like most earlier innovations 
in radio receivers, that one was made 
possible through development of a 
new variety of vacuum tube. The new 
battery -radio tubes required much less 

power (especially to light their fila- 
ments) than "normal" types. That 
meant that the portable could be op- 
erated for a long time by a compact 
battery pack housed within the case. 

The battery portables of that era 
have a romance all of their own. Most 
came in suitcase -style cases, often 

covered with "airplane -luggage" fab- 
ric. Some had shortwave bands as well 
as standard broadcast. And a few 
had special arrangements to remove 
and orient the antenna for best recep- 
tion. 

The little battery portables were 
often marvels of mechanical ingenuity 
and organization of interior space. It 

was quite a trick to find places for a full 
set of batteries without coming up with 
a cabinet size appreciably larger than 
the standard AC -DC table model. 
And since those sets were generally 
designed for plug-in operation as well, 
designers also had to provide a spot to 
store the line cord when not in use. 

As you might imagine, the "3 -way" 
portables (so named because they 
would operate from the AC line, DC 
line, or internal battery power) were 
enormously popular with teen- 
agers,-who lugged them to beach- 
es, parks, or other recreational areas 
to add a little extra romance and ex- 
citement to the proceedings. 

You can identify the first -generation 
3 -way portable not only by its case 
style and battery compartments, but 
also by its tube complement. The tubes 
will be in the octal -based "GT" style 
described previously, and you'll see 
types such as 1A5, 1A6, 1A7, 1B7, 1H5, 

1N5, etc. The ' t" at the beginning of the 
type number indicates that the tube 
operates from a 1.4 -volt DC source. 

Other Trends in Radio. So far we've 
covered the evolution of broadcast ra- 
dio receivers during the 1920's. Then we 
skipped rather abruptly from the early 
to the late 1930's as we discussed the 
AC -DC sets and 3 -way portables- 
types that were quite dominant during 
that era. 

But it should be stressed that- 
throughout this period-plenty of full- 
size, full -featured, wood -cabinet table 
models and consoles were also being 
made. So I'd like to finish this beginner's 
guide to vintage radio by discussing 
some of the other developments that 
took place during the 1930's and early 
1940's. Developments that apply gen- 
erally to the full-sized radios and, in 
many cases, to the scaled -down mod- 
els as well. 

You already know that, during this 
period, the tall glass "G" -type tubes. 
were replaced by the much shorter 
and more compact, octal -based, GT - 
type (glass) and metal tubes. You 
know, too, that the dynamic speaker 

(Continued on page 150) 
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FLASHING 
BRAKE LIGHT 

Everyone seems to have a third brake light 
on their car. Distinguish your's from the rest with 

this simple circuit that flashes the light for increased safety. 

After considering the onslaught 
of after -market "add-on" de- 
vices available today, es- 

pecially third brake lights, I chose to 
cut my odds of falling victim to a rear - 
end collision by making The Flashing 
Brake Light. It can be used with any 
existing 3rd brake light or in a new in- 
stallation. If you've ever been in a traf- 
fic situation where you wished the guy 
(or gal) behind you would pay more 
attention to the laws of physics and 
stay further behind, then you'll be able 
to appreciate what this dandy circuit 
can do for you. 

Putting On the Brakes. With the proj- 
ect installed, when you first brake, The 
Flashing Brake Light turns on the third 
brake light in the conventional fashion. 
After approximately one second, a se- 
ries of short pulses strobe the light. The 
number of pulses ranges from about 
two or three to six or seven, depending 
on the circuit settings and when the 
brake pedal was last applied. The 
light resumes normal operation after 
the pulses cease. The initial delay 
makes the light less annoying in a 
bumper -to -bumper situation. 

About the Circuit. If you take a 
glance at the schematic diagram for 
the project shown in Fig. 1, you will see 
a dual timer circuit using two 555 time- 
rs, both set up to operate in the astable 
mode. When power is first applied, 
three things happen: the light -driving 
transistor, Q1, is switched on due to a 
low output from U2, pin 3; timer U1 be- 
gins it's timing cycle, with the output 
(pin 3) going high, inhibiting U2's trig- 
ger (pin 2) via D2; and charge current 
begins to move through R3 and R4 to 
C1. 

When U1's output goes low, the inhib- 

BY CHADWICK PRYSON 
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Fig. I. The flasher consists of two timers with specially configured trigger 
connections. Integrated circuit Ul controls when and how long the flashing should take 
place. Integrated circuit U2 oscillates to control the flashing itself. 
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iting bias on U2 pin 2 is removed, so U2 
begins to oscillate, flashing the third 
light via 01, at a rate determined by 
R8, R6, and C3. That oscillation con- 
tinues until the gate -threshold voltage 
of SCR1 is reached, causing it to fire 
and pull U1's trigger (pin 2) low. With its 

trigger low, U1's output is forced high, 
disabling U2's triggering. With trigger- 
ing inhibited, U2's output switches to a 
low state, which makes Q1 conduct, 
turning on li until the brakes are re- 
leased. Of course, removing power 
from the circuit resets SCR1, but the RC 
network consisting of R4 and Cl will not 
discharge immediately and will trig- 
ger SCR1 earlier So, frequent brake use 
means fewer flashes. 

Bear in mind that the collector/emit- 
ter voltage drop across Q1, along with 

Fig. 2. This foil pattern will allow you 
to make a printed -circuit board of your 
own on which to mount the components 
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the loss across the series -fed diodes, 
reduces the maximum available light 
output. If the electrical system is func- 
tioning properly (at 13 to 14 volts for 
most vehicles), those losses will be 
negligible. 

Building it. Construction is straightfor- 
ward. You can use either a perfboard 
or PC board to mount the parts. If you 
create a PC board using the foil pat- 
tern shown in Fig. 2, be sure to connect 
the jumpers that run underneath the 
ICs before installing the ICs themselves 
(see Fig. 3). 

Since Q1 draws more than two amps 

PARTS LIST FOR THE 
FLASHING BRAKE LIGHT 

SEMICONDUCTORS 
UI, U2-555 timer integrated circuit 
SCRI-ECG5402 silicon controled 

rectifier 
QI-SK3083 PNP switching transistor 
Dl, D2, D3 -1N914 rectifying diode 
D4, D5 -6 -amp, 50-PIV, rectifying 

diode (ECG5850 or equivalent) 

CAPACITORS 
(All capacitors are 16-WVDC 

electrolytic units.) 
Cl -220-µF 
C2 -22-µF 
C3 -10-µF 
C4 -100-µF 

RESISTORS 
(All fixed resistors are' -watt, 5% 

units.) 
R I -18,00 -ohm 
R2 -330 -ohm 
R3 -270,000 -ohm 
R4 -82,000 -ohm 
R5, R6 -1200 -ohm 
R7 -50,000 -ohm, trimmer 

potentiometer 
R8 -10,000 -ohm, trimmer potentiometer 
R9 -100 -ohm 

ADDITIONAL PARTS AND MATERIALS 
11 -12 -volt, 2 -amp, third brake light 
Printed -circuit board or perfboard 

materials, metal cabinet, wire, etc. 
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Fig. 3. You should usé this parts -placement diagram as a guide for stuffing the parts on 
the PC board. 

(the actual value depending on the 
lamp model), a metal box that will 
double as a heat sink should be used 
as the enclosure. No mounting kit is 

necessary to attach 671 to the box since 
they are both at ground potential. A 
small piece of mylar film was used to 
insulate the PC -board from the en- 
closure in the prototype and some 
kind of insulation is recommended. 

In incandescent bulbs, there is a 
time lag between the introduction of 

current and peak brightness. The lag is 

quite noticeable in an automotive 
bulb, so the duration of a squarewave 
driving such a bulb should be set long 
enough to permit full illumination. For 
that reason, and because lamps and 
automobile electrical systems vary, 
some adjustment of R7 and R8 will be 
necessary to arrive at the most effec- 
tive pulse timing. 

Hooking Up. To insure proper opera- 
tion on just about any vehicle, the 
flasher should be connected as shown 
in Figs.1 and 3. Connect the unit to both 
the left and right brake lights. If you 
connect it to only one then braking 
with a turn signal on could produce a 
confusing display. Well, here's to lower 
insurance rates and safer motoring. 

87 



THE 
ELECTRONICS 

For the dedicated hobbyist, a 
well -stocked workplace is, all by 
itself, a source of great pleasure. 

It can also be a source of security. On a 
cold winter evening, Ws nice to know 
that everything you need to complete 
some project or run some experiment 
rests no further than the top shelf of the 
supply cabinet or the other end of the 
workbench. 

Often, however, we are not so lucky. 
There are things we do not have. The 

missing pieces nearly always translate 
into an unwelcome delay, and that is 

bad enough. But it can get worse. 

Sometimes, the search for parts and 
materials means a direct confrontation 
with the uncertain, unpredictable, or 
apparently unavailable, and that can 
drive you nuts. 

The experiences of no two people 
are alike. A lot depends on special 
needs and particular interests. The indi- 
vidual interested in restoring antique 
radios and other old electrical equip- 
ment will have requirements quite dif- 
ferent from those who enjoy working 
with integrated circuits. And then again, 
people who enjoy "open-ended" ex- 

perimentation may need things not 

usually required by people who prefer 
well-defined construction projects. 

Looking Around. Unless you are very 
new to electronics as a hobby, the 
chances are that you already possess 
more parts and materials than you 
think you do. I refer, of course, to the 
contents of your junkbox. Every few 
months, poking through your collection 
of unclassified components is a worth- 
while way to spend a Sunday after- 
noon. You are likely to find things you 
never knew you had. 

Furthermore, you may find some - 
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Where to turn when 
that something special 
that makes your 
project or experiment 
worthwhile is nowhere 
to be found 

BY STANLEY BLACK 

WORKSHOP 
thing that puts you in possession of 
something very valuable: a good idea. 
Not too long ago, I decided to go 
through some stuff I had not been 
through in a long time. I ran across a 
small number of scrap copper bars. 
The copper reminded me of some 
electrochemical experiments I had 
seen in an old science book. In a few 
days, I found myself planning to build 
my own electric batteries. 

Occult Components. Unfortunately, 
even the largest junkbox will usually not 
have allthe parts or all the materials we 

require. To complicate matters, the 
part we do not have often seems odd 
or exotic. So the question comes up: 
Why is there always something that is so 
hard to get? 

Actually, there is a good reason for 
that. The exotic device is often the very 
thing that makes the project so exciting. 
And the unusual material may be just 
what makes the experiment so interest- 
ing. It follows that many of the best proj- 
ects will normally require things not 
normally required. 

Even fairly common objects tum out 
to be not -so -common once you start 

looking for them. My voltaic batteries 
required heavy strips of zinc. I did not 
have zinc in that form: Zinc powder, yes; 
zinc strips, no. The pieces had to be 
ordered from a laboratory supply 
house in another state. Writing up an 
order is always a bother. But without the 
zinc strips, I could not make the bat- 
teries I wanted to make. 

Being Prepared. No one can expect 
a single supplier to carry everything. 
Radio Shack is a good example. It 
would be very unrealistic to expect Ra- 
dio Shack to carry zinc strips. In fact, a 
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NAMES AND ADDRESSES 
All -Electronics Corporation 
P.O. Box 567 
Van Nuys, CA 91408. 

CIRCLE 84 ON FREE INFORMATION CARD 

Antique Electronic Supply 
688 W. First St. 
Tempe, AZ 85281 

CIRCLE 85 ON FREE INFORMATION CARD 

B & L Scientific 
PO. Box 1054 
Duvall, WA 98019-1054 

CIRCLE 86 ON FREE INFORMATION CARD 

Chem -Lab 
13814 Inglewood Ave. 

Hawthrone, CA 90250 
CIRCLE 87 ON FREE INFORMATION CARD 

Consolidated Electronics Incorporated 
705 Watervliet Ave. 

Dayton, OH 45420-2599 
CIRCLE 88 ON FREE INFORMATION CARD 

Dick Smith Electronics USA 
P0. Box 468 
Greenwood, IN 46142 

CIRCLE 89 ON FREE INFORMATION CARD 

Electronic Liquidators 
P.O. Box 27656 
Lansing, MI 48901 

CIRCLE 90 ON FREE INFORMATION CARD 

Fair Radio Sales 
1016 E. Eureka 
Lima, OH 45802 

CIRCLE 91 ON FREE INFORMATION CARD 

JerryCo Inc. 
601 Linden PI. 

Evanston, IL 60202 
CIRCLE 92 ON FREE INFORMATION CARD 

Hagenow Laboratories 
1302 Washington St. 
Manitowoc, WI 54220 

CIRCLE 93 ON FREE INFORMATION CARD 

Halted Specialties 
3500 Ryder St. 
Santa Clara, CA 95051-0717 

CIRCLE 94 ON FREE INFORMATION CARD 

Lindsay Publications 
P0. Box 12-WF5 
Bradley, IL 60915 

CIRCLE 95 ON FREE INFORMATION CARD 

Mark V Electronics 
8019 E. Slauson Ave. 

Montebello, CA 90640 
CIRCLE 96 ON FREE INFORMATION CARD 

Newark Electronics 
4801 Ravenswood Ave. 

Chicago, IL, 60640 
CIRCLE 97 ON FREE INFORMATION CARD 

Yeary Communications 
12922 Harbor Blvd., Suite 800 
Garden Grove, CA 92640 

CIRCLE 98 ON FREE INFORMATION CARD 

trip to the local hardware store ended 
with the discovery that it is unrealistic to 
expect some people to know what a 
zinc strip is! 

So, for many of us, getting parts usu- 
ally means getting them from a mail- 
order company. This does not have to 

be a frustrating, disappointing, or time- 
consuming activity. It all, I suppose, 
comes down to preparation. It is good 
to know beforehand where you are 
likely to find the parts or materials you 
are looking for. That means being famil- 
iar with what at least a few of the com- 
panies have to offer. Such is the 
purpose of this article. 

The first step is to become familiar 
with the large number of companies 
out there and what they carry. And a 
good place to start is the relatively 
comprehensive list that appeared in 

the article "The Parts Connection" by 
Jack Cunkleman (Popular Electronics, 
July 1989). If what you need is a cur- 
rently manufactured part from all but 
the most obscure company, the odds 
are pretty good that one or more of 
them can come through. 

We are not going to duplicate Jack's 
work here. Instead, we are going to look 
at where to turn to when our needs are 
more esoteric. Who carries surplus 
components? Who stocks fun gear for 
the electronics experimenter? Where 
can you get odd materials or chemi- 
cals? And so forth. 

An Excellent Selection. One of the 
electronic supply, mail-order compa- 
nies I regularly turn to is the All -Elec- 
tronics Corporation. The All -Electronics 
inventory features a superior selection 
of parts and components. This includes 
a wide variety of semiconductors (tran- 
sistors, diodes etc.), resistors, capacitors, 
switches, connectors, fasteners, project 
cases, batteries, and power supplies. 
Most components are available in the 
small quantities generally required by 
hobbyists. In addition, however, every 
free quarterly catalog introduces new 
items of special interest to experimen- 
ters, like a polarity switch, strobe unit, 
giant pushbutton, musical telephone 
ringer, or light -activated motion sensor 
and many others. 

In addition, the All -Electronics cata- 
log is actually fun to look through, and I 

recommend saving them. The mini- 
mum order from the company is $10.00 
and there is a $3.00 charge for shipping 
and handling within the USA. 

Another company that offers a sim- 
ilar merchandise line up is Halted Spe- 
cialties. Along with a good selection of 
components, they sell lasers, optical 
gear, and surplus equipment for experi- 
menters. Their catalog costs $1.00 by 
mail, but is available free of charge with 
orders or if you stop in at any of their 
three California stores. 

Kits and Plans. For those of you who 
enjoy working with a variety of kits and 
plans, however, it may be necessary to 
widen your search. One place to look is 

called Electronic Liquidators. A recent 
catalog from this company featured a 
number of very interesting kits, most of 
which are available for less than $15.00; 
some are less than $5.00. Included in 

the selection are a transistor tester, ca- 
pacitor tester, resistance box, function 
generator, LED level meter, microwave - 
oven leak detector, wireless micro- 
phone, electronic roulette circuit, and 
other items. An Electronic Liquidators 
catalog is $3.50. 

Dick Smith is alive and well, and is 

now living in Indiana. Dick Smith Elec- 
tronics USA offers a potpourri of interest- 
ing gear and components from down 
under, along with many of the popular 
Dick Smith kits. Catalogs are available 
for $2.00. 

Audio enthusiasts will want to be- 
come familiar with the offerings of Mark 
V Electronics. They are the sole U.S. 

agents for Sound Master (H.K.) Elec- 
tronics and Tung Yung Electrical Com- 
pany, two of the most popular kit 
makers in Asia and Europe. The projects 
available range from test instruments to 
talking clocks, but their line-up of audio 
equipment is especially impressive. The 
kits are rated according to ease -of -as- 

sembly, and are reasonably priced. The 

Mark V catalog is available free of 
charge. 

High -voltage construction projects 
have been popular with amateur ex- 

perimenters for a long time. A west - 
coast company called B & L Scientific 
seems to specialize in things of that sort. 

From B & L Scientific you can get infor- 
mation on how to build elec- 
trophotographic equipment, lightning 
bulbs, Tesla coils, as well as some other 
very strange devices that date clear 
back to the late 19th century. The B & L 

catalog, which is well -written and high- 
ly informative, is free of charge. 

Another good source for plans for 
electronics projects and experiments is 

Lindsay Publications. Their library con- 
sists of books on antique receivers, 
spark -gap transmitters, Tesla coils, 
Wimshurst lightning -bolt generators, 
lasers, and even the so-called "fringe 
sciences." The Lindsay's Electrical Books 

catalog costs $1.00. 

Miscellaneous Materials. And 
speaking of a good catalog, not to 
mention a great collection of unusual 

(Continued on page 156) 
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Learn how very -high 
voltages are generated 

from relatively low power 
sources and apply the 

same techniques to your 
own experimental circuits 

BY VINCENT VOLLONO 

Voltage, by definition, is the elec- 
trical pressure that causes 
current to Pow through a con- 

ductor. When that pressure is sufficiently 
high, a high voltage is produced. But 

how do we define high voltage? Is 100, 

1000, or 10,000 volts considered high 
voltage? When compared to 10 volts, 

they all can be considered high volt- 
age. 

As far as safety goes, high voltage 
can be considered any voltage that 
endangers human life. It's obvious that 
1000 volts poses a greater hazard than 
does 100 volts, but that does not mean 
that 100 volts is safe to handle. As far as 
safety goes, 100 volts is still considered 
high voltage-and that fact must be 
understood. 

The Miniature High -Voltage DC Gen- 
erator, presented in this article, is capa- 
ble of generating around 10,000 -volts 
DC. So high a voltage can ionize air 
and gases, charge high -voltage ca- 
pacitors, and can also be used to 
power a small laser or image tube, and 
has many other applications that are 
useful to both the experimenter and the 
researcher. 

Circuit Description. Figure 1 is a sche- 
matic diagram of our Miniature High - 
Voltage DC Generator. The circuit is fed 
from a 12 -volt DC power supply. The 

input to the circuit is then amplified to 
provide a 10,000 -volt DC output. That's 
made possible by feeding the 12 -volt 
output of the power supply to a DC -to - 
DC up converter. The output of the up - 
converter is then fed into a 10 -stage, 
high -voltage multiplier to produce an 
output of 10,000 -volts DC. 

Let's see how the circuit works. First, 

let's start with U1 (a 14584 hex Schmitt 
trigger). Gate U1 -a is set up as a square - 
wave pulse generator, which provides 
a very clean square -wave (pulsating 
DC) output. The output of U1 -a is fed to 
the inputs of U1 -b to U1 -f, which are con- 
nected in parallel to increase the avail- 
able drive current. 

The pulsating output of the paral- 
leled gates is fed to the base of Ql, 
causing it to toggle on and off in time 
with the oscillations of U1 -a. The collec- 
tor of Q1 is connected in series with the 
primary winding of T1. The other end of 
T1 is connected through C2 (a 220-µF 
unit) to ground. Capacitor Cl retards 
the rise and fall times (sloping leading 
and trailing edges) of the square -wave 
DC signal, producing an AC -like, DC 
waveform. 

The on/off action of the transistor, 
caused by the pulsating -signal applied 
to Ql, creates a rising and collapsing 
field in the primary winding of T1 (a 
small ferrite -core, step-up transformer). 

High -Voltage 
DC 

Generator 
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Fig. 1. In the Miniature High -Voltage DC Generator, the input to the circuit, taken from a 
12 -volt DC power supply, is magnified to provide a 10,000 -volt DC output. 

12V 
SOURCE 

That causes a pulsating signal, of op- 
posite polarity, to be induced in Ti's sec- 
ondary winding. 

The pulsating DC output at the sec- 
ondary winding of T1 (ranging from 800 
to 1000 volts) is applied to a 10 -stage 
voltage -multiplier circuit-consisting of 
D1 through D10, and C3 through C12. 
The multiplier circuit increases the volt- 
age 10 times, producing an output of 
up to 10,000 -volts DC. The multiplier ac- 
complishes its task by charging the ca- 
pacitors (C3 through C12), through the 
diodes (D1 through D10); the output is a 
series addition of all the capacitors in 
the multiplier. 

In order for the circuit to operate effi- 
ciently, the frequency of the square - 
wave, and therefore the signal applied 
to the multiplier, must be considered. 
The output frequency of the oscillator 
(UI -a) is set by the combined values of 
R1, R5, and Cl (which with the values 
specified is approximately 15 kHz). Po- 
tentiometer R5 is used to fine tune the 
output frequency of the oscillator, The 
higher the frequency of the oscillator, 
the lower the capacitive reactance in 
the multiplier. 

Light -emitting diode LEDI serves as 
an input -power indicator, while neon 
lamp NEI indicates an output at the 

¡ C14 1+ 
_ _ J 4700 

secondary of T1. A good way to get the 
maximum output at the multiplier is to 
connect an oscilloscope to the high - 
voltage output of the multiplier, via a 
high -voltage probe, and adjust poten- 
tiometer R5 for the maximum voltage 
output. If you don't have the appropri- 
ate test gear, you can place the output 
wire of the multiplier about a half -inch 
away from a ground wire and draw a 
spark, while adjusting R5 for a max- 
imum spark output. 

Caution: The output of the multiplier 
will cause a strong electric shock. In 
addition, be aware that even after the 
multiplier has been turned off, there is 

still a charge stored in the capacitors, 
which, depending on the state of dis- 
charge, can be dangerous if con- 
tacted. That charge can be bled off by 
shorting the output of the circuit to 
ground. (In fact, its a good idea to get in 
the habit of discharging all electronic 
circuits before handling or working on 
them.) 

Also, U1 is a CMOS device and, as 
such, is static sensitive. It can handle a 
maximum input of 15 volts DC. Do not 
go beyond the 15 -volt DC limit or the IC 
will be destroyed. Diode D11 is used to 
prevent reverse polarity of the input 
voltage source. 

PARTS LIST FOR THE 
MINIATURE 

HIGH -VOLTAGE DC GENERATOR 

SEMICONDUCTORS 
Ul-MC14584BAL hex, inverting 

Schmitt trigger, integrated circuit 
Ql-TIP3IA Darlington transistor 
BR1-6-amp, 50-PIV full -wave bridge 

rectifier 
Dl-DIO-Two IN4007 1 -amp, 1000-PIV, 

silicon rectifier diodes connected in 
series (see text) 

D11 -1N4007.1 -amp, 1000 -Ply, silicon 
rectifier diode 

LEDI-Jumbo green light -emitting 
diode 

RESISTORS 
(All resistors arc 1/4 -watt, 5% units, 

unless otherwise noted.) 
R 1 -1500 -ohm 
R2 -300 -ohm 
R3 -220 -ohm 
R4-1-megohm 
R5 -10,000 -ohm potentiometer 

CAPACITORS 
C1 -0.22-µF, 50-WVDC metallized -film 
C2, C13 -220-11E I6-WVDC 

electrolytic 
C3-C12-.001-µF, 2000-WVDC 

ceramic -disc 
C14 1700-1.Lft 35-WVDC electrolytic 

ADDITIONAL PARTS AND MATERIALS 
NEI-NE2 neon lamp 
TI -Ferrite core step-up transformer (see 

source below) 
T2 -12 -volt, 2 -amp power transformer 
PL1-117-volt AC plug with line cord 
Perfboard materials, enclosure, heat 

sink, IC sockets, battery and battery 
holder, Banana jack, hook-up wire, 
solder, hardware, etc. 

Note: The following is available from 
Allegro Electronics Systems, Dept. 
HVM, 3 Mine Mountain Road, 
Cornwell Bridge, CT 06754: 
Transformer Tl with data and 
applications notes (part HVM- 
COR-2), $5.00 (postage paid). A 
catalog of high -voltage parts is also 
available free of charge. Connecticut 
residents please add appropriate sales 
tax. Please allow 6 to 8 weeks for 
delivery. 

Free technical assistance on the 
construction of high -voltage 
multipliers is available by phone by 
calling 203/672-0123 weekday 
mornings, or by writing to the above 
address. 

As far as the voltage multiplier goes, 
the diodes and the capacitors must be 
rated for at least twice the anticipated 
input voltage. So, if we have a 1000 -volt 
input, all of the diodes and the capaci - 
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In the author's prototype, LEDI and NEI were mounted to I1/2 -inch stand-offs, and the 
entire circuit (minus the power supply) was mounted to a block of wood. The wood block 
helps to isolate and insulate the circuit board from any metallic objects. 

tors must be rated for at least 2000 volts 
each. Because diodes with that voltage 
rating can be hard to find and expen- 
sive, D1 through D10 are each really two 
series -connected 1 -amp, 1000 -volt rec- 
tifier diodes. 

Construction. The unit can be as- 
sembled on perfboard, as is the case 
with author's prototype shown in the 
photo. Transistor Q1 must be properly 
heat sinked or it will overheat quickly 
and self destruct. 

The multiplier must be assembled in 
such a way so as to prevent any ion 
leakage. When a high -voltage source 
is terminated at a sharp point, the den- 
sity of charge is concentrated at that 
point. The ions both on the point and 
near the point are like charges, so they 
repel each other and quickly leak off. 
So it is very important when soldering 
the multiplier to keep all connections 
rounded by using enough solder to 
make a smooth, ball -like joint. 

The solder side of the multiplier 
should be insulated to prevent contact 
with any metallic object. On the au- 
thor's prototype, A high -voltage insult- 
ing compound was used on the solder 
side of the board. High -voltage putty 
can also be used. Also in the prototype, 
the output of the circuit is simply a heav- 
ily shielded wire, like that used to feed 
high voltage to the anode of a iV pic- 
ture tube. That type of wire can safely 
handle voltages in the 15,000- to 

20,000 -volt range, and will also help to 
prevent leakage. 

Positive and Negative Ions. The po- 
larity of the diodes in the multiplier will 
determine the polarity of the ions. In the 
author's prototype, the multiplier is set 
up to generate positive ions. If the di- 
odes were reversed, negative ions 
would be produced. 

In a positive -ion generating multi- 
plier, like that used in the author's pro- 
totype, which generates approximate- 
ly 10,000 volts DC, the output is a shock 
hazard. A negative -ion generating 
multiplier with a - 10,000 -volt DC out- 
put, offers the same shock hazard as 
the positive + 10,000 -volt output. 

Experiments. If you place the high - 
voltage output wire about 1/2 to 3/4 inch 
from a ground wire, you will draw a 
spark of 10,000 volts. But remember, the 
oscillator is built around a CMOS de- 
vice, which is static sensitive, and any 
high -voltage kickback will toast the unit. 
So when experimenting with the spark, 
do not use the circuit ground. A more 
reliable method would be to draw a 
spark to an earth ground. 

Flash Lamp Electric Storm. When the 
output of the Miniature High -Voltage 
DC Generator is connected to a small 
flash tube, the high voltage ionizes the 
Xenon gas in the tube, creating a small 
electrical storm within the tube's glass 
envelope. 

Getting Different Voltages. By tap- 
ping the multiplier circuit at various 
stages you'll get output voltages rang- 
ing from 1,000 volts to 10,000 volts DC. 

For instance, by placing a tap at the 
cathodes of D2, D6, voltages of 2000, 
and 6000 volts are made available. 

Troubleshooting. If you get no output 
or a low output from the circuit, check 
that the input to logic gates is below 15 

volts. The application of an input volt- 
age exceeding that limit will blow out 
the IC. Also check (with an os- 
cilloscope) that you get a square -wave 
output of approximately 12 kHz at pin 6 

of U1. 

The switching transistor must be 
mounted on a heat sink or it will over- 
heat. Make sure the heat sink is of a 
suitable size to keep the transistor cool. 

If a 2 -kilovolt (kV) diode is placed at 
the output of transformer T1, you should 
get an unloaded output of approxi- 
mately 800 to 1000 volts DC. 

If you have a problem with the output 
of the unit, it is best to disconnect the 
multiplier from the oscillator and check 
the output of the transformer. In that 
way you will know if the problem lies in 

the oscillator or the multiplier. 
The multiplier components must be 

rated for at least twice the input volt- 
age. The diodes and capacitors used in 

the multiplier circuit should be rated at 
2000 volts. However, you may choose to 
do as the author did; use Iwo series - 

connected 1 -kV units for each diode in 
the multiplier to give an effective rating 
per pair of 2 kV 

Safety. The output of the circuit is high - 
voltage DC, which will cause an elec- 
tric shock if touched. So use caution. 
Also with the circuit turned off, the ca- 
pacitors in the multiplier are still 
charged, and will discharge through 
the path of least resistance-your 
body-if you comes in contact with the 
circuit. So discharge the circuit by con- 
necting the output lead to ground with 
the power off. 

The Miniature High -Voltage DC Gen- 
erator emits a fair amount of ozone. If 

the circuit is to be operated for a long 
period of time, make sure that you do 
so in a well ventilated room. Ozone is 

harmful in moderate to large quan- 
tities. 

When drawing a spark discharge, 
the circuit emits radio and television in- 

terference. That can be seen as static 
lines on your television set or heard as 

noise on your AM radio. 
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TOWERS 
OTOWERS OF POWER 

Don't be at the mercy of a speaker 
manufacturer's specs. Build your own loudspeakers 

and you'll know exactly what you're getting. 

By David B. Weems 

If you have visited any audio showrooms recently, you have surely 
seen plenty of tower speakers. There are good reasons for their 
popularity. First, a tower puts the tweeter closer to "normal" ear 

height, eliminating the need for a stand. Also, towers are narrow, 
giving good horizontal sound distribution and better stereo imaging 
than wider enclosures. And they occupy very little floor space. 

Even with their advantages, getting good sound from a tower can be 
tricky. There is the danger of nasty resonances when the longest 
dimension of a speaker enclosure is equal to or greater than three times 
the shortest dimension. Such enclosures can act like pipes, which are 
notoriously resonant. 

Pipe resonance can be reduced by placing stuffing in the enclosure, 
but it can also be stiffled by breaking the pipe into sections. For that, 
the double -chamber reflex speaker is a natural. 

Double -Chamber Reflex Design 
Double -chamber reflex designs have been around for years, but are 

often overlooked. The compartments of a double -chamber box are 
tuned to two frequencies, one an octave above the other. Double tuning 
keeps the woofer(s) under control and reduces distortion. At the 
frequency of the lower resonance, the two chambers act as one and the 
driver sees their combined volumes as the real size of the box. 

Double -chamber reflex enclosures were originally designed for use 
with any good eight -inch speaker with a specified volume of about 2.7 
cubic feet, generous enough to avoid the problems that occur when a 
box is too small. That is one of the advantages of the double -chamber 
design-it works well even without a careful match between the 
enclosure and the driver. Now, modern design techniques allow us to 
tailor the enclosure to suit any specific driver. However, the techniques 
involved are beyond the scope of this article. Instead, we will concen- 
trate on a design that the author has found successful. It is one that can 
be readily reproduced, and uses easy -to -obtain parts. 

The speaker described here consists of an eight -inch woofer and a 
one -inch tweeter in a double -chamber reflex tower that's 10 -inches 
wide x 40 -inches tall x 121/4 -inches deep. The woofer is the Peerless 
1556; the tweeter, a soft dome Audax HD 100 D 25. Both the speakers 
and the crossover components, are available from McGee Radio (see 
the Parts List). The total cubic volume of the two reflex chambers is 
about 36 liters or 1.27 cubic feet. The tuned frequencies are 40 and 80 
Hz. 

Special Precautions 
It is desirable to use any reflex speaker with an amplifier or receiver 

with a good infrasonic (subsonic) filter. If such a filter is not available 
on your audio equipment, you can still use tower speakers. Just use 



care in feeding a signal that contains pulses into your speak- 
ers at high power. Such pulses can be produced by some 
turntables, FM tuners, and other sources. You can check your 
equipment for subsonic garbage by removing the grille from 
your speakers and watching the woofer cones. If the cones 
show excessive movement (also called throw) with any audio 
source, use that source with care. 

When you select materials for a part of the enclosures, put 
solidity above appearance. If you use plywood-a logical 
choice for the external panels-make sure it has no voids or 
loose layers. Good -quality hardwood plywood is usually 
adequate. Particle board (the suggested material for part of 
the enclosure) is more solid, but even it varies in density. The 
sections, the quantity required, the materials used, and their 
dimensions, are listed in Table 1. 

Take Note 
Be aware that the drawings in this article show the dimen- 

sions of the chambers before any special treatment of the 
panels, as described later. The final dimensions of the larger 
chamber are about 71/2- x 93/4- x 20 -inches. The second 
chamber has the same width and depth, but the height is 
about half that of the larger one. 

One difference between the photographs and drawings can 
be seen in the edges of the top and bottom pieces. Those parts 
in the towers shown in the photographs were run through a 
shaper to add an interesting curve to the edges. If a shaper 
isn't available, a simple square edge will suffice. You can 
cover the raw edges of the plywood with thin strips of wood 
veneer, which is available at building -supply stores. Or you 
can alter the dimensions of the top and bottom pieces and add 
a solid wood trim of your own choice. 

Speaker -Board Construction 
Start out by making the woofer and tweeter cut-outs on the 

speaker board using the dimensions given in Fig. 1A. The 
speaker board requires careful handling because of the small 
amount of material left at each side of the woofer hole. Set the 
woofer in the cut-out and rotate it until two opposite mount- 
ing holes in the woofer frame are in a horizontal position over 
the narrow sections of the board. Those two holes will not be 
used. Mark the locations of the other bolt holes and remove 

TABLE 1-SECTION INFORMATION 

Section Quantity Material Thickness 
(Inches) 

Dimensions 
(Inches) 

Top 2 Hardwood Plywood 3/4 121/4 x 10 
Partition 4 10 x 81/2 

Bottom 2 151/2 x 10 
Side Panels 4 12 x 381 
Speaker Board 2 Particle Board 

or Plywood 
81/2 x381/2 

Back Panel 2 81/2 x 321/ 
Faceplate 2 Plywood Y 81/2 x381/2 
Cleat 10 4 Pine 3/4x3/4 10 
Cleat © 8 193/4 

Cleat 03 8 81/2 

Cleat ® 4 II 
51/2 

Cleat Oe & OO 14 7 
& Brace 
Cleat © 4 61/4 

Cleat ® 2 81 

Cleat © 8 101/4 
Lattice ® 8 Lattice Work 11/4 711/46 

Lattice ® 4 387/,6 
Lattice © 4 Cut to Fit 
Port 6 PVC Tube 2 Dia. 51/2 

ALIGN 
WOOFER 
HOLES 

H-8 1/2-H 
3/4 2-15/16 DIA 

A 

3/4 

BRACE 

38-1/2 

--9 1/2 --d 

ía3/4 

DIA 

2-3/8 
DIA 

B 

2 3/8 
DIA 

BREAK 
POINTS 

SEE TEXT 
FOR SQUARE - 
PORT 
DIMENSIONS 

Fig. 1-All dimensions for the speaker board (A) and the 
faceplate (B) are given in inches. Allow your saw to cut 
through the remaining thin pieces of board on the faceplate 
while cutting the hole for the woofer. 

the speaker. Drill a 3/4 -in. hole in each marked location. Place 
the speaker board face down on a large flat surface to support 
it. Drive a 3/6 -inch T -nut into the back of the board into each 
of the drilled holes. 

Don't be concerned about the strength of the speaker 
panel. It will be strong enough when it is glued into the 
enclosure with the cleats behind bonded to it. However, while 
working on other sections it may be advisable to clamp a 
board over the woofer hole. Do not cut the port holes yet. 

Attaching The Faceplate 
Now you can cut the speaker holes in the 3/4 -inch plywood 

faceplate section. When cutting the woofer hole allow the saw 
to cut the face plate in two at the two indicated breakpoints 
(see Fig. 1B). After making the cut-out for the tweeter, round 
off the edges of the faceplate at the tweeter hole. Glue the two 

faceplate pieces to the speaker board 
before cutting the holes for the ports. 

Finally, you will need to cut the port 
holes as shown. The left tower should 
have port holes to the right of center and 
the right tower should have its ports to 
the left of center, so remember to flip 
the pattern when cutting the port holes 
for the right tower. 

If you have no way to mark and cut a 
perfect circle of the precise diameter 
needed (23/8 -inches for most 2 -inch I.D. 
pipe), you can stencil around the pipe or 
even change to a port with a square 
cross-section. In the last case, make the 
internal dimensions of the port 13/4- x 1 

3/4- X 51 -inches. 
After cutting the holes for the ports, 

attach a 3/4- x 3/4 -inch brace across the 
back of the speaker board in the space 
between the woofer and the tweeter 
holes. 
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Assembly with Cleats 
Of course you will need to cut the large sections shown in 

Fig. 2 before proceeding further. Refer back to Table 1 to 
determine the proper material for each section. Please note 
that only two of the four partitions (as shown in Fig. 2B) 
should have holes. 

You will also need to cut the cleats using Table 1 as a guide. 
Pre -drill the vertical cleats (the even -numbered ones) for 
wood screws that will be used for the complete sectional 
assembly. They will require no less than four holes each. 
Then attach those cleats to the sides with glue and 11/4 -inch 
nails (see Fig. 3), placing the pre -drilled holes in position for 
later use. Pre -drill and install the remaining cleats on the top, 
the partitions, and the bottom. Wait until the glue sets well 
before proceeding with the assembly of the tower. 

Sectional Assembly 
When the glue has set, glue and screw the bottom, parti- 

tions, and top to the sides using wood screws put through the 
pre -drilled holes. Use care when matching panels so that they 
fit well enough to make strong, air -tight joints. Also, caulk all 
joints with a good grade of caulking material, preferably 
silicone rubber. Caulk only on the inside of the cabinet for 

A 

B 

C 

12 1/4 

TOP 
10 

10 

2-5/8 / 
UPPER 
UNIT 
ONLY 

11 - I 

2,, ',/ 
2-3/8 T.,2 -5/8i 
DIA 

PARTITION 

15 1/2 

81/2 

BOTTOM 
10 

D 

best appearance. The caulking is required because it is abso- 
lutely essential to have no air leaks or the reflex system will 
not perform according to plan. 

Next, install the speaker panel with glue and nails. Again, 
when the glue is set, caulk the joints around the edge of the 
panel. Prepare the back by drilling it for air -tight speaker 
terminals. 

The L -Pad 
You can install the L -pad in the upper back, if you wish, 

but that complicates the wiring a bit. It is much simpler to put 
the L -pad on a small board as part of the crossover network at 
the bottom of the tower. Once it is set, it is unlikely you will 
ever change the tweeter level unless you move the speakers to 
a different listening environment. 

Since you will put all the crossover components in the 
base, you'll need to run wire, such as lamp cord, up the back 
to separate terminals for the woofer and tweeter. Drill holes 
for the terminal lugs and solder about 18 -inches of inner -box 
cable to the lugs before you glue down the terminal strip on 
the back. Caulk the holes on the inside of the back with 
silicone rubber. If you prefer, you can simply run the speaker 
cables through small holes in the back and caulk the holes. 

81/2 

SIDE PANEL 

12 

Fig. 2-Note that only two of the four partitions (B) require holes. The partitions with 
the holes must be placed inside the cabinet so that the holes will be on the same 
side as the front ports. See Table 1 for the materials list. 

38-1/2 

BACK 

E 

32-1/2 
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10-1/4 

s n7 
B 1/2-R 

FRONT 
VIEW 

Fig. 3-All dimensions for the cabinet are given in 
inches. The side view (A) is what you would see with one of 
the sides removed. The front view (B) is what you would see 
with the front taken off. One brace of each type is 
numbered and the numbers correspond to those in Table 1. 

Brace 5 is hidden from both views, but is pointed to. 

Special Treatment 
It's important to add some stiffening and damping material 

to the walls. Asphalt roofing material makes an excellent 
cabinet liner. You can find scraps of roofing at many building 
sites (you only need a few shingles). 

The adhesive called "Liquid Nails" works well as a glue 
for the shingles. Builders usually recommend an asphalt -base 
adhesive for shingles, but they are concerned with perfor- 
mance on the roofs of buildings where weathering occur. The 
asphalt adhesives seem to take weeks to set so Liquid Nails is 
strongly recommended. 

Apply a coating of the adhesive on the enclosure wall, then 
quickly staple a piece of shingle over it. Do that for all the 
inner surfaces of the larger chamber except the speaker 
board. In the smaller chamber it should be added to the sides, 
back, and bottom partition. 

Acoustical Touches 
When the adhesive has set, apply another thin coat of 

Liquid Nails and staple sections of thin indoor/outdoor carpet 
over the roofing material, with the foam side facing the wood. 
The ideal carpet for this job is about 1/4 -inch thick. Half of the 
thickness consists of a polyurethane foam backing. The com- 
bination of carpet and roofing does a good job of deadening 
the enclosure walls. 

Staple pieces of acoustical Fibreglas, 1 -inch thick, to each 
inner surface of the large chamber except the speaker panel. 

Place a small piece on the upper surface of the bottom 
partition in the second chamber. If you have any left, add it to 

the layer of Fibreglas on the inside of the back panel in the 
large chamber, directly behind the woofer. 

The Back and Grille 
Install the back panel. If you want to conduct any experi- 

ments with damping material, run a strip of foam weather 
stripping around the edges and across each partition; then 
install the panel with screws. For the final installation, use a 

liberal bead of silicone rubber sealer on the rear cleats and 
nail down the back. The silicone rubber makes a perfect seal 
for any joint that you can't reach to caulk later. After gluing 
down the back you can still gain access to the interior of the 
larger chamber by removing the woofer. 

Cut the 1%8 -inch lattice material to the lengths described in 

Table 1. Make the grille frame from it by stapling it together 
with heavy-duty staples using Fig. 4 as a guide. Spray the 
frame's front surface flat black and drape the grille cloth 
around the frame. Wrap the cloth around the lattice work and 
attach it with staples to back side of the grille. 

Put the grille in place, and if any part of the speaker panel 
shows through the grille cloth, darken it with stain or black 
paint. Finish all the external wood surfaces before installing 
your speakers or crossover network. 

Crossover Network 
If you apply the usual formulas to the values shown in the 

schematic diagram of the crossover network in Fig. 5, you 
will notice some variation from common practice. The values 

PARTS LIST 
FOR ONE TOWER SPEAKER 

CAPACITORS 
(All capacitors are nonpolarized and rated at 100- 

WVDC; see text) 
C1, C3 -4.7µF 
C2 -12µF 
C4 -50µF 
C5 -24µF 
RESISTORS 
R1 -5.2 -ohm, 25 -watt 
R2 -8 -ohm, 25 -watt 
R3 -8 -ohm, L -pad 

INDUCTORS 
L1-0.26-mH, coil 
L2-1-mH, coil 
L3-0.51-mH, coil 

ADDITIONAL PARTS AND MATERIALS 
SPKR1-Audax HD -100 D-25 
SPKR2-Peerless 1556 
Terminal blocks; wood supplies and 2 -in. I.D., PVC tub- 

ing (see Table 1 for materials and quantities); poly- 
ester -knit grille cloth 12 -in. x 40 -in.; wood glue; Liquid 
Nails; silicone -rubber sealer; foam -backed carpeting; 
lamp cord, #18 or heavier; 3 doz. #8 x 11/4 -in. wood 
screws, for glue blocks; 63/16 -in. T -nuts; 63/16 -in. round- 
head bolts; nails 1//4 -in. long; 1/2-yd.2. of 1 -in. thick 
acoustical Fibreglas; asphalt roofing pieces. 

Speakers and crossover components are available from 
McGee Radio Co., 1901 McGee St., Kansas City, MO 
64108. Radio Shack sells a package containing 1 yd.2, 
1 -in. thick acoustical Fiberglas (enough for both en- 
closures). 
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4.7 12 812 L -PAD 

38-7/16 

7 11'16 

Fig. 4-The dimensions in this drawing of the speaker grille 
are all given in inches. The lattice -work pieces are 
lettered to correspond to those in Table 1. 

shown in the diagram were selected after testing the system, 
rather than by formula alone. 

The Parts List specifies ordinary non -polarized electrolytic 
capacitors, which work well. Some speaker -design engineers 
insist on Mylar or polypropylene speaker capacitors, par- 
ticularly in the tweeter circuit. If you decide to substitute the 
more expensive Mylar or polypropylene units, you should 
change the values of Cl and C2 because the typical non - 
polarized capacitor runs lower than its polarized counterpart. 
To make the change, reduce the value of Cl to 4µF and the 
value of C2 to 10µF. 

In setting up the crossover network, don't install the vari- 
ous coils too close to each other. If you must place one within 
a couple of inches of another coil, set the two at right angles 
to each other. And keep them away from pieces of iron or 
steel. 

You can use a small wooden board as a chassis for the 
network. Mount each component securely by using an adhe- 
sive, such as mounting tape or epoxy, to hold it in place. 
Point-to-point soldering is a suitable connection method. The 

TO RECEIVER 

L1 

0.26m H 

L2 

1mH 

70(5 -RT -Or 

"SEE TEXT 

Fig. 5-The crossover circuitry is simple to build and its 
schematic diagram is shown here. The dashed box around the 
L -pad indicates that its wiring is internal to that unit. 

C3` 

-- - --J 
C4" 
50 

R1 W 
5.212 R2 

-0000`- 812 
L3 
0.51mH C5 

T24 

SPKR1 

SPKR2 

1;4'" PLYWOOD 

3/4" PLYWOOD 
OR PARTICLE 
BOARD 

CAULKING 

TWEETER 

FOAM 
OR FELT 

Fig. 6-If done with care, the tweeter can be seated in the 
faceplate without fasteners. The caulk should hold it in 
place. Attach the foam after the caulk has dried. 

board should be securely mounted to the cabinet floor to 
prevent rattling. 

Once in place, connect the driver wires to the appropriate 
points in the circuit. Speaker polarity is important, so be sure 
you know the polarity of the driver leads. 

Tweeter Mounting 
Set each tower on its back to install the drivers. Draw the 

tweeter cable out through the tweeter cut-out and solder the 
leads to the tweeter lugs (be sure to observe the correct 
polarity). 

Run a thin bead of silicone rubber sealer around the edge of 
the cut-out and press the tweeter into it (see Fig. 6). Twist the 
tweeter gently to make sure the sealer is evenly dispersed 
under it. Mounting screws are unnecessary. Glue a ring of 

(Continued on page 146) 
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Avoid the dead 

battery blues by 

installing this circuit 

to let you know when 

you've left your 

auto lights on. 

BY CHARLES R. BALL, JR. 

Remember that foggy, rainy 
morning that you rushed into 
the office and left your lights 

on? Remember how long it took the 
service man to get out to jump start 
your oar? Remember how much that 
little bit of forgetfulness cost? Well you 
don't have to worry about that ever 
again, if you install the simple Light 
Warning System described in this arti- 
cle. 

The Light Warning System automat- 
ical y sounds an alarm if you turn off the 
veh cle's ignition while the headlights 
or parking lights are on. The alarm 
ceases once the lights are turned off. 

That's peace of mind for under $15. 

Circuit Operation. The circuit shown 
in Fig.1 is built around the everpopular 
555 oscillator/timer, When the ignition 
and either the headlights or parking 
lichts are on, little or no voltage dif- 

ference exists between the headlight/ 
parking -light circuits and the ignition 
circuit. 

If either the headlight orthe parking - 
light circuit is active and the ignition 
circuit is off, a voltage difference that is 

sufficient for alarm operation de- 
velopes across U1. Diodes D1 and D2 
are connected in an oR-gate arrange- 
ment, so that either will pass a positive 
voltage from its anode to U1. 

The oscillator starts, and sounds a 
warning tone via the piezo buzzer. The 
frequency of the tone may be 
changed (within limits of piezo re- 
sponse) by varying the values of RI, R2, 

or Cl, or any combination thereof. Po- 

tentiometer R3 serves as a volume 
control to set the sound to a suitable 
level for the user. 

Diode D3 blocks reverse current 
when the ignition alone is on. Zener 
diode D4 may be required to provide 

BUILD THIS 
Lights -On 

Warning 
System 

for 
your Car 
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Fig. 1. The automobile Light Warning System is built around the a 555 oscillator/timer, 
and receives power from the car's battery. 

Fig. 2. Here's a template of the board 
layout used by the author in the production 
of his prototype unit. For those who 
choose not to etch their own boards, a 

printed -circuit board can be purchased 
from the supplier given in the Parts List. 

04 01 

1 

U1 

C2 

Cl 

D2 

R1 

R2 

D3 --- 
R3 

a threshold to prevent false alarm op- 
eration if there is a small voltage dif- 
ference in the DC supply circuit during 
normal operation. To determine the 
necessity and/or the value of D4, with 
the headlights and ignition both on, 
measure the voltage between the 
head lights and parking lights (points H 

and P in Fig. 1). 

If you measure more than 1.4 volts, 
the Zener is required. The Zener's volt- 
age rating should be slightly higher 
than the difference between the mea- 
sured voltage and 1.4 volts. For exam- 
ple, if the measured difference is, say, 
1.76 volts, the Zener should have a volt- 
age rating of 1.4 + 1.76 volts or 3.16 

volts. The closest off -the -shelf Zener 
would be a 3.3 -volt unit. 

For low voltage differences, one or 
more forward -biased silicon diodes 
can be substituted for the Zener. Each 
forward biased silicon diode drops 
about 0.7 volts. 

H N.C. 

sot 

Fig. 3. Assuming that you've opted to go the printed -circuit route, using the foil pattern 
shown in Fig 2, assemble the components on that board using this diagram as a guide. 

PARTS LIST FOR THE LIGHT WARNING SYSTEM 
U1-555 oscillator/timer, integrated 

circuit 
Dl-D3-1N4001 1 -amp, 50-PIV (or 

similar) rectifier diode 
D4-Zener diode, see text 
R1, R2 -10,000 -ohm, 1/4 -watt, 5% 

resistor 
R3 -20,000 -ohm, PC -mount, trimmer 

potentiometer 
C1 -0.005-µF, 100-WVDC, mylar 

capacitor 
C2 -0.1-µF, 25-WVDC, ceramic -disc 

capacitor 
BZ1-Piezo buzzer (Panasonic part No. 

EFB-RD or similar) 

SO1-3-position, enclosed terminal 
block (Mouser part No. ME153-2103) 

Printed -circuit or perfboard materials, 
enclosure, IC socket, splice 
connectors, wire, solder, etc. 

Note: The following items are available 
from BALLco, Inc., PO Box 1078, 
Snellville, GA 30278-1078; Tel. 
404/979-5900; printed -circuit board 
(part No. 881101-A) $9.95; complete 
kit of parts (excluding case and 
terminal block) $15.95, postage paid. 
An optional enclosure is available for 
$3.95, postpaid. Georgia residents 
must include appropriate sales tax. 

Construction. The system can be as- 
sembled on a small piece of per- 
fboard or on printed -circuit board. For 
those who choose to go the printed - 
circuit route, a full-size template of the 
PC artwork is shown in Fig. 2. Or, if 
you're not into etching your own 
boards, a printed -circuit board can 
be purchased from the supplier given 
in the Parts List. 

Once you've obtained the parts out- 
lined in the Parts List, assemble the 
project using Fig. 3 as a guide. When 
installing the semiconductors, be sure 

(Continued on page 143) 
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Build a 
10 -MHz 

Frequency 
Counter 

A nyone interested in electronics A sooner or later (usually sooner) 
needs some sort of test equipment. Al- 
most every electronics hobbyist has a 
digital or analog multimeter, but there 
are times when simple voltage, cur- 
rent, and resistance measurements just 
won't do. Sometimes, such as when 
working with digital circuits, a frequen- 
cy measurement is needed. That's the 
time when you need an oscilloscope 
or frequency counter. 

Unfortunately, a low -end oscillo- 
scope or a frequency counter will cost 
$200 to $ 300, or more; that's more than 
many beginning hobbyists want to 
spend. Unless, of course, it is a Popular 
Electronics 10 -MHz Frequency Coun- 
ter! Built around three integrated cir- 
cuits, that useful instrument can be put 
together for about $40 by anyone who 
is reasonably adept at soldering. 

Circuit Operation. Figure 1 shows the 
schematic diagram of the 10 -MHz Fre- 
quency Counter. The circuit consists of 
an ICM7208 seven -decade counter 
(U1), an ICM7207A oscillator controller 
(U2), and a CA3130 biFET op -amp 
(U3). Integrated circuit U1 counts input 
signals, decodes them to 7 -segment 
format, and outputs signals that are 
used to drive a 7 -digit display. 

Integrated circuit U2 provides the 
timing for U1, while U3 conditions the 
input signal to provide a suitable 
waveform for input to U1. The 5.24288 - 
MHz crystal frequency is divided by U2 
to produce a 1280 -MHz multiplexing 
signal at pin 12 of U2. That signal is 

input to U1 at pin 16 and is used to scan 
the display digits in sequence. 

The cathodes of each digit are 
taken to ground several times each 
second, activating any segments of 
the digits whose anodes are high as 
the result of decoding by U1. The crystal 
frequency is further divided to pro - 
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Need a frequency 
counter that won't 

cost a mint? 
This hobbyist -grade 

instrument is 

just the ticket 
for budding techs on a 

tight budget! 

PAUL AMAN 

duce a short "store" pulse at pin 2 of 
U2, followed (after about 0.4 millise- 
conds) by a short "reset" pulse at pin 14 

of U2. The frequency of the pulses is 

determined by the state of U2 pin 11. 

When pin 11 of U2 is taken to ground 
through S1, the pulses occur every 2 

seconds and cause U2 pin 13 to go 

high for one second, which prevents 
additional input signals from entering 
U1. That causes the count latched in U1's 

internal counters to be transferred to 
the display. 

Integrated circuit U2 pin 13 then 
goes low for one second, allowing a 
new count to be entered into the seven 
decade counters of U1. That cycle is 

repeated, continuously updating the 
display every two seconds. 

When U2 pin 11 is taken to the 
positive supply rail (+5V), the "store" 
and "reset" pulses occur at 0.2 -second 
intervals, resulting in a 0.1 -second Cou- 
nt period. Ten input pulses must be 
counted in order for a "1" to appear on 
the first digit, D1, so the frequency 
being measured is obviously ten times 
larger than the frequency that is shown 
on the display. 

In that mode, the decimal points are 
driven by R1 and visually indicate that 
the 0.1 -second count period is being 
used. 

Display. The display must have at 
least seven 7 -segment common -cath- 
ode multiplexed LED digits. Any com- 
mon -cathode seven -segment display 
may be used, so no particular display 
is specified. If the display chosen has 
more than seven digits, the extras are 
not used. For example, the display 
used in the author's prototype, which 
was salvaged from an old calulator, 
has nine digits, only seven of which are 
used in this project. 

Don't be put off by the term "multi- 
plexed." Multiplexed simply means 
that all like segments of all digits are 
connected by a single conductor, and 
that the cathodes of all segments of 
any one digit are connected to a 
common terminal. That's accom- 
plished by a printed circuit within the 
display and limits the number of wires 
or traces needed to operate the dis - 
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Fig. I. The IO -MHz Frequency Counter consists of Ul, an 1CM7208 
seven -decade counter: U2, an 1CM7207 oscillator controller: and U3, a CA3130 
biFET op -amp. The display for the circuit can be any seven -digit, seven -segment 
common -cathode multiplexed unit. 

play. Such units may be salvaged from 
an appropriate old calculator or pur- 
chased from electronic surplus stores. 

A multiplexed display can also be 
fabricated from discrete seven -seg- 
ment display modules as shown in Fig. 

2. More display modules can be add- 
ed as needed. Duplicating the display 
shown in Fig. 2 is easy; simply connect 
all like pins in parallel as shown. For 

example, pin 1 of the first seven -seg- 
ment unit-which, for this particular 
display, is segment "a"-is connected 
to pin 1 of all the other modules. Pin 3 is 

the common -cathode connection-it 
is not connected to the other pin 3 ter- 
minals in the set-which is used as the 
digit -driver (D1 -D7) input. 

Note that for the display modules 

TO 
ADDITIONAL 
DISPLAY 
MODULES 

e 

dp o- 
f 0 

MUX 
SEGMENTS 

COMMON 
CATHODES. 

used to illustrate the multiplexing con- 
cept, there are two common -cathode 
terminals, pins 3 and 14; since the two 
pins are internally connected, only 
one of those terminals need be con- 
nected to the circuit in order for the 
display to function properly, although 
connecting both would not cause any 
problems. While the pinouts may vary 
from one display type to another, the 
concept remains the same. 

If you opt to go with a salvaged dis- 
play unit, it will be necessary to deter- 
mine the pinout and configuration; 
common cathode or common anode. 
To test a salvaged display when the 
pinout is not known, temporarily con- 
nect a 1000 -ohm resistor from a 5- to 9 - 
volt source to pin 1, then touch the 

source ground to each of the other 
pins in sequence. If any segment lights, 
the pin at the resistor is the anode for all 
like segments in all digits and the pin at 
ground is the common cathode for the 
digit with the lighted segment. 

Repeat that procedure to identify all 
segments and cathodes by moving 
the resistor to the other pins. Make a 
record similar to that shown in Fig. 1-b 
for use as a reference during circuit 
assembly. If no segments light, but do 
light when the source leads are re- 
versed, the unit is a common -anode 
type and is not suitable for use in the 
counter. Do not discard the display; 
make a record and save the display 
for some other project. 

Power Supply. When all digits are lit, 
the circuit draws about 160 milliamps. 
A 5 -volt bench supply that is rated at 
more than 1 ampere may be used, 
however, a heavy-duty 6 -volt battery 
with a 1 -ampere diode connected in 
series with one of the leads will work, 
and makes the unit portable. 

Space is available on the circuit 
board (at the top) to mount a 5 -volt 
regulator and capacitors, if desired. If 

a regulator is used, a 6- to 9 -volt AC 
adaptor may be used to supply the 
basic DC voltage. To preclude 
damaging the integrated circuits, U1 

and U2 must be powered up before or 
simultaneously with the application of 
input signals to U3. The entire circuit is 

designed to be powered by one com- 
mon supply. 

Assembly. See Fig. 3. The author's 
prototype of the 10 -MHz Frequency 
Counter was built on a universal 
printed -circuit board (Radio Shack 
catalog number 276-170). Note that 
the horizontal holes in Fig 3 are la - 
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Fig. 2. A multiplexed display can be fabricated from discrete seven -segment display 
modules by connecting all like pins in parallel. For example, pin I of the first seven - 
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Fig. 3. Here is the parts -placement diagram for the author's prototype of the 10 -MHz 
Frequency Counter. It was assembled on a universal printed -circuit board. Note that the 
display is not shown in the layout. However, by following the connection scheme outlined in 
Fig. 2, almost any common -cathode display can he used with the circuit. 

beled A through J and that the vertical 
holes are number 1 through 47. Col- 
umns of holes designated X and Y are 
the +5V and ground buses, respec- 
tively. 

Carefully locate the positions of the 
IC's and mark the pin 1 holes with a felt - 
tipped pen. For example, pins 1 of U1, 

U2, and U3 are located in holes 19G, 
10F, and 37F, respectively. It's a good 
idea to use sockets (as the author did) 
for the IC's; aside from making IC re- 
placement easier, doing so also pre- 
vents possible damage to those parts 
during soldering. 

After the sockets have been 
mounted in the proper locations, install 
the jumper connections (designated 
J) guided by Fig. 3. The horizontal jum- 
pers may be bare wire, all others 
should be insulated to prevent shorts. 
Next begin installing the support com- 
ponents, starting with the resistors, then 
the capacitors, and finally the crystal 
(XTAL1). 

Solder extra -long color -coded wires 
to the board for the off -board compo- 
nents. Then, as the positions of the off - 
board components are established 
with respect to the case, cut the wires 
to the proper length and solder them 
to the components. If you suspect that 
the wires will interfere with IC installa- 
tion, insert the IC's before soldering the 
wires to the off -board components. 

Enclosure. Any suitable case may be 
drafted to house the finished circuit. 
Mount the power -supply terminals or 
jack, the input jack, the switches (S1 

PARTS LIST FOR THE 
10-MHZ FREQUENCY COUNTER 

SEMICONDUCTORS 
UI-1CM7208 seven -decade counter, 

integrated circuit 
U2-1CM7207A 5 -MHz oscillator 

controller, integrated circuit 
U3-CA3130 biFET op -amp, integrated 

circuit 

RESISTORS 
(All resistors are V4 watts. 5% units. 

unless otherwise noted.) 
R I -500 -ohm 
R2 -10,000 -ohm 
R3-10-megohm 
R4 -33.000 -ohm 
R5 3300 -ohm 
R6 I-megohm 
R7 -4700 -ohm 
R8 -470,000 -ohm 
R9 -2200 -ohm 

CAPACITORS 
Cl-Sec text 
C2-22-pF, ceramic disc 
C3 0.22-µF, ceramic disc 
C4 -1-µF, 50-WVDC, subminiature 

electrolytic 

ADDITIONAL PARTS AND MATERIALS 
Jl-Miniature closed-circuit phono jack 
SI-Single-pole, double -throw toggle 

switch 
S2-Single-pole, single -throw 

momentary -contact pushbutton switch 
XTALI-5.24288-MHz crystal 
Universal printed -circuit board; seven - 

digit, seven -segment, common - 
cathode, multiplexed, LED display 
(see text); enclosure; IC sockets; 
power source (see text); wire; solder; 
hardware; etc. 
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and S2), and the display on the front 
panel of the case. The circuit board 
may be trimmed to about 5 -inches 
long to keep case size at a minimum. 

Use a nibbling tool to cut an open- 
ing for the display, but do not secure 
the display to the case until wires from 
the board have been connected. If a 
trimmer capacitor is used for Cl, as will 
be discussed later, drill a hole at the 
proper location to allow for any adjust- 
ments without removing the front pan- 
el of the enclosure. 

Testing. To rapid -test the circuit with a 
frequency that is less than 100 Hz, use a 
temporary jumper to take UI pin 7, 23, 
or 27 to +5V as indicated by the 
dashed line shown in Fig. 1. Integrated 
circuit U1 then applies the count to all 
digits higher than D2. 

Data for U2 indicates that Cl may be 
a trimmer, however, a 22-pF fixed -disc 
capacitor is satisfactory for most ap- 
plications, and provides accuracy to 
.005%. If a closer tolerance is required, 
use a 6-50-pF trimmer capacitor (such 
as a Radio Shack 272-1340). Set the 
range switch to 1 second, apply the 
multiplexing frequency from U2 pin 12 

to the input of U3, and adjust the trim- 
mer for a readout of 1280 Hz. 

Frequency Counting. When S1 is in 
the 1 -second position, the count range 
isl Hz to 1 MHz and can be read directly 
from the display. When SI is in the 0.1 - 

second position, the count range is 10 

Hz to 10 MHz. The number then appear- 
ing on the display is /,o the frequency 
being measured. (1 kHz appears as 
100). 

When a new frequency is being 
(Continued on page 145) 
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License -Plate holder 
Frame your license plate in lights with this decorative, 

flashing license -plate holder! 

Those little, blinking, license -plate 
holders you've seen on autos in 

front of you at the stop lights is 

one way that digital electronics has 

been put to use for something other 
than calculators and computers. I saw 
right away that the blinking lights were 
nothing more than the outputs of a digi- 
tal ring counter in disguise. And I felt it 
would be a simple matter to assemble 
one from scratch at far less than the 
cost of those sold at local, retail, auto - 
accessory stores. 

The Blinking License -Plate Holder de- 
scribed in this article can be put to- 
gether in one evening, and the result is 

truly fascinating and educational. 
Component selection presented the 
greatest challenge. After all, a digital 
light sequencer could be built in sev- 
eral ways: around transistors, individual 

BY JIM STEPHENS 

flip-flops, or even from a digital shift reg- 
ister circuit. 

I chose the flip-flop method, but 
elected to use a CMOS IC (the 4017 

decade counter) that had flip-flops 
wired internally to give the sequence I 

needed. The 4017 has ten outputs (0 to 
9) that are sequenced in perfect steps, 
thereby enabling me to use only Iwo 
chips and a few support components. 

My first intent was to have one little 
light traveling around the outside of the 
plate each time the brake lights were 
activated. However, I noticed there 
were other sequences. I chose an op- 
posite -rotation light pattern, in which 
the lighting sequence begins at the top 
center of the license -plate holder. From 
there, Iwo sequential light strings travel 
outward (in opposite directions) and 
meet at bottom center, pause momen- 

tarily, and return to the top center in an 
oscillating manner. 

It is the latter configuration that (in my 
opinion) provides the most eye-catch- 
ing display, and so it is the one used 
here. However, other patterns are possi- 
ble by simply rearranging the lamps on 
the plate holder. 

About the Circuit. At the heart of the 
light -sequencing circuit is a 4017 de- 
cade, counter/divider. A functional 
block diagram of the 4017 is shown in 

Fig. 1. The outputs of the counter are 
numbered from zero to nine, and are 
shown in quotations. 

The 4017 is a 5 -stage Johnson coun- 
ter, consisting of a string of flip-flop cir- 
cuits that are internally chained 
together so that they shift a binary 
"one" along the chain for each 
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positive -going pulse presented to its 

clock input at pin 14. Each flip-flop has 
a pin to the outside world. 

After output 9 returns to a low state, 
output zero goes high and the pattern 
is repeated. Only one output is high at a 
time; all others are in the low state. The 
outputs from the five flip-flops (taken 
from their associated output pins) are 
used to trigger 5 -pairs of lamps through 
driver transistors. 

Figure 2 is the complete schematic 
diagram of the blinking sequencer. Two 

chips, U1 (the 4017 decade counter! 
divider) and U2 (a 7555 oscillator/timer), 
perform the timing and trigger func- 
tions. Ten lamps (11 through 110), which 
are controlled through driver transistors 
Q1 -Q5, flash in relation to the pulses 
that are output by the decade counter, 
U1. Because I wanted Iwo lamps lit at 
any one time, each transistor drives a 
pair of parallel -connected lamps. 
Configuring the circuit in that manner 
saves considerably in parts (and cost). 

In this application, the 7555 is config- 
ured for astable (free -running) opera- 
tion. When power is applied to the 
circuit, U2 begins to oscillate at a fre- 
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There is nothing critical about the component layout, but it would be in your best 
interests to follow the general layout shown here. The points to be wired to the off - 
board components are conveniently located near the edge of the board. 

quency determined by the value of R8 

and setting of R2, which are connected 
between pins 6 and 7 of U2, by control- 
ling the IC's discharge rate. The potenti- 
ometer (R2) allows you to adjust the 
blink rate to your individual liking. Poten- 
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Fig. 1. The 4017 is a 5 -stage Johnson counter, consisting of a string of flip-flop circuits 
that are internally chained together. Its outputs (0 through 9) are shown in quotations. 

tiometer R2 can be set as low as one 
cycle per second or as high as 20 cy- 
cles per second. 

The square -wave output of U2 at pin 
3 is fed to the clock input of U1 at pin 14. 

The clock enable (pin 13) and reset (pin 
15) of U1 are permanently grounded so 
that he pattern is continuous and the 
4017 does not constantly clear the 
states as it would if those pins were left 
unconnected. That causes U2 to ad- 
vance one count for each positive tran- 
sition of the clock signal. As previously 
noted, the 10 outputs of U1 are tied to- 
gether in pairs, with each output pair 
feeding a driver transistor. Because of 
that arrangement, each driver tran- 
sistor is triggered on twice during the 
0-9 output sequence. 

Let's take a closer look at that pro- 
cess. Refer to Figs. 2 and 3. When power 
is initially applied to the circuit, output 0 

is high, so Q4 turns on, immediately 
lighting lamps 17 and 18 (which in the 
author's prototype are located at the 
top of the license -plate holder). 

On the first clock pulse received from 
U2, output "1" of U1 at pin 2 goes high, 
causing Q4, and thus lamps 17 and 18 to 
remain on for a second clock pulse. The 
next positive transition of the clock 
causes output "2" to go high, biasing Q1 

on, which causes lamps 11 and 12 to 
light. The third clock pulse causes out- 
put "3" to go high, turning on Q3 which, 
in turn, causes 15 and 16 to light. 

That sequence continues until count 
5 is reached, lighting the bottom -cen- 
ter lamps (19 and 110). Count 6 keeps 19 

and 110 lit for an additional count, so 

that the sequence appears to pause. 
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PARTS LIST FOR THE 
BLINKING LICENSE - 

PLATE HOLDER 

SEMICONDUCTORS 
UI-CMOS 4017 decade counter/ 

divider, integrated circuit 
U2-7555 CMOS oscillator/timer, 

integrated circuit 
Ql-Q5-2N2222 general-purpose NPN 

15 silicon transistor 

16 RESISTORS 
(All resistors are 1/2 -watt, 5% units, 

17 
unless otherwise noted.) 

RI -6800 -ohm 
18 R2 -100,000 -ohm, miniature, PC -mount 

potentiometer 
R3-R7-47-ohm 
R8 -10,000 -ohm 
R9 -22 -ohm 

19 

110 

Fig. 2. The complete schema is diagram of he blinking sequencer. The circuit is built 
around a 4017 CMOS decade, counter/divider and a 7555 CMOS oscillator/timer. 
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Fig. 3. The lighting sequence begins at 
the top center of the license -plate holder; 
two light paths branch out, traveling in 
opposite directions and down both sides, 
meet bottom center, and retrace the 
original path, returning to the top -center 
position. 

On the seventh count, the retrace se- 
quence begins, lighting lamps 13 and 
14; count 8 lights 15 and 16; count 9 lights 
11 and 12, and count 0 lights 17 and 18 

(top center of the license -plate holder). 
At that point the sequence begins 
anew. 

In short, the way the circuit is set up, 
the lighting sequence appears to 
pause twice during the cycle-once at 
the top center of the frame and again 
at the bottom center. After pausing at 
the bottom center lamps, the se- 
quence continues, retracing the same 
path to the top of the license -plate 
holder, where the sequence starts all 
over again. 

Miniature incandescent lamps (pea 
lamps) were used instead of LED's be- 

cause the luminance given off by LED's 

is somewhat less than desirable for this 

application. The units used give off a 
large amount of light and can be seen 
from a distance with no trouble. To en- 
sure that the lamps glow sufficiently 
bright, five 2N2222 transistors were used 
as drivers that switch the lamps on and 
off at the proper time. 

Construction. Because the circuit 
contains so few parts, all components 
(except the lamps) were mounted on a 
small perfboard chassis. In the author's 
prototype, the inter -component con- 
nections were made with lengths of 
wire -wrap wire, using the point-to-point 
wiring technique. The use of IC sockets 
is recommended to avoid soldering di- 
rectly to the pins of the IC's, which could 
possibly cause damage. 

CMOS IC's are very sensitive, and 

Fig. 4. The actual lighting sequence 
depends heavily upon the positioning of 
the ten lamps. The dashed lines show how 
the lamps are paired off. 

ADDITIONAL PARTS AND MATERIALS 
35-WVDC, miniature 

electrolytic 
I1-110-Miniature 60 -mA, 6 -volt, 

colored lamps, (RS 272-1098) 
F1 -1 -amp, slow -blow fuse 
Perfboard material, plastic license -plate 

holder (see text), enclosure, IC 
sockets, ribbon cable (6 strand) (see 
text), 18 gauge automotive hook-up 
wire, silicon -rubber sealant 
compound, wire tap -in connector (RS 
64-3052), wire, solder, hardware, etc. 

special care should always be used to 
avoid too much heat. Static build-up 
can be avoided by touching a ground 
before handling the IC's. Note that the 
12 -volt bus is protected by a 1 -amp 
fuse. That fuse protects the wiring of the 
brake lights in case of a short in the 
wiring or a shorted transistor. Once the 
board is completed, the next step is to 
prepare the plate -holder assembly. 

Most auto -supply stores stock plastic 
license -plate frames with a hollow 
around the back edge. The wires that 
connect the lamps to the circuit board 
will run inside that hollow channel. The 
lamps are mounted through 3/32 -inch 
holes drilled through the plastic bezel 
at the locations shown in Fig. 4. 

Note that each set of lamps (as men- 
tioned previously) are placed opposite 
from its parallel twin in the author's con- 
figuration. The lamps should be pushed 
into the hole so that no more than 1/8 

inch shows through the front. The lamps 
are then secured in place with a small 
amount of silicon -rubber cement. 

The connections from the lamps to 
the board -mounted components in 
the author's prototype were made 

(Continued on page 144) 
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BI lid the 
"Whistler" 

VLF Receiver 
BY TOM FOX 

It was a dark, foggy night several 
years ago when I first turned on the 
original version of the Whistler Re- 

ceiver described in this article. Seconds 
after I'd flicked on the power switch, an 
unearthly, high-pitched sound was 
heard. Was I in luck? Had I tuned in the 
famous VLF (Very Low Frequency) 
sound known as a "whistler?" Appar- 
ently not. 

While the tones changed, they did 
not descend in pitch as a whistler is 

supposed to do; the sound also repeat- 
ed itself exactly every 10 seconds. Nu- 
merous thoughts quickly flashed 
through my mind-irs probably just os- 

cillation in the amplifier's circuits; it's just 
feedback from the loop antenna; may- 
be the darn thing's haunted! None of 
those speculations added up since the 
sound repeated itself exactly every 10 

seconds (even ghosts aren't that punc- 
tual). 

Apparently, some rational entity was 
controlling those signals. Mulling over 
the logical, earthly possibilities, I re - 

Investigate solved and unsolved 
mysteries with this super -sensitive VLF receiver 

called reading about a VLF Naval -sub- 
marine communication project. The 

Navy, like much of the U.S. military, usu- 

ally is quite helpful in solving mysteries, 
so I didn't hesitate to write them. After 
about a week, I received an infor- 
mative letter, along with an inch thick 
pile of fact sheets, from the Deputy Di- 

rector of the Naval Communications 
Division. 

The letter suggested that the myste- 
rious signal that I was receiving was 
probably transmitted by the Navy's 
OMEGA transmitter located near 
LaMoure, North Dakota. OMEGA is a VLF 

radio -navigational system operating 
between 10 and 14 kHz. (The VLF band 
extends from 3 kHz to 30 kHz). Figure 1 

gives the OMEGA "signal transmission 
format." One mystery solved (thanks 
Navy, several more to go. 

While the project described herein 
will enable you to receive the OMEGA 
signals, the real fun starts when you pick 
up a whistler. That strange sound starts 
as a high-pitched whine, at about 20 

kHz, and sweeps down in frequency to 
a pitch like thatof a high -soprano sing- 
er; it lasts about a second. 

While whistlers-which apparently 
are produced by lightning-at one 
time were an unsolved mystery, today 
they are fairly well understood. The 
strongest ones (in the USA) are pro- 
duced by lightning occurring in the 
southern hemisphere at a geomag- 
netic conjugate point (a point in the 
southern hemisphere that's on the 
same magnetic line of force as you 
are). 

Roughly, your magnetic conjugate 
point is at your same geographic long- 
itude. To find the approximate southern 
latitude, add 10 degrees to your posi- 
tion. Simply put the theory goes like this: 

Lightning produces a wide range of ra- 
dio waves. Some of the VLF waves are 
bent by the atmosphere and follow the 
earth's magnetic fields. The ionosphere 
acts as a prism, in that the higher fre- 
quency radio waves travel faster 
through the ionosphere than do the 
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SEGMENT 

STATION 
A B C 0 E F G H 

NORWAY (A) 10.2 13.6 111 L J L -L L 

LIBERIA (B) 

_ 

L 10.2 13.6 J 11Y3 

HAWAII ICI 10.2 J 13.6 11 Y3 

N.DAKOTA (D) 10.2 J 13.6 11 y3 

LA REUNION (E) 10.2 13.6 11 J 
ARGENTINA (F) 10.2 L 13.6 L 11Y3 L 

AUSTRALIA (G) 111 L J L 10.2 ` 13.6 

JAPAN (H)j 13.6 J 111 U U J U L U 10.2 

TIMEISEC) 

0.0 1.1 2.3 3.6 5.0 6.3 7.4 8.8 10.0 

Fig. 1. Here is the OMEGA Signal Transmission Format. OMEGA is a VLF radio - 
navigational system operating between 10 and 14 kHz. 

lower frequency ones. That seems to 
explain why one hears the whistler's 
high -frequency tones first. 

A Low Tech Whistler Receiver. One 
doesn't need sophisticated equipment 
to hear a whistler. I've read that one 
can hear whistlers by simply con- 
necting a high -impedance head- 
phone to a wire fence that has 
insulated fence posts (such as those 
supported by wood). Not believing ev- 
erything I read or hear, I checked it out. 
Because I didn't have a wire fence, I 

strung 125 feet of #22 wire along the 
top horizontal support of the wood 
fence that encircles my children's play 
yard. 

I connected one lead of a high -im- 
pedance headphone to the wire and 
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the other lead to a good ground. Since 
I tried the experiment during the day, I 

really didn't expect to hear a whistler 
(whistlers are generally heard between 
midnight and dawn). However, I did re- 
ceive a very weak OMEGA signal. Since 
a good whistler produces a stronger 
signal than OMEGA (at least in my 
area), I had little doubt that one could 
indeed hear a whistler on such low - 
tech equipment. 

While a wire fence may make a usa- 
ble whistler receiver, its weak signal and 
ungainly size can't compare to the sol- 
id-state receiver described herein. Of 
course, you may prefer to listen to whis- 
tlers using a wire fence VLF receiver. 
Such a receiver may light up your life - 
literally -when a thunderstorm ap- 
proaches. In other words, don't attempt 

R2 
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to connect earphones to a wire fence 
during a thunderstorm; lightning 
doesn't have to hit the fence to turn you 
into a rather unique statistic! 

A Solid -State Whistler Receiver. 
The receiver is basically a high -gain au- 
dio amplifier designed specifically to 
have a rather poor low -frequency re- 
sponse to reduce 60 -cycle hum. The 
antenna is a large loop: Actually, three 
different loop antennas were built and 
tested. While the circuit is simple, the 
basic design was achieved by some 
trial and error. 

Originally, several different audio - 
amplifier designs were tested. The set- 
up that seemed to work best used a 
single transistor Class -A power amplifier 
with the bulk of the amplification ac- 
complished via two op -amps. 

Referring to the schematic diagram 
shown in Fig. 2, the signal picked up by 
the loop antenna, L1, is fed to the invert- 
ing input of op -amp U1 -a at pin 2, 

which provides a gain of about 10 at 5 
kHz. The amplified output of U1 -a is then 
fed to the non -inverting input of U1 -b (at 
pin 10), which again boosts the signal to 
provide a gain of about 120 at 5 kHz. (If 

you wish to experiment with more gain 
try increasing R7 to 150k. That will boost 
the gain to about 150). 

The output of U1 -b is input to the base 
of Q1 (a 2N3053 general-purpose tran- 
sistor configured for Class -A operation), 
which provides sufficient output power 
to drive speaker SPKR1. If you wish, the 
signal can also be fed to an external 
power amplifier via jack J2. 

Since a single battery is used for 

C7 

1 

C9 

100 
+K 

J2 a 
R12 

22K 

*SEE TEXT 

Fig. 2. The signal picked up by antenna Ll is fed to the inverting input of U1 -a (which provides 
a gain of about 10). The output of UI -a is fed to the non -inverting input of UI -b (which again 
boosts the signal to provide a gain of about 120 at 5 kHz). 
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economy (+ 9 to + 12 volts), R3, R4, R9, 

and R10 are required to provide a suit- 

able bias voltage for U1 -a and U1 -b. If 

you are using an external amplifier, 
switch S2, which is connected in the 
emitter circuit of Q1, should be placed 
in the EXT position. When that's done, 
transistor Q1 is effectively removed from 
the circuit, thereby greatly extending 
the life of the battery. 

Capacitor C9 is included in the cir- 

cuit to help maintain a stable supply 
voltage over the life of the battery. The 

circuit, if operated near power lines, 

may pick-up the 60 -cycle AC hum. If 

that occurs, the situation can be cor- 
rected (somewhat) by reducing C6 
and C7 to 0.1 µF. 

PARTS LIST FOR THE 
WHISTLER RECEIVER 

SEMICONDUCTORS 
Ul-LM324 quad low -power op -amp, 

integrated circuit 
Ql-2N3053, or equivalent, general- 

purpose NPN silicon transistor 

RESISTORS 
(All resistors are 1/2 -watt, 5% units, 

unless otherwise noted.) 
Rl, R15 -10,000 -ohm 
R2 -R4, R9, R10 -100,000 -ohm 
R5 6800 -ohm 
R6 -1000 -ohm 
R7 -120,000 -ohm (see text) 
R8-1-megohm 
R l 1 -5000 -ohm -potentiometer 
RI2-22,000-ohm 
R I3 -4700 -ohm 
R14 -27 -ohm, 1/2 -watt 

CAPACITORS 
CI -C6 -10-µF, 25-WVDC, electrolytic 
C7 -1-µF, 25-WVDC, non -polarized 

electrolytic 
C8, C9 -100-µF, 25-WVDC, 

electrolytic 

ADDITIONAL PARTS AND MATERIALS 
B1 -9 -volt transistor -radio battery or 8 

AA cells in series (see text) 
T1 -1000 -ohm to 8 -ohm audio -output 

transformer (Radio Shack 273-1380 or 
equivalent) 

LI -home-made VLF loop antenna, see 
text 

JI -J3 -RCA phono jack 
Si, S2-SPST slide or toggle switch 
SPKRI-Miniature 8 -ohm speaker (see 

text) 
Printed -circuit materials, enclosure, 

RCA phono plugs, (2) audio cables, 
IC socket (optional), 9 -volt battery 
holder and snap -on connector or 
battery pack (see text), wood (1 x 2 
or 1 x 3, see text), knob, insulated 
magnet wire (#28, #22 and #22; see 
text), wood glue, hook-up wire, 
solder, hardware, etc. 

o 

o 
Fig. 3. Here is the full-size foil pattern for the Whistler Receiver's circuit board. 
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Fig. 4. Once you've etched a board, and collected the necessary components to complete 
the project, install the parts according to this component -placement diagram. 

Putting it Together. Because of the 
relative simplicity of the project, one 
might be tempted to go with perfboard 
construction. However, because of the 
circuit's high gain (which can cause in- 

stability problems) perfboard con- 
struction is not recommended. The 

author built his unit on a printed -circuit 
board measuring about 5 x 23/4 

inches. 
Figure 3 shows the suitable foil pat- 

ternldrilling guide for the Whistler Re- 

ceiver's printed -circuit board. Once 
you've etched a board and collected 
the necessary components to com- 
plete the project (see Parts List), con- 
struction can begin. Install the parts 
according to Fig. 4, the component - 
placement diagram. 

It is recommended that an IC socket 
be used for U1. Note, from Fig. 4, that all 
parts except M, J1-J3, R11, S1, S2, B1, 

o 

and SPKRI, are mounted on the circuit 
board. Jacks J1-J3 are RCA phono 
type. 

Once all of the on -board compo- 
nents have been installed, connect 
lengths of wire to the points on the 
board slated for off -board compo- 
nents, with the exception of J1 and J2; 

coaxial audio cables should be used 
when making connections between 
those jacks and the circuit board. Also 

when wiring J1 and J2, be sure that the 
connections are made exactly like 
those shown in Fig. 4; if you reverse the 
connections to the jacks, the circuit will 

not work. 
When making the connections be- 

tween the volume -control potentiome- 
ter (R11) and the circuit board, or 
between the speaker (SPKRI), and the 
circuit board, use short, twisted wires. 
The speaker should be of the miniature 
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type with an impedance in the 8- to 16 - 

ohm range. Refer to Fig. 2 (the sche- 
matic diagram) and Fig. 4 (the parts - 
placement diagram) when con- 
necting R11, S1, S2, B1, and speaker 
SPKR1 to the circuit. 

Power for the circuit can be derived 
from any 9 to 12 -volt DC source. The 
author's circuit was powered from a 9 - 
volt transistor -radio battery. An alter- 
native battery arrangement would be 
to use a 9- or 12 -volt (multi -battery) bat- 
tery pack-a plastic battery holder, 
which when loaded with the appropri- 
ate size batteries, connects them in se- 
ries. Battery packs are available from 
Radio Shack in both the 9 and 12 volt 
versions. The 9 -volt version holds six 1.5 - 

volt cells, while the 12 -volt version holds 
eight 1.5 -volt cells. Be advised that a 12 - 

volt battery results in slightly improved 
performance as well as extended bat- 
tery life. 

Looping the Loop. I built and tested 
three sizes of loop antennas (desig- 
nated A B, and C). The form for each 
antenna can be made from 1 x 2 or 1 

x 3 lumber. Table 1, and Fig. 5 give 
details of the antenna's construction. 

Since whistlers are about as depend- 
able as a white Christmas at the White 
House, I compared each antenna's 
ability to pick up the Navy's OMEGA 
signal. I was a bit surprised to find that all 
three antennas were able to receive 
the OMEGA signal. Perhaps because of 
its high gain, when antenna A was con- 
nected to the circuit it was not possible 
to turn the volume of the receiver all the 
way up and still have the circuit oper- 
ate properly. 

On the other hand, there was little 
detectable difference between anten- 
nas B and C, and the A antenna. Al- 
though antenna C probably gives the 
best and most reliable reception, the 
improvement over the A and B anten- 
nas is hardly worth its awkwardness. In 

general, I recommend antenna B. But 
feel free to experiment for yourself. 

Except for the size of the loop and 
number of wire turns, the construction 
of antennas A and B are nearly identi- 
cal. To build the A or B antennas, cut Iwo 
pieces of 1 by 2- or 1 by 3 -inch lumber to 
the lengths given in Table 1. Cut 
notches in the wood as shown in Fig. 5A. 

Assemble the two pieces of wood with 
wood glue, as shown in Fig. 5B. The C 
antenna is constructed similarly, but in- 
stead of a single notch at the ends of 
each piece of wood, five notches are 
used, as shown in Fig. 5C. Next make a 

SEE TEXT 
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D 

Fig. 5. Here are the construction details for the three antennas tested by the author. This 
diagram along with Table I should make assembling any version of the antennas a snap. 

TABLE 1-ANTENNA 
CONSTRUCTION GUIDE 

ANTENNA CROSSPIECES WIRE 

A 
B 
C 

(Li) (wood length 
in feet) 

3 
4 

6.5 

(turns/ 
gauge) 
80-turns/#28 
28-turns/#22 
5 -slots (two 
turns each 
slot)/#22 

wooden brace, 12 -inches square as 
shown in Fig. 5D, from a piece of 
plywood. 

Now guided by Table 1 for the wire 
size and number of turns, wind the loop 
antennas on their respective forms. The 
wires from each loop should be con- 
nected to its own RCA phono jack (J3). 
Connections between the circuit 
board and the antennas can be made 
through a home-made 10- to 15 -foot 
audio patch cord. 

The Thrills Begin. Connect the an- 
tenna to the receiver using the audio 
cable. Place the antenna at least 6 feet 
from the receiver and position it so that 
its plane is vertical. Flip S2 to the INT 

position. For those who desire a room 

full of whistles, plug one end of an au- 
dio cable into J2 and the other end into 
a 100 -watt, hi-fi amplifier. Flip S2 to the 
Exr position and set the VOLUME control 
(R11) near its maximum position. A mild 
hiss should be heard. If a hum or loud 
buzz is heard, move the antenna to a 
different location. And be sure to keep 
it away from the power line! 

For test purposes, position the anten- 
na for good reception of the OMEGA 
signal. Of course, since the OMEGA sig- 
nal is at such a high pitch, one must 
have at least normal hearing to hear it 
reliably. (You must be able to hear 
sounds as high as 14 kHz). Even with 
normal hearing, one must listen intently 
to differentiate the OMEGA signal from 
background noise. 

Listening for Whistlers. If you as- 
sume that as soon as you flick on the 
whistler receiver's switch you are going 
to hear all sorts of weird sounds, you'll 
probably soon wind up using the loop 
antenna's frame for kindling. Other 
than a weak OMEGA signal, you'll most 
likely only hear noise. However, pa- 
tience will pay off. 
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Here is the fully assembled solid-state Whistler Receiver's printed -circuit board. 
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Close-up of the front panel of author's prototype of his Solid State Whistler Receiver. 

The three portable loop antennas, built and tested by the author. 

Whistlers are normally heard only 
when most people are asleep in their 
beds; they occur most frequently be- 
tween midnight and dawn. They also 
are associated with sunspot activity- 
the more sunspots, the more whistlers. 

Since we are starting on sunspot Cycle 
22, and it appears to be a biggie, the 
number of whistlers should be increas- 
ing in the next few years. During periods 
of high sunspot activity, one may hear 
as many as 10 whistlers a minute from 2 

to 4 AM. 
Another fascinating electrornag- 

netic phenomenon that you can pick 
up on your Whistler Receiver is the 
"dawn chorus." While this sound is said 
to be similar to the songs of a flock of 
birds at the first sign of daylight, a more 
precise description would be a ran- 
dom series of rising tones in the mid - 
audio range (1 kHz -4 kHz). 

While listening to the dawn chorus 
early one morning, I also heard for the 
first time distinct, metallic, clinking 
noises referred to as tweaks and chinks 
by VLF researchers. Their origin is an 
unsolved mystery, although some sci- 
entists speculate they may also be re- 
lated to lightning. 

Other Applications. In addition to lis- 

tening to VLF radio waves, there is an 
almost unlimited range of phe- 
nomenon one can listen to. For in- 
stance, take a photovoltaic cell (such 
as a silicon solar cell) and plug it into the 
receiver's input. Light a match close to 
the cell. You will "hear" the match light. 
Pass your hand in front of the cell and 
you should hear a click every time a 
shadow passes across the cell. Point the 
cell at a fluorescent light and you will 
"hear" the light turn off and on 120 

times per second. (An incandescent 
lamp will produce a similar sound only it 

won't be as loud). 

By putting the cell near a TV screen, 
you will hear a similar buzz, only its loud- 
ness will vary with the scene. Stick the 
cell out a window during a thun- 
derstorm and you will "hear" lightning. 
In fact, you can use the whistler receiver 
as a thunderstorm detector at night 
since you will "hear" the lightning well 
before you can see it. Can you think of 
another type of sensor to connect to 
the Whistler Receiver to experiment 
with? No? How about a small coil of wire 
such as a telephone pickup coil? Or 
maybe a UHF 1V loop antenna in series 
with a germanium or Schottky barrier 
diode? Try them all out for countless 
hours of experimenting fun. 
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Many CD players do not have 
a headphone jack, even 
though there are many who 

would prefer to listen to their favorite 
discs via headphones. By the same 
token, there is something faintly 
ridiculous about feeding the CD's au- 
dio output to a stereo amplifier (which 
might have a power capability of 100 - 
watts per channel) just to provide a 
few milliwatts of power to drive a set of 
headphones. 

While several of the smaller CD play- 
ers have the internal circuitry neces- 
sary to provide headphone drive, the 
headphone jack and volume control 
have been omitted. For most of us, the 
idea of any modification to a CD play- 
er (no matter how slight) would be to- 
tally absurd. However, the CD Player 
Headphone Amplifier-an external 
headphone amplifier, built around a 
pair of NE5534 low -noise op-amps- 
presented in this article is a much more 
attractive alternative. 

The circuit (housed in a plastic en- 
closure and powered by a 9- or 12 -volt 
AC power pack) is just about as simple 
as you can get without degrading the 
signal quality from the CD player. 
Mounted on the top of its enclosure is 

an on/off switch, a volume control, and 
a stereo headphone jack, with a 4 - 
way RCA jack panel mounted to its 

side. 
The 4 -way RCA jack panel allows 

you to connect the CD Headphone 
Amplifier to your CD player for listening 
via headphones, while allowing the 
CD output signal be fed to an existing 
stereo system. 

Even if your CD player already has a 
headphone jack, you may want to 
build the CD Player Headphone Am- 
plifier. Some CD players don't include 
a headphone volume -control, which 
would allow you to boost or decrease 
the output signal level to provide a 
comfortable listening level. Either way, 
the CD Player Headphone Amplifier 
could be a big improvement. 

How It Works. Refer to Fig. 1. The 
circuit is built around two Signetics 
NE5534 low -noise bipolar op -amps 
(one for each channel), which provide 
the necessary boost to drive the head- 
phones. Unaided, most op -amps 
would be unable to handle the job. But 
the NE5534, with its unusually low noise 

*This story first appeared in Silicon Chip, 
Australia (April, 1988); reprinted with per- 
mission 

characteristic, can drive 600 -ohm 
loads at full output. That means that 
the NE5534 is capable of delivering 
more output current than most op - 
amps, which makes it an excellent op - 
amp for this application. 

Since both halves of the circuit are 
exactly the same, we'll explain the cir- 
cuit's operation in terms of the right 

channel. Keep in mind, however, that 
the left channel operates in exactly the 
same manner. 

Op -amp U1 is configured as a non - 
inverting amplifier, providing a gain of 
about 3.7 as set by R3 and R4 (the 
22,000 -ohm and 82 -ohm feedback re- 
sistors). 

The input signal is fed through the 
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+17V 
wiper of R1 (a dual -ganged potenti- 
ometer) and coupled through CI (a 
0.1-µF capacitor) to the non -inverting 
input of U1. Capacitor C2 (a 22-pF 
compensation capacitor connected 
across pins 5 and 8 of U1) helps to keep 
the op -amp stable at the selected 
level of gain. 

The boosted output signal of U1 is 

Does your CD player 
lack a headphone jack? 

Here's a simple way to add 
one and make listening to 

compact discs easier than 
ever before! 

RIGHT 
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Fig. 1. The circuit-which is built around a pair of 5534 low -noise op -amps, allowing a 
very simple power supply to be used-gives excellent sound reproduction. 
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then fed to the headphones via a 220 - 
ohm resistor (R5). That resistor limits the 
output current to a value that's safe for 
both the headphones and the op - 
amps. The circuit can drive just about 
any headphone to ear -shattering vol- 
ume, whether the headphones have a 
low impedance (8 to 32 ohms) or a 
high impedance (600 to 2000 ohms). 

The power for the CD Headphone 
Amplifier is provided by a 9- to 12 -volt 
AC, wall -mounted power pack, feed- 
ing both a positive and negative half - 
wave rectifier circuit. The rectifier cir- 
cuit-made up of D1 and D2-outputs 
± 17 volts of unfiltered DC. The result- 

ing DC output is filtered by C5 and C6 
(two 1000-µF electrolytic capacitors), 
and then used to power the circuit. 

Normally, such an op -amp circuit 
would require three -terminal reg- 
ulators to provide balanced supply 
rails of ± 15 volts. But the 5534 op -amp 
is rated for operation up to ± 22 volts, 
which means that we can dispense 
with 3 -terminal regulators. The op - 
amps also have excellent power -sup- 

ply rejection, which means that any 
variations in the unregulated 17 -volt 
supplies are ignored. That results in ex- 
tremely quiet and hum -free amplifiers. 

Z 

Fig. 2. Actual -size template for the CD 
Player Headphone Amplifier's printed - 
circuit board. 
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A light -emitting diode (LEDI) con- 
nected in series with R11 (a 6800 -ohm 
resistor) across the ± 17 -volt lines 
serves as a power indicator. 

Construction. The Headphone Am- 
plifier was built on a printed -circuit 

Cl 

C3 

board (PCB), measuring 27/8 x 11/2 

inches and housed in an enclosure 
measuring 5/4 x 23/4 x 2 inches. A full- 
scale template of the CD Player Head- 
phone Amplifier's printed -circuit 
board is shown in Fig. 2. 

Once you've etched and drilled the 
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Fig. 3. Here is the parts layout for the CD Headphone Amplifier's printed -circuit 
board. Use shielded cable to connect JI-J4 though RI to the circuit board. 
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Fig. 4. This is a template of the author's front- and rear -panel layouts. 

o 

board, and gathered all of the parts 
for the CD Player Headphone Ampli- 
fier, begin assembling the circuit using 
Fig. 3 as a guide. When assembling 
the circuit, take care that the polarized 
components are not inadvertently mis - 
oriented. For instance, installing just 
one of the rectifier diodes (DI or D2) 
incorrectly would result in an in- 
operative circuit. 

PARTS LIST FOR THE CD - 
PLAYER HEADPHONE 

AMPLIFIER 

Ul, U2-NE5534 op -amp, integrated 
circuit 

DI, D2 -1N4002 1 -amp, 100-PIV 
rectifier diode 

LEDI-Jumbo red light -emitting diode 
RI -50,000 -ohm dual -ganged 

potentiometer 
R2, R6 -220,000 -ohm, 1/4 -watt, 5% 

resistor 
R3, R7 -8200 -ohm, %a -watt, 5% resistor 
R4, R8 -22,000 -ohm, %a -watt, 5% 

resistor 
R5, R9 -220 -ohm, '/a -watt, 5% resistor 
RIO 6800 -ohm, 1 -watt, 5% resistor 
Cl, C3 -0.l -µF, metallized -polyester 

capacitor 
C2, C4-22-pF, ceramic -disc capacitor 
C5, C6 -1000-µF, 25-WVDC, radial - 

lead electrolytic capacitor 
JI-J1 1 -way RCA panel jack 
J5-Stereo headphone jack 
SI-Single-pole, single -throw (SPST) 

switch 

Printed -circuit or pertboard materials, 
enclosure, IC socket, 12 -volt plug-in 
AC power supply, knob, coax cable, 
hookup wire, solder, hardware, etc. 

Once the circuit board is complete 
and you are reasonably sure that 
you've made no assembly errors, put 
the board to the side for a while and 
begin preparing the project's en- 
closure. 

If the CD Player Headphone Ampli- 
fier circuit is to be used solely to drive a 
pair of headphones (and will not be 
feeding the output signal to a stereo 
system), only two RCA jacks are 
needed. However, if the circuit is to 
feed a stereo system, four RCA jacks 
will be needed. The four -jack version 
obviously provides greater flexibility. 

Prepare the enclosure by drilling 
holes in the top of the enclosure for the 
volume control (R1), the headphone 
jack (J5), and the power switch (S1). On 
the side of the enclosure, drill the ap- 
propriate number of holes to accom- 
modate the RCA jacks (J1 to J4 or J1 

(Continued on page 164) 
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about all TTL devices, including stan- 
dard TTL (the 7400 series), Schottky TTL 

(74S), and low -powered Schottky TTL 

(74LS). 

In contrast to TTL, most CMOS devices 
can be powered by a wide range of 
supply voltages. Because of that, high 
and low logic levels for CMOS are de- 
fined as a proportion of the power -sup- 
ply voltage. In most cases, a high input 
to a CMOS device must be at least 
seven tenths of the supply voltage, and 
a low input to a CMOS device must be 
less than or equal to three tenths of the 
supply voltage. 

For example, when a CMOS IC is 

powered at 5 volts, an input of 3.5 volts 
or greater is a high, while an input of 1.5 

volts or less is a low. But with a supply of 
15 volts, 10.5 volts are required for a 
high, and 4.5 volts for a low. As with TTL, 

CMOS inputs between the high and 
low limits are undefined. Our Experi- 
menter's Logic Probe uses those logic - 
level constraints in detecting various 
logic levels. 

For convenient testing of digital 
circuits, a logic probe is hard to 
beat. To use a logic probe, you 

just clip the probe's power -supply leads 
to the supply bus of the circuit under 
test, then touch the probe tip to the 
point in the circuit you want to monitor. 

Light -emitting diodes on the probe 
tell you if the point being monitored is a 
logic high, low, or in-between, as well as 
showing changes in logic state. Be- 
cause the LED's are on the probe itself, 

you can easily see your results without 
having to shift your attention from cir- 
cuit to test equipment and back. 

The Experimenter's Logic Probe de- 
scribed in this article is one that you can 
build for yourself, using readily available 
parts. In reading about and building 
the probe, you'll also learn how the pro- 
be works, what its capabilities (and lim- 
its) are, and how to use the probe in 

testing and troubleshooting digital cir- 
cuits. 

Logic Basics. A review of some of the 

basic logic standards for electronic de- 
vices will aid in understanding the oper- 
ation of the logic probe. Digital -logic 
circuits include circuits that are built out 
of logic gates (such as AND, NAND, oa, etc.), 
as well as circuits that include other dig- 
ital IC's such as latches, counters, or 
even microprocessors. 

The inputs and outputs of digital IC's 

are considered to be either high or low, 
with the high and low levels repre- 
sented by voltages. The actual voltage 
required for a high or low depends on 
the family of IC's being used: TTL (Tran- 
sistor -Transistor -Logic) and CMOS 
(Complementary -Metal -Oxide -Semi- 
conductor) are the most popular types 
in use today. 

TTL devices require a power -supply 
voltage of +5 volts, with a high input 
defined as 2.0 volts or greater, and a 
low input defined as 0.8 volt or less. 

Inputs that fall between 0.8 volt and 2.0 
volts are undefined-there's no guar- 
antee of how an input will respond to 
them. Those standards apply to just 

Experimente 
Logic Prob 

Build a digital log''' probe 
that has all the ' ells and 
whistles of co mercially 
available is for under 
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Fig. 1. The Experimenter's Logic Probe detects high and low logic levels, and level 
transitions for both TTL and CMOS integrated circuits. 

Inside the Probe. Figure 1 is a sche- 
matic diagram of the Experimenter's 
Logic Probe. The circuit contains three 
integrated circuits-an LM339 quad 
comparator (U1), a 4013B dual D -type 
flip-flop (U2), and a 4001B quad Iwo - 
input NOR gate (U3). 

The circuit receives its power from 
Iwo leads that clip to V+ and ground of 
the circuit under test. Because logic 
probes are normally used with a variety 
of circuits, mistakes in hooking up the 
leads are possible. To protect the pro- 
be's circuitry, diode D1 is added in series 
with the V+ bus to prevent supply cur- 
rent from flowing in the wrong direction 
if the power -supply leads are acciden- 
tally reversed. A germanium diode is 

used because of its lower forward volt- 
age drop compared to that of a silicon 
diode. Capacitor C1 provides power - 
supply decoupling. 

For circuit protection at V,,, (the pro- 
be tip), resistor R9 limits the input current 
and diode D2 prevents the inputs to U1 

through U3 from going negative. 
Comparators UI -a and U1 -b sense 

high and low logic levels at V. Each 
comparator's output is high when its 

positive input (+) is greater than its 

negative input (-), and low when its 

negative input is greater than its 
positive input. 

The V,,, terminal (probe tip) provides 
both the negative input to comparator 

UI -a and the positive input to UI -b. A 
voltage divider sets the reference volt- 
ages for the other inputs to the com- 
parators. Separate dividers are pro- 
vided for TTL and for CMOS, because of 
their different logic -level standards. 

Switch S1 selects the appropriate di- 
vider for the circuit being tested. For TTL 

measurements, R1, R4, and R5 set pin 5 
of UI -a to about 2.0 volts, and set pin 6 
of UI -b to about 0.7 volt. For CMOS 
measurements, R2, R4, and R6 set the 
same inputs to about seven -tenths and 
three -tenths of V + . 

For example, let's say V;,, is connected 
to a TTL input of +2.4 volts. Switch S1 is 

moved to the TTL position. At UI -a, pin 4 
is greater than pin 5, so pin 2 goes low 
and the red LED (LEDI) lights, to show 
that a logic high has been detected. At 
U1 -b, pin 7 is greater than pin 6, so pin 1 

is high and LED2 remains off. 
If V, drops to 0.4 volt, the situation is 

reversed. Pin 5 of UI -a is greater than 
pin 4, and LEDI is off. But at U1 -b, pin 6 is 

now greater than pin 7, so the green 
LED (LED2) lights, to show that a logic 
low has been detected. Resistors R3 

and R7 limit the current through the 
LED's to safe levels. 

If V,,, is between 0.8 and 2.0 volts, 
neither LED lights, indicating that V,,, is at 
an invalid logic level. CMOS circuits are 
measured in the same way as TTL cir- 
cuits, except that S1 is moved to the 
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CMOS position to give the proper 
switching voltages for the comparators. 

The rest of the logic probe's circuitry is 

used to detect and display logic -level 
transitions. The probe has Iwo modes of 
operation. In the PULSE mode, LED3 is 

flashed briefly each time a transition is 

detected, while in the MEMORY mode, 
LED3 is latched on when a single transi- 
tion is detected. 

Flip-flops U2 -a and U2 -b are config- 
ured to operate as one -shots, or mono - 
stable multivibrators. The one -shots 
"stretch" any transitions detected into 
short pulses. The signal input to the cir- 
cuit at V1 is fed to the clock input of U2 - 

b at pin 11. 

When the input to pin 11 of U2 -b goes 
high, the high at the D input (pin 9) is 

transferred to the o output at pin 13. 

That allows C2 to charge through R10. 

Capacitor C2 charges until U2-b's reset 
input (pin 10) goes high, causing the 
flip-flop to reset. That forces U2 -b pin 13 

to go low again, allowing C2 to dis- 
charge through D3 and R10, producing 
a high pulse at pin 13 of U2 -b each time 
the flip-flop is clocked. 

The other flip-flop, U2 -a, is configured 
much like U2 -b, except that V, is inver- 
ted by U3 -a before it clocks U2 -a. That 
causes pin 1 of U2 -a to generate a 
pulse after a high -to -low transition of 
V,,,, instead of the low -to-high transi- 
tions that U1 -b responds to. 
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The Q outputs of the Iwo flip-flops (U2 - 

a and U2 -b) are fed to NOR gate U3 -b. 
Pin 4 of U3 -b is low whenever the Q 

output of either U2 -a or U2 -b is high. 
Switch S3 selects the PULSE or MEMORY 

mode. In pulse mode, pin 4 of U3 -b is 

the negative input to comparator U1 -d. 
Resistors R14 and R15 set pin 10 of UI -d 
midway between V+ and ground. 
Each time pin 4 of U3 -b pulses low, pin 
13 of U1 -d also goes low and causes 
LED3 to flash briefly. Resistor R13 limits 
the current through LED3. 

When switch S2 selects the MEMORY 

mode, comparator U1 -c inverts the 
pulses at pin 4 of U3 -b. Pull-up resistor 
R11 enables pin 14 of U1 -c to drive pin 13 

of U3 -d. Cross -coupled NOR gates U3 -c 
and U3 -d create a set/reset flip-flop, 
with pin 13 of U3 -d as the set input and 
pin 8 of U3 -c as the reset input. Resistor 
R8 pulls pin 8 of U3 -c low until momen- 
tary switch S2 is pressed. 

When pin 14 of U1 -c goes high, the 
flip-flop (U3-c/U3-d) is set. Pin 10 of U3 -c 
is high and pin 11 of U3 -d is low. The low 
level at pin 11 of U1 -d causes its pin 13 

output to go low, lighting LED3. The LED 

remains lit until switch S2 is pressed, 
bringing pin 8 of U3 -c high. Pin 11 of U3 - 

d can then go high, which causes pin 
13 of U1 -d to go high, turning off LED3 

until another transition is detected. 

Building the Probe. The first step in 

building your logic probe is to gather 
the components and select an en- 
closure for them. The ideal project case 
is something roughly in the shape of a 
pencil or probe, yet large enough to 
hold the switches, LED's, IC's, and other 
assorted components it requires. An in- 
terior that's easily accessible is helpful, 
too, to make project construction (and 
maintenance) convenient. 

The logic probe in the photos uses a 

plastic toothbrush case as an en- 
closure. If you come up with another 
idea, feel free to go ahead and use 
that for your case instead. When select- 
ing components for your logic probe, 
think small. For switches S1-S3, choose 
subminiature types. Resistors with 1/8 - 

watt ratings can be used for all except 
R3, R7, and R13, and will help to keep 
the project compact. (Current -limiting 
resistors R3, R7, and R13 should be rated 
at 1/2 watt for use at 15 volts.) 

The circuitry for the Experimenter's 
Logic Probe can be assembled on a 
small piece of perfboard with point-to- 
point wiring used to make the intercon- 
nections between the components. A 
board with solder -ringed holes is rec- 
ommended for ease in mounting and 
wiring the components. Wire -wrapping 
is less suitable as a means of con- 
struction for this project, because of the 
extra space required for the wire -wrap 
sockets. 

Because compact size is important 
for the Experimenter's Logic Probe, ad- 
vance planning is essential. Carefully 
plan the positioning of all components 
before you proceed with any irreversi- 
ble steps (such as drilling holes in the 
case). All of the circuitry except switches 
S1-S3 will fit on a board measuring 
about 1 x 3 inches. Resistors R1, R2, R5, 

and R6 can be soldered directly to S1 if 

space permits, or they can be mounted 
on the circuit board. Sockets are rec- 
ommended for U1-U3. 

Mount LEDI-LED3 on the circuit 
board at the correct placement and 
height so that they'll match up with their 
planned openings when the circuit 
board is inserted in the case. Use nar- 
row-gauge wire, such as AWG #30, to 
make connections between compo- 
nents in the circuit, again to keep the 
circuit as compact as possible. 

The Experimenter's Logic Probe is wired on a small piece of perfboard that neatly 
fits inside a toothbrush case. 

The probe tip is nothing more than a 
nail driven into a small wooden block. 
A length of wire connects the nail 
to the circuit board. 

Begin by installing the sockets for 
U1-U3, but don't plug the IC's into their 
sockets until all circuit wiring has been 
completed. Use Fig. 1 as a guide when 
wiring the circuit to the board, installing 
the components as required. Be sure to 
observe the proper polarity for D1-D3 
and LEDI-LED3. 

Use 6 -inch lengths of #30 wire to 
make the connections between S1-S3 
and the components on the circuit 
board. Use any convenient method to 
label the switch positions of S1 and S2, 

so that you'll know how to orient them 
when it's time to install them. 

For the power -supply leads, cut 40 - 
inch lengths of red and black stranded 
hook-up wire and strip about a 1/2 -inch 
of insulation from the ends of each. Sol- 

der the red wire to V+ and the black 
wire to ground on the circuit board. 
Leave the other ends of those wires free 
for now. 

To construct the probe's tip, you'll 
need a nail (4d or similar), a small block 
of wood, and a 6 -inch length of 
stranded hook-up wire. Strip about' - 

inch of insulation from each end of the 
wire. Cut a block of wood small enough 
to fit inside the tip of your project case, 
then drive a nail about half -way 
through the center of the block. 

Before driving the nail all the way in, 

wrap the bare end of the prepared 
wire tightly around the nail, just below 
the nail's head. Then drive the nail into 
the block, making a sound electrical 
and mechanical connection between 
the nail and the wire as you do so. 

The project case requires an open- 
ing at one end for the probe tip, an 
opening at the opposite end for the 
power -supply leads, and holes for 
LEDI-LED3 and S1-S3. Make the open- 
ings as required for your components. 
Now is a good time to label the switch- 
es and LED's on the probe's case. You 

can use rub -on transfer labels followed 
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by three coats of clear spray -on acrylic, 
or any other method that's convenient 
and durable. Install U1 -U3 in their sock- 
ets, observing the proper pin -1 orienta- 
tion for each. 

Probe Checkout. When all of the cir- 
cuit components are wired, but prior to 
installing the circuit in it's case, stop to 
check out the operation of your probe. 
Figure 2 shows a simple test circuit that 
allows you to test the probe by varying 
Vin. Just about any value potentiometer 
can be used in the circuit. As you adjust 
the wiper of the potentiometer, use 

your voltmeter to verify that the red and 
green LED's light at the appropriate 
voltages of Vin, as described above. 
Test the probe in both the CMOS and 
TTL positions of S1. 

When S2 is set to the PULSE mode, the 

PARTS LIST FOR THE 
EXPERIMENTER'S LOGIC 

PROBE 

SEMICONDUCTORS 
Ul-LM339 quad comparator, integrated 

Circuit 
U2 -4013B CMOS dual D -type flip- 

flop, integrated circuit 
U3 1001B CMOS quad 2 -input NOR 

gate, integrated circuit 
Dl, D2-1N34A general-purpose 

germanium diode 
D3, D1 1N914 general-purpose silicon 

diode 
LEDI-light-emitting diode, red 
LED2-light-emitting diode, green 
LED3-light-emitting diode, yellow 

RESISTORS 
(All resistors are Vs -watt, 5% units, 

unless otherwise noted.) 
RI -33,000 -ohm 
R2 -11,000 -ohm 
R3, R7, R13 -330 -ohm, µz -watt 
R4 -16,000 -ohm 
R5 -11.000 -ohm 
R6 -12,000 -ohm 
R8, R9, R11 -10,000 -ohm 
RIO, R12-1-megohm 
R14, R15 -100,000 -ohm 

SWITCHES 
SI-DPDT slide switch 
S2-SPST normally -open momentary- 

contact pushbutton switch 
S3-SPST slide switch 

ADDITIONAL PARTS AND MATERIALS 
CI, C2, C3 --0.1-µF, ceramic -disc 

capacitor 
Perfboard material, enclosure, LED 

holders, alligator or mini test clips, 
nail, small piece of wood hookup 
wire, solder, hardware, etc. 

Because operational power for the Experiment's Logic Probe is derived from the circuit - 
under -test, you must connect the alligator clips of its power -supply leads to the +V and 
ground buses of the curcuit to be monitored. 

yellow LED should flash each time V. 

changes from high to low or from low to 
high. When set to the MEMORY mode, a 
single transition should cause the LED to 
light, and pressing S3 should turn the 
LED off until the next transition takes 
place at V;0. 

If you detect any problems in your 
probe's operation, carefully look over 
your wiring, checking especially for 
missing or incorrect connections, or sol- 
der shorts. (It's too bad you don't-yet- 
have a logic probe to help you trou- 
bleshoot!) When all is working as it 
should, you're ready to install the circuit- 
ry in the case. 

Insert the prepared block of wood 
into the case so that the nail extends 
through the probe -tip opening. With a 
project case that pulls apart in the mid- 
dle (like a toothbrush holder), use this 
method to hold the block in position as 
you fasten it in place: Slide a small -di- 
ameter post into the half of the case 
containing the probe tip. Stand the 
post on end so that the probe tip points 
up and the post holds the wood block 
against the end of the case. With the 
case in this position, drive two small 
nails or wire brads through the end of 
the project case and into the wood 
block. 

Remove the case from the post and 
solder the free end of the wire con- 
nected to the nail to Vin on the circuit 
board. Now you're ready to install the 
circuit board. Trim all leads on the bot- 
tom of the board to minimize the height 
of the board assembly. Cover the bot- 
tom of the circuit board with electrical 

+5V 

TO LOGIC PROBE V+ 

TO LOGIC PROBE VIN 

TO DC VOLTMETER + 

4 O LOGIC PROBE GND I TO DC VOLTMETER 

Fig. 2. This circuit can be used to test 
the operation of the Experimenter's Logic 
Probe. By varying the voltage across the 
potentiometer, you can check the response 
of the unit to different values of V.,,. 

tape, to help protect the wiring from 
damage as you install the board. Care- 
fully bend the legs of the LED's toward 
the probe -tip end of the circuit board 
until the board can slide into the case. 

Gently push the board into the case 
until the LED's are directly below the ap- 
propriate holes. Use a small screwdriver 
or other pointed tool to pry the LED's 

upward into position, gently sliding the 
circuit board into place as you do so. 

At the other end of the case, tie a 
knot to act as a strain relief in the V+ 
and ground leads and route the leads 
out the opening prepared for them. 
Solder or crimp an alligator or mini test 
clip to the end of each wire. 

To install the switches, use long -nose 
pliers to hold each switch as you insert it 
into the case and screw on the mount- 
ing hardware. Be sure to orient S1 and 
S2 so that the labels on the probe case 
match the ones on the switches. When 
all three switches are mounted, close 

(Continued on page 144) 
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Experimenter s 
Logic 

Puls e r 
Alogic pulser is a tool for "active" 
testing of digital circuits. The 
pulser injects a series of pulses 

into an input and allows you to track 
down any components that aren't re- 
sponding as they should. 

The Experimenter's Logic Pulser de- 
scribed in this article generates pulses 
at a user -selected frequency of 0.5 or 
500 Hz, with a pulse width of around 5 
microseconds. If the input to be pulsed 
is already being driven high or low by 
another output, the pulser automat- 
ically pulses the input to the opposite 
logic state. 

The pulser is powered by the circuit 
under test, and operates from supplies 
of from + 5 to + 15 volts DC. To use the 
pulser, you just connect its supply leads 
to the circuit's power -supply bus, select 
your pulse frequency, and touch the 
probe tip to the inputyou want to pulse. 
A logic probe or oscilloscope can then 
be used to monitor the circuit's re- 
sponse. 

Pulser Circuitry. Figure 1 is a sche- 
matic of the Experimenter's Logic Pulser. 
The circuit contains three IC's-U1, a 
556 dual oscillator/timer; U2, a 40136 
CMOS dual D -type flip-flop; and U3, a 
40668 CMOS quad bilateral switch-all 
of which are commonly available from 
local electronics hobbyist outlets and 
through mail-order electronics sup- 
pliers. 

Diode D1 is placed in series with the 
+V power lead of the circuit to prevent 
'rong-way" supply current from flow- 
ing into the pulser if the supply leads 
are accidentally connected in reverse. 
A germanium diode is used for D1 (in- 

stead of silicon) because of its lower 
forward voltage drop. 

Timer UI -a is configured to operate in 

Add this digital signal source to 

your collection of troubleshooting aids 

the astable mode-its output at pin 5 
alternates high and low at a frequency 
determined by Cl, R1, R2, R3, and SI. 
With switch S1 open, R1 and R2 are the 
timing resistors for UI -a and pin 5 oscil- 
lates at about 0.5 Hz. With S1 closed, R3 

is placed in parallel with R2, bringing 
the circuit's oscillating frequency to 
about 500 Hz. 

Capacitor C2 provides noise immu- 
nity at pin 3, which is otherwise unused. 
Pin 5 of UI -a clocks both halves of a 
dual flip-flop (U2). The logic state of U2- 
b's D input (pin 9) matches V0,, the 
point being pulsed. When pin 11 of U2 -b 
goes high, the logic state at pin 9 is 

transferred to pin 13, and the logical 
complement of pin 9 is transferred to 
pin 12, 

At the same time, the low -to-high 
transition at pin 3 of U2 -a causes pin 1 to 
go high. Capacitor C5 charges 
through R6 until a sufficient charge is 

developed across C5 to force pin 4 
(RESET) of U2 -a high, causing the flip-flop 
to reset. Pin 1 then goes low and C5 
discharges through D2. The result is a 
short, high pulse at pin 1 of U2 -a each 
time the flip-flop is clocked. 

Integrated circuit U3 contains four 
electronically controlled CMOS switch- 
es. A high at a switch's control pin (pin 5, 

6, 12, or 13) closes the switch; a low 
opens it. When closed, each switch acts 
like a resistor of 90 to 250 ohms (de- 
pending on the supply voltage). The 
four switches are wired in two parallel 
sets, to give a lower combined resis- 
tance and to make full use of the four 
switching elements within the quad IC 

package. 
When pin 1 of U2 -a is high, all four 

switches are closed, allowing the bases 
of transistors Q1 and Q2 to be driven by 
pins 12 and 13 of U2 -b. Transistors Q1 

BY JAN AXELSON 

and Q2 form a push-pull amplifier that 
can pulse Vo, either high or low as 
required by the circuit under test. 

If Vo, is connected to an input that's 
normally high, pin 13 of U2 -b will also be 
high. When the switches close, Q2 turns 
on, Q1 remains off, and Vo, pulses low. If 

Vo, is connected to an input that's nor- 
mally low, pin 12 of U2 -b goes high. In 

this case, when the switches close, Q1 
turns on, Q2 remains off, and Vo, pulses 
high. 

When Vo, is connected to an input 
that is already being driven by another 
output, Q1 or Q2 may draw a consid- 
erable amount of current in forcing Vor 
to the opposite state. To prevent 
damage to the circuit being tested, the 
pulses are kept very short in relation to 
the pulse frequency. Even at 500 Hz, the 
pulser is actively pulsing for just 5 out of 
every 2000 microseconds-about 
0.25% of the time. 

Transistors Q1 and Q2 are 2N3904 sat- 
urated -switching types, which have the 
fast response required for creating the 
Experimenter's Logic Pulser's sharp out- 
put pulses. 

Resistor R5 provides a path for Q2's 
collector current when Vo, is con- 
nected to an open input. Resistor R4 

limits current in case V is accidentally 
connected to a voltage that is greater 
than +V. 

The final element in the pulser's cir- 
cuitry is a pulse indicator. Pin 2 of U2 -a 
provides the trigger input for timer UI -b. 
Each time pin 8 of U2 -b goes low, pin 9 
generates a high pulse that turns on 
LEDI. The pulse width at pin 9 (as set by 
R7 and C6) is about a 1/,o second, long 
enough to provide a visible flash of the 
LED. When the Experimenter's Logic 
Pulser operates at 0.5 Hz, the LED flashes 
once every 2 seconds. At 500 Hz, the 
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Fig. 1. The logic pulser generates pulses at 500 Hz or 0.5 Hz. When the pulser's tip connects 
to an input that is already being driven high or low, the pulser senses the logic state 
and automatically pulses the input briefly to the opposite state. 

LED flashes so fast that it appears con- 
stantly lit. 

Capacitor C1 provides noise immu- 
nity at pin 11 of U2 -b, and R8 limits cur- 
rent through LEDI. Capacitors C3 and 
C4 provide power -supply decoupling. 

Let's look at an example of the pulser 
in operation. Say that we want to pulse 
an input that is normally driven high. 

Pin 9 of U2 -b senses the logic high at 
Vco. Pin 5 of U1 -a oscillates at the fre- 
quency selected via S1. As pin 5 of U1 -a 
goes high, the high at pin 9 of U2 -b is 

transferred to pin 13, and a low is trans- 
ferred to pin 12. At the same time, pin 1 

of U2 -a goes high, closing the switches 
in U3. 

The high at pin 13 of U2 -b turns on Q2, 
which pulls Vou1 low. After a few micro- 
seconds, pin 1 of U2 -a goes low again, 
the switches in U3 open, base current is 

removed from Q2, and Vour can go 
high again. 

If the input to be pulsed is normally 
low, the pulser responds in much the 
same way, except that pin 13 of U2 -a 

goes low and pin 12 goes high, causing 
Q1 to turn on and bring Vols high. When 
the pulser drives an open input, R5 pulls 

Voir high, and the Experimenter's Logic 
Pulser pulses it low. 

Building the Pulser. It may not be a 
conventional project enclosure, but a 
plastic toothbrush case is just about the 
right size and shape to house the Ex- 

perimenter's Logic Pulser. Whatever you 
choose, aim for a case that's conve- 
niently shaped for use as a handheld 
tester. 

Because you'll want the project to be 
as compact as possible, choose com- 
ponents that are physically small when 
possible. For example, switch S1 can be 
a subminiature type. For C1, use a Tan- 
talum or other type of capacitor suit- 
able for timing applications. Current - 
limiting resistor R8 should be rated at 1/2 

watt for use at 15 volts. 
Point-to-point soldering on perf- 

board is fine for wiring the Experi- 
menter's Logic Pulser's circuitry. Use a 

board with solder -ringed holes to make 
the installation and wiring of the com- 
ponents easier. 

A small circuit board, say about 1 by 3 
inches will hold all of the pulser's circuit- 
ry except switch Si, which mounts di- 
rectly to the case. Sockets are 
recommended for U1 -U3. Plan your 
layout before beginning to wire the cir- 
cuits. LEDI must be mounted at the cor- 
rect height and position so that it fits its 

planned opening in the case when the 
circuit board is installed. Use narrow- 
gauge wire, such as AWG #30, to wire 
the connections between compo- 
nents, again to help reduce the circuit 
assembly's bulk. 

Begin by installing the sockets for 
U1 -U3 (but don't insert the IC's in their 
sockets until the circuit -board wiring is 

complete). Use Fig. 1 as a guide as you 
insert and wire the components of the 

PARTS LIST FOR THE 
EXPERIMENTER'S LOGIC 

PULSER 

SEMICONDUCTORS 

UI -556 dual oscillator/timer, integrated 
circuit 

U2 -4013B CMOS dual D -type flip- 
flop, integrated circuit 

U3 -4066B CMOS quad bilateral 
switch, integrated circuit 

Ql, Q2 -2N3904 general-purpose NPN 
silicon transistor 

DI-1N34A general-purpose germanium 
diode 

D2-IN914 general-purpose silicon 
diode 

LEDI-light-emitting diode 

CAPACITORS 

C1 -0.47-µF, Tantalum 
C2, C7 -0.01-µF, ceramic -disc 
C3, C6 --0.1-µF, ceramic -disc 
C4 -10-µF, Tantalum 
CS 0.001-µF, ceramic -disc 

RESISTORS 
(All resistors are 1/4 -watt, 5% units, 

unless otherwise noted.) 

RI -1000 -ohm 
R2-3.3-megohni 
R3 -3300 -ohm 
R4 -10,000 -ohm 
R5 -2200 -ohm 
R6 4700 -ohm 
R7-l-megohm 
88 -330 -ohm, 1/2 -watt 

ADDITIONAL PARTS AND MATERIALS 
Sl-SPST slide switch 
Perfboard materials, enclosure, IC 

sockets, alligator or mini test clips, 
nail (4d), LED holder, hookup wire, 
solder, hardware, etc. 
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circuit. Observe the proper polarity for 
D1, D2, C1, C4, and LEDI, and be mind- 
ful of the orientation of Q1, Q2, and the 
IC sockets as you wire them. 

Cut 40 -inch lengths of red and black 
stranded hookup wire for the power - 
supply leads, and strip a 1/2 inch of in- 
sulation from the ends of each lead. 
Solder the red wire to + V and the black 
wire to ground on the circuit board. 
Wire S1 to the appropriate points on the 
circuit board using 6 -inch lengths of 
#30 wire. 

The probe tip can be constructed 
from a nail (4d or similar), a small block 
of wood that fits inside the tip of the 
case, and a 6 -inch length of wire. 

Strip about a 1/2 inch of insulation from 
the ends of the wire. Drive the nail part- 
way through the center of the wooden 
block, then wrap one end of the pre- 
pared wire tightly around the nail, just 
under the nail's head. Drive the nail into 
the block to form a sound mechanical 
and electrical connection between 
the wire and the nail. 

On the project case, make openings 
for LEDI and S1, and make an opening 
on each end of the case for the probe 
tip and power -supply leads. Label the 
switch positions on the case with rub -on 
transfer labels followed by three or four 
coats of clear acrylic spray. 

Pulser Checkout. It's a good idea to 
check the circuit's operation before in- 
stalling the circuit board in its case. In- 
stall U1-U3 in their sockets, observing 
the pin -1 orientation for each. Connect 
a DC supply of from + 5 to + 15 volts to 
+V and ground on the board. (A nine - 
volt battery is fine for this test.) 

The pulser's LED should flash about 
once every 2 seconds with S1 set at 0.5 
Hz and should appear constantly lit at 
500 Hz. If you monitor Vour with a logic 
probe or oscilloscope, Vow should be 

+v 

5 

6 U1 -b 

1/44001 

12 
10 IC>. Illu1 

1/44001 1/44001 

11 

Fig. 2. Use this circuit to test the operation of the logic pulser. Points A and C are normally 
high, so the pulser will pulse them low. Point B is normally low and so will be pulsed high. 

normally high, with short, low -going 
pulses about every 2 seconds or 2 milli- 
seconds, depending on S1's setting. 

The exact output frequencies of the 
pulser aren't critical. Frequencies within 
20 percent of the specified values are 
fine. 

Figure 2 shows a simple circuit for 
testing the pulser in an active circuit. 
Points A and C in the circuit are normally 
high, and point B is normally low. 

If you connect the Vow on the pulser 
to point A or point C, the pulser should 
generate short, low pulses at the fre- 
quency selected. If V00. goes to point B, 

the pulser should generate high -going 
pulses. You can also try this test with a TTL 

IC such as a 7402. (Be sure to use a 5 - 
volt supply with TTL.) 

If you detect any problems in the op- 
eration of your Experimenter's Logic 
Pulser, stop now to find and fix them. 
Look the circuit over for incorrect or 
missing connections or solder bridges. 
When all is working, you're ready to 
finish putting the pulser together. 

The first step is to fasten the probe tip 
inside the case. To do that, insert the 
prepared wooden block into the case 
with the nail extending out its opening. 
To hold the block in place as you fasten 
it, find a block or post that fits into the 
case, and is longer than the case. 

Insert the block or post into the case 
and stand it on end so that the block is 

pushed against the end of the case. 
Drive two small nails or wire brads 

Most of the circuitry for the logic pulser is wired on a small circuit board that fits neatly 
inside of an ordinary toothbrush case. 

through the case and into the wooden 
block. Solder the free end of the wire 
that connects to the pulser tip to Vow on 
the circuit board. 

Before installing the circuit board, 
trim all leads on the bottom of the 
board and cover the bottom with elec- 
trical tape to protect the wiring as the 
board is inserted. Carefully bend the 
legs of the LED toward the probe -tip 
end of the circuit board and slide the 
circuit board into its case. 

When the LED is directly below its 

opening, gently pry it up into place with 
a small screwdriver or other pointed 
tool, pushing the circuit board into the 
case slightly as you do so. 

Tie a knot in the +V and ground 
leads to act as a strain relief, and insert 
the leads through their hole in the end 
of the case. Crimp or solder an alligator 
or mini test clip to the end of each wire. 
When mounting switch S1, be sure to 
orient it so that the "open" switch posi- 
tion matches your 0.5 -Hz label on the 
case. Use a long -nose pliers to hold the 
switch in position inside the case as you 
fasten its mounting screws. 

Finally, carefully close the case and 
check the operation of the pulser once 
more, to be sure that the final installa- 
tion did no damage. When all is func- 
tioning correctly, complete your project 
by pressing the top half of a two-part 
LED holder around the LED on the case. 
The pulser is now ready for use. 

Using the Pulser. To use the pulser to 
verify that a logic gate in a circuit is 

operating properly, clip the power 
leads of the Experimenter's Logic Pulser 
to +V and ground buses of the circuit 
under test and touch its tip to an input. 
Use a logic probe, oscilloscope, or 
other logic monitor to observe the out- 
puts of the gates in question. 

Because the Experimenter's Logic 
Pulser is powered by the circuit under 
test, it automatically generates pulses 
of the correct amplitude for your circuit. 
Use the 0.5 -Hz setting when you want to 
watch the effect of a single pulse on an 
input, and 500 Hz when you want to see 
the effects of a pulse train. 
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he personal computer revolu- 
tionized my working life. I 

routinely use several personal 
computers in my work as an electronics 
professional and as a technical writer. 
My main computer is an IBM-PC, and it 

was one of the first B -series (i.e. 256K 
motherboard instead of 64K) comput- 
ers to arrive at the local dealer. That 
machine has served me well for several 
years, but now it's obsolete. Some soft- 
ware won't run on it at all, and other 
software is inconvenient to use be- 
cause the machine lacks a hard -disk 
drive. 

Starting about two years ago I slowly 
updated the old PC, to take advantage 
of current technology. In this article I'll 

show you how to upgrade your old PC 

(in steps or in one big swoop). 
My IBM-PC has 256K of Dynamic 

Random Access Memory (DRAM) 
made up of four banks of 4164-150 
DRAM chips, with nine chips per bank. 
Almost all modern software appearing 
on the market today requires at least 
512K of RAM, therefore, my first upgrade 
was to add memory. MS-DOS and PC - 

o DOS recognize up to 640K of memory, 
m so I had to add 384K in order to bring 

z the machine up to date. 

= The old PC had a parallel -printer 

l- port, a monochrome text -only TTL 

m 
monitor, and a pair of 360K, 5.25 -inch, 

ó 
Full -Height (FM Double -Sided Double- 

= Density (DSDD) floppy -disk drives. No 

á RS -232C serial port was available, 
0 which makes using modems and some 
cn - printers difficult. Today's systems almost 

Upgrading 
Your 

PC 
BY JOSEPH J. CARR 

Who says you have to junk 
your faithful old clunker. 
Instead, learn how to 

squeeze more performance 
from your current machine. 

exclusively use Half -Height (H! -q floppy - 
disk drives. And many current machines 
use HH quad density (1.44m) 5.25 -inch 
drives, 720K 3.5 -inch HH disk drives, or 
1.44 -megabyte 3.5 -inch HH disk drives. 

Avoid ESD Damage. A word of cau- 
tion is in order before I describe my 
upgrade: Personal -computer mother- 
boards, plug-in cards, and the elec- 
tronics sections of disk drives use 
components that are sensitive to elec- 
trostatic potentials that can build up on 
your body. Static charges that you 
might not even feel can blow out or 
shorten the life expectancy of those 
electronic components. When working 
on your PC, always follow good anti-ESD 
(ElectroStatic Discharge) procedures. 

For example, don't wear wool or gar- 
ments made from synthetic fabrics that 
generate a lot of static electricity. Dis- 

charge yourself by touching a 
grounded point before starting to work. 
Ideally, wear a grounded ESD wriststrap 
(available at many electronics parts 
distributors), and use soldering tools 
that have grounded tips. 

Lastly, don't remove boards or com- 
ponents from their packaging until you 
are ready to use them. Those translu- 
cent tubes and plastic bags are treated 
to prevent damage from any static 
electricity that may be present. 

Basic Upgrade. The most basic up- 
grade that I, and most older -PC owners, 
needed was to add more DRAM and a 
serial port. There are a number of add- 
on boards that fit into the accessory 
slots on the motherboard to accom- 
plish that. External connectors, if any, for 
the plug-in boards protrude through 
the rear panel of the computer. For my 
basic upgrade I selected the AST Six- 

pack expansion card because it offers 
up to 384K of additional memory, an 
asynchronous RS -232C serial port, an 
additional parallel printer port, a game 
port, and an on -board clock/date 
function that eliminates the need for 
typing in the date and time every time I 

boot-up-all on one card! 
Shopping around for DRAM chips is 

definitely worthwhile. Don't take the 
prices in mailorder ads too seriously, 
however; Ads are prepared several 
months in advance, but the DRAM mar - 
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This old B -series IBM-PC with two full - 
height 360K floppy -disk drives should give 
you some idea of the waste of space 
permitted way back when. 

ket changes almost schizophrenically. I 

found the actual prices of DRAM's were 
lower than their advertised price. In 

one case, the DRAM price was 40 -per- 
cent less than the advertised price. Al- 
though the price of memory is now on 
the upswing, it is worthwhile to call and 
ask the current price before buying. 

When adding a product like the Six- 

pack you will have to configure the 
board and the motherboard to recog- 
nize the new memory size. Consult the 
owner's manuals for both the new 
board and the computer to find out 
how to set the DIP switches or on -board 
jumpers for the specific memory size 

that you select. 
I also decided to add a simple 

graphics card to allow my IBM-PC to 
work with certain software. I selected 
the Hercules -format graphics card be- 
cause it is minimally acceptable, and 
primarily because it would work with 
the standard green -screen TTL monitor 
that came with the machine many 
years ago. A new Hercules -format (or 
clone) card usually costs less than $80, 
so it is a reasonable selection for an old 
computer. Those who want to add a 
modern monitor, and one that works a 
whole lot better, can use an EGA or VGA 
monitor with the appropriate card. 

Adding/Changing Disk Drives. 
When I bought my PC there was only 
one type of disk drive: the 5.25 -inch FH, 

DSDD 360K model. But today there are 
several different types, sizes, and ca- 
pacities such as the 5.25 -inch HH 360K 
DSDD, the 5.25 -inch HH 1.2 -megabyte, 
the 3.5 -inch HH 720K, and the 3.5 -inch 
144M HH. While I paid $395 for an addi- 
tional DSDD disk drive "way back when," 
current prices run from around $60 to 
$80 for 360K DSDD drives, to about $120 
to $150 for one of the larger capacity 
3.5 -inch drives. If you hunt around a bit 
you will likely find them for even less. 

One of the things that prompted me 

to upgrade the old PC was the fact that 
one of my 5.25 -inch 360K FH DSDD driv- 
es bit the dust. Instead of just replacing 
the drive with another of the same type, 
I opted to install a mix of drives. Be- 

cause many software manufacturers 
may soon offer their wares only in the 
3.5 -inch, 720K format, it is wise to get 
one of those drives. The combination 
that V selected consisted of one 3.5 - 
inch, 720K HH for drive B, and one of the 
original 5.25 -inch, 360K drives for drive 
A. You can, however, use several drives 

This floppy -drive controller card can only 
operate a floppy disk drive. It lacks the 
hardware to service input/output ports or 
a hard disk. 

in differing mixes according to your 
own needs. 

There is a mechanical problem that 
confronts owners of older PC's who wish 
to add a half -height drive: there are 
more holes, in a slightly different ar- 
rangement in the newer models. 
Owners of older machines will have to 
either fashion an adapter plate of their 
own, or buy a commercially made 
mounting plate such as Jameco Elec- 
tronics' Model TMHD mounting plate 
selling for about $3. Also offered by 
Jameco are other disk -drive mounting 
hardware that may be needed by 
some people. In my case, replacing an 
FH drive with an HH drive left an empty 
space. I bought a bezel from Jameco 
for about $1, which covered up the un- 
sightly hole. 

Adding a 3.5 -inch disk drive to an 
older machine may not be the straight- 
forward task that it seems. There might 
be problems with the internal BIOS 

(Basic Input/Output System) and the 
version of MS-DOS or PC -DOS that you 
have. 

The BIOS is contained in a Read -Only 
Memory (ROM chip on the mother- 
board inside the computer. It allows the 
computer to read disks (among other 
tasks) so that the disk operating system 
(DOS) and applications programs can 
be input to the computer. An old BIOS 

might not support newer drives, how- 

ever, so you will have to buy a later 
version. Some authorized IBM dealers 
will sell the latest BIOS for your machine, 
although you might have to look hard 
to find one locally. Alternatively, you can 
use one of the many good clone BIOS 

available today. I selected the latest 
one (Version 2.52) from a company 
called Phoenix Computer Products. 

One note when buying a new BIOS: 

These "firmware" programs come in 

two formats: one 28 -pin DIP ROM chip 
or two chips. According to one dealer I 

consulted, some motherboards will not 
work properly with the two -chip version 
of the BIOS, so he recommends order- 
ing only the single -chip version unless 
specific information is available on the 
particular motherboard being used. 
Note: the existence of two ROM sockets 
on the motherboard does not signify 
that the motherboard will only accept 
the Iwo -ROM version of the BIOS. 

Older versions of MS-DOS or PC -DOS 

will not support the latest floppy disk 
drives. I used DOS 1.1 and 2.0 for years, 
but they won't work with the newer 3.5 - 

Half -height hard -disk drives designed to fit 
into one of the slots intended for floppy 
disk drives, can give you super storage in 
a very tiny space. Technology has really 
changed! 

inch drives. Use DOS 3.2 or higher for 
720K drives, and 3.3 or higher for 1.44M 
drives. An anomaly reported on some 
versions of 3.30 is that the 3.5 -inch drive 
must be drive A version 3.30A allows 
any type of drive to be used as the A or 
B drives. 

You may also need to obtain a newer 
floppy -disk controller card, and therein 
lies a pitfall for the unwary. There are 
several different forms of 3.5 -inch drive, 
and the controller card must be capa- 
ble of accepting the one that you buy. 
For that reason I recommend that you 
buy the disk drive and the controller 
card from the same source. I bought a 
Toshiba Model 352KU (720K) drive and 
the JE -1043 controller card from Jam - 
eco because their catalog specifically 
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listed those components as compati- 
ble with each other. The JE -1043 will 
control two drives, they can be any of 
the standard types discussed above, 
and they can be separately configured 
on the JE -1043 by moving jumpers 
around according to the instructions 
supplied. 

When I finished with the first and most 
basic upgrade of my old IBM-PC, it was 
configured with 640K of memory, a par- 
allel port, a serial port, one of the origi- 
nal 360K FH 5.25 -inch floppy drives, a 
new 3.5 -inch 720K drive, and a Her- 
cules graphics card. 

Higher Upgrades. The basic upgrade 
that I performed on my old IBM-PC was 
sufficient for my needs at the time, and 
it is still in use. But there are other things 
that could also be done to improve the 
machine. However, some of these are 
so extensive that one has to consider 
whether the task ought to be refurbish- 
ing an old machine, or building a new 
one. Both are viable alternatives for any 
electronics buff who knows how to use 
a screwdriver. 

Hard -Disk Drives. All modern com- 
puters should use either an external or 
internal (preferable) hard -disk drive. Al- 
though the original IBM-PC/XT hard disk 
had only ten megabytes of storage 
(which seemed vast in 1985), currently 
several options are available to you for 
adding hard -disk capability. One re- 
cent catalog offers hard disks from 20 - 
megabytes to 120 -megabytes, and I've 
seen ads for models up to 350 -mega- 
bytes. 

Owners of older machines, es- 
pecially the IBM-PC (or clones) that did 
not have a hard disk, may wish to use a 
"hard card." Those products are stan- 
dard IBM-compatible plug-in cards 
that fit into one of the expansion slots. It 

contains a disk drive and a controller 
card on one plug-in assembly. I recently 
added a Shamrock Lepracard Model 
330 30 -megabyte hard card to my old 
IBM-PC, completing the upgrade. 

Various manufacturers offer FH and 
HH hard -disk drives that can boost the 
usefulness of your computer consider- 
ably. Those drives can fit into one of the 
floppy -drive positions on your comput- 
er. A common configuration is to use a 
FH or HH hard disk in the right hand 
position formerly occupied by drive B, 

and the HH floppies in the left position 
formerly occupied by the FH drive A. 

Many people place a 5.25 -inch, 360K 
(drive A) and a 3.5 -inch 720K drive 

This is e 150 -watt replacement power 
supply for the PC/XT installed in a PC/XT 
cabinet. The number of screws to mount 
your power supply will depend on your 
cabinet. 

(drive B) in the left side position, and a 
HH or FH hard disk in the right side. 

In my own situation, I recently built an 
XT -turbo class machine using a Sea- 
gate ST -238R 30 -megabyte hard disk. 

That same drive (or one of the others) 
can be used in either a newly con- 
structed machine or an upgraded or 
refurbished older machine. A hard -disk 
controller will be needed, and they can 
be bought from the same source as the 
drive. In fact, it is the best policy to buy 
both the drive and the controller from 
the same source so that you can make 
certain that they are compatible. Most 
mailorder companies will designate 
the controllers and drives that go to- 
gether, and many of them offer a spe- 
cial price when the two are purchased 
together. Buying a "bargain" may pro- 
duce unforeseen headaches! 

In particular, you may run into prob- 

lems if you've previously upgraded your 
PC with higher capacity 5.25- or 3.5 - 
inch floppies, or if you plan to in the 
future. Your best bet then is one of the 
new breed of versatile controllers that 
can handle all of the popular floppy 
formats, as well as hard disks. One ex- 
ample of those is RMT Systems' 
RMT2001-F2H2 controller. That single - 
board controller can handle two 3.5- or 
5.25 -inch floppies, as well as most pop- 
ular hard -disk drives, and free up an 
expansion slot in the bargain. 

More Power To You. The original IBM- 

PC used a 67 -watt DC power supply. If 

you add a lot of special-purpose ex- 
pansion cards (with the full 640K of 
memory), or a hard -disk drive, then it 

may become necessary to beef up the 
DC power supply. Many sources exist for 
new power supplies in 135 -watt, 150 - 

watt, and even 250 -watt capacities; I 

recommend at least 150 watts. The sup- 
plies fit directly into either the IBM-PC/XT 

type chassis, or the IBM -AT type chassis, 
and now cost less than $100 (I've seen 
some 150 -watt models advertised by 
mailorder sources for less than $50). The 
DC supply fits into the computer case at 
the right rear corner, and is attached by 
two to five screws (depending upon its 

origin) to the rear panel. It can be re- 
placed easily (in minutes) with only a 
screwdriver or 1 -inch nut driver. 

New Motherboards. The old IBM-PC 

operated at 4.77 -MHz, so it is very slow 

Here's an XT --turbo &/O -MHz replacement motherboard. The on -board DRAM memory 
used on modern boards like this consists of 4/256 chips or higher. 
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by modern standards. Along with im- 
proved speed, newer motherboards 
offer various features and later versions 
of the BIOS ROM. There are a lot of new 
"turbo" XT -compatible boards on the 
market, usually for less than $100, that fit 
directly into the chassis of the IBM-PC or 
IBM -XT type of machine. The straight 
turbo boards usually feature either the 
same 8088 processor as the originals, 
or the supposedly faster 8088 replace- 
ment NEC V-20, but run at faster clock 
speeds. Common turbo boards oper- 
ate at both the standard 4.77 -MHz 
clock speed and a faster speed in "tur- 
bo mode" (either 8 -MHz or 10 -MHz). 

You can also buy new motherboards 
that are AT -compatible, but fit into the 
PC/XT-size cabinet. Those boards are 
usually designated "baby -AT" or "mini - 
AT" StraightAT-compatible boards are a 
little larger, so must be installed in an AT - 

class cabinet. The AT boards are 
equipped with an 80286 processor. It is 

SOURCES OF PARTS 

The list of sources below is not intended 
to be complete, but rather offers a point 
of departure for you in locating adequate 
sources of computer parts. Check the 
advertisements in this magazine for other 
sources. 

American Design Components 
815 Fairveiw Ave. 

Fairview, NJ 07022 
Tel. 800-776-3700, or 
201-941-5000 

CIRCLE 41 ON FREE INFORMATION CARD 

AST Research, Inc. 
2121 Alton Ave. 

Irvine CA 92714-4992 
Tel. 714-863-0181 

CIRCLE 42 ON FREE INFORMATION CARD 

Jameco Electronics 
1355 Shoreway Road 

Belmont, CA 94002 
Tel. 415-592-8097 

CIRCLE 43 ON FREE INFORMATION CARD 

JDR Microdevices 
2233 Branham Lane 
San Jose, CA 95124 
Tel. 408-866-6200 

CIRCLE 44 ON FREE INFORMATION CARD 

Jinco Computers, Inc. 
5122 Walnut Grove Ave. 

San Gabriel, CA 91776 
Tel. 818-309-1108 

CIRCLE 45 ON FREE INFORMATION CARD 

RMT Systems, Inc. 
18226 McDurmott West. Suite E 

Irvine, CA 92714 
CIRCLE 46 ON FREE INFORMATION CARD 

Shamrock 
733 -AA Lakefield Rd. 
Westlake Village, CA 91361 

CIRCLE 47 ON FREE INFORMATION CARD 

li you want to conserve expansion slots on un 8 -bit nmrhine, u multi -purpose card is the 

way to go. This RMT2001-F2H2 controller card can support two floppy drives and two 

hard -disk drives simultaneously. To top it all off, it cotnes with an on -board BIOS so you 

can vary the configuration of the drives. 

also possible to buy different speed AT - 

class motherboards. Models from 8 MHz 

to 33 MHz are available. 
Speed is sometimes a red -herring is- 

sue, and it's not always true that faster is 

better. But in general, there is good rea- 
son to buy a faster board if you have the 
money. But a word of warning is in order. 
Some manufacturers reportedly offer 
speedy boards that use a less speedy 
processor chip. Although the chip works 
at the higher speed, the internal semi- 
conductor -junction temperatures 
could rise above the maximum spec- 
ified level. Reliability engineers tell us 

that a 10°C rise of junction temperature 
halves the mean time between failure 
(MTBF) rating of the device! 

The prices on motherboards are 
dropping rapidly, and the picture of 
what's available is changing. You will 
have to check the mailorder ads and 
catalogs from mailorder companies to 
find the current offerings, but you are 
almost sure to be pleased with what 
you find. 

Sources of Supply. Although there 
are dealers in some localities who han- 
dle a full line of components for either 
the builder or refurbisher of personal 
computers, most readers will probably 
want to buy mailorder. I experienced 
no difficulty in buying from mailorder 
sources, but you might want to use a 
little caution when dealing with un- 
known sources or sources that exist only 
as a post -office box. In general, the 
sources that advertise in national mag- 
azines are straight shooters (at least, 

that's been my personal experience), 
and so can be a quality source of parts 
and components. 

In general, unless you are familiar 
with the capabilities of the equipment 
you are acquiring, it is best to buy from a 
single source when purchasing items 
that must work together in an inte- 
grated manner. Examples include flop- 
py -disk drives and floppy controller 
cards, hard -disk drives and hard -drive 
controllers, etc. It is also sometimes a 

problem mixing unknown mother- 
boards with plug-in controller cards be- 
cause of BIOS compatibility. 

The only time I got "stung" on a part 
was at a hamfest/computerfest. One 
dealer offered motherboards at a 
good (but not great) price. I bought 
one, but when I fired it up at home I 

found certain read errors were hap- 
pening. On calling Phoenix I found out 
that the BIOS chip it contained was an 
older version (2.27), and did, in fact, 
contain errors. They recommended 
that I buy Version 2.52 and provided a 
reasonably local telephone number for 
a "nearby" dealer. The new BIOS cost 
$35 and solved the problem. 

Some Common Sense. It is easy to 
rush out and buy all the parts that your 
bank account or credit-card limit can 
tolerate. If you're like me, then you're 
tantalized by the best and most recent 
of everything electronic. But when a 

dose of old-fashioned reality sets in, you 
may find that the latest and greatest is 

not needed. For example, your old PC 

(Continued on page 154) 
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Build o 

Socket 
Here's a fun project that's bound to generate a shocking response! 

What would you think if you saw 
a small box that had an AC 
socket mounted on it, just lay- 

ing on a desk? Your first impression 
might be 'this can't be real so why is it 
here?" The next thing you'd do is pick it 
up for closer examination. About that 
time you'd be the recipient of a small 
jolt that will make you put it down in a 
hurry, most likely while mumbling a few 
choice words to yourself. 

The circuit described in this article- 
the Hot Socket-is designed to deliver 
a mild shock to anyone inquisitive 
enough to pick it up. Shocks can be 
dangerous when they are received 
across a vital organ such as the heart. 
But with the Hot Socket, the startle fac- 
tor is much greater than the actual 
danger. 

In fact, the voltage and current gen- 
erated (about 70 to 80 volts) by the Hot 
Socket is but a fraction of that pro- 
duced by a stun gun or cattle prod. 
But, it is enough to establish in your 
mind that you just received a shock 
from an outlet that, from all ap- 
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pearances, has no power connected 
to it. 

However, as safe as the unit may be, 
common sense should prevail when 
using the project. Don't leave it turned 
on and accessible to just about any- 
one who might happen along (such as 
a heart patient). Use it only under con- 
trolled circumstances. 

Power for the circuit is turned on and 
off via a slide switch hidden on the 
bottom of the project's enclosure. 
When the switch is flipped to the on 
position, the circuit goes into sort of a 
semi -dormant condition until it is 

picked up and tilted slightly. The actu- 
al turn on is accomplished by way of 
four miniature -mercury switches ori- 
ented in four different directions. 

When the Hot Socket is tilted, one of 
those switches closes, applying power 
to the circuit. At that point, a low -fre- 
quency oscillator is activated, which 
energizes a relay, causing its contacts 
to close momentarily. That produces a 
short pulse through the primary of a 
home-made transformer. 

The secondary of the transformer is 

connected to the four aluminum -foil 
plates mounted on the sides of the en- 
closure. The opposing plates are con- 
nected across the secondary of the 
transformer. 

How It Works. Figure 1 shows the 
schematic diagram of the Hot Socket. 
The circuit consist of two general-pur- 
pose transistors (Q1 and Q2) and a few 
support components, including a 
home-made transformer. When S1 is 

flipped to the on position and the cir- 
cuit is not tilted in any direction, no 
power is delivered to the circuit. But 
when the circuit is tilted, power is ap- 
plied through one of the mercury 
switches and a voltage divider net- 
work (consisting of R2 and R4) to the 
base of transistor Q1, turning it on. At the 
same time, a short -duration pulse is 

applied to the emitter of that transistor 
via capacitor C1. 

With Q1 turned on, the base of tran- 
sistor Q2 is pulled low. Normally that 
would turn on Q2, but the short pulse 
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Fig. 1. The Hot Socket consist of nothing more than two general-purpose transistors 
(Q1 and Q2) and a few support components, including a home-made transformer. 
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Fig. 2. Here is a template of the Hot Socket's printed -circuit board. The board has a dual 
role: it serves as the chassis on which the components are mounted, and as the bottom 
cover for the enclosure. 

through capacitor C1 momentarily 
holds Q2 off. As C1 starts to charge 
toward the supply potential, Q2 turns 
on, delivering a pulse of energy to re- 
lay Kl, energizing it. Relay Kl, which is 

connected across the positive and 
negative supply rails, applies a short 
burst of energy across the primary of 
transformer TI. That causes a higher 
voltage to be induced in the second- 
ary winding of the transformer. The out- 
put of T1 is then applied across the four 
aluminum -foil plates. 

Construction. The author's prototype 
of the Hot Socket was built on printed - 
circuit board, measuring about 31/2 

square. All components were surface 
mounted to the foil side of the board. 
Figure 2 shows a template of the Hot 
Socket's printed -circuit board. The PC 

board has a dual role: it serves as the 
chassis on which the components are 
mounted, and as the bottom cover for 
the enclosure. 

The parts -placement diagram for 
the Hot Socket's printed -circuit board is 

shown in Fig. 3. The 9 -volt battery, B1, is 

held in place by two loops of No. 14 

solid -copper wire formed around the 
battery and soldered to the board. A 
small loop is also soldered to the 
board at the bottom of the battery to 
keep the battery from sliding into the 
mercury switches located near the 
bottom end of the battery. 

The leads of a snap -on battery con- 
nector are cut short and soldered to 
the terminals marked plus and minus 
on the PC board. The resistors were 
vertically mounted to the board to 
conserve space. The electrolytic ca- 
pacitor, C1, can be of either radial- or 
axial -lead type. However, if an axial - 
lead unit is used, it will be necessary to 
mount it vertically. 

The pins of the relay were bent out- 
ward and soldered to the pads on the 
board. A small slot was cut in the PC 

board to allow access to the slide 
switch handle and the slide switch was 
soldered to the pad provided. Small 
foot pads were mounted on the cor- 
ners of the board to keep the project 
from resting on the slide switch handle 
when the project is completed. 

The four miniature mercury switches 
are mounted with the lead ends ele- 
vated about Y,e inch above the board 
with the tops pointing downward. That 
mounting scheme guarantees that no 
power is applied to the circuit when it is 

laying on a flat, level surface. The mini- 
ature mercury switches (S1 to S4) are 
not readily available from most elec- 
tronic -parts suppliers, but are avail- 
able in sets of four from the supplier 
given in the Parts List. 

The miniature mercury switches are 
encased in metal and the metal cover 
is not insulated from the circuit. In order 
to prevent the cover from shorting 
against other board components or 
circuit -board traces, slip a small piece 
of heat -shrinkable tubing over each 
unit before mounting. When the switch- 
es are mounted and adjusted, secure 
them to the board with a drop of epoxy 
cement. 

The transformer is not available from 
any supplier and must be made by the 
experimenter Figure 4 gives details for 
the construction of the home-made 
transformer used in the Hot Socket. 
Start by cutting two small pieces of 
single -sided printed -circuit board ma- 
terial to a half inch square. Drill a hole, 
using a No. 35 bit, in the center of each 
square. 

Next, heat a 3 -inch No. 10D finishing 
nail over the burner of a kitchen stove 
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Fig. 3. This parts -placement and orientation diagram makes 
assembly of the Hot Socket a snap. Just be careful when installing 
the transformer; incorrect installation of that component will 
result in step-down operation, instead of step-up operation. 

PARTS LIST FOR THE 
HOT SOCKET 

Ql-2N3903 general-purpose NPN 
silicon transistor 

Q2 -2N3905 general-purpose PNP 
silicon transistor 

RI -4700 -ohm, % watt, 5% resistor 
R2 -2200 -ohm, % watt, 5% resistor 
R3 -100 -ohm, '/4 watt, 5% resistor 
R4 -22,000 -ohm, % watt, 5% resistor 
CI -33-µF, 16-WVDC, electrolytic 

capacitor 
K1 -12 -volt micro -miniature relay 

(Radio Shack 275-241) 
S1-S4-Miniature mercury switch, see 

text 
S5 SPST or SPDT miniature slide 

switch 
TI-see text 
BI -9 -volt transistor radio battery 

Printed -circuit materials, wood, hard 
board, nail, battery, No. 36 AWG 
magnet wire, No. 14 wire, snap -on 
battery connector, etc. 

Note: A set of four miniature mercury 
switches (part No. 3004) is a available 
at $10.00 (postage paid) from 
Electronic Enterprises, 3305 Pestana 
Way, Livermore, CA 94550. 
California residents please add 
appropriate sales tax. Please allow 6 to 
8 weeks for delivery. 

until it is cherry red, and let it cool slow- 
ly without quenching. That annealing 
process improves the ferromagnetic 
properties of the nail. After it has 
cooled, remove any scale by the 
placing it in an electric power drill and 
sanding it. 

Once that's done, push the nail into 
one of the small circuit -board squares 
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Here is the fully assembled printed -circuit board ready to be 
joined with its wooden enclosure. The white strips on the 
enclosure are actually the aluminum foil. When the project is 
fully assembled, the foil contacts the L-shaped circuit traces on 
the board, which are connected to the secondary of the 
transformer. When the project is tilted in any direction, a mild 
shock is delivered through the strips. 
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Fig. 4. The form on which TI is wound must 
be fabricated by the builder. This illus- 
tration shows construction details for fab- 
ricating the form. 

from the foil side until the head is about 
a quarter -inch above the copper sur- 
face. Solder the nail to the copper sur- 
face of the board. Next, drive the nail 
into the other square from the fi- 
berglass side until the two squares are 
about two inches apart, as measured 
from the outside edges of the square 
end pieces. 

Set the form on a flat surface and 
align the second square with the first so 
that it can be mounted on two flat 
edges. Solder the nail to the square to 
complete the coil form. Do not cut the 
excess nail length off at this time. 

Cover the nail between the two ends 
with a single layer of scotch tape to 
keep the wire from shorting to the nail 
during winding. Wind a single layer of 
No. 36 AWG magnet wire the full 
length of the form (about 325 turns) 
between the end squares, That wind- 
ing will serve as the primary of the 
transformer. 

S3 S4 S2 02 B1 

Next, place the pointed end of the 
nail into an electric drill and wind 
about 100 feet of No. 36 wire over the 
full length of the form. Lightly sand the 
insulating varnish from the ends of the 
four transformer leads and solder them 
to short pieces of light -gauge 
stranded wire and tape them to the 
coil with masking tape. That allows for 
easier handling without the fear of 
breaking off the fine magnet wires. 

The ends of the nail can now be cut 
off almost flush to the printed circuit 
squares. The primary of the transformer 
is soldered to their pads on the printed - 
circuit board. The secondary wires are 
soldered to the pads and also con- 
nected to the L-shaped, printed -circuit 
traces. Those traces, when the board is 

fitted into its enclosure, contact the 
aluminum strips that are glued to the 
project's enclosure. 

Building the Enclosure. The en- 
closure itself can be made from scraps 
of wood that you may have laying 
around. Start by making a frame 
about 31 -inches square, and 7/s -inch 
high (see Fig. 5) from a 3/s -inch thick 
piece of wood. The author's enclosure 
was made from molding strips of the 
type that is readily found at most 
lumber yards. 

Cover the top of the frame with a'/a- 
or Ya -inch thick square piece of hard- 
wood. Sand smooth and paint the en- 
closure. The side plates-which are 
made from aluminum foil-are glued 

(Continued on page 151) 
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Anyone who participates in 
hobby electronics sooner or 
later needs electronic test 
equipment. For most of us 
who've been into it for a while 
that means a multimeter and 
perhaps a low-ena os- 
cilloscope. Later many hob- 
byists spring for a cheap 
transistor checker, overlooking 
the need for a capacitance 
meter or a frequency counter. 

THE F/C 
METER 
BY LUTHER M. STROUD 

Measure capacitance, 
frequency, RPM, and 
more with this 

easy -to -build and 
easy -to -use instrument 

After all, if you all ready have 
an oscilloscope and a multi - 
meter, you can test capacitors 
(using the mLltimeter) on a go/ 
no-go basis; or count grids on 
an oscilloscope to get a pretty 
close approximation of the 
frequency in a given circuit. So, 

at first glance, -here appears 
to be no need for those pieces 
of test gear. 

One reason the main 
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one-that other instruments are 
needed is for greater precision. For in- 
stance, a frequency counter, whose 
only purpose in life is to count pulses, 
will usually read a frequency to within a 
few hertz, whereas, the same frequen- 
cy calculated from an oscilloscope 
screen might be off by as much a 500 
Hz or more. That's why specialized "data 
collectors"-like the F/C Meter pre- 
sented in this article-are needed. 

The F/C Meter is a low-cost project 
that allows you to measure frequencies 
from 1 Hz to 100 kHz and capacitance 
from 5 pF to 1µF over five ranges. It can 
also provide a frequency standard, or 
be used as an oscilloscope calibrator, 
squarewave signal injector, and a 
marker for audio -sweep generators. If 

you add the optional optical pick-up 
probe, you can use the project as a 
non -contact tachometer. I'm sure you 
can come up with many more uses. 

Circuit Description. Figure 1 is the 
schematic diagram of the F/C Meter. 
The circuit can be divided into Iwo 
parts; the frequency standard/dividers 
and the frequency -to -voltage convert- 
er circuit. The frequency -standard 
portion of the circuit consists of a 4093 
hex NAND Schmitt trigger (U1), four 4017 

Mi U2 -U5 

B1 

AND 
B2 

J1 Ui J2 Cl U6 

J3 
AND 
J4 

The circuit board for the F/C Meter and its power source are mounted to an inner front panel 
of the enclosure. The board is held in place by the mounting hardware that secures Jl 
and J2 in place, while the dual -battery power source is held in place with strips of 
double -sided tape. 

decade counter/dividers (U2 through 
U5), and a handful of support compo- 
nents. 

When power is applied to the circuit, 
an UC oscillator-consisting of U1 -a, R2, 

R3, C1 -C4, and L1-begins to oscillate 
at 100 kHz. The necessary phase shift to 
start and maintain U1-a's oscillation is 

provided by R3, C3, and C4. Resistor R2 

isolates U1-a's internal input protection, 

PARTS LIST FOR 
THE F/C METER 

SEMICONDUCTORS 
UI CD4093B quad 2 -input NAND 

Schmitt trigger 
U2-U5-CD4017B decade counter/ 

divider 
U6-LM2917N frequency -to -voltage 

converter 
U7-LM78L12 low -power, 12 -volt, 

voltage regulator 
QI-FPT100, TIL63, or similar NPN 

silicon phototransistor 

RESISTORS 
(All resistors are %a -watt, 5% units, 

unless otherwise noted.) 
RI, R9 -1000 -ohm 
R2 -10,000 -ohm 
R3 47,000 -ohm 
R4 -39,000 -ohm 
R5, RIO 470 -ohm 
R6 -5000 -ohm trimmer potentiometer 
R7 -47,000 -ohm 
R8 -3900 -ohm 
R11 -100,000 -ohm 

CAPACITORS 
C1-5-60-pF, trimmer 
C2-120-pF, ceramic disc 
C3-27-pF, ceramic disc 
Cl 68-pF, ceramic disc 
C5-82-pF, ceramic disc (see text) 
C6-.001 -µF, 5%, ceramic disc 

C7 -0.01-µF, 5%, Mylar 
C8 -0.1-µF, 5%, Mylar 
C9, C14 -1-µF, 5%, Mylar 
C10-220-pF ceramic disc 
CI I, C12 -100-µF, 16-WVDC, 

electrolytic 
C13 -10-µF, 16-WVDC, electrolytic 
C15 -0.1-µF, ceramic disc 

SWITCHES 
Sl-DP5T rotary switch 
S2-DPDT toggle switch 
S3-SPST rocker switch 

ADDITIONAL PARTS AND MATERIALS 
L1-15-mH ferrite choke coil 
Ml -0 -to -1 -mA, full-scale, D'Arsonval 

panel meter 
Perfboard materials, enclosure, BNC 

connectors, IC sockets (optional), 
knobs, 9 -volt transistor -radio batteries 
and battery holders, snap -on battery 
connectors, wire, solder, etc. 

Note: The following items are available 
from Pershing Technical Services, PO 
Box 1951, Fort Worth, TX 76101; A 
kit of parts containing all intergrated 
ci -cuits and capacitors, plus LI for 
$25.00 (shipping included). TX 
residents must add sales tax. Please 
allow 6 to 8 weeks for delivery. 

allowing the output frequency to be 
independent of supply -voltage 
changes. 

The output of the oscillator is fed 
through U1 -b (which is used as a buffer/ 
inverter in this application) to the clock 
input of U2 at pin 12 and to contact 5 of 
switch S1 -b. Integrated circuit U2 divides 
the 100 kHz output of the oscillator by 10, 

outputting a 10 kHz signal at pin 14. The 
output of U2 is applied to both pin 12 of 
U3 and to contact 4 of switch SI -b. Inte- 
grated circuit U3 divides the 10 -kHz in- 
put to produce a 1 -kHz signal, which is 

applied to contact 3 of S1 -b. That signal 
is also fed to U4 and U5, each dividing 
the output signal of the previous stage 
by 10, to provide 100 -Hz and 10 -Hz sig- 
nals that are fed to contacts 2 and 1, 

respectively. 
The signal selected through S1 -b is 

fed to the parallel buffer/inverter com- 
bination, U1 -c and U1 -d, and output at 
J1 to provide a frequency standard that 
can be used to calibrate an os- 
cilloscope, provide a clock signal for 
testing and experimenting, etc. 

Conversion Circuit. At the heart of 
the conversion circuit is an LM2917 fre- 
quency -to -voltage converter, which 
was originally designed to convert 
pulses from an automotive ignition sys- 

tem into a current that's used to drive o 
meter that's calibrated in RPM. 

With S2 in the FREQ. position, a signal 
can be fed to pin 1 (the tachometer 
input) of U6. Integrated circuit U6 
charges a capacitor (of known value) 
to a voltage that varies in direct propor- 
tion to the incoming signal frequency. 

(Continued on page 138) 
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BY MICHAEL A. COVINGTON, N4TMI 

AM/FM/SW 
ACT/VE 

ANTENNA 
Here's a one -evening 
project you can build 
that' ll pull in short- 
wave or AM broad- 
casts like a magnet! 

Ho. much shortwave reception 
can you get with an 18 -inch an- 
tenna? Would you believe you 

could log Radio Australia, all the major 
European broadcasters, and a few Lat- 
in-American locals? The catch is, you 
must use an active 18 -inch antenna. 
Our Simple Active Antenna includes a 
FET amplifier to boost the signal with 
almost no load felt by the antenna. 
After all, a short antenna picks up the 
same RF signals as a long one-the 
signals are just weaker. 

The Unit's Advantages. Most active 
antennas are much more complicated 
than ours (shown in Fig. 1). Our's is the 
simplest circuit that works reliably. I've 
tried it with a Sony ICF-2010, a Realistic 
DX -40, and an old Toyota car radio with 
success. 

On the shortwave bands, it's com- 
parable to a 20- to 30 -foot wire anten- 
na. On the AM -broadcast band, it's 

amazing-stations that were weak and 
scratchy (even when using a 40 -foot 
wire antenna and an antenna tuner) 
come in loud and clear. It's even usable 
on the FM -broadcast band, though it's 

not that much better than an un - 
amplified whip. 

The circuit is so simple because it has 
an untuned high -impedance output. 
That works well with lower priced re - 

ANT 

h8"1 

Fig. 1. Transistor QI amplifies the 
signal from the 18 -inch whip to emulate 
the performance of a much larger 
antenna. 

ceivers that are designed to take an 
untuned wire antenna, as well as car 
radios. Performance may be disap- 
pointing with ham receivers that have 
low -impedance inputs. 

Before You Start. You must choose 
coil L1 to work well with your receiver on 
the frequency bands that most interest 
you. I used a 470-µH coil because I 

wanted lots of amplification at lower 
frequencies. If you're mainly interested 
in shortwave, and want to avoid over- 
loading from local AM stations, you can 
make L1 as small as 200. 

Radio Shack carries a 100-µH RF 

choke that you can use for L1, but it's 

bulky. An alternative is to buy a pack - 
(Continued on page 139) 
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TtLt 
BY CHARLES R. BALL, JR. 
AND W.K. BALL 

Remember when your sister 
called to tell you about this 
year's family reunion, but in the 

excitement of hearing from her, you 
forgot to write down the date, time, or 
even the city? How often have you 
talked on the phone with a client for an 
extended period and after hanging 
up, remembered that you hadn't taken 
any notes? 

Well, such memory lapses need not 
be a problem if you build the Tele 
Monitor described in this article. The 
Tele Monitor automatically activates a 
recorder to keep a perpetual log 
(within the limits of the tape's capacity) 
of all calls, incoming or outgoing. Best 
of all, it can be built for less than $25, 
excluding the recorder. 

How it Works. Figure 1 is the sche- 
matic diagram of the Tele Monitor. The 
circuit is connected between the tele- 
phone line and the tape recorder, The 
telephone line-the conductors are 
designated tip and ring-normally has 
- 48 volts across it when the telephone 
is on hook. When the telephone is 

taken off hook, that voltage changes 
to about -10 volts, depending on the 
subscriber loop resistance (see infor- 
mation in Table 1). 

A full -wave bridge rectifier (consist- 
ing of D1 through D4) connected 
across TIP and RING allows the circuit to 

Now you can keep an audible record of your telephone 
conversations with the aid of this simple circuit. 

TABLE 1-TELEPHONE SUBSCRIBER LINE SPECIFICATIONS 

Parameter 
Central Office voltage, tip to ring 
Central Office voltage, tip to ring 
Central Office voltage, tip to ring 
Subscriber loop current, tip to ring 
Subscriber loop resistance, tip to ring 

NOTE: Telephone C. O. is positive ground 

be tied to the telephone line without 
regard to polarity. The voltage ap- 
plied across TIP and RING appears, po- 
larity corrected, at the + and - ends of 
the diode bridge. When the phone is 

on hook, the voltage through D5 keeps 
Q1 on and Q2 off, so the recorder is in 
an idle state. 

When any telephone tied to the cir- 
cuit is picked up (goes off -hook), the 
voltage across TIP and RING drops to 
about -10 volts, causing Q1 to turn off 

s01 

SO2 

Di 
1N4004 

D3 

1N4004 

R1 

4.3K 

'4V 

Value 
-48 VDC 
-10 VDC 
105 VAC, 20/30 Hz 
-20 to -80mA 

0 to 1200 ohms 

05 
D2 ,11N4748A 

1N4004 22V 

R3 

150K 

-Mh 

Condition 
On -hook 
Off -hook 
On -hook, Ringing 
Off -hook, CO Seizure 
Off -hook 

and Q2 to turn on, activating the re- 
corder through J2. Incoming calls also 
activate the recorder with each ring- 
ing cycle. 

When the phone is off hook and the 
recorder is running, voice is coupled 
through Rl and the Cl/C2 combination. 
Because the central -office ringing 
voltage is 105 -volts AC, Cl and C2- 
which must have a voltage rating of 
150 volts or better-are connected 
back-to-back to simulate a non -polar - 

D4 

1N4004 R2 

1MEG 
.e 

Q1 

TIP120 

Cl C2 PL1 

1 1 

+K )I+ 

Q2 

TIP42 

1 

R4 

3900 

Fig. 1. Schematic Diagram of the Tele Monitor. Note that no relays are used. 

PL2 
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WARNING: The use of the Tele Monitor and 
the parts therein is governed by Federal 
and State law. Federal law prohibits the tap- 
ing of telephone conversation by one party 
without the knowledge and/or consent of 
the other party. Many states have adopted 
identical or similar provisions. Prospective 
users are advised to obtain independent 
advice as to the propriety of the purchase 
and use of the parts and use of the Tele 
Monitor, including (but not limited to) taping 
conversations therewith. We make no rep- 
resentations concerning the parts referred 
to in this article or their use or the legality of 
the use of the Tele Monitor, or any other 
such equipment referred to in this article., 
Readers are advised to obtain indepen- 
dent advice as to the propriety of their use 
of the parts, the Tele Monitor, or similar 
equipment based on their individual cir- 
cumstances and jurisdiction. 

ized capacitor. The diodes, D1 through 
D4, should have a peak inverse -volt- 
age (PIV) rating of 200 volts or better. 

Power for Tele Monitor is derived 
from the telephone line. A very small 
current (less than 80 µA) is derived 
from the telephone line through the di- 
ode bridge when the phone is on - 
hook, so that Q1 remains off, keeping 
the recorder in an idle state. (CAU- 
TION: For use in this application, the 
recorder must be battery operated or 
powered with a UL/CSA/FCC ap- 
proved adaptor. Neither the tele- 
phone company or the FCC take 
kindly to having 120 -volts AC suddenly 
appear on the telephone line. See box 
copy for additional warnings.) 

It is recommended that the Tele 
Monitor circuit be coupled to a re- 
corder with automatic volume control 
to compensate for varying signal lev- 
els on different calls and varying 
speech characteristics. The recorder 
mentioned in the Parts List is one such 
recorder. Other recorders can be 
used, but you must be sure that the 
internal remote -jack connections 

Fig. 2. Here's a full size template of 
the foil pattern for the Tele Monitor. 

PL2 

0 

PLI 

SO2 

02 

C2 

sol 

1 

CI 

R2 

R3 

TI21 Ds 
R1 

I i 

R4 
D3 D4 

1-J- 

Fig. 3. This parts -placement diagram, like the schematic diagram (Fig. 1), shows two modular 
telephone sockets. If the second socket (S02) is not needed, it can be eliminated 
without consequence. 

PARTS LIST FOR THE 
TELE MONITOR 

SEMICONDUCTORS 
QI-TIP120, NPN Darlington transistor 
Q2-TIP42, PNP silicon power 

transistor 
Dl-D4-1N4004 1 -amp, 400-PIV 

rectifier diode 
D5-1N4748A, 22 -volt, 1 -watt Zener 

diode 

RESISTORS 
(All resistors are 1/4 -watt, 5% units.) 
RI -11300 -ohm, 1/2 -watt, 5% 
R2-1-megohm, metal film 
R3 -150,000 -ohm 
R4 -390 -ohm 

ADDITIONAL PARTS AND MATERIALS 
Cl, C2 -1-µF, 200-WVDC, electrolytic 
SOI, S02-Modular telephone socket 
PLI-See text 
PL2-See text 

have the proper polarity for Q2 to turn 
on the recorder. 

Assembly. The author's prototype of 
the Tele -Monitor was assembled on a 
printed -circuit board measuring 
about 23/4 x 2Y4 inches. A template for 
the printed -circuit board-which is 

available from the source given in the 
Parts List-is shown in Fig. 2. The layout 
provides for two modular connectors 
that allow you to connect your phone 
and the Tele Monitor to the same wall 
jack. 

Once you have obtained or etched 
the board and are in possession of all 
the components, begin assembling 
the project using Fig. 3 as a guide. 
When stuffing the board, be careful of 
component orientations, particularly 
the diodes, capacitors, and transistors. 
Mount 671 and Q2 as shown in Fig. 3. 

Printed circuit, enclosure (Radio Shack 
270-283 or equivalent), IC socket 
(optional), heat sink (AAV(D 5741B 
or equivalent), modular telephone plug 
with cable (Radio Shack 279-397, 
279-374, or similar) recorder (Radio 
Shack CTR 70 or equivalent) etc. 

Note: The following items are available 
from BALLco, Inc., PO Box 1078, 
Snellville, GA 30278-1078; 
404/979-5900; Etched, drilled, plated 
and silk screened printed -circuit board 
(#881101 -RO), $9.95 post paid in the 
USA; a complete kit (#TM88) less 
case and recorder plugs for $24.95 
+ 2.50 shipping and handling. An 
assembled Tele Monitor is available for 
$39.95, plus $2.50 S/H. A case for unit 
is available for $3.99 post paid. Florida 
and Georgia residents please add 
appropriate sales tax. 

Transistor Q2 should be heat sinked 
because the combination of the sat- 
uration drop in Q2 and motor current in 

the recorder may exceed the tran- 
sistor's ambient thermal rating. Usually 
a small clip -on heat sink is adequate. 

Next, prepare a cable for connec- 
tion to the remote jack of the recorder. 
Select a plug that's suitable for mating 
with the remote jack of your recorder. 
Almost any wire will do, but for ease of 
soldering to the plug, 24- to 26 -gauge 
stranded wire is recommended. Make 
sure that the circuit -board pad 
marked "T" is connected to the "tip" of 
the remote plug and "R" to the other 
lug of the plug. 

After soldering the wires to the plug, 
twisting the wires about 2 turns per inch 
will prevent the cable from tangling. If 

you are using a recorder other than the 
(Continued on page 142) 
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EXECUTIVE'S 
DING -A -LING 

By WALTER W. SCHOPP 

ere is 

the ideal 
present for 

the executive who has 
everything. It is easy and in- 

expensive to build, and fun to 
play with. The Executive Ding -A - 
Ling (as it's been dubbed) will help a 
not -so -busy executive with a boring 
desk job through the day by keeping 
him occupied for hours. The gadget 
can provide a very tranquil experi- 
ence. It's also very entertaining for chil- 
dren, but that may not be a tranquil 
experience for the parents. 

The Executive Ding -A -Ling is a 3 -Y2 - 

inch cube that, when tilted in one di- 
rection, produces a bell tone. Tilt it in 

another direction and a different bell 
tone is produced. Tipping it in four dif- 
ferent directions produces four dif- 
ferent bell tones. Slowly roll the tipping 
axes in a circular motion and you'll 
hear church bells. 

Tilt it in a prescribed pattern and you 
can play a simple tune. Roll it fast or 
shake it and you'll get a discord of bell 
sounds. Now what else could some- 
one with a boring desk job need to 
help them get through the day? 

How it Works. The schematic di- 
agram for the Executive Ding -A -Ling is 

shown in Fig. 1. The circuit consists of 

four 
independent, 
adjustable tone 
generators (each of 
which is built around a 
4007 dual complemen- 
tary pair plus inverter) that are 
tuned -o the four desired notes. 

The notes are produced and dimin- 
ished to make them sound like a bell. 
That is accomplished by applying the 
tone to an FET amplifier (within the 
4007s), and slowly turning it off via a 
resistor/capacitor time constant. The 
time constant components for U1 are 
C5 and R7. Those components are du- 
plicated in the other three tone gener- 
ators, U2, U3, and U4. (All the 
generators are identical.) 

The tones are created when the box 
is tilted, causing one of four normally - 
open, miniature mercury switches 
(which are mounted in four different 

Every busy executive 
needs this four -tone 

bell cube that 
allows him to 

compose music 
on his desk 

while making those 
monumental decisions. 

directions) to 
close. The closing 
of a mercury switch 
applies a positive volt- 
age to pin 3 of the IC to 
which it is connected. 

The output of the activated gen- 
erator (pin 4 of U1 to U4) is fed through a 
coupling capacitor to R5, and from 
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Fig. 1. The Executive Ding -A -Ling consists of four independent, adjustable tone 
generators (each built around a 4007 dual complementary pair plus inverter) that 
are tuned to the four musical desired notes. 

the wiper of R5 to the input of U5 (an 
LM386 low -power audio amplifier). 
Amplifier U5, configured to provide a 
gain of about 20, then applies the am- 
plified signal across SPKR1. 

Construction. In order to get the 
complete project into a small pack- 
age, the author built the Executive 
Ding -A -Ling on three different circuit 
boards; the tone generator board, the 
battery/amplifier board, and the 
speaker board. The finished boards 
were then stacked, using stand-offs to 
separate the boards. 

Templates for the tone generator 
and battery/amplifier boards are 
shown in Figs. 2 and 3. Assemble the 
tone generator board, guided by the 
parts -placement diagram shown in 

Fig. 4. It is important to note that the 
miniature mercury switches must be 
mounted about %8 inch above the 
board's surface. 

CUT OUT 
FOR S5 CONTACTS 

TONE GENERATOR 
BOARD 

CUTOUT 
BOTTOM FOR S5 
PANEL 
BOARD 

The bottom panel of the enclosure is made 
from a piece of printed -circuit material. 
A square hole is cut in its center to al- 
low access to the control lever of S5 
when the project is completed. 

PARTS LIST FOR THE 
EXECUTIVE DING -A -LING 

SEMICONDUCTORS 
U l-U4 CD4007 dual complementary 

pair plus inverter, integrated circuit 
U5-LM386 low -power audio amplifier, 

integrated circuit 

RESISTORS 
(All resistors are 1/4 -watt, 5% units 

unless otherwise noted.) 
R1-R4-500K ultraminiature PC -mount 

trimmer potentiometer (Circuit 
Specialist Cat. #32AÁ505) 

R5 -10K ultraminiature PC -mount 
trimmer potentiometer (Circuit 
Specialist Cat. #32AA401) 

R6 -10 -ohms 
R7-R10-2.2-megohm 
R1 1-R I4 -10,000 -ohm 
R l 5 -1(81,000 -ohms 

CAPACITORS 
CI-C4-.001-µF ceramic disc 
C5 -C8, C17, C18 -0.22-µF Tantalum 
C9-C12-.01-µF, ceramic disc 
C 13-not used 
C14-.05 -µF, ceramic disc 
C15 -1000 -µft I6-WVDC radial -lead 

electrolytic 
C16 0.1-µF, polyester 

ADDITIONAL PARTS AND MATERIALS 
BI -9 -volt transistor radio battery 
Sl-S4---Miniature mercury switch 
S5-Miniature SPST switch 
SPKRI-8-ohm speaker 
Printed -circuit or perfboard materials, 

enclosure (see text), IC sockets 
(optional), battery snap connector, 
stand-offs, rubber feet, etc. 

Note: The ultraminiature PC -mount 
trimmer potentiometers specified are 
available from Circuit Specialists. PO 
Box 3047, Scottsdale, AZ 85257; Tel. 
800/528-1417. 

A set of four miniature mercury 
switches, part #3004, is available for 
$10.00 (including shipping and 
handling) from Electronic Enterprises, 
3305 Pestana Way, Livermore, CA 
94550. 

After soldering, the switches are 
tilted downward on an angle so that 
their tops touch the board surface. 
That keeps the mercury in the tip of the 
switch, so that its contacts are open 
when the board is level. Make sure the 
cases of the switches do not touch any 
other component. Once they are lo- 
cated, a drop of epoxy under the tip of 
each switch will hold it in place. 

Miniature mercury switches are diffi- 
cult to locate in electronic parts supply 
houses, but can be obtained from the 
supplier given in the Parts List. Upon 
completion, put the tone generator 
board to the side and assemble the 
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Fig. 3. Here is the printed - 
circuit pattern for the 
battery/amplifier board. 
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Fig. 4. Assemble the tone generator board, 
guided by this parts -placement diagram. It 
is important to note that the miniature 
mercury switches must be mounted about 
1/2 inch above the board's surface. 

battery/amplifier board, using Fig. 5 as 
a guide. 

Note the location of the battery, B1, 

on the printed -circuit board. The bat- 
tery is mounted on the board (located 
between four donut pads as shown), 

LU 

U 

Fig. 2. Here is the printed - 
circuit pattern for the tone - 
generator board. 

and held in place by a home-brew 
retaining system. The battery holder is 

nothing more than two short lengths of 
No. 14 wire wrapped around the bat- 
tery and soldered to the board. 

A small loop of solid No.14 wire was 
also placed at the bottom end of the 
battery to keep it from sliding out the 
back end. When the holder is com- 
pleted, the battery should be easy to 
replace by sliding it out of the formed 
wire loops. Next place and solder the 
circuit components on the board. 
When complete, lay the board on the 
side, and start to prepare the speaker 
board. 

The speaker board is an unetched 
piece of printed -circuit material, with 
a hole cut in the center to cradle the 
speaker. The layout for the speaker 
board is shown in Fig. 6. The size of the 
hole is dependent on the size of the 
speaker. After placing the speaker in 

its cutout cradle, it is epoxied in place. 
Next cut a piece of printed -circuit 

material to the dimensions shown in 

Fig. 7. That board will serve as the bot- 
tom panel of the enclosure. Note that a 
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B 1 (\ 1,4.. 
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-R15- 
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C16 - 

Fig. 5. Assemble the batterylamplifier 
board, using this layout diagram as a 
guide. Note the location of the battery, 
which is mounted on the board (located 
between four 7/4 -inch donut pads as 
shown), and is held in place by a home- 
brew (wire) retain ing system. 
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ALL DIMENSIONS IN INCHES 

Fig. 6. Here is the layout for the speaker 
board-an unetched piece of printed -circuit 
material, with a hole cut in the center 
to cradle the speaker. Use epoxy or RTV 
cement to hold the speaker in place. 

square hole is cut in the center of the 
board. That hole is to allow the control 
lever of S5 to be accessible when the 
project is completed. 

Once the board has been pre- 
pared, place the slide switch on the 
copper side of the board with its con- 
trol lever protruding through the hole 
provided, and solder it in place. 

Connecting the Boards. In prepara- 
tion for the final assembly, solder two 3 - 

inch leads to the terminals of speaker 
SPKR1, and sideline it fora while. Solder 
a battery snap connector to the com- 
ponent side of battery/amplifier 
board. Next, solder cut-off pieces of 

(Continued on page 162) 
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F/C METER 
(Continued from page 131) 

That varying voltage is converted to a 
current, which is then displayed as a 
frequency on the meter, Ml. 

The frequency range for the counter 
function is selected through S1 -a. De- 
pending on the setting of S1 -a, a ca- 
pacitor (C5, C6, C7, C8, or C9) is 

connected to U6 at pin 2. 

When S2 is placed in the coE. position, 
the circuit can be used to read the val- 
ue of an unknown capacitor. With S2 

set to cAa. and a capacitor connected 
across J5 and J6, S1 is used to set the 
range of measurement, by applying 
the appropriate clock signal to pin 1 of 
U6. Integrated circuit U6 then feeds a 
voltage that's proportional to its input 
signal to meter Ml. The current to drive 
the meter coil leaves U6 pin 8 and is 

low-pass filtered by the network consist- 
ing of R8, R9, R10, C11, and 012. 

Filtering helps steady the meter read- 
ing with input frequencies below 5 Hz. 

Resistor R9 is placed in the current out- 
put loop for easy use of a DVM for im- 
proved accuracy in measurements. For 

a full-scale reading of 1 mA, the voltage 
drop across the resistor, by Ohms law, is 

1 volt. 
The LM2917 operates down to 15 mV 

of signal input and is internally pro- 
tected from input overload damage 
up to 28 volts at pin 1. Resistor R4 and 
010 reduce the sensitivity to about 50 
mV to minimize false readings. Resistors 
R6 and R7, and capacitor C14, allow 
calibration for a full-scale meter read- 
ing on the 10 -Hz range. The calibrations 
of the higher ranges are determined by 
the tolerance of capacitors 06-09; 
more about that later. 

Two series -connected 9 -volt bat- 
teries provide power for the circuit, 
which draws about 12 mA. Integrated 
circuit U7 (a 78L12, 12 -volt, 100 -mA volt- 
age regulator) and C13 provide a reg- 
ulated 12 -volt source so that aging 
batteries will not vary calibration. 

Putting It Together. The prototype of 
the F/C Meter was built on perfboard, 
with component connections accom- 
plished through point-to-point wiring 
techniques. Perfboard construction 
was used because the component 
layout is not especially critical. 

It is recommended that all of the inte- 
grated circuits be socketed. Start by in- 
stalling the IC sockets on the perfboard; 

J5 
AND 

J1 J6 M1 J4 

J2 Si S2 S3 J3 

Here is a front view of the inner front -panel 
layout. Dry -transfer lettering can be used 
to enhance the project's appearance and 
make it easier to use. 

its a good idea to mark (U1, U2, etc.) the 
sockets for the IC's that will occupy 
them. That helps to cut down on con- 
fusion when the components are being 
interconnected. 

Once the sockets are installed, begin 
assembling the project, making all con- 
nections as you go. When assembling 
the circuit, be sure that the wires that go 
to the 100 -kHz oscillator are kept short; 
the wiring to U7 pin 2, 51 and S2, and 
capacitors C5 thru C9 should also be 
short to minimize distributed capaci- 
tance, which can affect the readings of 
capacitors on the low end of the 100-pF 
range. 

Once the circuit board has been as- 
sembled, connect short lengths of insu- 
lated hook-up wire to the points in the 
circuit that go to the off -board compo- 
nents. The author used a silicone sealer 
to cover exposed wires and leads in 

and around the fully assembled circuit 
to prevent accidentally short circuiting 
the project, or destroying some vital 
component. 

Next choose a suitable enclosure in 
which to house the circuit board. The 
author used a plastic enclosure, with an 
attached cover, that measures about 
6'/2 x 43/8 x 2 inches. The circuit board 
was mounted to an inner front -panel, 
which simply snaps securely into posi- 
tion. 

Also mounted to the front panel are 
J1 and J2 (BNC jacks), J3 and J4 (ba- 
nana jacks), J4 and J5 (Iwo position 
pushbutton terminals), S1 (2 -pole, 5 -po- 
sition switch), S2 (double -pole, double - 
throw switch), S3 (single -pole, single - 
throw switch), M1 (0-1 mA meter), and 
Iwo 9 -volt batteries (B1 and B2). 

The circuit board is held in place by 
the mounting hardware that secures J1 

and J2 to the front panel. The batteries 
are secured to the panel on either side 
of the meter with double -sided tape; 
the same method might be used to 
secure battery holders in the same po- 
sitions to allow easy replacement of the 
power source. 

Checking it Out. Apply power to the 
circuit and, guided by the schematic 
diagram, check for 12 volts at the out- 
put of the regulator. If an oscilloscope is 

available, check pin 4 of U1 for a clean 
squarewave. Use a frequency counter 
to adjust C1 for an output frequency of 
exactly 100 kHz at pin 4. 

The value of C2 may need to be 
changed slightly to allow C1 to adjust 
properly. Check the decade counters 
(using an oscilloscope) at pin 14 of 
each stage for a divide -by -10 output. 
The output at jack J1 should follow the 
frequencies selected by S1. Now that 
you have accurate test frequencies 
available, let's get the frequency -to - 
voltage converter (U6) going. 

Select the 10-Hz/1-µF range and set 
S2 to the FRE9. position. Jumper a wire 
from output connector J1 to the switch 
side of C15. Adjust R6 for a full-scale 
reading on meter M1. Select the upper 
ranges. Each upper range should yield 
a reading within 5% of full-scale. That 
should be satisfactory calibration for all 
practical applications. 

If you are a purist, R6 can be adjusted 
slightly lower than full scale, then each 
range capacitor can be trimmed indi- 
vidually by adding a small -value ca- 
pacitor in parallel. The 100-kHz/100-pF 
range is affected by lead dress and 
layout. Capacitor C5 is about 82 pF; it's 

actual value should be selected for a 
correct full-scale reading to compen- 
sate for distributed capacitance in the 
wiring. Remove the jumper. Calibration 
is now complete. 

Using the Project. When the ce. 
position of S2 is selected and an un- 
known capacitor is placed in the test 
jacks, the correct value will be indicat- 
ed on the meter. There is a slight offset 
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of about 10 pF when using the 100-pF 
range, due to distributed circuit capac- 
itance. So when using the 100-pF 
range, just subtract 10 from the reading. 

If you are using a DVM to monitor the 
readings rather than the meter used in 

the project, replace M1 with a 100 -ohm 
resistor. The value of R9 may be ad- 
justed slightly for best accuracy, with 
your DVM set to read 1 volt DC. 

An optional phototransistor, at- 
tached to an appropriate plug to mate 
with J2, can be added to allow the 
circuit to be used as a non -contact 
phototachometer. The probe is as- 
sembled on a scrap of double -sided 
PC board material and housed inside 
of a discarded felt-tip pen case. A four 
foot shielded cable is used to couple 
the signal into the circuit at J2. 

Resistor R11 is added to the frequen- 
cy -input connector J2 for operating 
bias voltage for the phototransistor. To 

measure the speed of a rotating ob- 
ject, place the probe where light 
reaching it will be interrupted by the 
moving object. The light source must be 
DC operated or sunlight. AC -operated 
lights will interfere with the readings. Re- 
member, however, that the readings 
obtained are in pulses -per -second (Hz); 

RPM has to be calculated by the user 
(RPM = Hz x 60). 

Readings of up to 38,000 pulses per 
second were obtained with the pro- 
totype. When the cap is placed over 
the probe (blocking light), the pho- 
totransistor becomes a high imped- 
ance. Placing the probe near a spark - 
plug wire triggers the F/C meter, allow- 
ing you to measure the speed of gas- 
oline engines without any electrical 
connection. I'm sure you will find many 
uses for this handy instrument and it will 
be a welcome addition to your work- 
bench. 

U.S.GOV 
JJEAPONS EVALUATION 

BEAS(EY 

"Now I remember-first you put the safety 
on, then you plug it in." 

ACTIVE ANTENNA 
(Continued from page 132) 

age of surplus inductors (Radio Shack 
273-1601) and try several until you find 
one that works well. Many inductors are 
color -coded like resistors (they even 
have the same color -coding scheme), 
and should be read starting at the top. 
For example, an inductor marked 
yellow -purple -brown is 470µH and or- 
ange -orange -black is 33µH. Others are 
marked with three digits. The third digit 
tells you how many zeros to put after the 
first two, so that 471 on an inductor 
means the inductance is 4700H, and 
an inductor marked 332 would be 
3300µH. 

l 
.04 

POWER SUPPLY 

6-15 VOLTS 

Fig. 2. Power can come from any source of 
6 to 15 volts. Bypass the power supply 
with an 0.04-µF capacitor to prevent 
noise pickup from a remote power supply 
if one is used. 

Surplus inductors are often color -coded 
like resistors, starting at the top. 
Yellow -purple -brown means 470µN. 

Construction. I built the amplifier on 
perfboard and housed the device in a 
store-bought project box. However, if 

you want to use the circuit as an AM 
car -radio antenna booster, build it in a 
grounded metal case to reduce noise 
pickup. You can build yours on pert - 
board also, using point-to-point solder- 
ing with Fig. 1 as a guide. If you wire - 
wrap the project, you may not achieve 
desirable results because of the high 
frequencies of the signals involved. 

Build the circuit compactly; keep all 
leads short and keep the antenna and 
output jack and wires well separated. 
Connect the output to the receiver with 
a short piece of 50- or 75 -ohm coaxial 
cable a long cable will cause signal 

PARTS LIST FOR THE SIMPLE 
ACTIVE ANTENNA 

Ql---MPF102 field-effect transistor 
R1-1-megohm, Y4 -watt resistor 
Cl, C2-470-pF ceramic -disc capacitor 
L1-20- to 470-4 inductor (see text) 
J1-RCA phono jack 
S1 -Miniature SPST switch 
B 1 -9 -volt battery 

18 -inch collapsible whip (Radio Shack 
270-1409 or equivalent) enclosure, 
battery connector, perfboard materials, 
hardware, etc. 

The active antenna fits neatly into a small 
plastic case; the whip folds down for 
storage. Keep wires short and keep the 
antenna input away from the output jack. 

loss. Better yet, use low -capacitance 
car -radio antenna cable. Don't use un- 
shielded wire. 

Troubleshooting. Two problems may 
arise: If you hear strong squeals and 
chirps, but few radio stations, the active 
antenna and the receiver may be os- 
cillating. That happened to me with a 
50 -year -old Hallicrafters S-38 that has 
no RF stage. If that happens to you, the 
cure is to make L1 smaller. If the battery 
runs down too quickly, replace Q1; the 
quiescent current of an MPF102 is nor- 
mally about 5 mA, but it can be as high 
as 20 mA which will drain the battery 
quickly. 

You can use an external power sup- 
ply if you filter it with an .04-µF capacitor 
placed near Q1 (see Fig. 2). 
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TESLA COIL 
(Continued from page 16) 

tion. Before mounting T2, make sure 
that the transformer leads are long 
enough to connect to the perfboard 
assembly. 

After mounting T2 in the enclosure, 
mount the perfboard assembly on the 
enclosure using standoffs, and then 
complete the wiring between the per- 
fboard assembly and the off -board 
components. With that done, plug in 

the line cord and rotate the wiper of R2, 

making sure that as you do the motor 
speed increases and decreases. If the 
circuit does not operate as described, it 
will be necessary to recheck your work, 
correct any errors found, and try it 
again. If everything checks out, the ro - 

grounded. You must use a 3 -conductor 
AC power cord that is grounded (earth 
grounded) in the Tesla Coil itself. Do not 
touch the Tesla Coil while it's in opera- 
tion. However if you want to show-off 
your creation, a fluorescent lamp may 
be placed near L4 to demonstrate the 
ionizing power of the Tesla Coil. 

Only use properly rated compo- 
nents. Do not use an overrated power 
transformer. A 3 -kV transformer with a 2 - 
kV AC capacitor is out of the question. 
An overrated capacitor (for instance, a 
6 -kV AC unit) is fine in the circuit. Re- 

member the capacitors are AC rated 
not DC rated. 

The rotary gap will work well with this 
unit, but it may not work well with a 
larger unit. A larger unit will require that 
the rotary gap be redesigned. You must 

Here's an inside view of the rotary spark gap; note the tight spacing between the perjboard 
rotor and the stationary post. The wires coming from the stationary post are connected 
to J4 and J5, through which the rotary spark gap is connected to the Tesla Coil circuit. 

tary gap is complete. 

Caution!!! The most important part of 
using the Tesla Coil is safety. Never tune 
(adjust the tap on L3) the Tesla Coil 
when power is applied to the circuit. 
Use a phenolic plastic box or a wooden 
box to house the Tesla Coil and the ro- 
tary gap-avoid metal enclosures like 
the plague. In addition, it is recom- 
mended that you use one hand only 
while working with high voltage, and 
wear rubber soled shoes to reduce the 
potential of shock hazard. 

The power transformer, capacitor Cl, 
and coils L3 and L4 must be properly 

also protect your eyes: Do not stare at 
the stationary or rotary spark gaps; 
doing so can cause eye damage. 

Operating the Tesla Coil. With the 
unit completely assembled, make sure 
that all the components are properly 
installed and oriented. If you are using 
the stationary gap, start with a gap dis- 
tance of about a 1/4 inch and tune L3 at 
any point on the third turn from ground. 
At that point turn the power on; you 
should get an output at the sphere. Ad- 
just the spark gap for maximum output. 

Tune L3 for maximum output, by 
changing the position of the alligator 

clip with the power off. Tuning L3 and 
adjusting the spark gap greatly effects 
the output of the Tesla Coil. If you place 
a grounded wire near the output 
sphere, you should get 3- to 4 -inch 
sparks. 

If you are using a rotary gap, make 
sure that the screws on the rotor and the 
screws on the stationary post are as 
close as possible. Remember, the 
speed of the motor effects the output, 
so adjust the motor speed with the vari- 
able power supply. 

There should be no arcing anywhere. 
All arcing must be corrected or you'll 
burn out the turns in the secondary. If L3 

is too close to L4, arcing can occur. You 

may place a 4 -inch OD plexiglass tub- 
ing over the secondary coil to help pre- 
vent arcing between L3 and L4. 

Be aware that corona discharge (a 
bluish -purple ionization, of the air 
around the Tesla Coil) can cause 
breakdown along the secondary coil, 
and loss of power at the output of the 
sphere. Proper insulation of L4 will limit 
corona discharge. You may also notice 
an output at the top of the secondary 
coil coming out of the sides. That will 
take away from the output at the 
sphere, you could place several layers 
of tape (Turn off the power first!) around 
the upper -portion of L4, until the output 
from the sides of the Tesla Coil is re- 
duced. 

In operation, the Tesla Coil emits 
ozone gas, which in large quantities 
can be dangerous. So use the Tesla Coil 
in a well ventilated room, and do not 
operate it for periods of more than 3 to 
5 minutes at a time. 

In addition, the Tesla Coil emits a fair 
amount of Radio -Frequency Interfer- 
ence (RFI). Coils L1 and L2 help to limit 
the amount of high -voltage kickback 
introduced to the AC power line, and 
help to prevent the high voltage 
kickback form damaging the power 
transformer. Even with such precau- 
tions, RFI will still be generated at the 
spark gap and the output of the Tesla 

Coil. RFI will effect both AM radio and 
television reception. That's why you 
should not operate your Tesla Coil for 
more than a few minutes. 

The Tesla Coil is an excellent introduc- 
tion to high -voltage, high -frequency, 
and tuned circuits. And after building 
this one, you may wish to build a larger 
unit. The author does not recommend 
building a larger unit until you've 
learned enough about such circuits, 
and the safety precautions that must 
be followed when using them. 
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THE TELE MONITOR 
(Continued from page 134) 

one listed, check the recorder sche- 
matic to ensure that the circuit is prop- 
erly connected to the recorder. 

Next, prepare a cable for connec- 
tion to the mike jack. Again, you must 
select a plug that's suitable for mating 
with the jack of your recorder. The use 
of shielded audio cable is recom- 
mended. Solder the prepared cable 
to the appropriate circuit -board pads. 

Once the board is assembled and 
the cables connected, clean the flux 
from the board, especially in the area 
of the modular connectors. Solder flux, 
when damp, is conductive and can 
cause erratic operation. Also check for 
misoriented or misplaced compo- 
nents, solder bridges, cold solder 
joints, and all the other construction 
errors common to hobby electronic 
projects. 

You must also prepare or purchase 
modular plug -to -plug telephone ca- 
ble (both ends terminated in modular 
plugs), which will be used to connect 
the circuit to the telephone line. Radio 
Shack sells them in varying lengths, 
with either coiled and flat cable. If a 
cable of greater length than is avail- 
able is needed, it will be necessary to 
make your own. All of the equipment 
and material needed to handle that 
task is available from Radio Shack as 
well. 

Preparing the Enclosure. Prepare 
the case according to the drawing in 

Fig. 4. A cutout is required for the mod- 
ular telephone sockets, SO1 and S02. 
Two cutouts can be made (one for 

PHONE JACK CUTOUTS 

HOLES FOR RECORDER CABLES 

Fig. 4. The enclosure cutouts for the jacks 
and cables are shown. Note that the 
enclosure only has two posts for mounting 
the board. Align the board in the enclosure 
before cutting to ensure cutting in the 
correct location. 

Here's the finished printed circuit board ready to be mounted in its case. Before mounting, 
however, it is necessary to drill holes into the side of the case for the cables that connect 
to the mike and remote jack if the recorder. Don't forget the cutouts to allow access to 
the modular telephone sockets. 

each socket), or a single long one, as 
shown. A nibbling tool, available at 
electronic stores, is ideal for perform- 
ing that task. 

Make sure that you check the orien- 
tation of the board before making the 
cutout; the enclosure has only two 
posts for mounting the board. Position 
the board, component -side down with 
the two mounting holes lining up with 
the mounting posts to determine which 
part of the enclosure to cut! 

Next, drill two holes for the recorder 
remote and mike cables. A 3/8 -inch 
hole for each will be adequate. It is 

recommended, however, that a 3/6 - 

inch hole be drilled and a reamer 
used to enlarge the hole to the desired 
size. Plastic is tricky to drill, and some 
plastics drill easier than others. The 
plastic used to make the enclosure 
listed in the Parts List will chip, crack, 
grab, or self destruct if you use large 
size bits. Drill speed is also important; 
generally, the slower the drill speed the 
better. 

Checkout. There are a number of 
ways to check out the circuit. First, 
check the orientation of each compo- 
nent against the diagram and check 
all solder joints. 

If you have a power supply capable 
of providing at least 50 -volts DC, you 
can check the Tele Monitor without 
connecting it to the telephone line. At- 
tach the power supply leads to the TIP 

and RING leads of the modular sockets. 
Connect J2 to the remote jack of the 

recorder. Press RECORD and PLAY as you 
normally would to record. With the 50 - 
volt DC power supply on, the recorder 
should be "off;" with the supply off, the 
recorder should be running. 

If you don't have access to a 50 -volt 
DC supply, it will be necessary to use 
the telephone line as your power 
source. As before, connect the circuit 
to the recorder. Install one of the modu- 
lar plug -to -plug cable in one of the 
Tele Monitor sockets and the other end 
in the wall. Either connect a phone to 
the Tele Monitor or use another phone 

TELE TRIVIA 

The terms "tip" and "ring originated 
from the telephone switchboard days when 
patch cords were used by operators to 
connect calls. The plug used to patch 
those calls is familiar to us as the A -inch 
stereo phone plug. 

The parts of the plug were (and still are) 
called tip, ring, and sleeve. Consequently, 
the circuits and circuit lead names took on 
the names of their physical representations 
on the plug, and remain that way today. 

on the same line for the following test. 
Pick up the telephone. The recorder 

should start; press ' 1" on the telephone 
to eliminate the dial tone, and speak a 
few words into the mouthpiece in a 
normal voice and hang up. The re- 
corder should stop once you have 
hung up. Remove the remote plug 
from the recorder, rewind the tape, 
press play and then check the voice 
quality. 
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Fig. 5. This full size nameplate can be cut 
out and mounted on the front of the 
enclosure using double sided tape. 

Final Assembly. Once the case is 

prepared and the circuit checked out, 
route the recorder cables through the 
proper holes, position the board in the 
case with the components facing 
down and the modular sockets lined 
up with the cutout. Secure with the two 
screws supplied with the enclosure. 
Mount the cover using the remaining 
four screws. 

A full size nameplate is shown in Fig. 
5. If desired, the nameplate can be cut 
out and attached to the lid of the en- 
closure with double sided carpet tape 
or rubber cement, thus providing a 
professional appearance. 

If everything checks out, you are 
ready to monitor. Make sure the re- 
mote and mike plugs are connected, 
that the modular jack is connected to 
the telephone wall jack, press record 
and play and you are all set. Happy 
monitoring. 

"Where did we get this program?" 

LIGHTS ON 
(Continued from page 100) 

Once you've obtained the parts out- 
lined in the Parts List, assemble the 
project using Fig. 3 as a guide. When 
installing the semiconductors, be sure 
to observe the proper polarity. 

To check the circuit's operation, 
connect either point "H" or "P" to the 
positive terminal of a 12 -volt DC source 
and connect "I" to the same terminal. 
Adjust the volume to suit. 

After completion, the board can be 
mounted in an enclosure or coated 
with plastic spray and wired directly to 
the auto's parking -light, headlight, 
and ignition circuits. If the circuit is 

mounted in an enclosure, a cutout 
should be made for the terminal strip, 

LIGHT SWITCH 

HEAD LAMP 
RELAY 

o o 
P PARK LAMP 

CIRCUIT 

IGNITION 
SWITCH 

AUTO 

BATTERY 

I 

TO IGNITION 
AND ACC CKTS 

Fig. 4. Before installing the Light Warning 
System in your auto, first determine whethe, 
a Zener diode must be included in the 
circuit (see text for details). 

and a few small holes should be drilled 
in the bottom to allow sound from the 
piezo buzzer to escape. 

Installation. Refer to Fig. 4 for details 
on connecting the circuit to your auto- 
mobile. The pad marked "I" is con- 
nected to the vehicle's ignition lead (at 
some point after the ignition switch). 
The pad marked "H" connects to the 
headlight power line, and "P" goes to 
the parking -light line. 

The wires are easily attached with- 
out disrupting the vehicle's wiring by 
using parallel splice connectors 
(available as Radio Shack part No. 
64-3052). Once connected and 
checked, the unit can be mounted to 
the fire wall or inside the dash with dou- 
ble -sided tape or velcro strips. To allow 
the lights to be used with the ignition off 
without sounding an alarm, a single - 
pole single -throw (SPST) switch can be 
connected in series with D3 to defeat 
the alarm. 
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BLINKING LICENSE -PLATE 
(Continued from page 106) 

through a flat, 6 -conductor, ribbon ca- 
ble, like that used for the interconnec- 
tions between computers and their 
peripherals. However, telephone hook- 
up wire or any small -gauge wire can be 
used since the circuit draws very little 
current. 

The author chose ribbon cable be- 
cause it lays flat and allows the trunk to 
close without pinching. The color co- 
ded wires help with the final wiring of 
the cable to the circuit board. The end 
of the ribbon cable is held securely to 
the bezel with a liberal amount of sil- 

icon compound. 
Ribbon cable is available locally 

through various outlets (such as Radio 
Shack). The cable, which comes in 25 - 
and 34 -conductor configurations, can 
be split to provide the 6 -conductor ca- 
ble required. 

Five of the cable's conductors go to 
the lamps, which are mounted on the 
license -plate holder, and the remain- 
ing wire connects to the + 12 -volt 
source through F1. Each lamp wire con- 
nects to one set of lamps. The lamps 
are not mounted to the license -plate 
holder in side -by -side pairs, but instead 
are separated as shown in Fig. 4. The 
dashed line between lamps indicate 
pairs, and shows their location on the 
license -plate holder in relation to one 
another. 

Heavy 18 -gauge automotive wire 
was used in the author's prototype to 
feed power to the circuit. That type of 
wire was chosen for the power leads 
(ground and the fused +V wires) be- 
cause the author decided to make the 
connections to the brake -light power 
leads through small crimp -type "tap -in" 
connectors, which eliminated the need 
to actually splice into the brake -light 
wires. That type of connector is avail- 
able from Radio Shack (in packages of 
10) and other electronic supply stores. 

The fused +V lead from the circuit 
board is connected to the positive 
brake -light lead inside the trunk 
through a tap -in connector. Simply po- 
sition the fused wire from the circuit next 
to the brake -light wire and squeeze the 
tap -in connector around both; then 
fold the hold-down clip of the con- 
nector around the tap -in. 

Once the tap has been made, use a 
voltmeter to determine whether + 12 

volts is being fed to the circuit when the 
brake pedal is depressed. As for the 
ground wire, it can be connected to 

The finished project is shown here. All 
components, except for the lamps, are 
housed in a small plastic project box. 
Heavy, 18 -gauge wires connect the circuit 
to the power source, and flat ribbon cable 
connects the lamps to the circuit board. 

the auto's chassis, or to the black 
ground lead atthe brake light (if there is 

one) using a second tap -in connector. 

Troubleshooting. Once the circuit is 

under power, the lights on the bezel 
should start blinking immediately. If they 
do not, several things should be check- 
ed. Of course, a voltmeter must be con- 
nected to the power -supply pins of the 
IC's to verify that they are getting the 
correct power. For the 4017, pin 16 is + V 
and pin 8 is ground; for the 555, +V is 

pin 8 and ground is pin 1. 

A logic probe can be placed on pin 
3 of the timer to verify that clock pulses 
are being sent to the 4017. The rate 
should be fairly fast and the high and 
low transitions should be clear. If not, 
either R2 must be adjusted, or the value 
of R1 (connected to pin 7 of U2) may 
need to be reduced. 

The Blinking License -Plate Holder is a 
great little project to show off your true 
genius, since it will be seen by every- 
one. Both my kids want one for their 
cars, and I expect orders to be pouring 
in from the neighbors anytime now. 

LOGIC PROBE 
(Continued from page 118) 

the case, carefully folding any loose 
wires inside as you do so. Check the 
operation of the probe once more, to 
be sure all of the connections have sur- 
vived the installation procedure. 

When all has checked out, press the 
top half of a plastic LED holder in place 
around each LED to complete your 
project's construction. 

Using the Probe. Here are some tips 
on using the Experimenter's Logic Pro- 
be: The probe can be used in circuits 
with power supplies of between +5 
and + 15 volts. To use the probe, con- 
nect it's power -supply leads to V+ and 
ground of the circuit you'll be testing. 
Your first test each time you use the pro- 
be should be to verify that the power - 
supply leads have been hooked up 
correctly. Do so by touching the probe 
tip to V+ and ground in your circuit and 
observing the red and green LED's as 
you do so. 

You can then proceed to monitor the 
inputs and outputs of digital IC's by 
touching the probe tip to the points of 
interest. The red and green LED's will 
show whether or not you have valid 
and correct logic levels at inputs and 
outputs. The pulse indicator will show 
transitions in logic levels. 

The pulse -stretching feature of the 
Probe's pulse detector allows you to de- 
tect pulses that occur too quickly to 
cause visible indications on the red and 
green level -detecting LED's. For exam- 
ple, assume that Vin is high. A single low - 
going 1 -microsecond pulse at V;,, is too 
short to cause a visible flash of the 
green LED. But the pulse -detector cir- 
cuit stretches the pulse, causing the 
yellow LED to flash. The Experimenter's 
Logic Probe should respond to pulses 
as short as 0.25 microsecond. 

Set the probe to the MEMORY mode 
when you want to be sure not to miss 
seeing a transition-you might use it to 
monitor for noise spikes at an input, for 
example. Whatever the situation, the 
next time you need to test the opera- 
tion of a digital circuit, just reach for your 
Experimenter's Logic Probe, and you'll 
be well on your way to quick and accu- 
rate diagnosis of your circuit's opera- 
tion. 

You've now completed one half of 
your digital -electronics troubleshooting 
toolkit. Turn to page 119 to begin build- 
ing the second half-the Experi- 
menter's Logic Pulser. 
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FREQUENCY COUNTER 
(Continued from page 103) 

measured, the initial readout will be 
the previous frequency that was 
latched in the counters. Wait for two or 
more count periods for the circuit to 
stabilize on the new frequency. Op- 
tionally, the RESET switch (S2) may be 
pressed to reset the display to "00," 
and then released. 

The display is basically jitter free and 
all digits are significant. If the frequen- 
cy itself is somewhat unstable, D1 may 
vary by one or two counts. 

Notes. The input signal voltage must 
not overshoot the + 5V to ground limits, 
and rise and fall times may not exceed 
10 nanoseconds. Integrated circuit U3 

provides those safeguards, so do not 
be tempted to apply random signals 
directly to U1 pin 12. For special circum- 
stances, knowledgeable builders may 
substitute other signal conditioning cir- 
cuits for the CA3130, U3. Do not sub- 
stitute a ICM7207 for the newer 
ICM7207A used in the circuit, and use 

only the 5.24288 -MHz crystal specified. 
You can use the Counter to perform 

Assembled on a universal printed -circuit board, the Counter requires several jumper 
wires to complete the circuit paths. 

numerous functions, including: Mea- 
sure the input and output frequencies 
of digital devices, measure the speed 
of motor shafts, precisely adjust the 
output of signal generators, set audio 
signals to the exact pitch, determine 

the exact values of RC timing compo- 
nents, and measure any frequency 
between 1 Hz and 10 MHz. 

It's a sure bet that once you've used 
your counter for a while, you won't be 
able to get along without it. 

Before you buy a product .. . 

'Read the label 

'Check the package 

If anything seems wrong, tell 
the store manager. 

ri/When you open it, CHECK IT OUT 

again. If it looks or smells wrong, 
take it back. 

- A message from this magazine and the Food and Drug Administration 
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E EC ROf1ICS CORP. 
WE STOCK OVER 4,000 ITEMS... 
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BREAKERS VOLTAGE REGULATORS 
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TOWER SPEAKERS 
(Continued from page 98) 

foam or felt damping material in the recess between the 
tweeter frame and the 1/4 -inch plywood faceplate. 

Here are the two enclosures with the speaker board removed 
from one to show its' internal construction. The board 
clamped over the woofer hole protects the speaker panel 
from breaking during work on the enclosures. 

Woofer Mounting 
If you're unsure of the woofer's polarity, test the it by 

connecting a 1.5 -volt battery to the woofer terminals. Mark 
the terminal connected to the positive pole of the battery if the 
cone moves outward upon contact. Mark the other terminal if 
the cone sinks backward into the cabinet. The mark identifies 
the positive speaker terminal. 

At this time it is a good idea to temporarily mount the 
woofer, using foam weather stripping instead of sealer. Apply 
the weather stripping around the cut-out, and connect the 
speaker cable (being mindful of the polarity), but don't 
solder. Install the woofer by threading the 3Á6 -inch bolts into 
the T -nuts you've inserted into the back of the speaker board. 
The temporary mounting permits you to make further 
changes in box damping or wiring, if necessary. 

Leave the cabinet in the reclining position until the silicone 
rubber behind the driver has set. 

Adjustment 
Connect your new speakers to an amplifier or receiver, and 

test them at low volume. Rotate the L -pad shaft to see that it 
controls the tweeter output correctly. Then adjust it to the 
point that makes the sound from the woofer and tweeter blend 
into one voice. 

You should find that your towers perform well with any 
kind of music. If you want to hear how they reproduce 
unusual sound effects, try them with the Pink Floyd disc of 
Dark Side of the Moon. Their clarity of sound with that 
recording is startling at times. 

If you hear any coloration, remove the woofer and rear- 
range the Fibreglas damping material. Or add some loose 
polyester batting behind the woofer. 

When you are satisfied with the sound, remove the woofer 
and solder the connections to it. Once again lay the entire unit 
down. Remove the foam weather stripping around the woofer 
cut-out and apply a ring of silicone rubber sealer. If you don't 
want to replace the mounting bolts, fill the bolt holes with 
sealer. Set the woofer down, twist it a bit for better sealing, 
and leave it until the sealer has set. 

Your towers are now ready to play and play. 

$350 

THINK TANK 
53 PAGES, OVER 130 

PROJECTS! 
SIMPLE, EASY -TO -BUILD AND 

USEFUL IDEAS FOR YOUR 

HOME, HOBBY, CAR. 

Please print 

HERE'S THE ANSWER tc that eternal question 
among electronics hobbyists-"What will I do?" In 
WELS THINK TANK you'll find over 53 pages jam- 
packed with over 130 one -evening projects that will keep 
you absorbed. These are tantalizing devices that you 
can quickly put together and then use immediately. 
There are projects for your car, your home, your work 
bench, other hobbys, such as photography, music, and 
stereo. Telephone projects, light controls, and a vast 
assortment of miscellaneous do-it-yourself items. Flip- 
ping through the pages of this book, the question be- 
comes "Which one will I start with! 

THE THINK TANK originally appeared in Hands -On 

Electronics Magazine, and immediately won a good 
deal of reader acceptance. The mail poured in as read- 
ers offered their own circuits or asked for assistance with 
electronics projects they worked on. 

WHAT KIND OF PROJECTS will you find in the 
WELS' THINK TANK BOOK? The index, which oc- 
cupies the entire back page, lists them. Choose from 
nearly a dozen amplifiers, an assortment of automotive 
projects from automatic parking lights to electronic air 
horns, battery chargers to battery monitors. You'll find 
fuzz boxes for your guitar to a tremolo unit. A darkroom 
timer for you photo buffs. And at a price of only $3.50, 
you can't go wrong! 

THINK TANK-Circuits for Experimenters and Project Builders! 
1169-Please send one copy of THINK TANK at $3.50. Shipping $1.25 (U.S. and Canada only). 

I 7 169-Please send copies of THINK TANK. Total cost is sum of copy price and shipping cost 
multiplied by number of copies ordered. 

Allow 6-8 weeks for the material to arrive. 

(Name) 

(Street Address) 

(City) (State) (Zip) 

Detach and mail today: 
POPULAR ELECTRONICS 
BOOKSTORE 
P.O. Box 4079 
Farmingdale, NY 11735 

All Payment must be in U.S. 
Funds! 
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Now NRI trains you to be today's 
expert security electronics technician 
as you install and troubleshoot state- 
of-the-art security systems in your 
own home and auto. 

Violent crime, theft, fire. ..they're facts of 
life in the U.S. today. But now there's good 
news, too. All across the nation people are 
fighting back with high-tech electronic 
security systems. In fact, Americans will 
spend over 17 billion dollars on security 
services and equipment by the year 1991. 

For you, this new consumer demand for 
electronic security systems means even 
more good news. It means a breakthrough 
opportunity to get in on the ground floor 
of a booming new industry. Now, no matter 
where you live, you can start a high -paying 
career-even a business of your own-in- 
stalling, servicing, and maintaining residen- 
tial and commercial security systems. 

Best of all, NRI's ready now to give you 
the hands-on security electronics training 
you need to 
get started 
fast. 

.;;;A. 

wi 
..w.c..r- 'i 

You train with and keep 
a closed-circuit television camera, mount, and 
9" monitor; state-of-tbe-art fire/intrusion 
alarm control panel with digital dialer; remote 
entry keypad; passive infrared motion detector; 
smoke detector; remote control auto alarm with 
motion detector, ignition disable relay, and 
siren; NRI Discovery Lab® for circuit 
demonstrations; and band -held multimeter 
with 3 e digit readout. 

Make good money in a 

challengingcareer as a 

security eectronics technician 
even start a profitable 
new business of your own 
Right away, you get the skills you need 

to installl and service all security systems 

NRI's at-home Security Electronics training 
gives you solid electronics know-how, plus 
a complete working 
knowledge of popular 
security devices in 
use today. 

You learn how to 
install and service 
magnetic contacts 
and pressure mats.. . 

microwave, ultra- 
sonic, and passive in- 

frared detectors.. . 

personal identifica- 
tion systems and 
electronic listening 
devices.. .even cen- 
tral station alarm 
systems and today's 
most sophisticated 
fire warning equip- 
ment. But that's not all. 

complete electronic alarm systems in your 
own home and auto, testing and trouble- 
shooting working alarm circuits. You actually 
safeguard your own property while gaining 

Installing home security systems like this closed-circuit camera and 
monitor is just one way you can make money as a security electronics 
technician. 

Your hands-on training includes state-of- 
the-art CCTV equipment plus home and 
auto electronic alarm systems you keep 

NRI gives you hands-on experience with to- 
day's newest, most popular security systems 
as you train with the professional closed- 
circuit television surveillance equipment 
and high -quality electronic home and auto 
alarm systems included in your course. 

Step by step, you learn by doing ... eval- 
uating your own security needs, installing 

the expertise you need to move fast into an 
exciting career-even a business of your 
own-as today's expert security electronics 
technician. 

Send for your FREE catalog today 
For all the details about NRI's at-home 
Security Electronics training, send the cou- 
pon today. If the -coupon is missing, write to 
NRI School of Electronics, McGraw-Hill Con- 
tinuing Education Center, 4401 Connecticut 
Avenue, Washington, DC 20008. 

MÄNWSCHOOL OF ELECTRONICS 

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

2" Check one catalog only 
D Security Electronics 

Computers and 

Microprocessors 

Robotics 

TVNideolAudio Servicing 

Basic Electronics 

'me 
Refill 

Air Conditioning, Heating, 

and Refrigeration 

Electrician 

D Small Engine Repair 

Automotive Servicing 

Locksmithing 

Name Age 

Address 

City State Zip 

Accredited Member National Home Study Council For career courses approved under GI Bill D check for details. 9-040 
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VINTAGE RADIO 
(Continued from page 85) 

with its 4 -wire connection gave way to 
the 2 -wire permanent magnet speak- 
er. It's also important to note that the 
superheterodyne circuit became 
dominant as RCA finally began licens- 
ing other manufacturers to use it, and 
the TRF design finally faded slowly into 
oblivion. 

Once the superheterodyne was 
well -established, the 1930's would see 
no further basic changes in radio re- 
ceiver circuits. There were, however, 
many developments that made radios 
easier and more pleasurable to use. 

One of them was the improvement of 
the tuning dial. 

Better Dials and More Bands. The 
tuning dial entered the 1930's as a 
small window just big enough to show 
the frequency being received and a 
couple of divisions to either side. As the 
set was tuned, the scale moved by 
under a fixed indicator line in the win- 
dow. 

By the middle of the decade, that 
window (usually in the form of a semi- 
circular arc) was becoming much 
larger, so more of the scale was visible 
at once. A little later on, the functions of 
the scale and pointer became inter- 
changed, with the scale becoming 
fixed printed on a large oval, square 
or circular dial-and the indicator be- 
coming a movable pointer. That 
meant that the entire tuning scale of 
the set was visible at once. 

Also during the 1930's, radios began 
to sprout extra bands. Some sets had 
one labeled "police" beginning just a 
little higher in frequency than the stan- 
dard broadcast band. Tuning around 
that band, patient listeners could 
eavesdrop on some of the first police 
car -dispatcher communications. 

Still later in the decade, as European 
countries began to be drawn into the 
conflict that was to become World 
War II, there was heightened interest in 

a higher frequency band sometimes 
labeled "Shortwave," and sometimes 
labeled "Foreign Broadcast." There, 
the international broadcasters could 
be heard-country after country re- 
porting on world events, each with its 

own unique point of view. 
Multiband sets now had several 

concentric scales representing the dif- 
ferent frequency ranges. It wasn't un- 
common for the broadcast scales to 
have the call letters of major -market 

This view of the Emerson's chassis 
shows the loop antenna, the "GT" -type 
tubes, and its square -topped IF - 
transformer cans. 

radio stations printed near their oper- 
ating frequencies. Likewise-on the 
shortwave scale-the names of dif- 
ferent countries would often be shown 
near frequencies typically used by 
them. Generic markings (such as "Po- 
lice," "Aircraft," "Amateur," and 
"Ships") were also sometimes used. 

By the end of the 1930's, many man- 
ufacturers had "straightened out" their 
dial scales, turning them into horizontal 
lines. Multiband sets had two or more 
straight lines arranged parallel to 
each other-each with its appropriate 
range of markings. The pointers of 
those easier -to -read slide rule dials 
moved horizontally, of course, instead 
of describing a circular arc as did the 
earlier "clock -type" pointers. 

Pushbuttons that could be set to se- 
lect frequently -tuned -in local stations 
were also common as the decade 
ended. These supplemented the main 
tuning dial, but did not replace it. One 
type was entirely mechanical and 
worked by physically moving the tun- 
ing condenser to the proper position. 
Another was electronic and worked 
by switching individual fixed capaci- 
tances in and out of the tuning circuit. 
The craze for pushbuttons affected 
other controls on the set as well. Some 
sets bristled with buttons to control sta- 
tion selection, bandswitching, tone, 
and even the "on -off" function. 

Other Developments. No discussion 
of dials would be complete without 
mentioning the tuning eye. That inno- 
vative tuning aid of the mid -1930's was 
a specialized vacuum tube known as 
an electron ray tube. It was mounted 
horizontally; you looked into its top end 
through a circular opening in-or 
above-the tuning dial. With the set 
turned on, the end of the tube lit up 
with a phosphorescent green glow 
and a pair of shadows became visible 
on a circular target. The stronger the 

station, the closer together the shad- 
ows moved-looking vaguely like the 
closing of the pupil of an eye. 

The tuning eye was actually a fringe 
benefit of the automatic volume -con- 
trol circuitry that was coming into use 
during that era. The AVC, as it was 
called, automatically reduced set 
sensitivity when strong stations were 
tuned in-preventing overloading- 
and increased sensitivity as weak sta- 
tions were tuned in. The control voltage 
generated during that AVC action, 
applied to the grid of the tuning -eye 
tube, was responsible for the opening 
and closing effect. 

Let's complete our coverage of 
events during the 1930's and early 
1940's with a word or two about the all- 
important topic of antennas. Through- 
out the 1920's, an elaborate outside 
antenna system had generally been 
required for adequate reception. But 

because of the superior sensitivity of 
the early 1930's radios, and the more 
powerful and more numerous broad- 
cast stations on the air then, a less 

elaborate antenna would now do the 
job quite well. 

This RCA table model from about 1940 
boasted a slide -rule dial and 
pushbuttons for station selection. 

By the late 1930's, there was no need 
even for that wire. A multiple -turn loop 
antenna mounted inside the set cab- 
inet pulled in all the local stations with 
no trouble at all. External antennas 
were used only for more distant sta- 
tions or to enhance shortwave recep- 
tion for the really serious listener. 

Wrapping it Up. Those of you who are 
new collectors should now have a sol- 
id orientation to the types of sets that 
might fall into your hands and the era 
of radio development to which each 
of those radios belongs. That informa- 
tion will help you make intelligent ac- 
quisitions and give you a knowledge 
base that you can expand on yourself 
as you dig deeper into this fascinating 
hobby. Happy collecting! 
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BUILD THE HOT SOCKET 
(Continued from page 128) 

to the sides of the enclosure with con- 
tact cement. The foil pieces are folded 
around the bottom edge of the en- 
closure and extend about Y4 inch in- 
ward from the outside edge. 

Contact is made between the foil 
and the secondary of the transformer 
when the printed -circuit board is in- 
stalled. The aluminum foil at the bot- 
tom edge of the enclosure is painted 
the same color as the enclosure itself to 
hide the fact that it goes around the 
bottom and into the enclosure. When 
completed, the aluminum plates 
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Fig. 5. When making the enclosure for 
your Hot Socket, start forming a frame 
(about 31 -inches square, and 7/8 -inch 
high) from a 3/8 -inch thick piece of wood. 
All dimensions here are in inches. 

should appear as though they were 
applied for decoration only. 

The AC socket was salvaged from 
an old 117 -volt AC double socket. It 

was sawed in half to get a single sock- 
et and then the top of the socket was 
cut off with a hack saw. The back sur- 
face was sanded down until the face 
of the plug was about 3/10 -inch thick. 
That part must be made thin enough 
so that it is difficult to pick up the box by 
the socket. The socket is then fastened 
to the top of the box with epoxy. 

Once the enclosure is completed, 
the board can be screwed to the bot- 
tom of the enclosure with four No. 2 
wood screws about 1/4 -inch long. Pre- 
drill the pilot holes to keep from split- 
ting the glue joint at the corners of the 
enclosure. 
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A11Iwant is 
fair prices. 
Is that too 
much to ask? 

There is a way to get better prices 
on programming. The American Home 
Satellite Association. An organization 
created exclusively to protect and 
enhance your enjoyment of your satellite 
TV system. 

With AHSA's group buying power you'll 
save on premium services, superstations 
and basic programming services. Enjoy 
savings on accessories, equipment, and 
programming guides, too. 

A place to turn for help. 
From locating satellite signals to 

locating a reputable dealer, the toll free 
AHSA " Helpline" has the answer. AHSA 
provides educational videotapes and 
informative books, too. At very special 
member prices. 

Plus, 10 times a year, AHSA's official 
newsletter, Sky Repro will bring you the 
latest word on products, legislation, 
programming, and more. Not to mention 
reviews of new products and services. 

You're not alone anymore. 
With your voice behind us, AHSA is 

promoting legislation to guarantee fair 
access at reasonable prices. Addressing 
zoning and piracy issues. Even sending 
expert witnesses to Congressional 
hearings. Join other dish owners around 
the nation, and become a force to be 
reckoned with. 

Rush my free information kit. 
Name 

Address 

City State Zip 

Sign me up right away and send 
my complete membership kit. 

Check enclosed for $36 (made out to AHSA) 
Bill my VISA MasterCard 
Card 
Exp. Date 
Authorized Signature 
X 

:30 -day Money Back Guarantee 

American Home 

Satellite Association 

QRB 

Return completed coupon to: 
American Home 
Satellite Association, Inc., 
Suite 800, 500 108th Ave. NE, 
Bellevue, WA 98004-5560 
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AMAZING 
THE EXTENSION SILENCER 
(Continued from page 80) 

cause that is all the local Radio Shack 
had in stock, but anything between 12 

and 24 volts would have done just fine. 
The value specified for R1 (1000 -ohms) 
was chosen to yield 35 mA of Zener 
current. That amount of Zener current 
may seem excessive, but keep in mind 
that it is on for a very short time. Before a 
call is answered there is no loop current 
because the phone -hook switch is 

open, so there is no Zener current. 

Construction. There is nothing critical 
about the construction of the Extension 
Silencer. In fact the author's prototype 
of the circuit was assembled on a small 
section of perfboard-half of Radio 
Shack's 276-148 snap -apart perf- 
board-measuring about 1 -3/a -inches 
square. The circuit -board assembly was 
then housed in a modular quick -con- 
nect phone -jack cover. 

Before assembling any components 
on the board, the two sections must be 
separated and a hole drilled (through 
the center of the board) for a wood 
screw. The wood screw will be used for 
mounting the assembly to the wall. 
Next, solder the three parts onto the 
perfboard, interconnecting the com- 
ponents as they are installed. 

Cut the black and yellow leads from 
the modular jack as they will not be 
used. Solder the red and green leads to 
the Extension Silencer perfboard since 
all telephones use the center two con- 
ductors of the six position jack. Take an- 
other short twisted pair of wires and 
solder them to the board for the phone 
line. Observe the proper polarity of 
those wires because the one that at- 
taches to the red wire of the modular 
jack must connect to the minus termi- 
nal of the phone line. 

Installation. Warning: Remember 
that all equipment installed on the tele- 
phone line must meet FCC part 68 re- 
quirements. The equipment must be 
certified by an authorized agent be- 
fore it is used on the network. (This arti- 
cle is meant to be of instructional value 
and not as a certification for FCC ap- 
proval.) 

Since my house had phone jacks 
with screw terminals inside all I had to 
do was remove the face -plate and 
measure the voltage across the con- 
nection -block terminals. The connec- 
tion block has four screw terminals 

labeled L1 -L4. In most cases, the termi- 
nals of the connection block are tied to 
the telephone line via a quad color - 
coded cable -red, green, yellow, and 
black. (Older installations use twisted 
twin lead tied into the telephone line.) 
Normally, the red and green wires are 
used as the communications pair, and 
are connected to the L1 and L2 termi- 
nals. 

With my VOM, I determined the po- 
larity of the phone line. If the positive 
lead of the meter is on Hand the nega- 
tive lead is on L2 and the meter reads a 
positive 48 -volts DC, then L1 is positive 
with respect to L2. If it reads negative, 
then L2 is positive with respect to L1. In 

my own installation, the minus lead was 
attached in parallel with the L2 termi- 
nal (you may find it to be the L1 termi- 
nal) on the phone jack. 

The plus terminal was then con- 
nected in parallel with the L1 lead. Re- 

move the phone from the normal jack 
and insert its plug into the Extension 
Silencer jack, and you are ready to go. 
Pick up the phone with the silencer and 
listen for dial tone and hang up. Pick up 
the extension without the silencer and 
leave it off hook. 

Pick up the phone with the silencer 
and it should be "dead." Hang up the 
phone without the silencer and there 
should be audio from the "dead" 
phone. You can add as many Extension 
Silencers as you have phones. For those 
readers who have a "smart modem," 
set it to return "no dial tone" if the line is 

in use. Also set it to keep retrying so that 
you can capture the line should it ever 
become free. 

"What's the matter with you? Haven't you 
ever seen an oscilloscope before?" 

SCIENTIFIC & ELECTRONIC 
PRODUCTS 

GRA1 - ANTI GRAVITY GENERATOR $10.00 

,,, LC7 - 40 WATT BURNING CUTTING LASER $20.00 
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pares you for the "FCC Commercial Radio- 
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cost! GUARANTEED PASS - You get your 
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BOOSTER AMP 
(Continued from page 75) 

booster amplifier should begin to deliv- 
er the program material. 

It should sound good, without any 
hum or noise. If not, power down at 
once and check your connections and 
external equipment. Look for signs of 
overheating on the printed -circuit 
board. If you did the wiring carefully 
and correctly, the booster amplifier will 
deliver quality audio on the first try. 

Installation. Select a site for the 
booster amplifier where it won't be 
banged around and there is sufficient 
"breathing room" for the circuit. If the 
circuit is tightly boxed in, there will be 
little or no air flow and the heat sink 

may be unable to do its job efficiently. 
That could prove detrimental to the in- 
tegrated amplifier chips (U1 and U2). 

The ideal space for mounting the 
booster amplifier is underneath the 
rear deck next to the rear window in 

most sedans. The author mounted the 
booster amplifier on a 3/8 -inch plywood 
base which, in turn, was mounted under 
the rear deck. Connections were made 
as in the house and the test procedure 
was the same. 

There is usually no hot lead in the 
trunk area that comes alive with battery 
voltage when the engine is running or 
the ignition switch is in the accessory - 
mode position. You may find a hot lead 
that connects to the fuel -cutoff sys- 

tem-don't use it! Make no connec- 
tion to any circuit that controls or 
affects the safe operation of the car. 

The best technique is to run a length 
of automotive wire rated for 10-15 
amps under the carpets from the trunk 
to under the dashboard. Use an old CB 

antenna or other stiff wire to snake the 
power wire from front to rear. 

Connect the wire through the fuse 
holder to the hot lead of the radio. That 
lead comes on whenever the ignition 
switch is in the accessory or engine po- 
sition. (There is another hot lead that 
goes to the radio. It's the lead to the 
lamp that comes on when the car's run- 
ning lights are activated. Do not con- 
nect to that lead.) Connect the other 
end of the power lead to the two + 
terminals on the booster amplifier. See 
Fig. 4. 

The power ground connection poses 
a problem. With all the non-metallic 
material used in modern cars, what ap- 
pears to be a ground connection may, 
in fact, be isolated from ground. Use 

your voltmeter to be certain that the 
ground terminal you use is what it ap- 
pears to be. 

Leads from the radio to the loud- 
speakers do not indicate which one is 

at ground level. That must be deter- 
mined before connecting the booster 
amplifier to the radio's leads. Turn the 
radio off and remove the key from the 
ignition. Play it safe-check the leads to 
the loudspeaker for DC voltage. Once 
assured that no voltage exists, check 
the leads to determine which one is at 
ground level using an ohmmeter. Mark 
the leads to both rear speakers so that 
you'll never connect them improperly 
to the booster amplifier. 

Final Touches. Have the radio's vol- 
ume control at its minimum setting and 
the two potentiometers on the booster 
amplifier at their mid -positions. Turn on 
the car's radio and slowly advance the 
volume control. The rear speakers will 
come on strong. The ideal setting for 
the potentiometers on the booster am- 
plifier is when the car's volume control is 

at its three-quarter position and the 
speakers are delivering the maximum 
sound level you want. Adjust potentiom- 
eters R21 and R22 to achieve that set- 
up. That's it, your booster amplifier is 

ready for the road. 
A complete kit of parts is available by 

mail order from the supplier given in the 
Parts List. You may consider getting ad- 
ditional kits. One can be used to power 
the front speakers provided they are 
replaced (most through -the -dash 
speakers aren't worth boosting). You 

may want to add speakers in the doors 
or other sites to replace the front speak- 
ers. Whatever you do, keep your eye on 
the road, drive safely and enjoy the 
new sound you have installed. 

UPGRADING YOUR PC 
(Continued from page 125) 

with 640K of memory, a 20 -megabyte 
hardcard, and a simple Hercules 
graphics card may be sufficient for a 
long time to come. In other cases, a 
turbo motherboard may be needed. 
The point is to scale the job to your 
foreseeable needs. A lot of wasted ca- 
pability is simply lost money. 

Also, when deciding on the refurbish- 
ment and updating that needs to be 
done, try to ascertain whether or not a 
new machine is what is actually 
needed. It is possible to change so 

much that only the cabinet is left from 
the old machine. In those cases it is 

probably worthwhile to simply build a 
new machine (a new cabinet is less 

than $50). Besides buying a whole new 
machine might cost less they buying 
the parts for one piecemeal. 

Nonetheless, just because your IBM or 
clone PC/XT machine is old and ap- 
proaching obsolescence does not 
mean that you have to toss it out. You 

can easily refurbish or update your old 
machine. If you do want to build a new 
machine, however, the parts and as- 
semblies are available and the job can 
be easily accomplished. 

Remember family or friends 
with Special Occasion, 
Get Well or Memorial cards. 

American Heart 
Association 

WE'RE FIGHTING FOR YOUR LIFE 

Support America's 
colleges. Because college is 
more than a place where 
young people are preparing 
for their future. It's where 
America - and American 
business - is preparing 
for its future. 

Give to 
the college of 
your choice. 
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THE EASY -DIAL R -BOX 
(Continued from page 64) 

all ten positions of each switch of your 
dial -up resistance box. 

If 5 -percent -tolerance resistors are 
used, the measured accuracy should 
be within 5 percent of the total read- 
out. (Meter accuracy and resolution 
can also affect the reading. And the 
switches, wiring, jacks, etc., of the R - 

Box will add a small resistance-less 
than one ohm-to each reading. For 

greater accuracy, l -percent tolerance 
resistors may be substituted for the 5 - 

percent units specified.) 
To make sure the thumbwheels are 

linked together properly, test sets of 
adjacent switches, such as in the se- 
quence 000022, 000220, 002200, 
022000, 220000. 

If all or most of the settings give incor- 
rect readings, the switches are proba- 
bly wired in the wrong order. If just a 
few readings are incorrect, check the 
wiring and switch operation at that 
part of the circuit. When all looks okay, 
the switches are ready to be inserted 
into the enclosure. 

The resistors mounted on the switch- 
es may cause the assembly to be a 
little taller than the opening, making 
installation from the front difficult. If so, 
tilt and slide the switches in one at a 
time from the inside of the enclosure, 
then snap them together. Be sure S1 is 

the rightmost switch as you face the 
display. That is, the least -significant 
digit (thumbwheel with the smallest 
value resistors) should be at the far - 
right. 

When all are inserted and joined to- 
gether, slide the thumbwheels part 

rah.- 411_ 

way out the front of the opening, snap 
on the end plates, and push the set of 
switches into place. Brackets on the 
endplates will snap open and hold the 
switches in place. You might also add 
a few rubber feet, stacked underneath 
and on top of the switches, to give 
additional support. 

Finally, install the banana jacks (J1 

and J2) and solder one of the remain- 
ing two free wires to each. Mount and 
attach the cover, and you're in busi- 
ness. 

R -Box Tips. To use the R -Box, plug 
your test leads into J1 and J2. Dial in the 
resistance you want and clip the test 
leads to your circuit in place of a re- 
sistor. About the only caution to keep in 

mind when using the R -Box is not to 
exceed the wattage rating of the re- 
sistors. For instance, a 20 -ohm resistor 
with 3 volts across it consumes close to 
half a watt. Decreasing the resistance 
or increasing the voltage in such a sit- 
uation may be more than the Y2 -watt 
resistors can handle! 

In particular, take care when select- 
ing low value resistors and remember 
that a setting of 000000 is nearly a 
dead short (a resistance of 1 ohm or 
less). Dial in the resistance that you 
want before connecting the R -Box in a 
powered circuit. (Or use a fixed resistor 
in series with the R -Box to limit the cur- 
rent.) 

The Easy -Dial R -Box is a timesaver. 
With it, you'll do much less rounding up 
(and putting back) assortments of re- 
sistors for hit-and-miss trial operations. 
And the easy -to -read display window 
makes selecting values a snap. Build 
yourself one today! 

Each thumbwheel switch contains a small printed -circuit board that provides connections to 
each switch terminal. The resistors for the R -Box mount directly on those boards. 

FREE! 
New Catalog of 
Hard -To -Find 
Precision Tools 

Jensen's new catalog is jam-packed 
with more than 2,000 quality items. 
Your single source for hard -to -find 
precision tools used by electronic 
technicians, scientists, engineers, 
schools, instrument mechanics, 
laboratories and government agen- 
cies. This popular catalog also con- 
tains Jensen's world-famous line of 
more than 40 tool kits. Call or write 
for your free copy today! 

JENSEN S. 46th Street 

TOOLS 
AZ 85044 

TOOLS INC. (602) 968-6231 

CIRCLE 11 ON FREE INFORMATION CARD 

THROW AWAY YOUR DMM! 
TOSS OUT THE SEMI CHECKER! 

TRASH YOUR SIGNAL CHECKER! 

Prices range from $239 to $399 
depending on version and options. 

"The SEMIANYLYZER, with the signal tracing option 
is the most complete test equipment on the bench." 

- R. Hohl, General Motors Corp., MI 

"The SEMIANYLYZER is the best buy; it does more 
than the ($1,000) HUNTRON TRACKER." 

- D. Yielding, Sentinel Computers, WI 

"The SEMIANYLYZER speeds up service on TV and 
VCR ...the most used test instrument on my bench." 

- M. Zeigmann, AJ's TV-SAT-VCR Service, IA 

CHECKS AND IDENTIFIES SEMICONDUCTORS IN CIRCUIT. 

MEASURES LEAKAGE, VOLTAGE BREAKDOWN AND NOISE 

LEVEL OF CAPACITORS, SEMICONDUCTORS, LEDS, ETC. 

BEEPS TONES FOR VARIOUS COMPONENT CONDITIONS. 

SIGNAL TF,.CER FOR AUDIO, DIGITAL, VIDEO WITH BUILT 

IN DMM FOR MONITORING DC ON AC SIGNALS. 

See the complete line of unusual test equipment from Electronic Design 

Specialists like the TELETESTER and the BUS LINE TRACER in our 

FREE CATALOG! 

SOUTHGATE DISTRIBUTORS 
275 Rock Island Road, North Lauderdale, FL 33068 

.,.... (305) 720-4497 A 
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SUPPLYING THE WORKSHOP 
(Continued from page 90) 

stuff, the first prize must certainly go to 
JerryCo, Inc. The selection of scientific, 
industrial, and military surplus offered 
by that company is simply amazing, 
and the prices are generally quite low. 

The best way to convey some idea of 
the JerryCo inventory is to dip into it. 

One recent catalog features the follow- 
ing: a spark coil, tube tester, laser unit, 
air compressor, robot motor, magnets, 
lenses, prisms, fiber optics, project 
boxes, pharmaceutical bottles, steel 
balls, carbide drills, heat sinks, quartz 
tubing, rubber tubing, vinyl tubing, filter 
paper, and a huge 5 -volt, 115 -amp 
transformer. 

For those of you interested in expand- 
ing the range of your experimental 
work and construction activities, Jer- 
ryCo is an excellent place to begin. The 

catalog, which comes out about six 

times a year, is $0.50. 
Each year, the U.S. Government dis- 

cards tons of serviceable but un- 
needed or unwanted goods. Where 
does it all wind up? Well, if it is elec- 
tronics oriented, a good deal of it winds 
up in the hands of Fair Radio Sales. Their 

catalog, which is free, is chock full of 
interesting components, subassem- 
blies, complete units, and wonderful 
oddities. 

The serious amateur scientist will oc- 
casionally require materials, like chemi- 
cals, available only from a laboratory 
supply house. This does not necessarily 
mean buying 5 pounds of something 
when you only need a few ounces. 
Chemicals in small quantities, as well as 
professional laboratory equipment, 
can be ordered from a couple of excel- 
lent companies, one in the Midwest, 
the other on the west coast. These are: 
Hagenow Laboratories and Chem - 
Lab. The Hagenow catalog is $1.00. 
Chem -Lab puts out two catalogs, a 
chemical listing for $3.00 and an 
equipment listing for $4,00 (or both for 
$ 5.00). 

Those who enjoy servicing video or 
audio equipment will want to obtain a 
catalog from Consolidated Electronics. 
There you will find such items as video 
and audio tape head, motors, flyback 
transformers, speakers, turntable belts, 
semiconductors, and even vacuum 
tubes! Their catalog costs $3.00 and 
there is a $10 minimum order. 

Antique Parts. Perhaps the most diffi- 
cult area to discuss is that of antique 
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parts and materials. Some of those 
things can be very hard to locate. But 

even that is not always true. Needs vary 
enormously and where you happen to 
live can make a big difference. In cer- 
tain urban areas, the large number of 
flea markets and antique stores can 
make looking for old components a 
pleasure. In certain newly developed 
suburban regions, the antique -radio 
enthusiast may just go hungry. 

The most general recommendation I 

can make is this; Keep your eyes 
peeled and never overlook anything. 

A couple of years ago I spotted a 
very large old vacuum tube in the win- 
dow of a resale store near my home in 

Chicago. So I walked in and asked how 
much. It was $3.00. Sold! Then, I looked 
around. Half the store was covered- 
and I mean covered-with electronic 
parts, some of them going back to the 
1940's and 1950's. It was really a lot of 
stuff. I thought of buying it all. I figured it 

would cost too much money. Oh well. 
But lust is lust, and as I headed for the 

door, I inquired, just for the heck of it: 

"What do you want for the whole 
bunch?" I couldn't believe my ears. 
They wanted $50.00 for what 
amounted to ten cardboard cartons 
and one shabby suitcase full of switch- 
es, coils, controls, tubes, knobs, and 
hardware-just about everything you 
could imagine. 

As I packed my car, I became curi- 
ous. I wanted to know where it all came 
from. I was told that it was the entire 
contents of someone's basement work- 
shop. 

"Doesn't the man want it anymore?" I 

asked. 
"Nope." 
"How come?" 
"He's dead." 
Someday, something like that may 

happen again. But I think I'm in for a 
long wait. In the meantime, I keep a 
catalog from Antique Electronic Supply 
handy. This company stocks a wide vari- 
ety of pre -transistor components guar- 
anteed to make the antique -radio fan 
very happy. The selection includes 
high -voltage capacitors, power trans- 
formers, old style binding posts, tubes, 
tube sockets, speakers, grill cloths, and 
(believe it or not) cloth covered hook- 
up wire. The catalog is $2.00. 

Parts for old radios, crystal sets es- 

pecially, are also available from Yeary 
Communications. For a free catalog, 
send them one large SASE. 

A Last Resort. When all else fails, or 

sometimes when I'm simply too lazy to 
do the necessary consumer research, I 

generally turn to Newark Electronics, a 
very large organization with branch of- 
fices all over the country. The Newark 
inventory is utterly tremendous. Even 
their catalog, which is nearly 2 inches 
thick, is tremendous. If you really, really 
need something (other than antique 
parts, of course), and if you're on the 
edge of giving up, look to Newark Elec- 
tronics. The chances are good that 
Newark will have what you want, or 
something close to it. 

Several months ago, I needed some 
large 1.5 -volt dry cells. Newark had 
them. Then I needed a spool of heavy - 
gauge magnet wire. Newark had it. 

Then I needed a large, deep, cube - 
shaped project box. Of course, Newark 
had that too. 

I find it comforting to know that I can 
get this kind of stuff when I need it. But, 

Newark is definitely not cheap. And, 
since the minimum sale is $25.00, you 
may be forced to order things that you 
do not actually require at the moment. 
The Newark catalog, which also makes 
a pretty good technical reference 
manual, is free. Check the phone book 
for the branch office nearest you. 

Everything is Somewhere. I should 
like to end on an optimistic note. My 
experience is that no matter how 
strange, unusual, or downright bizarre 
your needs become, the thing you. 
want exists somewhere. The companies 
I've mentioned here are the ones that 
have come through regularly for me. 
But they are by no means the only ones 
that carry items of interest for the elec- 
tronics enthusiast. Just keep looking, 
and don't forget the junkbox. 

GET OUT OF 
THE DARK. 

Open your eyes and see just how 
many subjects are covered in the new 
edition of the Consumer Information 
Catalog. It's free just for the asking and 
so are nearly half of the 200 federal 
publications described inside. Book- 
lets on subjects like financial and 
career planning; eating right, exercis- 
ing, and staying healthy; housing and 
child care; federal benefit programs. 
Just about everything you would need 
to know. Write today. We'll send you the 
latest edition of the Consumer Informa- 
tion Catalog, which is updated and 
published quarterly. It'll be a great 
help, you'll see. Just write: 

Consumer Information Center 
Dept. TD, Pueblo, Colorado 81009 



ANTIGRAVITY 
(Continued from page 59) 

into the hole in the other piece of wood 
(as shown in Fig. 2). Now using a 1/2 -inch 
thick piece of plywood as a base, at- 
tach the piece of wood (using screws 
or glue) containing LEDI to the base 
and hook up the transmitter circuitry. 

Next attach the other piece of 
wood, containing the solar cell, to the 
base. Attach a voltmeter to the solar 
cell, and align the piece of wood con- 
taining the solar cell with the one con- 
taining LEDI, adjusting the two framing 
pieces until you get the maximum volt- 
age reading-about 0.2 volt. Once 
properly aligned and focused, apply 
some wood glue to the bottom side of 
the wood that has the solar cell, and 
let it dry without moving the wood. 

Once the first upright secured in po- 
sition, place the second upright on the 
base board, moving it around to find 
the optimum position. Once the proper 
position is located, secure the second 
upright in place with glue or screws. 

After securing the two uprights, cut a 
1 x 1 -inch piece of wood (the cross 
brace) to a length to fit across the top 
of the two uprights. Drill a 1/2 -inch hole 
directly in the center of the cross 
bracer to fit the bolt that serves as the 
core of the electromagnet. Then at- 
tach the cross brace to the top of the 
uprights with screws or glue. 

Thread the bolt through the cross 
brace, and screw a 'h -inch nut onto 
the top of the electromagnet's bolt to 
hold it in place. The cross brace, like 
the two uprights, has a hole drilled 
lengthwise through the center to pro- 
vide a duct for the wires of the elec- 
tromagnet. You may, if you choose, 
tape the wire to the outside of the 
frame. 

Now interconnect the three circuit 
boards, as shown in Fig. 1. Connect 
PCI, LEDI, and LI to the appropriate 
points in the circuit and you are nearly 
done. 

The Magnetic Ball. A light, hollow 
plastic ball is used as the floating 
sphere in this project. It must be 
opaque (not able to pass any light) or 
it will be useless because the proper 
operation of the circuit depends on 
the ability of the ball to block IR emis- 

BUY BONDS 

CROSS MEMBER 1/7 -INCH 
BOLT 

When the Anti -Gravity Generator is 
completed, you can sand and paint or stain 
the frame to improve its appearance. 

sions. The author used a ping-pong 
ball. 

A hole is cut (drilled) in the ball and 
a permanent magnet is glued inside. 
The magnet must be fairly strong, yet 
small in size. A source for such a mag- 
net is given in the Parts List. The pro- 
totype of the magnetic ball has two 
such magnets glued inside. If the elec- 
tromagnet is at a polarity that opposes 
the polarity of the magnetic ball, the 
unit will not work. The ball will tend to 
roll over and fall. So if that is the case, 
reverse the wires of the electromagnet 
to remedy that condition. 

Operation. With the unit powered up, 

the electromagnet should be at full 
power, with the transmitter and the re- 

ceiver not blocked. Test the project by 
placing a small screwdriver or any 
magnetic material near the elec- 
tromagnet. The electromagnet should 
attract it and when the IR receiver is 

blocked, the screwdriver should fall. 

If all is well, position the elec- 
tromagnet so that it is located just 
about 1 inch above the transmitter and 
receiver, and slowly move the ball up 
toward the electromagnet. There 
should be a point where the ball will 
float by itself. 

Troubleshooting. If the ball opposes 
the electromagnet, reverse the wires of 

the electromagnet. If the ball is drawn 
toward the electromagnet too quickly, 
raise the position of the elec- 
tromagnet. If the ball shows no re- 
sponse near the transmitter and 
receiver, lower the electromagnet, un- 
til a response occurs. 

Room lights may effect the unit. A 
simple diaphragm could be fab- 
ricated from tape and placed so that 
it shields the edges of the solar cell. 
That cuts down on the room lights that 
can hit the solar cell. The wider the 
receiver and transmitter are apart, the 
more likely it is that ambient light can 
effect the unit. 

It may take a bit of experimenting 
with the adjustment of the elec- 
tromagnet's position and with the ap- 
erture of the receiver, using black tape 
to control the ambient light hitting the 
solar cell in the receiver unit, in order to 
get the unit to function properly. 

Make sure the infrared transmitter 
and receiver are in alignment. If you 
are using lenses, make sure that they 
are in focus. Focusing the lens helps to 
keep the beam as thin as possible. The 
plastic ball must be opaque and as 
light -weight as possible. 

Whether you order 1 part or 
all 22,356 MOUSER stocks 
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TALK IS 
CHEAP. 

Have you heard? For less than $90 
your AT or XT -compatible com- 
puter can talk! All it needs is the 
HV -2000 Computer Voice Kit from 
Heathkit. 

Reading letters, transcriptions 
and computerized instruction can be 
easier and quicker than you ever 
thought possible. Computer games 
gain a new dimension. Your com- 
puter can even entertain children 
with stories 
and songs. 

If you have 
a modem, 

the HV -2000 
Computer Voice v, III allow your 
computer to recite reference and 
research information from time- 
sharing services. Or, speak radio 
transmitted ASCII information. 

The H V-2000 Computer Voice 
Card, containing speech synthesizer 
and audio amplifier, plugs into any 
AT or XT -compatible computer's 
expansion slot. An external speaker 
is also included. Versatile, Heath - 
developed software gives you a 
wide variety of voices and easy in- 
terface to high and low level 
languages. 

The HV -2000 Computer Voice. 
At less than $90, talk IS cheap. To 
order, call toll -free 1-800-253-0570. 
Use your Visa, MasterCard, Ameri- 
can Express or Heath Revolving 
Charge card. Use order code 
620-008 . 

For your FREE Heath kit Catalog 
call 1 -800 -44 -HEATH 

Heath Company 
A subsidiary of Zenith Electronics Corporation 

Prices, product availability and specifications are 
subject to change without notice. 

PARTS CONNECTION 
(Continued from page 44) 

needed minimum. 
The method of payment for big dis- 

tributors is usually another matter to be 
dealt with. Most require an open ac- 
count before you can buy from them. 
With the widespread acceptance of 
credit cards, that is no longer much of a 
problem for most. With most cards, if 

you pay your credit-card bill the same 
month you receive it, the convenience 
costs you only the price of the card's 
yearly fee (if any). 

If you have a well stocked shop, you can 
move from reading any parts list right 
into project construction hassle free. 

A certain number of first -line dis- 
tributors specialize in only the more 
popular parts and some imported 
parts. If you buy parts from such a 
place, you'll find the prices are a little 
lower because the companies spe- 
cialize in the faster moving parts and 
do not have to tie up their money stock- 
ing slower moving items. They also have 
minimum orders, but the terms tend to 
be more liberal. The minimum order is a 
fact of life in this day and age. Credit 
cards can be used, but most of these 
distributors will also accept personal 
checks as payment. Payment policies 
do vary, so be sure to inquire first before 
placing an order. 

Another source of parts are the sur- 
plus -parts distributors. They deal with 
manufacturers overruns, excess inven- 
tories, buy-outs, used, and some new 
parts. You can get the best bargains 
with this group, but the chances of get- 
ting something unexpected is also 
higher. If you understand that when you 
make your purchase, you usually won't 
be too disappointed. Over the years I 

have had some good experiences and 
some bad ones, but the good far out- 
number the bad. 

A list of some of the more popular 
distributors is given elsewhere in this ar- 
ticle. No guarantee is offered and I ob- 

viously cannot stand behind what they 
will or will not do, but I have had deal- 
ings with most of them and came away 
satisfied. Contact them for their cata- 
logs and take it from there. The toll free 
numbers most now provide are a very 
convenient way to deal quickly with a 
lot of the distributors listed. 

Using a Database Program. The job 
of keeping all of your parts -supplier in- 
formation organized is a natural use for 
a database program. The various 
database programs available for most 
types of computers can be setup for 
that task. 

I have been using a database for 
some time now that has all of the im- 
portant information on various sup- 
pliers in my field of interest. As I get a 
new catalog its ordering information 
immediately goes into the database 
along with a few key words to help me 
recall the information. The keywords 
identify special deals on items or good 
sources of particular items. The key- 
words are listed on a piece of paper 
that I can refer to when I start a search. 
That's the way I do it, but the beauty of 
most databases is that you can set 
them up to suit your own particular 
needs. The point is to avoid the "I know I 

saw it somewhere, but I don't re- 
member where" syndrome. 

For those of you that would like a 
good place to start and have IBM/MS- 
DOS computers, a simple shareware 
database called "3by5" might suit your 
needs. The program organizes data as 
you might do manually with 3 x 5 index 
cards. It can be downloaded from 
Gernsback Publication's RE-BBS; board; 
Tel. 516/293-2283. The file name is 

3by5ARC. The archived file contains a 
user's manual and several examples. 
Also included are two files called 
PARTS.3x5 and PARTS.MAP They are for 
use with the database and contain the 
names and addresses of electronic - 
parts suppliers that cater to small - 
quantity buyers. 

A disk (51/4 -inch, of 360k) containing 
the supplier listings as an ASCII text file 
along with the listings in the 3by5 file 
format is also available. Included free 
on the disk is a copy of the 3by5ARC file 
along with a copy PIO(ARC to unarchive 
the program. The cost of the disk is $5 
postpaid (OH residents add appropi- 
ate sales tax). Send requests to: 

Jack Cunkelman 
PO Box 397 
Milford, OH 45150. 
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SHORTWAVE CONVERTER 
(Continued from page 36) 

Adjustment. After assembling the HPS 

Converter, set it up as diagrammed in 
Fig. 4, power up the system, turn the 
gain control to maximum, and tune -in 
a shortwave station near the middle of 
the band. Then adjust the tuning slug in 
T1 for the strongest (loudest) signal. 
Once adjusted, T1 is broad enough to 
cover the whole band. 

Next, calibrate the dial. There are sev- 
eral ways to do that. I used a calibrated 

The HPS Converter is shown here with its 
cover on. The ON/OFF switch 
bypasses the converter for normal AM 
operation of the receiver, and the 
GAIN knob controls the amount of 
antenna signal delivered to the converter. 

A custom-made dial scale is the finishing 
touch: manually tune the receiver to 
pull in signals on the 10 -MHz band 
and mark them off on the scale. 

signal generator to make my own dial 
markings. Alternatively, you can just 
tune in shortwave stations and wait for 
them to announce their frequencies. 
Also, you can tune in AM broadcasters 
without the converter, then add the 
crystal frequency to the frequency of 
the AM station. 

Other Considerations. If your radio is 

digitally tuned, you face a challenge. 
Digital radios can only tune to multiples 
of 10 kHz (1000, 1010, 1020, etc.), while 
many shortwave broadcasters are on 
multiples of 5 kHz (9.575, 9.915, etc.). 
Figure 5 shows a possible solution: use 
two crystals in the converter, 5 -kHz 
apart, and choose between them with 
an SPST switch (S2). That will allow you to 
tune in 5 -kHz increments. 

DARKROOM TIMER 
(Continued from page 38) 

U1. Then install the resistors and capaci- 
tors, followed by the transistors. Take a 
moment at this point to check the ori- 
entation of the capacitors; they are all 
polarized, and installing them incor- 
rectly will destroy them if reverse volt- 
age is applied. 

Once the printed -circuit -mounted 
components have all been installed, 
put the circuit board to the side for a 
while, and prepare the enclosure for 
the project. The author's prototype was 
housed in a metal enclosure measur- 
ing about 23/4 x 21/4 x 13/4 inches, but 
any suitable enclosure can be used. 
Drill holes in the enclosure for LEDI and 
switches S1 and S2. Note: The buzzer 
(BZ1) requires no hole for mounting 
other than a pair of small holes for its 

mounting hardware; however, it will be 
necessary to drill a small hole near the 
place where BZ1 will be mounted in 
order to pass its connecting leads 
through the case to the circuit board. 

If your circuit is to be powered from a 
9 -volt wall adapter (as in the author's 
prototype), it will be necessary to drill a 
hole at some convenient location for 
the adapter's line cord. It's also a good 
idea to used a strain relief in the line - 
cord hole, to prevent the line cord from 
being accidentally pulled away from 
the board. The strain relief also prevents 
the cord insulation from being stripped 
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Fig. 4. Follow this parts -placement 
diagram when installing the components 
on the board. The four components that 
are not installed on the board are 
connected to the circuit board though 
short lengths of hook-up wire. 

away by sharp or jagged edges. 
Once the off -board components 

have been mounted in place and con- 
nected to the circuit board, power up 
the circuit for a test run: LEDI should 
immediately come on, and after an in- 
terval of 15 to 30 seconds (depending 
upon the position of S1), the circuit 
should give out a short beep. If after, 
say, 35 seconds the buzzer does not 
sound, go back and check your work 
for errors. For instance, are Q1 and Q2 in 
the proper place, are the capacitors 
and or the 555 correctly oriented, are 
there solder bridges, and so on. 

If the circuit operates as described 
earlier, close up the project enclosure; 
your Electronic Darkroom Timer is ready 
for use. 

Well there you have it; an adaptable 
versatile timer that is relatively simple, 
reasonably priced, and effective. 

25 26 2 . 29 31 32 33 34 35 

25 26 . 2. `9 0 31 32 33 34 35 

25 26 28 ` 0 31 32 33 34 35 

25 26 28 . t0 31 32 33 34 35 

25 2. 7 28 2 0 31 32 33 34 35 

25 2 7 28 29 30 31 32 33 34 35 

25 . 27 28 29 30 31 32 33 34 35 

25 , 27 28 29 30 31 32 33 34 35 

25 27 28 29 30 31 32 33 34 35 

2' '6 27 28 29 30 31 32 33 34 35 

26 27 28 29 30 31 32 33 34 35 

26 27 28 29 30 31 32 33 34 35 

26 27 28 29 30 31 32 33 34 35 

5 26 27 28 29 30 31 32 33 34 35 

5 26 27 28 29 30 31 32 33 34 35 

5 26 27 28 29 30 31 32 33 34 35 

25 26 27 28 29 30 31 32 33 34 35 

25 26 27 28 29 30 31 32 33 34 35 

25 26 27 28 29 30 31 32 33 34 35 

25 26 27 28 29 30 31 32 33 34 35 

25 26 27 28 29 30 31 32 33 34 35 

The Census can do more for your 
bottom line than you think. 

Information the Census receives 

may be important to the future plans 

of your company. For instance, shifts 

in population may show a need for 
new or increased services 

in growing areas. That 

may lead to additional 

opportunities 
for your company. 

Answer the Census. 
It counts for more than you think. 

ouxi 

CENSUS '90 
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RADIO COLLECTIBLES 
(Continued from page 33) 

Though they all worked the same 
way, the physical appearances of 
horns varied quite a bit. Some were 
made of wood; some of metal; some 
of what appears to be a paper -based 
composition material. The neck of the 
horn might be straight, curved, or of 
the familiar goose -neck shape that 
has become the cliche of what an an- 
tique radio horn should look like. 

By the mid 1920's, a more sophisti- 
cated form of radio speaker had be- 
gun to appear. In that type, the 
electromagnets acted not on a di- 
aphragm, but on a rod -like metal ar- 
mature. The rod was attached to the 
apex of a paper cone much like that 
of the cone speakers with which we 
are familiar today. Because of the di- 
rect transfer of sound vibrations to the 
cone, the new speakers had improved 
fidelity and power. 

With some speakers of that type, 
such as the Crosley Musicone, the pa- 
per cone (mounted within a protective 
frame) was exposed, decorated, and 
intended to be looked at. With others 
(the RCA Models 100 and 103 are 
good examples), the cone was con- 
cealed within a decorative enclosure. 

I also once owned a 1920's -era 
speaker (made by Sonora) mounted 
within a box containing a wooden 
horn -like structure. Unfortunately, 
though, I never looked inside-so I 

can't make a definite statement about 
what the sound -producing unit was 
like. But I strongly suspect that it was 
"earphone style." 

You're obviously going to need a 
few of those speakers if you intend to 
play the larger battery sets in your col- 
lection. But you'll also find that a dis- 
play featuring horn and cone speak- 
ers will be a sure-fire attention -getter. 
The different sizes, shapes and styles 
lend themselves to interesting and at- 
tractive groupings. 

No discussion of early reproducing 
equipment would be complete with- 
out touching on the subject of head- 
sets (otherwise known as earphones). 
The collector who gets involved with 
the said items can certainly have lot of 
fun acquiring examples produced by 
famous manufacturers such as Bald- 
win, Brandes, Murdock, Western Elec- 
tric, and Dictaphone. Headsets are still 

fairly easy to find at radio swap meets 
and, as antique equipment goes, tend 
to be reasonably priced. 

I've found that headsets without a 
head inside are really difficult to dis- 
play (my best success so far has been 
to suspend them by cup hooks from 
the bottoms of shelves). And, since the 
differences from model to model are 
fairly subtle to the non initiated, collec- 
tions of those units almost always seem 
to have a "ho -hum" appearance. If 

you like headsets, though, don't let me 
discourage you! 

Though they don't turn up very often, 
phonograph -conversion units should 
also be mentioned. Those devices are 
similar to the earphone -type devices 
that drive horn speakers. However, 
they're made to fit on the arm of an 
acoustical phonograph in place of 
the normal needle unit, making it pos- 
sible to use the "acoustical labyrinth" 

Horn -type speakers of the 1920's took many shapes and forms; two typical horn speakers 
are the ones made by Music Master (left) and Dictagraph (center). Cone -type speakers, like 
the Crosley unit (right), began to appear by the middle 1920's. 

within the phonograph cabinet as a 
kind of a radio horn gone to heaven. 

Vintage Test Equipment. As you've 
seen, many of the pieces we've dis- 
cussed so far have an obvious dual 
purpose. They're useful for repairing 
and operating vintage radios, and 
they're also valuable collectibles in 

themselves. But, odd as it may seem, I 

don't consider most antique test 
equipment to be in that category. 

Such apparatus can really be won- 
derful to look at with its Bakelite panels, 
hardwood cases, engraved dials, and 
quaint meter styles. However, by to- 
day's standards, much of it isn't worth a 
darn as test equipment. First of all, de- 
sign concepts have improved by 
quantum leaps since the vintage 
equipment was made. Secondly, test 
equipment that has been used and 
stored (under unknown conditions) for 
over half a century isn't exactly equip- 
ment you'd want to rely on. Compo- 
nent values may well have changed 
and user abuse taken its toll. 

Diehard radio buffs who feel that old 
radios should be fixed with old equip- 
ment have a legitimate position, and I 

can see how they might derive quite a 
bit of enjoyment from the practice. In 

fact, I can think of a couple of situa- 
tions (to be discussed) where the old 
equipment might be quite valuable. 
But I'd strongly suggest checking cal- 
ibration and accuracy against relia- 
ble modern equipment (borrowing it, if 
necessary) before relying on the relic 
instruments. 

Most types of antique test equip- 
ment that you're apt to find have coun- 
terparts familiar to any electronic 
experimenter of today. Electronic 
technicians of the 1920's, 1930's, and 
1940's used multimeters, tube testers, 
and RF and audio oscillators similar in 

function, if not in design, to the ones 
used now. You'll even come across vin- 
tage oscilloscopes, although the units 
will not generally predate the late 
1930's. 

One type of commonly seen vin- 
tage test equipment, the set tester, 
really has no modern equivalent. It was 
used to expedite the diagnostic pro- 
cess back in the days when radio 
chassis could be large and heavy 
monsters indeed. The set tester made it 
possible to measure voltages and cur- 
rents at the tube socket connections- 
while the set was running and without 
removing it from the cabinet. 

To use the tester, the tube in question 
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Early multimeters are visually interesting, and also useful when checking set voltages 
against manufacturers original specs (see text). 

was removed from the set, a special 
adapter (having a cable running to 
the tester) was plugged into the tube 
socket, and the tube was plugged into 
a socket on the adapter. Now, at the 
touch of a lever or button, measure- 
ments could be made on any desired 
tube pin using the meters built into the 
tester. 

Most such testers were also set up to 
be used as normal multimeters, receiv- 
ing input from standard test probes in- 
stead of the special adapters. The set 
tester often made it possible for a ser- 
viceman to arrive at an accurate di- 
agnosis, and sometimes even effect a 
repair, without removing the radio from 
the customer's home. 

Equipment You Can Use. Which 
kinds of early test equipment do I feel 
could be useful for repairing antique 
radios today? I'd recommend a late 
1930's or early 1940's multimeter having 
1000 -ohm -per -volt sensitivity for DC 
measurements and an RF oscillator 
that will hit frequencies as low as 100 
kHz or so. 

The multimeter will hardly take the 
place of your modern one, but it will 
come in handy when you're checking 
voltage readings in a set against val- 
ues published in a manufacturer's 
chart. The reason: all voltmeters load 
down the circuits they are measuring, 
making the measured voltage lower 
than the voltage present without the 
tester in the circuit. Less sensitive meters 
(having a lower ohms -per -volt figure) 

load down the circuit more, and re- 
duce the voltage more than do meters 
of greater sensitivity. 

That's why the ohms -per -volt rating 
of the meter used to do the original 
testing is generally specified on the 
"normal" voltage charts. Use a meter 
of the same sensitivity specified by the 
manufacturer and you'll have a better 
chance of matching his readings. 
Since many of the early charts spec- 
ified a 1000 ohms -per -volt meter, it's a 
nice idea to have one on hand. 

The least expensive pocket multi - 
meter in the Radio Shack catalogue 
today has a 2000 ohms -per -volt rating, 
and more serious multimeters of even 
average quality are rated at least 
20,000 ohms -per volt. So the best way 
to get a 1000 ohms -per -volt unit would 
be to look for a vintage model. 

The RF oscillator with the low -fre- 
quency range will be helpful in align- 
ing IF transformers of early super- 
heterodyne receivers. They were often 
tuned to much lower frequencies than 
the modern "standard" of 455 kHz. 

That's why modern units often don't go 
low enough! 

In Conclusion. I'd like to stress one 
more time that a relatively short article 
such as this one can't even begin to 
cover all possible radio -related col- 
lectibles. What I've tried to do is orient 
those who might be new to the field by 
touching most of the important bases. 
To find out more, my advice is get in- 
volved and start collecting! 

ULTRASONIC RECEIVER 
(Continued from page 62) 

what Fido has been hearing. About 
any short length of small metal tubing 
can be turned into an ultrasonic gen- 
erator simply by blowing across the 
open end. Other areas in which the 
Ultrasonic Receiver can be useful is in 

locating high-pressure air or gas leaks 
in tanks or supply lines. 

The Ultrasonic Receiver can also be 
used to test for leakage in high -volt- 
age cables, like those used to deliver 
AC power to homes and industry. A 
good example of the leakage prob- 
lem (although it won't generate ultra- 
sonic sound), can be demonstrated 
by a rather common household occur- 
rence. We have all of us, at one time or 
another, grabbed hold of a line cord 
and received a shock from what had 
appeared to be well insulated con- 
ductor. 

Although the insulation is intact, cur- 
rent can seep through. Leakage in 

power line insulation generates high - 
frequency sound. That sound can be 
detected by the Ultrasonic Receiver, 
and thereby help to avert a potentially 
dangerous situation. Ultra -high power 
lines (those carrying power above the 
normal household power range) put 
out an abundance of ultrasonic sound. 

A number of experiments can be 
performed if a tunable audio gener- 
ator is available. If so, connect a sim- 
ilar piezo tweeter to the output of the 
audio generator and set the frequen- 
cy anywhere between 15 and 25 kHz 

and set the output level to maximum. 
Face both the receiver and the gener- 
ator's speaker in the same direction 
spaced about one foot apart. 

Tune the receiver to the frequency of 
the generator. As the receiver ap- 
proaches the frequency of the gener- 
ator, a beat tone will be heard that will 
go from a high -frequency tone down 
to a zero beat, where little or no sound 
will be heard. Wave a book up and 
down over the two speakers and you 
will hear sounds similar to the ones that 
normally come form a science-fiction 
movie sound track. 

The audio generator can be used as 
a remote transmitter, which can be de- 
tected by the receiver at distances of 
several hundred feet. Since the re- 
ceiver operates with a broadband 
front-end, loud noises close to the 
pickup can cut through, causing a dis- 
torted sound, but under normal use 
that should not be a problem. 
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EXECUTIVE DING -A -LING 
(Continued from page 137) 

component leads to the copper side 
of the battery/amplifier board at 
points A, B, and C, making sure that 
the leads are at least 3/4 -inch or longer. 
Afterward, temporarily put the battery/ 
amplifier board aside. Solder two 
leads to S5 (located on the bottom - 
panel board). 

Install 11/2 -inch screw -on spacers to 
the speaker board, using 13/4- to 2 -inch 
screws. That should leave about 3/4 to 1/2 

-inch of the screw protruding through 
the ends of the spacers. Connect the 
leads from the speaker to the appro- 
priate pads on the battery/amplifier 
board. Do not mount the battery/am- 
plifier board on the 11/2 -inch spacers 
yet. If you do, it will be necessary to 
undo the installation when you are 
ready to adjust the tone generators. 

Thread the wires from S5 (on the bot- 
tom -panel board) through the square 
hole in the tone -generator board, and 
solder them to the appropriate pads 
on the battery/amplifier board. Then, 
line up the component leads from the 
battery/amplifier board with the corre - 
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BOARD 

TONE GENERATOR 
BOARD 

This is what the completed assembly should 

sponding pads on the tone -generator 
board, and solder in place. 

Finally, mount the bottom -panel 
board, separated by Y4 -inch spacers, 
to the tone -generator board, using Y2 - 

inch screws. Those screws should be 
long enough to go through the Y4 -inch 
spacers, both boards, and into the 1/2 - 

inch spacers. 
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Fig. 7. A piece of printed -circuit material is cut to the dimensions shown, and serves as the 
bottom panel of the enclosure. Note the square hole cut in the center of the board. That 
hole allows the control lever of S5 to be accessed when the project is completed. 
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look like once the boards are stacked. 

Next, connect the battery without 
putting it into its holder. That allows you 
to adjust R2, which is located under 
the battery. Apply power to the circuit, 
and set the assembly down so the unit 
is right -side up and level. Each tone 
generator can be adjusted for proper 
triggering and tone by shorting the two 
leads of any one mercury switch and 
adjusting the corresponding potenti- 
ometer through the 3 -inch hole in the 
battery/amplifier board. 

After the tones are adjusted and the 
volume is set, the speaker board is 

mounted on top of the four 11 -inch 
stand-offs, and the battery placed in 

the holder to complete the assembly. 
(The completed assembly is shown in 
the photos.) 

A simple enclosure for the Executive 
Ding -A -Ling can be built from wood or 
plastic. A grille of sorts, or holes through 
which to vent the audio, must be 
drilled through the top of the box. As a 
grille, the author used a small piece of 
perforated metal (grille metal), which 
was affixed to the inside of the en- 
closure with epoxy. 

When the electronic assembly is in- 
stalled in the enclosure, the bottom - 
panel board becomes the bottom 
cover. The bottom, which at this point 
supports the electronic assembly, is 

held in place with four small screws. 
The overall size of the bottom plate 
can be modified to fit the enclosure 
you may choose, or build. 

Now that you've completed the 
project, you are ready to sit back at 
your desk during a busy day and play 
with your Executive Ding -A -Ling. Just 
don't let the boss catch you or you 
might have to make one for him. 
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ELECTRONICS MARKET PLACE 
BUSINESS OPPORTUNITIES 

INVENTIONS, ideas, technology wanted for pre- 
sentation to industry/exhibition at national innova- 
tion exposition. Call 1 (800) 288 -IDEA. 

LET the Government finance your small business. 
Grants/loans to $500,000 yearly. Free recorded 
message: (707) 449-8600. (KS3) 

ELECTRONIC DESIGN 
DESIGN and build your own computerized prod- 
uct! New manual makes it easy! Simple step-by- 
step details from idea to finished product. Includes 
introduction to design, choosing the proper CPU, 
comparison between many CPUs & micro - 
controllers, circuit layout, sample schematics, pro- 
gramming, debugging, hints, tips, and more! $8.00 
complete, satisfaction guaranteed, details free, 
TRAVCO, 107 E. Vallette, Suite 1301H, Elmhurst, IL 
60126. 

Motion Control System ....el 59 00 ,42e! 

WOW e20 
Includes Computer, Monitor, Keyboard, ! 

Power supply, 4 Motors, end Software. 
Call or Send for Free Robotics Catalog 

SìtioonVaiNySurDlus 
415 261-1506 

4222 E. 12th 5t. 
Oakland Ca. 94601 

Serving you ano. 1983 
S am to C pm PST 

CABLE T V 
"BOXES" 

Converters - Descramblers 
Remote Controls - Accessories 

* Guaranteed Best Prices * 
* 1 YearWarranty-C.O.D.'s * 

* Immediate Shipping * 
* FREE CATALOG * 

Call or Write 
TRANS -WORLD CABLE CO. 
12062 Southwest 117th Court, Suite 126 

Miami, Florida 33186 
1-800-442-9333 

r-....] L 

NEW HE NE 
LASER TUBES $35 

Dealer Inquiries Invited. 
Free Catalog! 

MEREDITH INSTRUMENTS: 6403 N. 59th Ave. 
Glendale, AZ 85301 (602) 934-9387 

"The Source for Laser Surplus" 

BUY BONDS 

CABLE TV DESCRAMBLERS! 

BARGAIN HEADQUARTERS! 
JERROLD TOCOM HAMLIN 
SCIENTIFIC ATLANTA ZENITH 

Ook M358 ONLY $60 
6 month warranty! We ship C.O.D.! 

Lowest retail Wholesale prices! 
FREE CATALOG: 

Global Cable Network 
1032 Irving St. Suite 109 

S.F. CA 94122 

ORDER TODAY! 800-327-8544 

ELECTRON TUBES 
OVER 3000 TYPES IN STOCK! 

Also capacitors, transformers 
and parts for tube type equipment. 

Send $2.00 for 26 page catalog. 

ANTIQUE ELECTRONIC SUPPLY 

688 W. FIRST ST.. TEMPE. AZ 85281 

PHONE: 602/894-9503 FAX: 602/894-0124 

FACTCARD 

Jampacked with 
information at your 

fingertips 

ALL YOU NEED to know about 
electronics from transistor packaging 
to -substitution and replacement 
guides. FACTCARDS numbers 34 
through 66 are now available. These 
beautifully -printed cards measure a 
full three -by -five inches and are 
printed in two colors. They cover a 
wide range of subjects from Triac cir- 
cuit/replacement guides to flip-flops, 
Schmitt triggers, Thyristor circuits, 
Opto-Isolator/Coupler selection and 
replacement. All are clearly explained 
with typical circuit applications. 

WANT TO EXPAND your knowl- 
edge of electronics? Do it the easy way 

by studying the Electronics Fact 
Cards. Do you travel to and from your 
job each day? Drop a handful of cards 
in your pocket before you leave, and 
the bus becomes a schoolroom! At 
home, you can build some of the proj- 
ects and not only have fun building and 
using them, but learn how they work at 
the same time. 

YOU'LL BE AMAZED both at how 
rapidly you learn with these cards, and 
how easy it is to understand. These 
new cards are available right now. 
Don't miss out. Send your check or 
money order today. 

FACTCARDS-Facts at gour fingertips for 
Experimenters and Project Builders! 

I Please send one copy of FACTCARDS at $3.50. Shipping $1.00 (U.S. and Canada only). 

Please send copies of FACTCARDS. Total cost is sum of copy price and First Class 
postage and handling cost multiplied by number of card sets ordered. 

Allow 6-8 weeks for the material to arrive. 

Please print 

(Name) 

(Street Address) 

(City) (State) (Zip) 

Detach and mail today: 
Popular Electronics Bookstore 
P.O. Box 4079 
Farmingdale, NY 11735 

All Payment must be in U.S. 
Funds! 

PEH90 
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ADVERTISING INDEX 
P -E HOBBYIST HANDBOOK magazine 
does not assume any responsibility for 
errors that may appear in the index below. 

Advertiser 

Free Information No. Page 
8 All Electronics 145 

Amazing Concepts 153 
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CD HEADPHONE 
(Continued from page 114) 

and J3, whichever applies), and a 
hole for the power cord. The front -pan- 
el and side -panel layouts of the CD 
Player Headphone Amplifier's en- 
closure are shown in Fig. 4. 

Select a stereo jack suitable for mat- 
ing with the plug on your headphones. 
If your headphones have Y8 -inch plugs, 
you may be tempted to use a Ya -inch 
stereo jack. But he warned, however, 
that most Ya -inch jacks do not stand up 
well to prolonged use and are difficult 
to solder. It is suggested that you install 
a Y4 -inch jack and then use a Ye -inch to 
Y4 -inch adapter plug. 

Mount the headphone jack (J5), 
switch SI, and potentiometer 121 to the 
front panel of the enclosure, and the 
signal input/output jacks (J1 to J4) to 
the side panel. When making the con- 
nections between JI through J4 to RI 

and from R1 to the printed -circuit 
board, coaxial cable should be used. 
The shields of the cables-as indicat- 
ed in Fig. 1-connect from jacks J1 to J4 
to the ground end of potentiometer RI 

to the circuit board. 
Then, after threading the power 

cord though the hole provided, one 

The finished project may be compact, but 
it can drive most stereo headphones to 
ear-splitting volume. 

lead of the cord is connected to SI, 

and from there to the appropriate 
point on the circuit board. The other 
lead goes directly to the board. 

It is recommended that the AC 
power supply be permanently wired to 
The CD Player Headphone Amplifier: 
Power -supply jack inputs can cause 
problems. When this phase of the as- 
sembly is compílete, check your work 
for errors. If everything checks out okay, 
apply power to the circuit and plug in 

your phones. 
There should be no sound from the 

phones, even with the volume control 
turned full -on. If That's true, turn down 
the volume, connect your CD player, 
and sit back to enjoy the music. 

This view shows the shielded cable and other wiring connections to the printed -circuit board. 
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The Electronic Industries Association/Consumer 
Electronics Group has recently completed the first in a 

series of videocassette training tapes. 

EIA/CEG ANNOUNCES COMPLETION 
OF NEW "BASIC CAR AUDIO 
INSTALLATION" VIDEO TAPE 

If you are thinking of "cashing in" on the prof- 
its in the ever growing car audio service business, 
the troubleshooting-service-installation-and 
removal of car audio products is a large, non-com- 
petitive profit center for your service facility. This 
thirty minute video introduces you to the ever 
increasing complex world of car stereo installa- 
tion. It guides the new installer or owner in the 
correct layout and design of a car stereo installa - 

KEY TOPICS COVERED 
IN THIS VIDEO 

The design and layout of 
a car stereo installa- 
tion center. 

Basic and specialized 
tools needed for car audio 
installation work. 

Safety in the shop. 
How to treat the cus- 

tomer's car, from pre -instal- 
lation checkout to demon- 
strating to the customer 
the completed job. 

The proper procedure 

tion facility, covering basic as well as specialized 
tools needed for the installation business. 

This informative videotape is also an excellent 
aid to the electronics technician in that it gives 
the correct procedure for removing and replacing 
"any" car radio from the dashboard of any car 
and shows the installer's, salesperson's and cus- 
tomer's role in the installation and sale of car 
audio products. 

for installing car audio 
equipment. 

The technical resources 
available for information 
about specific types of 
vehicles, dashboard dis- 
mantling, speaker sizes and 
antenna locations. 

Speaker wiring types 
found in the automobile. 
Common and floating 
ground systems-how 
to differentiate. Proper 
wiring procedures used 
in the car. 

The cost of the videocassette is $30.00. Use the order form below to order yours now! 
Send to: EIA/CEG, Department PS, P.O. Box 19100, Washington, D.C. 20036 

ce 

c2 

Basic Car 
Videocassette 
VHS 

Name 

Title 

Firm 

Address 

City 

Audio Installation 

BETA 

Quantity Amount Tbtal Enclosed 

$30.00 each 

State Zip 



East of the sun. 
West of the moon. 
Windjammer. 
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A place to live your fantasies. 
A place to free your soul. 

To cozy up to the Caribbean sun. 
To dance among o thousand stars 
ro the rhythms of steel drums. 
To play on sparkling white and 
pink sand beaches. 
To discover the underwater 
paradise of the reefs. 
To find a new friend and share the 
intimacies of a sensuous night. 

To come alive and live. 
To remember for a lifetime. 

6 days and 6 nights. From $625. 

Reservations toll free 
1-800-327-2600 
In Florida 305/373-2090. 

winG, MCI 
'QAfQÍ'OOneY1/c, 

Post Office Box 120. 
Miami Beach, Florida 33119. 
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