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BUILD A 
SUPER -SIMPLE 
SHORTWAVE RADIO 
Tune in to the excitement and 
drama of international radio 
broadcasts with this easy-to- 
build, HF shortwave receiver 

BUILD A 
CARDBOARD -TUBE 
RADIO 
Some common househo d 
materials put a novel twist on an 
always popular project 

TEST GEAR FOR 
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top shape 
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1.800.831.4242 
Your Resource for Value. Only a Phone Call Away. 

20 
YEARS OF 

EXCELLENCE 

1973 -1993 

40 Watt Switching 
Power Supply 

+5V @ 1.5A 
+5V @.4A 
+12V @.5A 

-5V @ .32A 
12V @ .075A 

+22V @ IA 

Input: 115VAC @ 60Hz 
2 -pin Molex input connector 
and 4 output connectors 

Size: 5.375 "L x 3.5 "W x 1.25 "H 

Weight: .5 lb. 
Part No. Product No. Price 
8P77972 PS512 $14.95 

23 Watt 
Switching 

Power Supply 
+5V @1.8A 
+15V @ .450A 
-15V @ .450A 

Input: 120VAC @ 50 /60Hz 
Molex style input and output 
connectors 
Size: 5 "L x 3 "W x 1.375 "H 
Weight: .5 lb. 

Part No. Product No. Price 
8P76611 PS9099 $12.95 

See our Catalog for more power supplies 

Metex Digital 
Multimeters 

Handheld high accuracy 
Measures AC /DC voltage, 
AC /DC current, resistance, 
diodes, audible continuity test, 
transistor hFE 8P27158 

Manual ranging w /overload 
protection 
Comes with probes, batteries, case 
and manual 
One -year warranty 

27086 & 27158 only 
Also measures frequency and capacitance 

Part No. Description Price 
8P27078 3.5 digit multimeter $59.95 
8P27086 3.5 digit multimeter 

w /frequency & 

capacitance 74.95 
8P27115 3.5 digit multimeter 39.95 
8P27140 4.5 digit multimeter, 

w /tach /dwell 59.95 
8P27158 4.5 digit w /frequency & 

capacitance & data 
hold switch 99.95 

Jameco Solderless 
Bread . rds 

Our long- lasting 

breadboards feature 
screen printed color 
coordinates and are 
suitable for many kinds of 
prototyping and circuit design. I arger 

models feature heavy -duty aluminum 
backing with voltage and grounding posts. 

8P20757 

Terminal Bus Contact Price 
Part No. Strips Strips Points 1 -9 

8P20343 

8P20600 

8P20669 

8P20722 

8P20757 

8P20773 

8P20790 

8P20811 

0 2 200 

1 2 400 

1 0 630 

1 2 830 

2 I 1,360 

2 4 1,660 

3 5 2,390 

4 3.220 

$3.49 

4.95 

5.95 

6.95 

12.95 

17.95 

24.95 

32.95 

Linear ICs 

Price 
Part No. Product No 1-9 

8P33241 TL082CP $.59 
8P23579 LM317T 65 
8P23683 LM324N 35 
8P23771 LM336Z 1.09 
8P23851 LM339N 45 
8P27422 NE555V 35 
8P24328 LM556N 49 
8P24467 LM723CN 49 
8P24539 LM741 CN 29 
8P23131 LM1458N 39 
8P23157 LM1488N 45 
8P23181 LMI489N 45 
8P34278 ULN2003A 69 
8P24230 LM3914N 2.49 
8P27385 NE553' 1.19 
8P51262 7805T 45 
8P51334 7812T 45 

TTL ICs 
Price 

Part No. Product No 1 -9 

8P46252 74LS00 $25 
8P46287 74LS02 25 

8P46316 74LSO4 25 
8P46375 74LS08 29 
8P46640 74LS14 39 
8P47458 74LS30 25 
8P47466 74Lß32 25 
8P48004 74LS74 29 
8P48039 74Lß76 49 
8P48098 74LS86 25 
8P46447 74LS112 25 

8P46480 74LS123 39 
81'46607 74Lß138 39 
8P46957 74LS175 35 
8P47036 74LS193 59 
8P47183 74LS244 69 

8P47212 74LS245 69 

8P47600 74LS373 69 
8P47634 74Lß374 69 

Diodes and Transistors 

8P35991 

8P38236 

Part No. Product No. Description Price 

8P36038 1N4148 Switching diode $.07 
8P36097 1N4733 Zener diode .25 
8P35991 1N4004 Silicon rectifier .10 
8P38236 2N2222A Gen. pur. transistor .25 
8P38279 2N2907A Gen. pur. transistor .25 
8P38359 2N3904 Gen. pur. transistor .12 

Ceramic Capacitors (50v) 
20% Ceramic 

Part No. Capacitance Price 

8P15333 lOpf $.10 
8P15341 100pf 10 

8P15190 .0010 10 

8P15229 .010F 10 

8P15253 .0470F 10 

8P15270 -10.F 15 

Soldertail Low Profile 
Tin Plated IC Sockets 

Part No. 

8P51570 

8P37161 

Lead Length: .125" 
Body Height: .156" 

Pins Price 

8 pin $.10 

14 pin 11 

8P37372 16 pin 12 

8P39335 24 pin 19 

8P40301 28 pin 22 

8P41110 40 pin 28 

Additional components available 

Carbon Film 1/4 Watt 5% 
Resistor Assortments 

Part No. 
8P10719 

8P10663 

Description Price 
5 cash '11 values (every other value from RIO ohm - 
R5.(, meld 1 

/4 Warr Cf. Resistor Values (.350 pa.) $9.95 
I on each (_, values, 1/4 Wart CF. Resistors 

RIO rhru RIONt (2.70 pm.) 39.95 

Part No. 
8P34796 
8P34761 
8P34825 
8P34622 
8P34606 
8P34657 

LEDs 
Product No. 
XC556R 
XC556G 
XC556Y 
XC209R 
XC209G 
XC209Y 

JAMEr 

Description Price 
Red .200 dia $.12 
Green .200 dia 16 
Yellow .200 dia 16 
Red .125 dia 14 
Green .125 dia 18 
Yellow .125 dia 18 

Other Jameco 
Resources 

Test /Measurement 
and Prototyping 
Equipment 

Computer Upgrade 
and Accessory 
Products 
Full line of Integrated 
Circuits and Electronic 
Components 
Call for hobby kits 

Order toll -free 1.800.831.4242 

Call or write for your FREE 
Spring Component Catalog: 
1.800.637.8471 

For International Sales, Customer 
Service, Credit Department and all 

other inquiries: Call 415.592.8097 
between 7AM -5PM P.S.T. 

CA Residents please add applicable 
sales tax. 

$30.00 Minimum Order 

JP ELECTRONIC COMPONENTS 

AM ECO ' 
COMPUTER PRODUCTS 

1355 Shoreway Road 
Belmont, CA 94002 

FAX: l.800.2376948 (Domestic) 

FAX: 415.592.2503 n "remat oo l) 

Im' 
Terms: Prices subject to change without notice. Items subject to availability 

and prior sale. Complete list of terms /warranties is available upon request. 

© /993 Jamero 8/93 All trademarks are registered trademarks of their respective companies. 

Mention 
v.1.P.t! 

8P3 
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Electronics 

P 

THE MAGAZINE FOR THE ELECTRONICS ACTIVIST! 

JCTION ARTICLES 
ER- SIMPLE SHORTWAVE RECEIVER 
nders of world travel without the expense through the magic of shortwave radio 

ID TUBE RADIO David D. Lee 41 

ing radio receiver from common household items 

INEL RF REMOTE CONTROL Brian McKean 53 
,ple RF remote- control transmitter that can be used in a variety of applications 

. URE ARTICLES 
GEAR FOR SWL'S 

A look at some testing aids that can help keep your listening post in shape 

FIGHTING INTERFERENCE 
Find out what you can do about unwanted signals 

AN INTRODUCTION TO ANALOG -TO- DIGITAL CONVERTERS James E. Tarchinski 57 
Learn about the components that convert real -world signals to a language that logic circuits can understand 

PROGRAMMING SERIAL PORTS 
Learn how to program the serial ports on your computer so you can build RS -232 based projects 

PRODUCT REVIEWS 
GIZMO 5 

Including: AudioSource AM FM, Receiver CD Changers; Yamaha MIDI Tone Generator; Zeos Pocket PC; and more! 

HANDS -ON REPORT 24 
Graymark 5 -inch Color -TV Kit 

PRODUCT TEST REPORT Len Feldman 27 
Onkyo Audio'Video Surround -Sound Receiver 

COLUMNS 
ANTIQUE RADIO Marc Ellis 66 

More from the mailbag 

COMPUTER BITS Jeff Holtzman 68 
Language and the computer, II 

CIRCUIT CIRCUS Charles D. Rakes 70 
Easy -to -build receiver circuits 

THINK TANK John Yacono 73 
TTL logic, and hints 

DX LISTENING Don Jensen 76 
Radio Moscow? 

HAM RADIO Joseph J. Carr 78 
More on our ham -band VFO 

SCANNER SCENE Marc Saxon 80 
Monitoring cordless telephones 

DEPARTMENTS 
EDITORIAL Carl Laron 2 

LETTERS 3 

FACTCARDS 49 
POPULAR ELECTRONICS MARKET CENTER 50A 
FREE INFORMATION CARD 51 

ELECTRONICS LIBRARY 82 

NEW PRODUCTS 84 
ELECTRONICS MARKET PLACE 93 

ADVERTISER'S INDEX 96 

Fred Blechman 31 

Karl T. Thurber 36 

Gary Eggleston 44 

John J. Yacono 63 

Popular Electronics (ISSN 1042 -170X) Published monthly by Gernsback Publications, Inc., 500-B Bi- County Boulevard, Farmingdale. NY 11735. Second -Class 
postage paid at Farmingdale, NY and at additional mailing offices. One -year, twelve issues, subscription rate U.S. and possessions $21.95, Canada $28.84 (includes 
G.S.T. Canadian Goods and Services Tax Registration No 8125166280), all other countries $29.45. Subscription orders payable in U.S.. funds only, International Postal 
Money Order, or check drawn on a U.S. bank. U.S. single copy price $3.50. s. 1993 by Gernsback Publications, Inc. All rights reserved. Hands -on Electronics and 
Gizmo trademarks are registered in U.S. and Canada by Gernsback Publications, Inc. Popular Electronics trademark is registered in U.S.. and Canada by Electronics 
Technology Today, Inc. and is licensed to Gernsback Publications, Inc. Printed in U.S.A. 

Postmaster: Please send address changes to Popular Electronics, Subscription Dept.. P.O. Box 338. Mount Morris, IL 61054 -9932. 

A stamped self -addressed envelope must accompany all submitted manuscripts ender artwork or photographs if their return is desired should they be rejected. We 
disclaim any responsibility for the loss or damage of manuscripts and /or artwork or photographs while in our possession or otherwise. 

As a service to readers, Popular Electronics publishes available plans or information relating to newsworthy products, techniques, and scientific and technological 
developments. Because of possible variances in the quality and condition of materials and workmanship used by readers, Popular Electronics disclaims any 
responsibility for the safe and proper functioning of reader -built projects based upon or from plans or Information published in this magazine. 
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Editor-In-Chief and Publisher 

EDITORIAL DEPARTMENT 

Carl Laron 
Editor 

Robert A. Young 
ASSOC Editor 

John J. Yacono 
Assrn,irrte Editor 

Byron G. Wels, K2AVB 
Associate Editor 

Teri Scaduto 
Assistant Editor 

Kathy Terenzi 
Editorial Assistant 

Marc Spiwak 
Editorial Associate 

Fred Blechman 
Joseph J. Carr, K4IPV 

Marc Ellis 
Len Feldman 

Jeffrey K. Holtzman 
Don Jensen 

Charles D. Rakes 
Marc Saxon 

Contributing Editors 

PRODUCTION DEPARTMENT 

Ruby M. Yee 
Production Director 

Karen S. Brown 
Production Manager 

Marcella Amoroso 
Production Assistant 

Janice Box 
Editorial Production 

ART DEPARTMENT 
Andre Duzant 

Art Director 

Injae Lee 
Illustrator 

Russell C. TFuelson 
Illustrator 

Jacqueline P. Cheeseboro 
Circulation Director 

Michele Torrillo 
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BUSINESS AND EDITORIAL OFFICES 

Gernsback Publications, Inc. 
500 -B Bi- County Blvd. 
Farmingdale, NY 11735 

1- 516 -293 -3000 
Fax: 1-516-293-3115 

President: Larry Steckler 

Subscription 
Customer Service /Order Entry 

1- 800 -827 -0383 
7:30 AM - 8:30 PM EST 

Advertising Sales offices listed on page 96 

Cover photography by Diversified Photo Services 

18 ABC 

Composition by 
Mates Graphics 

AUDITED 
Since some of the equipment and circuitry described in 

POPULAR ELECTRONICS may relate to or be covered by 
U.S. patents, POPULAR ELECTRONICS disclaims any lia- 
bility for the infringement of such patents by the making, 
using, or selling of any such equipment or circuitry, and 
suggests that anyone interested in such projects consult a 
patent attorney. 

SCAN BAN 
In case you missed the news in last month's Scanner Scene 
(Popular Electronics, July, 1993), an era has ended for 
scanner enthusiasts. As of the end of last April, the FCC will 
refuse to type- accept new scanners that have cellular - 
telephone reception capability, or that can have their cellular 
frequencies easily restored. Six months later, at the end of 
October 1993, it will become illegal to manufacture or import 
such scanners. 

These rule changes are the FCC's response to the Telephone 
Disclosure and Dispute Resolution Act, which was passed at 
the end of 1992. They extend the provisions of the 1986 
Electronic Communications Privacy Act. Despite that act, 
cellular scanning has until now survived in the gray areas of 
the law. 

It is unfortunate that the cellular industry's pressure on, and 
influence over, our government has succeeded in disrupting a 

largely harmless pastime. It is also unfortunate that these 
interests have forgotten a basic fact of human nature: 
Something banned becomes more attractive. Interestingly, to 
the best of our knowledge, it is the first time the U.S. 
government has banned the manufacture or sale of any piece 
of receiving gear. 

What now? The remaining stock of cellular -capable receivers 
and scanners are sure to be snapped up in short order (they 
may already be in short supply as you read this). Further, as 
with any other type of "prohibition," a black market for these 
types of scanners is sure to develop, and develop to the point 
where anyone with enough interest, and the wherewithal to do 
a little "research," will have little trouble in obtaining one. 
Finally, while the law also covers the manufacture and sale of 
frequency converters, you are sure to see articles on home - 
brew converters that hobbyists can legally build. 

Carl Laron 
Editor 
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rOR UPDATE 
t 

`pr ;fight in preparing 
J an Ion Detec- 

Vlectronics, May 
information for 
omitted. A com- 
arts, priced at 
ln be obtained 

Unlimited, PO. 

(st, NH 03031; I 1705 (orders), 
/30 (technical infor- 

etc.). Contact them 
y for any further informa- 

. We apologize for any 
,convenience that this has 

caused.- Editor. 

PINOUT PROBLEM 

Readers who are using the Ra- 
dio Shack SCR (Cat. No. 

276 -1067) for the construction 
article "Build a Water -Level 
Alert" (Popular Electronics, 
April 1993) should be aware that 
the pin -out description con- 
tained on the reverse side of 

some of the component packag- 
ing material is incorrect. As 
viewed from the side with the 
dot, the correct SCR pinout is 

Left Cathode, Center Gate, 
Right Anode. 
M. W.R. 
Plano, TX 

A LIFELONG HOBBY 

I am moved to comment on the 
letter from E.J. (Popular Elec- 
tronics, May 1993) regarding 
Heathkits. His criticism of their 
intensive documentation is ur- 
reasonable. Everyone has to 
start somewhere, and Heath 
made it possible for neophytes 
to possess sound, working 
equipment that many could nDt 

have afforded otherwise, provid- 
ing a good deal of education in 

the process. Some were not 
and did not want to be techni- 
cians -they just wanted 
affordable equipment that they 
could use and enjoy. 

I never built a Heathkit my- 
self, but I have built a good 
many from other sources, with 
documentation ranging from 9x- 

cellent to execrable. Give me 
excellent any day! I do own 
several pieces of Heath test 
equipment and am glad to have 
documentation that I can rely on 

LETTERS 
when the time for repairs comes 

around. 
Kit building is not my forte. I 

have built far more equipment 
with no more to go on than a 

construction article in a maga- 

zine, a schematic with brief 
notes on coil data, and, in a few 

cases, nothing but my own de- 

sign. I often used homemade 
components because, when I 

began building receivers in 

1936, money was one thing 

didn't have. A 10- year -old had 
no easy time finding gainful 
employment in 1936, believe 
me! 

A kind man gave me a huge 
stack of Shortwave Craft and 
other magazines and a huge 
book of schematics and service 
data covering most commercial 
sets from 1924 to 1936. When I 

was 14, I was repairing radios 
for the neighbors and repairing 
and selling receivers salvaged 

from the town dump. In the fall 

of 1941, I went to work on the 
bench in a radio -repair shop. 

The owner diagnosed; I re- 

paired. 
My suggestion for E.J. is that 

if he does not find kits enough 
of a challenge, he should get 
some of the books on early 
radios and try his hand at rep- 

licating some of the classic 
receivers of yesteryear. (Lindsay 
Publishing sells reprints of such 
books.) A very challenging proj- 
ect would be to construct a 

crystal set that will receive ICW 

signals without the use of a 

BFO. 
I'm not being snide. It is a 

very educational and rewarding 
pursuit that pushes one's imag- 
ination and ingenuity to their 
limits. After 56 years, it still 

fascinates me. 
B.R.P. 
Lake Havasu City, AZ 

HAVES & NEEDS 

Popular Electronics has often 
provided the contacts that I 

have needed to find obscure 
parts and information. To return 

the favor, I am offering to other 
readers a photocopy of a rela- 

tively hard -to -find manual -the 
Instruction Manual (including 
full schematics) for the Allied 
(Radio Shack, Tandy Corpora- 
tion) AX -190 solid- state, 11- 

band communications receiver 
(Cat. No. 20- 5155). Those who 
would like a copy can send me 

four 29 -cent stamps to cover 
postage costs. I've seen letters 
requesting this information in 

the past. I myself had contacted 
most of the manual -supply com- 
panies, to no avail. I got lucky at 

a recent ham fair. 

RANDY WHEELER 
5910 Blvd. Lp. SE 
Olympia, WA 98501 -8408 

PORTABLE 110 VOLT AC 
POWER PLUG FOR CAR 

NEVER LEAVE HOME WITHOUT IT!! 
Generate 110 volt AC power right from your car, boat, RV, or any other 12 volt DC 
source. Just plug the adapter into your car cigarette lighter and you can operate almost 
any AC powered device even a small TV or video games! Its a GREAT camping 
companion too. Delivers a constant 140 watts of power. 

You will also enjoy using this pnxiuct to operate: 

Pbrtable Personal Computes *Personal Stereos 
*Mobile Phones *Recharge Camcorder, laptop, 
*Power Tools Cellular batteries 
*Emergency lighting *Dust Buster 

and marry other uses 

N.- era Arra LAI. %TM CHINX OR MONEY CODER 

MODb71 A4G100 (140 WATIS). ....... __...___. ...... _..___.SS9.95 I 
Io ID _. ...... __._._.__. ..... .. ..... --- .......... .orjffi2 for J98.90 p 

MODEM WAITS).- .S7995 
-.or TWO for $131.90 

please add $4.00 SIX for each unit 
Dram residents add 8.25% sales tax 

Send Check or Money Orter TODAY.'! 

MAIL MALLARD MARICEMIGKIECW 115 -Day 
I Free Home Thal TO: 3913 BELL ST., SUITE C, AMARILLO, TEXAS 79109 

IrDUY 2 OP MS SAME n'mi1 
AND GET 7ifE SECOND AT 

35%OFF! 
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Electronic Paperbacks at Special Prix, 
BP325 -A CONCISE USER'S 

GUIDE TO WINDOWS 3.1 .... 
$7.95. Come to grips with Windows 
3.1 in the shortest and most effective 
way. Learn how to manipulate Win- 
dows screens and DOS by Windows 
graphics interface. Master its word 
processor, Paintbrush and data base 
along with Notepad, Macro Recorder, 
PIF Editor, and Calculator. 

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. 

BP311 -AN INTRODUCTION TO 
SCANNERS AND SCANNING.... 
$7.95. Radio scanners have opened 
a realm of exciting radio listening. 
Understand radio wave propagation, 
types of transmissions, antennas, 
band assignments -the straight 
dope on what to hear and where to 
hear it! Comes complete with index, 
glossary of important terminology. 

waw.r 
161rid.lnn. 

CMOS1 -CMOS POCKET GUIDE 1 .... $18.95. 
Works like the TTL Guides but covers all commonly 
used CMOS standard devices. Six major sections. The 
first shows the device schematic. Next is a brief descrip- 
tion of the component and is followed by full operating 
details. The fourth section lists major applications, while 
the 5th and 6th sections present essential data for that 
device and a list of the relevant manufacturers. The final 
two sections are a valuable cross -reference. 

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. 

BP303- UNDERSTANDING 
PC SOFTWARE $6.95. This 
book will help you understand the 
basics of various types of business 
software in common use. Types of 
software covered include word pro- 
cessors, spelling checkers, graph- 
ics programs, desktop publishing, 
databases, spreadsheets and util- 
ities. 

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. 

BP299- PRACTICAL 
ELECTRONIC FILTERS 

$6.95. Presents a doz- 
en filter -based practical 
projects with applications in 
and around the home or in 
the constructor's workshop. 
Complete construction de- 
tails are included. 

8P247 -MORE 
ADVANCED MIDI 
PROJECTS $5.95. 
Circuits included are a 
MIDI indicator, THRU 
box, merge unit, code 
generator, pedal, pro- 
grammer, channelizer, 
and analyzer. 

BP287 -A REFERENCE GUIDE 
TO PRACTICAL ELECTRONICS 
TERMS .... $8.95. More than just a 

dictionary of practical electronics 
terms, the book goes a step further in 

getting down to fundamentals. A ref- 

erence volume that can be read casu- 
ally by a reader seeking knowledge. 

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 
add -ons to extend 
multi -meter ca- 
pabilities. 

BP257 -INTRO TO 
AMATEUR RADIO 

. $6.95. Amateur 
Radio is a unique and 
fascinating hobby. This 
book gives the new- 
comer a comprehen- 
sive and easy to under- 
stand guide to the 
subject. 

BP251- COMPUTER 
HOBBYISTS HANDBOOK 
....$8.95. A wrapup of ev- 
erything the computer hob- 
byist needs to know in one 
easy to use volume. Pro- 
vides a range of useful ref- 
erence material in a single 
source, 

BP256-INTRO 1 

LOUDSPEAKER: 
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. 

BP249 -MORE AD- 
VANCED TEST EQUIP- 
MENT CONSTRUCTION 

.. $6.95. Eleven more 
test equipment con- 
struction projects. They in- 
clude a digital voltmeter, 
capacitance meter, current 
tracer, etc. 

p' --Ifi_ 
and 

Flet.. Circuit. 

bLA 

BP309- PREAMPLI- 
FIER AND FILTER CIR- 
CUITS $6.95. Provides 
circuits and background 
info for a range of pre- 
amplifiers, plus tone con- 
trols, filters, mixers and 
more. All are high- perfor- 
mance circuits that can be 
built at a reasonable cost. 

PCP115- ELECTRONIC PROJECTS 
FOR HOME SECURITY .... $10.00. 25 
projects ranging from a single -door pro- 
tection circuit that can be completed in an 
hour or two, to a sophisticated multi -chan- 
nel security system. Each project is de- 
scribed in detail with circuit diagrams, 
explanations of how it works, instructions 
for building and testing, and how to adapt 
circuits to meet special requirements. 

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 semicon- 
ductor power devices. More than 1000 power handling devices are included. They 
are tabulated in alpha- numeric sequence, 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, end electronic parameters. Includes Darlington 
transistors, high-voltage devices, high -current devices, high power devices. 

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

BP195-111TRODUCT1ON TO SATELLITE TV $9.95. A definitive introduction to 
the subject written for the professional engineer, electronics enthusiast, or others 
who went to know mac before they buy. 8 x 10 in. 

Li 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. i 

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. 

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

BP42- SIMPLE LED CIRCUITS..... $5.50.4 large selection of simple applications 
for this simple electronic component. 

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

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

CHECK OFF 

THE BOOKS YOU WANT i 

BP255- INTERNATIONAL RADIO 
STATIONS GUIDE .... $7.95. Provides 
the casual listened, amateur radio DXer 
and the professional radio monitor with an 
essential reference work designed to 
guide him or her around the more than 
ever complex radio bands. 

ELECTRONIC TECHNOLOGY TODAY INC. 
PO. Box 240, Massapequa Park, NY 11762 -0240 

Name 

Address 

City State Zip 

PE893 

SHIPPING CHARGES IN 

USA AND CANADA SORRY No orders accepted Number of books ordered I I 

outside of USA & Canada 
$0.01 to $5.00 $1.50 Total price of merchandise S 

$5.01 to $10.00 $2.50 Shipping (see chart at left) S 

$10.01 to 20.00 $3.50 Subtotal S 
$20.01 to 30.00 .... $4.50 Sales Tax (NY State only) S 

$30.01 to 40.00 ....$5.50 Total Enclosed S 

$40.01 to 50.00 ....$6.50 
$50.01 and above ... $8.00 All payments must be in U.S. funds J 
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One for All 
CD CEIVER /ONE AM/FM RECEIVER 
WITH 6 -DISC CD CHANGER. Manufac- 
tured by AudioSource, Inc., 1327 North 
Carolan Avenue, Burlingame, CA 94010. 
Price: $599. 

We've heard rumors that, in some parts 
of the country, it's still possible to walk 
into a record store and purchase an LP, and 
that, ten years after the introduction of the 
compact disc, there are some folks who 
continue to resist the transition to digital 
sound. But in our neck of the woods -and 
up and down both coasts and in every ma- 
jor city-the CD player has pushed the 
turntable out of the picture, and virtually 
all "record" stores now carry only discs 
and tapes. 

For those who, in their pursuit of digital 
sound quality and convenience, have for- 
saken the audio cassette tape as well as the 
LP, AudioSource has come up with the CD 
Ceiver /One. Shipped with a pair of mag- 
netically shielded loudspeakers, the CD 
Ceiver /One is a complete, high -quality 
stereo system -including a 30- watt -per- 
channel amplifier, a digitally -tuned AM/ 
FM receiver, a 6 -disc CD changer, and a 
pre -amp-in one standard -sized compo- 
nent. 

Although it can stand on its own as a 
good quality audio "system" (for exam- 
ple, the specifications include a frequency 
response of 20 Hz -20 kHz, ± 0.5 dB), the 
CD Ceiver is targeted primarily at folks 
who are looking for an audio extension for 
their video systems, or who want a simple 
secondary audio system. After all, what 
could be simpler than finding the space in 
your entertainment center for one 17(W) x 
43/4(H) x 14(D) -inch component that is al- 
most ready to go as soon as you take it out 
of the box? Setup requires only that you 
connect the speakers, attach the antennas, 
and plug in the power cord. 

You can add on a video source such a 
laserdisc playerora VCR. In addition, you 
can hook up a cassette deck and add a 
surround sound -processor to enhance your 
A/V system. The CD Ceiver also supports 
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a second pair of speakers. 
We first tried using the CD Ceiver in its 

most basic configuration, as a CD player 
and AM /FM tuner. Generally speaking, 
the controls for those two "components" 
are separate and discrete, with the CD 
section at the left side of the unit, and the 
tuner section on the right (although there is 
some overlapping). Even the LCD readout 
has two separate sections, displaying tuner 
data on the right and CD information on 
the left. 

As you might expect on a unit that incor- 
porates two different components, the 
front panel is chock full of control buttons 
and knobs. A large rotary volume control 
is located at the upper -right side of the 
front panel. A red LED mounted in the 
knob's pointer lets you see the volume 
setting from across the room, and flashes 

when in the mute mode. Below the volume 
control are knobs used to adjust the bass, 
midrange, treble, and balance. Tuner con- 
trols are located directly below the display, 
and source selection buttons --co, TUNER, 
TAPE and vtoEa -are found below those. 
Ranging along the front edge of the top of 
the unit, directly above the CD magazine 
well, are a row of CD control buttons. (In 
tuner mode, those buttons double as nu- 
merical keys used to directly select preset 
stations.) At the far left side of the front 
panel are the power on/off and magazine - 
eject controls, as well as speaker A/B 

buttons and a headphone jack. 
Using the buttons at the top of the CD 

Ceiver, it's possible to select normal- or 
random -play modes, repeat a track or a 
disc, skip forward or backward a track or a 
disc at time, and change the readout to 
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display the elapsed time of the current 
track or the time remaining on the track or 
the disc. The PLAY MODE button selects 
normal, program, or magazine -program 
mode. In the program mode, up to 32 
"steps" can be programmed for the cur- 
rently loaded magazine. A step can be a 
single track or an entire disc. The program 
is retained until you eject the magazine. 
Magazine program, on the other hand, 
retains the programs for as many as ten 
different magazines (you can literally use 
ten separate magazines, or simply change 
the discs in one). Disc One (the bottom 
one in the magazine) must be different in 
each, because the CD Ceiver "reads" that 
disc to identify the magazine and recall the 
proper program. Again, a maximum of 32 
steps per magazine can be programmed. 

The only difficult thing about program- 
ming is deciding -and jotting down - 
which 32 steps to include. After that, you 
select either program or magazine -pro- 
gram mode and then use the SKIP buttons 
to advance to the desired discs or tracks. 
The disc /track number appears in the dis- 
play, with "P -01" flashing next to it. A 

press of the STORE key (called the 
PROGRAM key in the manual), sets that step 
into memory. The process is repeated until 
all the desired tracks are programmed. The 
REMAIN button is used to review your se- 
lections; each time you press it, the display 
will advance to the next programmed step. 
If you make a mistake, or change your 
mind, a press of the STOP /CLEAR button 
deletes that step. Pressing STOP /CLEAR 

twice erases the entire program. Playback 
functions within each program mode in- 
clude standard play, random play, repeat 
current track, and repeat program; the SKIP 

DISC button is inactive in program mode. 
Programming in radio stations is just as 

easy. After tuning the CD Ceiver to the 
station, a press of the MEMORY button 
causes the word memory to appear in the 
display, and the frequency is replaced by 
"Pl," indicating that the unit is ready to 
store that station into the first bank of pre- 
sets. (There are two banks of eight stations 
each.) The top row of buttons, used for 
controlling the CD player, double as nu- 
meric keys when using the tuner section. 
A single press of one of the keys labeled 
1/9 through 8/16 assigns the first number 
(1-8) to your station. Pressing the button 
twice assigns the second number (9 -16), 
placing the station into the second preset 
block. 

To recall a preset station, you can press 
the appropriate numeric key on the front 
panel or on the remote control. The P-SCAN 

buttons, also present on both the main unit 
and the remote, scans through each of the 
presets, playing five seconds of each. A 

second touch of the P-SCAN key stops the 
scanning process. It's also possible to scan 
through all available stations using the 
AUTO TUNE button, or manually tune up or 
down, using the appropriate arrow keys. 
Those two functions can be accessed only 
from the main unit, not from the remote 
control. 

For the most part, however, the remote 
duplicates the front -panel controls. The 
remote can be used to directly select a 
specific track, disc, or preset station using 
the numeric keys; to select the source, play 
mode, and radio band; to skip forward or 
backward by tracks; to move quickly for- 
ward or backward through a track; and to 
program the CD player. We were surprised 
that the manual made no mention of the 
remote control, beyond saying that one 
was included. Actually, because the re- 
mote keys duplicate well -documented 
front -panel buttons, no explanation was 
required. 

Besides not being able to use the remote 
to tune through the bands -yes, we some- 
times like to take a break from our usual 
radio fare to hear what's available 
elsewhere -we had a few complaints 
about the CD Ceiver. Getting picky, we 

(Continued on page 21) 

Multi - MIDI -a 
TG100 MIDI TONE GENERATOR. From 
Yamaha Corporation of America, P.O. 
Box 6600, Buena Park, CA 90622 -6600. 
Price: $449. 

Like it or not, sound is becoming an 
increasingly important part of computing, 
and not just for games. As the quality of 
sound available in PC applications has got- 
ten better, we've come to realize how 
many applications can be improved with 
high- quality sound -the kind of sound 
that the Yamaha TG100 General MIDI 
Tone Generator delivers. 

Why sound? Adding sound to business 
presentations helps to drive home impor- 
tant points. In training programs, sound 
can increase the student's memory reten- 
tion. In games, of course, quality sound 
can make an otherwise dull contest quite 
exciting. 

Multimedia for the PC was officially 
born in early 1991 when a group of 12 

hardware and software companies formed 
the Multimedia PC Marketing council and 
established the MPC standard. But multi- 
media has a longer history than that -both 
on the PC and on other computers such as 
the Macintosh, Atari ST, and Commodore 
Amiga. 

In the world of IBM PC- compatible 
computers (a world in which we're firmly 
entrenched), having multimedia capability 
generally means that you have a CD -ROM 
drive, a sound card, and Windows 3.1. 

Yamaha's TGI00, however, requires 
none of that. It's a MIDI (Musical Instru- 
ment Digital Interface) device that con- 
nects directly- without a sound card - 
through the serial port on a PC or Macin- 
tosh, or through a MIDI jack on an Amiga 
or a PC with a MIDI port. (Many sound 
cards contain a MIDI port.) It has 192 
instrument voices and 10 drum kits in 
memory, and offers 28 -note polyphony; 
that is, 28 notes can sound at any one time, 
and they can be from as many as 16 dif- 
ferent instruments. 

Why would you want to add sound to 
your application or to your PC presenta- 
tion with MIDI instead of a sound card? 
The advantages are numerous: better 
sound (at least in comparison to 8 -bit 
cards), easier portability, multiple -com- 
puter manufacturer compatibility, greater 
flexibility, and General MIDI com- 
patibility. 

The first advantage -one that becomes 
immediately apparent -is that the TG100 
just sounds better than less- expensive 
sound cards. While many sound cards use 
synthesizer chips to imitate sounds, the 
TG100 uses actual audio samples of 
sounds to produce its output. Because the 
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notes that are stored in the TG100 are actu- 
al sampled sounds, a guitar sounds like a 
guitar and a drum like a drum, instead of 
like a synthesized guitar and a comput- 
erized drum. To operate a sound card in 
this manner would require you to sample 
each sound you wanted. 

The TG100 also has the advantage of 
being more portable than a sound card, 
which is important if you take your presen- 
tations on the road. The unit looks some- 
thing like a car stereo, and is about the 
same size. Once your software is set up, 
the hardware setup is easy just plug the 
connector into the serial port. Even if you 
don't have any slots left in your comput- 
er-or if your laptop doesn't have any 
slots at all -you can get the TG100 up and 
running. 

The tone generator isn't just transporta- 
ble between PC- compatible computers, of 
course. Macintosh computers, Amiga 
computers, and virtually any other com- 
puter can be used to control the TG100. 

Perhaps the most important feature of 
the TG100 is its compliance with the Gen- 
eral MIDI standard, which defines the way 
that instrument sounds are accessed. Be- 
fore we can appreciate the importance of 
General MIDI, we have to understand 
some MIDI basics. 

MIDI is a standard that was developed 
in the early 1980's by manufacturers of 
electronic musical instruments. The stan- 
dard defines how data is transferred be- 
tween instruments, and what the data 
represents. Data that is sent from a con- 
troller (which can be a MIDI keyboard or 
other instrument, or a sequencer, which 
can be thought of as the piano roll of a 
player piano) contains information on the 
note (a "note number" message), when 
the note is turned on (a "note on" mes- 
sage), with what force it is played (a 
"note- velocity" message), and when it is 
turned off (a "note off" message). 

General MIDI, developed in 1991, is an 
extension of the MIDI standard. The main 
advantage of General MIDI is that it al- 
lows non -musicians to use MIDI without 
getting into the technicalities of producing 

music. Without General MIDI, you might 
find yourself playing back "clip music" or 
canned MIDI music files, and having them 
sound nothing like what you expected. A 
piano file might sound like an alto sax- 
ophone, for example. Someone experi- 
enced in MIDI would know that the data 
could be "re- mapped" to correspond to 
the correct instruments. Someone who 
was inexperienced might just throw up his 
hands and come to the conclusion that 
MIDI is just too complicated for average 
people. 

With the General MIDI standard, how- 
ever, things aren't complicated. You can 
use clip music and be confident that it will 
sound right when it is played -back. That's 
because with General MIDI, the addresses 
for instruments are standardized. In slot 
number 12, you'll always find a vibra- 
phone. In slot number 43, a cello. The 
drum kit is in slot number 10, and the keys 
that control the individual drums will be 
consistent, too. Middle C will be a high 
bongo sound, for example. The C two oc- 
taves lower will play a bass drum. 

We gave the TG100 a trial run in a cou- 
ple of different ways. First, we used Word- 
Perfect's Presentations 2.0, a DOS -based 
presentation package that allows slide 
shows to be created with audio accompani- 
ment. It provides graphing, charting, clip - 
art, and other capabilities, and conforms 
to the General MIDI specification. (Inter- 
estingly, when WordPerfect Corporation 
took its show on the road to Comdex and 
PC Expo, the TG100 was the sound source 
of choice for demonstrating the ca- 
pabilities of Presentations 2.0.) We also 
controlled the TG100 through Microsoft 
Windows' Media Player. (Windows drivers 
are not supplied with the TG100. They can 
be downloaded, free of charge, from 
Yamaha's BBS, however.) 

The results were impressive. So im- 
pressive, in fact, that the TG100 seemed a 
little out of place as a PC peripheral. It 
would be more at home, perhaps, in a 
musician's equipment rack. But perhaps 
not -the TG100 is so easy to use that it fits 
right in anywhere! 

A Pro Logic -al 
Choice 
CINEMA 3200 DOLBY PRO LOGIC 
HOME THEATER FOR STEREO SYS- 
TEMS, Manufactured by SSI Products, 
Inc., 11836 Clark Street, Arcadia, CA 
91006. Price: $449.00. 

We might think of surround sound as a 
recent innovation, but the concept has ac- 
tually been around for more than half a 
century. Surround speakers were first used 
during opening -night showings of Dis- 
ney's 1940 animated classic, Fantasia. Of 
course, the real introduction of surround 
sound as we know it today was the dramat- 
ic debut of Dolby Stereo in Star Wars. 
During the 1970's and 80's, Dolby Sur- 
round became as big a hit with theater 
owners as Star War sequels did with au- 
diences. 

Today, the most commonly used sys- 
tems in home theaters are direct de- 
scendents of Dolby Stereo. That system, 
created in the 1970's by Dolby Laborato- 
ries, took four original signals and mixed 
them to create a two -channel stereo re- 
cording. During playback, the two chan- 
nels are decoded to sound like four - 
center, right, left, and surround. 

From the beginning of home surround - 
sound, every Dolby Surround system has 
included Dolby B noise -reduction circuit- 
ry to minimize hiss, and a delay circuit that 
inserts a lag time of a fraction of a second 
in the surround signal to separate the front - 
channel signals from the surround infor- 
mation. Yet poor imaging remained a 
problem until the development of Dolby 
Pro Logic. The Pro Logic "steering" cir- 
cuitry places the sounds more precisely in 
relation to the action on the screen; in 
particular, the logic circuit steers the di- 
alog to an additional, dedicated center - 
channel speaker. Pro Logic systems also 
detect the loudest channel at any given 
moment, and temporarily raise the volume 
in that channel while lowering the volume 
in the other three. Thus, the system pre- 
cisely "tracks" the action on screen so 
that, for instance, if a horse gallops from 
left to right across the screen, the sound of 
thundering hoofs will appear to move from 
left to right as well. 

As much as movie -goers loved the sur- 
round -sound effects, theater owners ap- 
plauded Dolby Stereo's universal com- 
patibility. A film that has surround effects 
in its stereo soundtrack can still be played 
in theaters equipped with mono sound sys- 
tems (although the surround effects are, of 
course, lost in reproduction). And when 
that film is transferred to videotape or 
laserdisc, or shown on television, the sur- 
round- encoded soundtrack can be played 7 
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back on anything from a mono TV to a 
surround- equipped home -theater system. 

Because of that compatiblity, virtually 
all new movies released on videotape or 
laserdisc contain surround -sound data, as 
do an increasing number of broadcast -tele- 
v!sion shows -and even some compact 
discs. Why let all that data go to waste? 
The most dramtic improvement in your 
home- entertainment system can be 
achieved by extracting those signals with 
the simple additon of a surround -sound 
system. 

Most people, however, don't think of 
surround sound as something simple. The 
idea of buying and adding all those speak- 
ers and a decoder, making all the neces- 
sary connections, and properly calibrating 
the system can seem daunting. In reality, 
today's surround -sound systems might 
contain some complex circuitry, but own- 
ing and using one doesn't have to be very 
complicated or expensive. 

In fact, if you already own a perfectly 
good receiver and a decent set of speak- 
ers -and if you fit the profile of the typical 
home -theater enthusiast, you most likely 
do-it makes sense to supplement those 
existing components rather than replace 
them with a complete surround system. 
All that's needed is the addition of a de- 
coder, a center -channel speaker, and a pair 
of surround (rear) speakers. That's pre- 
cisely what's included in the SS! Cinema 
3200 Dolby Pro Logic Package: the Sys- 
tem 3200 decoder with two built -in 25- 
watt amplifiers to drive the surround and 
magnetically shielded center -channel 
speaker and a pair of satellite surround 
speakers. The package also includes a re- 
mote control, and even speaker wires that 
"have been matched carefully to the sys- 

tern to prevent noise and provide years of 
trouble free service." (It's also possible to 
purchase the decoder /amplifier and speak- 
ers separately.) 

In Cinema 3200's most basic configura- 
tion, the video source (VCR or laserdisc 
player) is hooked up to the System 3200's 
input jacks. The system's right and left 
outputs are fed to the auxiliary inputs on 
your existing receiver, which, in turn, 
feeds your existing speakers. (Those serve 
as the front- channel speakers.) The SSI 
surround and center channel -speakers are 
connected to their own clearly labelled ter- 
minals. 

Cinema 3200 also provides two other 
ways to extract surround -sound effects. 
It's possible to use an external amplifier to 
drive the center and surround speakers - 
presumably if you want more power than 
the built -in 25 -watt amplifiers can kick 
out, although that is sufficient for all but 
the largest home theaters. If you're lucky 
enough to have a huge viewing space, your 
best bet would be the third option: Com- 
bine both hook -ups for a total of four sur- 
round speakers. 

Our viewing space is smaller than aver- 
age, so we used the system in its basic 
configuration, with one exception -we 
added a subwoofer to get the low frequen- 
cies needed to make the whole room rum- 
ble when the Enterprise is hit by enemy 
fire, or the time -machine car careens 
through the years in Back to the Future. A 
separate amplifier or a self -powered sub - 
woofer is required if the subwoofer output 
is used. The System 3200 has a built -in 
low -pass filter, and rolls off high frequen- 
cies above 100 Hz at a rate of 12 -dB per 
octave. 

The clearly written and highly infor- 

mative manual (a bonus sometimes en- 
countered when you buy consumer -elec- 
tronics gear that's made in the United 
States, as this system is) includes hook -up 
diagrams for various configurations and 
speaker -placement diagrams for small, 
average, and large rooms. It also thor- 
oughly explains how to properly calibrate 
the system. Calibration, which balances 
the audio inputs so that sounds are posi- 
tioned correctly and imaging is optimized, 
is essential if the system is to provide peak 
performance. 

As on all Pro Logic decoders, Cinema 
3200 simplifies calibration by providing 
an audible test tone to verify that all speak- 
ers are connected, functioning properly, 
and set to the same level. Easy -to- follow 
directions walk you through the rest of the 
process. For example, while listening to a 
scene that contains mostly on -screen di- 
alogue, the front -panel CENTER -CHANNEL 
control is set to "min" and the adjacent 
NULL knob is adjusted so that the dialogue 
volume can barely be heard from the front 
and surround speakers. When the CENTER 
CHANNEL control is returned to its normal 
position, dialogue should be heard only 
through the center -channel speaker. Next, 
while listening to an action scene with 
almost constant surround effects, the 
CENTER CHANNEL control is adjusted until 
the dialogue can be heard distinctly over 
those effects. The BALANCE control is used 
to fine tune the balance between the front 
and rear speakers. 

If you purchase the decoder separately 
and don't add a center -channel speaker -a 
set -up that will work, but isn't recom- 
mended-a center -channel Phantom 
mode will feed center - channel information 
to both right and left speakers for ade- 
quate, but not optimal, results. 

Cinema 3200 also provides a delay that 
is variable from 15 to 30 ms. When listen- 
ing to stereo sources, the delay eliminates 
echo and assures that sound emanating 
from the front and rear speakers reach the 
listeners' ears at the same time. You can 
adjust the front -panel DELAY control to 
customize the system to rooms of various 
sizes. In average -sized rooms, the system 
will sound right regardless of the position 
of the delay control, but in particularly 
large or small rooms, it is possible to hear 
a difference between the various delay set- 
tings. When listening to mono sources, the 
Cinema 3200 can be set to Mono Enhance 
mode. In that mode, the delay creates syn- 
thesized surround for the rear -channel 
speakers and provides a slight amount of 
echo to add ambience and create the illu- 
sion of stereo sound. 

Besides the Dolby Pro Logic and Mono 
Enhance modes, Cinema 3200 offers a 

Music Surround mode. When listening to 
stereo recordings, that mode is claimed to 

(Continued on page 21) 
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Be a computer pro 
Only NRI gives you hands-on 
training with the latest 
progranuning tools: 

A 486sx computer with 80 meg hard drive Windows 
Visual Basic Power C QBasic MS -DOS 

And much more! 

0 my NRI at -home 
training gives you 
real -world 

programming skills in 
three in -demand 
languages: QBasic, 
C, and Visual 
Basic, today's hot 
new language 
designed for 
writing popular 
Windows applications. Best of all, 
you get hands -on training with a 
powerful new 486sx- hased computer 
system, complete with 80 meg hard 
dlrive, Windows, and professional 
programming software you keep! 

aminer! 
NEW! 

486sx/25 MHz 
computer - the most 
powerful computer 

included in any 
at -home training 

program! 

NRI, the leader in at -home 
computer training, shows you how 

to take advantage of today's 
newest programming opportunities 

Get in on the ground floor of one of today's 
fastest -growing career fields: computer 
programming. The Bureau of Labor Statistics 
forecasts that job opportunities for program- 
mers will increase much faster than average 
over the next 10 years, with as many as 
400,000 new jobs opening up by 2005. 

And the fastest -growing segment of 
programming jobs will be PC programming, 
fueled by the phenomenal popularity of 
Windows, the efficient power of C, and the 
ascent of exciting new languages like QBasic 
and Visual Basic. 

Now, with NRI at -home training, you 
can get the new skills you need to build a top - 
paying career - even a full- or part-time 
business of your own - in this high -growth, 
high -opportunity field. 

NEW! The only programming 
course that includes a powerful 

486sx -based computer, 
80 meg hard drive, Windows, 

Visual Basic, and more - 
all yours to keep! 

Right from the start, NRI gets you actively 
involved in the challenge of real -world 
programming. Step by step, you learn to 
create the kinds of full- featured, powerful 
programs today's employers and clients 

1,1 

demand...including programs designed for 
use in a Windows environment! 

Only NRI gives you first -hand program- 
ming experience with a state -of- the -art 486sx 
mini -tower computer system, complete with 
hard disk drive, a full megabyte of RAM, high - 
density floppy drive, mouse, monitor, and 
more - all yours to train with and keep! 

Plus you explore the extraordinary 
capabilities of three in- demand programming 
languages. You learn to design, code, run, 
debug, and document programs in QBasic, C, 
and Visual Basic. Best of all, since Visual Basic 
is specifically designed for creating Windows 
applications, you learn to generate fully 
functioning Windows programs, complete 
with text boxes, command buttons, and other 
sophisticated graphical interface elements. 

No previous experience necessary 
Train with NRI, and immediately start getting 
the money -making job skills you need to be a 

computer programmer - no matter what 
your previous background. 

NRI's step -by -step lessons and hands -on 
programming projects help you first master 
the design concepts used every day by 
successful PC programmers. Then, with the 
support of your experienced NRI instructor, 
you quickly move on to learn programming in 
three of today's hottest languages. 

By the time you complete your course, 
you have a dear understanding of program- 
ming methods, languages, and techniques... 
and you're ready to handle any programming 
task with confidence. 

Send today for your FREE catalog 
See how NRI at -home training gives you the 
programming know -how, the computer, and 
the software you need to get started in this top - 
paying field. Send today for your FREE catalog! 

If the coupon is missing, write to us at 
the NRI School of Computer Programming, 
McGraw -Hill Continuing Education Center, 
4401 Connecticut Avenue, NW, Washington, 
DC 20008. 
IBM PC /AT is a registered trademark of the IBM Corporation. Windows, 
QBasic, and Visual Basic are trademarks of Microsoft Corporation. 

SEND COUPON TODAY FOR FREE NRI CATALOG! 

Níß /Schools Ì:t1 
McGraw -Hill Continuing Education Center 
4401 Connecticut Avenue, NW, Washington, DC 20008 

For career courses 
Cl approved under GI Bill, 

check for details 

:( Check one FREE catalog only 

COMPUTER PROGRAMMING 

Cl PC Applications Specialist 
Programming in C++ with Windows 

Name 

Address 

City/State /Zip 

Other Computer Career Courses 
O Microcomputer Servicing 
O Desktop Publishing 

Bookkeeping and Accounting 
Computer -Aided Drafting 

y,11 ase print \tr 
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Power in your 
Pocket 
ZEOS POCKET PC. From ZEOS Interna- 
tional, Ltd., 530 Fifth Avenue NW, St. 
Paul, MN 55112. Price: $595. 

On business or pleasure trips, we like to 
travel lightly, preferably with everything 
packed neatly into one bag that isn't too 
heavy to carry onto the plane. That's why, 
if we want video memories of a vacation, 
we bring along a small, lightweight 8mm 
camcorder and leave behind the hefty VHS 
unit. That's also why, if we must work 
away from home, we try to bring the small- 
est, lightest computer we can find. 

Computers have shrunk so much over 
the years that it's now possible to fit a 486 - 
based computer with a color VGA screen 
comfortably in your briefcase. While 
we're quite impressed with that engineer- 
ing accomplishment, notebook computers 
are simply too big and heavy for our tastes. 

When we're on the road, we tend to leave 
our notebook computer home with our 
VHS camcorder, unless bringing it is ab- 
solutely essential. 

We recently found a computer that we 
can carry with us all the time: the Zeos 
Pocket PC. The Pocket PC is amazingly 
small, although it's not really pocket -siz- 
ed- unless you are wearing a winter over- 
coat with big pockets. When closed, it 
measures about 91/2 x 41/2 x 1 inches, and 
it weighs just 1.2 pounds. 

If you're looking for a small take -any- 
where computer, the Zeos Pocket PC is 
worth more than a casual glance. But if 
power is what you're after, look 
elsewhere -the Pocket PC is no 486 -based 
machine! Rather, it's built around the NEC 
V30-equivalent to the low -power CMOS 
version of the 8088. The processor runs at 
7.15 MHz, but can be set to run at 4.77 
MHz to conserve power. 

Why would anyone want to go out and 
buy a new machine that offers all the per- 
formance of a ten -year -old clunker of a 
PC? When color VGA screens are avail- 

able on notebook computers, why would 
anyone be willing to put up with mono- 
chrome CGA graphics on a non -backlit 
LCD? For the same basic reason that so 
many people are willing to sacrifice the 
stability of a full- sized, full -featured cam- 
corder for the portability of a compact 
unit. 

Although it's sometimes easy to forget, 
not everyone needs the power of a 80486. 
Not everyone needs to run Microsoft Win- 
dows. Some people need only a conve- 
nient way to make notes when they're on 
the road, or perhaps to write correspon- 
dence while on the plane back from a trade 
show or business meeting. Or just a way to 
organize things -lists of business con- 
tacts, daily schedules, and the like. That's 
why digital "organizers" are so popular. 
But they lack an important "something" 
that the Pocket PC offers: PC com- 
patibility. 

The Pocket PC is 100% PC compatible 
and features a subset of MS -DOS 5.0 in 
ROM (permanent, read -only memory). 
Also in ROM is Microsoft Works 2.0, an 
integrated word processor, spreadsheet, 
database, and communications program; 
and a personal organizer that features a 
planner, a to -do list, a phone book, and a 
calculator. 

Data that is generated by those applica- 
tions. as well as additional applications 
you might like to run, are stored in I mega- 
byte of RAM (random -access, read/write 
memory). If additional memory is re- 
quired, it can be installed by inserting one 
or two memory cards. The Pocket PC sup- 
ports any card that is compatible with the 
PCMCIA (Personal Computer Memory 
Card International Association) 1.0 speci- 
fication -from 128 kilobytes to 8 mega- 
bytes. 

A serial port and a parallel port are also 
provided. Special cables are required, 
however, to convert the miniature con- 
nectors on the rear panel of the Pocket PC 
to standard 9 -pin and 25 -pin serial and 
parallel D -type connectors. 

Perhaps the best feature of the Pocket 
PC is its frugal use of power. Unlike tradi- 
tional notebook PC's, you don't have to 
worry about running out of power before 
your flight is finished -battery life is about 
ten hours! Even better, instead of heavy 
nickel- cadmium, lead -acid, or nickel - 
metal- hydride batteries, the Pocket PC 
runs on a pair of standard "AA" alkaline 
batteries! So if you do see an in -flight low - 
battery warning, you can simply take the 
batteries out of your personal stereo, pop 
them in the Pocket PC, and you're ready to 
go! 

Even if you use the Pocket PC until its 
batteries are in a state of exhaustion, you 
won't lose your data because a 3 -volt 
lithium battery protects the memory con- 
tents. (RAM cards have their own internal 
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backup batteries.) The lithium battery has 
a life of about a year. 

Because it is so small, the Pocket PC 
takes a little getting used to. The key- 
board, although not the smallest on the 
market, is the smallest that we've ever felt 
comfortable using. But it took us a while 
to be comfortable enough to touch -type on 
it. Like most portable computers, auxili- 
ary keys (PAGE UP, PAGE DOWN, etc.) and 
the numeric keypad aren't separate en- 
tities. Instead, their functions are part of 
multi- function keys, and extra keys must 
be held down to activate them. 

The power switch is located just above 
the backspace key -where it is subject to 
being hit accidentally, which we did with 
frustrating frequency at first. Fortunately, 
it's only a minor bother when that hap- 
pens. Turning the machine back on does 
not reboot it. Instead, an auto- resume fea- 
ture takes you right back to where you left 
off. 

The version of MS -DOS installed on the 
Pocket PC is far from complete, con- 
taining only nine commands. You're prob- 
ably familiar with seven of them: FORMAT, 

DOSKEY, XCOPY, LABEL, PRINT, KEYB and 
ATTRIB. You might not be familiar with 
INTERSVR and INTERLINK, two programs 
used to move files between the Pocket PC 
and another computer and not a part of 
regular DOS. 

INTERLNK. EXE is a device driver that can 
be loaded from the DOS command line. 
INTERSVR.EXE is a communications pro- 
gram. In theory, the programs are easy to 
use -the desktop computer doesn't have 

Two slots on the back of the Pocket PC 
accept memory cards or other PCMCIA 
peripherals. 

to have Intersvr loaded to get started. 
Rather, the program loads itself from the 
Pocket PC into the desktop's memory over 
the serial or parallel connection. In prac- 
tice, we weren't able to get it to work, and 
found ourselves using third -party commu- 
nications software to move files. Inter- 
estingly, although the user's manual 
supplied with the Pocket PC was. in gener- 
al, very good, the description of Intersvr 
was poor. 

We had no similar complaints with the 
rest of the software supplied in ROM. We 
usually used the main menu of the system, 
which lets you choose between eight pro- 
grams with the push of a single key. Most 
of our work was done in Microsoft Works. 
The program contains the four most com- 
monly used computer applications: a word 
processor, a spreadsheet, a database, and 
communications. They all work reason- 
ably well together. It's easy to insert a 
chart that you created with the spreadsheet 

program into a document that you created 
with the word processor. And the chart 
will reflect the latest changes made to the 
spreadsheet when it is printed. It's also 
easy to print mailing labels -whose data 
are stored in the database program -from 
the word processor. 

Another option at the main menu is the 
planner, which is a calendar and appoint- 
ment scheduler. It can be set for daily, 
weekly, or monthly planning, and includes 
an alarm for appointment reminders. A to- 
do program, another main -menu option, is 

a simple tool for project management: the 
card tile is a simple address book. Utility 
lets you set up the Pocket PC (power -sav- 
ing features, password, ports, etc.), shell 
to DOS, or enter Intersry communica- 
tions. File management is an easy way to 
keep track of and manipulate files. 

The Information main -menu selection 
provides access to a variety of data that 
could be useful to a traveler. Domestic and 
international telephone area codes are 
available, as are time zones for cities 
around the world. A conversion table for 
weights and measures is provided, as is a 
currency- exchange table. 

The Zeos Pocket PC is the smallest PC 
we've ever used that we consider practical. 
It's not a computer that a power user would 
appreciate, but for many applications, it's 
powerful enough. It's small and light 
enough not to be a nuisance, even if you 
have to carry it around all day. And that 
makes it a lot more powerful that the PC 
that's left behind because it's too much of a 
bother to carry along. 

Desktop 
Housing 
myHOUSE 3D HOME PROJECT SOFT- 
WARE. From DesignWare Inc., 17 Main 
Street, Watertown, MA 02172. Price: 
$84.95. 

If you own a house, you probably spend 
a good portion of your "leisure" time and 
"discretionary" income fixing it up. Even 
ignoring the routine chores such as yard 
work, there's always something that can be 
done to make your house feel more com- 
fortable or functional. Perhaps you've 
considered adding a deck, replacing drafty 
old windows, upgrading the kitchen or 
bath, building shelves -or even convert- 
ing the attic to living space. 

It's easy to plot out room dimensions on 
a piece of graph paper, but three- dimen- 
sional renderings require training. With- 
out such visual aids, it's not easy to 
imagine how a room will look, or how it 

will feel to live in that space. 

We've spent more time than we care to 
admit sketching out schemes to enlarge 
our home and office space on graph paper. 
Should we raise the roof on the Cape Cod - 
style building to make a full second story, 
or dormer out the back? Convert the 
garage to office space? Bump out an addi- 
tion behind the kitchen? And what can be 
done about that poorly planned, dark and 
dreary 1970's kitchen? 

For years now, it's been possible to take 
your sketched -out kitchen plan to a home 
center equipped with computers capable 
of specifying cabinets and appliances, tal- 
lying up the prices, and printing out both 
two- dimensional floor plans and three -di- 
mensional views of the room. You can see 
how the sink would look if it was moved 
out of a dark corner and placed under a 
window instead, and determine if there is 
sufficient counter space between the stove 
and the sink. 

Now it's possible to apply that same sort 
of program to all types of home- improve- 
ment projects, without the pressure to buy 
any cabinets or fixtures -in fact, without 
leaving your home. DesignWare's my- 
House version 1.2, intended for at -home 

use, allows the do- it- yourselfer to transfer 
that graph -paper sketch to the computer 
screen, and then convert it into a three - 
dimensional rendering. 

The sophistication and features of my- 
House far surpass any similarly priced 
home -design programs we've tried out. 
The major difference, of course, is its 3D 
capability. Using what DesignWare calls 
"virtual- reality technology." the program 
not only allows you to create a 3D view. 
but also to "walk through" the rooms 
you've designed, to get a feel for how the 
elements you've specified look together, 
and how the traffic patterns work. True 
solid modeling -a feature generally found 
only in expensive 3D- capable programs - 
allows you to select opaque or transparent 
objects, so that you can have. for instance, 
a large window with a scenic view. The 
opacity level can be controlled, allowing 
you to opt for clear, tinted, or semi- trans- 
parent glass. 

That sort of flexibility extends to most 
design elements. Walls can be drawn at 
various widths, and can be set at different 
angles, or they can even curve. Extensive 
"libraries" of design elements provide a 13 
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DesignWare 

ouse 
Create and walk through our home design 
pmleets in full 3 -D color! 

PRODUCT 

myriad of choices of doors, windows, 
roofs, furniture, kitchen cabinets and ap- 
pliances, bathroom fixtures, and land- 
scaping materials. Once you've selected a 
window, door, sofa, or other element from 
almost 350 available, you can rotate them 
for placement in your plan. And you 
needn't settle for their default specifica- 
tions. You can change the height, width. 
length, or depth to suit your needs. 

The software also has provisions for 
adding different levels to a building, and 
for topping off the entire plan with a 
roof -features missing from most similar 
programs. Stairs can be drawn as straight 
flights, L- shaped, or U- shaped, or you can 
opt for a spiral staircase; any of those can 
be created at your choice of heights, 
widths, and angles. Dormers, skylights, 
and chimneys can be added to the roof. 

Don't stop with the house itself -you 
can add trees and shrubs, and even put in a 
swimming pool. When you've finished de- 
signing and furnishing your dream house, 
you can park your car in the garage and 
yourself in front of the fireplace, using the 
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The myHouse window library provides 
users with a wide selection of window 
symbols to select for their designs. 

When you're ready to take a look at your 
finished plan -or at any stage during the 
design process -you can view the exterior 
from any side, or look at a three dimen- 
sional rendering of each of the rooms. You 
can zoom in for a closer look at design 
details. Perspective, axonometric, iso- 
metric, and front projections can be gener- 
ated. You can paint the house and 
furnishings in up to 256 colors (depending 
on your system), adjusting the color inten- 
sity and brush size. Shadows and night- 
time views can be created using contrast 
controls. 

Your work can be output in PCX and 

DXF formats for use in such programs as 
PC Paintbrush and AutoCAD, or printed 
out on dot -matrix, LaserJet, or Desk.Iet 
printers. Various scaling options are of- 
fered (ranging from %40 inch = 1 foot to 3 

inches = i foot). Even for large plans, a 
plotter isn't necessary. The plan can be 
divided into sections to be printed sepa- 
rately and then pieced together. The result- 
ing two -dimensional drawings are ready to 
be handed to a contractor or to have con- 
verted to professional blueprints, while 
three -dimensional drawings show your 
family and friends just what you have in 
mind. 

We couldn't wait to take all the ideas 
we've been tossing around for improving 
the house and the office, and put them to 
the 3D test with myHouse. In fact, we 
didn't wait long. Installation, an auto- 
mated process, went smoothly. Then we 
jumped right in after only a cursory glance 
at the 8 -page "Quick Start" manual -and 
jumped right back out again! 

It became immediately apparent that 
there's a price to pay for all that sophistica- 
tion: myHouse is not an easy program to 
use, particularly for anyone with more ex- 
perience in building bookshelves than in 
using computer -aided design programs. 
The 94 -page user's manual starts off by 
saying that "myHouse neither assumes 
you have mastered computer techniques 
nor that you are an experienced architect.' 
Nevertheless, designing a house -or 
"just" a kitchen or bath -is a complex 
project. The lingo used by architects and 
builders -and throughout the manual - 
includes terms and concepts that are un- 
familiar to many laymen. No explanations 
are provided in the text; nor is there a 
glossary of terms. And, surprising for a 
visually -based program, there are virtually 
no drawings in the manual that might clar- 
üfy what a "roof node," a "plinth," or a 
`cote" is. (We turned to our well -thumbed 

Random House pocket dictionary to learn 
that a node is "a swollen area in the body" 
or "a part of a stem that normally bears a 
leaf"' and a cote is "a shelter for sheep, 
pigs, pigeons, etc. "- clearly not the 
proper architectural definitions! We did 
learn, however, that a plinth is a slab under 
a column.) It takes time, patience, and a 
good deal of reading between the lines of 
the manual to master the intricacies my- 
House. 

The basic screen configuration of this 
menu- driven program consists of four 
fields. The menu bar at the top of the 
screen is used to access drop -down menus 
under the headings File, Insert, Modify, 
Delete, Block, Info, Zoom, Layer, Level, 
and 3D. The Editor Window, in which the 
house being drawn or viewed appears, 
takes up almost the entire screen. Directly 
below it, the Coordinate Line displays po- 
sitional data including the x and y coordi- 
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nates of the cursor. At the bottom of the 
screen, the Dialogue Line displays mes- 
sages and prompts. 

The cursor usually appears as a small 
circle with cross hairs over it. The my- 
House software uses the Cartesian coordi- 
nate system to plot a drawing, and the 
cross hairs indicate the x and y axes. For 
certain functions, the cursor changes 
shape. It becomes a flexible box when 
defining a region to be copied, moved, or 
zoomed; a representative symbol when 
positioning a piece of furniture or other 
element; and a brush when retouching a 

painted picture. 
The cursor can be moved using the ar- 

row keys on your keyboard, or with a 

mouse. With the keypad, drawing is a pon- 
derous task. Each press of an arrow key 
moves the cursor in increments represent- 
ing one inch (it's also possible to use met- 
ric measurements). Holding down the shift 
key and pressing an arrow key increases 
each step to four feet. You can also directly 
key in the x and y coordinates. It's much 
easier to use the program with a mouse. 
We also tried using a pen -based computer 
"pad" called Inforite (which will be re- 
viewed in an upcoming issue of Gizmo), 
with excellent results. 

But we're getting ahead of ourselves. 
The first step is to pull down the File menu 
and select either New, to start a new draw- 
ing, or Load, to call up an existing design. 
To give the user an idea of the program's 
scope, myHouse includes several designs, 
most of which are quite complex (and in- 
spirational-we jumped ahead of our- 
selves again to explore the 3D versions of 
those designs, before we even started our 
own). 

As soon as we did begin our own de- 
sign, we found ourselves wishing for a 
better manual, or a really basic on -screen 
demo or tutorial. The main portion of the 
manual explains how to use each com- 
mand, in the order in which those com- 
mands appear in the pull -down menus. 
That order, unfortunately, bears little re- 
semblance to the order in which you'll use 
them. 

Most drawing is done using the Insert 
menu commands -Wall, Pillar, Window, 
Door, Slab, Stairs, Rail, Roof, Symbol, 
Line, Grid Line, Text, Area, Dimen- 
sion -which are described in that order. 
However, you'll probably first want to put 
down a slab on which to raise your home's 
walls, and you can't put in stairs until you 
put on the second story-which isn't ex- 
plained until the tenth menu! 

What was needed was not a more de- 
tailed manual, but a supplemental tutorial 
that walked the user through a few sample 
designs- perhaps a simple one -story cab- 
in could be drawn, and its kitchen and bath 
equipped with cabinets, fixtures, and ap- 
pliances. From that point, the manual 

1 /itI /,,u,( 

Floor plans can include such details as 
room dimensions, furniture and fixture 
placement, and labels. 

could explain how to add a second story to 
the house, and maybe a family -room addi- 
tion with a vaulted ceiling, fireplace, and 
skylights. Pointers on such basic design 
principles as how much space to allow for 
stairs should be included, and we consider 
a glossary to be essential. (Not many folks 
outside the architectural /interior design 
fields know what an axonometric view 
is-our pocket dictionary didn't even list 
the word.) Ideally, such a how -to demo 
manual would be heavily illustrated and 
cross- referenced to the details of using my- 
House commands that appear in the ree- 

Lacking such a tutorial, we proceeded 
much more slowly than we would have 
liked, and found ourselves using the Mod- 
ify and Delete menu commands at least as 
often as any Insert menu commands. 

Still, Insert commands are the back- 
bone of the design process. We won't get 
into much detail here, but, basically, once 
you've set down your slab (you can deter- 
mine its depth, length, and width) and 
raised the outside walls (generally one - 
foot thick, although you can change that 
parameter as well), you can begin parti- 
tioning off rooms with (generally 6 -inch- 
wide) interior walls. 

We particularly enjoyed using the de- 
sign- element libraries to select doors and 
windows, furniture, appliances, cabinets, 
shelves -even audio /video equipment and 
house plants -to make the design seem 
like home. For a contractor's plan, you can 
leave out the furniture and insert dimen- 
sions instead. It's also possible label each 
room and to determine the area in square 
feet. 

Anytime you make a mistake, you can 
change or delete the problem. It's easy to 
move a door or window (placing it using an 

edge or center mark), or to lengthen or 
shorten a wall. 

Sometimes you don't realize you've 
made a mistake until you view a plan in 

3D. For instance, we were a bit dismayed 
to learn that choosing upper cabinets in the 
kitchen didn't necessarily mean that 
they'd be placed 41/2 feet off the floor 

(which is fairly standard). Instead, they 
showed up superimposed over the bottom 
cupboards. Similarly, we somehow ended 
up with a deck floating 10 feet in the air! 
We figured out on our own how to rectify 
both problems, but couldn't find explana- 
tions in the manual. 

Three- dimensional viewing is possible 
in both 3D and Walk- Through modes. 3D 
gives outside views of the structure, from 
any angle, while Walk- Through allows 
you to select various points of view inside 
the house. Contrary to its name, Walk - 
Through doesn't provide the illusion of 
strolling through the rooms. Instead, you 
can move the on- screen camera icon any- 
where on the floor plan, widen or narrow 
the aperture, and raise or lower the point of 
view, to get different perspectives. 

The software generates a 3D view fairly 
quickly, but that view shows every line of 
the structure. To see how it actually would 
look without x -ray vision, you must use 
the hide function, which deletes any lines 
that would be hidden from view. Depend- 
ing on your computer, that can be quite 
time -consuming. 

We used a 40 -MHz 386 with no math 
coprocessor to design a cozy mountain- 
side cabin. It looked rather drab when we 

first viewed it in 3D, so we went back and 
added porches, a deck, and railings, and 
then created a heavily wooded landscape. 
Generating a 3D image of the landscaped 
plan took only twice as long as the origi- 
nal. We knew that hiding all the lines in the 
forest behind the cabin, however, would 
take quite some time, so we set it up and 
then went out to eat. After dinner (a couple 
of hours later), the process was only 2% 
done! It finally was finished about an hour 
after breakfast the following day. 

Although we knew that a more powerful 
machine could do the job much faster, we 

didn't have the time or patience to use the 
cabin design in a race between the 386 and 
a 486 with a math coprocessor. But we did 
try it with other designs. As an example, 
the 386 took 2 minutes, 36 seconds to hide 
the lines in one basic design, while a 486 
took just 26 seconds to complete the hid- 
den -line drawing. 

It was fun to create a cabin in the woods, 
but we really wanted to use the program to 
determine how various renovations on art 
actual house would look. Unfortunately, 
that house is a 11/2-story Cape Cod, and in 
the time we had to use the program. we 
couldn't figure out how to draw a half - 
story, or how to change the roof angles to 
bump out a full -back dormer. We do know 
that myHouse can do both, and we fully 
intend to teach ourselves how once this 
issue is put to bed. 

That about sums up our myHouse expe- 
rience-it can handle difficult tasks, but 
first you must surmount the difficult task of 
learning how to put it to work. 
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Just like these 
Fully Trained 
Electronics 
Professionals 

"Thanks to CIE I have tripled my previous 
salary, and I am now in a challenging and 
rewarding new field where only the sky is 

the limit." 
Daniel Wade Reynolds 
Industrial Electrician 
Ore -Ida Foods 

"CIE was recommended to me by my boss. 
It was appealing since I could study at my 
own pace at home and during business 
travel." 
Dan Parks 
Marketing Manager /Consumer Products 
Analog Devices, Inc. 

I loved the flexiblily CIE offered. It was the 
only way I could continue both school and 
my demanding job." 
Britt A. Hanks 
Director of Engineering 
Petroleum Helicopters, Inc. 

"I liked the way the school was set up with 
laboratory assignments to enforce 
conceptual learning. The thing which 
impressed me the most about CIE's 
curriculum is the way they show application 
for all the theory that is presented." 
Daniel N. Parkman 
Missile Electro- Mechanical Technician 
U.S. Air Force 

Completing the course gave me the ability 
to efficiently troubleshoot modern 
microprocessor based audio and video 
systems and enjoy a sense of job security." 
Tony Reynolds 
Service Manager/Technician 
Threshold Audio & Video 

Graduate with an Associate 
Degree from CIE! 

CIE is the best educational 
value you can receive if you 
want to learn about 
electronics, and earn a good 
income with that knowledge. 
CIE's reputation as the world 
leader in home study 
electronics is based solely 
on the success of our 
graduates. And we've 
earned our reputation with 
an unconditional commit- 
ment to provide our students 
with the very best electronics 
training. 

Just ask any of the 
150,000 -plus graduates of 
the Cleveland Institute of 
Electronics who are working 
in high -paying positions with 
aerospace, computer, 
medical, automotive and 
communications firms 
throughout the world. 
They'll tell you success 
didn't come easy...but it 

did come...thanks to their 
CIE training. And today, a 
career in electronics offers 
more rewards than ever 
before. 

career skills. Each lesson is 
designed to take you step - 
by -step and principle -by- 
principle. And while all of 
CIE's lessons are designed 
for independent study, CIE's 
instructors are personally 
available to assist you with 
just a toll free call. The result 
is practical training... the kind 
of experience you can put to 
work in today's marketplace. 

LEARN BY DOING...WITH 
STATE -OF- THE -ART 
EQUIPMENT AND 
TRAINING. 
CIE pioneered the 
first Electronics 
Laboratory 

electronics. And every CIE 
Course earns credit towards 
the completion of your 
Associate in Applied Science 
Degree. So you can work 
toward your degree in stages 
or as fast as you wish. In fact, 
CIE is the only school that 
actually rewards you for fast 
study, which can save you 
money. 91T ED 

G¢ 
G 

-.." ,s 
ó 

' ` r 9 ft0 
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CIE'S COMMITTED TO 
BEING THE BEST...IN ONE 
AREA...ELECTRONICS. 
CIE isn't another be- 
everything-to-everyone 
school. CIE teaches only 
one subject and we believe 
we're the best at what we 
do. Also, CIE is accredited 
by the National Home Study 
Council. And with more than 
1,000 graduates each year, 
we're the largest home study 
school specializing exclu- 
sively in electronics. CIE has 
been training career -minded 
students for nearly sixty 
years and we're the best at 
our subject... 
ELECTRONICS... 
IT'S THE ONLY SUBJECT 
WE TEACH! 

CIE PROVIDES A 
LEARNING METHOD SO 
GOOD IT'S PATENTED. 
CIE's AUTO -PRO- 
GRAMMED® lessons are a 

proven learning method for 
building valuable electronics 

Course 
and the first 
Microprocessor 
Course. Today, no 
other home study 
school can match CIE's 
state -of- the -art equipment 
and training. And all your 
laboratory equipment, books 
and lessons are included in 

your tuition. It's all yours to 
use while you study and for 
on- the -job after you 
graduate. 

PERSONALIZED 
TRAINING....TO MATCH 
YOUR BACKGROUND. 
While some of our students 
have a working knowledge of 
electronics others are just 
starting out. That's why CIE 
has developed twelve career 
courses and an A.A.S. 
Degree program to choose 
from. So, even if you're not 
sure which electronics career 
is best for you, CIE can get 
you started with core lessons 
applicable to all areas in 

Send for CIE's FREE Course Catalog and 
See How We Can Help Your Career Too! 

YES! I want to get started. 
Send me my CIE course catalog 
including details about the 
Associate Degree Program. (For 
your convenience, CIE will have a 

representative contact you - there 
is no obligation.) 
Please Pnnt Clearly 

AH43 
Name 

Address 

City 

Slate Zip Age 

Phone No. 

Check box for G.I. Bill Benefits. 
I-1 Veteran 
H Active Duty 

Cleveland Institute of Electronics, Inc. 
1776 East 17th Street 
Cleveland, OH 44114 

A School of Thousands. 
LA Class of One. Since 1934. 19 
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Heard but Not 
Seen 
PS -SW PASSIVE SUBWOOFER. From 
Design Acoustics, 1225 Commerce 
Drive, Stow, OH 44244. Price: $339.95. 

Even people who don't listen to music 
seriously can appreciate good audio repro- 
duction when it enhances their movie -the- 
ater or home - theater experiences. Despite 
that, many home -theater owners are short- 
changing themselves on their systems' 
sound. Perhaps that's because they aren't 
aware of an easy way to boost the perfor- 
mance of their home theaters: a passive 
subwoofer like the Design Acoustics PS- 
SW. A subwoofer can bring out the low 
rumble of the Enterprise in Star Trek: The 
Next Generation, which gives the show its 
unique sound. It can make the room shake 
as a thundering herd of buffalo stampedes 
in Dances with Wolves. And, of course, it 
can add life to music, too -everything 
from MTV to "Great Performances." 

The PS-SW is a passive -as opposed to 
active- subwoofer. The 10 -inch driver has 
dual voice coils, which helps to make the 
hookup simple: the output of the amplifier 
is fed to the subwoofer, which, in turn, 
feeds the left and right speakers. The PS- 
SW incorporates low -pass and high -pass 
filters, so that the audio is divided into two 
separate bands above and below 130 Hz. 
The frequencies below 130 Hz are sent to 
the subwoofer, while the midrange and 
high frequencies above 130 Hz are fed to 
the left- and right- channel speakers. 

Because of the crossovers, the PS-SW is 
not truly in parallel with the front speak- 
ers. Therefore, the hookup is safe even for 
low -powered receivers or amplifiers that 
might otherwise be overdriven when feed- 
ing a low impedance. According to Design 
Acoustics, if the amplifier or audio /video 
receiver can drive a three -way speaker, it 
can safely drive the PS -SW. The PS -SW 
can actually increase the power -handling 
capacity of your current speaker system 
because only those frequencies above 130 
Hz are fed to them. The low frequencies, 
which require the greatest power to re- 
produce, are handled by the subwoofer. 
However, Design Acoustics recommends 
that amplifiers from 15 -200 watts be used, 
or an amplifier appropriate for the main 
speakers, whichever is lower. 

The hookup arrangement for the PS-SW 
is the same as that for three -piece sub - 
woofer /satellite speaker systems. And, in 
fact, the PS -SW would make a good 
choice for such an audio -system setup. If 
you like your sound system to be heard but 
not seen, you can hide the subwoofer in an 
inconspicuous spot and use in -wall speak - 

20 ers as the satellites. Because humans 

DA DESIGN " ACOUSTICS 

PSSW SUBWOOFER 
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The hookup panel for the PS -SW gives a 
good indication of how easy it is to in- 
corporate the subwoofer intc an exist- 
ing home -theater system. 

aren't sensitive to the directionality of the 
low frequencies produced by subwoofers, 
a subwoofer can be located a most any- 

where in a room without affecting the ster- 
eo imaging. (The bass in most recordings 
is monaural anyway -one reason why 
driving the woofer with dual voice coils is 
a sensible approach.) 

But that's not to say that its position is 
unimportant. Although often unappreci- 
ated, the position of a subwoofer can affect 
its performance dramatically. To be more 
accurate, we should say that the subwoofer 
performance stays the same. What you 
hear is different. That's because the wave- 
length of low- frequency sound can be 
comparable to the dimensions of your lis- 
tening or viewing room. Thus, standing 
waves can be set up and peaks and nulls 
will be distributed around the room. The 
worst case will be the fundamental 
(lowest) frequency on a given axis of a 
room. Nulls will exist at the wall surfaces, 
and at a point midway between them. If 
you sit there, you'll hear something far 
different from what you'll hear if you sit 
near a peak. Determining the effect isn't 
easy -standing waves are set up on each of 
the room's axes, but it's an important point 
to remember. 

The PS -SW is a bass -reflex design, in 
which pressure waves off the back of the 
woofer cone vibrate an air mass in a tuned 
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port. The vented enclosure is designed so 

that the air in the port is in phase with the 
cone motion. That adds to the speaker's 
output, and extends the low -frequency re- 
sponse that would otherwise be available 
from a speaker box of a given size. Al- 
though one potential drawback of a bass - 

reflex speaker is that a poor design can 
lead to "boominess," the PS -SW did not 
suffer from that problem. 

Apartment dwellers should appreciate 
the PS -SW (though perhaps their neigh - 
hors would feel differently!). Not only is 

the unit compact (161/4 x 22 x 11 inches) 
but it is also magnetically shielded. That 
feature, not normally found in sub - 
woofers, permits the PS -SW to he placed 
close to a video monitor if necessary. 

The subwoofer's driver is a 10 -inch 
long -throw woofer; its cone material is im- 
pregnated with carbon fiber. which is said 
to improve the woofer's movement without 
reducing the subwoofer's efficiency. The 
twin voice coils are mounted con- 
centrically on an aluminum form to max- 
imize heat dissipation. The sensitivity of 
the woofer is rated at a high 90 dB (I watt/1 

meter). Its nominal impedance is 8 ohms. 
The PS -SW is a sensible way to upgrade 

an existing surround -sound system. The 
full, rich bass that it delivers can truly add 
excitement and viewing enjoyment. It can 
open up a whole new dimension to your 
home theater in much the same way that 
surround sound did. 

CD COVER 
(Continued from page 6) 

CINEMA 3200 
(C ontinued f -nut page 8) 

didn't like the standby LED that lights 
when the unit is off, and is dark when 

power is on. Because the unit blanks com- 
pletely when powered up -and stays dark 

for about a second before the display 
lights -- -until we got used to it, we kept 

hitting the power switch to turn the unit off 
when it was off already. More inconve- 
nient was the fact that you can't listen to 

the radio while programming the CD play - 

er-in fact, you can't even eject the maga- 

zine without switching to CD mode, 
silencing the tuner. For an "integrated" 
component, that's unacceptable. 

Despite those inconveniences, the CD 
Ceiver quickly became a frequently used 

component in our entertainment center. 

When no listening to the radio or CD's. 
we used the CD Ceivcr to drive the front - 
channel sjeakers for an audio /video set -up 
that included the SSI surround -sound 
package nd Design Acoustics subwoofer, 
both reviewed elsewhere in this month's 
Gizmo. In conventional stereo listening, 
as well as home- theater applications, the 

sound quality was much better than we 

expected from such a compact unit. We 

only wish that AudioSource's integration 
of a CD player and an AM /FM receiver 
was handled as cleverly as the name CD 
Ceiver implies. 

reproduce the de7ith that is lost in conven- 
tional, two- cluennel stereo playbac . De- 
silr oar usual dislike of such processing, 
v c fouad ourselves growing fond of Music 
Surround. 

Cinema 320F=) was easy to tLse -there 
were no unwelcome surprises in its opera- 
tion. Ore feature we felt was missing from 
the decoder /amplifier, however, is visual 
feedback. Adjusting the volume during 
quiet scenes is pretty much a hit -or -miss 
c perutien -yru can't even he sure that )he 
unit is receiving signals from the infrared 
re mole. 

Once the system was calibrated, the re- 
saLs were as impressive as we've come to 
expect from the addition of Dolby Pro 
Lo +'ic to a home- theater environment. 
Whether watching a quiet scene with sub- 
tle background sounds --a phone ring ;ng 

or door slarm mg ---or an action -packed 
movie filled with rear- channel informa- 
t on, surrounc sound brings the movie to 
Ite. 

SSI set out t>a design a surround -sound 
add-on ìor existing stereo equipment, and 

Cinema 3200 s the well -thought -out re- 
sult. It is a werl- matched, easy -to -use ad- 
dition that turns ordinary, every -day 
viewing into an exciting, multi -sensory 
experience. 

For more information on any 
product in this section, circle 
the appropriate number on 
the Free Information Card. 

ELECTRONICS WISH LIST 

Whole -House Security 
The do- it- yourself, eight -zone Plug 'n Pe=we r Wireless Security Console can he 

installed in minutes and provides 24 -hour protection for home or office. Avail- 
able as Cat. No. 6/ -2609 from Radio Shack (7(X) One Tandy Way, Fort Worth, TX 
76102), the device plugs into any AC mule: and telephore wall jack. Up to eight 
window and door sensors (sold separately: can be monitored. When a sensor is 

tripped, an 85 -dB siren will sound, and any lights that have been connected to 

optional lamp modules will flash. The console features an automatic dialer that 

can dial as many as four numbers. A user- recorded message notifies friends, 
family, or neighbors when the system is activated by either a sensor or by the panic 
alarm buttons located on the console and on the included remote control. The 

person called can listen for disturbances over the console's built -in microphone. 
The Security Console is compatible with all Plug 'n Power components, and can 

be expanded to accommodate up to 16 groups of door /window sensors, lamp 
modules, motion detectors, and other optimal accessories. Price: $99.95. 
CIRCLE 56 ON FREE INFORMATION CARD 

It111114ttvt#tlif 

L 

i` 
Wireless Security System 21 
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ELECTRONICS WISH LIST 

Memtek Clock Radio 

aIMNw ...;yd.a6wA 
`dITH 4C1E^.T 

.?/?-55i- 

Sharp Travel Orcanizer 

22 Eveready Battery Chargers 

For more information on any 
product in this section, circle 
the appropriate number on 
the Free Information Card. 

Sweet Dreams 
Slip oli to sleep to the sounds of your favorite songs on the CR 3800 Clock 

Radio from Memtek Products (P.O. Box 901021, Fort Worth, TX 76101). The unit 
features an AM /FM radio, a CD player, and three -inch speakers. You can wake up 
to the sound of a CD, the radio, or a standard alarm. If you'd rather not wake up 
right away, the clock radio also has snooze and sleep buttons. Price: $169.99. 

CIRCLE 57 ON FREE INFORMATION CARD 

Tuneful Calorie -Counter 
If you preler to jog or walk to the sound of music -and you want to know 

precisely what fat -burning benefits you might be reaping from your daily workout, 
check out Sanyo's (21350 Lassen Street, Chatsworth, CA 91311 -2329) SPT -(500 
Sportable personal AM /FM cassette player with built -in pedometer and calorie 
counter. The calorie counter displays the calories you're burning away on the unit's 
LCD readout, while the pedometer records the impact of your feet to calculate the 
distance traveled. You can set a beep to sound as you reach various distances, and a 
stop -watch function lets you temporarily freeze the readout for lap time. The 
Sportable's audio section offers BASSXpander -enhanced sound and an extended 
AM band for access to the recently approved spectrum between 1600 and 1710 
kHz. Price: $69.99. 

CIRCLE 58 ON FREE INFORMATION CARO 

Travel Organizer 
Aimed at traveling executives, sales people, tourists, and frequent flyers, the 

EL -6330 Travel Organizer from Sharp Electronics Corporation (Sharp Plaza, 
Mahwah, NJ 07430 -2135) fits in a shirt pocket and weighs just four ounces. The 
world -clock key tells the time in any of 24 zones, while a home clock with an 
alarm keeps users abreast of activities back home. The currency- conversion 
function and a 10 -digit calculator allow travelers to easily conduct foreign -money 
transactions. The organizer has a three -line display. Its telephone directory stores 
about 600 entries consisting of up to 12 characters for names and 24 digits for 
numbers. A 10 -digit "Remark" section allows notes to be attached to each 
telephone entry. A schedule function allows traveling business people to track 
appointments, while an alarm alerts them to time -sensitive events. The unit's 
memo function provides a convenient place to keep notes, and a password 
function keeps private information confidential. Price: $59.99. 

CIRCLE 59 ON FREE INFORMATION CARD 

Five -Hour Battery Charger 
Are you getting tired of replacing the batteries in all those toys and gadgets - 

such as portable compact -disc players, radios, tape players, TV's, and stereos- 
that your family got for Christmas? If so, Eveready Battery Company's (Checker- 
board Square, St. Louis, MO 63164) 5 -Hour Charger should be of interest. The 
device lets you charge as many as eight AA, AAA, C, or D rechargeable 
batteries -it even charges batteries of different sizes at the same time -so that 
they are ready to use in just five hours. Four 9 -volt batteries can be charged in 10 
hours. Price: $18. 

CIRCLE 60 ON FREE INFORMATION CARD 
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For more information on any 
product in this section, circle 
the appropriate number on 
the Free Information Card. ELECTRONICS WISH LIST 

Free- Ranging Phone 
The Extended Range Cordless Telephone 9530 has four times the range of 

today's conventional cordless phones, according to AT &T (Consumer Products 
Division, 5 Wood Hollow Road, 3L11, Parsippany, NJ 07054; Tel: 800-222-3111). 
The all- digital phone operates in the 900 -MHz frequency range at up to one watt of 
power using spread -spectrum, frequency- hopping technology over 172 channels, 
providing interference -free conversations at up to one mile from the base. The 
900 -MHz band is free from common interference sources that plague 46/49 -MHz 
cordless phones, including baby monitors, garage -door openers, and radio inter- 
coms. Conversations are digitally encoded onto a radio signal that passes between 
the base and handset on randomly selected channels, making eavesdropping 
virtually impossible for all but the most determined spies. Price: $449.99. 
CIRCLE 61 ON FREE INFORMATION CARD 

Home -Shaking Theater 
You'll be able to feel the action as well as hear it, with the Home THX Audio 

Speaker System from Miller & Kreisel Sound Corporation (M &K, 10391 Jeffer- 
son Blvd., Culver City, CA 90232). The six- speaker set has been certified for use 
in the Lucasfilm THX home -theater system, and has been designed to deliver 
audiophile -quality music reproduction as well as realistic movie soundtracks. The 
speaker system has three principle components: the S- 5000rttx front -channel 
satellite speakers, the SS- 500rHx surround speakers, and the MX- 500THx push - 
pull dual -driver powered subwoofer. The six -speaker setup includes three front - 
channel satellites, two surround speakers, and one subwoofer. Each are offered in 
a finished light oak or painted black oak genuine hardwood veneer. Apartment - 
dwellers need not apply! Price: $6495. 
CIRCLE 62 ON FREE INFORMATION CARD 

Quick Retrieval CD Storage 
Opening a CD jewel box presents a problem to some people, according to 

Dynasound Organizer, inc. (Suite 124, Rush Lake Business Park, 1801 Old 
Highway, New Brighton, MN 55112), The CD Magic Quick Retrieval System 
(Model 45624) is a unique CD- storage rack that automatically opens each jewel 
box upon selection. The spring- loaded unit provides easy, one -handed access to 
compact discs and their program booklets, and consumers only have to handle the 
jewel box once, when they load the CD Magic organizer. The organizer holds up 
to 24 discs in their cases. Price: $39.95. 
CIRCLE 63 ON FREE INFORMATION CARD 

Big Sound, Small Package 
Although it's designed to serve as a secondary audio system, the CD -C6300 

mini- system from Sharp Electronics Corporation (Sharp Plaza, Mahwah, NJ 
07430 -2135) provides the power and performance you'd expect from a full -size 
system. It features a 50- watt -per -channel amplifier, a three -way speaker system, a 
six -disc magazine -style CD changer, a double- cassette deck with Dolby B noise 
reduction, a ten -band graphic equalizer, a digital- synthesized tuner with 30 
station presets, and an audio /video remote control. The unit's X -Bass System and 
the speakers' Active Servo Technology are said to enhance the bass sound by 
"allowing the amplifier to instantaneously respond to the motion of the speaker by 
allowing air to flow through open ports." Well, maybe. We're more inclined to 
think it has something to do with the loudspeaker diaphragm -made up of fibers 
from the Chishima bamboo plant, harvested in Northern Japan. The CD -C6300 is 
just 8% inches wide. Price: $799.95. 
CIRCLE 64 ON FREE INFORMATION CARD 

AT &T Cordless Telephone 

THX Speaker System 

Sharp Audio System 23 
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GRAYMARK 
5 -INCH 
COLOR -TV KIT CIRCLE 119 ON FREE INFORMATION CARD 

Kit building is back, with the Graymark 5 -inch color -TV kit. 

It often seems kit building is on its 

way out, and the only kit builders 
left today are true die -hards who 

would rather build anything than buy 
it in a store. That is unfortunate, since 
there are a lot of advantages to build- 
ing. For instance, the act of building a 
kit can be quite enjoyable in itself and 
there's a certain amount of pride as- 
sociated with something that an 
owner can claim he built. In addition, 
the knowledge gained from building 
a kit can come in handy should the 
unit ever need servicing. As a matter 
of fact, some of us here at Popular 
Electronics truly like building kits. 

So, we die -hard kit builders still exist, 
although the declining number of 
vendors and other hardships some- 
times make it feel like we've been left 
high and dry -that is, until now. Intro- 
ducing the Graymark Model 544 5- 
inch color N available only as a kit. 

Features. Even though this N is built 
from a kit, don't think for a minute that 
ifs at all short on features. To begin 
with, it is a color set. Its 5 -inch tube 
provides a very watchable picture - 
not like those pocket N's that you 
really can't watch anything on. As ex- 
pected on a color TV there are con- 
trols for brightness, contrast, color, and 
tint. An automatic color control is ío- 

24 cated on the top of the unit. The N 

includes RCA jacks for audio and vid- 
eo inputs, An earphone jack is in- 
cluded for private listening, and a 
picture -tube degaussing switch is pro- 
vided on the back of the set. 

The set is capable of receiving VHF 
(channels 2 -13) and UHF (channels 
14 -83)- depending on the signal 
strength in your area -via a female F 

connector on the back of the set. The 
connector can be attached to a roof 
antenna, cable -television source, or a 
built -in telescopic antenna. To use the 
built -in antenna, you must plug a 
male F connector (which hangs off 
the back of the set) into the female F 

connector. 
The N can be powered from sev- 

eral different sources. Included with 
the set is an AC adapter for use when 
you're near any AC outlet. The AC 
adapter doubles as charger if you in- 
stall five Gates Energy HC -2D -G Power 
Stick Plus' (not included with the set), 
which are the equivalent of ten re- 
chargeable D cells. (Each Power Stick 
is the length of two D cells.) The dif- 
ference between a Power Stick and 
an ordinary Ni -Cd cell is that a Power 
Stick contains a charging ring that's 
separate from the positive terminal. 
The charging ring makes contact with 
a separate charging post within the 
N's battery compartment. That way, 
the Power Stick can be recharged 

without removing them from the set, 
and it's impossible to inadvertently 
charge non -rechargeable D cells. So, 

with the Power Sticks installed, you can 
use the N on the go and recharge 
the batteries whenever possible with- 
out removing them. An LED on the 
front of the N lets you know when the 
batteries are charging. You could use 
ten regular Ni -Cd D cells to power the 
set instead, but they must be re- 
charged outside the N in a separate 
charger (not included). 

One last accessory that's included 
with the set is an automotive DC 
power cord that plugs into your car's 
cigarette -lighter socket. That way, 
passengers -or the driver if you're 
parked -can watch Non the road. If 

you have a camcorder, you can use it 
as a VCR so your kids can watch 
movies on road trips. 

The Kit. Unpacking the shipping 
carton reveals the TV cabinet all 
snapped together with the picture 
tube in place. That is, after all, a very 
secure way to ship it. Cracking open 
the cabinet is somewhat dishearten- 
ing, because the cabinet literally 
makes a cracking noise when it 
opens. Fortunately that cracking 
noise is mentioned in the manual, 
and it is not at all harmful to the cab- 
inet. Once opened up, you can tell 
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THE ESSENTIAL REFERENCE FOR 
EVERYONE IN ELECTRONICS! 

Enhance your PC performance ... im- 
prove the quality and sound of audio equip- 
ment ... protect your home and car with 
first -rate security set -ups ... perform circuit 
tests and measurements ... and more. This 
729 -page collection is bursting with circuits 
you can use for all your reference and pro- 
ject needs. 

This comprehensive compilation of cir- 
cuit specifications, data, and uses puts 
hundreds of project ideas right at your 
fingertips! 

And, if you are adding to your Encyclo- 
pedia collection, Volume 4 features a com- 
plete index of every circuit in all four 
volumes! 

Save over $20.00 
on this GIANT 
circuit project and 
idea encyclopedia! 
66 ... a collection of more than a thousand all - 
new circuits ... includes schematics for the latest 
electronic circuits from industry leaders ... 91, 

-Popular Electronics, on the previous volume 

ENCYCLOPEDIA OF ELECTRONIC CIRCUITS, 
VOLUME 4 by Rudolf F. Graf and William Sheets 

1,000 illustrations, 729 pages, written and compiled by two industry 
experts! 
#3752H $f9- etr... Special Price $39.95 
Fully updated to cover over 1,000 of the latest circuits 
Covers over 100 circuit categories from antennas to window circuits 
Valuable circuit schematics, diagrams, and references 

Turn to it when you need: 
antenna circuits 
measuring and test circuits 
automotive circuits 
computer circuits 
receiving circuits 
filter circuits 
video circuits 

audio circuits 
power -control circuits 
fiberoptic circuits 
laser circuits 
RF circuits 
sound effects circuits 
and hundreds more! 

SAVE $90 IF YOU ORDER ALL 4 VOLUMES NOW! 
There's never been any circuit references like these before. Get thousands of 
circuits and projects ideas in the Encyclopedias of Electronic Circuits. Vol- 
ume 3 covers everything from antenna to voltage circuits. Volume 2 presents 
you with a wide range of circuits from fiber optics to thermal reactors. And 
Volume 1 features circuits from alarms to zero cross- detecting. 

Order all 4 volumes ( #586148 -8) for only $149.95.00 -regularly $240.00 

3 EASY WAYS TO ORDER: 

1. Tr CALL 1 -800- 822 -8158 (24 hours a day) 

2. FAX 1- 717 -794 -2080 

3. Ix< Mail Coupon to: TAB /McGraw -Hill, Inc. 
Blue Ridge Summit, PA 17294 -0840 

Satisfaction Guaranteed -Order these references 
FREE for 30 days. Within 30 days, pay the stated amount 
plus postage, handling, and applicable sales tax, or 
return them and owe nothing. 

Please cut along dotted line 

FREE 30 -DAY EXAMINATION 

Mail to: TAB/McGraw -Hill, Inc., Blue Ridge Summit, PA 17294 -0840 

Please send me: 

Book# Title Qty. Price 

586148 -8 Encyclopedias of Electronic Circuits, Vol. 1 -4 $149.95 

3752H Encyclopedia of Electronic Circuits, Vol. 4 $39.95 

Name 

Address 

City /State /Zip 

Signature X 
Offer invalid without signature. Order subject to credit approval. It you are ordering outside 
the U.S., please prepay in U.S. dollars drawn on U.S. banks and include an additional $5.00 
postage and handling. All orders over $150.00 must be prepaid. 

CODE = PE893 
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Earn Your B.S. Degree 
in 

ELECTRONICS 
or 

COMPUTERS 

By Studying at Home 
Grantham College of Engineering, 

now in our 43rd year, is highly ex- 
perienced in "distance education" - 
teaching by correspondence through 
printed materials, computer materials, 
fax, and phone. 

No commuting to class. Study at 
your own pace, while continuing on 
your present job. Learn from easy -to- 
understand but complete and thorough 
lesson materials, with additional help 
from our instructors. 

Our Computer B.S. Degree Pro- 
gram includes courses in BASIC, 
PASCAL and C languages - as well as 
Assembly Language, MS DOS, CADD, 
Robotics, and much more. 

Our Electronics B.S. Degree Pro- 
gram includes courses in Solid -State 
Circuit Analysis and Design, Control 
Systems, Analog/ Digital Communica- 
tions, Microwave Engr, and much more. 

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

rn Write or phone for our free j catalog. Toll free, 1- 800 -955 -2527, or 
see mailing address below. 

Ú Accredited by 
2 the Accrediting Commission of the 

m 
National Home Study Council 

W 

GRANTHAM 
College of Engineering 

zs Grantham College Road 
Slidell, LA 70460 

SUPER 
12 HOUR 

RECORDER 
CALL TOLL FREE 

Modified Panasonic 
Slimline. 6 hrs per side. 
12010K tape furnished. 
AC/DC Operation. 
Quality Playback. 
Digital Counter. $119.00* 
Durable Lightweight Plastic. 

PHONE RECORDING ADAPTER 

Starts & Stops Recorder 
Automatically When FCC 

Hand Set is Used. APPROVED 

Said State! $28.50* 
VOX VOICE ACTIVATED CONTROL 

Solidstate Adjustable $28.50* 
Sensitivity. Voices & 

Sounds Activate Recorder. 
Adjustable Sensitivity. 
Provisions for Remote Mike. 

'Add for ship. & handling. Phone Adapter S. Vox $2.00 
each, Recorders $5.00 each, Colo. Res. add tax. Mail 
Order, VISA, M /C, COD's OK. Money Back Guar. Qty. 
Disc. available. Dealer inquiries invited. Free data on 
other products. 

ALL MAIL TO: Box 20100, Boulder, CO 80308 
AMC SALES INC., 193 Vaquero Dr., 

Boulder, CO 80303 
Phones (303) 499 -5405 1- 800 -926 -2488 
FAX (303) 494 -4924 Mon -Fri 8 -5 MTN. TIME 

CIRCLE 7 ON FREE INFORMATION CARD 

And now for a loo 
at today's weather, 

'IOU just won't find a more professional, 
complete picture of the weather than the one 
you'll get with Weather Wizard II. Weather 
Wizard Il has all it takes to watch the weather 
like the pros. All for only $250.00 

FEATURES INCLUDE: 
Inside & Outside Temps 

Wind Speed & Direction 
Wind Chill 
Time & Date 

*Alarms 

Highs & Lows 

Instant Metric 
Conversions 

Rainfall Option 

'Optional PC 
Interface 

\IEATHE NIL II 
THE PROFESSIONAL 

HOME WEATHER STATION 
Only $250. Add $ 75 for self-emptying rain collector. 
Ordertoday:1 -800- 678 -3669 PE632T 

M - F 7 a.m. to 5:30 p.m. Pacific Time FAX 1- 510-670-0589 
ANC and VISA Add $8 kw shipping. CA residents add sales lax. 

One -year warranty 30-day money -back guarantee 

DAVIS I N S T I I M E N T S 3465 DIABto AVE., HAYWARD, CA 94545 

CIRCLE 6 ON FREE INFORMATION CARD 

that the TV is manufactured by Sam- 
sung, however the kit supplier, 
Graymark, provides full technical sup- 
port for the set. 

Because the TV has to be built be- 
fore it can be used, it's important that 
the assembly instructions are clearly 
written and that the parts packaging 
is neat and orderly. We have no com- 
plaints in either area, as we found no 
mistakes or typographical errors in 
the assembly /owner's manual, and 
the parts were carefully packaged in 
individual bags according to the 
order of assembly. Also included in the 
manual are circuit descriptions, block 
diagrams, schematics, and align- 
ment instructions. Alignment of the TV 
circuitry is not at all necessary, al- 
though instructions are provided 
nonetheless for future servicing. 

While aligning the set might have 
required some extensive test equip- 
ment and servicing knowledge, build- 
ing it and getting it to work as a pre - 
aligned unit certainly doesn't. All you 
really require is a common volt /ohm- 
meter to do some simple safety 
checks before turning on the TV 

As you may have guessed, all of the 
TV's circuit boards come pre -as- 
sembled as well as pre -aligned. Oth- 
erwise, the majority of us kit builders 
would never be able to get the set to 
work properly. Because those boards 
come pre -assembled, building the TV 

does not take as long to build as some 
other kits we've seen. That's either 
good or bad, depending on how 
much time you like to spend working 
on one project. We actually found 
that once we got our kit started, we 
couldn't wait to see it finished so we 
could watch TV on it! Our set took 
about eight hours to complete. 

Time to Watch TV. Our television 
worked perfectly, which felt very re- 
warding. After all, the best part about 
building a good kit is seeing it work the 
very first time around. The TV is the 
perfect size for portability in all sorts of 
locations, and a built -in tilt stand on 
the bottom of the set lets you adjust it 
for different viewing angles. 

The Graymark Model 544 color 1V 
kit costs $291.95. For more information 
on the kit, contact Quantum Elec- 
tronics (4 Brisbane Way, Irvine, CA 
92715; Tel. 800 -858 -WATT) or circle 
number 119 on the Free Information 
Card in this issue. 
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by Len Feldman 

Onkyo Model 
TX- 

SV909PRO 
Audio Video 

Receiver 

PRODUCT 
TEST REPORTS 

Too many audio/video 
enthusiasts are con- 

vinced that installing a 
home theater "surround 
sound" system in their home 
has to cost an astronomical 
amount of money. Nothing 
could be further from the 
truth! If you own a big - 
screen TV set (even a 27- 
inch model will do) and a 
good video program 
source (a stereo VCR or a 
laser video -disc player), all 
you need to create your 

The Onkyo TX- SV909PRO audio /video receiver. 

own "home theater" is a 
receiver such as the Onkyo 
TX- SV909PRO and four or 
more decent loudspeakers. 
This Onkyo receiver offers a 
digital Dolby Pro Logic sur- 
round -sound decoder, 
seven discrete channels of 
amplification, room -to- 
room sound- reproduction 
capability, on- screen pro- 
gramming, and a wealth of 
other features. 

In addition to its Dolby Pro 

Logic surround system, this 
receiver offers an eight - 
mode digital sound -field 
processor that enables 
users to create an almost 
infinite range of audio en- 
vironments. In addition to 
the usual surround -sound 
modes such as "Theater 1 

or 2," "Hall 1 or 2," "Live 
Concert," and "Studio," this 
receiver features full de- 
coding of Ambisonic- 
encoded source material. 
Several recordings have 
been made using the Am- 
bisonic encoding method, 
which many listeners feel 
offers a superior type of 3- 

dimensional sound experi- 
ence. As far as we have 
been able to determine, 
this is the first and only 
receiver to incorporate a 
full Arnbisonic decoder. 

The receiver boasts six 

video inputs, all of which 
are S -Video compatible, 
five audio inputs, an optical 
digital input, three video 
outputs (all S -video com- 
patible), and five audio 
outputs. When connected 
to a video monitor, users 
can adjust nearly all tuner 
and amplifier parameters 
by using easy -to- follow on- 
screen menus in combina- 
tion with the TX- SV909PRO's 
multifunction remote con- 
trol. Other features include 
40 random tuner presets, six 

categories of classified 
memory presets, a classi- 
fied scan function, and 10- 

key direct -station tuning. 
The receiver is also fully 
compatible with Onkyo's RI 

(Remote Interactive) system, 
enabling it to communicate 
with other Onkyo compo- 
nents using the included 
remote control. Considering 
the versatility of this unit, it's 

suggested price of around 
$1800 seems completely 
reasonable. 

CONTROLS 
To keep an uncluttered 

look on the front panel, 

many of the less -often used 
controls and pushbuttons 
are hidden behind a 
hinged panel that opens 
smoothly at the touch of a 
button. With this panel 
closed, the only controls vis- 

ible are the power button, 
the major display area, the 
master volume control, and 
a row of twelve input- selec- 
tor buttons (six video 
selectors, tape -1 and 
tape -2 monitors, AM, FM, 

Phono, and CD). 
With the hinged panel 

lowered, the additional 
controls disclosed include 
speaker -selection, direct - 
access tuning, multi- source 
(which allows one program 
to be heard in the main 
location and another in a 
remote room), scan, sur- 

round -mode, FM- muting, 
tuning "up" and "down," 
parameter- selection, and 
parameter -control buttons. 
The parameter buttons are 
used to adjust such param- 
eters as bass and treble, 
channel balance, center - 
channel bass, and center - 
channel treble. A panel- 
dimmer button, a head- 
phone jack, and the 'Video 
6" input jack cluster are also 
found behind the hinged 
panel section. Virtually all of 
the controls found on the 
front panel are duplicated 
on the wireless remote con- 
trol. 

We counted no less than 
28 standard input and out- 
put jacks on the rear panel, 
not to mention nine video 
input and output jacks (plus 
an equal number of S -vid- 
eo connectors); eight pairs 
of color -coded speaker 
binding posts for front, front- 27 
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AMPLITUAE (08) VERSUS FREQUENCY (Hz), FM TUER SECTIOK ONCYO TX-SV909PR0 

10.000 

8.0000 

6.0000 

4.0000 

2.0000 

°z.. 
-4.000 

-6.000 

-8.000 

-10.00 

Ap 

11iiiiiiiiliiiiìïifïiiiiiiiiiiiiin 

20 100 1k 10k 20k 

The FM frequency response was superb, varying by no more than 
0.25 dB over the range from 30 Hz to 15 kHz. 

OISTORTION N1ISE VERSUS FREQUENCY. FM TUNER SFSTIONI. MAYO TX-S1(909PR0 

3 

At mid- and low frequencies, THD measured only a bit over 
0.03% for mono FM and 0.065% for stereo. At 6 kHz (the 
highest frequency at which THD is measured for an FM set), 
mono distortion rose to only 0.1%, while stereo THD increased 
to an acceptable level of 0.16 %. 

enhance, center, rear - 
channel, and remote 
speakers; AM and FM an- 
tenna terminals; a digital 
optical input; the special RI 

input and output terminals; 
and three switched AC 
convenience outlets. In ad- 
dition to the previously 
described input and output 
jacks, there is also a cluster 
of output jacks that, in 
effect, deliver the front 
channel, enhance channel, 
center channel, rear chan- 
nel, and sub -woofer signals 
at line levels should you 
wish to augment the system 
with more powerful ampli- 
fiers than are available in 

the receiver itself. However, 

with more than 110 watts 
per channel available from 
the front and center chan- 
nels, and with 30 watts per 
channel available from the 
front- enhance and rear sur- 
round channels, for most 
listening situations it is most 
unlikely that you would 
need to use any of these 
outputs to connect addi- 
tional amplifiers. 

TEST RESULTS 
As is our usual practice 

with integrated receivers, 
we measured the perfor- 
mance of the tuner section 
first. FM frequency response 
was superb, varying by no 
more than 0.25 dB over the 
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At mid frequencies, separation actually exceeded 60 dB! Even for 
a 10 kHz signal, where most FM- stereo circuits exhibit much 
poorer separation, the stereo separation for this tuner section 
remained close to 40 dB. 

At mid frequencies, the front -channels amplifiers pumped out 
more than 136 watts- per -channel, with both channels driven, 
before the rated distortion of 0.04% was reached. 

range from 30 Hz to 15 kHz. 

While Onkyo claims FM sig- 
nal -to -noise ratios of 76 dB 
for mono and 70 dB for 
stereo, in fact, our sample 
delivered S/N ratios of near- 
ly 80 dB in mono and 75 dB 
for stereo FM. 

The distortion was about 
as low as we have ever 
measured for an FM tuner, 
let alone the FM section of 
an all -in -one receiver. At 
mid- and low- frequencies, 
THD measured only a bit 
over 0.03% for mono FM 

and 0.065% for stereo. At 6 
kHz (the highest frequency 
at which THD is measured 
for an FM set), mono distor- 
tion rose to only 0.1 %, while 

stereo THD increased to an 
acceptable level of 0.16 %. 
Achieving 50 -dB quieting in 
mono required an input sig- 
nal level of only 16.0 dBf (as 
against 17.2 dBf claimed by 
Onkyo). Usable sensitivity in 

mono measured 11.2 dBf, 

exactly as claimed. Be- 
cause stereo can only be 
received when muting is 

activated, no meaningful 
usable sensitivity figure for 
stereo FM could be ob- 
tained. For all practical 
purposes, stereo becomes 
available at an input signal 
level of around 17 dBf, the 
signal level at which muting 
circuitry is defeated. 

Perhaps the most remark- 
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able thing about this FM 

tuner section was its stereo - 
separation capability. At 
mid -frequencies, separa- 
tion actually exceeded 60 
dB! Even for a 10 kHz signal, 
where most FM stereo cir- 
cuits exhibit much poorer 
separation, the stereo sep- 
aration for this tuner section 
remained close to 40 dB. 

If there was one disap- 
pointing aspect to the 
performance of the tuner 
section, it was its AM circuit- 
ry. Like so many other 
manufacturers, Onkyo treat- 
ed the AM section of this 
receiver in a minimal man- 
ner, despite efforts of 
broadcasters and others to 
encourage manufacturers 
to improve the perfor- 
mance of AM radios. 
Having measured the re- 
sponse as extending only 
from 90 Hz to around 2.9 
kHz (for an attenuation of 6 
dB), we decided that addi- 
tional measurements of the 
AM section would be point- 
less. 

Next, we measured the 
action of the bass and tre- 
ble controls, which are 
adjustable in 2 -dB incre- 
ments for up to 12 dB of 
boost or attenuation at 100 
Hz and 1.0 kHz, respectively. 
The signal -to -noise ratio for 
the high -level inputs, re- 
ferred to a 1 -watt output, 
measured over 78 dB. Re- 

ferred to the full -rated 
output, that would corre- 
spond to 98.6 dB close 
enough to the 100 dB 
claimed by Onkyo. The sig- 
nal -to -noise ratio via the 
phono inputs, referred to a 
1 watt output and an input 
of 5 millivolts, was an in- 
credibly high 85.2 dB, or 
more than 5 dB higher than 
claimed by Onkyo! As for 
phono equalization, it was 
close to perfect, never de- 
viating from the approved 
RIM playback curve by 
more than 0.3 dB. 

Turning our attention to 
the amplifier sections, we 

TEST RESULTS -ONKYO TX- SV909PRO AUDIO/VIDEO RECEIVER 

Specification 

Mono usable sensitivity 
50 dB quieting sensitivity 

Mono /stereo 
S/N ratio, mono /stereo 
Distortion, mono /stereo 
Frequency response, 30Hz -15kHz 
Muting level 

Rated power output, 
8 -ohm loads 
Front, center channels 
Surround channels 

Rated distortion 
Front channels 
Center, surround channels 

IM distortion 
Damping factor 
Inpjt sensitivity (for rated output) 

Phono 
High -level inputs 

Phono overload 
Frequency response, 

20 Hz -30 k Hz 

RIAA deviation 
S/N ratio phono /high -level 
Tone -control range 

Bass, <q+ 100 hZ 

Treble, .10 kHz 

Power supply 
Dimensions (W x H x D, inches) 
We!ght (lbs. /kg.) 
Suggested price: 

Mfr's Claim 
FM Tuner Section 

11.2 dBf 

17.2/37.2 dBf 
76/70 dB 

0.1/0.2% 
± 1.0 dB 

17.2 dBf 
Amplifier Section 

110 watts 
30 watts 

0.04% 
0.08% 
0.04% 
70 

2.5 mV 
150 mV 
120 mV 
+0, -3 dB 

± 0.8 dB 
80/100 dB 

± 10 dB 

± 10 dB 
General Specifications 

AC 120 V, 60 Hz 

1775/16x77/16x 1613/46 

48.5/22 
$1799.95 

PE Measured 

Confirmed 

16.0/38.0 dBf 
79/75 dB 

0.03/0.065% 
+0, -0.25 dB 

Confirmed 

136 watts 
38 watts 

0.01% 
0.03% 
0.015% 
78 

Confirmed 
Confirmed 
125 mV 
+0, -1.0 dB 

+0, -0.3 dB 
85.2/98.6 dB 

+9, -9.5 dB 

+ 7.5, - 9.0 dB 

Confirmed 
Confirmed 
Confirmed 

first measured distortion ver- 
sus frequency for the front 
channels, regulating the in- 
put to maintain a constant 
rated output of 110 watts - 
per- channel. While Onkyo's 
rated distortion figure is an 
already low 0.04% for any 
frequency from 20 Hz to 20 
kHz, we were astounded to 
find that our sample ex- 
hibited a maximum 
distortion -plus -noise figure 
of only 0.01% at worst, while 
at mid -frequencies, distor- 
tion was even lower, at 
about 0.005 %. Our curiosity 
was aroused and we want- 
ed to see just how much 
power could be produced 
by the front- channel ampli- 
fiers before the rated 
distortion of 0.04% was 
reached. At mid- frequen- 
cies, these amplifier 
channels pumped out 
more than 136 watts -per- 
channel, with both chan- 

nels driven! Center -channel 
and surround -channel 
power outputs were also 
conservatively rated by 
Onkyo, each delivering a 
good 20% to 30% more 
than specified by the man- 
ufacturer. 

Finally, we measured in- 
termodulation distortion as 
a function of power output 
for the front channels. Once 
again, at the rated power 
output of 110 watts -per- 
channel, SMPTE -IM distor- 
tion was far lower than the 
0.04% specified by Onkyo, 
measuring only about 
0.015 %. 

HANDS -ON TESTS 
Setting up the Onkyo D(- 

SV909PRO for a full home - 
theater.installati on will take 
you quite a while, but if you 
follow the diagrams and 
instructions provided in the 
well -written 45 -page in- 

struction manual that 
comes with the receiver 
you should have no trouble. 
If you can afford the extra 
pair of speakers intended 
for the "enhance channels," 
by all means include them 
in your installation. They are 
normally mounted some- 
what behind and above 
the usual front -left and 
front -right main -channel 
speakers and they will add 
a sense of sonic space that 
you just can't achieve with 
four or five speakers. 

Once the setup was 
complete, we found that 
operating the receiver from 
the comfort of our listening 
and viewing position was 
preferable to trying to ad- 
just all the parameters via 
the front -panel controls. Ex- 

periencing a motion 
picture, reproduced by 
means of a laser video disc 

(Continued on page 88) 29 
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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 j 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 $23.05 off the regular 
single copy price. Subscribe to Popular Electronics today! Just fill 
out the subscription order form below. 

Popular Electronics 

A component -by- 
component primer on 
setting up a system, 
selecting the equipment, 
and doing your own 
installation 

A look at today's satellite - 
TV technology, and a 
preview of tomorrow's 
systems 

Easy -to -build 
project keeps your 
favorite beverage 
at the perfect 
temperature almost 
índ fi itely 

Also: Product Reviews 
Scanner Scene Computer Bits '. 

Antique Radio Think Tank 
Ham Radio DX Listening 

And A Whole Lot More! 

FOR FASTER SERVICE CALL TODAY 

1- 800 -827 -0383 
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Build a 
Super - Simple 

Shortwave 
Receiver 

Have you ever wanted to hear 
shortwave news broadcasts or 
music, but thought you 

needed an expensive receiver and a 
long antenna? Do you speak a for- 
eign language, and would like to 
hear foreign -language broadcasts? 
You can do all that and more with the 
shortwave radio receiver described it 
this article. It will allow people of all 
ages to enjoy hours of fascinating in- 

ternational broadcasts using a simple 
indoor wire antenna. 

The receiver, which is powered from 
a standard 9 -volt battery, has jus- 
three front -panel controls -RF GAIN, RUN 

ING, and VOLUME. The multi -stage audio 
amplifier provides room- filling volume 
with a speaker, or an earphone can 
be used for private listening. The 
Super -Simple Shortwave Radio is a 
single- conversion superheterodyne 
receiver designed specifically for lis- 

tening to amplitude- modulated (AM) 

broadcast stations in the range of 4- 
to 10 -MHz (75- to 30- meters). The radio 
can tune any 2.5 -MHz portion of the 4- 
to 10 -MHz shortwave radio band that 
you select, and can easily be retuned 
to any other 2.5 -MHz portion when 
you prefer. 

The "superhet" design brings in your 
favorite foreign broadcasting services 
loud and clear, with pleasing audio 
quality, and a minimum of overload, 
frequency drift or heterodyne whistles. 

Because of the AM- broadcast ori- 
ented design, other types of short- 
wave signals commonly used by 
hams and commercial services, such 
as Morse code (CW), single sideband 
(SSB), frequency -modulated (FM) 
voice communications, and teletype 
signals will sound garbled or just like so 
much noise. On the other hand, sim- 
ilarly inexpensive receivers designed 
for CW, SSB, or FM, offer only marginal 
performance in receiving AM- broad- 
cast stations. 

Circuit Description. The schematic 
diagram for the 4 -10 -MHz Radio is 

shown in Fig. 1. Integrated circuit U1 

(an NE602 double- balanced mixer) is 

a combination oscillator and fre- 
quency mixer. Signals from the anten- 
na input (at J1) are fed through DC- 
blocking capacitor C1 to the RF -GAIN 

control, R1, which controls the strength 
of the incoming signals to prevent 
overloading. A broadband of signals 
is then peaked by a shielded tunable 
transformer; L1, and fed to the inputs of 
U1 at pins 1 and 2. Integrated circuit 
U1's local -oscillator frequency is deter- 
mined by the values of capacitors C3 
and C4, the setting of inductor L2 (of 
which only the secondary coil is used), 
and the voltage applied to varactor 
D1 via R2 (the TUNING control), C5, C6, 
and R4. The particular varactor used 
permits a tuning range of over 2.5- 

BY FRED BLECHMAN 

Enjoy the wonders of world 
travel without the expense 

through the magic of 
shortwave radio! 

MHz as R2 is rotated between its stops. 
The local- oscillator frequency, 

which varies with the settings of R2 

and L2, is mixed internally within U1, 

resulting in an output with various fre- 
quency components: the band of sig- 
nal frequencies peaked by L1, the 
local oscillator frequency, and the 
sum and differences between the L1 

frequencies and the local oscillator 
frequency. The mixer output at pin 4 of 
U1 is applied to a tunable 260 -kHz- 

band -pass intermediate -frequency 
(IF) transformer, L3, through DC- block- 
ing capacitor C7. The reverse -biased 
base -emitter junction of transistor Q4 
behaves like a Zener diode, with a 
breakdown voltage in the 6- to 8 -volt 
range, providing a stable voltage to 
L3. 

The purpose of L3 is to reject all 
frequencies outside of a relatively 
narrow band of frequencies near the 
IF of 260 -kHz. Therefore, signals rough- 
ly 260 -kHz above and below the lo- 
cal- oscillator frequency are passed, 
while others are effectively blocked. 
The IF frequencies are now amplified 
by Q2 and Q3. The AM audio signal is 

detected by D2 and its associated 
components, which bypass the RF sig- 
nals, leaving only the audio signals. 
The signals are preamplified by U2 -a 
(half of an LM358 dual op -amp). The 
audio is then boosted to speaker level 
by the LM386 low- voltage, audio- 31 
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Fig. I. The Super -Simple Shortwave Radio is comprised of three IC's, three inductors, 
two diodes, and a variety of support components. 

power amplifier, U3, with the input sig- 
nal level controlled by potentiometer 
R3 (the VOLUME control). 

The other half of the LM358 (U2 -b), 
together with transistor Q1 and ca- 
pacitor C15, provides AGC (automat- 
ic gain control) feedback to keep 
strong signals from overloading U3. 
That helps to provide a relatively even 
volume as the output of U3 is coupled 
through blocking capacitor C20 to 
the speaker /earphone jack, J2. AGC 
is especially important with shortwave 
signals, which tend to greatly waver in 

strength. 
The very low 260 -kHz IF provides ex- 

ceptional gain and selectivity 
characteristics; the IF also offers a sort 
of bonus that would not normally be 
welcome in a receiver intended for 
communications and listening for 
very weak signals -you can hear sig- 
nals in two places on your dial! 

In tuning the radio, it is useful to un- 
derstand that you will hear any signal 
at the local- oscillator frequency, plus 
260 -kHz, and also at that frequency 
minus 260 -kHz. That's not a problem 
for general listening to shortwave 

32 broadcasts, as long as you realize that 

you will find every broadcast twice as 
you pass through the over -2.5 -MHz 
range of the TUNING control. 

The circuitry required to minimize 
that "image" reception would defeat 
the goal of economy and simplicity 
intended for this radio. More elabo- 
rate receivers deal with that phe- 
nomenon by using a higher inter- 
mediate frequency, dual IF con- 
version, several IF stages, and very 
exact tuning at the antenna -input cir- 
cuit. However, you will find this radio 
gives perkier reception with simple 
antennas than many more costly por- 
table receivers. 

Construction. The Super -Simple 
Shortwave Radio is assembled on a 
printed- circuit board measuring 
about 4 x 43/4 inches. Figure 2 shows 
a full -size template of that printed -cir- 
cuit board's layout. Because of the 
critical nature of radio- circuit wiring, 
where lead lengths and ground con- 
nections can affect circuit operation, 
don't try building this project without 
using the printed- circuit board layout. 

A kit of parts (which includes an 
etched and pre -drilled, printed -cir- 
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cuit board, but no case) is offered in 

the Parts List. Figure 3 shows a parts - 
placement diagram. If you opt to 
gather your own parts, or you plan to 
use what you have on hand, keep in 

mind that the printed- circuit board 
layout was designed to specifically 
accommodate the physical mount- 
ing dimensions of many parts. 

Although many of the parts for this 
project are commonly available 
through conventional electronic - 
components suppliers, a source for 
some of the more difficult to find parts 
is given in the Parts List for those who 
prefer to do their own shopping. 
These parts, together with a number 
of other unique parts that might be 
difficult or impossible to obtain in sin- 
gle quantities from U.S.A. sources 
(such as D1, L1, L2, L3, and others) are 
available in a "Special Parts Kt" from 
the listed source. 

Inductors L1 and L2 need to be 
modified to operate properly in the 
circuit. Looking at the underside of 
those units, locate a single small tu- 
bular part, probably white with a 
brown band, in each. Those are ca- 
pacitors that must be destroyed. Using 
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4 INCHES 

Fig. 2. The radio was assembled on a printed circuit board measuring about 4 X 4/4 
inches; a full size template of the printed- circuit layout is shown here. 

a small screwdriver, simply crush them! 
They are brittle and will disintegrate 
easily. Leave transformer L3 alone. 

When assembling the Super -Simple 
Shortwave Radio, take special care 
that polarity- sensitive components 
(electrolytic capacitors, diodes, tran- 
sistors, and the integrated circuits) are 
installed in the right direction. Al- 
though the parts -placement di- 
agram notes the positive electrolytic - 
capacitor lead, bear in mind that on 
the actual part, it is usually the nega- 
tive lead that is marked. Be careful 
about getting the proper resistor val- 
ues in the right places as well. 

If you buy the kit, a manual is in- 
cluded that provides step -by -step as- 
sembly instructions. If you don't have 
that manual, begin by installing the 
passive components (jumper wires, 
resistors, and capacitors). Follow that 
by installing the active components 
(diode, transistors, IC's) 

Testing and Adjusting Your Radio. 
Before turning on your receiver, dou- 
ble check your work for the correct 
orientation of the three integrated cir- 
cuits, the four transistors, the two di- 
odes, and all of the electrolytic 
capacitors. Once you are convinced 
that everything is okay, plug a short 
antenna (more on that later) into J1, 

and an 8 -ohm speaker or earphone 
into J2. Make sure the POWER switch (S1) 

is in the out (off) position. Connect a 
fresh 9 -volt alkaline battery to the 
snap terminals. Set all three controls to 
their middle positions. Turn on the re- 
ceiver by pressing in S1. 

After adjusting the volume to a 
pleasant level, you should hear some 
stations by turning the TUNE control, R2, 

no matter how the four adjustable in- 
ductors happen to be set. Turn the RE 

GAIN control to make sure it is working 
and then set it at the lowest level 
needed for good reception. 

While listening to any kind of station, 
whether broadcast, teletype, or what- 
ever, use a small screwdriver to adjust 
both slugs in L3, for the best- sounding 
reception. The black slug will be al- 
most to the top of its range. The blue 
slug will give peak reception about 
two turns clockwise down from its 

highest position. 
The TUNING control covers any 2.5- 

MHz segment selected by adjusting 
L2. Inductor L1 is simply adjusted for 
the strongest reception of any signal 
in the tuning range. Sometimes a 
band of shortwave frequencies is re- 
ferred to by the average wavelength 
in meters, such as "the 40 -meter 
band." The wavelength in meters 
equals 300 divided by the frequency 
in MHz. Similarly, the frequency in MHz 

equals 300 divided by the wave- 
length in meters. 

Both L1 and L2 must be adjusted 
with a non -metallic alignment tool 
such as is used in radio-1V servicing. If 
you do not have one, a suitable tool 
can be made by patiently sanding a 
screwdriver -like blade on the end of a 
wooden match stick, kabob skewer, or 
small plastic crochet needle. Again, 
be aware that a metal screwdriver 
blade will drastically increase the coil 
inductance and make adjustment 
quite difficult. 

If you do not have any kind of test- 
ing or frequency- reference equip- 
ment, the easiest way to start enjoying 
your radio is, with the TUNING control set 
at mid -point, to slowly tune L2 with 
your alignment tool as though it were 
a tuning dial. Stop when you come 
into the middle of a group or cluster of 
foreign broadcast stations. 

Try tuning around those stations with 
the TUNING control. If you like what you 
hear, readjust both L2 and L3 for the 
best reception. Eventually, you will get 
a clue as to what general frequency 
band you are hearing; many stations 
periodically announce their frequen- 
cies, particularly at sign -on and sign - 
off. 

If you like precision, use a frequency 
counter or calibrated receiver to find 
the radio's strong oscillator signal, re- 
membering that there is a 260 -kHz IF 

difference between the local -os- 
cillator frequency and the broadcast 
signal you are hearing. 

The results of tests on this design 
(see Table 1) will give you a general 
guideline on what to expect if you 33 
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34 

Fig. 3. Assemble the circuit guided by this parts- placement diagram. Note that LI and 
L2 must be modified before installation on the circuit board. When assembling the 
circuit take care that the polarity -sensitive components (electrolytic capacitors, diodes, 
transistors, and the integrated circuit) are properly oriented on the board. 

wish to preset L2. Each turn of L2 is one 
full turn clockwise. Realize the margin 
of error from receiver to receiver in 
such measurements is due to the 
manufacturing tolerances of the ca- 
pacitors and coils involved. A setting 
of somewhere between 4 and 5 turns 
from the top might permit tuning of all 
three of the major shortwave bands 
under 10 -MHz, depending on the 

characteristics of your particular 
varactor diode. A 2.5 -MHz swing is all 
that can be reasonably expected. 

Troubleshooting Tips. Of course, 
make sure all components are prop- 
erly oriented, that all solder joints look 
good (shiny, not dull), and that there 
are no solder "bridges" across traces. 
If self -oscillation or "motorboating" 

TABLE 1 -4-10 MHz RADIO TEST RESULTS 

L2 Setting Oscillator Range Tuning Range 

Flush at top 3.94 -6.77 MHz 3.68 -7.03 MHz 
1 turn 4.01 -6.87 MHz 3.75 -7.13 MHz 
2 turns 4.27 -7.31 MHz 4.01 -7.57 MHz 
3 turns 4.77-8.20 MHz 4.51 -8.46 MHz 
4 turns 5.50 -9.30 MHz 5.24 -9.56 MHz 

5 turns 6.31 -9.83 MHz 6.05 -10.09 MHz 
6 turns 7.10 -10.20 MHz 6.84 -10.46 MHz 
Maximum 7.27 -10.25 MHz 7.01 -10.51 MHz 

All the parts (including the battery) are 
mounted on the printed- circuit board. 

occurs, be certain that C6 is a 4.7- to 
10 -11.F electrolytic capacitor, and that 
R12 is 100,000 -ohms. A minor tenden- 
cy toward oscillation may be noted 
when the TUNING control is in an ex- 
treme position of its rotation; however, 
that need not be a problem if L2 is 

adjusted so that desired stations fall in 
the main rotation range. 

A strong shortwave broadcast may 
be heard throughout the tuning 
range if your antenna is too good, or if 
the RF GAIN control is turned up too high. 
The high sensitivity of the NE602 front 
end is designed for simple antennas, 
with most reception quite satisfactory 
when the RF GAIN control is set near its 

midpoint. 
AM signals can be heard through - 

out the tuning range if you are close to 
a strong local AM station. Some sta- 
tions change their power output at 
different times of the day. It is very 
important that all component leads 
be as short as possible, since just a bit 
of wire can help D2 and the several 
stages of audio amplification give 
you a free, unwanted, classic untuna- 
ble crystal radio! 

A grounded metal case for the ra- 
dio is one possible solution. Another fix 
is to solder a .001 -1.1F capacitor in par- 
allel with R10, so that it bypasses the 
anode of D2 to ground. In theory, that 
would bypass all signals to ground, 
but that solution has proven effective 
in only two of the radios built by the 
designer. 

You may encounter unstable, chir- 
py signals at higher speaker levels. 
That's a sign that the current require- 
ments of the IF and audio stages are 
causing variations in the voltage 
feeding the NE602 oscillator and the 
varactor tuning diode. The receiver 
draws about 200 mA at peak volume, 
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The optional 5- x 5.25- x 1.5 -inch custom cabinet includes knobs, hardware, silk - 
screened front and hack panels, and even -ubber mounting feet. 

PARTS LIST FOR THE 
SUPER -SIMPLE SHORTWAVE 

RADIO 

SEMICONDUCTORS 
Ul -NE602 double -balanced mixer. 

integrated circuit 
U2 -LM358 dual op -amp, integrated 

circuit 
U3 -LM386 low-voltage, audio - 

power amplifier, integrated circuit 
QI-Q4--2N3904 general- purpose 

NPN silicon transistor 
DI- MVAM108 varactor diode, 

30- 500 -pF (Motorola) 
D2- 1N34A, IN270, or similar 

germanium signal diode (Radio 
Shack #276 -1123) 

RESISTORS 
(All fixed resistors are 1/4-watt, 10% 

carbon units) 
RI -R3- 10,000 -ohm PC- mount, 2- 

watt potentiometer 
R4, RIO, R11-10,000-ohm 
R5-270 -ohm 
R6, R9 -1000 -ohm 
R7, R8, R15-47,000-ohm 
RI2, R13- 100,000 -ohm 
R14- 1- megohm 
R16-2-ohm 

CAPACITORS 
Cl, C2, C5, C7 -C15, C18 0.01 -µF 

ceramic -disc 
C3, C4- 100 -pF ceramic -disc 
C6, C17, C22-4.7- to 10 -µF, 16- 

WVDC, electrolytic 
C16, C20, C21- 100 - to 220 -p,F, 16- 

WVDC, electrolytic 

C19- O.: -µF, ceramic -disc 

ADDITIONAL PARTS AND 

MATERIALS 
Ll, L2- Shielded IF transformer (see 

text) 
L3 -Dual- section 260 -kHz IF 

transformer (Toko 8023) 
BI -9 -volt transistor -radio battery 
J1-RCA jack, PC mount 
J2- Subminiature phone jack, PC 

mount 
SI -SPST switch, PC mount 
Printed- circuit materials, enclosure, 

9 -volt battery connector, wire, 
solder, hardware, etc. 

Note: The following items are 
available from Ramsey Electronics, 
Inc. (793 Canning Parkway, Victor, 
NY 14564; Tel. 716 -924 -4560): A 

compete kit of parts (SR -IBP), 
including printed- circuit board (but 
not the case or control knobs), 
$29.95; an etched and drilled 
printed- circuit board only 
(SR- IPCBP), $10.00; a Special 
Parts Kit (SR- ISPKBP) containing 
all semiconductors, all inductors, 
RI, R2, R3, J1, J2, and SI (but no 
PC board), $14.95; custom case 
and knob set (CSR -BP), $12.95. 
Please add $3 for orders under 
$20, and $3.95 postage /handling. 
New York State residents, please 
add appropriate sales tax. 

An external antenna plugs into JI and an 
8 -ohm speaker or earphones plug into 
J2. 

which means that a good, fresh al- 
kaline battery is essential. If that poses 
a serious problem for pleasant listen- 
ing and your battery budget, consid- 
er an external battery supply such as 

six D cells connected in series, or a 
regulated low- ripple power supply. 
For casual listening at moderate 
speaker volume, or earphone listen- 
ing, the single 9 -volt alkaline battery 
will give very satisfactory service. 

Shortwave Antenna Ideas. The 
type of antenna that you use for your 
4-10 -MHz Radio depends on the de- 
gree of interest you have in shortwave 
listening, on whether you are limited 
to an indoor or balcony antenna, and 
whether you think you may soon want 
to obtain a ham license. If the latter is 

true, you may want to consult ham 
literature and build the dipole or ver- 
tical antenna, which you can also use 
for your ham station. 

A 40 -meter (7.5 -MHz) antenna is 

quite nice for the tuning range of this 
radio. However, the best simple long - 
wire or whip antenna is one whose 
physical length is close to one -half the 
wavelength of your target frequency. 
See the earlier discussion on wave- 
length for the calculation of a full 
wavelength, then divide this length by 
two. 

The rest of these notes on antennas 
are for the benefit of those who simply 
wish to enjoy some shortwave- broad- 
cast listening. The radio is very sen- 
sitive, so its antenna requirements are 
minimal for casual evening listening, 
when international broadcast signals 
are quite strong. If an all -band indoor 
antenna is desired, simply make it as 
long as possible and as high up from 
concrete floors as you can. Ten to 20 
feet of insulated hookup wire can be 

(Continued on page 89) 35 
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Today most shortwave listeners 
( SWL's) and scanner hobbyists 
don't do much experimenting 

with their equipment or their anten- 
nas. Fine, but how do they know 
whether or not their antennas and 
their radios are working in harmony? 

Fortunately, you can to check the 
performance of your radio and your 
antenna system by making simple 
measurements of radio frequency 
(RF), standing -wave ratio, and other 
parameters. While you don't need an 
expensive suite of RF test equipment 
to make such simple checks, you can 
benefit greatly from some basic and 
relatively inexpensive RF accessories. 

What are some of the things you 
can do with modest, passive RF test 
equipment? You can, for example, 
find your antenna's standing -wave 
ratio (SWR), resistance, and resonant 
frequency. You can monitor SWR 

changes as you tweak your antenna 
by lengthening or shortening it, or by 
adjusting an antenna tuner (if one is 

used). You can use a frequency coun- 
ter as a check of your radio's calibra- 
tion as well as that of your RF test 
instruments. You can also use the in- 
struments we'll discuss to help wind 
coils; measure inductance, capaci- 
tance, and the resonant frequency of 
tuned circuits; and more. 

This article surveys RF test gear for 
SWL's and scanner hobbyists gear 
that doesn't require a radio transmit- 
ter or other source of high -level RF 

energy to make checks and take 
readings. After briefly discussing an- 
tenna and matching considerations, 
we'll cover the SWR analyzer, antenna 
bridge, antenna -resistance analyzer, 
dip meter, antenna -noise bridge 
(ANB), RF- communications intercep- 
tor, frequency counter, external RF 

readout, spectrum -display unit (SDU), 

and other devices. First, though, let's 

go over a little background. 

Antennas and Matching. While res- 

onance and impedance matching is 

more important for transmitting than 
receiving, achieving antenna reso- 
nance and a good match between a 
receiver and its antenna helps deliver 
the greatest received signal strength 
and gives one confidence that "all is 

well" with the entire system. A resonant 
antenna designed for a given fre- 
quency that's one -half wavelength 

36 long (i.e., a dipole) typically has an 
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impedance of 30 to 75 ohms. Be- 
cause of that, most shortwave re- 
ceivers and scanners have a nominal 
antenna -input impedance of about 
50 ohms. That figure usually makes for 
a good match and provides optimal 
transfer of received signal between 
the antenna and the radio when 
using 50 -75 ohm coaxial cable as 
lead -in. 

On the other hand, untuned, non- 

resonant "random-wire" antennas 
have impedances that vary band -to- 
band over a wide range -usually by 
several hundred ohms or more. When 
you connect this type of antenna to 
your receiver, there's usually a mis- 
match that prevents maximum signal 
transfer. As a result some of the signal 
developed by the antenna may be 
lost. 

To overcome that potential loss, 
some receivers (especially older, 
tube -type sets) have a separate, 
high- impedance antenna input. 
Note, however, that most solid -state 
radios don't have this alternate con- 
nection. In such cases, to obtain a 
better antenna -to- receiver match 
and more efficient signal transfer, you 
need to use an antenna tuner, some- 
times called an antenna coupler or 
"transmatch." Couplers for receiver 
use are widely available from radio - 
equipment manufacturers, dis- 
tributors, and dealers, many of which 
we'll mention later on in this article. 

Although it might not make a big 
difference with strong signals and /or a 
highly sensitive receiver, most anten- 
nas and antenna couplers must be 
tuned to achieve optimum perfor- 
mance. There are various ways to do 
this. Minimizing SWR, either on the 
lead -in itself or on the coax link be- 
tween the antenna coupler and re- 
ceiver-a technique that SWL's and 
scanner monitors have borrowed di- 
rectly from their ham friends -is one 
of the most common ways of doing 
so. 

Checking SWR. Unfortunately, the 
most -used and popular hamshack 
accessory -the SWR bridge and di- 
rectional wattmeter -is one that isn't 
of much help to non -hams. It is an 
insertion -type instrument that lets you 
determine the quality of the match 
between your radio, transmission line, 
and antenna. It effectively measures 
and displays actual forward and re- 
flected power, or the ratio of forward 
voltage to reflected voltage in the an- 
tenna system. 

These parameters depend on the 
impedances of the equipment, trans- 
mission line, and antenna. A perfectly 
matched system has an SWR of 1 -to -1, 

often written as "1:1." When you con- 
nect your transmitter or receiver to 
one end of a 50 -ohm transmission line 
terminated in a 50 -ohm load at the 
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The Bird Thruline Model 43P RF 
Directional Wattmeter is a top -quality 
test instrument that lets you accurately 
determine how good the match between 
your radio, transmission line, and 
antenna is. 

other end, you should have a perfect 
match -an SWR of 1:1. Most amateurs 
use SWR- bridge /directional -watt- 
meter combos, like the ones avail- 
able from Bird, to tune their antenna 
systems, leaving the devices in place 
at all times as a constant, bottom -line 
check on the entire system. 

However you shouldn't place total 
reliance on SWR readings. Why? Only 
adjusting the antenna itself, and not 
an antenna coupler or the transmis- 
sion -line length, changes SWR at the 
antenna, where it really counts. So, if 

you have the SWR bridge connected 
between the radio and the antenna 
coupler, all you're really doing is mak- 
ing sure the radio "sees" the proper 
load impedance. This does nothing 
for the actual SWR. 

Another fly in the ointment is that to 
effectively measure SWR, you need an 
external RF source (usually a transmit- 
ter) to power the instrument. But unlike 

hams, most SWL's and scanner 
monitors don't have access to a 
source of high -level RF energy such as 
a transmitter. 

A third "fly" is that SWR is of most 
importance in transmitting, especially 
when using potentially lossy coaxial 
cable. For receiving, SWR is not of 
prime importance though it can be a 
convenient benchmark for proper 
antenna installation and operation. In 

any case, now there's an SWR instru- 
ment that's convenient for SWL's and 
scanner hobbyists as well as radio 
amateurs. It's known as the SWR ana- 
lyzer. 

The SWR Analyzer. As discussed 
above, tuning an antenna using a 
conventional SWR bridge requires a 
high -level RF source to take readings 
and usually requires two- people. To 

tune the antenna and match it to a 
coax feedline requires one person at 
the antenna to make adjustments 
and another in the radio shack to 
sweep the band with a radio transmit- 
ter and observe SWR changes. The 
procedure is clearly illegal, for non - 
hams and it generates unnecessary, 
annoying interference to others. A 
better procedure has long been 
needed. 

Only recently have the three 
needed RF devices (SWR bridge, low - 
power RF signal generator, and fre- 
quency counter) been combined 
into a single instrument. MFJ Enter- 
prises has done this in several inex- 
pensive devices. The MFJ -249 HF/VHF 

SWR Analyzer is at the top of the MFJ 

line, which includes five SWR analyzers 
with varying features and frequency 
coverage. the $199.95 MFJ -249 is a 
universal (all -band) analyzer that 
covers 1.8 to 170 MHz, including most 
commercial two -way, police, fire, FM 

and shortwave broadcast, military, 
marine, and amateur bands. It uses six 

M cells or an optional AC power sup- 

ply. 
The SWR Analyzer's circuitry auto- 

matically calculates SWR and displays 
it on a built-on meter. To measure SWR, 

you simply ccnnect the antenna 
feedline to the analyzer's antenna in- 
put, set the device for to the desired 
frequency, and directly read the 
SWR -it couldn't be easier. Or, you 
can find the the antenna's approxi- 
mate resonant frequency by sweep- 
ing across the unit's tuning range and 
noting the frequency at which the 
lowest SWR occurs. You can also use 
the instrument to quickly adjust an an- 
tenna coupler. 

The built-in frequency counter is 

used tc read the frequency of the in- 

ternal oscillator. But you also can let 
the analyzer double as a frequency 
counter by attaching a short piece of 
wire to the counter's input connector, 
to precisely measure the frequency of 
on external RF source. Several similar 
analyzers, such as the MFJ -207 HF SWR 

Analyzer and the MFJ -208 VHF SWR 

Analyzer, don't include a built -in fre- 
quency counter but can be used with 
an external counter for accurate 
measu-ement. 

The Antenna Bridge. Several other 

Paio area a- 
-'-X Noisf~ Britlgi 

The classic Palomar Engineers RX -100 Noise Bridge :ells you if your antenna is 
resonant or not and, if not resonant, whether it's too long or too short. It works with 
various receiving and transmitting antennas such as dipoles, inverted Vees, quads, 
Yagis, multiband trap dipoles, and verticals. 37 
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instruments can help you adjust your 
antenna quickly and easily. A very in- 
expensive device for just this purpose 
is the MFJ-204B Antenna Bridge, 
which is a combination "dip meter" 
and "null detector." It helps optimize 
antenna performance by measuring 
an antenna's feedpoint impedance 
and resistance, determining its reso- 
nant frequency, and adjusting an an- 
tenna coupler. With it, you can 
measure antenna resistance up to 
500 ohms over the range of 1.8 to 30 
MHz. 

The self- contained unit consists of a 
built -in resistance bridge, a null meter, 
and a tunable oscillator, so that no 
other equipment (such as a transmit- 
ter) is needed to make antenna 
checks. The unit can also double as a 
signal generator, which is useful in re- 
ceiver repair and alignment. Like the 
MFJ SWR analyzers without built -in fre- 
quency counters, the MFJ -204B has a 
frequency- counter output jack for 
precise frequency measurement. Its 

price is $ 79.95. 

Antenna Resistance Meter. 
Another highly useful instrument with a 
more specialized range of applica- 
tions is the MFJ -205 Antenna Resis- 
tance Meter, sometimes called the 
Antenna Resistance Analyzer. It's de- 
signed to let you measure the feed - 
point resistance of your antenna. 

Unlike antenna bridges, where you 
must adjust the bridge for a null, all 
you need do with the MFJ -205 is to 
read the resistance directly from the 
unit's built -in, calibrated meter. The 
unit also helps you determine your an- 
tenna's resonant frequency and es- 
tablish whether the antenna is too 
long or too short. The device covers 
160-10 meters and has a frequency - 
counter jack. The MFJ -205 also can 
be used as a signal generator. Its price 
is $89.95. 

Grid -Dip Meters. The classic, tube - 
type grid -dip meter (GDM), some- 
times called the grid -dip oscillator, or 
GDO, was a classic vacuum tube de- 
vice used to determine RF circuit or 
antenna resonance and other pa- 
rameters. In fact, the GDM was one of 
the most versatile RF test instruments 
ever designed. 

The GDM could be used in either an 
active (oscillating) mode or in a pas- 
sive mode. The GDM also served as a 

The Optoelectronics RIO FM 
Communications Interceptor lets you 
search for signals from any FM 
transmitter over 30 MHz to 2 GHz. 
Tuning is automatic; the RIO locks on 
instantly to the nearest transmitter. 

wideband signal generator since it 

usually covered the RF spectrum from 
LF through UHF. It had a built -in RF os- 
cillator and a meter to indicate ab- 
sorption of energy from the unit's 
resonant tank circuit by the circuit un- 
der test (i.e., an antenna system, a 
loading coil, or a coil- and -capacitor 
combination. The frequency at which 
the maximum power transfer oc- 
curred was the circuit- under -test's res- 

onant frequency. 
The GDM was simple to use -you 

simply held it next to the circuit being 
tested and turned its dial. When the 
meter reading dipped, you had 
found the resonant frequency. Unfor- 
tunately, the calibration of most GDM's 
was only approximate at best, not 
good enough for precision work or 
frequency setting. But, like other RF 

test instruments with a built -in source 
of RF GDM's could be used with a cali- 
brated communications receiver or a 
frequency counter to increase mea- 
surement accuracy. 

The MFJ -203 Bandswitched HF Dip 

Meter is a modern reincarnation of 
the GDM. It's a sensitive, solid -state unit 
that has no plug -in coils to keep up 
with. The unit is easy to use. All you 
need do is to tune for a dip; unlike 
classic units, there's no sensitivity con- 
trol to adjust. Besides adjusting your 
antenna to resonance, you can de- 
termine the resonant frequency of 
tuned circuits, measure capacitance 
and inductance, determine coil "Q" 
(quality factor), and much more. The 
device can also be used as a signal 
generator to align receivers and sup- 
ply RF for antenna measurements. It's 

$ 99.95. 

Using an Antenna Noise Bridge. 
An antenna noise bridge (or ANB) is 

useful in adjusting an antenna system 
to resonance using it and a receiver 
alone. The big difference between 
the ANB and predecessor instruments 
is that it includes a built -in noise 
source. Thus, you don't have to drive it 

with an external signal from a trans- 
mitter, grid -dip meter, or other RF in- 
strument. This solo characteristic 
makes it a natural for SWL's and scan- 
ner enthusiasts. 

Modern ANB's contain Iwo key ele- 
ments: a broadband noise generator 
and an RF impedance bridge. The 
known leg of the bridge has a cali- 
brated variable resistor and a cali- 
brated variable capacitor, which are 
controlled by front -panel knobs. You 

connect the antenna to the "un- 
known leg" of the bridge and use a 
well -calibrated receiver to determine 
frequency. When adjusting your an- 
tenna for a specific impedance and 
resonant frequency, you set your radio 
to the desired frequency and the ANB 
for the desired impedance. You make 
antenna adjustments that result in a 
pronounced noise null, as indicated 
by the receiver's signal -strength or "S" 

meter. Thus, you can measure both an 
antenna's resonant frequency and its 

impedance. The ANB also lets you de- 
termine capacitive and inductance 
reactance, the resonant frequency of 
tuned circuits, and resistive imped- 
ance, as well as make other useful 
measurements in the radio shack. 

An ANB variant of interest to SWL's is 

the Palomar Engineers PT -340 Tuner - 
Tuner. It's especially designed to adjust 
an antenna tuner and is named 
based on the fact that it literally lets 
you tune your tuner without the need 
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The Startek BG- series counters sport a bright 2 -inch LED bar -graph that functions as 
a signal- strength indicator. This feature makes the BG counters useful for testing, 
adjusting, repairing, and locating RF devices. 

for a transmitter. In operation, you 
connect the device between your ra- 
dio and the antenna tuner. You tune 
the receiver to the desired frequency 
and turn on the Tuner -Tuner; you'll 
hear a loud noise. You adjust the tuner 
until the noise drops out or nulls com- 
pletely; then you turn off the device 
and you're ready to go. The PT -340 is 

$99.95 and covers 1.7 to 30 MHz; a 
front -panel switch lets you bypass the 
unit. 

RF Communications Interceptor. 
An RF Communications Interceptor is 

a wideband device that intercepts, 
detects, and captures nearby radio 
transmissions in a way that eliminates 
searching, scanning, or tuning for 
them -you don't have to tune the 
spectrum to find signals. 

The pocket -size R10 FM Communi- 
cations Interceptor from Op- 
toelectronics was originally designea 
for two -way communications test use. 
But the R10 also has applications in 

signal -modulation monitoring, coun- 
tersurveillance, security, cellular -tele- 
phone testing, and general commu- 
nications monitoring. You can even 
think of the device as a high -tech rein- 
carnation of the old -time crystal set. 

The R10 lets you find signals from 
any FM transmitter over 30 MHz to 2 

GHz, including cellular -telephone fre- 

quencies, with no gaps. Tuning is auto- 
matic, and the device instantly locks 
onto the nearest transmitter -even if 

its frequency changes. A dual, ten - 
segment LED bar -graph provides de- 
viation and relative signal level in- 
dications, while a "skip" pushbutton 
frees the unit to lock onto a different 
signal. It's priced at $359. A similar unit, 
the R20 AM Interceptor, at $119, has 
an LED bar -graph calibrated in 3 -dB 
steps that lets the instrument double 
as a field -strength meter (FSM). 

Optoelectronics also offers the 
TC200 Tone Counter, a companion for 
the R10 FM Communications Inter- 
ceptor, that measures sub -audible 
signaling tones off the air. The $179 
unit can be used with scanners and 
communications receivers to monitor 
transmitted sub -audible tones and 
map out frequency assignments in in- 
stalled communications systems. 

Frequency Counters and their Ac- 
cessories. The frequency counter is 

a precise measuring instrument with a 
digital readout and is in wide use to- 
day because it's better, cheaper, and 
easier to use than ever before. In- 

deed, recent price reductions have 
moved the device out of the labora- 
tory and into the radio shack and 
home workshop. Today, you can buy a 
no- frills, handheld, 2 -GHz frequency 

counter for as little as $100 or so. 

Many counters feature high read- 
out accuracy and excellent sensitivity, 
even at UHF They can be used for such 
purposes as checking the frequen- 
cies of walkie- talkies of all types, cor- 
dless telephones, CB and amateur 
transmitters, baby monitors, wireless 
intercoms, and even hidden "bugs." 
Because they are untuned, broad- 
band instruments they respond to all 
signals strong enough to register. For 

this reason, in populated areas its best 
to use a counter with a short antenna, 
close to the source of the signal you 
want to measure although using a 
preselector with the counter can offer 
additional sensitivity and selectivity. 

The frequency counter can also be 
used to extend the accuracy of other 
RF test equipment. If you want to fine - 
tune the frequency at which antenna 
resonance or minimum antenna SWR 

occurs when using an SWR analyzer, 
dip meter, antenna bridge, or other 
roughly calibrated instrument, you 
need a precise external frequency in- 
dicator. This can be a calibrated re- 
ceiver, though a digital frequency 
counter usually is a better choice. 

Optoelectronics offers several fre- 
quency counters suitable for hobbyist, 
amateur, and communications-pro - 
fessional use. The handheld frequen- 
cy counters in their Handi- Counter 
series are more sensitive than con- 
ventional units. Thus, they are used in 

cellular frequency- finding applica- 
tions and for picking up RF sources at 
relatively great distances. With the 
new counters, a useful response to fre- 
quencies that are only 10 to 15 dB 
greater than the background RF level 
is possible. 

A popular and inexpensive pocket - 
size counter for general hobbyist use is 

the Model 2300 Handi- Counter. The 
tiny unit covers 1 MHz to 2.4 GHz with 
an 8 -digit LED display. Priced at $99, it 

boasts high sensitivity and includes a 
frequency "hold" switch, rechargea- 
ble NiCd batteries, and a battery 
charger and adapter. Other counters 
in the Handi- Counter series offer ex- 
panded capabilities and are priced 
at $199 and up. 

Optoelectronics also has pi- 
oneered preselectors for frequency 
counters and RF- communications in- 
terceptors. They are useful in picking 
up low -level signals that may be 
"washed out" using high- sensitivity 39 
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counters in crowded RF environments. 
The APS104 Active Preselector is a 
high -gain, tunable band -pass filter 
system useful over 10 to 1000 MHz. It 

can multiply by a factor of ten or more 
the possible frequency detection dis- 
tance from a radio transmitter, with an 
effective sensitivity increase of 40 dB 
or more. Often you can use the unit as 
much as a quarter -mile from a two - 
way radio or 120 feet from a cordless 
telephone. Unfortunately for most of 
us, the APS104 is, at $995, an expensive 
accessory. A sister unit, the APS204R1, 
is designed for use with a communi- 
cations receiver and can be tuned to 
reject a strong interfering signal close 
to the desired frequency. 

Startek International also offers sev- 
eral counter lines. The Pocket Counter 
subcompact, high -sensitivity frequen- 
cy counters are available in four dif- 
ferent basic models to cover up to 
3500 MHz; prices range from $129 to 
$250. The firm also offers a new series 
of high -sensitivity bar -graph display, 
handheld counters. As part of the BG 
series, the counters sport a bright 2- 
inch, ten -segment LED bar -graph 
used as an instantaneous signal - 
strength indicator. That feature makes 
the units useful for testing, adjusting, 
repairing, and locating RF devices. 
The Model 13 -BG covers Ito 1500 MHz 
and the Model 35 -BG covers Ito 3500 
MHz; prices are $199 and $265, re- 
spectively. 

At the top of the Startek line is the 
Model ATH 15, an ATH, or "Auto Trigger 
and Hold," bar -graph display, hand- 
held counter at $235. Its advanced 
features virtually eliminate random 
counting and false readings over the 
counter's range of 1 to 1500 MHz. 

All of the Startek counters may be 
used with the MFJ SWR Analyzers and 
other roughly calibrated RF test instru- 
ments lacking built -in counters for 
precision frequency readout. Various 
accessories are available, including a 
connecting cable for the MFJ -207 
and MFJ -208 SWR Analyzers, and 
other RF devices. 

External RF Readouts. Modern ra- 
dios have many "bells and whistles," 
some of which aren't all that useful. 
But newer sets do have an important 
improvement in common: a direct 
digital readout that lets you know the 
radio's frequency to a kHz or less. 
Older sets had analog dials, making it 

Names and Numbers 

Bird Electronic Corporation 
30303 Aurora Road, 
Cleveland, OH 44139 -2794; 
Tel. 216 -248 -1200 

Electronic Equipment Bank (EEB) 
323 Mill St., N.E., 
Vienna, VA 22180; 
Tel. 800- 368 -3270. 

Grove Enterprises 
PO Box 98, 140 Dog Branch Rd., 
Brasstown, NC 28902 -0098; 
Tel. 800 -438 -8155. 

MFJ Enterprises, Inc. 
PO Box 494, 
Mississippi State, MS 39762; 
Tel. 800 -647 -1800 

Optoelectronics 
5821 N.E. 14th Avenue, 
Ft. Lauderdale, FL 33334; 
Tel, 800 -327 -5912 

Palomar Engineers 
PO Box 462222, 
Escondido, CA 92046; 
Tel. 619- 747 -3343 

Standard Amateur Radio Products, Inc. 
PO Box 48480, 
Niles, IL 60648; 
Tel. 312 -763 -0081 

Startek International, Inc. 
398 N.E. 38th St., 
Ft. Lauderdale, FL 33334; 
Tel. 800 -638 -8050 

Universal Radio, Inc. 
6830 Americana Pkwy., 
Reynoldsburg, OH 43068; 
Tel. 1 -800- 431 -3939. 

a crapshoot to find a specific fre- 
quency on shortwave. The situation 
has improved greatly, so that now 
there's hardly any reason to purchase 
a new shortwave radio that doesn't 
have a digital display of some sort. 

The good news is, you can use an 
external digital frequency display to 
update many of the classic radios (re- 
ceivers and transceivers) of the 1960's 
and 1970's. These are sets that often 
work well and sound good, but whose 
lack of accurate calibration and pre- 
cise dial readout frustrate serious fre- 
quency finding. 

The Palomar Engineers PD -700 Dig- 
ital Frequency Display is represen- 
tative of the readouts that you can 
add to older radios to provide an 
accurate, easy -to -read frequency 
display. The PD -700 looks at the local 
and carrier oscillators of the receiver 
(or receiving portion of the trans- 
ceiver) to find the exact frequency 

and displays it on a six -digit LED giving 
a readout to the nearest 100 Hz. The 
$199.95 unit works with a variety of 
radios, including all Swan tube -type 
receivers and the Drake R4C, plus 
many Atlas, Drake, Heath, and Ten -Tec 
transceivers. The sister PD -800 model 
covers Collins, Heath, Kenwood, and 
Yaesu sets. Recently Palomar Engi- 
neers introduced the PD -600 display 
for older tube -type receivers. The dis- 
plays include connecting cables. 

Spectrum- Display Unit. Due to the 
short -term nature of many transmis- 
sions, locating a new frequency with 
your receiver alone can be chancy. 
The spectrum- display unit, sometimes 
called a spectrum analyzer, lets you 
look at the radio spectrum above and 
below the frequency to which your 
radio is tuned. The SDU opens a high - 
visibility window on the RF spectrum 
that lets you see stations as "spikes" on 
the screen as soon as they pop up, 
even for just a few seconds. That ca- 
pability allows you to tune to that area 
of the band to investigate the signals. 
The SDU also lets you read the relative 
signal strengths of all stations transmit- 
ting within the SDU's bandwidth. 
There's no need to wait for the slow, hit - 
or -miss search offered by a conven- 
tional scanner. 

Some practical uses for the SDU in- 
clude aligning receivers and transmit- 
ters, locating jamming signals, study- 
ing signal propagation, and identify- 
ing sources of radio interference. 
Security and countersurveillance pro- 
fessionals also use SDU's to find eaves- 
dropping transmitters, or "bugs," 
which, in many cases, an SDU can 
spot as soon as they start transmitting. 
Most SDU's let you identify and mea- 
sure the modulation type, amplitude, 
and bandwidth, as well as frequency. 

The Electronic Equipment Bank (or 
EEB) distributes the high -tech Novex 
SC3100 LCD Spectral Display, a $995 
SDU that offers full 6 -MHz wide sweep 
coverage ( ±3 MHz from where the 
receiver is tuned). The unit plugs into 
many popular shortwave receivers 
and scanners having a direct IF out- 
put. Novex also offers a computer -in- 
terface option that lets you enhance, 
store, transfer, and analyze received 
signals with your PC. 

There's also the SDU -100 Spectrum 
Display Unit, a $499.95 appliance 

(Continued on page 96) 
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BY DAVID D. LEE 

Crystal radios, powered only by 
the energy of the airwaves, are 
a favorite first project for aspir- 

ing young scientists. The version of that 
project that is presented in this article 
is comprised of household items - 
such as tin foil, paper clips, and card- 
board tubes -and continues to keep 
alive the scientific spirit of the typical 
home experimenter. For many like 
me, this type of project has led to en- 
riching careers and exciting experi- 
ences in science and engineering. 
Hopefully, this project will do the same 
for you, too. 

Besides the fun of building some- 
thing out of homemade parts, it gets 
the beginner past the hardships of 
finding and buying a variable capac- 
itor. For radio projects, the typical 365 - 
pF broadcast variable capacitor has 
become a challenge to locate. That's 
because the popularity of digitally 
controlled radio tuners and elec- 
tronically variable capacitors (varac- 
tors) has made the standard air - 
gapped 365 -pF capacitor as un- 
popular as the ancient receiving vac- 
uum tube. (Note: cheap mylar 
dielectric versions are sometimes still 

available, though they are disap- 
pearing quickly, too.) 

AM Broadcast Signals. Let's first un- 
derstand what our AM radio will re- 
ceive. When a singer belts out a tune, 
he /she produces a complex mixture 
of sound waves, consisting of many 
frequencies from low bass (around 30 

Hz) to high, shrill sounds (around 
15- 20,000 Hz). Sound waves cannot 
travel very far because they naturally 
do not carry well (how far can a shout 
be heard ?), so they must be convert- 
ed into another form capable of trav- 
eling vast distances. 

The audio produced by the singer is 

picked up by a microphone that con- 
verts the sound energy into an audio - 
frequency electrical signal. That con- 
verted audio signal is then elec- 
tronically mixed with a radio- frequen- 
cy (carrier) signal, producing a carrier 
signal with the audio signal taking a 
piggyback ride -just like a person rid- 
ing on a jet plane in order to move 
faster and go farther. The process of 
mixing is called AM (amplitude modu- 
lation). The amplitude -modulated sig- 
nal is then radiated into the air via a 
radio transmitter connected to an an- 
tenna (see Fig. 1). 

The RF signal travels through the at- 
mosphere (passing through trees, 
buildings, and non -metallic objects), 
and sometimes skips off of the invisi- 
ble ionosphere (located 30 to 260 
miles above the Earth's surface), re- 
turning to Earth hundreds and even 
thousands of miles away from the 
transmitting site. 

The RF signal is picked up by an 
antenna and is delivered to a radio 
receiver, where the signal is demodu- 
lated (converted), returning it to an 
audio -frequency electrical signal. 
That audio -frequency electrical sig- 
nal, is applied to a transducer (speak- 

er or earphones), which then converts 
the electrical energy back into sound 
waves. 

About the Circuit. To make use of 
the radiated RF energy, an antenna- 
which acts as an electric net -cap - 
tures and feeds the waves to a radio 
receiver. Upon entering the radio, the 
RF energy arrives at inductor L1 (see 
Fig. 2). Energy built up in L1 energizes 
L2 and L3 through a transformer 
e'fect, which moves the RF energy 
from the antenna to L2, L3, and C1. 
Thct combination, called a tuned cir- 
cu'r, selectively passes only one signal 
frequency (called the resonant fre- 
quency) to the earphone, while 
blocking all the other frequencies. The 
neat thing about tuned circuits is that 
they are variable. By varying the 
tuned circuit, it is possible to choose 
the signal (station) you want to hear. 

Tuning is accomplished via a varia- 
ble capacitor, C1. Capacitor C1 is a 
homemade variable capacitor fab- 
ricated by inserting an aluminum -foil 
covered tube within another larger 
tube, which is also covered with alu- 
minum foil. The Iwo foil layers, or 
plates, never electrically touch be- 
cause they are always separated by 
the width of the cardboard tube wall 
(called the dielectric). Capacitance, 
which is related to the amount of 
overlapping surface area between 
two plates, increases as the smaller 
tube is pushed further into the larger 
tube. The tuner (resonant) frequency 41 
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Fig. I. Radio frequency (RF) signals can sometimes skip or bounce off the ionosphere 
(which is located 30 to 260 miles above the Earth's surface), and land thousands of 
miles away from the transmission site. 
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Fig. 2. The Cardboard Tube Radio is 
comprised of three homemade coils, a 
diode, a capacitor, some foil, and of 
course, the tubes. 

crystal earphone transforms the elec- 
trical signals into sound waves, which 
then becomes music to your ears. 

Construction. The capacitor was 
fabricated from Iwo identical card- 
board tubes like those used in kitchen 
paper towels. Any cardboard tube will 
work fine (even bathroom tissue tubes 
can be glued together), but make 
sure that each finished tube is at least 
11 inches in length (as shown in Fig. 3). 

For the inner tube, a slit is cut all 

4 INCHES 

1' /4 INCHES 
1/4 INCH 

11/2 INCHES 

l`l 
\aA 

A 

11 INCHES 

7 INCHES 
1 INCH 

i 
B 

Fig. 3. The capacitor was fabricated from two identical Il -inch cardboard tubes. One 
tube (which will serve as the inner one) is slit along its length, and about seven inches 
of it is covered with foil (as shown in A). The second tube is then also covered with foil 
over about seven inches of its length: the non foiled end of the tube then serves as a 
form for winding the three coils (as shown in B). 

decreases with the amount of capac- 
itance, so you will notice the effect of 
tuning down (right to left on an imag- 
inary radio dial) as the tubes mesh 
together. 

The tuned- frequency energy then 
42 flows through diode D1 (a common 

1N34Á general -purpose germanium 
unit). The diode's job is to extract audio 
signals from the RF (carrier) signal. The 
diode picks out these signals though a 
process called rectification, or de- 
modulation, and converts the RF into 
electrical audio signals. Finally, the 

along the tube's length. The slit lets you 
compress the inner tube's size so that it 
can slide snugly inside the outer tube. 
After the slit is cut, wrap aluminum foil 
over 7 inches of the tube's length, 
starting at the top edge. Use Scotch 
tape to secure the foil in place. Leave 
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GROUND (TO WATER PIPE) 

ALUMINUM 
FOIL 

ALUMINUM 
FOIL 

Fig. 4. After the coils have been wound 
on the foil- covered tube (see text for 
details of coil fabrication), and the 
paper clips, diode, etc., as shown here, 
to complete your radio. Note: The inner 
foil- covered tube is referred to in the 
diagram as the lower tube, because 
that's the position it occupies relative to 
the outer tube (which is designated as 
the upper tube). 

at least 3 inches at the tube bottom 
uncovered. That's where you'll need to 
hold and tune the inner tube without 
electrically interfering with the prop- 
erties of the foil capacitor. 

Another 7 inches of aluminum foil is 

then wrapped around the bottom 

Here are all of the items need to 
assemble your own Cardboard Tube 
Radio. 

The outer tube serves as both one plate 
of the variable capacitor and the coil 
form. 

PARTS LIST FOR THE 
CARDBOARD TUBE RADIO 

CI--- 400 -pF variable capacitor (see 
text) 

DI -IN34A general -purpose 
germanium diode 

LI -L3- See text 
ZI-- Crystal earphone (see text) 
Small metallic paper clips (5), 

aluminum foil, 24 -gauge magnet 
wire, Scotch tape, etc. 

Not The crystal earphone, ZI, is 

available from Mouser Electronics 
(2401 HWY, 287 N. Mansfield, 
TX 76063 -4827; Tel. 
800 -346 -6873) as part number 
25CR060 for $1.56 + shipping 
and handling. 

Then punch small holes into the card- 
board tube to serve as wiring guides. 
Use a sharp needle or nail, but avoid 
pressing too hard and collapsing the 
tube's wall. 

Small paper clips are used as con- 
nection posts. It is best to solder each 
wire connection to its respective pa- 
per clip; but if you don't have solder- 

The two halves of the Cardboard Tube Radio are shown here just prior to final 
assembly, which involves nothing more that inserting the smaller tube inside the coil) 
capacitor assembly (the larger one). 

outside wall of the outer tube, and 
again scotch tape is used to keep the 
foil secured on the tube. Afterward, 
coil L1, which consists of 25 turns of 24- 
gauge enameled wire (also called 
magnet wire), is wound at the top end 
of the outer tube as shown in Fig. 4. 
Don't forget to leave a little extra wire 
at both ends of the coil to serve as 
leads. 

After that, wind another 25 turns on 
the tube directly below LI for coil L2, 

leaving a little extra wire at both ends 
for the leads. Finally, wind 60 turns of 
wire directly below L2 for L3 (don't for- 
get the extra wire length for the leads). 
Using sandpaper or a sharp knife, 
scrape the enamel insulation from the 
ends of the coil leads to prepa 'e 
them for connection to paper clips. 

ing iron, do not despair; the 
connections can be made by simply 
wrapping the lead wires snugly 
around the paper clips. For good 
electrical contact to the foil, make 
sure that the paper clip has plenty of 
tension against the foil. Aluminum foil 
does not normally solder, so do not try 
to solder the wires or clips to the foil. 

The connection to the upper tube's 
foil is a little tricky. Cut a slit through the 
foil and tube, about 1/2 -inch wide, and 
slip the paper clip into the slit so that a 
good connection is made with the 
foil. It is recommended that the wires 
be attached or soldered onto the clip 
before slipping the clip into the slit. 

Connect diode DI between the 
clip connected to point D (see Fig. 4) 

(Continued on page 87) 43 
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FIGHTING INTERFERENCE 
Learn about the various types of electrical interference, the harm it can do, and the 

measures you can take to stop it cold. 

Electrical interference takes 
many forms. It can be the 
squiggly lines on your television 

screen, the strange voice on top of 
the music from your stereo, or a ghost- 
like noise on an FM signal. However, 
these are only harmless examples; in- 
terference can be dangerous. Con- 
sider an RFI -induced malfunction of a 
pacemaker in a cardiac patient, or 
the failure of a car's electronic braking 
system during a crucial moment. 

Obviously then, electrical inter- 
ference is something every elec- 
tronics hobbyist should be aware of to 
help make safe, interference -free 
projects and for general trou- 
bleshooting purposes. The solution to 
all interference problems lies in find- 
ing the source and then a pplying the 
appropriate remedy, which isn't al- 
ways easy. Let's take a look at how the 
sources of interference have multi- 
plied over the years before we discuss 

44 the cures for each one. 

BY GARY EGGLESTON 

The History of Interference. 
Electrical interference was born the 
day the first radio transmissions were 
made by Marconi. Marconi had great 
difficulty reducing interference be- 
tween two broadly tuned spark trans- 
mitters. The trouble was that the 
coherer of that day was much too 
hospitable a device. It accepted any 
signal that came its way. 

Such interference became known 
as Radio -Frequency Interference or 
RFI. Another name for RFI is elec- 
tromagnetic interference or EMI. 
Those terms now cover any type of 
electrical signal capable of being 
propagated into, and interfering with, 
the proper operation of any electrical 
or electronic equipment (not just 
transmitters and receivers). Over the 
years interference has acquired more 
specific names. In the early days of 
radio, the term "broadcast inter- 
ference " or BCI was coined. When 
television boomed around the fifties, 

television interference or IVI was born. 
Early broadcast interference was 

manageable because it affected 
only a few listeners. The IVI problem 
was much greater because of the ex- 
plosion in TV viewing once inexpen- 
sive black- and -white sets became 
available. Now the kinds of RFI have 
multiplied and devices that are sus- 

ceptible to RFI abound. 
Anything that radiates radio waves 

(especially an inadvertent source) is a 
potential source of radio interference. 
Furthermore, all radio receivers and 
all transmitters are potential sources 
and victims of RFI for a number of rea- 
sons: the receiver or transmitter may 
be poorly designed, improperly built, 
incorrectly installed, or badly tuned. 
Any or all of these factors can create 
unwanted interference in a nearby 
radio, television, or stereo set. Naviga- 
tional, public- service, and govern- 
ment services can also be affected. 

Electromagnetic interference first 
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became a truly big problem in the 
early days of the telegraph and tele- 
phone. By 1885, the routing of tele- 
graph and telephone lines together 
on common poles created inter- 
ference and coupling between the 
two systems. By 1890 interference on 
telephone circuits was introduced by 
the then -new DC electric railways or 
trolleys that came into general use. 

By 1900 it was necessary to sepa- 
rate telephone, telegraph, and 
power lines because of interference. 
About that same time, the first investi- 
gations of inductive power -line inter- 
ference and construction practices 
were underway. 

Finally, the Radio Act of 1912 of- 
ficially recognized the problem of ra- 
dio interference for the first time, but 
offered no solution other than to sug- 
gest that radio transmitters should 
emit "pure waves." 

After World War I, telephone and 
telegraph systems became more 
complicated and telephone dialing 
pulses were introduced. Those ad- 
vances furthered the interference be- 
tween communications lines. To 
resolve interference, the International 
Telephone Consulting Committee 
was created under the sponsorship of 
the League of Nations. 

Radio communication also de- 
veloped rapidly in the twenties. It 

quickly progressed into a number of 
rather sophisticated systems without 
much thought being given to prob- 
lems of interference. Because of the 
interference problems caused by fre- 

INTERFERENCE 
SOURCE 

CONDUCTED 
NOISE 

C 

)1 

CONDUCTED 
RF NOISE 

quency congestion and poor regula- 
tion of signals and harmonics, the 
Federal Government established the 
Federal Communications Commis- 
sion or FCC in 1934 to regulate the use 
of radio and wire communications. 

Spark- Discharge Interference. 
Electromagnetic interference can be 
transmitted by radiation, induction, or 
conduction. By radiation we mean 
the electromagnetic propagation of 
noise through space. Conduction is 

transmission through an electrical cir- 
cuit. The most common path for both 
radiated and conducted inter- 
ference are the power and control 
leads of equipment. Figure 1 illustrates 
both mechanisms. The interference 
can be radiated directly from the in- 
terference source to the receiver by 
inductive or capacitive coupling, or it 

may be coupled through the power 
source or its filtering network. 

Of course, radiation is the key 
mechanism of interference between 
two devices that don't share power 
lines. One of the nastiest forms of radi- 
ative interference is generated by 
spark discharges. When the voltage 
between Iwo points separated by an 
air gap is high enough to ionize the air 
in the gap, a spark discharge bridges 
the gap. As the air ionizes, it radiates 
various electromagnetic signals that 
will interfere with just about any near- 
by radio or television receiver. 

A lightning stroke is a natural source 
of sparks and thus of spark- discharge 
interference. A good example of a 

RECEIVER 

DIRECT 
RADIATION 

POWER SOURCE 

TCONDUCTED 
NOISE 

Fig. I. There are numerous transmission mechanisms for RFI. Shown here are some of 
its conduction paths and radiation paths. 

useful man -made spark discharge is 

the spark produced by a spark plug 
during fuel ignition in a standard com- 
bustion engine. 

The characteristic sound associ- 
ated with a spark- discharge inter- 
ference (not to be confused with the 
sound of a spark itself) may be de- 
scribed as a buzzing, rasping, or pop- 
ping noise (similar to bacon frying in a 
skillet). Spark- discharge interference 
seen on the TV screen appears as a 
band of horizontal white dashes mov- 
ing slowly up the screen. The width 
and intensity of the dashes depend 
on the severity of the interference. 

Something called "commutation 
noise" can be loosely considered a 
form of spark discharge. Commuta- 
tion noise is generated when con- 
tacts of a switch, motor brush, relay, or 
whatever complete a current- carry- 
ing circuit and generate a tiny spark. 
Since the noise generated during 
contact commutation indirectly re- 
sults from a spark, the solutions for dis- 
charge and commutation noise are 
essentially the same. For that reason 
and for the sake of simplicity, we'll dis- 
cuss commutation noise as though it 

were just a form of spark- discharge 
noise. 

Eliminating Spark- Discharge In- 
terference. Many times spark -dis- 
charge interference can be sup- 
pressed by the use of a noise filter. A 
noise filter suppresses the energy in 

the spark and prevents it from being 
radiated or conducted down the 
power line. 

The simplest suppression device is a 
small capacitor placed at the termi- 
nals of the spark discharge. To see 
how this can be used to reduce noise 
from a motor look at Fig. 2. A capaci- 
tor may be placed across the motor 
terminals or two capacitors may be 
used to bypass both brushes to the 
metal frame of the device. Special 
ceramic -disc capacitors are avail- 
able for this job and are recom- 
mended, "Plain Jane" 600 -volt disc 
capacitors are not recommended as 
they are not tested for use with a con- 
tinuous AC signal such as electrical 
noise. 

Automobile -Based Interference. 
Gasoline engines are full of spark - 
noise sources. Spark plugs, points, dis- 
tributor contacts, alternator slip rings, 45 
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Fig. 2. The brush noise of a small electric motor can be eliminated by bypassing each 
brushes noise to the metal frame of the motor. 

generator brushes, and voltage -reg- 
ulator contacts all have gaps that 
electricity must jump in the normal 
operation of the engine. These parts 
form three separate circuits. First, 

there is the high -voltage secondary 
circuit consisting of spark plugs, dis- 
tributor contacts, and the ignition 
coil's secondary winding. The high - 
voltage secondary circuit is the 
source of the worst radiated inter- 
ference. Next, there is the low- voltage 
primary ignition circuit, which consists 
of the distributor points, condenser, 
and ignition -coil primary winding. The 

primary circuit generates both con- 
ducted and radiated interference. 
Last, there is the alternator /generator 
and voltage -regulator circuit, It can 
also produce both conducted and 
radiated interference 

The distributor cam, which is 

geared to the engine, opens and 
closes the distributor points in step 
with the crankshaft's revolutions. When 
the points are closed, current flows 
from the battery through the ignition 
switch, to the distributor points and pri- 
mary winding of the ignition coil. 
Since the current through the primary 
is DC there is no current flow induced 
in the secondary at this time. 

When the distributor points are 
opened, the primary current is inter- 
rupted, so the magnetic field around 
the windings of the coil collapses, in- 
ducing a high voltage (over 10,000 
volts) across the secondary winding. 
That high voltage is applied across 
one of the spark -plug gaps via a set of 
contacts in the distributor cap. Con- 
sequently, there are two high voltage 

46 arcs, or sparks, generated each time 

the points open: one at the spark plug 
and the other in the distributor cap. 
The primary ignition circuit also pro- 
duces noise, specifically commuta- 
tion noise, because there is a spark 
whenever the points start to open. 

A car's alternator is another source 
of interference. An alternator is an AC 

generator driven by the engine. Its al- 
ternating current is rectified by diodes 
that are part of the alternator. The rec- 
tified direct current is then fed to a 
regulator and other systems in the car. 

(HOT) 
SMALL CLIP 

LARGE CLIP 
(GROUND) 

Fig. 3. A bypass capacitor can be used 
as a noise suppressor or, if equipped as 
shown here, a noise- locating tool. 

An alternator contains slip rings that 
electrically connect the rectifying di- 
odes with the coils in the rotating ar- 
mature. This contact arrangement 
results in a minimum of sparking and, 
consequently, a minimum of noise in- 

terference from the alternator. How- 
ever, the spark amplitude increases 
when the commutator or slip rings are 
worn or dirty. Naturally, the greater the 
sparks, the more interference gener- 
ated. 

So, as we've just shown, even prop- 
erly adjusted and carefully tuned en- 
gines create some radio interference. 

However, if the spark plugs, points, or 
distributor contacts are defective, 
there will be more sparking. If the 
sparks are bad enough they can gen- 
erate more noise. The same is true if 
the spark plug gap has widened or 
the voltage -regulator points are not 
making good contact. 

Note that these conditions can exist 
without affecting the operation of the 
engine enough to be apparent to the 
average driver. They should be check- 
ed and repaired before installation of 
a noise -suppression system. However, 
a perfectly maintained engine can 
still produce serious amounts of elec- 
trical noise. 

Vehicle -Noise Hunting. Although it 
cannot be totally eliminated, engine 
noise can be suppressed in Iwo ways: 
by discovering and suppressing it at 
the source, or by suppressing it along 
the signal path just before the recip- 
ient of the interference. A combina- 
tion of both methods may even be 
necessary. 

Of course, checking -outthe vehicle 
is the first step. With the car in motion, 
operate the equipment experiencing 
interference. Listen to the interference 
carefully; each type of interference 
you hear on a mobile receiver will 
give you a clue as to its identity by its 

characteristic sound. 
Ignition noise is identified by a pop- 

ping sound that increases in tempo 
with higher engine revolutions. It stops 
instantly when the ignition key is 

turned off even at a fast idle. 
Generator or alternator noise is a 

high pitched musical whine that in- 
creases in frequency with higher en- 
gine speed. However, it does not 
instantly stop when the ignition key is 

turned off at a fast idle. 
If the radio noise is more elusive, you 

may be able to locate it with a special 
tracing technique that will save you 
time and effort. You'll need a clip -on 
coaxial capacitor (shown in Fig. 3). To 

use the bypass capacitor, it must be 
clipped to the engine or vehicle 
frame. Then you just touch the small 
clip lead to all live electrical connec- 
tions in the battery and alternator cir- 
cuits with the exception of the field 
terminal on the alternator. If the noise 
level in the troubled equipment drops 
when you touch a given point, it indi- 
cates a noise suppression device 
such as a bypass capacitor should be 
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permanently connected at that point 
in the circuit. 

You can also hunt for interference 
sources using a "sniffer coil. , (like that 
shown in Fig. 4). To use the sniffer coil, 
attach the plug to the receiver in 
place of the regular antenna. The clip 
is then attached to the vehicle's frame 
or engine. Start the engine and turn 
on the radio. Probe around the en- 
gine and wiring with the coil. Bounce 
or shake the vehicle during probing. 
Maximum interference will be heard 
when the probe is near the noise 
source. 

Another method for finding noise 
requires that you place a dummy 
load on the receiver antenna termi- 
nals in place of the regular antenna 
feedline. Start the vehicle, turn on the 
radio, and listen. You won't hear sig- 
nals, of course, but you may hear 
noise. If you do, the noise is entering 
the radio via the power and control 
cables. 

Vehicle Noise Suppression. 
Conventional bypass capacitors (like 
the one shown back in Fig. 3) are not 
very effective at high frequencies. So 
to eliminate power -line- conducted 
noise in HF or VHF equipment, you 
should use coaxial capacitors (see 
Fig. 5) instead. They work by passing 
noise current to ground, while leaving 
the DC on a radio's power lead un- 
affected. 

To place the capacitor in a circuit, 
the body flange of the capacitor is 

bolted to the engine frame or body of 
the vehicle. Make sure good elec- 
trical contact is made at this point. The 
lead to be filtered is broken and the 
free ends are connected to the two 
capacitor end terminals. The coaxial 
capacitor is rated for the number of 
amperes it can carry between the 
two terminals. Make sure the one you 
use is rugged enough for your needs. 

To reduce the radio noise gener- 
ated by the ignition system, it is neces- 
sary to install noise filter capacitors on 
the ignition coil and to restrict radia- 
tion from the wiring. This reduces the 
transfer of noise to the radio equip- 
ment by both conduction and radia- 
tion. 

Begin by removing the coil and 
scrape the paint from the brackets 
and mount at the mating surfaces. 
Bolt the coil back in place using lock 
washers under the nuts to achieve a 

PROBE HANDLE 

LAMP CORD 

GROUND CLIP 

Fig. 4. An RFI sniffer can be made from a 
male motorola connector to trace noise to 

secure ground connection. Next, in- 

stall a 0.005 -µF 1.6 -kV ceramic -disc 
capacitor at the coil distributor termi- 
nal and solder the free lead to the 
mounting bracket. Lastly, install a 
0.1 -µF coaxial capacitor near the bat- 
tery terminal of the coil. This is con- 
nected in line from the ignition switch. 
Once the coil modification has been 
made, the level of radio noise should 

Fig. S. Since bypass capacitors are 
useless at shortwave or VHF 
frequencies, a coaxial capacitor is used 
for noise suppression at those 
frequencies. 

be checked with a dummy antenna 
connected to the radio equipment. If 

noise can still be heard, a coaxial ca- 
pacitor must be installed on the "hot" 
power lead to the radio and bolted to 
the radio case. That should rid the ra- 
dio of conducted interference. 

The high -voltage wiring can radi- 
ate ignition noise directly to the an- 
tenna of communications equip- 
ment. Noise suppressor resistors are 
commonly used to reduce the level of 
noise radiated by the spark -plug wir- 
ing. Various types of resistors are avail- 
able. Some are separate compo- 
nents for use at the distributor or spark 
plug terminals. Sometimes a sup- 

TO ANTENNA CONNECTION 
Ar RECEIVER 

stick, zip cord, two alligator clips, and a 
its source. 

pressor is molded into the distributor 
rotor. 

The most popular form of sup- 
pressor resistor is resistance ignition 
cable, which contains a resistive con- 
ductor rather than ordinary wire. 
Those cables are available from most 
automotive -supply outlets. 

A more effective and expensive de- 
vice for noise suppression is the re- 
sistor spark plug. This is a special plug 
with a built -in resistor. The effec- 
tiveness of the plug is due to the prox- 
imity of the suppression resistor to the 
spark gap, which prevents the radio 
noise from escaping from the plug. 

To prevent alternator whine from af- 
fecting the communications equip- 
ment, clean the slip rings and make 
sure the brushes are making good 
contact. Then install a 0.5 -µF coaxial 
capacitor at the output terminal of 
the alternator. Ground the capacitor 
to the alternator frame. Two capaci- 
tors are required for the dual terminals 
of a heavy -duty alternator. 

Corona Discharge on Powerlines. 
Power -line RFI can be traced to sev- 
eral sources. The first is interference 
attributed to the components of the 
distribution system. Second, inter- 
ference attributed to consumer 
equipment connected to the power 
line. Third, interference remotely gen- 
erated and coupled into the line by 
normal electromagnetic propaga- 
tion. Let's talk about problems in the 
distribution system. 

Once electric power is generated, 
its voltage is stepped -up as high as 
500 to 1,000 kV for better long -dis- 47 
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Fig. 6. This is an example of what is contained in a typical line filter. The components 
impede the transmission of noise and guide it to ground instead. 

LINE 
RECEPTACLE 

OUT 

tance transmission. It is stepped back 
down for local distribution, and finally 
stepped down to a still lower voltage 
for use by the consumer. 

Electronic -noise can be introduced 
to the line in any of the circuits be- 
tween the power facility and the 
home. RFI from power lines is prin- 
cipally caused either by spark or "cor- 
ona" discharge. Corona discharge is 

due to ionization of the air in the 
vicinity of a high -voltage conductor. 
Ionization is an energy transformation 
process, producing visible light and 
broadband RF energy as well as 
ozone. Ozone is a corrosive product 
that brings about the ultimate de- 
struction of insulators and nearby me- 
tallic surfaces. 

Radio noise from corona discharge 
varies substantially with frequency 
and atmospheric conditions. The in- 
tensity is usually greatest in damp 
weather. Bursts of noise occur at dis- 
tinct frequencies, with the general 
noise amplitude gradually decreas- 
ing with increasing frequency. 

Corona discharge can be reduced 
by proper attention to power -line 
construction and elimination of dirt 
and contaminants on line insulators. 
Obviously, you should not attempt this 
yourself. This is a job that must be left to 
the local power utility. 

Power -Line Sparking. Another 
common source of noise is sparking 
at some point along the powerline. A 
blue spark will occur at sea -level at- 
mospheric pressure when there is an 
air gap of less than .05 cm between 
metal components or hardware on a 
power pole. The metal surfaces need 
not be connected to the lines since 
induced voltage from the lines can 
charge the nearby metals to a spark- 
ing potential of about 300 volts. The 

48 spark releases broadband RF energy 

and, for a 60 -Hz power line, has a re- 
petition rate of 120 Hz. From its origin, 
the noise might then be distributed 
over a wide distance by the power 
lines. 

Most sparking RFI generated in an 
overhead power system originates on 
wood poles, which support 
powerlines that carry distribution volt- 
ages from 2.4 to 55 kV and long -dis- 
tance transmission voltages from 60 
to 115 kV. Typically, the higher the line 
voltage, the less the noise. 

A power -line spark cannot take 
place unless there is a high resistance 
between the power source and the 
spark gap. The resistance can be rust 
or corrosion on the pole hardware, 
the electrical resistance of the wood 
of the pole, the leakage path across 
an insulator, or a combination of 
these elements. 

When the potential difference 
across the gap is great enough and 
the series resistance is high, a relaxa- 
tion- oscillator circuit is formed in 
which displacement current alter- 
nately flows and ceases to flow across 
the gap. A molecule of gas in the gap 
will be ionized when the gap poten- 
tial is sufficient to give enough kinetic 
energy to a free an electron. Once 
free an electron can knock other 
electrons from their orbits as it accel- 
erates toward the positive side of the 
spark gap. If the number of free elec- 
trons gets high enough the gap be- 
comes sufficiently ionized to cause a 
rapid decrease in gap resistance 
from thousands of ohms to about 200 
ohms. As that occurs, a flood of elec- 
trons flows across the gap. 

Interestingly, photons of light are re- 
leased when the electrons are knock- 
ed from their orbits and recombine 
with other ions. The photons released 
for by oxygen's electrons is in the blue 
part of the spectrum, which accounts 

for the bluish color of high -voltage 
sparks. 

Spark interference can cause ra- 
dio- receiver audio undulation, and /or 
produce a frying, buzzing, scratching, 
or popping noise. On a TV screen it 
visually shows up as "shot lines" or 
"snow" in horizontal bands moving 
vertically up the screen. The width of 
the interference bands depends 
upon the proximity and intensity of the 
noise source. 

If a capacitor won't suppress all the 
RFI in an AC power circuit, it is usually 
advisable to use a line filter instead. 
Figure 6 illustrates a typical line filter. It 

is composed of bypass capacitors 
that provide low- impedance paths to 
ground for the noise signal and induc- 
tors that present a high -impedance 
path along the lines to impede noise 
conduction. Such filters are enclosed 
in a grounded metal box. 

What is Being Done About RFI. 
The fact that most pieces of electronic 
equipment effect one another has 
been known for decades. Numerous 
programs to study "electromagnetic 
compatibility" have been under- 
taken by the military and by private 
industry. Much has been done to elim- 
inate or reduce the effects of RFI in 
expensive military and aeronautical 
equipment. Unfortunately, little of that 
thinking has filtered down into the 
less- expensive, highly competitive 
consumer market. 

Manufacturers of home- entertain- 
ment equipment believe that only a 
small percentage of the total units 
sold will ever be used under RFI -rich 
conditions. So they are reluctant to 
incorporate interference -rejection 
circuits that drive up unit prices but 
might never serve a useful purpose. 
Similarly, the manufacturers of trans- 
mitting and industrial power equip- 
ment only include enough RFI- filtering 
and -suppression circuitry in their 
equipment to satisfy the minimum re- 
quirements of the Federal Communi- 
cations Commission. 

The Solution: Consumer Protec- 
tion. Given the present unsuitable 
situation, what can be done? A con- 
sumer should inquire, before they 
make a purchase of an electronic de- 
vice, whether the product has been 
certified for operation in the pres- 

(Continued on page 92) 
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This article describes a simple, 
single -channel, RF remote - 
control transmitter for use with a 

conventional stereo receiver. The cir- 
cuit, which transmits a 19 -kHz tone, has 
an unobstructed range of about 30 to 
40 meters using a 15 cm wire for an 
antenna. Without an external anten- 
na, the circuit is capable of transmit- 
ting over a distance of 2 to 4 meters. 

Applications for the transmitter in- 
clude its use as a remote annunciator 
(doorbell switch), remote power con- 
trol, intrusion alarm, stereo decoder/ 
tester, etc. It also has value as a prac- 
tical VHF demonstrator project. Sev- 
eral possible receiver circuits are also 
presented that can be adapted to a 
particular need. 

Circuit Detail. The transmitter is built 
around the ECG /NTE1014 hybrid RF 

amplifier /oscillator, a functional 
block /pinout diagram of which is 

shown in Fig. 1. As shown, that chip 
contains two transistors and assorted 
biasing elements that can be config- 
ured in a variety of ways. 

In our circuit (see Fig. 2), one of U2's 

internal transistors is used to form a 
conventional grounded -base Colpit- 
ts oscillator (as indicated by the cir- 
cuit's tapped -capacitor feedback). 

The resonance frequency of the LC 

tank circuit is modulated by varactor 
diode Dl. The varactor diode's ca- 
pacitance changes from 25 to 30 pF 
for reverse bias voltages of 1.5 to 0.1 

volt, respectively. The varactor diode 

A 

ONE- CHANNEL 
RF 

REMOTE CONTROL 
BY BRIAN MCKEAN 

Build a simple yet versatile RF remote -control 
transmitter that can be used in variety of 
applications. 

has Iwo functions in the circuit: it pro- 
vides fine -frequency control of the 
carrier by means of a DC bias adjust- 
ment, and it is the element that imple- 
ments the frequency modulation 
function. 

A 7555 CMOS timer /oscillator (U1)- 
which is configured as an astable os- 
cillator with a duty cycle of 35 % -is 
used to generate a 19 -kHz "pilot" tone 
(modulating signal). The modulating 
signal is applied to the anode of D1 

after being scaled by a resistor net- 
work (consisting of R5 and R6) and 
summed with a DC offset voltage pro- 
vided via potentiometer R3. That sig- 
nal is filtered to reduce harmonics of 
the fundamental. The peak modula- 
tion amplitude applied to the varac- 
tor is selected to provide a frequency 
deviation of approximately 20 kHz, 

which is somewhat greater than the 
10% modulation of commercial 
broadcast pilot tones. 

Diodes D2 and D3 provide a volt- 
age reference for the varactor. With- 
out the reference, the varactor 
voltage would shift with changes in 

the supply voltage, thereby shifting 
the frequency. Those two diodes allow 
a 1.3 -volt maximum bias across the 
varactor. Although that may appear 
somewhat restrictive, it allows the cir- 
cuit to function without significant fre- 
quency drift down to 2.0 volts on the 
supply. 

A loosely coupled, untuned sec- 
ondary winding (L2) that is wound on 
L1 couples the oscillator to the output 

buffer (formed by U2's second tran- 
sistor). The buffer is biased in Class -A 

mode, and the collector of the buffer 
is a tuned LC circuit with a tapped 
capacitor impedance transformer. 

Antenna tuning is accomplished 
via L4. That inductance is chosen for a 
15 -cm, linear, thin -wire antenna that 
has a capacitive reactance of 500 
ohms and a real resistance of less 

than 10 ohms. The RF output power is 

slightly less than 1 mW with a 3 volt 
supply. No discrete component filter- 
ing is used after the RF amplifier stage, 
although the ground plane will pro- 
vide HF attenuation. The second car- 
rier harmonic has measured typically 
60 -dB down. 

The circuit draws about 6 mA from 
two button -cell batteries. (RM -675 
cells will provide 30 hours of continu- 
ous use, while zinc -air cells will provide 
twice that.) The circuit will function 
down to 2.0 volts with a 3- to 6 -dB 
decrease in output power. 

Assembly. The author's prototype of 
the Remote Control Transmitter was 
surface -mounted on a double -sided 
3/46 -inch thick printed- circuit board, 
measuring about 11/4 by 17/16 inches in 

area. (The cladding thickness of the 
printed -circuit slug is not critical.) At 
that size, the transmitter can easily fit 
into any one of a number of plastic 
fuse containers. 

A template of the components side 
of the author's foil pattern is shown in 

Fig. 3A; the other side of the board 53 
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Fig. 1. The transmitter circuit is built 
around an ECG /NTE1014 hybrid RF 
amplifierloscillator, which contains two 
transistors and assorted biasing 
elements that can be configured in a 
variety of ways; a functional block/ 
pinout diagram of that unit is shown 
here. 

A 

FM- 1'p INCHES -id 
A 

y 

+ + 

Fo- 11/4 INCHES -id 
9 

Fig. 3. The author's prototype of the Remote Control Transmitter was surface- mounted 
on a double -sided printed- circuit board, measuring about 11/4 by Rio inches in area. A 
template of the component side of the author's foil pattern is shown in A; the other side 
of the board (essentially a ground plane) is shown in B. 

D2 
R3 1N914 

100K 
D1 

Cl 111914 
.001 

R!{ 
20K s 

R2 t 
24K 

2,6 

C2 ._ 
.001 7 

'SEE TEXT 

4,8 

U1 

7555 

l' 

D1 

MV2015 

R7 
? 47K 

C5 ` 
a 47pF 'L1 o 'L2 

10T oq 

C6 
SpF` 

AAA, K 
R6 

C4 
47K 47pF 
C3 

.001 

C8 

.001 

E I' 
6 1,7 

C9 

.0017 

2 

.001 

G 
9 

l 
'L3 e) 

J 

8 

U2 
ECGR1TE1014 

51 

Fig. 2. In the actual circuit, one of the ECG /NTE1014's internal transistors is used to 
form a Colpitts oscillator, whose LC tank resonance frequency is modulated by 
varactor diode DI. 

(essentially a ground plane) is shown 
in Fig. 3B. Once the board has been 
etched, drill four holes in the board at 
the points labeled FT (for 
feedthrough) in Fig. 4, using a #76 
(0.020 -inch, 0.5mm diameter) drill bit. 
Note that those four holes represent 
the only board drilling that's required. 

When assembling the board, a 7- to 
15 -watt soldering pencil is recom- 
mended. Use fine -gauge solder or re- 
flow soldering methods to minimize 
the amount of solder deposited at a 
joint. Most of the capacitors and all 
the resistors are specified as surface 
mount, however the resistors can be 
replaced with '/8- or ' /,o -watt leaded 
units. When installing surface -mount 
(SMT) components, it is common 
practice to use the minimum amount 
of solder to perform the job. The sol- 

54 der at a good SMT joint should not rise 

above the level of the component 
and should form a smooth, curved 
(concave) surface between the com- 
ponent's side and the top of the 
printed -circuit board. The idea is to 
ensure that the solder yields rather 
than the component in the event of 
board stress. 

Begin assembly by inserting 30- 
gauge wire through the holes shown 
in Fig. 4 and soldering the ends to the 
pads on either side of the board. 
Then, referring to Fig. 5, install capaci- 
tors Cl through C11. Capacitor C6 is 

specified as a leaded port for con- 
venience, however, an SMT -style unit 
can be used, if available. 

Next install resistors R1 through R7. 

Potentiometer R3 may be positioned 
with a counter -clockwise (com shaft 
rotation, moving the slider in the di- 
rection indicated in Fig. 5. That orien- 

C10 ^ 68pF ---8 8 Cí 
'L4 

C11 1µH 
68pF 

ANTI 

A -2.7V (SUPPLY VOLTAGE; 
2 MERCURY CELLS) 

B -1.1V 
C -1.1 TO 2.7V (VARIES WITH R3) 
D -0.3V 
E -2.7V 
F -1.1 V 
G -0.8V 
H -0.4V 
J -2.7V 

tation allows clockwise (CW) rotation 
of the turnscrew to increase the fre- 
quency. Potentiometer R3 may be 
any suitable single or multi-turn unit. 
Fine frequency control is easily ac- 
complished with a single turn unit. 

Mount S1 on the four pads pro- 
vided. Only Iwo pads serve as elec- 
trical connections, so the switch can 
actually be one of a number of phys- 
ical styles. Cut the leads of the switch 
so that the upper surface of the but- 
ton is flush with the upper edge of the 
case sides; that allows the switch to be 
depressed when the case lid is 

squeezed. 
The next step is to bend and trim the 

leads of U2, and then position and 
solder U2 as shown in the parts- place- 
ment diagram (Fig. 5). The upper sur- 
face of U2 should not project beyond 
the upper surface of the case sides. 
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Fig. 4. Once the board has been etched, 
drill four holes in the board at the points 
indicated in this diagram, using a #76 
drill bit. Note that those four holes are 
the only board drilling that's required. 
Once drilled insert #30 -gauge wire 
through the holes and solder the ends of 
the wires to the pads on both sides of the 
board. 

After U2 is installed, dip the leads of U1 

to 0.5 mm from the bottom of its body 
and mount it as shown. Pin 5 of U1 

need not be soldered to the board. 
Once that's done, install L1, L2, L3 

and L4. (See the boxed text titled "In- 
ductor Winding" for coil winding de- 
tails.) Coils L1 /L2 and L3 are formed so 
that their leads straddle the capaci- 
tors underneath. If a ceramic -disc unit 
is used for C6, it may have to be 
moved from directly under the L1 /L2 
assembly. Components should not 
rise more than 0.5 cm above the up- 
per surface of the circuit board. That 
allows the circuit to be installed in a 
conventional fuse pack. 

Wells for the button cells were 
formed from 3 strips of 1/32 -inch single - 
sid. ?d, copper -clad, circuit -board 
material; two of which are cut to 
abc'ut 1 x 0.3 cm, and the third to 
about 2.5 x 0.3 cm. Orient the shorter 
strips above the metal pads provided 
on the board between points S and S, 

and P and PThe metal cladding must 
face toward L4. Tack solder the strips 
to the board. Mount the longer 2.5- 
cm strip between points L and L with 
the copper -clad surface facing to- 
wards the circuitry. Before soldering 
the 2.5 -cm strip, cut a shallow groove 

in the strip at the location that crosses 
the negative circuit trace. 

Bend and form the leads of D1, D2, 

and D3 to fit the parts layout. Those 
diodes are all physically positioned 
adjacent to strip LL, so they are 
mounted last. Route an insulated 
jumper wire from the junction of C10 
and C11 to L4. Use the path illustrated 
in Fig. 5. 

The antenna used in the prototype 
is actually a flexible metal -link chain 
that was outfitted with a jeweler's 
clasp. A closed -loop soldered to the 
antenna pad on the reverse side of 
the board serves as the contact point 
(refer back to Fig. 4). That loop extends 
beyond the case wall through a slot 
and allows the antenna to be re- 
moved as the user desires. The loop 
itself does not act as a loop anten- 
na-it is simply an attaching point. A 
secure, soldered connection is pre- 
ferred due to the low antenna imped- 

1 - L3-- 
C6 

-C10 
A5 

L1 

C5/ 122''..- Si 
R7 

D1 

L4 

R6 

IR2 

Fig. 5. Referring to this parts - placement 
diagram, install capacitors CI through 
C11, followed by resistors RI through 
R7, switch SI, and so on until assembly 
is complete. 

ance, however, the clasp arrange- 
ment proved practical and func- 
tional. 

Chip Capacitors. If you cannot find, 
or a minimum quantity prevents you 
from buying chip capacitors, an ex- 
cellent source for surface -mount chip 
capacitors are general -purpose, ce- 
ramic, multi-layer leaded parts of the 
CK05BX or CDR3IBP series (or similar). 
Those capacitors are small (1 x 3 x 3 
mm), rectangular, black or tan epoxy 
coated units that are found in high 
density computer /instrumentation 

INDUCTOR WINDING 

All of the coils were close -wound on the 
body of %a -watt carbon -composition re- 
sistors: the resistors should have values 
of 10k or more. Do not use metal film or 
carbon film with flared end -cap termi- 
nations. Carbon -composition resistors 
make convenient forms for hand -wound 
coils; the Q of the coil is not degraded 
so long as resistor values greater than 
10k or so are used. 

Coil L1 (which serves as a trans- 
former primary) consists of 9 turns of 26 
AWG enamel- coated wire wound on a 
10k or more resistor body. Start by wrap- 
ping a turn on one resistor lead, and 
then winding 9 turns on the resistor 
body. After the 9 turns have been 
placed on the resistor body, secure the 
turns in place, and connect the free end 
of the coil to the other resistor lead. 

Coil L2 (serving as a secondary) con- 
sists of two turns of #26 wire wound 
adjacent to the windings of L1. See Fig. 
A. Beginning on the end of the resistor 
opposite to where L1 began, place one 
turn on the lead of the resistor, and then 
wind two turns on the resistor body. Do 
not connect the free end to the opposite 
lead. Install that homebrewed unit on 
the circuit board as shown in Fig. 5 
elsewhere in this article. The common 
end of the L1 /L2 assembly connects 
where L1 and L2 meet in the parts - 
placement diagram; that lead serves as 
the V+ common lead for L1 /L2 The 
other end of L2 is then cut to 1 cm in 
length, and soldered as shown (con- 
necting it to C8). 

V+ 
L1, L2 COMMON 

1cm 

L2 
TO PCB PAD/C8 

Fig. A. All cf the coils used in this 
project were fabricated by close - 
winding the specified wire on the 
bodies of three 1/4-matt carbon - 
composition resistors. 

Coil L3 consists of 7 close -wound 
turns of 26 -AWG wire on another resistor 
body. Secure and solder the ends of this 
coil to the resistor leads. Then solder 
the component in place. Next wind coil 
L4, which ìs comprised of 35 turns of 36- 
AWG wire wound on a third resistor 
body. The resistor leads must be bent 
perpendicular to the body axis and as 
close to the soldered connections as 
possible. Cut the leads 1 mm from the 
bottom of the windings. Note: 26 -AWG 
enamelled wire is approximately 0.4 
mm diameter and will wind about 23 
turns per cm; 36 -AWG enamelled wire 
is approximately 0.15 mm diameter and 
will wind about 65 turns per cm. 
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Qboards. Those parts are available with 

ui various dielectrics (NPO, X7R, etc.), 
` and typically having a 100 -volt rating. 
2 They are easily disassembled. Just 

soften the epoxy by applying a hot 

m 
soldering pencil to the leads. When 

5 the internal solder joint melts, the 
á leads can be pulled away from the 

part, which will also remove the epoxy 
56 over the ends of the unit. That opera- 

PARTS LIST FOR THE 
REMOTE -CONTROL 

TRANSMITTER 

SEMICONDUCTORS 
UI -7555 CMOS oscillator /timer, 

integrated circuit 
U2- ECG /NTE1014 hybrid RF- 

oscillator /amplifier, integrated 
circuit 

Dl- MV2015, ECG6I2, or 
equivalent 23 -pF, 1.5 -volt varactor 
tuning doide 

D2. D3- IN914, 1N4148, or similar 
general -purpose silicon diode 

RESISTORS 
(All fixed resistors are Vo or Ys-watt, 

5 %. chip or leaded film units, 
unless otherwise noted.) 

R1-20,000-ohm 
R2- 24,000 -ohm 
R3- 100,000 -ohm, sub- miniature, 

Bourns single -turn trimmer 
potentiometer (part 3329) or 
Bourns 12-turn (part 3266) or 
equivalent 

R4 -1000 -ohm 
R5- 2- megohm 
R6, R7- 47,000 -ohm 

CAPACITORS 
Cl C3. C7 C9- 0.001 -p.F, multi - 

layer ceramic -chip 
C4, C5-47-pF chip capacitor 
C6 -5 -pF. NPO, ceramic -disc. or 

similar 
C10, CI1 -68 -pF ceramic -chip 

ADDITIONAL PARTS AND 

MATERIALS 
Ll LEI --See text 
B1, B2- RM675, mercury. or zinc - 

air button cells 
SI- Subminiature tactile pushbutton 

switch (Mouser part # P8006S or 
JAE 62T, or similar) 

ANTI -See text 
Printed- circuit materials (single -sided 

copper clad, 1/16 -inch double -side 
copper clad), enclosure (fuse box, 
see text), #26 and #36 enamelled 
wire, #30 wire-wrap wire, 12 -inch 
#22 stiff, solder, hardware, etc. 
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Fig. 6. Shown here are several possible interface circuits that can be used with the 

Remote Control Transmitter. The one in A illustrates a typical FM stereo MUX decoder 
with a load connected directly to the open -collector output of a TA7343 PLL; B 

illustrates an optoisolator- coupled output driving a 12 -volt relay coil via a general - 
purpose transistor; C shows the gate of an N- channel power MOSFET connected to the 

output of a 4N33; and the final circuit, C, is a toggle flip-flop that allows push -onl 
push -off control. 

tion exposes the chip, providing pry 
points for further dismantling. The ep- 
oxy can also be pulverized by gently 
crushing the part with pliers, however 
it is usually easiest to heat the part and 
chip away the epoxy with a knife. 

The success of the chipping pro- 
cedure depends on the particular 
type of epoxy used. Some coatings 
soften but do not melt, others melt 
readily. The molten state is not par- 
ticularly easy to work with, but it can 
be managed. None of the epoxies 
bond to the chip at high temperature, 
so the chip can be removed intact. 
The chip should be discarded if there 
is any evidence of chipping on the 
surface of the ceramic. Overheating 
(especially the leads) may destroy the 
end -cap metalization by leaching 

the metal into the solder. Pulling the 
lead away from the part before the 
solder softens will also destroy the end 
metalization. The typical part num- 
bers for the capacitor values used in 

this project are: 47 pF CKO5BX 470; 68 
pF CKO5BX 680; and 0.001 -µF CKO5BX 
102. 

The chip bodies are not marked, 
and size is not an indicator of part 
value, so keep track of the part values 
after disassembling the component. If 

you manage to find a scraped board 
containing chip capacitors, be aware 
that conventional Iwo -sided surface 
mount techniques call for such com- 
ponents to be glued to the board be- 
fore soldering so that the removal 
process requires additional heat to 

(Continued on page 91) 
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An 
Introduct inn 
to 

BY 

JAMES E. TARCHINSKI 

Analog-to-Digital Converters 
We look at the components that convert analog signals from the real world into 

digital signals for use in logic circuits. 

A(though most people today 
don't realize it, there are two 
fundamental types of elec- 

tronic computers: analog and digita. 
Back when both varieties were still in 
their infancy, gatherings of computer 
scientists and engineers often sound- 
ed like a certain modern -day beer 
commercial. On one side of the room 
a group would chant "analog com- 
puters," while the phrase "digital com- 
puters" would come from the other 
side of the room. From the first side, 
"the real -world is analog!" From the 
second side, "digital computers are 
more flexible!" and so on. 

Supporters of digital computers 
have emerged victorious after the test 
of time. In fact, they've won by such a 
large margin that analog computers 
are now not very well known, being 
confined to only a small set of spe- 
cialized applications. However, while 
digital computers have won the race 
because of their extreme flexibility, the 
supporters of analog computers cer- 
tainly had a good point when they 
noted that the real -world almost ex- 
clusively contains analog signals. 

To allow digital computers to deal 
with nature's analog signals, a special 
class of integrated circuits called 
"analog -to- digital converters" (some- 

times abbreviated as ADC or ND con- 
verters) are used. Such IC's can read 
an analog signal and transform it into 
a series of digital bits. These bits, form- 
ing a digital word of a certain length, 
can then be read and processed by a 
digital computer. An AID converter is a 
digital computer's 'Window" to the 
analog world around it. 

This article presents a brief overview 
of analog -to- digital converter tech- 
nology. It begins with a sample ap- 
plication that is used to introduce the 
parameters and limitations associ- 
ated with ADCs. Next, several of the 
most common types of converters 
are compared. Finally, the ADC0800 
integrated circuit is discussed in detail 
to provide the reader with a case 
study of one of the most popular con- 
verters currently on the market. 

After reading this article, you should 
be able to ask intelligent questions 
about, and make educated evalua- 
tions of, products containing analog - 
to- digital converters such as: test and 
measurement equipment (such as 
digital multimeters), computer input 
and pointing devices, digital control 
systems, data -acquisition systems, 
digital audio- recording equipment, 
(CD players, etc.), systems- monitoring 
instruments, and voice -synthesis and 

recognition devices. If you really care 
to put this new knowledge into prac- 
tice, you should even be able to de- 
sign an ADC into your next project. 

Example Application. Our example 
ADC application comes from the au- 
tomotive industry -a seat control sys- 

tem with two position memories. As 

shown in Fig. 1, a digital computer 
(called a "digital system controller ") is 

used to control the entire system. 
The system's user interface consists 

of five pushbutton switches. Two 
switches allow the driver to manually 
move the seat either forward or back- 
ward. Once the seat is positioned cor- 
rectly, the driver then presses the set 
button followed by the button corre- 
sponding to his driver number (which 
amounts to the position number), ei- 
ther 1 or 2. The next time the driver gets 
behind the wheel, all he needs to do 
to recall his memorized seat position is 

press the switch corresponding to his 

driver number. 
Besides needing to know where the 

driver would like to move the seat, the 
digital controller also needs to know 
where the seat is currently located. 
Acquiring that information is the job of 
the analog -to- digital converter in the 
system. 57 
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Fig. I. This is an example of an analog -to- 
automotive control application. As the seal 

Figure 1 illustrates how the driver's 

seat is connected to a linear -move- 
ment potentiometer. One end of the 
potentiometer is tied to + 5 volts, 
while the other side is wired to ground. 
Therefore, when the seat is at the full - 
forward position, the potentiometer's 
wiper terminal will have an analog 
potential of zero volts, and that volt- 
age will increase linearly as the driver 
moves the seat rearward. 

An analog -to- digital converter is 

used to read the continuously varia- 
ble potentiometer voltage (VA). By 

reading the digital output of the ADC, 
the system controller (computer) can 
determine the location of the driver's 
seat at any time. 

Once the digital controller knows 
where the driver wants to move his 

seat, and where the seat is currently 
located, all it needs to do is calculate 
the direction in which it needs to 
move the seat. The controller can 
then actuate the two lines running to 
the motor to command it to move the 
seat in the appropriate direction. 

By continually monitoring the posi- 
tion of the seat via the analog- to -dig- 
ital converter, the controller can 
deactivate the motor when the seat 
has reached the desired position, or 
when it is close to reaching the me- 
chanical limit of its travel. Using this 

example as a basis, we can now dis- 

cuss a number of key terms used with 
this technology. 

A/D Converter Terminology. The 
primary figure of merit for any A/D 

58 converter is its "resolution." Nowadays, 

digital converter being used in an 
moves, it varies the potentiometer setting. 

the most common resolution is eight 
bits, meaning that the analog voltage 
input to a ADC is transformed into dig- 
ital data (called "codes consisting of 
eight binary bits. Because 28 is 256, an 
8 -bit ADC can output 256 valid codes. 

Assume that the ADC used in our 
auto example has eight bits of resolu- 
tion. When the seat is at the full -for- 
ward position, the input to the ADC will 
be zero volts, while the output lines will 
read B00000000 (note that the "B" in- 
dicates a binary number). When the 
seat is half way through its full travel, 
the ADC input will be 2.5 volts and the 
output will be 801111111 (127 in deci- 
mal). Fully rearward, the input is 5 volts 
and the output would be B11111111 

(255 decimal). 
To obtain the output code for any 

particular input voltage to an ADC, 
the following equation is used: 

Vp = INT( VA 2N /VREF ) 

Where VD is the digital representation 
(in decimal notation) of VA, which is 

the analog input voltage to the ADC, 
N is the number of bits of resolution 
provided by the ADC, VREF is the ADC 
reference voltage (which equals the 
maximum value of VA), and INT is the 
integer function -it returns only the in- 
teger portion of the expression in pa- 
renthesis. 

Next, assume that the full travel dis- 
tance for the seat is eight inches. We 
can convert the resolution of the ADC 
from the number of binary bits to the 
equivalent physical distance by divid- 
ing the number of valid codes into the 
physical distance, therefore: 

8 inches /256 codes = 0.125 -inches 

From this we see that the digital sys- 

tem can only determine the location 
of the seat to a maximum resolution of 
an eighth -of -an -inch. If better resolu- 
tion than this is required, an ADC with 
more than eight bits of output should 
be utilized. (Although mathematical 
purists will cringe at the suggestion, 
you can loosely think of resolution as 
being proportional to the overall ac- 
curacy of the system.) 

Table 1 might help give you a better 
perception of the numbers associ- 
ated with the resolution of an ADC. 
The table assumes that a 4 -bit ADC is 

used in the above seat -control ap- 
plication (not eight bits as we have 
been discussing). You should keep in 
mind that a 4 -bit ADC would not be 
practical in this application, as the re- 
sulting resolution would only be half of 
an inch (8 inches /16 codes). The table 
is presented for illustration purposes 
only. 

The first column of Table 1, labeled 
"D," is a measure of seat -travel dis- 
tance (in inches). The second column, 
VA, gives the corresponding analog 
voltage that would be sent by the po- 
tentiometer to the ADC. The last two 
columns give the resulting digital out- 
put of the ADC --one in binary nota- 
tion, and the other in standard 
decimal numbers. 

Today, 8 -bit A/D's are by far the most 
commonly used converters, but it is 

not the only resolution available on 
the market. There are also 10 -,12 -, and 
16 -bit integrated circuits, and even 
some devices with still higher resolu- 
tions. Everything else being equal, 
however, it generally costs more to 
purchase analog -to- digital convert- 
ers with better (i.e., higher) resolutions. 
It is, therefore, a good idea to first 
check the price of an ADC before you 
design it into a project. 

For our sample application, a 10 -bit 
ADC would be able to resolve the dis- 
tance, D, into 0.0078125 inch incre- 
ments, while a 12 -bit ADC could 
theoretically resolve D down to 
0.001953125 of an inch. 

Just to drive the resolution issue 
home, you might consider a simple 
comparator to be a 1 -bit analog -to- 
digital converter (see Fig. 2). While the 
input voltage is below the set -point 
voltage of the circuit, Vx, the com- 
parator's single output line will be low 
(false). When the input voltage rises to 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


TABLE 1- ANALOG VOLTAGE AND DIGITAL OUTPUT 

D VA Binary VD Decimal VD 

0.0 - 0.5 0.0000 - 0.3125 0000 0 

0.5 -1.0 0.3125 - 0.6250 0001 1 

1.0 - 1.5 0.6250 - 0.9375 0010 2 

1.5 - 2.0 0.9375 - 1.2500 0011 3 

2.0 - 2.5 1.2500 - 1.5625 0100 4 

2.5 - 3.0 1.5625 - 1.8750 0101 5 

3.0 - 3.5 1.8750 - 2.1875 0110 6 

3.5 - 4.0 2.1875 - 2.5000 0111 7 

4.0 -4.5 2.5000 - 2.8125 1000 8 

4.5 -5.0 2.8125 - 3.1250 1001 9 

5.0 - 5.5 3.1250 - 3.4375 1010 10 
5.5 - 6.0 3.4375 - 3.7500 1011 11 

6.0 - 6.5 3.7500 - 4.0625 1100 12 

6.5 - 7.0 4.0625 - 4.3750 1101 13 

7.0 - 7.5 4.3750 - 4.6875 1110 14 

7.5 - 8.0 4.6875 - 5.0000 1111 15 

vHEF 

Fig. 2. A simple comparator can be 
considered a one -bit ADC -VA is the 
input analog voltage and VD is the one - 
bit digital output. Both resistors should 
be of equal value for this ADC to be 
linear. 

the set -point voltage or higher, the 
comparator will change states and 
the single output bit will go high (true). 
So the set -point voltage is the voltage 
resolution of this simple ADC as it is the 
smallest change in the input that 
causes the output to change. 

Quantization Error. Closely tied to 
the resolution of an ADC is its "quan- 
tization error." Figure 3 shows a plot of 
the analog input voltage and the dig- 
ital output of the 4 -bit ADC illustrated 
in Table 2. Since the digital output can 
only have certain discrete values, 
there is an inherent error of the device 
that is called the "quantization error." 
By definition, this error is the difference 
between the analog- voltage equiv- 
alent of the digital output and the ac- 
tual analog -voltage input. 

The error induced by the quantiza- 
ticn error varies based on the design 
of the ND converter. To balance the 
effects of this error, most designs use 
what is called a "half -bit offset" of the 
analog input voltage. This reduces the 
of set of the quantization error from a 

ó > 

thing known as the "sampling 
theorem" be met. 

What the sampling theorem 
basically tells us is that if the frequency 
of the signal we wish to reconstructed 
is f. hertz, then the sampling rate, fs, of 
the ADC must be at least twice as 

great as f. For example, if you want to 
record and then reconstruct a 1000 - 
Hz audible tone, your analog- to -dig- 
ital converter must be able to sample 
the original sound 2000 or more times 
a second. Different styles of convert- 
ers have different conversion times. 
Therefore, a discussion of these times 
will be given later when we discuss the 
different types of converters. 

ANALOG VOLTAGE VA 

\ DIGITAL VOLTAGE VD 

SEAT POSITION 

Fig. 3. This plot shows the quantization error induced because the digital output of an 
analog -to- digital converter can only take on certain discreet values. 

maximum of one full bit (as seen in 
Table 1), to a more acceptable plus - 
or -minus one -half of the least signifi- 
cant bit ( ± 1/2 LSB). 

Conversion Time. Another key pa- 
rameter for an ADC is "conversion 
time." Due to the time delays and pro- 
cessing steps internal to the converter, 
there is a delay between the time a 
ADC chip is told to perform a con- 
version, and when the result is avail- 
able to be read on the binary -output 
lines. This delay is know as the con- 
version time. 

The main reason conversion time is 

important is that this determines the 
maximum sampling rate, and hence 
the ultimate bandwidth, of the system. 
In some applications the intent is to 
store enough information to com- 
pletely reconstruct the original ana- 
log signal. That requires that some- 

Nonlinearity. Nonlinearity (also 
called linearity error) is the last pa- 
rameter of ADC's that merits a de- 
tailed discussion. This error can be 
induced by a number of factors, but is 

most commonly associated with 
component variation within the ADC 
integrated circuit. 

Every 1 -bit transition of an ND con- 
verter is designed to occur at reg- 
ularly spaced intervals of the input 
voltage. For example, in the car -seat 
application, a new code was as- 
sumed to be generated by the ADC 
every time the seat were to move 
0.125 of an inch. Because of the con- 
verter's nonlinearity, the actual transi- 
tion point will sometimes take place 
at an increment of a little less than 
0.125 inches, and sometimes at an 
increment of a little more that 0.125 
inches. That is called the device's non - 
linearity, and is generally specified by 59 
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the device's manufacturer as a frac- 
tion of the device's least significant bit 
(LSB). 

Figure 4 shows an input /output plot 
of an analog -to- digital converter with 
a severe linearization error. Note that 
distances between bit transitions are 
not equally spaced as they should be. 

Types of ADC's. There are a wide 
range of analog -to- digital converters 
on the market today. The hobbyist or 
design engineer must choose be- 
tween these alternatives by balanc- 
ing a number of important variables, 
not the least of which are resolution, 
conversion time, and the ADC's cost. 

This section will take an in -depth 
look at several of the most commonly 
used converter types. The four styles 

of converters we will look at are pre- 

sented in order of decreasing cost, 
which is, of course, generally the 
same as being presented in order of 
decreasing overall performance. 
We'll begin with the very fast 'flash 
converter," continue with the "cas- 
caded" flash converter, then to the 
"successive- approximation device," 
and then we'll discuss one form of an 
"integration -type device." To finish this 

section, two other flavors of ADC's will 
be briefly mentioned. 

Flash Converter. The flash converter 
is the logical extension of the one -bit 
ADC presented in Fig. 2. It uses a 
number of voltage comparators to 
generate the digital output. 

Figure 5 shows a small portion of a 
schematic diagram of a flash analog - 
to- digital converter, which is some- 

Vo 

DIGITAL VOLTAGE 

Fig. 4. This is a portion of an input /output plot of an ADC with a linearization error 
that's extremely pronounced. Note the inconsistent step height. 

2 

DIGITAL 
CONTROL 

LOGIC 

N BITS OUT 

---c) DO 

o DI -, D2 

Fig. 5. This is a block diagram of a section of a flash (parallel converter) type of AID 
converter. Only the most significant active comparitor affects the control -logic output 

60 at any given time. 

times call a parallel- comparator con- 
verter. This device uses a resistor 
network to act as a multi-stage volt- 
age divider. The output from this lad- 
der network is then fed into the 
voltage reference inputs of a series of 
voltage comparators. The remaining 
inputs (the non -inverting one) on all 
the comparators are then tied directly 
to the analog input voltage, VA. The 

outputs from the comparators are 
then fed into a block of logic (the dig- 
ital control logic) that takes note of 
only the highest- weighted corn - 
parator active. The logic is used to set 

the outputs to form the appropriate 
digital code. 

As previously stated, the parallel - 
comparator converter is one of the 
most expensive types generally used. 
The reason for this high cost is the 
large number of comparators 
needed. The cost difference is signifi- 
cant because comparators require a 
large amount of surface area in inte- 
grated circuits, and area is directly 
proportional to the price of the final 
chip. 

To construct an N -bit converter, 
2N- 1 comparators are required. 
Therefore, a four -bit A/D converter 
needs only 15 comparators, while an 
eight -bit device would need a total of 
255 comparators. About 16 times 
more comparators are necessary just 
to double the resolution. 

One final note will be made about 
flash ADC's, relating the resistor volt- 
age divider circuit with the quantiza- 
tion error detailed above. In most 
ladder designs, the top and bottom 
"rungs" of the network use resistors 
with only half the resistance of the 
other rungs. By doing this, the device's 
quantization error becomes sym- 
metric. Instead of being a maximum 
of + 1 LSB, for example, it will be cen- 
tered on the band and become a 
maximum of ±'/2 of the LSB. 

Cascaded Flash ADC. To reduce 
the high cost of the flash ADC, the 
cascaded flash (or subranging) par- 
allel- comparator converter was de- 
veloped. This device combines (or 
cascades) the digital outputs from 
Iwo or more separate flash A/D con- 
verters, to create a single series of out- 
put lines with a digital code 
representation of the input analog 
voltage. The key to this device is its use 

of a digital- to- analog converter. 
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The digital -to- analog (D /A or DAC) 

converter is the exact opposite of an 
A/D converter: a DAC converts a se- 
ries of N binary input lines into the 
equivalent analog voltage, VA. Figure 
6 shows one of the conceptually sim- 
plest methods of accomplishing this, 
through the use of weighted current 
sources and a current -to- voltage 
converter. Each current source pro- 
duces twice the current of the pre- 
vious one (I, 21, 41, 81, etc.). Also, the 
current for each source is turned on or 
off under the control of a digital input 
line. The total current, IA, is then the 
sum of all the current sources that are 
turned on. An op -amp and resistor 
combination are then used as a cur - 
rent-to- voltage converter, generating 
the analog output voltage, VA. 

The block diagram of Fig. 7 illus- 
trates how a D/A converter is used in- 
side a cascaded flash comparator 
A/D converter. The input analog volt- 
age, VA, is fed into an N1 -bit flash ADC. 
The N, binary output lines of this ADC 
are then simultaneously sent to a dig - 
ital-to- analog converter and to the 
upper N, bits of the device's output 
register. The output of the D/A convert- 
er is then input to the inverting termi- 
nal of a single operational amplifier, 
so it can essentially be subtracted 
from the original analog voltage, VA, 

on the op -amp's non- inverting termi- 
nal. A second flash ADC in the system 
then generates another N2 binary 
output lines from the resulting voltage. 
In the last stage of this circuit, these N2 

bits are appended to the N, bits from 
the first ADC to create a digital output 
code of: 

N= N1 +N2bits 

To see how this greatly reduces the 
number of comparators required 
over a full parallel- comparator A/D 
converter, consider the number of 
comparators needed on each de- 
vice to generate eight bits of binary 
resolution (i.e. N = 8). A subranging 
flash ADC, assuming it utilized Iwo 
four -bit flash converters inside, would 
require: 

1 + 2(2N12 - 1) 

comparitors. Thus for eight bits of reso- 
lution, a total of 31 comparators 
would be required. A full flash convert- 
er would require a total of 255 com- 
parators over eight times as many 
as the subranging flash ADC. 

Vcc 

vo 

D3 D2 D1 DO 

DIGITAL INPUT 
LINES TURN 
SUPPLY ON 

OR OFF. 

A 

CURRENT -TO- VOLTAGE 
CONVERTER 

Fig. 6. One implementation of a digital -to- analog converter sums current, which is 
then converted to produce the output voltage. 

VA 0_111-1.- ND #1 

N1 BITS 

D/A 
N1 BITS 

ND S2` 
N2 BITS 

N1 BITS 
o 

VD 

N2 BITS 
o 

SUBTRACTOR 

Fig. 7. As this block diagram of a cascaded flash type of converter shows, only a 

certain number (Nt) of bits are derived from flash conversion. 

N- DIGITAL OUTPUT LINES 

Fig. 8. As you can see from this block 
diagram of a four -bit successive - 
approximation analog -to- digital 
converter, a comparable digital -to- 
analog converter is needed for 
conversion. 

Even with the need to add a com- 
plete D/A converter, subranging flash 
converters still tend to be much less 

expensive than the full parallel com- 
parator converter, although they are 

not nearly as fast. 
In the above example and discus- 

sion, only two flash ADC's were cas- 
caded together. For applications that 
require extremely high resolutions, ad- 
ditional stages could easily be added 
in the same manner. While this tech- 
nique would tend to decrease the 
cost of the resulting high -resolution 
converter, it would also tend to de- 
crease its accuracy. This is because 
the error from several D/A converters 
would be present in the digital output 
code, as well and the errors associ- 
ated with each of the flash A/D 
stages. 

Successive- Approximation Con- 
verter. A further reduction in the 
number of comparators required for 
the conversion process is achieved in 

a successive -approximation analog - 
to- digital converter. This device only 
requires a single voltage comparator 
to perform the conversion, regardless 
of the number of bits of resolution re- 
quired at the output lines. With this 
reduction in comparators, a corre- 61 
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sponding price decrease can gener- 
ally be achieved. 

As you might infer from the name, 
the successive -approximation con- 
verter makes a series of educated 
guesses at the digital value of the in- 
put voltage. Just like a child playing a 
game of high /low, the converter 
makes subsequent guesses at the val- 
ue based on the "too high" or "too 
loW' feedback from previous guesses. 
The four -bit successive-approxima- 
fon ADC shown in Fig. 8 will help illus- 

trate the make -up and operation of 
this style of circuit. 

As shown, the analog voltage to be 
converted is fed directly to the invert- 
ing terminal of the unit's voltage com- 
parator. The non -inverting terminal of 
this comparator gets its signal from 
the output of a digital -to- analog con- 
verter, which gets its digital signal di- 
rectly from the device's output register. 

When the conversion process is ini- 
tially started, the output register (a shift 
register) contains a value corre- 
sponding to half the reference volt- 

age 'REF in the diagram). If VA > 

VREF /2, then the comparator will out- 
put a logic 1, otherwise it will output a 
logic O. That value is then shifted into 
the digital output register, and an- 
other voltage comparison is made - 
this time between the analog input 
voltage (VA) and the voltage equiv- 
alent of the modified output register. 
After four such comparisons are 
made (one for each bit of resolution), 
the output register contains the digital 
representation of the input analog 
voltage, VA. 

Besides the basic components of a 
successive -approximation ADC just 
discussed, several other support ele- 
ments are also required. As shown in 

Fig. 8, a clock signal must be gener- 
ated to control the timing of all the 
events inside the converter. Among 
the component sections not shown is 

a counter needed to keep track of 
the number of iterations that have 
been made for calculating the digital 
voltage. It is also used to terminate the 
conversion process after the correct 
number of comparison steps, and to 
generate a "conversion complete" 
signal to be sent to the rest of the 
system. Finally, an R/S flip -flop (also not 
shown in the figure) is used to start and 
terminate the entire conversion pro- 
cess. 

62 In some ways, the successive -ap- 

Fig. 9. This is a simplified implementation of one type of integrating analog -to- digital 
converter. It really measures the charging time of a linearly -charged capacitor. 

vc 

vX 

v 

VAI > V2 

tAl tA2 

TIME(SECONDS) 

Fig. 10. These are the charging characteristics of the capacitor in the circuit of Fig. 9. 
Note that the curves are linear, not exponential. 

proximation converter is the exact op- 
posite of the parallel- comparator 
(flash) converter; while the number of 
comparators required for a parallel 
comparator ADC increases exponen- 
tially as the number of bits of resolu- 
tion increases, only one comparator is 

ever required for a successive -ap- 
proximation ADC. On the other hand, 
as the conversion speed of a suc- 
cessive- approximation ADC in- 
creases proportional to the number 
of bits of resolution required, the 
speed of a flash ADC is very nearly 
constant regardless of the resolution 
of the device. 

While the conversion speed of a 
successive -approximation ADC is 

generally slower then that of a flash 
ADC, a successive -approximation de- 
vice can still perform conversions at a 
fairly fast rate. 

Integration (Counter -Comparator) 
ADC. The last type of converter we 
will look at in detail is called an inte- 
gration ADC. Actually, there are many 

different types of integration convert- 
ers, but in the interests of space and 
simplicity, the only one we'll be con- 
sidering in this article is the counter - 
comparator A/D converter. A sim- 
plified implementation of this unit is 

shown in Fig. 9. 

As shown, the analog input voltage, 
VA, is sent to a voltage -to- current con- 
verter. This voltage -to- current con- 
verter then generates a current, IA, 

that is directly proportional to VA. The 
output current is then used to charge 
a fixed -value capacitor, whose volt- 
age will increase a fixed number of 
volts for every fixed length of time that 
IA is applied. 

The capacitor's ever -increasing 
voltage, Vc, is then applied to the in- 
put of a single operational amplifier, 
which then compares this voltage to 
a reference voltage, Vx, created by 
the R1 /R2 voltage divider. The output 
of the comparator is then ANDed with a 
standard clock signal, which is then 
used to decrement a binary counter. 

(Continued on page 92) 
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Prorammin9 
Serial 

Ports 

Learn how to program the 

serial ports on your 
computer so you can 
build RS -232C based projects. 

Computers sure have become 
popular. Since at least one 
RS -232C serial interface can 

be found on almost any IBM- compati- 
ble computer, that standard is also 
popular. Oddly, the popularity of PC's 
and their serial interfaces not with- 
standing, there's a scarcity of informa- 
tion about programming your com- 
puter to use a serial port. 

Being the sort that likes to connect 
all kinds of stuff to my computer, I 

found that lack of data a little frustrat- 
ing. If you have experienced the 
same frustration, or would just like 
some general tips on port program- 
ming, this article was written with you 
in mind. Here I'll present some infor- 
mation on the RS -232C lines most 
commonly supported by PC's, port - 
input /output /control programming, 
and the actual bits in the computer 
that control the serial port. 

I'll assume you have at least a little 
knowledge of programming (like 
what a statement is, what memory is, 

what a port is, etc.), and a basic un- 
derstanding of communication pa- 
rameters (the number of data bits, 
odd /even parity, stick parity, and stop 
bits). As a starting point, let's discuss 
how the RS -232C standard is imple- 
mented on most PC's. 

Serial Signals. The RS -232C specifi- 
cation is the Electronics Industry Asso- 
ciation standard for low -speed serial 
communication. It defines voltage 
levels, loading, signal types, timing re- 
lationships, and a lot of other com- 
munication parameters. 

On a PC/XT, the male DB -25 con- 
nector is the standard RS -232C termi- 
nation (see Fig. 1A). Many AT- 386- and 
486 -class computers are now using a 
DB -9 connector on at least one of 
their serial- communications ports 
(see Fig. 1B). Table 1 shows the signals 
supported by the pins on both types 
of connector and their standard ab- 
breviations. 

Obviously the 9 -pin connectors only 
carry a subset of the RS -232C stan- 
dard signals. Frankly, that subset is 

more than enough for all but the most 
intense (way- beyond- hobbyist -level) 
applications. In fact, even though 
your computer may use a DB -25 con- 
nector, chances are that at most only 
nine pins are connected to anything. 
That being true, it makes sense to re- 
strict our attention to only the signals 
that are supported by a PC's serial 
expansion board, as listed back in Ta- 

ble 1. 

All signal voltages are read with re- 
spect to the signal -ground line. A volt- 

BY JOHN J. YACONO 

age from 3 to 25 volts represents a 0 

(called a "space" in RS -232C "lingo'); 
and -3 to - 25 volts is a binary 1 

(called a "mark "). Note that this is 

negative logic -the high -logic value 
corresponds to the more negative 
voltage. 

The transmit -data line allows data 
to be sent from the computer. The 
complement to that line is the re- 
ceive -data line. That pin is used to 
bring serial data from the world into 
the computer. 

The remainder of the signals are 
used for handshaking. One of those 
signal lines is said to be on, active, 
asserted, and true when its voltage is 

above 3 volts -the logic -zero state of 
the line. 

The request -to -send line carries a 
signal that indicates that the comput- 
er wishes to send data. When the 
computer has data to send, it will turn 
that line on and wait for an on con- 
dition on the clear -to -send line. When 
that occurs, the computer sends the 
data, and when finished it will reset 
the request -to -send line. 

The logic present on the data -set- 
ready line informs the computer 
whether the communications link is 

alive and well. The complement of this 
line is the data -terminal -ready line. It 63 
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Fig. 1. If you look at the back of your 
computer, you should find at least one 
male connector that looks like the one in 
A or one female connector like that in B. 

provides a signal that informs what- 
ever the computer is connected to (a 
modem or another computer) that 
the originating computer is up and 
running. 

The data- carrier -detect line is used 
by a modem to tell the computer that 
it has an incoming carrier -a signal 
modulated with information. 

When a modem detects a phone - 
line ring signal it turns the "ring indica- 
tor" (RI) line on. That gives the comput- 
er a chance to "wake up" and get 
ready when it's in an auto -answer ap- 
plication. Now that you know the 
functions of the serial signals imple- 
mented by a PC, let's discuss what a 

TABLE 1- SIGNALS AND PINS 

Signal 
Name Abbreviation 

Pin on 
DB -25 

Pin on 
DB -9 

Transmit TXD 2 3 

Receive RXD 3 2 

Request To RTS 4 7 

Send 
Clear To Send CTS 5 8 

Data -Set DSR 6 6 

Ready 
Signal Ground SG 7 5 

Carrier Detect CD 8 1 

Data -Terminal DTR 20 4 

Ready 
Ring Indicator RI 22 9 

TABLE 2- ADDRESSES, BITS, AND PINS 

Port Addresses 
in Hexidecimal 

Bit 
in 

Byte 
(N) 

Input, 
Output, 

or 
Control 

Signal 
or Function 

COM1: COM2: COM3: COM4: 

3F8 2F8 3E8 2E8 0 /0 Databit 0 

1 /0 Databit 1 

2 /0 Databit 2 

3 /0 Databit 3 

4 /0 Databit 4 

5 /0 Databit 5 

6 /0 Databit 6 

7 /0 Databit 7 

3F9 2F9 3E9 2E9 0 -7 NA - 
3FA 2FA 3EA 2EA 0 -7 NA - 
3FB 2FB 3EB 2EB 0, 1 Control Number of data bits 

(00 =5, 01 =6, 10 =7, 11 =8) 
2 Control Number of stop bits 

(0 =1, 1 =2) 
3 Control Parity enable 
4 Control Odd /Even parity 

(0 = Odd, 1 = Even) 
5 Control Stick parity 

6, 7 NA - 
3FC 2FC 3EC 2EC 0 Output DTR 

1 Output RTS 

2 -7 NA - 
3FD 2FD 3ED 2ED 0 -7 NA - 
3FE 2FE 3EE 2EE 0 -3 NA - 

4 Input CTS 

5 Input DSR 

6 Input RI 

7 NA - 

program must do to work with those 
signals. 

Using Addresses. All of the hand- 
shaking performed by a serial port is 

not hardware- automated; for any 
handshaking to take place the hand- 
shaking lines must be directly con- 
holed by a program of some sort. It 

must be the program's duty to orches- 
trate the handshaking lines, establish 
the proper communications param- 
eters (stop bits, parity, etc.), and trans- 
fer data. 

As you probably know, all programs 
use a computer's memory to tem- 
porarily store data. To organize a 
computer's memory, it is broken up 
into small pieces called bytes, and 
each byte is given its own address to 
help identify it. It's sort of like marking 
distinct numbers (addresses) on a 
bunch of boxes (bytes) so you can re- 
fer to the stuff inside each box (data) 
by using the number of the box it's in 
(the address). If you want to store (or 
"write") a byte of data, you can tell the 
computer to place it in a certain box 
(address). If you want to look at (read) 

some already stored data, you can 
ask the computer to retrieve it from 
the appropriate box (address). 

Data addresses -unlike residential 
addresses, which identify a house by 
number, street, city, and state-are 
simply numbers. However, most of the 
time, programmers don't write pro- 
grams that refer to actual addresses 
to store and retrieve data. Instead, 
they use variable names -various 
combinations of letters and numbers, 
which are more descriptive and thus 
more intuitive for we humans to use - 
like "TOTAL" or "CUSTOMER." After a 
program has been written, the varia- 
ble names are translated into appro- 
priate addresses so the program can 
store and retrieve data in a manner 
that suits the computer. 

However, there are certain times 
when even we humans need to use 
the numerical value of an address in- 
stead of some made -up variable 
name. Typically, numerical addresses 
are written in a number system called 
"hexadecimal," which is neither bin- 
ary or decimal. The hexadecimal sys- 
tem contains 16 digits (0-9 and A -F) 
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rather than two (as in binary) or ten (as 

in decimal). For the rest of this article, 
when we refer to any address, we will 

use the hexadecimal number system. 

In BASIC, to indicate a number is writ- 

ten in hexadecimal, you append the 
prefix "&H" to the number. For exam- 
ple, the hexadecimal number "B" 

(which is 11 in decimal form), would be 
written "&HB." 

So far we've discussed how to write 
to and read from memory using ad- 
dresses. Fortunately, reading incom- 
ing data from, and writing out -going 
data to ports is done in the same way; 

in a program, you refer to a port by 

specifying the address of that port. In 

BASIC, to send data to a port you 
would use a statement of the form: 

OUT address, data 

where address is the address of the 
port, and data is the data you wish to 
send (note the customary line 
number has been dropped for clar- 
ity). For example, to send the decimal 
number 4 to a port with the hex- 
adecimal address D2, a program 
must contain the statement: 

OUT &HD2, 4 

Note that since 4 is a decimal number, 
it has no prefix. 

Similarly, you can use the following 
statement to get data from a port: 

IN address, variable name 

where address is the address of the 
port, and variable name is the name 
of the variable (which the computer 
will translate into a memory address) 
you want the data to be stored under. 
For example, to grab data from a port 
with the hexadecimal address E7, and 
store it in the variable " PORTDAT," a 
program must contain the statement: 

PORTDAT = INP(&HE7) 

The statement sets the value con- 
tained in the variable PORTDAT equal 
to the data contained in the port with 
the hexadecimal address E7. 

In BASIC, the OUT and INP state- 
ments are precisely what a program 
needs to communicate and control 
the serial ports of a computer. You 

should be able to find analogous pro- 
gramming statements in your own fa- 
vorite computer language. Since 
we've covered how to write programs 
to talk to ports, let's discuss how to 
handle serial ports in particular. 

o 

Serial -Port Addressing. Each serial 
port, normally referred to as COM1:, 
COM2:, COM3:, and COM4: in DOS 

documentation, is supported by 
seven addresses as shown in Table 2 

(although it should be mentioned that 
COM3: and COM4: are not sup- 
ported by older computer BIOS's nor 
DOS prior to version 3.3). For example, 
bytes 3F8 through 3FE are associated 
with COM1:. Each address contains 
one byte of information and each bit 
in each byte performs a certain job. 
Some bits reflect the logic state of the 
input lines, others can be used to con- 
trol the state of output lines or pro- 
tocol, some are used for both input 
and output, and the remainder are 
not applicable to our discussion. 

The first byte for each port (3F8, 2F8, 

3E8, or 2E8) is interesting since it is used 
for bath transmitting and receiving 
data. Obviously, a one -byte memory 
location cannot contain both an in- 
put and an output byte simulta- 
neously, so a first -byte address 
actually gives you access to two bytes: 
one used for input and one used for 
output. To provide you with access to 
the right memory location, the port 
automatically detects whether you 
are reading or writing to the byte ad- 
dress. If you use an INP statement, for 
example: 

DATAIN = INP(&H2F8) 

the port assumes you want a byte of 
incoming data. For the example 
shown, a byte received via COM2: will 
be placed in a variable called DATAIN. 

If you used an OUT statement, the port 
assumes you wish to place data in the 
byte location used for transmission. 
For example, if the computer receives 
this instruction: 

OUT &H2F8, "A" 

it assumes you wish to transmit the 
character "A" through COM2:, so it 

places that character in the "out-go- 
ing" byte location for that port. In this 

way one address is used for two sepa- 
rate functions. 

The fourth byte for each port can 
be used to set the communications 
protocol (number of data bits, 
number of stop bits, and the use of 
parity, the parity type, and its polarity) 
to be implemented by a port. To alter 
a parameter, you need only send a 
byte with the appropriate bits set to 
the fourth byte address. 

To determine the value to send to 
the protocol byte, first find the numer- 
ical value of each bit you wish to set 
high by raising 2 to the number of the 
bit. For example, if you wish to set bit 3 

high (to enable parity), you find the 
numerical value of that bit by raising 2 

to the third power. Thus the numerical 
value of the third bit, which is 23, is 8. 

Once you have figured out the nu- 
merical value of all the bits you wish to 
set, you add them, which gives you 
the value of the byte you need to 
send. 

For example, let's say you wish to set 

a port for 7 data bits, 2 stop bits, with 
parity enabled, and using odd stick 
parity. That means bits 0, 2, 3, and 5 

should be set high. The computation 
could look something like this: 

20 + 22 + 23 + 25 

= 1 +4 +8 +32 
= 45 

If you wanted to have COM2: operate 
with this protocol, you could use this 

statement to set it up: 

OUT &H2FB, 45 

The last byte for each port (3FE, 2FE, 

3EE, or 2EE) is used to indicate the 
status of the input lines used for hand- 
shaking. To take an example, let's say 
you wanted to find the status of the 
handshaking inputs for COM1: from a 
basic program. The program would 
have to contain a statement to get 
input from the last byte associated 
with COM1: (address 3FE), like this: 

SERDAT= INP(&H3FE) 

After a program executes this state- 
ment, the value of the variable SERDAT 

will equal the byte stored in address 
3FE. That byte can be analyzed to de- 
termine which bits are high and which 
are low. A low or 0 bit indicates its 

associated signal input is active, as- 
serted, and true, while a high or 1 bit 
indicates its signal input is idle, unas- 
serted, and false. 

To analyze a byte and determine if 

a particular bit is high, you just take the 
logical AND of the byte and two raised 
to the number of the bit you are test- 
ing (0-7). For example, this statement 
checks to see if bit N is high in a varia- 
ble called SDAT: 

TRUFAL= SDAT AND 2'N 

(In case you don't know, the caret indi- 
(Continued on page 87) 65 
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By Marc Ellis 

More From 
the Mailbag 

ANTIQUE RADIO 

ast time we discussed 
Lissome very interesting 
letters that I had received 
over the past several 
months, but were waiting in 

the wings for the Hal - 
licraffers Sky Buddy 
restoration project to be 
completed. We didn't quite 
cover all of them, though, 
completely neglecting 
those all- important "help 
wanted" messages. So let's 

Write to reader Frank Donohoe if you're interested in acquiring 
this interesting Philco speaker /mike (left) or this old -model RCA 
desk microphone. (See text.) 

keep emptying the mail- 
bag and see if we can get 
to the bottom before turn- 
ing to new topics! 

HELP WANTED 
C. Youngblood (P O. Box 

477, Bacliff, TX 77518) has 
been building up a collec- 
tion of vintage test 
equipment and is now 
using it on his first radio 
restoration (a Philco 
#37 -630 Tombstone). He 

needs information on the 
Philco; sources of manuals 
for DeVry, Knight, B /K, and 
Simpson equipment; and a 
good tube manual. Ray 
Linker (60 Guadeloupe Dr., 

Toms River, NJ 08757) needs 
info on an early Columbia 
receiver. No model number 

given, but from Ray's sketch, 
it looks like some type of 
portable. Its finished wood 
cabinet is fitted with a car- 
rying handle, and there's 
some type of meter on the 
front panel (possibly a fila- 
ment voltmeter). 

Gene Ray (2388 Highway 
36E, Milner, GA 30257) seeks 
a source of loopstick anten- 
nas similar to the ones 
pictured in the old ad he 
enclosed (see photo). 
Thanks for the copy of the 
theremin construction arti- 
cle enclosed with your 
letter, Gene! 

Robert Gray (941 El- 

dorado Lane, Louisville, CO 
80027) has an empty cab- 
inet for a magneto 
telephone wall set. He 
thinks it might be a Kellogg 
of 1913 vintage. Can any- 
one come up with a source 
of parts (they don't have to 
be original) to rebuild the 
unit? 

Reginald Tremblay (45 
Bauer Crescent, Unionville, 
Ontario, Canada L3R 4H3) 
recently purchased a Split - 
dorf set (no model number 
given) at an antique store 
and would like some back- 
ground on it. Is there a 
Splitdorf expert who'd like 
to contact him? 

Michael Coffey, Jr. (105 

Delmar Circle, Oak Ridge, 
TN) has a "huge floor - 
model" Magnavox of late 
1930's or early '40's vintage. 
It's labeled "Model 52 -E' but 
Mike can't find any mention 
of the radio in his reference 
books or catalogs. He 
needs schematics and ser- 
vice info. 

Nick Oshana (101 Treble 
Rd., Bristol, CT 06010) has a 
Philco Model 18 that has 
lost all of its panel lettering. 

He needs a photograph or 
a photocopy of an original 
ad that might provide some 
guidance in restoration. 

Richard J. Marshall (1985 
Blossom Hill Rd., Easton, PA 

18042) is looking for an orig- 
inal theremin to restore. He's 

also attempting to dupli- 
cate a Moog solid -state 
theremin of the early 1960's, 

and needs certain Miller 
forms to wind the coils. 

Roger Day (3659 McPhail 
Drive, Kennesaw, GA 30144) 
purchased a Hallicraffers 
S118 when he worked for 
that company in the early 
1960's. Now it's ready for 
rebuilding, but he lacks a 
schematic and manual. 

It seems we owe an apol- 
ogy to reader Alton A. 

Dubois, Jr. (67 Peggyann 
Rd., Queensbury, NY 12804) 
for messing up not only his 

first and last names, but 
also his request, in the Feb- 
ruary, 1993 "mailbag" 
column. He requires an au- 
dio- output transformer for a 
Philco Model 41 -295. The 
transformer works with a 
pair of push -pull 42's and 
has a center -tapped pri- 
mary. It also has a special 
feedback tap on its 8 -ohm 
secondary. Alton has tried 
to substitute transformers 
not having the tapped sec- 
ondary, using resistor and 
choke networks to provide 
the feedback. But the result- 
ing audio just doesn't sound 
right. 

Finally, how about some 
help for the columnist? I've 
been looking for one of the 
classic Philco large cathe- 
drals (model 70 or 90) to 
restore on these pages. I do 
have a Philco 70 chassis on 
hand, thanks to the good 
offices of reader Don 
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Contact reader Gene Ray 
(see text) if you know of a 
source for ferri- loopsticks 
such as this one. 

Lehman (Columbus, Ohio), 
but it needs a cabinet. Any- 
one know of a Philco 70 
cabinet in restorable con- 
dition, a "junket" 70 that 
can be purchased for the 
cabinet, or a complete re- 
storable 70 or 90 available 
at a reasonable price? 
Write me at the address 
given at the end of the 
column. 

GOODIES AVAILABLE! 
I have a few letters from 

readers with things to sell or 
give away. Some of the 
letters are more than a few 
months old, and it will be a 
few more months before 
this column is published. So 

don't be disappointed if an 
item is no longer available. 
However, about all you 
have to lose is a stamp! 

Frank Donohoe (26021 W. 

119th St., Plainfield, IL 60544) 
has an intriguing little Philco 
"sound transducer" like the 
one we featured as a mys- 
tery item a few years ago. 
Units of this type were used 
as speaker /mikes in Philco 
intercoms and as mikes for 
that company's home disk- 

recording sets. Frank also 
has an older RCA table 
microphone. Both units are 
pictured on these pages. If 

you like one or both of 
them, write and make an 
offer! 

Thomas C. Rowley (352 
Kribs St., Cambridge, On- 
tario, Canada N3C 3L6) has 
acquired a large collection 
of schematics and parts lists 

for 1940's and 1950's equip- 
ment. He's interested in 
making contact with indi- 
viduals or businesses who 
might like to purchase this 
lot of publications as a 
package deal. 

And, speaking of liter- 
ature, Harold Hueholt (2128 
South Riverside Drive, #90, 
Iowa City, Iowa 52246) is 

looking for ideas about dis- 
posing of a large collection 
of Howard Sams "Pho- 
tofacts" folders. These were 
acquired from a neighbor 
who retired from his home - 
based service business a 
few years ago. Harold is in 
the process of cataloging 
the sets (or maybe he's 
finished by now) and, at 
least at the time of writing, 
wasn't sure if he should try 
to sell whole folders or ser- 
vice notes for individual 
receivers. 

Some of you shortwave - 
receiver enthusiasts out 
there might be interested in 
an RME 45 offered by Karl 
Alexander (1000 Sharon 
Lane, Westminster, MD 
21157). He's willing to let it 

go for the cost of packing 
and shipping only, but 
warns that the set seems to 
have extensive non -factory 
modifications and does not 
work. It comes with some 
Sams Photofacts data, and 
would be a great source of 
parts for the restoration of a 
similar radio. 

S-40 SUCCESS STORY 
Thanks to reader Harry 

Schmidt (6 Hartsville Ave., 
Scarborough, Ontario, Can- 
ada) for sharing the story of 

I've been looking for a good opportunity to slip in another photo 
from the collection of reader Tern Schwarz (see February, 1993 

column). This Wards Airline may have a set of mismatched knobs, 
but its interesting dial sports rear -projected call letters. Note the 

tuning eye at upper right. 

his meticulous Hallicrafters 
S -40 restoration. Some years 
ago, he decided to re- 
place the S -40 he'd owned 
and loved as a boy. How- 
ever, the only example he 
could find was a "rust buck- 
et" that had been left on 
the porch of someone's 
summer cottage for a cou- 
ple of years. 

Undaunted, Harry sepa- 
rated all the parts from the 
chassis -drilling out the 
riveted components. That 
allowed him to remove 
most of the wiring as a unit. 
Thanks to a friendly elec- 
troplater who was a 
supplier for his company, 
the chassis was acid - 
cleaned and zinc -plated to 
look like new. 

In the meantime, the 
cabinet was being sand- 
blasted by a local 
tombstone maker so it 

could receive a new black 
anodized finish. And Harry 
had talked a woman in his 

company's drafting depart- 
ment into creating artwork 
for a new silk screen to 
duplicate the original front - 
panel lettering. 

As he reassembled the 
set, Harry replaced the PM 
speaker, the line cord, 
some tubes and resistors, 
and all of the capacitors 
(molded polystyrene units 
were substituted for the 
original paper types). A re- 
alignment followed, which 

was as difficult as the one I 

carried out on the Hal- 
licrafters Sky Buddy recently 
restored in this column. 

The Hallicraffers now 
works beautifully, although 
its dial tracking is not en- 
tirely satisfactory -possibly 
due to aging of the coils. 
Perhaps another reader 
could help Harry find a bet- 
ter set of coils. Or maybe 
he could use the "boiling in 

beeswax" technique suc- 
cessfully used by reader 
Gerald Hassell (see last 
month's column) on the RF 

and oscillator coils of his Sky 

Buddy. The alignment sug- 
gestions described below 
might also help. 

Thanks for the neat story, 
Harry. Maybe there's some 
hope for my own recently - 
acquired rust -bucket S -40, 
now waiting in the attic to 
be transformed into the ra- 
dio that I knew and loved 
as a boy. Send us a picture 
of your restoration some- 
time! 

ALIGNMENT LORE 
I'd like to thank reader 

Billy Pogue (4039 Blue Can- 
yon Rd., Lake Havasu City, 
AZ 86403) for the many 
comments and suggestions 
sent in over the past few 
months. He obviously 
speaks from a lot of experi- 
ence, and his ideas will -I 
am sure -influence many 
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By Jeff Holtzman 

Language 
And The 

Computer, II 

COMPUTER BITS 
Last time, we began a 
discussion about Amer- 

ica, Americans, foreign 
language, and how the 
computer can aid foreign - 
language acquisition. We 
then went on to examine 
Transparent Language, a 
PC- and Macintosh -based 
system for quickly attaining 
basic reading proficiency in 

French, Spanish, Italian, 
German, Russian, and Latin. 

11=11e1 1 'av - file to d-A 11l'r,n CC t qlt 
óinem- d . iCdilitpptt..1 .. 3a i Intact On :luda #.,,;Al.f :i Stord aralx,'4 Qb_ .. .. 
il. Technology ie the 

._. 

icchnolu est la 
science f arranging science 'ör,anynr la 
life co rintroni need ínainsi qu'un a heeoin 
not experience it. de pas à l'exyGricnce 

cela. 

13. Rny sufficiently 
advanced technology is 
indistinguishable fron 
magic. 

14. -Arthur C. Clarke 

16. One machine can tie che 
ark of fifty ordinary 

17. No nachine can do the 
nark of oe 
extraordinary nan. 

SR. - -- Elbert Ilnihard 

lout Stiff ixannent 
dóveluppi tochnulogin 
not indisccrnable de 
ragie. 

[-- Arthur C. Clarke] 

Une nachine peut taire 
le travail de cinquante 
bonnes ordinaires. 

Rucunc narhinr, pent 
!aire le travail d'un 
homme extraordinaire. I, 

French Assistant can help you write better French using a DOS 
word processor. It contains pop -up tools for entering accented 
characters, for reviewing verb conjugations, and for grammatical 
reference. Versions are also available for German, Italian, and 
Spanish. 

This time around, we'll con- 
tinue that discussion by 
examining another product, 
French Assistant, from Micro - 
tac Software. (Microtac also 
sells Assistants for Spanish, 
Italian, and German.) 

FRENCH ASSISTANT 
Microtac has been 

steadily improving their As- 

sistant series for several 
years. Early versions con- 
tained little more than 
foreign -language lexicons 
and some basic gram- 
matical reference material. 
Version 5 introduces 
bidirectional manual and 
automatic translation, and 
extensive grammatical 
help. 

French Assistant is a text - 
mode DOS program that 
works with raw text files built 
from the IBM PC character 

set, which differs from stan- 
dard ASCII and from the 
character sets used by 
some word processors and 
other operating systems 
and environments (e.g., 
Windows and Macintosh). 
French Assistant contains a 
simple text editor, several 
memory- resident pop -up 
tools for entering accented 
characters, translating sin- 
gle words, obtaining 
reference information on 
grammatical rules, and 
verb conjugation. The pop - 
up tools can be used with 
most standard DOS text edi- 
tors and word processors. 
For example, they worked 
fine with Qedit and Word- 
Perfect 5.0. The built -in 
editor, however, is no sub- 
stitute for a real word 
processor. 

French Assistant also con- 
tains a menu -driven front 
end that allows you to set 
program options, maintain 
the English and French dic- 
tionaries, launch the text 
editor, and translate entire 
documents, either sen- 
tence-by- sentence with aid 
from the user, or in a corn - 
pletely automatic but much 
less accurate mode. 

The pop -up tools are ex- 
tremely useful. You can't 
think of the French word for 
capacitor? Just type ca- 
pacitor, press <ALT E >, and 
up pops a little box with the 
answer- condensateur. Or 
if you're writing in French 
and need to verify the 
meaning of a word, just 
type it and press <ALT F >. 
Yes, ordinateur means corn - 
puter. Or if you can't think of 
the first -person singular, fu- 
ture- perfect form of the 
verb coucher, type it, press 
<ALT V >, and up pops a 
text box that allows you to 

see all conjugations. Arrow 
down to future perfect, and 
voila: je aurai couch. An- 
other hotkey allows you to 
bring up 'flash cards" on 
various topics of grammar 
e.g., use of adjectives, verb 
tenses, vous and tu, etc.). 
The "dictionaries" contain 
only synonyms, hence are 
extremely brief. I'd love to 
see a Windows -based, CD- 
ROM version with a com- 
plete hyperlinked 
dictionary and pronuncia- 
tions. 

My reaction to the trans- 
lation tool is mixed. On one 
hand, it works, and that fact 
alone is impressive. In the 
past, machine translation 
was dominated by huge, 
expensive, inconvenient, 
user -hostile mainframe sys- 

tems that at best could not 
approach the naturalness 
of a seven -year old native 
speaker. However, the fact 
that you can do anything at 
all on a personal computer 
is amazing. 

On the other hand, the 
translation quality is lacking. 
Microtac is aware of this 
limitation; a "README" file 
even warns that, "... if your 
document needs to sound 
like it was written by a 
native speaker, then you 
should use a professional 
translator." 

It is conceivable that you 
could effectively use the 
software to perform a first - 

pass translation, and subse- 
quently allow a human 
editor to clean things up. All 

in all, I think that the major 
users of the Assistant pro- 
grams will be students and 
correspondents working 
with the pop -up tools the 
software provides within the 
confines of their own DOS 

word processors. 
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Vendor Information 

Transparent Language ($119 /DOS, 
$139 /Macintosh) 

Transparent Language, Inc. 
9 Ash Street 
P.O. Box 575 
Hollis, NH 03049 
800- 752 -1767 
603 -465 -2230 

French Assistant ($99.95) 
Microtac Software 
4655 Cass Street, Suite 214 
San Diego, CA 92109 
800 -366 -4170 
619 -272 -5700 

CONCLUSIONS 
Americans can no longer 

afford our traditional head - 
in- the -sand attitude toward 
non -English languages. 
However, traditional meth- 
ods of teaching foreign 
languages are at least 
partly responsible for our 
collective ignorance. The 
good news is that emerg- 
ing computer technologies 
offer tremendous potential 
for responsive, multimedia - 
based training that can 
reach out and grab us and 
make learning fun. 

Neither French Assistant 
nor Transparent Language 
by itself lives up to the long- 
term potential of multi- 
media -based education. 
However, both provide sig- 
nificant strides in the right 
direction. Transparent Lan- 
guage is more suitable for 
language recognition (i.e., 

reading); French Assistant, 
for language synthesis (i.e., 

writing). Neither seriously im- 
pacts hearing or speakling. 
But one day soon, I hope 
they will. Until then, these 
complementary tools can 
help you learn Spanish, 
French, Italian, German, 
and other languages. 

Knowing other languages 
can improve your employ- 
ment potential, and can 
also provide you a great 
deal of pleasure. Help de- 
stroy the myth of the 
ignorant American. Give 
these programs a try. Adios, 
Ciao. Auf Wiedersehen. 

For your Heart's sake 
get PULSE STICK 11 

our very own sophisticated 
I pocket health monitor, PULSE 

STICK II, checks your pulse rate 
quickly and accurately anywhere. 
Regular monitoring of your pulse 
rate during exercise will enable you 
to plan an exercise regimen suit- 
able for your stage of fitness. pulse 
stick Il provides an early warning 
that you may be exceeding your 
own capabilities. 

PULSE STICK II photoelectri- 
cally measures the changes 

Only 

$39 
95 

in the pulsed intensity of infrared 
radiation emitted by superficial 
blood vessels below the skin of the 
thumb. The time intervals between 
pulses are automatically measured 
and analogued by the micro- 
processor based circuitry and dis- 
played in a liquid -crystal display 
(LCD). 

Before attempting any exercise pro- 
gram, consult your doctor. Ask for 
guidance regarding the recom- 
mended safe pulse ranges for your 

exercise program. Follow 
your doctor's instructions 

carefully. 

Uses three AA dry cells 
supplied with PULSE STICK II 

~ sn-2 

Ideal for running, walking and 
aerobic training programs! 

fl YES! Please send me PULSE 

STICK II at S39.95 each. Price includes ship- 
ping and handling charges. 

Total amount of order $ 

Check or Money Order enclosed. Make 
check payable to CLAGGK Inc. PULSE 
STICK H Offer 
Charge my Visa MasterCard 

Account No. 

Exp. Date 

Credit Card 
Signature 

IL 

Print Name 

Address 

City State _Zip 

No telephone orders or C.O.D. Signature re- 

quired on credit card orders. All prices include 
postage and handling. Payments in U.S.A 
funds only. New York residents must include 
local applicable sales taxes. No foreign orders. 

Mail orders to CLAGGK Inc. Pulse Stick II 
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By Charles D. Rakes 

Easy -to -Build 
Receiver 
Circuits 

CIRCUIT CIRCUS 
of too many years ago, 
assembling your own 

AM radio was one of the 
most popular projects 
around. It seemed like ev- 
eryone who was into 
project building had a fa- 
vorite radio circuit that 
would perform magnifi- 
cently at pulling in distant 
stations. Most of the better 
performing receiver circuits 
were fairly simple (consist- 
ing of as few active 
components as possible) 
and usually revolved 
around a regenerative de- 
sign. 

Even with today's high - 
performance, inexpensive 
mini -radios, it can still be 
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Fig. I. Of the two new TRF chips, the ZN416E -a block pinout 
diagram of which is shown here -offers the best performance. As 
shown, the ZN4 /6E combines the circuitry of the ZN414 (the 
forerunner of this unit) with a buffer /amplifier output stage. 

lots of fun to build and 
show off a homebrew re- 
ceiver. If the prospect 
sounds interesting to you, 
read on. 

GEC Plessey Semicon- 
ductors, the people that 
gave radio builders a shot 
in the arm by introducing 
the ZN414 tuned, radio -fre- 
quency (TRF) integrated AM 
radio receiver, has intro- 
duced Iwo new devices - 
ZN415E and ZN416E. Both 
IC's, which are housed in 8- 
pin DIP packages, contain 
ZN414 circuitry plus a buff- 

ered output stage that's 
designed to directly drive a 
set of low- impedance 
headphones. 

The ZN416E -which is 

available from DC Elec- 
tronics (2334 N. Scottsdale 
Rd., Scottsdale, AZ 85257; 
Tel. 800 -467 -7736) for 
$3.95-offers the best per- 
formance of the two IC's. A 
block pinout diagram of 
the ZN416E is shown in Fig. 1. 

The ZN416E, whose buffered 
output stage boasts an 18- 
dB voltage gain, has a 
maximum output voltage of 
340 mV peak -to -peak into 
a 64 -ohm load before clip- 
ping when operated from a 
1.5 -volt power source. It can 
be powered from any 
source of between 1.1 to 1.6 

volts, and has a current 
drain of around 5 mA. Its 

frequency range runs from 
a low of 150 kHz to 3.0 MHz, 

and features an input resis- 
tance of 4 megohms. The 
chip offers a power gain of 
72 dB with a 20 dB AGC 
range. 

The buffer's low audio - 
cutoff frequency is set by 

L1 

LOOPSTICK 

an external capacitor con- 
nected between pins 2 and 
3. Plessey suggests that you 
use 0.47 µF for a 50 -Hz 

cutoff frequency. The upper 
cutoff frequency is set by 
tying a capacitor between 
pin 7 and ground. A 0.01 -11,F 

unit sets the chip's upper 
cutoff frequency to 10 kHz. 

The output load (low -im- 
pedence headphones, 
etc.) connects between pin 
5 and ground (pin 4). 

A basic receiver circuit 
built around the ZN416E is 

shown in Fig. 2. In spite of 
the circuit's simplicity (re- 
quiring fewer than a dozen 
parts and no external re- 
sistors), it's a real performer. 

AMPLIFIED -OUTPUT 
RECEIVER 

The second receiver cir- 
cuit, see Fig. 3, uses a 9- 
inch loop for the tuned cir- 
cuit and a ULN3718M low - 
voltage, audio -power am- 
plifier (U2) to boost the 
circuit's output volume to a 
sufficient level to drive a fl- 
inch 8 -ohm speaker. The 
circuit is powered by two 

C6 
.1 

. 

B1 

1.5V 

Z1 

LOW -Z 
HEADPHONES 

Fig. 2. The basic receiver circuit requires fewer than a dozen 
parts, none of which are resistors. 
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PARTS LIST FOR THE 
BASIC RECEIVER CIRCUIT 

CAPACITORS 
CI- 365 -pF variable tuning capacitor (see text) 
C2, C6 0.I -1.1,F, ceramic -disc 
C3- 0.47 -p.F, ceramic -disc 
C4. C5- 0.0l -p.F, ceramic -disc 
C7- 220 -p.F. 16 -WVDC. electrolytic 

ADDITIONAL PARTS AND MATERIALS 
UI- ZN416E tuned radio -frequency, AM receiver, integrated 

circuit (DC Electronics) 
BI -I.5 -volt battery 
LI- Loopstick antenna coil 
Sl -SPST switch 
ZI- Low -impedance headphones 
Perfboard materials, enclosure, [C socket, battery holder, %k ire. 

solder, hardware, etc. 
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Fig. 3. The basic receiver circuit, with only a slight 
modification and the addition of a ULN37 /8M low -voltage, 
audio -power amplifier, can drive a 4 -inch 8 -ohm speaker. 

1.5 -volt cells connected in 

series. 
Both L1 (the loop) and L2 

are homebrew inductors 
that were neatly wound in a 
single layer on a 9 -inch 
diameter by 1 -inch wide 
wood or plastic form, and 
separated by about 1 /8th 
inch. Inductor L1 consists of 
12 turns of #26 copper 
magnet wire, while L2 is 

comprised of 4 turns of the 
same size wire. The tuning 
capacitor (C1) can be pur- 

chased new or a salvaged 
one from an old tube -type 
receiver. If you can make it 

to a few of the local ham - 
fests, you might be able to 
pick up a tuning capacitor 
for a buck. 

The ULN3718M (available 
from DC Electronics for 
$1.45) adds up to 40 dB of 
voltage gain to the re- 
ceiver, with an output of 80 
mW feeding an 8 -ohm load 
when operated from a 3- 
volt power source. Its output 
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PARTS LIST FOR THE 
AMPLIFIED OUTPUT RECEIVER 

SEMICONDUCTORS 
Ul- ZN416E tuned, radio -frequency AM receiver, integrated 

circuit 
U2- ULN3718M low -voltage power amplifier, integrated circuit 

RESISTORS 
(All fixed resistors are 1/ -watt, 5% units.) 
RI -100 -ohm 
R2 -5000 -ohm potentiometer 

CAPACITORS 
Cl- 365 -pF tuning capacitor (see text) 
C2, C3, C6- 0.01 -µF ceramic -disc 
C4, C9- 0.1 -pF, ceramic -disc 
C5- 0.47 -p F, ceramic -disc 
C7- 47 -4 16 -WVDC, electrolytic 
C8, C11-- 470 -4 16 -WVDC, electrolytic 
C10- 100 -RF, 16 -WVDC, electrolytic 

ADDITIONAL PARTS AND MATERIALS 

B1, B2 -1.5 -volt battery 
SI, S2 -STDT switch 
LI, L2 -See text 
SPKR1 -8 -ohm, 4 -inch speaker 
Perfboard materials, enclosure, #26 magnet wire, coil form (see 

text), IC sockets, battery holder, wire, solder, hardware, etc. 

can extend beyond 400 
mW when operating from a 
6 -volt source. The chip's ab- 
solute maximum recom- 
mended supply voltage is 

9. At 3 volts, the quiescent 
current is less than 10 mA. 

The amplifier's input resis- 

tance (at pin 8) is about 
250k. 

The receiver's front end 
can be altered enabling it 

to tune any frequency be- 
tween 150 kHz and 3 MHz. 

All you need do is connect 
an LC tuning circuit to U1. 

VLF TUNER 
The VLF tuning circuit 

shown in Fig. 4 can be 
added to the receiver cir- 
cuit to allow it to cover the 
frequencies below the AM 
broadcast band. With it 

connected to the Fig. 3 

receiver circuit, you can lis- 

ten to public -service radio 
broadcasts in the 500 -kHz 

range. Such stations (lo- 
cated around public parks 
and lakes) are usually very 
low powered. 

Below 500 kHz, there are 
numerous tones, beacons, 

and odd signals. For exam- 
ple, you might hear an 
experimenter sending out 
signals in the 160 to 190 kHz 

range, most of which will be 
CW To receive CW on our 

L1" 

*SEE TEXT 

C7 

L2" : T .05 

TO U1 

PIN 8 

TO U1 

PIN 1 

Fig. 4. This VLF tuning 
network can be added to the 

receiver circuit, enabling it 
to cover the frequencies 
below the AM broadcast 
band. 

receiver, you must use a 
BFO (beat- frequency os- 
cillator). To receive those 
signals without the trouble 
of building a BFO, try tuning 
your receiver until you hear 
a clicking sound or an inter- 
rupted hiss. That's what you'll 
hear when receiving CW 
on an AM receiver. Now 
turn on an RF generator 
and lay the output lead 
close to the receiver's loop 
and tune the generator to 

wound turns, while L2 con- 
sists of 6 to 8 turns spaced 
the distance of one turn 
and wound next to LI. 

Capacitor Cl is a 365 -pF 
broadcast tuning capacitor 
like the one used in our 
previous circuit. If you have 
a multi -stage AM tuning ca- 
pacitor with at least two or 
more ganged sections,,., 
connect all of the capaci- 
tor sections in parallel and 
use it in place of 01 to 

PARTS LIST FOR THE 
VLF TUNER 

CAPACITORS 
C1- 365 -pF broadcast variable (see text) 
C2- 330 -pF, ceramic -disc 
C3 680-pF. ceramic -disc 
C4 0.001 -p F, ceramic -disc 
C5 0.00135 -µft ceramic -disc 
C6 0.0018 -µF ceramic -disc 
C7- 0.05 - aF, ceramic -disc 

ADDITIONAL PARTS AND MATERIALS 
LI, L2 -See text 
Sl -SPST rotary switch 
Perfboard materials, coil form, wire, solder, hardware, etc. 

IF 

IN 

FROM RE 1 

MIXER 455kHz 

AF 

° OUT 

Fig. 5. The ZN4 /6E can he configured as a simple 455 -kHz IF 
amplifier. In this case, the circuit's center frequency and 
bandwidth are set by RES/ (a Murata CSB455E ceramic 
resonator). 

the same frequency or until 
you hear the clicks turn into 
a nice interrupted audio 
tone. 

The inductors (L1 and L2) 

are fabricated by winding 
#26 copper magnet wire 
on a 9 -inch diameter by 
21/2 -inch form like the one 
used in the amplifier re- 
ceiver of Fig. 3. Inductor LI 

is comprised of 30 neatly 

increase the tuning range. 
Capacitors C2 through C6 
allow the tuning range to 
descend to a lower fre- 
quency range with each 
advance of rotary- switch SI. 

To achieve the best re- 
sults with the circuit, it will 
be necessary to experiment 
with the number of turns 
used for L2. Fewer turns nar- 

(Continued on page 88) 
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By John J. Yacono 

TTL and Hints 

22.5mW 

20mW 

10mW 

7mW 

4mW 

2mW 
1mW 

: (135) 
13.751 

S : (60) 
16.671 

AS (10.5) 
(4.671 

¡(8) 
[2] 

THINK TANK 
his month, we'll be con- 
tinuing both our 

discussion on logic IC's 

(dabbling with the different 
TTL families this time) and 
continue presenting some 
helpful -hints letters. Of 
course, all of this month's 
contributors will be 
awarded with a book. 

Oh, before I forget, the 6- 

lane pinewood -derby cir- 
cuits requested by Stephen 
Guye (see the May 1993 

issue) have started coming 
in. By the time you read this, 

I will have already begun 
preparing the ones I have 
for publication; however, if 

you wish to slip a good one 
in under the wire, I will 
present it in a later column 
so that nobody gets left out. 
Besides, these kinds of proj- 
ects are good for 
community spirit, and I'm all 
for that. Remember, if your 
derby circuit meets Step- 

STANDARD 
TTL 

(100) 
[11 

L (18) 

[0.221 

n 4ns 9ns 

1.5ns 3ns 6ns 10ns 

hen's criteria and appears 
here, you'll receive a 
MCL1010 chip (which I 

wrote about in my first col- 
umn -April 1991) in addition 
to a book from our library. 
Well, time's a wasting, so 

let's get right to it. 

THE BIPOLAR FAMILY 
TREE 

There are several vari- 
eties of bipolar logic chips. 
Specifically, they are: satu- 
rated -logic (more often 
referred to as standard TTL), 

low -power bipolar, high - 
power bipolar, Schottky, ad- 
vanced Schottky, low -power 
Schottky, FAST (or Fairchild 
Advanced -Schottky TTL), 

and advanced low -power 
Schottky. You can deter- 
mine which family an IC 

belongs to by looking for an 
abbreviation embedded in 

its part number. For exam- 
ple, we know a 74LS000 is a 

L (33) 
[0.031 

PROPAGATION DELAY PER GATE 

(SPEED) 

Fig. I. This simple graph should give you a feel for the trade -offs made for each family. The 

power /delay product and my power -to -delay ratio for each family appear in parenthesis and 
brackets, respectively. 

low -power Schottky chip 
because of the entrenched 
"LS." Standard TTL has no 
abbreviation (for example, 
74000), low -power bipolar 
is indicated by an "L," high - 
power bipolar by an "H," 

Schottky with an "S," ad- 
vanced Schottky by "AS," 

advanced low -power 
Schottky by a "ALS," and the 
FAST abbreviation is just "F." 

By the way, these abbrevia- 
tions are used for both the 
54- series and the 74- series 
chips (for the distinction be- 
tween the Iwo series, see 
last month's column). 

The key difference be- 
tween the families is how 
much they compromise low 
power consumption for the 
sake of speed. Of course, 
there are other operational 
differences between the 
families that arise as a result 

of playing the low power vs. 

speed game (such as in 
their current handling and 
fan -out capability), and 
they must be taken into 
account. However, those 
other differences are sel- 
dom deciding factors for a 
hobbyist trying to select a 
family to suit a logic circuit. 

To see how the families 
stack up in the power and 
speed categories, take a 
look at Fig. 1. That figure 
shows typical values of 
power- consumption and 
propagation -delay per 
gate for each family in 

graphical form. Typical val- 
ues are shown in the figure 
because actual values vary 
from manufacturer to man- 
ufacturer -the hint implied 
here is check the data 
sheets for critical applica- 
tions. 

Since a circuit designer 
will always seek to minimize 
both propagation delay 73 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


74 

and power consumption, 
the most attractive families 
for most applications ap- 
pear near the origin of the 
graph (the origin being the 
spot where infinite speed 
with no power requirement 
can be found -yeah, right). 
In fact, the families in the 
shaded area below and to 
the right of the standard TTL 

family (i.e., faster and less 

power -hungry than stan- 
dard 111) are all you might 
ever need. Note how those 
families hug the two axes 
(you can almost 'feel" an IC 
engineer attempting to 
push the families toward 
the origin, only to have 
them snap up against the 
axes as a compromise) 
making selection rather 
easy. 

To further ease chip se- 
lection, a chip parameter 
called the "power /delay 
product" was invented. It is 

nothing more than the 
power dissipation of a gate 
in milliwatts (mW) times its 

propagation delay. The 
product for each family is 

shown in parenthesis next to 
the family's abbreviation 
back in Fig. 1. Typically, the 
lower a gate's power /delay 
product (the closer its family 
is to the origin), the better. 
That is a generalization, 
however, which falls far 
short of the truth for the 
families outside the shaded 
region. That's because the 
power /delay product 
doesn't tell you how much 
of a trade -off was made in 

the architecture. One other 
thing that I don't like about 
the product is that it doesn't 
indicate which parameter 
(speed or low -power con- 
sumption) is being slighted. 

Leaping onto a soap box 
(encouraged by 20/20 
hindsight), I think it would be 
better if we also used a 
power -to -delay ratio. Large 
ratios would indicate low - 
power consumption was 
sacrificed, while small ones 
would indicate the delay 

Ftg. 2. A squarewave can be 
viewed as the sum of an 
infinite number of sinewaves 
of certain amplitudes and 
frequencies. Here we show 
three sinewaves (dashed) that 
have been added to form a 
wave (solid) that looks like a 
cross between a sinewave 
and a squarewave. 

was substantial. It would 
also give a relative indica- 
tion of how great a trade- 
off has been made. I've 
calculated the ratios for the 
various families and placed 
them in brackets in Fig. 1. By 

pure luck, the ratio for TTL is 

1, so any family with a ratio 
greater than 1 will hug the 
power- consumption axis, 
any family with a ratio less 

than 1 will fall close to the 
propagation -delay axis. 

Next month we'll continue 
our bipolar- family com- 
parison by exploring other 
IC characteristics. For now, 
its onto the mail! 

ALMOST-FREE 
BATTERIES 

Don't throw away those 
spent Polaroid film car- 
tridges so fast. Carefully cut 
open the plastic casing 
and you'll find a thin (1/8- 

BODY 
EXPANSION 

IC FULCRUM 

SOCKET 

Fig. 3. in the course of 
operation, chips expand. As 
they do so, their pins act as 

levers, which tend to pry the 
chips from their sockets. 

inch) 2% x 3 -inch battery. 
The terminal voltage is 

about 5 volts. It's great for 
experimenting or for low - 
power DC projects. 

-Elron A. Yellin, Villanova, 
PA 

Another neat photogra- 
phy /electronics trick is to 
use fully exposed (black) 
Kodachrome negatives as 
infrared -light filters. When 
placed in front of the focus- 
ing lens of an IR 

photofransistor, it will block 
out visible light so that only 
the appropriate wave- 
lengths reach The 

phototransistor. The next let- 
ter is IR related, too. 

IR OR RF? 
Just the other day, I found 

another use for an AM ra- 
dio. I was playing around 
with my clock -radio and 
found that the remote con- 
trol for my TV made the 
radio produce clicking 
sounds. I raced around the 
house looking for infrared 
remotes. When I had 
gathered them together, I 

tried them one -by -one. 
They all produced clicks, 
and they all had a different 
sound. The range was only 
a few inches, so I held them 
up to the case of the radio. 

That works quite well on 
just about any frequency on 
the AM dial. I thought that 
knowledge would be useful 
for testing remote controls. I 

think the signal is being 
received by the antenna 
coil in the radio, but I don't 
understand how infrared re- 
motes can send out RF 

signals. 
-Jesse Druehl, Dana 

Point, CA 
Squarewaves, like those 

produced in digital devices 
(such as remotes) can be 
considered to consist of an 
infinite number of harmon- 
ically related sinewaves 
(see Fig. 2). The amplitudes 
and phases of the waves 
are such that when they 
are summed together, 

some portions of the waves 
cancel each other out, 
while others are reinforced, 
the end result of which is a 
squarewave. If some of 
those harmonic compo- 
nents leak out of the 
remote in the form of radia- 
tion, which can affect 
nearby electronic equip- 
ment. 

HF HINTS 
I have a couple of tips 

that may be of value to 
those building VHF or UHF 

devices and winding their 
own coils. I have dis- 
covered that many early- 
day TV tuners have coils 
wound with silver -con- 
taining or silver -plated wire 
that can be salvaged and 
used to fabricate coils, giv- 
ing such coils substantially 
higher Q values than cop- 
per -wire coils. (Not many 
people today remember 
that high -performance 
shortwave coils for frequen- 
cies above 18 MHz were 
manufactured by Ham - 
marlund and others back in 
the 20's and 30's, using silver 
wire.) 

Another way to improve 
the Q of VHF or UHF induc- 
tances is to wind them 
using fine -gauge capillary 
tubing. Having both an in- 
side and outside surface 
reduces the RF skin effect, 
lowering the effective RF 

resistance and raising the Q 
of the coil. It may, in fact, 
even prove worthwhile to 
use capillary tubing to wire 
RF circuits instead of solid 
wire in low -power transmit- 
ters, etc. 

-Billy R. Pogue, Lake 
Hauasu City, AZ 

Your advice certainly 
makes sense. I think your 
use of capillary tubing is 

very, very inventive and in- 
sightful When working with 
RF circuits, reducing every 
loss is important. 

CHIP CREAK 
As any IC works it pro- 
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duces a small amount of 
heat that warms its pack- 
age. When it heats up, it 
attempts to expand in its 

socket (see Fig. 3), but the 
socket resists because it is 

not expanding. So in its at- 
tempt to expand, the IC 
moves in the only direction 
it can, up away from the 
PC -board and IC socket. 
That action is called walk- 
ing. Walking occurs when 
the chip heats up as well as 
when it cools down. 

As walking occurs over 
time, one of the legs of the 
IC may no longer make 
contact with its receptacle 
in the IC socket. That leads 
to intermittent problems. 
Usually you will find that that 
sort of problem doesn't 
show itself when the device 
is first turned on, but rather 
towards the end of the day 
when the internal tempera- 
ture of the IC has basically 
"maxed -out" and the chip is 

fully expanded. 
There is however an ex- 

tremely simple solution to 
that problem. Simply push 
on the chip and reset the 
IC within its socket. As you 
reset them, listen for a 
creaking sound and you will 
know how I came up with 
the phrase "chip creak." Re- 
setting the IC's should 
obviously be done before 
going through any type of 
troubleshooting technique 
as a matter of course. If it is 

not done before trou- 
bleshooting, then the 
readings you take might be 
off enough to cause you to 
trash the board thinking it 
has a bad trace or pad. 

-Jeffery Flaker, Haledon, 
NJ 

That's a problem I don't 
think I have come across 
yet, although there was that 
one old intermittent board 
that I couldn't fix ... come 
to think of it, maybe I have 
come across the problem! 
Well at least next time l'li 
know a quick fix worth try- 
ing. 

By the way, if anyone out 
there finds this technique 
helps repair a board, I have 
a further tip of my own: 
after resealing the trou- 
blesome IC, try spraying it 
with a conformal coating to 
hold it in place. That way 
you won't need to re -do the 
repair down the rood. 

SOLDERING TIP 
Most of us never take 

advantage of the sponges 
for our soldering stations. 
But you can buy iwo -sided 
sponges at your local su- 
permarket with a smooth 
side and a rough side 
Scotch -Brite, for example) 
for scouring. Keep the 
sponge moist, and use the 
smooth side for normal op- 
erations. When solder build- 
up or oxidation occurs, use 
the rough side. By keeping 
your soldering iron clean 
and tinned, you'll find that 
heat flows more readily, 
making the job easier and 
neater. 

Screw -on soldering -tip 
manufacturers recommend 
that you install tips finger - 
tight and loosen them, 
once cooled until the next 
use. That keeps the tip from 
seizing up in the iron and 
damaging the threads. If 

you're like me, that rarely (if 

ever) gets done. Apply a bit 
of Never -Seize to the 
threads before assembly. 
That makes removing the 
tip a cinch after repeated 
heating and cooling oper- 
ations. Never Seize is 

available at most auto -sup- 
ply stores. 

-Mike Giamportone, 
Yale, Ml 

Thanks, Mike! You've given 
us a complete soldering 
course in a couple of para- 
graphs, 

That's a wrap for this 
month. Remember, send 
your better works and 
thoughts to Think Tank, Pop- 
ular Electronics, 500 -B Bi- 

County Blvd., Farmingdale, 
NY 11735. 
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New 
Career -Level Courses 

Personal Computer Servicing 
TV and VCR Servicing 

New 
Computer -Aided Instruction 

DC & AC Electronics 
Semiconductors 

Electronic Circuits 
The stunning animations, hypertext 

glossary, and easy- to-understand text make 
learning electronics a breeze...and fun! 

Learn the easy and affordable way from the 
Masers in Electronics Training - Heathki1. 
From Basic Electricity to Advanced Microproces- 
sor Applications and more, Heathkit will provide 
you with an unparalleled learning experience at a 

fraction of the cost of other programs. 

Heath kit® 
Educational Systems 
For your FREE Catalog. call 

Toll -Free 1- 800 -44 -HEATH 
please mention this code when Calling 107 014 

CIRCLE 9 ON FREE INFORMATION CARD 

LEARN VCR 
Cleaning /Maintenance /Repair 
Earn up to $1000 a Week, Working 

Part Time from Your Own Home! 

Secrets Revealed! . . . 

NO Special 
Tools or 

Equipment 
Needed . . . 

Train at Home 
in Your Spare 

Time! 
IF you ire able to work with common small hand 
tools. IF you possess average mechanical ability, 
and have a VCR on which to practice and learn...then 
we can teach YOU VCR Maintenance and Repair! 
FACT: Up to 90% of all VCR malfunctions are due 
to simple Mechanical or Electro- Mechanical b reak- 
downs! 
FACT: Over 86 million VCRs in use nationwide! 
Average VCR needs service or repair every 12 to 18 
months! 

For FREE Information Package! 
Send coupon to. Foley- Belsaw Institute of VCR Repair, 
Dept.62Ü40, 6301 Equitable Rd., Kansas City, MO 64120 

` °may Since 1926 Dept. 6204 

I Check for FREE Lifetime Career Kit on VCR Repair. 
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By Don Jensen 

Radio 
Moscow? 

76 

DX LISTENING 
he 1989 edition of 
"Passport to World Band 

Radio" reported that the 
former Soviet Union, once 
the biggest international 
shortwave broadcaster, 
using scores and scores of 
powerful transmitters, aired 
a total of 28,892 hours a 
week on shortwave during 
the year! That's head and 

mir 
TV2- CULTURA 

RADIO- CULTURA 
*AO PAULO 

This is the logo of Radio 
Cultura in Sao Pualo, Brazil, 
which uses 9,615 and 17,815 
kHz for shortwave as well as 
TV channel 2. 

shoulders above the No. 2 

broadcaster, the Voice of 
America with 17,853 hours 
of airtime. And the British 

Broadcasting Corp. (BBC), 

long recognized as one of 
the major players in world - 
band radio, ranked a poor 
fourth (behind China no 
less) with just under 5,000 
hours of broadcasting 
weekly. 

But the situation has 
changed since the break 
up of the U.S.S.R. These 
days, most of the Russian 

SW transmitters are being 
rented out to other broad- 
casters, including (as I 

noted a few months ago) 
some brand new Russian 

and Commonwealth pro- 
grammers who are trying to 
get commercial radio off 
the ground. On other ex- 

Radio Moscow transmitters, 

air time is being leased to a 
number of western religious 
broadcasters and, yes, 
even to former "opponents" 
in the international radio 
wars, the BBC and VC A.. 

Although its hours and 
frequencies have been cut 
back, Radio Moscow's En- 

glish- language World 
Service is still around, noted 
with some interesting listen- 
ing. If it's been a while since 
you have tuned in one of 
their broadcasts, you might 
like to get reacquainted. 
Here are some program- 
ming suggestions from 
Anatoly S. Klepov, writing in 

the World DX Club's monthly 
publication, "Contact:" 

Radio Moscow's "World 
Service News" is offered on 
the hour; News in brief 
every hour on the half hour. 
Commentary is presented 
in its "News and Views" pro- 
gram, while interviews and 
in -depth analysis of major 
issues and events are heard 
on "Update." And "Top Pri- 

ority," a weekly program, 
features a panel discussion 
on key events. 

"Newmarket" is an es- 
pecially interesting 
program these days, in- 
deed, with brand new 
markets opening up in the 
former USSR. Newmarket is 

described as a visiting card 
for the world business com- 
munity. Radio Moscow's 
World Service tells listeners 
where and how to invest 
their money, sell their prod- 
ucts, or how to start a 
business in the Russian 

Federation. 
"Culture and the Arts" is a 

program that introduces lis- 

teners to the more than 100 

ethnic cultures that make- 
up the Russian Federation. 
Both classical and contem- 

porary Russian literature is 

highlighted in Radio 
Moscow World Services' 
"Audio Book Club." 

Music? What's your 
choice? Classical? Folk? 
Popular? There's likely to be 
something to suit your taste. 
"Music and Musicians" fea- 
tures some of the world's 
best known performers and 
composers. "Folk Box" offers 
a wide range of Russian folk 
music. There's the "Jazz 
Show" which is self explana- 
tory; "Yours For the Asking," 
a half hour request pro- 
gram, and "Your Top Tune," 
where prizes await SWL's 

who respond to questions 
about popular songs. 

Somewhere out there, 
perhaps, is a shortwave Rip 
Van Winkle -an SWL who 
drifted away from the listen- 
ing hobby 20 -years ago 
during the lime when, as a 
young parent, he or she 
simply had no free time. 
Returning to SWL'ing two 
decades later, that person 
is sure to find tremendous 
differences! New SW sta- 
tions, new programs, new 
personalities! But there is 

one program, one voice, 
that would still be familiar 
after all of those year: 
"Moscow Mailbag" with Joe 
Adamov. 

Adamov has been 
around for, well, as long as I 

can remember, with his 

question and answer pro- 
gram. He has been 
responding to mail from 
North American listeners 
since the chilliest days of 
the Cold War era. He gain- 
ed a good bit of listener 
popularity then because of 
his American accent and 
idioms, and because of his 

seeming candor and ev- 
eryday style. A master 
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propagandist, many said, 
and they were right. 

But SWL's liked Joe and, in 

fact, invited him to speak 
some years back at a 
gathering of shortwave lis- 

teners in Minneapolis. And 
he would have, too, except 
for the fact that at the last 
minute, U.S. authorities had 
second thoughts and de- 
nied Adamov entry into the 
country. 

Although no longer the 
controversial air personality 
he once was, Joe Adamov 
is always interesting. You 

can look for Radio 
Moscow's World Service in 

English between about 
2000 and 0600 UTC. Be- 
cause this column is written 
several months prior to 
publication, and because 
Radio Moscow changes fre- 
quencies rather frequently, 
it is a bit chancy to suggest 
specific channels to tune, 
but some you might try are 
12,010, 9,685, 9,470, 7,180, 
7,115, and 5,925 kHz at vari- 
ous times during the hours 
noted. 

LETTERS TO 
ENTERTAIN YOU 

Before I get to the letters, 
I'd like to invite the rest of 
you to drop me a line if you 
have a question or com- 
ment about shortwave 
listening, or if you want to 
tell the rest of us about 
what you've been tuning 
lately, about your favorite 
programs or, if you're so 
inclined, your pet peeves 
about SWL'ing. 

And, while I'm at it, I invite 
you to send along a photo 
of yourself and your SW 

listening gear. I'd like to 

`Credits: Juhanna Bickus, VA; 
W. Karcheski, MA; E. Newbury, 
NE; Dave Weinrich, ND; North 
American SW Association, 45 
Wildflower Road, Levittown, PA 
19057; Ontario DX Association, 
P.O. Box 161, Station A, 
Willowdale, ONT. M2N 5S8, 
Canada; World DX Club, c!o 
Richard D'Angelo, 2216 Burkey 
Drive, Wyomissing, PA 19610. 

include more photos of you 
readers in this column, just 
so that we can see what 
you and your listening posts 
look like. Send your letters 
to Don Jensen, DX Listening, 
Popular Electronics, 500 -B 

Bi- County Blvd., Farm- 
ingdale, NY 11736. 

Digging into the pile of 
mail on hand, I came up 
with a letter postmarked 
Lima, OH. "I'm a big fan of 
the British Broadcasting 
Corp.," writes Ted March. "In 
fact, I guess you could say it 

is my favorite SW station by 
far. Is there some way you 
know of to get a BBC T- 

shirt? That would be a quite 
an attention grabber, don't 
you think ?" 

As a matter fact, Ted, I do. 
The BBC Shop offers all sorts 
of BBC World Service mem- 
orabilia, including clothing, 
CD's and tapes, books and 
much more. In fact, I enjoy 
my coffee in a doggone 
good looking BBC china 
mug that I picked up when 
I stopped by the retail shop 
at Bush House in London a 
few years back. 

Fortunately, you don't 
have to cross the Atlantic to 
get a souvenir. The BBC 

Shop has a mail -order cat- 
alog; send an International 
Reply Coupon (a return - 
postage alternative to mint 
British stamps, available at 
your post office) and a self - 
addressed airmail enve- 
lope to The BBC Shop, PO. 

Box 1QX, Newcastle -upon- 
Tyne, NE99 1QX, England for 
a copy. 

James Olson, Bismarck, 
ND, has a question about 
Jamming, the transmission 
of radio "noise" deliberately 
intended to block recep- 
tion of SW programming. "A 

few years ago," Jim writes, "I 

remember reading in the 
newspaper that the Cold 
War practice of jamming 
shortwave programs was 
dead. Is that still true ?" 

In fact, Jim, it was never . 

really true. It is correct that 

most radio jamming ended 
as East -West tensions faded; 
but, to a limited extent, 
some countries continue to 
jam what they consider to 
be offensive foreign short- 
wave transmissions. Today, 
for instance, in North Korea, 
the Pyongyang government 
still attempts to jam some 
signals, most notably, the 
Korean -language programs 
emanating from South 
Korea. Reportedly the effort 
is not especially successful. 

Still, Jim, there is far less 

jamming - which, unfor- 
tunately, affected totally 
innocent victims as well as 
the targeted stations by 
blocking segments of many 
SW bands -than in the 
past. 

Bradley Weins of Popano 
Beach, FL, writes to say that 
he enjoys listening to inter- 
national aeronautical traffic 
on shortwave. "One good 
frequency to try for planes 
and ground control is 8,855 
kHz," Bradley says. "I note 
quite a lot of upper -side- 
band traffic on Latin 
American flights on this 
channel." 

Thanks for the tip, Brad. 
Let me add a few words on 
monitoring aeronautical 
traffic on shortwave. These, 
of course, are not pro- 
grams, but actual air -to- 
ground and vice versa - 
communications. Aero- 
nautical communications in 

North America are located 
in VHF frequency bands, far 
above the shortwave 
range. However, overseas 
flights do use SW for com- 
munications. Additionally, 
SW aeronautical transmis- 
sions use a single -sideband 
mode, not the normal AM 
(amplitude modulation) 
used by regular SW broad- 
casters. Many of the better 
SW receivers these days 
can tune upper- or lower - 
sideband signals. 

Another interesting fre- 
quency to try is 11,288 kHz, 

USB. David Ross, in his 

Monitoring Services column 
in the Ontario DX Associa- 
tion's "DX Ontario" bulletin, 
notes that this channel is 

used for Stateside flight tests 

by such companies as 
Rockwell /Collins, Boeing, 
Grumman, Lockheed, and 
McDonald Douglas. 

DOWN THE DIAL 
Here are some shortwave 

broadcasters that others 
are tuning. 

ARGENTINA -11,710 kHz. 

RAE, Argentina's foreign 
shortwave service, transmit- 
ting from Buenos Aires, can 
be heard with English -lan- 
guage transmissions at 
about 0130 UTC, with tango 
music, features, and identifi- 
cation. 

GERMANY -7,265 kHz. 

Sudwestfunk is one of sev- 

eral domestic shortwave 
stations whose program- 
ming is intended for 
German -speaking listeners 

at home and elsewhere in 

Europe. It has been logged 
in New England at around 
2200 UTC. 

MOROCCO -17,815 kHz. 

Radiodiffusion IV Moro - 
caine has an English - 
language transmission, in- 
cluding popular music, 
commentary, and identifi- 
cation, at 1700 UTC. 

PARAGUAY -9,735 kHz. 

Radio Nacional del Para- 
guay in Asuncion offers a 
chance for SW'ers to hear 
one of the rarer South 
American countries on 
shortwave, with its program- 
ming, naturally, all in 

Spanish. With some luck, 
you may be able to hear 
this one at around 2200 
UTC. 

VENEZUELA-4,980. Ecos 
del Torbes is a Venezuelan 
outlet that has been noted 
here during the evening 
hours, at around, say, 0130 
to 0330 UTC. Besides some 
great salsa, you'll note iden- 
tifications, commercials, 
and newscasts, all in Span- 
ish, of course. 77 
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By Joseph J. Carr, K4IPV 

More On Our 
5 -5.5 MHz 
Ham -Band 

VFO 

HAM RADIO 
ast month, we discussed 
some of the basics of 

designing a variable -fre- 
quency oscillator (VFO) for 
the ham -bands. We also 
presented a sample design 
for a 5- to 5.5 -MHz VFO. This 
month, we'll continue that 
discussion with a look at 
some of the construction 
details and the methods for 
temperature compensating 
the VFO. 

Cl 
MAIN 
TUNE 

C2 
TRIMMER 

*C3 *C4 

OUTPUT 

*C5 

T 

*SEE TEXT 

Fig. I. All capacitors that effect operating frequency (those 
marked with an asterisk) should be either NPO ceramic -disc, 
silvered -mica, or polyethylene types for minimum drift. 

Previously, it was stated 
that all capacitors that 
have an effect on the oper- 
ating frequency (those 
marked with an asterisk in 
Fig. 1) should be either NPO 
ceramic -disc, silvered -mica, 
or polyethylene units to 
help keep frequency drift to 
a minimum. However, sil- 
vered -mica capacitors are 
somewhat suspect because 
of their wide variation in 
temperature coefficient 
(measured in parts- per -mil- 
lion per- degree centigrade 
or PPM / °C); some are very 
good, while others, well, 
leave a lot to be desired. 
Another source of drift in 

that circuit is the inductor 
(L1). 

Because most oscillators 
drift lower in frequency from 
turn -on due to temperature 
change, it is common prac- 
tice to place a temper- 

ature- compensating ca- 
pacitor -one with a 
negative temperature co- 
efficient; e.g., N750 or EIA 

P3K -in parallel with the 
main tuning capacitor. In 

Fig. 1, either C3 or C4 could 
serve as the temperature - 
compensation capacitor. 

The procedure for finding 
the value of the compensa- 
tion capacitor is relatively 
straight forward. First, you 
must devise a test set up 
wherein the VFO will not be 
affected by stray air cur- 
rents. (I place the VFO 
inside a styrofoam picnic 
cooler -the sort intended 
for a six -pack is suitable, as 
long as the circuit is not too 
large.) 

TEST PROCEDURE 
For the test procedure to 

be outlined, you'll need a 
digital frequency counter. 
Before beginning the test, 
the counter must be turned 
on and allowed to warm up 
until it stabilizes (about 11/2 

hours). The test procedure is 

as follows: 
1. Turn on the oscillator, 

adjust it to the high end, 
and 10 seconds later, mea- 
sure its oscillating 
frequency. Call that fre- 
quency fa. 

2. Wait 11/2 hours -keep 
the oscillator and the fre- 
quency counter on during 
this time -and measure the 
frequency again. Call the 
second frequency mea- 
surement 

3. Now, turn the os- 
cillator off (but leave 
counter on), and let the 
oscillator cool to room tern - 
perature (about 1 hour). 

4. Replace C4 with a 
capacitor of the same val- 
ue, but with a temperature 
coefficient of N750 (a 

negative temperature co- 
efficient of 750 PPM / °C); 
Refer to that capacitance 
as C4triai. Turn on the os- 
cillator, and readjust it to 
the original fa. Wait 11/2 

hours and measure the fre- 
quency: This frequency, we'll 
call G. 

5. Replace C4triai with 
an N750 capacitor with a 
capacitance of: 

C4new = C4trial(fi /f- f2) 

if f2 is less than ft, or one 
with a capacitance of: 

C4new = C4trial (fi /ff + f2) 

if f2 is greater than f. Install 
the new capacitor in the 
circuit, and readjust the 
trimmer capacitor or the 
inductance of the coil. 

AN ALTERNATE WAY 
Another means of tem- 

perature compensating a 
VFO is shown in Fig. 2. That 
circuit is similar to one used 
in the old Hallicrafters HT -32 
AM /CW /SSB HF transmitter a 
number of years ago. In 

that circuit, a portion of the 
total capacitance is made 
up from two small ceramic - 
disc units, C4 and C6. Ca- 
pacitor C4 is an NPO (zero 
temperature coefficient) 
and capacitor C5 is an 
N1500 (negative 1500 PPM) 

unit. Capacitor C6 is a dif- 
ferential variable capacitor. 
Such units are comprised of 
Iwo variable capacitors 
controlled by a single tun- 
ing shaft, that are arranged 
so that one unit's capaci- 
tance increases (with shaft 
rotation), as the other unit's 
capacitance decreases a 
like amount. 

In such a capacitor, the 
sum of the two halves of C6 
remains constant with shaft 
rotation. By adjusting C6, it 

is possible to crank in a 
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L1 4 C3i 

'SEE TEXT 

C4 

47pF 
NPO 

OUTPUT 

C71 

C5 

N1500 /P3K 
47pF 

'C6 
50pF/50pF 

Fig. 2. An alternative way of temperature compensating a VFO 
using a differential capacitor (C6) is shown here. 

variable temperature co- 
efficient from NPO to N1500; 
thus, as long as C4 equals 
C5, the total capacitance 
of C4-06 remains constant 
as C6 is varied. 

The trick is to set C6 to 
midrange so that equal 
amounts of C6's two sec- 
tions are in the circuit. The 
adjustment procedure is as 
follows: 

1. Turn the counter on 
and let it warm up for 11/2 

hours. Turn on the oscillator, 
adjust it to the high end, 
and after 10 seconds note 
the frequency (fo). 

2. Wait 11/2 hours and 
measure the frequency 
again (f,). If f,1 is lower than 
fo, then turn C6 in a direc- 
tion to crank in a little more 
N1500 characteristic. 

3. Turn the oscillator off, 
and let it cool down for 1 

hour. 
4. Turn the oscillator on, 

and readjust Cl to fo. Wait 
11/2 hours, and measure the 
operating frequency (f2). If 

the operating frequency is 

less than 500 Hz, then do 
nothing (unless you want to 
home in on the best sta- 
bility, about 100 Hz). 

5. If f2 is considerably 
different from f,, then adjust 
C6 to crank in more or less 

N1500 characteristic as 
needed to cancel the drift. 

6. Repeat the pro- 
cedure until no further 
improvement is possible 
(sorry about how much 
time it takes). 

For best stability, the coil 
for the VFO should be an 

air -core unit. B &W Miniduc- 
tor or Air -Dux coil stock can 
be used (although rumor 
has it that B &W will cease 
offering some lines in the 
near future). Ouffits like 
Ocean State Electronics 
(PO. Box 1458, 6 Industrial 
Drive, Westerly, RI, 02891; Tel. 

800 -866 -6626 or 
401 -596 -3080) are dealers 
for B &W products. They also 
stock toroid coil forms, slug - 
tuned coil forms, and 
ready -made slug -tuned in- 
ductors. 

ASSEMBLY AND USE 
Operating the VFO from 

a low- voltage power 
source helps keep internal 
heating down. Most people 
recommend using a VFO 
voltage of between 4.5 and 
7.5 volts. It's good practice 
is to use a 78L05, 7805, 
7806, or 7807 regulator to 
provide a stable power 
source for the VFO; that 
source should power no 
other circuit. 

Finally, use good, solid 
construction practices to 
make the VFO mechan- 
ically stable. Mount the coil 
and capacitors so that 
vibration cannot affect 
them very much. Also, keep 
the entire VFO assembly 
away from heat sources 
such as power -supply cir- 
cuits, lamps, LED's, and 
audio amplifiers. Although 
the VFO power source 
should be regulated, keep 
the regulator outside of the 
VFO cabinet. 

In addition, it is standard 

INPUT 
o 

OUTPUT 
C3 

.027 

R4 

100K 

A 

R5 

12K 

C4 

.01 

T1' 

- SEC. 

Q1 

40673 
NTE222 
ECG222 

_ C3 

`.01 

Cl 
100pF 

INPUT o-I 

R1 

100K 

R5 
47K 

G1 

R2 
15052 

C2 
.01 

OUTPUT 

"SEE TEXT 

B 

Fig. 3. Here are two buffer /amplifiers that have been successfully 
used with VFO's: one (shown in A) is based on a pair of bipolar 
NPN transistors, and the other (shown in 8) is built around a 

dual -gate MOSFET. 

practice to place a buffer/ 
amplifier between the out- 
put of the VFO and the 
circuit that it drives. That 
amplifier not only builds up 
the signal level, but also 
serves to isolate the VFO 
from frequency pulling 
( "chirp" to CW freaks) due 
to changing load require- 
ments. 

Figure 3 shows two buffer/ 
amplifiers that have been 
successfully used with VFO's. 
Figure 3A shows a buffer/ 
amplifier circuit based on a 
pair of direct -coupled bi- 
polar NPN transistors, that 
uses amplitude- stabilizing 
feedback (from the emitter 
of the second transistor to 
the base of the first tran- 
sistor). Think of it as a fairly 
straightforward two -stage 
amplifier in which the input 
stage operates in the com- 
mon- emitter mode and the 
output is configured as an 
emitter follower (a.k.a. com- 
mon collector). 

Figure 3B shows a buffer/ 
amplifier of straightforward 
design, built around a 
40673 dual -gate MOSFET. 

The input signal is fed 
through Cl to gate 1 (G1) of 
621. Capacitor Cl can be of 
the value shown, or be 
equal in value to the ca- 
pacitor used in the output 
in the VFO. Values as low as 
10 pF have been used suc- 
cessfully where the VFO 
needs to be lightly loaded. 

Note that the output of 
the circuit is transformer 
coupled to the following 
stage. For operation in the 
5- to 15 -MHz region, the 
simplest thing to do is to use 
a 10.7 -MHz IF transformer (of 
the type intended for tran- 
sistor radios) for T1. If that 
type of transformer is used, 
it will be necessary to re- 
move the fixed capacitor 
that tunes it to 10.7 MHz. I've 
used Mouser Electronics 
(2401 Highway 287 N., Man - 

(Continued on page 81) 79 
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By Marc Saxon 

Scanning 
The Cordless 

Band 

SCANNER 
SCENE 

We want to remind you 
that the cordless -tele- 

phone band is very active 
in all areas. The new 900 - 
MHz cordless phones are 
still relatively costly, but reg- 
ular cordless phones are 
cheap and extremely pop- 
ular. They are quickly being 
snapped up by the public 
for use in homes and of- 

Cordless phones liure u lot more range than you might imagine. 

fices. While federal law 
theoretically makes it illegal 
to monitor cellular calls, 
there are no federal laws 
that ban the monitoring of 
cordless telephones. 

Cordless telephones op- 
erate within the 
46.61 -46.97 -MHz band. The 
two -way communications 
range between the hand- 
set and its associated 
pedestal is usually specified 
by the manufacturer as 
being at least 1000 feet, 
and sometimes as much as 
1500 feet. When you think 

that a 10 -story building is 

only 100 -feet tall, you real- 
ize that cordless phones 
operate over a far greater 
distance than is required to 
cover most houses, yards, or 
office complexes. Further- 
more, the operational 
range is measured when 
using the small antenna on 
the cordless phones, while 
indoors, and at ground 
level. 

But hook a scanner to an 
antenna cut for the VHF 

30-50 -MHz "low band," or 
an omnidirectional six - 

meter vertical antenna, 
mounted outdoors on a 
roof, and search /scan that 
band at different hours of 
the day and evening. Then 
you'll find out the distances 
that those signals actually 
travel. It's much further than 
1500 feet, and often more 
than a mile. 

You might recognize 
some of the voices you 
monitor on that band. The 
conversations can get very 
interesting. You will un- 
doubtedly learn many new 
things about your neigh- 
borhood. Don't be too 
surprised if you even hear 
your own name come up in 
a conversation -it could 
happen. 

DATA IN THE AIR 
Several devices are in 

use that allow computers to 
access modems or net- 
works via UHF instead of 
land lines. We've had a 
number of inquiries about 
the devices and the fre- 
quencies used. 

We quickly turned up two 
such devices. One is the FM 

96 Data Radio, made by 
IWL Communications of 
Friendswood, Texas (tele- 
phone 713 -482 -0289). The 
unit is a UDS half -duplex 
wireless modem that trans- 
mits or receives 
synchronous or 
asynchronous serial data at 
9600 bps in the 450 -4470- 
MHz band. 

The other device we 
came across is GINA, which 
stands for Global Inte- 
grated Network Access. It is 

a mobile transceiver that 
has a range of three miles, 
operating with 1 watt on up 
to 12 channels (spread 
spectrum) in the 902-928 - 
MHz band. It handles either 
9600 or 128K baud (user - 
selectable), half -duplex. It 

comes from GRE America, 
Inc., (Belmont, California; 
tel. 415 -591- 1400). 

READERS WRITE 
From Paul Kennerly, of 

Frankfort, Kentucky, we 
learned that the Kentucky 
National Guard uses 142.35 
and 143.00 MHz, while the 
U.S. Army Corps of Engi- 
neers can be monitored on 
149.715, 150.735, and 
163.4375 MHz. Kentucky 
State Police special details 
use 154.92 MHz. 

According to S. G. 
Montrose of Ticonderoga, 
New York, the local police 
are on 154.044 and 153.31 
MHz, with area fire opera- 
tions on 46.16, 446.22, 
46.28, and 154.145 MHz. The 
remote frequency of local 
radio station WIPS is 161.64 
MHz. 

A letter we received from 
Bill Kelly of Portage, Wiscon- 
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The FM 96 Data Radio 
operates in the 450-470 
MHz band. 

GINA uses spread spectrum 
in the 902 -928 -MHz band. 

sin, let us know about the 
State Prison frequencies of 
46.54 and 158.895 MHz. He 
tells us that fire mutual aid 
throughout the state takes 
place on 154.295 MHz. 

IMPORTANT 
FREQUENCIES 

As we fast approach the 
height of the severe 
weather season, this is a 
good time to point out that 
a scanner is more than 
something useful to pursue 
as part of your hobby. 
Some 90% of the nation is 

blanketed with signals in 

the 162 -MHz band that con- 
sist of weather warnings, 
broadcasts, and forecasts 
from the National Oceanic 
and Atmospheric Admin- 
istration (NOM). 

Dave Smaron, of Addison, 
Illinois, wrote to say that 
NOM has a free listing of all 
its VHF weather stations and 
their respective channels. 
Ask your nearest National 

Weather Service office for a 
copy, or write to request 
one from the National 
Weather Service, Attn: E/ 

°M11, National Oceanic 
and Atmospheric Admin- 
istration, Silver Springs, MD 
20910. 

Most people think that 
NOM uses only its Iwo very 
well -known frequencies: 
162.55 and 162.40 MHz. In 

fact, there are no less than 
five additional NOM 
weather -broadcast fre- 
quencies in use: 162.4255, 
162.45, 162.475, 1622.50, 
and 162.525 MHz. Just be- 
cause you normally receive 
your local weather informa- 
tion on one frequency 
doesn't mean that you 
can't receive distant sta- 
tions on one or more of 
those other channels. 

At my own station, I use 
those stations to check out 
antennas and receivers. I 

know that some distant sta- 
tions will come in only when 

I am using a superior an- 
tenna or scanner. 

NOM estimates that 
each station has a reliable 
range of 40 miles, but most 
cover far more than that if 
you are monitoring on a 
base station with a good 
outdoor antenna. In addi- 
tion, there are occasional 
freak reception conditions 
when signals have come in 
from very long distances. 

Still, the main purpose of 
the NOM stations is to issue 
weather bulletins. Weather 
conditions being what they 
are this time of the year, it is 

worth keeping in mind that 
your scanner is a valuable 
safety device that lets you 
access important informa- 
tion that is vital to the 
security of your family and 
property. 

We welcome your letters, 
comments, frequency re- 
ports, and questions. Write 
to us at Scanner Scene, 
Popular Electronics, 500 -B 

Bi- County Blvd., Farm- 
ingdale, NY 11735. 

ANTIQUE RADIO 
(Continued from page 67) 

columns to come. 
Billy has been closely fol- 

lowing the Sky Buddy 
restoration project, usually 
anticipating all of my diag- 
nostics and coming up with 
the correct solution before I 

did (although, because of 
the spread between the 
dates these articles are 
submitted and published, I 

haven't had the benefit of 
his thinking in time to apply 
it to the problem at hand). 

One suggestion I wish I'd 
had time to try before but- 
toning up the Sky Buddy for 
the last time involves align- 
ment procedure. The set 
manufacturer generally 
specifies Iwo calibration 
points to use for RF align- 
ment on a particular band: 
one at the upper end and 
one at the lower. The Hal - 
licrafters alignment 
instructions call for adjusting 
at the high point first, then 
the low one. 

Billy suggests beginning 
with the oscillator adjust- 
ment at the low point, then 
checking calibration in the 
middle of the dial. If neces- 
sary, the low -point 
adjustment is now tweaked 
for a good compromise be- 
tween dial accuracy at the 
low point and middle. Next, 

make the high -point os- 

cillator adjustment. Then go 
back and peak the mixer 
adjustments at the same 
three points. That should re- 
sult in much better 
accuracy, and I'm certainly 
going to try the procedure 
on the next set I align. 

By the way, Billy could use 

a schematic and service 
literature for the Hallicrafters 
SX28. 

THIS `N THAT 
Thanks to Professor Dan 

Fielder of Georgia Tech for 
sending me some interest- 
ing follow -up mail he 

received from a Canadian 
reader after Dan's Radiola Ill 

reminiscences appeared in 
the November, 1992 col- 
umn. Maybe we can cover 
some of the material from 
that letter in a future col- 
umn. Thanks also for 
sending me a copy of the 
theremin article that ap- 
peared in the Spring 1993 
issue of Invention and Tech- 
nology magazine. Thanks, 
also, to Dan Lehman (Co- 
lumbus, Ohio) for sending 
the same article. 

Reader M. Bivens (Osh- 
kosh, WI) recommends the 
following source for old ser- 
vice literature: Allen J. Loeb, 
414 Chestnut Lane, East 
Meadow, NY 11554. Write for 
current prices. 

That's it for now. As always, 
I look forward to hearing 
from you. Send your com- 
ments and questions c/o 
Antique Radio, Popular 
Electronics, 500 -B Bi -Coun- 
ty Blvd., Farmingdale, NY 

11735. 

HAM RADIO 
(Continued from page 79) 

sfield, TX, 76063 -4827; Tel. 

800 -346 -6873) part no. 
42íF123 for that purpose 
because its capacitor is ex- 
ternal to the transformer 
housing, and is recessed in 

a little hollow of the hous- 
ing base. A sharp 
instrument can be used to 
remove (crush) it. 

Alternatively, you might 
use a toroid transformer. An 
Amidon (2216 East Glad - 
wick Street, Dominguez Hills, 

CA 90220; Tel. 

310 -763 -5770) T -50 -2 (red) 
core, wound with 18 turns of 
#26 wire for the primary 
and 4 turns for the second- 
ary is about right for most 
applications. 

Well, now that we've beat 
ham -band VFO circuits to 
death, why not go and try 
one out? Building is a lot of 
fun! 81 
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Shortwave 
Radio 

Listening 
for Beginners 

by Anita Louise McCormick 

ELECTRONICS 
LIBRARY 

Aimed at anyone who wants to 
find out what's happening on 
the shortwave -radio bands, this 
book allows the newcomer to 
start listening right away without 
wading through a lot of un- 
necessary technical 
information. Instead, the book 
offers the practical guidance 
that beginners need to listen in 

on radio broadcasts from across 
the country and around the 
world. Opening with a brief his- 
tory of radio, the book goes on 
to describe how shortwave radio 
works, what kinds of equipment 
are available and where to find 
it, and where and when stations 
can be heard. If you find your- 
self hooked, and want to do 

more than just listen, the book 
also provides advice on how to 
apply for a ham -radio operator's 
license. Definitions for many of 
the most common shortwave 
radio abbreviations and terms 
are included, as well as profiles 

of some of the stations that can 
be heard on the shortwave 
bands. A list of resources, in- 

cluding shortwave radio 
magazines, listeners' clubs, and 
mail -order catalogs, is sure to 
come in handy. 

Shortwave Radio Listening for 
Beginners costs $10.95 and is 

published by TAB Books, Divi- 
sion of McGraw -Hill Inc., Blue 
Ridge Summit, PA 17294 -0850; 
Tel. 800 - 822 -8138. 

CIRCLE 98 ON FREE 
INFORMATION CARD 

CIRCUIT SOURCE 
BOOKS 1 AND 2 
by R. A. Pen fold 

By providing various standard 
"building block" circuits, these 
two books help readers create 
and experiment with their own 
electronic designs. Wherever 
applicable, advice on how to 
alter the circuit parameters is 

provided. The circuits in Book 1 

primarily cover analog -signal 
processing and include audio 
amplifiers (op -amp and bipolar 
transistors); audio power ampli- 
fiers; DC amplifiers; high -pass, 
low -pass, band -pass, and notch 
filters; tone controls, voltage - 
controlled amplifiers and filters; 
gates and electronic switching; 
bar graphs; triggers and voltage 
comparators; phase shifters, 
current mirrors, and hold cir- 
cuits; and mixers. Book 2 

covers signal generation, power 
supplies, and digital electronics. 
Included are 555, sinewave, 
CMOS, voltage -controlled, and 
RF oscillators; 555, CMOS, and 
TTL monostables; counters and 
display drivers; function gener- 
ators; precision long- duration 
timers; power supply and reg- 
ulator circuits; negative voltage 
generators and voltage 
boosters; and D/A and A/D con- 
verters. More than 150 tested 
circuits, aimed at professionals, 
students, and hobbyists in- 

Circuit Source 
Book 2 

volved in circuit design and 
application, are offered in each 
book, 

Circuit Source Book 1 and 
Circuit Source Book 2 each cost 
$6.50 plus $2.50 shipping and 
handling and are available from 
Electronics Technology Today 
Inc., PO. Box 240, Massapequa 
Park, NY 11762 -0240. 

CIRCLE 97 ON FREE 
INFORMATION CARD 

TEST MEASUREMENT 
INSTRUMENTS 
CATALOG 
from Bel Merit Corporation 

New for summer 1993, this 12- 
page catalog features detailed 
specifications and descriptions 
of portable and benchtop test 
and measurement instruments 
designed for the engineer, stu- 
dent, technician, or hobbyist 

who tests, repairs, or assem- 
bles electronic equipment. 
Highlighted new products in- 
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dude multi- function digital 
multimeters with holsters, 
clamp -on current meters, fre- 
quency counters, sweep/ 
function generators, DC power 
supplies, audio- and RF- signal 
generators, voltage testers, 
continuity checkers, and circuit 
analyzers. 

The Test Measurement In- 
struments Catalog is free upon 
request from Bel Merit Corpora- 
tion, 17 Hammond, #403, 
Irvine, CA 92718 -1635; Tel: 

714 -586 -3700; Fax: 
714 -586 -3399. 

CIRCLE 90 ON FREE 
INFORMATION CARD 

GUIDE TO THE 
NATIONAL ELECTRICAL 
CODE 
1993 EDITION 
by Thomas L. Harman and 
Charles E. Allen 

This detailed guide to the Na- 
tional Electrical Code and the 
principles of electrical design 
that are based on the code is 
aimed at aspiring and practicing 
Master Electricians, as well as 
electrical -technology students. 
With an emphasis on the types 
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nomas LHarman CharlesE.Allen 

of questions and problems that 
appear on Master Electrician's 
Examinations, each subject 
area is discussed in detail, ac- 
companied by example 
problems and solutions. 

The book is divided into four 
sections. Parts I and II, directly 
based on the National Electrical 
Code, cover the design of elec- 
trical wiring systems, and the 
construction and installation of 
electrical systems, respectively. 
Included are the rules and de- 
sign calculations required to 
determine the ratings of elec- 

trical services, feeders, and 
branch circuits for typical elec- 
trical installations. Part Ill covers 
basic electrical theory and prac- 
tice that, for the most part, falls 
outside the scope of the code, 
although it is required knowl- 
edge for working electricians. It 

includes basic DC circuits and 
reviews the properties of con- 
ductors, basic AC circuits, and 
equipment in AC circuits. Part 
IV contains two sample exam- 
inations representative of those 
given by various city and state 
exam boards for a Master Elec- 
trician's license. Quizzes, end - 
of- chapter exams, tables, prob- 
lems, examples, and appendices 
supplement the text. 

The Guide to the National 
Electrical Code: 1993 Edition 
costs $44.00 and is published 
by Prentice Hall, Englewood 
Cliffs, NJ 07632; Tel: 

201 - 592 -2000. 
CIRCLE 99 ON FREE 
INFORMATION CARD 

THE AUTOCAD 
PRODUCTIVITY BOOK: 
The Non -Programmer's 
Guide 
to Customizing 
AutoCAD: Fourth Edition 
by James L. Brittain, George O. 

Head, 
and A. Ted Schaefer 

Right out of the box, AutoCAD 
is a powerful computer -aided 
design and drafting program 
that allows users at all levels to 
create professional drawings. 
But by customizing AutoCAD, 
you can truly get the most out of 
the program. This book shows 
you how to take control of Auto- 
CAD and customize it to meet 
your particular needs. The 
fourth edition, which has been 
completely revised with the non - 
programmer in mind, provides a 

AutoCAD 
Productivity 

Book 

, 

solutions- oriented approach to 

helping you dramatically en- 
hance the speed and 
performance of your AutoCAD 
system. Twelve step -by -step tu- 
torial chapters and three 
appendices help you customize 
menus, create hatch patterns, 
make your own icons, and orga- 
nize your AutoLISP library. The 
book's 'AutoCAD Productivity 
Library" contains 30 never -be- 
fore- published AutoLISP 
routines that provide valuable 
techniques for tailoring Auto- 
CAD Releases 10 and 11 to suit 
your specific requirements. 

The AutoCAD Productivity 
Book costs $24.95 and is pub- 
lished by Ventana Press, P.O. 

Box 2468, Chapel Hill, NC 
27515; Tel: 919 -942 -0220; Fax: 
919 -942 -1140. 

CIRCLE 91 ON FREE 
INFORMATION CARD 

1993 COMPONENTS 
EDITION CATALOG 
from JDR Microdevices 

This 51 -page, full -color catalog, 
JDR's first Components Edition, 
contains a wide variety of the 
latest electronic devices. Be- 
sides a large selection of IC's, 

components, prototyping de- 
vices, and development tools, it 

features many new products 
and hard -to -find reference 

books. Also included are hand 
tools, test equipment, wire, ca- 
bles, and more. There is no 
minimum order. 

The 1993 Components Edi- 
tion Catalog is free upon 
request from JDR Microdevices, 
2233 Samaritan Drive, San 
Jose, CA 95124; Tel: 

408 -559 -1200. 
CIRCLE 92 ON FREE 
INFORMATION CARD 

UNDERSTANDING 
SOLID STATE 
ELECTRONICS: 
Fifth Edition 
by Don L. Cannon 

If you or someone you know 
wants to understand elec- 
tronics, but can't spend years 
studying it, this book can help 
provide a solid foundation in 

electronic theory, concepts, and 
practical applications. Elec- 
tronics concepts are explained 
without complicated mathe- 
matics-in fact, only a little 
fourth -grade level arithmetic is 

used. Technical concepts are 
explained with non -technical 
people in mind, so every new 
idea and term is explained 
along the way. Each chapter 

ends with a self -quiz; answers 
appear at the end of the book. 

The easy -to- understand pre- 
sentation does not detract from 
the scope or depth of the infor- 
mation presented. The book 
explores the latest in semicon- 
ductor theory and technology, 
with an emphasis on how semi- 
conductors "fit" within circuits. It 

explains how circuits and logic 
gates "make decisions" and 
how to properly include solid - 
state devices into a circuit de- 
sign. Digital and linear IC's are 
covered. Design specification 
and operating principles on the 
most important components - 
including transistors, diodes, 
IC's -are clearly spelled out. 

Understanding Solid State 
Electronics: Fifth Edition costs 
$24.95 and is published by 
Sams, Division of Macmillan 
Computer Publishing, 11711 

North College, Carmel, IN 
46032; Tel: 800 -428 -5331 or 
317 -573 -2500; Fax: 
800 -448 -3804 
or 317 -573 -2655. 

CIRCLE 95 ON FREE 
INFORMATION CARD 83 
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Phone Line 
Manager 

NEW PRODUCTS 
Now its possible to monitor and 
screen out unwanted phone 
calls even if you live in an area 
where Caller ID is not available, 
and to control incoming calls 
from non -Caller ID areas. The 
Model 3000 Phone Line Man- 
ager from ATDI stops unwanted 
calls. such as those from com- 
puterized telemarketers, while 
allowing wanted calls to go 
through. In non -Caller ID areas, 

for a call to go through, the 
caller must input either his 
phone number or a pre-ar- 
ranged PIN (personal 
identification number). In Caller 
ID areas, the Model 3000 acts 
like a typical Caller ID device or 
phone, displaying the caller's 
name and number before the 
phone is answered, but adds 
some features not found on 
most Caller ID units. The Phone 
Line Manager offers distinctive 
ringing and 41/2 minutes of voice 
messages. Call blocking can be 
customized or overridden using 
the unit's various modes. It can 
be set in a normal screening 
mode, or a call -blocking code 
can be used to stop specific 
numbers. The unit's "Do Not 
Disturb" mode allows only those 
callers on your "A List" or "B 
List" to ring through. It's easy to 

change a person's status (from 
A to B List), and to change the 
numbers to be blocked or un- 
blocked. A modular call - 
accounting printing option lets 
you print out records of phone 
calls, ID numbers, or call- block- 
ing selections. A hands -free 
automatic dialer holds 100 
names and numbers. The unit 
is compatible with all telephone 
company feature -phone options 
and works in both ANI (Auto- 
matic Number Identification) 
and non -ANI states. 

The Model 3000 has a sug- 
gested retail price of $299. For 
more information, contact Ad- 
vanced Technologies 
Development Inc., 185 Brandy 
Hill Road, Vernon, CT 06066; 
Tel. 203 -872 -3813; Fax: 
203 -875 -8226. 

CIRCLE 101 ON FREE 
INFORMATION CARD 

DESKTOP CAMERA 

Complete desktop multimedia 
production is possible with 
VideoLabs' FlexCam integrated 
color camera and microphone 
designed for desktop video and 
communications. The unit con- 
sists of a 1/2-inch, high -resolution 
(510 x 492), color CCD camera 
and two stereo microphones. 
The FlexCam outputs color 
NTSC video and industry -stan- 
dard, line -level audio. It is 

compatible with all popular vid- 
eo- digitizing boards offered for 
the Apple Macintosh, PC's (in- 
cluding Microsoft Video for 
Windows), and other comput- 
ers. It also can be used for 
video and audio input to VCR's, 
videoconferencing systems, and 
any other product that accepts 
NTSC video. (A PAL version is 
also available.) The camera and 
microphones are mounted on a 

thin, 18 -inch flexible stand that 
can be easily adjusted for pre- 
cise positioning. The 
microphones are mounted at 
60- degree angles for stereo 
imaging. The base of the Flex - 
Cam contains all its electronics, 
and a single cable carries both 

audio and video to a convenient 
"behind the computer" location. 

The FlexCam has a sug- 
gested retail price of $595. For 
further information, contact Vid- 
eoLabs, Inc., 5270 West 84th 
Street, Minneapolis, MN 55436; 
Tel. 612 -897 -1995. 

CIRCLE 102 ON FREE 
INFORMATION CARD 

NON -CONTACT 
TEMPERATURE PROBE 

Ideal for situations where it is 

difficult to measure temperature, 
such as when the subject is 

electrically live, moving, hard to 
reach, or can be contaminated 

by touch, the Fluke's 80T -IR 
Infrared Temperature Probe al- 
lows users to make non -contact 
measurements using a digital 
multimeter. The probe's rugged, 
ergonomic design makes it suit- 
able for harsh environments 
and allows easy one- handed 
use. Its 0 °F to 500 °F range and 
3% accuracy allow it to be used 
in a wide range of applications, 
including predictive and preven- 
tative maintenance. Emissivitiy 
is pre -set at 0.95, which is 

adequate for most industrial ap- 
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Silicon Chip, the most popular hobby 
electrorics magazine south of the equator is 

written for you; if you are fascinated by building projects, 
increasing yoir understanding of theory, fixing consumer 
electronic products, and keeping up -to -date with world -wide 
trends within your electronics interests. 

Silicon Chip, an Australian publication, is reprinted in the 
United States offering the best of selected articles suitable 

for North American readers. 

Plan to become 
a reader of 

SAZ ICON 
CHIP 
Packaged in a specially prepared format guaranteed 
to excite the electronics hobbyist with new ideas, 
novel projects, extraordinary features and down -right 
good reading. 

Inside you will discover how the other 
side of our world -down under -approaches the 
same hobby interests as you do, with ramifications 
that will amaze you. 

Detailed construction projects to appear in upcom- 
ing issues of Silicon Chip include: 

SPECIAL OFFER $2.9 
P' 

sample 
copy may be 

ordered for only 

In Canada. 
$3.50I 

and write across 
top 

'Se coupon 
below 

Edl out coupon except 

.SAMPLE 
ISSUE 

Information 
and mad. 

subscription Send only chect: 

too subs 
credit cardSs. Send 

Sorryon order in 
or money 

If you are fascinat- 
ed by electronics, 
especially the hobby 
aspects related to 
construction projecs, 
theory, applications in 

home and shop, and 
latest developments, if 

you are compelled to 
experiment and "fix -it," 
then Silicon Chip is 
your kind of magazine. 

4- Channel Guitar Mixer 
Adjustable 0 -45V, 8A Power Supply 

Interphone Digital Telephone Exchange 
1.5V to 9V DC Converter 

Multi -Sector Home Burglar Alarm 
1- Megabyte Printer Buffer 
Exciting and Imaginative Features like: 

Understanding Computer Memory 
How to Interlink Musical Instruments 

What's New in Oscilloscopes 

Become 
A Charter 

Subscriber 
Today 

"P, 500 -B Bi- County Boulevard, Farmingdale, New York 11735 

!'m convinced! Enroll me as a Charter Subscriber. Enter my subscription as designated below. 

r United States of America Canada 
12 issues for $29.95 12 issues for $40.61 

1, 24 issues for $49.95 24 issues for $70.57 
1 (Includes postage & G.S.T.) 

1 Payment enclosed Please charge my VISA Mastercard 

PE893 

1 For your convenience, if paying by credit card: To avoid any interruption in service, your subscription will be renewed 
automatically at 12 -issue intervals, at the then prevailing introductory rate, until you advise us to cancel it. 

Signature 

Silicon Chip is available ',Account No. Expiration Date 

exclusively by subscription. ',Offer valid in the U.S.A. and Canada only. No foreign Orders. 

So take advantage of this 
`, 

Name 

great opportunity and start Address 

your Charter Subscription ',,city State 

today. , All orders payable in U.S.A. funds only. Allow 6 -8 weeks for delivery. 

Zip 
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plications. The 80T -IR can be 

used with any digital multimeter, 
and the measured temperature 
appears on the multimeter's dis- 
play within one second. 

The 80T -IR Infrared Tempera- 
ture Probe has a list price of 
$199. For more information, 
contact John Fluke Mfg. Co., 
Inc., P.O. Box 9090, Everett, 
WA 98206; Tel. 800 -87- FLUKE. 

CIRCLE 103 ON FREE 
INFORMATION CARD 

VGA -TO -TV 
CONVERTER 

You can display your computer 
presentations on TV, or record 
them on a VCR, using 
Advanced Digital Systems' VGA 
to TV Elite. The combination 
software/hardware package al- 
lows a desktop computer to 
display text and graphics on 
any standard color TV or 
monitor without using an expen- 
sive RGB converter or large 
VGA monitors and LCD panels. 
The portable unit is easy to use 

._ VGA -.TV 
ELITE 

for presentations or meetings, 
when the output from a PC can 
be used by video projectors, TV 
sets, or VCR's for large- screen 
viewing -or for playing comput- 
er games on a big -screen TV. 

The VGA to TV Elite offers 
flicker -free circuitry, and "High 
Color" support. It supports VGA 
modes up to 640 x 480 in 16.7 
million colors. It also supports 
the desktop VGA monitor and 
TV output simultaneously. All 
necessary cables and software 
drivers are included. 

The VGA to TV Elite has a 

suggested retail price of $399. 
For more information, contact 
Advanced Digital Systems, 
20204 State Road, Cerritos, CA 
90701; Tel. 800 -888 -5244 or 
310 -865 -1432; Fax: 
310 -809 -6144. 

CIRCLE 104 ON FREE 
INFORMATION CARD 

VOLUME STABILIZER 

The VVS301 Volume Stabilizer 
from Brookline Technologies is 

designed to solve two problems 
that commonly plague stereo 
and home -theater listeners: the 
inability to hear softer music 
and dialogue over typical back- 
ground noise (such as air 
conditioner drone or kids play- 
ing), and the dramatic changes 
in volume levels when, for in- 

stance, loud action scenes are 
followed by quiet dialogue. The 
Volume Stabilizer automatically 

increases the volume of the 
audio source during soft pas- 
sages and reduces the volume 
during louder segments. In- 

stead of frequently adjusting the 
volume level or just living with 
the problems, using the device 
allows you to hear all the audio 
at normal volume levels, even 
over normal background noise. 
Sound dynamics are main- 
tained, so that the music and 
dialogue still sound alive, not 
flat or dull. The VS301 is easy to 
install and use. About the size 
of a portable CD player, the unit 
fits into almost any audio /video 
system. A single adjustment 
knob allows you to control the 
level of volume stabilization. 

The VS301 has a suggested 
retail price of $129.95. For addi- 
tional information, contact 
Brookline Technologies, 2035 
Carriage Hill Road, Allison Park, 

PA 15101; Tel. 412 -366 -9290. 
CIRCLE 105 ON FREE 
INFORMATION CARD 

STANDBY POWER 
SYSTEM 

The latest addition to Best 
Power Technology's Patriot line 
of standby Power Systems 
(SPS) is the SPS 300 VA, de- 
signed for supporting small, 
single -user PC's (it can support 
the IBM PS /2 Model 30 with 
VGA monitor for 22 minutes). 
Like the rest of the line, the SPS 

300 VA has a microprocessor - 
controlled detection system that 
assures transfer to battery 
power in 4 milliseconds or less 
under all conditions. Its output 
is carefully regulated to avoid 
stressing the computer's power 
supply, which can happen with 
the unregulated squarewave 
output of other standbys. The 
Patriot SPS 300 VA constantly 
protects equipment from spike 
damage, and has a UL 1449 
surge- suppression rating. The 
unit switches to the inverter to 
protect loads from prolonged 
over -voltages that can damage 
computer power supplies, and 
stops electrical noise that 
scrambles data and locks up 
computers. The SPS 300 VA 

can be configured with an op- 
tional interface port that lets it 

trigger a safe, orderly shutdown 
on many popular computer sys- 
tems. Optional CheckUPS 
software and shutdown kits are 
available for DOS, OS /2, 
AS /400, RS /6000 AIX, Novell 

NetWare, LAN Manager, UNIX/ 
XENIX, Lantastic, Banyan 
VINES, Prime, and more. Two 

audible alarms and a triple - 
mode status indicator light warn 
users of overloads or low bat- 
tery. 

The Patriot SPS 300 has a list 

price of $199. For more informa- 
tion, contact Best Power 
Technology, Inc., P.O. Box 280, 
Necedah, WI 54646; Tel: 

608 -565 -7200 or 800-356-5794. 
CIRCLE 106 ON FREE 
INFORMATION CARD 

DESKTOP 
VGA -TO -NTSC 
CONVERTER 

Because it offers all video for- 
mats- including AV video, S- 
Video, and an RF- modulated 

output -the Model 702 Desktop 
Videoverter from Telebyte Tech- 

nology can be used with any 
type of TV, VCR, or projection 
device. The Videoverter is com- 
patible with all notebook and 
desktop PC's that operate in a 

VGA display format. The device 
provides the link to convert the 
image on any VGA screen to 
NTSC for use on any standard 
TV or VCR. The Model 702's 
choice of outputs allows inter- 
facing to any video device from 
a low -end TV equipped with 

only an RF input to a VCR with 
AV inputs (composite video) to 
a top -of- the -line TV or VCR that 
uses S- Video. All three outputs 
can be used simultaneously. 
The Videoverter is a self -con- 
tained package that provides a 

pass- through link for VGA sig- 
nals from the PC to the VGA 
monitor. Thus the computer 
monitor and the TV will both 
operate at the same time. For 
notebook PC's, the external 
monitor output is connected to 
the Model 702. 

The Desktop Videoverter 
comes with a user -installed 
TSR software driver program 
and demo routines on floppy 
disk. When the display is re- 

quired on the TV, a hot key 
combination is activated on the 
computer's keyboard. That acti- 
vates the Videoverter to convert 
the image for display on the TV. 

and the SYNC LED lights. Addi- 
tional hot keys allow image 
movement, overscan under - 
scan, flicker reduction, and TSR 
unloading. The device supports 
11 VGA modes and is also 
available for operation with the 
European PAL standard. 

The Model 702 Desktop Vid- 
eoverter costs $345. For more 
information, contact Telebyte 
Technology, Inc., 270 East 
Pulaski Road, Greenlawn, NY 
11740; Tel: 800 -835 -3298 or 
516 -423 -3232; Fax: 
516 -385 -8184. 

CIRCLE 107 ON FREE 
INFORMATION CARD 

www.americanradiohistory.comAmericanRadioHistory.Com

www.americanradiohistory.com


CARDBOARD TUBE RADIO 
(Continued from page 43) 

and the clip with no wire connection. 
Be sure that the anode on the diode 
faces toward the point -D clip. From 
the cathode clip, bring out a wire 
lead, which will be used to connect 
the earphone. The earphone, Z1, is 

unfortunately the most difficult part to 
get. I recommend ordering it through 
Mouser Electronics (and be sure to get 
their catalog for future electronic proj- 
ects). Continue making the connec- 
tions, as illustrated in Fig. 4. When 
finished, your tube /coil assembly 
should resemble the Fig. 4 illustration. 

Antenna and Ground. The secret to 
a good AM crystal radio is a good 
antenna and a good ground. The an- 
tenna can be a length of wire about 
80 to 100 feet in length, strung high 
outside in your yard. The antenna 
should be mounted at least 20 feet 
above the ground for best results. If 

you're lucky and live in a metropolitan 
area with AM- broadcast stations 
nearby, 10 feet of wire lying on the rug 
may even be adequate to receive 
the local stations. For ground, any 
metal water pipe entering your house 
will do. 

Operation. Attach the antenna, 
ground, and earphones to the appro- 
priate paper -clip posts. Grasp the foil - 
lined portion of the outer tube with 
one hand, and with the other hand, 
grasp the bare bottom end of the 
inner tube. Slowly slide the inner tube 
into the outer tube to tune in stations. 
You'll find that the radio's sensitivity is 

excellent. 
Late at night, when reception is 

best, you can easily receive out of 
state signals. Pay special attention at 
the start of each hour when all sta- 
tions usually give their call sign and 
location. You'll be surprised at the dis- 
tant stations you can receive. 

If you have problems with the radio, 
make sure that the paper clips are 
making adequate contact with each 
wire and especially the aluminum foil. 
Also check that you have completely 
scraped off the enamel insulation 
from the wire ends. Note that com- 
mon "Walkman" type headphones 
will not work; high- impedance crystal 
earphones must be used. 

SERIAL PORTS 
(Continued from page 65) 

cates that what follows it -in this case 
N -is an exponent.) If TRUFAL is high, 
then bit N in SDAT was high, if TRUFAL is 

low, then bit N in SDAT was low. 
The fifth byte that supports each se- 

rial port can be used to set the logic 
state of the two handshaking outputs. 
If one of those bits is set high, its corre- 
sponding signal will become nega- 
tive (unasserted and false), if either bit 
is brought low, its corresponding line 
will become positive (asserted and 
true). 

As an example, to set bit N (and its 

associated output) in the fifth byte of 
COM3: high, you could use a state- 
ment like this: 

OUT &H3EC, 2"N 

There is one drawback to that state- 
ment however: all bits except N will be 
set low. If before you executed this 
statement some bits were set high 
and you wanted to keep them that 
way, this statement would screw things 
up. On some PC- compatible com- 
puters it is possible to rectify the situa- 
tion by reading the value of the byte 
before adjusting it and making sure 
you preserve the desired bits when 
you modify the byte. For example, you 
could use: 

SETBITS = INP( &H3EC) 

to find the data already stored in hex- 
adecimal address 3EC, then use: 

ALLBITS = SETBITS OR ZN 

to combine the current bits with a bit 
(N) you wish set and then send the 
updated data to the port using: 

OUT &H3EC, ALLBITS 

If your computer doesn't allow you 
to read the output bytes (the first and 
third bytes) then you must write your 
program so it keeps track of the bits 
that have been set in the course of 
operation and preserves them as ap- 
propriate. In other words, your pro- 
gram must update the value of 
whatever variable you use in place of 
SETBITS used in the equation for 
ALLBITS. 

I hope that the information that's 
been presented will help get you 
started writing your own port -control 
programs. 

CABLE TV 
DESCRAMBLERS 

How You Can Save Money on 
Cable Rental Fees 

Bullet Proof 

IMIR qáö 1 

} 

1 unit 5+ 
BEST Super Tri-Bi Auto/ 
Var. Gain Adjustment 5119.95..585 
Jerrold Super Tri-Bi 5109.95..579 
Scientific Atlanta $109 $79 
Pioneer _._.._.._..._ $109 $79 
PanasonicTZPC145.... $99.95._ $79 
Stargaze Converter.._._ $95_.__ $69 
Digital Video Stabilizer. 559.95 529 
Wireless Video Sender..559.95 $49.95 

30 Day Money Back Guarantee 
FREE 20 page Catalog 

Visa, WC, COD or send money order to: 

U.S. Cable TV Inc. Dept. KPE893 
4100 N. Powerline Rd., Bldg. F-4 

Pompano Beach, FL 33073 

US Cable'll Beat 
Anyone's Price 
Advertised in 

this Magazine! 

1- 800 -772 -6244 
For Our Record 

I, the undersigned, do hereby declare under penalty of perjury 
that all products purchased, now and in the future, will only be 
used on Cable TV systems with proper authorization from 
local officials or cable company otTicials in accordance with all 
applicable federal and state laws. FEDERAL AND VARIOUS 
STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL 
AND CIVIL PENALTIES FOR UNAUTHORIZED USE. 

Date: 

Signed: 

No Florida Sales! 

CIRCLE 12 ON FREE INFORMATION CARD 
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Your Ticket To sy 
Over 28,000 technicians have gained admit- 
tance worldwide as certified professionals. 
Let your ticket start opening doors for you. 

ISCET offers Journeyman certification in 
Consumer Electronics, Industrial, Medical, 
Communications, Radar, Computer and 
Video. For more information, contact the 
International Society of Certified Electro- 
nics Technicians, 2708 West Berry Street, 
Fort Worth, TX 76109; 1817) 921 -9101. 

Name 

Address 

City 

State Zip 

Send material about ISCET and 
becoming certified. 
Send one "Study Guide for the 
Associate Level CET Test." En- 
closed is $10 (inc. postage). L J 
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CIRCUIT CIRCUS 
(Continued from page 72) 

rows the receiver's 
bandwidth, with some loss 

in sensitivity. Increasing the 
number of turns will, quite 
naturally, increase the 
bandwidth and that sen- 
sitivity. 

IF AMPLIFIER 
In Fig. 5, the ZN416E is 

configured as a simple 455 - 
kHz IF amplifier. The IF's cen- 
ter frequency and band- 
width is set by RESI (a 

Murata CSB455E ceramic 
resonator). That part can be 
a little hard to find, so if you 
can not locate a resonator 
send me a self- addressed 

PARTS LIST FOR THE 
IF AMPLIFIER 

CAPACITORS 
C1- 0.05 -p.F, ceramic -disc 
C2, C5 0.1 -p.F, ceramic -disc 
C3 0.47 -µF, ceramic -disc 
C4-0.01-RE ceramic -disc 
C6, C7- 100 -11F 16 -WVDC, electrolytic 

ADDITIONAL PARTS AND MATERIALS 
Ul- ZN416E tuned, radio- frequency AM receiver, integrated 

circuit 
R1- 100 -ohm 1/4-watt, 5% resistor 
RESI- CSB455E Murata ceramic resonator (see text) 
LI- 2.5 -mH RF choke 
Perfboard materials, enclosure, AC molded power plug with line 

cord. battery(s), battery holder and connector, wire, solder, 
hardware, etc. 

PARTS LIST FOR THE 
VOLTAGE CONTROL 

RESISTORS 
(All fixed resistors are 1/4-watt, 5% units.) 
R1-1500-ohm 
R2 -1000 -ohm potentiometer 
R3 -2500 -ohm potentiometer 

ADDITIONAL PARTS AND MATERIALS 
CI- 0.I 41,F, ceramic -disc capacitor 
QI- 2N2222 general- purpose NPN silicon transistor 
Perfboard materials, 6 -volt DC power source, knobs, wire, solder, 

hardware. etc. 

R1 

1.5K 

R2 
1K 

R3 
2.5K 

ZN416E 

Fig. 6. Designed as a 
regulator for a 6 -volt source, 
this circuit makes supplying 
the receiver with a precise 
power source an easy task. 

stamped envelope in care 
of Popular Electronics, and 
I'll send you one free. 

Although (as stated ear- 
lier), the ZN416E is designed 
to operate from supply volt- 
ages ranging between 1.1 

and 1.6 volts, the actual 
voltage can be fine tuned 
to peak the chip's perfor- 
mance. In strong signal 
areas, a lower supply volt- 
age helps to correct the 
AGC action. If the supply 
voltage is too high, the AGC 
range will be limited, caus- 

ing a strong station to 
occupy a much wider 
bandwidth. That condition is 

undesirable, since it can 
cause weaker stations, that 
are close by in frequency, 
to be masked. 

VOLTAGE CONTROL 
The circuit in Fig. 6, which 

is designed as a regulator 
for a 6 -volt source, makes 
voltage adjustments for the 
previous circuit an easy 
task. In that circuit, the base 
bias of Q1 (a 2N2222 NPN 

transistor configured as an 
emitter follower) can be 
adjusted via R2 (a 1k poten- 
tiometer). Potentiometer R3 

is used to set the maximum 
output level of the circuit to 
a level that is no greater 
than 1.6 volts. 

Setting up the circuit is 

easy. Connect the circuit to 
a 6 -volt DC source, and 
connect a DC voltmeter 
between Q1's emitter and 
ground. Adjust potentiome- 
ter R2 fully clockwise for a 
maximum voltage reading, 
then adjust potentiometer 
R3 for 1.6 -volts at the output 
of the circuit. 

If you really enjoy experi- 
menting and get a kick out 
of building things that work 
great, then why not try one 
of these receiver circuits. I 

don't think you'll be disap- 
pointed. 

Well, it looks like our time 
is up for now. As always, 
we'll be looking for you 
here next month for some 
more fun circuitry. 

'All it says is: Some Assembly 
Required." 

ONKYO RECEIVER 
(Continued from page 29) 

with Dolby surround -sound 
augmented by the elec- 
tronics of a receiver such as 
this Onkyo "do -it- all" unit is 

something that comes as 
close to the actual motion- 
picture-theater experience 
as anything we have tested 
or evaluated to date. 

But don't overlook the 
fact that even as a straight 
stereo receiver, this unit of- 
fers unsurpassed 
performance. Onkyo has al- 
ways been noted for their 
superb FM tuner designs, 
and they have obviouslj 
incorporated much of what 
they've learned into thi; 
outstanding receiver. 

For more information on 
the TX- SV909PRO, contact 
Onkyo (200 Williams Dr.. 

Ramsey, NJ 07446) dire otly, 

or circle No. 120 on the 
Free Information Card. 

Ridio 
014fr 

The Magazine 
for Fun -Loving 
Experimenters 

Everything about radio that 
appeals to the hobbyist, e)- 
perimenter, the technically 
inclined. There's practical 
information on all areas of 
radio -SWL, DX- listening, 
scanners, amateur radio, 
AM, AM stereo, FM,antique 
radios, and antennas. Plus 
construction projects on re- 
ceivers, tuners, converters, 
and transmitters. And tips 
on police communications 
and radio technology. 

It's Project 
Building! 

lt's Theory! 

lt's On Sale 
June 15, 1993 
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SHORTWAVE RADIO 
(Continued from page 35) 

neatly strung behind furniture and 
curtains for an adequate indoor an- 
tenna. The same length of wire, or 
more, outdoors or up in the attic, will 
be an even better receiving antenna. 

Even with a short whip antenna, 
you'll get surprising results. The longer 
the whip, the better, unless you're sub - 
ject to overloading from a strong local 
station. The ideal antenna setup for 
this frequency range is an outdoor 
wire 25 to 50 feet in length, with the 
ground side of the antenna jack con- 
nected to a copper cold -water pipe. 

For your convenience, a short 
length of audio cable with a pre - 
wired RCA plug to mate with J1 is ade- 
quate for making antenna and 
ground connections. RF coaxial cable 
is not essential for this application. 

When installing any outdoor anten- 
na, be very careful not to let your an- 
tenna wire come in contact with 
electric power lines. Any antenna wire 

for shortwave listening may run hori- 
zontally, vertically, both ways, or at an 
angle. In fact, if you have a roof - 
mounted TV antenna, its feedline will 
make a great antenna for your radio. 
Even some existing metal objects, 
such as metal downspouts, gutters, 
windows, door screens, or attic insula- 
tion foil, can serve as antennas! 

If you are completely restricted to 
indoor antennas, you can get an extra 
boost from the M-7 Active Antenna 
described in the March 1993 issue of 
Popular Electronics. If you need 
more construction details on anten- 
nas, check any introductory ham ra- 
dio book, or the Radio Shack book 
Antennas (Catalog No. 62 -1083, 
$3.95). 

Packaging. Your finished receiver 
can be housed in a variety of en- 
closures of your own design and 
choosing. Use of the optional inex- 
pensive and attractive case and 
knob kit available from the supplier 
listed in Parts List will give your unit that 
professionally finished look. The sturdy 

black cose is supplied with neatly let- 
tered front and rear panels, knobs, 
rubber feet, and mounting screws. You 

will need to drill four access holes in 
the top of the cabinet if you wish to 
retune the four slugs of L1, L2, and L3 

while the radio is in the cabinet. 
Alternately, if your first goal is econo- 

my and rugged portability, you will 
find that the circuit board can be 
mounted nicely in a standard VHS vid- 
eotape storage box, which also has 
sufficient room for a speaker, or ear- 
phone storage, and even a roll of an- 
tenna wire. The controls are easily 
mounted at one end of such a box. It 

will be necessary to cut away the box's 
molded posts that secure the tape 
cassette inside the box. 

To accomplish RF shielding, Radio 
Shack sells an economical metal en- 
closure (catalog No. 270 -253A, $6.99) 
that is well suited as the receiver's en- 
closure. That 3 x 5.25 x 5.88 -inch 
metal utility cabinet can accommo- 
date the radio and a speaker, with 
room for various refinements that you 
might like to add. 

TTL -CMOs BONANZA 
The Biggest Budget Buy an Experimenter, 
Circuit Designer, or Engineer would want! 
5 compact pocket guides provide a comprehensive listing of all commonly used TTL 

and CMOS integrated circuits. All current families including: Standard, Low Power, 
Schottky, Low Power Schottky, Advanced Schottky, Advanced Low Power 

Schottky, High Speed and Fast Schottky, and all the commonly used CMOS 
devices. 

They're easy to use! Each page describes one component only and is divided 
into eight parts, which offer the following: 1 -The device's schematic diagram. 2- 

Logic description. 3 -Data on the chip's operational characteristics such as signal 
levels, etc. 4 -Major applications. 5- Summary of essential data. 6 -Table of TTL 
families in which the component is available. 7- Device common name. 8 -Type 
reference number highlighted at the bottom of page for rapid and easy reference. 

ORDER THE COMPLETE SET TODAY! 

L 

ELECTRONICS TECHNOLOGY TODAY INC. 
P.O. Box 240, Massapequa Park, NY 11762 -0240 

Paying by Check Please charge my Visa MasterCard 

Card No. Expiration Date 

Each Book is $9.95 

TTL Pocket Guide 7400 -74200, 
Volume 1 

TTL Pocket Guide 74201- 74640, 
Volume 2 

Signature TTL Pocket Guide 74641- 
7430640, Volume 3 

Name 

Address 

City State 

US and Canada orders only. Sorry, no Foreign orders. 

Zip 

CMOS Pocket Guide Standard 
Components, Volume 1 

CMOS Pocket Guide Special 
Components, Volume 2 

Check Off the Books You Want 

Shipping Charges 

Under $10.00 $2.50 
$10.00 to $20.00 $3.50 
$20.01 to $30.00 $4.50 
$30.01 to $40.00 $5.50 
$40.01 to $50.01 $6.50 

Over $50.00 $8.00 
Number of books ordered 

Total prices of books $ 

Shipping (See Chart) $ 

Subtotal $ 

Sales Tax (NY Only) $ 

Total Amount $ 

ALL PAYMENTS MUST BE IN U.S. FUNDS 

J 
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REMOTE CONTROL 
(Continued from page 56) 

soften the glue. The part will have to 
be gently pried (with the tip of a fine 
blade) after the solder melts. 

Case. The circuit can be installed in a 
plastic or metal case, however the 
presence of the nearby metal will al- 
ter the tuned frequency of the LC cir- 
cuits. Such metal will act as a loosely 
coupled, shorted turn, resulting in a 
decrease in the inductor's value. That 
effect occurs regardless of the per- 
meability of the metal. 

If either plastic or metal case mate- 
rial is used, a common contact must 
be provided on the inner surface of 
the case lid immediately above the 
two power cells. A strip of gold plated 
0.5 x 1 -cm foil glued to the inner sur- 
face of the case will be adequate. 
That contact is compressed when the 
button is depressed, thus, aiding con- 
tinuity. An antenna loop projects 
beyond the printed -circuit board and 
out of the case. A slot must be cut in 
the case to admit the loop. If external 
frequency control is desired, a hole 
must also be drilled for the turnscrew 
of the trimmer potentiometer. 

Antenna. A metal pocket -purse wrist 
strap (12 cm in length) and a 15 -cm 
length of decorative gold chain were 
tested in the prototype. It may be pos- 
sible to operate without an external 
antenna, depending on the range re- 
quirements, nearby structures, and re- 
ceiver sensitivity. Optimum range can 
be obtained with the antenna hang- 
ing free and facing away from the 
users' body. 

Testing. Set R3 to mid -range for all 
initial adjustments. Activate the trans- 
mitter with a nearby FM receiver set to 
a clear frequency near 100 MHz. If L1 

and L2 are wound as described and 
capacitors are nominal, the circuit 
should resonate at 100 + / -10 MHz. 
Adjust the receiver frequency until the 
carrier is found (it will sound like a 
quiet spot in the FM band -no static). 
To simplify the tuning procedure, and 
more readily identify the signal, the 
modulating frequency of the transmit- 
ter can be temporarily decreased to 
the audible range by placing a 
0.01 -11F capacitor across Cl. Modula- 

tion sidebands are well suppressed, 
so the signal will not be heard until the 
receiver is adjusted to the carrier's 
center frequency. 

If the carrier is not found, recheck all 
wiring, verify the physical dimensions 
of the inductors, and check the cir- 
cuit's DC voltages. The windings of L1 

can be altered (spread -apart to in- 
crease frequency, or turns added to 
decrease frequency) as a final option 
in de- bugging. 

Once you have located the carrier, 
determine if you want to adjust it up or 
down to a clear frequency. The trim- 
mer potentiometer (R3) can be ad- 
justed to produce frequency shifts of 
up to 10 MHz. For larger frequency 
shifts, the windings of L1 will need to be 
adjusted. With the carrier established, 
verify that the "stereo" lamp comes on 
when the transmitter is on. Repeat the 
test at the working range of the trans- 
mitter. If the stereo lamp fails to light, 
trim the 19 -kHz modulation frequency 
by temporarily removing R1 and re- 
placing it with a 50 -100k potentiome- 
ter. Adjust the potentiometer for an 
output frequency (at pin 3 of U2) 
equal to 19.0 kHz, or until the stereo 
lamp illuminates. Remove and mea- 
sure the resistance across the potenti- 
ometer and replace R1 with the 
nearest fixed value. 

The Receiver. The FM stereo re- 
ceiver used with the transmitter 
should have an incandescent- or LED - 

stereo indicator. The receiver audio 
and AM circuitry can be removed. In 

many modular receivers, the FM /mul- 
tiplex is a physically separate printed - 
circuit card that can be used essen- 
tially without modification. Figure 6A 
illustrates a typical FM stereo MUX de- 
coder with a load connected directly 
to the open -collector output of a 
TA7343 PLL. Further receiver modifica- 
tions should not be necessary. 

For applications requiring load iso- 
lation, Fig. 6B illustrates an op- 
toisolator- coupled output. The 4N33 
optoisolator /coupler has a current 
gain of 500% and can drive 20- to 30- 
mA loads directly. That figure illustrates 
the optoisolator /coupler output driv- 
ing a 100 -mA, 12 -volt relay coil via a 
2N2222 general -purpose silicon tran- 
sistor. Although the optoisolator/cou- 
pler is ideally suited for isolated loads, 
the load and receiver power supplies 
can be connected together, pro- 

vided, of course, that they are com- 
patible. 

Figure 6C shows the gate of an N- 

channel power MOSFET connected to 
the output of a 4N33. MOSFET's typ- 
ically require 12 volts to fully bias the 
channel on. The circuits of Figs. 6A or 
6B should be used where lower volt- 
age operation is desired. 

The circuits of Figs. 6A through 6C 
are momentary contact. The circuit 
illustrated in Fig. 6D is a toggle flip -flop 
circuit that will allow push -on /push -off 
control. The RC time constant pro- 
vides interference filtering, and the in- 
verter provides positive switching 
action -i.e., the flip -flop output 
switches when the transmitter button 
is depressed. 

Although the system lacks the se- 
curity offered by digital encoding, it 

does allow for an inexpensive alter- 
native to assembling a remote con- 
trol. The part requirements depend 
on which interface circuit is used with 
the receiver. (Refer to Fig. 6 for the 
required receiver parts.) The parts 
layout and assembly for the interface 
is not critical, and no printed- circuit 
artwork is provided for the receiver 

r- - - - 
Learn VCR 

repair at home! 

fi 

i 
1 

I 

I The School of VCR Repair 
6065 Roswell Road 

Dept.VJ341, Atlanta, Georgia 30328 

CIRCLE 11 ON FREE INFORMATION CARD 

MAKE GOOD MONEY IN YOUR 
OWN FULL- OR PART -TIME JOB 

Professional - 
level home study 
course. You will 
master easy -to- 
learn, high -profit 
repairs with- 
out investing 
in high -tech 
instruments 
or a costly 
workshop. 

Want more 
independence 
and higher 
income? Send 

or call today! 

Free career literature: 

800 -223 -4542 
Name 

Address 

City 

Age 

Phone(_) 

State Zip 
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A/D CONVERTERS 
(Continued from page 62) 

The longer it takes for the capacitor's 
voltage to reach the reference volt- 
age, Vx, the lower the binary counter 
is able to decrement. 

As shown in Fig. 10, the time (tAI) it 

takes the capacitor's voltage to reach 
V, is inversely proportional to the ap- 
plied analog voltage, VA,. That is: 

VA1 = Vx /tA1 

This inverse proportionality is the 
reason a count -down timer is used 
instead of a normal count -up timer. 
With this implementation, the lower 
the input voltage, VA, is, the lower IA 

becomes, the slower the capacitor 
charges, and the lower the counter is 

able to decrement. Hence, the binary 
output from the counter is a fairly 
good representation of the original 
analog voltage. 

Several other items must be added 
to the circuit of Fig. 9 to make the 
system operate in a practical manner. 
Most importantly, a "start- conversion" 
signal must be used to discharge the 
circuit's capacitor (generally through 
a FET) and to reset the binary counter 
to its initial state. 

There are several advantages to 
this style of analog -to- digital convert- 
er. The main two are: it's extremely in- 

expensive to implement due to its 

minimal reliance on comparators 
and the fact that it does not require 
any D/A converters; and a wide range 
of resolutions can be obtained by ap- 
propriately sizing the components in 

the system, especially the voltage -to- 
current converter and the count- 
down register. 

Miscellaneous Types. Besides the 
four ADC's that were detailed so far in 

this article, there are numerous other 
types of analog -to- digital converters 
available, each with their own unique 
set of advantages and disadvan- 
tages. For the sake of completeness, 
I'll briefly present the Iwo other com- 
monly used types now. 

First, there's the dual -slope counter/ 
ramp converter. This variety of ADC is 

very similar to the counter /com- 
parator system that was just discussed, 

except that it generates two integra- 
tion slopes in an attempt to eliminate 
the dependence of the overall de- 

D4 VDD 

05 

D6 

D7 

R -NET BOTTOM 

START CONV 

OUT ENABLE 

Vcr, 

D3 

D2 

R-NET TOP 

D1 

DO (LSB) 

VIN 

CLOCK 

EOC (END OF CONV) Vss 

12 

10 

Fig. 11. This is the pinout of National 
Semiconductor's ADC0800, 8 -bit 
successive -approximation ADC. 

vice accuracy on the accuracy of the 
circuit used to generate a single inte- 
gration ramp. 

Second, there are voltage- to -fre- 
quency converters. In this style of de- 
vice, the input analog voltage is used 
to drive a circuit that outputs a pulse 
train with a frequency proportional to 
the input voltage. The resulting fre- 
quency can then be measured and 
scaled to create an binary output that 
is directly proportional to the original 
analog voltage. 

The ADC0800. In this final section, 
we'll take a brief look at one of the 
most popular analog -to- digital con- 
verters currently available: the 
ADC0800 ND converter produced by 
National Semiconductor. It is an 8 -bit 
monolithic device that uses P -chan- 
nel, ion -implanted metal -oxide semi- 
conductor (MOS) technology. The 
chip is packaged in a plastic, 18 -pin 
dual -inline package; the package 
pin -out is shown in Fig. 11. 

In operation, the ADC0800 uses a 
variation of the successive- approx- 
imation technique that was previously 
discussed to convert an analog input 
voltage into an 8 -bit digital represen- 
tation. The circuit has a minimum con- 
version time of only 50 microseconds, 
and a linearity of + 1 LSB. Also, the 
device's binary output lines are di- 
rectly compatible with TTL devices 
and logic levels. 

Interfacing the ADC0800 A/D con- 
verter with a modern microprocessor 
system, such as the one shown in the 

block diagram of Fig. 1, is a fairly easy 
task. Once the microprocessor con- 
troller decides it would like to initiate a 
conversion, all it must do is send an 
active -high signal to the start con- 
version input (pin 6) of the ADC0800. 
When it receives this signal, the ADC 
drops its end of conversion line (from 
pin 9) into the inactive -low state, indi- 

cating that the conversion is not yet 
completed. When the conversion 
process is complete, after a con- 
version time of not less than 50 micro- 
seconds, the ADC0800 raises its end 
of conversion line (assuming pin 7 is in 

the correct state), indicating that valid 
data exists on the eight output lines. 

This end of conversion output is gen- 
erally used to generate an interrupt to 
the microprocessor, indicating the 
presence of the valid data at the out- 
puts. 

We hope that by now you've gain- 
ed an understanding of how various 
types of analog -to- digital converter's 
work. We also hope that the informa- 
tion presented in this article will, in the 
near future, help you to include one in 

a project of your own. 

INTERFERENCE 
(Continued from page 48) 

ence of a radio transmitter. Manufac- 
turers must be made to recognize that 
RFI protection of their home- enter- 
tainment equipment has become im- 

perative. Further, when interference is 

experienced, the consumer should 
be encouraged to contact the man- 
ufacturer of his equipment and to re- 

quest that the manufacturer furnish 
the components or services required 
to eliminate RFI. 

Many responsible manufacturers 
have a policy of supplying filters to 
eliminate television interference 
when such cases are brought to their 
attention. For audio devices, some 
manufacturers will supply modified 
schematic diagrams showing the rec- 
ommended placement of bypass ca- 
pacitors and other components to 
reduce RFI susceptibility. A list of man- 
ufacturers that provide assistance 
and information on interference 
problems may be obtained from the 
American Radio Relay League, 225 
Main Street, Newington, CT 06111. 
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ELECTRONICS MARKET PLACE 

FOR SALE 
SECRET cable descramblers! Build your own 
descrambler for less than $12.00 in seven easy 
steps. Radio Shack parts list and free descram- 
bling methods, that cost nothing to try, included. 
Send $10.00 to: INFORMATION FACTORY, Dept. 
5, PO Box 1790, Baytown, TX 77522. 

CABLE descrambler liquidation. Major makes 
and models available. Industry pricing! (Example: 
Hamlin Combo's, $44 each... Minimum 10 orders). 
Call WEST COAST ELECTRONICS, 1 (800) 
628 -9656. 

TUBES. (Thousands in stock). Send SASE for list. 
FALA ELECTRONICS, PO Box 1376 -2, Milw., WI 
53201. 

CLASSIFIED AD ORDER FORM 

To run your own classified ad, put one word on each of the lines below and send this form along with your check to: 

Popular Electronics Classified Ads, 500 -B Bi- County Boulevard, Farmingdale, N.Y. 11735 

PLEASE INDICATE in which category of classified advertising you wish your ad to appear. For 
special headings, there is a surcharge of $11.00. 
( Plans /Kits ( ) Business Opportunities ( ) For Sale 
( Education /Instruction ( ) Wanted ( ) Satellite Television 

Special Category: $11.00 

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS. 
(No refunds or credits for typesetting errors can be made unless you clearly print or type your 
copy.) Rates indicated are for standard style classified ads only. See below for additional 
charges for special ads. Minimum: 15 words. 

1 2 3 4 5 

6 7 8 9 10 

11 12 13 14 15 ($23.25) 

16 ($24.80) 17 ($26.35) 18 ($27.90) 19 ($29.45) 20 ($31.00) 

21 ($32.55) 22 ($34.10) 23 ($35.65) 24 ($37.20) 25 ($38.75) 

26 ($40.30) 27 ($41.85) 28 ($43.40) 29 ($44.95) 30 ($46.50)- 

31 ($48.05) 32 ($49.60) 33 ($51.15) 34 ($52.70) 35 ($54.25) 

We accept MasterCard and Visa for payment of orders. If you wish to use your credit card to pay for your ad fill 
in the following additional information (Sorry, no telephone orders can be accepted.): 

Card Number Expiration Date 

PRINT NAME SIGNATURE 

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE 
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATION WILL NOT BE ACCEPTED. 
CLASSIFIED COMMERCIAL RATE: (for firms or individuals offering commercial products or services) 
$1.55 per word prepaid (no charge for ZIP code)...MINIMUM 15 WORDS. 5% discount for same ad in 6 
issues within one year; 10% discount for 12 issues within one year if prepaid not applicable on credit card 
orders. NON -COMMERCIAL RATE: (for individuals who want to buy or sell a personal item) $1.25 per word, 
prepaid....no minimum. ONLY FIRST WORD AND NAME set in bold caps at no extra charge. Additional bold 
face (not available as all caps) 306 per word additional. Entire ad in boldface, $1.85 per word. TINT 
SCREEN BEHIND ENTIRE AD: $1.90 per word. TINT SCREEN BEHIND ENTIRE AD PLUS ALL BOLD 
FACE AD: $2.25 per word. EXPANDED TYPE AD: $2.05 per word prepaid. Entire ad in boldface, $2.45 per 
word. TINT SCREEN BEHIND ENTIRE EXPANDED TYPE AD: $2.55 per word. TINT SCREEN BEHIND 
ENTIRE EXPANDED TYPE AD PLUS ALL BOLD FACE AD: $2.95 per word. DISPLAY ADS: 1" x 
$205.00; 2" x 21/e- $410.00; 3" x 21/e- $615.00. General Information: Frequency rates and prepayment 
discounts are available. ALL COPY SUBJECT TO PUBLISHERS APPROVAL. ADVERTISEMENTS 
USING P.O. BOX ADDRESS WILL NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER 
WITH PERMANENT ADDRESS AND PHONE NUMBER. Copy to be In our hands on the 18th of the 
fourth month preceding the date of issue (I.e.; Sept. Issue copy must be received by May 18th). When 
normal closing date falls on Saturday, Sunday or Holiday, issue closes on preceding work day. Send 
for the classified brochure. Circle Number 49 on the Free Information Card. 

HUGE 100 page communications catalog of 
shortwave, amateur and scanner equipment. An- 
tennas, books, and accessories too. Send $1.00 
to: UNIVERSAL RADIO, 6830 Americana Pkwy., 
Dept. PE, Reynoldsburg, OH 43068. 

300 EXPERIMENTERS CIRCUITS - Complete 
in 6 Practical books using diodes, relays, FETS, 
LEDs, IC 555's, and IC CA3130's for building 
blocks. Only $33.00 plus $5.50 for shipping. USA 
and Canada only. US funds. ETT, INC., PO Box 
240, Massapequa Park, NY 11762 -0240. 

CABLE TV DESCRAMBLERS 
*CONVERTERS* 

and ACCESSORIES. 

SAVE M011Et 

DON'T RENT! 
PANASONIC, 

PIONEER, JERROLD, OAK, 
SCIENTIFIC ATLANTA 
AND MORE. LOWEST PRICES. 

FREE CATALOG. 

(800) 234 -1006 
CABLE READY COMPANY 

OSCILLOSCOPE 50 MHz, dual channel, solid 
state calibrated, manual, $250.00. 1 (800) 
835 -8335 X -123. 

CABLE TV descramblers. All major brands. 
Have make /model used in your area when calling. 
1 (800) 327 -3407. For a free catalog write: K.D. 
VIDEO, PO Box 29538, Minneapolis, MN 55429. 

CB RADIO OWNERS! 
We specialize in a wide variety of technical 
information, parts and services for CB radios. 
10 -Meter and FM conversion kits, repair books, 
plans, high -performance accessories. Thousands 
of satisfied customers since 1976! Catalog $2. 

CBC INTERNATIONAL 
P.O. BOX 31500PE, PHOENIX, AZ 85046 

PC board service. Single quantity ss. No setup 
fee. We also scan magazine artwork. Get out your 
back issues. FIRST PROTO, (407) 392 -8677. 

CABLE test chips. Jerrold, Tocom, S.A., 
Zenith. Puts cable boxes into full service 
mode! $29.95 to $59.95. 1 (800) 452 -7090, (310) 
867 -0081. 

FREE CATALOG 
FAMOUS "FIRESTIK" BRAND CB ANTENNAS 

AND ACCESSORIES. QUALITY PRODUCTS 
FOR THE SERIOUS CB'er. SINCE 1962 

FIRESTIK ANTENNA COMPANY 
2614 EAST ADAMS 

PHOENIX, ARIZONA 85034 93 
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TEST-Aids for testing units in full servive mode. 
Jerrold, $40.00; Pioneer, clears error codes E2 
thru ES, $60.00; Pioneer cubes, will not alter inter- 
nal serial number, $1e5.00; Tocom mapping, 
$40.00; Tocom 5503/5507, $25.00; S.A. 8500, 
$25.00; 8550 $30.00; 8580, $40.00; 8570/90, 
$50.00; 8600, $50.00; Zenith ZTac, $25.00; N.E. 
ENGINEERING, (617) 770 -3830. 

CABLE descramblers and turn -ons we buy, sell 
and trade. We'll beat any legitimate price. Call 
(305) 425 -0751. 

CALL 1 (800) 423 -VCRS for all your audio /video 
needs and (713) 486 -3939 for the largest selec- 
tion of video laser dics. COLONEL VIDEO & 
AUDIO - Discount prices! 

i 

RECEIVING TUBES 
OVER 3000 TYPES IN STOCK! 
Also hard -to -find transformers, capaci- 
tors and parts for tube equipment. 
Send $2.00 for our 32 page catalog. 

ANTIQUE ELECTRONIC SUPPLY 
6221 S. Maple Ave.Tempe, AZ 85283.602- 820 -5411 

PLANS & KITS 
FASCINATING Electronic Devices! Voice Dis- 
guiser! Vocal Truth Indicator! Lasers! Transmit- 
ters! Detectors! Free energy! High Voltage! More! 
Kits /Assembled! Catalog $4.00 (refundable) 
QUANTUM RESEARCH, 17919 -77th Ave., 
Edmonton, Alberta, Canada T5T 2S1. 

DESCRAMBLER kits. Complete cable kit $44.95. 
shipping. Comete 

Free brrochure!INo New York sales. SUMMIT PE, 
Box 489, Bronx, NY 10465. 

SURVEILLANCE transmitter kits tune from 65 
to 305 MHz. Mains powered duplex, telephone, 
room, combination telephone /room. Catalog with 
Popular Communications, Popular Elec- 
tronics and Radio-Electronics book reviews of 

De- 
sign," 

Eavesdropping Equipment 
$2.00. SHEFFIELD PO 

Box 377785 -A, Chicago, IL 60637 -7785. 

e:etir r Great kit for electronic ° buffs. Silent Sam Turn 
1 4 Signal reminder. Patent 
1 , III .., In Approved! Best 

reminder yet. Wit not 
bug you. Sounds briefly & repeats only If you forget 
to canoe. Quiet; braking resets Ir. Complete kit of 
all parts PCB, case & Instructions only $15 PPD. 
Wired units $7 more. Visa, MC. (814) 231 -8814. 
Call for free information sheet Silent Sam, 1827 
Basil Dr, Columbus, OH 43227. 

60 SOLDERLESS Breadboard Projects in two 
easy -to -read pocket books. Complete with circuit 
descriptions, schematics, parts layouts, compo- 
nent listings, etc. Both books (pBppP10gg7 & BP113) 

Canada only. 
plus 
US funds. ETT, INC.,nPO Box 240, 

Massapequa Park, NY 11762 -0240. 

UNINTERUPTABLE power supply for your PC or 
Mac. Complete plans $9.95. Backup power, when 
you need it. CUSTOM POWER SOLUTIONS, Box 
1242, Hampton, NH 03842. 

BUGGED? Telephone tapped? Find out fast! 
Free catalog of fantastic counter -surveillance 
equipment! 1 (800) 732-5000. 

BUILD 0 -50 volt regulated dual tracking power 
supply. Complete schematics and instructions. 
$5.95. SMS ENGINEERING, 5932 West Bell 
Road, Suite 0106, Glendale, AZ 85308. 

CREDIT card program yourself, theory $49.00, 
design for PC $49.00, kits etc. Resellers wanted 
worldwide, info $10.00. CPU ADVANCE, Box 
1089, Waltham, MA 02154. 

TRAFFIC signal controller design $49.00, bar - 
code theory $25.00, credit card theory $49.00, 
87C51 controller kit program yourself from PC 
$39.00. Resellers wanted worldwide, info $10.00. 
CPU ADVANCE, Box 1089, Waltham, MA 02154. 

ANTIQUE RADIO CLASSIFIED 
Free Sample! 

Antique Radio's 
Largest Circulation Monthly. 
Articles, Ads & Classifieds. 
6 -Month Trial: $16.95. 1 -Yr: $29.95 ($44.95.1st Class). 
A.R.C., P.O. Box 802 -L10 , Carlisle, MA 01741 

% e!.. .,=.o,, 01 te - 

INTERFACE! Electronic circuits through the 8 -bit 
edge -card slots of your IBM /AT /XT computer. 
Plans, documentation, schematics, artwork, dis- 
kette, included. $6.00, LEIFKER, PO Box 632, 
Lemont, IL 60439. 

SURVEILLANCE equipment transmitters, cam- 
eras, recorders, nite vision, bug detection. Kits, 
plans $4.00 for catalog - SPY LABS, PO Box 
231, Thornwood, NY 10594. 

IBM Interfacing. A very practical manual of the 
how and why of interfacing to the IBM (or clone) 
computer. Complete details on board design, pro - 
gramming of parallel interface, timer chips, A/D, 
D /A, and much more! Complete detailed exam- 
ples include programmable waveform generator, 
precision (1 Hz) audio sine generator, etc. Lots of 
detailed schematics and programming examples 
in Basic and Pascal. Price includes floppy with all 
software and 171 page manual. $39.95. Send to 
AFS, 91 Point Judith Road, Suite 211 -PE, 
Narragansett, RI 02882 -3445. 

ROBOT control 8 servos or 4 steppers through 
IBM parallel port. Disk with programs and plans 
$10.00. ROBOTIC INTENTIONS, 415 E. 
Huisache, San Antonio, TX 78212. 

EXCITING new plans and kits. Learn latest tech - 
nologies! Info $2.00 refundable. MICROBYTE, 6 
Newbrook Road, Newark, DE 19711. 

How To Get A High - 

Paying Job In 

ELECTRONICS 

Become more 

competitive 

in the job 

market with 

EDUCATION 
Specialized Associate degree and diploma 
programs in electronics technology, computer 
repair, communications, and industrial 
electronics by 

DISTANCE EDUCATION 
Call or write for college catalog and booklet 
"How to Get a High -Paying Job in Electronics." 

1 -800-765-7247 
PEOPLES COLLEGE OF INDEPENDENT STUDIES 

233 Academy Drive P.O. Box 421768 
Kissimmee, FL 34742 -1768 

Member, D.L. Peoples Group Accredited Member, NHSC 

BUSINESS OPPORTUNITIES 
MAKE $75,000.00 to $250,000.00 yearly or 
more fixing IBM color monitors. No Invest- 
ment, start doing it from your home (a tele- 
phone required). Information, USA, Canada 
$2.00 cash for brochure, other countries 
$10.00 US funds. RANDALL DISPLAY, Box 
2168 -H, Van Nuys, CA 91404, USA. 

HOME assembly work available! Guaranteed 
easy money! Free details! SASE. HOMEWORK - 
P, Box 520, Danville, NH 03819. 

DISTRIBUTORS needed - High profits. Largest 
selection & lowest prices of mini -satellite anten- 
nas for homes, RV's & business use. Starting at 
$296.00 .1 (800) 886-5008. 

FEDERAL loans for small businesses now avail- 
able. 1 (800) 777 -6342 for free details. 

EASY work! Excellent pay! Assemble products at 
home. Call toll free 1 (800) 467 -5566 ext. 5730. 

NEED money? Guaranteed employment! Assem- 
ble simple products at home. Easy work! Excel- 
lent income! 1 (800) 377 -6000, ex7930. 

CONTRACT manufacturing International or 
domestic. We can assemble and test your elec- 
tronic, electro- mechanical or mechanical assem- 
blies. Highly skilled technicians, cutting edge test 
equipment, QA to regulatory compliance. Kilted or 
purchased to your specs., machining and surface 
finishing for made to order parts. Stocking and 
shipping for JIT delivery, state of the art support 
software. FDA listed medical device manufacturer. 
Please call MIKE PETRI, at (404) 642 -9869 ext. 
3115 for more information. 

GUARANTEED earn $100.00 per hour repair- 
ing VCR's. No electronic experience neces- 
sary. Most malfunctions simple mechanical or 
electro- mechanical. Start repairing the first 
day! Call 1 (800) 682 -6877 or write VCR 
MASTER SERVICE, 2001 Denison, Denton, TX 
76201. 

VISA/MC Guaranteed. Solve your credit prob- 
lems. 1 (800) 777 -6342 for free details. 

SPEAKER BUILDERS 
BUILD your own speaker systems using our first 
class speaker cabinets. Solid MDF cabinets 
beautifully finished in textured black or with base - 
coat to pant own color. Call or write for product 
info and pricelist. VIRGIN CABINETS, R.R. #1, 
Desbarats, Ontario, Canada POR 1E0 (705) 
736 -2826. 

Imagine Litte 
kecl Iiciinq 

Hood Without 
a forest. 

PLEASE he very careful 

with matches. Because 

without the forests, life is 

unimaginah1e. 

Only You Can Preven) Forest Fires. 

LSLA f.re,t Serr.. and y..r Stol, forester. 
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APTHE HIGH COST OF RENTAL 
FEES BY OWNING YOUR OWN 

Descrambler and Converter! 

CHAMELEON 
Interchangeable 
Descrambler 

SCIENTIFIC ATtAHfA 

PIONEER 

JERROLD 

OAK 

HAMUN 

SST 
Interchangeable M; 

Combination 

TOCOM 

ZENITH 

EVERGUEST 

PANASONIC 

EAGLE 

tv 
/ NU-TEK / ELECTRONICS 

3250 Hutch Rd. Suite lA 
Cedar Pork, TX 78613 

ommit 
TOU -0888 1 -800- 229 -7404 

EDUCATION /INSTRUCTION 
VCR Repairs You Can Do. Save S. Make $. 403 - 
page textbook used by national correspondence 
schools. $ Back -guarantee. Over 35,000 
sold. 704 illustrations + tool. Mail $24.95 to 
WORTHINGTON PUBLISHING, Box 16691M, 
Tampa, FL 33687 -6691. 

ELECTRONIC engineering. 8 volumes com- 
plete. $109.95. No prior knowledge required. Free 
brochure. BANNER TECHNICAL BOOKS, 1203 
Grant Avenue, Rockford, IL 61103. 

LEARN newest symbols and diagrams. 353 page 
hardback guide. $11.95 Satisfaction guaranteed. 
LACY, 356 Claridge, Satellite Beach, FL 32937. 

DO -It- Yourself TV diagnosis /repair booklet. De- 
tails - send LSASE: TV DOCTOR, 5223 -E 
Hackberry, Sacramento, CA 95841. 

r 
I 
I 

I 

LEARN COMPUTERS P 
Home study: become an expert with the 
personal computer for home or business 
use. Free literature: 800.223.4642. 
Name Aga 

Addensi 
Clay Stat. ZIP 

School of Computer Training, Dept. KJ341 
6065 Roswell Rd., Atlanta, Georgia 30328 

MASTERCARD AND VISA are now accepted 
for payment of your advertising. Simply 
complete the form on the first page of this 
section and we will bill. $15.00 minimum. 

BUY BONDS 
SATELLITE TV 

FREE Catalog - Lowest prices world wide. 
SKYVISION, 1048 Frontier, Fergus Falls, MN 
56537. 1 (800) 334 -6455. (See full page ad the 
Market Center). 

SUPER low satellite prices. Free U.S. and Inter- 
national catalog. SATMAN, (309) 692 -4140 (Intl.), 
1 (800) 472 -8626 in U.S. 

I 

"YOUR FREE 
CATALOG KNOCKED 

MY SOCKS OFF" 
We get that sort of comment all the time. People are impressed 
that our free Consumer Information Catalog lists so many free 
and low -cost government booklets. There are more than 200 in 

all, containing a wealth of valuable information. 

They tell you how to make money, how to save money and 
how to invest it wisely. They tell you about federal benefits, 
housing and learning activities for children. They fill you in on 
nutrition, jobs, health and much, much more. 

Our free Catalog will very likely impress you, too. But first you 
have to get it. Just send 
your name and address to: 

Consumer Information Center 
Department KO 
Pueblo, Colorado 81009 

A public service of this publication and the Consumer Information Center of the U. S. General Services Administration 

When someone 
in your family 

gets cancer, 
everyone 

in your family 
needs help. 

Noixtdy knows truer than 
war do how much help and 
understanding is needed That's 
why t tir service and rehabilitation 
programs emphasize the whole 
family, not coi the cancer patient 

Am, ,mg onr regular scruter, 
we litticle mfommanon and 
guidance n I patients and families, 
transport pahcnls to and from 
treatment. supple homy rare Item, 
and assist panent, ill then return 
n t everyday lit, 

Life n what concerns u> 
c.are even 

than the research oapt-II- 
/Anon 

re 
n we are s., well knt tw'n to ix' 

No one tac_es cancer alone. 

AME3EKaAN CANCER SOCIETY 

COMING NEXT 

in the September 1993 

L!ipular 

MONTH 

Issue of 

The Editors offer a potpourri of informative 
articles on computer viruses, complete plans 
on a telephone scrambler, test gear that 
novices can build in an hour and test gear 
information for the ham. 

On Sale 
JULY 20, 1993 

Watch for it! 
Pick up Popular Electronics 
at your favorite Newsstand, 
Bookstore or Supermarket 
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TEST GEAR 
(Continued from page 40) 

($599.95 with matching 9 -inch video 
monitor) offered by Grove Enterprises. 
It lets you display as little as 100 kHz 

and as much as 10 MHz of spectrum 
simultaneously. 

If, on the other hand, you're seeking 
a complete, wideband scanning re- 

ceiver with a spectral -display ca- 
pability, consider the Standard 
CCR708A VHF /UHF Communications 
Surveillance Receiver. It features 
coverage from 50 to 940.995 MHz in 

AM, narrow -FM, and wide -FM modes. 
The built -in LCD spectral display 
(which Standard calls a "band - 
scopel lets you study selected sec- 
tions of the RF spectrum up to 1 MHz 

wide for analysis or surveillance. The 

receiver, with a $ 750 list price, has 100 

memories divided into ten banks. 
While Standard imports the receiver, 
Universal Radio, Inc., is a major dealer 
for the unit. 

Note: The SDU's mentioned in the 
preceding are all new devices, so 

check with the manufacturer or dis- 

tributor for availability and price. 

Summary. In this article, we sur- 

veyed RF test equipment for SWL's and 
scanner buffs gear that doesn't re- 

quire a transmitter or other source of 
high -level RF energy to make checks 
and take readings. We discussed 
basic antenna and matching consid- 
erations and featured the SWR ana- 
lyzer, antenna bridge, antenna - 

resistance meter, dip meter, antenna 
noise bridge, RF communications in- 

terceptor, frequency counter, external 
RF readout, spectrum -display unit, 
and other devices. 

The bottom line is you don't have to 
be a radio ham to check out your 
antenna system and radio gear. Look 
further into the no -RF RF test instru- 

ments we suggested. 

"I'm glad you can pick -up France and 
Italy-now, learn hoti' to speak French 

and Italian." 
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What Do These Prestigious 
Companies Have In Common? 

AerovoxW AMP 
Electrical / Electromc Connectors, 

DC Film and RFI Suppression Capacitors, IC Sockets. PCB Switches 

AC Oil Capacitors. EMI Filters 

CAROL 
Electronic and Electrical Wire and Cable 

and Power Supply Cords 

CORNELL 
DUBILIER 

Capacitors- Aluminum 
Electrolytics, Mica, AC Oil, Film, 

MICA Paper and Relays 

A 

1 

GERNSBACK 
T P BLICATION 

dL ,ietsiu 
Electronics Now Magazine 

Tubing, Conduits. Hose Sleevings. Splices, 
Insulation and Cable Harness Products 

A COMPANY OF 

Dale Electronics, Inc. 
Resistors, Networks, Oscillators, Displays, 

Inductors & Thermistors 

MURATA ERIE NORTH AMERICA 

Monolithics, Discs, Variable Capacitors, 

Oscillators, Potentiometers, RFI /EMI Filters, 

Microwave, Surface Mount Capacitors 

nONrl1 
Rohm Electronics Division 

Resistors, Ceramic Capacitors, 

Transistors/Diodes, 
Opto Components and IC's 

/:ffh:( CORPORATION 

MLC, Tantalum and Thin Film 
Capacitors, Resistors, 
Networks, Trimmers. 

Oscillators, Resonators, Filters 
and Pieto Devices 

III II M Instruments, Inc. 
Relays and Solenoid Relays 

INDUSTRIES, INC. 
BATTERIES: Computer, Cordless 

Phone, Scanner & R /C. 
ANTENNAS: Cordless Phone (metal & 

rubber), Scanner Bumpers, 
Grommets and Stik -On Feet 

KOALA SPEER ELECTRONICS, INC. 
Resistors, 5UT Tantalum Capacitors Inductors, 

Resistor Networks, SMT Thermistors 

NTE ELECTRONICS, INC. 
A WORLDWIDE REPUTATION FOR asLITV SERVICE ANO WM 

Semiconductors, Resistors. 
Capacitors, Relays 

SELECTA 

Switches, Relays, Terminals, 
Indicator /Pilot Lights, LED Indicators, 
Test Clips, Test Leads, Cable Ties and 

Heat Shrinkable Tubing 

A COMPANY OF ® 
SPRAGUE 

V 

I3E RG 
E L E C T R O N I C S 

High Density and Industry Standard 
Connectors /Subsystems 

BURIVDY 
an FGI Company 

Electronic Connectors 

COOPER COOgR 
Belden 

Multi Conductor, Paired, Coaxial, Flat, 

Fiber Optic, Instrumentation /Process 

Control, LAN, Special Application Cables, 

Power Supply Cords & Molded Cable 

Assemblies 

DEAR/ND/1N 
AN11t 1.1.1' 

-31 

MALLORY 
North American Capacitor Company 

Tantalums. Aluminums, Sonalerts° 
Ceramics, Films and AC's 

Philips ECG 
A North American Philips Company 

Semiconductors. Test Equipment. 
Relais. A /i' Parts and 

Chemicals 

Tantalum Capacitors, Wet & Foil 
Capacitors, Resistor Networks, 

Resistor Capacitors Networks, Filters 

Swacheraft 
A IaylMtwE Company 

Switches, Connectors. Jacks, Plugs. 
Jackfields & Audio Accessories 

Bussmann 
Fuses. Fusehalders, Fuse Blocks, 

and Fuse Accessories 

F .T.N 
Eaton Corporation Commercial 
& Military Controls Operation 

Switches, Relays, Displays and Keyboards 

Ivl -tron 
Quartz Crystal Clock Oscillators 

and Special Hybrid Products 

Loudspeakers and Commercial Sound 
Products 

Non -CFC Cleaners /Degreasers, 

CV Cured Compounds, Swabs, Wipes, 

Brushes, Wick, Cleanroom Supplies, and 

Static Control Products. 

They sell through distributors. 
They belong to the E.I.A. 

They belong on your vendor list. 
Leadership in electronics is not just a matter of designing products bet- 

ter and manufacturing them better, but also of marketing them better. And 
the sponsors of this message understand that better service to customers 
requires effectively involving distributors as part of their marketing teams. 

Distributor involvement means lower prices, quicker deliveries, better 
service over -all. The Buyer wins... the Seller wins. 

Distributors help achieve marketing leadership. So does the manufac- 
turer's involvement in the Components Group of the Electronic Industries 
Association. EIA fosters better industry relations, coherent industry stan- 
dards, and the sharing of ideas, which helps one another and serves 
customers better. 

In choosing your component supplier, look for the marks of 
leadership - 

availability through distribution 
membership in the E.I.A. 

Electronic Industries 
Association /Components Group 
2001 Pennsylvania Avenue, NW. l lth Floor 
Washington, D.C. 20006 
Phone: (202) 457 -4930 Fax: (202) 457 -4985 

Committed to the competitiveness of the 
American electronics producer 
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Countersurveiflance 
Never before has so much 
professional information on the art 
of detecting and eliminating 
electronic snooping devices -and 
how to defend against experienced 
information thieves -been placed 
in one VHS video. If you are a 
Fortune 500 CEO, an executive in 
any hi -tech industry, or a novice 
seeking entry into an honorable, 
rewarding field of work in 
countersurveillance, you must 
view this video presentation again 
and again. 

Wake up! You may be the victim of 
stolen words -precious ideas that would 
have made you very wealthy! Yes, profes- 
sionals, even rank amateurs, may be lis- 
tening to your most private con- 
versations. 

Wake up! If you are not the victim, 
then you are surrounded by countless vic- 
tims who need your help if you know how 
to discover telephone taps, locate bugs, or 
"sweep" a room clean. 

There is a thriving professional service 
steeped in high -tech techniques that you 
can become a part of! But first, you must 
know and understand Countersurveilance 
Technology. Your very first insight into 
this highly rewarding field is made possi- 
ble by a video VHS presentation that you 
cannot view on broadcast television, sat- 
ellite, or cable. It presents an informative 
program prepared by professionals in the 
field who know their industry, its tech- 
niques, kinks and loopholes. Men who 
can tell you more in 45 minutes in a 

straightforward, exclusive talk than was 

ever attempted before. 

Foiling Information Thieves 
Discover the targets professional 

snoopers seek out! The prey are stock 
brokers, arbitrage firms, manufacturers, 
high -tech companies, any competitive 
industry, or even small businnesses in the 
same community. The valuable informa- 
tion they filch may be marketing strat- 
egies, customer lists, product formulas, 
manufacturing techniques, even adver- 
tising plans. Information thieves eaves- 
drop on court decisions, bidding 
information, financial data. The list is 

unlimited in the mind of man-es - 
pecially if he is a thief! 

You know that the Russians secretly 
installed countless microphones in the 
concrete work of the American Embassy 
building in Moscow. They converted 

CALL 
NOW! 

1- 516- 293 -3751 
HAVE YOUR 

VISA or MC CARD 
AVAILABLE 

what was to be an embassy and private 
residence into the most sophisticated re- 
cording studio the world had ever 
known. The building had to be torn 
down in order to remove all the bugs. 

Stolen Information 
The open taps from where the informa- 

tion pours out may be from FMC's, com- 
puter communications, telephone calls, 
and everyday business meetings and 
lunchtime encounters. Businessmen need 
counselling on how to eliminate this in- 
formation drain. Basic telephone use cou- 
pled with the user's understanding that 
someone may be listening or recording 
vital data and information greatly reduces 
the opportunity for others to purloin 
meaningful information. 

CIAGGK INC. PE 

P.O. Box 4099 Farmingdale, NY 11735 

Please nish my copy of the Countersunveilhmce Techniques 

Video VHS Cassette for a total cost of S53.95 each (which 
includes Si.IN) postage and handling). 

No. of Cassettes ordered 

Amount of payment S 

Sales tax (N }'.S. only) 
Total enclosed 

Hill me VISA MasterCard and 

Gard No. 

Expire Date 

Signature 

Name 

Address 

Iio State ZIP 

All payments in U.S.A. funds. Canadians add 54.00 per VHS 

cassette. No foreign orders. 

The professional discussions seen on 
the TV screen in your home reveals how 
to detect and disable wiretaps, midget 
radio -frequency transmitters, and other 
bugs, plus when to use disinformation to 
confuse the unwanted listener, and the 
technique of voice scrambling telephone 
communications. In fact, do you know 
how to look for a bug, where to look for a 

bug, and what to do when you find it? 
Bugs of a very small size are easy to 

build and they can be placed quickly in a 

matter of seconds, in any object or room. 
Today you may have used a telephone 
handset that was bugged. It probably 
contained three bugs. One was a phony 
bug to fool you into believing you found a 

bug and secured the telephone. The sec- 
ond bug placates the investigator when 
he finds the real thing! And the third bug 
is found only by the professional, who 
continued to search just in case there were 
more bugs. 

The professional is not without his 
tools. Special equipment has been de- 
signed so that the professional can sweep 
a room so that he can detect voice -acti- 
vated (VOX) and remote -activated bugs. 
Some of this equipment can be operated 
by novices, others require a trained coun- 
tersurveillance professional. 

The professionals viewed on your tele- 
vision screen reveal information on the 
latest technological advances like laser - 
beam snoopers that are installed hun- 
dreds of feet away from the room they 
snoop on. The professionals disclose that 
computers yield information too easily. 

This advertisement was not written by 
a countersurveillance professional, but by 
a beginner whose only experience came 
from viewing the video tape in the pri- 
vacy of his home. After you review the 
video carefully and understand its con- 
tents, you have taken the first important 
step in either acquiring professional help 
with your surveillance problems, or you 
may very well consider a career as a coun- 
tersurveillance professional. 

The Dollars You Save 
To obtain the information contained in 

the video VHS cassette, you would attend 
a professional seminar costing $350 -750 
and possibly pay hundreds of dollars more 
if you had to travel to a distant city to 
attend. Now, for only $49.95 (plus 
$4.00 P &H) you can view Countersur- 
veillance Techniques at home and take 
refresher views often. To obtain your 
copy, complete the coupon or call. 
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